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— Foreword 

The Federal Government, through the Minerals Yearbook and its predeces- | 
sor volumes, has reported annually on mineral industry activities for 95 
years. This edition discusses the performance of the worldwide mineral 
industry during 1976. In addition to statistical data, the volumes provide : 
background information to assist in interpreting the year’s developments. 
Content of the individual volumes follows: 
Volume I, Metals, Minerals, and Fuels, contains chapters on virtually all - 

metallic, nonmetallic, and mineral fuel commodities important to the 
domestic economy. In addition, it includes a general review chapter on the : 
mineral industries, a chapter on mining and quarrying trends, and a 
statistical summary. | 
Volume II, Area Reports: Domestic, contains chapters on the mineral 

. industry of each of the 50 States, the U.S. island possessions in the Pacific | 
Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This _ 

| volume also has a statistical summary, identical to that in Volume I. 
Volume. III, Area Reports: International, contains the latest available 

mineral data on more than 130 foreign countries and discusses the importance 
of minerals to the economies of these nations. A separate chapter reviews the 
international minerals industry in general and its relationship to the world 
economy. 

The Bureau of Mines continually strives to improve the value of its 
publications to its users. Therefore, the constructive comments and sugges- | 
tions of readers of the Yearbook will be welcomed. , 

| Roger A. Markle, Director 
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Review of the Mineral 
a Industries 

By Barry W. Klein, David C. Huttenlock,: Mary Ann Good,? and - 
: Kenneth P. Hanks? , | 

The U.S. economy was considerably the year as a whole. Energy prices also 
stronger in 1976 than in 1974 or 1975. Real dropped in the first part of 1976, largely asa | 
gross national product (GNP) rose sharply _result of removal of the tariff on oil and the © 
in the first quarter of 1976 and then increas- initial price rollback stipulations of the 
ed at a more moderate rate for the remain- Energy Policy and Conservation Act. All 

, der of the year. The unemployment rate fell _ nonfood commodities rose 5.0% for the year. 
until June and then increased for most of The wholesale price index rose at the mod- 
the remainder of the year, finishing at the orale rate of Seve in thea Farm Products 
same rate as it had started the year. The and processed and te eciined V.6% 
inflation rate continued to decline in 1976. (farm products by themselves rose 2.4%), 
Reasons for the relatively low rate (com- and industrial commodities increased 6.3%. pared with those of 1974 and 1975) included As noted above, the implicit price deflator 
small increases in food prices and only rose5.1%in1976. = : 
moderate increases in energy prices. U.S. monetary policy in 1976 changed 

Total U.S. output measured in terms of little from that in 1975. Faced with contin- 
GNP increased 11.6% in 1976. RealGNP in ving high unemployment and relatively 
1972 constant dollars rose 6.2%. Inflation as high inflation, the FRB sought to help meamured bythe impli price deflator rete nani conditions hat would fac | incre 1%. In re rms, gross pri- I ory wi 
vate domestic investment for residential 4t the same time tending to lower inflation. Ny 
structures rose 22.7% in 1976 after declin- oles money d dcvewite, gron BON IO 
ing 14.7% in 1975; State and. local Govern- { » BTEW 9.970 ! 
ment expenditures increased 1.4% in 1976; rom eae in 1975. Pew. ccfined ao Be 
and personal consumption expenditures for 1976 asc ompared with 8 5% 197 5 o in | 
services rose 4.5%. The Federal Reserve . te in 1976 attem to main- 
Board (FRB) index of industrial production tain isca cam eam ount of atin apted in 1975 
increased 10.2%. : . : 

In 1976 the unemployment rate dropped vor ome ne Sustamed Eee ee fhe | 
to 7.7%, declining from a 34-year high in tionally I e less expansionary in the 

1975 of 8.5%. The number of people employ- first half of 1976, when expenditures were 
ed rose during the year at a greater rate less than expected while receipts remained 
than the increase in the total labor force, near predicted levels. The deceleration in 
causing the fall in unemployment. The Federal expenditures, which continued the 
unemployment rate began and ended the shift away from defense and toward domes- year at 7.8%, declining to a low of 7.3% in tic programs in 1976, was primarily a result 

May. . of much smaller increases in transfer pay- The consumer price index (CPI) rose 5.8% ments to individuals and grants-in-aid to 
in 1976, much less than in 1974 or 1975. State and local Governments 
Contributing to the small increase in the US. i rts timat be $14.2 
CPI relative to proceeding years was the ©. Imports were estimated to be $ 
decline in food prices in the first part of 1Economist, Division of Economic Analysis. 

1976, and an increase of only 3.1% for *Statistical assistant, Division of Economic Analysis. 1
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billion higher than exports in 1976. Imports except hydropower, which declined due to 

exceeded exports for fuels by an estimated the Western drought. The household and 

$29.1 billion and for minerals and metals by commercial sector showed the greatest in- 

$4.4 billion. Exports of manufactured pro- crease of all major consuming sectors. Pe- 

ducts and agricultural products were an  troleum (including natural gas liquids) con- 

estimated $16 billion and $12.5 billion tinued to ‘be the Nation’s largest energy 

greater than imports, respectively. source, accounting for 47.2% of consump-. 

| Federal activities in areas'that affected tion, = © 

the mineral industries in 1976 ; included Jn 1976, the mining industry continued to — 

both continuing and special actions. The face environmental regulation problems 

Federal Government enacted legislation and higher employment, capital, and oper- 
making the first’ major revision of the tax © ating costs. Cost increases, in some cases 

code in 7 Y ears and continued to ‘take’ have not been as high as in previous years. | 

achions, to fight, infation ree et - Also, firms tried to reduce adverse effects 

od en re th *aws P a te Oubi - through improved operating methods and 

1 energy, the environment, water, PuDIIC better cost controls, and less frequently by 

ands, health and safety, taxes, tariffs, and rtailing _ operati Certain industri 

transportation. Energy legislation was aim- curtalling - operates. m mee, 
. . . h as lead and aluminum, showed consid- 

ed, among other things, at increasing ‘U.S. abl market strength ? hil hes 

energy supplies and conserving oil and gas. erable market strength, while others, 

-. Bureau of Mines research programs in including zinc and copper, were weak. 

1976 continued to be directed toward im- , The world economy continued to recover 

proving mineral technology leading to more in 1976 from the 1974-75 recession, which 

efficient, less costly extraction; improving had been the worst downturn in the post- 

the health and safety of miners; increasing World War II era. The recovery was largely 

the recovery of secondary resources; and 4 result of economic expansions in the 

minimizing environmental degradation. United States, West Germany, and Japan. 

~ ‘Total energy use in the United States rose Inflation rates remained high in the face of | 

48% in 1976, in contrast to decreases in considerable excess productive capacity and 

1974 and 1975. As a result of increased stable or, in some cases, increasing unem- . 

economic activity and colder weather, con- ployment rates; inflation was, however, 

sumption increased for all energy sources somewhat below that of 1974 and 1975. 

| — §$OURCES AND USES a 

° ALL MINERALS | metal, stone, and earth minerals rose 9.3% 

a . oO to 120.1 index points. The metal index rose 

Production.—Domestic crude mineral §% and the stone and earth minerals index 

production in 1976 was valued at $69.2 increased 10.6%. The average index of pro- 

billion, an increase of 11% compared with quction for coal, oil, and gas increased 6.6% 

1975. Metals production rose 17%, non- to 112.8 index points. Individual fuel in- 

metals increased 11%, and mineral fuels dexes changed in a mixed pattern: Coal rose 

advanced 10%. In constant 1967 dollars 3%, crude oil declined 3%, and natural gas 

total crude mineral output increased just decreased 1.6%. | 

under 1% to $24.8. billion; metals increased § In the manufacturing sector, production 

8.3%, and nonmetals rose 5.4%, but mineral of metals.and nonmetals, as shown by the 

fuels declined 1.6%. Shifting back to cur- FRB index, rose significantly in 1976. The 

rent dollars, exports of mineral raw mate- primary metals index rose 12%, the iron 

rials declined 8.5% to $4.3 billion, and crude and steel index rose 9%, and the nonferrous 

mineral imports, over 90% of which consist- metals ‘and products and clay, glass, and 

ed of fuels, increased 34.2% to $30.5 billion stone products indexes both increased more 

in 1976. | than 15%. 

The FRB index of industrial production The FRB monthly index for all mining 

(1967=100) for all industries rose 9.8% in during January was 113.6 index points, a 

1976 to 129.4 index points. The average for 6% increase over the previous month in 

all mining increased 1.2% to 114.1 index 197 5. The all mining index decreased to a 

points. The average index of production for low of 112.5 index points in July, then
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increased to 114.4 points in August. There slag, increased (excluding metals for which | 
was a continued increase for the remainder data were not available). Cadmium in- 
of the year finishing at 116.2 index pointsin creased 100% and uranium concentrate 
December. The coal, oil, and gas index rose 54%, but both of these high percentage 
followed the same general trend; coal, increases reflect relatively low base figures. 

| although it vacillated due to strikes in the Platinum-group metals increased 45.1% 
middle of the year, increased 18% over the and zinc rose 30%. Copper, antimony, and 
12-month period, ending the year at 125.9 mercury showed increases in the range of 

/ index points in December. The oil and gas 16.7% to 22.4%. Aluminum increased 14% 
"extraction total index followed the general and lead rose 11.5%. Tin declined 3.6% and 

trend of all mining while the crude oil index ilmenite and slag declined 3.2%. The net 
started at 94.8 index points in January and supply of all but three nonmetals increased. 

| decreased to 91.5 index points by December. Asbestos increased 20.6%, followed by pot- 
The metal, stone, and earth minerals and _ ash at 20.3%, and gypsum at 14.3%. Sand 
the metal mining index declined in the first and gravel, common salt, and crude barite 
half of the year, the lowest point being increased in the range of 9.6% to 12.1%. 
reached during June after which the index Bromine and clays increased 7.9% and 7.7% : 
recovered to have an overall increase for respectively. Phosphate rock and talc and 
the year. Metal mining increased a total of allied minerals rose 6.5% and 4.7%, re- 
7% for the year while stone and earth spectively. Sulfur increased 1.6%, mica 
minerals increased by 0.7% for the year. experienced no change, crushed stone de- 

The net supply of most principal nonfuel clined a negligible amount, and finished 
minerals increased in 1976. The net supply fluorspar showed the only significant 
pattern was mixed for the ferrous metals decline at 9.3%. 
category. The largest increase within this Stocks and Government Stockpiles.— 
category was 77% for cobalt followed by Stocks of crude nonfuel minerals at primary 
20% for molybdenum, and the largest producers at yearend as shown by Bureau of 

decline was 12% for tungsten. Iron ore fell Mines indexes (1967=100), increased for all 

1.4%, but pig iron increased 9.3%, and steel but one category in 1976. The total index 

ingot increased 9.8%. Nickel rose 1.8%, rose 11.9%, the crude metals index increas- 
chromite declined 2.6%, and manganese ed 12.1%, and the crude nonmetals index 

declined 7.1%. The net supply of all nonfer- increased 11.7%. Within the metals sector, 

rous metals, except for tin and ilmenite and_ the iron ore index rose 13.7%, the other
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ferrous index declined 13.5%, and the non- in 1976. Minerals in the stockpile as of 
ferrous index showed the largest increase of yearend 1976 that had high total values 
any category at 29.1%. Stocks at mineral included antimony, bauxite, chromium, co- 
manufacturer, consumer, and dealer loca-_ balt, industrial diamond, fluorspar, lead, 

| tions as illustrated by Bureau indexes, un- manganese, platinum-group metals, silver, 
like those stocks held by primary producers, _ tin, tungsten, and zinc. | | 
declined for all categories except one in Exports.—The total value of selected 
1976. The overall index dropped less than minerals and mineral products exported in 
1%, the metals index declined 1.5%, andthe 1976 decreased 7%. Exports in all but two 
nonmetals index decreased 7.7%. Within sectors declined. Exports of crude nonmetal- 
the metals sector, the iron stock index lic minerals fell 11.2% ; those of crude and . 
increased 8.6%, base nonferrous declined scrap metals decreased 5.38%; mineral ener- 
less than 1%, other nonferrous fell 4.5%, gy resources and related products declined 
and other ferrous showed the largest 5.9%; and manufactured metals dropped 
decline at 15.9%. | 18.1%. Iron or steel tubes, pipes, fittings, 

__ Producer stocks. of bituminous coal and_ the largest export value in the manufac- 
lignite increased 5.2% during 1976; coke tured metals category, declined 45%. Those 
increased 29.8%, the largest increase for the sectors that: showed higher export values in 
reported 1976 stocks. Natural gasoline, 1976 included chemicals which increased 
plant condensates, and isopentane stocks 17.5% and manufactured nonmetallic min- 
increased by 10.1%, and crude petroleum, erals which rose 10.6%. 
by 5.2%. Other physical stocks that increas- The geographical distribution pattern, 
ed in 1976 were special naphthas at 1.5% based on value, for most selected mineral 
and the other products category, under exports was similar in 1976 to that in 1975. 
crude petroleum and petroleum products, at There were, however, some important ex- 
2.7%. The overall category of crude petro- ceptions. In the case of nonferrous metal 
leum and petroleum products decreased scrap, the share of exports to noncentrally 
1.9% and within this category petroleum planned Europe, declined from 49% in 1975 
asphalt had the greatest decline at 15.0% to 37% in 1976 while that of noncentrally 
followed by the distillate fuel oil stock down planned Asia rose from 34% to 47%. The 
10.9%; liquefied gases decreased 7.1%; resi- distribution of exports of uranium and tho- 
dual fuel oil down 2.4%; and the motor rium ores and concentrates shifted slightly 
gasoline stock down 1.5%. Also down for away from noncentrally planned Europe, 

| 1976 were the carbon black stocks at 7.8% which dropped from 100% to 86%, and to 
and the natural gas category at 3.7%. The North America, which rose from zero to 
overall trend showed coal and related pro- 14%. The share of iron and steel hoop and 
ducts with increased physical stocks andthe strip exports to North America decreased 

_ petroleum and related products, in general, from 43% to 32% and those to noncentrally 
with decreased stocks. planned Europe rose from 29% to 48%. 

The seasonally adjusted book value of The distribution of silver, platinum, and , 
product inventories increased for all se- platinum-group metals exports shifted 
lected mineral processing industries during away from noncentrally planned Europe 
1976. Petroleum and coal products rose by which declined from 63% to 29% and to 
9.3% to $5,148 million as of December 1976. noncentrally planned Asia which increased 
Stone, clay, and glass products increased by from 15% to 51%. The change in the pat- 
9% to $4,194 million. Inventories of total tern of lead and lead alloys exports was a 
primary metals rose 11.6% to $17,329 mil- shift away from noncentrally planned Eu- 7 
lion. Blast furnace and steel mill invento- rope, which decreased from 65% to 19%, 
ries rose by 20% to $10,179 million, the and to both North America, which rose 
largest increase of any category. All other from 13% to 48%, and noncentrally plan- 
primary metals increased 1.5% to $7,150 ned Asia, which increased from 7% to 17%. 
million. The total seasonally adjusted book The distribution of exports of uranium and 
value of inventories for selected mineral thorium and their alloys shifted away from 
processing industries rose 10.7% to $26,671 noncentrally planned Asia, which declined 
million during 1976. from 34% to 4%, and to North America, 

The US. stockpile of strategic and critical which rose from 26% to 59%. 
materials continued to represent a signifi- Imports.—The total value of selected 
cant portion of the Nation’s mineral supply minerals and mineral products imported in
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1976 increased 24.5%. Imports increased in and secondary lead — consumption rose 

all sectors: Crude nonmetallic minerals rose 14.9%; estimated purchases of uranium by 

5.4%; crude and scrap metals increased private industry, 12%; and silver for indus- | 

14.6%; and mineral energy resources and_ try and the arts, 8.2%. Consumption of all 

related products increased 28.5%. Imports nonmetallic minerals increased except for 

of chemicals increased 53.9% and within crushed stone which declined a negligible 
this ‘category radioactive and associated amount. Within the nonmetallics sector 

materials except uranium and thorium in- 4PPar ent consumption of potash showed the 

creased 237.2%. Both manufactured non- largest increase at 20.3%, followed by 

metallic minerals’ and manufactured asbestos at 19.4%. Sand and: gravel con- 
metals increased 10%. : ~~~ gumption rose 12.2%, salt increased 10.8%, 

The geographical distribution pattern, and that of clays gained 7.7%. Lime and 

based on value, for almost all selected cement each increased 5.7%, all forms of 

mineral imports in 1976 was similar to that Sulfur rose 1.6%, and phosphate rock in- 

in 1975, though there were several signifi- creased anegligibleamount.. = | 

cant exceptions. The share of imports of 5, . i h ere i enits (Bts) fs In ye of 

mica, including scrap, supplied by North 1976. Co erm ti unt f bit u/ Tose 4. Kt id 

America decreased from 16% to zero and Dichcinarnigs dep raenauareinnir mane aie tars 

that supplied by noncentrally planned Asia petroleum including natural gas liquids in- 

decreased from 72% to 51%, while that creased significantly while natural gas in- 
f South Ameri ° f Os. 6% to 31% creased slightly and anthracite remained 7 

rom South samerica rose trom 970 | ©. unchanged. Total net electricity generation. 

The distribution of crude barite imports increased and within the utilities sector, 

| from. North ee em Son eee te nuclear showed the largest increase follow- 

: ! Pato a : 0 ed by conventional fuel-burning plants; hy- 

| 20%, respectively, and that. from noncen- dropower declined. Generation of industrial 

- rally Pens ie or increased from aye electricity increased slightly. - | 
9 45%. Imports of columbium ores an 7 

concentrates: from South America declined _ | ENERGY  .. - 

from 60% to 39%, from noncentrally plan- - ae re _ 

ned Asia declined from 22% to 4%, and _ Energy use rose in the United States in 

from North America increased from 1% to 1976, reversing a 2-y ear decline. The 4.9% 

32%. The distribution of lead waste and ‘increase compared with 1975 was largely 
scrap imports shifted away from North attributable to a higher level of economic 

-_ America, which supplied 37% of U.S. im- activity and colder weather. Net imports of 

| ports in 1976 compared with 98% in 1975, all fuels rose 24.3% compared with 1975; 

| Porto South America, which supplied 44% net imports of crude petroleum and petro 
in 1976 compared with nothing in 1975. leum products increased 21.4% over 1975, 
Consumption.—In 1976 consumption of accounting for 40.6% of the estimated 1976 

most major mineral products increased an d petroleum demand. Consumption on a Btu 

ae | basis rose in 1976 for all fossil fuels, but 

the few that declined, fell by small amounts decline 
". . eclined for hydropower because of the 

with one exception. Most ferrous metals Western drought. Per capita energy use 

showed significant increases. Iron ore and increased 4.1% compared with 1975. The 
raw steel consumption each rose 9.9 %- yatio of energy consumption to GNP in 1976 

Metallurgical, refractory-, and chemical- ¢ontinued to follow the decline that began 

grade chromite ores gained 12.2%, 10.4%, in 1971. This decreasing ratio indicates that 

and 24.7%, respectively , the last gain being the U.S. economy is using energy in a more 

the largest increase of any ferrous metal. efficient way to create GNP. 

een ae. increased 15%, mo- Production.—Total energy equivalent in 

ybdenum decre 5%, and manganese Btu’s obtained from mineral energy re- 

declined 12%. Consumption of all major sources produced and from hydroelectric 

nonferrous metals increased. Apparent con- and nuclear power continued to decline 

sumption of aluminum rose 31.1%, refined slightly in 1976. The total was nearly 60,000 

copper consumption increased 29.8%, and trillion Btu. Energy obtained from bitumi- | 

primary mercury showed the largest in- nous coal and nuclear power increased 

crease of all major mineral products at while that obtained from petroleum, hy- 

40.5%. All classes of zinc rose more than  droelectric power, and natural gas decreas- 

25%, followed by platinum-group metals at ed. Natural gas continued to be our largest 

22.5%, ilmenite and titanium slag at 19.7%, source of energy, accounting for 36% of the 

and primary antimony at 18.1%. Primary _ total.
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Consumption.—U.S. energy consumption Production continued to.decline somewhat 
in 1976 increased 5% to 74,000 trillion Btu, as did exports. Imports accounted for 5% of 
nearly reaching the 1973 level. This in- total supply and increased very slightly. 
crease came mainly from the use of bitumi- Demand for natural gas increased in the 
nous coal and petroleum products. Natural industrial ‘sector to 43% of total demand 

gas, the other large source of energy con- and A oe on at ane commercial sector 
sumption, increased only slightly. incre | 2 of demand. . | 

The consumption of energy resources in Petroleum.—The domestic crude oil sup- 

1976 by sector was 29% by the industrial Ply increased 8.1%: to 4,910 million barrels 
sector, 26% by transportation, 25% by in 1976. Domestic production continued to 
household and commercial, and 19% by sian declining 2.6% Shoes toa mon barre 
electric utilities. Petroleum, the major *™Ports, which rose av.67 to a recore *, 
source (47%) of all energy, accounted for moiition (barrels, ie responsinle er the 

tatio ly ane f me oe 2 the transpor- creased but both, remained nebligible The 
ounehold aed | panne or, | oe in domestic supply of refined petroleum pro- | 
electric utiliti es, em | ducts rose 7.2% to 6,384 million barrels..The 

L—Th pra ., .  @emand for petroleum increased for all 
Coal.—The. domestic supply .of bitumi- consuming sectors except the miscellaneous. 

nous coal and lignite in 1976 increased 7.4% i. teabinwn - . he 
to. 597 million tons; that of anthracite category. Transportation continued to’ be 

: eae ge ~ the largest consuming sector, accounting for 
| decreased 1.3% to 5.0 million tons. Exports | aim; | wo . : “5B 61.2% of all petroleum consumed. 

of bituminous coal declined 9.5% to 59 = Nuclear Energy.—Nuclear ‘energy ‘con- 
million tons and those of anthracite rose sumption in 1976 rose 10.8% compared with 
8.5%. Imports of bituminous coal increased that in 1975. On a Btu basis it accounted for 
28% but remained small when compared to 2.8% of total energy consumption in 1976, 
exports. Electric utilities were responsible yp from 2.6% in 1975. | re | 
for three-fourths of bituminous coal con- = Hydropower.—In 1976. electricity from 
sumption, and industrial uses accounted for hydropower declined for the second year in 
most. of the remainder. The household and a row, decreasing 4.8% compared with that 
commercial sector accounted for 40% of in 1975. Hydropower was responsible for 

anthracite consumption; industrial uses 4.1% of total energy consumption in 1976, 
accounted for 33%; and electric utilities, falling from 4.6% in 1975. a 

— 29%. | - Other Energy.—Work continued in 1976 
Natural gas.—The domestic supply of on development of alternate sources of ener- : 

natural gas increased 2% in 1976 to 19,800 gy such as geothermal, oil shale, solar, | 
trillion cubic feet or 20,200 trillion Btu. nuclear fusion, wind, tidal, and biological 

100,000-— , | — — es 

| 80,000 : | | a | | . | a | CONSUMPTION ow | | 

5 
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co canoes nnn , 
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Figure 4.—Production and calculated gross consumption of mineral energy resources 
and electricity from hydropower and nuclear power.
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(from organic wastes). Of these energy the production of methane from sewage 
| sources, geothermal remained the only one_ sludge and the organic portion of urban 

that has reached commercial development refuse, the use of combustible portions of 
to any significant extent. Solar energy sys- urban refuse (such as paper, plastics, wood, 
tems were approaching the commercial and rubber) as fuel for powerplants, and the 
stage at some geographic locations. Oil production of oil from wood waste. Research 
shale development advanced in an effort to continued on wind power and energy from | 
overcome problems of high costs and envi- fusion, the latter being theoretical at. the : 
ronmental concerns. Several projects were present time, but offering great promise in 
underway to produce energy from waste. the long term. | F 

| Among the technologies being advanced are © | : 

: EMPLOYMENT AND PRODUCTIVITY : | 

| Employment.—Employment in selected latter which also had the longest workweek 
mineral industries increased for all mining of any extractive sector. Weekly earnings 
industries, except copper and nonmetal rose about 12% for both industries. Within 
mining and quarrying, and half the selected the metal mining sector, both hourly and 

| manufacturing industries in 1976. Total weekly earnings for the iron ore industry 
mining employment increased 5.1%, and increased almost 12%. Copper ores average 
within this category metal mining employ- hourly earnings rose 10.6% and average 
ment rose less than 1%, nonmetal mining weekly hours rose 2.3%, resulting in an 
and quarrying remained unchanged, and increase in average weekly earnings of 
fuels extraction increased 6.9%. Within the 13.1%. 

_ metal mining group, iron ore employment The bituminous coal industry continued \ 
5 rose 2.4% and copper ores declined 4.3%. In to pay the highest hourly wages and have 
‘ the fuels group, crude petroleum and natu- the shortest workweek of all extractive 

ral gas fields employment increased 3.4%, industries with $7.91 and 39.5 hours, re- 
bituminous coal increased 6.2%, and oil and spectively, representing increases of 9.4% 
gas field services rose 10.8%. for wages and almost 1% for hours. Crude 

Total selected manufacturing employ- petroleum and natural gas average hourly 
ment declined less than 1% in 1976, and earnings increased 8.9% and average week- : 
within this category nonfuel mineral manu- ly hours rose 1.5%, resulting in an increase , 

| facturing remained virtually unchanged in average weekly earnings of 9.6%. 
and fuel manufacturing increased 2.7%. The average hourly earnings for total | 
Within the nonfuel mineral manufacturing selected manufacturing rose 7.5% to $7.21; 
group, employment declined less than 1% average weekly hours decreased 1.5%; and 
for fertilizers, 2.3% for hydraulic cement, resultant weekly earnings were 9% higher 
and less than 0.5% for blast furnaces, steel- in 1976. The blast furnaces, steel and rolling 
works, and rolling mills; nonferrous smel- mills industry continued to pay the high- 
ting and refining employment increased est hourly wages and have the shortest 
2.6%. Within the fuel manufacturing group, workweek of all manufacturing industries 
petroleum refining rose 1.9%, and other considered, with $7.86 and 39.8 hours, re- 
petroleum and coal products rose 6%. ’ spectively, representing increases of 10.5% 

Hours and Earnings.—Average hourly for wages and 1.5% for hours. The opposite 
earnings in the extractive industries during was true of the fertilizer industry (complete 
1976 increased 10.5% to $5.99 for nonfuels, and mixing) which paid the lowest hour- 
and 8.5% to $6.66 for fuels. Also, hours ly wages at $4.88 and had the longest 
worked rose 1.2% in both the nonfuels and workweek at 43.1 hours in the manufactur- 
fuels industries resulting in increases in ing sector, representing increases of 10% 
weekly earnings of 12.1% and 9.8%, re- and 1%, respectively. Hydraulic cement 
spectively. Within the nonfuels industry experienced the largest percentage increase 

average hourly earnings increased 9.8% for in average hourly earnings of any industry 

metal mining and 10.9% for nonmetallic at 14.7% and, coupled with an increase in 

mining and quarrying, though the latter weekly hours of under 1%, also showed the 

continued to pay the lowest hourly wagesin largest weekly earnings increase of 15.5%. 

the extractive sector. Hours worked rose Average hourly earnings for nonferrous 

1.7% for the former, and about 1% for the smelting and refining rose 10.7%, average
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weekly hours rose 2%, and weekly earnings _fuel-related sectors. The layoff rate decreas- 
increased 12.9%. For petroleum refining ed for all nonfuel mineral sectors while the 
and related products, average hourly earn- rate for fuel-related sectors increased. The 

| La, wand oe, hours worked increased greatest layoff decline was for nonferrous 
12.8%. ulvant weekly earnings rose smelting and refining at 7 0% and cement, 

| Wages and Salaries.—In 1976, total yeranie Was nex with a ecrease 0 7. 
wages and salaries for all industries rose me the blast freien ateal sad voitine 
substantially to $891.8 billion, an incr aa : . 
of 10.7%. Total wages and salaries in both Mills followed, decreasing 36%. Metal min- 
the mining and manufacturing sectors rose 8 decreased 20%, iron ore decreased 23% 
nearly 13% to $12.2 billion and $238.2 and copper ore at 15% decreased the least 
billion, respectively. Average yearly earn- Within the nonfuels sector. Petroleum refin- | 
ings per full-time employee in all indus- ing and related industries remained con- 
tries rose 7.2% to $11,623. Mining sector stant relative to 1975 while the petroleum 
employees earned an average of $16,089 in _ refining layoff rate increased by two-thirds; 
1976, a gain of 8.9% compared with 1975. coal mining increased by one-half. The last 
Manufacturing sector employee earnings two rates reflect low base figures. | 
rose 8.3% to $12,888. Productivity.—Indexes of labor pro- 

Labor Turnover Rates.— The accession ductivity for selected minerals in 1975 (lat- 
rate (nee es and re mee industries est data available) were mixed. All indexes 
Fecline. on the ‘manufacturing sec tor the for copper increased while those for iron 

accession rate increased 5% over that of and bituminous coal and lignite declined. 7 
1975. The greatest overall increase occurred 1dexes of copper ore output per employee, 
in the nonfuel mineral industry sector; this Production worker, and production worker 

| was attributed to the copper ore sector with man-hour rose about 2%, 5%, and 10%, 
a 68% increase and the nonferrous smelting respectively. For recoverable copper metal, 
and refining sector with a 44% increase. the corresponding indexes increased 0.4%, 
Within the selected fuel industries, all 3.4%, and 8.2%, respectively. The indexes of 
sectors increased with the exception of the iron ore output per employee and per pro- 
coal industry which decreased 13% overall. duction worker each decreased about 3%, 
The separation rate declined for all of the and the per production worker man-hour 
velectee sustries wh te onteption of jhe index dropped 1.8%. Indexes of usable 
uel-reia Industries. in the manulac- iron ore mined per employee, produc- 
turing and copper ore sectors, the decrease tion worker, and production worker man- oe 
ee meta mining decreased 6% Mr hour declined 7.5%, 6.9%, and 5.5%, re- : 
and the nonferrous mel ting an dt fining spectively. For bituminous coal and lignite, 

the indexes of output per employee and per sectors each decreased 26%. Iron ore chang- wae put per employ pe 
ed the least by decreasing 3% and the production worker each declined about 8% 

cement, hydraulic sector separation rate and the per production worker man-hour 
decreased 31%. Petroleum refining and re- index declined 10.2%. Indexes for refined 

lated industries increased 5%, petroleum petroleum were mixed, with output per 
refining alone increased 16%, and the sep» employee and per production worker each 
aration rate for the coal mining sector declining 1% and the per production wor- _ 
increased 28%, the greatest increase for the ker man-hour index increasing 1%. _ 

PRICES AND COSTS 

Index of Average Unit Mine Value——The creased 13.7%, and the nonferrous metal 
index of average unit mine value (1967= index rose 3.9%. Within the nonferrous 
100) is designed to reflect unit values of metal category, the base metal index in- 
mine production. It showed unit mine val- creased 5.5%, the monetary metal index 
ues for all but two mineral categories in- showed a substantial decline of 14.5%, and 
creasing in 1976. The overall index of aver- the other nonferrous metals index increas- 
age unit mine value rose 10.4% to 279.4 ed by the largest percentage of any mineral 
index points. The total metals index in- category at 16%. The total nonmetals index 
creased 9%, the ferrous metal index in- rose 5.5%, with the construction index in-
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creasing 8.4%, the chemical index decreas- lows: Phosphates down 20.5%, fertilizer 

ing 3.5%, and the other nonmetals index materials down 17.7%, and nitrogenates 

rising 11.9%. The fuels index increased down 15.4%. Oo 

11.5%, and within this category the coal Fuels: and related products and: power 

index rose 4.2% and the crude oil and increased 8.4% to 265.6 index points. With- 

natural gas index increased 13.3%. in this group of commodities, gas fuels 
Index of Implicit Unit Value.—The index increased the most, at 32.3%, followed by 

of implicit unit value (1967=100) is design- petroleum products, refined and electric 

ed to reflect unit values of the minerals power with increases of 7.4% and 7.3%, 
included in the index of physical volume of _ respectively; coal declined 4.4%. | 

mineral production. For 1976 it shows the Prices of most mineral energy commodi- 

same pattern of price changes as the index _tjes increased in 1976. The average price of 

of average unit mine value discussed above. bituminous coal at merchant coke ovens 
The implicit unit value indexes increased rose 4.3% to $54.90 per short ton. Average 

for all but two mineral sectors. The overall gales realization prices for anthracite rang- 

index of implicit unit value increased slight- ed between $29.11 and $47.18 per ton with a 

ly over 10% to'278.2 index points. The index decrease of less than 1% ‘for one "size of 

for all metals rose 8.2%,:the ferrous metal anthracite and an increase of 5.4% for 

index grew 18.7%, and the nonferrous met- gnother size. All petroleum and petroleum 

2 inde nc ie metal in. Products increased in price with the excep, 
Tox rose 6% the monetary metal index ‘ions of Bunker © Oe ae all gulf 
declined 12.4%, and the other nonferrous a fa at Phil adele hin hick declined i 

metals index increased the most of all . 4 3 % to $9 03, ; barrel and 2% to 

7 mineral sectors at 14.5%. The total non- $12.05 or barrel, r Per tively. The av ° 

metal index increased 5.2%, with the con- ?-" 9 Par a ducl fu Al taxi ey 03% : 

| struction index advancing 8.5%, the chemi- ofa ° t Phil mde ‘phi ue!  aimcet 1 370 

cal index falling 4%, and the other nonmet- e183 38 a b a a 1, rose almost 1% to 

a als index increasing 12.5%. The fuels index 137° er aac a a ompased 7.7 of 
rose 12.3%, and within this category the ond petro eum a t ale wel incre f te 

coal index increased 4.2% and the crude oil ose 9 % Options 5 No. 2 vstillate fuel oil 

and vey ral | gas index increased slightly rose 8% at Philadelphia and 5% at all gulf 

| - Prices.—The wholesale price indexes for ports. The average value of natural gas at 

selected metals, minerals, and fuels increas- the well rose 30.3% to 58 cents per thou- 

| ed in general for 1976. The index for all 2nd cubic feet and it was unavailable at 
- commodities increased 4.6% to 183.0 index the point of consumption. oe 

points, while all commodities other than In. the year 1975 (latest data available), 

farm and food increased 6.4% to 182.4 index the average cost of electricity increased at 

points. Metals and metal products increased the same rate as in the past few years. 

5.5% to 195.9 index points; selected com- Different from previous years, New Eng- 
| modities within this grouping that reflected land and Middle Atlantic regions had the 

the extremes of the reported price index highest costs, reflective of the high cost of 

changes were as follows: Nonferrous scrap petroleum on the spot market. The Tennes- . 

increased 21.1%, foundry and forge shop See Valley Authority charged rates in the 

products increased 12.5%, iron ore increas- East South-Central States that permitted 

ed 10.8%, and aluminum, primary, buyers this region to continue to have the lowest 

| increased 10.6%. Most other commodities average cost of electricity for the United 

that are listed within this grouping increas- States. The average cost of electricity in the 

ed at a rate above the 5.5% group average, residential market increased 0.4 cent to 3.2 

with the exception of zinc, slab, prime cents per kilowatt-hour. All other geograph- 

western which had decreased 3.4%. ic regions had increases averaging 0.4 cent 

Nonmetallic mineral products increased per kilowatt-hour. In the commercial and 

7.0% to 186.3 index points. The greatest industrial sectors the average increase in 

increases occurred for building lime, which 1975 was 0.4 cent per kilowatt-hour. The 

increased 10.3%, and concrete ingredients only decline in rates occurred in Alaska 

and insulation materials, both increased and Hawaii, where the residential rate 

8.4%. The greatest decreases were as fol- decreased 0.1 cent per kilowatt-hour.
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Principal Metal Mining Expenses.—The bituminous coal, the index of labor costs per 
index of principal metal mining expenses unit of output rose moderately, the index of 
(1967=100), following the price trend for value of product per production-worker- 
the economy as a whole, rose 5.8% to 199 period declined slightly, and the index of 
index points in 1976. The fuel component Jabor costs per dollar of product rose mod- 
increased 8.5%, the largest percentage in- rately. In 1974 (latest data available) the 
crease of any component, reaching 266 in- petroleum indexes of labor costs per unit 
dex points, and the electrical energy ‘compo- of output and the value of product per 
nent was next, rising 7.8% to 208 index production-worker-period both increased 
points. The supplies component increased and the index of labor costs per dollar of 6.2% to 188 index points and labor, with a product declined as reported in 1978. 

gain of 4.2% to 198 index points, was the Price indexes for mining construction and 
n'y component rising less than the overall ,,aterial handling machinery and equip- 
Costs «Tn 1976 indexes of relative costs ment (1967 = 100) increased only moderately 

and productivity (1967=100) generally in- 1 1976 compared with large increases in | 
creased with a few exceptions. For iron ore, 1975. The index for portable air compres- 
all three indexes increased—the index of 508 showed the smallest increase at 2%, 
labor costs per unit of output and the index followed by mixers, pavers, spreaders, etc., 
of value of product per production-worker- @t 5% and construction machinery and 
period both increased moderately as the ©auipment at 7%. The indexes for special- 
index of labor costs per dollar of product ized construction machinery, scrapers and : 
rose slightly. The copper indexes showed graders, and tractors other than farm, all 
mixed changes—the index of labor costs per increased about 8%. The index for power 
unit of output declined slightly, the index of cranes, excavators, and equipment rose 9%, 
value of product per production-worker- the oilfield machinery and tools index rose 
period increased by more than one-fourth, 11%, and the largest price index increase — 
and the index of labor costs per dollar of was again for mining machinery and equip- 

_ product declined moderately. For mentwhichrosel5%. | 
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Figure 5.—Index of labor costs per dollar of product. 

INCOME AND INVESTMENT 

National Income Generated.—National ed the greatest percentage increase in min- 
income originating in all industries in 1976 ing at 12.9%. Coal mining contributed the 
increased 12.2% to $1,399 billion. Income in next largest share, rising 3.4% to $6.6 bil- 
the mining sector rose to $19.4 billion, an lion. Nonmetallic minerals, excluding fuels, 
increase of 7.8%. Oil and gas extraction increased 3.1% to $2.3 billion and metal 
accounted for the largest share within the mining rose 7.2% to $1.8 billion. Manufac- 
mining sector at $8.8 billion and also show- turing increased 17.2% in 1976 to $365.0
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billion. Within this category, petroleum and facturing industries in 1976. Expenditures 
coal products showed the largest percentage by mining industry companies rose 5.5% to 
increase, up 25% to $15.5 billion. Stone, $4.0 billion; those by all manufac- 
clay, and glass products had the second turing increased 9.4% to $52.48 billion. 
largest increase at 19.5%, rising to $11.8 Primary nonferrous metals industry ex- 

billion. The primary metal industries gen- penditures showed the only decline of the . 

erated $26.6 billion in income, a gain of selected mineral manufacturing industries, 

8.4% and chemicals and allied products decreasing by 5.38% to $2.16 billion. Ex- 

accounted for $27.1 billion, an increase of penditures by the primary iron and steel 

13.6%. . industry increased by 2.7% to $3.81 billion 

Profits and Dividends.—The average an- and those by chemicals and allied products 

nual profit rate on shareholders’ equity in increased by 6.9% to $6.68 billion. Petro- 

all manufacturing industries rose by more leum industry expenditures increased 

than two percentage points in 1976 to 14%. 10.6% to $11.62 billion, and stone, clay, and 

All but two of the selected mineral manu-_ glass products industry expenditures show- 

facturing industries showed increasing pro- ed the largest percentage increase, a rise of 

fit rates. The profit rate for primary metals 21.1% to $1.72 billion. 

declined a negligible amount to 8.3% and Plant and equipment expenditures of 

that for iron and steel decreased by almost foreign affiliates of U.S. mining companies 

two percentage points to 9%. Nonferrous in mining and smelting declined by 21.9% | 

metals increased more than one-third to a_ to $916 million in 1976. Canada showed a 

profit rate of 6.8%; stone, clay, and glass decrease of 8.2%, Latin America showed a 

products rose almost four percentage points decrease of 39.4%, and the all other areas 

to 11.9%; chemicals and allied products category fell 30%. Expenditures in petro- 

increased a negligible amount to 15.5%; and leum rose almost 3% to $9,757 million. 

. petroleum and coal products rose almost Canada showed an increase of 5.2%, ex- 

| two percentage points to 14.4%. penditures for Latin America declined 

Total dividends for all manufacturing 15.8%, those for Europe increased 9.8%, 

: increased 18.8% to $22,716 million in 1976. and all other areas remained at virtually 

Dividends rose for all but one of the selected the same level as in 1975. Plant and equip- — 

mineral manufacturing industries. For pri- ment expenditures in manufacturing rose 

mary metals, they increased 1% to $1,200 2%, with Latin America increasing 19.1% 

million, which was a result of iron and steel and the all other areas category falling 

increasing 3.6% to $773 million and nonfer- 11.8%. 

| rous metals declining 3.8% to $425 million. Issues of Mining Securities.—Estimated ~ 

Dividends for stone, clay, and glass products gross proceeds of new securities offered by 

| increased 6.5% to $440 million; for chemi- extractive industries totaled $1.77 billion in 

cals and allied products the increase was 1976, an increase of 8.6% from that of 1975. 

18% to $3,128 million; and for petroleum As a departure from previous years, bonds 

and coal products the increase was 4% to accounted for 57.8% of the proceeds in 1976, 

$4,414 million. while common stock’s share was only 34.3% 

The total number of industrial and com- and preferred stock was responsible for 

mercial failures and their current liabilities 7.9% of the proceeds. 

declined rather substantially in 1976. The Foreign Investment.—Direct private in- 

number of failures decreased 15.8% to 9,628 vestment by U.S. companies abroad increas- 

and their liabilities dropped to slightly over ed 12% to $133.2 billion in 1975 (latest data 

$3 billion, a decline of more than 31%. available). The increase in the petroleum 

Mining failures rose to 37 in 1976, 11 more sector was 15.3%. The share of petroleum 

than in 1975. The current liabilities of investments received by developing coun- — 

mining firms that failed were almost $106 tries continued to be greater than the share 

million, more than 10 times those of 1975. of total investments they received. Develop- 

The manufacturing sector showed a decline ed countries received $20.3 billion of the 

of 18.3% in the number of failures, but their petroleum industry investment, while 

liabilities increased by a negligible amount. developing countries received $11.1 billion. 

New Plant and Equipment.—Expendi- The value of petroleum investment in Eu- 

tures for new plant and equipment increas- ropean affiliates increased 14.3% to $11.4 

ed for mining (including fuels) and for billion and that in Canadian affiliates in- 

all but one of the selected mineral manu- creased 8.3% to $6.2 billion. Petroleum
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investments were up sharply in two devel- developed countries. Latin American Re- 
oping areas: The Middle East increased publics continued to account for almost half 
127.7% to $3.7 billion and the Other Asia of mining investments in developing coun- 
and Pacific category rose 59.5% to $2.8 tries which totaled $2.1 billion. 
billion. ~ The value of foreign direct investments in 

U.S. direct investments in foreign mining the United States in 1975 (latest data avail- — 
increased 7% in 1975 (latest data available) able) was $26.7 billion, an increase of 19.3%. 
to $6.6 billion. The developed countries Investments in the petroleum sector in- 
received two-thirds of these investmentsor creased 37% to $8.2 billion, which was 
$4.4 billion. Canada received the largest 30.6% of the total foreign direct invest- 
share, or 69.4% of mining investments in ments in the United States. 

| TRANSPORTATION | 

- The total quantity of major minerals and ___In the fuels and related energy products 
mineral energy products transported by category, the quantity of commodities car- | 
railroad and water continued to decreasein ried by rail rose 2.1% to 456.2 million short 
1975 (latest data available), declining by tons in 1975. Bituminous coal and lignite 
95.4 million short tons to 1,642 million short continued to be responsible for the major 
tons. Total mineral products accounted for share, accounting for 89.3% of this tonnage. 
62% of all products carried by rail and 82% All fuel products declined in 1975 except for 

of all commodities transported by water. coal, which increased 4.3%, and crude pe- | 

The former represented a small increase troleum and natural gas, which rose 5.6%. 

over that of 1974. Almost 65% of minerals, Fuels and related products transported by 

excluding fuels, were transported by rail. water increased less than 1% to 559.2 mil- : 

Slightly over 55% of fuels and related lion short tons. Coal continued to account 

energy products were transported by water. for the largest share of fuels shipped by 

In the minerals, excluding fuels, category water at 27.3%. Others responsible for sig- 

the quantity of commodities transported by nificant shares included residual fuel oil at 

rail decreased 15.9% to 406.6 million short 20%, gasoline, jet fuel, kerosine at 19%, 

tons. Of this total 61.9% consisted of five distillate fuel at 16%, and crude petroleum 

commodities: Iron ores and concentrates, and natural gas at 14%. The largest per- 

phosphate rock, steelworks and rolling mill centage increase was for liquefied petro- 

products, sand and gravel, and crushed leum gas and coal gas which rose 21.4%. 

- stone. All commodities decreased in 1975 A total of 987,700 miles (preliminary) of 

except for nonferrous metal scrap, which gas pipelines existed in 1976. This repre- | 

‘increased 365%, and phosphate rock, which sents an increase of less than 1% from the 

rose less than 1%. 980,000 miles of pipelines that existed in 

Water transportation of minerals, exclud- 1975. Total petroleum pipeline mileage in 

ing fuels, declined almost 18% to 220.4 1974 (latest data available) as previously 

million short tons. Three commodities— reported was 222,000 miles. It was distrib- 

iron ores and concentrates, sand and gravel, uted among the following components: 

and limestone flux— accounted for 75.5% of Crude gathering systems in field operations 

this tonnage. Alt commodities decreased with a 31% share, large-size crude trunk- 

with the exceptions of phosphate rock, lines accounting for 34%, and petroleum 

which increased 10%, and other ores, which product pipelines that extend from refin- 

increased 6%. eries to extraction terminals with 35%. a 

RESEARCH ACTIVITIES 

U.S. total research and development ex- lion in 1975. Almost 96% of these expendi- 

penditures in 1975 (latest data available) tures were financed by private industry, 

were $23.5 billion, an increase of more than and Federal Government funds supplied the 

5% compared with that of 1974. The shares remaining 4%. Research expenditures for 

spent by the private sector and the Federal chemicals and allied products increased 

Government were 62.8% and 37.2%, re- over 12% to $2,650 million. Private industry 

spectively, the same percentages as in 1974. financed 91% of this total. 

Research and development expenditures in Bureau of Mines funding obligations for 

the petroleum refining and extractive in- mining and mineral research and develop- 

dustries increased 17%, reaching $700 mil- ment were $131.3 million in fiscal year
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1976, an increase of 29% compared with the operator away from the bolter altogeth- 
1975. Funds for applied research increased er and controlling its operations remotely. 
more than 42% to $72.5 million. Basic Completion of the R.B.I. has led to the next 
research funds continued to drop, declining step of drilling longer than seam height. 
58.7% to $0.8 million. Funds for develop- Five flexible drill contracts investigated 
ment rose 19% to $58 million. Funding different methods of achieving the goal of 
obligations for fiscal year 1977 were estima- longer than seam height drilling. | | 
ted at $153.7 million, 17% higher than for The Bureau of Mines embarked on a 

| 1976. Fiscal year 1977 funds were estimated contract research effort to develop a fast, 
to increase 8.8% to $78.9 million for applied reliable, accurate,.and effective reconnais- 
research, to remain the same for basic sance system to gather and quantify data on 
research, and to increase 12.7% to $65.4 | stability of mine waste embankments. After 
million for development. investigating a number of systems involving 

Bureau of Mines funding obligations for conventional surveying, telemetry, remote 
: total research rose 38.5% to $73.3 million sensing, and innovative techniques, the air- __ 

for fiscal year 1976. Funds for engineering borne photogrammetry system was selected 
sciences increased 41.5% to $67.5 million; as the one that best combines accuracy, 
physical sciences funds declined 5.6% to rapidity, and reliability with reasonable 
$1.8 million; mathematical sciences rose cost. 
24.5% to $1.6 million; and: environmental Photogrammetry is both fast and accu- 
sciences increased 18% to $2.4 million. Ob- rate; embankments can be photographed in 
ligations for total research during fiscal a fraction of the time required for. onsite 
year 1977 were estimated to increase 8.7% visual inspection and surveying. Additional 
to $79.7 million. Funds: for engineering benefits are that site mapping is facilitated, 
sciences were estimated to increase 9.3%; embankment volume can be measured, and 
for physical sciences they were estimated to a permanent, reliable record of the life of 
rise 5.6%; and for both mathematical and the embankment results. | 
environmental sciences they were estimat- The deep, steeply dipping narrow veins of 
ed to remain the-same. Highlights of Bu- the Coeur d’Alene mining district are min- 
reau research programs, including work in ed by overhand horizontal cut-and-fill © 

~ progress, follow. - methods. High ground stresses and hard 
Mining.—The Bureau continued to make brittle rock can result in conditions con- 

field studies with shallow seismic reflection ducive to rockbursts. Experience has shown 
methods for mapping coal seams and under- that many of the damaging rockbursts oc- 
ground geologic features in-coal mines in cur during development of the stope first 
1976. Only recently has this technique been level and later during mining of the re- 
applied to shallow investigations. The ap- maining stope sill pillar. Finite element 
plication is similar in effect to the deeper studies showed that if the rock in this area 
methods already utilized; however, shallow of the mine could be made less brittle 
reflection methods require modified proce- during development mining, the potential 
dures. Some of these are to minimize sur- for rockbursts would be greatly reduced. A 
face noise, select optimum detector spacing, cooperative research program was planned 
generate high-frequency source signals, and between the Bureau of Mines and a mining 
use improved data collection and data pro- company to test this theory. a 
cessing technology. The seismic method was A Bureau program was generated for the 
proving useful for locating geologic features development of potential recommended 
at moderate cost and with better definition guidelines for underground mining in close 
than available with drilling programs. proximity to bodies of water. The objective 
alone. was subject to the constraint of maximum 

The Bureau developed a first-generation efficient utilization of underground coal 
roof bolter inserter (R.B.I.) and flex drill resources consistent with minimizing inun- 
system. The R.B.I. is designed to bend and dation hazards. Several consulting firms 
insert longer than seam height bolts with- were contracted to gather and provide back- 
out the need to manually bend and straight- ground data from worldwide sources on the 
en the bolts. It removes the miner from the application and the case histories of pre- 
hazardous bolting area to improve safety. vious inundations to develop recommended 
This is done by moving the operator’s con- guidelines for underground coal mining 
trols to the back of the bolter and moving _ near bodies of water.
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_ These recommended guidelines cover to- may be in excess’ of 3,500 amperes, is | 
tal extraction by longwall or pillar robbing, accomplished by means of a “discriminating 

partial extraction by room-and-pillar, par- circuit breaker system.” The method by 

combination ofthese methods. ground fault from a low resistance normal : Ss ground fault from a low resistance normal 

duct prujecte (volving contin ne load involves injection of a 3,000-hertz audio 
4 ne ignal into the system and the sensing of 

and in-mine testing of rugged, reasonably sign | } wy: 
priced, mine shaft fire and smoke protection current flow at that frequency - All legiti- 
systems. A second-generation system, devel- mate loads such as pumps, jeeps, and loco- 

oped and installed in a mine near Bishop, ™0tives operating on the line must be 

Calif, was tested in 1976. The system’s equipped with filters to block the flow of 
‘hardware consists of smoke, CO, and heat 3,000-hertz current, whereas the current 

sensors, remotely controlled smoke doors, will flow freely through a genuine ground 

remotely controlled sprinkler systems in fault and cause a relay to trip the circuit 

the shaft/shaft station area, underground breaker. In the present experimental instal- | 
control units, and a master control unit at lations, all of the mine vehicles are not 

the surface. After 8 months of in-mine ; i ; . equi with blocking filters; hence, the 
evaluation, the second-generation prototype aero annot be connected so as to actual- 

BY stem was subjected to fire testing. Test jy interrupt the trolley line current; how- 
fires were lit at two levels of the mine. Fach yey 3 years of observation have proven 

stem was aa ety on sensed by the that a fully installed system would be es 

doors were activated and the remotely con- sentia ly . free from al vation kz rrupeons. 

trolled sprinklers successfully extinguished er In-mine evaluation 1s un erway ° 

the fires via commands from the surface. The Bureau of Mines in its concern for 

Bureau research is concerned with sev- _ mine safety has responded by performing 

eral aspects of circuit protection for mine research in all areas related to improving | 
power systems, ranging from circuit break- the safety of coal mines during the mining 

er reliability to development of more sensi- operation. Of particular concern are pro- 

tive and trouble-free devices for detection of grams to improve the interface of the | 

_ground faults. In one study, existing circuit machine operator and the machine. 

breakers are being replaced by matching Several programs were initiated to | 

units which are equipped with monitoring achieve this goal; these programs examined 

devices to provide data on occurrences of innovative machine designs and modifica- 
circuit current surges and the related cir- tion of existing equipment. The innovative | 

cuit interruption performance of the break- machine design program involved complete | 

er. The old breakers are examined for wear redesi f . t loving h 

and failure characteristics, as will be the esign of equipmen he ne oven, «The 
new units when finally removed. Aside actors engineering in the new designs. 1 he 

from reliability and maintenance schedul- Program for modification of existing equip- 

ing information, the investigation will prob- ment was broken down into several pro- 

ably also result in suggestions for circuit jects. These projects have been directed 

breaker improvement and for proper ap- toward standardization of controls, panic 

plication of the devices. bar installations, development of low coal 

A “synthetic fault” test apparatus had canopies, and a survey of available cano- 

been developed for in-mine testing and ver- pies. _ | 

ification of operational readiness of ac cir- Other examples of noncompliance with 

cuit breakers. - — human engineering principles are the 
A second circuit breaker tester was being widespread use of identical black, round 

- developed; this one for calibrating dc trolley control knobs (regardless of the function 

ircuit breakers. . . 

van experimental model of a dc circuit being performed) and frequent mAaPPro’ 

breaker which almost instantaneously in- priate inten Pl of pane labeling of 

terrupts large fault currents with no arcing controls. Any or all of these factors may 

across the contacts had been fabricated and place the operator in a “negative transfer 

was undergoing tests. situation, which means that control ma- 

The detection of incendive ground fault nipulations appropriate for one type of 

currents on the order of 10 amperes in machine are different from (or even in the 

trolley line systems, where normal currents reverse of) the control movements required
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to produce the same effect of other machine car training system was developed under 
types. The goal of this project was to devel- contract by Doron Precision Systems. 

op and evaluate criteria for standardized The trainer concepts evolving from the 
, controls for underground electric face training system analysis have included the 

equipment. | development of classroom material, a dyna- 
Several projects were initiated under the mic concepts trainer, and a reaction trainer. 

protective canopy program to develop pro- ‘he reaction trainer was designed to teach 
| tective canopies that were easily retrofitted and provide drill and practice in hazard 

to existing equipment used in various seam recognition and avoidance. As such, the 
| heights. The results of these projects have reaction trainer is designed to partially 

been combined into one study that applies simulate the shuttle car and working 

human “ith these © principles in con- section with a sufficient degree of fidelity to 
junchon wt t eee Past ‘berato omar, realistically present many of the hazards a 

everop optim _ Opera OF compa shuttle car operator may encounter. Efforts 
_ ments. Three projects were initiated under d to adavt this trainiz 

the optimized operator compartment pro- Wore Underway to adap raining sys- 
gram. These projects were similar with the tem to the development of training pack- 
objective of fabricating operator compart- ages for roof bolter, continuous miner, and 
ments that were easily retrofittable to exist- hoistequipment operators. = 
ing equipment and included the results of . While the machinery trainers address an _ 

| the standardization of controls project, the portant area, another technique with 
panic bar project, and the various canopy broader applicability in terms of general 
projects. | | training and testing is the Lincoln Training 

| One of the optimized operator compart- System (LTS), which iS a self-paced, inter- 
ment projects has been completed on an active, audiovisual trainer. All information 

, Elkhorn scoop and a pair of National Mine (audio, visual, and control information) is 
| Service shuttle cars. The two shuttle cars contained on low-cost microfiche. Prototype 
/ were sold to a mining company for use in its systems have been evaluated at coal mine 

mine; the company agreed to accept the training sites with excellent acceptance. 
cars with optimized operator compartments Health-related research is focusing on | 
and evaluate them in normal operation such problems as respirable coal dust, ra- 
during the months of March and April 1976. dioactive gas, noise, toxic mine gases, and 

| The compartment was very well received by on solutions involving both protection of 
' the drivers and other mine personnel. miners and control of the mine environ- 

A coal company agreed to cooperate in ment through engineering advances. 
finding a maintenance shop to modify its Projects were underway to prevent and 

| Elkhorn Scoop compartment to the optimiz- control dust generation, improve face ven- 
ed operator compartment configuration and tijation, and develop personal protective 
to participate in the in-mine evaluation of devices. Research continued on the ra- 
the scoop. The modifications to the scoop diation hazard which continues to be a 
compartment were completed in January major health concern in uranium mines. 
1976. The be th compartment was then The major objectives are to improve tech- 

. evaluated A the nad aes w he niques to inhibit or control radon eman- 
performing their normal duties, ouring the ation into the mine air and to develop 
months of February and March 1976. t inst tati h 

The broad objective of the Bureau’s mine measurement instrumentation such as a 
machinery equipment training program is viable personal dosimetry system for meas- 
to improve the safety and productivity of Tg miner exposure to specific types of 
new operators of underground mine ma- ‘adiation. 
chinery by the systematic and disciplined Research continued on noise abatement 
development of equipment training sys) 1 order to achieve acceptable levels of noise 

tems. The present scope, as determined by Xposure for personnel engaged in coal and 
historic accident and hazard analyses, in- oncoal mining activities, both under- 
cludes the development, implementation, ground and surface. Noise instrumentation 
and validation of miner, roof bolter, and was being improved to meet continuing 
hoist equipment operator training sys- demand for more accurate assessments 
tems. of noise levels. An industrial hygiene 

In providing detailed information con- program was aimed at rapidly meas- 
cerning equipment operation, a shuttle uring/monitoring toxic gases such as CO,
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NO, and NO. through the development of structed in working areas, the stopping is 
low-cost, reliable measuring instrument- not designed to resist blast forces. Rather, it 
ation. Thus, the quality of ventilating air in is designed to be easily blown out by blast 
a mine can be quantified and the miners’ forces and then to be quickly and easily | 
accumulative exposure can be measured. reinstalled; in contrast, a conventional tim- A Bureau of Mines research contract ber stopping or bulkhead may require an 
developed methods to increase significantly entire shift to replace. Furthermore, restor- the amount of fresh air that reaches the ing conventional wood or brattice stoppings front of a continuous mining machine. ae almost always entails the use of new mate- 
contract emphasis was on removing meth- rials, whereas the quick-fix blowout sto “inlay ping ot dace PASSER mga nda ; : new, self-sealing brattice developed by 
is to enhance and move forward the “natu- the Bureau of Mines offers distinct advan- 
ral” airflow pattern. Devices designed to tages over conventional brattice as to both 
enhance and move forward this natural weight and tightness. Its main feature is 
pattern always swept away methane better that the fabric is sewn into a hemispherical 

| than those that ignored this simple princi- shape rather than a flat sheet-like conven- 
ple. | | tional brattice. The perimeter of the hemi- 

One way to move forward the natural <ohere is made larger than the airway 
pattern is with proper placement of a low perimeter, so that the differential air pres- volume diffuser fan. A twin nozzle diffuser sure will balloon out the fabric, forcing it 
fan placed on the intake side of the mac hine against the mine surface and providing an 

oo works best. One disadvantage of this kind of automatic seal that reduces both leakage | 
diffuser system was that it required a Sec" and the number of attachment points need- 

_ ond, identical system on the other side of ed. It should be noted that the Bureau of the machine to make the air go the other Mines considers this conc ept still in the 
| othe wwnen the brattice was moved to the developmental stage. Although it has been 

Another simple and effective air mover is shown that this type of stopping can be 
the conventional water spray. It was discov- successfully employ ed underground, it has 
ered that if all the water sprays on the ™°V& been tested in an emergency sit- 
machine were realined to take advantage of ernie B f Mines d loved 
their air-moving abilities, then the natural _ h © iy dri ° Tes ti L orope 1 a that 
airflow pattern was enhanced’even more C2@nICally driven sequential sampler a than with a diffuser fan. | can automatically take air, gas, or liquid 

While some care in the selection and ®@™ples in underground mines for periods placement of spray nozzles is necessary, of 1 to 8 days. The new sampler is basically : 
conventional nozzles work as well in this tub aarenimeass around a eiinden Plastic 
application as specially designed “air- ‘WOU | , , 

mover” venturi sprays. These “air-mover” 8 tilted so that one end of the tube is 
sprays move air through a small diameter Submerged in a pan of water. The other end 
short tube that surrounds the spray nozzle. Of the cylinder is connected to a spring- 
However, this Bureau-sponsored research Wound motor that can rotate the cylinder, has shown that the key to better face one revolution per sample, at set intervals 
ventilation is recognizing that the space ranging from once a minute to once an 
between the machine and the roof or rib is hour. As the cylinder turns, the low end of 
also a “tube,” a far larger tube than could the tubing comes out of the water for half a 
ever be tucked away inside the machine. revolution of the cylinder. As the end of the 
The solution to more air at the face is a tube submerges again, a plug of air is 
more effective use of this tube that has been trapped in the tube between two plugs of 
there all the time. water, and successive air samples are auto- 

In an attempt to reduce both the material matically spiraled upward in the tubing as 
costs and the man-hours needed to maintain _ the cylinder rotates. 
stoppings in working areas of hardrock In 1976 the Bureau continued to explore 
mines, the Bureau of Mines developed a _ possible ways of reducing the level of air- 
new type of stopping, called the quick-fix borne respirable coal dust through improve- 
blowout stopping. This is a variation of the ment in coal mining machines, methods, 
parachute stopping developed earlier by the and systems. The objective of a Bureau 
Bureau. Unlike conventional stoppings con- contract was to design, construct, and test a
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full-scale continuous coal miner for the the problems cited above with the objective 

purpose of quantifying the relationships of reducing or eliminating them. | 

between cutterhead’s rotational speed and A contract was awarded to a firm to 

the depth of cut by the bits into the coal face maximize the coal carrying capacity and to 

as related to the generation of airborne improve or, at a minimum, retain the exist- 

respirable dust. The results showed that ing maintainability and reliability stand- 

airborne respirable dust was reduced by ards of shuttle cars without increasing the | 

greater than 60% in the air return when outside dimensions. An evaluation was 

the depth of cut was increased from 1 to 2 made of all currently used shuttle cars and 

inches. Rotational speed had only a slight relevant technology to identify those fea- 

effect in the return, but at the operator’s tures and components that could be combin- 

station, a reduction of 77% could be realized ed to meet contract requirements. The eval- 

| by slowing the head from 51 to 18 revolu- uation has been completed and a shuttle car 

tions per minute. The contract has been design is nearly completed that will have a 

completed and the machine was being dem- capacity more than 25% greater than exist- 

onstrated under a cooperative agreement ing shuttle cars of equivalent overall dimen- 

with a coal company. The purpose of this sions. | 

demonstration is to show that a drum-type Under a contract, an iron-nickel high 

continuous coal miner can operate in a performance battery for coal haulage vehi- 

much cleaner mode and yet can maintain or . cles and a more efficient battery charging 

increase production. _ | system was being developed. The iron- 

More than 90% of the coal in under- nickel battery will have sufficient energy to 

ground mines is hauled by various types of last a full shift and can be charged and 

shuttle cars from the mining face to the ready for use in less than 3 hours. | 

secondary haulage system. Approximately Also through a contract, the closed Ran- 

12% of the cars are electric powered kine cycle steam engine that was developed 

| through a trailing cable. All of the remain- for automotive propulsion has been modi- 

| ing cars are powered by lead acid batteries fied for use in underground coal mine vehi- — 

! with the exception of a small number that cles. The steam powerplant potentially of- 

are powered with diesel engines. fers significant advantages over existing , 

Continuous face haulage systems trans- diesel-powered (internal combustion) vehi- 

port 8% of the underground coal and their cles. Emission levels for oxides of nitrogen 

J application is expected to grow. However, and carbon monoxide from the steam en- 

. shuttle car haulage will continue to be the gine system are anticipated to be approxi- 

predominant face haulage method during mately less than 10% and 40%, respective- 

the foreseeable future. Shuttle cars, in gen- ly, of those obtained from diesel systems 

| eral, have the relative advantages of low presently in use underground. 

capital cost and high reliability. In the case Significant advances have been made re- 

of the electric trailing cable powered shuttle cently in flywheel materials and technolo- 

car, it is a simple and easily maintained gy. Shuttle cars appear to be uniquely 

vehicle. The principal disadvantages of this suited to the application of flywheel tech- 

kind of vehicle are limited coal capacity and _ nology. The distance of travel is typically 

various problems related to the trailing short and the cycle frequency is high. Con- 

cable. Battery-powered vehicles have the ceptually, the shuttle car flywheel would be 

flexibility to travel various paths and elim- rapidly recharged in fresh mine air while 

inate the fire hazard and failure problems the car is being unloaded at the transfer 

associated with the trailing cable. The ma- point. A contract has been awarded to 

jor problems with battery-powered equip- assess existing flywheel technology and its 

ment are limited operating time per charg- practical application to underground coal 

ing cycle and downtime due to battery mine shuttle cars. The evaluation includes 

replacement. Diesel-powered shuttle cars flywheel size and material, methods of 

have the advantages of battery-powered charging, recovering, and transmitting 

vehicles and, in addition, have a higher flywheel energy, and safety, and cost- 

operating time and lower operating cost. effectiveness. 

The critical problems of diesel-powered Studies, research, and development are | 

shuttle cars are the health hazard of the currently underway by the National , 

engine exhaust emissions and noise. In Aeronautics and Space Administration/ 

1976, research was being conducted on allof Marshall Space Flight Center for the
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Bureau of Mines to develop the coal inter- coal production. Part of this effort is the 
face detectors and associated control sys- “Automated Continuous Roof Support” sub- 
tems required for the automation of a program for developing and demonstrating 
longwall shearing machine. The specific equipment that will increase production 
goal is to define, test, and recommend and lower coal costs. 
practical low-cost guidance and control sys- An approach to increasing room-and- 
tems and detectors required for the devel- pillar production is to provide more oper- 
opment of an automated bidirectional ating time for high-capacity continuous 
double-drum arranging shearer/loader. miners. By installing supports during the 

To date, the following four sensor types mining operation, the separate steps requir- 
have survived the feasibility tests and are ed for mining and supporting can be elimi- 
being developed further by laboratory and nated. Eliminating separate mining and 
field testing: (1) Nucleonic, which employs _ bolting operations with equipment that can 
back-scattering gamma rays to measure the simultaneously mine coal and install roof 
thickness of coal left on the roof or floor supports would then enable a miner/bolter 
after cutting; (2) radar, which employs an to produce 750 tons of coal per shift—a 

__ FMor CW single-antenna radar to measure considerable improvement over today’s 350- 
depths of coal and/or strata in roof or floor ton rate. The Bureau has contracts to de- 
after cutting (discrimination depends on _ sign, fabricate, assemble, and test equip- 
differences in the dielectric constant of the ment that combines the bolting and mining 
materials); (3) sensitized pick, which uses a_ functions. 
strain-gaged pick block to measure force on The Bureau of Mines is conducting re- | 
cutting bit and discriminates between hard search to help apply the potential benefits 
and soft materials; and (4) penetrometer/ of mining uranium by in situ leaching. In 
reflectometer, which is a dual sensor which situ leaching presently provides only a 
measures the impact hardness and color of small fraction of the Nation’s uranium 
material left exposed on roof or floor. A production. There are certain problems to 
fifth sensor is being developed for the Bu- be overcome before in situ leaching will 
reau that is based on an analysis of the contribute large amounts of uranium. One 
vibration spectrum of the coal-cutting oper- of these problems is optimizing the type and 
ations. concentration of chemical lixiviant for the 

Concurrent with the detector develop- particular ore being leached. A second prob- 
ment work, concepts for shearer guidance lem is optimizing the construction of in- 
and control systems, utilizing one or a suite jection wells so as to minimize clogging; in 
of detectors, were being evaluated. This certain types of deposits, organic drilling 
evaluation includes mathematical simula- fluids have caused clogging. A description of 
tion of the control system, identification of the preferred method of making injection 
hardware design approaches, and the defini- wells was being prepared for publication. | 
tion of the system requirements. — The third problem is limiting the lixiv- 

In addition, studies were being conducted iant to the uranium-bearing zones, especial- 
on methods for measuring the alinement of ly when there are several layers of ore. 
the longwall coal face with respect to estab- With conventional methods of placing 
lished mine reference locations. Measuring screens, the barren zones between the 
instruments that can measure the path of uranium-bearing zones are exposed to the 
the face conveyor (yaw) have been. devel- lixiviant. An alternative method is to case 
oped and were undergoing laboratory eval- and grout the well all the way to the bottom 
uation. Instruments also have been iden- of the lowest uranium-bearing zone, then 
tified for measuring the shearer tilt (roll perforate the casing and grout at the de- 
attitude). sired levels. The Bureau of Mines has devel- 

The choice of detectors will depend ulti- oped an excellent technique for making the 
mately on the physical properties of the required perforations by using a_high- 
roof, coalbed, and floor; the mining strategy pressure water jet. The water jet makes 
(how much coal to leave, how much roof or smaller, more regular holes than mechani- 
floor to cut, etc.); and the accuracy of the cal perforations, and so provides better sand 
fully developed sensors. | control. The water jet not only can be used 

Because of new impetus on coal to satisfy to make original perforations, but also can 
U.S. energy demands, the Bureau of Mines make new holes in a clogged screen. Both 
had a program for improving underground applications were tested successfully in
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Texas. By such research, the Bureau is using a standard bit. The technology has 

attempting to improve the efficiency of in been transferred to industry. A manu- 

situ uranium leaching so that lower grade facturer recently began. marketing the bit 

and smaller deposits can contribute to the and apparently the bit is performing very 

Nation’s energy supply. well in softer formations. 

_ Explosive fracturing of copper ore bodies To encourage improved production and 

in preparation for in situ leaching isa new work efficiency, the Bureau contracted re- 

technology with a high potential for devel- search for the design, fabrication, and field 
oping low-grade deposits. The Bureau initi- testing in a vein mine of an improved 

ated field research to assist mining compa- portable man-rated service hoisting system 

nies in developing this technology. The for transporting men, supplies, and equip- 
Bureau and a mining company conducted a ment into stopes. The following general 
cooperative in situ leaching research pro- requirements were designed into the hoist- 

gram at a mine near Kingman, Ariz. The ing system: (1) Capable of operating at a 
objective was to develop in situ leaching speed of 50 feet per minute under normal 

methods for 200,000 tons of ore exposed in 900-pound man-rated load; (2) capable of 

the pit bottom and also 3 million tons of ore serving a 3,000-foot raise; (3) capable of 

under 20 fet of overburden adjacent othe operating with a, 4000-pound payload of 
pit gr . ng equipment; and (4) capable of being moved 

mine had became marginal, and it was nO and reinstalled quickly and easily in other 
longer economical to continue open pit oper- stopes in the mine. The system was field 

| ations. _ tested for a 6-week period at a mine in 

In another cooperative research program Colorado. Minor modifications and addition- 
the Bureau and another mining company 4) jn-mine testing and demonstration are 

| began investigating the in situ leaching jjonned _ 

potential of copper ore along the fringes of : The Bureau of Mines has a contract to 

an open pit mine near Benson, Ariz. This develop a remote controlled, mechanized 

fringe ore is beyond the projected pit limits shotcrate lacement system for raise drilled 
and if an in situ leaching system is success- hafts This ‘3 to eli ys te th ‘or dete 

ful, the life of this mine would be extended “77 "1 wrvent Lining proc sas whieh ig 
, and the total copper production would be rent of the current lining process, wich 1s 

increased. slow, costly, and dangerous owing to the 

The techniques demonstrated by these need for men in the shaft. On a single shift 

Government-industry cooperative efforts basis, this shotcrete system could conserva- 
can be of significant industrial value to any tively place 30 feet per day figuring 50% of 

‘ company that is considering the use of in “0 8-hour shift to be operating time. By 

/ situ leaching. — adding two more shifts, this rate could 

For over 5 years, the Bureau has spon- conceivably be increased to 90 feet per day. 

sored research for the development of a Based on a conservative analysis, the eco- 

conical reamer for hard rock. This device nomics of the system look extremely at- 

attacks the hole bottom at an angle, which tractive. Excluding research and develop- 

decreases the force on individual cutter ment costs, an estimated $9.00 per foot cost 
elements to be spaced further apart than is Saving was realized on the demonstration 

possible with a tricone bit. As a result, this shaft. Not figured into the cost analysis 

geometry leaves more room for cutter bear- were such factors as the benefits gained by 

ings and, consequently, has the potential for faster development and the loss of fewer 

longer bit life. raises due to collapse. The system is under- 

The Bureau, with the cooperation of two going a refinement phase to correct short- 

firms mining taconite, conducted an exten- comings noted on mine equipment trials. 

sive field test of the conical reamer blast- Subsequently, the system will be demon- 

hole bit on the Minnesota Mesabi Iron strated in a deeper shaft. 

Range in 1976. Taconite rock is extremely The underground auger has the potential 

hard (50,000 to 75,000 pounds per square advantages of low capital and operating 

inch), so these tests enabled the Bureau to costs, and high tons per manshift output. 

evaluate performance under very severe With a Bureau contract, a project was 

conditions. The tests were considered a _ successfully constructed, demonstrating 

technical success, but the economic analysis peak production rates reaching 130 tons per 

indicated that for drilling in taconite, the shift or about 25 tons per manshift. An 

conical reamer bit is more expensive than extension to the contract to gather more
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field data and improve the machine has Evaluations indicate that conveyor haul- 
been granted. Under an in-house project, age of overburden offers numerous advan- 
several high recovery auger mining (Hi- tages over trucks such as potentially higher 
ream) systems were developed. The first production rates, additional coal recovery, 
involves drilling square holes with or with- improved reclamation due to concurrent 
out temporary support for a potential recov- backfilling, improved spoil placement, and 
ery of 75%. The second system uses a_ reduced pit congestion. Of the two concepts 
backreaming tool that allows holes to be developed, the lowwall system has the most 
drilled closer together with or without tem- promise. | 
porary support for a potential recovery of Only a small portion of the vast reserves 

. 72%. During fiscal year 1976, prototype of oil shale can be mined by conventional 
equipment was developed and tested forthe surface or underground techniques. To re- 
square hole drilling system, the circular cover the remainder of this fuel, a modified 
backreaming system, and the temporary in situ technique will be required. Through | 
support system, all of which appeared feasi- a contract, the Bureau assessed the techni- 
ble. : cal and economic feasibility of a modified in 

Environmental restrictions imposed on situ process. In the modified technique, 
contour mining in steep slope areas of upper and lower development levels are 
Appalachia have prompted the develop- advanced by standard mining methods. 
ment of new mining techniques, such asthe Compared to conventional mining methods, 

haulback or blockcut method, which permit the modified in situ method will minimize 

controlled placement of overburden and _ surface disposal problems, increase resource 
eliminate spoiling on the outslopes. The recovery in thick beds, reduce surface dis- 
major disadvantage associated with these turbance, and reduce capital plant costs. 
methods is that production is lowered main- Areas of investigation important to the 
ly because of time delays caused by equip- development of a modified in situ operation 

- ment cycling and interference between coal are the geology and mineralogy of the tract 
mining and overburden handling equip- to be mined, rock mechanics for mine de- 
ment causes congestion in the pit area. sign, access mining systems, ventilation re- 

The feasibility of portable belt conveyors quirements, rubblization technique, in situ 
for handling of overburden either alongthe _retorting parameters, safety considerations, 
lowwall or highwall is being examined un- and environmental impact. 

| der a Bureau contract. These conveyor The feasibility study indicated that modi- | 
| haulage systems alleviate the pit congestion fied in situ oil shale mining is a technically | 

and production hinderances associated with feasible, environmentally acceptable, and. 
truck haulage of overburden through the economically competitive energy alterna- 
active pit area in haulback and blockcut tive. A typical retorting facility producing | 
mining methods. | 50,000 barrels per day from 20-gallon-per- 

Two systems each using portable belt ton shale, utilizing 230-foot-high retorts un- 
conveyors have been developed. In the der 1,000 feet of overburden will produce | 
lowwall concept, the conveyor units are kerogen for $8.75 per barrel (January 1975 
placed along the lowwall side of the pit. A dollars). Various. other combinations of 
front-end loader places the overburden into parameters yielded costs varying from $7.70 
a hopper, to screen oversize material, which to $15.50 per barrel. Additional economy 
feeds the belt conveyors. The conveyors and resource utilization can be attained by 
transport the material through the pit to surface retorting of the development mate- 
the reclamation site. Here a reclamation rial. 
stacker is used to deposit the overburden for The Bureau’s environmental efforts are 
final grading by dozers. In the highwall directed to the correction of adverse effects 
concept, similar equipment is utilized; of past mining and mineral processing and 
however, the conveyor units run along the to the development of new environmentally 
highwall. A single lift elevator lifts the acceptable technology for methods of min- 
overburden from the bench to the top of the ing and processing in the future. : 
highwall where it is deposited onto the Most of the current mined-area restora- 
conveyor units. The conveyors run along tion efforts are in the Appalachian region. 
the top of the highwall and feed into a Considerable progress has been made in 
highwall reclamation stacker, which depos- techniques of back-filling mine voids to 
its the overburden into the pit for final prevent surface subsidence in urban areas. 
grading. Surface reclamation projects have demon-
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| Fee TT ee eet trie wsse se ‘Throughout 1976, the Bureau experimented 
schools, shopping and residential areas, and i fh th Dl tere back ee 

recreation. expedite nee prec Sea and = inimnize 

Results of these researc’ demonstration costs. | ee eee a 

projects are app ied in the Bureau’s admin- The Bureau of Mines has bee 
istration of the Mining Area Restoration the Congress to direct its technical sO 

Section o the Appalachian Regional Devel- toward resolving problems associated with 
Laan vat the yeProvemen of the nonutilization of recoverable low-sulfur 

y and protection of coal from refuse in the northern anthracite 
public health and safety are major con- region of Pennsylvani 

‘ 1 ylvania. As a result the 
cerns. A demonstration of subsidence con- Bureau is in the initial stage of evaluati 

| trol is: underway for two residential areasin proposals to cooperate in the design, com 

western Illinois. In the anthracite region of struction, and o . nite 

Pennsylvania, the recove , operation of an anthracite 

fuel from mine refuse is "Y ceiving. major refuse Oe ee ton plan t. The objective of 
r ‘ this project will be to increase the supply of 

| attention. Bureau research into technology anthracite th h actual rec 

for future mining emphasizes surface ef- ‘th enroug’ actua’ recovery of coal 

fects resulting from both underground and rom anthracite refuse sources loca ted mm 
eee " . , . northeastern Pennsylvania. In addition, it 

surface mining, with special attention to j,, ped that the den pe Bs 

integrated reclamation practices and to pre- I ° te fe t © oem nstration of a feasi- 

vention of uncontrolled future subsidence. ‘te ref m for reclaiming coal from anthra- 

Reclamation research workshops were ie 1 to use and t he resulting economics will 

held in eight States during the period from 1 production of anthracite at a reduc- 

December 12, 1975, through June 25, 1976, 4, © thereby showing how coal trom | 
under a Bureau of Mines contract with the mane refuse can produce a low cost/high 

| University: of Missouri-Rolla. The work- quality fuel. a Pa : 

-. ghops were designed to help define the Abandoned coal mines and oil and gas 

Bureau’s research and development priori- wells in some areas leak large amounts of 

ties. At each workshop a summary of cur- water containing acid and other pollutants 

rent Bureau mine reclamation research was into surface waters. Fires in abandoned 

presented, which was followed by identifica- undergr ound mines, coal outcrops, and re- 

tion of problems associated with mine land fuse piles can be a source of air pollution to 

| reclamation in the State where the meeting. neighboring residents as well as threaten 

was being held. Discussions included the surface improvements and adjacent coal 

seriousness of problems locally and how the deposits. Mined-area restoration projects 

Bureau could best undertake research to undertake to alleviate these problems. They 

assist in developing the technology for solv- include projects funded on 75% Federal, | 

ing the problems identified. Participants 25% State basis by the Appalachian Region- 

included representatives of State agencies, al Commission, in-house research and dem- 

educational institutions, and companies onstration projects that are funded entirely 

_ involved in surface mining. by the Bureau, and cooperative projects 

The Bureau of Mines principal activity in With the Commonwealth of Pennsylvania. 

the area of subsidence control has been the The Bureau has been involved with mine 

development of an improved method for water problems through monitoring, deep 

backfilling abandoned mine workings par- mine pumping, surface water diversion, wa- 

ticularly in urban areas. During 1976, sur- eT treatment methods, and oil and gas well 

face stabilization was needed in an area in sealing projects. 

Jessup, Pa., where subsidence had already _ Various methods have been developed for 

started. Because caving of the workings dealing with fire problems. Outcrop fires 

would limit the lateral migration of slurry are sometimes smothered and sometimes 

underground, a pumped-slurry demonstra- excavated and extinguished; underground 

tion project was tailored to fit the site fires in abandoned mines are controlled by 

conditions. Experience was gained in back- placement of noncombustible and airproof 

filling areas where the uppermost mined barriers. A special “ponding” method has 

coalbed was close to the surface. Problems proved successful in extinguishing burning 

of fracturing or flooding basements of refuse banks while reducing temporary pol- 

houses, or disturbing masses of caved mate- lution problems that accompany other 

rial within the mines, were avoided by methods.
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| Several years ago the Bureau of Mines results ready for use by the industry. Elev- 
conducted a mined land survey to deter- en issues published during 1976 reached 
mine how much land was used, and reclaim- over 3,000 subscribers in the mining indus- 

_ ed, by the mining industry during the pe- try and related fields. | 
nod 1930-7 ; inclusive. Mare recently the Other special publications used by the 
Bureau undertook a similar survey, the i i ini 

_ results of which will be used to update data vaneh developnonte inalale One, h | 
previously obtained. Unlike the earlier logv Re h aioe of 
study, which covered land used in the pro- ey ee aD annual description of ey al P program funding and goals, and Mining 
duction of all commodities during a 4l-year pPocoarch Revi al . 
period, this study focused on acquiring data jo te ti ‘tee an a + PONTE of se- 
on land utilized by the bituminous coal and 7, actives an accomplishments. 
lignite industry for 1975. Information was 1 ese are augmented by the Bureau S regu 
sought from the coal industry itself, includ- ar publication series, technical papers in 
ing corroborative data from Federal and the trade press, and presentations at major 

State agencies, and mining and trade asso- industry meetings. 
ciations. State agencies were also canvassed The Bureau film “Safer Coal Mining 
for 1975 data on administration and en- duipment,” which describes the Inherent- 
forcement of surface mining regulatory ly Safe Mining Systems program, was re- 
procedures. Results of the survey will be leased and by the end of the year had been 

disseminated through published Bureau re- ndu bed an estimated nae individuals in 
ports. . | | industry, government, and academia. The 

During 1976, the Bureau held four open film is first in a new series of technology 
industry briefings under the Technology transfer films now being produced by the 
Transfer program, attracting over 500 peo- Bureau of Mines. 
ple from the mining industry and allied The licensing of technology contained in 
fields. Technology transfer seminars are Government-owned patents provides anoth- 
used to introduce and stimulate the transfer er mechanism for technology transfer. 
of specific technologic “packages,” or groups During 1976, the Bureau’s Mining Research 7 
of transferrable results from single research activities were responsible for the issuance 
areas or combinations of related areas. Dur- of 26 U.S. patents to the Department of the 

| ing 1976, a seminar on respirable dust Interior. Seventeen of these inventions re- 
control was held in Pittsburgh, Pa. and sulted from contracts and grants with com- , 
Denver, Colo., in September. Exhibits and mercial organizations and universities. Li- 
displays are widely used at major industry censes to practice the technology are avail- 
contereneee ae trade shows as anoiner able to qualified parties from the Solicitor, | 

ping industry abreast of on- Department of the Interior. 
going research programs and accomplish- The major coal-producing nations of the 
ments. Audiovisual presentations and hard- worjd conduct substantial research towards 
ware displays and demonstrations are em-  j,,proving coal mining techni d 
ployed in the technology transfer exhibit. In r 6 e eee ccs. 
1976, the exhibit was used at six such equipment and developing more positive 
meetings, attracting estimated audiences and safety meet phe Of the. 3B ean 

totaling 5,500. . . 

In-mine demonstrations and field trials ne coal, 19 are known to sponsor na- 
are frequently important elements of the tional research and develop ment programs. 
technology transfer process and are aimed A remarkable aspect of this statistic is that 
at demonstrating the usefulness and ap- about 98% of the world’s coal miners are 
plicability of new technology. Significant covered by the work of these research or- 

demonstrations and field trials completed, 84%12ations. ; 
or ongoing, during 1976 included shallow | Am important international organization 
seismic geophysical technique for detection 18 the International Committee for Coal 

of coal seam disturbances, prototype roof Research. The concept of this group was 

bolting machine with flexible drill and bolt Proposed in May 1973 by Carl E. Bagge, 
bender, automatic fire detection and sup- president of the National Coal Association 
pression system for mine shafts, and shield- at the annual meeting of the European Coal 

type supports on longwall faces in Utah, Association. Mr. Bagge’s proposal resulted 
New Mexico, and Illinois. in an agreement to jointly sponsor a com- 

Technology News bulletins were used mittee to seek coordination of the coal 
throughout the year to report research technology research efforts of the European
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community and the United States. The and dawsonite. A firm under Bureau of : 
organizing committee adopted the name Mines contrac: .-as to*¢valuate the majome 
International Committee for Coal Research processes for oi 3i. aré... feasibility . amaday 

(ICCR) and agreed to sponsor the third make a preliminary piic’. =: = design fags 

ee comuerence in Sidney, Austra- the process selected for ‘..-gr- develoge@> 

ia, in October . | ment. | SO Aga 

The Bureau of Mines has been an active Curtailment of natural gas deliveries saz 
supporter of ICCR since its creation, and the _ taconite pelletizing plants of the Lake Supeie 
goals of the organization reflect the mission rior region was the stimulus for Bureau of i 
of the Bureau to increase the production Mines investigations of the induration of » 

and use of coal consistent with maximum ron ore pellets using substitute fuels. A 
protection to the miner and the environ- variety of low-rank coals were being tested 

ne world’s major coal producers support using a cyclone burner to remove the coal 7 
ash as a slag externally and thereb : “ 

a significant research and development pro- vent contact of the ash Y ith the pellets, nA . 

| gram in ord in eabstantial’ Seow 5s etfort californium- 202 source! garima ray. soars dal A 

eae . ., er was being used for continuous monitor - 

mectanization and improved safety - With flotation pilot plant slurries during a series - 
| ne on an in ternational basis ‘oven greater of beneficiation tests on Mesabi taconite at 

; 3 the Bureau Twin Cities Metallurgy Re- 

nace. SE Ane ots United Staten i search Center. The californium-252 system 

, . was found to be accurate enough to be used 
committed 0 axpane and jivengthen its for the direct determination of iron anal- : 
coal-pr oducing tations. les with other yses and has shown potential for use as a : 

: me oe | process control device. | 

Metta corer te ase Saye ony at With the depletion of sulfide ores, laterite , 
mineral oe w materials, essential to the oxide deposits are being increasingly utiliz- “ 

Nation’s security and full employment, by ae as a  ontra, of mene pager a Bureau of z 

improving minerals and metals processing mnt ted. de ase he 3 h ud » and “ 

: technology. Research and development is CO™P'©™ bas halite oF He as nica! an : 
carried out to develop new technology or economic feasibuity 0 e pureaus xX : 
improve existing processes to permit the traction _ process utilizing low-grade domes- : 

utilization of domestic low-grade ores, to “ O00 laterite ie The tue, based 
develop substitute sources of raw materials, O7 2 VU ton-per-day commercial scale | 

| to augment the resource base through re- plant for extracting nickel, cobalt, and cop- 

covering byproducts now bypassed by cur- P€!; found that the process was technically 

rent technology, to reduce the usage of feasible and, depending upon financing 

critical materials by developing substitute structure, could provide a modest return on | 

materials or materials having longer life, Cdity. The report, (OFR 65-76) is available | 
and to improve recovery from wastes and for inspection at the Bureau s Metallurgy 

secondary sources. Primary concerns in- Research Centers, and is available from the 

clude the development and improvement of National Technical Information Service (PB 

metallurgical operations to avoid environ- 256 574/AS). oF 
mental degradation, to minimize energy A recent development by the Bureau of 

use, and to secure the health and safety of Mines was an improvement on established 

workers and the general populace. cyanide-leaching procedures for gold- and 
The Bureau’s miniplant for testing and silver-bearing ores. A solution of ethyl alco- 

evaluating processes for recovering alumina hol and alkaline cyanide is used to strip 
from domestic nonbauxitic resources con- loaded carbon, thereby reducing the time 

tinued to operate at Boulder City, Nev. This required for this key step without reducing | 

cooperative project, with the support and effectiveness. Procedures were developed | 

advice of the alumina consuming industry, for separating smaller amounts of silver 

considered six potential processes. These from gold-laden solutions. A portable car- 

included nitric acid, hydrochloric acid (both bon stripping unit for gold-silver recovery 

the evaporative and sparging crystallization from activated carbon was being field test- 

options), and sulfurous acid processes for ed. 

the extraction of alumina from clay and The Bureau of Mines was supporting 

processes for treating anorthosite, alunite, research to apply recent developments in
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~-» membrane technology to. the liquid-liquid fractory metals. Important basic mecha- 
' extraction and separation of metals from nisms such as electrochemistry, thermo- 
~« solution. Laboratory research, conducted chemistry, and heat transport are also des- 
=. under a Bureau contract, demonstrated cribed. 
-' that copper can be concentrated from ore After intensive testing of the potash flota- 
*; leach liquor using active transport through tion system developed by the Bureau, the 

specially prepared membranes. The special system was incorporated into the operations 
: microporous membranes employed were of a firm near the Great Salt Lake. Former- 
". fabricated to contain a water-immiscible ly the firm was able to use only the high- 
‘extractant system in the pores. The com- grade salts deposited as a result of solar 
®  plexing agent in the organic phase. was evaporation of Great Salt Lake brine for 
.. selected to specifically extract copper ions; processing into fertilizer. The Bureau’s 
* it served as a “shuttle” to transport metal method converts nonfloatable  kainite 

ions across the membrane in one direction (KCleMgS0O,¢°3H.0) to a salt which can be 
| and hydrogen ions in the opposite direction. floated using fatty acids. The new plant 

| The counterflow of hydrogen ions is the treats evaporites averaging 6% K,O to re- 
“ driving force to separate and concentrate cover 80% of the potash in concentrates 
r the metal ions in the second (aqueous) phase assaying more than 14% K.O. In a related 
{ on the other side of the membrane. Abench- development a procedure was found for 
; scale unit was under construction to permit recovering much of the saturated potash 
’ evaluation of potential scale-up problems, brine that has been lost with the slime 
; including possible membrance fouling and during the beneficiation of potash ores. 
* reagent loss. Laboratory studies were un- The Bureau developed a new method for 
'  derway to select and optimize the ex- preparing molds for casting titanium that 
'  tractant systems in the membranes for reduces cost and uses less energy. Because 

extracting nickel and uranium. of titanium’s chemical reactivity at liquid | 
4’.  Viburnam Trend lead ores contain 4,500 metal temperatures, there are few candi- 
= * tons of cobalt and nickel which is discarded dates for titanium molding materials: , 
'”; annually with mill tailings and smelter Graphite, high-cost ceramics, or refractory 

. ' residues. Bureau of Mines beneficiation metals. The Bureau of Mines developed low- , 
# studies were developing procedures to con- reactivity zircon molds with silicate bind- | 
"  centrate the cobalt and nickel, which is ers; the sand may be reused through many 
‘contained in the mineral siegenite, in one of cycles. Curing schedules are low (250° C) | 

: the byproducts and to extract and win these compared with those of industry (950° C), 
- critical metals from the byproduct. | reflecting an important energy saving. The 
:. The Bureau of Mines was planning to surfaces of the titanium castings produced 
‘ accelerate development of an electrolytic by the Bureau method are similar to other 
‘4 procedure for recovering lead from galena metal castings used for utility hardware, 
"under a cooperative agreement with major such as pipefittings and pump housings. 

| lead producers. The new procedure, which Secondary Resources Recovery and Poillu- 
has already shown promise in the laborato- tion Abatement.—Waste glass from the Bu- 

_ ry, is to be explored using continuous pro- reau’s College Park Raw Refuse Pilot Plant 
cess development facilities. In the proce- was incorporated into two 5-foot sections of 
dure, galena is leached with a hot solution glass-polymer-composite sewer pipe by the 
of ferric chloride and sodium chloride. El- Brookhaven National Laboratory. In Dece- 
emental sulfur is recovered and lead mber 1975 these sections were installed in 
chloride crystals are dried, melted, and the sewer system of an industrial area of 
electrolyzed to produce molten lead and Newark, N.J., containing high-acid waste 
chlorine gas. The chlorine gas can be recy- water. In September 1976, an inspection by 
cled to make more ferric chloride for fur- remote television camera showed no evi- 
ther leaching. dence of pipe distortion or failure, infiltra- 

Recent advances in the development of tion through joints or pipe wall, and no 
electroslag melting have stimulated inter- deposits. Periodic inspections are to con- 
est in the process among metal producers. tinue. This study was part of an effort to 
Bureau of Mines Bulletin 669, ‘“‘The Electro. develop a market for products of municipal 
slag Melting Process,” is a timely review of refuse plants. | 

this technology, including choice of fluxes Bureau of Mines Report of Investigations | 
and applications to reactive metals, base 8123 describes a new method for processing 
metals, ferrous alloys, superalloys, and re- lead battery scrap that eliminates nearly all
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of the sulfur dioxide emission produced _ beneficiation to slimes, the Bureau of Mines “© 
when-normal reverberatory or blast furnace has been studying the direct sulfuric acid .., 

| methods are used. The patented method digestion of the phosphate matrix. Tests ‘*# 
: employs a hydrometallurgical step to con- showed that about 90% of the P.O; could be 4 

vert lead sulfate to lead oxide and calcium extracted to form sandy filter cakes, com- = 
sulfate. The lead oxide is then reduced by prised mostly of quartz and gypsum, which 
carbon, and the calcium sulfate removed appear suitable for backfilling. Unfortu- ‘= 
with a flux. This promising nonpolluting nately, the product acid produced by direct ~ 
method for recycling battery scrap has lead digestion sometimes contains high levels of 
recoveries as high as 97%. . aluminum and iron. Procedures are being 

Pilot plant tests of the citrate process for worked out for reducing the levels of these 
recovering of sulfur from smelter waste contaminants to enhance acid stability | 
gases were concluded at a lead smelter in during storage and transportation. 
Kellogg, Idaho. The plant, which treated The Bureau of Mines constructed and 
1,000 to 1,200 standard cubic feet per min- operated a miniplant to test its laboratory-— 
ute or a gas stream containing 0.3% to 0.5% developed technology for recovering alumi- 
SO., provided engineering data on gas con- num metal and aluminum oxide from the 
ditioning, SO. absorption, sulfur precipi- salt slag generated during treatment of 
tation, sulfur recovery, and H.S generation. aluminum dross by the secondary alumi- 
Consistent SO. removal efficiencies in ex- num industry. The Bureau procedure com- 
cess of 98% were achieved. A $12.7 million bines leaching, screening, and filtering to 
cost-sharing agreement was signed by the separate the slag into an aluminum-rich 

Bureau of Mines and St. Joe Minerals Corp. fraction, an aluminum oxide fraction, and 

to demonstrate the Bureau’s Citrate Process brine solution. The fluxing salts (NaCl-KCl) 

for scrubbing the air pollutant, sulfur diox- are recovered from the brine by submerged 

ide (SO2), out of powerplant flue gas. The combustion evaporation. The salts and the 

agreement will test the Bureau’s pro- recovered metal can then be recycled toan 37 

| cess for removing SO. in flue gas from a aluminum dross treatment furnace. . a 

50-megawatt coal-fired boiler at St. Joe’s Preliminary evaluation of the durability 

George F. Weaton powerplant in Monaca, and stiffness of sulfur-asphalt-concrete mix- | 

Pa. tures developed by the Bureau suggest that 

Under a cooperative program with the they may be able to last at least 15 years 

Florida phosphate mining industry, the Bu- under heavy traffic conditions. The sulfur- 

reau was investigating methods for dewa- bearing material can be formulated to have 

| tering and stabilizing waste slimes from twice the dynamic stiffness of conventional 

processed ores before impoundment of the paving thereby permitting placement of | 

| slimes. The most promising result to thinner road sections with a corresponding 

date stems from a Bureau-developed savings in raw materials. Sulfur-substituted 

flocculating-dewatering technique: A po- asphalt paving was found in Bureau studies 

lymer of polyethylene oxide used as the to be less susceptible to attack by gasoline, 

flocculant and a special mechanical han- jet fuels, and diesel oil than is conventional 

dling system dewatered slimes at a rapid bituminous concrete. Long-term wear and 

rate. Whereas years are required to thicken weathering tests were underway at a num- 

the slime using the conventional storage ber of heavily trafficked road and airport 

system, only minutes are needed with the _ locations. 
new scheme. This relatively simple system, The loss of critical metal values in stain- 

which can be adapted for in-line processing, less steel wastes and ferroalloy fumes 

requires mixing the slime with the floccu- prompted Bureau of Mines research to 

lant and conveying the slurry through a develop technology for recycling these 

rotating trommel-like, wire mesh screen to wastes. In the Bureau-developed procedure 

remove water and discharge a thick, solid the various stainless steel wastes are pellet- 

mass. In small-scale, continuous tests, re- ized with 10% coke breeze and 5% portland 

tention periods of about 5 minutes yielded cement. The pellets are reduced in an 

25% to 35% solid products from feeds con- electric-arc furnace using a second stage 

taining only 2% to 5% solids. ferrosilicon addition which is required to 

As a means of avoiding the slime disposal complete the reduction of chromium. 

problem inherent in the present method for Approximately 1% to 2% of the charge in 

treating Florida land-pebble phosphate ma-_ electric furnace steelmaking comes off as 

trix and to recover phosphate now lost in particulates. This flue dust is a rich source
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of zinc (values are substantially higher than oxygen, carbon dioxide, and methane in | 
in ore), but although there are several geothermal brines was determined, and the 

processes for recovering the metal, none are _role of these gases in corrosion, scaling, and 
considered economic in the United States. mineral-recovery processes evaluated. 
Bureau of Mines Report of Investigations Economic Analysis.—The Bureau’s eco- 
8209, “Electric Furnace Steelmaking nomic research program in 1976 continued 
Dusts—A Zinc Raw Material” reviews ex- to focus on economic factors that affect the 
traction technology and presents results of minerals sector as well as on how the 

Bureau of ees, reduction-volatilization mineral industries affect and are affected 
sts on pelle electric furnace dusts by conditions prevalent in the national and 

that achieved high recoveries of zinc. The international economies The purpose of | 

data are sufficiently encouraging to war- this research was to provide decisionmakers 
rant consideration of electric furnace dusts with accurate, up-to-date information and 

oe Mier material for zine smelters. le analysis to use in choosing among alterna- 
Icroscopic = miner. particles were tive courses of action. The economic analy- 

studied using specialized scientific discip- sis program attempted to develop the gen: 

lines that can clearly identify such poten- 4,4] methodology necessary for such analy- 

tay harmi substances as asbestos ane sis, as well as information relevant to prob- 
istinguis t em from thousands 0 oth er lem solving in the field of mineral econom- 
mineral particles. These studies were being ;., Major long-term research projects 

performed by the Particulate Mineralogy included the study and forecasting of de- 
Unit established in 1976 at the College Park mand, supply, and productivity; commodity 

(Maryland) Metallurgy Research Center of action analyses; mineral taxation; financial | 
the Bureau of Mines. The new research unit analysis; mineral transportation; interna- 
utilizes the Bureau’s recognized expertisein {. aw ee 

_ particulate mineralogy to eliminate lack of tional trade; ocean mining; input-output 
precision with which the term “asbestos” is red Sis; Mining anc pang a, was eee ; | 
used, a situation having environmental and the t 3. conor Or wae ‘kly Of ne 4 m 
health implications. The objective of this fe al " 4d minerel ? a nd ¢ y thi. repo rt on | 
unit is to develop a solid scientific basis for "USS 49 nerals. Short. te monthly tsa den 
research into particle-related pollution OF Miner 6 i i F od. A projec 4 un nd 

_ problems and to provide technically sound taken . ad thod locy & » dete roun 
information on the identification of particu. *tUdy of the methodology for determining | 
lates involved in regulatory and research ‘trategic stockpile levels, analysis of the 
activities of Federal. State, and loca] Bureau of Mines information system, a 

agencies. The unit has been working toward mathematical model to determine an opti- 7 . 
the development of new and improved Mal stockpile to counteract foreign-induced 
analytical methods for positively identify- Commodity actions, an examination of the 
ing small particles. As part of its activities, elationship of the percentage depletion 
the unit has been preparing, precisely iden- allowance to. nonfuel mineral supplies, 
tifying, and characterizing various fibrous development of a computer system to esti- 

minerals which are then supplied to the mate aluminum old scrap recovery in the 
National Institute of Environmental Health United States, examination of the Federal 
Sciences for medical investigation. The unit Helium Program operating within the Bu- 
itself performs no medical studies. reau of Mines, consultations with officials 

The Imperial Valley of California con- in two States on regional economic impacts 
tains several large geothermal reservoirs from future mining, study of a tax incentive 
with potentially valuable resources, the re- for recycling, cost-benefit analyses, 20-year 
covery of which is seriously hindered by time-trend projections for domestic pro- 
corrosion and scaling problems. In coopera- duction of commodities, and material for 

tion with the Energy Research and Develop- the annual report of the Secretary of the 
ment Administration, Bureau researchers Interior. | 
erected mobile laboratory facilities at the Helium.—The Bureau of Mines conducts 
Salton Sea geothermal field near Niland, a helium program under the Helium Act of 
Calif. In 1976 the Salton Sea facility test- 1960 to foster individual enterprise in pro- 
ed 6,400 samples for general corrosion, duction and distribution; encourage con- | 
stress corrosion cracking, corrosion fatigue servation; and to continue research on all 

failure, and electrochemical properties. phases of production, transportation, and 
Also the solubilities of hydrogen sulfide, use.
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| The atmosphere contains an inexhaust- 1976, the Cliffside field contained about 

ibie supply of helium, but recovery is now 42,000 million cubic feet of helium. Mix- 

economically feasible only from natural gas, tures of stored helium and native gas pro- | 

primarily fuel gas. The Bureau annually duced from Cliffside are transported by 

extracts about 350 million cubic feet of pipeline to the Bureau’s Exell, Tex., plant 

helium from natural gas at its Keyes, Okla. for processing. The Bureau has contracts 

plant. Unsold helium is transported by with eight firms for which it stores and 

pipeline to underground storage at the Bu- redelivers privately produced helium. 

reau’s Cliffside field near Amarillo, Tex. In. 7 . 

| LEGISLATION AND GOVERNMENT PROGRAMS 

Economic growth in the United States porting natural gas from Alaska. In the 

continued at a steady rate in spite of the environmental area, Public Law 94-580 

slowdown that occurred in the second half amends the Solid Waste Disposal Act to | 

of 1976. With the assistance of the monetary promote the protection of health and the 

and fiscal policies established during the environment and to conserve valuable 

year, real GNP rose at an average rate of material and energy resources. Public Law 

about 5-3/4%. | 94-429 provides for the regulation of mining 

Tax legislation in 1976 made the first activity within, and repeals application of 

extensive changes in the tax code since mining laws to, areas of the National Park 

1969; in spite of this, fundamental reform System. In establishing a public land policy, 

and simplification of the tax code were not Public Law 94-579, the Bureau of Land 

achieved. - Management Organic Act, was enacted. 

_ Energy price increases were slowed signi- Public Law 94-469 requires testing and | 

ficantly during the year; this resulted par- necessary use restriction on certain chemi- — 

tially from the Energy Policy and Conserva- cal substances under the title, “Toxic Sub- 

tion Act that became effective in February stances Control Act.” Public Law 94-455, 
1976. Energy consumption had increased the Tax Reform Act of 1976, has included 

owing to the economic recovery in 1976. with other sections, an amendment to the 

However, higher prices held the consump- ules pertaining to limitations on percent- | 

tion below previously established levels. age depletion in the case of oil and gas 
The mining industry continued to meet wells. Public Law 94-409, the “Government | 

with environmental regulation problems re- in the Sunshine Act,” provides that meet- . 

sulting from legislation enacted to conserve ings of Government agencies shall be open 

natural resources. This includes the regula- to the public. A listing of mineral-related _ 

tion of mining activity within the National Federal legislation signed into law during 

Park System. | 1976 follows: 

Legislation approved during the 94th 

Congress covered many areas affecting the WL, ~©»©~——”-_-—SSSiged in- 

minerals sector of industry in the United “Ly Description Se law 
States. Summarized below are some of the meee 

more important laws enacted. Amending mE 258 Establish national petroleum Apr. 5 

the Mineral Leasing Act of 1920, Public reserves on public lands. _ 

Law (PL, 94-377 was implemented to pro. $4322‘ Bxtend FEA oxpivation date uy12 
vide diligent development and continuous Power Development and En- 

operation of coal leases on Federal lands. ongy Researen Appro- 

Public Law 94-332 and Public Law 94-385 94-370 Improve coastal zone man- July 26 

extended the authority and funding for the oe 
| Federal Energy Administration during 1976 94-377 Federal Coal Leasing Aug. 4 

and extended their authority into the next 94-385 Amendment tinge Ad- Aug. 4 

fiscal year. Public Law 94-493 provided a , ,_-—-—istration Act of 194. seu 08 
renewal and extension of the interstate involving oil shale in public ” 

compact to conserve oil and gas to prevent lands may be used by such 

physical waste of this natural resource. 94-498 State. | interstate compact to Oct. 14 

Public Law 94-586 is designed to help alle- conserve oil and gas. 

viate the natural gas shortage in the contig- 94-586 Expedite decision on delivery Oct. 22 

uous States of the United States by trans-
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Pubpelaw —__Dowrinton SH PABET@W————asripron ‘Signed — Eto 
Law 

Environ- : Transpor- | 

Quality 94280 A 1 for high M ity: ‘ati , 5 
94-326 Extend Marine Protection, June 30 ccratrnetion or highway _ ay 

Research, and Sanctuaries Miscel- 
Act 2 years. laneous: 

94-558 Loan guarantees for con- Oct. 19 94-373 Appropriation for Interior July 31 struction of treatment works and related agencies. 
under Federal Water Pollu- 94-409 Government in the Sunshine Sept. 13 tion Control Act. Act, meetings of Government 94-580 Provide technical and finan- Oct. 21 agencies to be open to public. 

, Cial assistance under Re- een err pn SS OECD 
source Conservation and Re- 
covery Act o «eye . wae Water | The acquisition cost of strategic and criti- __ 

Resources: ; ee cal materials in the national stockpile as of 94-228 Authorize and modify var- Mar. 11 eae . ious Federal oclonetinn December 31, 1976, was $2.5 billion having a 
programs. eaye 

— 94-316 Appropriation for Saline Wa- June 22 market value of $6.0 billion. The supple- 
ter Conversion Program. | mental stockpile acquisition cost was $1.1 

94-423 Appropriation for Federal Sept.28 billion with a market value of $1.9 billion reclamation programs. ° ° Public and corresponding Defense Production Act | n * . ° . . . ° . 

94-429 Regulate mining activity ‘Sept.28 Stockpile figures were $0.3 billion and $0.2 
within National Park billion, respectively. The total acquisition 

rvice. : : hihi 
94-456 Withdrawal of lands under oct.4 Cost of these materials was $3.9 billion 

Alaska Native Claims Settle- having a market value of $8.2 billion. In 
ment Act. 1976, disposals from the national and sup- 94-458 Provide i ed adminis- Oct. 7 ’ . vate 
tration of D National Park plemental stockpiles totaled $90.1 million, a | 
Service. . . 94-486 ‘Amend Wild and Scenic Oct. 12 decline of 16.5% from that of 1975. Includ 
Rivers Act. ing the Defense Production Act inventory 

94-565 Provide payments to local Oct. 20 ' ' Governrnenta bated on and other inventory disposals, the grand 
boundaries on publiclands. total of sales commitments for mineral 

94-567 Designate certain National Oct.20 commodities was $102.3 million. Commodi- Park Service lands as . . . . 
wilderness. _ ties with largest sales value were tin with _ 

94-579 Establish policy under Fed- Oct.21 $96.8 million, cobalt with $20.8 million, eral Land Policy Manage- . 
ment. Act of 1976. tungsten ores and concentrates with $14.5 | 

ree million, and aluminum with $8.0 million. 
94-469 Toxic substances control. _ Oct. 11 In 1975-76, a major interagency review of 
94-477 Amend Natural Gas Pipeline = Oct.11_— the strategic and critical material stockpile 
942504 Qualified individuals to hear Oct.15 was conducted and in August 1976 the 

and determine claims under President approved new national stockpile Title IV of Federal Coal lici . . 
Mine Health and Safety Act policies on advice from the National Secu- 

Taxes: of 1969. rity Council. A set of long-range goals for 
04455 Tax reform, 1976. Sept.28 acquisition and disposal of materials to plan | 

Tariff and for the first 3 years of an emergency, as 
1e8: ° e " 

94-560 Continue suspension of du- Oct.19 opposed to the earlier policy of 1 year, was 
ties on Mn ore and related announced on October 1, 1976. 
products through June 30, 
1979. 

: WORLD REVIEW 

World Economy.—In 1976, six major in- far from being solved. Unemployment rates 
dustrialized countries—Canada, France, It- in most countries remained high despite 
aly, Japan, the United Kingdom, and West improved levels of industrial production. 
Germany—showed economic turnarounds However, as economic activity increased, 
compared with 1975. All six countries the volume of trade worldwide also rose. 
experienced slowdowns in their economies The volume of trade increased an estimated 
to varying degrees in the second half of the 11% in 1976 compared to a decline of 6% to 
year compared with the first 6 months. 17% in 1975. 
Some progress was made in fighting infla- Real GNP growth rates for 1976 were 
tion in 1976, though the problem was still estimated at 5.9% in Japan, 5.6% in West
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Germany, 4.8% in both Canada and France, commodities entering world trade declined 

4.5% in Italy, and 0.9% in the United 3% to $253.6 billion. Internationally traded 
Kingdom. Inventory buildups contributed to metals decreased 9.8% in value to $78.8 

improving economic conditions in these billion, and within this group iron and steel 

countries, but as inventory accumulation declined 1.8% to $45.8 billion, nonferrous 

was completed, consumer spending declined metals dropped 27.7% to $18.2 billion, and 
and plant and equipment expenditures all ores, concentrates, and scrap fell 6.4% to 

were less than expected. $14.7 billion. Crude nonmetal exports in- 

World oil prices continued to increase in creased 6.8% in value to $6.3 billion. Fhe 
1976, though at a more gradual rate than value of mineral fuels rose by a negligible 
the rapid rise of 1973-74. These higher fuel amount in 1975 to $168.6 billion. 

costs have caused continuing economic World Prices.—(Note that all export 

structural adjustments and led to added price data, with the exception of the all 

demands for scarce capital resources be- Crude minerals index, is for the first three 

Ce ee to develop alternative Quarters of the year only, because the Unit- 

World Production.—The United Nations On discontinue poe el the data 

(UN) indexes of world mineral industry al woe ey aoe 
ae ny ee mainder of the year.) In 1976 mineral com- 

- production (1970=100) for the extractive odit rt price indexes (1970—100) ix 

industries increased 6 index points to 121in ™Odlly CxPOry Pree vee ae os nerals m 
- 1976 Within the extractive industry, the ‘teased slightly for all crude minerals and 

metal mining index rose 3 index points to appeared to have risen for the metal ores 

106, the coal index increased 1 point to 100, 28d fuels sectors. All crude minerals in 
and the crude petroleum and natural gas creased 16 index points to 510, and metal 

index increased 9 points to 180. The mineral OF and fuels averaged 210 points and 616 

processing industries indexes showed in- points, respectively, for the first three quar- 

| creases of 9 points to 121 for base metals, 9 ters. Based on data through third quarter 
points to 135 for nonmetallic mineral pro- 1976, export prices for total minerals re- 
ducts, and 14 points to 146 for chemicals, mained nearly constant in developed areas 

, petroleum, and coal products, Overall in- and averaged 595 index points in developing 
dustrial production as measured by the UN areas. Nonferrous base metals showed gains 

index rose 11 points to 136 in 1976. in both developed and developing areas, 

| World Trade.—The value of world export averaging 186 points ‘and 123 points, re- 

trade grew 4.7% to $872.5 billion in 1975 spectively, based on the first three quarters 

(latest data available). The value of mineral of 1976. _
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Table 1.—Value of crude mineral production, exports, and imports, by group 
(Million dollars) | 

OD 375 7 

Mineral group ° Pro- Rx Im- Pro- Ex- Im- Pro- Ex- Im- 
duction ports? ports? duction ports? ports* duction ports? _ ports” 

Metals and nonmetals | | 
except fuels: _ 
Nonmetals.___________ 6482 152 646 7,413 280 768 78,639 583 - 1,158 
Metals ______________ 3642 247 - 988 4362 253 1,081 5,501 348 51,758 

 Totalt-___________ 10,124. 899,684. s1L,775538——«1,849 "14,140 876 32,917 
Mineral fuels __-___-___-- 22061 1,108 2856 25,012 1,155 4,815 40,987 —«2,665_—_16,545 : 

Grand totalt ________-__ 92,185 1,508 _4,490_—36,787__1,688 _6,664_*55,077__3,542_*19,462 | 
| a "1975 1976 

“Production Exports? Imports? Production Exports? —_—‘Imports* 

Metals and nonmetals 
‘except fuels: 
‘Nonmetals___________- 9,516 745 T1915 10,547 642 = s1,201 
Metals _____________- T5191 372  * 31,618 6,086 380 $1662 

_ Total _-______---~-- *14,709 1,117 * 32,832 16,644 1,022 $2,864 
Mineral fuels ________---- ¥47,559 3,557 19,912 52,545 3,255 27,668 

Grand total¢ _________ 62,266. 4674  ° 399,744 69,178 4,277 $30,532 

"Revised. | | 
1For details, see the “Statistical Summary” chapter of this volume. 
2Essentially unprocessed mineral raw material. 
5The value of imports for bauxite was not available. . 
“Data may not add to totals shown because of independent rounding. 

Table 2.—Value of crude mineral production by group, 1967 constant dollars’ 

(Million dollars) 

Mineral group . 1972 1978 1974 1975 1976” 

Metals and nonmetals except fuels: 
Nonmetals ____~__--_~----------~-------- 5,762 6,219 6,095 5,338 5,628 

. Metals __________-_-~------------+----- 2,861 3,070 2,956 2,640 2,860 : 

a Total__-________--------~-+----~------- 8,623 9,289 9,051 1,978 8,488 . 

Mineral fuels _____.____-__-----------—------ 17,075 17,676 17,000 16,623 16,354 

Grand total __ _______-----~-----~----+-- 25,698 26,965 26,051 24,601 24,842 

PPreliminary. 
1Value deflated by the index of implicit unit value. ~
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Table 3.—Indexes of the physical volume of mineral production, by group and subgroup! 

| (1967 = 100) 
ne te sr ten erpecneerpenentneeeeererenenes 

. 1972 1973 1974 1975 1976” 

. METALS 
Ferrous __~§_§___§_~~ = 98.4 116.0 108.3 96.2 99.8 

Nonferrous: 
rr 162.8 | 166.5 159.3 142.7 158.0 

Monetary ___________~____ Le 102.7 94.5 86.9 86.2 85.1 
Other =e 1126 1148 1228 119.2 1428 

Average _____ = ee 151.1 1586 148.4 1348 149.8 

. Average, all metals _________________-_-----_ 127.5 136.8 130.4 117.5 127.4 

| NONMETALS 
Construction... ~~~ ~~ LL 111.7 120.8 115.2 99.5 104.9 
Chemical _. 2 5 2 2 108.7 112.2 121.3 112.2 117.2 
Other __-_______ ~~ Le 112.2 122.7 (128.6 109.4 124.1 

4 
LL a TS 

_ Average _______-_--__~ ~~~ 111.0 119.0 117.2 102.8 108.6 

FUELS 
Coal _-__-_ LLL 105.9 105.1 107.1 114.9. 120.2 
Crude oil and natural gas ~-__$_-§__~§_~§_~__ ~~ Le 111.4 109.3 104.1 98.7 96.6 . 

Average ~~ ~~ ~~ ee 111.2 109.3 105.4 102.3 101.4 

Average, all minerals __________.___.________._ 311217 114.1 110.4 103.8 105.5 

PPreliminary. | 
Historical table of this series in Bureau of Mines Minerals Yearbook, 1971. 

. Table 4.—Federal Reserve Board indexes of industrial production for mining and | 
. selected minerals manufacturing 
| (1967=100) 

| 1972 1973 1974 1975 1976 

“Coal -~---------~--~-~-----~--------- 104.2 104.4 7114.0 113.4 116.9 

- ~ Oiland gas extraction: | 
- Crude oil _._-_-______________ ee 107.3 104.4 99.8 95.0 92.2 

Natural gas ________.__.---------- 126.4 125.9 121.4 110.9 109.1 

Average! _____________________- 110.0 108.9 "104.4 113.3 112.0 | 

Average coal, oil, gas _~___..-..___---~- 109.2 108.3 7105.7 105:8 112.8 

Metal... -- - -_-_________- ee 120.9 130.8 121.7 115.8 122.8 
Stone and earth minerals. ____§__§__§______--~- 98.1 109.5 101.8 107.0 118.3 

Average _____ ~~~ ee 107.3 118.1 109.9 109.8 120.1 

Average mining _________________--~- 108.8 110.3 7106.5 112.8 114.1 

Manufacturing: 
Primary metals ___.________~__~-~----- 113.1 127.0 97.2 96.4 108.0 
Iron and steel ___. ___../ -_____----~-~---- 107.1 121.7 96.1 95.8 104.4 
Nonferrous metals and products __________-~- 123.6 136.5 131.2 99.3 114.4 
Clay, glass, stone products _____________-_~- 118.6 129.8 T108.8 117.9 135.8 

Average industrial production __________~_. 119.7 129.8 129.3 117.8 129.4 

PPreliminary. ‘Revised. 
1Includes natural gas liquids and oil and gas drilling. 

Source: Federal Reserve System, Board of Governors. Federal Reserve, Industrial Production, Statistical Release, Dec. 
14, 1973, Dec. 13, 1974, Apr. 15, 1975, Feb. 13, 1976, Apr. 15, 1976, Feb. 15, 1977, and June 15, 1977. |
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Table 7.—Shipments, net new orders, and yearend unfilled orders for selected mineral 
processing industries | 

. (Million dollars) . 

) . 1 Unfilled orders at 
. Shipments Net new orders end of period? 

ear and month . ur- ur- fur- 
F ary naces primary Primary naces ri ary Primary naces omer 

8 
. metals toa] +‘ metals me steel metais me steel mary | 

mills mills mills metals 

1972 _________-_-_ 57,941 28,109 29,832 60,143 29,813 30,330 7,964 5,008 2,686 
1973 ___________-_ 72,027 35,260 36,767 78,642 39,913 38,729 14,844 9,884 4,960 
1974 _.._-. ~~~ _-_ 93,673 47,424 46,249 97,233 49,036 48,197 20,698 13,751 6,947 
1975 ~_-__._.---_--- 78,959 40,210 38,749 71,792 35,779 36,013 14,742 9,287 5,455 
1s 6 ween eee 88,826 45,139 43,687 90,047 45,848 44,199 16,004 9,993 6,011 

, January __..._ 6,544 3,517 3,027 6,674 3,701 2,973 14,567 9,461 5,106 
February —_ _-~ 6,922 3,574 3,348 6,812 3,365 3,447 14,620 9,366 5,254 
March ~~ —~— 7,644 3,985 3,659 7,187 3,864 3,923 15,011 9,456 5,555 
April ~------. 1,544 3,787 3,757 7,328 3,530 3,798 15,229 9,420 5,809 

y -~~-----. 8,031 4,043 3,988 8,726 1368 3,758 16,260 10,475 5,785 
June ______.- 8,318 4,275 4,043 8,158 4,251 3,907 16,692 10,690 6,002 
July ~_.._-_-- 7,110 3,689 3,421 7,918 3,997 3,921 16,846 10,650 6,196 
August ~~ —- 7,577 3,799 3,778 7,340 3,581 3,759 16,330 10,323 6,007 
September —__-_ _ 7,844 3,925 3,919 7,556 3,649 3,907 16,140 10,028 6,112 
October __~_-- 7,454 3,641 3,813 7,019 3,485 3,534 15,804 9,832 5,972 

oe November —_ ~~ 7,086 3,547 3,539 7,529 3,650 3,879 16,051 9,768 6,283 
December _—— —~ 6,752 3,357 3,395 7,252 3,808 3,444 16,004 9,993 6,011 
cee an rt tt eG TRAE SESSA SSSA SSE 

PPreliminary. © 
1Monthly figures are seasonally adjusted and may not add to totals. \ 
2‘ Ail other primary metals” obtained by subtracting blast furnaces and steel mills from primary metals figures. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 54 and 55, No. 2, 

February 1974 and 1975, pp. S-5, S-6, S-7; v. 56 and 57, No. 3, March 1976 and 1977, pp. S-5, S-6, S-7. 

Table 8.—Index of nonfuel mineral stocks at yearend 

(1967 = 100) | 

1972 1973 1974 1975 1976" | 

Crude minerals at producers: 
Metals _.____________-_-~_---------+--~-- 143 95 76 91 102 

Iron ore _. ~~~ ee 113 84 73 95 108 

Other ferrous ______-_...---------+-+--~-- 428 208 130 104 90 

Nonferrous ___________--.--~-----------~-- 78 63 53 55 71 

Nonmetals ___._.__-_._------------------ 138 129 125 171 191 

Total... _-_________ ~~ 141 110 98 126 - 141 

Minerals at manufacturers, consumers, and dealers: 
Metals _.__..-_______------------~----- 1108 198 1117 1134 132 

Iron ~~~ ee ee - 88 79 79 93 101 

Other ferrous __._____-..--_---------~-- 135 99 102 132 111 

Base nonferrous _______~-_-___~-------~-~--~-- 99 89 131 153 152 
Other nonferrous ____.._ __._---------~----- 1126 1117 1140 1155 148 

Nonmetals ___________------------~-+----- 94 91 100 91 84 

Total. _-__._ ~~ _ ee 1108 198 1116 1131 130 
re SSS eee enna cnn nnn 

PPreliminary. 
1Revised aluminum series.
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Table 9.—Physical stocks of mineral energy resources and related products at yearend _ 
(Producers’ stocks, unless otherwise indicated) 

re epee epee 

Fuel _ 1972 — 1978 1974 1975 1976” _—_—_— LL ey peeps 
Coal and related products: 

Bituminous coal and lignite! . 
short tons__ 116,500,000 103,022,000 95,528,000 . 127,115,000 133,673,000 

Coke __._____________ do____ 2,941,000 1,184,000 935,000 4,996,000 6,487,000 
Petroleum and related products: 

Carbon black _ ___ thousand pounds__ 237,695 230,325 293,903 ~ 231,695 213,594 
Natural gasoline, plant condensates, 

isopentane ____ thousand barrels_ _ 6,075 7,835 7,550 7,382 - 8,128 
Crude petroleum and petroleum 

products’ ~--~-----~~~ do____  °958,979 31,008,307 31,073,646 31,132,955 1,111,810 
rude petroleum ~~. do____ 246,395 $242,478 265,020 271,354 285,471 . Motor gasoline__.____._._ do____ 212,894 3209,478 3218,410 $234,978 231,432 

Special naphthas _._____ do____ 5,232 34,521 35,720 . 34,377 4,441 
Liquefied gases” ~~~. do____ 85,717 398,641 3112542 $125,148 116,295 
Distillate fuel oi] ___.____ do____ 154,319 3196,461 $200,068 $208,838 185,986 
Residual fuel oi! _...____ do____ 55,216 53,480 59,694 74,126 72,344 
Petroleum asphalt ______ do____ 321,638 15,024. 21,370 22,794 19,375 
Other products____._.___. do.___  3177,568 3188,224 - $190,822 $191,345 196,466 

Natural gas*______-__ billion cubic feet__ 3,523 3,906 3,969 54,400 4,239 
NS 

SS Se SSeS SSS ESS sy Ss SSS Seis vse iss Shs 

PPreliminary. 
Industrial consumers andretail yards. . 
Includes natural gas liquids and products at bulk terminals and in pipelines. 
5Incorrectly reported in previous year. 
“Includes ethane. 
5Adjusted upward by 123 billion cubic feet to conform to new data source. 

Table 10.—Seasonally adjusted book value of product inventories | 
: for selected mineral processing industries : 

(Million dollars) = | | 

Petrol ' Primary metals 

Stone, clay, 
End of year or month and coal glass pet All other 

products products and primary Total 

. _ steel mills metals 
tte etree ee 

1972: December _._____.__.~ ~~ __ 2,300 2,463 5,268 4,390 9,658. 
1973: December _..._______________ 2,626 2,813 4,672 4,684 9,356 
1974: December _____~2~_~_~_~_ 3,925 3,721 5,747 6,114 11,861 . 
1975: | December™ ________.~.-______ 4,710 3,848 8,483 7,044 15,527 
1976: 

December ____________--_-_. 5,148 4,194 10,179 7,150 17,329 
- January_____..-____-___-__- 4,713 3,848 8,498 6,794 15,292 
February __.__..-~~-._____ 4,732 3,823 8,559 6,742 15,301 
March _. 4,741 3,769 8,766 6,780 15,546 
April__-~~-__~~ ee 4,552 3,803 8,870 6,785 15,655 
May ~ oe eee nee 4,650 3,869 9,078 6,801 15,879 
June —__ ~~~ ~~~ 4,835 3,885 9,233 6,762 15,995 
July ~~~ Le 4,872 3,934 9,452 6,773 16,225 
August _,-__-.____-______-_ 4,833 4,002 9,709 6,776 16,485 
September _..____..._______- 5,043 3,998 9,787 6,873 16,660 
October ~~~ ~~--__s4--_----. 5,058 4,092 10,100 7,013 17,113 
November __________________ 5,053 4,130 10,072 7,106 17,178 

eennnnnnnnennneee renee rece eran rye Srv sil SSS 

PPreliminary. "Revised. 
“All other primary metals” figure obtained by subtracting blast furnaces and steel mills figure from total primary 

metals figure. . 

Source: U.S. Department of Commerce, Bureau of Economic Analyeis. Survey of Current Business. V. 54 and 55, No. 2, 
February 1974 and 1975, p. S-6; v. 56 and 57, No. 3, March 1976 and 1977, p. S-6.
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Table 11.—Value of selected minerals and mineral products imported and exported by 

the United States in 1976, by commodity group and commodity’ 

Ce | (Thousand dollars) : , 
Oe 

sy Commodity Exports _ Imports 

. Minerals, nonmetallic (crude): - | . 

271 Fertilizers, crude _________--~----------------------- . 329,160 12,674 

273 Stone, sand and gravel. ______+-~—-------------------- 46,550 28,935, 

274 Sulfur and unroasted iron pyrites _____-_-.~-------------- 60,351 59,619 

275 Natura! abrasives (including industrial diamonds) __—~----------- | 62,700 63,034 

276 Other crude minerals _________---~------------------- 293,299 301,930 

a ‘Total® _____________--------------=----------- 792,060 466,194 

a Metals (crude and scrap): . . 

281 Iron ore and concentrates _____-___-_--------—----------- 82,192 980,347 

282 Iron and steel scrap ____-_----~------—---------------- 634,476 42,757 

283 Ores and concentrates of nonferrous base metals _ __ ___—-------- 260,034 892,550 

284 Nonferrous metal scrap —_——--—----~--~=~--------------- 238,898 221,185 

285 Silver, platinum, platinum-group metal ores and concentrates_._ — — — — — 44,471 ~ 109,109 

286 Uranium and thorium ores and concentrates _____----------- 24,432 430 

- ~ Potal® ___ 2 eee ------- 1,284,503 2,246,381 

Mineral energy resources and related products: . . a 

321 Coal, coke, briquets (including peat) _ . _ ____-~--------=----- 2,988,232 . 158,731 

331 Petroleum, crude and partly refined ____—~__--------------- 27,129 26,346,781 

332 Petroleum products, except chemicals ____——~-------------- 970,811 5,408,528 

341 Gas, natural and manufactured ___—___---~----------+---- 239,937 2,014,679 

Total? ______________________-_--- +--+ ----+---- 4,226,109 33,928,720 

ho, Chemicals: | . . 
Inorganic chemicals: . os SO 

; 513 Elements, oxides, halogen salts __ ~~. —--~------~+------- 643,887 804,419 

514 Other inorganic chemicals ____———-------------=------ 365,711 ' 128,704 

; - §15 Radioactive and associated materials except uranium and thorium _ — — — 466,679 659,053 

521 Mineral tar and crude chemicals from coal, petroleum, natural gas _ _ - — 74,819 11,403 

~ Total® 2 ._-____-_-_-_-------------------------- 1,551,096 1,608,579 

a Minerals, nonmetallic (manufactured): | | . | 

661 Lime, cement, fabricated building material, except glass and clay _—_ —- 54,684 113,865 

662 Clay and refractory construction materials -_-_——~----------- ~- 188,283 81,573 

| 663 Mineral manufactures, not elsewhere specified _ ____ _ _---------- 203,024 97,431 

; os Total ________-__----_------------------------ 395,991 292,869 

| a | —————————— 

\ 671 Mee (manufactured): 3 , 4 
ig iron, spiegeleisen, sponge iron, iron and steel powder 

, and shot, ferroalloys .______-------~------------------ 73,182 535,659 

672 Tron or steel ingots and other primary forms ~~ ———-------—----- 46,610 52,812 

673 Iron or steel bars, rods, angles, shapes, sections _ _ _ _ _ __ - -------- 153,227 863,580 

674 Iron or steel universals, plates, sheets ______.-_------------ 337,538 1,915,102 

675 _ Tron or steel hoops and strips _ _ - _ ~~ ----~----—-~-.--------- 100,799 72,409 

676 Iron or steel rails and railway track construction materials _______- 61,579 18,989 

677. Iron or steel wire (excluding wire rod) _______-~---~---------. 36,191 214,061 

678 Iron or steel tubes, pipes, fittings _______-_---------------- 776,541 819,821 

679 Iron or steel castings and forgings, unworked _____—_---------- 318,492 20,990 

681 Silver, platinum, platinum-group metals _____--------------- 96,710 559,498 

682 Copper and copper alloys _____.~---__------------------ 281,672 776,792 

683 Nickel and nickel alloys ______-_-__-_-------------------- 158,078 526,302 

684 — Aluminum and aluminum alloys ’___.______-_------------ 466,386 549,854 

685 Lead and lead alloys ______-----------~--------------- 5,321 63,495 

686 Zinc and zinc alloys ~___-~--~--~---------—------------ 11,199 502,869 

687 Tin and tin alloys_____-__--~--~---------------------- 4,629 329,689 

688 Uranium and thorium metals and alloys _________-__-~-------- 146 117 

689 Miscellaneous nonferrous base metals _______.____---~------ 158,533 185,518 

Total®? __________________ ee 3,086,833 8,007,563 
————_— 

Grand total _____________-------------~---------- 11,336,592 46,545,306 

a 

1Data in this table are for the indicated SITC numbers only, and therefore may not correspond to the figures classified 

by commodity in the “Statistical Summary” chapter of this volume. 

2Standard International Trade Classification. 
3Import data may not add to totals shown because of independent rounding. 

Source: U.S. Department of Commerce, Bureau of the Census.
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Table 14.—Consumption of major mineral products, mineral fuels, and electricity, and 
projections 

a Commodity and unit 1975 1976 2000 

MINERAL PRODUCTS 
Ferrous metals: 

Iron ore ____________________~ thousand long tons__ 114,126 125,424 NA 
Iron content®________.__~~ ~~ thousand short tons_- 79,250 87,095 129,000 . 

Raw steel (production) ___~_--_---~-~--------do___- 116,642 128,000 237,000 
Chromite ores 8 (gross weight): 

Metallurgical grade___§_____.______._---_-~do__~_- 532 597 
Refractory grade ________-_---~----------do___- 183 202 1,200 
Chemical grade __ __________----~-------do___-_ . 166 a, _ 207 Lo . 
Manganese ore (35% or more Mn) __________-__--do___~_ 1,819 1,601 3,900 
Molybdenum (Mo content) _________-—_ thousand pounds__ 51,743 50,448 188,000 
Tungsten (W content)_______________-_-_--_do___~_ 14,012 16,107 76,400 

Nonferrous metals: 
Aluminum (apparent consumption) -~__thousand short tons__ 3,903 5,118 28,400 
Antimony, primary ______.____-_._—_—-----~short tons__ 12,987 15,337 48,000 
Copper, refined_________ ~~~ -~-thousand short tons__ 1,535 1,992 7,100 
Lead, primary and secondary —_-_-—--—--~_----~ -do___- 1,297 1,490 | 2,730 
Mercury, primary ___——~_-—---~-.--~-T76-pound flasks_ _ 48,649 68,371 102,000 
Platinum-group metals _ _ _ _ _ _- _--_-thousand troy ounces_ _ 1,309 1,603 3,157 : 
Silver (industrial and the arts). __________-.-----do___~- 157,650 170,559 420,000 

Ilmenite and titanium slag (estimated TiOzcontent)_ short tons_ — 536,994 642,519 1,840,000 

Uranium (U3Os, estimated purchases by private industry) do_ — _ — 12,500 14,000 73,113 

Nonmetals: | 
Asbestos (apparent consumption) - _ _ _ _ _thousand short tons__ 608 726 2,430 

Cement (apparent consumption) —_-—-_—-- million short tons__ 70 74 220 

Clays (apparent consumption) _ ___. __ _thousand short tons__ 49,388 53,181 174,000 

Lime (sold or used)_ ____§______~_-_-----------~~do___~_ 19,133 20,229 48,300 

Phosphate rock (P2Os content, apparent consumption) — — do_ _ _~ 10,315 10,3845 57,000 

Potash (K2O content, apparent consumption)_ —___ ~~~ do_—_- 5,112 6,149 14,455 

Salt (apparent consumption)________---~--~---do___~ 42,913 47,536 _ 136,400 

Sand and gravel _________---~--—~-—-mnillion short tons__ 789 885 3,200 

Stone, crushed (sold or used). ___ _ __-_-__-----~.do____ 901 900. 3,400 

Sulfur, all forms (apparent consumption) _ thousand long tons_ _ 10,603 10,768 — 30,000 

MINERAL ENERGY RESOUR AND ELECTRIC. . 

Energy resources: 
ituminous coal __________—_———~— ~ million short tons__ 556 597 1,000 

Coal carbonized for coke? _________.__-------~do___~ (83) (84) (115) 
Anthracite __._____________-----------~do___- | 5 5 2 

Petroleum production and natural gas liquids _ million barrels__ 5,958 6,384 14,500 

‘Natural gas, dry? ________-__-----~ million cubic feet__ 19,538 ©19,813 49,000 

Electricity generation, net _____—-—- million kilowatt hours__ 2,002,983 2,123,422 NA 

Utilities... ~ --§ -- _. ______---_--------do___~ — 1,917,619 2,036,503 38,650,000 

Hydropower* _____.___--+------------do_~_- 306,253 292,318 3 5605,000 
Nuclear power ___~___-_---_-----~------~do_~_-_ 172,506 191,111 35,085,000 
Conventional fuel-burning plants _._._.._.__.___-do___-— 1,445,048 1,561,685 32,960,000 

Industrial. ________________---_~-----~-do__~_-_ 85,364 86,919 NA 

Total energy resources inputs __ ___— ~~~ trillion Btu__ 70,576 74,025 3163,430 
i 

°Estimate. NA Not available. . 
1Figures in parentheses are not added to totals. , 

Residual gas excludes extraction loss but includes transmission loss. 
SDupree, W. G., Jr., and J. S. Corsentino. U.S. Energy Through Year 2000 (revised). U.S. Bureau of Mines. December 

1975, tables 1 and 15. 
4Net generations adjusted for net imports or exports. The bulk of net trade is hydropower with an undetermined 

amount of steam plant power. * 
5Includes power produced at geothermal plants. 

Table 15.—Energy equivalent in British thermal units (Btu) obtained from mineral 

energy resources produced and from hydroelectric and nuclear power produced 

(Trillion Btu) 

a nn ney e= EES S=eEane 
1972 1973 1974 1975 1976” 

rnc 
. 

Anthracite __________----------------------- 181 174 168 158 158 

Bituminous coal and lignite_ __------------~--~------ 14,319 14,208 14,319 15,044 15,610 

Crude petroleum _____-_---------------------- 20,041 19,493 18,575 17,729 17,262 

Hydroelectric power _—_ ~~ ---------------------- 2,866 2,860 3,177 3,155 2,974 

Natural gas ________------------------------ 24,792 24,764 23,689 22,022 21,831 

Nuclear power ____-_------------------------ 576 888 1,211 1,832 2,037 

Total _________________-_-------------- 62,775 62,387 61,139 59,940 59,872 
eee ee
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Table 16.—Energy consumed in British thermal units (Btu) as equivalent to consumption 
of mineral energy resources, and hydroelectric and nuclear power 

(Trillion Btu) 
a 

1972 1973 «1974 1975 1976 Farcent 
a EEG) 

Anthracite ____________--___.__-_____- 150 144 138 130 128 1 
Bituminous coal and lignite___________-__.-_ 12,273 18,150 12,751 12,684 13,443 18 
Hydroelectric power __-. $$ _-§_-____________ 2,946 3,009 3,309 3,219 3,064 4 

| Naturalgas --______________________-_ 22,698 22,512 21,733 19,948 20,209 27 
Natural gas liquids _.__-§_§.§ _-. -_____________ 2,584 2,576 2,479 2,382 2,350 3 
Nuclearpower ~~ ~___________ 576 888 1,211 1,839 2,037 3 
Petroleum products, except natural gas liquids _..._ 30,382 32,276 30,988 30,360 32,794 44 

‘Total energy consumed _-___________--- 71,609 74,555 12,609 70,562 74,025 100 

7 Table 17.—Consumption of energy resources, by consuming sector 

(Trillion Btu) 

Final consuming sector and resource 197219781974 =Ss975— gg = Fervent 

Industrial: 
Natural gas __.____________________ 9,880 10,500 10,000 8,550 8,760 41 
Petroleum _._.._.________________-_ 5,640 6,080 5,910 5,530 6,200 29 
Bituminouscoal _-_.__________-_______ 4,240 4,340 4,040 3,760 3,600 17 
Utility electricity ...___.____________ 2,490 2,640 2,670 2,580 2,810 13 
Anthracite __.________________ Lue 35 33 35 35 42 __ 

\ Hydropower _____________~__.-_----— 35 38 33 32 33 __ 
| | Coke _- _- 59 14 __ __ 

‘Total __________________________ 22,300 28,600 22,800 ~=—-20,500 ~—S> 21,400 100 

: - Transportation: . 
Petroleum ________-_______________ 17,300 18,200 17,700 17,900 18,900 97 | 
Natural gas _____________________-- 787 744 685  —s-- 595 534 3 
Utility electricity ~.......___________ 17 15 16 16 16 oe , 
Bituminous coal ____§_._-_~_-__--_ ~~ 4 3 2 1 _- __ 

Total _..._____.____-___._______ 18,100 19,000 18,400 18,600 19,500 100 

\ . Household and commercial: | 
{ Natural gas ___________._______.__. 7,940 7,630 7,520 7,590 © 7,770 42 

Petroleum ___________________.__-. 6,670 _ 6,700 6,100 5,750 6,270 34 
| Utility electricity ...____._._________ | 3,480 3,720 3,730 3,970 4,150 23 

Bituminous coal ____.________________-_ 233 222 232 188 171 1 
| Anthracite ________________-_-______ 75 74 66 57 51 __ 

Total _..________-______________ 18,400 18,300 17,600 17,600 18,400 100 

Electric utilities: . 
Bituminous coal ____§___.__-_---_-_-- 7,800 8,580 8,480 8,730 9,680 67 
Petroleum __________~__~_~ ~~ 3,130 3,660 3,480 3,230 3,450 24 
Natural gas _._____._.______________ 4,090 3,680 3,510 3,210 3,140 22 
Hydropower ________________.______ 2,910 2,970 3,280 3,190 3,080 21 
Nuclear power _________-_-------_-- 576 888 1,210 1,840 2,040 14 
Anthracite ~~~ __._~__-~-~-_-__-_-_ 40 37 38 38 34 _- 

- Utility electricity to other sectors _...._____  -5,990 -6,380 6,410 -6,560 -6,980 -48 

Total _...______________________ 12,600 13,400 13,600 18,700 14,400 100 

Total consumption: 
Petroleum ____________-__-__-__-_—. 33,000 34,900 33,500 32,700 35,100 47 
Natural gas _.___________________-_ 22,700 22,500 21,700 19,900 20,200 27 
Bituminous coal ____________________ 12,300 138,200 12,800 12,700 13,400 18 
Hydropower _____________~---_---_-~- 2,950 3,010 3,310 3,220 3,060 4 
Nuclear power ________.__--_-~-_-_--- 576 888 1,210 1,840 2,040 3 
Anthracite _______________________ 150 144 138 130 128 __ 
Coke _____-___~______-_--_--_-_-- _. __ 59 14 _- _ 

Total _..___.__________-____-_-_ 11,600 74,600 72,700 70,600 74,000 100
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Table 18.—Domestic supply and demand for coal 
A rey —eerrensnennnenpennnennee eee 

1975 1976” 

Thousand a Thousand ons 
, short Trillion short Trillion 

tons tons. u ——— 

ANTHRACITE 
Supply: . 

Production’. $$» 2 6,203 157.5 6,228 158.2 
‘Exports?__= 2 22 -1,095 -27.8 -1,188 -30.2 
Imports __._____§_- _- -- _- _- 
Stock change: Withdrawals(+), additions(-)_ __ _ _ NA NA NA NA 

- . Losses, gains, and unaccounted for __-________ _- _- __ _- — 
Total. _~___ ~~ Le 5,108 129.7 ——- 5,040 128.0 ee 

—=]===$= —_—_amaKKnqni= 
Demand by major consuming sectors: ? 

Household and commercial* ______________ 2,240 56.9 2,020 51.3 
IndustrialS ~~ Le 1,386 35.2 _ . 1,670 42.4 

' Electricity generation, utilities _..§ __§________ 1,482 37.6 - 1,850 34.3 a per 

Total. LL 5,108 129.7 5,040 128.0 ae taeda ehh —=—=—=====_====@@mC—_C“C@@@]]]]]]____ "=== 
BITUMINOUS COAL AND LIGNITE 

Supply: 
Production’. $$ ~5 $5 5 5 ee ee 648,438 15,043.8 678,685 15,609.8 
Exports ~~~ -65,669 -1,773.0 / 69,406 -1,604.0 
Imports _____§_~_ 2 LLL 940 21.4 1,203 27.0 
Stock change: Withdrawals(+), additions(-)_ _ _ __ -31,765 -687.7 -6,166 -133.9 
Losses, gains, and unaccounted for __ ________ 4,357 79.2 -16,837 ~455.6 

Total... ~~~ Le 556,301 12,683.7 597,479 13,443.3 

Demand by major consuming sectors: , 
Fuel and power: 

Household and commercial*.___ _ ___.____-_ 7,282 188.1 6,900 171.3 . 
Industrial§ ~_-§_-_-____. ~~ ___ 142,072 3,669.8 141,179 3,505.1 
Coal carbonized for coke® ~._______1____ (83,274) (2,151.0) (84,324) (2,093.5) 
Transportation’? _§_§_§.§_§_§__________.__ 24 6 12 3 
Electricity generation, utilities ____._.______ 403,249 8,730.3 445,750: 9,676.3 

Total _-____ 552,627 12,588.8 593,841 13,353.0 

Raw material: Industrial: ® 
Crude light oil _. _...-.-_-.._________ 974 25.2 990 24.6 
Crude coal tar _._-.__-_-~ ~~ ~~ 2,700 69.7 2,648 65.7 

Total _._. ~~ Le 3,674 94.9 3,638 90.3 
—————————————— 

Grand total _....2 ~~~ ____ --- 556,301 12,683.7 597,479 13,443.3 
rece ere ee 

PPreliminary. NA Not available. 
Includes use by producers for power and heat. 
2Includes shipments to U.S. Armed Forces in West Germany. 
5Except for small quantities used as raw material for coal chemicals, all anthracite is used for fuel and power. 
“Data represent “retail deliveries to other consumers.” These are mainly household and commercial users, with some 

unknown portion of use by small industries. 
‘Includes consumption by coke plants, steel and rolling mills, and other industrial uses. Adjusted to exclude coal 

equivalent of raw material uses. 
®Figures in parentheses are not added into totals. 
7Includes bunkers and military transportation. 
®Coal equivalent based on British thermal unit value of raw material consumption of coal chemicals listed.
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Table 19.—Natural gas, components of supply and demand 

a 
1975 . 1976 . 

Billion “47: Billion ene 

cubic Trillion cubic Trillion 
| feet | feet _ 

Supply: . . 
roduction ______~-~----------- 20,100 22,000 20,000 21,800 

Exports _______-______-_------ 13 74 65 66 
Imports _____-_---------~------ 953 973 964 983 

Stock change ______-------~------ -344 -351 77 79 

Transfers out, offtake ________-_----- -872 -2,380 -854 -2,350 

Transmission loss, etc ___.__--~-—--~--- : -235 -240 -262 -267 

Totalsupply ~___-------------- 19,500 19,900 19,800 20,200 
aoe Tee 

Demand: | . 

Industrial: 
For carbon black __~____-~---~---~- 26 27 28 29 

For other chemicals ____~__----- 568 580 588 599 

Fuel and power _____--_---~----- 7,780 7,940 7,970 8,130 

Household and commercial _-___----- |. 7,430 7,590 7,620 7,770 

Electric utilities ~_~_.~__-__.--_-----+- 3,150 _ 3,210 3,080 3,140 

Transportation, pipeline ______------ 583 595 524 534 

_ -Totaldemand _______--------- 19,500 19,900 19,800 "20,200
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| Table 20.—Domestic supply and demand for petroleum! | 
OO eee - 

. 1975 | 1976" 

DO Million Trillion ‘Million ‘Trillion 
. barrels Btu barrels Btu 

NS 
Eee etnenypyennsneserennsnewnae tran reessens 

Supply: 
rude oil: 
Production ________.-_____________ 3,056.8 17,729.3 2,976.2 17,261.8 . Exports __________________ -2.1 -12.2 -2.9 -16.8 Imports _____________________ 1,498.2 8,689.6 1,985.1 11,223.6 
Stock change: Withdrawals(+), additions(-) __ 6.3 -36.5 -14.1 81.8 
Losses, transfers for use as fuel, and unaccounted . 

for___-_ ~~ ~~~ -5.2 -30.1 15.9 92.4 

Total _- ~~ > et 4,541.4 26,340.1 4,910.2 28,479.2 ———— 
eTOlTTT—TjRmQN=={={=====zz=zzz—_——y~E~E—_E 

Refinery input: 
Crude oi] -._--_-__________ Le 4,541.4 26,340.1 4,910.2 - 28,479.2 
Transfers in, natural gas liquids?________ __ 259.3 1,172.2 265.5 1,198.7 
Other hydrocarbons _________________ . 13.8 48.3 13.9 48.7 

Total _~_-~_- 4,814.5 27,560.6 5,189.6 . 29,726.6 ; ee ee OD 10.0 eee 
Refined products: 
Refinery output ~-_-§ ~~ 4,814.5 27,560.6 5,189.6 29,726.6 
Unfinished oil reruns, net __ ____________ 12.7 74.0 7.6 44.3 
Processing gain, net__________________ 167.8 __ 174.7 __ —_———_—$ $e 

| Total _--_~_-_ ee 4,995.0 27,634.6 5,371.9 . 29,770.9 I —=—=—====—=—=—=[=£—=>==—£_£_—X—X—XK«—=*=*{*_*_*_"_Z_Z_l_=_annaqiaa={z_z_OZ_ 
Exports? _§_§ $= ee -74.3 -424.4 -78.7 -448.3 
Imports? __-_§_§__- 2 712.2 4,229.2 734.8 4,389.1 
Stock change, including natural gas liquids ___ -53.0 -256.5 ~ +35.3 +200.6 
Transfers in, natural gas liquids* # ______ __ 336.7 1,209.6 321.5 1,151.6 
Losses, gains, and unaccounted for_________ 40.9 349.1 -.7 79.7 

Total ___---------~-----_-~-~-- 5,957.5 32,741.6 6,384.1 35,143.6 

Demand by major consuming sectors: . 7 
Fuel and power: 

Household and commercial _____________ 854.7 4,739.6 946.0 5,267.5 . 
. Industrial. __ ~~. ~~. ~~~ __ . 616.3 3,585.8 692.5 4,041.0 

Transportations __§_-§__/»§_»§~____________ 3,309.8 17,789.4 3,477.3 18,706.8 
Electricity generation, utilities___________ 518.3 3,228.8 652.7 3,446.2 
Other, not specified __.§_______________ 16.4 98.4 10.9 63.9 . 

Total __-_____________~ ~~ Lue 5,315.5 29,442.0 5,679.4 31,525.4 © 

Raw material:® | 
Petrochemical feedstock offtake _________ 340.6 1,434.2 389.4 1,676.5 
Other nonfuel use____§_§___~_~§__________ 268.7 1,685.7 267.7 1,679.7 

$< — $$ 

Total _.-_-_-_-_~_________ ee 609.3 3,119.9 657.1 3,356.2 
Miscellaneous and unaccounted for _ ___ _ _ _ 32.7 179.7 47.6 262.0 

EE ——_—_—_—«—«X—$E<£=£*£?*€X*<{VVVVVVVU“—9h[2a""= 
Grand total... ~~ 7 5,957.5 32,741.6 6,384.1 35,143.6 

nes 

PPreliminary. 
1Supply and demand for crude oil and petroleum products. Petroleum products include products refined and processed | 

from crude oil, including still gas and liquefied refinery gas; also natural gas liquids transferred from natural gas. 
*Btu values for natural gas liquids for each year shown are implicitly derived from weighted averages of major natural 

gas liquids, with natural gasoline and other products at 110,000 Btu per gallon, liquefied petroleum gases at 95,500 Btu 
per gallon, ethane at 73,390 Btu per gallon, and plant condensate at 129,000 Btu per gallon. ' 

SBtu values for imported and exported refined products for each year shown are totals of the Btu values of the 
respective products imported and exported. 

Includes natural gas liquids other than those channeled into refinery input as follows: Petrochemical feedstocks, 
direct uses for fuel and power, and other uses. 

5Includes bunkers and military fuel uses. 
®Includes some fuel and power use by raw materials industries.
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Table 22.—Electrical energy sales to ultimate consumers 
(Million kilowatt hours) . 

; Total ; ; Industrial Total Industrial 
Region consump- _ Residential and consump- _ Residential and 

tion commercial tion commercial 

1972 1973 

New England ~e-e eee 63,782 24,614 37,509 68,364 26,169 40,461 
Middle Atlantic _________ 219,861 65,978 140,639 235,310 70,729 153,006 
East North-Central ____ ___ 304,297 89,736 203,268 331,776 96,164 223,580 
West North-Central ______ 100,687 39,074 58,316 108,912 42,146 63,212 
South Atlantic _________ 252,811 93,563 149,062 280,103 106,750 163,548 
East South-Central _______ 153,430 48,404 102,441 168,890 51,958 114,161 
West South-Central ______ 181,902 57,952 116,218 195,624 62,205 125,314 
Mountain ____________ 71,805 20,609 47,719 77,181 23,375 50,294 
Pacific _.____________ 223,309 69,441 142,551 230,547 72,354 146,584 
Alaska and Hawaii ______~ 5,830 2,052 3,603 6,496 2,321 3,978 

Total United States ___ 1,577,714 511,423 1,001,326 1,703,203 554,171 1,084,138 

1974 1975 ; 

New England ---------- 66,894 26,094 39,180 66,887 26,309 38,958 
Middle Atlantic ___.___~~_ 229,430 68,820 149,177 227,080 71,007 144,495 
East North-Central ___ __—_ 328,968 96,949 219,985 330,818 102,914 215,005 
West North-Central ______ 109,670 42,339 63,725 115,923 46,212 66,018 | 
South Atlantic _~..______ 279,090 106,656 163,518 286,302 112,179 164,540 
East South-Central ______~— 169,246 51,610 114,818 172,602 54,386 115,257 
West South-Central ______ 200,735 63,239 ~ 129,405 207,154 68,017 130,877 
Mountain ____________ 81,670 24,464 53,536. . 84,026 25,979 54,309 
Pacific _...-_____---~— 228,243 72,390 144,603 235,073 76,640 145,662 
Alaska and Hawaii __——_—_—~ 6,823 2,399 4,204 7,159 2,506 4,506 

| Total United States ___ — 1,700,7 69 554,960 1,082,151 1,733,024 586,149 1,079,627 

Source: Edison Electric Institute. Statistical Yearbook of the Electric Utility Industry, 1972-75, table 22S. . : 

Table 23.—Total employment in selected mineral industries 
| (Thousands) | 

Industry 1972 1973 1974 1975 1976 

MINING 
Metals: 

Iron ores _.--§ - -_-_-- ~~~ - ~~~ ~~ 20.1 21.3 24.2 24.8 25.4 
Copper ores _.____-__----------------- 38.9 42.3 42.8 37.1 35.5 

Total 9 § Le 86.1 90.5 92.3 92.3 98.17 
Nonmetal mining and quarrying ~.________-__--~ 112.1 115.8 119.2 115.1 115.1 

Fuels: 
Bituminous coal ______._____-__-.----- 143.2 158.0 165.0 198.2 210.4 
Other coal __ ____._-___--_---__------~- 3.7 3.6 3.5 3.6 3.9 
Crude petroleum and natural gas fields ________ 137.8 133.5 143.7 159.5 165.0 
Oil and gas field services _________-__--_-_~- 124.1 131.0 148.2 176.2 195.3 

Total _.____________----_-___---_-- 408.8 426.1 460.4 5387.5 574.6 

Total mining?_ __________-_--__--------_- 607.0 625.0 672.0 745.0 783.0 

MANUFACTURING 
Minerals: 

Fertilizers, complete and mixing only_______.__~- 35.8 38.5 37.3 33.7 33.5 
Cement, hydraulic _._____---__---------- 33.6 33.8 32.7 30.3 29.6 
Blast furnaces, steelworks, rolling mills ________~— 492.2 521.8 522.6 470.1 469.9 
Nonferrous smelting and refining _________--~- 83.6 86.3 90.7 82.2 84.3 

Total _.________-------+------------ 645.2 680.4 683.3 2616.3 617.3 

Fuels: 
Petroleum refining ________-_-_--_-~------~-- 150.8 147.3 154.6 154.2 157.1 
Other petroleum and coal products ________--__~~ 38.8 40.0 40.7 43.2 45.8 

Total?7®> _~_~_____ Le 189.6 187.3 195.3 197.4 202.8 

Total selected manufacturing ________-__--~- 834.8 867.7 878.6 813.7 820.1 
nnn Rn 

1Includes other metal mining not shown separately. 
2Data may not add to totals shown because of independent rounding. 
3Standard Industrial Classification 295, paving and roofing materials, included in total. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 19-22, No. 9, March 1973- 
1976, table B-2; v. 24, No. 3, March 1977, table B-2.
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Table 24.—Average hours and gross earnings of production and related workers 
in the mineral and mineral fuels industries 

1972 1973 1974 1975 1976 

MINING 
Metal mining: . 

Iron ores: . oe 
Weekly earnings _________________. $185.40 | $198.56 $241.43 $271.85 $303.73 
Weekly hours _____-_--~--~--~------ 41.2 42.7 - 43.5 42.8 42.9 
Hourly earnings ~_.____~_-~_.--~--~~ $4.50. $4.65 $5.55 $6.34 $7.08 

Copper ores: 
Weekly earnings __________.__-___. $192.19 $206.52 $226.46 $248.14 $280.70 
Weekly hours ______________-~-__- 41.6 42.3 41.1 39.2 40.1 7 
Hourly earnings _~____________-____ $4.62 ~~ $4.88 ~~~ $5.51 $6.33 $7.00 

All metal mining:’ 
Weekly earnings _____________-____ $185.51 $200.40 $226.97 $250.72 $280.80 
Weekly hours ______________~----~- 41.5 42.1 41.8 40.9 41.6 
Hourly earnings _______~_--_~----- $4.47 $4.76 $5.43 $6.13 $6.75 

Nonmetallic mining and quarrying: 
Weekly earnings ___._____________-_-._ $116.96 $196.88 $209.28 $210.98 $236.72 
Weekly hours _______________-_-----~- 44.8 47.1 - 46.3 43.5 44.0 
Hourly earnings _._______._____--_--- $3.95 $4.18 $4.52 $4.85 $5.38 

All mining (excluding fuels):? : a . 
Weekly earnings _._.__________--------- $180.61 $195.90 $213.09 $228.55 $256.16 
Weekly hours __________-_~_-----~---- 43.4 44.0 43.5 42.4 42.9 
Hourly earnings ~_._______-__------~---- $4.17 $4.47 $4.91 * $5.42 $5.99 

Fuels: 
All coal mining: . . . 

Weekly earnings ________------~---— $215.83 $226.86 $236.84 $283.35 $312.44 
Weekly hours ____.__~------------ 341.0 39.9 38.2 339.3 339.5 
Hourly earnings _______-_--~------ 3$5,.30: 3$5,.69 $6.20 3$7.21 3$7.88 

Bituminous coal: 
Weekly earnings ~____-___-__-----~ | $217.46 $228.45 $238.37 $284.53 $313.24 
Weekly hours _~________-_-----~-~--~- 341.0 39.8 38.2 $39.2 339.5 
Hourly earnings _______/-__--~---- 3$5.34 3$5.74 $6.24 3$7.23 3$7.91 

Crude petroleum and natural gas: 
Weekly earnings ___.____.__-__---_-~ $169.92 $191.82 $223.86 $248.84 $272.83 
Weekly hours _________-_-__------ 42.8 40.9 42.0 40.8 41.4 
Hourly earnings ___-____._--_----- $3.97 $4.69 $5.33 $6.05 $6.59 

All fuels:? . 
Weekly earnings ______.__-_------- $191.27 $201.43 $224.08 $256.86 $282.16 
Weekly hours _________-~__~------ 41.8 40.8 41.9 42.2 42.7 
Hourly earnings wee $4.53 $4.90 $5.39 $6.14 $6.66 

. MANUFACTURING 
Fertilizers, complete and mixing only: 

Weekly earnings ____._.____-_---------- $1438.14 $155.66 $172.40 $188.72 $210.33 
Weekly hours ______~_----~-----~--~-~-- 42.6 43.0 43.1 42.6 43.1 
Hourly earnings _____-___------------ $3.36 $3.62 $4.00 $4.43 $4.88 - 

Cement, hydraulic: . 
Weekly earnings _________-----------~ $215.37 $233.20 $247.97 $262.06 $302.74 
Weekly hours ________-__--~_----~----- 42.0 42.4 42.1 41.4 = 41.7 
Hourly earnings _______-_--~-_-------- $5.12 $5.50 $5.89 $6.33 $7.26 

Blast furnaces, steel and rolling mills: 
Weekly earnings __________-_--------- $210.12 $230.74 $263.49 $278.71 $312.38 
Weekly hours __ ______-_------~----+--- 40.8 41.8 41.3 39.2 39.8 
Hourly earnings ~________~------~----- $5.15 $5.56 $6.38 $7.11 $7.86 

Nonferrous smelting and refining: 
Weekly earnings __________~_--_------ $185.59 $203.46 $227.46 $243.76 $275.22 
Weekly hours ___ ________~-----~----- 41.8 42.3 42.2 40.9 41.7 
Hourly earnings __________-~---------- $4.44 $4.81 $5.39 $5.96 $6.60 

Petroleum refining and related industries: 
Weekly earnings __________---_------- $208.89 $220.28 $238.71 $267.07 $301.31 
Weekly hours ______-_--------------- 42.2 42.2 42.4 41.6 42.2 
Hourly earnings ____-~-----~--------+-- $4.95 $5.22 $5.63 $6.42 $7.14 
Petroleum refining: 

Weekly earnings _.____--_---------~ $219.45 $231.02 $250.92 $283.87 $324.73 
Weekly hours ____.___------------ 41.8 41.7 42.1 41.2 41.9 
Hourly earnings ___-___--_-------- $5.25 $5.54 $5.96 $6.89 $7.75 

Other petroleum and coal products: 
Weekly earnings _____~-----_-~---- $175.34 $187.91 $199.67 $215.28 $231.66 
Weekly hours _______.--_---------- 43.4 43.7 43.5 42.8 42.9 
Hourly earnings ~_—~~-—~---_-~---~---- $4.04 $4.30 $4.59 $5.03 $5.40 

Total selected manufacturing:? 
Weekly earnings ______-__-_------------ $206.52 $224.92 $250.99 $268.58 $292.76 
Weekly hours ___--------—------------ 41.1 41.7 41.7 40.1 39.5 
Hourly earnings ——--—----—-----~------- $5.02 $5.41 $6.08 $6.71 $7.21 
a 

1Includes other metal mining not shown. 
2Weighted average of data computed using figures for production workers as weights. 
311-month average. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 19-22, No. 9, March 1973- 

1976, table C-2; v. o4, No. 3, March 1977, table B-2, C-2.
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Table 25.—Wages, salaries, and average annual earnings in the United States 

P tch 1974" 1975" 1976 ee nse 
1974-75 1975-76 

Wages and salaries: 
All industries, total ____._._____~~_millions__ $764,054 $805,705 $891,828 +5.5 +10.7 
Mining. __§_§_-_~-~______~_._______ do____ 8,827 10,826 12,179 + 22.6 +12.5 
Manufacturing _____.______.__~ do____ 211,388 211,039 238,170 -.2 ‘+12.9 

Average earnings per full-time employee: 
All industries, total ________--_-_---~-- 9,991 10,845 11,623 +85 +7.2 
Mining 2 -~-- ~~ ee 12,905 14,769 16,089 +14.4 +89 
Manufacturing _.____._._______.__-_. ‘10,847 11,905 12,888 +9.8. +8.3 

Revised. . 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 57, No. 7, July 
1977, p. 46, table 6.6; p. 47, table 6.9. . 

| Table 26.—Average labor-turnover rates in selected mineral industries? 
. (Per thousand employees) 

Blast Non- Petro 
Ce- fur- rous leum 

Manu- ment naces, elt Metal Iron Cop- refining Petro- Coal 
Rate and year factur- hy-— steel in min- ores per and leum min- 

ing dr ei c and are ing ores related refining ing 
rolling refin- indus- 
mills ing . tries? 

Total accession rate: 
1974 _____ 42 15 20 27 35 26 32 23 17 19 
1975 ~____ 37 29, 28 18 27 23 19 18 12 +323 
1976 _____ 39 30 32 26 32 27 32 20 14 20 

Total separation . 
rate: 

1974 _____ 48 22 23 26 31 21 31 24 15 13 
1975 _~____ 42 41 42 30 32 27 31 19 12 14 
1976 _~____ 38 28 31 22 30 26 28 20 14 18 

Layoff rate: 
1974 _____ 15 10 7 4 3 4 3 7 4 2 
1975 ~____ 21 31 30 17 10 13 13 7 3 2 
1976 .____ 18 17 19 5 8 10 11 7 5 3 

1Monthly rates are available in Employment and Earnings as indicated in source. 
2Standard Industrial Classification 295, paving and roofing materials, included in total. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 21-22, No. 9, March 1975- 
76, table D-2; v. 24, No. 3, March 1977, table D-2.
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Table 27.—Labor productivity indexes for selected minerals? 

(1967 = 100) 

eee EE 

Copper, crude ore mined per— Iron, crude ore mined per— ee OT 
Year Producti Production Producti Production 

Employee rocuction worker Employee roduction worker 
worker man-hour worker man-hour 

EE Ee 

SSS 

| 1971 126.7 125.3 121.2 110.8 112.8 117.1 
1972 _-____~_ 123.7 119.3 118.1 119.2 122.2 124.4 
19738 -. 25 > = Le 126.8 121.0 117.7 127.3 129.0 126.7 

. 1974__-_ 121.4 117.3 117.6 120.8 122.4 118.1 
197599 ~ 3 123.7 122.9 128.9 116.8 119.0 116.6 

. RE SS eS SSS Sp lsh sat 

Copper, recoverable metal mined per— Iron, usable ore mined per— 

. Production ae Production Production Production 
Employee worker Employee worker 

worker man-hour | worker man-hour 
rr ese 

1971 ~-- 2 109.7 108.4 104.9 97.5 99.3 103.0 
1972 _--_ ~~ 107.4 103.6 102.5 101.9 104.6 106.5 
1978 ~--_ 2 104.6 99.7 97.0 108.7 110.1 108.2 
1974-2 91.9 88.8 89.0 99.9 101.2 97.6 
19757 ~~ 92.3 91.8 96.3 92.4 94.2 92.2 

Petroleum refined per— Bitamino sp aeond lignite 

. Production . Production Production Production Employee worker Employee. worker 
worker man-hour worker man-hour 
ren arene nenees 

1971 __-_____________- 110.2 112.1 112.3 187.2 : ™91.7 91.5 
1972 ~- LL 121.2 121.5 121.9 82.8 84.8 83.9 
1973 _-._____________ 131.4 133.0 185.7 81.2 *82.3 *83.4 

. 1974 _____ 121.8 121.3 121.8 76.0 77.5 82.1 
19757 ~3 120.6 120.0 123.2 70.2 71.5 73.7 

NN EN rere 

| _ PPreliminary. "Revised. . 
1Series revised to incorporate additional data from economic censuses. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Productivity Indexes for Selected Industries, 1976 
edition, tables 2, 4, 6, 8, 12, 46. 

Table 28.—Index of average unit mine value of minerals produced 

(1967 = 100) 

ES SSS SSP SSS SSS SSS 

. 1972 1973 1974 1975 1976" 
i ge een nes 

METALS 
Ferrous___ ~~~ ~___ 120.2 125.5 159.5 207.3 235.6 

Nonferrous: 
Base ____~_____ ~~ 130.7 151.1 205.7 181.5 191.5 | 
Monetary ____~___________________ 138.1 222.3 380.2 373.5 319.4 
Other. ________.~~-_-_-_~__ 131.2 136.7 150.1 211.6 245.4 

Average. ___~ ~~ ~~ 131.5 155.5 212.8 205.8 213.8 

Average, all metals ___.____________ 125.5 139.6 184.6 206.6 225.3 

NONMETALS . 
Construction. ________-~--_-----~-_--_- 120.8 127.2 147.2 170.6 184.9 
Chemical ______________--~~------~~--_ 85.2 91.1 128.5 204.1 196.9 
Other ____________~_-___---_---- 123.4 132.5 148.7 172.2 192.7 

Average___ ~~~ 113.0 119.4 143.1 178.2 188.0 

| FUELS 
Coal eee 165.2 183.3 339.8 403.5 420.6 
Crude oil and natural gas ___________-__--~- 116.4 133.8 221.6 263.9 299.1 

Average___________--------~---- 123.4 141.6 241.4 282.9 315.5 

Average, all minerals_ _____._____-~- 121.2 136.4 214.6 253.1 279.4 

PPreliminary.
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| Table 29.—Index of implicit unit value of minerals produced 

(1967 = 100) 

1972 1973 1974 1975 1976” 

METALS 
Ferrous______________------------- 119.5 123.7 157.5 204.2 232.2 

Nonferrous: 
Base _____________-~__----~----- 130.6 151.0 202.4 176.9 187.6 

Monetary __-_-__--------------- 136.2 212.2 369.4 356.5 312.2 

Other__ _______-_-------------- 136.4 141.3 156.3 225.1 257.8 

Average ______--------------- 131.4 153.3 205.8 192.3 202.3 

Average, all metals _______-------- 127.3 142.1 187.8 196.6 212.8 

ooo ——EOEE=—*V—WVOO— 

NONMETALS 
Construction__ -_-------------------- 120.6 127.0 146.5 169.9 184.3 

Chemical __________-_-------~-------- 84.6 90.2 126.6 204.6 196.5 

Other _________-_----------------- 119.8 128.0 145.0 169.5 190.7 

Average_____ -__-------------- 112.5 119.2 141.8 178.3 187.6 

TTTeeeeeeeeeEle=DooeTeeeeeleeeee———_ 

| FUELS» 
Coal _________--_-_--------+------- 165.5 183.5 340.2 403.4 420.4 

Crude oil and natural gas ___ ___-_--~------ 116.4 133.8 220.2 264.5 301.8 

. Average ______---------------_. 129.2 141.5 240.8 286.1 321.3 

Average, all minerals______—------- 121.2 136.4 211.5 252.7 278.2 

PPreliminary. ’ 

‘. Table 30.—Price indexes for selected metals, minerals, and fuels 

(1967 =100) . | 

I 

_ | Annual average Percent 

| Commodity 1975 «1976 “from 
1975 

Metals and metal products eee == -- 185.6 195.9 +5.5 

| Iron and steel ___________---_------------------------- 
200.9 215.9 +7.5 

Ironore______-__---------------------------------7 
154.3 171.0 +10.8 

_ Tronand steel scrap —---~-----------------~---------7-7-77 245.6 259.0 +5.5 

. Semifinished steel products ________----------------------- 206.7 | 223.1 +79 

Finished steel products .__-__--------------------------- 
196.6 209.0 - +6.3 

Foundry and forge shop products ___---------~--------~------- 194.3 218.6 412.5 

Pig iron and ferroalloys _ _-- —---------------------------- 264.7 261.6 -1.2 

Nonferrous metals _______-_-------—--------------------7- 
171.6 181.6 +5.8 

Primary metal refinery shapes _ _ _ _ - - -- -- ------------------- 1184.8 191.7 +3.7 

Aluminum, primary, buyers _—-_—------------------------- 160.4 177.4 +10.6 

. Lead, pig, common oo ee ee 154.0 163.8 +6.4 

Zinc, slab, prime western ___—_-—------------------------- 270.2 260.9 3.4 

Nonferrous scrap ____-_----~----------------------7-7-7-7-7- 
128.3 155.4 +21.1 

Nonmetallic mineral products __—-_-------------------------- 174.0 186.3 +7.0 

Concrete ingredients ___ __--__-------------------------- 172.3 186.7 +8.4 

Sand, gravel, crushed stone _ _ _- - -_---~-------------------- 151.1 161.2 +6.7 

Structural clay products, excluding refractories _————-—------~----- 151.2 163.5 +8.1 

Gypsum products _ ____- ----------------------------7-7-- 144.0 154.4 +7.2 

Other nonmetallic minerals _—--~-------------------------- 220.3 232.5 +5.5 

Building lime _______-------------------------------- 
186.0 205.1 +10.3 

Insulation materials ____ _-_----------------------------
 196.2 212.6 +8.4 

Bituminous paving materials -——~--~~~~7 =~ oo 555057777 256.9 265.1 +3.2 

Fertilizer materi: _ ee ee = 198.8 163.6 -17.7 

Nitrogenates _______-_-----------------------------7- 
178.6 151.1 -15.4 

Phosphates ______---------------------------------- 236.3 187.8 -20.5 

Phosphate rock ___-_-------------------------------7-- 
428.9 375.4 -12.5 

Potash __________-------------------------3-- 7-7-7777 166.6 167.3 +.4 

Fuels and related products and power —_~—----------------------- 245.1 265.6 +8.4 

Coal_________------------------------------------ 
385.8 368.7 4.4 

Anthracite _________------------------------------ 
372.7 385.3 4+3.4 

Bituminous _______--_------------------------------ 
387.0 367.5 -5.0 

Coke ________---------------------------- 7-57-5757 330.8 346.8 +4.8 

Gasfuels __________------------------------------7--
 216.7 286.8 +32.3 

Electric power ___ __ _- _- - ------------------------7-7-7-7-7- 193.4 207.6 +7.3 

Petroleum products, refined ___~-~------------------------ 257.5 276.6 +7.4 

Crude petroleum? ____-_-_--~-_------------------------ 245.7 253.6 +3.2 

All commodities other than farm and food __ ---------------------- 171.5 182.4 +6.4 

All commodities_ _______-------------------------7-7-7-777
7 174.9 183.0 +4.6 

1Corrected figure. 
2Includes only domestic production. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 1976, table 

4; Supplement 1977, table 4.
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ae Table 31.—Comparative mineral energy resource prices 

Fuel 1974 1975 1976 

oo Bituminous coal, average price at merchant coke ovens___.___-_-_dollars per net ton_. 34.20 52.63 54.90 
a Anthracite, average sales realization per net ton at preparation plants, excluding dredge 

| Chestnut-______- dollars. 8.06 45344718 
Pea _______ dow 27.61 42.33  °42.02 
Buckwheat, No. 1__________.__.-_.____________________ do____ 18.88 27.61 29.11 

Petroleum and petroleum products: 
Crude petroleum, average price per barrel at well _._______________ do____ 6.74 7.56 8.14 

. Gasoline, average dealers’ net price (excluding taxes) of gasoline in 55 U.S. cities? 
cents per gallon__ 30.53 35.78 38.99 

Residual fuel oi:! _ 
No. 6 fuel, maximum 1% sulfur, average of high and low prices at Philadelphia? 

dollars per barrel _ 11.95 12.26 12.05 
No. 6 fuel, maximum 0.3% sulfur, average of high and low prices at Philadelphia” 

do____ 13.11 13.16 13.28 
Bunker C, average of high and low prices at all gulf ports _..________. do____ 10.28 9.30 9.03 

Distillate fuel oil: 
No. 2 distillate, average of high and low prices at Philadelphia _ cents per gallon__ 25.26 29.19 31.52 

N No. a distillate, average of high and low prices at all gulf ports __._____ do____ 30.69 28.43 29.88 
atural gas: . . 
Average U.S. value at well __________.____cents per thousand cubic feet__ 30.4 44.5 58.0 
Average U.S. value at point of consumption. ____.____§___________ do____ 88.8  °115.0 NA 

OE 

“Estimated. Preliminary. "Revised. NA Not available. 
1Petroleum products from Platt’s Oil Price Handbook. 
2Prices at refineries and terminals in cargoes. 

Table 32.—Cost of fuel in steam-electrical power generation 
(Cents per million Btu) 

ee ee 
Regi 1973 1974 1975 

0 a inn 

gion Coal Oil Gas Coal Oi Gas Coal Oil Gas 
a 

New England _.____________ 52:1 72.8 562.5 110.1 190.8 1464 1268 194.7 126.7 . 
Middle Atlantic ~~~. 417A 80.0 62.4. 81.2 200.1 114.1 102.1 199.3 90.6 
East North-Central...___.____ 429 78.4 58.2 65.4 170.0. 76.8 82.1 1944 1109 
West North-Central ___._____._ 369 81.6 34.6 441 1390 418 59.8 175.7 56.0 
South Atlantic _.___________ 45.6 62.9 45.1 87.4 168.6 59.7 99.6 185.2 72.2 
East South-Central ___________ 363 94.7 38.5 52.6 182.8 51.4 80.3 175.1 . 94.1 
West South-Central __________ 181. 89.0 28.2 17.1 181.7 © 43.1 22.7 185.2 715 
Mountain ________________ 25.1 95.9 39.1 28.7 164.0 50.8 31.8 211.2 73.1 
Pacific _._-_-__._.___________ 318 88.1 41.9 41.1 170.2 58.0 56.5 249.8 104.1 

United States _________ 41.4 75.9 34.1 66.2 181.1 48.3 81.5 202.0 75.2 
eee 

Source: National Coal Association. Steam-Electric Plant Factors, 1974 through 1976, table 2. 

Table 33.—Cost of electrical energy 

(Cents per kilowatt-hour) 

ee 
1973 1974 1975 

Com- Com- Com: 
Region Resi. mercial Resi. ‘mercial Resi- merci 

Total ° and Total : and Total : and 
dential indus- dential indus- dential in dus- 

trial trial trial —— 

New England __________ 2.6 3.1 2.3 3.6 4.2 3.3 4.1 4.5 3.8 
Middle Atlantic --------- 2.5 3.2 2.2 3.4 4.2 3.0 3.9 4.6 3.5 
East North-Central _______ 1.9 2.6 1.6 2.3 2.9 2.0 2.7 3.3 2.4 
West North-Central ______ 2.1 2.5 1.8 2.3 2.6 2.0 2.7 3.0 2.4 
South Atlantic _________ 1.9 2.2 1.6 2.4 2.7 2.2 2.9 3.3 2.7 
East South-Central ___ ____ 1.3 1.7 1.1 1.5 1.9 1.3 1.9 2.3 1.7 
West South-Central ______ 1.6 2.2 1.3 1.8 2.4 1.5 2.1 2.7 1.8 
Mountain ____________ 1.7 2.2 1.5 1.8 2.4 1.6 2.2 2.8 2.0 
Pacific ___.____.______ 1.5 1.9 1.3 1.8 2.3 1.7 2.1 2.5 1.9 
Alaska and Hawaii _______ 2.7 3.1 2.5 2.9 4.2 2.6 3.8 4.1 3.6 

United States _______ 19 2.4 1.6 2.3 28 20 2.7 3.2 2.4 
eevee ee ee eee 

Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry, 1973 through 1975. Based on 
tables 22-S and 36S.
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Table 34.—Price index of principal metal mining expenses’ 4 8 
(1967 =100) | | oe 

Year Total Labor Supplies Fuel trical ag 
Oo — energy st 

| 1972 __-_-_-____________-.-+~---------~-~------- 7123 7126 120 119 122 = 
1973 _-._-_____________---------~-~~-~--~~+--+-+- 133 135 128 146 129 . 
1974 __--___ te "168 TV72 + 157 208 163 : 
1975 ~~~ ~~ Le 189 190 “177 245 193 woe 
1976 __________-_--_--------------------- © "199 P198 188 266 208 

Preliminary. "Revised. | : 
1Indexes constructed using the following weights derived from the 1967 Census of Mineral Industries: Labor, 50.04; 

explosives, 3.18; steel mill shapes and forms, 7.32; all other supplies, 26.89; fuels, 5.88; electric energy, 6.69; and data from : 
US. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes. The index is computed for iron 
and copper ores only because sufficient data are not available for other mining sectors. . . . 

Table 35.—Index of major input expenses 
for bituminous coal and crude petroleum 

and natural gas mining’ | . 
| (1967 = 100) | 

~ wg ie Crude . 
Year Bituminous petroleum and 

natural gas 

1972 ________ 141 122 
- 1978 ~_-____- 155 136 . 

1974 ________ 175 167 
1975 _.______ 222 NA 
19767 _. 248 NA 

PPreliminary. NA Not available. | 
: 1Indexes constructed by using data from the USS. 

Department of Labor Statistics, Wholesale Prices and 
Price Indexes, annual and monthly and weights derived 
from data shown in the 1967 Census of Mineral Industries, 

. U.S. Department of Commerce, Bureau of the Census. . 
Weights used are as follows: Bituminous coal—labor, 
61.55; explosives, 2.70; steel mill shapes and forms, 5.08; all 
other supplies, 24.58; fuels, 1.74; electric energy, 4.35; 
crude petroleum and natural gas—labor, 44.65; supplies, : 

. 48.79; fuel, 2.07; and electric energy, 4.49.
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Table 36.—Indexes of relative costs and productivity for iron ore, copper, bituminous 
coal, and petroleum mining! 

(1967 = 100) . 

. Year Iron Copper? Bituminous Petroleum ore? pper™ coal. ee ee 

oe INDEX OF LABOR COSTS PER UNIT OF OUTPUT 

1972 ~~ LC T115 138. 154 127 
19738 _--_ LL 118 154 167 140 
1974 F155 190 18] 171 
1975 ~-_-_- LL 180 202 244 NA 

(19767 ___ = 190. 280. NA a 

INDEX OF VALUE OF PRODUCT PER PRODUCTION-WORKER-PERIOD a nt a ne nt ee nena 

1972-2 ~- 2 eee 7126 136 153 | 129 
19738 _- Le 134 150 169 143 
1974 3 T1483 178 © 313 226 

r 1975 ~. LLL 177 160 321 NA 
19767 _______ 193 204 317 NA 

INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT . 

| 1972 eee F109 104 93 109 | 
1973-2 Le 105 100 90 105 . 
1974 __._ eee 118 95 53 74 
19756 ~~ Lee 109 121 60 NA | 
197699 ~~ 111 105 66 NA 

PPreliminary. ‘Revised. NA Not available. . 
Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in U.S. Department . 

of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based upon net tons per man 
per day (see chapter on Bituminous Coal) and index of average earnings derived from Bureau of Labor Statistics data on 

. ourly earnings; petroleum index based on barrels per year (see chapter on Petroleum) and Bureau of Employment 
uf Security data on total wages in petroleum production. oo 
we Index of value of product per production-worker period: Iron ore and copper indexes are computed from data found in 
Be, US. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based on net 
va ; tons per man per day and mine value of production; petroleum index based on average employment and total value of 
ee production. _ 
eee Index of labor costs per dollar of product: Iron ore and copper indexes are computed from data found in U.S. 
+ Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based on index of 
» value per man per day and index of average earnings; petroleum index based on total value of production and total wages. 

Indexes are for recoverable metal. . 

Table 37.—Price indexes for selected cost items in minerals and mineral fuels production 7 
| (1967 = 100) 

. Fercent . Percent 

1976 _ change Annual average change : from from 
, Commodity January 1975 

January December 1975 1976 

Coal _____- ~~ Le 370.3 373.9 +1.0 385.8 368.8 -4.4 
Coke _.____-~~~_~_~~_~ 331.1 363.4 +9.8 330.8 346.8 +48 
Gas fuels ___._.._.-_~__-_____----_ 244.0 337.6 +38.4 216.7 286.8 +32.3 
Petroleum products, refined ___________- 273.1 287.1 +5.1 257.5 276.4 +7.8 
Industrial chemicals ~----- eee 212.6 221.9 +4.4 206.9 219.0 +5.8 
Lumber _________-_ ~~~ eee 210.1 252.0 +19.9 192.5 233.0 +21.0 
Explosives ______...-_-_----------_- 188.8 186.9 -1.0 178.0 187.2 +5.2 
Construction machinery and equipment ~ _ _ — — 193.3 204.5 +5.8 185.2 198.6 +7.2 

Source: U.S. Department of Labor. Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January-December 
1976, table 6; January 1977, table 4 and 6; Supplement 1976, table 5.
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: Table 38.—Price indexes for mining construction and material handling 
machinery and equipment 

(1967 = 100) 

Con- «yg: Power Special- . 
: Mining : , Mixers, . struction machin- Oilfield cranes, ized Portable Scrapers pavers, Tractors 

Year machin- and machin- excava- con- air com- and spread other 
ery and sai ery and tors, struction esso d P ° than 

. equip- | a ont . tools equip- machin- Pressers graders ote farm 
ment ment ery eu. _ 

1972 _______ | 125.7 117.2 127.3 126.0 129.0 92.0 124.4 126.3 127.3 
1973 __.____ 130.7 121.1 133.2 130.5 134.1 93.5 136.1 130.4 131.5 
1974 _______ 152.3 143.6 157.8 152.2 151.3 102.8 160.4 145.1 154.7 
1975 ______- 185.2 © 184.3 196.3 184.3. 189.4 116.3 195.6 161.0 188.3 
1976 _______ 198.6 =~ 211.7. 217.6 200.6 204.9 118.6 210.5 168.8 202.6 

Revised. 

_ Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January-December 
1975-76, table 6; supplement 1973, 1974, 1975, table 5. 

Table 39.—National income originated in the mineral industries | 

ery : Percent 
Income (million dollars) chan 

| industry 1974" 1975" 1976 from. 
. - 1975 

Mining_________________________________-_- 15,539 17,979 19384 | +78 | 
Metal mining _____..._-___-_-----_-------- 1,596 1,687  —=1,755  +7.2 
Coal mining. __§__~_________-----.---_-_-----..._ 5,208 6,352 6,567 - +3.4 
Oil and gas extraction________---------~------ 6,661 F962 8,765 +12.9 
Nonmetallic minerals, except fuels. __.______-__--~-- 2,074 2,228 2,297 +3.1 we 

Manufacturing ~ eee eee ee 297,833. 311,530 364,994 +17.2 2 
Chemical and allied products ________+1---.------ 21,268 | 23,843 27,080 +13.6 e 

- Petroleum and coal products_ ____-_____------~---- 13,977 12,424 15,531 $25.0 oo 
Stone, clay, and glass products ___________------- 9,690 9,872 11,799 4195 © 
Primary metal industries_____________--------- 26,631 24,523 26,584 +8.4 apt 

All industries. __________--------~------------~ 1,152,083 1,246,713 1,899,254 +12.2 oe. 

"Revised. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 7, July 
1977, p. 45, table 6.3. 

Table 40.—Annual average profit rates on shareholders’ equity, after taxes, and total _ 
dividends, selected mineral manufacturing corporations 

nn 
| Annual profit rate (percent) Total dividends (million dollars) 

Industry Percent Percent 

1975 1976! «Change 1975 19761 Change 
1975 1975 

a 

All manufacturing _______----~-------- 11.6 14.0 +20.7 19,968 22,716 +13.8 
Primary metals _________-~-—---~-+----- 8.6 8.3 -3.5 1,188 1,200 +1.0 

Iron and steel_______------------- 1109 9.0 -17.4 746 773 +3.6 
Nonferrous metals ___________---~-- ™5.0 6.8 +36.0 442 425 -3.8 

Stone, clay, glass products _____----____-- ™8.3 11.9 +43.4 413 440 +6.5 
Chemicals and allied products ______...___-- 15.2 15.5 +2.0 2,768 3,128 +13.0 
Petroleum and coal products _________---_~- 12.5 14.4 +15.2 4,245 4,414 +4.0 
On 

Revised. , 
1During the first quarter of 1976 a considerable number of companies were reclassified by industry. To provide 

comparability, 1975 data has been revised to reflect these reclassifications. 

Source: Federal Trade Commission. Quarterly Financial Report for Manufacturing, Mining, and Trade Corporations. 
1st and 4th Quarters 1976, tables 4, A-1, B-1, C-1, D-1.
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Table 41.—Industrial and commercial failures and liabilities in mining and 
manufacturing 7 

Industry 1974 1975 1976 

Mining: : 
umber of failures ...________-----_---.-~------ 9 26 37 

Current liabilities ______________________thousands_ — $10,102 $9,465 $105,962 
Manufacturing: 

Number of failures ____________~~___~-..~~- 1 -_-~- 1,548 1,619 1,323 
Current liabilities _. ___.._.___._....___-~-_thousands_ _ $823,722 $1,011,144 $1,015,760 

All industrial and commercial industries: 
. Number of failures _____________--------~--~--_-- 9,915 11,432 9,628 

Current liabilities ______._._..._.__.__.___ ~~ ~thousands__ $3,053,137 $4,380,170 $3,011,271 

MIncluding fuels. . 

Source: Dun and Bradstreet, Inc., Business Economics Division. Monthly Failure Report. K-17, No. 12, Mar. 5, 1976; K- 
18, No. 12, Mar. 26, 1977. 

Table 42.—Expenditures for new plant and equipment by firms in mining 
and selected mineral manufacturing industries 

oo (Billion dollars) : 

Industry 1974 1975 1976 

Mining" ~e eee ee ee eee ee ee ee ee 3.18 3.79 4.00 
Manufacturing: 
Primary iron and steel _______________----------------------- 2.12 23.71 3.81 

' Primary nonferrous metals _____________--_-----~---~---------- 2.33 2.28 2.16 
Stone, clay, glass products _______-__-__----------------------- 1.44 1.42 1.72 
Chemicals and allied products. .____-___-_-_-_-~----~~--+----------- 5.69 6.25 6.68 
Petroleum_________-------------~------~----------~------- 8.00: 10.51 11.62 . 

All manufacturing ___________~-----~--~------------------------ 46.01 47.95 52.48 
$e 

~ Mncluding fuels. . 
2Corrected figure. | 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 3, March 
1976, p. 19, table 7; v. 57, No. 3, March 1977, p. 31, table 7. 

Table 43.—Plant and equipment expenditures of foreign affiliates of U.S. companies, by 
| | area and industry | 

. . (Million dollars) 
a | 

1974 1975 1976 

+s Mining M Mining 
| Area or country Mining petro. Manu- and Petro- anu- and Petro. Manu- 

and leum = f2C4F- — gmelt- ~— leu factur- smelt- §leum factur- 
smelting «ing ing £ ing £ 
AY 

Canada _______---_-- 427 ~—s- 1,295 2,677 534 1,346 2,094 490 1,416 2,165 
Latin America —_—~—~-- 270 933 1217 317 720 1,356 192 606 1,615 | 

Europe ____--_------ 9 1,985 6,374 6 3,016 6,500 13 3,313 6,547 
All other areas ____-_~—~_— 374 4,034 1,358 316 4,410 1,292 221 4,422 1,140 

Total _._____---- 1,080 8,247 11,626 1,173 9,492 11,242 916 9,757 11,467 
te 

Revised. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 9, 

September 1976, pp. 24-26.
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Table 44.—Estimated gross proceeds from primary security offerings in 1976: , 

| . Total corporate Manufacturing Extractive? | 

: Type of security Million Million Million 
dollars Percent dollars . Percent dollars Percent 

Bonds____§_§_§___~______ ~~ ___- 41,069. 78.7 13,243 —— 85.6 1,023 57.8 
Preferred stock ________..--__--~_~ 2,789 5.4 344 2.2 140 7.9 
Common stock_ ~------------------ 8,305 15.9 1,893 12.2 606 34.3 

Totals _....________.________ 52,161 100.0 ~—=—15,479 1000 = 1,771 100.0 

1Substantially all new issues of securities offered for cash sale in the United States in amounts over $100,000 and with _ 
terms of maturity of more than 1 year are covered in these data. 

2Including fuels. 
3Data may not add to totals shown because of independent rounding. 

Source: U.S. Securities and Exchange Commission. Statistical Bulletin. V. 36, No. 4, April 1977, pp. 19-20. 

Table 45.—Direct private investment of U.S. companies in foreign 
_. petroleum industries in 1975" | 

(Million dollars; net inflows to the United States designated by -) 

_ Petroleum All industries 

{ Undis- _ Undis- 
tri tri . 

A Book Net uted Book BOOK Net — uted ~— Book 
rea or country begin- capital earn- value begin- capital earn- _—-value 

ning out ings gna ning out ings end of 
ows 0 of year ows oO year of year subsid- of year subsid- 

. iaries iaries 

' Developed countries! _________ 18,834 1,183 841 20,336 83,025 2,883 5,149° 91,139 
Canada ________________ 5,731 -54 534 6,209 28,404 482 2,227 31,155 
Europe _____—___---_--— 9,960 1,262 179 =—-11,381 44,782 2,265 2,525 49,621 
Japan ________-~_~-~~__-~_ 1,367 -87 33 1,314 3,319 -40 52 3,328 
Australia, New Zealand, 

South Africa, Republic of ~~ 1,275 63 94 1,482 6,520 177 345 ~—-' 7,085 
Developing countries! _________ 8,257 1,903 1,158 11,147 28,459 3,718 2,928 34,874 

Latin America Republics 
and other Western Hemi- 

| sphere ______________~ 3,564 -233 89 3,370 19,491 1,347 1,462 22,223 
Other Africa _~_________-— 1,346 -113 139 = 1,387 2,233 18 181 2,397 
Middle East _________._~_ 1,613 2,034 23 = -3,673 2,215 2,144 149 4,508 
Other Asia and Pacific __— ~~ 1,734 215 902 2,766 4,519 204 1,136 5,746 

: _ International, unallocated —_—___ 3,605 -283 3 3,324 7,335 -288 107 7,155 

. Total! __-__§_________ 30,195 2,803 2,001 34,806 118,819 6,307 8,184 133,168 

PPreliminary. 
1Data may not add to totals shown because of independent rounding. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 8, August 
1976, p. 48, table 13; p. 49, table 14; p. 51, table 16; p. 53, table 18.
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Table 46.—Direct private investments of U.S. companies in foreign mining 
and smelting industries in 1975° 

(Million dollars; net inflows to the United States designated by -) 

Undis- 
_ Book Net tributed 

Area or country : at yen. capital cart inact Income? 
end outflows sub- 

sidiaries 

Developed countries? ______.._______-_____- 4,407 205 197 478 295 . 
Canada____ 3,058 101 156 243 100 

- Europe_____ ~~ ~_~_=--__=______ ee Al 6 -2 3 (4) 
Australia, New Zealand, 

South Africa, Republic of ~._____________ 1,308 98 43 238 196 
Australia_ ~~. ~~ 1,063 77 41 230 189 
South Africa, Republic of _....-$_-_______ Ww 21 2 7 4 

Developing countries® _.§ $$. ~~ 2,145 342 41 152 147 
Latin American Republics _.___.____._______ . 1,012 250 32 20 (4) 

Mexico ___________~~_____ 80 -13 11 17 6 
Panama _________----~--------- -1 (*) (*) (*) (*) 
Brazil] ___________------_-----.- 131 17 20 Ww Ww 
Chile _.___-__-____-----_------- 18 Ww W WwW (4) 
Peru _____- ~~ eee 700 Ww WwW -42 -26 

/ Other Western Hemisphere ______________~ 460 59 (4) 80 86 
Other Africa _..________---__-~-____- 486 - 36 10 38 Ww 
Middle East __ _______~___ LL 5 1 2 2 (4) 

. Other Asia and Pacific ____________---~-- 181 -3 3 12... Ww 

‘Total® 9 6,551 547 238 630 442 

-PPreliminary.. W Withheld to avoid disclosing individual company confidential data. . 
1Sum of the U.S. share in net earnings of subsidiaries and branch profits. 
2Sum of dividends, interest, and branch profits. 
3Data may not add to totals shown because of independent rounding. 
*Less than 1/2 unit. so . 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 8, August 
1976, p. 49, table 14; p. 51, table 16; p. 53, table 18; p. 55, table 20; p. 59, table 24. ° 

Table 47.—Value of foreign direct invest- 
ments in the United States, at yearend 

. (Million dollars) 

Industry 1971 1972 1973 1974 1975? 

. Total ____ 18,655 14,868 18,284 22,421 26,740 
a . Petroleum — 3,113 3,272 4,649 5,979 8,194 

PPreliminary. 

. Source: U.S. Department of Commerce, Bureau of Eco- | 
nomic Analysis. Survey of Current Business. V. 54, No. 8, 
Part 2, August 1974, p. 7, table 1; v. 56, No. 8, August 1976, 
p. 34, table 1.
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| Table 48.—Mineral freight originated on rail and water carriers in the United States, 
: including Puerto Rico and Virgin Islands 

| : : (Thousand short tons) . . 

Rail Water 

Mineral grou Percent Percent 
SrouP 1974 1975 change 1974 1975 change 

. from 1974 from 1874 

Metals and minerals, except fuels: 
Bauxite. ____________-~---~-- 6,733 5,176 -23 583 AAT 23 

Copper ores ________--_----- 10,812 6,568 -39 — 19 __ 

Iron ores and concentrates ____—-~_—- 103,132 89,642 -13 79,893 69,325 13 

Lead and zinc ores ________---~- 2,077 1,698 - - 18 NA NA NA 

Manganese ores _ _ ___——_-—---- 1,071 848 -21 1,186 1,117 6 

Other ores __ ________----~-~-- 2,690 2,513 7 631 672 +6 

Steel works and rolling mill products _ 56,001 41,017 “21 11,264 8,707 -23 
Iron and steel castings __ _ _ ____-- 2,959 2,227 -25 —— -— _— 

Nonferrous metals, primary smelting 
products __________------- 7,389 «075 -31 680 548 19 

Other primary metal products _ —_ —_ 3,970 3,060 -23 —_ _. -- 

Iron and steel scrap _______---- 38,872 28,946 -26 2,311 1,554 -33 

Nonferrous metal scrap ___—-—--~~ 449 2,088 +365 87. 36 59 

Abrasives, asbestos, ete _______-~ 32,276 27,480 “15 oe _~ _- 

. Cement ____________--__--- 17,681 15,405 - =]3 9,873 8,299 -16 

Clay___.__.__-------------- 3,311 2,641 -20 1,694 1,480 13 

Fertilizer __.___.______~-__---- 19,633 18,481 6 6,128 6,001 “2 

Gypsum ________--_---_--- 2,035 1,455 -28 709 620 -13 

Limestone, agricultural and lime _ ~~ 8,791 . 7,378 -16 675 . 481 -29 

Limestone; flux _________—---- 11,693 9,081 -22 36,316 29,184 - -20 

Phosphate rock ________------ 41,909 . 42,238 +1 8,535 9,412 +10 

Sand and gravel___.______----~-- 48,349 39,772 -18 76,444 67,906 -l1 

Stone, crushed _____-_-----~-- 45,679 38,814 “15 _- —_ —_ 

Sulfur________------------ 5,102 4,818 6 8,842 8,057 9 

Other nonmetallic minerals _ ~~~ ~~ 11,031 ' 10,180 8 7,052 — 6,627 - 6 

Total minerals, excluding fuels _ — 483,645 406,601 - 16 252,903 220,442 -13 

Fuels and related products: 
Asphalt, tar and pitches -___-__. 2,988 2,556 -14 8,950 8,075 - -10 

Coal] ________-_-----~---- 390,871 407,566 +4 144,779 152,814 +6 

Coke ______-__-_-------+- 23,546 19,720 -16 2,412 2,394 -1 

Crude petroleum and natural gas _ — 2,746 2,900 +6 83,580 11,887 “7 

Distillate fuel oil .__ ____-_--~- 1,101 784 -29 83,573 86,994 +4 

Gasoline, jet fuel, kerosine _____- | 1,349 1,229 9 105,457 106,530 +1 

Liquefied petroleum gas, coal gas _ — 6,979 — 6,445 -8 1,135 1,378 +21 

Residual fuel oi] __._.____---~- 7,097  —- 6,626 “7 111,468 111,504 -- 

Other petroleum and coal products _ 9,963 8,404 -16 13,285 11,596 -13 

Total fuel and related products _ _ 446,640 456,230 +2 554,639 559,172 +1 

reer enn 
TS STD 

Total minerals __ ____-_-~--- 930,285 862,831 7 807,542 779,614 8 
eee 

All products carried____——_-- 1,530,686 1,395,055 9 982,700 946,327 -4 

OO eeEeEEeEeEeooo———= 

Mineral products, percent of grand total: 
Metals and minerals, except fuels _ — _ _ - 32 29 -- 26 23 _- 

Fuels and related products ____----- 29 33 _- 56 59 _- 

Total minerals _________--- 61 620 LL 82 82 oo 
Sn nnn ce 

NA Not available. 

Source: Interstate Commerce Commission, Bureau of Accounts, Freight Commodity Statistics, Class I Railroads in the 

United States, 1974 and 1975. Department of the Army, Corps of Engineers, Waterborne Commerce of the United States, 

Part 5. National Summaries, table 2, 1974 and 1975. 

Table 49.—Percentage distribution of mine shipments of bituminous coal and lignite by 
method of shipment and mine use 
a 

Shipped by Shipped b 
Year pee water and Trucked to Used at Total pro- 

trucked to trucked to destination mines duction 

a eee 

1972___________--------------- 66.2 11.7 11.0 11.1 100.0 

19738____-_» § 67.1 11.5 9.8 11.6 100.0 

1974_________--------~-~------- 277.1 (?) 11.0 11.9 100.0 

1975_____________-----~-+------ 64.5 10.7 12.2 12.6 100.0 

197%6_____________~-------+----- 63.0 11.0 13.0 13.0 100.0 

aero 

‘Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, used for all 

other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 

2Bituminous coal and lignite shipped by water included with that shipped by rail.
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Table 50.—Miles of utility gas main, by type of main ! 

: (Thousands) | a a . 

Type of main 1971 1972" 1973" ~— 1974" 1975 1976" 

Field and gathering .___.__.-.____--_----~ 166.2 66.9 65.9 66.4 68.5 70.3 
Transmission ___________.---___-__-__-_~ 2548 258.1 263.1 262.2 262.6 258.2 
Distribution __-____§______-____ ~_-_______ "610.4 623.1 633.8 645.6. 648.9 659.1 

| Total? __________________________ 1931.4 948.1 962.9 974.1 980.0 987.7 

PPreliminary. "Revised. | 
_ 1Excludes service pipe. Data not adjusted to common diameter equivalent. Mileage shown as of end of each year. 
2Data may not add to totals shown because of independent rounding. . — a - 

Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1975, p. 49, table 42, 
. 1976 data obtained directly from the American Gas Association. Do 

- Table 51.—Petroleum pipelines, selected years 
(Miles) 

oer -  “Grude Products lines ° 

1962-10855 53,200 76,988 200,548 
1965 __-_______ ee 72,383 61,443 77,041 . 210,867 
1968 ______________ i ee 70,825 64,529 74,124 209,478 
1971 __________ ~~ ~~ eee 75,143 72,396 §- 171,182 218,671 
1974________~___-- ee ee 76,250 76,839 69,266 222,355 

| Table 52.—Funds expended in research and development activity : 

(Million dollars) . 

a Total? ae Company Federal Government - 
_ Industry ——_$—$$—$—$—$—$———— | 

1973 1974 1975 - 1978 1974 1975. 1973 1974 1975 

Petroleum refining and extraction 504 598 700 490 578 669 14 20 31 - 
Percent of all industries _ _ _ 2.4 2.7 3.0 3.9 4.1 4.5 02 °#£4.0.2 0.4 

Chemicals and allied products _ —_— 2,081 2,364 2,650 1,875 2,148 2,411 206 216 240 
Percent of allindustries ___ 9.9 10.6 11.3 14.8 15.3 16.3 2.5 2.6 2.7 

Allindustries _..._._._.__----- 20,921 22,348 23,5385 12,699 14,018 14,775 8,222 8329 8,761 . 

1Data may not add to totals shown because of independent rounding. 

Source: National Science Foundation. Science Resources Studies Highlights. NSF 76-324, Oct. 27, 1976, p. 2. 

Table 53.—Federal obligated funds for metallurgy and materials research 
(Thousand dollars) 

Fiscal year 1976 Fiscal year 1977° 

Federal agency Basic Applied Total Basic Applied _—‘ Total 
research research research research research research 

Department of Defense _________~-- 29,737 80,308 110,045 35,330 85,432 120,762 
Energy Research and Development 

Administration ________-------- 40,212 13,226 53,438 42,796 22,104 64,900 
National Aeronautics and Space 

Administration ________-_--~---- 7,259 34,712 41,971 7,867 36,065 43,932 
Bureau of Mines __________--~---~- 135 43,420 43,555 100 38,470 38,570 
National Science Foundation _ ~~ — ——-—-—~- 16,671 2,135 18,806 18,981 2,367 21,348 
Department of Commerce ____—~—--—--- 999 1,156 2,155 1,030 1,192 2,222 
Other _________-__-------+---- 5 564 569 10 763 773 

Total ____________-------- 95,018 175,521 270,539 106,114 186,393 292,507 
SSNS NSS SSSSNSUSEE 

“Estimate. 

Source: National Science Foundation. Federal Funds for Research, Development and Other Scientific Activities, Fiscal 
Years 1975, 1976, and 1977, v. XXV, Detailed Statistical Tables, Appendices C and D. NSF 76-315, July 1976, tables C-24, 
C-25, C-48, C-44, C-62, C-63. |
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Table 54.—Bureau of Mines obligations for | Table 55.—Bureau of Mines obligations 
mining and mineral research and for total research, by field of science 

a development | | (Thousand dollars) 
. - °° ‘(Thousand dollars) : ee 

er en 
. Fiscal Year 

.; Basic Devel- Field 1975 1976 TQ! e 

Fiscal year Applied re- op _ Total TQ 

—_— i —— Engineering 47,712 67,520 28,030 73 | . sciences _...~~-— ’ ’ ’ ’ 

oo 9 > ? , i mee ee ee ee ae ae 1, > ’ 

1975 22D TZT~~~SO*«é*OOTT.«C*«“‘i‘SBSSCASWVT17.—«101,629 Mathematical 885 14,780 470 1,880 
1976 _.___-- 72,500 800 58,000 131,300 sciences ____—_ 1,285 1,600 400 1,600 

T.Q.2 ____-- 24,300 200 20,300 44,800 Environmental . 

1977 ___.-_ | 18,900 800. 65,378 53,706 sciences __——_~ 2,030 2,400 600 2,400 
en PS SS SSS SSS 

. . TS 

. €Rstimate. | . Total ______ 52,912 73,300 24,500 79,700 

1Transition quarter, July 1-Sept. 30, 1976. a 
“Estimate. 

: 1Transition quarter, July 1-Sept. 30, 1976. | 

Table 56.—Summary of Government inventories of strategic and critical materials 

| December 31, 1976 | | | 

| | Acquisition cost Market value’ 

Total inventories in storage: “ 

National stockpile _._.__-__-----~---------------------- $2,479,153,000 $6,013,865,200 

Supplemental stockpile _..__.---------~---------------- 1,076,059,600 1,899,874,700 

Defense Production Act ______-_.------------------------ 297,095,800 246,683,900 

| Total _._________-____-------------------------- 3,852,308,400 8,160,423,800 
Total inventories reserved for goals 

and uncommitted excess inventories ___-_----~-~--------------- NA 6,410,079,700 

oo NA Not available , 

‘Market values are computed from prices at which similar materials are being traded; or in the absence of current 

trading, at an estimate of the price that would prevail in commercial markets. Prices used are unadjusted for normal 

premiums and discounts relating to contained qualities, or for inherent materials-handling allowances. Market values do 

. not necessarily reflect the amount that would be realized at time of sale. The uncommitted excess excludes the unshipped 

sales; the inventories in storage include quantities that have been sold but not shipped. 

Source: General Services Administration, Office of Preparedness. Stockpile Report to the Congress: Preliminary Data 

for the Statistical Supplement, October-March fiscal year 1977.
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Table 57.—U.S. Government stockpile disposal of mineral commodities, 1976 

Sales commitments 

Commodity ————— 

Quantity Sales value 

_ NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES . 
Aluminum __________.------~--~---~--------~- ~~~ --~-short tons__ 9,765 $7,950,713 
Aluminum oxide, fused, crude _ ___-._----~--~---~-~---------do___- 16,973 3,063,796 
Asbestos, amosite._.__§. _..~_______~_-~______- ido 192 66,112 
Asbestos, crocidolite ____.__.________________~______ ~__~____-do____ , 4 12,904 
Cadmium _____________-____-----~---------~----~~-~-pounds_-_ 125,000 241,999 
Cobalt________.__---__-_-_-------------------------d0___- 5,148,660 20,799,141 

- Columbium ores and concentrates. _..______-_---_--_--~~-_~~-do____ ~ 24,819 78,682 a 
Copper, oxygen free, high conductivity. ___._._._._._..__._.___--~-~short tons__ 500 700,000 
Copper, other ___________________~.___--__-___~~-_--~-do____ i 1.1 044,443 
Diamonds, industrial, bort ___.._.-~--------------------~- carats_- 2,542,923 5,540,158 . 
Diamonds, industrial, stone. __.________.__.__-_-_-_-------~-~ --do____ 1.576 6,108,154 
Lead __~~---_-__----_---~--------------------- short tons_- — 459 ~ 167,076 
Magnesium __________2_____-~---~ ee do 500 835,000 
Manganese, battery grade, natural ore____.______-____-~-~-short dry tons__ 123 6,150 

_ Manganese, battery grade; synthetic dioxide ______-_-_._____-.-.----do___- 645 231,127 
Manganese, chemical grade, type A__. - - .--_--_-_----------------do____ 1,000 65,250 
Manganese, chemical grade, type B_ _ . ____--------------------d0___- 6,000. 420,360 
Mica, muscovite film______-____..-__-._-.------.-.-----~-~—pounds__ 18,823 - 73,416 
Mica, muscovite splittings ._____._._._---.--------------~----d0o___- 1,186,078 1,188,006 
Mica, phlogopite block______.__-_-__-_-----------------------do__~-~ 19,112 13,001 
Mica, phlogopite splittings eee ee eee ee dL 357,975 203,943 , 

~ Molybdenum disulfide________-_-+----~-------------------do___- 130,151 1912,297 - 
Molybdenum, ferro. ___._____-------------~----~----------do___- __ 135,086 
Molybdenum oxide__________--------+------~-----------~-do___- __ 15,600 
Quartz crystals Wee eee ee 0 234,392 1,479,533 
Rare earths __-________-___-__-__-._-----.-_—~-~-short dry tons__ 55 26,125 
Selenium____________________~__ ee -~ — pounds_ _ 2,500 42,529 
Talc. 8 eee ~~~ -8hort tons__ 30 _ . 9,200 
Thorium nitrate ______________________-~~__--._-_--_-~~-pounds_ — _ 17,800 40,056 
Tin ~~~ e+ +--+ ----- - ~~ - ---~—-— long tons__ 3,586 26,282,833 - 
Tungsten ores and concentrates .._______--~----------+-~~-_---pounds__ 2,281,130 14,530,844 

% Total ______-_________ ue + _- 90,074,648 

DEFENSE PRODUCTION ACT (DPA) INVENTORY 
Cobalt_____________-__-_-__----------------~---~~---pounds__ 24,199 122,399 
Columbium ores and concentrate __________-~----_--------~--~-do____ 44,089 142,801 
Manganese, metallurgical grade________.___.---.------ short dry tons__ 42,660 912,855 
Mica, muscovite film___________------------------------pounds__ 991 . 4,645 

Tungsten ores and concentrate_ ___.____--.-----~-~-~--------- _do_ _ 1,427,277 ; 9,399,150 

Total _.._-_-__________-_ ~~ eee _- 10,581,850 
OTHER 

Lithium ______________________--___----------~--~~-~pounds_ 1,983,869 1,521,290 
Mercury ___________-------------------------------- flask_- 1,020 113,690 

Total _______________-_--~ +L +--+ _- 1,634,980 

Grand total ________________________-- ee _— 102,291,478 
A 

1Represents adjustments to prior year contracts. 

Source: General Services Administration, Federal Preparedness Agency. Stockpile Report to the Congress, January- 

June 1976; July-September, 1976; Preliminary data for the Statistical Supplement, October-March fiscal year 1977.



66 - MINERALS YEARBOOK, 1976 

Table 58.—United Nations indexes of world! mineral industry production 

(1970= 100) 
err 

Industry sector and geographical area 1974 1975 1976 —_1is by quarter 
Ist 2d 3d 4th 

EXTRACTIVE INDUSTRIES . 
. Metals: oe 

Market economy countries ________________ 104 98 101 98 101 102. 104 
Developed? _______________________ 100 94 96 92 98 98 "98 

United States and Canada ___________ 104 95 101 94 104 103 102 
Europe _______~__~~~__-_______ 106 100 98 101 102 90 98 

European Economic Community*® ____ 88 83 77 81 80 71 15 
European Free Trade Association* ___ 119 108 110 118 119 96 113 

Australia and New Zealand __________ 102 104 101 90 97 ~ 118 103 
Developing) ~________-_-____-__-._. Mm 103 109 109 106 109 ~=—s«118 

Latin America® ______-____________ 118 108 1146.—=—s- 118 109 113 122 
Asia? ___________ Le 95 96 99 97 99 98 102 

Centrally planned economy countries (Europe)® ___ 119 122 123 122 125 123 121 
Cont orid Me eee ee ee 108 103 106 104 107 107. 108 

Market economy countries ________________ 85 88 88 91 .. 88 81 92 
Developed? _______________________ 83 85 85 88 86. 78 89. 

| United States and Canada .~__________ 102 112 ).~«#114 114 118 106 119 
Europe ~_-___~_____~_~__~________ 76 TT 76 80 75 68 80 

European Economic Community*® ____ 14 14 492 UW 12 64 16 
: European Free Trade Association* ___ 97 90 91 96 88 . 89 92 

Australia and New Zealand __________ 132 131 145. = 134 150 145 151 
Developing®s ______________________ 113 122 124 134 121 117 124 

Latin America® ___________.______ 118 117 114 NA NA NA NA 
Asia? ___________________~__-- 112 125 131 146 126 124 128 

Centrally p!anned economy countries (Europe)® ___ 110 114 116 115 117 116 117 
World __________-__~___~_____u____-e 96 99 100 102. 101 96 103 

Crude petroleum and natural gas: 
Market economy countries ________________ 122 116 125 122 120 125 132 

Developed? _______________________ 112 114 114 117 111 110 #=§©6121 
United States and Canada _______.___ 103 106 104 104 102 103 107 
Europe ________~____________-__ 158 159 178 204 157 138 213 

European Economic Community® ____ 164 166 187 216 164 142 227 
. European Free Trade Association* ___ NA NA NA NA NA NA NA ‘ 

Australia and New Zealand ________.__ NA NA NA NA. NA NA NA 
Developing? ~-____________________ 129 117 132 126 126 135 140 

. . Latin America® ___________________ _ 100 94 94 99 93 97 89 
. Asia? ~_-_ = Le 100 94 94 99 93 97 89 

- Centrally planned economy countries (Europe)® _ _ _ 130 140 148 141 140 142 136 
. World _--________ ee 124 121 130 128 126 130 | 135 
Total extractive industry: 

Market economy countries ______________ -_ 112 107 114 111 111 113 119 
Developed? _______________________ 104 102 , 104 104 103 102 109 

United States and Canada __________-_ 104 105 106 105 105 103 106 
_ Europe __________-~__~_~_--__-- 99 95 98 103 96 ~ 90 104 

| European Economic Community® ____ 97 93 96 102 93 86. 102 
European Free Trade Association* ___ 111 104 106 109 110 96 107 

Australia and New Zealand ________~~_ 144 142 144 134 143 150 148 
-  Developings ~_____________________ 125 114 127 122 122 129 134 

, Latin America® ________________-_ 108 102 104 107 101 104 102 
Asia? ____ 148 134 152 145 144 155 166 

Centrally planned economy countries (Europe)® ___ 124 132 138 136 139 139 136 
World ________________________- 116 115 121 118 119 121 124 

PROCESSING INDUSTRIES 
Base metals: 

Market economy countries ________-______~ 120 102 111 107 116 Y10 112 
Developed? _______________________ 118 99 107 104 112 105 107 

United States and Canada __________~_ 115 92 101 99 109 100 94 
Europe __________.~____________ 117 99 107 106 111 101 111 

European Economic Community? ____ 112 93 101 101 104 96 104 
European Free Trade Association* ___ 116 101 104 101 107 95 112 

Australia and New Zealand __________ 111 109 109 109 114 111 102 
Developing?) ______________________ 186 142 159 141 161 167 167 

Latin America® ______-§____________ 145 148 161 139 164 171 169 
Asia? ~__ 121 135 164 150 161 172 174 

Centrally planned economy countries (Europe)? ___ 126 135 146 149 148 145 143 
World __._______-__-~-~~-_~-__-__-_ 121 112 121 119 125 120 121 

See footnotes at end of table.
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Table 58.—United Nations indexes of world: mineral industry production —Continued 

. {1970=100).: 

i 
: —— - 1976 by quarter : 

Industry sector and aphical area 1974 1975 06 —————— 

MEITY sector Bn BeoerePee " ist 2d Sd 4th 

PROCESSING INDUSTRIES —Continued 

Nonmetallic mineral products: . 
Market economy countries ~________-~----- 121 114 124 113 127 126 128 

Developed? Woe eee (O88 109 118 108 122 120 123 

United States and Canada _______--~-~-- 120 110 124 =112 126 129 127 

Europe ___________------------ 118 109 116 106 122 114 120 

. European Economic Community® __._ 116 106 118 104 119 110 118 

European Free Trade Association* ___ 119 101 102 93 107 98 110 
Australia and New Zealand __~_-——---~- 114 116 126 110 128 132 134 

Developing? ________..------~-~----- 139 146 158 147 ~——:161 168 158 

Latin America® ________-_-------- 148 151 165 £155 166 178 162 

Asia? __________ 135 141 152 138 157 156 . 156 

Centrally planned economy countries (Europe)® _ __ 135 144 152 150 156 153 150 

World _____________-_-~----------+-~-- 126 126 135 128 138 137 137 

Chemicals, petroleum, and coal products: , oo, 

Market economy countries _.—___~--------- 130 123 138 134 138 137 143 

Developed? __________------------- 129 121 137 133 138 135 141 

United States and Canada _____~_-~-- 128 125 143 138 154 144 147 

| Europe ___-_-_------~---------- 131 117 132 131 134 126 136 

European Economic Community? __.__ 128 113 128 128 131 123 131 

European Free Trade Association* __. 128 116 127 =&«124. 8 181 117 135 

: Australia and New Zealand ___~-~---- 124 116 127 . 117 - = «128 131 132 

Developings _____------~~--~-~------ 137 136 146 139 144 150 152 

Latin America® ________.-__------ 144 143 154 NA ©. NA NA NA 

- Asia? _____-_______________---~ 125. = 122 130 126 125 133 138 

Centrally planned economy countries (Europe)® ___ 146 | 161 175 ~-—s«d178 178 176 172 

World ______i.____-_------------~---- 1384.°- +1382 146 143 147 146 -~ 150 

_ OVERALL INDUSTRIAL PRODUCTION 
Market economy countries _______----------- 121 115 125 122 . 126 123 130. 

Developed? ____..__--------------- 119 112 122 119 122 119 126 

United States and Canada _____-_----- 119 112 124 120 2~—S «125 124 125 

Europe ___-____---~------=----- 118 111 119 118 120. 110 127 \ 

European Economic Community® __.. 115 108 116 116 2=—ss«7 107 124 | 

- European Free Trade Association* ___ 119 112 118 112 116 102 123 

Australia and New Zealand ~~ ~_--—---- 11460—Sssd117— 122 114 122 126 124 

Developing® ______-__-------------- 135 136 148 139 1446 ~—-«O«W2 1 155 

Latin America® _____-__---~-~-~---- 141 144 154 NA NA NA #£NA 

Asia? ______________-----_---- 139 140 157 149 152 158 168 

Centrally planned economy countries (Europe)® __. 140. 152 164 161 165 164 164 

World ______1._----_---------------- 126 125 136 182. 137 134 140 

nn STORED coe 

NA Not available. 
1fxcludes Albania, the People’s Republic of China, Mongolia, North Korea, and Vietnam. 

- Canada, the United States, all countries of Europe (except those listed in footnotes 1 and 8), the Republic of South 

Africa, Israel, Japan, Australia, and New Zealand. 

3Belgium, Denmark, France, West Germany, Ireland, Italy, Luxembourg, the Netherlands, and the United Kingdom. 

4Austria, Norway, Portugal, Sweden, and Switzerland. 

_ . SCountries not indicated in the footnotes 1, 2, and 8. 

SCorresponds to the United Nations classifications “Carribean, Central and South America.” . 

7Corresponds to the United Nations classifications “Asia, excluding Israel and Japan.” 

SBulgaria, Czechoslovakia, East Germany, Hungary, Poland, Romania, and the U.S.S.R. 

Source: United Nations Monthly Bulletin of Statistics. August 1977, pp. xiv-xxvii. . 

{
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Table 59.—Comparisons of world production and U.S. production and imports of _ 
principal minerals and mineral fuels in 1976 

(Thousand short tons, unless otherwise specified) 
——$ 

. Percent of world production 

. . . World : / Total US. 
| Commodity and unit production? US. _US. production 

production imports __andimports 
1975 1976 RRR nn 

SSeS SS SS SS SS sss SS 

METALLIC ORES AND CONCENTRATES 
Bauxite_____-._ _ thousand long tons__ 716,337 2.6 116.5 18.1 19.1 
Chromite ________~_____________ 9,492 _— 13.4 13.8 13.4 
Copper (content of ore and concentrate) __ 8,213 19.6 6.5 2246 26.1 
Iron ore____.~-—~ thousand long tons__ 881,028 9.1 5.0 13.9 14.1 
Lead (content of ore and concentrate) _ — _ _ 3,701 16.5 - 2.4 17.8 18.9 
Mercury __- thousand 76-pound flasks_ _ 244 9.4 18.0 20.3 27.4 
Molybdenum (content of ore and 

concentrate)? _ ____ thousand pounds__ 191,287 «69.2 1.0 61.6 60.2 
Nickel (content of ore and concentrate) _ _ _ 886 18 21.2 20.5 | - 23.0 
Platinum-group (Pt. Pd, etc.) 

thousand troy ounces__ 5,992 Al. — 445. 32.2 44.6 
. Silver... __u___ do____ 304,899 11.3 29.0 42.1 40.3 

Titanium concentrates: 
Ilmenite (excluding slag) ________ 3,512 18.6 43 26.1 23.4 
Rutiles _-. =~ = = 47] WwW 599 = NA NA 

Tungsten (content of ore and concentrate) oo 
thousand pounds_ _ 91,845 6.3 5.8 . 14.4 12.1 | 

Zinc (content of ore and concentrate) ____ 6,462 7.5 2.4 14.0 9.9 
METALS, SMELTER BASIS 

_ Aluminum ___ ~~~ 13,774 30.9 5.4 ' 33.2 36.3 
Copper _______- ee 8,164 17.9 | 5.7 20.5 22.6 
Iron, pig _.___________________ 549,298 15.8 1 15.2 15.9 
Lead ~~ ~~ Le 3,788 15.0 3.7 17.2 18.7 
Magnesium ___________________ 148 — Ww 10.1 NA NA 

. Steelraw ~.~__________________ 748,492 17.1 1.7 18.1 18.8 
Tin __.__.__~— thousand metric tons__ 229 2.5 19.7 - . 22.0 22.3 . 
Uranium oxide*_________ short tons__ 30,100 42.2 18.4 48.1 60.6 
Zine _.-. ~~~ ~~~ ee 5,978 6.4 11.6 12.2 18.0 

NONMETALS So 
Asbestos ___-_.-_~_~____ Le 5,566 2.1 11.8 ~ 14.0 13.9 
Cement ____-__________________ 811,502 9.0 4 9.3 9.4 
Diamond _ __.__——— thousand carats. _ 39,726 — 56.9 459 56.9 
Feldspar,crude ______.___________ 2,850 26.0 (°) 23.2 26.0 
Fluorspar, marketable _____________ 4,889 ' 38 18.3 23.7 22.1 
Gypsum ________ 66,231 18.1 9.4 24.2 27.5 
Mica (including scrap) _ thousand pounds. _ 471,082 58.5 11 52.7 646 
Nitrogen, agriculturalS ~_.-§________ 48,366 28.7 2.9 31.9 — 31.6 
Phosphate rock ~________________ 117,898 41.5 (*) — 41.5 . 41.5 
Potash (K20 equivalent) _...________ 26,876 8.9 17.1 23.0 - 26.0 
Salt? _..__-_-____ 183,252 24.0 2.2 25.3 26.2 
Sulfur___..._. _ thousand long tons__ 50,070 21.4 3.4 26.2 24.8 

MINERAL ENERGY RESOURCES 
Crude petroleum _ _ ~~ thousand barrels_ _ 21,187,147 14.0 12.6 27.0 26.6 
Natural gas, marketed million cubic feet_ _ 49,352,023 40.4 2.0 44.4 42.4 
Bituminous coal and lignite __________ 3,515,048 19.3 (*) 19.0 19.3 
Anthracite ____._.~~.~-_~_________ 196,769 —  B.2 _- 3.2 3.2 
ee 

PPreliminary. NA Not.available. W Withheld to avoid disclosing individual company confidential data. 
1Includes imports into U.S. Virgin Islands. 
2World total exclusive of Bulgaria and China. 
SWorld total exclusive of the United States. . 
“World total exclusive of Brazil, Czechoslovakia, Finland, East Germany, West Germany, Hungary, India, Israel, 

Japan, the People’s Republic of China, and the U.S.S.R. 
For year ending June 30 of year stated. 

®Less than 1/2 unit. 
7Includes Puerto Rico.
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Table 60.—Value of world export trade in major mineral commodity groups! 
(Million U.S. dollars) 

~~ 
eee 

. Commodity group 19717 1972" 1973 - 1974" 1975 

Metals: 
All ores, concentrates, scrap -.____________ 7,231 7,762 11,017 15,683 14,685 Iron and steel __-_- = == 17,705 20,102 28,455 46,435 45,831 Nonferrous metals ____________________ 10,489 11,862 17,284 25,221 18,243 FOO 

Subtotal _._-_____- == 35,425 39,726 56,756 87,339 78,759 Nonmetals (crude only) _-.__-_______________ 2,743 3,197 3,840 5,856 6,257 Mineral fuels _-_____________________ > 36,153 42,104 63,565. 168,104 168,560 ON 
. Total _-_____~__ 74,321 85,027 124,161 261,299 253,576 , All commodities _-§._-9_9_~__~_ = 346,271 413,837 574,093 833,290 872,528 eee eS 

"Revised. . 
1Data presented are for selected major commodity groups of the Standard International Trade Classification—Revised (SITC-R), and as such exclude some mineral commodities classified in that data array together with other (nonmetal) commodities. SITC-R categories, included are as follows: Ores, concentrates, and scrap SITe Division 28; iron and steel— SITC Division 67; nonferrous metals—SITC Division 68; nonmetals (crude only)—S Division 27; mineral fuels—SITC Division 3. Major items not included are the metals, metalloids, and metal oxides of SITC Division 52: mineral tar and crude chemicals from coal, petroleum and natural gas of SITC Division 52; manufactured fertilizers of SITC Division 56; 

and nonmetallic mineral manufactures of SITC Divisions 661,662, 663, and 667. Data includes special category exports, 
ship’s stores and bunkers and other exports of minor importance, and excludes the inter-trade of the centrally planned 
economies of Asia and trade between West Germany and East Germany. 

Source: United Nations Monthly Bulletin of Statistics. V. 31, No. 5, May 1977, pp. xxviii-lii. 

| Table 61.—Mineral commodity export price indexes | 
. (1970 = 100) a 

: Year and quarter | Metal Fuels . All crude - 
i 

1974_--_- 175 577 473 
1975 -- eee Le 206 588 494 

1976: | 
First quarter _________~ ~~~ Le 199 628 517 
Second quarter Hee ee ee ee ek 218 610 506 
Third quarter _______________ ~~~ ee 213 610 508 

| Fourth quarter ______.~_____--__--~___ ee NA - NA 511 

| Annual average _____._-__--_-------.-___.___.___. NA NA 510 

"Revised. NA Not available. | 

Sources: United Nations Monthly Bulletin of Statistics, New York, December 1976 and October 1977. 

| Table 62.—Analysis of export price indexes 
(1970 = 100) 

Developed areas Developing areas 

Year and quarter Total Nonferrous Total Nonferrous 
minerals base metals minerals base metals . nS 

1974 _______ eee 274 149 555 160 
1976 _-.________-------~~_ 301 125 571 109 

ee ——————————N@@RaNaanana==_noo 

ae 299 126 605 108 irst rter_ = 
Second quarter ~ eee 299 138 590 127 
Third quarter ___________-____-____-~- 301 145 591 134 
Fourth quarter ____________-__-_____- NA NA NA NA 

Annual average ___~~______-~_----__~ NA NA NA NA 
anne 

NA Not available. 

Source: United Nations Monthly Bulletin of Statistics, New York, December 1976, pp. xxv-xxvi.
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Mining ing Tres ing and Quarrying Trends 
inthe Metaland Nonmetal  —s_| 

Industries | ustries - 

By T. A. Johnson! | | Oo 

Recovering from low demand in 1975, raw buted toward the use of raise-boring for 
mineral production in the United States constructing mine ventilation shafts. Long- . 
maintained a steady climb in value and _ er cutter life has also advanced this meth- 
quantity throughout 1976, keeping pace od; often 3,000 to 5,000 feet of boring can be 
with the gross national product (GNP), completed before cutters must be re- 
which increased 11.5% compared with that placed. The trend in boring is toward larger 
of 1975. The minerals industry, in the past, diameters, with 15-foot diameter shafts 
has met ever-increasing. demand while being the next size in certain rock form- 
keeping production costs toa minimum. To ations. The largest and longest raise bored, 
maintain this capability, technological ree to date, is the 2,300-foot-long, 12-foot- 
search and development of more efficient diameter shaft at the Cargill salt mine in 
processing methods must continue. New York State. oe | 

The role of Government and its increas- Roof control in underground mining re- | 
ing involvement in minerals industry mains a problem, owing to the increased 
actions received unfavorable comment from depth of mines. The Bureau of Mines, in 

various segments of the industry in 1976. cooperation with the mining industry, has 
- Government pricing controls were of con- researched methods to monitor and predict 

cern to most industrial firms marketing like roof falls. Utilizing a computer, the Bureau 
products. Public land withdrawals in large constructed and installed an instrumen- 
blocks were of concern to the mineral in- tation system whereby up to 400 under- 
dustry. os - ground locations were monitored simultane- 

The large amounts of capital and the ously. The computer automatically plotted 
length of time required to bring a new load, deformation, stresses, and closures as 

facility into production were also of con- desired. Additional support was installed in 
cern. For the latter, estimates from concep- suspected unsafe locations. | | 
tion to realization were as much as 15 years. §_ Research and development of more effi- 

Capital outlay for the mineral industry in cient underground drilling equipment con- 

the past few years has increased from $25- tinued. Interest in the all-hydraulic drill, 
$30 to $75-$90 per ton of output. — which has only one moving part and pro- 

In underground mining, raise- and shaft- vides the capability for drilling larger diam- 

boring methods have been perfected and eter holes, has increased. The percussive 
1,000-foot borings are common. Because drills presently used are limited to 2 to 2 
Federal regulations require better air qual- 1/2-inch-diameter holes, because larger 
ity, mine operators throughout the United holes would require much bulkier mac- 

States are engaged in improving mine ven- hines, commensurately larger rods, and 
tilation systems. The safer and more rapid greater compressor capacity. In addition, 

completion of 7-foot-diameter shafts at low- research was being directed toward radical- 

er costs, compared with the more conven- ~—————-__. | | 

tional, shaft-sinking methods, have contri- ‘Mining engineer, Division of Ferrous Metals. _ 

mo | 71
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ly different drilling techniques, such as_ overall weight and the fact that the bucket 
laser-assisted drilling and high-pressure, may be loaded by rotation rather than by 
jet-assisted mechanical drilling. In the for- being drawn through the bank. The bucket- 
mer, the laser beam performs the “kerfing’” wheel excavator, in conjunction with a con- _ 
at the same time as the conventional drill veyor system is finding favor where mate- | 
bit cuts the hole gauge. In the latter, the rial to be stripped is relatively soft and 
high-pressure water jet is placed slightly needs to be transported long distances. Use 

| ahead of the rotary bit to increase the of bucket-wheel excavators for reclaiming 
penetration rate. stockpiled material such as iron ore is also 

Advances in blasting technology were increasing. However, where flexibility is 
| oriented toward pattern selection rather needed, truck transport is still the preferred 

, than explosive development. The trend at method. 

present is also toward higher benches, larg- —_In the processing sector, computer control 
er diameter holes, and delay blasting. Met- is becoming more common. Advantages 

allized slurries, however, will increasingly cited include better recoveries, increased _ 
be used in underground blasting in the throughput, and improved grade. Use of 

| future because of higher blasting efficiency. gytogenous grinding and high-intensity 

The mining industry has continued to magnetic separation is increasing. Plant _ 
adopt new methods for underground load- gosign trends for processing equipment are 

ing and haulage, as evidenced by the in- toward larger machines owing to reduced __ 
| creaaing out of track ess pause ae ihe total capital outlays for equipment, foun- 

evelopment of conveyor ology. ati, “1a: + . 
| estimated that 6,000 to 6,000 diesel load dations, buildings, Piping, and instrament 

- haul-dump (LHD) units are presently inuse = ‘The Bureau of Mines continued its pilot 
in the hard-rock sector. These units are jont research of Western Mesabi Range 

| characterized by their high productivity, nonmagnetic taconites, using processes 
| flexibility, and low initial cost. The design : . . a . 

a trends for the LHD’s are toward lower such as reduction roasting, high-intensity 
| ee ee am 4 ee 4, magnetic separation, selective flocculation, 

profiles, power som pans eons a desliming, and cationic flotation. From a 

vironmental constraints have led to the 84% iron feed, a concentrate containing 
| devel nt of effective exhaust 63% iron, and less than 5.5% silica was 

See cdacteicalle cared arite oduced with an iron recovery of about tems and electrically powered units. | Produc | . eg 
Environmental constraints have influ. /5%. The results obtained indicate that 

enced the search for future uses of mined these taconites may be a future source of 
oe | | iron ore on the Mesabi Range. Investi- out areas. One such area has been convert- . oo . 
ed into an industrial park with warehouses, gations by the Bureau of Mines were also 

: factories, and offices. In the past, mined out COmtinuing on the use of various coals as_ 
7 areas have been used for oil and water substitutes for gas or oil for pellet indura- 

storage and as nurseries for seed- ‘On. a a . 
ling pine trees. Often, possible future uses Mineral processing will be faced with 
for the mined space are taken into consider- 8reater restraints on water pollution and 
ation in the planning stages of mine design. 0i8e pollution in the future. Many plants 

Storage and waste disposal areas are of are instal ing water treatment facilities. To 
primary interest. comply wi e maximum daily no 
Companies engaged in surface mining sion levels as recommended by the US. 

and processing are experimenting with new Mining Enforcement and Safety Adminis- 
methods for increased and more efficient tration, rubber liners in grinding mills and 
production. Computer systems for the eval- rubber screen cloths on screens will be used. 
uation of deposits and the design of open im addition gums and mined out areas ier 

its are being used by an increasing number reclaimed for industrial or residentl 
of companies. Equipment changes in open development. . 
pit mining have not been drastic, although § Magnitude of the Mining Industry.—The 
most taconite companies have changed from number or metal ave nonmetal mines in- 
jet-piercers to large ro drills for blast- cre om 15, in , in 

holes. For haulage, the overage operation 1976; of the 265 additional mines, 15, were 
utilizes 50- to 170-ton trucks. In the smaller metal and 250 were nonmetal. 
open pit operations, the trend is toward the In 1976, the number of mines that pro- 
use of front-end-loaders rather than power duced more than 10 million tons of crude 
shovels. Where shovels are used, the shift is ore totaled 25, the same as in 1975. The 
to hydraulic machines. The main advan- increase of one mine in the metal mines 
tages of the hydraulic shovels are lower category was offset by the decrease by one
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in the number of nonmetal mines. The crude ore comprised 62%. In 1976, materials 
principal commodities produced in these handled increased 120 million tons for met- 
mines were copper (10 mines), and gold (5), al and 100 million tons for nonmetal mines, 
phosphate rock (5), and sand and gravel (2). . compared with those of 1975. The largest 

Crude ore output in 1976 totaled 2.7 increase in metals occurred in uranium 
billion tons, an increase of 5% compared mining; in nonmetal mining, the larg- 
with that of 1975. Total material handled est increase was in sand and gravel. 

, was 4.4 billion tons, an increase of 5% The amount of waste handled in 1976 
compared with that of 1975. totaled 1,660 million tons, a 6% increase 

oa - Output of crude ore from the 25 leading compared with that of 1975. This compares 
metal mines totaled 437 million short tons, with 1,011 million tons of waste handled in 
an increase of 8.4% compared with that of 1966 and 1,410 million tons handled in 1970. 
1975. Output of crude ore from the 25 — Crude ore output at metal mines increas- 
leading nonmetal mines totaled 200 million ed 6% in 1976 over that of 1975; in nonmet- 
short tons, a decrease of 5.7% compared al mines crude ore output increased 5%. 
with that of 1975. Copper, iron ore, uranium, and titanium 

The Minntac iron ore mine of the United mines accounted for 89% of the crude ore 
_ States Steel Corp., the Erie Commercial produced and 93% of the total material 

iron ore mine of Pickands Mather & Co., handled in metal mining. Phosphate rock, 
and the Sierrita copper mine of Duval sand and gravel, and crushed stone oper- — 
Sierrita Corp. headed the list of metal ations accounted for 94% of the erude ore 
mines in output of crude ore. Three phos- produced and 92% of the total materials 
phate mines—Swift Creek mine of the Occi- handled in the nonmetals sector. 
dental Chemical Corp. and the Kingsford In 1976, more than 10 million tons of 
and Noralyn mines of the International material was handled in each of 10 States, 
Minerals & Chemical Corp.—were thelead- compared with 11 States in 1975. Arizona 
ing producers of crude nonmetal ore. was the leading State followed by Florida 

| The Utah Copper mine of Kennecott Cop- and Minnesota. These three States handled 
per Corp. regained its position as the lead- 31% of the US. total, and were also the 
ing metal mine in total material handled, leaders in total crude ore produced. 
followed by the Tyrone mine of Phelps Value of Principal Mineral Products.— 
Dodge Corp. The Kingsford and Noralyn The values shown in table 4 represent crude | 

| phosphate mines, both owned by Interna- ore treated or, in the case of some nonmet- 
tional Minerals & Chemical Corp., were the als, crude ore shipped. a 
leading nonmetal mines in total material § The average value for all commodities | 
handled. a increased 8% compared with that of 1975. 

The 25 leading metal mines handled a Of the metal commodities, approximately 

total of 1,263 million short tons of material 55% showed an increase in value and the 

in 1976, an increase of 3.5% over that of average value increased 11%. The metal 

1975. The 25 leading nonmetal mines han- commodities showing the greatest increases 

dled a total of 432 million short tons of were mercury, gold, bauxite, and uranium 

material in 1976, an increase of 6.8% over with silver showing the greatest decrease. 

that of 1975. | For the nonmetal commodities, 78% showed 
In metal mining, copper mines (14) and an increase in average value. The overall 

iron ore mines (9) made up the majority of average value of the nonmetals increased 

the 25 leading producers of crude ore, while 5% compared with that of 1975. Among the 

phosphate rock (14) and stone (9) operations nonmetals, mica, barite, and feldspar show- 

comprised the majority of the 25 largest ed the largest increases in average value, 

nonmetal crude ore producers. Copper with diatomite showing the largest de- 

mines (14), iron ore mines (5), and uranium crease. 
mines (4), comprised the majority of the 25 Byproducts were responsible for increas- 

leading metal mines in terms of material ing the average value of all but three of the 

handled. Phosphate (18) and stone (4) made metal mine products and all but eight of the 

up the majority of the 25 leading nonmetal nonmetal products, as shown in table 4. The 

mines in total material handled. largest additions to average values by by- 

Crude ore production of 21 States came products occurred in ores of lead (36%), 

entirely from surface mines. bauxite (57%), silver (19%), zinc (18%), 

Materials Handled.—The U.S. mineral- feldspar (37%), fluorspar (14%), and salt 

producing industry, excluding fuels, han- (16%). 

dled 4.4 billion tons of crude ore and waste In the metal commodities, byproduct val- 

in 1976, an increase of 5% compared with ues accounted for 17% of the total for” 

that of 1975. Of the total material handled, underground mines while in the surface
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mines they accounted for 6% of the average exploration work decreased 44% while 
value. In the nonmetal minerals, bypro- nonmetal exploration work increased 57%. 
ducts from both surface and underground Metal mining accounted for 65% of the 

a mining contributed about 1% to the average development footage and 94% of the explor- 
value. | ation footage. The major portion of the 

- Excluding stone and sand and gravel, metals development footage was in ura- 
average value for nonmetals was 7% higher nium, copper, and zinc, accounting for 71% 
in 1976 than in 1975, and, for metals and of the total metals development footage. 
nonmetals combined, the average value was The majority of the nonmetals footage was | 
10% higher. «in phosphate rock and fluorspar ores. 

Ratio of Treated to Marketable Exploration drilling and trenching for 
Product.—The number of tons of crude ore uranium, gold, and copper accounted for 
treated to obtain a unit of marketable 90% of the metals exploration footage. Dril- 
product in the metals, varied from a high of ling and trenching for phosphate rock and 
737 for uranium ‘to a low of 0.2 for silver. fluorspar accounted for 72% of the total | 
For most nonmetals, the ratio is generally nonmetals exploration footage. 
1:1. As the higher grade ores approach South Dakota, Wyoming, New Mexico, 
depletion, the ratio increases. When mining and Colorado all had over 1 million feet of 
by underground methods, it is essential to combined development and exploration 

_ keep the ratio as low as possible to maintain activity during 1976. Of the total combined 
minimum costs. In surface mining, the low- footage of 14.5 million feet, the percentages 
est possible ratio is also desirable; how- were: South Dakota, 24%; Wyoming, 20%; 
ever, it is not usually as critical as in New Mexico, 18%; and Colorado 11%. Utah, 
underground mining, because labor costs, Missouri, and Montana also had consider- 
material-handling costs, and production able exploration and development footage. 
costs escalate much more rapidly in under- Of the 2.58 million short tons of develop- 
ground mining than in surface mining. ment material produced, 95% came from 

- Comparison of Production From Sur-_ stripping. Of this total, Wyoming (40%), 
face and Underground Mines.—As in pre- New Mexico (22%), and Texas (18%) ac- 
vious years, there was little change in the counted-for most of the material handled. 
percentages of crude ore mined and total Stripping to uncover uranium, copper, and 
material handled by surface and under- iron ore produced most of the metals de- 
ground mines. In 1976, surface mines velopment material; while phosphate rock 
accounted for 94% of the crude ore produc- and gypsum accounted for most of the 
ed and 96% of the total material handled, nonmetallic minerals tonnage. Wyoming 
the same as in 1975. Crude ore production had the most footage for drifting, cross- 
and total material handled at surface metal cutting, and tunneling development, and | 
mines in 1967 accounted for 83% and 983% Utah had the most raising, and shaft- and 

of the respective aggregate totals; in 1976, winze-sinking development footage. 
they accounted for 89% of the total crude Explosives.—Continuing the trend of re- 
ore produced and 95% of the total material cent years, the apparent U.S. consumption 
handled. | of industrial explosives in 1976 increased 

Crude iron ore (25%) and copper ore 7% compared with that of 1975 to a total of 
(51%) accounted for more than 75% of the 3,329 million pounds. Coal mining consum- 
crude ore produced and total material ed 54% of the total industrial explosives 
handled by metal mines in 1976. and blasting agents; metal mining and 

In the nonmetals sector, surface mines quarrying each consumed 15%. The remain- 
accounted for 96% of the crude ore produc- ing 16% was consumed in construction and 
ed and 96% of the total material handled. exploration. 
Phosphate rock (17%), sand and gravel Coal mining continued to be the leading 
(36%), and crushed and broken stone (39%), consumer of permissible explosives (97% of 
accounted for more than 90% of all crude the total), cylindrically packaged blasting 
ore produced and material handled in 1976. agents (80%), and other processed blasting 

Crude ore production of 10 metals and 22 agents and unprocessed ammonium nitrate 
nonmetals came entirely from surface (72%). As in previous years, the leading 
mines. Underground mines accounted for consumer of high explosives was quarrying 
all production of primary lead, potassium (53%), and the leading consumer of water 
salts, and sodium carbonate. gels and slurries was metal mining (66%). 

Exploration and Development.— Of the 2.78 million pounds of explosives 
Development footage increased 14% while consumed by the minerals industry, coal 
exploration footage decreased 41% in 1976, mining consumed 65%; metal and nonmetal 
compared with that of 1975. Metal mine mining consumed 17%, and quarrying,
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18%. Each type of mining increased its explosives used in quarrying. 
usage of explosives. The leading consumers More detailed explosives information 
of explosives in coal mining by State contin- may be found in the Annual Explosive issue 
ued to be Kentucky, Pennsylvania, and of Mineral Industry Surveys, prepared by 
Alabama, accounting for 57% of the total. the Division of Nonmetallic Minerals, Mine- : 
Arizona and Minnesota were the leaders in rals Supply/Demand Analysis, Bureau of 
metal mining (53%), and Pennsylvania, Illi- Mines. a 
nois, and Ohio accounted for 22% of the 

Table 1 .—Material handled at surface and underground mines in the 
United States, by type 

. (Million short tons) | 

. . . Surface Underground _ All mines? 

Typeandyear "Crude 7 Crude y | 1 le. 1 Crude ore Waste Total ore Waste Total ore Waste — Total 

Metals: . - 
: 1960 ______ 336 508 =. 844 86 8 94 421 —s_- 516 938 : 

1961 ______ 340 415 155 83 7 91 428 . 422 846 
1962 ______ 346 434 ——- 780 76 7 88 $$ 422 . 441 863 
1968 ______ 354 463 817 76 7 83 430 470: 900 : 
1964 _-____ 876 455 830 83 7 90 458° 462 920 

| 1965 ______ 390 505 895 87 6 94 477 511 989 
1966 ____ 412... 684 ~—~—s-:1,050 | 88 7 = 95 500 641. 1,140 
1967 ______ . 858 619 972 74 7 81 427 626 —‘1,050 | 

| 1968 _..___ - 402 717. = 1,120 79 »°§=-:18 92 ‘481 730 = ~—«:1,210 
1969 __ 455 941 —-1,400 85 13 98 540 954 1,490 
1970 ______ 499 968 1,470 87 7 94 586 975 1,560 
1971 ______ 480 1,020 1,500 80 6 86 560 1,020 1,580 oo 
1972 ______ 491 1,080 1,570 86 5 91 576 «1,080 ~—- 1,660 
1978 ______ 574 1,280 1,860 82 9 91 655 1,290 1,950 
1974 ______ 547 1,210 1,760 80, ll 91 627 1,220 1,850 
1975 ______ 535 1,170 1,700 4 18 87 609 1,180 1,790 
1976 ______ 573 —.:1,250 1,820 73 15 87 646 1,260 1,910 | 

Nonmetals: no 
1960 ______ 1,550 236 1,790 57 1 58 1,610 236 —s- 1,850 

| 1961 ______ _1,590 188 1,780 65 1 66 1660 190 1,850 
1962 ______ 1,590 . 224 1,810 62 1 63 1,650 225 —«:1,880 
1968 _.__--- 1,640 261 1,900 67 . 2 69° 1,710 268 1,970 | 
1964 _..__. 1,740 277 2,010 69. 71 . 1,800 279 ~~ 2,080 | 
1965 ______ 1,850 ° 296 2,140 78 3 81 1930 299 2,220 

, 1966 ______ 1,930 368 2,300 77 2 79 2,010 370 . 2,380 
1967 ______ 1,910 399 2,310. 73 3 81 1,990 402 2,390 
1968 ______ 1,870 413 2,280 18 3 81 1,950 416 2,360 | 
1969 ______ 2,000 . 375 . -2,3880 = 80 2 . 82 2,080 377 —-2,460 
1970 _____- 2010 ~ 431 2440. . 80 4. 8. 2,090 435. 2,580 
1971 ~_____ 1,980 449 2,420 73 28605 78 2050 $447 2,500 
1972 ______ 2,020 415 2,430 77 5 82 2,100 420° 2,520 
1973 _____- 2,240 418 2,650 82 1. 83 2,320 419 2,740 
1974 ______ 2,220 418 2,640 82 5 87 2,300 423 2,720 | 
1975 ______ 1,910 372 2,290 79 6 84 1,990 378 —-2,870 
1976 ______ 2,000 393 2,390 80 6 86 2,080 . 399 2,480 

Total metals and 
nonmetals:* 

1960 _____- 1890  . 744 2,630 143 9 152. ~—«-2,080 753 2,780 
1961 _____- 1,930 603 2,540 148 9 156 2,080 612 2,690 
1962 _____- 1,940 658 2,590 138 8 146 2,070 666 2,740 
1968 ______ 1,990 724 2,720 142 9 152 2,140 734 2,870 
1964 ______ 2,110 731 2,840 152 9 161 2,260 740 3,000 
1965 _____- 2,240 801 3,040 165 9 175 2,400 810 3,210 
1966 _____- 2,340 1,000 3,340 165 9 174 2,510 1,010 3,520 
1967 _____- 2,260 1,020 3,280 152 10 162 2,410 1,080 3,440 
1968 ______ 2,270 1,130 3,400 157 16 173 2,430 1,150 3,580 
1969 _____- 2,460 1,820 3,770 165 15 180. 2,620 1,330 3,950 
1970 _-____ __ 2,510 1,400 3,910 167 11 178 2,680 1,410 4,090 
1971 _.___- 2,460 1,460 3,920 153 11 164 2,610 1,470 4,080 
1972 ______ 2,500 1,500 4,000 163 10 178 2,670 1,510 4,180 
1973 ______ 2,810 1,700 4510 ‘168 11 174 2,970 1,710 4,680 
1974 ______ 2,760 1,630 4,390 162 16 178 2,930 1,650 4,570 
1975 ______ 2,450 1,540 3,990 153 18 171 2,600 1,560 4,160 
1976 ______ 2,570 1,640 4,210 153 21 174 2,720 1,660 4,390 
er 

1Data may not add to totals shown because of independent rounding.
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Table 5.—Crude ore and total material handled at surface and underground mines 
in 1976, by commodity 

(Percent) 

ee 
Crude ore Total material 

Commodity Sur- Under- Sur- Under- 
. face _ ground face ground 

ee ne — hth ech 

METALS . . 
Antimony ~~~ ~-~-_-_--_~-~~~-_-.-~--_-- . 2.0 98.0 5.5 94.5 
Bauxite ___-__-__--.-_-----_~.--.---- 1100.0 WwW 1100.0 Ww 
Beryllium ~~~ ~~ ~~~ ee 100.0 _— - 100.0 __ 

copper --2---- ee 91.1 8.9 97.3 2.7 
Gold: 

Lode ~~~ ~~ 43.9 56.1 88.5 11.5 
Placer ~~~ LLL | 100.0 _ 100.0 __ 

Iron ore __ ~~ LL 96.1 3.9 97.7 23 
Lead ___ ~~ Le a 100.0. Jl 99.9 
Manganiferous ore __._~_~_..-_._.-__.--__- - 100.0 -— 190.0 _- 
Mercury ___-.-~~---_-~-~~- ~~ Lee 98.5 1.5 99.8 2 

. Molybdenum __-~~~__-___-__--~_--_~--_-- 58.7 41.3 76.0 24.0 
Nickel ~..0-- ~~~ LLL 100.0 -~ 100.0 __ 
Platinum-group metals ~_~~__~___~____~_~___ 100.0 -- 100.0 __ 
Rare-earth metals ~~~. ~_~_________________ 100.0 _- - 100.0 _- 
Silver ~~ LL ; 56.0 44.0 55.1 44.9 
Tin ~~ Le 100.0 _- 100.0: __ 
Titanium, ilmenite _.__.____~__________-=____ 100.0 _- 100.0 __ 
Tungsten _..-________~_ ~~~ Le 12.2 87.8 8.7 91.3 
Uranium ~~ ~~~ LLL 56.8 43.2 96.9 3.1 
Vanadium . ~~ LLL 100.0 a 100.0 __ 
Zine ~~. LL ay | 99.3 a 99,1 

Total metals _~_~_-__________~________ 88.7 11.3 95.4 4.6 

NONMETALS . 
Abrasivestone _ ~~ ~__~__.__~__~____ 100.0 _— 100.0 __ 
Aplite _...2- ~~ _ ~~ 100.0 _- 100.0 _. 
Asbestos _.-_______ 1100.0 Ww 1100.0 WwW 
Barite _._.. ~~~ eee 1100.0 WwW 1100.0 WwW 
Boron minerals _.__~_9 ~~~ ~~~ 100.0 _- 100.0 __ 
Clays _._..____~____ 98.6 1.4 98.6 1.4 
Diatomite ~~. ______~________ 100.0 _. 100.0 __ 
Emery —_.~~_-_-~_--__--~_-~-~__-~-_---_-- 100.0 _-. 100.0 | -- 
Feldspar ~~~ Le 1100.0 Ww 1100.0 Ww 
Fluorspar ~~~ ~~~ ~~ — 40 96.0 4.4 95.6 
Garnet __________ 100.0 _— 100.0 __ 
Graphite _____.._._______~_~ 100.0 -- 100.0 — 
Greensand marl __________~_2 ~~ ~~ 100.0 —_ 100.0 __ 
Gypsum ____~_ Le 81.3 18.7 89.1 10.9 
Iron oxide pigments (crude) ___._._____.__-____ 100.0 -- 100.0 -__ 
Kyanite ________- ~~~ ie 100.0 _- 100.0 =. 
Lithium minerals __..~§_-_-___~__~____~_________ 100.0 _— 100.0 __ 
Magnesite _-__________ 100.0 _- 100.0 __ 
Mica (scrap) ~_.___._.._-__-.__--_-~-_-~_ 100.0 _— 100.0 —- 
Millstones ~_-_.________~___________ ee 100.0 -— 100.0 __ 
Olivine __________--__----_-+----~-_-- 100.0 — 100.0 __ 
Perlite ~.~.~-_-__-____- Le 1100.0 Ww 1100.0 W 
Phosphate rock ____.____------_--------- 1100.0 WwW 1100.0 Ww 
Potassium salts _~.___ ~__ ~~ LL _- 100.0 __ 100.0 
Pumice _____ ~~~ LL 100.0 _— 100.0 __ 
Salt ~- ~~ LLL 2.8 97.2 3.0 97.0 
Sand and gravel __________-_---------~--- 100.0 -- 100.0 -- 
Sodium carbonate (natural) eee eee _— 100.0 _— 100.0 

tone: 
Crushed and broken ___________________ 96.2 3.8 96.2 3.8 

tae i egies c, soapstone, pyrophyllite _________-_-__--- . . . . 
Tripoli .~.-_..--___-_-_-~--_-~------~---- 46.6 53.4 50.9 49.1 
Vermiculite ~._._~______-~-~_-_ ~~ ee 100.0 — 100.0 __ 
Wollastonite ________--__~__-~___ Lee -- 100.0 — 100.0 

Total nonmetals ______~__~.~__~ 96.1 3.9 96.3 3.7 

Grand total _.___-__.__~______-_____ 94.4 5.6 95.9 4.1 

W Withheld to avoid disclosing individual company confidential data; included with “Surface.” 
1Includes underground; the Bureau of Mines is not at liberty to publish separately.
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Table 6.—Crude ore and total material handled at surface and underground : 
mines in 1976, by State , 

(Percent) 

Crude ore Total material 

State Sur- Under- Sur- Under- 
face ground face _ ground | 

Alabama __-_________-_--------------- 1100 : W 1100 WwW 
Alaska ~.~--~--____--.-_-~---------- 100 -- - 100 -- 
Arizona __ ~~ ~~~ ee 91 9 97 3 
Arkansas _. ~~~ 2 ee 99 1 99 1 
California ~...- ~~ ee 99 1 99 1 a 
Colorado —~_~_~2 ee 69 31 72 28 
Connecticut ~~... ~~ __ ~~ ee 100 — 100 -- 
Delaware ____ 22 Le 100 -— 100 -- 
Florida ~~~. ~~~ ~~ ee 100 -- 100 -- 
Georgia __.._~-._._- ee 98 2 98 2 
Hawaii ~._-_- ~~~ ee 100 -- 100 -- 
Idaho _~~~-~_~-~_~__ ee 90 10 96 4 
INlinois ~~~ ee 97 3 97 3 
Indiana _..-.-_...__.-_-_-_---~------- 98 2 98 2 
Towa _.-. 98 2 98 2 . 
Kansas ______._ ee 91 9 91 9 
Kentucky ~_._._.._.--_--.~-----~------ 83 17 83 17 
Louisiana ~_~_~_~_~________ ee 83 17 83 17 

| Maine ___________1_ ~~ ee 1100 W 1100 WwW 
Maryland ______________-~-_---~-__----- 1100 WwW 1100 WwW 
Massachusetts ___ ______-..~--_---~------- 100 _- 100 _- 
Michigan __.________-__--------~------ 95 5 96 4 
Minnesota ~-_._..._._.--__---.-~--------- 100 _- 100 _- 
Mississippi _._....---------------~------ 100 _- 100 _- 
Missouri ~___.._~_-__~-.-~~-~----=~----~-- 73 27 71 29 
Montana _______.--~--~------~----~------ 99 1 - 99 1 
Nebraska __..._-_____.~.-~-----~-~-----+- 1100 Ww 1100 WwW 
Nevada ______.~__----~-~.~~~--~--------- 99 1 99 1 
New Hampshire _~__.__-__---.---~~------ 100 -~- 100 _- 
New Jersey —.~.___.----~----~--~-------- 99 1 99 1 
New Mexico _..___.-.~~----—-~------+--- 71 29 92 8 
New York ___~..____-----~~----~-~----- 92 8 92 8 
North Carolina. _..___..-_--------------- 100 -- 100. _— 
North Dakota _____...__.---------------- 100 -- 100. -— 
Ohio _______-_._~__-~~~-- + 95 5 95 5 
Oklahoma ___.._.~.~--------~----~----- 97 3 97 8 
Oregon ____-~-_---.~----------~---~--- 100 _- 100 -- 
Pennsylvania _______.------------------ 93 7 | 93 7 
Rhode Island ~__..._.~-~_--~------------ 100 ; -- 100 - _— 
South Carolina ~___..____---~-------~--+-- 100 _- 100 -- . 
South Dakota ____.-_.-~_--_-~-----~----+- 86 14 85 15 
Tennessee _..-_—.._~--_-~_~-------~-+--- 89 . 11 89 11 
Texas _______.__~_-~-~~-_-~ +++ 100 -- 100 — 
Utah ______--- ~~ ie 97 3 . 98 2 
Vermont __.-_-__-~-~---------+----~---- “100 Ww 100 Ww 
Virginia ~..._-_-_.--__------------------ . 
Washington _______.___-----~---------- 99 1 99 1 
West Virginia __._.____._..-_-_-----~------ 83 17 , 83 17 
Wisconsin _______-___...___----------- 1100 WwW 100 WwW 
Wyoming __..--__-~------------------- 64 36 91 9 

Total _.____-__-.-.---~---------- 94 6 96 4 
eee eee eeee errr eran e re eee ee ener eter eee TT 

W Withheld to avoid disclosing individual company confidential data; included with “Surface.” 
1includes underground; the Bureau of Mines is not at liberty to publish separately.
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: Table 7.—Number of domestic metal and nonmetal mines in 1976, by commodity 
and magnitude of crude ore production’ 

Total Less 1,000 10,000 100,000 1,000,000 More 
Commodity number than to to to to than 

- of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 
. mines tons tons tons tons tons tons 

METALS 
Bauxite --_---~---------- u 1 { -= 7 6 > — — 
Poe | 2 7 21 10 

Gold: | : 
Lode__ 51 34 5 7 4 1 _- 
Placer. _§_____-_--.~-_ 37 14 10 9 2 2 : __ 

Iron ore_ ~~~. -~_____-_ 65 Se 8 10 19 23 5 
Lead _________~_______ 37 18 5 2 7 5 __ 
Mercury _______-_____-_ 6 2 3 1 _- _- _- 
Silver _._._.__--__---_-- 63 41 11 8 3 __ __ 
Titanium, ilmenite ________—_ 7 _- — -- 1 6 —_ 
Tungsten ______-.________ 43 34 6 2 1 __ __ 
Uranium ______-___-____ 212 39 89 62 21 1 oo 
Zine _._______--__~_--_ 31 — 2 7 21 1 ee 
Other? _______-_________ 13 1 1 3 5 1 2 

Total metals _________ 624 188 141 ~~ ~= 120 Of 61 17 

. NONMETALS | 
Abrasives? ____§__.________ 14 2 6 5 1 __ _- 
Asbestos ____.__________ 4 —- 1 _- 2 dl _. 
Barite____________-___-~_ 37 _- 12 24 1 — _- 
Boron minerals _________—~ 2 -- _- _- 1 1 — 
Clays ___-__.-_.-__-~--- 1,132 58 306 636 132 __ __ 
Diatomite _.____________ 14 1 6 5 2 _- __ 
Feldspar eee eee 25 2 10 a g — _— 

uorspar ~___________~_ — — — 
: Gypsum ~--+-- +--+ 68 1 1 20 40 _- -- 

ica (scrap) _.....______~--_ 13 1 5. 4 3 ae — 
Perlite _.-.__________-__ 12 _- 5 5 2 __ — 
Phosphate rock ____._____~ 51 2 7 6 15 16 5 
Potassium salts __________~— 9 -- -- -- 4 5 _- 
Pumice ___~_~_..--___-_--~- 192 11 103 70 8 _- __ 
Salt _._.______-__-__-- 19 _— 2 2 6 9 _- 
Sand and gravel _________~~ 7,599 190 1,406 3,839 2,103 59 2 
Sodium carbonate (natural) _ _ __ 4 — -- -_- 1 3 -- 

tone: - 
Crushed and broken ___— ~~ - 4,950 511 742 1,819 1,746. 131 1 
Dimension __._—__._ ~~ 431 215 183 33 _- __ _- 

Talc, soapstone, pyrophyllite — __ 40 4 16 18 2 _- -- 
Other _-.-_-_____________ 31 10 3 11 6 . — 

Total nonmetals _.__._._._  —_:14,655 1,008 2,823 6,507 4,083 226 8 

Grand total __._.____— 15,279 1,196 2,964 6,627 4,180 287 25 

1 xcludes wells, ponds, or pumping operations. . 
“Antimony, beryllium, manganiferous ore, molybdenum, nickel, platinum-group metals, rare-earth metals, and 

vanadium. 
3 Abrasive stone, emery, garnet, and tripoli. 
*Aplite, graphite, greensand marl, iron oxide pigments (crude), kyanite, lithium minerals, magnesite, millstones, 

olivine, tube-mill liners, vermiculite, and wollastonite.
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Table 8.—Twenty-five leading metal and nonmetal’ mines in the United States | 
in 1976, in order of output of erude ore : 

: ¢o . Mining Mine State Operator Commodity meth od 

METALS 

Minntac _________ Minneseta ____ United States Steel Corp___  _Ironore ___ Open pit. 
Erie Commercial ____ __ =o ------  PickandsMather§&Co_... _____do ___ Do. . 
Sierrita _____._..__ Arizona _____- Duval Sierrita Corp..._.__._ Copper __~- Do. 
Peter Mitchell _.._._.. Minnesota ___-  RegerveMiningCp ______ _Ironore __~_ Do. 
Utah Copper___..__ Utah________- — Kennecott Copr r Corp --- Copper __- Do. 

a Empire __-...__._-. Michigan __-__ | Cleveland-Cliffe Iron ©.  Ironore ___ Do. . 
Pima ___________ Arizona ______ Cyprus Pima Mining Co. Copper ___ Do. 
Morenci _._..-_._._ ~---do______ PhelpsDodgeCorp______ —___-do ___ Do. 
Climax -----_.--- Colorado _..._ Climax Molybdenum Co., Molybdenum Caving and — 

a di vision of | open pit. 
. ne. | 

Berkeley Pit _______ Montana _____ The Anaconda Company... | Copper —__ Open pit. 
Tyrone _____-____ | NewMexico _-_ PhelpsDodgeGorp______ _.__do ___ Do. 

Pinta Valley ------- Arizona ___.-.  CitiesServiceQo_____.__._ - ~~ do ___ Do. 
San Manuel __.____ ___-dg_-__-- Magma Copper Ca-- - - -—- -_--do_.. Caving. 
Twin Buttes _______ ___-de ______ Anamax MiningCo______ ____do ___ Open pit. 
Questa ____._____ New Mexico _-_-_ Molybdenum Corp. Molybdenum Do... 

: of America. ; 
Tilden ____§_______ Michigan ___-__ Cleveland-Cliffs IronCo ___ Ironore ___ Do. 
Metcalf .__._..-_-- Arizona ______ Phelps Dodge Corp ______ Copper __ _ Do. 
Ray Pit wrrrerrertocSl ~~~-do_____- Kennecott Copper ___-do____ Do. 

NewCornelia _-__-- _.-.-do___._. PhelpsDodgeCorp ______ _- _-do __~_ Do. 
Republic __._._._._.. . Michigan _____ Cleveland-Cliffs IronCo ___ Ironore ___ Do. 
Thunderbird — _—___~- Minnesota ____ Oglebay NortonCo _____._ ___-do ___ Do. 
Butler Project ______ ~_.-do ______ Hanna Mining Co - - - - - - - ___-do ___ Do. ; 
Eagle Mountain _ _ _ __ California ____ — Kaiser Steel Corp _______ -__-do ___ Do. 
Yerington ~______~ Nevada ______ | The Anaconda Company — — - Copper ___ Do. 
Inspiration ________— Arizona ______ Inspiration Consolidated _.--do ___ Do. a 

| | pper Corp. 

| NONMETALS 

Swift Creek _______ Florida ~_____ Occidental Chemical _ Phosphate Open pit. 
. Corp. rock. 

Kingsford _______~_ _~__-do ______ International Minerals & ___-do ___ Do. 
Chemical Corp. . ‘ 

Noralyn ______ ~~~ __--do ______ -~---do____-_..------~ —-~-~-do __~ Do. |. 
Ft. Meade ________ ~~~-do ______ Mobil Oil Corp________- ___-do ___ Do. 
Calcite ________ __ Michigan __~__~ United States Steel Corp... Stone ____ Open quarry. - 
Haynsworth _______ Florida _____~_ American Cyanamid Co __ _ Phosphate Open pit. 

Clear Spring _____—_ ___-do ______ International Minerals & do ___ Do. 
Chemical Corp. , . - 

Rockland _________ ~__-do ______ United States Steel Corp_ _ _ ___-do ___ Do. 
Payne Creek ______—~_ ---do ~_____ Continental OilCo ______  — ~--do ___ Do. 
Et Green — ------~- Michiten 77777 Prag ine Goro 27772777 Stonc*” --- Opens . 
Stoneport ________ ichigan _____ Presque Isle Corp _ _ ~~ ~~ ~ tone ____ n quarry. 

Thornton ..---..-.  ‘Winos-- General Dynamics Corp ~~ = — do = Do. 
Nichols _____----- Florida __.__-_ Mobil Oil Corp_____.__- Phosphate Open pit. 

Bonny Lake _____-_- ___-do ~~ W.R.Grace&Co ____-_._  _---do ___ Do. 
Feld ____-__----- Texas ______- Texas Crushed StoneCo___ Stone ___~ Open quarry. 
Lee Creek ___----- North Carolina — Texasgulf In¢__________ Phosphate Open pit. 

rock. 
Tenoroc_..__.----  Flerida ___--.  Jorden,Inc__________. ----do __- Do. 
Watson ___.__.-_---_ ----do____-~ Swift Agricultural _—~-do ___ Do. 

Chemicals Corp. 
Pennsuco ___ _____— —~---do ______ Maule Industries, Inc__..___ Stone ____ Dredging. 
Westvaco ______-- — Wyoming _____ FMC Corp______.-_.--— Sodium Artifici 

carbonate. stopes. 
International ____~_- New Mexico ___ International Minerals & Potassium Open stopes. 

. Chemica] Corp. salts. 
Alpena _.____---- Michigan ____~- Huron Portland Cement Stone --._ | Open quarry. | 

Beckman ___._____. | Texas _____.. | McDonough Bros.,Inc __-_- — ---.do ___ Do. 
Cedarville ______-_- Michigan _-_~- ~~ United States Steel Corp_ _ _ 777798 ee Do. 
Peerless .___._.___. Missouri ___.._ MissouriLimeCo_______  ___-do___ | Openstopes. 

1Brines and materials from wells excepted.
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Table 9.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1976, in order of output of total materials handled 

: . Mining | Mine State Operator Commodity method 

METALS 

Utah Copper______. Utah__-__-_-~-~- Kennecott CopperCorp ___ Copper __~ Nn pit. 
Tyrone __________ New Mexico —-_ — Phelps Dodge Corp = ~—— ~~ __--do ___ Open 
Twin Buttes _._____ Arizona __———_ Anamax Mining ( ~----— —~~-do__- Do. 
Sierrita ___..____- _-—_-do ____-_ Duval Sierrita TPa =~ -- ___-do __ Do. 
Minntac ______.—-~ Minnesota ____ United States Steel Corp...  Ironore —_~- Do. 
Mitchell Pit __..~-_ _~---d0 __.__~ Reserve MiningCo ____._._ -— ~~ -do __- Do. 
Berkeley Pit ______~_ Montana ____~— The Anaconda Company___ Copper ——_- Do. 
Pima _____~_--~_~- Arizona _____~— Cyprus Pima Mining Co __._ _—-~-do __~_ Do. 
Erie Commercial —_ ~~ Minnesota __—~_ Pickands Mather &Co__._.  Ironore —_~— Do. 
Morenci ~-_~-~~--~- Arizona ____-~ Phelps Dodge Corp ____.. Copper __~— Do. | 

_ Pinto Valley ____-_~- __—-do _.__- Cities Service Co_____._.. -—---do —__ Do. 
Eagle Mountain ___-~— California _ —__~- Kaiser Steel Corp_..._.__.  Ironore __~ Do. 

. Shirley Basin ____._._ | Wyoming -_~~- Utah International Inc_..._ Uranium --~ Do. 
Ray Pit _..______-- Arizona _____~ Kennecott Copper Co“p __.- Copper __-— Do. 
Metcalf _.___-~-- ~_~.do _.-__- Phelps Dodg eCorp _.--_.-. —---do —_- Do. 
Jackpile-Paquate ~~ ~~ New Mexico _-—~- The Anaconda Company... Uranium -~- ~ Do. 
Empire _._._._._-_.--. Michigan ___~~ Cleveland-CliffsIronCo ___  Ironore —_- Do. 
Climax ___..----- Colorado _ ~~ Climax Molybdenum Co., Molybdenum Caving and 

a division of open pit. 
- AMAX Inc. | 

Highland __-_---~-- Wyoming _~—_-— Exxon Corp._.._._.----- Uranium -- Open pit. 
Chino ______~~~-~_~ New Mexico —_-_-— Kennecott CopperCorp ___ Copper —~- Do. 
Sacaton _____--_-~- Arizona ____ ~~ ASARCO, Inc ___.---.-~ =---do__~_ Do. 
Questa _____._._._._. | NewMexico -_~_-~ Molybdenum Corp. of Molybdenum Do. - 

erica. 
W Gas Hill _. ~____-_ Wyoming __—-- Union Carbide Mining & Uranium __- Openstopes. 

Metals Corp. 

. Bagdad _._____--~- Arizona ___.—~ Cyprus Bagdad Copper _ Copper __— Open pit. 

New Cormelia _____- __-_-do ____-~ Phelps Dodge Corp ___---_ —---do __-~ Do. 

NONMETALS _ 
ooo 

Kingsford ~~ - Florida .___-_~ International Minerals & - Phosphate Open pit. 
. Chemical Corp. rock. 

- Noralyn —~_------~- ~-—-do _____~_ __ do. eee do LL Do. 
Lee Creek .~.-_-_-~- North Carolina _— Texasgulf Ine Gon 7 _-__-do..- Do. 
Rockland ___----~--~- Florida ~__-~_~ United States Steel Corp... __-_-do __- Do. 

Haynsworth __—__-- ~-.-do _.--~ American CyanamidCo ___ -—~--do —~_~_ Do. 

Clear Spring -__—~-- ___-do..___— = International Minerals & _..-do _.~ Do. 
. Chemical Corp. . 

. Swift Creek __.._-~ __..do ~~ Occidental Chemical Co __. —__-do __~_ Do. 

Ft. Meade ~~ _-_-~- ~_.-do ~~ Mobil Oil Corp____----- -—----do—_- | Do. 
Bonny Lake __.___~- __--.do ~~ W.R.Grace&Co __-.---~ -—~-~-do —_- Do. 
Nichols _____.—--~~- __--do ____-_ Mobil Oil Corp______--- -—----do__~ Do. 

Tampa Agricultural __.-do .___-~ Gardinier, Inc _.__._._.__. —~-~--do __~- Do. 

Chemical 
Operations. 

Boron _____~--~-- California — —_ ~~ U8. Borax & Chemical Boron __—~ Do. 
rp. 

Watson _______~_- Florida _____~ Swift Agricultural Phosphate Do. 
Chemicals Corp. rock. 

Silver City _...-_-- ___-do __---~- _-_-doi--_------ L~--do © Do. 

Calcite _____----- Michigan __~—_ — United States Steel Corp__.. Stone ___~ Open quarry. 

Payne Creek ____ ~~~ Florida _~____~ Continental Oil Co _____~ Phosphate Open pit. 
rock. 

Ft. Green ___-_~--- ___-do __~_--~~ a  (; n « (0 Do. 

Conda _____-_---- Idaho ___.~-~ J.R.SimplotCo___..-__. —---do ~~~ Do. 
Westvaco _____.__ _ Wyoming _-—--- FMC Corp_ ———_~.~-—--_— Sodium Artificial 

carbonate. stopes. 

Wooley Valley __--_-~- Idaho ___~--~ Stauffer Chemical Co_ ___— Phosphate Open pit. 
rock. 

Gay _----------- ___-do ___---~ J. R. Simplot Co ~ ------- ___do ___ Do. 
Stoneport ~__~---- Michigan ___—~— Presque Isle Corp _____.. Stone —__~_~_ Open quarry. 

Thornton ___—--~-~-~ Illinois _ _ __ ~~~ General DynamicsCorp _._. —__--do __~ Do. 

Lompoc _ _ -------- California _—__—_~ Johns Mansville Corp ____ _ Diatomite __ Open pit. 

Feld _______----~- Texas ______~ Texas Crushed StoneCo___ Stone —_~-_ Open quarry. 
or 

1Brines and materials from wells excepted.
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Table 12.—Mining methods used in open pit mining in 1976, by commodity 
oo (Percent) 
a 

Total material handled 

Commodity Preceded Not preceded 
by drilling by drilling 
andblasting — and blasting! eee tee eens 

METALS. 
Antimony _____________ - 100. — 
Bauxite — -— -—-----~---~---~-------------------- 91 9 

Foe 92 8 Gold. ) ) 
Lode __-__ Le 9 2 o, 1 a 
Placer wee tee ee Le -- . -100 

Iron ore______ ~~~ Le 87 13 
Lead ________ LL 67 33 
Manganiferous ore ___§________________________ 100 -- 
Mercury ____~_~§_~_~_~_~__ 7 93 
Molybdenum ___________________ 100 : __ | 
Nickel __ ~~ 22-2 > eee 16 84 
Platinum-group metals _____________ ~~~ _- 100 
Rare-earth metals _______§___§_-_____ ~~ 100 — 
Silver ____._.__-_.-___- ee 5 95 
Tin ~-___~- Le -- 100 
Titanium, ilmenite ____§_§_______________________=i_e 5 95 
Tungsten____-___~_ 69 . 31 

. Uranium _____§ ~~ 41. : 59 
Vanadium ____ _§_-__ ~§_- ~ 500 - 50 
Zine _____ + Le 100 -- 

NONMETALS 
Abrasive stone _______________ ~~ ee 100 _- 
Aplite_______ ~~ ~~ eee 23 77 
Asbestos _-________~___-~-~~ 91 9 
Barite___________.~~ ~~ Le 22 78 
Boron minerals .__.$_§_§______.-.-_~--~~~ ~~~ Le 100 _- 
Clays _______- ~~~ ~~ ee _- 100 
Diatomite __________.-~____ ~~ —_ 100 
Emery ________~_~~_ 100 __ 
Feldspar ___________--~---~-~~~~-_-~-~-~ Le . 87 13 
Fluorspar ________~______~--~--~ ee 83 17 
Garnet __.__- _-_-____ LLL 99 1 
Graphite ____._-_______~ ~~ LL 100 __ 
Greensand marl____ ~~ _-____--_______ ee _- 100 
Gypsum ________~~__~ 85 15 . 
Iron oxide pigments (crude)________~_~________________ -- 100 a 
Kyanite.___________-~_---_-_-------~~~---_---- 59 41 
Lithium minerals_ ~~. .9_9._______.~ ~~ ~__ eee 100 _- . 
Magnesite ______________. ee 100 _- 
Mica (scrap) __ ______---------~~__~--_--~--~----- 10 90 
Millstones __ ~~~... _-_-_______~_-_-_-~-~ Le 58 42 
Olivine _______----~-~--~-~~~_- eee 53 47 
Perlite _.______~~_-_____ 2 8 92 
Phosphate rock _______._~ ~~~ ~~~ . 12 88 
Pumice ___§___§__~§___-__L ~~~ 7 93 
Salt _.. Le 100 _. 
Sand and gravel____________i---~~~_~~~~ ~~ -- 100 
Stone: 

Crushed and broken ___. ______.-_-._~...-_-~-_-- 98 2 
Dimension. ___________------~-~-~-~------~-~---- -- 100 

Talc, soapstone, pyrophyllite _.. ..__..______.-__.------ 89 11 
Tripoli ____________-~--~-_-~-~-~-~_ ee 100 _— 
Vermiculite ~~. ~-__ ~~~ 100 _- 

Total. _________-~____-~~~_ ee 58 42 

‘Includes drilling or cutting without blasting, dredging, mechanical excavation and nonfloat washing, and other 
surface mining methods.
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Table 13.—Exploration and development activity in the United States in 1976, by method 
ee 

Metals Nonmetals Total? 

Method Percent _ Percent Percent 
Feet of Feet of Feet of 

total? total? total? 

“DEVELOPMENT | , | 
Shaft and winze sinking — ~~ .._—--—- 21,400 2.1 15,300 2.7 36,700 2.3 

Raising _____.____-__------ 144,000 14.1 2,820 5 147,000 9.3 
| Drifting, crosscutting, or tunneling -— ~~ 853,000 83.7 544,000 96.7 1,400,000 | 88.3 

Total! _..-_-_-__--_-_---- | 1,020,000 100.0 — 562,000 100.0 1,580,000 100.0 
=_LaCFHO_O_OeEeeTllTTeFFeFFFEFTFTl™E™T—™=E—_—Doe=elTelEelTlTlTlTleea— 

EXPLORATION , . . 

Diamond drilling _....--------- 1,680,000 12.3 351,000 38.8 2,030,000 . 14.0 

Churn drilling _. ._-.._------~--+-- 36,400 i} a _- 36,400 3 

- Rotary drilling ~o-e eee ee ee 7,710,000 56.6 540,000 59.7 8,250,000 56.8 

Percussion drilling _....__-----~-- 3,790,000 27.8 5,820 6 3,800,000 26.1 

_ Other drilling _.._---_--------- 352,000 2.5 3,380 . A 355,000 ~ 2.3 

Trenching __—.._._._---~~------ 62,100 5 4,790 5 66,900 5 

Total? _...________-___ 13,600,000 100.0 905,000 100.0 14,500,000 100.0 
<email Ss SSS SOAS SAD 

Grand total? _.._-________ 14,600,000 XX 1,470,000 XX 16,100,000 xXx 

eh SA LL 

: | XX Not applicable. | ~ 7 

1Data may not add to totals shown because of independent rounding. . 
2Based on unrounded footage. 

. . * :
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Table 16.—Total material (ore and waste) produced by mine development 
in the United States in 1976, by commodity and State 

: (Thousand short tons) 7 

a Shaft Drifting, , . 

and Raising «= Tosecutting, = Stripping _ Total’ 
sinking tunneling | | 

COMMODITY 

copper wee eee TT WBA ee GAB _ 57,100 58,300 
ath. 
Lode___$_-_ ~>_-_ Le 10 44 154 7,860 8,070 
Placer____________..-.------ —_ __ oo) 414 414 

Iron ore__ ~~ ~~ oe __ 1 1,160 13,200 14,400 
‘Lead ~~ 4 13 1,610 10 1,640 
Silver _-. ~~~ Le 1 25 | 79 359 464 
Tungsten _._§_.____________--_- 1 4 295 . 1 - 301 
Uranium ____ ~~ Le 117 . 96 1,440 144,000 145,000 
Zine __ ~~~ ~§ ee ee — 409 296 1,850 66 2,620 
Other? ______________ ee — 34 546 223 803 

Total metals!__________-_-- 620 699 8,090 - 223,000 232,000 

NONMETALS 7 
Fluorspar ._____..___-------+-- -- 10 34 5 49 
Gypsum ~o eee eee 3 __ 3 8,680 8,690 
Phosphate rock _____._.-__----+-- _- 1 23 12,100 . 12,100 
Potassium salts _._.________------ _ 3 163 -_ 166 
Talc, soapstone, pyrophyllite _______~_- — -- 1 364 365 
Other* ___________________-_- 8 (?) 4,660 78 4,745 

Total nonmetals! __________- 6 15 4,890 21,200 - 26,100 

Grand total?! _____________- 626 718 13,000 244,000 258,000 
ee 

a STATE 
nS 

Alaska ________~_------~------ __ _- (7) 406 406 

Arizona __________-~.--------- 1 180 122 1,730 2,630 

Arkansas. _§_$_$____~._---~~~-~-~-+ _— _- _- 1,370 1,370 

California _~______.-_---~------- 3 6 169 2,050 2,220 

Colorado _.._____----~---~-+---- 7 69 814 11 901 

Idaho __________~~-_--------~- 11 28 194 12,400 12,700 

Illinois ____._.____-_--_-_--_------ -- 10 34 oe) 49 

Iowa_______-—--~~--~-----~---~-~- -- -- -- WwW WwW 

Maine__________----.~-~----~-- _- ee 61 _— 61 

Michigan _________------------ 3 -- 115 500 618 

Minnesota ______.____-_-------~-~- _- ~— —_ 11,800 11,800 

Missouri ________---~--~-------- -- 2 2,470 -_- 2,480 
Montana _________-__--------~-- (?) 2 35 2 38 
Nevada __________--.-~----~---- 44 8 236 9,250 9,530 

New Mexico _______-----~------ 93 37 1,140 55,500 56,800 

New York ____-_..------------ -- 9 108 16 133 

North Carolina _.___---~-------- -- -- -- WwW if 

Ohio________---------~------- -- -- -- WwW WwW 

Oklahoma —__—.—~---~~----~--~---- -- -- -- Ww WwW 

Pe Ivania ______---_--_------ -- 
South Dakota _--___-----.----.. W W W __ W 
Tennessee _______.--.--------- 28 6 826 13 873 

Texas _________~--------~---- -- -- -- 47,100 47,100 

Utah __________-----------+-- 425 299 1,040 137 1,900 

Vermont -—------------------- =e Ww w W Ww 
irginia: _..____--------~-~---- — 

Washington _____-_------------ -- -- (7) 6 6 

Wisconsin -----------77777777= HG i 4810 98,200 103,000 0) — eee ew ee eee ee ee ’ 9 9 

Undistributed ______-----.---_- 1 45 252 27140 2°440 

Total! _________.__------ 626 713 13,000 244,000 258,000 
cement SS errr 

W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 

1Data may not add to totals shown because of independent rounding. 

2Less than 1/2 unit. 
SAntimony, beryllium, manganiferous ore, molybdenum, tin, and titanium (ilmenite). 

4 Asbestos, barite, garnet, mica (scrap), millstones, salt, sodium carbonate, and tripoli.
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Table 17.—U.S. industrial consumption of explosives 

(Thousand pounds) __ 

, ie — 7 
Year Coal ~ Metal and  _--‘Totalmine- = Other Total indust- 

a mining - mining nonmetal _—_sral industry e rial 
mining 

1972___________ _ 1,212,585 430,686 498,677 2,186,948 582,841 2,669,789 
1978_______ 1,177,062 495,879 643,292 2,316,238 438,713 2,754,946 
1974___________ 1,186,614 — 465,490 551,380 2,203,484 558,806 2,762,290 
1975___________ 1,652,251 449,271 498,125 2,594,647 524,380 . 3,119,027 
1976___________ 1,798,878 488,653 498,656 2,781,182 547347 3,328,529 
a 

Table 18.—U.S. consumption of explosives in the minerals industry | 
: : | | (Thousand pounds) 

Year Coal | Metal and. Total 
mining mining nonmetal ° . 

/ : mining 

. PERMISSIBLE EXPLOSIVES | 

1972_____-_-______ 42,232 99 865 43,196 
19738_-_ 39,307 115 957 40,379 
1974_. 38,382 192 1,287 39,761 

| 1975_- 41,996 241 1,088 43,320 
1976 41,128 | 204 1,090 42,417 

: _ OTHER HIGH EXPLOSIVES , 

1972._-___-______-__- 16,297 87,648 100,600 144,545 
1978__-_____________ 20,198 7 - 98,295 107,675 156,168 
1974. 26,301 27,733 99,364 153,398 
1975--__ 36,875 25,118 74,796 136,789 
1976_________________ 34,521 24,265 65,891 124,677 | 

oo | _ CYLINDRICALLY PACKED BLASTING AGENTS | 

1972_.-______________ 201,820 7,542 | 30,064 239,426 
1978_________________ 222,797 : 6,265 32,228 261,290 
1974. = 249,843 5,414 32,797 288,054 

| 1975_-___ 286,608 4,845 28,551 320,004 
1976_________________ 269,778 3,471 65,922 339,171 

PACKAGED AND BULK WATER GELS AND SLURRIES 

1972... = 9,212 156,618 41,305 207,135 
1978_______ 11,622 173,530 54,154 239,306 
1974_.- 22,204 160,198 75,837 258,289 
1975... 24,118 181,809 73,872 279,799 
1976... 30,871 205,429 74,176 310,476 

OTHER PROCESSED BLASTING AGENTS AND UNPROCESSED AMMONIUM NITRATE 

1972___-_____________e 943,024 238,779 320,848 1,502,646 
1978_-_______________ 883,138 287,674 448,278 1,619,090 
1974... 849,934 271,953 342,145 1,464,082 
1975_-- 1,262,654 237,258 314,823 1,814,735 
1976. ________ 1,422,580 255,284 286,577 1,964,441 

TOTAL EXPLOSIVES 

1972___._____________ 1,212,585 430,686 498,677 2,136,948 
1973_______._________ 1,177,062 495,879 643,292 2,316,233 
1974__--_ 1,186,614 465,490 551,380 2,203,484 
1975_________________ 1,652,251 449,271 498,125 2,594,647 
1976__.______________ 1,798,873 488,653 498,656 2,781,182



Statist atistical Summary 
By Staff, Office of Technical Data Services 

This chapter summarizes data on crude duction of auxiliary processing at or near 
mineral production for the United States, the mines. | 
its island possessions, and the Common- Because of inadequacies in the statistics 

wealth of Puerto Rico. Included also are available, some series deviate from the fore- 

tables that show the principal mineral going definition. In the cases of gold, silver, 
commodities exported from and imported copper, lead, zinc, and tin, the quantities 
into the United States and that compare are recorded on a mine basis (as the recover- | 
world and U.S. mineral production. The able content of ore sold or treated). How- 
detailed data from which these tables were ever, the values assigned to these quantities 
derived are contained in the individual are based on the average selling price of | 
commodity chapters of volume I and in the refined metal, not on the mine value. Mer- 
State chapters of volume II of this edition of cury is measured as recovered metal and 

| the Minerals Yearbook. , valued at the average New York price for 
Although crude mineral production may themetal. _ : | 

be measured at any of several stages of | The weight or volume units shown are | 
: extraction and processing, the stage of those customarily used in the particular 

measurement used in this chapter is whatis industries producing the commodities. 
~ normally termed “mine output.” It usually Values shown are in current dollars, with 

refers to minerals or ores in the form in no adjustment made to compensate for | 
which they are first extracted from the changes in the purchasing power of the 
ground, but customarily includes the pro-_ dollar. | 

Table 1.—Value of crude mineral production’ 
in the United States, by mineral group , 

(Million dollars) 

Year Mineral Neaeept Metals Total 

1972 _-_________ eee 22,061 | 6,482 3,642 32,185 
1973 _________ ee 25,012 7,413 4,362 36,787 
1974 eee 40,937 ™8.639 *5,501 755,077 
1975 ___ ee 47,559 9,516 5,191 62,266 
1976 __-____ 52,545 10,547 6,086 69,178 

1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

93
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: Table 3.—Minerals produced in the United States and principal producing 
: States in 1976 
ee 

. Principal producing States, . | Mineral | in order of quantity Other producing States 
re ee epee 

Antimony ore and concen- Mont. and Idaho. . 
trate — 

Aplite._.....__.._.__ Va. 7 
Asbestos ___..___..._  Calif., Vt., Ariz., N.C. 
Asphalt (native)... __ ___ Tex., Utah, Ala., Mo. 
Barite_.~_~_~___ Nev., Mo., Ark.,Ga _________ Idaho, Ill., Mont., Tenn. 
Bauxite___.._.___.___  Ark,, Ala., Ga. 
Beryllium concentrate__.. Utah __________________ Ariz. and S. Dak. 

. . Boron minerals _____.__ Calif. . - 
Bromine _______._._... Ark.and Mich. 
Calcium-chloride _..___. Mich. and Calif. 
Carbon dioxide (natural) __  N. Mex., Colo., Calif., Utah. . . 
Cement__.____..____  Calif., Tex., Pa., Mich. Ala., Ariz., Ark., Colo., Fla., Ga., 

Hawaii, Idaho, IIl., Ind., lowa, Kans., 
. Ky., La., Maine, Md., Miss., 

a Mo., Mont., Nebr., Nev., N. Mex., 
N.Y., N.C., Ohio, Okla., Oreg.. S.C., 
S. Dak., Tenn., Utah, Va., Wash., 
W. Va., Wis., Wyo. 

Clays _-....._._..___  Ga., Ohio, Tex.,N.C_________ All other States except Alaska, R.I., Vt. 
Coal_________._____ © Ky., W.Va, Pa, Ml ~_~_______ Ala., Alaska, Ariz., Ark., Colo., Ga., 

Ind., Iowa, Kans., Md., Mo., Mont., 
N. Mex., N. Dak., Ohio, Okla., Tenn., 

. Tex., Utah, Va., Wash., Wyo. 
Copper (mine)__._...._ Ariz., Utah, N. Mex., Mont ____ Calif., Colo., Idaho, Maine, 

, a a Mich., Mo., Nev., Pa., Tenn., 
~ Wash. 

Diatomite ___.__._._.-_. Calif, Nev.,Wash___.__._____ . Kans. and Oreg. 
Emery __.__-.-__.._. N.Y.” 
Feldspar ___.._...... | N.C.,Conn., Ga, Calif _._____ Ariz. Colo., Maine, Okla., S. Dak., 

Fluorspar __.._..____ Il., Ky., Tex., Nev__§__~§_-_ ____ Ariz., Mont., Utah. 
Garnet, abrasive _______ Idaho and N.Y. 
Gold(mine) _.___._._...__  S. Dak., Nev., Utah, Ariz______ Alaska, Calif., Colo., Idaho, Mont., 

N. Mex., Oreg., Tenn., Wash. 
Graphite___.__._..____. Tex. i 
Gypsum _____ Mich., Calif., Tex., lowa ______ Ariz., Ark., Colo., Idaho, Ind., Kans., 

La., Mont., Nev., N. Mex., N.Y., oo 
Ohio, Okla., S. Dak., Utah, Va., . 
Wash., Wyo. 

Helium ___~_§_~_~_______ Kans., Okla., Tex ~_-________ Ariz. and N. Mex. 
Iodine _~§ 2 Mich. oS 
Iron ore. Minn., Mich., Calif., Wyo__ —___ Ariz., Colo., Ga., Mo., Mont., 

Nev., N.Y., Pa., S. Dak., Tex., 
Utah, Wis. 

Kyanite__._..._.__._._. Va.andGa. 
Lead (mine) __._.....___  Mbo., Idaho, Colo., Utah_______ Alaska, Ariz., Calif., Ill., Maine, 

Mont., Nev., N. Mex., N.Y., Okla., Va., Wash., 
is. 

Lime _________._... Ohio, Pa.,Mo.,Mich ________ Ala., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, Il., Ind., Iowa, 
Kans., Ky., La., Md., Mass., Minn., 

. Miss., Mont., Nebr., Nev., N.J., 
N. Mex., N.Y., N. Dak., Okla., Oreg., 
S. Dak., Tenn., Tex., Utah, Va., Wash., 
W. Va., Wis., Wyo. 

_ Lithium minerals_ —__—__ N.C., Nev., Calif. 
Magnesite __..__.__..__._ Nev. 
Magnesium chloride ____. Tex. 
Magnesium compounds _ _ _ Mich, Calif., N.J., Fla____.___ Del., Miss., Tex., Utah. 
Manganiferous ore ___ _ __ Minn., N. Mex., S.C. 
Manganiferous residuum _. NW. 
Marl, greensand _______ Nw. 
Mercury ____________  Nev.and Calif. 

- Mica,scrap ______.____ N.C., Ala., N. Mex.,Ga _______ Ariz., Conn., Pa., S.C. 
Molybdenum ____.___~ Colo., Ariz., N. Mex., Utah_ ____ Calif. and Nev. 
Natural gas _________.  Tex., La, Okla, N.Mex ______ Ala., Alaska, Ariz., Ark., Calif., Colo., 

Fla., fl., Ind., Kans., Ky., Md., 
Mich., Miss., Mo., Mont., Nebr., 
N.Y., N. Dak., Ohio, Pa., Tenn., 
Utah, Va., W. Va., Wyo. 

Natural gasliquids__..__.  Tex., La., Okla., N. Mex ______ Ala., Alaska, Ark., Calif., Colo., Fla., 
Ill., Kans., Ky., Mich., Miss., Mont., 
Nebr., N. Dak. Pa., S. Dak., Utah, 

Nickel Oreg W. Va., Wyo. 
ickel --___________ . 

Olivine _____________ N.C. and Wash. 
Peat_...__.______.__. Mich.,Ind.,,Pa,Tl ~_________ Calif., Colo., Fla., Ga., Iowa, Maine, 

Md., Mass., Minn., Mont., N.J., N.Y., 
N. Dak., Ohio, S.C., Wash., Wis. 

Perlite __._.__._.__.____ N. Mex., Ariz., Calif., Idaho ____ Colo. and Nev.



98 MINERALS YEARBOOK, 1976 . 

Table 3.—Minerals produced in the United States and principal producing 
_ States in 1976 —Continued 

cer nr CE 

. Principal producing States, 
Mineral in order of quantity | Other producing States 

Petroleum, crude__.____—  Tex., La., Calif., Okla _._._~~- Ala., Alaska, Ariz., Ark., Colo., Fla., — 
Tll., Ind., Kans., Ky., Mich., Miss., 
Mo., Mont., Nebr., Nev., N. Mex., 
N.Y.,.N. Dak., Ohio, Pa.,S.Dak., =... . 

. Tenn., Utah, Va., W. Va., Wyo. . 

Phosphate rock _..._.__--  Fla., Idaho, N.C., Tenn -_~ ~~~ Ark., Calif., Mo., Mont., Utah, 

yo. 
Platinum-group metals ___ Alaska. 
Potassium salts __._———~ N. Mex., Utah, Calif. 
Pumice ____________- _ Oreg., Ariz., Calif., N. Mex__ ~~~ Colo., Hawaii, Idaho, Mont., Nev., 

Okla., Utah. 
Pyrites ore and concentrate. §_Tenn., Colo., Ariz. 

Rareeart h metal concen- Calif. and Fla. 
tra’ 

Salt ____._________.- _ La, Tex., N.Y., Ohio ____-~_-_- Ala., Ariz., Calif., Colo., Kans., Mich., 
a Nev. N. Mex., N. Dak., Okla., Utah, 

. Va. 
Sand and gravel._.._._.—  Calif., Alaska, Tex., Mich __~~- All other States. 
Silver(mine)......._.__. Idaho, Ariz., Colo., Mont ~~ ~--- Alaska, Calif., I1l., Maine, Mich., | 

Mo., Nev., N. Mex., N.Y., S. Dak., 
Tenn., Utah, Va., Wash. 

Sodium carbonate (natural). Wyo. and Calif. 
Sodium sulfate (natural)... _ Calif., Tex., Utah. 
Staurolite _....._.__--.. Fla. , 
Stone __._.______--_- _ Pa., Ill, Tex..Mo ____------ All other States except Del. and N. Dak. 

Sulfur (Frasch) _.._._.... Tex.andLa. . 
Talc, soapstone, pyrophyllite Vt., Mont., N.Y., Tex ._-_----- Ark., Calif., Ga., Nev., N.C., . 

Oreg., Va., Wash. 

Tin _________.--.-~— Colo. and N. Mex. | | 

Titanium concentrate ____  Fila., N.J., N.Y. 
Tripoli _...__.._.__-__- II, Okla, Ark., Pa. 
Tungsten concentrate _..__ Calif., Colo, Nev______--~-- Ariz., Idaho, Mont., Oreg., Utah, Wash. 

Uranium _____~=__~_-- N. Mex., Wyo., Utah, Colo___._. Tex. and Wash. . 

Vanadium ______---~- Ark., Colo., Idaho, Utah ———-~—~- N. Mex. 

Vermiculite __._.._...__. Mont. andS&.C. 
Wollastonite..__._.___. N.Y. 
Zinc (mine)_ _—_.—_-_-——-~- Mo., Tenn., N.Y.,Colo _._---~~ Alaska, Ariz., Calif., Idaho, Ill., Ky., 

. Maine, Mont., Nev., N.J., N. Mex., Okla., 
Pa., Utah, Va., Wash., Wis. 

Zircon concentrate — — ———— Fla. 
gee enh PAD i SS SS Sn 

. N\
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Table 4.—Value of mineral production in the United States and 
| principal minerals produced in 1976 

5 Value Percent i, ; . 
tate (thousands) Rank of Us. Principal minerals, in order of value 

Alabama ______ $1,029,536 20 1.49 Coal, petroleum: cement, stone. 
Alaska _______ 625,188 23 90 Petroleum, sand and gravel, natural gas, 

; ' s gtone. 
Arizona ___—___ 1,726,621 10 - 250 Copper, molybdenum, sand and gravel, cement. 
Arkansas _____~ 535,448 25 M71 Petroleum, bromine, natural gas, cement. 
California _____ 3,483,373 4 5.04 Petroleum, natural gas, cement, sand and 

gravel. 
Colorado _____ _ 1,110,166 18 1.60 Petroleum, molybdenum, coal, natural gas. 
Connecticut —_ __ 34,318 47 05 Stone, sand and gravel, feldspar, lime. 
Delaware ______ 11,837 50 (2) Sand and gravel, magnesium compounds, clays, 

gem stones. 
Florida _______ 1,652,232 11 2.39 Phosphate rock, petroleum, cement, stone. 
Georgia _______ 428,479 28 62 Clays, stone, cement, sand and gravel. _ 
Hawaii _______ 42,252 _ 44 .06 Stone, cement, sand and gravel, pumice. 
Idaho ________ 210,246 33 30 Silver, phosphate rock, zinc, lead. 
Illinois _~______ 1,581,165 12 2.29 Coal, petroleum, stone, sand and gravel. 
Indiana _______ 607,321 24 88 Coal, cement, stone, petroleum. . 
Towa _._______ 216,027 32 31 Cement, stone, sand and gravel, coal. 
Kansas _______ 1,213,853 16 1.75 Petroleum, natural gas, natural gas liquids, 

ne. 
Kentucky ____~_ 3,114,589 | —«6B 4.50 Coal, petroleum, stone, natural gas. 
Louisiana _____ 8,652,107 2 12.51 Petroleum, natural gas, natural gas liquids, a 

8 . 
Maine ________ 40,364 45 .06 Sand and gravel, cement, zinc, stone. 
Maryland _____ 184,918 36 at Coal, stone, cement, sand and gravel. 
Massachusetts _ _ _ 69,850 43 10 Stone, sand and gravel, lime, clays. 
Michigan ______ 1,548,516 13 2.23 Iron ore, petroleum, cement, natural gas. 
Minnesota _____ 1,218,030 15 1.76 Iron ore, sand and gravel, stone, lime. 
Mississippi —_— — — — 449,862 26 65 Petroleum, natural gas, cement, sand and 

vel. 
Missouri ______ 785,160 21 1.13 Lead, cement, stone, iron ore. 
Montana ______ 636,289 22 .92 Petroleum, coal, copper, cement. : 
Nebraska ______ 123,365 39 .18 Petroleum, cement, sand and gravel, stone. — 
Nevada _______ 233,683 31 .34 Copper, gold, sand and gravel, barite. 
New Hampshire _ 17,579 48 .03 Sand and gravel, stone, clays, gem stones. cs 
New Jersey ___- 119,886 40 17 Sand and gravel, stone, zinc, titanium 

concentrate. 
New Mexico ___~_ 2,510,127 8 3.63 Petroleum, natural gas, copper, natural gas 

quids. 
. New York _____ 427,964 29 62 Cement, stone, salt, sand and gravel. 

North Carolina __ 203,339 34 29 = Stone, phosphate rock, sand and gravel, lithium 
. minerals. 

North Dakota __ _ 244,105 30 .35 Petroleum, coal, natural gas, natural 
gas liquids. | 

Ohio _________ 1,435,896 14 2.08 Coal, petroleum, lime, stone. 
Oklahoma ____~ 2,789,974 7 4.03 Petros eum, natural gas, natural gas liquids, 

Oregon ______~_ 112,566 4] 16 Stone, sand and gravel, cement, nickel. 
Pennsylvania ___ 3,041,186 6 4.40 Coal, cement, stone, lime. 
Rhode Island ___ 6,400 49 .01 ~~ Sand and gravel, stone, gem stones. 
South Carolina _— 125,455 38 .18 . Cement, stone, clays, sand and gravel. 
South Dakota __ _ 101,530 42 .15 ‘Gold, cement, stone, sand and gravel. 
Tennessee _____ 439,714 27 64 Coal, stone, zinc, cement. 
Texas _______- 18,143,204 1 26.23 Petroleum, natural gas, natural gas liquids, 

cement. 
Utah ___-____-_ 1,043,981 19 1.51 Petroleum, copper, coal, uranium. 
Vermont _____-— 35,097 46 05 Stone, asbestos, sand and gravel, talc. 
Virginia ~____~_ 1,160,645 17 - 1.68 Coal, stone, cement, lime. 
Washington ___-— 187,222 35 wot Cement, coal, sand and gravel, stone. 
West Virginia ___ 3,498,001 3 5.06 Coal, natural gas, petroleum, natural 

gas liquids. 
Wisconsin ____-— 132,453 37 19 Sand and gravel, stone, iron ore, cement. 
Wyoming —____- 1,851,599 9 2.68 Petroleum, sodium compounds, coal, natural 

gas. 

Total____ 69,178,000  __ _100.00 

1Incomplete total. 
*Less than 1/2 unit.
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Table 5.—Value of mineral production per capita and per square mile in 1976, by State 

ES
 

1976 Value of mineral production 
Area popula-<§ ——————_—————— 

State (square tion Total Per square mile Per capita 
miles) (thou- (thou- ne 

sands) sands) Dollars Rank Dollars Rank 

i 

Alabama _____~—~----- 51,609 3,665 — $1,029,536 19,949 14 281 _ 

Alaska ~~. -------~- 586,412 382 625,188 1,066 49 1,637 a) 

Arizona ______--~------ 113,909 2,270 1,726,621 15,158 19 1 =~ 

Arkansas __. ~~ ---_--~--~-~ 53,104 2,109 535,448 10,083 26 254 19 

California _.__-_-_---- 158,693 21,520 3,483,373 21,950 12 162 2 

Colorado ___..--~------ 104,247 2,583 1,110,166 10,649 24 430 18 

Connecticut ~__-----~-~+-~- 5,009 3,117 34,318 6,851 31 11. 4 

Delaware _____-___-~---~—- 2,057 582 1] 837 893 50 3 50 
Florida _______------~- 58,560 8,421. 1,652,232 28,214 9 196 © 22 

Georgia ______-------- 58,876 4,970 428,479 7,278 30 86 32 

Hawaii ______--_----- 6,450 - 887 42,252 6,530 32 48 38 

Idaho ____—~----.----—- 83,557 831 210,246 2,516 41 253 20 

Mlinois ~._-___-.~~-~--+- 56,400 11,229 1,581,165 28,035 10 141 28 

Indiana ___...-------—- 36,291 5,302 607,321 16,735 17 115 30 

Towa _.___~-—-------+~ 56,290 2,870 216,027 5,838 33 75 34 

Kansas ______--.-—_-~- 82,264 2,310 1,213,853 14,755 20 525 12 

Kentucky ~~ ~---~--~-~- 40,395 3,428 3,114,589 77,103 3 909 8 

Louisiana ~—-____-~-—--~— 48,523 3,841 8,652,107 178,309 1 2,253 2 

Maine ___..—_____---~-- 33,215 1,070 40,364 1,215 47 38 41 

Maryland ____-------- 10,577 4,144 184,918 17,483 16 45 39 

Massachusetts ___..-—--- 8,257 5,809 69,850 8,459 29 12 AT 

Michigan _———_-------~- 58,216 9,104 1,543,516 26,514 11 170 24 

Minnesota _____-___-—-~- 84,068 3,965 1,218,030 14,489 21 307 16 

Mississippi _ _____---~--~- 47,716 2,354 449,862 9,428 27 191 | 23 

Missouri __..._—~._-_--~—-~ 69,686 4,778 785,160 11,267 23 164 25 

Montana __—__-_-----~~- 147,138 753 636,289 4,324 35 845 10 

_ Nebraska _____------~-- T1227 | 1,553 123,365 1,597 45 79 33 

Nevada ______--~-~---—-~ 110,540 610 233,683 2,114 43 383 14 

New Hampshire ——_ ~~~ 9,304 822 17,579 1,889 44 21 45 

New Jersey ~~. --------- 7,886 . 1,836 119,886 15,299 18 16 46 

New Mexico ____-~---~-~-— 121,666 1,168 2,510,127 20,631 13 2,149 3 

New York ____~------- - 49,576 18,084 427,964 8,632 28 24 44 

North Carolina __..----- 52,586 5,469 203,339 3,867 37 37 42 

North Dakota ______ ~-~~- 70,665 643 244,105 3,454 39 380 | 15 

Ohio ____—-___--—---+-- 41,222 10,690 1,435,896 34,833 7 134 29 

Oklahoma _____~--~-~--~~~- 69,919 2,766 _ 2,789,974 39,903 6 1,008 7 

Oregon ______-~__-~--~- 96,981 2,329 112,566 1,161 48 48 37 

Pennsylvania —_—__~~-~-~- 45,333 11,862 3,041,186 67,085 5 256 18 

Rhode Island _~_.—_--~-~~ 1,214 927 6,400 5,272 34 7 49 

South Carolina _ ~~~. ~ 31,055 2,848 125,455 4,040 36 44 40 

South Dakota ___ ~~~ 77,047 686 101,530 1,318 46 148 27 

Tennessee _~______-____—- 42,244 4,214 439,714 10,409 25 104 31 

Texas _______~~----~~- 267,338 12,487 18,143,204 67,866 4 1,453 6 

Utah __________----- 84,916 1,228 1,043,981 12,294 22 850 9 

Vermont ________~~--~- 9,609 . 476 35,097 3,653 38 74 35 

Virginia ~_______----~ 40,817 5,032 1,160,645 28,435 8 231 21 

Washington ______~_-_-~~~- 68,192 3,612 187,222 2,746 40 52 36 

West Virginia _____-_--_~~- 24,181 1,821 3,498,001 144,659 2 1,921 4 

Wisconsin —~______-__-~- 56,154 4,609 132,453 2,359 42 29 43 

Wyoming _______-~~---_ 97,914 390 1,851,599 18,910 15 4,748 1 

Total? _.________ 3,615,055 213,956 69,178,000 19,136 XX 323 XX 
SSSR IOO 

XX Not applicable. 
1Incomplete total. 

mopetludes Washington, D.C., with an area of 67 square miles and a population of 702,000 (which had no mineral 

production).
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Table 7.—Mineral production’ in the islands administered by the United States 
. (Thousand short tons and thousand dollars) - 

1973 1974 1975 1976 
Area and mineral - - an- Quan- oan Value onan - Value oy Value tity Value 

SSS SSS SSS SS lS Ss SSSI 

American Samoa: 
Pumice ____2~~_§________ 37 214 27 183 15 15 47 - 80 
Stone _.__-_____________ 63 152 50 122 34 147 30 156 

Total. XX 366 XX 305 XX 162 XX 186 
Guam: Stone _______________ 1,246 3,139 798 1,444 781 1,837 457 1,438 
Virgin Islands: Stone ________ ~~ 664 2,860 638 3,869 253 1,813 279———s«a2,050 

XX Not applicable. 
1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

Table 8.—Mineral production’ in the Commonwealth of Puerto Rico 
(Thousand short tons and thousand dollars) 

| | 1973 1974 1975 1976 
Mineral Quan- Quan- Quan- Quan- tity Value tity Value — tity Value tity Value 

Cement _____ _ a 2,062 41,203 1,881 70,277 1,582  —- 60,968 1,558 66,150 
. Clays __._______ 464 473 291 332 341 440 Ww Ww 

Lime __________ 42 2,215 39 2,923 28 2,231 28 2,513 . 
Salt _._-________ 29 580 29 624 27 639 27 639 
Sand and gravel _ _ _ _ 7,480 21,243 NA NA NA NA NA NA 
Stone __________ 15,647 41,857 14,362 41,640 13,595 47,515 13,404 47,124 

Total ______ XX 107,571 XX 7115,796 XX  7111,793 XX  7116,426 

NA Not available. W Withheld to avoid disclosing individual company confidential data. XX Not applicable. 
1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
?Total does not include value of items withheld or not available. |
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Table 9.—U.S. exports of principal minerals and products 

1975 1976 

Mineral . | Value “, Value 
Quantity (thousands) Quantity (thousands) 

METALS 
Aluminum: 

Ingots, slabs, crude__ _______ ~~ ~ short tons__ 185,850 $134,064 152,366 $118,644 
Scrap _______________-~--.__-~~ do____ ™66,937 ™29,169 108,958 63,245 
Plates, sheets, bars,etc ____________~ do___~_ 171,008 228,684 203,843 261,759 
Castings and forgings _____________~— do__~_ - §,008 18,813 5,611 21,232 

Aluminum sulfate ________.~_________ do____ 47,688 2,897 50,758 1,569 
Other aluminum compounds ~~ --~------ _~ do____ 835,920 131,726 911,460 166,084 
Antimony, metals and alloys, crude____.___ do____ 339 348 341 853 
Bauxite, including bauxite concentrates 

thousand long tons_ _ 19 . 1,651 15 1,297 
Beryllium _~_________________.__~ pounds__ 37,336 1,152 114,143 1,756 
Bismuth, metals and alloys__________.__ do____ 1128,893 1636 168,488 1514 
Cadmium ___________~~ _~—- thousand pounds_ _ 396 589 504 713 
‘Calcium: 

Carbonate ________________.~L- short tons__ | 4,640 705 3,411 735 
Chloride ______________________ do____ 28,359 2,314: 33,533 2,578 
Dicalcium phosphate_____.________ ~ do____ 21,053 6,270 32,302 9,612 

Chrome: 
Ore and concentrates: . . 
Exports _._.___— — thousand short tons__ 139 6,896 124 5,609 
Reexports ____________..______ do____ 45 2,111 85 5,475 

Ferrochrome ________________.__ do____ 13 9,075 14 8,785 
Cobalt_____________. =. _ thousand pounds_ _— 4,237 14,881 3,892 — 12,427 
Columbium metals, alloys, other forms______ do___~ 53 187 67 7178 

| rere ) , concentrate, composition metal, and un- 
refined (copper content)... _____ .__-_ short tons__ 16,451 14,454 22,689 19,769 

Scrap ___---_.---~------..--_~ do___ 45,002 40,793 37,473 37,079 
Refined copper and semimanufactures__.__ do... = 258,165 465,553 176,877 313,377 

_ Other copper manufactures____.______ do____ 9,518. 14,158 ~ 4,923 8,435 | 
Copper sulfate or blue vitriol__________ do____ 1,248 2,067 2,071 2,935 
Copper -base alloys ________.______~ do____ 130,254 179,838 110,665 177,270. 

Fe oys: , 
Ferrosilicon ________________~___ do____ 39,712 — 15,732 12,416 7,449 

Gol Phosphorus - ~~ -------------- do____ 437 57 1,636 153 

. Ore and base bullion _________~_~— troy ounces__ 393,970 63,654 337,517 41,624 
Bullion, refined __________________ do____ 3,101,812 429,278 3,193,248 333,424 

Iron ore.______________ _ thousand long tons_ _ 2,537 60,071 2,913 82,192 
Iron and steel: . 

Pigiron____..____________~ — short tons__ 59,596 4,636 57,480 _  §,408 
. Iron and steel products (major): 

Semimanufactures___§__§__________ do____ 1,690,956 633,502 1,856,573 592,126 
Manufactures and steel mill products ___ do___ _ 2,284,043 2,336,341 1,814,776 1,870,281 

Iron and steel scrap: Ferrous scrap, including rerolling 
materials 

thousand short tons_ _ 9,642 780,984 8,168 636,758 
Slag____________________ _ short tons__ 139,516 5,506 38,718 1,264 

Pigs, bars, anodes, sheets, etc______-_ short tons__ 21,256 12,041 5,877 5,320 
Scrap ..-_-________________-~~ do.___ 49,951 10,063 46,883 11,539 

Magnesium, metal and alloys, scrap, semi- 
manufactured forms, n.e.c.. $$ .-______ do____ 32,591 48,191 13,444 26,902 

Manganese: 
Ore and concentrate ________________ do____ 204,523 13,886 127,971 7,510 
Ferromanganese ____________-___~ do____ ™32,487 10,743 6,789 3,462 
Metal __ . - -§ _-_-_________________ do____ 3,256 3,318 4,654 3,434 

Mercury: 
Exports_______________~— — 76-pound flasks__ 339 152 501 306 
Reexports _____________._______ do____ 155 68 12 6 

Molybdenum: 
Ore and concentrates (molybdenum 

content) _____._______-_-~— thousand pounds. _ 62,611 159,592 62,474 183,536 
Metals and alloys, crude and scrap ______ do____ 317 858 223 390 
Wire _.-______~________________ do____ 270 2,863 343 3,672 
Semimanufactured forms, n.e.c ________ do____ 312 1,790 184 1,584 
Powder ________._____________~ do____ 60 296 25 136 
Ferromolybdenum __—_____________ do____ 2,241 4,798 3,596 9,447 

Nickel: 
Alloys and scrap (including Monel metal), 

ingots, bars, sheets, etc _______-_ _ short tons__ 23,118 102,400 38,143 141,724 
Catalysts______________-_______ do____ 3,536 13,713 4,442 16,282 
Nickel-chrome electric resistance wire _____ do____ 679 4,769 769 5,253 
Semifabricated forms, n.e.c___________ do____ 2,788 20,420 4,207 30,736 

Platinum: 
Ore, concentrate, metal and alloys in ingots, 

bars, sheets, anodes, other forms, including 
scrap___________________ troy ounces__ 376,450 56,412 325,805 37,868 

Palladium, rhodium, iridium, osmiridium, 
ruthenium, and osmium (metal and alloys 
including scrap) ___._.._._________ do____ 283,435 31,102 186,602 14,885 

See footnotes at end of table.
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Table 9.—U.S. exports of principal minerals and products —Continued 
ere 

1975 1976 

Mineral | . Value : Value 
Quantity (thousands) Quantity (thousands) 

METALS —Continued 
Platinum —Continued . 

'  Platinum-group manufactures, except 
jewelry _..___.____~---------~------ NA $3,246 NA — . $2,977 

Rare earths: oO, 

_ Cerium ore, metal, alloys 
Sili lighter flints ___.....-_____---~~ pounds__ 100,279 300 119,792 335 

con: 
Ferrosilicon ______._.___._.—-—-~- short tons__ 39,712 ¥15,732 12,416 7,449 

Sil Silicon carbide, crude and in grains_____— do___~_ 12,970 6,839 10,106 6,174 

ver: . 
Ore, concentrates, waste, sweepings - “ 

; thousand troy ounces_ _ 10,005 43,481 7,000 28,849 
Bullion, refined ____.__.____.--___~-~ do___~- 22,621 104,086 7,596 . 32,586 

Tantalum: 
Ore, metal, other forms __——_~— thousand pounds_ _ 531 5,545 213 6,711 

ine ee or do___. 161 5,974 110 7,982 

Ingots, pigs, bars, etc.: . pee 
Exports ________..__---~~ metric tons__ F444 10,457 540 2,998 

' Reexports__.________-------~~ do___- 72,152 15,531 1,798 © 18,967 
Tin scrap and other tin-bearing material - 

except tinplate scrap ___________--~ do__~- 5,062 4,343 6,927 7,391 

Titanium: ; oo 

Ore and concentrate ________._—~—-~—-~—-~ short tons 3,147 505 - 4,802 . ATT 

Sponge (including iodide titanium " 

and scrap). ___.———-~---------~- do___-_ 4,326 7,630 6,144 - 8,547 

Intermediate mill shapes and mill products, n.e.c. 
. ae _. do____ 1,900 24,726 ~ 1,065 — - 15,039 

Dioxide and pigments _____...__..-+- do____ 15,807 12,110 ~ 20,580 - 16,229 

Tungsten, ore and concentrates: oS . 

ports_____.._______-_-~ thousand pounds_ — 1,316 .. 8082 — ~- 1,729 11,189 

Reexports ____.__________--_~~-~ do___~ 316 930 887 1,903 

Uranium: oO BS 

Ores and concentrates (UsOg content) _.— pounds_ — 122,663 1,840 1,495,130 24,4382 

Metal ____._§____________.-_~-~ do___ _ 14,840 203 7,108 - 146 

Compounds _________--_-__-_-~--~~ do___- 3,837,266 52,040 369,036 1,282 

Isotopes (stable) and their compounds ~~~ — — ~~ --- NA 2,679 NA. 2,103 

Radioactive materials ___ =’. ____thousand curies_ _ 37,850,386 20,088 31,474,488 25,905 

Special nuclear materials ________----~---~- NA 236,849 NA 426,423 . 

Vanadium: y 
Ore and concentrate, pentoxide, - mo 

etc. (vanadium content)___._____-—-— pounds _ 430,592 1,628 197,035 742 

Zi Ferrovanadium________.___-_--~ do___~— 2,035,851 7,952 . . 2,421,776 9,180 

inc: 
Slabs, pigs, or blocks __.._.___-~-~ short tons_— 6,897 -  §,870 3,518 ° = 2,806 

Sheets, plates, strips, other forms n.e.c___— do___- 1,629 2,086. — 2,271 2,817 
Waste, scrap, and dust (zinc 7 
content) _______________--~--~ do-_-~- 5,051 2,448 8,945 3,535 

Semifabricated forms, n.e.c___._.___-— do____ 14,196 9,379 9,320 6,076 

Zirconium: 
Ore and concentrate _________.—.-—— pounds__ 37,531,345 4,787 18,855,595 2,784 
Metals, alloys, other forms __._______-~ do__~-~ 2,649,694 ¥25,828 2,304,202 “43,809 

| NONMETALS 
Abrasives: 

Dust and powder of precious or semiprecious stones, 
including diamond dust and powder 

thousand carats_ — 12,802 32,088 14,155 35,450 
Crushing bort’_ .____.-__.-------~ do__-_ 3 12. 17 "182 

Industrial diamonds _________---- ~~ do__~~ 950 5,948 689 8,677 

Diamond grinding wheels — — — =~ ~~~ do__ _ — 684 4,933 730 4,911 

Other natural and artificial metallic 
abrasives and products __.____~--~------ NA 59,868 NA 68,979 

Asbestos: 
Exports: 

Unmanufactured ____..—— —~—-— short tons_ — 34,921 10,059 46,317 12,640 

Products ________--------~-. do__.-_ NA 60,556 NA 60,276 
ts: 

Onmanufactured ~~ ~~~ do 1,526 608 606 151 

Products _.__----------~----- do___- NA 220 NA 296 

Barite: 
Natural barium sulfate __________-~~ do___~_ 57,386 1,868 41,063 2,871 

Lithopone ___.______---_-------- do_.-~ 1,833 1,060 779 937 
Boron: ; 

Boric acid _________._____----_-~~ do___-_ 33,697 11,532 36,492 12,368 

Sodium borates, refined _____.__._~--~ do-__- 212,266 42,486 211,362 49,156 

.  Cement__________________------- do_~_ 494,132 28,409 466,055 26,601 

lin or china clay __________----~- do___~_ 878,619 47,905 839,230 57,649 

Fire clay _____-__-___--_-------~~ do___- 219,431 7,191 296,016 12,895 

See footnotes at end of table.
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Table 9.—U.S. exports of principal minerals and products —Continued 
meen eee SS Sra oes PSTSSSSGS PTs 

1975 1976 

| | | Mineral , Value : Value | 
Quantity (thousands) Quantity (¢nousands) 

eee 

- NONMETALS —Continued 
Clays —Continued 

Other clays ___.____________ short tons__ 1,216,088 $65,202 1,351,953 $81,409 
Feldspar, leucite nepheline syenite _ thousand pounds__ 19,087 507 12,289 352 
Fluorspar _.._~_______________ ~ short tons__ 1,355 194 4,923 764 
Gem stones: 

_ Diamonds ____..___.___~ thousand carats__ 265 236,988 313 306,098 
Pearls _.. NA 413 NA 581 
Other _. 5 NA 25,480 NA 80,896 

Graphite ____._..___________-_ short tons__ 10,586 1,890 79,098 6,753 
Gypsum: 

. Crude, crushed or calcined _ _ thousand short tons__ 15 4,505 284 6,739 
‘Manufactures, nec ~~~ ~______ Ct NA 5,976 NA 25,855 

Lithium hydroxide ________.__ thousand pounds__ 1,226 1,593 534 674 
Kyanite and allied minerals ___._____ _ short tons__ 150,369 9,355 63,329 4,942 
Lime ___ dol 53,853 2,746 55,852 2,981 

Magnesium compounds: 
esite, dead-burned _ _ _ __ _ thousand pounds__ 165,309 14,146 142,745 13,466 

Magnesite, crude, caustic calcined, lump or ground 
~. do. 18,195 4,538 20,242 5,422 

Mica sheet, waste and scrap, and ground____ pounds. _ 10,977,353 3,154 14,449,150 - 3,477 
Mica, manufactured __________.._____ do____ 1,132,301 3,950 2,481,151 3,776 
Mineral-earth pigments, iron oxide, natural 

. and manufactured_____________ _ short tons__ 13,231 7,710 11,867 11,387 
Nitrogen compounds (major) _ _ _ thousand short tons__ T4,736 ™860,110 4,714 449,147 
Phosphate rock __.--.._.._~_________ do____ 12,606 461,553 11,019 | 327,410 

_ Phosphatic fertilizers: . 
Superphosphates _ $$... ...._____ do____ T1166 7192,898 1,834 110,835 
Ammonium phosphates____________. do_.__ 2,422 532,274 2,406 269,855. 
Elemental phosphorus._________— short tons__ 35,845 36,659 29,038 30,387 
Mixed chemical fertilizers __ thousand short tons__: 324 40,695 42 30,284 

Pigments and compounds (lead and zinc): . 
Lead oxides: - : 

Pigment grade___________-_~_ short tons._ 1,695 901 2,620 1,661 
ergrade ____..___________ do____ 580 490 345 . 438 

Zinc oxides: . 
Pigment grade -— —----~-------- do. _ 2,389 1,867 4,261 2,587 

ergrade _________________ do____ 715 496 577 524 
Zinc compounds... _$__§_§_._._______. do____ 917 1,060 7719 937 

Potash: 
. Fertilizer_ 2.2. ~~. ~~ ______ do____ 1,419,317 192.701 1,669,691 91,887 

Chemical. ____§_~§_~.~_~_~_~______ dot 104,497 18,949 60,025 19,422 
Pumice and pumicite ___._____ thousand pounds__ 2,504 1,027 2,022 271 
quartz, natural, quartzite, cryolite, chiolite short tons__ 1,767 1,106 -- ——— 

Crude and refined _______ thousand short tons__ 1,332 9,070 1,007 10,326 
Shipments to noncontiguous territories __. do____ - 20 2,304 18 2,230 

Sand and gravel: 
Sand: ; 

Construction ___._______. short tons__ 510,859 1,111 558,733 _ 1,837 
Industrial... 9-22 _______ do____ 2,171,109 13,071 2,553,475 17,080 

Gravel -- LL dol 537,290 864 579,359 1,099 
Sodium and sodium compounds: 

Sodium sulfate _.__._____________ do.___ 77 6,144 57 3,636 
gS Sodium carbonate ________________ do____ 529 45,822 645 49,781 
tone: 

Dolomite, block ..._.__.._._________ do____ 49 1,464 . 63 1,486 
Limestone, crushed, ground, broken _____ do____ 3,386 9,993 3,191 10,537 
Marble and other building and monumental do____ NA 2,449 NA 2,596 
Stone, crushed, ground, broken 

thousand short tons. _ 896 5,843 866 7,073 
Sui eanufactures of stone — - ~~ --_~__- do. ___ NA | 2,376 NA 2,273 

ur: 
Crude. _________.___ thousand long tons__ 1,288 69,553 1,183 60,226 
Crushed, ground flowers of _._________ do____ 7 2,248 15 3,358 

Talc, crude and ground ___________~_ short tons__ 157,681 6,338 212,344 9,034 

Carbon black ________.__ ~~ thousand pounds__ 87,947 15,474 110,760 27,231 

Anthracite. __.__. thousand short tons__ 640 25,801 615 24,008 
Bituminous ____._______._______ do____ 65,669 3,232,893 59,406 2,886,467 
Briquets __.__.___._____.._____ do____ 90 9,566 87 10,998 
Coke _-- ~~~ __________ do____ 1,273 74,732 1,315 66,726 

Natural gas __.__________ ~ thousand cubic feet__ 105,879,552 114,275 95,866,953 140,854 
Petroleum: 
Crude_______________-_ thousand barrels__ 19 187 2,227 27,129 
Gasoline _..---___.-_~_________ do____ 185 3,103 266 5,592 
Jet fuel. -§ 5 5 LL __ sdol___ 326 3,459 348 3,404 
Naphtha __ ~~~ ~_________ do____ 1,168 27,271 2,608 37,045 
Kerosine __.§___./-______________ do____ 28 437 33 504 
Distillate oil .... .. ...-.__________ do____ 92 1,156 97 1,333 

See footnotes at end of table.
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Table 9.—U.S. exports of principal minerals and products —Continued 
—— Bag 

_ Mineral . ror" Value Wale | 
ae : Quantity ¢nousands)  @antity —_¢ngusands) 

MINERAL FUELS —Continued | a 
Petroleum —Continued . 

Residual oi] _____________-__ thousand barrels__ 4,892 $43,179 3,438 $32,301 
Lubricating oil _.___.___.-______~ do____ 8,827 300,873 6,749 | 206,681 

 Asphalt____4__~__— ~______________ do____ 245 6,222 262 8,051 
Liquefied petroleum gases ___________ do____ 9,432 100,041 8,967 — 98,981 
Wax dole 581 27,502 605 30,997 7 

| ~ Coke 2 doi 36,949 815,289 == *88,815=si«( «852,523 
Petrochemical feedstocks ____________ do___- 7,436 95,681 6,885 91,491 

_- Miscellaneous___________________ do____ 1,088 43,976 1,016 46,366 

Total _._____________ ee XX 14,345,654 XX 12,514,499 

~ TRevised. NA Not available. 
_ Adjusted by the Bureau of Mines.
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- Table 10.—U.S. imports for consumption of principal minerals and products 
——— 

. 1975 1976 
Mineral oa, .Walue Value 7 | Quantity (thousands) Quantity x ousands) 

CE 

METALS . 
Aluminum: 

. Metal _____.._____________ __ short tons__ 434,119 $316,873 575,350 $439,570 Scrap ____- ~~ ~~~ dot. 54,806 27,586 85,714 46,166 ' Plates, sheets, bars,ete ___.__________ do____ 61,354 65,079 87,560 96,312 Aluminum oxide (alumina) _.__________ do____ 3,507,415 370,039 3,624,367 404,478 
Anitimony: 

Ore (antimony content) _____________ do____ 8,320 14,535 10,023 16,911 Needle or liquated _..§_-____._ -____=_ do____ 74 255 41 129 Metal__ ~~~ dol 2,112 5,677 2,083 4,986 Oxide ___~~~ ~~~ dow 9,908 12,588 11,611 17,029 Arsenic: 
White (As2Os content). _._.§_____-__..__ do____ ——- 12,018 4,426 4,262 1,528 Metallic _-.-- ~~» dow 483 2,716 288 1,735 

Bauxite, crude_________._ . thousand long tons__ T11,529 NA 12,548 NA Beryllium ore ______.__________~ short tons__ 11,479 1468 1058 380 Bismuth ____________._._._______ pounds _ 1,331,173 9,442 2,328,051 14,154 
Cadmium: 

Metal____________________. short tons__ 2,618 13,902 3,411 14,511 
Flue dust (cadmium content)__________ do____ 346 1,489 246 536 Calcium: 
Metal. ---_--_-____.________ pounds__ 70,128 78 461,965 415 . Chloride _________________. short tons__ 12,021 598 16,046 480 Chrome: 
Ore and concentrates (Cr2Os content) 

thousand short tons__ 559 60,651 533 70,075 
Ferrochrome ___________________ do____ 198 190,630 150 124,819 
Metal _______~_~____________ dol 2 6,630 2 9,142 

Cobalt: 
. Metal .________________ thousand pounds__ 6,092 25,611 15,129 66,299 

Oxide (gross weight) _______________ do____ 233 T7719 138 573 
Salts and compounds (gross weight)______ do____ 41 74 235 365 \ Columbium ore ________~_~§_________. do____ 1,542 2,012 3,968 5,787 Copper (copper content): 

and concentrates ____._____. short tons__ 29,301 35,649 35,197 49,861 
Regulus, black, coarse______________ do____ 5,675 20,560 14,097 54,878 
Unrefined, black, blister _.__________ do____ 78,969 90,846 19,388 22,144 
Refined in ingots, ete...____________ do.___ 142,945 166,159 381,343 453,279 
Old and scrap _~__§________________ do____ 14,399 14,459 19,735 19,231 

Ferroalloys, n.e.c _-.---§ $$ _-.§ -_________ do____ ™61,946 735,556 99,905 47,430 | Gallium _~_____________________kilograms_ _ 6,830 3,555 4,920 2,326 Gold (general imports): 
Ore and base bullion ___________ troy ounces__ 313,038 — 50,055 . 166,312 20,007 
Bullion ___ $52 5 ee dow 2,348,936 406,583 2,489,679 311,011 | Indium _~__~~§_~§_~_2 dot 113,800 629 290,139 1,802 Iron ore_____________.._ _ thousand long tons__ 46,743 860,496 44,390 980,348 Iron and steel: 
Pigiron__._..______._______ __ short tons__ 478,106 69,316 444,282 51,142 
Iron and steel products (major): 

Iron products_________________ do.___ 47,5385 32,299 44,877 32,002 
Steel products _.______________ do____ 12,440,326 4,475,191 18,051,471 4,479,191 pctap — ~~ -~------------------- do. ___ 293,082 24,464 495,584 34,524 Leayt? te 2 LL dol 12,277 786 11,581 596 

Ore, flue dust, matte (lead content) ______ do____ 45,024 12,329 88,988 29,492 Base bullion (lead content) .._________ do____ 462 183 2,334 955 
Pigs and bars (lead content).__________ do____ 99,054 46,703 141,980 60,245 Reclaimed scrap, etc. (lead content)______ do____ 1,741 617 2,644 1,022 Sheet, pipe, shot _..._____________ do____ 147 99 294 495 Magnesium: 
Metallic and scrap _~_______________ do____ 6,787 9,299. 13,066 19,020 Alloys (magnesium content) __________ do____ 1,111 2,215 1,820 3,604 
Sheets, tubing, ribbons, wire, other 

forms (magnesium content) _________ do____ 5 33 21 38 Manganese: 
Ore (85% or more contained manganese)___ do____ 765,530 77,103 649,245 73,627 Ferromanganese (manganese content) ____ do____ 306,650 128,381 417,433 164,698 Metal__-____~_~____________ dol 4,378 4,041 7,082 5,258 Mercury: 
Compounds ___________________ pounds__ 6,112 742 35,536 90 Metal __________________ 76-pound flasks__ 43,865 7,599 44,415 4,325 Minor metals: Selenium and salts________ pounds__ 889,320 10,265 811,257 12,118 Molybdenum: 

(content) ___________________ do____ 2,556,680 5,916 2,092,623 4,850 Waste and scrap _________________ do____ 44,672 101 297,554 1,183 Metal______-__________________ do____ 38,926 434 63,500 705,274 Ni Compounds en (> SO 682,039 745 679,289 690 
ickel: : 
Pigs, ingots, shot, cathodes _______-_ short tons__ 107,084 406,894 111,255 456,398 
Plates, ,ete_. LL dole 71,752 11,118 3,223 20,348 Slurry _-__-~ ~~~ dol 23,991 63,522 33,280 98,178 perap - — - a 4---~----~--------- do. ___ 2,353 5,864 2,359 4,827 Powder and flakes _.______________ do____ 9,772 39,413 10,181 45,267 Ferronickel _.._§_-§..$_-____________ do____ 65,046 67,818 55,721 72,161 Oxide 5 ee dol 5,063 15,172 5,932 21,948 

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 

| 1975 1976 

7 Mineral . Value . Value 
| Quantity (thousands) @antity (thousands) 

METALS —Continued 

Platinum-group metals: : 
. Unwrought: . 

Grains and nuggets (platinum) __ troy ounces_ _ . 19,253 $2,941 596 | $88 
Sponge (platinum)_ __________. ~~ do -___ 567,466 91,567 904,048 139,378 
Sweepings, waste, scrap _____.____— do___— 116,523 14,278 146,773 20,080 
Iridium ~~~ - -.- --. - -______ do____ - 14,419 6,892 18,179 —  -§,045 - 
Palladium _________________~ do____ 409,862 33,863 994,360 48,535 
Rhodium —____________~-___~ do____ 80,197 34,400 62,260 18,342 
Ruthenium ____~______...-__~ do____ 16,535 926 75,673 3,580 
Other platinum-group metals___.___ do____ 234,757 37,055 224,560 32,195 

Semimanufactured: 
Platinum __________________~ do____ 96,630 15,337 95,653 15,623 
Palladium “~~ _~§_§___._________ do____ 144,240 15,163 128,951 6,325 
Rhodium _______...__..___~~ do____ 1,832 675 1,864 '' 382 
Other platinum-group metals... do____ 118,570 19,726 14,142 1,968 

Radium: Radioactive substitutes __________..--- NA . 8,297 NA - 12,200 
Rare-earth metals, ferrocerium, other 
cerium alloys __.___._.__________-~— pounds__ 33,852 187 40,259 - 167 

| Silicon (silicon content): 4 
Metal__ = _____________ ~~ short tons__ 3,852 6,591 1,359 26,170 
Ferrosilicon _____.____________.  ~ do____ 47,365 41,950 64,124 39,808 

Silver (general imports): _ . 
Ore and base bullion __ __— thousand troy ounces _ 21,197 87,755 °16,717 70,206 
‘Bullion ___ > > ~~ -- LL dot 61,629 274,254 67,187 | 289,032 
Sweepings, waste, dore __.__________~ do____ 7,596 32,527 4,454 18,823 

Tantalum ore _____________ thousand pounds__ - T1758 TU .194° 2,557 15,124 

Ore (tin content) _____________— metric tons__ 6,415 44,114 (5,783 38,529 
Rocks: pigs grain grains, etc __ Sue do_ ___ 44,366 312,346 — 45,055 325,453 

, , scrap, residue, 
and tin alloys, n.s.pf ..._.._..___~ do____ 72,468 2,452 _ 2,666 3,550 

Tinfoil, powder, flitters, ete ~......_________ NA 7,257 ‘'.NA 8,148 
Titanium: . 

Ilmenite®___§_-§___» _____________~ short tons__ 334,692 15,903 431,717 18,715 
Rutile. ___ 2 LLL doi 224,499 46,362 281,712 54,849 
Metal _______________________ pounds. _ 10,549,619 18,332 7,922,050 12,690 
Ferrotitanium____§__§________...-~ do___ 1,071,048 1,125 1,798,936 1,438 
Compounds and mixtures___________~ do____ 53,964,945 19,654 140,795,246 53,806 

Tungsten (tungsten content): 
Ore and concentrate _____—-— — thousand pounds_ _ . 6,570 31,665 5,301 _. 28,320 
Waste and scrap ___.__.__________. do____ 71 317 170. 694 
Other alloys _________________ ~_~ do____ 1,898 | 11,104. 2,473 (14,255 
Ferrotungsten________.._._____ _. do___ 418 - 2,542 844 5,451 : 

Uranium and other uranium-bearing and . 
nuclear materials: 7 
Oxide UsOg ____ _________-__-__-= do___- 2,451,538 © 24,481 11,074,298 203,926 
Compounds, n.e.c __ _ ______--_--~-~ do___- 19,226,578 161,507 33,876,908 441,603 
Isotopes (stable) and their compounds __—__ == —-_ NA _ 957 NA _ 1,067 
Radio isotopes, elements, etc __ . thousand curies_ — 35,346,036 8,297 60,302,966 12,200 

Vanadium (content): . 
Ferrovanadium __________ — thousand pounds_ _ 273 1,485 518 2,448 
Vanadium-bearing materials (vanadium pentoxide . 

Zin content) __.~_____________._-~ do____ 8,185 7,075 10,702 4,721 
c: | . 
Ore (zinc content)_ _____...__._ ~~ short tons_— 428,544 108,822 155,803 80,553 
Blocks, pigs, slabs. _.______....___~ do____ 374,922 273,636 695,131 482,265 
Sheets, ete ______________._-_-~~~ do____ 236 507 209 329 
Old, dross, skimmings ______._.______— do_.___ 3,158 1,238 12,445 4,884 

Dust, powder, flakes _. ~~ _ 2 ~do-___ 5,739 5,744 6,009 5,134 
Manufactures ________ 9 _-§_-_ Le NA 79 NA 96 

Zirconium: 
Ore, including zirconium sand _____— short tons__— 40,205 * 8,874 64,643 13,733 

~ Unwrought, scrap, and compounds _____~— do___-~ 2,013 5,991 914 1,153 
NONMETALS 

Abrasives: . 
Diamonds (industrial) _ _ ______ _thousand carats. 14,291 53,383 17,047 61,102 
Other abrasives -___________---------~-- NA | F68,480 NA 96,130 

Asbestos ___..____________ ~~~ short tons _ 538,553 111,011 657,851 142,145 
Barite: : 

Crude and ground _______________~ do____ 672,528 9,264 917,812 . 19,829 
Witherite _._..________________~- do____ 85 44 278 56 
Chemicals ___ 9 _-§_________--~~ do____ 10,937 4,443 16,913 5,095 

Boron: . 
Carbide______.__________-_---—-— pounds__ 137,572 7645 30,232 240 
Boric acid ___________..------~-~~ do____ 345,287 59 112,870 14 
Calcium borate, crude ___________--~ do___~_ 55,282,329 T1,560 60,493,065 1,953 

Goment — —-—--------~~—- thousand short tons_ — 3,702 70,620 3,107 67,085 

Raw... short tons. — 33,851 1,644 34,359 1,207 
Manufactured_ —~___.._~_~___-______ dow _ 4,143 303 4,309 607 

Cryolite._._____.____..__.---__-~~ do _ 22,120 9,058 11,325 4,829 

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 

. 1975 1976 

Mineral Value — ; Value 
. | Quantity (thousands) @uantity — ¢nousands) 

NONMETALS —Continued 

Feldspar: - 
Crude_________________~_~~- short tons__ 1209 $17 93 $17,614 
Ground and crushed _____..__...__. do____ 81 6 CO _— 

Fluorspar __.—~._..-~-_._________. do____ 1,050,448 61,059 895,254 56,580 
Gem stones: 

Diamond ___..________— thousand carats__ 4,577 722,119 6,716 1,011,839 
Emeralds. 2... ..-_______~_ do____ 806 40,348 1,165 55,286 
Other ___ ~~~ NA 87,963 NA . 112,241 

Graphite ______.____....____ ~~ short tons__ 65,663 5,698 79,098 6,753 
Gypsum: . 

Crude, ground, calcined _ _ . . thousand short tons__ 5,450 16,193 6,253 |. 18,285 
Manufactures _._-_____~_ = NA 3,617 NA | 3,468 

Iodine, crude___ ~~ thousand pounds__ 5,309 11,721 6,482 18,824 
Kyanite. - -— ~~ ~~-----~--------- short tons__ 65 3 110 12 

e: oo 

Hydrated... ~___._______ do____ 44,637 1,392... 48,461 - 1,814 
Other ~~~ dole 214,311 4,867  . . 316,442 - $8,816 

Lithium: . 
Ore LLL dow 4,548 538 68. mG 

- Compounds __________ doe 11 107 48 621 
Magnesium compounds: 

de magnesite _________________ do____ 10 1 18 2 
- Lump, ground, caustic-calcined _ ; ce 

magnesia _.._________._.__.. do____ 5,716 502 8,194 808 
Refractory magnesia, dead-burned, fused . 

magnesite, dead-burned dolomite______ do____ 156,332 24,668 88,035 14,518 
Mie et eee dL 36,572 1,796 27,039 2,267 

Uncut sheet and punch ____~_~— thousand pounds. .. 904 696 1,654 941 
' Serap LL dole 10,672 356 4,210 202 
Manufactures ________..-._-_-_-_-= do___- 5,075 2,935 3,328 3,193 

Mineral-earth pigments, iron oxide pigments: ° oo . ae 
Ocher, crude and refined _._.... short tons._ 20 3 «BO di . 
Siennas, crude and refined __________. do____ 521 107 624 122 
Umber, crude and refined_ $$. ______ do____ 4,251 350 6,908 561 
Vandyke brown. __._____________. do____ 319 57 739 . 147 
Natural, other. ---___._.~_________ do____ 1,001 223 1,231 190. 
Synthetic_ —_ —----------~------- do____ 21,867 8,444 40,547 15,523 

_ Nepheline syenite: 
(Crude ee do 6,275 98 2,112 - 38 

Nine crushed, ete S50 Inclading 7777 do____ 424,838 6,869 499,135 8,785 
itrogen compounds (major), including ; 
urea __.__________~— ~~ thousand short tons__ 3,113 415,534 3,467 296,814 

Phosphate, crude. _-§_§_§_____._______~_ do__._ 37 1,604 51 2,234 
Phosphatic fertilizers _.__________..__ do____ 147 26,970 : AT 6,631 
Pigments and salts: 

Lead pigments and compounds______— short tons__ 15,337 7,470 17,836 9,462 
Zinc pigments and compounds _________ do____ 18,447 10,746 27,969 15,557 

Potash _______ ~~ doe i 6,292,329 285,272 7,595,246 360,756 
Pumice: vo 

Crude or unmanufactured ___________ do____ 3,260 V7 3,344 148 
Wholly or partly manufactured ________ do____ 142,120 380 78,057 350 

Manufactures, n.s.p.f ~~~ ~~~ NA 76 NA 70 
Quartz crystal (Brazilian pebble). ..._____ pounds__ 1,487,272 931 1,148,801 368 
t_..-._._______.__ thousand short tons__ 3,215 15,272 4,352 23,476 

Sand and gravel: 
Glass sand _________. ~~... ______ do____ 45 475 61 484 
Other sand and gravel ______.___.____ do .___ 329 301 292 425 

Sodium sulfate _._._._...-_-__--_-_-~ do____ 285 12,624 316 16,111 
Stone and whiting ~.-________________--~- NA 46,137 NA 46,211 
Strontium: 
Mineral. _____________.___~~- short tons__ 21,613 826 35,711 1,486 
Compounds ____._____________ ~~ do____ 3,100 1,261 5,370 2,334 

Sulfur and compounds, sulfur ore and other forms, n.e.s. 
thousand long tons _ 1,897 70,848 1,727 59,494 

Talc, unmanufactured____..._...~ short tons. _ 23,378 1,471 20,071 1,861 
MINERAL FUELS 

Carbon black: 
Acetylene —~-----—~---~-_____~~ pounds__ 5,839,266 2,578 8,294,902 4,366 
Gas black and carbon black___________ do____ 33,034,187 4,284 44,120,742 7,016 

Bituminous, slack, culm, lignite ___._ short tons__ 939,721 21,682 1,203,076 17,739 
Briquets ___-______________ _____~ do____ 16,367 270 18,829 434 
Coke _______~________~________ do____ 1,818,981 156,488 1,311,472 111,066 

Natural gas, ethane, methane, and 
P mixtures thereof ______— — _ thousand cubic feet_ _ 944,352,390 1,070,539 943,432,188 1,611,644 
eat: 

Fertilizer grade __________.__~_-~ short tons__ 283,732 23,371 332,433 28,939 
Poultry and stable grade _.__..._____ do____ 6,626 488 5,618 553 

Petroleum: 
Crude petroleum ______—__ — thousand barrels__ 1,581,129 18,290,012 2,051,307 25,456,155 
Distillate... ~~ dole 39,420 489,351 22,023 270,707 

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 
eer nc re eS Ss i UP SSS SS SS SEY 

1975 1976 

Mineral ua ae Gea 
. . . aantity — (thousands) tity (thousands) 

MINERAL FUELS —Continued | | 
- Petroleum —Continued 

Residual __________.——~—~ thousand barrels. _ 362,084 $3,958,178 405,833 $4,372,317 
Unfinished oils _.-§...-.-_-_---- ~~~ do____ . ' 1,514 18,042 5,686 74,934 
Gasoline 9. ...__~--.-~_ ~~ do __— 22,740 314,971 8,073 130,373 
Jet fuel__§_§ 5 doe 44,368 619,102 26,056 373,450 
Motor fuels, n.e.s __ _.._.__-.--_ ~~ do.__— 666 8,799 1,019 12,178 

ae Kerosine __________._2-----.__. do... . 46 511. (4) 2 = 
Lubricants___-___....---..~--~ do____ 130 4,159 547 5,491 
Wax doe 157 6,128 164 5,212 
Naphtha __________._..----- ~~ do___~_ 64,654 782,485 — §1,112_— 702,583 
Liquefied petroleum gases __..__-_._-~ do__- 41,171 354,947 47,528 396,035 
Asphalt... - .._-..--.------~--~ do___~_ 4,835 52,274 - 4,388 46,022 
Miscellaneous... ___-..------~ do _._~_ 21,285 — 248,453 18,372 256,230 

Total ___._______.-.-----_------- XX "88,847,295 XX 48,718,821 oe 
eee tae ett A A eS nn 

Revised. NA Notavailable. XX Not applicable. 
1 Adjusted by the Bureau of Mines. | : , 
2Does not include silicon metal more than 96% but less than 99% silicon. . 
SIncludes titanium slag averaging about 70% TiOs, for detail see Titanium chapter. 
“Lessthan 1/2unit. OO a | .
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Abrasive Materials | 

| By W. T. Adams? _ ) | 

, The production of natural abrasives var- quantity and increased in value; the pro- 

ied in quantity and value compared with duction of emery decreased. 

1975. Output of tripoli-type materials and The production and value of manufactur- 

garnet increased in both quantity and val- ed abrasive materials increased for all 

ue; special silica stone products decreased in _ types. 

| Table 1.—Salient abrasives statistics in the United States | 

| Kind 1972 1973 1974 -:«:1975 1976 

Natural abrasives (domestic) sold or used. . | 
by producers: . . 

Tripoli (crude) __________ short tons__ 87,864 101,519 85,121 80,562 124,281 
- -Value__________— thousands__ $797 $929 $623 $565 $776 

Special silicastone products! __ short tons__ 3,241 3,466 3,184 2,953 2,696 
Value__________~— thousands_ _ $670 °$667 $717 $1,061 $1,404 

| Garnet ______________~ short tons__ 18,916 22,772 24,684 17,204 24,565 
Value___________ thousands__ $1,957 $2,380 $2,551 $1,690 $2,740 | 

Emery________..___—~—~-~ short tons__ 2,883 2,884 2,520 3,487 Ww 
Value_________-_ ~ thousands_ — Ww WwW WwW WwW WwW 

Artificial abrasives? _____.______-~ short tons__ 584,680 3645,818  — 3730,405 3528307 36 20,328 
Value ________________ thousands_~ $92,958  3$108,808 %*$175,678 3$141,580 $176,064 

Foreign trade (natural and artificial abrasives): . . . 
Exports (value)_______._______~ do__ $64,219 $82,969 $115,508 $102,849 $113,199 
Reexports (value) ______________ do__ $26,746 $29,413 $29,829 $28,362 $29,285 
Imports for consumption (value) _ __ _ — do__ $106,512 $136,655 $142,974 ¥$121,863 $157,232 

eS RRR Ne ee ree eee ee ene ee eer TE 

FRevised. W Withheld to avoid disclosing individual company confidential data. 
Mncludes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. . 
2Production of silicon carbide and aluminum oxide (the United States and Canada); shipments of metallic abrasives 

(the United States). 
8Includes production of aluminum zirconium oxide (the United States and-Canada). 

7 FOREIGN TRADE 

‘Imports of abrasive materials were 29% 1975. Exports of loose industrial diamond 
greater in value than in 1975, and exports were 14.9 million carats, an increase of 8%, 
plus reexports increased 9% in value. Net and the value was $39.3 million, an increase 
imports, the excess of imports over exports of 3%. Reexports of similar industrial dia- 
and reexports, were $14.7 million. The vol- mond were 3.1 million carats, a decrease of 
ume and value of all abrasive materials 4%, and the value was $28.9 million, an 
exported varied. increase of 2%. The diamond. content in 

Industrial diamond imports totaled 17.0 diamond wheels, exported and reexported, 
million carats of loose material valued at was 749,000 carats, an increase of 8%, and 
$61.1 million, reflecting increases of 19% in — ~~~ 
quantity and 14% in value from those of 1Physical scientist, Division of Nonmetallic Minerals. 
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the declared value was $5.0 million, for no in quantity and 33% in value from those of 
change in value. The imports of diamond 1975. The share of imports from Ireland was 
wheels are listed by number and value; the. 35% of the total quantity and 23% of the 

value in 1976 increased to $1,302,000 from value. Of the industrial imported bort, pow- 

$896,000in 1975. der, and dust, synthetic diamond was 4.5 
The 1976 imports of industrial diamond million carats valued at $9.0 million and 

_ from Ireland were 5.9 million carats valued natural diamond was 6.9 million carats 
| at $13.9 million, reflecting increases of 31% valued at $15.1 million. 

Table 2.—U.S. exports of abrasive materials, by kind 

: . (Thousands) 

Sa TESS SSS SSP SS SSS SS sh i Su tl SS as sh Sf SS Sh AAS 

1975 ~ 1976 
. «Kind | $$ 

. Quantity Value Quantity Value 
ee eee SL LL LC LT LL TD CA COSA AD 

NATURAL ABRASIVES | an - 
Dust and powder of natural and synthetic precious or semi- 

precious stones, including diamond dust and powder __ _ carats__ 12,802 $32,088 14,155 $35,450 
Crushing bort, except dust and powder_______________do__ 3 12 77 182 
Industrial diamond. ____§_§__.§_._§ _-§_-§ _-__ -§_________. do__ 950 5,948 639 3,677 
Emery, natural corundum, and other natural - 
abrasives, n.e.c __  -§ 5 _____s~pounds__ 21,366 . 4,138 33,619 ‘6,189 

MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) ___________ do__ 153,302 113,638 43,682 14,820 
Silicon carbide, crude or in grains_________________~ do__ 25,939 6,839 20,212 6,174 
Carbide abrasives, n.e.c ~. ~. -§_-___§______________. do__ 1,324 4,533 1,919 5,831 
Grinding and polishing wheels and stones: - 
Diamond ___ ~~ ~~ 5 eee __ carats__ 684 4,933 730 4,911 
Pulpetones______§_. -. --________________ pounds__ 2,991 1,476 1,109 | 657 

| Polishing stones, whetstones, oilstones, hones, . 
and similar stone__.§_-$_§_§___~§_§_§______________ do__ 912 1,315 739 1,222 
Wheels and stones, n.e.c ~_ 5 5,156 11,970 5,027 18,759 

| Abrasive paper. and cloth, coated with natural or artificial 
. abrasive materials._._.$_-§_§_§.§_________________reams__ 282 11,998 436 17,051 
Coated abrasives, n.e.c _ _____-__~--~-~-~---~~---~-- NA 3,961 NA 3,776 

| Total __-.__________-_---~- e+e fee. XX 102849 = XX 118,199 

NA Not available. XX Not applicable. ae 
1 Adjusted by the Bureau of Mines. a . — 

| | Table 3.—U. S. reexports of abrasive materials, by kind _ | 
. (Thousands) 

1975 1976 

Quantity Value Quantity Value 

NATURAL ABRASIVES 7 
Dust and powder of natural and synthetic precious or semi- 

precious stones, including diamond dust and powder _ __ carats_ _ 435 $958 302 $744 
Crushing bort, except dust and powder_____________ do____ 371 1,958 356 - 2,108 
Industrial diamond. _____~§_§_§_-§_________________ do____ 2,425 25,294 2,438 26,027 
Emery, natural corundum, and other natural . 
abrasives, n.e.c __ _______________________ pounds__ 5 3 2 6 

MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) _________ do____ 63 5 129 38 
Silicon carbide, crude or in grains ________________ do____ __ __ eo) 2 
Carbide abrasives, nec 2. $$ -»_- _-»_- dol _- —_ 7 90 
Grinding and polishing wheels and stones: 
Diamond ______§__§_~__-~_ ~~ _____________ carats__ 8 49 19 122 
Wheels and stones, n.e.c_____§_____________~— pounds__ 9 28 30 51 

Abrasive paper and cloth, coated with natural or artificial : 
abrasive materials. _______________________reams__ ‘J 38 1 47 

Coated abrasives, n.e.c __._______--~_--~--~---~--____ NA 29 NA 50 

Total _.-_-________-__ ae XX 28,362 XX 29,285 

NA Not available. XX Not applicable. 
1Less than 1/2 unit.
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Table 4.—U. S. imports for consumption of abrasive materials 
(natural and artificial), by kind 

(Thousands) 

] ~~ 1975 1976 
Kind > Oo - 

Quantity Value Quantity Value 

Corundum, crude______________________~ short tons__ 1 $81 2 $230 
Emery, flint, rottenstone, and tripoli, 

crude or crushed_________________________ do____ 6 426 5 379 
Silicon carbide, crude _._._._.__________________ do____ 85 16,544 89 21,191 
Aluminum oxide, crude _____________________ do____ 128 24,273 174 37,628 
Other crude artificial abrasives _________________ do____ 2 411 1 198 
Abrasives, ground grains, pulverized or refined: —.. 

Rottenstone and tripoli _____$__~_____________ do____ () 1 () 1 
Silicon carbide _________________________ do____ 1 1,133 1 1,356 . 
Aluminum oxide ________________________ do____ 3 1,635 5 2,059 
Emery, corundum, flint, garnet, and other, including , . 

artificial abrasives______________________ do____ Q) 115 1 762 
Papers, cloths, and other materials wholly or partly 

coated with natural or artificial abrasives _______________ (?) 17,140 (?) 24,492 
Hones, whetstones, oilstones, and polishing stones _ _ _ _ _ number_ _ 210 138 207 194 
Abrasive wheels and millstones: . , 

Burrstones manufactured or bound up into 
millstones____§__________________-_/ short tons__ - ®Y. 1 — __ 

Solid natural stone wheels ____§___.__________number__ 3 19 10 18 
Diamond. _-_____§_-____________________ do____ 85 896 41 1,302 
Abrasive wheels bonded with resins_____________ do____ 1 2,376 1 3,270 
Other __-_-_____  @ 2,088  & 2,255 

Articles not especially provided for: . 
Emery or garnet _____.___________-~-_---__--- (?) 21 (?) 25 
Natural corundum or artificial abrasive materials __________ — @) 440 (7) 418 
Other _______________ (?) 290 | () 352 

Diamond: 
Diamond dies _________________________number__ 12 T457 _ —_ 
Crushing bort ____._____________________carats__ 283. —_—«668 186 402 
Other industrial diamond___________________ do____ 4,096 27,636 4,484 31,344 | 
Miners’ diamond ________________________ do__i_ 1,166 6;773 1,119 5,591 
Dust and powder ___ __ --_-§_-. _______________ do____ 8,746 © 18,306 11,258 23,765 

-. Total ee XX 121,868 XX 157,232 

| "Revised. XX Not applicable. : | . 
1Less than 1/2 unit. | 
2Quantity not reported. . 

TRIPOLI . 

Fine-grained, porous, silica materials are ufacturing Co., Northumberland County, 
grouped together because they have similar Pa. mined and processed rottenstone. 
properties and end uses. Production of Prices quoted in Engineering and Mining 
crude tripoli increased 04% in quantity and Journal, December 1976, for tripoli and 
38% in value. Processed tripoli sold or used amorphous silica follow: 
increased 67% in quantity and 62% in . 
value. The uses for processed tripoli in 1976 Tripoli, paper bags, carload lots, f.0.b., in 

were 60% for abrasives and 35% for fillers, cents per pound: | 
compared with 57% and 41% respectively White, Eco, Ill.: Air floated through = 16 
in 1975. . Rose and cream, Seneca, Mo. and 

Tripoli producers in 1976 were Malvern Rogers, Ark.: : - Once ground _________________ 2.90 
Minerals Co., Garland County, Ark., which Double ground________._____ | 2.90 

e e ° 1 oat . 

produced crude and finished material, Mid- Amorphous silica, bags, £0b., in dollars : 

western Minerals Corp., Ottawa County, per ton: 1 
e ° co, : 

Okla., which produced crude and finished Through 200 mesh, 90% to95% _..__ $81 

material, and American Tripoli Co., Divi- Through 200 mesh, 96% to99% _____ 32 

sion of The Carborundum Co., which pro- Through 325 mesh, 96% to 98% --__. 37 
: Through 325 mesh, 98% to 99.4% ____ 35.50 

duced crude in Ottawa County, Okla., and Through 325 mesh, 99.5% _________ _ 51.50 

finished material in Newton County, Mo. Through 400 mesh, 99.9% —-------- 7 . : Below 15 micrometers, 99% ________ 82.50 
Illinois Minerals Co. and Tammsco, Inc., Below 10 micrometers, 99% ___.____ 105 
both in Alexander County, Ill, produced Der Are 40 
amorphous silica. Keystone Filler and Man- 325 mesh ____________.______ 50
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Table 5.—Processed tripoli? sold or used by producers . 

: -in the United States, by use? 
| 

| | Use. 1972 1973 1974 1975 1976 

Abrasives _________-__-------~- short tons__ 47,821 55,420 50,615 38,815 —68,874 
Value________-_____-__---~~~-thousands__ $1,918 $2,233 $2,251 $1,518 $2,525 

Filler_________-_--_--__---—~-~ short tons__ 25,973 32,407 38,361 27,630 40,247 
Value__________________.___-thousands_ — $847 $1,158 $1,346 $1,205 $1,811 

Other_____________________-~-~ short tons__ 1,584 2,105 2,025 1,739 5,000 
Value____________________~~-thousands_ _— $43 $62 $66 | $60 $175 

Total?___________________ short tons__ 74,878 89,932 86,000 68,184 114,121 
Value?__________-----~-thousands._ $2,807 $3,453 $3,665 $2,783 $4,511 
rier nen nnn 

1Includes amorphous silica and Pennsylvania rottenstone. 
2Partly estimated. 
3Data may not add to totals shown because of independent rounding. . 

SPECIAL SILICA STONE PRODUCTS | | 

Special silica stone products produced in Co. produced grinding media, rough and 

whetstones from Arkansas and Indiana, Minn. and Baraboo Quartzite Co., Inc | 

grindstones from Ohio, grinding pebbles oe ' ao 

and deburring media from Minnesota and produced deburring media at its quarry in 

Wisconsin, and tube-mill liners from Minne- Sauk County, Wis. | | : 

| sota. Output decreased 9%. | 

Producers of oilstones and whetstones in | 

- Garland County, Ark., were John O. Table 6.—Special silica stone products sold 

Glassford; Hiram A. Smith, Inc.; Arkansas or used in the United States? 

Abrasives, Inc.; and Norton Pike Division of © ratity Value 

Norton Co. Whetstones were produced by Year (ghort. (thou- 

Milroy and Smith in Hot Springs County, ___ tons) sands) 

Ark. and by K & K Mines, Inc., in Pike jo. = 3.041 $670 

County, Ark. Hindostan Whetstone'Co. op- 1973 -_-------------- 3,466 *667 

erated a plant in Lawrence County, Ind.,to 187% ---------------- 31 1 at 

| finish stone obtained from a quarry in 1976 _~~~________-_-- 2,696 1,404 

Orange County, Ind. Cleveland Quarries © Ri | 

Co., produced er indstones at its Amherst ‘Includes grinding pebbles, grindstones, oilstones, 

quarry, Lorain County, Ohio. Jasper Stones _ tube-mill liners, and whetstones. 

NATURAL SILICATE ABRASIVES 

Garnet.—Sales of domestic garnet in- 
creased 43% in quantity and 62% in value 

from those of 1975. Three producers were = 'Pable 7.—Abrasive garnet sold or used by 
active in 1976—two in Idaho and one in producers in the United States 

New York. Barton Mines Corp., Warren 

County, N.Y. sold garnet for use in coated y Quantity Value 

abrasives, glass grinding and polishing, and ear (hort {thon 

metal lapping. Emerald Creek Garnet Mile TTT 

ling Co. and Idaho Garnet Abrasive Co., 1372 ---------------~ 18,916 eed 

both in Benewah County, Idaho, reported 1974 _- =~ 24,684 2.551 

their garnet was used in sandblasting, wa- ore ~------+--------- ay ees oneat 

ter filtration, as a filler in rubber products, a 

and as an additive in decorations. “Estimate. 

NATURAL ALUMINA ABRASIVES | 

Corundum.—No domestic corundum was ly from the Republic of South Africa. Total 

produced in 1976. Requirements for domes- imports were 3,074 tons at a declared value 

tic consumption were met by imports, main- of $229,987.
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Prices quoted in Engineering and Mining abrasives and tumbling or deburring media. 
Journal, December 1976, for crystal corun- World production data for emery are 

dum, per short ton of crude, c.i-f., U.S. ports, Principally for Greece and Turkey. In 1975, 
were $150 to $160. | production of emery in Greece was estimat- 

Emery.—Two producers of emery were ©4 to be r. ” short, one Production of 
active in 1976: De Luca Emery Mine, Inc., emery in *urkey in was repo as 

. . 70,670 short tons. No value was reported on 
and Emeri Crete, Inc., both near Peekskill . . . 
in Westch " either Greek or Turkish production. 

_ in Westchester County > N.Y. Domestic em- Prices quoted in Industrial Minerals, No. 
ery was used mostly in aggregates aS A 99 December 1976, for emery, per metric 

--- nonslip additive for floors, pavements, and ton, c.i.f., main European port were $127 to : 
stair treads. The minor use for domestic $1386 for coarse grain and $1386 to $153 for 
emery was in abrasive materials for coated medium and fine grain. | 

| Table 8.—Natural corundum: World production, by country 

| (Short tons) 

Country? 1974 1975 1976 

India _____________________ 360 387 582 
South Africa, Republic of ....9_-9_-§_-9_______-__~_~_ Le 278 266 157 

- USSR&_ 7,100 8,300 8,300 
Uruguay — --~------~-~-----------------------------------___ 366 __ 460420 

Total. _--§ esi, 704 9,363 9,459 

| *Estimate. Preliminary. 7 
1In addition to the countries listed, Southern Rhodesia presumably continued to produce natural corundum at a 

| ' significant level (several thousand tons annually), and both Argentina and Kenya may have produced minor quantities of 
this commodity, but output is not reported and available information is inadequate for the formulation of reliable 

| estimates of output levels. . 

INDUSTRIAL DIAMOND | 

Domestic production of synthetic indus- Exports and reexports of industrial dia- 
trial diamond in 1976 was estimated to be mond dust and powder, which included 

25.3 million carats, an increase of 6.3 mil- synthetics, were 14.5 million carats valued | 
lion carats from above of 1975. Secondary at $36.2 million. Crushing bort, except dust 
production, comprising salvage from used and powder, exported was 433,000 carats 
diamond tools and from wet and dry valued at $2.3 million. Exports and reex- 
diamond-containing wastes, was estimated Ports of stones were 3.1 million carats 
to be 2.7 million carats from a consumption valued at $29.7 million. The total of exports 
canvass by the Department of Commerce. 2nd reexports of dust and powder, bort, and 

The Government stockpile inventory as of stones was 18.0 million carats valued at 

December 31, 1976, was 31.0 million carats 968.2 million. : 
of crushing bort and 20.0 million carats of > , , , 
stones. The goal for crushing bort was 15.0 otite Callum, aa Piamonds in in See aN rine 
million carats and 5.6 million for stones. Science, v. 192, No. 4236, pp. 253-256. 
Available for disposal from prior enabling 

legislation were 9.9 million carats of bort. Table 9.—U.S. imports for consumption 
Diamonds in a serpentinized garnet per- of industrial diamond 

idotite nodule from diotreme-pipe in south- (excluding diamond dies) 
ern Wyoming were the first known North (Thousand carats and thousand dollars) 
American occurrence in an upper-mantle —————————_—__—_—_ 
peridotite xenolith from a kimberlite intru- —__Year_ Quantity Value 
sion, as well as the second authenticated 1974 ween ee 18,417 62,920 

North American occurrence of diamond j97677777777777777777272— od B'102 
from kimberlite pipes.? —_— ————_—
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WORLD REVIEW 7 TECHNOLOGY 
Australia.—An exploration consortium Synthesis of cubic boron nitride using 

confirmed that diamond was found in the _ high-pressure, high-temperature technology 
Kimberly Region of Western Australia. was announced by De Beers Industrial 
Systematic sampling yielded some 160 Diamond Div., Ltd. The grit obtained by the 
stones of approximately 7 carats total De Beers process is from 80 to 230 U.S. mesh 

weight. There has been no announcement in size and comprises clear, amber-colored 
as to whether kimberlite pipes have been crystals of high purity. The shapes are 
found.’ described as irregular with smooth crystal 

Botswana.—At the Orapa mine 3,428,985 faces or irregular fracture surfaces.® — : 
tons were processed in 1976, compared with _ Megadiamond Corp., Provo, Utah, pro- 
3,048,020 tons in 1975. Diamond production duced a fiber spinnert for the synthetic 
was 2,360,945 carats in 1976, compared with fiber industry from sintered polycrystalline | 

280 carats in 1975. The oP Om ee atiomel Research Co. added the process | provi ail water requirements for Orapa_. . ° - 

| in 1976. Construction work is in progress at 18 of copper- and nickel-coated natural and 
the Orapa mine to increase capacity from synthetic diamond to its diamond and car- 

2.3 million carats to 4.5 million carats per ide recovery operations.’ | 
year. A new kimberlite pipe was discovered J pe Beers Diamond prsearcn aomer im 
in southern Botswana; accurate assessment ©4nnesburg, fepublic 0 be u f rica, 
of its potential will require a detailed un- TePorted progress on a number of projects, 
derground sampling program, which will A Sow diamond-crushing system was 
are aoe 4 years io compere. ond Ltd. has installed for processing smaller diamond 
estimated remaining diamond d eposits grit sizes. Results indicate a high yield of 

| we . . blocky grit particles with sharp well-defined 
along the lower Birim River to yield about edges that are suited for stone-sawing and | 
50 million carats. The deposits will be min-_ . glass-grinding operations a 
ed at a rate of 2 million carats per year. Carbide Diamond Abrasive (CDA) was 

Ghana has begun to exploit this new deposit __ synthesized especially for use in the grind- 
because the traditional diamond area at — ing of tungsten carbide. The particles have 
Akwatia in Akyem Abuakwa is expected to. polycrystalline mosaic structure and 

be phased out by 1980. Two other small },cak away in very small chips. New sharp 
firms, Cayo Ltd. and Dunkwa Goldfields Cutting edges are constantly generated. 
Ltd., are no longer active.’ _ Precise monitoring of the absorbed ra- 
Lesotho.—The Letseng-La-Terai diamond  giation dose is essential during treatment of 

mine is on schedule and was in production cancer by radiotherapy. Diamond can con- 
in 1976. Overlying soft, weathered kimber- tribute toward accurate medical dosimetry 
lite was mined and stockpiled with the nd successful radiotherapy. Properties 
object of exposing harder kimberlite at that make diamond attractive for this use | 
depth. Mining and recovery operations have are low conductivity, low trapping rate, and 
been geared to winning larger stones, with high carrier mobility.” 7 oT 
primary sorting and washing done whenthe —§ Successful tests demonstrate the ef- 
ore is still at a fairly large size to prevent fectiveness of X-ray topographic maps. In- 
crushing such stones.® a : ee 

South Africa, Republic of.—Record dia- SUS. Embasey, ( Canberra, Australia. State Department 

mond sales of $1,555 million, 46% higher Airgram A-110, Oct. 15, 1976, p. 11. 
than in 1975, has caused De Beers Consoli- 59 pr. Beers Consolidated Mines Ltd. 1976 Annual Report. 
dated Mines Ltd. to draw on stockpiles. Feb ning Engineering. Industry Newswatch. V. 29, No. 2, 
Sales of industrial diamond, both natural ¢Engineering & Mining Journal. News Briefs. V. 177, 
and synthetic, reached a record high in No’ Be dim footnote 4 
1976. Total diamond production fell from SIron Age. Now There Are Two CBN Abrasives. V. 217, 

10,760,118 carats to 10,523,267 carats. No Nos. Feb. 2, 1976, pp. 41-43. News. Diamond Orifi 

breakdown was given for sales of either gem May Gat Fibes Coste 54, Ne 29, Jaly 12,1976 p20 
stones or industrial diamond. Production is Bora, W. E. our Diamond and Carbide Waste Can Be 
being increased to 1.4 million carats per 7 julyi96pp.7783. 
year at the Namaqualand mine to decrease "Work cited in footnote. — 
reliance on the mines in the Territory of ,,,. Sampton,,F. K. & Medical Application for Radiovensi 
South-West Africa.’ 1976, pp. 55-59. "
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Table 11.—Diamond (natural): World production, by country! 

(Thousand carats) . 

| Co | 1974 | 1975 1976 
, Country _ Indus- | Indus- Indus- 

Gem trial Total Gem trial Total Gem trial Total 
i 

- Africa: . . 
Angola ___________ 1,470 490 1,960 345 115 °460 495 165 660 
Botswana _________ 408 2,310 2,718 360 2,037 2,397 354 2,007 2,361 

. Central African : 
, Republic _________- 220 118 338 220 119 ~~ 339 221 119 ©340 

Ghana ___________ 257 2,315 2,572 233 2,095 2,328 $228 2,055 | 2,283 
Guinea® _~_________ 25 55 80 25 55 80 25 55 80 
Ivory Coast __ ____.__ 112 167 279 . 84 125 - 209 22 38 60 
Lesotho? __________ 2 9 11 1 2 3 1 2 €3 
Liberia? _~_______ 377 259 636 4241 #165 £406 250 . 150 ©400 
Sierra Leone® _______ 670 ~—- 1,000 —-1,670 600 900 1,500 600 900. 1,500 

SSeS USS ss hh is SPSS SEES 

South Africa, Republic of: . 
Premier mine ____ 605 «=—«1,817 = 2,422 509 1,527. 2,036 458 1,875 1,833 
Other DeBeers | . 

properties® _____ (2,397 1,961 4,358 2,518 2,061 4,579 2,549 2,086 . 4,685 
. Other _________ 438 292 730 408 272 680 332 222. 554 

Total _...____ 8440 4,070 7,510 3,485 3,860 7,295 3,389 3,688 7,022 
South-West Africa, . a 

Territory of _______ 1,491 79 1,570 1,660 87 1,747 1,609 85. —- 1,694 
Tanzania __________ 249 249 498 224 224 448 225 225 ©450 
Zaire 2 ™620 12,991 138,611 395 12,415 12,810 591 11,230 =-:11,821 

Other areas: - Oo : 
Braz] -.__..--__. . | 127 —«‘:127 254 135 135  °270 135 135 °270 
Guyana___________ 12 18 30 8 13° QL 6 8 14 
India .-2attztt 18 3 21 17 38 20 17 3. 20 

. Indonesia® ___ 12. 3 15 12 3 15 12 3 1 
USS.R ~~~ 1,900 7,600 9,500 1,950 7,750 9,700 2,000. 7,900 9,900 
Venezuela _________ - 279 = 970 1,249 - 239 821 1,060 190 643 _ 833 

World total _._.___ _°11,689 "82,888 44,522 10,184 «30,924 41,108 10,320 29,406 39,726 

“Estimate. Preliminary. ‘Revised. | | 
Total (gem plus industrial) diamond output for each country is actuall reported except where indicated to be an 

estimate by footnote. In contrast, the detailed separate reporting of gem diam ond and industrial diamond represents 
Bureau of Mines estimates in the case of every country except Lesotho (1974-75), Liberia (1974), Venezuela (all years), and 
Zaire (1974-75) where sources give both total output and detail. The estimated distribution of total output between gem 
and industrial diamond is conjectural in the case of a number of countries, based on unofficial information of varying 
reliability. a . 

sExports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 
Exports. , 
“Partial figure; January 1 through December 15 only. 
All company output from the Republic of South Africa except for that credited to the Premier mine; also excludes 

company output from the Territory of South-West Africa and Botswana. 

ternal crystal lattice defects act as finger- boron-doped synthetic diamond, an impu- 
prints that unambiguously identify a given rity bond is formed, and conduction takes 
cut gem with its parent rough stone or place through variable range hopping. Lim- 
identify the gem even though it may have ited success has been achieved by ion im- 
been recut.13 plantation of boron." 

Boron is the dopant responsible for the Abstracts relative to properties of dia- 
acceptor center in semiconducting diamond. mond-hard materials, machines, and pa- 
Other potential donors and acceptors are tents were published monthly in the Indus- 
discussed. At normal temperatures, con- trial Diamond Review. Each issue, January 
duction occurs in the valence bond. At low to December 1976, contained from 14 to 18 
temperatures, and particularly in heavily pages of abstracts and patent information. 

ARTIFICIAL ABRASIVES 

Five firms produced crude fused alumi- in Canada. The production of white, high- 
num oxide in the United States and Canada purity material was 30,279 tons, and pro- 
in 1976. Operators of plants in both coun- ——————— 
tries were The Carborundum Co., Norton “Lang, A. R., and G. S. Woods. Fingerprinting Dia- 

: . monds by X-Ray Topography. Industrial Diamond Review, 
Co., and General Abrasive Co., Div. of U.S. March 1376, pp. 96-103. ied 

: . Bourgoin, J. D., and J. Walker. Electrical Conduction 
Industries. The Exolon Co. and Simonds in Diamond. Industrial Diamond Review, October 1977, pp. 
Canada Abrasive Co., Ltd., operated plants 362-367.
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duction of regular grade was 160,512 tons. Corp., Pittsburgh, Pa; and Kohler Co., She- 
Of the combined output of white and regu- boygan, Wis. 
lar, 12% was used for nonabrasive applica- 

_ tions, principally in the manufacture of | TECHNOLOGY 
refractories. The production was 62% of the Ceramics are prone to surface damage 

_ rated capacity of the furnaces assigned to Gaused by grinding, cutting, thermal fused aluminum oxide production. Yearend shocking, impacting, and even handling. 

stocks were reported as 11,935 tons. The resulting flaws cause a decrease in the 
One firm, General Abrasive Co., Div. of actual ‘strength of ceramics. Thermally 

US. Industries, produced fused-alumina zir- shocked alumina regains its strength when _—i 
: conia abrasive in the United States and in annealed. Cracks appear to heal via the 

Canada; and three firms, The Carborundum disappearance of void space between the 
Co., Norton Co., and Exolon Co., operated grains. The major event during healing 
plants in Canada. All production was re- involves pore evolution.® ~ 

: portedly used for abrasive applications... Submicrometer-sized high-purity pow- 
The output was 58% of the capacity of the ders were offered by Aremco Products, Inc., © 
furnaces assigned to the production of Ossining, N.Y. These powders include alu- _ 

_ fused-alumina zirconia. Yearend stocks minum, aluminum carbide, barium tita- | 

: were reported as 1,259 tons. nate, boron carbide, cobalt oxide, hafnium | | 
Six firms in the United States and in boride, manganese, silicon, silicon nitride, | 

Canada produced silicon carbide in 1976. tantalum oxide, titanium nitride, tungsten | 
The Carborundum Co. operated plants in diboride, vanadium diboride, and zirconium | 
both countries. Electro-Refractories & Abra- Ccarbide.’* oo . | 
sives Canada, Ltd., Exolon Co., Norton Co, _ Coated-abrasives manufacturers intro- | 
and General Abrasive Co.,~Div. of U.S. duced specialized products characterized by | 

Industries, operated in Canada. These five high-tensile, low-stretch, tear-resistant | 
companies produced crude for abrasive uses POlyester cloth backing, an improved pheno- 
and for refractory and other nonabrasive lic resin-modified bond sy stem, and sharp 
uses. Satellite Alloy Corp. operated in the . shape rlassified afuminum, oxide gr ake The , 
United States and produced crude for non- [CW 4rasives are beginning to make sig- - 

. ae . . nificant inroads into paperbacked products | abrasive applications. Production by the six for metalworking.7 : 

firms was 81% of cap acity, and 37% was Zirconia alumina abrasives have had reportedly used for abrasive applications. great impact on metal and woodworking 
Nonabrasive use was 63% of the output and industries. Used in grinding wheels and 
was mostly for refractory and metallurgical coated abrasives they have provided 50% to 
applications. Yearend stocks were reported 250% increases in productivity.'* 

_ 48 11,326 tons. Escalating production costs, new techno- 
In the Stockpile Report to the Congress logies, tightening air-pollution regulations, 

by the General Services Administration, the and changing market conditions are forcing 
inventory of crude fused aluminum oxide in changes in the U. S. abrasives industry. 

_ calendar 1976 was reduced to 249,009 tons, Abrasive makers are moving away from 

with 77,229 tons uncommitted excess; the direct competition in several market areas: 
stock of aluminum oxide grain was each firm is concentrating on those seg- 
unchanged at 50,905 tons, with the goal ments of the market in which it holds 
increased to 75,000 tons; and the stock of strong technological or marketing 
silicon carbide crude was 80,619 tons, with advantages.’® 
the goal increased to 306,628 tons. The Carborundum Co. completed a new 

Metallic abrasives were produced by 13 _ electric furnace for the production of fused 
firms in the United States in 1976. Steel Sr 
shot and grit comprised 77 % of the total Thernehy Shocked Alwnine thn tor See 50 Noe quantity sold or used; chilled iron shot and _ 6, May-June 196, PP. 259-262, 4 Metalworking N 
grit, 14%; and annealed iron shot and grit, _. American Me et and Metalwor ews. 
9%. The amounts from Ohio were 25% of iste p _ eens *. ee . 
the total sold or used, the highest of the n, R. Polyester- rasives Gain Groun 
producing States. Michigan, Indiana, Penn- Mgalworking News, v8 No a) Mar. 15 1976p. &- a 

sylvania, Alabama, New York, and Con- ,. Foundry Managemen echnology. New on 
necticut followed in quantity sold or used. cor hunny _ mui - 
Three companies recycled material: Copper- n, h. e invades Abrasive Field. Am. Me | 
weld Steel Co., Glassport, Pa.; Industeel ee en stalworking News, v. 88, No. 126, June 28,
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aluminum oxide. The furnace has a capaci- Airless blast cleaning gives processors 

ty of 50,000 tons per year and uses less low-cost, environmentally clean options for 

electric power per ton of output. Ferrosili- a systems approach to surface preparation. 

| oad bottom-tappee from the sarnace. 1 i White or near-white clean metal surfaces 

_ Advanced ceramics are being UseC IN sre being increasingly specified by design- 
industrial applications. Manufacturers of ers. engineers. and architects. A single 

industrial and aircraft gas turbine engines bl , t i ’ ed by 25 to 3 Oh & 

are giving serious consideration to commer- 9.35" W eel powered DY “9 orsepower 

cial applications as design factors are more will clean 15 square feet or more per 

well known. Advanced ceramics have high minute.® | 

strength at temperatures of 2,500°F and ——————— - 

higher. They are extremely resistant to “arse a, RN ew Carborundum Furnace To Hike Alum- 
+ dats : : . inum Oxide Output, Cut ts. Am. Metal Market and 

oxitati and every 1 ab nigh vembere Metalworking News, v. 88, No. 126, June 28, 1976, p. 11. 
: Ures. ey nave very low coercien o 21Tron Age. Advanced Ceramics Compete for Industrial 

thermal expansion. These materials resist Jobs. V. 217, No. 18, May 3, 1976, pp. 51, 53. 

mechanical and thermal shock almost as *?Materials Engineering. Silicon Carbide Powder Per- 

well as most superalloys and are 60% light- Ai st 19"6 p Shapes. Nonmetallic News. V. 84, No. 2, 

er. Special cooling is not required to main- 23Iron Age. Technology, Shot Blast Cleaning Heads in 

tain high-temperature strength.”! 7? New Directions. V. 218, No. 7, Aug. 16, 1976, pp. 27-31. 

Table 12.—Producers of metallic abrasives in 1976 : | 

, sc atinn — , Product shot 
Company | - Location and/or grit 

Abbott BallCo _..._..-.__-----_---  WeatHartford,Conn ___.---------- Steel. - 
Abrasive Materials, Inc ______._.__.___---  Hilllsdale,Mich -_-__------------ | Steel and stainless 

steel cut wire. 

. Abrasive Metals Co____________.----- _ Pittsburgh, Pa -___-------------- Chilled iron and 

. - . annealed iron. 

The Carborundum Co., Pangborn Div_____--. Butler, Pa-____---_------------ Steel. 

Cleveland Metal AbrasiveCo___._._._._-_---- Birmingham, Ala _--__------------ Do. 

Do ___________- + Cleveland, Ohio ______--_--------- Do. 

Do ________~___ +--+ Howell, Mich__________.-------- Chilled iron. 

Do ______________._------~ . Springville, N.Y ____-_------------ . Do. 

Do ___._________.._------.  Toledo,Ohio __.—~-~-~-~-----~---- Steel. 

Durasteel Co____________._-_---_.. Mt. Pleasant, Pa_._.------------- Do. 

Ervin Industries, Inc _____---~-------- Adrian, Mich ____--__--+-------- Chilled iron and 
s . . . 

Globe Steel Abrasive Co__________._.-. Mansfield, Ohio ____----~--------- Chilled and 
annealed iron. 

Metal Blast, Inc___§_-____-_---------- Cleveland, Ohio ____.-__--------- Do. . 

National Metal Abrasive Co ___.______-~  —~--do_____~-~--~------------ Steel. 

Pellets, Inc________..-_------------ Tonowanda, N.Y______----------- Steel and stainless 
steel cut wire. 

Steel Abrasives, Inc ____.___.___-_-_----- Hamilton,Ohio ___-------------- Chilled and 
annealed iron. 

Wheelabrator-FryeInc ______._------- Mishakawa, Ind -__--~-~----~----- Steel. 

Table 13.—Crude artificial abrasives produced in the United States and Canada 

(Thousand short tons and thousand dollars) 

ne 
Kind 1972 1973 1974 1975 1976 

Silicon carbide! ___________--_------~----- 166 162 163 134 159 

Value ___________-_~_----~-~--------- $24,690 $25,471 $33,872 $31,842 $45,953 

Aluminum oxide (abrasive grade)! ._____-_----~- 184 196 241 141 191 

Value _________-_------~---~---~------ $28,590 $27,339 $40,906 $28,368 $43,356 

Aluminum zirconium oxide _______-_~--~------ __ 22 25 17 20 

Value ___________-----~------~------- __ $6,223 $9,839 $8,506 $11,383 

Metallic abrasives? ________________------- 235 266 301 236 250 
Value _________----~------~-~-------- $39,678 $49,775 $91,061 $72,864 $75,372 

' Tota] _.________-_--~--_---------- 585 646 730 528 620 

Value ___________----~_-------- $92,958 $108,808 $175,678 $141,580 $176,064 

eee 

‘Figures include material used for refractories and other nonabrasive purposes. 

2Shipments for U.S. plants only.



ABRASIVE MATERIALS 147 

Table 14.—Production, shipments, and annual capacities of metallic abrasives in the 
United States, by product 

. Manufactured Sold or used Annual cee enna +d 
Y. d product Quantity Value Quantity Value capacity 

ear ane Prow (short (thou- (short (thou- (short 
tons) sands) tons) sands) tons) 

1975: | 
Chilled iron shot and grit ______________ 28,852 $5,539 34,904 $8,428 124,593 
Annealed iron shot and grit ____________ 23,967 5,086 25,010 7,004 49,640 
Steel shot and grit __________________ 178,211 46,338 175,620 56,837 265,650 
Other? ~__ 543 455 583 595 2,400 

Total_______________- 231,073 57,418 286,117 72,864 442,283 
8 : ——CC__——————————— 

1976: 
Chilled iron shot and grit. _.__________ 26,556 5,433 34,025 8,015 124,550 
Annealed iron shot and grit __. 99 _____ 21,109 4,598 21,688 5,699 52,540 
Steel shot and grit _....-- -§___________ : 188,717 48,125 193,300 61,054 320,670 
Other? ___- 798 451 851 604 2,140 

Total____________ 237,180 * 58,607 249,864 75,372 499,900 

1The total quantity of the various types of metallic abrasives that a plant could have produced during the year, 
working three 8-hour shifts per day, 7 days per week, allowing for usual interruptions, and assuming adequate fuel, labor, 
and transportation. 

2Includes cut wire shot.
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Aluminun uminum 

By John W. Stamper! and Christine M. Monroe? 

World primary aluminum production in- 31% compared with the 1975 level. Total 
creased about 3% during 1976 as producers metal inventories held by the domestic 
restarted potlines idled in 1975. Stocks of industry at. yearend 1976 were 6% lower 

| primary aluminum held by members of the _ than at the beginning of the year. 3 
International Primary Aluminum Institute | Primary aluminum production capacity 

- (IPAD, which represents the bulk of inven- increased during the year in 16 countries, 
tories held outside the centrally controlled including Brazil, Ghana, India, Japan, New | : 
economies, decreased about 25% during Zealand, and Taiwan. Additional pro- 
1976. . , duction capacity was under consideration in 

U.S. aluminum demand, as measured by _ Brazil, Indonesia, Mexico, Trinidad, and the 
net shipments of aluminum ingot and mill U.S.S.R. : 
products to domestic industry, increased 

Table 1.—Salient aluminum statistics | 

(Thousand short tons and thousand dollars) | 

- | 1972 1978 1974 1975 1976: 

United States: . 
| Primary production __________________ 4,122 4,529 4,903 3,879 4,251 7 

Price: Ingot, average cents per pound 227277) agg ee Oe Oe as | Secondary recovery nn Pen Pound ~777a 77 946 1040 968 980 «16S 
Exports (crude and semicrade) ------------ 329 561 524 F440 484 
Imports for consumption (crude and semicrude) _ ° 794 614 629 550 749 
Aluminum industry shipments! ~ eee 5,744 6,873 6,394 4,555 5,953 % 

| Consumption, apparent*® _______________ 4,926 5,825 . 5,428 , 3,904 5,118 ; 
World: Production ____________..-.----- 12,138 13,364 14,516 13,352 13,774 

1To domestic industry. 
*Not comparable to previous years. See table 6 for derivation. 

Legislation and. Government  Pro- | | 
grams.—The shipment of 9,181 tons of ———————_______—__—_—_""——__ 
primary aluminum from government inven- 1963-------------------------- “goeoae 
tories during 1976 under the aluminum 1967___._- 61,599 
disposal program that became effective [988----------------777-77777- «8884 | 
November 23, 1965, brought the total ship- 1970_-___._______ 24,261 

ped under the program to almost 1.9 million jgig7"77-~7777777=7777T7TTTT. 8s 
tons. From December 1, 1965 to December 1918 - ~~ ---- ~~~ 777-7 77-77 --- 730,200 

31, 1976, shipments of primary aluminum 975_- 7 2,486 
by the General Services Administration 1976--------------------------____ 9,181 
were as follows, in short tons: Total ______________________ 1,876,151 

sec eli Bi ater a 
149
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DOMESTIC PRODUCTION , 

. Primary.—Primary aluminum produc- and solid-state electric power rectification 
tion increased about 10% during 1976 to equipment were installed to increase oper- 
4,251,395 tons, compared with 3,879,146 tons ating efficiency of the plants. 
in 1975. Primary producers restarted pot- | The Bonneville Power Administration 
lines idled in 1975 due to decreased demand (BPA) sent notices of insufficiency to its 
and by yearend 1976 smelters were operat- industrial users stating that there would 
ing at 90% of rated capacity compared with not be enough generating capacity to meet 
74% at yearend 1975. projected demand by the early 1980's. If this 

Domestic primary aluminum production occurs electric power from BPA reportedly 
capacity increased slightly from that of would not be able to provide sufficient 
1975 to 5,193,000 tons per year. The Alumi- power to aluminum producers after their 
num Company of America (Alcoa) began current contracts expire. The contracts of 
production at its 15,000-ton-per-year Pales- the six primary aluminum producers in the 
tine, Tex., facility. The smelter used an Pacific Northwest expire between 1984-and 
experimental process based on the electroly- 1988. , 

| sis of aluminum chloride and reportedly Secondary.—Recovery of secondary 
used 4.2 kilowatt-hours per pound of alumi- aluminum-base scrap, ‘calculated from re- 
num produced, compared with 6.0-7.0 ports to the Bureau of Mines, was 1,155,018 
kilowatt-hours per pound of aluminum pro-_ tons, 18% higher than the quantity recove- 
duced in the most efficient Hall-type cells, red in 1975. Calculated recovery of all 
and with an industry average of about 8 metallic constituents from aluminum-base 
kilowatt-hours per pound. scrap in 1976 increased 18% compared with 

| Noranda Aluminun, Inc., a subsidiary of the 1975 level. | - 
Noranda Mines, Ltd., completed the expan- The Bureau estimated that full coverage 
sion of its New Madrid, Mo., smelter to of the industry would indicate a total scrap 

| 140,000 tons per year. | a consumption of 1,741,000 tons in 1976. On 
\ Alcoa announced that it was studying the this basis, aluminum recovery would total 

| feasibility of an additional potline at its 1,371,000 tons and total metallic recovery 
Alcoa, Tenn., smelter. The issuance of rev- would be 1,471,000 tons. | 
enue bonds to finance pollution control Hall Aluminum Co. installed a 150,000- 

| equipment for the expansion was authoriz- pound capacity aluminum refining furnace 
| ed by the Blount County Industrial Develop- at its Chicago Heights, Il. smelter, increas- 

* ment Board. ing the facility's aluminum-melting capaci- 
: Alcoa agreed to supply Texas Power & ty to 40,000 tons per year. Keystone Georgia — 

| Light Co. with lignite for a generating plant Metal Co. began production at itsGreensbo- 
that the power company will build tosupply ro, Ga., secondary aluminum smelter which 
power to Alcoa’s 285,000-ton-per-year smel- was converted from a copper-scrap-process- 
ter at Rockdale, Tex. ing plant. Texas Reduction Corp. reportedly 

Anaconda Aluminum Co. was licensed to began production at its new secondary alu- 
use the Alcoa dry-scrubbing process for minum smelter in Houston, Tex. The $1.7 
control of fluoride emissions at Anaconda’s_ million plant had a capacity of 22,000 tons 
Columbia Falls, Mont., smelter. per year. Alcan Aluminium Ltd. purchased 

Kaiser Aluminum & Chemical Corp. sign- 50% interest in International Alloys, Inc., 
ed contracts with Devon Corp. and Eason which operated a 14,000-ton-per-year secon- 
Oil Co. to determine the extent of gas dary smelter in Joliet, Il. Alcoa began 
reserves in the vicinity of Kaiser’s 163,000- operations at its 4,200-ton-per-year recyc- 
ton-per-year primary smelter at Rav- ling facility for aluminum cans in Houston, 
enswood, W.Va. The smelter could be Tex. American Can Co. announced that its 
expanded by 50,000 tons per year if long- subsidiary, U.S. Reduction Co., planned to 
term power were available. build a $2 million plant in Anniston, Ala., to 

Martin Marietta Aluminum Inc. began recover aluminum from scrapped auto- 
modernization and technological improve- mobiles. 
ment at its Goldendale, Wash., and The A municipal-waste-processing plant be- 
Dalles, Oreg., smelters. Emission controls gan operations in New Orleans, La. Month-
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ly output of the facility reportedly would be At full capacity the $6.5 million recovery 

1,200 tons of steel and glass, 520 tons of plant was expected to process 650 tons of 

copper, 94 tons of aluminum, and other waste per day at a projected cost of $11 per 

metals such as brass, tin, zinc, and copper. ton. | 

Table 2.—Consumption of and recovery from purchased new 
. and old aluminum scrap in 1976" | 

. | (Short tons) | 

een se SS ls i STS 

i Calculated Class Co ption — ated recovery | = _ 

: - Aluminum Metallic 

Secondary smelters _____________---------- 758,992 598,765 645,639 
Primary producers —__—_~-___.------------ 365,190 314,248 336,713 

Fabricators ~~. _____.—-_-------~------ 121,212 107,506 114,818 

Foundries __________--_.~-~-------~---- 99,907 86,458 _ 92,607 

Chemical producers ~__..----~------------ 120,161 46,139 48,637 

Total _________-__--_-__----------- 1,465,462 1,153,116 1,238,414 . 

Estimated full industry coverage ~___--------- 1,741,000 1,371,000 - 1,471,000 
ee 

1Excludes recovery from other than aluminum-base scrap. 

: Table 3.—Aluminum recovered from purchased scrap processed in the 

: | United States, by kind of scrap and form of recovery | a 

; (Short tons) ! . 

| Kind of scrap 1975 1976 Form of recovery 1975 1976 

New scrap: — . Unalloyed _._____-------- 4,519 — 1,685 

Aluminum-base_______..~ 1696,698 2813907 Aluminumalloys __.._._._.___~ 914,523 1,080,300 | 

Copper-base __.__-------. 66 83 In brass and bronze _______~-—- 77 77 

Zinc-base _____.___.----- 119 238 In zinc-base alloys — — --------- 978 1,308 

Magnesium-base __——-——~—~ 231 140 In magnesium alloys _.____—-~~- 509 446 

. co Dissipative forms’__.___..... 59,734 = 71,202 

‘Total _.___.--------- 697,114 814,368 Total ___.__________ - 980,840 1,155,018 © 

Old scrap: 
oo 

_ Aluminum-base___._._._-- 1282,044 2339,209 
Copper-base __._..__~---=- 45 65 

_ Zine-base _____.-_~------ 859 1,070 . 

_ Magnesium-base _____ ~~~ 278 306 

Total _.___.____.__.___ 288,226 . 340,650 

Grand total _.___._.__.- 980,340 1,155,018 : 
ee 

{Aluminum alloys recovered from aluminum-base scrap in 1975, including all constituents, were 742,993 tons from 
new scrap and 305,882 tons from old scrap and sweated pig, a total of 1,048,875 tons. 

2Aluminum alloys recovered from aluminum-base scrap in 1976, including all constituents, were 868,301 tons from 

new scrap and 370,113 tons from old scrap and sweated pig, a total of 1,238,414 tons. . 

- SIncludes recovery in deoxidizing ingot assuming 85% aluminum content in such ingot.
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| Table 4.—Stocks, receipts, and consumption of purchased new and old aluminum scrap 
and sweated pig in the United States in 1976! 

| (Short tons) . be 

Stocks Net Consump- Stocks Class of consumer and type of scrap Jan. 1" receipts? tion Dec. 31 

Secondary smelters: | 
New scrap: . 
Solids and clippings _____.___..__--_-____- 15,387 229,819 230,629 14,577 
Borings and turnings _________________-__- 8,387 134,315 135,504 © 17,198 
Foil _._-_--__~.~~_-____~-~ ee 449 871 1,179 141 
Dross and skimmings _______._____-____-_-~- 6,265 130,150 126,467 9,948 
Other __ ~~~ Le 663 24,444 24,238 869 

Total new scrap _______________---- ~~~ 31,151 519,599 518,017 32,733 

Old scrap: ne 
Castings, sheet, and clippings _____.____2. ____ 12,350 119,618 120,783 11,185 
Aluminum cans_——________._--__~--_--_ 664 8,017 8,171 510 
Other? _______ 1,827 32,450 29,915 4,362 

. Total old scrap _._._____________________ 14,841 160,085 ——-158,869 16,057 
Sweated pig ~+----------+-~-------------- 20,760 90,885 82,106 29,539 

Total all classes _._____.______________ 66,752: 770,569 758,992 18,329 

Primary producers, foundries, fabricators, : 
and chemical plants: . 

New scrap: 

Borings and ternivgs 222222222222227277272 Sl “16318 1637921 an wee eee 

and s meee ee | . ’ , 
Other. 814 61,712 60,828 1,698 

Total new scrap ____..-_______________ 47,512 539,367 536,902 49,977 

O'Gactinps, sheet, and clippi 967 35,514 35,099 1,382 Pr) andc we ee , . 
oo Aluminum cans. - ~~~ 772227227727 6,791 - 98,048. 100,635 4,199 

Other? ______ 633 16,389 16,637 385 

Total old scrap _________._____-__------- 8,391 149,946 152,371 5,966 
Sweated pig __________________-_-____--_ 1,148 17,278 17,197 1,229 

Total all classes ______--__--_--------- 57,051 106,591 706,470 57,172 

Total of all scrap consumed: | 
New scrap: . 

Solids and clippings ——------------------- 89,189 581,396 590,540 60,045 
Borings and turnings ____________------_~-~- , , , , 
Foil _.._._.______-_____-_-_-------_u 959 6,905 6,555 1,309 
Dross and skimmings ____._.___..._____--- 8,275 233,976 230,875 11,376 
Other ___ ~~ ee 1,477 . 86,156 85,066 2,567 

Total new scrap _________~ ~~ ~~~ 78,663 1,058,966 . 1,054,919 82,710 

Oe ee heet, and clippi 13,317 155,132 155,882 12,567 , 8 and clippings ____________-__- , , ’ 
Aluminum-copper radiators _..._..___.______ 882 19,058 16,059 3,881 

Aluminum cans... LL 7,455 106,060 108,806 4,709 
Other __________-____~-~__- Le 1,578 29,781 30,493 866 

Total old scrap ________________~-_.____ 23,232 310,031 311,240 22,023 
Sweated pig -..________------------~----- 21,908 108,163 99,303 30,768 

Total all classes _.________-____-_--__.. 123,803 1,477,160 1,465,462 135,501 

Revised. 
1Includes imported scrap. The reporting companies reported that 6.62% of total receipts of aluminum-base scrap, or 

97,808 short tons, was received on toll arrangements. 
2Includes inventory adjustment. 
SIncludes data on aluminum-copper radiators.
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| Table 5.—Production and shipments of secondary aluminum alloys 
by independent smelters 

(Short tons)! © 

, 1975? 1976? 

. Production Shipments Production Shipments 

Die-cast alloys: 
13% Si, 360, etc. (0.6% Cu, maximum) ________- 55,868 49,204 73,323 71,535 
380 and variations _________________-__- 282,054 283,568 375,383 372,804 
Other____ _§_§____ 2 Le WwW WwW WwW Ww 

Sand and permanent mold: 
| 95/5 ALSi, 356, etc. (0.6% Cu, maximum)______ __ 19,401 18,387 20,045 20,202. | 

No. 12 and variations _______._______.---- 12,408 12,196 8,179 8,219 
No. 319 and variations____.._.______--.~-—- 36,982 36,452 44,053 43,642 
F-132 alloy and variations_ _____.._____--~_- 13,607 13,777 15,163 15,047 
Al-Mg alloys. ________________-_-.----- 1,595 1,495 1,260 1,154 
Al-Zn alloys _____________------------ 9,873 79 443 14,675 15,022 | 
Al-Si alloys (0.6% to 2.0% Cu) ____________-- 4,219 4,309 4,272 4,129 
Al-Cu alloys (1.5% Si, maximum) ________—~_- 4,667 4,888 3,970 3,830 
ALSi-Cu-Ni alloys ween ee ee ee Ww Ww Ww Ww 
Other____________________________- 3,608 3,601 2,893 2,899 

Wrought alloys: Extrusion billets ______...._-_-~-- «48,454 49,536 59,254 59,245 
Destructive and other uses: Steel deoxidation: 

Gradesland2 ___..____-__--_--_--~---- 17,474 18,767 27,347 26,318 
Grades 3and4 ________________------- 2,900 3,005 2,139 2,132 

Miscellaneous: 
Pure (97.0% Al)_____..___-__-_--____--- 4,517 630 1,685 2,250 
Aluminum-base hardeners __________.----- 2,954 3,021 2,763 2,952 
Other? _-- =e 27,038 26,471 20,675 20,213 

Total.» ee 547,619 588,745 677,079 671,598 

TRevised. |W Withheld to avoid disclosing individual company confidential data; included in the “Miscellaneous,” 
and “Other” categories. 

1Grogs weight, including copper, silicon, and other alloying elements. Secondary smelters used 16,902 and 20,700 tons 
of primary aluminum in 1975 and 1976, respectively, in producing secondary aluminum-base alloys. 

2No allowance was made for consumption or receipts by producing plants. 
-SIncludes data withheld. a | 

CONSUMPTION | 

The Bureau of Mines estimate of ap- level. Transportation applications increased 
parent aluminum consumption in end 44% and shipments to electrical markets 
products such as automobiles, cans, air- increased 9% compared with those of 1975. 
conditioning equipment, and residential sid- § The average quantity of aluminum used 
ing, as shown in tame ne increased 31% in 1976 model automobiles was about 87 

Domne ed with that o Hn 5. ed b pounds per unit compared with 84.2 pounds 
net Shipments of alumin um ingot an 4 mi] PCr Unit in 1975. Estimates indicated that | 
products to domestic industry also was 31% od per uz ately a7 pounts would be requir- 
higher than the 1975 level. Shipments to Shit unit in - alu Cis. h 
the building and construction industry, the pments of aluminum sheet to can 
largest user of aluminum, increased 31% Producers increased during the year and 
from the 1975 level. The containers and aluminum was reportedly used for about 
packaging industry was the second largest 28% of the metal cans produced in 1976, 

user of aluminum, with shipments totaling compared with about 25% of the market in 
1,285,000 tons, 28% higher than the 1975 1975.
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Table 6.—Apparent aluminum supply and consumption in the United States 

- (Thousand short tons) 

1972 1973 1974 1975 1976 

Primary production _____________._-_-__-- 4,122 4,529 4,903 3,879 4,251 
Change in stocks:! 
Aluminum industry ~_____________--_.-- +83 +248 -395 421 +184 
Government ____________~____~_______~ +6 +730 +511 +2 +9 

Imports __- ~~~ 5 LL 794 614 629 550 749 
Secondary recovery:? | - 

Newscrap _.__________--~_____.___-- 876 977 978 905 1,062 
Old scrap ____________ 250 265 304 334 409 

Totalsupply —~_____________________e 6,131 7,363 6,930 5,249 6,664 
Less total exports __________-___.-_______-- 329 561 524 . 440 484 

Apparent aluminum supply available 
for domestic manufacturing __...__________-— 5,802 6,802 6,406 4,809 6,180 

Apparent consumption? ___________________ 4,926 5,825 5,428 3,904 5,118 

1Pogitive figure indicates a decrease in stocks, negative figure indicates an increase in stocks. 
2Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry | 

coverage. 
3Apparent aluminum supply available for domestic manufacturing less recovery from purchased new scrap (a measure 

of consumption in manufactured end products). 

| Table 7.—Distribution of end use shipments of aluminum products 7 

. 1975 1976 

Indust Quantity Percent Quantity Percent 
~ "y (thousand of (thousand of 

| short tons) total short tons) total 

Building and construction___..._______~-~- “1,124 22.6 1,478 23.2 

Contemers and vackaging _-__-------___- 1,000 202 1285 02 ntainers an i wee : . , . 
Electrical. 22 l 608 12.2 664 10.4 
Consumer durables_____________.------ 377 7.6 518 . $81 
Machinery and equipment ______________- T324 6.6 452 7.1 
Other markets’ ________________-____- 262 5.3 306 4.8 
Statistical adjustment _.........____ ~~ a Jl 23 A 

Total to domestic users ______________ 4,555 91.8 5,953 93.4 
Exports... -------~-~.~__-_ 409 8.2 421 6.6 

Total _.. 4,964 100.0 6,374 100.0 

FRevised. 

Source: The Aluminum Association, Inc.



Table 8.—Net shipments of aluminum wrought’ and cast products by producers 

. 
(Short tons) 

ee
 

. 1975" 1976 

Wrought products: | - an 
Sheet, plate, and foil ___._____-__--------------~----~---~--- 2,331,986 3,178,127 

Rolled and continuous-cast rod and bar; wire _ _____-_-—--~-~-~-~--~--~- 461,768 492,652 

Extruded rod, bar, pipe, tube, shapes; drawn and welded 
tubing and rolled structural shapes_ —_ __ __—-.——_---~---~-~-~--~--- 821,481 1,070,683 

Powder, flake, and paste. _______.--_------+------~---~-~---~--- 49,464 66,187 

Forgings (including impacts) ________~-~--------~--~-~--~-----~ 48,577 50,108 

Total eee eee ee + . 8,718,276 . 4,857,757 | | 

Sand __________________ eee + 98,666 109,824 

Permanent mold _______.________-~--~------------~+-~-~----~+--- 143,698 188,678 . 

Die __________________ eee 433,144 - 605,240 

Others ___________________ eee ee + 12,218 18,848 

a 687,726 922,590 

Grand total _.______________--~-+-_----------~-~--~----- 4,401,002 5,780,347 
pe 

r . ; : : os . . 

1Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the domestic 

industry’s gross shipment of that shape. 

Source: U.S. Department of Commerce. | 

- Table 9.—Distribution of wrought products 
(Percent) | | . 

, 1975 : 1976 

Sheet, plate, and foil: | | — | 
on-heat-treatable _._________--__-----~--~----------------+--- 51.5 54.4 

Heat-treatable _.____________---_--~~-+--~-+------+---------+--+- 3.1. 3.1 

Foil _. ~~~ ee ee ee - 8.2 7.9 

Rolled and continuous-cast rod and bar; wire: . 
Rod, bar andwire ____________---~=~----~------------------- (34 3.7 

Cable and insulated wire __________-_-_-~-~---~----~--~------------- 9.1 6.4 

Extruded products: 
Rod and bar ________-__-____-_---~~~~--~---+---------------- 9 1 

Pipe andtubing __._____-_---_---_-------~------------------- 18 . 2.0 

rub; Shapes! ___________________-_-_------~------------------- 17.7 17.4 

prawn ____--------------------------------------------- i (si« SD 1.0 
Welded, non-heat-treatable? ________-_--_----~------------------- 8 10 

Powder, flake, and paste __ ___._______-----~------------------------ 1.3 1.4 

Forgings (including impacts) _______._-------~------------------------ 1.3 1.0 

Total _________-__-_-_-__-----_~-----+--------+-----+------- 100.0 ~ 100.0 

——$—$—$————— 
LL 

1Includes a small amount of rolled structural shapes. 

2Includes a small amount of heat-treatable welded tube. — 

Source: U.S. Department of Commerce. . .
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| | | STOCKS | 

Metal inventories held at reduction and Domestic Commerce (BDC), decreased 6% 
| other processing plants as reported by the from 2,999,354 tons (revised) at yearend 

| US. Department of Commerce, Bureau of 1975 to 2,815,324 tons at yearend 1976. 

| PRICES 

The price of 99.5% pure aluminum ingot Market for smelters’ secondary aluminum 
as quoted by the American Metal Market alloys increased from a range of 40.5 to 50.0 
increased from 41.0 cents per pound at the cents per pound at the beginning of 1976 to 

: beginning of 1976 to 44.0 cents per pound on 51.0 to 59.0 cents per pound at yearend. 
June 1. The price increased an additional Prices quoted by the American Metal 
4,0 cents per pound to 48.0 cents per pound Market for smelters’ scrap aluminum in- 
on August 18, and remained at that level creased from a range of 12.0 to 20.0 cents 
through yearend. per pound on January 2 to a range of 22.0 to 

Prices quoted by the American Metal 30.0 cents per pound on December 30. 

| FOREIGN TRADE | | 

Exports of crude and semicrude alumi- exports during the year. | 
num metal including scrap increased 10% U.S. imports for consumption of crude 
compared with the 1975 level. Exports of and semicrude aluminum including scrap 
aluminum ingot decreased during the year increased 36% to 748,624 short tons compar- 
but. were offset by a marked increase in ed with 550,279 tons in 1975. Canada sup- 
exports of scrap. The People’s Republic of plied 66% of crude metal and alloys and 
China received 27%, or 41,170 short tons, of Ghana supplied 16%. Imports of scrap in- 
aluminum ingot. Other major recipients of creased sharply during the year; the major 
ingot included Japan, Canada, Mexico, and sources of scrap were Canada (47%) and the | 
Taiwan. Japan received 60% of the scrap U.S.S.R. (88%). 

Table 10.—U.S. exports of aluminum, by class 

| a TSSC~“‘COS™S™S*~«dASGSC“‘“‘C‘:*S 

Clase | Chore = thom = ohare (thou 
ats) gains) tons) sands) 
Crude and semicrude: 

Ingots, slabs, crude _____..____-_---------- 185,850 $134,064 152,366 $118,644 
Scrap ____--------------------------- 766,987 F29,169 108,958 63,245 
Plates, sheets, bars,ete ______-____-_-----_--- 171,008 228,684 203,843 261,759 
Castings and forgings oo - eee 5,008 18,813 5,611 21,232 
Semifabricated forms, n.e.c _------------~~----___ 0138 25,598_ 12,987 8,016 

Total __-_-__----------------~------___ *489,816 436,323 483,715 495,896 

Manufactures: 
Foil and leaf __..______/_____------------ 11,604 24,185 14,785 31,921 
Powders and pastes ~e ee ee ene 3,460 5,434 8,440 11,445 
Wire andcable _____________---_-------- 24,416 35,329 26,419 32,576 

Total_________-___-_-------------- 39,480 64,948 49,644 75,942 

Grand Total ____-------------------- 479,296 501,271 583,359 571,838 

"Revised.
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Table 12.—U.S. imports for consumption of aluminum, by class 

1975 1976 

Class | Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 

Crude and semicrude: | 
Metals and alloys, crude ___________-~------- 434,119 $316,873 575,350 $439,570 
Circles and disks __________-_---~--~------ 5,246 6,018 8,475 10,166 

- Plates,sheets, etc.,n.e.c ~.._____-_----~---~-- 48,763 48,656 67,042 69,884 
Rods and bars ._-___---__-----~--------- 6,903 8,474 11,563 | 14,563 
Pipes, tubes, ete __ ____-_____-_----------- 442 1,931 480 1,699 

, Scrap __----------------------------- 54,806 27,586 85,714 46,166 

Total ________________------------- 550,279 409,538 748,624 «582,048 

Foil _.__._-_____-_-___---------+-+----+ - 2,231 7,715 4,924 14,395 
leaf ____________________-~---------- () 79 GQ). 114 
Flakes and powders ____________---~-----~-- 318 364 285. 501 
Wire _________________ --~-----+---~-- 752 | 882 __ 928 1,180 

Total ____.__--------_------------- 3,301 9,040 6137 16,190 

Grand total______________--_____---. 553,580 «(418,578 754,761 598,238 

11975—Aluminum leaf not over 30.25 gquare inches in area, 582,500 leaves, and aluminum leaf over 30.25 square 
inches in area, 87,653,153 square inches; 1976—aluminum leaf not over 30.25 square inches in area, 1,401,194 leaves, and 
aluminum leaf over 30.25 square inches in area, 42,803,390 square inches. ; 

| | | _ 
| 

\ 
. 

\
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— WORLD REVIEW 7 

World primary aluminum production in _ the project. 
1976 increased 3% compared with the 1975 Reynolds International, Inc. and CVRD 
level as primary smelters restarted potlines formed a new aluminum company, Vale do 
that had been shut down in 1975 due to Sul Aluminio, S. A. (Valesul), to build an 
decreased demand. Stocks held by primary 88,000-ton-per-year smelter at Sepetiba Bay 

| producers decreased steadily during the near Rio de Janeiro. The $250 million pro- 
year. : a ; ject was scheduled to begin production in 

Expansions of production capacity were 1979. Alumina would be supplied by Rey- 
completed in Brazil, Ghana, India, Japan, olds until the Alunorte bauxite-alumina 
New Zealand, and Taiwan. Construction of project was completed. — 

additional smelting capacity was underway — Alcan Aluminio do Brasil, S.A. announc- 
in Australia, Norway, Spain, Venezuela, ed plans to expand its 35,000-ton-per-year 

and Yugoslavia. Plans for new primary smelter at Saramenha to 66,000 tons per 
aluminum reduction facilities were under year by 1980. Companhia Mineira de Al- 

consideration in Algeria, Brazil, Costa Rica, minio doubled the capacity at Pocos de 
Dubai, Guyana, Iceland, Indonesia, Libya, Caldas to 66,000 tons per year and 

Mexico, Paraguay, Saudi Arabia, Trinidad, announced plans to further expand the 
and the U.S.S.R. Some projects in Australia, plant to 99,000 tons per year. Aluminio do 
India, and Japan were postponed indefinite- Brasil Nordeste, S.A., completed the expan- 

ly ‘Algeria.—The Soviet Union agreed to 02 of its Aratii smelter to 31,000 tons per 

| help finance the 154,000-ton-per-year pri- * Cameroon —The Government of Came- 
mary aluminum smelter to be b uilt near roon announced that within the next 5 
M’sila. Production at the $400 million facil- ears development of bauxite deposits 
ity was scheduled to begin in 1982. A 600- P pos 
megawatt power station, technical assis- ve start, wae co neteuction of id arumina 

. ; ee refinery wou underway, an e trip- 

tance, ana Lee e acer ee ling of the 61,000-ton-per-year primary al- 
would be imported from Guinea and Jamai- minum smelter at Edea would be comple- 
ca. : ws . 

Australia.—Comalco Ltd. postponed in- Canada.—Alcan Aluminium Ltd. pri- 
definitely plans for a 353,000-ton-per-year ™2ty aluminum smelters at Arvida, Que- 
smelter at Gladstone, Queensland due to bec; Isle Maligne, Quebec; Beauharnois, 
decreased demand and high construction Quebec; and Kitimat, British Columbia; we- 
costs. The company resumed work onanew T© closed on June 3, 1976, due to a strike, 
potline at its Bell Bay, Tasmania smelter. 24 metal froze in the pots at the three 
Upon its scheduled completion in 1977, Quebec smelters. Production was resumed 
capacity of the facility would be 126,000 ater in the month at the Kitimat facility. A 
tons per year. settlement between the company and the 

Bahrain.—Western Metals Corp. and a ee ie ore du Secteur lume 
Amalgamated Metals Corp. sold their share ™1um in Quebec was reac ov-- 
in ‘Aleminium Bahrain Ltd, which opera- ember 14. Full production at the smelters 

ted a 132,000-ton-per-year smelter. Owner- Was not expected until early 1977. 
ship of the facility at yearend included the A strike occurred at the Alcan smelter at 
Government of Bahrain (78%), Kaiser Alu- Shawinigan Falls, Quebec, in November, 
minum & Chemical Corp. (17%), and Breton ce that plant through Year. 200.000 
Investments (5%). can announced pians a 2UU,00U- 

Brazil.—Cia. Vale do Rio Doce (CVRD) ton-per-year smelter at Port Alfred, Quebec, 
and the Light Metal Smelters Association where a 2,500-acre site was purchased in 
(LMSA) announced an agreement to builda 1975. Design and engineering work was 
350,000-ton-per-year primary aluminum’ underway. 
smelter at Belem. The facility, which would The Quebec Government announced 
be based on bauxite from the Trombetas plans to increase the fee charged private 
project, would use hydroelectric power from firms for use of public water resources used 
the Tocantinas River. Japanese members of to generate hydroelectric power. 
the consortium agreed to supply about $600 Costa Rica.—The National Aluminum 
million of the estimated $1.3 billion cost of Commission sought partners for a 100,000-
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to 300,000-ton-per-year aluminum smelter 110,000-ton-per-year smelter to be located in 

to be built in Boruca. The project included a Eyjafjordur. The facility, to be based on 

hydroelectric plant as well as the related geothermal power, was scheduled to come 

infrastructure. Alcan, Kaiser, Alumax, Inc., onstream in 1982. 

and Martin Marietta Aluminum, Inc., have India.—The ban on exports of primary 

reportedly expressed interest in the $12 aluminum was lifted due to decreased do- 

billion project: mestic consumption. During the fiscal year 

Dubai.—The Government of Dubai and 1975-76, 15,000 tons of commercial grade 

an international group of banks arrangeda metal were exported. 

$200 million loan to help finance a proposed § Bharat Aluminium Co. completed the 

-182,000-ton-per-year smelter at Jebel Ali. expansion program at its Korba, Madhya | 

British Smelter Construction would build Pradesh smelter, increasing the capacity of 

__ the facility. Initial production was schedul- the facility to 55,000 tons per year. Power 

ed for 1979 with full capacity production availability will determine whether expan- 

scheduled for 1981. Southwire Corp. and gion of the plant to 110,000 tons per year is 
Nissho Iwai Co. signed 12-year contracts to feasible. 

buy 80% of the aluminum production. Own- Indian Aluminium Co. Ltd. (Indal) in- 

ership of the facility consisted of the Gov- creased the capacity of its Belgaum smelter 
ernment of Dubai (80%), Southwire Corp. t 83000 tons per year. However, power 

(7.5%), Nissho Iwai (7.5%), and local inter- shortages at yearend forced a 50% decrease 

ests (5%). 7 . in the plant’s operating rate. The Indal 

France.—The Government of France lift- smelter at Hirakud also experienced power 
ed price controls on domestic primary alum- shortages. oe 

inum ingot at the beginning of wey " Fel Hindustan Aluminium Co. announced 

99°5 o% gine @ ty got. from 43.4 © et OX plans to expand its primary smelter at 

| 5% purity ingot from 43.4 cents Per Penukoot, Uttar Pradesh, by 27,000 tons | 
pound to 45.6 cents per pound, and in July per year 

increased the price to 48.7 cents per pound, The Indian Planning Commission post- 

where it remained at yearend. ed indefinitely plans for the 55,000-to 

Germany, West.—Hamburger Alumin- poned im slur ely P ved Or Une f ? i n- 

ium-Werke G.m.b.H. announced that its Patoigiri Maharash reduction facility at | 

110,000-ton-per-year aluminum reduction. tnigiri, Maharashtra. 
facility in Hamburg operated at 100% ofits Indonesia.—The Governments of Indone- | 

rated capacity during the year. The smelter *® and Japan agreed to lend Indonesia 

had operated at two-thirds of capacity since Asahan Aluminium Co. $87.5 million for 

startup in 1973 due to various court actions equipment for the Asahan aluminum pro- 
involving environmental issues. ject. Production was scheduled for 1981 with 

Swiss Aluminium Ltd. (Alusuisse) 22 initial capacity of 83,000 tons per year. 

purchased the remaining 50% equity share Expansion to 250,000 tons per year was 

in Leichtmetall G.m.b.H. from Metall- Planned. 
gesellschaft A.G. Leichtmetall operated a _ [ran.—A second primary aluminum smel- 
143,000-ton-per-year smelter at Essen. ter to be built in conjunction with India and 

Ghana.—Volta Aluminium Co. Ltd. com- the U.S.S.R. was under consideration. 

pleted expansion of the Tema smelter to _ Italy .—The State corporation Ente Parti- 
920,000 tons per year. Kaiser owned 90% of cipazione Finanziamento Industria Mani- 

the facility, and Reynolds owned 10%. fattura (EFIM) announced that Alumetal 

Guyana.—Plans for a 165,000- to 240,000- S.p.A. would gradually phase out pro- 

ton-per-year smelter were under consider- duction at its primary smelters in Mori and 

ation. Power for the facility would be sup- Bolzano. Planned expansion of Alumetal’s 

plied by a 600- to 1,000- megawatt hy- Fusina smelter was expected to compensate 

droelectric project on the Upper Mazaruni for the phased-out production capacity. So- 

River. Production was scheduled for 1982. cieta Alluminio Veneto per Azioni (SAVA) 

Hungary.—The primary aluminum smel- reportedly would phase out its smelter at 

ter and alumina refinery at Ajka were Porto Marghera. 

scheduled to be modernized between 1976 Japan.—Sumikei Aluminium Co. com- 

and 1980. | pleted construction of a 50,000-ton-per-year 

Iceland.—The Government of Iceland primary aluminum smelter in Sakata, but 

and Norsk Hydro A/S announced that preli- production startup was postponed indefi- 

minary studies were underway for a nitely. The facility is owned 45% by
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Sumitomo Light Metal Industries, 20% or Jubail were included in the next 5-year 
each by Sumitomo Metal Industries, Ltd, plan. | . | 
and Sumitomo Chemical Co. Ltd., and 5% Spain.—Aluminio de Galicia, S.A. (Aluga- 
each by Sumitomo Bank, Sumitomo ssa), announced plans to expand. primary 
Shintaku, and Sumitomo ShojiCo. aluminum production capacity at its La 

Mitsui Aluminium Co. Ltd. brought its Corufia facility to 105,000 tons per year. 
23,000-ton-per-year expansion at Omuta, Construction of the San Cipriano alumi- 

| Miike onstream at yearend. Furukawa Alu- num smelter continued and Aluminium 
minium Co. Ltd. postponed indefinitely Pechiney signed agreements with Aluminio 
plans for a7 ; O00 ton-Per year ey ah Espafiol, S.A. to provide technical assis- 
minum smelter in Sikuni, aul fF tance for the project. Production at the 
fecture. Mitsubishi Chemical Industries, 176,000-ton-per-year facility was scheduled 

Metal Industry, to handle primary aluny ‘Sarin 197. e ustry, © primary alumi- ~§_.Sweden.—The Ministry of Industry decid- 
| OMghene Light Metal Ga which was owned ed not to participate with Granges Alumi- 

50% by Showa Denko KK. and 50% by the gredsr oe? elton tn weston, 
. Fuyo group, took over management of the ment of the project. 7 

_. Chiba smelter in October and reportedly Taiwan.—Taiwan Aluminium Corp 

was to begin management of the Omachi completed the expansion program at its 
| areas 197 aluminum reduction facilities Kaohsiung facility. The complex was ex- 

Libya.—-The Government of Libya contin- pected to reach full capacity production of | 
ued to discuss plans for an aluminum smel- Lecter pen year by yearend. of Trinidad 

| ter with the Government of Yugoslavia Jamaica, and Guyana awarded Kaiser Alu- 
which would have a 30% to 40% equity minum & Chemical Corp. a contract to 
8 in the project. _ a, : : “Ley: . : 
Mexico.—Alcan Project Services signed . toneah yeas foasibity etn dy een ee 

, an agreement with Jalumex S.A. de C.V. to en ) oe ° : 
undertake a feasibility study for a 165,000- 2d Guyana would each own 33% of the 
ton-per-year primary smelter. Alumina $165 million facility and would supply baux- 

, would be supplied from a planned alumina ite for the alumina refinery. Trinidad would 
| : refinery at Manchester, Jamaica. own the remaining 34% and would supply 

| Netherlands.—Billiton N.V. withdrew 24tural Bee dans cabled for eventval ex 
from Holland Aluminium N.V., which op- P@2s10n ; n-per-year capacity. 
erated a 106,000-ton-per-year smelter at __ Turkey.—The U.SS.R. undertook a feasi- 

Delfzijl. ae | bility study for the expansion of the Sey 

New Zealand.—New Zealand Aluminium her aluminum complex. in addition 
Smelters Ltd. began production in its new %UPplying technical assistance, the U.S.S.R. 
42,000-ton-per-year potline at the Bluff earmarked $50 million of a $1.2 billion loan 

smelter. Total capacity of the plant was ‘0 the turkish Government for the expan- 
165,000 tons per year. §10N Project. a 
Norway.—Expansion of the Lista Alumi- _ U.S.S.R.—Pechiney Ugine Kuhlmann 

niumverk A/S (Elkem) primary aluminum ‘signed an agreement with the Soviet Union 

plant at Lista to 90,000 tons was completed. to build a 1.1 million ton-per-year alumina 
A/S Ardal og Sunndal Verk (ASV) an- refinery in Siberia and also reached agree- 
nounced plans to complete expansion of its ment to negotiate terms for a 550,000-ton- 

Ardal smelter to 203,000 tons per year by per-year smelter in Sayona-Sushenskaya. 
1978. ASV also planned to build an alumi- | Gerald Metals and Derby & Co. of the 
num foundry at the Hoyanger aluminum United Kingdom signed agreements with 
facilities with startup scheduled for 1979. the Soviet Union to purchase about 30,000 
Paraguay.—Reynolds Metals Co. an-_ tons each of primary aluminum ingot. 

nounced that it was considering partici- United Kingdom.—Kaiser Aluminum & 
pation in a 110,000-ton-per-year primary Chemical Corp. announced plans to expand 
aluminum smelter. The $500 million pro- the Anglesey Aluminium Ltd. smelter at 
ject would use power from the Itaipu hy- Holyhead by 55,000 tons per year. 
droelectric project and Reynolds would sup- The British Aluminium Co. smelter at 
ply alumina. Invergordon lost 6,000 to 8,000 tons of pri- 

Saudi Arabia.—Plans for a 220,000-ton- mary aluminum production due to a fire in 
per-year smelter to be built at either Yambo _ the electrical rectifier.
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Venezuela.—New Venalum, comprised of a contract to supply equipment and mate- 
Corporacion Venezolana de Guayana (80%) rials for the expansion of the Titograd | 
and a Japanese consortium consisting of smelter to 110,000 tons per year. Banque de 
Sumitomo Metal Mining Co. Ltd., Mitsub- Paris et des Pays-Bas agreed to provide the 
ishi Metal Corp., Kobe Steel Co., Marubeni financing and Pechiney Ugine Kuhlmann 
Corp., and Showa Denko K.K., contracted to would provide technical assistance. 
purchase 1 million tons of alumina over the The Tvornica Lakih Metals Boris Kidric 
next 5 years from Surinam through Monta- smelter at Sibenik was under expansion to 
nore BV and from Jamaica through Rey- 110,000 tons per year to be completed in 
nolds Metals Co. The alumina would supply 1977. Construction started on the 94,000- 

: the 77,000-ton-per-year New Venalum smel- _ton-per-year smelter at Mostar. 
ter which was under construction at San An aluminum-waste-processing plant was 
Felix. . under construction at Lozovac, the site of a | 
Yugoslavia.—The U.S.S.R. was awarded phased-out primary smelter. | 

Table 14.—Aluminum: World production,! by country : 

(Thousand short tons) 

Country 1974 1975 1976" 

North America: | . 
Canada ____________________-_------------- 1,125 978 690 
Mexico _-__~ ~~ eee 45 44 47 
United States ______________________----__--- 4,903 3,879 4,251 

South America: 
Argentina _.______-____-__------__----------- / 1 26 50 
Brazil _-___________________-_------------ 139 / 134 149 
Surinam ____~_ ~~ ee 38 49 - 251 
Venezuela ________________-_--_-~_-----~---- 58 64 55 

Austria ________________________ 101 98 98 
‘Czechoslovakia _____________-_----_---------- 55 48 55 
France _.__~__~___-_-_--_~---~----------~---- 434 422 424 

Germany, East® ______________-_-------------- 65 65 65 
Germany, West _______-_----_------~------------ 759 747 ~ 768 
Greece Wo oe "184 149 148 

| Iceland ~~~ 22222222 TTT TTT TT IT IIT 717 68 72 
Italy ___________--__---------------------- 7238 210 928 
Netherlands ____________-_--__-~---_--------~-- 277 288 282 
Norway ____-_-.---~-----------------~--~---- 731 656 . 670 
Poland’ _________________»___-------------- 112 138° | 110 
Romaniat ______________________---------- 206 225 220 
Spain ______________________-_------------ 211 2384 236 
Sweden _________________-_-~-~------+ ~~ +--+ 91 85 ' 90 
Switzerland _________________-__------------ 9 BT | 86 
USSR® e+ ++ 1,580 1,690 1,760 
United Kingdom ______________--------------- 323 340 369 
Yugoslavia _.___________-__----------------- 162 185 218 

Cameroon ____~___~_---~---------~---------- T52 a 63 

Gg TTT IIIT IT 173 158 | 162 
South Africa, Republic of eee ee eee 83 84 86 

gins. People's Republic of’ ~~~ 7777777777777 77a 722 1 ied 234 
Iran _____ ee 54 56 34 
Japan® ________-_-_----------------------- ¥1 282 1,117 1,013 
Korea, Republic of ____._------~--------------- 19 20 19 
Taiwan ______-___--~------------~---------- 35 31 28 

Turkey ______-------~---------~-------------+ -- 18 39 

Oceania: 
Australia _____________---_------------------ 242 236 256 
New Zealand ______-_-_--_------------------ 122 120 154 

Total _._______------------------------- 714,516 718,352 18,774 
EEE 

Estimate. Preliminary. ‘Revised. 
1Qutput of primary unalloyed ingot unless otherwise specified. 
7Exports. ; 
3Includes secondary unalloyed ingot. 

Sc ary ea et oun ity alumi (99.99% Al), tly included in th rted total unalloyed ingot uminum le , n’ in in the re 

production, is ae follows, in short tons. 1974—-6,206; 1975—3,274; 1916—4,251. —_— mee
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a Table 15.—Aluminum: World capacity, by country’ 
. (Thousand short tons) 

r_r_—_—— Country | 1974 1975 1976 

North America: | | , | 
Canada ____.____-_____-__~~_-_ eee 1,210 — 1,175 1,175 
Mexico. __._._._. -__-___~-----~-~- ~~~ 50 50 50 

United States __________-~----_._----~--+-~+--~------- 4,916 5,021 5,193 

South America: 7 : 

Argentina ____.__--~---------~~----------~------- 40 40 66 

Brazil_.______________--____________------------- 127 140 187 
Surinam ________-_-~_--~.---_._-_--~-----+--~--+---- 73 73 13 

Venemela _________------~-~_. + + + 55 55 55 

Europe: 
Austria ___§__ ~~~ 102 102 101 

Czechoslovakia ____..-~---------_------------+--+---- 72 72 12 

France ___._______- ~~~ 462 448 452 

Germany, East __.._--_--------------------------+-- 88 . 88 94 

Germany, West ____-_-_------_--_---~---------+-+-+-- 830 - 832 841 

Greece _._________-~_ ~~~ ee ee 160 160 160 

Hungary __-.---------~--~-~--__--------------+--- 69 69 69 

Iceland ____________---_--_--____-__~_=~----~------- 84 84 84 
Maly — asd 7222222222222 222222 340 340 321 

Netherlands _________--_.._-._--____------~--+--—----- 200 293 293 

Norway -— ---~~~------=-----2--2 22020002700 - 998 133 768 

Poland _.._-__~_.__~-__--~ ~~ ee ee ee 122 _ 122 122 

Romania ________________-________--+~----------- 132 132 132 
Spain_______--_----_.-_--_-_~-----~------------ 204 238 240 
Sweden _____._______-_____-___.- ~~~ + + - 95 95 94 

Switzerland _.____-__-_--_---_-_-------------54--- 100 105  —-:104 
| Switgerland ~~ ——-—----~-~~ 920 rro rotor fea 1,578 2,140 2,555 

United Kingdom ___._---__------------------------- 399 399 403 

Yugoslavia __...___----~--------~------------------ 288 221 199 

Kovet ~ — ~~~ nnn nor rrrrr 169 169 220 
South Africa, Republic of oe ee ee eee 85 88 88 

Bahrain ______________________.__--------------- 182 182. 182 | 
China, People’s Republic of _..______..------------------ 220 270 270 

India... _-____-_______-__--_--_ ~~~ ------ ++ 290 289 330 
Jran ~~ eee 50 55 55 

Japan____________-_.--_~---+------------------- 1,434 1,492 - 1,627 
Korea, Republic of __._.___--..----------------------- 20 20 20 

Taiwan ___._._._..._______-__~~____---~~-----+----+-+--- 42 42 85 

Turkey _..______._--_--------------------+------- 66 66 66 

Australia... -§ - _-__ _-____-~__- ~~ ee 265. 254 256 

New Zealand __._____-____--____------------------ ~ 123 > 123 165 

| Total..__.______ eee + 15,567 16,398 17,388 
re aU A SS SSS SEA ‘ 

1Detailed information on the individual aluminum reduction plants is available in a 2-part report which can be 

obtained from Chief, Division of Finance, Bureau of Mines Bldg. 20, Federal Center, Denver, Colo. B0205 Part One of 

“Primary Alumimum Plants, Worldwide,” which costs $9.70 details location, ownership, and production capacity for 

1976-83, and sources of energy and aluminum raw materials for foreign and domestic primary aluminum plants, 

including those in centrally planned economies. Part Two, which costs $2.55, summarizes production capacities for 1976- 

88, by smelter and country. 

TECHNOLOGY 

Conservation of energy and minimizing around conservation of energy through re- 

the impact of environmental standards and cuperation of heat energy evolved from a 

costs continued to be major research ob- processing step, such as melting or anneal- 

jectives of the aluminum industry. Results ing, and returning it to the process to 

of recent studies presented at the Alumi- preheat the air and fuel used, or the metal 

num Association Energy Conservation itself. 
Workshop were published.* Spurred by in- A heat-wheel recuperator made of ceram- 

creasing energy costs, aluminum producers, ic material for use at temperatures up to 

fabricators, finishers, and end-product —H~— ~~ 

manufacturers have undertaken extensive wasnt Metal Seo Aluminum Industry Conservation 
° ° * orkshop, . V. 34, No. 5-6, June » pp. . 

investigations to reduce overall energy re- Or SNOP Aluminum Indust ry Conservation Workshop, 

quirements. Much of the research centered Part 2. V. 34, No. 7-8, August 1976, pp. 5-15.
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| 1,600°F reportedly was gaining acceptance aluminum plants of approximately $95 per 

in the aluminum industry. The heat wheel ton of capacity (first quarter of 1975) or | 

involves the passing of hot exhaust gases approximately 8% of the cost of a new 

through one side of a slowly rotating wheel, uncontrolled plant. | 

absorbing the heat, while cold air is heated (4) Existing control levels are estimated to 

by passing it through the other side of the require average investment costs of approx- 

wheel in the opposite direction. The heated imately $65 per ton of aluminum capacity. 

air can then be fed directly toa combustion Viewed as an incremental cost, the promul- 

furnace or used to preheat the metal direct- gated standards would require an invest- 
- ly. Alternating the direction of the air flow ment cost increase over the current indus- 

helps prevent buildup and subsequent plug- try average of $30 per ton of capacity. = | 
ging of the openings in the wheel by parti- (5) The standards are expected to result in 
culate matter. Efficiencies of the heat wheel an annual cost increase at new primary 
approach 70%. At one aluminum billet aluminum plants of approximately $16 per 
heating furnace facility, installation of ce- ton, or 0.82 cent per pound of aluminum 
ramic heat wheels reportedly reduced fuel produced (assuming no existing State con- 

consumption from 1.7 cubic feet of natural trol requirements would apply). A total 

gas per pound of aluminum to 0.65 cubic annual cost increase of approximately $31 
foot per pound. Preheating of combustion million in the fifth year is expected to result 
air by a ceramic heat wheel in another from the imposition of the standards (mak- 

facility reportedly saved 60% of the fuel 128 the same assumption). If the entire cost 

used per heating cycle and shortened the increase were passed on to consumers, it 
cycle by about 25%. would amount to a price increase of 2.1% of 

‘Under a Bureau of Mines contract, Bat- Current prices. Allowing a pretax return on 

telle Columbus Laboratories reviewed and the pollution control capital of 20% would 
assessed the development of alternative alu- result in a total price increase of approxi- 
minum production processes that might mately 1.8 cents per pound of aluminum, 

. was believed possible by replacing the con- _ (6) The level of cost for control of fluoride | 

ventional Hall-Heroult process for produc- ©™ussions to the air currently being incur- 
ing primary aluminum which is based on red by the industry averages approximately 

the electrolysis of aluminum oxide by the and ton of aluminum, or 0.7 cent per 

Alcoa process. The Alcoa process is based on . . 

electrolysis of aluminum chloride. However, (7) The standards would result in the 
direct operating costs of the Alcoa process reduction of fluoride emissions to the air of 

were estimated to be about 10% higher than ®PProximately 48 pounds of fluoride per ton 
the Hall-Heroult process. Other processes of aluminum produced (96%) in the case of 
evaluated used more energy. In another an uncontrolled plant and 11 pounds per 

study the energy savings of the Alcoa pro- ton of aluminum produced (85%) in the case 
cess were estimated to be 30% in compari- of a plant employing the industry's current 

son with the Hall-Heroult process and pro- ore) Ni lever control. . 

duction costs of the two processes were (8) No plant closings or production cur- 
almost the same.* tailments are expected to result from the 

Background information on the impact of imposition of the standards. . 

air pollution control standards on the pri- ,. (9) The energy requirements for air pollu- 

| mary aluminum industry was summarized tion control systems currently in use at 
in a report. The report stated that, based existing primary aluminum plants and the 

on an economic analysis and other available “Battelle Columbus Laboratories. Energy Use Patt 

information, the following conclusions in Metallurgical and Nonmetallic Mineral Processing 

could be drawn (cost data are in 1975 Areas Where Alternative ‘echno ogies ube 

constant dollars): Priority Commodities) Bullines Open Fle Rept fae, 
(1) Growth in total domestic primary 1276. pp. 10-19; available for consultation at the Buredt of 

aluminum capacity and supplies will not be Twin Cities, Minn., Rolla, Mo. Boulder City, Nev., Reno, 

adversely affected by the promulgated Nev. Albany, Greg. Slt ake (ty, Utah andthe Contra 
standards. D.C,; and from National Technical Information Services, 

(2) The promulgated standards _ will re SM a OD et Protection cy. Environmental 

accelerate the current industry trend to Considerations of Selected Eneray Conserving Manufact- 

prebake cells and away from Soderberg port v.8, EPA.600/1-16-034h, December 1976, 139 pp. 

~3 Information for Standards of Performance” Primary Alu 
(3) The standards are expected to result in yormation tor errormance: u- 

an investment cost increase at new primary minum Industry, Supe top v. 8, EPA
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energy requirements to meet the 1983 Envi- wastes to a temperature above the melting 
ronmental Protection Agency effluent point of aluminum (about 660°C) but below 
guidelines at these plants have been esti- about 800°C while maintaining the wastes | 
mated to total 285 kilowatt-hours per ton of under a_ protective gaseous atmosphere 
aluminum produced (industry-wide aver- which is substantially inert to molten alu- 
age). The energy requirements for air pollu- minum. Argon is preferred as the protective 
tion control for a new prebake plant (only atmosphere. After the aluminum-contained 
prebake plants are expected to be built) in the wastes has been melted, the heated 
have been estimated at 211 kilowatt-hours material is agitated gently to agglomerate 
per ton of aluminum produced. the molten aluminum and to cause it to 

In another study of the energy used for gettle and collect in the bottom of the 
pollution controls and the environmental containment vessel. Molten aluminum’ is 
impact of production of primary and sec- then removed from the vessel leaving a ondary aluminum metal, the total cost of substantially inert residue. _ oe 
pollution controls (1975 basis) was esti- ae 
mated at $10.16 to $13.59 per metric ton of 7U.S. Environmental Protection Agency. Environmental 

primary alfminum and $4.98 to $10.10 per  Tapacts ovine? and Recycled Steel and Aluminum. . . ° . . 3 a om Natio metric ton for secondary.’ Technical Information Service, Springfield. Va. | Information on pollution control perfor- p "US. Environmental Protection Agency. Air Programs; 
mance standards for primary* and second- Fe OAL: adar ‘ds e Part 3. Federal 8 ister AL. 
ary® sources of aluminum was published. No.2 349, Dec. 15, 1976. pp 3826-3830. oder mm 

In a patented process, developed by the __°U.S. Environmental Protection Agency. Nonferrous 
| Bureau of Mines,” aluminum metal is re- Ralomakoe oct 3 Redes Region yen he ee 

covered from processed wastes such as dross 15, 1976, pe. ma taee ed to US. Secretary of th 
: on - (ass . 0 e 

and beverage-can scrap without use of a Interior). Fluxless Recovery of Metallic Aluminum From 
flux. Aluminum is recovered by heating the Wastes. U.S. Pat. 3,999,980, Dec. 28,1976.



. | By John A. Rathjen? 

The U.S. antimony industry during 1976 Legislation and Government  Pro- 

registered increases in all phases of activity grams.—Government stocks of antimony 

with the exception of domestic mine pro- remained at 40,700 tons. On October 1, 1976, | 

duction. Consumption rose to 15,337 tons, the Federal Preparedness Agency (FPA), a 
reflecting increased demand in the chemi- part of the General Services Administration , 

cal area, particularly as a flame retardant. (GSA), established a new goal for antimony 
Smelter and secondary production and im- of 20,130 tons. This action created a surplus - 

ports rose, but exports were virtually of 20,570 tons, but Congressional approval is — 

unchanged. Industry stocks also rose slight- required for disposal. Antimony remained 

ly, increasing above the record high level on the list of commodities eligible for ex- 
established in 1975. Po ” _ploration assistance under the program ad- 

Domestic mine production dropped ministered by the Office of Minerals Ex- 

sharply as a result of a strike at the Sun- ploration (OME). However, funds for. ex- 

hi Ply a8 & Idaho. The strike be . ploration projects have not been requested : 

shine wand in XK ff f s h e onder _ from Congress since fiscal year 1974. : 
March and was in effect for the remainder Federal income tax laws under the Tax : 

of the year. oS Reform Act of 1969 provided a percentage 

_ The generally increased level of business gepletion allowance of 22% for domestic 

activity during the first half of the year production and 14% for U.S. production 
precipitated a price rise in September to from foreign sources. | 

| $1.79 per pound from $1.60 per pound, — | 

which had prevailed since June 1975. Mineral specialist, Division of Nonferrous Metals. 

| Table 1.—Salient antimony statistics oe 

(Short tons) , 

1972 1973 1974 1975 ~ 1976 

United States: , 
Production: 

. 

Primary: 
. 

Mine ______._________-------------  ._ 489 545 661 886 283 
Smelter! _________-_._.--__.--------- 18,844 17,206 16,657 12189 14618 | 

. Gecondary ________-_---------+------~ 22,428 24,062 28,570 17,964 19,799 
Exports of ore, metal and alloys -____---~-------- 121 515 871 340 341 
Imports for consumption (antimony content) -__.-----~ 23,743 21,265 22,119 18,706 21,770 

Consumption!__________------------------ 16,124 20,618 18,041 12987 15,337 
Price: New York, average cents per pound _____-__--~ 59.00 68.50 181.76 176.58 165.26 

World: Production _.___.--.------------------ 18,986 76,920 "79,118 "76,700 76,286 
aoe 

TRevised. 
1Includes primary antimony content of antimonial lead produced at primary lead refineries. 

167
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DOMESTIC PRODUCTION 

Mine Production principal metal-bearing ores in the Kellog 
. . a area. 

Domestic mine production from two — Production at the Babbitt minemill- 
mines totaled 283 tons during 1976, a smelter complex operated by the USS. Anti- decrease of 68% from that of 1975. A num- mony Corp. at Thompson Falls, Mont., 
ber of companies were involved in feasibil- dropped considerably to 150 tons of antimo- | . ity studies and development programs in ny in 1976, as compared with 273 tons in 
Nevada and Alaska. The Sunshine mine, 1975. This decline was primarily attributed 

| operated by the Sunshine Mining Co. inthe to the continuing development of the mine 
4 Coeur d’Alene district of Idaho, contributed and a change in the end product mix. 

133 tons to the total U.S. output. Low  Stibnite, the most common of the antimony 
production was the result of a prolonged minerals, is the primary source of antimony 
strike which began March 11 and continued at this operation. . | 
throughout the year. Antimony was pro- Byproduct antimonial lead, produced in 
duced at the Sunshine mine from the treat- the refining of primary lead from domestic 
ment of tetrahedrite, a complex silver- ores, increased 32% to 355 tons in 1976 

: copper-antimony sulfide mineral, one of the compared with 268 tons in 1975. 

Table 2.—Antimony mine production and shipments in the United States 

: , (Short tons) | | 

| ) a : Antimony 

Year | concentrate Produced Shipped” 
7 1972___---_--_-- eee 2,072 489 BAT 1978_-_____--__ 2,468 545 494 1974____-- 8,217 661 598 

1975______--__ 4,505 886 966 
1976_-__-_-_-- 1,111 288 310 a 

Smelter Production Heights, Ohio; M&T Chemicals Inc, Balti: 
| . . . more, Md.; and ASARCO Inc., Perth Am- 

many antone orate Tet seis boy, N.J. During 1976 McGean Chemical Co. 
tons, an increase of about 20% compared ine. ? wey erand, Ohio, resumed era 

| with output in 1975. Virtually all of the 2¢vity in the antimony oxide marketplace. increase was reflected in increased pro- Producers of antimony metal included NL 
duction of oxide, which was 2,738 tons Industries, Inc., Laredo, Tex.; U.S. Antimo- 

higher than production of 7,890 tons in Y Corp. Thompson Falls, Mont.; and 
1975. Metal production decreased 5% to Sunshine Mining Co., Kellog, Idaho. During 
3,102 tons during 1976 compared with 3,254 1976 ASARCO continued planning and en- 
tons produced in 1975. gineering studies for the antimony refinery 

The major producers of antimony oxide to be built at El Paso, Tex. It was expected 
were Harshaw Chemical Co., Gloucester that operating plans would be announced 
City, N.J.; Chemetron Corp., Cuyahoga during 1977. 

Table 3.—Primary antimony produced in the United States 
(Short tons, antimony content) 

Class of material produced 

Year Metal . Oxide Sulfide Residues antimenial Total 

eee 
1972__- 3,837 8,343 232 201 731 13,844 1978__- 2,859 11,273 92 1,839 1,143 17,206 1974__- 3,030 10,445 54 2,066 1,062 16,657 1975. 3,254 7,890 _. 595 450 12,189 1976______________________ 3,102 10,628 __ 191 697 14,618 —$—$— eee
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Table 4.—Byproduct antimonial lead produced at primary lead refineries in the 
| United States | 

' (Short tons) 

. Antimony content 
. . CN 

Year weight  geto™. From From. Total : 
foment’ oe scrap Quantity Percent | 

1972_--____________-__-__ 15,051 516 215 319 1,050 7.0 | 
1978_________- 15,455 731 412 24 1,167 7.6 
1974 «12,518 658 404 35 1,097 8.8 
1975 6,029 268 182 117 567 9.4 | . 
1976__________- 6,743 355 342 33 730 =~ «108 | 

1Includes primary residues and a small quantity of antimony ore. 
7Includes foreign base bullion and small quantities of foreign antimony ore. 

Secondary.—Production of antimony years as the automotive battery industry 
from secondary sources increased slightly to changes over to new antimony-free and low- 
19,799 tons, an increase of 1,835 tons above antimony grid systems. Additional quanti- 
that of 1975. Of this, 16,498 tons, or 88% of ties of antimony are recovered by process- 
the total metal, was recovered by treating ing various secondary materials such as 
battery scrap. It is expected that this source type metal, old bearings, drosses, cable 
of antimony will increase over the next 3 sheathing, and other items. 

Table 5.—Secondary antimony produced in the United States, by kind of scrap and form 
| of recovery : 

. | (Short tons, antimony content) : | 

____Kindofscrap 19751976 _Formofrecovery 001975 16 
New scrap: ° In antimonial lead?______________ 14,768 16,498 

Lead-base __________---- 1,905 2,116 Inotherlead alloys __._.__._._._._---- 3,187 3,294 
Tin-base _..__.-_-.--.-—L- 39 2 Intin-basealloys __.....__.---~-~- 9 7 

Total _._____._.____----. 1,944 2,142 Total _._________________ 17,964 19,799 

| ~~ Yalue (millions).__-____--___ $68.4 $65.4 
Old scrap: 

Leadbese ___________-___ 16,007 17,642 | 
Tin-base _____----_------+- 13 15 

Total ___________-_--_. 16,020 17,657 | 

Grand total _..___.._._..__.. 11,964 19,799 , 
eee 
tonnes 117 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 1975 and 33 

ns in . 

CONSUMPTION AND USES 

Domestic consumption of primary anti- antimony alloys reduced the demand for 

mony in 1976 increased by 2,350 tons to primary metal, because recovery from sec- 
15,337 tons. A loss of 747 tons in the metal ondary smelting was more than adequate to 

. products category was more than offset by eet requirements. 

gsins in nonmetal and flame retardant “Use of antimony trioxide as « flame 
tons, an increase of 42% over that of 1975. retardant increased by 1,753 tons to a total 
The decline in the use of primary antimony °f 5,552 tons in 1976, establishing a record 
metal products was attributed mainly tothe high for this application. Use of primary 

changeover in automotive battery grid sys- antimony in nonmetal products increased 
tems. The adoption of calcium-tin and low- 38% to 4,885 tons.
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Table 6.—Industrial consumption of antimony in the United States | 
(Short tons, antimony content) 

Class of material consumed — 

Year Ore and | Byproduct 
concen- Metal Oxide Sulfide Residues antimonial Total 

trate lead 

1972_.___________ 1,226 5,478 8,389 104 201 731 16,124 
1978_-_-_-----e 582 5,824 10,970 255 1,839 1,148 20,613 
1974____.__-_ 1,032 4,362 9,457 62 2,066 1,062 18,041 
197§__-__._.__------ 369 4,229 7,311 33 595 450 12,987 
1976. 640 3,375 10,397 37 191 697 15,337 

Table 7.—Industrial consumption of primary antimony in the United States, by class of 
| material produced 

| (Short tons, antimony content) . . 

: Product 1972 19738 1974 1975 1976 

Metal products: | Do a | . 
Ammunition __......-___--__--__~_- 64 122 421 239 63 
Antimonial lead ______.___._..._.___ 6,149 8,027 '. 9,251 4,568 3,861 
Bearing metal and bearings ___.._....--. 559 527 476 - 402 _ 405 
Cable covering ~._______..---------~- 19 12 16 23 19 
Castings ~..--_-________..-----_-_._ 39 65 31 18 2A 

| Collapsible tubes and foil _..___________- 20 12 18 9 23 
Sheet and pipe __________..-.------- 108 97 69 60 74 

| Solder - 177 191 205 1338 = -. 188 
Type metal — — —-----—----~------~--- 142 134 107 15 79 

fo ee 105 104 135 120 164 

Total _.___-__-_--_-_--__-.---_. 9882 9,291 8,429 5,647 4,900 

Nonmetal products: . - 
Ammunition primers __.____._____---~-- 23 18 11 . 14 13 
Fireworks ________________.-___ 4 5 11 10 12 : 
Ceramics and glass... 1,695 1,917 1,384 989 1,260 
Pigments __._____________.-.-----_-_ 644 644 460 321 415 
Plastics _._-___....._________.____ 2,891 2,920 1,481 1,091 1,277 
Rubber products __________.___._-.-- 587 693 664 458 578 
Oth... _.-_------------------- 1,118 2,219 1,268 658 1,330 

Total _._.__--___--------------- 6,462 8,416 5,229 3,541 4,885, 

Flame retardant:! | 
: Plastics 5 55 5 ee 2,711 2,501 3,777 

Pignents - - -----~~~~~------------ - 172 92 183 | 
Rubber _____________________.____ }2,280 2,906 252 172 199 
Adhesives ______ 22 . 231 126 141 
Textiles. -.-.--_-_________~~----~-- 980 748 1,055 
Paper _._-_-____.~-~~--_-~-_~------ 37 160 197 

Total os 2,280 2,906 4,383 3,799 5,552 

Grandtotal _..___________________ 16124. 20618 18041 12,987 15,387 

1F]ameproofing chemicals and compounds shown separately by use starting 1974. 

STOCKS 

Industry stocks of antimony climbed for which climbed 282 and 674 tons, respective- 
| the fourth consecutive year to a record total ly. This change in inventory mix is expected 

of 15,070 tons at the end of 1976. There was to continue as more countries initiate value 
a decline in stocks of antimony contained in added programs, wherein they upgrade raw 
ores and concentrates. However, this was materials to realize higher return on invest- 
offset by gains in metal and oxide holdings ment.
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Table 8.—Industry stocks of primary antimony in the United States, December 31 

(Short tons, antimony content) 

| Stocks 1972 1973 1974 1975 1976 

Ore and concentrate _.__.____-____----_- 8,562 5,585 6,275 8,864 7,899 
Metal __________________-__-------- 1,882 1,540 809 1,380 1,662 
Oxide __________________________--= 3,179 2,074 3,732 3,886 4,560 
Sulfide ________________-___ ee 182 31 35 32 31 
Residues and slags — —_ -_----~----------- 176 526 549 921 475 
Antimonial lead? __..___.______-------- 191 322 294 374 443 

Total _.________________-____--. 8,622 10,078 11,694 14,957 — 15,070 

1Inventories from primary sources at primary lead refineries only. . 

PRICES , : 

The New York price for RMM brand but fell late in the year to $1.35 to $1.40 per 
99.5% antimony metal was quoted at $1.60 pound. The European market quotation for 
per pound through September 16, at which lump ore, on a 60% antimony basis in- | 
time NL Industries increased its quotation creased during 1976 from a low of $20 to $22 
to $1.75 per pound f.o.b. Laredo, Tex. The Per metric ton unit, c.i.f. to $25.50 to $27.50, 

effective freight differential was increased 4 year end. : 
from 2 cents to 3 cents per pound f.o.b. New , a | 
York for RMM metal. This remained in Table 9.—Antimony price ranges in 1976 
effect through the end of the year. Antinoe =©=_——————_______$__$_____—_—__ 
ny trioxide followed metal pricing very Type of antimony | pe rnd 

closely beginning the year at $1.65 per © =O __ 

pound and increasing on October 1 to $1.80 Domestic: metal! a ann nnn - nH HH SL oes : 

per pound. The New York dealer price for Antimony trioxide) ___-__-------. 165-180 
foreign metal, which was quoted in a range kMMbsadtob.laeinTe. 
of $1.35 to $1.45 per pound in January, rose ——aputy.paid delivery, New York. 
to $1.70 to $1.80 per pound in August, SQuoted in Metals Week. 

| FOREIGN TRADE 

_ Exports of antimony ore, metal, alloys, 1,288 tons. Both France and the People’s 

and scrap totaled 341 tons in 1976, virtually Republic of China more than doubled their 
unchanged from those of 1975. Canada shipments of oxide in 1976, compared with 

_ received 30% of the shipments; Poland and those of 1975, indicating a continuing effort 

Japan, 16% each. The balance was shipped by the producing countries to upgrade the 
in small parcels to 17 additional countries. alue of their production. Receipts of anti- 
Exports of antimony oxide rose to 324 tons, mony in ores and concentrates increased by 
an increase of 36 tons from that of 1975. 1,708 tons in 1976 to a total of 10,023 tons. A 

Canada received 43% of the total, and the sharp drop in shipments from Mexico and 

remainder was distributed among 17 other Gyatemala was more than offset by increas- 

Imports of antimony in all forms totaled od fonnage ro sda me Repubae of South . 

21,770 tons (metal content), an increase of tal dec an ased ace. Po 083. re me 

16% over the 1975 total. Antimony ore ecre slightly to 2,083 tons, a loss of 
os . 29 tons from the 1975 total; however, the 

_ receipts increased 20% to 10,023 tons. Anti- . ’ wer, 

mony oxide receipts, which totaled 11,611 Pattern of imports changed considerably 
tons, increased 17% above that of 1975. from that of 1975. _Belgium-Luxembourg, 
Imports of both antimony metal and liquat- the People's Republic of China, Italy, and 

ed material declined from the 1975 level. Japan, which cumulatively shipped 1,144 
Four countries supplied over 89% of anti- tons in 1975, supplied only 649 tons in 1976. 

mony oxide imports during 1976: The This 495-ton decline was essentially offset 

Republic of South Africa, 6,005 tons; the by the increased tonnage from Bolivia and 
United Kingdom, 1,623 tons; France, 1,464 Yugoslavia, which together shipped 558 

tons; and the People’s Republic of China, tons above their combined 1975 total.
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Table 10.—U.S. imports for consumption of antimony, by country | 
REE reer eee eee ee eee rere ere erences 

1975 1976 

Country Quantity Value Quantity Value | 
(short tons) (thousands) (short tons) (thousands) 

Antimony metal, including needle or liquated:* 
Belgium-Luxembourg - ~~ --~~~----------- 408 $1,064 392 $611 
Bolivia _._..___.------------------- 42 111 236 143 
Canada____..__--~-----------~------ 3 30 1 36 
Chile _..-___--_--__-----_--------- 13 37 14 36 
China, People’s Republic of ______._____--~--- 421 1,361 209 613 

' France ___ ~~ 23 54 -- __ 

Germany, West __________------------- (7) 17 1 16 
Italy. _-___._-----------_---~-------- 231 637 22 70 
Japan___.-__-------------~-~------- 127 332 44 131 
Malaysia .___.--__-------------------- —- _— 11 30 
Mexico ___....-__---.~----~---------- 294 807 273 443 
Netherlands... ____.....---------------. 11 29 _- __ 
Singapore _.____-------------------- 11 20 -- —_ 
Spain ~~ -----~~-------------77---7- 56 141 41 108 

iwan_____ 22 73 -- __ 
' Thailand ______....---------------- 111 257 99 284 
Turkey ooo TTT 22 5 -- _- 
United Kingdom _________....~--------- 204 462 | 230 462 
Yugoslavia... .._...-..-------------- 187 495 551 1,582 

Total _.____--__.-------~---------- 2,186 . 5,932 2,124 5,115 

Antimony oxide: 
Belgium-Luxembourg - ~~ —--------------- 214 788 350 965 
Bolivia _. _______.._______-_-~------ -— _- 110 293 
China, People’s Republic of ___....____------ 547 1,896 1,288 3,441 
France ____§_____--~----_---------~- 572 1,675 1,464 4,198 
Germany, West _._..__---------------- 20 44 22 69 
Hong Kong_ .— -..-_---------~-------- 17 67 -- _— 
Italy. ___.__--------_-------------- () (7) 20 53 
Japan__.__..---~~---_~------------ 569 1,773 597 1,638 

Netherlands. ________._.------------ 61. 199 50 143 

South Africa, Republic of __....----.----~-- 6,587 1,873 6,005 1,504 
Sweden____________----------------  # 1 _- _- 

Taiwan _.______.-_._----~-~-------- 193 770 82 (218 

United Kingdom ----~-----------------____1128_ 3,502,628 4 OT 
Total _..________-\_.---------=---- 9,908 12,588 11,611 17,029 

1Includes needle or liquidated (value in thousands): 1975-Belgium-Luxembourg 21 tons ($70), the United Kingdom 31 
fons oe the People’s Republic of China 22 tons ($88); 1976-Belgium-Luxembourg 18 tons ($53), the United Kingdom 23 

2Less than 1/2 unit. 

Table 11.—U.S. imports for consumption of antimony ore, by country 
pe 

1975 1976 

Gross Antimony Groes Antimony 

County wgignt “content” igre” sho: sho: sho ort 
tons) tons) sands) tons) tons) sands) 

Australia._____________ 110 1 $169 _. __ __ 
Belgium-Luxembourg - - - ~~~ 600 308 783 _- _- _- 
Bolivia _..._-.-__------ 2,639 1,540 4,242 3,179 1,992 $3,820 
Canada ________------- 1,012 637 1,426 1,756 1,091 1,949 
Chile _.__.___~-----~-~- -- -- -- 711 411 804 
Colombia _..____..----- 287 - 39 48 219 91 112 
Guatemala_____....---- 2,321 1,127 873 949 AT4 384 
Honduras _____.------- 306 153 136 _. -- _- 
Mexico _______.----~--- 9,567 2,218 1,780 6,625 1,513 2,458 « 
South Africa, Republic of ~~ —_~— 2,986 1,792 4,194 7,495 4,446 7,378 
Thailand _______------- 908 435 934 11 5 6 

Total __..___-----~-- 20,736 8,320 14,535 20,945 10,023 16,911 
ae eee eres eeree eer reer renner ere eee eee er ee NS
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Table 12.—U.S. imports for consumption of antimony 

Antimony ore Needle or liquated § Antimony metal! Antimony oxide 

Gross Antimony V Gross Gross Gross 

“se ce ere eee Ge ge Oe 
ts) tons) toms) Sands) tons) Sands) tons) Sands) 

1974____.___ 81,830 14,655 $20,866 86 $271 2,208 $7,550 6,269 $15,580 
1975 _______ 20,7386 8,320 14,535 74 255 2,112 5,677 9,908 12,588 
1976_______ 20,945 10,023 16,911 41 129 2,083 4,986 11,611 17,029 

1Does not include alloy containing 83% or more antimony. . 

WORLD REVIEW | 

World mine production of antimony in of the year. The design capacity of the 
_° 1976, 76,286 tons, showed a nominal decline smelter provides for treatment of 10,300 

of 414 tons from that of 1975. The Republic tons of high-grade concentrates containing 
of South Africa reported a major drop in 63.2% antimony, which will yield approxi- 
production to 11,890 tons, a loss of 5,663 mately 4,700 tons of antimony metal, and 

| tons from that of 1975. This decline was 1,100 tons each of antimony alloys and 
balanced by increased production in Bolivia, antimony trioxide. 
Thailand, the Republic of Korea, Morocco, Since Bolivian mine production exceeds 
Peru, and Guatemala, which collectively smelter capacity it is expected that Bolivia 
increased production by 5,814 tons. Bolivia will continue to sell antimony ore and 
was the world’s largest producer with concentrate throughout the world. | 
16,873 tons, an increase of 3,737 tons. Canada.—Antimony metal was produced 
 Australia.—Antimony production in in Canada as a byproduct of lead smelting 

Australia declined in 1976 to 1,818 tons, a and refining. It was recovered chiefly in the 
drop of 14% from that of 1975. The decrease form of antimonial lead by Cominco Ltd. at 
was attributed mainly to curtailed pro- its smelter and refinery at Trail, British 
duction by Australian Antimony Corp. NL Columbia, and Brunswick Mining and 
at its new mine near Dorrigo on the north Smelting Corp., which operated a lead 
coast of New South Wales. The mine was smelter at Belledune, New Brunswick. _ 
closed for economic reasons, but it was Consolidated Durham Mines and Re- 
being maintained on a standby basis. sources Ltd. operated Canada’s only antimo- 

The closedown at Dorrigo was partially ny mine. The Lake George property near 
offset by startup of the Blue Spec antimony- Fredrickton, New Brunswick, has a mill 
gold mine near Nullagine in. Western capacity of 400 tons per day. Concentrates 
Australia. The Blue Spec mine, which is average slightly over 65% antimony, and 
operated as a joint venture by Metramor are shipped mainly to Europe, with small 
Minerals Ltd, and Australian Anglo- quantities going to the United States and 
American Ltd., is expected to produce about Japan. 
1,400 tons of antimony per year. Con-Am Resources announced a prelimi- 
Bolivia.—During 1976, Bolivia emerged nary feasibility study of its Carbon Hill 

as the world’s largest producer of antimony, antimony property near Whitehorse, Yukon 
passing the Republic of South Africa which Territory. Work carried out on the property 
had previously been the leader. Acombined from 1964-67 by Yukon Antimony outlined 
total of 16,873 tons of antimony (metal a possible reserve of 140,000 tons of ore 
content), was produced in Bolivia at a new grading 4% antimony. If the reserves are 
smelter. The smelter, which was completed confirmed, the company plans to install a 
in December 1975, is located at Vinto, near 200-ton-per-day plant. 
the city of Oruro, and is operated by Empre- China, People’s Republic of.—Estimated 
sa Nacional de Fundiciones (ENAF). The production of 13,000 tons of antimony 
plant had been scheduled for full pro- established the People’s Republic of China 
duction in 1976, but startup problems pre- as the world’s second largest producer. The 
vented maximum utilization through most bulk of Chinese antimony was produced in
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Table 13.—Antimony: World production (content of ore 
| unless otherwise indicated), by country 

| | (Short tons) | 

| Country | — 1974 1975 1976" 

North America: . | . | 
Canada®! ___ eee *1,560 ™2,020 2,190 
Guatemala_________-_-.---------~---~------------ 480 944 1,235 
Honduras ____________-__----_----_------------- 149 | 114 129 
Mexico? _________._.____----------------------- 2,653 3,458 2,806 

sourited States ~~ ------ == 661 886 283 u . 
Argentina ____________-_-------------------+---+-- T5 8 e€3 
Bolivia ___-_----------------------------------- 314,396 513,136 416,873 

Bure Teverable) wo eee ee F349 305 665 

Austria (recoverable)._____________________----_----- 551 561 588 
Czechoslovakia ____________________.-------------- 830 *830 830 
Waly _-_-----------2-------------------------- 1,291 1113 1,119 

| USSR®____~2 222 8,000 8,300 8,500 
| Yugoslavia ———__-_~ 722222 L LLL 2 lili li lllo 22 ----- 2484 = 2406 2,110 

fori oe 66 66 e 

Nevocoo Lee ee ee ee ee eee 2,029 1,160 1,560 
Rhodesia, Southern® _______. __--_._-__---.----------- 330 330 380 

Asset Africa: Republic of -——--——--~---- === == 22am n = 16,721 = «(17,558 11,890 

: Burma®__________________________u eee 7380 ™90 8 8=s«éi520 
China, People’s Republic of wee eee ee ee ee ee 13,000 13,000 13,000 
Korea, Republic of _._____-------------------------- *9 44 ATT 
Malaysia (Sarawak) ~~ ~~ —----—~--<~-~~=--2 2777777777 | “280 | 276 “215 

_ ‘Thailand____________-_-_--__.____-~_-__--------- 4669 «=i, 454 * 4,047 
- furkey _--_-____-_____-_-______-------------------- ™6,530 4,010 4,771 
Oceania: Australias ________________2---____---------- "1,550 2120 =‘ 1,818 

Total. _______------------------------------- ™79,113 76,700 76,286 

_  1Estimated on the basis of value of production. 
2Antimony content of ores for export plus antimony content of antimonial lead and other smelter products produced. 
qrroduction by Oe ee plus exports by medium and small mines and so-called other producers. 

uction. a 

SAntimony content of.antimony concentrates, lead concentrates, and zinc concentrates. 

| - gouthwestern Hunan Province, with the trate and cobbed ore compared with 15,048 
largest output from the Hsikwangshan tons produced in 1975. Total shipments, 

mine. This mine has been estimated to however, were up in 1976 to 13,725 tons of 

contain reserves in excess of 1.5 million tons contained antimony, an increase of 1,124 
of antimony. Antimony ore is also mined in ans over that oe reflecting a qaw 
Kwangtun Province. Material produced in @°Wn On raw material! inventories, whic 

| the People’s Republic of China is smelted had become large. ; . 
and refined near the city of Changshan in Thailand.—Production of antimony in- 
Hunan Province. creased 17% to 8,637 tons of concentrates. 

South Africa, Republic of.—Consolidated About rn gone of refined metal was also 
Murchison Ltd. continued as the single HS” uring me ‘ted to pomon of 
significant producer of antimony in South . € increase was attridu) © reopen- 

. . ing of the Phahad mine in Phrae Province. 
Africa with a total output of 11,890 tons, : . : 

32% below the output in 1975. The decline he mine, which had been shut down in ? ttributed to . des at th 1970, was modernized and became the first 
val a ” u noducti eof wh grades a be. mechanized underground antimony oper- 

aill, and production o high-arsenic ma ation in Thailand. Planned capacity was 
rial, which has been set aside for future established at 150 tons per month of hand- 
processing. Mining operations were Con- cobbed ore and gravity concentrates. 
ducted in the Letaba district of the Trans- Phluang Thong Thai Co. (PTT), a consor- 
vaal. Most of the production was in theform tium of local interests and the Hochschild 
of concentrates; however, there was a sub- group, was the owner-operator. 
stantial amount of cobbed ore which was The Hibino Metal Industrial Corp. of 
recovered and shipped as a direct smelting Japan reported that it would begin oper- 
material. During 1976 there was a consider- ating a new property near Chiang Mai. 
able drop in production to 10,625 tons of Planned production would be 100 tons per 
antimony contained in combined concen- month of 60% concentrate.
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Yugoslavia.—A new mine began pro- yielding about 1,500 tons of concentrate. It 
duction of antimony concentrate at is planned to expand production eventually 
Kopanik-Raiceyoj Gori in Serbia. The mine _ to about 300,000 tons of ore per year, a move 
is operated by the mining and metallurgical that will add significantly to the world 
enterprise Aajaca Rudarsko—Topionicarski mine capacity of antimony and will place 
Basen (Aajaca). Initial annual production Yugoslavia among the world’s major pro- 
rate was approximately 45,000 tons of ore, ducers.
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Asbestos — 
: By R.A. Clifton! | 

Shipments of asbestos (mostly chrysotile) economic recession and/or environmental 
in 1976 from mines in the United States factors. 
increased 16% over those in 1975. With the Canadian production in 1976 was 47% 

continued all creviously operating mines more than that for 1975, and shipments 

plus the newly reopened Calaveras (Pacific) ‘T°™ vanada to the sore States were are 
mine, were producing at capacity. Imports ™0re than those in - Imports from the 
were 22% higher than those in 1975 because U-S.S.R. were nearly 2% of total U.S. im- 
of reccvery from the Canadian strike, but ports, and those from the Republic of South 
demand may still be depressed owing to the Africa accounted for 3%. 

Table 1.—Salient asbestos statistics 

| | 1972 19738 1974 1975 1976 : 

United States: | | | | | 
Production (sales). __._...._ short tons... 181,663 "150,086 + ~—- "109,091 98,654 114,842 

Value _____________ thousands.__ $13,409 $16,288 $13,759 $14,220 $23,693 
Exports and reexports (unmanu- 

7 factured)______________ short tons__ 58,624 66,442 61,723 36,447 46,923 
Value ______________ thousands__ $9,051 $9,342 $9,192 $10,667 $12,791 

Exports and reexports of asbestos 8 
“products (valu). do $32,110 $40,777 $60,396 $60,776 $60,572 

Imports for consumption (unmanu- 
factured)______________ short tons__ 735,515 792,473 766,164 588,553 657,851 

Value _____________ thousands__ $87,732 $98,914 $123,822 $111,011 $142,145 
Released from stockpile 

(unmanufactured) _______ — short tons__ 18,174 6,761 28,851 6,877 552 
Consumption, apparent!_________ do____ _ 821,728 882,908 845,825 607,637 726,322 

_ World: Production _________----_--_do..-_ 4,168,675 °4,618,717 4,582,320 "4,564,130 5,565,910 

1Measured by quantity produced, plus imports, plus stockpile releases, minus exports. | 

Legislation and Government Pro- still lower level. In a December 15, 1975 

grams.—As of December 31, 1976, the Occu- letter to OSHA, the Director of NIOSH 
pational Safety and Health Administration recommended a level of 0.1f/cm*. Thus, 
(OSHA) had not yet set a date for the during 1976, changes made and proposed 
mandatory public hearing on its proposed ePresent a fiftyfold reduction in the regu- 

revision of the asbestos standard for manu- — tated onufecturing Corkulace asbestos in 

scaring Th fouled allewable pore "the President signed the Toxic Sub 
50 20 fb bi 7 n stances Control Act into law on October 11, 

to ‘0 fibres per cubic centimeters 1976 too late to allow meaningful eval- 
(f/em*); the OSHA proposal was for a per- ation of its impact on the asbestos indus- 
missible-exposure level of 0.5 f/cm*. How- try, 
ever, the National Institute of Occupational 
Safety and Health (NIOSH) recommended a 1Physical scientist, Division of Nonmetallic Minerals. 

177
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New stockpile goals were announced by for amosite, the goal was 26,291 short tons. | 
the Federal Preparedness Agency (General Crocidolite was not named as a strategic 
Services Administration) in a press release material. As shown in table 2, there were 
dated November 24, 1976. The announced few asbestos sales from the national stock- 
stockpile goal for chrysotile was zero; and pile in 1976. 

Table 2.—Stockpile goals and | 
Government inventories as of December 31 

(Short tons) 

a Stock- Total inventories Sales of 

, | puis 1978" «1976S “i976” 

Amosite ____ 26,291 45,293 42,623 2,670 
Chrysotile _.. None 10,956 110,955 = __ 
Crocidolite -___None 2,478 12,474 -- 

Total ____ _. 58,727 56,052 2,670 

1 Adjusted figure, Federal Preparedness Agency. : 

Environmental Impact.—Disruptions in facturing asbestos-containing textiles after 
the marketplace in 1976 left consumption of July 1, 1976, because of marginal profitabil- 

asbestos by U.S. industry at 82% of the 1978 ity and the cost of full compliance with 

alltime high. These disruptions cannot be OSHA regulations. 
blamed entirely on either the economy or The costs of environmental compliance to 

environmental factors. With the possible asbestos producers, however, have readily 

| exception of the textile portion of the in- been absorbed by consumers. The Vermont 

dustry, much of the decline in consumption Asbestos Group announced that the pur- 

can be argued to have come from recession- chase costs of their Lowell mine, formerly a 
related factors. The decrease in exports of GAF Corp. property, had been recouped in. 
asbestos-textile products and the increase less than 2 years. The management of 
in imports lend validity to this position. Calaveras Asbestos Corp. stated that the 
UNIROYAL Inc., announced that its Fiber firm was profitable after 1 year of oper- 
and Textile Div. would no longer be manu- ation. 

| DOMESTIC PRODUCTION 

Mines in the United States shipped 16% operated its Santa Rita mine in San Benito 
more asbestos in 1976 than in 1975. Value County. 
was 67% higher than in 1975. Three States The Vermont Asbestos Group mine in 
produced asbestos; California, was the lead- Orleans County, Vt., remained the mine 

er, with 68%, followed by Vermont and _ with the highest production of asbestos in 
Arizona. There was a possibility of some the United States. Its output decreased 
production from North Carolina. Total out- slightly from that in 1975. This mine is 
put was 114,842 tons valued at $23,693,000. owned and operated by an employee group, 

California led the increase in production. which has been highly successful in its 
Reopening of the Calaveras Asbestos Corp. operation. 
mine (formerly Pacific Asbestos Corp.) led Arizona production in 1976 was below the 
to a production increase 39% above the 1975 1975 level. The Jaquays Mining Corp., in 
State total. The value increased 160% over Gila County, had the only active asbestos 
the 1975 value of the fiber. By yearend, mine in the State. 
Calaveras Asbestos Corp. was in full oper- Powhatan Mining Co.’s mine in North 
ation. At yearend mines were also active on Carolina was inactive, but about 878 tons of 

the Joaquin Ridge near Coalinga. Atlas anthophyllite were mined and shipped from 
Asbestos Corp. worked its Santa Cruz mine North Carolina in 1976. U.S. asbestos pro- 
in Fresno County and Union Carbide Corp. ducers and mine sites follow:
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7 State and company? a - County | Name of mine Jype of 

- Arizona: Jaquays Mining Corp _______- | Gila ee Chrysotile _____-_ Chrysotile. 
California: 

Atlas Ashestos Corp___._._.-_-- Fresno____ ~ ___~~- Santa Cruz ______ Do. 
Calaveras AsbestosCorp __._._._.. Calaveras _______ _ Copperopolis _ ____ Do. 
Union CarbideCorp______---- SanBenito__._-__  SantaRita ______ Do. 

Vermont: Vermont Asbestos Group __._.. Orleans ________-_ Lowell ________-_ Do. 

: ‘In addition to the States listed, some anthophyllite was mined and shipped from North Carolina, but information on 
firm and location was not available. 

_ CONSUMPTION AND USES 

In a year of partial recovery from the user. Asbestos-cement pipe was next with 
effects of the recession and of the Canadian 19%, followed by flooring products with 
strike, enduse data for 1976 are difficult to 16%. When the 3% used in making as- 
analyze. Asbestos used in asbestos-cement bestos-cement sheet is added to the preced- 
pipe decreased 9%. Further decreases were ing three categories, products used in the 
asbestos cement sheet, 48%; flooring pro- construction industry accounted for nearly 
ducts, 16%; and paper, 53%. Asbestos used three-fourths of the asbestos consumed in 

in friction products remained about the 1976. | , 
same, but that used in roofing products Other major asbestos-using end products - 
increased a surprising 447%, as reported by were friction materials, 9%; paper, 4%; 
consumers. coatings and compounds, packing and gas- 

Roofing products accounted for 35% of kets, and plastics, 3% each; and textiles and 
the asbestos consumed, and was the largest insulation (thermal), 1% each. — 

| PRICES 

Quoted prices for Quebec asbestos, all As of January 1, 1976, Vermont chrysotile 
chrysotile, were not raised during 1976.The asbestos, f.o.b. Morrisville, was priced as 
last rise was effective on December 1, 1975. follows: 
Effective December 1, 1976, British Colum- 
bia asbestos chrysotile prices rose 15%. : 7 

Prices for Vermont chrysotile asbestos © ©®_——— —————_______—___ 
rose 138% on January 1, 1976. Arizona prices Grade Description Per short | 
rose twice during 1976, the latest on July 1... —————-—-—-—-—-— 

: . 4T_________ Fiber __________ 18 Quotations, f.o.b. Globe, follow: | SbikroughtR-~ ee go TTT sorties 
6D_________ Waste _________ 200 
7Dthrough7T__ Shorts _________ 83-160 

a COTTE LL ~SséFiloaatss (shorts) ___~_ 72 
Grade Description Per short ton 8S _.._.__... Shorts _______~_ _ 54 
— __ Hooker No.1 __ Packaged in 50-pound 970 
Group 1 __ Crude ___________ $3,000 Doyen Polyvinyl 

AAA > Donen aaa 1'300 HookerNo.2 -_ Packaged in 100- 485 
; pound woven Group 3 __ N peer i filtering _ $750-840 | polyvinyl bags 

Group 4 _ _ Nonferrous plastic and DB) Oe 
filtering ______  — 

Group7 __ White shorts _______ 100-200
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Quotations for Canadian (Quebec) chryso- 
tile, f.o.b. mine, as of December 1, 1976, Grade Description Per short 
follow: ee 

CLINTON MINE 

ee «= COP Le Asbestos-cement fiber _... Can $611 

Grade __Deseription Pershort = GY ocic2 Te TTTTTTTTT 
SC eee _- do + -- 268 

Groupl1__ Crude ________ Can 3,496. 
Group 2 _— ___-do ___--__ 1,879 
Group 3 __ Spinning fiber _~ _ Can $891-1,463 . . 
Group 4 __ Asbeatoe-cement 492- 829 African asbestos producers privately ne- 

| Group 5 __ Paper fiber ___ __ 078. 392 gotiate sales, thereby ruling out market 
Group 6 _ _ Waste, 8 stucco, or 236- 244 quotations. The following tabulation shows 

Group7__ Refuse or shorts __ gg. 198 ~ the average value per short ton, regardless 
$$ ——__ of grade, of South African imports, calcu- 

lated from U.S. Department of Commerce 

Prices for chrysotile asbestos from British data: | 
Columbia and Yukon Territory, Canada, 
effective December 1, 1976, fob. Vancou- 
ver, follow: Type 1972 1973 1974 1975 1976 

Amosite _____ $187 $188 $228 $395 $461 

Re - e -ee 

Grade Description Peer hart 

CASSIAR MINE The increased demand for and the short- 

. Cl__._._ Crude ________-.--_- Can$%,261 age of all types of asbestos, plus increased 

AMA --- Nonferrous spinning fiber _ _ 2,093 mining costs, resulted in price increases in 
a ___-do ~~~ ---- 1,664 . . . 

A. aouee eee -do we 1,267 almost all categories. Other price rises were 

-----  ==~-00 ~--~7=------ expected early in 1977. 
AK ~--- — Asbestoe-cement fiber ~~~ 651 "The unit value of 1 ton of Canadian 
Ax --+- ~777#o ------------- ole chrysotile has more than doubled in the 

AZ~22~ 22220 2222 T ITT 368 past 4 years from $Cani 122 in 1972 to Can 
_ __ $261 in 1976. 

FOREIGN TRADE | 

No real change occurred from 1975 to their share of the total value were textiles 

1976 in the value of exports of asbestos and yarns, 22%; friction products, 18%; 

products manufactured in the United packing and gaskets, 16%; asbestos-cement 

States. The number of articles exported products, 14%; and insulation products, 7% 

increased slightly. (table 4). 
_ Major groupings of exported products and 

Table 4.—Countries importing U.S. asbestos products in 1976, by type 
(Thousand dollars) 

ee 

‘oda Mexico Cereet % Kinution Aus Other Total 
EE 

Friction products __———_------ 9,382 138 441 78 342 2,820 13,196 

Packing and gaskets _______-_- 2,907 403 304 128 310 7,218 11,880 
Asbestos-cement products —_ — — — — ~~ 2,866 66 2715 142 29 6,495 9,873 

Textiles and yarn ______------ 3,897 4,084 459 344 987 6,213 15,984 

Insulation products _____.--_- 1,059 126 37 67 36 3,494 4,819 
Other _______________----- 2,968 1,501 1,683 1,525 198 9,894 17,714 

Total _._._______-_-_.. 28,079 6,318 8,149 2,279 1,897 36,194 72,916 
eer
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MAJOR INTERNATIONAL ASBESTOS MINING GROUPS1/ | 

UNITED STATES CANADA UNITED KINGDOM REPUBLIC OF 
SOUTH AFRICA 2/ ; eee 

CHARTER CONSOL- 
IDATED CO. 

AMOSA (PTY) LTD.) ( 90% 
NEWMONT 60 EGNEP (PTY) LTD. SA. 

= = . MINES 
CASSIAR . CAPE INDUSTRIES 

: . ASBESTOS - i On Oe Oe Oe a LTO. 
18 CORP. LTD. 1 

| paveescos [= op . 

MANHATTAN 23 i FEDERAL MYNBOU- 
| 100 _| GENERAL MINING 

BELL gi GRIQUALAND EX- : 
ASBESTOS PLORATION AND NCA . 
MINES i FINANCE CO. LTD. 

l SEVERAL MINES 
fico NA : 

54 TURNER AND SEVERAL MINES 
GENERAL DYNAMICS ASBESTOS I NEWALL Ns 
CORP. CORP. LTD. j 

, , i N/A N-A - 

: i AUSTRALIA ASBESTOS INVESTMENTS 

: fe —_—_— i , PTY. LTD. 
100 

ASARCO LAKE ASBESTOS | Bee de me | | JAMES HARDIE i; —_—_ 
ASBESTOS 00 

100 : l BHODEStA | 
60 NA i 

oe NATIONAL MINES SWAZILAND ot SEVERAL MiNES 
IM WALTER | pivision. i 
CORP 100 HAVELOCK AS- i 

BESTOS MINES RHODESIAN AND GEN- 
CARY CANADIAN ERAL ASBESTOS CORP. 

oe MINES LTD. i 
Bea 

BELGIUM i 
; D.S.0. ASBESTOS 

100 MINES LTD. GULF AND WESTERN GULF AND WESTERN ETERNIT 3 
INDUSTRIES INC. (CANADA) LTD. Pm" croup a oe oe oe es om ol 

51 ! NA 
7 i j FRANCE 

HEOMAN MINES i ITALY 
LTD. ! POINTEX GROUP 3/ 

AMIANTIFERA DI 
JOHNS-MANVILLE | an i BALANGERO SPA. CORP. USSR CANADIAN Lis USSR. 

JOHNS. 1 
MANVILLE i 

31 I URALASBEST COMBINE 
KUSTANAYASBEST 

PANEC INC 30 OcATE 4 i TUVASBE ADVOCATE 4/ |. i TUVASBESCOMBINE 
INTERASBESTOS INC MINES LTD. | —_— =o 

100 
xey | MAJOR GROUP COMPANY (MAJOR SHAREHOLDER AND PERCENTAGE) 

mm smn COMPANY (MINOR SHAREHOLDER AND PERCENTAGE) 

N A-NOT AVAILABLE. 

1) MOST MAJOR GROUPS HAVE MANUFACTURING INTERESTS. 
2/ PRODUCTION BREAKDOWN (APPROXIMATE), CROCIDOLITE 50%. AMOSITE 30% CHRYSOTILE 20% 
3/ PRIMARILY HAVE INTERNATIONAL MANUFACTURING INTERESTS 
4/ OTHER SHAREHOLDERS INCLUDE AMET CORP INC, 16% PANAC INC. 7%. INTERASBESTOS INC. 7% -- 

ALL US. COMPANIES 

SOURCE: MINERAL DEVELOPMENT SECTOR: DEPARTMENT OF ENERGY, MINES AND RESOURCES. OTTAWA, CANADA. 

Figure 1.—Major international asbestos mining groups.
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In 1976, 52% of the cost of imported dominated the imported types. The dollar 
asbestos was recovered by exporting and value of imported fibers was 28% higher 

: reexporting fibers and products. than that in 1975. | , 

In 1976, the United States imported 91% The larger international asbestos groups 
of its asbestos consumption. This was above and their affiliations are depicted in figure 
the 1975 percentage. Canada provided more 1, taken from a recent Canadian Govern- 
than 98% of the imports, the Republic of ment publication.? 
South Africa provided 3%, the U.S.SR. Wet Gon MR 155 val Policy Se 

. . : agt, G. O. Asbestos. 155, Mine olicy Series. 
provided 2%, and six other countries Pro- Department of Energy, Mines, and Resources, Ottawa, 
vided the remainder. Chrysotile, with 96%, Canada, July 1976, 26 pp. 

Table 5.—U.S. exports and reexports of asbestos and asbestos products 
aT 

1975 1976 
Products Quan- Value Quan- Value | 

tity (thousands) tity (thousands) 

EXPORTS 
Unmanufactured: and _ | 

e and spinning and nonspinning 
: fibers__________________ ~~ short tons. _ 15,173 $6,067 21,470 $7,179 

Waste and refuse_________________ do____ 19,748 3,992 24,847 5,461 

Total_______________________ do____ 34,921 10,059 46,317 12,640 | 

Products: : 
Gaskets and packing. ______________ do____ 2,648 12,401 2,460 11,330 
Brake linings ___________________ do.___ 4,856 9,374 6,239 11,536 
Clutch facings, including 

linings ____________.._______number_.. 1,359,914 1,598 1,007,551 1,660 
Textiles and yarn. __________— ~- short tons__ 5,732 7,284 7,522 7,907 
Shingles and clapboard ____________~ do____ 14,277 4,649 10,610 3,547 
Articles of asbestos cement __________. do.___ 18,952 7,628 15,151 6,326 
Protective clothing _..___....-.----~-~~--- NA 810 NA 898 
Insulation, heat and sound _____.__.--.~--- NA 5,072 NA 4,819 , 
Manufactures, n.e.c —~~~_____-~__ ~~ ~~ NA 11,740 NA 12,253 

“Total _.-___-___-___- ee Xx 60,556 XX 60,276 

REEXPORTS 
Unmanufactured: . 4 ae 

rude and spinning and nonspinning 

fibers. short tons _ 1,391 573 606 151 
Waste and refuse______________-.. do__.. 135 35 -- _- 

Total ________--------------- do__-_ 1,526 608 606 151 

Products: 
Gaskets and packing. ._____.___.--— do__-- | 21 4 19 
Brake linings ________._._..___~~-- do___~- 127 145 221 251 
Clutch facings, including 
linings __ --____________.~~-~— - number__ 27,645 16 28,143 23 

Textiles and yarn. _______..—-—-—- short tons. — 1 11 -- _— 
Shingles and clapboard ___..______---~ do___~ _— _- 12 3 
Articles of asbestos cement ________-.-._--- NA 6 a _— 
Manufactures, n.e.c _~.~~__.-____-~-~~-~-~-~--~ NA 21 _- _- 

Total __________ ~~ ee xX 220 xX 296 
ne 

TRevised. NA Not available. XX Not applicable. 

Table 6.—U.S. imports for consumption of asbestos from specified countries, by grade 

(Short tons) 

a 
1975 1976 

Grade Southern Republic Southern Republic Canada . of South Canada ° of South Rhodesia Africa Rhodesia Africa 

Chrysotile: 
de_________________ 71 1,683 940 635 3,451 1,745 

Spinning fibers ___________ 7,637 882 115 5,872 247 61 
other _______________ 495,837 | 608 1,457 611,068 __ 6,557 

Crocidolite (blue) ___________-_ _- __ 11,570 __ __ 10,177 
Amosite _~_..-._________-_-~ -- _- 3,894 20 _- 1,554 

Total _-______________ 503,545 2,623 17,976 617,595 3,698 20,094
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Table 7.—U.S. imports for consumption of asbestos (unmanufactured), by class 
| | and country | oe 

oo a be includ : Textile fiber All other Total 

Year and country tity Val tity Val tity Val tity Val 
Chet (thou. Cehort? (thou- Vehort (thou- Short? (thou. 

tons) sands) tons). sands) tons) sands) tons) sands) 

Belgium-L at 22 $3 | 48 $5 70 $8 Canada’ zembourg ---~- 71 9 7,687 $5,772 495,887 91,791 508,545 «97,572 
Finland ______________ ~— a -- -- 329 | 33 329 33 GazaStrip __._________ __ __ __ __ 152 26 152 26 

Mosmbique---------> a i CORB Rhodesia, Southern ______ _—1,683 1,521 382 369 608 380  —-2,628 2,270 
5 Republic of (eao---- ee 16,404 | 7140 115 100 1,457 459 1976 7,706 
USSR .___-_22 277727 4,525 91 __ __ 5,854 1,861 10379 2,289 United Kingdom ________ 277 83 __ __ 58 11 335 94 

Total _..-________ 25,806 —10,652 8,134 6,241 504,618 94,118 588,553 111,011 

1976 | Oo 
Australia _____________ 99 46 __ __ __ -- .. 99 46 Canada ___ 655 272 «5,872 «4,618 «611,068 +=—:121,977 617,595 126,862 

. Germany, West _________ _- _- — __ 1,909 383 1,909 383 

Meno e------>iwRSCiaMSSSSC tts ask Rhodesia Southern ______ 3,451 2,099 247 208 " _. 8698 2,307 
Republic of ~--------. 18,476 6,932 61 38 6,557 2,616 20,094 9,586 

USSR ~~ 77777727 __ __ __ _. 12,421 2,324 12,421 2,324 
United Kingdom ________ 564 282 _— -- __ — 564 282 

Total _.___________ 18,628 9,840 6,180 4,859 633,048 127,446 657,851 142,145 
eee a AS SSeS SSS Sass pS SSS SSS 

1Less than 1/2 unit. | 

WORLD REVIEW 

| _ An in-depth article in a Canadian mining Algeria.—Scheduled for June 1976 start- 
paper,* described activities in world and up were three identical asbestos-cement- 
Canadian asbestos markets in 1976. The product plants. These plants, designed and 
strength of the Canadian industry, a long built by Belgian companies, will have a 

aw demonstrated by te robmnd ment <Ga apa of 150.00 tone offi r , product. The new markets for asbestos 

fre lange, and kee NTs cement fo ed hess an similar pants being ee aM ? uilt throughout iterranean Africa an 
2 at being shy tightening on alveedy Asia are helping keep demand very strong. 

: ? . . . Australia.—Woodsreef mine borrowed 
ee aie y Faken many sila ble ea $A1.5 million to increase its annual capaci- 

plies to their customers. The article also iy “ ae tons. Estimates 0 f © been at 
cited statements of Asbestos Corp., Ltd. offi- 0% con paren ath bodies ~ bh discov. 
cials that indicated the asbestos fiber vised upward and the ove body as B Ov- 
market remained bouyant. Saturation of ©Z®¢ 4 promising new ore body near bary- 
the markets in Western Europe and the ulgil in northern New South Wales. Explor- 
United States, was compensated for by in- tion continued in that Province. Woodsreef 
creased demand in Eastern Europe and acquired 95% of 10 asbestos claims in West- 
Middle East and African countries. The ern Australia. 
firms’ inventories of Groups 4, 5, and 6 Brazil.—The chrysotile | mine at Cana 
fibers were expected to stay at minimum Brava operated by S.A. Mineracéo de Am- 

levels and those of Groups 3 and 7 to ianto (SAMA) has a projected 1979 pro- 
increase slowly. It was anticipated that any duction of 115,000 tons, all for domestic 
excess in Group 3 spinning fibers would be consumption. Reserves were estimated at 
absorbed by the market in the second half 3.5 million tons of fiber. In 1976 there were 
of 1977. Only the market for Group 7 WH _ 
appeared to be weak. SNorthern Miner. V. 62, No. 37, Nov. 5, 1976, p. C-10.
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900 employees at the site, which is 160 miles Republic of South Africa, 11%; and Italy, 

northwest of Brasilia. : 10%. 

Canada.—Canadian asbestos production | Japan.—The large market in Japan for 

rebounded sharply from the problems of @sbestos also declined significantly in 1975. 
1975. Total production in 1976 (all chryso- The 29% drop in imports from 1974 cannot 
tile) was nearly 47% above that of 1975, but be explained by the Canadian strike alone, 
still only 92% of the 1973 record. because other vendors sales were also 

Abitibi Asbestos Mining Co.’s deposit in down. In 1974 Australia had 5% of the 

rthweste bec is 55% ed b market, Canada, 39%, the Republic of 

northwestern Quebec is 55% owned by gouth Africa, 35%, the U.S.S.R., 18%, the 

© Bet Tad at zee mins i Uni aes, nd othr 1 | ’ ” r Oman.—The Sultanate of Oman, in 
Lake Asbestos of Quebec Ltd., as to waysto announcing newly found mineral deposits 
finance, operate, and market fibers from in the northern part of the country, in- 
the proposed $292 million facility. A cluded asbestos among the minerals to be 
220,000-ton-per-year capacity is proposed. developed for use in domestic industry. 

, United Asbestos, Inc. was operating its South Africa, Republic of.—The Republic 

mine at Midlothian Township in Ontario at of South Africa’s asbestos producers enjoyed 
yearend after having been closed during the what that nation’s press called “spectacu- 
spring by Ontario’s environmental authori- ar’ pre-tax gains from 1975 sales. World 
ties. : market price increases and the heightened 

- Canadian Johns-Manville Corp. an- deman? brought on by the Canadian strike 
eae wa ys were the main reasons. Inventories wer 

nounced a $77-million capital investment depleted as exports totaled an estimated 

program to improve its Jeffrey mine at 150% of production. Amosite production 

Asbestos, Quebec. It is a S5year program, declined 6%, while local sales and exports 
and initial expenditures will be for acquir- increased by 136% and 92%, respectively. 

ing property surrounding the mine, re- (Chrysotile production was up 21%, and | 
pairs, and new facilities. The mine pro- local sales and exports were up 14% and 

duces 45% of Canada’s asbestos and 15% of 57%, respectively. Crocidolite production 
the world’s production. was also up 6%, but local sales and exports 

A possibly important new find in north- rose 73% and 62%, respectively. 

ern Ontario was announced by Talisman Sudan.—Gulf International (Sudan) and 

Mines, Ltd. and Shield Development Co., Johns-Manville Corp. were conducting a 

Ltd. The find, in Newtown Township, show- _ test drilling program on asbestos deposits in 
ed asbestos mineralization over 3 miles long the Ingessana Hills of southeastern Sudan 

and indicated that some fibers may be 1-1/2 °F the crossing of the Ethiopian border by 

inches long and of spinning quality. the Blue Nile. Indications were favorable 

China People’s Republic of. —Export for a 100,000-ton-per-year fiber plant which 

data from China for the 1957-74 period Wouidvcost au estimates So san 
reveal that asbestos is not a major export sj ounced to be found in Eskisehir Province 

item, either in quantity or value. In 1974, was 500,000 tons of asbestos. 

the year of highest export, only 2,400 short = United Kingdom.—Turner Asbestos Fi- 
tons worth $0.5 million were exported. A bers Ltd. ordered 880 short tons of Soviet 
number of textile products from China are asbestos to replace some of the declining 

available on the world market. supply from Cassiar’s Clinton Mine in the 
Colombia.—Minera Las Brisas, S. A. Canadian Yukon. 

announced completion of feasibility studies  U.S.S.R.—A Soviet periodical‘ described 

Province. Indications are that the deposit ern slope of the southern Urals. Ore in the 
has 9.3 million short tons of ore capable of tt Le anticinated ae pene and by 

roducing 390,000 tons of chrysotile uarter OF a ion 

asbestos. Production at a 20,000-ton canual tons will be produced. Output reportedly 
rate is planned to begin in 1979. will increase to 500,000 tons by 1982. To 

France nnedtoe “impo rts of asbestos in achieve this ore output some 14 million 

1975 were less than 80% of those in 1974, CUbi¢ yards of earth and rock will be moved. 
: , : * A new town, Yasny, has been established 

with the Canadian strike clearly responsi- and in a few years will attain a population 
ble. In 1974, a typical year, the suppliers of of 50,000. 
asbestos to France were Canada, with 48% 

of the market; the U.S.S.R., with 31%; the Soviet Weekly. V. 13, No. 2, Jan. 10, 1976, pp. 14-32.
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Table 8.—Asbestos: World production, by country | 

(Short tons) 

Country? 1974 | 1975 1976” eee 
North America: 

Canada (shipments) ~ ooo ae “1,811,938 1,168,673 1,706,999 
emiUJtied States oid or used by producers)_——~~7~~77~—77 - 109,091 98,654 114,842 

VArgntina .-------------- 988 1,288 1,433 Brazil _____--_-._-___-i 68,201 81,547 82,673 
Bulgaria ~--- eee 797,558 24,251 - 22,046 
Finland? ____ $5 6,165 3,073 _- Italy. 163,251 162,018 181,648 
Portugal _______________--~ ee 198 @) —_ 
U.SS.Ro 2 1,500,000 2,090,000 2,520,000 

Ager uealavia- - ~~ ---------~------------------ 13,500 14,330 14,143 
Ca: 

Egypt ——_ —_---~--------------------------- 312 528 1,208 
omambique_ -— — 

Rhoiesia Southern® -- ~~~ ~~~ 7777727777 77777777 180,000 180,000. 180,000 South Africa, Republicof__._.___________________ 367,369 391,001 407,679 Age tland wee ™41,796 445,436 446,128 
1a: 

China, People’s Republic of€ __.__________________ 165,000 165,000 165,000 Cyprus _____-_- "34674 39,015 38,050, India ________________ 25,658 22,654 24,965 
Japan___-____ 75,655 5,084 8,491 
Korea, Republicof _~._-_-_______________ 6,294 4,790 5,249 
Taiwan ________- 73.260 1,915 940 
Thailand ____-__. ~~ (°) ) 17 
Turkey ______- ee 17,181 17,081 10,557 

Oceania: Australia __________-____ 22 i 34,021 52,813 33,841 
| Total_____-- 4,582,320 4,564,130 5,565,910 eee ess See 

*Estimate. Preliminary. ‘Revised. 
1In addition to the countries listed, Czechoslovakia, North Korea, and Romania also produce asbestos, but available 

information is inadequate to make reliable estimates of output levels. 
2Includes asbestos flour. 
SRevised to zero. 
“Exports. 

TECHNOLOGY | : | 

In 1976, as in previous years, much of the The Bureau of Mines has established a 
research on asbestos concerned the prob- Particulate Mineralogy Unit at its College 
lems arising from alleged health effects and Park, Md., Metallurgy Research Center. In 
regulations (both current and proposed) to the announcement made November 15, 
minimize the hazards. By the July 1, 1976 1976, the Director of the Bureau stated, “Its 
changeover date to the 2-f/ cm® level, the job is to develop a solid scientific basis for 
Fe containing Product industry and research into particle-related pollution 
weve ener. all in com ence. bet oni noes. problems and for the process of decision- 
. Bi y. P , gin making by regulatory bodies.” A major ing research aimed at further reduction of . . . . . activity of the Particulate Mineralogy Unit dust-exposure levels continued. will be ch terizi holovical 

The NIOSH method of monitoring the ‘tional. a, dete ctu)» hati tong 
workplace and identifying asbestos contin- bety ional, and s ino vasbes inctions 
ued to be a matter of controversy. At least tween asbestos and nonasbestos particles. 
two separate actions took place late in 1976 The new unit also will work to develop new because of this controversy: and improved methods for positively identi- 

The National Bureau of Standards agreed fying small particles. 
to determine the asbestos content of a series The National Institute of Environmental 
of talc samples for OSHA, using the NIOSH Health Science’s animal-feeding study to 
method (as given in 29 CFR 1910.1001) and determine if ingested asbestos is carcino- 
OSHA’s “Asbestos Fiber in Air’ Method genic was proceeding on schedule, but no 
(No. P & CAM239, dated Mar. 30, 1976). results were reported in 1976.
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No.1 Crude (greater than 19mm) | 

No.2 Crude 
| No.3 | 

No 45 a 

No.6,7 {less than 3 mm] Quebec chrysotile 

| §,$80,25,L,L8 
H.H80,M | se a e 

, 

WDS MS South African crocidolite 

DI (avg.| <= 

ems 
$33,833 /65 

RK ri a) SH, South African amosite 
eS) 6605 ) 

Ashestos fiber lengths, (millimeters) 

Figure 2.—Asbestos fiber lengths (millimeters). 

The International Agency for Research ported: The glass fibers have inferior drain- 

on Cancer (IARC) of Lyon, France, initiated age characteristics; they require a costly 

a three-pronged study into carcinogenic spray-suction forming process; the strength 

activity of man-made mineral fibers used as gradually fails with time; and the fibers 

asbestos substitutes. The European glass- currently cost about four times as much as 

fiber and textile industries asked IARC to the equivalent asbestos.* 
carry out epidemiological studies in 10 Asbestos shortages and projected de- 

factories and 15 countries, laboratory stud- mands indicated serious depletion of re 
ies on animals, and fiber-dust measure- S€rves by the end of the century. Acceler- 

ments in factories using these materials. ated research seems needed to find substi- 
The search for asbestos substitutes con- tute fibers that will have at least some of | 

tinued. One product now available com- the desirable asbestos characteristics of 

mercially in the United States and Europe strength, chemical eon heat resist- 

that could affect the future of the asbestos ance, an oot vides “ e trie fiber. alent of 

industry is glass-reinforced cement. The Abe dee provides the metric equivalent © 

glass used is a high-zirconia, alkali-resistant fiber descriptions im the English system or 
fiber developed by the United Kingdom’s @U° dard Classification. 
Building Research Station. However, sev- 5 rial Minerals neat , 

eral drawbacks to the product were re- No. 108, October 1976, Sean As Alternatives,
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Barite 
By Stanley K. Haines? 

Domestic production of barite decreased ed 48% to 905,000 tons. All major end-uses 
6% from 1.32 million tons in 1975 to 1.23 of ground barite increased compared with 
million tons in 1976. Nevada continued as 1975 levels, for a total consumption of 2.2 
the leading producing State with 73% ofthe million tons. The oil- and gas-well drilling 
total production of primary barite; however, industries were the leading consumers of | 
production in Nevada declined 5% below ground domestic and imported barite with 

| 1975 levels. Imports of crude barite increas- 90% of the total. 

Table 1.—Salient barite and barium-chemical statistics 
(Thousand short tons and thousand dollars) 

1972 1973 1974 1975 1976 

United States: 
Barite (primary): - . 

Sold or used by producers __...._.______ 906 1,104: 1,106 T1318 . 1,234 
Value ~..-~_____________-------~ $14,883 $16,688 $16,822 $21,200 $28,689 

Imports for consumption meee eee 624 ue 729 634 905 
alue ~-~_______~_____~~-~~----- $5,648 $7,5 $8,680 $8,541 $17,677 

Crushed and ground, sold or used _______ ~~ - 1,461 1,571 1,637 1,807 2,192 
Value _________-_____.-______-_. $45,590 $54,473 $64,394 $73,075 $93,288 

Barium chemicals, sold by producers —...————- 66 62 56 43 52 
Value _.._._______.-___________ $18,869 $13,899 $15,751 $15,556 © $12,389 ; 

World: Production _...--------------~---- 4,360 4,945 5,109 T5358 5,457 | 

"Revised. | 

Table 2.—Barite sold or used by producers in the United States, by State . 

(Thousand short tons and thousand dollars) 

State 1975 1976 
. Quantity Value Quantity Value 

Alaska ________________________--------- 2 30 Ww WwW 
California ___.____.__-----------.--------- 1 Ww Ww Ww 
Missouri __________.--------------------- 171 3,989 124 8,860 
Nevada ______-_------------------------- "947 711,533 900 18,379 
Other States? _.._._______-_____---___---_-- 198 5,647 210 6,450 

Total? _.___._____--_--.-------.----- ¥1,318 ¥21,200 1,234 28,689 

Revised. |W Withheld to avoid disclosing individual company confidential data, included with “Other States.” 
MIncluding Arkansas, Georgia, Idaho, Illinois, Montana, Tennessee, and States indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

DOMESTIC PRODUCTION 

Producers sold or used 1,234,000 tons of crude or run-of-mine barite, flotation con- 
primary barite in 1976. Primary barite is —— 
the first marketable product and includes 1Physical scientist, Division of Nonmetallic Minerals. | 

189
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-centrates, and other beneficiated material and Minerals Div., Milchem, Inc., with 
such as washer, jig, or magnetic separation mines in Missouri and Nevada. | 
concentrates. Barite for chemical, glass, and filler uses 

Barite was produced at 36 mines: 17 in was sold by C. R. Wood Co., Inc.; Dresser 
Nevada, 10 in Missouri, 3 in Arkansas, 2in Minerals Div., Dresser Industries, Inc.; In- 
Georgia, and 1 each in Idaho, Illinois, Mon- dustrial Chemical Div., FMC Corp.; IMCO 
tana, and Tennessee. Nevada remained the Services Div., Halliburton Co.; Milwhite Co., 
leading producing State with 73% of the Inc.; New Riverside Ochre Co.; De Lore 
total quantity and 64% of the total value. Products, Industrial Chemicals Div., NL 

on ] — Industries, Inc.; Paga Mining Co.; Minerals, 
The other producing States were, in de- Pi ts. and Metals Div.. Pfizer. Inc. and 
scending order of production, Missouri, </2Men'® ane we Ves F, inc., an 
Arkansas, Georgia, Tennessee, Montana, “andard Slag, Inc. | 
Idaho and Illinois FEED EEE SD Imported and/or domestic barite was 

R ? f-mi | b vite | ld | b ground at 44 plants in 12 States. Texas with 
| un-of-mine barite sold or used by pro- nine plants and Louisiana with seven had 

ducers represented 48% of total production, the heaviest concentration of grinding 
: other beneficiated material, 44%; and flota- plants, dye to the availability of port facili- 

tion concentrate, 8%. ; ties for imported barite and the close prox- 

The leading producers of domestic barite jimity to areas of high drilling activity. 
for use in well drilling were (in alphabetical Other States with grinding plants were 

order) Baroid Div., NL Industries, Inc., with Missouri, with six operations; Nevada and 
mines in Arkansas, Missouri, and Nevada; Utah, five each; California, four; Arkansas 
Dresser Minerals Div., Dresser Industries, and Georgia, two each; and Alaska, Illinois, 
Inc., with mines in Missouri and Nevada; Montana, and Tennessee, one each. : 

| : CONSUMPTION AND USES | | 

; Barite for use as a weighting agent in ojl- ing ballast for ships, heavy concrete ag- 
and gas-well drilling fluids represented the gregate, and unspecified industrial uses. 
dominant end-use of crushed and ground _ The data in table 3 are mainly for ground 
barite in 1976. Total quantity consumed for barite, but they also include the relatively 
this use increased 21% to 1,986,000 tons in small quantity of crushed barite used pri- 
1976 owing to increased drilling activity; marily in the barium-chemical industry. 
total footage drilled increased from 178.5 ~  Barite is the principal raw material used 

‘million feet in 1975 to 181.7 million feet. in the production of barium chemicals. Pro- 
Barite for use in the manufacture of barium ducers of barium chemicals in 1976 were J. 
chemicals and paint increased 9% and 48%, T. Baker Chemical Co., Phillipsburg, N. J.; 
respectively. Other uses declined 11%, and Chemical Products Corp., Cartersville, Ga.; 
included filler in rubber and plastics; flux, Industrial Chemical Div., FMC Corp., Mod- 
oxidizer, and decolorizer in glass manu- esto, Calif; Mallinckrodt, Inc., St. Louis, 
facture; and miscellaneous uses, includ- Mo.; and Chemical Div., Sherwin-Williams 

Table 3.—Crushed and ground barite sold, by use’ 

OO  TSSSSC“‘“CO”SOC#OC#O*#*‘(C(NC(NNNWO#*;*;*;*;*~‘iMSGSC“‘“ ‘“(‘(‘(‘((;(N(NC! 

Use Short tons pte Short tons Percent 

Barium chemicals* ____._______ | 71,788 _ | 4 78,354 4 
Filler or extender: 

Paint _.________---_--- 34,817 2 49,731 2 
Rubber _____.-__------- WwW a WwW __ 
Other filler _..__-_~---~--_ WwW _— 14,358 1 

Well drilling ________------- 1,638,370 90 1,985,966 90 
Other uses _---------------__ 85,221 HOB 

Total _____________-_-_ 1,830,196 100 2,204,317 100 

W Withheld to avoid disclosing individual company confidential data, included with “Other uses.” 
1Includes imported barite. 
2Uses reported by producers of ground and crushed barite, except for barium chemicals. 
SQuantities reported by consumers.
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Co., Coffeyville, Kans. Sherwin-Williams drilling market. Chromalloy has also 
also produced lithopone. _ installed a jig plant near Marion, Ky. 

_ _IMCO Services Div., Halliburton, Inc. fin-  Milchem, Inc., began exploratory drilling 
ished construction of a jig, table, and and quality testing on the Fancy Hill barite 
eaeion Plant . vou Springs. 000g property in Montgomery County, Ark.? | 

ane capacny a facility is about 100, Sales of barium carbonate increased 25% 
tons per year. IMCO also installed a second . 

wa . ... from 28,018 short tons in 1975 to 34,991 
, mill at Battle Mountain, Nev., and a jig 1 4 tons in 1976. Total production i 

plant at its Norris (Clipper) mine in Lander S010Ft tons in tt). howe uction increas- 
County, Nev. ed 37%. Barium carbonate is used in the 
The Mining and Minerals Div. of Chrom- manufacture of television picture tubes (for 

alloy has begun construction of a heavy- screen control), in brick and tile, in barium- a 

media concentrating plant at Castle Island, ferrite manufacture, and for many other 
Alaska, to produce barite for the Alaska purposes. 

Table 4.—Barium chemicals produced and sold by producers in the United States in 1976* 
i  D 

7 
. Sold by producers 

, , Production. ——————_—$—_—$————————— : 
Barium chemical Plants : ’ (short tons) quantity | Value 

Barium carbonate ______-__------------- 4 85,488 34,991 $4,857,355 
Barium chloride _~.___...-------~-------- 3 Ww Ww Ww 

Barium hydroxide __________------------ 3 WwW Ww Ww 
Black ash _________________----------- 2 WwW W WwW 
Blanc fixe ~_.___.____.---~----------- 1 Ww WwW WwW 

Other barium chemicals ____—...-.-----~-+--- 4 _ 24,825 17,107 7,531,596 

Total _____-_--___-_-_---_------- 26 60,313 52,098 12,388,951 

W Withheld to avoid disclosing individual company confidential data; included with “Other barium chemicals.” . 

10nly data reported by barium-chemical plants that consume barite are included. 
2A plant producing more than one product is counted only once. 

PRICES - 

Prices for chemical, filler, and glass The average value per ton of crude barite | 

grades of barite increased while those for was $23.25, a 44% increase over the 1975 | 

drilling-mud grade remained constant, ac- value of $16.08. The average value per ton | 

cording to the Engineering and Mining of crushed and ground barite increased to : 
Journal. The prices listed in table 5 are $42.56 in 1976, from $40.44 in 1975. 
from trade publications; they serve as a gen- | 
eral guide but do not necessarily reflect 2Stevens, R. M., Barite. Mining Engineering. V. 29, No. 
actual transactions. 8, March 1977, pp. 59-54.
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| Table 5.—Barite price quotations in 1976 

Price per 
Item , short ton 

Barite:? 
Chemical, filler, glass grades, f.o.b. shipping point, carload lots: 
Handpicked, 95% BaSO,, not over 1% Fe __.___._____------~------~--------- $42.50- $50.00 
Magnetic or flotation, 96% BaSOg, not over 0.5% Fe ____--__--------~---~------ 60.00- 70.00 
Water-ground, 99.5% BaSO«, 325 mesh, 50-pound bags _ .______--~--.~--------- -60.00- 80.00 

Drilling-mud grade: 
Ground, 88%-93% BaSO.«, 3%-12% Fe, specific gravity 4.20-4.30, f.o.b. shipping point, 
carload lots____..._--.-___.____~____--~------+--~+-~-- +--+ 71.00- 78.00 

Crude, imported, specific gravity 4.20-4.30, c.i.f. gulf ports ____.___-----_----_--~- 19.00- 28.00 
Barium chemicals:? . 

Barium carbonate: 
Precip., bulk, c.L., freight equalized (ton)... _..._.____-_---.-----~------+--- 250.00- 275.00 
Electronics grade, bags, same basis... _§___.______...-.-------~-~~~--~---1- 255.00 

‘Barium chloride: 
Purified Fe cryst., 400 pound drums, at works _______.____._-_.--_--------- 1.24 
Cn ee age eo ores, ton) wee ee ee 300.00 
Anhydrous, , c.L, same basis (ton) _. _. ________.-._--~-------------- 400.00 

Barium sulfate: 
USP X-ray diagnosis grade, powder, 250 pound drums, 1,250 pound lots_.___..____—._ 25 

Barium sulfide (black ash) drums, c.1., works (ton) _.....____-_---~----~------+- 115.00- 150.00 

1 ngineering and Mining Journal. V. 177, No. 12, December 1976, pp. 46-47. 
2Chemical Marketing Reporter. V. 210, No. 26, Dec. 27, 1976, p. 32. 

- FOREIGN TRADE 

Exports of barite declined 28% from  cipient of these exports. Barite, primarily 
57,386 tons in 1975 to 41,063 tons in 1976. ground material, was shipped principally 
Canada replaced Japan as the leading re- from the following customs districts: Seat- 

Table 6.—U.S. exports of natural barium sulfate and carbonate 

1975 1976 

. Count Quantity Value Quantity Value 
; "y (short (thou- (short (thou- 

tons) sands) tons) sands) 

Angola ___________-~-_~-~~--------~---+--~-- 2,055 $145 _- _— 
Argentina _____________..~-----~---~-~---~--- 20 4 97 $4 
Australia. _ $29.2 ~~~ : 362 19 20 4 . 
Brazil _.._._-__._-______--_--------~------- 3,162 196 287 21 
Canada ______§______ ee 8,768 600 26,382 «1,875 
Colombia __ ~~. ee eee 78 3 212 9 
Costa Rica -.__________.-__--+~------------ 48 2 34 1 
El Salvador ~.___~_______--_---.----------- 83 9 123 17 
Germany, West __________.__--~-----~------- 89 4 57 3 
Ghana ________~_______-~~_ ~~ 479 37 _— — 
Guatemala_________________-___- 1,586 130 9,064 543 
Indonesia____._.§_/_____-___-~~-~--~-~--~---~---~- 61 3 _- _- 
Israel _.. - -5 5 ee -- -- 600 53 
Jamaica ______§____ ~~~ -- _- 39 2 
Japan ____ eee + 36,316 165 49 - 24 
Korea, Republic of _______.-----~--------+----- 27 1 -- _- 
Lebanon _____ -_ ~~ ~~~ 93 4 _— __ 
Mauritius _____________---------~--------- 1,027 72 __ __ 
Mexico __________------_~--------------- 54 6 704 32 
Netherlands ___._ _ ____._------~~_------~----2 101 4 14 1 
New Zealand _______---~---_-~----~-~~------ 335. 92 -- __ 
Nicaragua _________-----~----~--------~---- 208 15 _- _- 
Panama __________--_--~~~~~-~~-~-~~-~---~--- 30 1 _- _— 
Paraguay__..__..-.--~-----~-~----~-~----+-- _- -- 351 27 
Peru_____~___------~~--~~--~-~---~-~-+----- —_ __ 5 1 
Philippines ______________________________ 129 10 174 11 
Singapore __________-__~--------~~-------- 20 3 _- _- 
South Africa, Republic of _..___..-_---~-------+- 287 23 130 6 
Surinam ______—~__---.----~-------~-------- 1,102 85 _- __ 
Switzerland ______-_.-_-------~----~---~-~-~---+ _- __ 44 2 
Taiwan ___________-~-~-~~__-~-~-~-~_-~--~~-----~-~ 528 70 52 2 
Trinidad and Tobago __________----__---------- _- _- 2,500 220 
United Arab Emirates ______-__----.---------- 150 139 _- -- 
United Kingdom _____~-_~------~------------ 59 3 _- -_- 
Venezuela _____________----~-----~--~------ 129 23 125 13 

Total _.___________---_----~---------- 57,386 1,868 41,063 2,871



 BARITE | 193 

tle, Wash. (37%), Houston, Tex. (23%), New _ of witherite since the Settlingstone mine in 
Orleans, La. (15%), Detroit, Mich. (8%), and northern England was closed in 1969. A 
Great Falls, Mont. (6%). recent inquiry by the Bureau of Mines to 

Imports of crude barite increased 48% to Officials in West Germany brought a reply | 
~ 904,500 short tons valued at $17,677,000 in that stated that there was no production of 

1976. This increase resulted from a combi- natural witherite in 1976. Imports into 
nation of a decline in domestic production West Germany of ron witherite of Bn 
and an increase in drilling activity. The own origin were |, sno ns, du 
principal source countries were Peru, Ire- there anmade The imports of the nate 
land, and Turkey. Declared values per short . 
ton of crude barite for these countries States on ost Germany were pronebly 
averaged as follows: Peru, $15.46; Ireland, prTmpo ts O f barium chemicals ineres 4 

a and a eey, 28.00. te imported was 55% compared with those in 1975. The 
yeas po . following categories showed significant in- 
drilling-mud grade and entered the United creases in quantity imported: Lithopone 
States through the following customs (360%), precipitated barium carbonate 
istricts: Houston ” hari districts: New Orleans, La. (41%), > (255%), barium chloride (186%), and blanc 

Tex. (21%), Laredo, Tex. (15%), Port . . : fixe (46%). Imports of barium hydroxide, 
Authur, Tex. (12%), Galveston, Tex. (11%), barium nitrate, and other barium com- 

. and a small quantity through El Paso, Tex., pounds declined. 
and New York, N.Y. 

Imports of ground barite decreased 66% : 
to 13,288 tons valued at $151,687. Mexico, . ee 
the leading source country, reportedly ex- Table 7.—U.S. exports of lithopone | 

ported 6 short tons of crude witherite (natu- . Quantity Value 
ral barium carbonate) to the United States, Year (short (thou. | 
and West Germany reportedly exported 278 © ————__________________—- 
short tons of ground witherite to the United 1974 -------------- 1,185 ° $967 

States. These data are open to question j97g¢7~~~> 7777777 779 987 
since there has been no reported production = ——————————————————————————— 

Table 8.—U.S. imports for consumption of barite, by country | 
- (Thousand short tons and thousand dollars) 

) | 1975 1976 . 

Country Quantity | Value Quantity Value 

Ore 47 541 62 861 
Chile _.____.~___~---_--------~--~------ -- -- 12 283 
Denmark __________._-----.------------ 11 185 _ _ 
France ________._--------------------- _- _- 27 1,079 
Germany, East _.______.---------.----~-- 9 159 © a 

Greoea West -7n narra rrr rr rrr tanto a $39 17 385 
Ireland __________.--------.---------~-- 107 1,197 199 2,328 
Mexico _________.----_~—~--~---_-~~~.~-- 104 1,310 106 1,605 
Morocco ____._------------------------ 47 1,286 101 3,078 
Mozambique _ .. - _- .--_-.-~--------~-~------ -- _— 18 561 
Peru_____________-_-----------~.----- 261 3,022 210 3,246 

qureey sb Einivaies 7227727777272 72727 ~y “9 149 4,173 
ni Emira eee a a ee ee -— -~-=— 

Total ___________.-----------~------- 634 8,541 905 17,677 

Ground barite: 3 307 0) 7 

Colombia _____------------------------- __ _ () 3 
Germany, West _______------------------- __ __ Q) (4) 

Mexico ___________----~.~~-----~-----~-- 35 404 13 143 
Peru__________----------------------- eS) 12 _- _- 

Total __________.-------------------- 38 7123 13 152 

1Legs than 1/2 unit.
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- .. Table 9.—U.S. imports for consumption of barium chemicals 

. Blanc fixe . 

| —Eithopone pBienaiatey __chlorde hydroxide 
; Y Tp . 

ear J qnan Value ane Value ee Value . pane Value 

. / (short (thou. (short (thon, (short (thou. (short (thou- 

1974_-_ 262 $139 8,843 $2,273 13,455 $3,545 10,072 $4,173 
1975 _-. __-___------~- 15 6 5,448 2,047 — 1,199 358 2,595 1,492 
1976 __-_______-__~-_- 69 25 7,971 2,643 3,425 690 2,422 1,090 

| Barium nitrate © Bia ciated . Ofer barium 

tit Valu ti Value ity. 
Cut” thou, = Aehort (thou- Chore” thou 

. tons) sands) tons) sands) tons) sands) 

1974_________ 455 $151 8,719 $1,728 1,577 $1,029 
1975______________..——.—s«#B988 233 681 111 411 196 
1976 —--------------- 520 122 2,420 423 86 102 

- Table 10.—U.S. imports for consumption of crude, unground, and crushed or ground | 
| witherite | | 

Crude, unground’ Crushed or ground 

Year | Quanti Val ~~ Quanti Val 
oe (short tone) (thousands) _ (short tone) (thousands) 

| 1974 _-__-_ ee 3 - $1 3,432 $709 
1975 _-_-_______ 1- Ao: 84° - 4d 

1976 _.-____________-------_. 6 _ 5. 278 _ 56 

| 1Less than 1/2 unit. a eR . - 

WORLD REVIEW | 

World barite production for 1976 was Pakistan.—On September 27, 1976, the 
estimated to be 5.5 million - short tons; first shipment of barite moved from the 
United States production was 23% of the Goonga deposits near Khuzdar to the Meyel 
worldtotal. — oilfields. Reserves. at these deposits are 
Canada.—A final feasibility study con- estimated at 1.2 million tons. First-year 

| cerning the TEA barite deposit in the Yu- production is expected to be about: 15,000 
kon Territory was slated for completion in tons, with an expected increase to 60,000 
July 1976. The deposit was discovered by tons in 5 The barite will be f 
Welcome North Mines in 1975. Initial plans °°) Guitins and exoort# used for 
call for production of 15,000 to 20,000 tons ingandexport* = 
per year of drilling-mud grade barite. The Other Countries.—Atlantic Products 

deposit is a high-quality, bedded barite for Corp., a Colombian barite producer, was 
which only minimal processing will be nec- purchased by Baroid Div., NL Industries, 

essary before grinding. Reserves are esti- Inc. Construction of or modification to bene- 

mated to be more than 1 million tons. The ficiation and grinding plants were reported 
principal market will be the oil- and gas- in Algeria, the Netherlands, Mexico, and 

well drilling operations in the Arctic.° Saudi Arabia. Milchem, Inc. is planning to 
Mexico.—Producers of drilling-mud reopen a barite mine at Clontakilty, County 

gr ace en have indicated displeasure (Corke, Ireland. The mine which was closed 
wi e Government’s ceiling on prices jin 19992 is expected to begin production i 
that the State-owned petroleum company 972 18 OX Pr zon mn 
may pay for the barite. The current price is " 
$12 per ton in Mexico. The producers bee ,.. . : 

lieve that they have the capacity to supply will Hones Rarite to Surely Artic Needs, V. 177, No. 4 
both the domestic and export markets if the April 1976, p. 189. 
price were allowed to rise. If there is no 13 Industrial Minerals (London). No. 109, October 1976, p. 

change in the pricing structure, producers ~~ spyogress (Pakistan). Barytes from Khuzdar to be Used 

have threatened to suspend operations.‘ at Meyal. V. 21, No. 3, October 1976, p. 1.
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_ Table 11.—Barite: World production, by country 

(Thousand short tons) 
nn 

Country? 1974 1975 1976” 

North America: 
Canada ___________-___~----------------------- 86 90 “72 
Mexico ________________~-_~-~~- ~~ ee ee 300 331 298 

-United States? ____________--_---_---------------- 1,106 1,318 1,234 
South America:. 

Argentina __________-_-----~----~----—----------- ™40 43 45 

Brazil _. ~-______.--_~---~---_--~-~--+-~------------ 67 59 “60 

Chile _________________ eee eee 5 7 19 

-_ Colombia ___________----------~---------~------- 3 3 3 
Peru___ 2 ee ee 394 ©255 365 

Europe: — 
Austria ________.-_-~-------------------------- (5) (°) ) 

Czechoslovakia®...____________.-__-------~--------+-- 8 8 8 

France _____________.__---~----~.~--------+--+-+- 116 101 165 

Germany, EFast® __ ___________-.-------------------- 34 34 34 

Germany, West ________-__-------------~---------- 329 273 289 

Greece*__ eee + 94 115 67 
Ireland _._..________.~--------------~------------ F379 325 356 

Italy_____________-__------------------------- 198 235 197 

Poland _______________.----~------~-------~----+- 57 59 89 

Portugal __________-___------------------------- 2 3 ¢) 

Romania® _____________-_~~-~-~~--_~-----+--~---- 128 128 128 

Spain _.__._-_-+------~----~--~---------~------- 115 85 “85 

USS.R& __~__ eee eee 360 380 440 

United Kingdom ______-_------~-~---~--------~------- 55 56 ©55 

Yugoslavia _____.____---_--------------~---------- 55 67 “67 

Africa: 
Algeria __. _____-___-------+-------------------- 58 15 83 

Egypt __-____---------------~--~---------------- () 1 @) . 

Kenya ~_.__------~---------------------~------ (°) (*) *@) 
Morocco ___..________.-------~-----~-----~------- 103 . 132 144 

South Africa, Republic of _.__.__-__-_------------------- 2 1 2 

Swaziland ____________.-_---~-------~--~----+---- @) @) 8) 

Tunisia _.-______________.--------------~--+----- 19 7 26 

Asia: 
Afghanistan® ___________------------------------ 11 6 6 
Burma ______________----~--------~-~----------- 617 17 15 

China, People’s Republic of€ ___.__._-_------------------ 220 275 300 
India ____________--_-----~-----~--+---~---+------- T158 193 205 

Iran® _________ ee eee + © ¥130 161 £190 

Japan ___________-_-------~---~---------------- 42 4l 59 

Korea, North® ______._._____-___-----t--------~------ F130 130 130 
Korea, Republic of _______-_-__------~--------------- 1 2 5 

Malaysia ____________--------------~------------ _— 1 7 

Pakistan _________.------=--------------------- 5 5 6 

Philippines oe ee eee ee ee _- 4 4 

iland ____________________ + 221 285 167 

Turkey _.._._______---------------------------- 53 21 ©29 

Oceania: Australia _____________.-_------------------- 8 26 *10 

Total. ___.________.-__---------~------------ ™5,109 5,358 5,457 
ee UE 

1In addition to the countries listed Bulgaria and Southern Rhodesia also produce barite, but available information is 

inadequate to make reliable estimates of output levels. 
2Sold or used by producers. 
SLess than 1/2 unit. 
“Barite concentrates. 
5Year beginning March 21 of that stated. 
6Year beginning April 1 of that stated.





Bauxite jJumin auxite and Alumina 

| | By Horace F. Kurtz? 

World bauxite and alumina production U.S. bauxite and alumina production in- — 

increased in 1976 but remained below the creased 11% and 13%, respectively. Imports 

record high levels set in 1974. Both the provided about 36% of the new supply of 

decline in production in 1975 and the alumina and 87% of the bauxite used by | 

partial recovery in 1976 resulted from domestic alumina producers. 

| recession-caused changes in demand for Legislation and Government Pro- 

aluminum, the principal end use of bauxite grams.—The Federal Preparedness Agency, 

and alumina. General Services Administration, on Octo- 

World bauxite production increased 2% ber 1 proposed new Government stockpile 

to 76.3 million long tons in 1976. Output of goals which would greatly reduce existing — 

alumina, the intermediate product between stockpiles of metal-grade bauxite and 

bauxite and aluminum production, rose 3% establish a new stockpile of about 11.5 

| to about 29.6 million short tons. Australia million short tons of alumina. Stocks of 

replaced the United States as the world’s refractory-grade bauxite would be increased | 

leading producer of alumina. to over 2 million long calcined tons. 

‘fable 1.—Salient bauxite statistics 

. (Thousand long tons and thousand dollars) 
I OE OT 

1972 1978 1974 1975 1976 

United States: 
. 

Production, crude ore (dry equivalent) ~_-----~-- 1,812 1,879 1,949 1,772 1,958 

Value. eee enn — 828,288 $26,685 $25,663 $25,088 $26,645 : 

Exports (as shipped) ~_.----~---~--------- 29 12 16 19 15 

Imports for consumption? ___-.----------- “12,601 13,403 14,976 11,529 12,548 

Consumption (dry equivalent) ~---~--------- 15,375 16,650 16,904 12,388 13,817 

World: Production ___.._----------------- 63,921 69,244 "78,362 74,508 76,337 

Revised. 
1Rxcludes calcined bauxite. Includes bauxite imported into the Virgin Islands. 

. DOMESTIC PRODUCTION 

The production of bauxite in the United Both Alcoa and Reynolds delivered crude 

States increased 11% to 1.96 million long bauxite to their own alumina plants nearby. 

tons (dry equivalent) in 1976. Production in Plants producing calcined bauxite or acti- 

both Arkansas and Georgia increased, but vated bauxite were operated by American 

output in Alabama declined. Arkansas pro- Cyanamid, Porocel Corp., and Stauffer 

duced 85% of the total. All of the bauxite Chemical Co. 

mines were open pit operations except for In Alabama, bauxite was mined in the 

the Mars Hill underground mine of Rey- Eufaula district, Barbour and Henry Coun- 

nolds Mining Corp. in Saline County, Ark. _— ties, by Abbeville Lime Co., A. P. Green 

In Arkansas, Aluminum Co. of America Refractories Co., Harbison-Walker Re- 

(Alcoa), American Cyanamid Co., and Rey-  fractories Co. (Division of Dresser Indus- 

nolds produced bauxite in Saline County. —————— 

Reynolds also mined in Pulaski County. 1Industry economist, Division of Nonferrous Metals. 

197
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tries, Inc.), and Wilson-Snead Mining Co. duction included an estimated 5.9 million Drying or calcining plants were operated by tons of calcined alumina, 600,000 tons A. P. Green, Harbison-Walker, and Wilson- of commercial alumina trihydrate, and Snead. | | | _ _ 100,000 tons of tabular, activated, and other American Cyanamid and Mullite Co. of _ alumina. «i. | America mined bauxite in Sumter County, Alumina shipments by producers totaled Ga., and operated processing plants at An- 6.6 million tons (6.4 million tons calcined | dersonville, Ga. a equivalent) and were valued at $880 million. Production at alumina plants, which had Calcined alumina Shipments to primary been reduced in 1975 because of lower aluminum plants totaled 5.7 million tons, or demand for aluminum, was partially restor- 83% of the calcined equivalent of total ed in 1976. Production of alumina and shipments. The chemical industry, includ- aluminum oxide products (excluding alu- ing producers of aluminum fluoride fluxes minates) at the eight alumina plants in the for aluminum plants, received over half of . United States and the one plant in the USS. the remaining tonnage, largely as hydrate. Virgin Islands increased 13% to an estimat- Other shipments of alumina went mainly to ed 6.6 million short tons (6.4 million tons producers of abrasives, ceramics, and re- calcined alumina equivalent). The total pro- fractories. oe | 

Table 2.—Mine production of bauxite and shipments from mines and processing - : plants to consumers in the United States - 
. . (Thousand long tons and thousand dollars) . 

. oe . . Shipments from mines and : 
Mine production Oo processing plants to consumers Stateand year Dy As Dry ! 

Crude equivalent Value? shipped equivalent Value? 
| Alabama and Georgia: a 

| 
: 1972-8 227 178 2,228 131 178 4,533 1978 ~ 247 193 2,751 171 225 5,731 1974 2 272 218 2,066 154 211 6,124 195 ~~ 302 229 2,127 175 236 42=—s«# 622 196 ~-- 369 291 2,165 135 214 8,861 Arkansas: 

. : | 192-2 1,973 1,634 21,010 #2197 1,844 25,085 | 193 LL 2,040 1,686 23,884 2,076 1,780 26,708 | ,194 2 2,098 . 1,781 23,597 2,180 1,810 26,737 1915 -________ 1869 1,543 22,956 - 1,883 1,599 25,486 1976 _-_-__ 2,018 1,667 24,481 2,085  § 1,728  — 27:580 Total United States:? 
| 192 8 2,200 1,812 23,288 2,258 2,017: 29,618 1973 2 2,287 1,879 26,635 2,246 2,005 32,439 | 194 8 2,370 1,949 25,663 2,284 2,021 32.862 195 22 2,164 1,772 25,083 2,058 1,836 31,108 © 1916 ~-_ 2,382 1,958 26,645 2,171 - 1,941 36,441 

1Computed from values assigned by producers and from estimates of the Bureau of Mines. *Data may not add to totals shown because of independent rounding. _ 

Table 3.—Recovery of dried, calcined Table 4.—Percent of domestic bauxite ° > 9 e eye and activated bauxite in the shipments, by silica content . 

ne United States SiOz (Percent) 19721978 19741975 1976 (Thousand long tons) 
eee 

oceased Frome ig 2777 64 él 2 62 50 

eee 
Total rom 8 to ~~~ : Crude __bauxiterecovered' | Morethanis 7. 0 o}siRCO? Ad 

Year ore As 
treated re- ene 

covered alent $$ relent 
1972 2 399 210 319 1973 _-- 338 169 287 1974. 348 177 279 1975 0 355 179 282 1976 360 172 284 eee 

| ‘Dried, calcined, and activated bauxite.
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| Table 5.—Production and shipments of alumina in the United States 
(Thousand short tons) | | - 

| Calcined Oth Total cin er ee Year . alumina alumina ! As produced Calcined 
. or shipped ? . equivalent 

Production:* , a eS | 
1972 ee 6,235 741 6,976. 6,739 
19738____ 6,834, 734 1,568 7,344 
1974. ee 7,059 753 7,812 7,589 
1975_ 5,223 624 5,847 5,660 
1976°__ 5,900 -.. 700 - 6600. .. -. 6,400 

Shipments: 8 , 
1972-98 6,222 TAB 6,968 6,730 
97B__- 6,822 738 7,561 7,335 
1974___ 7,051 745 T1960 7,575 
1975 5,232 628 5,860 «5,671 
1976 ®____ +--+ 5,900 700 6,600 6,400 

“Estimate. . 
1Trihydrate, activated, tabular and other aluminas. Excludes calcium and sodium aluminates. : 
2Data may not add to totals shown because of independent rounding. 
5Includes only the end product if one type of alumina was produced and used to.make another type of alumina. 

Table 6.—Capacities of domestic alumina plants, December 31, 1976 _ 

Ss . (Thousand short tons per year) 

| 7 Company and plant ‘Capacity 

Aluminum Co. of America: : | | 
Bauxite, Ark _-§____________________ eee 375 
Mobile, Ala _________________________ Leet si 
Point Comfort, Tex __ ~~ 2 eee 1,335 

Total _--_______ eee 2,700 
_ Martin Marietta Aluminum, Inc.: St. Croix, V.I -~--------~---------------------+------ 455 

Kaiser Aluminum & Chemical Corp.: 
Baton Rouge,La ________________________ eee 1,025 
Gramercy,La ____~_ = eee ee eee 800 

Total _-_____________ eee eee eee 1,825 
Ormet Corp.: Burnside, La ~_~___~______ eee - 600 

Reynolds Metals Co.: 
Hurricane Creek, Ark _______ _ eee 840 
Corpus Christi, Tex _________ eee eee 1,385 

Total _-__________________-_ eee 2,225 

Grand total _______________ eee ee 7,805 

1Capacity may vary depending upon the bauxite used. 

| CONSUMPTION AND USES 

Bauxite consumption in the United average of 2.02 long tons (dry basis) of 
States (including the U.S. Virgin Islands) bauxite was used to produce 1 short ton 
gained 12% or about 1.4 million long dry (calcined basis) of alumina. The two alumi- 
tons. Despite the increase, consumption re- na plants in Arkansas used mainly bauxite 
mained below the annual rates of 1966-74. mined in Arkansas, and the other seven 

About 87% of the bauxite consumed during alumina plants used only imported ore. 
1976 came from foreign countries. Bauxite use by the refractory industry 

Bauxite consumed in the production of declined 2% to 401,000 tons (dry weight 
alumina increased 12% and comprised 938% __ basis). Nearly all of this bauxite was used in 
of the total bauxite consumed. An estimated the calcined form, which weighs about 65%
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of the dry equivalent weight. Imports com- Bauxite consumption in the chemicals 
| prised 78% of the bauxite used in refracto- industry decreased 17% from 221,000 tons 

ries. Refractory producers reported receipts (revised) in 1975 to 184,000 tons in 1976. 
of about 90,000 tons (dry basis) of domestic Guyana and the United States were the 
bauxite and 430,000 tons of imported ore. principal sources of bauxite for this indus- 
An estimated 93% of the foreign bauxite try. The production of commercial alumi- 

came from Guyana, and most of the re- num sulfate in the United States, according 
mainder came from Surinam. to the Bureau of the Census,’ decreased 

Five companies consumed calcined baux- from 1.16 million short tons (revised) in 
ite in the manufacture of artificial abra- 1975 to 1.09 million tons in 1976. | 

thewe ONevanies oe panne received by Other consumers of bauxite, in descend- 
. | ) . ‘.. ing order of magnitude, included the ce- 

rai and te atlas Republic of China ment, oll and ga, and steel and ferroaloy 
sumption by the abrasives industry increas- industries, and rg cipal waterworks. . 
ed 35% in 1976. The Carborundum Co. lants y ed 8 Li 000 hn rt tons of 
announced the installation of anew furnace ? ci ed alumi ? g % sho th ns th, 
to produce aluminum oxide abrasive mate- 7 cin umina, ed “197 5 Alu pe 
rial at its facilities in Niagara Falls, 1:°08,000 tons consumed in » Sumi 
Canada.? Data on consumption by the abra- ©onSumption data for other uses were not 
sives industry include bauxite fused and available. A significant quantity was used 
crushed in Canada because much of the to make aluminum fluoride and synthetic 

- fused product is made into abrasive wheels ryolite, which is also used in the pro- 
and coated products in the United States. duction of primary aluminum. 
About 10% to 15% of this material is used 9 ———————- 

| : Saati at 2Larsen, R. New Carborundum Fu To Hike Alu- 
oe nonabrasive applications, principally re- sm Oxide Output, Cut Costs. Am. Metal Market, v. 83, 
ractories. | No. 126, June 28, 1976, p. 11. 

. 3Bureau of the Census, U.S. Dept. of Commerce. Current 
. . Industrial Reports, Inorganic Chemicals, Summary for 

Table 7 Fayixite consumed in the 1976. M28A(76)-18, May 1977, p. 2. 
_ United States by industry 

(Thousand long tons, dry equivalent) Table 8.—Crude and processed bauxite 
Year and industry Domestic Foreign Total’ consumed in the United States 

NN (Thousand long tons, dry equivalent) 
1975: ee 

Alumina ________ 1,531 9,966 11,497 Domestic Foreign 1 
Abrasive? _______ __ 193 193 Type igi igin ‘Total 
Chemical eee r 3106 3182 T991 i 

Refractory ______- 94 316 410 1975. — 

Other --__--_~-~- Ww Ww 67 Crudeanddried___ ‘1,546 ~=—10,142-——‘11,688 

Total’? _______ 1,731 10,657 12,388 calenen ore a 7185 515 ™700 

1976: mina 1652 1.254 12.908 Total _.______ "1,731 10,657 "12,388 

Abrasive? oo a "260 "260 1976: 
Renee TTT “67 “184 184 Crude and dried — _ - 1,669 11,483 18,102 

Other _-________ W W 67 activated _____ 137 578 715 

Total’? _______ 1,806 ©12,012 13,817 Total _.______ 1,806 112,012 13,817 

"Revised. _ W Withheld to avoid disclosing individual Revised. 

fey eta cela ca ie dn Py nn sen bc 
dent rounding. moun 

2Includes consumption by Canadian abrasive industry. 
3Includes other uses.
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Table 9.—Production and shipments of selected aluminum salts in the United States, 
| in 1975 

. (Thousand short tons and thousand dollars) . | | 

: Total shipments . 
| | Number Produc- including interplant 

Item oS : * transfers a producing tion 

plants Quantity Value 

Aluminum sulfate: | 
Commercial (17% AlsOs) _..-______-__- 68 1,158 1,115 73,087 
Municipal (17% AlzO3) _....-___.-_-__- 3 5 XX XX 

- Tron-free (17% AlgOs) ___.--_---—---__ 18 252 251 - 7,988 
Aluminum chloride: 

Liquid (32°Bé) _._._._..__-__________~- 5 Ww Ww W 
Crystal (32°Bé) 
Anhydrous (100% AICls) ..___________- 5 27 27 18,245 | 

Aluminum fluoride, technical _____. ~~. __ 4 130 127 46,003 
Aluminum hydroxide, trihydrate 

(100% AleOse3H20) ~~ 5 ee eee 6 421 400 WwW 
Other inorganic aluminum compounds! _______ XX XX XX 34,956 — 

W Withheld to avoid disclosing individual company confidential data. | XX Not applicable. 
1Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 

Source: Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments and 
Production of Inorganic Chemicals. os 

STOCKS 

Total inventories of bauxite in the United 1.3 million short tons. The Government _ 
States declined 2% to 20.4 million long dry held no stocks of alumina except in the form 
tons during 1976. The overall decrease was_ of abrasive grain and crude fused aluminum 
largely the result of a reduction in stocks at oxide. These stockpiles were reduced 5% to 
alumina plants. Abrasives producers rebuilt 322,000 short tons. | 
inventories, which had been reduced signifi- In October the Federal Preparedness A- 
cantly in 1975. Government stockpiles of gency proposed new government stockpile 
bauxite were unchanged. goals which would replace the previously 

The Government stockpile at the end of established stockpile objectives for various 
- 1976 was composed of 8,859,000 tons of strategic materials. The following were © 

Jamaica-type bauxite, 5,937,000 tons of included in the proposed new goals: 
Surinam-type bauxite, and 175,000 tons | 
(270,000 tons, dry basis) of calcined 
refractory-grade bauxite. About 637,000 Bauxite: 
tons of the Surinam-type bauxite had been Metal grade: | 
sold but not removed from the stockpiles. Jamaica type _._.-- long dry tons__ 528,000 

. . urinam type _______.._. ~ do___ — _— 
Inventories of alumina and related pro- Refractory grade __ long calcined tons__ _ 2,083,000 

ducts at plants producing alumina and pri- {lumina —---------- ~~ short, tons__ 11,532,000 
. : . uminum_______________ ~ do____ — 

mary aluminum declined to an estimated ——— 

Table 10.—Stocks of bauxite in the Table 11.—Stocks of alumina in the 
United States? United States ! 

(Thousand long tons, dry equivalent) (Thousand short tons) 

Dec. 31, Dec.31, . 

Proqucers and £486 agg Producers —-—~——-___------ 217 180 
Consumers... ~- 2-509 g8eg Pmaryaluminumplants ------ ame 
Government ______________ 15,066 15,066 Total _.______________ 1,458 1,300 

Total__._.___.------ 720,761 20,481. egistimate. 
SS 1Rx, 1 d i- "Re ‘ed. mary xc udes ane stocks other than those at pri 

Domestic and foreign bauxite; crude, dried, calcined, 
activated; all grades. 

7Includes bauxite stockpiled by the U.S. Government 
during World War II and purchased by Reynolds Metals
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: PRICES | 7 

Prices on most of the bauxite and alumi-_ sufficient company data were not available 
na produced throughout the world are not to determine an average value. Prices pub- 
quoted because the large tonnages used by lished by Engineering and Mining Journal 
the aluminum industry are usually obtain- for supercalcined refractory-grade bauxite 
ed from affiliated companies or purchased from Guyana, car lots, f.o.b. Baltimore, Md., 

under long-term negotiated contracts. or Mobile, Ala., increased about $12 per ton 
Bureau of Mines estimates of the value of to $119.16 per long ton in January 1976 and 

domestic production were based on incom- remained at that level throughout the year. 
plete data supplied by producers. The Bu- The estimated average value of domestic 
reau’s estimated average value of crude calcined alumina shipments was $132 per 
domestic bauxite shipments in 1976, f.o.b. short ton. Shipments of alumina trihydrate 
mine or plant, was $11.30 per long ton. The also averaged $132 per ton. The average 
average value of shipments of domestic value of imported alumina (including small 
calcined bauxite was estimated at $67 per quantities of hydrate), as reported by the 
ton. Bauxite values among producers varied Bureau of the Census, was $111.60 per ton 
widely because of differences in grade. at port of shipment and $119 per ton at U.S. 
The value of imported bauxite consumed _ ports (c.i.f.). Exports of alumina from the 

at alumina plants in the United States was United States and the Virgin Islands aver- 
believed to have increased in 1976, but aged $138.10 per ton. . 

Table 12.—Average value of U.S. imports of crude and dried bauxite in 1976' 

| | | a (Per long ton) : 

a | Country? . Port of shipment Delivered toUs. ports 
a . | 2.8. . c.if.) 

Dominican Republic____________._-_ $26.19 $80.12 
| Guinea__________ 18.90 26.44 

Guyana________________________ 25.20 | 34.30 
Haiti 2751 31.65 
Jamaica ~~ =~ = 25.85 28.54 
Surinam ______ 22.35 30.16 
Other _ ~~~ _--------------------_ OO 

Weighted average _______________ 24.16 28.74 

1Not adjusted for moisture content. 
| 2Excludes bauxite imported into the U.S. Virgin Islands. : 

Source: Based on data reported to U.S. Customs Service and compiled by the Bureau of the Census, U.S. Department of 
Commerce. . - 

Table 13.—Market quotations on alumina and aluminum compounds 

(In bags, carlots, freight equalized) 

Compound Jan. 2, 1976 Dec. 31,1976 

Alumina, calcined ____________________________ per pound__ $0.08 $0.079 
Alumina, hydrated, heavy _____________.~____________do____ .06 .059 
Alumina, activated, granular, works __________.__________do____ 1365 0.16-.18 
Aluminum sulfate, commercial, ground (17% AleOs) _._______-_ per ton__ 111.00 121.00 
Aluminum sulfate, iron-free, dry (17% AlgO3)_ $$. _/___________do____ 140.00 140.00 

Source: Chemical Marketing Reporter.
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| | | FOREIGN TRADE — 

U.S. exports classified as “bauxite and mary aluminum. About 12,000 tons was 
concentrates of aluminum excluding alumi- shipped to Canada, 9,000 tons to Ghana, and 
na” totaled 15,000 long tons in 1976 and _ 6,000 tons to Surinam. 
were valued at $1.3 million. Canada receiv- The United States imposed no duties on 
ed 91% of the total and the United King- imports of bauxite, alumina, or aluminum 

dom about 7%. | hydroxide in 1976. All duties on these com- 
Exports of alumina, including 35,000 modities were suspended in 1971. 

~~ ghort tons of aluminum hydroxide, increas- Imports of crude, partially dried, and 
ed 13% to 1,158,000 tons. The total included dried bauxite into the United States and the 
shipments of 272,000 tons to the U.S.S.R. U.S. Virgin Islands increased 9% to 12.5 

and 37,000 tons to Venezuela from the million long tons from 11.5 million tons 
alumina plant in the U.S. Virgin Islands. (revised) in 1975. The increase was attribu- 
Most of the remaining exports were ship- ted to a partial recovery in demand for 
ments from domestic alumina plants on the aluminum, which resulted in the reactiva- 
Gulf Coast to affiliated aluminum plants in _ tion of some of the domestic aluminum and 
Canada, Ghana, Mexico, and Norway. alumina facilities shut down in 1975. 

Aluminum sulfate exports increased for Receipts increased from all major import 
the fourth successive year and totaled sources except Surinam and the Dominican 
51,000 short tons at a reported value of $1.6 Republic. Jamaica provided about half of 

| million. About 33,000 tons was shipped to the total, and Guinea provided nearly one- 

Brazil, 8,000 tons to Venezuela, and 6,000 quarter. Receipts from Surinam were 12% 
tons to Canada. Exports of artificial corun- of the total, down from about 20% in 1973 

dum or fused aluminum oxide decreased and 30% in 1966. Guyana and Haiti each 
19% to 22,000 tons, valued at $14.8 million. provided 5% of the. 1976 total, and the 
Canada, the largest recipient among 55 Dominican Republic supplied 4%. 
countries, received 8,000 tons. Exports clas- Calcined bauxite imports dropped 11% to 

sified as “other aluminum compounds” de- 309,000 long calcined tons. Most of these 

clined slightly to 41,000 tons, valued at $21 imports were refractory-grade bauxite from 
million. Much of the tonnage in this catego- Guyana. Additional calcined bauxite was 
ry was believed to be aluminum fluoride imported into Canada from Surinam and 
and synthetic cryolite shipped to other Australia for manufacture into crude fused | 
countries for use as a flux in making pri- aluminum oxide, much of which was subse- 

Table 14.—U.S. exports of alumina,! by country 
(Thousand short tons and thousand dollars) | 

TO s”t~<“<t;és™sBGSC(‘(‘“CO;OCO*™*;*‘*OSTGCOC™C~*# 
Country Ce 

Quantity Value Quantity Value Quantity —_Value_ 
Australia_____-_____________- 5 1,098 2 896. 2 862 
Canada ____________________- 266 25,336 217 30,350 314 47,912 
France ____________________- 2 - 672 2 556 4 1,329 
Germany, West ______________-- +5 2,103 4 2,565 4 3,091 
Ghana ___________________-- 241 15,542 156 15,112 243 29,410 
Italy ee 4 1,147 @) 228 () 36 
Japan __ __ 8 5,931 4 4,329 2 2,879 
Mexico _________________-_-- 128 11,121 131 16,483 124 17,407 
Norway_________________---- T191 20,763 T164 T19,961 48 5,390 
Poland _________________---- (7) 18 (?) 21 28 8,248 
Sweden _________________---- 6 888 1 442 29 3,420 
USSR T94 72.338 7158 16,935 272 26,808 
United Kingdom ___________--~-—- mn) 1,998 4 2,181 6 2,509 
Venezuela ___-___ 2 ~~ ee 54 5,082 104 9,812 73 9,503 
Yugoslavia____§___________----- (?) 16 69 7,258 __ __ 

Other ______--_-------------~____ 185,900 Bi 
Total _.-___-___________---- 1,022 105,953 1,029 134,073 1,158 159,918 

MIncludes exports of aluminum hydroxide: 1974—28,000 tons, 1975—24,000 tons, 1976—35,000 tons; includes alumina 
exported from tne Us. Virgin Islands to foreign countries: 1974—284,000 tons, 1975—263,000 tons, 1976— 309,000 tons. 

Less unit.
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quently used in abrasive and refractory lia, largely to aluminum plants in the Pacif- 
products in the United States. ic Northwest, increased 28% and provided 
Alumina imports, including small quanti- 76% of the total imports. Receipts from the 

ties of aluminum hydroxide, rose 3% to 3.6 other two principal suppliers, Jamaica and 
million short tons. Shipments from Austra- Surinam, declined. | 

Table 15.—U.S. imports for consumption of bauxite, crude and dried, by country’ | 
(Thousand long tons) . 

Country | 1974 1975: 1976 

Australia...» -§ ee 73 93 __ 
Dominican Republic? ____.__~____9_~__~_-_-___~_-______ ee 1,190 742 509 . 
Greece _._ ~~ - Lee _ 26 _— 
Guinea ____- ~~ Lee 1,670 2,598 3,016 

. Guyana... ~~ Le 749 — 295 635 
Haiti _____ 2586 495 606 
Jamaica? 2 7,766 5,396 6,185 
Sierra Leone. ~~~ > 5 Lt 23 27 53 
Surinam __ 2 ee 2,907 1,857 1,544 
Other... ee 12 -- () 

Total _._. -- ~~~ eee T14,976 11,529 - 12,548 

"Revised. | 
MIncludes bauxite imported into the U.S. Virgin Islands from foreign countries: 1974—761,000 tons, 1975—939,000 tons, . 

1976—902,000 tons. oe 
2Dry equivalent of shipments to the United States. . 
SLess than 1/2 unit. 

Table 16.—U.S. imports for consumption of bauxite (calcined), by country 

. (Thousand long tons and thousand dollars) 

} ~~ 1974 ] 1975 1976 
Country —_—_—_— eee Oe een ee a se nce 

Quantity Value Quantity Value Quantity Value 

China, People’s | 
Republic of ~_-_._-_-_..._-__-_ -_ 1 31 14 350 11 861 

Guyana ___________-___-.___.- 252 17,433 255 22,585 263 22,546 
Surinm _____________________ 50 2,158 64 2,291 33 1,790 
Trinidad and 

Tobago’ ~~ _-§__ _— _— 15 1,463 (??) 25 
Other _____~_-_-_.-_~~__~__-_-- 1 115 (?) 3 2 176 

Total ~~~ LL 304 19,732 348 26,692 309 25,398 

| 1Shipments probably originated in Guyana or Surinam. 
2Less than 1/2 unit. 

Table 17.—U.S. imports for consumption of alumina,' by country 
(Thousand short tons and thousand dollars) 

1974 1975 1976 
Country —————n——ee Oe en nnn eee 

Quantity Value Quantity Value Quantity Value 

Australia... ~--~_--_-- 2,202 154,376 2,154 201,748 2,751 284,497 
Canada _____________________ 20 2,322 21 3,289 14 2,504 
Finland ______________._____- 4 1,798 __ __ __ __ 
France _____________-_-____- 9 9,554 11 14,563 | 10 13,734 
Germany, West ______~____~--~_-_ 6 2,605 4 2,126 6 3,485 
Guyana ________~_-~~__ 10 609 22 1,651 13 839 
OS __ __ 29 2,673 __ __ 
Jamaica ~______ ~~ ~~ ~__-~__=-~ 902 69,241 779 96,609 616 79,526 
Surinam _____~__~~----_--~_-_- 473 29,489 487 46,969 210 18,699 
Other _______________----__- 1 623 () 411 4 1,194 

Total _-__________________ 3,627 270,617 3,507 370,039 3,624 404,478 

1Includes small quantities of aluminum hydroxide; excludes shipments from the U.S. Virgin Islands to the United 
States: 1974—83,000 tons ($9,210,000), 1975—131,000 tons ($16,410,000), 1976 165,000 tons ($19,394,000). 

Less than 1/2 unit.
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| WORLD REVIEW | , 

World production of bauxite increased an at Gladstone, 16% to Japan, and 31% to 

estimated 2% in 1976. The largest increases Europe and other areas. Comalco also pro- 
occurred in Australia and Guinea. Austra-. duced calcined bauxite and reported that 
lia, the largest producer, accounted for 31% production and sales of this product were at 
of the world total, and Guinea and Jamaica record levels. 
accounted for 14% and 138%, respectively. Production of alumina by Queensland 
Of the countries showing lower production Alumina totaled 2.27 million short tons, an 
in 1976, Jamaica, Guyana, and Greece re- increase over that of 1975, despite a strike 

-_ gistered the largest declines. oe which halted production for 1 week. 
World alumina production increased 3% Queensland Alumina was owned by Kaiser 

during 1976. Australia became the world’s (82.3%), Alcan Aluminium Ltd. (21.4%), 
largest producer as its output surpassed Pechiney Ugine Kuhlmann Group (PUK) 
that of the United States. Australia and the (20%), Comalco (13.8%), and Conzinc Riotin- 
United States had the largest increases in to of Australia (12.5%). A tentative agree- 
alumina production, and together the two ment was reached by Comalco’s major 
countries produced 45% of the world total. stockholders to rearrange the ownership of 
The countries showing the largest declines Queensland Alumina. If the necessary ap- 
were Canada and Jamaica. provals are obtained, Comalco will purchase 

Studies continued on the proposed all of Conzinc Riotinto’s interest in 
bauxite-alumina-aluminum joint venture of Queensland Alumina and a 4% interest | 
the Caricom countries, Jamaica, Guyana, from Kaiser. | 

and Trinidad and Tobago. In this venture, Nabalco, owned by Swiss Aluminium Ltd. 
bauxite and alumina would be supplied by (Alusuisse) (70%) and Gove Alumina Ltd. 
Jamaica and Guyana, and a primary alu- (80%), produced bauxite and alumina near 
minum plant based on natural gas or oil Gove, Northern Territory. Bauxite pro- — 
would be constructed at Point Lisas, Trini: duction in 1976 totaled about 4.4 million 

dad. A second phase of the project would long tons, and alumina output reportedly 
include an aluminum plant in Guyana reached 1,135,000 short tons, exceeding the 

| based on hydroelectric power. rated annual plant capacity. 
_ Australia.—Three companies, Alcoa of Plans to construct a large new alumina 
Australia (W.A.) Ltd., Comalco Ltd. and plant at Wagerup, Western Australia, about 
Nabalco Pty. Ltd., accounted for all of the 75 miles south of Perth, were announced in 

bauxite production in Australia, the world’s December. A preliminary understanding | 
_ largest producing country. Alumina was was reached by the prospective partici- 

produced at four plants, two of which were pants, which included Reynolds Metals Co., 
operated by Alcoa, one by Queensland Alu- Alcoa of Australia, and Alwest Pty., Ltd., a 
mina Ltd., an affiliate of Comalco, and one joint venture of News Ltd. and Dampier 

by Nabalco. | Mining Co. Ltd. Other companies were to be 
Alcoa of Australia was owned by Alumi- invited to participate in the consortium. 

num Co. of America (51%), Western Mining Brazil.—Mineracéo Rio do Norte S.A. 
Corp. Ltd. (20%), Broken Hill South Ltd. signed a contract in January with Constru- 
(16.6%), North Broken Hill Ltd. (12%), and tora Andrade Gutierrez for construction of 

‘two other companies (0.4%). Alcoa’s alumi- Rio do Norte’s bauxite project on the 
na plants were located in Western Austra- Trombetas River in the Amazon Basin. The 
lia and supplied with bauxite from the construction, which will include a 19-mile 

_ Darling Range. The alumina plant at Kwi- railroad, ore treatment and shipping facili- 
nana received bauxite from mines near ties, a town, and other infrastructure, was 
Jarrahdale, and the Pinjarra refinery was expected to be completed within 3 years at a 
supplied by the Del Park and Huntly mines cost of about $300 million. The project will 
north of Dwellingup. have an initial bauxite production capacity 

Comalco, owned by Kaiser Aluminum & of 3.3 million long tons. Reserves have been 
Chemical Corp. (45%), Conzinc Riotinto of reported at 500 million tons, averaging, on a 
Australia, Ltd. (45%), and the public (10%), washed basis, about 56% Al,0O, and 5% 
produced bauxite in the Weipa area of Cape SiO., plus an additional 100 million tons of 
York Peninsula, Queensland. Output in- slightly lower grade bauxite. Rio do Norte 
creased about 1% to a record 9.5 million was a consortium consisting of the Brazilian 
long tons in 1976. Shipments declined Government’s Cia. Vale do Rio Doce 
slightly to 8.9 million tons, of which 53% (CVRD), 41%; Alcan Aluminium Ltd., 19%; 
went to the Queensland Alumina refinery Cia. Brasileira de Aluminio S.A., 10%; Rey-
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nolds Metals Co., 5%, and five European gest bauxite producer in Greece, was under- 

companies, 25%. | going a $10 million investment program to 

Total bauxite reserves in the Trombetas increase annual production capacity at its 

area, including the concessions of Rio do Parnaseos (hiona mines in antral Greece 

Norte and subsidiaries of Alcoa and Nation- from 2 million tons to 3.5 million tons. The 

al Bulk Carriers, have been estimated at 2 Program will include an expansion of un- 
billion tons. Alcoa, operating through its derground facilities from about 500,000 tons 

subsidiary, Cia. de Mineracéo Santarem e en tons annual capacity Py teow | 

S.A. (COMISA), continued to evaluate its VaUxIle Tarnasse 1s the principal uree 

concessions west of the Rio do Norte project Partner in a planned 660,000 short-ton-per- 
and submitted feasibility studies to the Year aumma Blank to be constructed near 
Government: Reynolds was active in explor- ie the 1 ° rt *, te prod El 

ation of its concessions on the south bank of . " Beuxite Mines I ve. (Se List; ucer, i 

the Amazon west of Santarem. cuss pauxl Ines, inc. \calistirl group ) 

In the Paragominas area south of Belém was | reported to have an annual bauxite 
Mi c&o Vera Cruz Ltd bsidi f mining capacity of 720,000 tons, including 

aneragao Vera Cruz Utda., a subsidiary OF 200,000 tons from Aluminium de Grece’s 
| Rio Tinto Zinc (RTZ), and CVRD were Delphi Bauxites S.A. mines, which were 

conducting exploration on separate conces- operated by Eleusis. Barlos Bauxite Hellas 

sions. RTZ completed construction ofa pilot A. was reported to be producing at a level 

plant for crushing and washing bulk sam- of about 200,000 tons in 1976. Both Eleusis 
ples and was preparing a feasibility study, and Barlos were increasing production ca- 
which was scheduled for completion by the pacity during the year. Other bauxite pro- 

end of 1977. It was reported that CVRD may ducers included Distomon Hellenic Baux- 
join with RTZ in developing the RTZ deposit ites, controlled by Aluminium de Grece, 
to supply a proposed alumina plant near with an annual production of 270,000 tons, 

_ Belém. | | oe and Elikon Bauxites-G. Barlos S.A., with an 

An agreement was reached between annual capacity of200,000tons. = 

CVRD and Japanese interests to construct Guinea.—Guinea Bauxite Co. (CBG), own- — 

an alumina plant (the Alunorte project) and ed by Halco (51%) and the Government of 

an aluminum smelter (the Albras project) Guinea (49%), was the largest of three 
near Belém. based on the. use of hydro- bauxite Proqucers ‘Guinea and Produces 
electric power from the Tocantins River. 4 reported 0.4 million long tons in . 
The joint venture was to be owned 51% by Halco was a consortium of aluminum pro- 
CVRD and 49% by 32 private Japanese ducers . consisting of Alcoa (27%), Alcan 

companies. The alumina plant would have (27%), Martin Marietta Aluminum, Inc. 

an annual capacity of 880,000 short tons (20%), PUK (10%), Vereinigte Aluminium- 
and would cost an estimated $409 million. Werke AG (VAW) (10%), and Alumetal 

Alcan obtained approval to expand the ape (6%). The bauxite was mined at 

facilities of its subsidiary, Alcan Aluminio angaredi, shipped by rail to the treatment 

do Brazil S.A., at Saramenha in Minas plant and port at Kamsar, and exp orted 

Gerais. The capacity of the alumina plant nave by CBC Pe aged aco 0% ALO, 

will be increased by 33,000 tons to 133,000 (less than 3% monohydrate) and about 1% 
tons, and construction was expected to be- SiO.. 

gin in 1977. . | Kindia Bauxite Office (OBK), owned by 
Canada.—Alumina production at Alcan’s the Government of Guinea and operated 

plant in Quebec Province declined over 50% — with U.S.S.R. assistance, produced about 2.4 
in 1976, largely because of strikes at the million tons of bauxite, averaging 46% to 

company ’s alumina and aluminum plants. 48% Al.O; and 2% SiOz. The ore is mined at 

Greece.—Bauxite production in Greece Débélé in the Kindia region, shipped by rail 
declined 15% to 2.7 million long tons in to Conakry, and exported to the U.S.S.R. 4 

1976. Greek bauxite was used to supply the The third bauxite producer, Friguia, also 

alumina plant of Aluminium de Grece S.A. operated the only alumina plant in Africa. 

at Distomon, and most of the remaining Friguia was owned by Frialco (51%) and the 

output was exported. Total licensed exports Government (49%); Frialco was a consor- 

for 1977 were reduced 28% to 2,264,000 tons, tium consisting of Noranda Mines Ltd. 

with the largest allocations going to the (88.5%), PUK (36.5%), British Aluminium 

erepean dt Community, the ‘Wyllie, R. J. M. OBK, Guinea’s National Bauxite 
" oe Company, Operates 2,500,000 Ton Mine and Railroad. 

Bauxites Parnasse Mining S.A., the lar- World Mining, v. 29, No. 4, April 1976, pp. 72-75.
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Co., Ltd. (10%), Alusuisse (10%), and VAW has a high iron content (19% to 26%) but is | 
(5%). Bauxite production by Friguia totaled low in silica (2% to 4%). The Government 
1.8 million tons during the year, and alumi- company Bharat Aluminium Co. was ex- 
na production declined 18% to 617,000 short pected a be granted raining fases or these 

ns. eposits. Proposals construct alumina 
The Governments of Guinea, Egypt, Iraq, plants based on this bauxite were being 

Kuwait, Libya, Saudi Arabia, and the considered. it w ted that the J 
United Arab Emirates have agreed to a §Jamaica.—It was repo at the Ja- 
joint venture to build a large bauxite. maica Bauxite Institute, an agency of the 
alumina complex to exploit the bauxite Government of Jamaica, had reestimated 
deposits at Ayékoyé near the CBG conces- total bauxite reserves on the island at 2 | 

sion. The project will cost an estimated $1 Dilliontons. = | 
billion. Reportedly Alusuisse has agreed to Bauxite and alumina were produced by | 
conduct feasibility studies and preliminary ffiliates of five North.American aluminum 
design for the venture. | companies. In addition to the bauxite pro- 
Guyana.—Bauxite was produced by two duced to supply the four alumina plants 

government-owned companies, Guyana operated during the year, J amaican bauxite 

Bauxite Co. (Guybau) and Berbice Mines W2@S exported to U.S. alumina plants by 
(Bermine). In addition to the production of Kaiser Bauxite Co., Reynolds Jamaica 
metal-grade bauxite, Guyana continued to Mines Ltd., and Alcoa Minerals of Jamaica, 

be the world’s largest supplier of high-grade Inc : Exports of bauxite increased 15% to 6.2 
calcined bauxite for refractory uses. Guya- million long tons (dry basis) in 1976, while 
na also produced alumina. Production of xp or alumina decreased 32% to 1.8 
both grades of bauxite and alumina decreas- The le ort ros. ; te ‘productio _ | 
ed in 1976 because of heavy rains early in © d itd the G UxIte pro t ion 7 59% ‘to . 
the year, strikes at yearend, and depressed 8.0% ; f te © vvaulized « rom . al — 
markets for alumina. Shipments of metal- ~". “” OF Ene price realized on primary alu- 

. . . minum ingot. Assuming a realized alumi- 
grade bauxite to the United States increas- ice of 42 ts d. the’ 
ed, reflecting a reported contract with Rey- num price 0 cents Per pounds ne new 

oduction levy would amount to $15.62 per nolds for 300,000 to 400,000 tons. icone drv-ton of bauxite Anv j nth 
It was reported that, Guybau will replace 008 CTY t0n Of bauxite. Any increase in the 

Po nap wuyean . price received for primary aluminum above 
the rotary-kiln facilities at. its alumina 42 cents ver d ld i th 
lant with fluidized-bed calciners, which whe lowe ee rtinn tele Bees _»?P : , : bauxite levy proportionately. Reportedly, a 

were expected to reduce energy require- levy rate of less than 8% will apply under 
ments by 30% to 40%. The new facilities 5+eements reached with several producers. , 
were to be built by the West German In October, Alcoa and the Government of 
company dcorpleted br i ne Huettent- Jamaica agreed to form a joint bauxite and 

= a“ . alumina venture to be known as Jamalco. 
Haiti—The Haitian Government and Under the 40-year agreement, Alcoa will 

Reynolds Haitian Mines, Inc., reached an gel) the Government a 6% interest in its 
agreement covering bauxite taxes and ex- mining and refining assets and all of its 

| port quotas for the 5-year period 1977-81. mining and nonoperating lands. Alcoa will 
Hungary.—A new bauxite mine, IzaIl, receive a reduced bauxite levy rate for the 

near Tapolca in western Hungary, was first 8 years of the agreement and will 
_ reported to have begun production at an continue to manage the alumina plant. 

annual rate of over 400,000 tons. - Alcoa’s alumina plant was shut down for 
_India.—The Government continued its two 3-month periods during 1976. Labor 
program of exploration and evaluation of disputes caused Alcoa to suspend operations 
bauxite deposits in tne east coast States of from mid-February to early May. Two 

rissa an ra Pradesh. The bauxite months later an explosion of a pressure 
belt being investigated was said to extend vessel forced a second plant closure. The 
about 185 miles in a northeast-southwest plant was reopened in October and operated 
direction and to be 25 to 60 miles wide. at half capacity the remainder of the year. 
Much of the bauxite was reported to be in Total production of alumina at the two 
deposits ranging from 20 feet to over 100 plants owned by Alcan Jamaica Ltd. was 
feet thick, with little overburden. Prelimi- down 19% to 841,000 short tons. The decline 

nary estimates of reserves in this area were was attributed to both lower demand and a 
about 1 billion tons. Reportedly, the bauxite strike at one of the plants. Talks between
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the Government and Alcan regarding such Surinam.—Metallurgical and _ special 
questions as the ownership of bauxite re- grades of bauxite were mined by Surinam 
serves and government participation in the Aluminum Co. (Suralco), an Alcoa subsid- 
company’s equity were conducted during iary, in the Moengo area of eastern Suri- 
the year. ae nam and by Suralco and N.V. Billiton Mij. 

The alumina plant and mines of Revere Suriname in the Paranam area. Billiton’s 
Jamaica ene Ltd., were closed down im bauxite mining operations were described.5 
August 1975 and remained closed through- Suralco also produced alumina and alumi- 
out 1976. Revere initiated a suit against the num and converted bauxite to alumina for 

Government, challenging the validity of the Billiton. Total exports of bauxite, most of 
bauxite production levy as applied to Re- which was shipped to the United States, 

| vere and seeking on eaaion that its min- decreased 13% to just under 2 million long 
ing lease remained valid. hevere also a tons in 1976. Exports of alumina declined 

claim OPI oe Overseas Private pvestment slightly to 1.2 million short tons, as reduced 
rp. » 2 U.S. Government insurance shipments by Suralco offset an increase b 

agency, under the expropriation provisions _ Billiton. | | | y 

of its policy with OPIC. Neither of these § The Government of Surinam and Suralco 
| actions was resolved at yearend. _— . reached an agreement on the payment of 

pre oval al cis atrsoay roy ule raducton levis, ove the Bea : riod endin: cember 31, . The tax 

materials. Bauxite imports in 1976 totaled will be based, as it had been since 1974, on a 
4.2 million long tons, of Me 22674,000 tons rate of 6% of the price Alcoa receives on 
Came from /iustralia, UY tons Irom = unalloyed primary metal. It was reported 
Indonesia, 504,000 tons from Malaysia, and that the company also agreed to produce a 
80,000 tons from OO nae cee are ony. minimum of about 8.2 million long tons of | 
ana. adaltion , sn0 ns Of bauxite during the 3-yea iod. 

| alumina, all from Australia, was imported Grasshopper Alanintum Co. Ltd. 
for use in making aluminum. Mitsui Alumi- (Grassalco), a Government-owned company, 

: na Corp. completed installation of new fa- . was developing plans to mine lateritic-type 
cilities which doubled the alumina pro- bauxite in the Bakhuis Mountains of west- 

quien capacity at an Wakamatsu Pant. q em Surinam. A prefeasibility study of two 
| M tal Co s wholly ow ed subsi din an fp areas in the Bakhuis Mountains was con- 

Alusuicse. oo na te d The onl bauxi le tine ducted for Grassalco by Billiton in 1976, and _ 

in Sierra ‘Leone at Mokanje. Alusuisse was Grassalco reported reserves totaling over 50 rted to be ‘deri J th . f million tons of bauxite containing at least 
how baa te mine in the Port Loko aren ang 42% available alumina. A 44-mile railroad 

he ei of cnr am airina ‘il Bal rm te depots Apera ox 
want plans for the new mine materialize, a $60 million contract for its construction 

Wisse may de join | Y was awarded toa joint venture sponsored by 
the Norwegian aluminum producers, A/S Morrison-Knudsen International Co. Shi 
Ardal og Sunndal Verk and Norsk Hydro f bauxite f hese d ey P- 
A/S. The Government reached agreement ments 0 auxite rom these eposits were 
with Alusuisse and passed legislation in scheduled to begin in 1979. The feasibility of 

1976 to increase its total bauxite revenues naneatee: ot amin plant at Apoera 
accruing from royalties, mining leases, and “4S ing studied. . 
sncome tax | U.S.S.R.—The bauxite and other alumi- 

South Africa, Republic of —A discovery UM resources of the U.S.S.R., a history of 
of large low-grade bauxite deposits in the their use, and the trend toward the U.S.S.R. 

Midlands and Zululand of Natal was re 4¢Pendence on imported aluminum raw 
ported. materials were described.® 

Spain.—An 880,000-ton-per-year-capacity  , Vemezuela.—It was reported that Alus- 
alumina plant was under construction at “#sse and Corporacion Venezolana de Guay- 
San Cipriano in 1976. The plant will be —————— 
owned by the Spanish aluminum companies se ee Mio Or Bucket Wheels, Mee Woe 
Empresa Nacional del Aluminio, S.A., 55%, No 3, March 1976, PP. 4651. Problems of the Soviet Al 
and Aluminio de Galicia, S.A., 45%, and inum Industry, Resources Policy v. 2, No 4, Deseraber 
was scheduled to begin production in 1979. 1976, pp. B20 984 ee? & No. & December
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ana (CVG) would form a joint venture to required energy. 
produce alumina in Venezuela. The ven- . Yugoslavia.—Expansion of bauxite and 
ture would be named Interamericana de alumina production facilities continued in 
Alamina C.A. (INTER-ALUMINA) and Yugoslavia. A new alumina plant at Obro- 
would be owned by Alusuisse (20%) and vac, Croatia, was reported to be producing 

: CVG (80%). The proposed alumina plant at yearend at the rate of 110,000 short tons 
would have an annual capacity of 1 million per year. The plant eventually will have a 
tons, would cost an estimated $550 to $600 capacity of 330,000 tons. Another new alu- 
million, and would be located in the Guay- mina plant was under construction at 
ana region of Venezuela. The plant would Zvornik, Bosnia-Hercegovina, for Energoin- 

- provide 800,000 tons of alumina per year to vest. The Zvornik plant will have an annual - 
supply the Venalum and Alcasa primary capacity of 660,000 tons, half of which was 
aluminum plants and 200,000 tons for ex- expected to come onstream in 1977. It was 
port by Alusuisse. Production would be also announced that the alumina plant at 

based on imported bauxite, and natural gas Titograd, Montenegro, would be expanded 
available in the area would provide the from 220,000 tons to 310,000 tons. 

Table 18.—Bauxite: World production, by country 
(Thousand long tons) 

Country! 1974 1975 1976 

North America: 
Dominican Republic? > _~___§______________-_--.------ 1,190 142 508 
Haitit _§ $= =e 649 514 650 

~ Jamaica? ® = ee 15,086 11,388 10,143 
United States? __________________ ee 1,949 1,772 1,958 

South America: 
, Brazil _.._____________-______-_ +++ T3845 954 - &9gs 

Guyana®? _______________-____--~----+---------+- 3,200 3,200 2,600 
Surinam® ___________________ ee 6,600 4,850 4,500 

Europe: - 
France ____________________-_--_~------------- T2892 2,523 2,298 
Germany, West ___._________-.-_-~-_-~-----+-+-~----~-- 1 1 1 
Greece ___________________ eee 2,739 3,193 2,708 
Hungary ____________-~_____--~----_---+--_--~_-+-- ¥2,708 2,848 2,872 
Italy __-_________________ eee 31 32 24 

- Romania _______.____-____-~-----~---+--------+-- 844 167 ©790 
Spain ___._-__________ eee -- 8 11 11 
USSRE® ee 4,200 4,300 4,400 
Yugoslavia ______________- ~~ ee 2,333 2,270 2,001 

Africa: 
Ghana _________ e+ 357 314 263 
Guinea _____________ eee 7,480 £9,000 10,676 
Mozambique ______________----~-~--~~~-----~------- 5 2 2 
Rhodesia, Southern® _________________-------.------ 2 2 2 
Sierra Leone _____§______-----~--~--~----------~-~~+- 661 705 650 

Asia: 
China, People’s Republic of€ 7 _~_____._______--_--_------ 950 950 1,100 
India ___________--__-__--_------------------- 1,096 1,253 1,413 
Indonesia __ __________~_-~~-~--~--~---~---~-~---~---+-- 1,270 977 925 
Malaysia ________-___--~--~-~---~---~-~---~--~-------- 933 692 650 
Pakistan ______________-_-..---_--------------- ) __ e(8) 
Turkey _______-_~-----~--_--~_~-~--~-~+~-~~~~+-+-~-+ 654 . 621 512 

Oceania: Australia _________--_---------------------- 19,679 20,627 23,705 

Total. ____________-_-___ eee 78,362 74,503 76,337 

*Estimate. Preliminary. ‘Revised. 
1Data do not include estimated bauxite equivalent of nepheline concentrate and alunite ores produced in the U.S.S.R. 

as source materials for alumina. 
2Dry bauxite equivalent of crude ore. 
3Shipments. 
‘Dry bauxite equivalent of ore processed by drying plant. 
5Bauxite processed for conversion to alumina in Jamaica plus exports of kiln-dried ore. 
®kxcludes materials other than bauxite used for production of alumina, estimated as follows in thousand long tons: 

Nepheline syenite (25% to 30% alumina): 197 4-'2,.950, 1975-3,300, 1976-3,400; alunite ore (16% to 18% alumina): 1974- 
7500, 1975-7600, 1976-600. 

7Diasporic bauxite; includes an estimated annual production of 160,000 tons for refractory applications. 
‘ ess than 500 tons.
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Table 19.—Alumina: World production,' by country 
(Thousand short tons) 

Country? 1974 1975 | 1976P 

North America: 
Canada _____________ eee 1,394 1,250 &500 
Jamaica _____________-~_-__~----_----~-~--~-~--_---- 3,165 2,489 1,793 
United States _____-_-_--_------_--_-------+----+-- 7,589 5,660 6,400 

South America: . . 
Brazil ______-_-------------------------------- ©240 266 ©9715 
Guyana ___________-~__-_~_~-~~_-~_--~~~-++---~ ~~ +--+ 354 343 309 
Surinam _________--__-_-~----_-~-----_-~-------- *1,306 1,265 1,274 

Europe: . 
Czechoslovakia® _________-~___________ ee 110 110 110 
France ______________~____ ee 1,229 1,206 1,124 
Germany, East ___________-_--_-__------~-------+--- 53 53 °53 
Germany, West ______________-_____-_~---_---~-__- 1,441 1,374 1,470 
Greece ______~______~___~-~--_~___-~ ~~ ee 544 523 495 
Hungary ______________~i ~~ 7788 855 &g860 
Italy® _--_ ee ™810 820 820 
Romania® _________________ 410 440 440 
United Kingdom ____ =e 104 91 ©100 
USS.R®© ¥2,500 *2,600 2,800 
Yugoslavia ______________________-__ eee 301 312 “511 

Africa:Guinea —~_~_______ Lk - 783 709 617 
Asia: 

China, People’s Republic of€ _~___._§_.._-___________-____- 440 460 570 
India ~__ ~________ ee F359 371 480 — 
Japan ____ ~~) Le 1,985 1,725 1,556 
“Taiwan __._~_______ ~____ ee 50 51 °50 | 
Turkey _-_________~_____-__--~-- ~~~ +--+ 136 90 ©1388 

Oceania: Australia _.___._-________-____-~_-------~---~-- 5,401 5,652 6,841 

Total _.__________------------~--~--~-+--+---~--- 31,437 28,715 29,586 

°Kstimate. Preliminary. ‘Revised. . 
: 1Figures presented generally represent calcined alumina equivalent of total alumina production. . 

2In addition to the countries listed, Austria produces alumina (fused aluminum oxide), but output is entirely for 
abrasives production. Output totaled 31,110 short tons in 1973; production data for 1974-76 are not available. 

Table 20.—World annual alumina capacity 

(Thousand short tons, yearend) 

Country 1974 1975 1976 

North America: r 
Canada ____~___-__ ee 1,387 1,387 1,387 
Jamaica _____________ ee 3,310 3,359 - 3,359 
United States ______________ Le 7,770 7,805 7,805 

South America: 
Brazil __-__--__________ eee 285 365 431 
Guyana _____ Lt 390 390 390 
Surinam _~__ ~~~ LL 1,490 1,490 1,490 

Europe: 
Czechoslovakia _~_._________________-__ et 110 110 110 
France ~________ ~~ Le 1,485 1,460 1,440 
Germany, East ~_________ LLL 70 70 70 
Germany, West ___________________ Le 1,916 1,916 1,906 
Greece ___________ LLL; 540 551 551 
Hungary __________~____ ee ©3800 ©3800 851 
Italy -._ - -- -- Le 1,025 1,014 1,014 
Romania _________________ ~~ Le 550 550 550 
United Kingdom ________§___ LL 110 110 138 
USS.R® ~~ Le 3,500 3,500 3,500 
Yugoslavia _____§__________~__ Le 374 683 793 

Africa:Guinea ~______________ LL 172 172 772 
Asia: 

China, People’s Republic of © _._._-_-.-_._-________-__________ 400 400 500 
India _~-___~____ Le 710 725 749 
Japan ____ Le 2,709 2,709 2,904 
Taiwan _________ Le 84 84 84 
Turkey __-___________ eee 220 220 220 

Oceania: Australia __-________________~___---------__-- 5,805 7,385 7,430 

Total _._-_____________ 35,762 37,855 38,444 

“Estimate.
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TECHNOLOGY 

Research and development of processes to oil shale deposits.*° Another process to re- 
use nonbauxitic aluminum resources was_ cover oil, alumina, nahcolite, and soda ash 
continued in countries with insufficient was under investigation by Superior Oil 
bauxite resources by both government and (o.1! 

private organizations.’ A joint venture of Earth Sciences, Inc., | 
The Federal Bureau of Mines continued National Steel Corp., and Southwire Co. 

its research program on the recovery of continued its research and planning for the , 
alumina from clay, anorthosite, and other production of alumina and fertilizer bypro- a 
raw materials abundant in the United ucts using alunite deposits in southwest- | 
States. The most promising technologies for ern Utah. A pilot plant program and pre- ! 
extracting alumina were being tested and liminary engineering and cost analysis were 
developed in small pilot plants, or mini- reported to be near completion at yearend. 
oe tne Bureau's Boulder me a €va- An environmental impact statement for the 
Additional BY h gine Ot thie ¢ ffon ; Project, which would produce 500,000 tons 

Mona" researc’ In Support of this eltor per year of alumina, was being prepared. 
was being conducted at other Bureau re- Iran and the U.S.S.R. were reported to 
search | centers.° The miniplant Program have signed an agreement to build a plant was initiated to evaluate the various pro- Teh to prod alumina f al 
cesses on a comparative basis and to obtain "©? “eran to produce alumina trom alu- 
cost and engineering data for the design nite deposits in Iran using Russian tech- 
and operation of large-scale demonstration nology. The plant would have a cap acity of plants. Nine companies were participating 590,000 tons per year and cost an estimated 

with the Bureau in the miniplant project on $600 million. : 
a cooperative cost-sharing basis. a uminium P tae and walcan compet 

In 1976 the major emphasis of the mini- ©@ Construction of a pilot plant near Mar- 
7 plant program was on the hydrochloric acid sen nes, France, in September. ne Pant wi 

rocess for recovering alumina from clay, st the fi-rius process, which uses bo 
oad test runs of seeoral sections of thea sulfuric acid and hydrochloric acid to re- 

miniplant were completed. The clay-nitric cover high-purity alumina from shale, clay, 
acid miniplant was placed on standby and other low-grade aluminous materials. 
status, and the design was completed and The plant was designed to produce 20 tons 
equipment was ordered for facilities to re- of alumina per day. 
cover alumina from anorthosite using a A/S Ardal og Sunndal Verk and Elkem 
lime-sinter process. At yearend the Bureau Spigerverket, two Norwegian aluminum | 
awarded a $1.6 million contract to Kaiser companies, were reported to have con- | 
Engineers to evaluate several of the alumi- structed a pilot plant for testing a new | 
na processes being tested by the Bureau process for extracting alumina from anor- 
and, subsequently, to design a larger pilot thosite. The two firms have acquired rights , 
plant based on a process which will be to large anorthosite deposits containing 
selected by the Bureau. about 30% AI.O; in western Norway. 

The Bureau reported on its investigations 
of the potential for recovering aluminum 7Patterson, S. H. Aluminum From Bauxite: Are There 
from copper-dump leach liquors by the use Alternatives? Am. Scientist, v. 65, No. 3, May-June 1977, vy 

of single-contact ion-exchange technology.» "spiscie, J. A, L. E. Schultze, D. J. Berinati, and D. J 
Dawsonite, an aluminum mineral occur- Bauer. Amine Extraction of Iron From Aluminum Chlo- 

ring in the oil shales of the Piceance Creek Mag dT ond DG. Sele) Pesce alumin um 
Basin in Colorado, has been of inverest as a From, Copper Leach Liquor by Jon Exchange, An Explora- 
potential source of alumina should the ‘ry Study. BuMines » 1910, 26 PP. | 
shales be mined to recover oil. The Bureau liminery Tena Reon (esced on Potential tarne : 
placed on open file reports which explore Scale Ou Shale. Development, June 15, 1976, 2 PP. for N 
the technical and economic feasibility of guile Oil Process V. 55, No. O Jon else pp. O78. 
three different methods of developing these
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Berylli 

By Benjamin Petkof | 

Bertrandite was the major commercial Legislation and Government  Pro- 
beryllium mineral produced in the United grams.—On October 1, 1976, the Federal 
States, and it contributed a significant pro- Preparedness Agency of the General Ser- 
portion of the world beryllium mineral VICES Administration, issued new goals for 

ly. A small tity of beryl also beryllium materials in the strategic stock- 
supply. A smali quantity of beryl was a pile: Beryl, 0; beryllium-copper master al- 
produced domestically . Ore consumption loy, 16,710 short tons; and beryllium metal, 
and imports declined, but exports of beryl- 895 tons. No beryl was released from the 7 
lium materials increased. strategic stockpilé during the year. 

Table 1.—Salient beryllium mineral statistics 

1972 1973 1974 1975 1976 | 

United States: . 
Beryl, approximately 11% BeO: : 
Shipped from mines. ..__________ short tons_ _ WwW if Ww WwW WwW 
Imports ____.____._-____--__-_--_do____ 8,345 1,586 1,868 1,479 ‘1,058 
Consumption? __.._-_-.._....__-.._-.do____ 7,781 8,695 9,279 4,850 8,740 
Price, approximate, per unit BeO, imported 
cobbed beryl at port of exportation _....._...- ~~ $30 $30 $30 = $80 $33 

Bertrandite ore: Utah, low-grade, shipped from 
mines _____._.._____.._..~—..~ short tons. _ WwW Ww Ww Ww Ww 

World production of beryl_— ..----~----------do___- 4,380 8,963 3,469 3,608 3,085 

FRevised. W Withheld to avoid disclosing individual company confidential data. 
1Includes bertrandite ore which was calculated as equivalent to beryl containing 11% BeO. 

DOMESTIC PRODUCTION 

Bertrandite was the Nation’s major and Reading, Pa., into beryllium metal, 
| source of beryllium ore during the year. alloys, and oxide. 

_ Brush Wellman, Inc. (Brush) produced the In December 1976, Brush announced 
bertrandite ore at its Spor Mountain mine _ Plans to build a beryl ore processing facility 
in Millard County, Utah. A small quantity h its hertrandite Processing plant in pra. 
of beryl producti also reported i e company plann spend an estima- 
South Delota and Arivona. pe m ted $4.5 million on the new plant. Upon 

Brush converted its ore to beryllium hy- Conable of pr this iy any commercicl a 

cromide at a racy no ae eng lium ore to beryllium hydroxide. Brush 
and then 8 pped © hydroxide ‘0 1 " planned to close its beryl processing facility 
more, Ohio, facility for conversion to bery]- at Elmore, Ohio, in 1977. 

lium oxide, metal, and copper alloys. Domestic production of beryllium metal 
Kawecki-Berylco Industries, Inc. (KBI) declined in 1976, but production of beryl- 

produced beryllium materials principally lium containing alloys and beryllium oxide 
from imported beryl. KBI processed beryl- 
lium hydroxide at its plants in Hazelton 1Physical scientist, Division of Nonferrous Metals. 
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increased. Improvement in metal produc- of new space and nuclear energy programs 
tion is expected to occur with the inception that specify the use of beryllium metal. 

CONSUMPTION AND USES 

The domestic beryllium industry con- lium consumption. These alloys were used 
sumed beryllium ore equivalent to 3,740. by the business machine, appliance, trans- 

7 tons of beryl containing a nominal 11% portation, and communications industries. 
BeO, a decline of 23% from that of 1975. Beryllium-copper alloys were also widely 

Beryllium metal, with its high stiffness- used in electrical and electronic systems for 
to-weight ratio, continued to be used pri- connectors, sockets, switches, and 
marily in defense and aerospace applica- temperature- and pressure-sensing devices 
tions. The metal was used in the manufac- to ‘de reliability and 1 ice lift 

| ture of commercial and military naviga- provide relabulity and tong service lite. 
tional systems, satellite structures, space . Beryllium oxide ceramics were used in 

| vehicle instrumentation and optics, X-ray asers, microwave tubes, and semicon- 
transmission windows, aircraft brakes ductors, primarily for heat dissipation in 
and structures, and missile parts. _ _ these devices. In addition, beryllia was used 

| Products utilizing beryllium-copper alloys as a substrate in various electronic devices — 
accounted for the greatest quantity of beryl- andequipment. — | | 7 

| STOCKS | | 

Consumer stocks of beryllium minerals increase above those of 1975. Dealers’ stocks 
totaled 3,957 tons at yearend 1976, a 12% __ of beryl were not reported. . 

: | PRICES AND SPECIFICATIONS . . 

There were no known price quotations for Vacuum cast ingot, $75 per pound; metal 
the small quantities of domestically pro- bead (97% purity and 10,000-pound lots), 
duced beryl. The price of any available $61 per pound; metal powder (20,000-pound 
domestic beryl was negotiated between buy- lots), $56 to $63 per pound; metal rod, 

er and seller. At the beginning of the year, $125.55 per pound; beryllium-copper master 
Metals Week quoted the price of imported alloy, $59 d of contained beryllium: 
beryl at $30 per short-ton unit of contained Oy, pov per pound of contain tym, 
BeO. As of February 12, 1976, to the end of eryllium-copper casting alloy, $2.05 to 
the year, Metals Week quoted the price at $2.86 per pound; beryllium-copper in strip, 
$40 to $42 per short-ton unit. At yearend, rod, bar, and wire, $4 per pound; beryllium- 
American Metal Market quoted the aluminum alloy ingot, $72 per pound; and 
following prices for beryllium materials: beryllium oxide powder, $26 per pound. 

- FOREIGN TRADE a 

Exports of wrought, and unwrought be- Beryl ore imports decreased 28% in 

ryllium alloys and of waste and scrap in- quantity and 19% in value from those of 
creased threefold in quantity over those of 1975. The average value of imported mate- 
1975 but did not reach the level of 1974. rial was $359 per ton in 1976 compared with . 

Total value of exports increased 52%, $316 ton in 1975. Forty-eight t of | . per ton in . Forty-eight percent o 
although average value of exports declined US. i rts f Brazil. 11% f 
from $30.85 per pound to $15.38 per pound, “©. Imports came trom brazil, i. 70 from 
still above the average value of $7.71 for India, 10% each from France, and Austra- 
1974. In terms of quantity, 65% of the total lia, and 9% from the Republic of South 
material exported went to Mexico, 11% to Africa. In addition, 1,492 pounds of wrought 

Japan, 8% to the United Kingdom, and 4% and unwrought, waste and scrap beryllium 
to France. metal valued at $3,117 were imported.
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Table 2.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap’ : 

1975 1976 

(thou- (thou- 
(pounds) sands) (pounds) sands) 

Argentina __ Le 130 $1 —— _- 
Austria. ~~~ ~~ 5 Le __ _- 32 $1 
Belgium ___________________ Le a __ 4 2 
Canada__________________ 9,787 75 3,204 63 
Finland____~§___§________________ Le 414 3 -- -- 
France _-______________ 4,528 306 4,718 325 
Germany, West _____ 5 5 5 5 5 921 53 701 92 - 
Hong Kong. ___________ -- _- 3,000 8 
India ~~~ > = 16 1 162 1 
Israel _. 5 5 5 1 _- — 
Italy_._-__________________ 771 30 2,419 49 
Japan. Le 5,529 203 12,591 255 
Mexico _._. >_> §_ Le 2,500 2 73,960 61 
Netherlands______~§____ _§__ 20 9 1,407 63 
Switzerland ________________ Le 1,073 28 2,374 89 
Taiwan ~~ Le 100 1 3 5 
United Kingdom ______________________ eee 11,542 439. 9,568 142 

Total. _--_____________ 37,336 1,152 114,148 1,756 

1Consisting of beryllium lumps, single crystals, powder, beryllium-base alloy powder; beryllium rods, sheets, and wire. 

Table 3.—U.S. imports for consumption of beryl, by customs district and country 

oe 1975 1976 

Customs district and t ‘Quantity Value Quantity Value 
ms chetrict and couniry (short (thou- (short - _ (thou- 

| tons) sands) tons) sands) 

Philadelphia district: 
Argentina __ 2 5 110 $31 -_— -- 
Australia ~_-_-____~__ ~~ __ _— __ 103 $38 
Bolivia _§______________2_ —_ __ 11 3 
Brazil ---_____________________ ie 7719 276 512 201 

France ~. 2 2 e __ — 103 35 
India______________________ __ __ 120 46 
Portugal __ ~~ 93 32 __ _— : 
Rhodesia, Southern _____ $$ _-§____~_~___~___ 42 15 _— ae 
Rwanda ________________________ 22 3 66 14 
South Africa, Republic of _. ...§-§-_.._..---_--__- 207 50 97 34 
Uganda _____ ee 78 14 44 9 | 

Total..-______-____ ee 1,331 421 1,056 380 

Baltimore district: 
Brazil __-___ ~~ LL 33 12 — -_- 
Mozambique ____________~___ ee 39 11 _- __ 
Uganda _______ ee 38 12 _- — 

Total_______________ 110 35 __ __ 
New Orleans district: South Africa, Republic of ______.__—~ 138 112 __ __ 
New York City district: Mozambique _________________ __ __ 2 ) 

Grand total... .__.-_..-.--_--.------- 11,479 1468 1,058 380 

1 Adjusted by the Bureau of Mines. 
2Less than 1/2 unit. 

WORLD REVIEW 

Total world production of beryl declined the United States a significant world source 

below that of 1975. Beryl competes with the of commercial beryllium minerals. Any fu- 
nonpegmatite mineral bertrandite asacom- ture increase in U.S. bertrandite mining 
mercial source of beryllium. . wy. . 

The capability of mining and processing and processing capability could displace 

Utah bertrandite ore that has been develop- additional world beryl output that is recov- 

ed during the past 10 to 15 years has made __ ered by hand mining and sorting.
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, Table 4.—Beryl: World production, by country . 
(Short tons) 

| | 
Country! 1974 1975 1976 

. . 

Angola® ___ 100 35 35 Argentina ____~_____~__- 2 125 303 220 Australia. __-_-_____- 87 __ __ 
Brazil® ___-________-_-_ 1,000 1,000 800 Malagasy Republic _____________________________ 14 17 “17 Mozambique ___________________ 9 “10 “10 Portugal ________~____-______ 17 28 -- Rhodesia, Southern® _________.__._____________ 70 70 70 Rwanda _________________ ™65 20 __ . South Africa, Republicof _....______________ 2 85 €3 Uganda® _____- 60 60 60 USSRe 1,700 T1,760 1,820 United States _-____._ WwW WwW Ww Zambia _______ 2. 220 220 _- 

Total ~~~ 3,469 ™3,608 3,035 
_—eoe— 

resets *Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
'In addition to the countries listed, the Territory of South-West Africa may also have produced beryl, but available information is inadequate to formulate reliable estimates of output levels. a - 

TECHNOLOGY 

A report provided guidelines for deter- beryllium in the construction of controlled 
mining beryllium emission rates from sta- nuclear reactors.? 
tionary sources. The report included guidee = —___ | 

_ lines on good operating practices, assess- *Wohlschlegel, P. S., F. Smith, and D. E. Wagoner. 
ment of performance and qualification of Guidelines for Development of a Quality Assurance Pro- . . . . gram: V. XI - Determination of Beryl Emissions From data, identification of trouble and improve- Stationary Sources, Environmental Monitoring and Sup- 
ment of data quality, and design of auditing _port Laboratory. EPA-650/4-74-005-K, April 1976, 156 pp. 
activities.2 SAllison, G. S. Assessment of Materials, Needs for 

. . Fusion Reactors. Battelle Northwest Laboratories. July 
A report assessed the potential use of 1976,5 pp.



 . By John A. Rathjen! - 

wo Domestic consumption and imports of Exports dropped to 68,488 pounds, a re- . 
_. . bismuth in 1976 increased sharply over the duction of 60,405 pounds from those of 1975. 

totals reported in 1975, while both domestic This was attributed to reduced demand and 
_ production and exports declined during the low prices in the European market. The 

| year. Consumption ..rose to 2.4 million domestic price remained at $7.50 per pound 
~.- pounds, an increase of 71% above that of throughout the year despite the apparent 
~. 1975. With the exception of other alloys, increase in demand in the United States. 
_. Consumption in all categories increased and World bismuth mine production increased 
- cumulatively was over 1 million pounds 5% to 9.26 million pounds. The general | 

_ higher than that of 1975. Imports of pattern of production was unchanged from | 
_ »» bismuth were up 75% to 2.3 million pounds. _ the previous year. Be 

ee 7 : Table 1.—Salient bismuth statistics - | 
ee ound) 

: ae " oe 1972 1978 1974s‘ 1975 1976 

“United States: 7 - oe _——- oo a _ Consumption _______-_-------- 2,815,584 2,906,219 2,288,978 1,406,021 2,410,584 
_ 'Exports! 2 264,276 151,058 329,926 128,893 68,488 | “Inyports, general 2 s«i1,562,984 2,683,671 1,898,744 1,331,173 2,328,051 

-. ° Price: New York, average per pound | : - se stonlots - oe $8 $4.92 © $8.41 $7.72 $7.50 . »" Stocks Dec. 31: Consumer __________ 717,466 540,756 596,757 . — 451,250 483,810 | _ World: Production?_____..__._.-___ 8,808,000 8,205,000 “10,631,000 78,818,000 9,262,000 : 

'Includes bismuth, bismuth alloys, and waste and scrap, __ - a , . 
?Excludes the United States. | 

| Legislation and Government Pro eligible for exploration assistance under 7 : 
grams.—Government stocks of bismuth re the program administered by the Office of 
mained at 2,081,298 pounds. Broken down, Minerals Exploration (OME). However, no 
the total included 567,186 pounds in the funds were available in 1976 for exploration 
national stockpile and 1,514,112 pounds in projects, and none have been requested 
the supplemental stockpile. On October 1, since fiscal year 1974. The Tax Reform Act 
1976, the Federal Preparedness Agency - of 1969 provides a percentage depletion 
(FPA) set a new goal for bismuth of 771,000 allowance of 22% for domestic production 
pounds. This resulted in a surplus of and 14% for U.S. companies producing 
1,310,298 pounds, which would require con- from foreign sources. 
gressional authorization for disposal. Bis 8 | , 
muth remained on the list of commodities ‘Mineral specialist, Division of Nonferrous Metals. 

| | 217
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| DOMESTIC PRODUCTION 

| Bismuth was produced almost entirely ‘East Chicago, Ind. A small quantity of | 
from the treatment of lead ores and bullion’ ‘bismuth was also recovered b clin: 
of both foreign and domestic origin. A single secondary material at the United Refining 

primary refinery operated by ASARCO, Inc. and Smelting Co., Franklin Park, Il. U.S 
at Omaha, Nebr., accounted for some 99% ~~ a Coe ee 
of the primary U.S. production. A final | refinery production statistics are withheld 

shipment was made of primary metal from to avoid disclosing company confidential 
| the lead refinery of UV Industries, Inc., at data. . | 

=, CONSUMPTION AND USES) > ne 

| Consumption of bismuth in the United of 1975. The major part of this growth was 
_ States during 1976 was 2.4 million pounds, a . attributed. to the use of bismuth in the 

rise of 1 million pounds over the quantity industrial chemical area, where it functions 
consumed in 1975. All consumption catego- as.a catalyst in the manufacture of. acrylon- 
ries, with the exception of other alloys, itrile. Use of bismuth in the metallurgical 

| showed increases. The largest increase oc- area also rose significantly, reflecting a 
| curred in the pharmaceutical sector, which general rise in the domestic economy. 

consumed almost 1.4 million pounds, a gain Bismuth consumption ‘in cosmetics’ :ré- 
| of some 840,000 pounds compared with that mained steady. . 

Table 2.—Bismuth metal consumed in the United States, by use |. oO 

4 | - (Pounds) Tes eS 

—a——— Use | 1975, “1976. 

Fusble alloys --_-------- 401,982  —-»—-. 518,648 
Metallurgical additives _.___________________________________ 416,200 455,940 
Other alloys ___._§_-§_§_-_____ 26,007 _ 20,268 
Pharmaceuticals! _____________-_-_-_-_- 553,318 | 1,891,668 . 
Experimental uses __ __- .§ - -___ ~~ . 713 . 8,756 
Other uses _ __ _______-~-----~___-~_--~~- ~~ 7,856 15,814 

Total 1,406,021 — B,a10,584 

| ‘Includes industrial and laboratory chemicals and cosmetics. = BE 

| STOCKS 

~ Consumer stocks at yearend were 483,810 year. No data are available on producer or 
pounds, a rise of 32,560 pounds during the dealer stocks. : 

| | PRICES _ 

The domestic producer price for refined first quarter but declined during the year, 
bismuth was $7.50 per pound throughout closing in December at $4.50-$4.80 per 
the year. Dealer quotations rose toa range pound. ~ 
of $6.50-$6.80 per pound at the end of the 

FOREIGN TRADE 

Exports of bismuth in all forms dropped exported to 17 countries, of which 7 ac- 
sharply for the second consecutive year to counted for about 95% of total shipments. 
68,488 pounds, a decline of 60,405 pounds The principal countries receiving U.S. ex- 
from that of 1975. During 1976, bismuth was ports, in order of declining quantity, were
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Italy 21,075 pounds, 31%; Canada, 16,503 Japan, 12% each; Mexico, 11%; the Repub- 

pounds, 24%; the Netherlands, 8,722 lic of Korea, 8%; Belgium-Luxembourg, 7%; 
pounds, 13%; the United Kingdom, 6,712 Chile (Bolivia) 5%; and Canada, 4%. Chile 
pounds, 10%; Spain, 5,758 pounds, 8%; Ire. does not produce bismuth in any form; 

_ land, 3,348 pounds, 5%; and Belgium- however, Bolivia has no seaport and Boliv- 
Luxembourg, 2,754 pounds, 4%. ian materials shipped to the United States | 

General imports of metallic bismuth in count Chilean Por Show th e intermediate 
1976 increased by about 997,000 pounds to ry as a port oforigin. © 
2.3 million pounds as compared with that of | . | 

1975. This large increase was attributed Table3.—U.S.exportsofbismuth’ __ — 
primarily to the general uptrend of the quae 
economy and reflected the very strong de-. Year might, Value 
mand in the category of industrial chem- OE 
icals. A total of 12 countries supplied the 1973--------------- 151,058 $446,284 
U.S. import requirements; 9 of these jgi¢2---777~77777- amas eair17 
accounted for about 96% of the total. The 1976? -------------- _—8,48B_ 518,660 : 

principal suppliers were Peru, 24%; the —rnciudes bismuth, bismuth alloys, and waste and scrap. a 
United Kingdom, 13%; West Germany and 2Adjusted by the Bureau of Mines. 7 | 

‘Table 4.—U.S. general imports of metallic bismuth, by country | _ 

i :—=“‘*dWSS(C“(#“S#NSNNNNNNNSCSC*«‘Cj#’“*SONOSC*~‘(CCSCOW® | 
Country Quantity. Value.+~«SQuantity.=ss=<‘éWV ale | 

Belgium-Luxembourg ~~ —_——--—~—------~--' ‘84,944 $596 151,690 $790 

Canada_______________----___---_- 51,143 409 100,983 612 
Chile ________________ ee __ _ 107,364 694 
France ________-__~-___~~---------- 22 . () - ae 

_ Germany, West _______________------- 102,290 802 288,028 2,152 
India ___________________-_~----_- oe __ 55,000 299 
Italy_____________________ __ __ 2,208 12 
Japan___________________--______- 190,962 1,256 278,995 1,634 
Korea, Republic of ___________-_-+------ 125,951 668 177,666 970 
Mexico _____________________------ 161,834 955 248,120 1,509 
Netherlands_______________________- 4,349 230 «Ct me 
Peru______-_______________--_---- 140,630 1,177 569,078 ~ 3,261 
United Kingdom ____________________- 434,060 3,343 307,818 2,037 | 
Yugoslavia________________--_---___ 34,988 213 _ 41,106 184 

Total _._____________--_------- 1,831,173 9,442 - 2,828,051 14,154 

1Less than 1/2 unit. 7 

WORLD REVIEW ae | 

Although USS. consumption recovered The main source of bismuth from Australia : 
substantially during 1976, world production in 1976 was a gold-bismuth bullion which | 

increased only slightly. This was attributed was shipped through northern Europe for 
primarily to the decreased use for phar- gold recovery, with residue moved forward 
maceuticals in France and the generally to the United Kingdom for bismuth recov- 
slow recovery of the European economy ery and refining. Minor amounts of bismuth 
from the recession of 1975. All of the pro- were also shipped from Australia as bypro- 
ducing countries produced at levels similar ducts in lead ores and concentrates; how- 
to those in 1975. ever, the bismuth assays were too low to 

Australia.—Mine production of bismuth be accountable for production purposes. 
in Australia rose nominally from 1.8 million Bolivia.—Bolivia became the world’s 
pounds in 1975 to an estimated 1.9 million leading producer of refined bismuth in 
pounds in 1976. Production continued to be March with the inauguration of the new 
somewhat curtailed since copper mining by Corporacién Minera de Bolivia (COMIBOL) 
Peko-Wallsend Ltd. at Tennant Creek in refinery at Quechisla, Potosi. The refinery, 
the Northern Territory remained dormant. with an annual estimated capacity of 13
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million pounds, was built at a cost of ore. In some areas the bismuth assays have 
oe $500,000 by the Belgian firm Sidech. Metal been established at 0.11% to 0.15% and 

of 99.99% purity was shipped during the could provide a considerable increase to 
| year. Bismuth is also shipped in the form of world production. 

| _ ores and concentrates by COMIBOL as well Japan.—Production of bismuth metal in | 
as by independent medium and small Japan during 1976 continued at about the 

| miners. Bolivia is one of the few countries same level as in 1975 totaling 1.5 million 
| in which bismuth is mined directly rather pounds at yearend. | : 

than as a byproduct. Mexico.—Production of bismuth in Mexi- 
| Canada.—Bismuth metal was produced co during 1976 was about 1.3 million 

by two companies in Canada. The smelting pounds, a substantial recovery from the 
division of Brunswick Mining & Smelting relatively low 981,000 pounds in 1975. Two 

| Corp. Ltd. produced metal at its Belledune companies; Industrial Minera Mexico, S.A., 
plant near Bathurst, New Brunswick. The and Met Mex Pefoles, S.A., continued as 
other principal metal producer was Comin-_ the producers of metal and bullion at their 

| co Ltd. at its lead-zinc plant in Trail, British refineries, both of which are located in 
| Columbia. Most of the metal produced in Monterrey, in the State of Nuevo Léon. 

Canada came from ores mined within the Peru.—Bismuth production in Peru con- 
| country, although small quantities were tinued at a steady level, totaling 1.4 mil- 

recovered from imported ores. Recent ex- lion pounds during 1976. Metal was pro- 
| | ploration in Charlotte County, New duced at the Oroya works, managed by 

Brunswick, established a large reserve of Centromin-Peru, and marketed on a 
c, a complex tungsten-bismuth-molybdenum worldwide basis by Minero Peru Comercial. 

: | Table 5.—Bismuth: World mine production, by country | 
7 | So (Thousand pounds) 

a | ee | 7 NE 
Argentina (in ore) ~-_.___§______________ 8 e?) e) 
Australia (in concentrates) ___._§_§_____=_________ 2.579 1,882 ©1,900 
Bolivia _________ ~~~ ~~~ LL _ F 37351 31,348 1,349 
Canada ________ 245 345 337 
China; People’s Republic of (in ore)!®____§___§___________ 550 550 550 
France (metal)___$_________-_ 2-2 7125 128 “132 
Germany, West (in ore)®_ $5 5 = 5 22 23 23 Japan (metal) = 5 1,837 1,480 1,501 
Korea, Republic of (metal) ~.___~____________ 289 249 ©265 

- Mexic*____- = = 1,583 981 1,280 
Mozambique® ___.__§__.-_§ = = 9 9 _— 
Peru*____ 1,469 1,354 ©1,400 
Romania (in ore)® $$$.» 5 180 180 180 
Sweden (in ore)®_ $$» 2 — 33 33 33 

. Uganda (in ore)® _~_-_ 9 9 10 
U.S.SR. (metal)® _-- 130 130 130 United States _._-__________- \ aan W Ww Yugoslavia_____-__________ 220 122 172 

Total_____-__---____- 10,631 8,818 9,262 $$$ EE 
estimate. Preliminary. "Revised. |W Withheld to avoid disclosing individual company confidential data; not 

Inclu im ° , 

‘In addition to the countries listed, Brazil, Bulgaria, East Germany and the Territory of South-West Africa are 
believed to produce bismuth, but available information is inadequate for formulation of reliable estimates of output 
evels. 

2Less than 1/2 unit. 
$Production by COMIBOL plus exports by medium and small mines. 
*Bismuth content of refined metal, bullion, and alloys produced indigenously, plus recoverable bismuth content of 

domestic ores and concentrates exported for processing.



Boron. ee 

| | By J. W. Pressler’. OO | 

| In 1976, U.S. production and consumption and chemicals in the United States, con- 
of boron minerals increased somewhat com- suming more than 50% of the total supply. 
pared with that of 1975, however the total During the year, a constantly increasing 

. value of sales and captive uses increased to market for thermal insulation caused in- | 
$185 million, the largest amount in history. creased- demands on borate minerals and 
Exports of boric acid increased slightly in chemicals in insulation fiberglass (glass : 
1976, while exports of refined sodium borate wool) and on boric acid in the production of | 
were unchanged. Production was main-_ cellulosic insulation (paper wool). 
tained at near peak levels, and the three California provided the entire U.S. output . _ 
major producers had a steadily increasing of boron minerals, mostly as sodium borates a 

_ market demand during the year. and boric acid but more recently with some , 
Insulation fiberglass, textile fiberglass, calcium borates. Imports of calcium borate : 

and borosilicate glass products continued to (colemanite) from Turkey in 1976 increased | 

be the principal uses for borate minerals slightly over those of 1975. oe : 

Table 1.—Salient boron minerals and compounds in the United States 
(Thousand short tons and thousand dollars) .. . . 

- 1972 1978 1974 1915 - =: 1976 

Sold or used by producers: oe Le | 
Quantity: . oe 

, Gross weight _.______________- 1,121 1,225 1185 1,172 1,246 
Boron oxide _________--.---__- 607 664 - 619. " 603 630 . 

Value______________________=____ $95,882 $113,648 $128,806. $158,772 $184,852 — 
Imports for consumption:! . , _— 

Quantity -—----_------~-~-----~-- 20 18 a) nr: 30 
alue__________________.-----__- $626 $568 . $852 $1,560 $1,958 

1Colemanite only. 7 

DOMESTIC PRODUCTION | | 

Domestic production and sales of boron ly becoming of great importance in world Oo 
minerals increased 4% in 1976, compared trade. U.S. Borax now processes over 10,000 
with that of 1975. Most of the output con- tons of ore per day, producing principally 
tinued to come from Kern County, Calif., crude sodium borate, refined sodium borate, oe 
and to a smaller extent from San Bernardi- and their anhydrous varieties at the Boron 
no and Inyo Counties, Calif. mine site. During the year, the $54 million 

At Boron, in Kern County, the large open expansion project at Boron continued ‘on 

pit mine and refining plant belonging to schedule; a major portion of the new capaci- | 
U.S. Borax & Chemical Corp., a member of ty was to be onstream by 1977. This project __ 
Rio Tinto-Zinc Corp., Ltd., of London, Eng- will provide a 25% to 30% increase in the | 
land, continued to be the world’s chief output of U.S. Borax’s primary products, 
source of boron, although Turkish tincal, ——H~~____ 7 

colemanite, and refined products are rapid- 1Physical scientist, Division of Nonmetallic Minerals. 

221
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_ pentahydrate and decahydrate borax. Con- with combined capacities of approximately 
7 siderable “debottlenecking” of the facilities 130,000 tons of B.O; equivalent per year. 

was accomplished during the year, and  Borates were produced along with potas- 
design of additional facilities to further sium compounds, lithium carbonate, soda 

| expand capacity was in progress. The com- ash, and salt cake from the mineral-rich 
| pany’s chemical plant at Wilmington, Calif., brines. The Westend plant had a capacity of 

produced a variety of high-quality specialty 25,000 tons per year of B,O; equivalent, 
| borate products and had a secondary principally as anhydrous borax. The 

function of serving as an overseas shipping flowsheet was based upon the carbonation 
, point for bulk shipments. The rated capaci- process. At the nearby Trona plant, Kerr- 

ty of the boric acid plant at Wilmington was McGee utilized the carbonation process and 
increased 25% in 1976, and the spray-dry a differential evaporative process with a 
plant’s capacity was tripled. The company’s combined capacity of 100,000 equivalent 
total production increased slightly during tons of B.O; per year to produce borax 
1976. Demand for all industrial borax pro- pentahydrate and decahydrate, boric acid, 
ducts increased steadily during the year. and anhydrous borax. Boric acid was also 

| Economic recovery started later'than might produced from weak brines by liquid-liquid 
have been expected by reference to 1975, extraction. A major new soda ash plant is 
but by the latter part of 1976 sales were being constructed adjacent to these existing 
again at a very satisfactory level. facilities for completion by yearend 1977, 

' Boric acid was projected to have a strong but a borate cycle apparently is being defer- 
. growth rate for'a large variety of end uses, red until the recovery economics are feasi- 

‘including cellulose ‘insulation and fire- ble. | | | 
resistant cotton batting, textile fiberglass, In 1976, Tenneco Oil Co., the third U:S. 

and heat-resistant glass, and U.S. Borax producer, significantly increased production 
| | was giving serious consideration to addi- of colemanite and ulexite from its Ryan 

tional boric acid capacity at yearend. At mine near Death Valley, Inyo County, Calif. 
Burlington, Iowa, U.S. Borax has a plant The colemanite (calcium borate) is process- 
and warehousing facility for compounding, ed at a plant at Lathrop Wells, Nev., utili- 

. packaging, and distributing household zing calcination and screening, principally 
soaps and other consumer products to the for the fiberglass market. The ulexite 
Eastern. and Midwestern. United States. (calcium-sodium borate) is trucked to a 
These combined operations of U.S. Borax in plant at Dunn, Calif., where it is prepared 
the United States had an annual capacity of for the market by grinding to minus 200 
more than 600,000 short tons of boric oxide mesh. Its principal use is in the manu- 

| (B.0;) equivalent (or about 190,000 tons of facture of glass wool insulation and fire- 
contained boron) in 1976 and will be 25% to retardant chemicals. : 
30% greater’when the planned expansions Tenneco had increased its reserves as a 

| are completed in 1977. result of exploration and development 
| Crude commercial-grade sodium borates, and had approved a plan to double pro- 

known as Rasorite 46 (pentahydrate borax) duction within 3 years with a capital invest- 
and Rasorite 65, the anhydrous equivalent, ment of $20 million. In October, however, 
represent almost one-half of U.S. Borax’s Tenneco sold its total boron mining and 

: output in tonnage and about one-half of the marketing assets to the American Borate 
value. In addition to the Rasorite 46 and 65 Corp., which will continue the present oper- 
production, refined borax pentahydrate and ations. This action followed the passage by 

| decahydrate represent over one-third of the Congress of Public Law 94-429 to regulate 
output tonnage. | and constrain all mining activities within 

__ US. Borax maintains a warehouse and the National Park system. The law, which 
distribution facility at Botlek, Netherlands, repealed the mineral entry provision for 
from which borax and boron chemicals are certain units, also applied to Death Valley 

: shipped to other parts of Europe. National Monument, which is currently the 
At Searles Lake, Kerr-McGee Corp. op- sole commercial source of colemanite and 

erated the Trona and Westend plants, ulexite in the United States.
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Se Ss CONSUMPTION AND USES. 

About 50% of the U.S. output of boron = Up to 11,000 tons of boron content was 
minerals and compounds was exported in used in 1976 in the rapidly growing cellulos- 
1976, while the balance was consumed. ic insulation business, consuming up to 25% 
domestically. Official U.S. trade statistics of the weight of the insulation in formu- | 
report only the export of refined boron lations of boric acid and sodium borate and 

| chemical products; the export of crude so- other chemicals. A recent survey of this 
_ dium borate, equivalent to a commercial market indicated a growth rate of 34% for 
_ grade of 98% to 99% purity, is proprietary the next 3 years. 
information. So-called “crude” product ex- In addition to the thermal insulation ; 
ports have never heen reported by the markets, applications for borates currently 
Bureau of the Census, but probably will be, experiencing significant growth included 
effective January 1, 1978. With these total the treatment of mattresses and upholstery 
figures, an accurate consumption figure will with boric acid for fire retardance and the 
be availableeach year. — ’ * .... incorporation of borate compounds in plas- 

Measured in terms of boron content, U.S: tics for similar purposes. Oo 
consumption was probably about 112,000 U.S. consumption in 1976 of borate com- 7 

short tons in 1976; compared with possibly pounds in cleaning and bleaching was about , 

98,000 tons in 1975 and 110,000 tons in 1974. 17,000 tons of boron content, including | 
Insulating fiberglass, textile fiberglass, and about 6,000 tons in sodium perborate deter- 
berosilicate glasses were the major con- gents for higher temperature washing. Per- 

suming uses for boron minerals and com- . borates were also used as a bleaching agent — 

pounds in the United. States in 1976, or as a source of active oxygen in laundry 
approaching 50% of.the total end use. products. In addition, chemical derivatives 
Spectacular growth for thermal insulation require at least another 10,000 tons per year | 

was reflected in increased demand for bor- of boron content. Borohydrides have a 

ates in insulation fiberglass manufac. growing use as chemical reductants in such 

turing and in the production of cellulosic important industrial processes as regenera- 
insulation, The production of “paper wool” ting sodium hydrosulfite in reductive pulp 
from shredded scrap newsprint and boric ‘bleaching. Borax and boric acid uses in the 
acid created an wnusually heavy demand cleansing field included toothpaste, mouth- 
for boric acid by yearend and may continue wash, and eyewash. Approximately 8,000 | 
unabated for the near term, tons of boron yearly was used in the manu- : 

About 80% of home insulation materials facture of biological and growth-control 
in 1976 was accounted for by glass fiber, chemicals for use in algicides and water | 
produced by three companies in the United treatment, fertilizers, herbicides, and in- 
States. Dominant in the industry were  secticides. 
Owens-Corning Fiberglas Corp. with about Two minor but important uses, as corro- : 

50% of the market, and Jehns-Manville sion inhibitors in antifreeze and as fire 

Corp. and CertainTeed Corp., sharing the retardants, consumed as much as 5,000 tons 
other 50%. However, 1976 saw the emer- of boron content per year. The use of fire- 
gence and strong competition of cellulosic retardant chemicals such as zinc borate in : 
insulation, especially that produced by the plastics industry enjoyed a very rapid 
shredded newsprint with the addition of growthinthismarket. | 
about 20% to 25% boric acid and borax for The list of miscellaneous uses is very 

flame and fire retardancy. Small plants diverse: Borates as fluxing material and as 

were promoted and financed by the Small shielding slag in the nonferrous metallurgi- 

Business Administration, surmounting the cal industry; borate compounds as compo- : 
traditional industry entrance barriera of nents in plating baths in the electroplating 

high capital cost, competitive technalagy, industry; ferroboron in small amounts in 

and industry expertise. By yearend, short- specialty steels; boron in nonferrous alloys 

ages of boric acid had developed which such as surfacing metal that are subject to 

caused sales allocations and black market heavy wear; boron nitride compounds as 
activities. | | abrasives; boric acid as a catalyst in air
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oxidation of hydrocarbons to key nylon a few commercial automotive fuels as boron 
intermediates, in the oxidation of paraffins esters to inhibit surface ignition and spark 7 

_ to higher alcohols used as intermediates for plug fouling. _ : a 
surfactants, and as ‘a conditioning agent in U.S. demand for boron minerals and com- 
the manufacture of ammonium nitrate; and — pounds is expected to increase substantially | _ Various boron products used in pharmaceu-__ in view of the strong growth projected for.a 
ticals, paper, textile, leather, nuclear large variety of end uses, including textile 

| Shielding, photography, paints and var- fiberglass, heat-resistant glass, cellulosic in- 
_ nishes, adhesives, and pyrotechnics, and in -sulation, and fire-resistant cotton batting. . 

- US. boron mineral and chemical prices, plus the continued sharply rising cost. of | 
which were unchanged in 1975, were raised. energy for industrial purposes in California, 
at least 12% (depending upon the product) a further rise of around 7% ‘was announced | 
at the beginning of 1976. The average value at yearend to take effect in early 1977. The 
of 1976 borate mineral shipments was $293 rounded dollar figures quoted in table 2 are. 
per ton of B,O;, compared with $268 in 1975. for US. f.o.b. plant prices per short ton of | 
As a result of general inflationary pressure product. Se 

a | _ Table 2.—Borate prices per short ton, 1976.) : Co 

BS > Product - | Dee, 81, 1976 
Borax, technical, anhydrous, 99%, bulk, works ~ =H see ee $203-$248 Borax, technical, pentahydrate, 99-1/2%, bulk, works_________.__.__.____..._.. 2200. - 105-.110 Borax, technical, decahydrate, 99-1/2%, bulk, works_________— ==> UTD TTT TTTTT TTT 82 91 - Boric acid, technical, 99.9%, bulk, works ____§_§ - ~ 202- 227 Boric acid, anhydrous, 96.0% BzOs, bulk, works __________________._____..__..--. 2538 Colemanite, American Borate Corp., calcined and screened, minus 70 mesh, oe | 47% BaOs, f.0.b. railcars, Dunn, Calif. _.._____..- =~ 3184 Colemanite, Turkish, 42% BzOs, crude, lump, f.o.b. railcars, U.S. east coast port _ #134 

Z 7 1Chemical Marketing Reporter. V. 211, No. 1, Jan. 3, 1977, p. 52. Other conditions of final preparation, transportation, ; quantities, and qualities are subject to negotiation and somewhat different price quotations. — : : 2US.Borax&ChemicalCorp. —_ _ Oe *American BorateCorp, is . | | 2 

| FOREIGN TRADE an oo, 

US. exports of boric acid increased to major transshipment point rather than the . 
36,492 tons valued at $12.4 million in 197 6, final destination. A more meaningful tabu- 
compared with 33,697 tons valued at $11.5 lation of consuming nations, including the 
million in 1975. Exports of refined sodium exports of crude borates, would show that 
borate showed a small decrease—to 211,362 West Germany, France, the United King- 
tons valued at $49.2 million in 1976, from dom, Belgium, and Italy were ahead of the 
212,266 tons valued at $42.5 million in 1975. Netherlands in that order. 
In addition, a large amount of crude sodium In 1976, the United States imported 
borate (mostly Rasorite 46 with a B.O; 30,247 short tons of commercial-grade 

| content of 48%) was exported and not re- colemanite (calcium borate) valued at 
ported in US. trade statistics. However, $1,953,000, all from Turkey. It was used 
beginning in 1978, it will be reported as part principally for insulation fiberglass manu- 
of the official U.S. trade statistics. Exports facturing. This compared with 27,641 short 
of crude sodium borates remained the same tons valued at $1,560,000 in 1975. Enamels 
compared with 1975. and cleaning compounds were the principal 

A detailed breakdown of reported exports borate markets in Europe. Sodium perbor- 
in 1975 is shown in table 3. Within this ate was very effective as a detergent and 
table, data for all countries outside Western bleaching agent because of the higher wash- 
Europe are fairly accurate. The aberration ing temperatures commonly used. This end 
of high exports of refined sodium borates to use accounted for almost one-third of the 
the Netherlands continued in 1976, explain- _ total European borate consumption, but 
ed by the fact that the Netherlands is a only about 5% of U.S. consumption.
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: Table 3.—U.S. exports of boric acid and sodium borates, in 1976 | | 

—_ ae Boric acid Sodium borates 
a — | (HsBOs content) (refined) | 

, _ Destination Quantit Value Quantity Value 
i . a (short (thou- (short (thou- 
he oe a tons) sands): tons) . sands) 

Australia. ee 8,715 $1,221 8,526 $1,798 
Belgium-Luxembourg __ ~~ ---.- 34 8 —_— -- . 
Brazil _____________ eee 3,090 1,308 8,502 1,959 
Canada 2 2,648 672 36,492 5,666 
Chile wee oe ee ee ee ee eee _ = . 546 81 . ‘ . 

co _ Colombia _ eee BB BT. «1, 008 “191 ee 
Costa Rica ee 21 9 284 67 
Cyprus ___ eee 83 11 | 
Denmark __-__ = = 48 12 eee 
El Salvador _________~__~_______ 4 2. 240 — 90 

| Finland________________________________- 4 2 ~ 211 46 : 
France ____ 272 86 110 42 
Germany,West __________~ ee - 585 144 55 30 
Greece __ 2 ee — _- 84 —Ci 11 
Guatemala ___ =~ ee 10 . 5 66 _, 21 
Hong Kong... -. _- ---_--------------- 180 47 3,406 877 
Indonesia____________-_-_________- i 61 BA, 047 185 

, Tran ~~ ee 1 (2 2,078 . 237 

Israel 2 2 J eee 140 47 305 69 
Italy 1,301 313 - 168 2 

. Japan ___ eee ——~—«*d0, 992 3,721 41,980 9,969 
| ‘Kores, Republic of Mo eee 1,229 454 | 4518  — 661 | 

_ Malagasy Republic .__._§_....___._--_- =. _— ee ~ 65. 8 
Malaysia _._ 2 2 . 9. 4 > 293 51 

: Mexico-..._-_- §_-_-§ 5 5 ee 3,574 —-—s«-:1,097 21,457 3,679 
Netherlands ___________-__-______---i_-____ 4,189 1,609 48,862 14,008 
New Guinea _________ a 32. CO -— _- . 

| New Zealand ________._____________________ 874 133 8,075 1006 
| _ Nicaragua _______________-------_----_--- _- 124. 47 

Norway —— 2 2 ee 183 41 _— _— . 
| Pakistan _____________________--___-___=_- 200 84 212 © 34 . 

Peru__ ee 112 48 7 185 33 
Philippines ~~~ 2-2 i ue 580 189. - 1,150 287 : 
Portugal ___________-~~~--_~_~ en _— 62 q 
Singapore ______________~ ee 218 65 |. 350 55 : 

: South Africa, Republic of _...--»_--$-.-.-----1--- 616 171  ~———«*24,049 272 
oo Spain ______ 117 61 __ __ | 

Sweden __ 2 ee 258 66 493 68 
_ Switzerland ____.__-_________-_______-_u ee __ . 118 «© «16 
Taiwan ____________.-_-_ 879 199 8,514 647 
Thailand ________ 92 88.0 TAA 148 , 
United Arab Emirates... _ -§ _ -_.- - ~~~ ++ Ho . 72 on 
United Kingdom ________-_---__-__ ee 389 149 - 23,183 6354 | 

. Uruguay 2 2 89 eae 23. ‘144 — 43 
Venezuela _________-__ 2 Le » 110 - 46. 1,318 . 81t 
Other __ eee 118 44 208 

Total +--+ +e 36,492 12,863 211,862 49,156 

: WORLD REVIEW - | : 

Argentina.—Argentina remained the that the Salar de Pastos Grandes deposit 
only known producer of boron minerals in near the Tincalayu mine may also be in 
South America in 1976, maintaining a bor- operation.? | 
ate minerals output of 86,000 short tons. Bolivia.—Although there was no current 
Boroquimica, an RTZ Borax Ltd. subsidiary, production, it was known that there were 
produced the major portion of the output large deposits of sodium carbonate, ulexite, 
from its Tincalayu mine in the Salar del and borax associated with the Salara de 
Hombre Muerto basin in the Salta region of Uyuni and Coipasa as well as other smaller 
northwest Argentina. A small production saltpans on the Altiplano. The most impor- 
also came from the Compafiia Productora tant deposit appeared to be located just 
de Boratos. Most of the output was con-_ south of the Salara de Uyuni.$ 
sumed domestically, with some exports to ———___— 
other countries in the Latin America Free ; oneank, of London and South America Review. March _ 

»P. 
Trade Area. In 1976, 24,208 short tons of ““Kistier, R. B., and W. C. Smith. Boron and Borates. Ch. 
sodium and calcium borates was reportedly in industrial Minerals and Rocks, 4th ed., A.I.M.E., New 
exported to Brazil. The production and ex- “S's. Embassy, La P wv , 

as : . er ». ’ az, Bolivia. State Department Air- 
port of calcium borate in this case indicated gram A-88, Apr. 29, 1977, p. 61.



296 MINERALS YEARBOOK, 1976 | | 

Chile.—Production of ulexite from Ascot- from South America at present is from the 
an and boric acid from the refinery at Coya SaltaProvinceofArgentina® = = 

| Sur was being phased out. In 1974 there was Turkey.—The Turkish third 5-year plan 
a small production of 1,100 tons, and no (1973-77) and other programs have 
production was reported in 1975. In 1976, it emphasized the importance of the mining 

| was- reported that only 3.5 short tons of sector to the growth of the Turkish econo- 
ulexite with a 31% B.O; content was my. This is true even though mineral pro- 

| produced.‘ a . duction accounts for only about 1.5% of the 
, China, People’s Republic’ of.—The gross national product and for about 8% of 

. People’s Republic of China produced a suf- the combined value-added in manufac- 
7 ficient but relatively unknown amount of. turing and mining. Mineral exports, led by 

| borate minerals, and little is known about chromite, borates, and magnesite, contri- 
_ the industry. A decade ago, it was reported buted $130 million, or 6.5% of overall ex- 

| that a borax plant with hundreds of fur- port earnings, in 1976. A continuing recom- 
naces was built at Iksaydam, which is a 15- mendation of the 1977 Annual Program, 
square-mile salt lake near Chaha in released by the Government on December 1, 
Tsinghai Province in northwest China at an 1976, was the nationalization of boron min- 
elevation of over 10,000 feet. This lake is erals, effectively limiting exploitatién to 
also a major salt producer, and the borax is the public sector. Pragmatically, this was 

| a byproduct of the brine refining.® already a fait accompli, as Etibank ap- 
A comprehensive survey in 1976 by parently controlled 98.5% of the Te 

Chinese scientific workers on the Chinghai- serves and produced over 60% of the 1976 
Tibet plateau established that Tibet had production.® oo . ag 

- almost 1,000 lakes, most of which are brack- Production of borate minerals in Turkey 
ish or salt, and with abundant borax con- in 1976 was 1,005,000 short tons of 27% to 
tent in many of the lakes in northern 46% B.O; content, as provisionally reported 
 Tibet.® | om by the Turkish State Institute of Statistics, 

Small shipments of approximately 430 Mineral Division. This was about 5% less 

| _ short tons of borate minerals were exported compared with 1975. The boron mineral 
to Japan in 1976, while 100 tons of refined industry, dominated by the mines, washing 

| - products, mostly borates and perborates, concentrators, and refineries of Etibank 
: were imported from Japan. (the Turkish Government mining corpor- 

. France and Spain.—Increased boric acid ation responsible for all State mining activi- 

refining capacity was completed during ties), continued its production at about the 

1976 at the plants of RTZ Borax Ltd. in same rate in 1976 as 1975. Sales:‘were not as 

France and Spain, and the new installations high as expected, but towards yearend new : 
__- were reported as operating satisfactorily.’ orders increased rapidly. - : 

Germany, East.—Small quantities of bor- Installation of the new 110,000-ton-per- 
ates were recovered during potash mining year boric acid plant at the port city of 

and processing operations in the Strassfurt Bandirma was proceeding on schedule. 
area. It is estimated that 4,200 tons of Tenders for equipment went out at year- 

processed borax decahydrate was produced . -end, and completion was scheduled for 1979. 

in 1976 and similar amounts in 1974 and Total investment cost was estimated at 
1975. _ approximately $19 million, with escalation 

Other South America.—There are over considerations.’ CF 
40 borate deposits in the high Andes alonga —————_-.__—_ - 
550-mile stretch of the common borders of gran SMe, oe Cuile, State Department Ar 
Argentina, Bolivia, Chile, and Peru. This SWang, K. P. The People’s Republic of China, A New 

tectonic-volcanic belt has many closed ba- _[ndustrial Power With a Strong Mineral Base. BuMines 
sins with playas or salt flats, called salares. "British Broadcasting Corp. Summary of World Broad- 
Resources are large, but any figures lack casts. May 11, 1977, p. 8. , 
supporting data. Prior to 1950, Chile was an por oe ie into Zine, Comp. Ltd. (London). Annual Re- 
important producer of ulexite for the world ®Pages 486-488 of second work cited in footnote2, 
market, and Peru exported ulexite from gran e a pmbassy, we a State Department Air- 
1894 until the 1920’s. Almost all production —~ Chemical Age. V. 113, No. 2988, Oct. 22, 1976, p. 3.
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Etibank’s large boron chemical complex U.S.S.R.—In 1976, Japan reported im- 
planned for the Kirka area has been ports of 4,079 short tons of crude borates 

plagned with delays and cost increases. The from the U.S.S.R., 2,686 short tons of boric 

acilities, with a planned capacity of over acid, 29 short tons of boric oxide, and 440 
| 284,000 tons of boron products per year, hort to f other sodium borates. Th 

were originally scheduled for completion in short tons of other sodium borates. nese 

| 1973 at a cost of $2 million. In 1976, comple- Were Increases compared with those of 1975. 

tion was scheduled for 1979 at a cost of $69 Only minor amounts of Japanese borate 

million.” | chemical exports to the U.S.S.R. were noted. 

TECHNOLOGY a : 

| In one important area of research U.S. tanks developed into one of the fastest | 

Borax & Chemical Corp. received a British growing tank materials for the storage of 

patent (No. 1,465,299) on the froth flotation petroleum and chemical products. Corro- | 

recovery of clean crystalline boric acid from sion resistance and lightweight character- 
a hot slurry obtained by treating borate istics made installation faster, easier, and 

minerals or compounds with sulfuric acid. moreeconomical. = 
By this patented process, the warm-tohot § The use of alkali-resistant glass-fiber- 
acid slurry is treated with a salt of a reinforced cement for cladding panels, re- 

polymeric carboxylic acid as a crystal modi- taining walls, and acoustical hoods resulted | 

fier and with an anionic silicone as a froth 2 2 new construction material which is : 
modifier. The treated slurry is then cooled, strong, relatively lightweight, and very ver- 

and subjected to flotation to obtain a froth satile. It is also noncombustible and flexible 

concentrate of crystalline boric acid con- and has a high impact resistance.” _ 

taining substantially no clay slime or so- a ial 

dium sulfate. The industry awaited the 1, 19.8. Press Agency. Weekly S Jan. 

commercial feasibility of this technique, Chemical Marketing Reporter. Fiber Glass Tanks 

which holds considerable promise for the "Eng a Glass’ Retnforced Cement. 

treatment of low-grade and off-grade ores. ug. 9; 1976, D. &. Record. Glass Fibers Cut Weight of 

Fiberglass-reinforced plastic storage- Wall Panels, Dec. 9, 1976, p. 28. —— _





| , : By Russell J. Foster’ — | 

The amount of elemental bromine sold or Arkansas within 2 years. | 
- used by domestic producers in 1976 in- The authority of the Environmental Pro- 

_ creased 8% to an alltime high of nearly 440 tection Agency (EPA) to regulate the lead 4 

million pounds owing to greater demand for content of gasoline was upheld by the 
| ethylene dibromide and flame-retardant courts, signaling what should be reduced 

| compounds. The tore vee of bromine and demand in the future for ethylene dibro- - 
$906 million. pounds sold by producers was mide as an additive for leaded gasoline. a 

: Arkansas continued as the dominant site ae aa questioned. ae ‘Th of lar ere 7 
| of the industry. During the year four bro- @>romide as a pesticide. ne possi ty a 
> mine producers located in Arkansas either _ of harmful effects on those exposed to | 

-- expanded capacity or were constructing high concentrations of the flame-retardant | 
new facilities for the manufacture of Polybrominated biphenyl was being eval- 

| bromine-related products. Another pro- uated in Michigan. Another flame-retard- | 

ducer announced plans to shift bromine op- ant, tris(2,3-dibromopropyl)phosphate, was 

erations from Michigan to its plant in named asa possible carcinogen. | 

| ee DOMESTIC PRODUCTION | oo | 

‘The quantity of domestic elemental bro- royalty payments to local landowners. | 
- mine sold or used increased 8% in 1976toa § The Great Lakes Chemical Corp. brought 

record level of 439,538,000 pounds. Sales of a new bromine plant onstream at Marys- 

bromine compounds py Producers climbed ville, Ark., in February 1976. The cost of the 
7%. After 2 years of decline, ethylene dibro- fo cijity was more than $10 million.? Great 

- mide sales showed an 8% gain in 1976. The Lak d its . Ue; 

| amount of methyl bromide sold rose less es and Produits Chimiques Ugine 
| than 1%, but other bromine compounds Kuhlmann of France agreed to form a 

sales, including flame-retardants, increased Jointly owned company, Forex Chemical 
6%. The total value of bromine compounds Corp., in the United States to manufacture 

and elemental bromine rose nearly $5.8 and market brominated fire-extinguishing 

million. This can be attributed solely to compounds.* | 
greater production, because the unit value Michigan Chemical Corp. announced 

of elemental bromine and the average price pjans to phase out the operations of its St. 

of manufactured Soo tee oetueing Louis, Mich., plant during the next 2 years. | 

plants operated in two States by six compa- By Septembe r 1 978, “e ee ark, 

nies. Three of these companies combined 9408 shifted to the rado, Ark. 

produced 88% of the U.S. output. The State plant, where construction was begun on a 

of Arkansas maintained its position asthe §———— 

Nation’s principal source of bromine, but, {Physical scientist, Division of Nonmetallic Minerals. 

the State-appointed Brine Study Commis- ,,. ane ‘ Ye Pi Release by Great Lakes Chemical 

sion continued to evaluate problems re- —¢hemical Marketing Reporter. Great Lakes, PCUK 

lated to health, the environment, and Form Bromine Venture. V. 209, No. 6, Feb. 9, 1976, p. 3. 
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$9 million, multimillion pound, flame-_ sion of its plant at Magnolia, Ark. The first 
| retardant-products complex. Completion of of two new units was completed in the fall 

the unit was scheduled for early 1977. of 1976 for the manufacture of an agricul- 
Michigan Chemical and Velsicol Chemical _ tural chemical intermediate. The second fa- 
Corp., both subsidiaries of Northwest In- ility, slated for startup in early 1977, will | 

| dustries, Inc., agreed to a merger effective produce . alkyldimethy lamines. Both oper- 
January 1 1977 ; ations will utilize bromine chemistry for the 

The Dow Chemical Co. revealed a plan to production of these materials 

quadruple production capacity for calcium — ‘chemical Marketing Reporter. Michigan Chemical 
bromide at its Midland, Mich., plant by Slates Shutdown of Operation. V. 210, No. 7, Aug. 16, 1976, 
1977.6 Dow closed its ethylene dibromide : ———.Flame Retardants Unit Going Up in Arkansas 
unit at Midland in July 1976, diverting the fF Michigan Chemical. V. 209, No. 16, Apr. 19, 1976, pp. 5, 

ine to 1er. 5Chemical and Engineering News. Concentrates. In bromine to the manufacture of other bro- Chemical ya Pe nere Nen cgimais Indu 
mine compounds.’ The company continued “chemical and Engineering News. Checkoff. New 
ethylene dibromide production at its plant Planta. V. Ot No. 35, Aug. 25,1916, p. 16. ont | tes. Inde 
in Magnolia, Ark., where bromine capacity try/Business. V. 54 No. 35, Aug. 23,1976,p.9. 

| was increased in 1976.  S emical Marketing Reporter. Ethyl Corp. Expanding ae ee i,» . Bromine Chemical Units. V. 209, No. 13, Mar. 29, 1976, pp. 
_ Ethyl Corp. initiated a $15 million expan- 324. = ™ o_o PP 

| a Table 1.—Elemental bromine sold as such or used in the preparation of bromine | 
ne __ compounds by primary producers in the United States = fs 

BO "(Thousand pounds and thousand dollars) . es 

| St -. Quantity . Value - Quantity ' Value 

Sold ee 57,410 15,871 55,847 18,246 
, Used 2 - === =I LLL 849758 97,255 383,691 94,407 

Total _..._____-_-__________ 407,163 118,126 439,538 107,658 

"Table 2.—Bromine compounds sold by primary producers in the United States 
. (Thousand pounds and thousand dollars) | | oe 

- | 1975 } 1976 | 

a Quantity ____ Quantity | 
Ce Gross Bromine Value Gross Bromine Value 

weight content weight content | 

Ethylene dibromide ___________ 267,523 227,582 69,806 288,668 245,565 74,660 
Methyl bromide______________ 24,161 20,336 10,618 24,374 20,516 10,891 
Other compounds? ____________ 124,151 88,611 103,487 131,905 . 96,100 106,745 

Total*____________._____ 415,835 336,529 183,912 444,942 362,182 192,296 

1Includes hydrobromic acid, tetrabromobisphenol-A, ethyl, ammonium, sodium, potassium, and other bromides. 
2Data may not add to totals shown because of independent rounding. | 

| Table 3.—Bromine-producing plants in the United States | 

State and company County Plant Production 

Arkansas: 
Arkansas Chemicals, Inc _____— _~ Union __._~________ El Dorado ______ Well brines. 
Ethyl Corp sig 7272727227 Columbia __________ Magnolia ______ Do. 
The Dow Chemical Co ________-~ —~_—-do ___________ ~__-do ~.- ___ Do. 
The Great Lakes Chemical Corp — — ~~ Union ____________ El Dorado ______ Do. 
___do ~_~___ ek ~---do _-- ~~ ___ Marysville _____ Do. 

Min nche22 Chemical Corp --------~ 9 ~- + ~-do ~~~ El Dorado _____-_ Do. 
chigan: 

The Dow Chemical Co _________~_ Mason ____________ Ludington _____ Do. 
~__do ~~ ~~~ Lee Midland ___________ Midland _______ Do. 
Morton Chemical Co ______-_—_~- Manistee __________ Manistee ______ Do.
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| CONSUMPTION AND USES | | 

| ~ Demand for ethylene dibromide as alead- mine sold or used, was paced by flame 
scavenging additive in leaded gasoline in- retardants. The market for these chemicals 
creased in conjunction with higher gasoline has expanded dramatically owing to govern- 
consumption in 1976. Due to greater pro- ment flammability legislation.’ - 
duction of other bromine compounds, In March 197 6, the Environmental De- 
ethylene dibromide’s share of bromine sold fense Fund claimed that  tris(2,3-dibro- 
or used by producers remained at 56%. mopropyl)phosphate, -a flame-retardant 

The lengthy court battle over the EPA used in textiles including chidren' 8 sleep 
phasedown of lead in gasoline reached a wear, may cause cancer." he | OF ex- _ 
conclusion. The suit brought by Ethyl Corp. tensive, long-term feeding studies with rats 
and others against EPA initially received'‘a and mice at the National Cancer Insti- 
favorable decision in December 1974 when a tute were expected in cerly AOTT. Trig ras 
U.S. Court of Appeals ruled that EPA failed ®0wn e mutagenic by. the es test, | 
to prove its contention that lead emissions Which has demonstrated a high correlation 
from auto exhausts were a significant between mutagenicity and. carcinogenic 
health hazard. In March 1976, the same. Poventias ok in vee 
court vacated snat, judgment, oe Sens _ gated the health of more than 1,000 people | 
a ° Pus” Supre t Cau it ~sPased to Who had been exposed to. high levels of 

hear the : ‘industry appeal, and EPA. -Polybrominated biphenyl in Michigan. In | ‘announced that entorcenent would begin 1978, this fire retardant, was inadvertently _ announced that enforcement would begin substituted for a magnesium-oxide animal- 

October.1, 1976. However, in late Septem- 504 supplement in Michigan, and thus was | ber, EPA delayed full implementation of introduced into the food chain. Preliminary 
_ the regulations. The 1976 and 1977 stand- findings showed that approximately one- 

ards of 1.4 grams per gallon and 1.0 grams. tyird of the group examined have suffered 
per gallon respectively, were deleted, and 14 i! effects, presumably caused by the 
the 0.8 gram per gallon level effective Ja- chemical. , a | 

nuary 1, 1978, would be suspended if the ‘The amount of elemental bromine sold as 
individual refining: company . could show such.to nonproducers. declined 3% and 
that att had taken action toward veded. to accounted for. nearly 13% of total bromine 

| and installing the equipment needed to 014 or used. Elemental bromine was util- 
_ insure achievement of the final 0.5 OPA ized in water treatment, oxidation, and in 
per gallon standard by October 1, 1979. EPA naa fe, a bunds. | 
felt that the original timetable would have ‘He manufacture of bromine compounds 
imposed lead limits before refiners could — scyemical and Engineering News. EPA Lists Pesticides 
install the equipment necessary to reach That May Bé Too Dangerous to Use. V. 54, No. 25, June 14, 
them, thus causing possible gasoline short- ““1o¢hamical and Engineering News. Government Rules: 
ages in the summers of 1977 and 1978. A Problems, Opportunities. V. 64, No. 12, Mar. 22, 1976, pp. 

smaller, secondary use for ethylene dibro- ““Chémical Week. New Flame Rules Will Fire Up Re- 
mide, that of soil and space fumigation, was targant Sales. V. 119, No. 16, Oct. 20, 1976, p.35. for 

threatened when EPA listed it among pesti-  cyitdren's Sleepwear May Pose Cancer Risk. V. 118 No. 
cides that may be too dangerous to use.* 13, Mar. 81, 1978, p10. Ames. FlameRe + Aaditis 

Consumption . of methyl bromide, also As Possible Gancer Hazards. Science. \ V. 195, No. 4278, Jan. 
used as an cultural fumigant, was up 7, 1977, pp. 17-23. 

. agrs . Privat M. J., E. C. McCoy, B. Gutter, and H. S. Ro- only slightly in 1976 after a sharp increase — gonkranz. Tris(2,-_Dibromopropy)) Phosphate: Mutageni- 
in demand during 1975. Methyl ‘bromide city gf a. Widely Used Flame | tardant. Science. V. 195, 
accounted for less than 5% of bromine sold 9 ““‘acernical Marketing Reporter. PBB Poisoning Survey 
orused. — | Is Carried Out by Environmental Health Unit in Michi- 

Increased demand for other bromine com- "lic. tnical Week PBB the Villain? V. 120,-No. 2, Jan. 
pounds, which consumed 22% of the bro- 12, 1977, p. 19. | |
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oT PRICES Oo 

| The average price, f.o.b. plant, of bulk | cents per pound. Quoted prices for bromine 
: elemental bromine as reported by producers and selected compounds remained un- — 

-.in 1976 was 23.72 cents per pound, down changed during 1976. _ a | 
: | 14% from the 1975 average price of 27.65 oo a | 

/ - +. Product OS “ent 

Carlots, truckloads, delivered .......___.-.--~~---~----- = ee 75 
Drums, carlots, truckloads, delivered east of the Rocky Mountains —_.-...----~ ~~ 55-62 — 
Zone !:! Bulk tank car, tank trucks (45,000-pound minimum), delivered __..._..=..- 25-30 | 

: - Ammonium bromide, national formulary (N.F.), granular, drums, carlots, oo . 
. truckload, freight equalized we ee ee Se i ne ee ee ee ee eee . 14. - 

- Bromochloromethane, drums, carlots, freight equalized _.....-.---------------- | 73. 
Yanks, samebasis _.__-.._..___...~-------.-----------------=-- oe 71. 

m, Ethy] bromide, technical, 98%, drums, carlots, freight allowed, Bast ......---------- 9 61.5 
Se, Ethylene dibromide, drums, carlots, freight equalized wee eee ee ee ee ene (87 
__ Methy! bromide, distilled, tanks, 140,0 pound minimum, freight allowed wee nee ee So 41 

Potassium bromate, granular, powdered, pound drums, cariots, fob. -...--------- . 106 
Potassium bromide, N.F., granular, drums, carlota, fio.b. ———--------------+--+----- 67 
Sodium bromide, 99% granular, 400-pound drums, freight, fob. --_--------------- 65 

TL LE  emans per ot - 

| .. ‘Delivered prices for drums and bulk shipped west of the Rockies, 1 cent per pound higher. Bulk truck prices 1 cent per 
"pound higher for 30,000-pound minimum and 2 cents per pound higher for 15,000-pound minimum. Price f.o.b. Midland | 

and Ludington, Mich., freight equalized, 1 cent per pound lower. | ge ne | 

, _Souroe Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 210, No. 26, Dec.-27, 1976, | 
| pp. 80-42, — a | 

es | -- FOREIGNTRADE —sses—s—st—e 

oo Exports of elemental bromine and bro- mine exports rose 22%. The value of total - 
| mine contained in compounds increased 8% bromine exports increased 13%. a 

in 1976 to 67 million pounds and represent- Imports of bromine amounted to less than 
ed 15% of domestic bromine production. 0.1% of domestic consumption. Approxi- | 

| The amount of exported bromine com- mately 73% of the bromine imported bythe | 
| pounds increased 2% while elemental bro- United States came from Israel. 

OO  , “Table 4.—U.S. exports of bromine and bromine compounds — 
(Thousand pounds and thousand dollars) . co 

| _____Elemental bromine = __Brominecompounds 
| Year Quantity Value ore Contained Value 

1974 918 260 82,082 68,427 «sé, 198 
1975____. ee 8,635 1,037 72,395 61,598 25,791 
1976 ee 4,435 944 74,063 62,589 29,244 

WORLD REVIEW 7 

Israel.—Dead Sea Bromine Co., Ltd. to increase bromine production capacity to 
announced plans to construct a 7,500-ton- 55,000 tons per year by yearend 1978. The 
per-year bromine-derivatives plant at Ter- Biersheeba-based. Bromine Compounds,’*a 
neuzen in the Netherlands at a cost of $12 sister company of Dead Sea Bromine Co., 
million. An Israeli trade agreement with —————— 
the European Economic Community includ- vindustrial Minerals, Bromine and Phosphate for Eu- 

ed reduction and eventual elimination of ‘Mj; 5" Tel Aviv, Israel. State Department 
certain tariffs. The company also planned Airgram, A-192, Sept. 24, 1976.6 pp., enclogure. “n
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Ltd., was constructing a new plant at Ra- Asahi Glass Co. started up a plant to 
mat Hovev to process 44,000 tons per yearof produce 500 tons per year of bromine-based 
bromine. _ flame-retardants at Kita-Kyushu."* 

-  Japan.—Toyo Soda Manufacturing Co. Poland.—The Geological Institute of 
completed a 660-ton-per-year unit at its Warsaw has established that the bromine 

- Nanyo plant for production of decabromo- content of underground waters in the Lower 
diphenyl ether, a flame-retardant additive Silesia and the Wielhopolska areas is 36 

. for plastics. The expansion was facilitated million tons.’® 
, by partial modification of an _ existing United Kingdom.—The bromine flame- 

bromine-based agricultural chemical unit. retardants section of Steetley Co.’s 
' Demand for the product increased due to Stratford plant in London was closed. Ex- 

, more stringent U.S. flammability regula- pected legislation covering the flammability 
: tions concerning plastics used in electric of certain materials had not yet been intro- 

household appliances.1” | duced in Parliament.” | 

| 7 Table 5.—Bromine: World production, by country i 
(Thousand pounds) 

Country! | 1974 1975 _- 1976 

. France _.2 22 eee 85,009 36,971 *37,500 
- Germany, West -- 11,581 9,414 9,158 

India® 600 600 600 : 
| Israel __ 39,683 39,700 46,100 

Italy® oe 73,090 2,200 2,650 7 
Japan® _ 2 _ .25,100 24,900 25,400 
Spain ___-___________________ ee 926 — 838 *880 
USSR ~~~ 28,000 28,000 30,000 
United Kingdom _____ ee 59,966 *62,000 °62,000 
United States ee 432,094 407,163 489,538 

Total ________.-__.__-------_------------------ 686,049 611,786 «658,826 | 

‘Estimate. Preliminary. ‘Revised. | | 
_ In addition to the countries listed, several other nations produce bromine, but output data are not reported, and 
available general information is inadequate for formulation of reliable estimates of output levels. 

. | TECHNOLOGY | | 

- Gould, Inc., of Chicago and the Electronic undergoing advanced field evaluation. 
Power Research Institute, Palo Alto, Calif, oo 

signed an 18-month, $27 4,000 contract to 17Chemical Marketing Reporter. Toyo Soda to Increase 
develop and assess the economic and techni- Bromine Additive Facility. V. 210, No. 12, Sept. 20, 1976, p. 
cal feasibility of using a zinc-bromine stor- 45. 
age battery to serve as an electric utility | Chemical Age. Toyo Completes Flame Retardant Plant. 

| load-leveling device. Load levelers are used _ V. 113, No. 2982, Sept. 10, 1976, p. 2. 
to store power generated during early 18Industrial Minerals. Company News & Mineral Notes. 

morning hours for use during peak demand _ No. 107, August 1976, p. 50. 
periods later in the day.** ‘Industrial Minerals. Company News & Mineral Notes. 

Calcium bromide gained increased ac- Cowra September 1976, p. 55. 
tance as a completion fluid in high- 4, Vk “ited in footnote 19. a cep : le. Producti 21American Metal Market. Gould, Research Unit in 

pressure oil and gas wells. Production ca- pact T> study Zine-Bromine Battery. V. 83, No. 150, Aug. 
pacity of the high-density, solids-free solu- 2 1976, p28. 
tions expanded dramatically in 1976.2? 22Work cited in footnote 6. 

Bromine chloride for cooling water treat- 23Kampen, E., Progress Report from Great Lakes 
ment in power generation facilities was Chemical Corp. July 30, 1976, 2 pp.
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So BY Ronald J. DeFilippo! - | 

In 1976 cadmium metal production in the authorized to loan up to 50% of approved 
United States declined for the fourth con- exploration costs for cadmium. However, no 

. secutive year as output fell to the lowest new funds were available in 1976 for explor- 
level since 1936. Apparent consumption re- ation contracts. Depletion allowances were 

_ turned to a median level from the low level 22% for domestic mines and 14% for mines 
of 1975. Imported cadmium metal, not in- in foreigncountries. | 
cluding the cadmium content of imported The National Institute for Occupational 
flue dusts and zinc concentrates, provided Safety and Health (NIOSH) was developing. 
42% of the total U.S. supply, compared with new criteria for cadmium exposure in the 
41% in 1975. : workplace. Previous standards limited dust ) 

Seven plants and six:companies ac-. exposure to.200 micrograms per cubic meter 
counted for the total domestic primary and fume exposure to 100 micrograms over 

production. Canada was the major source an 8-hour day. The new recommended 
of zinc concentrates from which cadmium standard proposed in August 1976 was that 
was extracted as a byproduct. The producer workers should not be exposed to more than 

price increased from $2 per pound at the 40 micrograms of cadmium per cubic meter 

beginning of the year to $3 at yearend. on a time-weighted average up to a 10-hour 
_ Legislation and Government Pro- day, 40-hour week, or to more than 200 
grams.—In March, 63 tons of cadmium micrograms per cubic meter for any 15- 
metal was sold by the General Services minutesampling period. _ 
Administration (GSA) from national stock- _ Late in the year, the Environmental Pro- 
pile excesses. On October 1 the Federal tection Agency (EPA) suspended its plating 
Preparedness Agency recommended a new €@ffluent regulations, which required that 

stockpile goal of 12,351 tons. The yearend Platers meet best practical technology a 
uncommitted inventory of cadmium was ————— . | 

3,164 tons. wor piel sient, formerly of the Divison of None The Office of Minerals Exploration is scientist.» mm 

: Table 1.—Salient cadmium statistics . , 

(Short tons) So 

—_ 1972 1973 1974-1975 1976 

United States: 
Production? ____________________ 4,145 3,751 3,333 2,193 2,256 
Shipments by producers? ___________________ 5,240 4,804 3,250 818 2,562 

Value ________..__________~ thousands__ $18,965 $28,891 $21,405 «= "$4,166 + = $10,498 
_ Exports 509 158 31 198 252 
Imports for consumption, metal _______________ 1,211 1,948 1,985 2,618 3,411 
Apparent consumption ____________________ 6,313 6,267 6,050 ™3,368 5,982 
Price: Average per pound® _____-_§ _-___________ $2.56 $3.64 $4.09 $3.36 $2.66 

World: Production ___ = 55 =) 5 5 ee 18,371 18,925 19,041 16,925 18,892 

1Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in . 
production of compounds. 

2Includes metal consumed at producer plants. 
SAverage quoted price for cadmium sticks and balls in lots of 1 to 5 tons. | 

| 235
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standards by July 1977. Most platers were treatment facilities were being designed 
| already covered by discharge permits that and installed. EPA expected to have new, 

allowed them to exceed the standards while _less stringent regulations by mid-1977. 

| DOMESTIC PRODUCTION | 

Domestic cadmium metal production was years the pounds of cadmium per ton of zinc 
439 tons in the first quarter, decreased to ranged between 10 and 12. In recent years, 
434 tons in the second quarter, peaked at primary producers have been making more 
491 tons in the third quarter, and then compounds at the expense of metal. 
declined in the fourth quarter to 470 tons. Cadmium sulfide production (including 
Total cadmium metal production for the cadmium sulfoselenide and lithopone) de- 

| year was 2,256 tons, up 3% from that of clined 18% from that of 1975, slightly more © 
1975. The New Jersey Zinc Co. cadmium than the rate of decline for metal -pro- 
plant was producing only part of the year, duction. | Me . 
and production of cadmium began at mid- | Cadmium oxide was produced at two of 
year from National Zinc Co.’s new plant. the seven. primary-metal-producing plants. 
Metal shipments were 40% greater than One plant reported secondary production, 
metal production and were over three times which was remelted metal or refined | 
greater than those of 1975. cadmium. Data on cadmium oxide pro- | 

Smelter production of cadmium metal in duction are not published to avoid 
the United States averaged about 7 pounds disclosing individual company confidential — 
of cadmium per ton of slab zinc produced, data. | | 
compared with 10 pounds in 1975, 12 pounds : a 

in 1974, and 13 pounds mn 1978. In prior Table 3.—Cadmium sulfide produced in the | 
| , 7 | _ United States 

: Table 2.— Primary cadmium producers in | hort tons) — 
, the United States in 1976 a 
aS Year. an Sulfide’ : 

Company os Plant location (cadmium content) - 

AMAX ZincCo.Inc__.__... Sauget, ll. 1972-2 ee 1,357 
ASARCO, Inc _______--- | Corpus Christi, Tex. 1973 ______.-------~------ 1,412 

Do___________._-._ _ Denver, Colo. 1974__-______~-----~--- 1,085 
Bunker HillCo _.______~ Kellogg, Idaho 197§__§____-__~__-___-_~--- 987 
National Zinc Co __._____- Bartlesville, Okla. 1976_ Le 804 
New Jersey ZincCo __._.. | Palmerton, Pa. uu“ —_——_— OOO 
St. Joe Minerals Corp --_-_  Monaca, Pa. ae tee cadmium lithopone and cadmium sulfoselen- 

$$$ = ide. ; 

CONSUMPTION AND USES 

Actual consumption data are not gath-_ teries, and specialized electronic devices. 
ered by the Bureau of Mines. The apparent. 
consumption of cadmium, 5,932 tons, was Table 4.—Supply and apparent 

76% above that of 1975. Metal used for consumption of cadmium 

| electroplating hardware used in transpor- (Short tons) , 
tation vehicles and stationary mechanical WH —eeeeeeSSsSsSSSSSSSSSsseseseseeee 

and electrical equipment was estimated to 1 
account for slightly less than half of the  sStocks—beginning ___________ —° 1,596 _2,841 

total U.S. cadmium consumption. Cadmium Production won 2,193 2,256 
ports, metal ___.._________ 2,618 3,411 

compounds used for red, orange, and yellow Governmentsales ___-__------______._ _—i68 

pigments and other compounds used as Total supply __.___----__ "6407 8,571 

plastics stabilizers accounted for an addi- Exports _____-__---------- 198 252 

tional one-third of U.S. consumption. Stocks—end ---------------__ 2841 2,887 
The remainder of U.S. consumption was ac- Apparent consumption? ____  °8,868 5,982 
counted for by cadmium metal and com- "Revised. } 
pounds used in alloys, nickel-cadmium bat- Total supply minus exports and yearend stocks.
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- Figure 1.—Trends in production, consumption, yearend stocks, exports, imports, and a 
7 average price of cadmium metal in the United States. | 

| | STOCKS 

Stocks of cadmium metal held by metal manufacturers increased 23%, and metal 
producers at the end of 1976 decreased 34% _ stocks of distributors increased 31%. | 

| to 1,369 tons. The metal stocks of compound 

| Table 5.—Industry stocks, December 31 
. (Short tons) 

1975 1976 
Cadmium Cadmium in Cadmium Cadmium in 
metal compounds metal compounds 

Metal producers _______________--_-------- 2,078 . WwW 1,369 W 
Compound manufacturers __.._..--__~--------~+ 133 388 168 S47 
Distributors ____________.___-.._.-------- 213 34 279 29 

Total _.__ ~~~ 2,419 422 1,811 576 

W Withheld to avoid disclosing individual company confidential data; included with “Compound manufacturers.”
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PRICES © 

Producers, all beset by large inventories, had followed. The producer price for cad- 

began the year with cadmium priced at $2 mium remained at $3 through yearend. 
per pound. Late in February, increased Eu- Dealer prices were generally the same as 

ropean prices put upward pressure on do- Producer prices with end. discounting at 
mestic prices. ASARCO, Inc. raised its cad- ‘he beginning. and end of the year. 
mium quote to $2.50 per pound on March | . . 
8, and by March 10 all U.S. producers Table 6.—Cadmium prices, 1976 

quoted the same price. Also on March - (Dollars per pound) 
10 GSA raised the price for cadmium ~— Producer price 

| to $2.42. On April 5 ASARCO raised its Date ee! tors tote) 
price to $2.75 per pound, and National Zine _ << 

Oo. ‘and Bunker Hu co. followed closely. By Mar. 8 a soit 

pril 29, the other three producers raised Mar. 10toApr.5 ____-__------ . 

their prices to the same level. Bunker Hill APF p30oPe 3-77-7777 72 et 
: raised its quote to $3 per pound on August Auf i to De'81 ~~~ 77777 aes 00 

5, and by August 31 all other U.S. producers a 

FOREIGN TRADE 

Exports of cadmium metal and scrap Republic of Korea, 3%. The cadmium con- 

increased from 198 tons in 1975 to 252 tent of flue dust imported from Mexico 
tons in 1976. The principal recipient coun- decreased 29% from that of 1975. 

tries were Belgium-Luxembourg, 51%; Table 7.—U.S. exports of cadmium metal 
the Netherlands, 30%; and France 13%. and cadmium in alloys, dross, flue dust, 

| Imports of cadmium metal increased 30% -Tesidues, and scrap | 
over those of 1975. Canada was the largest ver Quantity - Value 

supplier of metal with 31% of the total, tons) (thousands) | 

followed by Australia, 12%; Mexico, 12%; 1974 31 . $238 

Yugoslavia, 9%; Belgium-Luxembourg, 8%; 1915 ~----------- (28 588 

West Germany, 4%; France, 4%; and the —————_—_——_——_—_——_________—_—_——_— 

Table 8.—U.S. imports for consumption! of cadmium metal and 
cadmium flue dust, by country Po 

1975 1976 
Country Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) 

Cadmium metal: 
Australia? ___._§_§__-_ 5» 5 398 $2,006 421 $2,008 
Austria.» = = 5 35 __ __ 
Belgium-Luxembourg? ________.-_____ 603 8,544. 279 1,330 
Brazil __- $$ _- ~~ ee 6 22 -- -- 
Canada? _____________________-_- 279 1,611 1,052 5,361 
Congo________________.-____-___ 17 103 __ __ 
Finland. ___§___________________-_ 4 21 43 237 
France _________________________ 81 428 130 533 
Germany, West ____________________ 225 1,091 133 576 
India __-_-__ _- __ 40 187 
Italy, $e __ __ 32 146 
Korea, Republic of ____-_-___.--____--~- 55 259 110 478 
Mexico _________________________ 214 1,359 393 1,696 
Netherlands? ___________________-_ 68 304 52 220 
Peru______.__----~---__~---__--- 178 843 95 419 
Poland _____________________ Le 17 89 _- __ 
Spain? _________________ 120 507 39 173 

See footnotes at end of table.
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Table 8.—U.S. imports for consumption! of cadmium metal and 
cadmium flue dust, by country —Continued | 

1975 | 1976 
Country Quantit Value — = Quantit Val 

(short tons) (thousands) (short tons) (thousands) a Cehorttonss) (thousands) (Ghorttons) (thousands) _ 
Cadmium metal —Continued | | 

USSR? = _- __ 193 $138 United Kingdom ______-__ 55 $265 11 65 Yugoslavia__________- 77 406 322 611 Zaire ____ 216 1,009 66 343 
Total 2618 13,902 8,411 14,511 

Flue dust (cadmium content): 
- Mexico 346 1,489 246 536 | 

Grand total ___________-____.____ 2,964 15,891 3,657 15,047 ee 
1General imports and imports for consumption were the same in 1975 and 1976. i 
"Includes waste and scrap (gross weight). oo . | 

- WORLD REVIEW : | 

World smelter production of cadmium cadmium producers outside the United 
increased 9% over that of 1975. Japan, the States and Canada. The U.S. counterpart is 
U.S.S.R., the United States and West Ger- the Cadmium Council, formed earlier in the | 
many were the largest cadmium producers year as part of the Zinc Institute, Inc. Both 
with 17%, 16%, 10%, and 9%, respectively, organizations will cooperate in technical 
of the world total. Apparent U.S. consump- publications, development work, and mar- 
tion was 30% of world production. ket surveys. The first joint meeting. was 

On July 12 the Cadmium Association was scheduled to be held at the First Interna- 
formed in London. The Association is oper- tional Cadmium Conference in San Fran- 
ated in conjunction with the Lead and Zinc cisco, Calif. from January 31 through 
Development Association and will include February 2, 1977. | : 

- ‘TECHNOLOGY | 2 | : 

Cadmium in the environment and its crops has been a cause for concern. The | 
effects on human health remained an im- assimilation of cadmium by shellfish was 
‘portant area of research. An isotope dilu- the subject of two investigations. In one 

tion technique was developed in Australia Study, oysters exposed to seawater contain- 
to establish a baseline for other measure- ing 9.005 ppm cadmium for 40. weeks were 
ments of the environmental levels of cad- round to nave accumulated Bee oan 

mium. Sensitivity of the technique was j--umulation of cadmium in various shell. eos mh a8 ers ‘0 oe nic emosure to fish which were under intensive cultivation . . ee : trient 
cadmium were evaluated including those in using municipal wastes ag a nutrient 
glucose homeostasis, the glandular system, *Roaman, K., and J. R. DeLacter. Low Level Determi- ; : Fn NA : 
and the central nervous system. Cadmium Kinedo mv. O61 No soos emt on 116, 5 = ee eae 
metabolism in animals was the subject of a —_*Singhai, R. L., Z. Merali, and P. D. Hardina. Aspecta of 
study that concluded that muscle meat and _ the Biochemical Toxicology of Cadmium. Fed. Proc., Feder- tion Am. Soc. Exp. Biol., v. 35, No. 1. J; 1976, pp. milk of animals fed a high-cadmium diet 75.0. Sap. Biols v.85, No. 1: January 1876, pp 
were safe for human consumption.‘ The and eatery, M. W., and ais J. Mill F sf ta No se 
influence of factors such as soil pH, the 19, 1976, PP. $092. 4D. J. David. The Accumulation ; 
presence of ammonium nitrate, and soil oi of Cadmium Residues From Phosphate Fertilizers and 
type on the accumulation of cadmium from Their Effect on the Cadmium Content of Plants. Soil Sci., 

eae . v. 121, No. 2, February 1976, pp. 86-93. 
superphosphate fertilizers was _ studied. ®Zaroogian, G. E., and S. Cheer. Accumulation of Cad- 
These fertilizers contain up to 100 parts per mium b the | American Oyster, Craseotrea Virginica. 

’ . ’ . s > 6, million (ppm) cadmium, and uptake by pp. are (Uni om) . ° we
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Table 9.—Cadmium: World smelter production, by country? 
| | Short tons) — | 

_ Country 1974 1975 1976” . 

North America: — - | 
" Canada (refined) ___._______-_-------------- 1,370 1,314 | 1,422 

United States? _______.__-__---------+------ 3,333 2,198 | 2,256 
Latin America: 

Mexico ________------_------------------ 581 646 °660 
Peru. ____~_-_--+----~-~--~~-----~---------+- 201 176 ~ ©4180 

Europe: | | 
Austria _________--_--~--i----------~------+ 29 33 °35 

: Belgium _______-_--__--_---------------- 1,150 1,065 £1,290 © 
Bulgaria® ~~~ eee ++ 220 220 _. 250 
Finland_____..___-___-_-~---------------- 172 239 €480 

| _ France __~ ~~~ ee + - 710 502 ©600 
. Germany, East®_. ...§_.. - - -- -+------------+--- 20 22 92 

| Germany, West ______________-------------- 1,476 1,122 ©1590 
| Italy_-______________ eee F583 451 -°770 

| Netherlands® ___________________--_----- 105 420 420. 
a Norway ______.--____~.----~--------~---+-+- 99 52 °55 

- Poland®__ Le 890 390 ~ 400 
Romania _._. ~______---__~~---~-----.----- 99 97 . &100~— 
Spain ~.._.-____-_--___---~-+--~-+-~--=+-+-- 196°. 227 ©230 
USS.R® eee F2,850 T2,900 8,000 
United Kingdom eee ee ee . 809 289 217 

_-Yugoslavia®:__._ 260 300 800 

| South-West Africa?___________2.------------- 139 130 €130 
ce | Zaire 222 2 LL 299 CO 291 ©300 

Zambia __ $$ ____.___- __- - -- ~~~ 14. 9. - &10 

oe China, People’s Republic of€. ____. ______.-----=---+- 120° . 120 120 
| India ________ + 65 a 60 865 

Japan___________ ee 3,387 2,929 ©3200 
Korea, North® _ -_ -§_§_- -- - -------------=--+--- 120 120 130 

Oceania: Australia (refined). _.. - 2: ---------------- . . T1794 . 608 . £660 

oo Total == 9,041 16,925 18,892 © 

1This table gives unwrought metal production from ores, concentrates, flue dusts, and other materials of both domestic 
and imported origin. Sources generally do not indicate if secondary metal (recovered from scrap) is included or not; where 

_ known, this has been indicated by footnote. Data derived in part from World Metal Statistics (published by World Bureau 
of Metal Statistics, London) and from Metal Statistics (published by Metallgesellschaft Aktiengesellschaft, Frankfurt am 
Main). Cadmium is produced in ores, concentrates, and/or flue dusts in a number of other countries, but these materials — 
are exported for treatment elsewhere to recover cadmium metal; therefore, such output is not recorded in this table to 
avoid double counting. ce a Ce fe a 

2Includes secondary. : - . ca, 
3Qutput of Tsumeb Corp. for calendar years. - 7 7 : oe 

source.” Urine analyses of Australians and solder was found to reduce embrittlement 
Western Europeans indicated a daily cad- in joining gold-plated components.’? An out- 
mium intake of 30 to 50 micrograms.’ The line of the EPA’s regulations on plating 
safety of cadmium pigments was investiga- 9 ——————- : 

admi ‘o- 7Kerfoot, W. B., and S. A. Jacobs. Cadmium Accrual in 
ted. It . was concluded that . ca um Pls Combined Wastewater Treatment-Aquaculture System. 
ments in plastics that came in contact with Environmental Sci. and Technol. v. 10, No. 7, July 1976, 

: aS pp. 

food did not leach intolerable amounts of | Piyritier, G. J, M. J. Wylie, and D. McKeown, Cadmium 
cadmium. oe Exposure and Renal Accumulation in an Australian Ur- 

Comparisons were made between the cor- an Population. Med. J. Australia, v. 1, Nos. 1-2, January 
. . _ » Pp. | 

rosion resistance of electroplated zinc and __°Streatfield, G. R. The Safety of Cadmium Pigments. 
cadmium coatings. It was determined that figment Resi, Technology (United Kingdom), v. 5, No. 6, 
cadmium had a better resistance to marine 10Mohler, J. B. Zinc Versus Cadmium Coatings. Met. 

; ; 10 Finishing, v. 74, No. 2, February 1976, p. 72. atmospheric corrosion.* A summary of the iiRaut’ E. Theoretical and Practical Aspects of Allo 
practical and theoretical aspects of cad- Plating. Plating Surface Finishing, v. 63, No. 3, March 

e e e . pp. . . 

mium plating was presented which ““iitfiett, R., and M. L. Ackroyd. The Influence of 
discussed various alloy systems including Solder Composition on the Embrittlement of Soft-Soldered 

: ‘ ; . . oints on tings. Electroplating Met. Finishing 
zinc-cadmium, cadmium-gold, and cad- (jnited Kingdom), v. 29, No. 5, May 1976, pp. 1314, 16 
mium-silver. A tin-10% cadmium alloy 18-20.
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effluents was given,"* and methods and costs camera unit.” | \ 
_ were discussed.'* One plater reported using . Developments in cadmium technology are 

a an evaporator to concentrate its effluents. abstracted in Cadmium Abstracts, a bi- 
This not only eliminated cadmium pollution monthly publication available from the 
but saved $9,000 worth of chemicals Zinc Institute, Inc., 292 Madison Ave., New 

| annually. York, N.Y. 10017. | An investigation was conducted into the , | 
_ mechanism by which cadmium nucleants 1s, wes, B.C. The Plating Industry, EPA and 1983, Part : lower the corrosion rate of lead-4% antimo- 1. Products Finishing, v. 40, No. 8, May 1976, pp. 60-68. 

_ ny alloys for batteries. Corrosion rate re- _ **——-. The Plating Industry, EPA and 1983, Part 2. 
___ ductions of 50% were attained by the addi-  *7ypjcts Finishing. v. 40, No. 9, June 1976, pp. 6476. : . 16 A photovoltai ll Products Finishing. Pp on Cadmium. V. 40, 

| tion of 0.1% cadmium. photovoltaic ce No. 6, March 1976, pp. 50-58. 
' - using n-type cadmium sulfide or cadmium me tba Azim, A. A K. M. El Sobki, and A. A. Khedir. 

an? * ° . e Effect of Some Alloying Elements on the Corrosion - selenide cells ina sodium hydroxide electro- Resistance of Lead-Antimony Alloys . Part 1: Cadmium. 
lyte was studied. Power output of 0.14 Corrosion Sci. (United Kingdom), v. 16, No. 4, 1976, pp. 
milliwatt with an efficiency of 1% was ec A.B. 8. W. Kaiser, and M.S. Weiehtcn, Vieibl - : 17 ° _ , A. B., S. W. r, and M. S. Wrighton. Visible 

Oo attained. . A method for extracting cad Light to Electric Energy Conversion. Stable Cadmium | mium, indium, and zinc from aqueous solu- Suifide and Cadmium Sulfoselenide Photoelectrodes in 
tions using a phosphoric acid ester was Adqueous Electrolytes. J. Am. Chem. Soc., v. 68, No. 6, Mar. 

' patented.'* Special applications of nickel- 17,2976 pp. 1685-1637. 
se Pp oe. pec Pp . . 18Bayer AG and Duisburger Kupferhutte. Selective 

cadmium batteries were reported including Extraction of Zinc, Cadmium and Indium From Aqueous 

: . ‘International Nickel Co. Inc. Nickel-Cadmium Bat- 
ed by a bank of 120 cells, a standby lighting teries Provide Rechargeable Power for Flight-Time- 
source, and a power supply for a deep-sea _Light Research. Nickel Topics, v. 29, No. 1, 1976, pp. 5-6.
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Calci d Calci 

| Oo By J. W. Pressler’ | 

Calcium metal was manufactured by one Synthetic calcium chloride was manufac- 
company in Connecticut. Calcium chloride tured by one company in New York and 
was produced by two companies in Califor- two companies in Washington. 
nia and three companies in Michigan. 

| DOMESTIC PRODUCTION © | 

Pfizer Inc. produced calcium metal at duction. | 
Canaan, Conn., by the Pidgeon process, in Allied Chemical Corp. recovered syn- 
wie quicklime and aluminum powder are thetic calcium chloride as a byproduct of 

eated in vacuum retorts; ata temperature soda ash at Syracuse, N.Y.; Reichold Chem- | 
of 1,170° C, calcium vaporizes and is col- jcals, Inc. recovered synthetic calcium chlo- 

Natio or Chie Ode Ce ore Ameri qd ride as a byproduct of pentachlorophenol 
Lesli “Gal + Co rod ad eal 3 te chi nid manufacture at Tacoma, Wash.; and Hook- 

€ ee eee ea eae eeore. er Chemicals & Plastics Corp. manufac- 
from wells in San Bernardino County, Calif. tured calc} hloride at T usi 
Output increased 15%. The Dow Chemical lrg bo: ee and * i“ hhc ; Seid. Total 
Co., Michigan Chemical Corp., and Wilkin. “mestone and ‘ydrocnoric ace. 2 . 
son Chemical Corp. recovered calcium chlo- Output of synthetic calcium chloride was 
ride from brine in Gratiot, Lapeer, Mason, 248,000 tons, an increase of 6% compared 
and Midland Counties, Mich. Output in- With that of 1976. 
creased 9%. Total production of natural The total value of all calcium chloride 

calcium chloride was 649,000 tons, an in- sold in 1976 was an alltime record high of 

crease of 9% compared with 1975 pro- $47 million. 

CONSUMPTION AND USES | - 

Calcium metal was used as a reducing Motors Corp. was apparently committed to 
agent to separate metals such as colum- the use of MF batteries in 65% of its cars in 
bium, tantalum, thorium, titanium, ura- 1977 and 100% by 1980. 

nium, vanadium, and zirconium from their The principal use of calcium chloride was : 
oxides; to form alloys with aluminum, lead, to melt snow and ice from roads, streets, 

lithium, magnesium, and silicon; as a scav- bridges, and pavements. Calcium chloride is 
enger in. the steel industry; and in the more effective at lower temperatures than 
manufacture of calcium hydride. The use of rock salt and is mainly used in the northern 
calcium metal in the new maintenance-free and eastern States. Because of its considera- 
(MF) storage battery increased rapidly in bly higher price, it is used in conjunction 
1976, with two of the largest battery pro- with rock salt for maximum effectiveness 
ducers reporting threefold increases in the ——— ——_____ | 
production of Pb-Ca MF batteries. General 1Physical scientist, Division of Nonmetallic Minerals. 
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and economy. It was also used to stabilize reduction and as a set-accelerator for | 
the surface of roads and driveways for dust concrete. | oe 

PRICES AND SPECIFICATIONS | 

The price of calcium metal crowns was’ which varied from 7.5% ad valorem for 
maintained at $1.33 per pound through all preferential status, to 25% ad valorem for 
of 1976; the last increase was March 21, statutory status. | 
1975. The price of calcium-silicon alloy Calcium chloride is usually sold either as | 
decreased from 57 cents per pound to 51 solid flake or pellet averaging about 75% | 
cents on January 21, 1976, and maintained CaCl, or as a concentrated liquid averaging 
that level throughout the remainder of the about 40% CaCl. The price of calcium 
year. Published prices and specifications at chloride maintained its level throughout 
yearend were as follows: the year. Published prices and specifica- 

tions at yearend were as follows: 

Value 

per - Value 
. pound per ton! 

oe EEL TST gigs Cum Mori ropargead, 1% t080%, 
Calcium-silicon alloy, 32% calcium, carload lots, Calcium chloride liquid, 40% to. 45%, 77 

fo.b. shipping point ~--~---~---------- _®!_—“‘tankcar or tanktruck, works_____.... 22-24 
Source: Metals Week. V. 48, No. 1, Jan. 3, 1976, p. 4. 1Differences between high and low price are accounted 

for by differences in quantity, quality, and location. 

Calcium metal is usually sold in the form _ Source: Chemical Marketing Reporter. V. 211, No. 1, 
of crowns, broken pieces, or billets, shipped Jan. 3, 1977, p. 52. 
in 55-gallon metal containers with a max- 
imum of 300 pounds, and gasketed to pro- As reported by producers on an f.o.b. 
vide an airtight condition, with argon at- warehouse basis, with conversions of all 
mosphere provided if desired. The U.S. Cus- products to a 75% CaCl, basis, the average 

, toms-declared value for calcium metal in value in 1976 for natural calcium chloride 
1976 ranged from $0.73 to $1.28 per pound, was $50.68 per ton; the average value for 
c.if. port of entry into the United States. synthetic calcium chloride was $57.92 per 
This did not include the assessed tariff, ton. 

FOREIGN TRADE 

Exports of calcium chloride, mainly to France totaled 191,800 tons, valued at 

Canada and Mexico, were 33,538 tons val- $14,160,000. 
ued at $2,578,000, compared with 28,400 Imports of other calcium compounds 
tons valued at $2,314,000 in 1975. Exports of included 63,770 tons of calcium nitrate, 
dicalcium phosphate were 32,302 tons val- mainly from Norway; 37,230 tons of calcium 
ued at $6,460,000; leading destinations cyanamide, mainly from Canada; 35,920 
were Canada, Mexico, and Brazil. Exports of tons of chalk whiting, mainly from France, 

precipitated calcium carbonate, mainly to Switzerland, the United Kingdom, and Bel- 
Canada and Mexico, totaled 3,411 tons val- gium; 30,250 tons of calcium borate from 

- ued at $735,000. Turkey; 4,500 tons of calcium carbide from 
Total imports of calcium and calcium Canada and West Germany; 4,350 tons of 

compounds were 208,000 tons valued at precipitated calcium carbonate, mainly 
$15,120,000. Imports of calcium metal from from Japan, France, Canada, and West 
Canada, the U.S.S.R., and France were 231 Germany; 1,470 tons of calcium cyanide 
tons valued at $475,000. Imports of calcium from Canada; 1,030 tons of calcium hypo- 

chloride, mainly from Canada, were 16,000 chlorite from Japan and Taiwan; and 6,580 

tons valued at $480,000. Imports of other tons of other compounds, mainly from the 

calcium compounds, mainly from Turkey, United Kingdom, Canada, and West Ger- 
Canada, Norway, the United Kingdom, and many.
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Table 1.—U.S. imports for consumption of calcium and calcium chloride, by year 

~ Calcium - Calcium chloride 

Year tit tit 
| ound) Value (ehort tons) Value 
1972. 248,080 $181,437 6,128 $225,463 | 
1978__- 110,407 77,864 1,357 317,007 
1974 109,252 120,883 3,599 155,727 
1975 70,128 77,684 12,021 597,758 
197%6___ 461,965 475,119 16,046 480,259 

_. Table 2.—U.S. imports for consumption of 
| : calcium chloride in 1976, by country 

| | Country (hort tone) Value | 
| ‘Canada_________- 15,886 $461,040 | 

. Germany, West _________ 60 6,252 
Japan __§____________ 99 11,700 
Sweden ______________ (7) 3381 
United Kingdom ________ 1 936 | 

‘Total pe 16,046 480,259 

oS Less than 1/2 unit. 

Be WORLD REVIEW | 

_ Canada.—Chromasco Corp. Ltd. produced source of U.S. imports of calcium chloride. 
calcium metal at its Haley smelter near France.—Planet Wattohm S.A., a sub- | 

Renfrew, Ontario. Canada continued tolead gidiary of Compagnie de Mokta, produced 

a other cours in the production. of calcium metal by the Pidgeon process. 
caiclum metal, producing a ut 1 million About 1 ton valued at $8,800 was exported 

_ pounds per year, with most of it exported to to the United States 
_ the United States and European countries. en ates. | 

About 165 tons valued at $392,000 was U.S.S.R.—Some calcium metal was pro- 
| exported to the United States, more than a duced in the U.SS.R. Sixty-five tons of | 
_. sixfold increase compared with the 25 tons Soviet calcium metal valued at $74,297 was : 

imported in 1975. Canada was the leading exported to the United States. | | 

TECHNOLOGY 

The market potential substantially in- were successfully tested.” 
creased for the use of calcium metal in the Rapidly increasing worldwide demand in 

| Pb-Ca and Pb-Ca-Sn MF storage battery.In the oil and gas industry for high-density, 
1976, battery manufacturers in the United solids-free completion, packer, and work- 
States produced over 3 million units of this Over fluids necessitated rapid expansion for 
new permanent MF battery. Some technical the production of calcium bromide. Calcium 

difficulties such as sustained performance romide isa superior chemical in producing 
for deep-cycle operations remained to be high-density drilling fluids, and would re- was we 
solved, but these are of special application. Place the traditional barite. | 

| Calcium chloride was considered as a 2Lane, G. A., J. S. Best, E. C. Clarke, D. N. Glew, and G. 
potential phase-change heat-storage mate- . Karris. Solar Energy Subsystems Employing Isothermal 

rial by microencapsulation in polyester res- Meth iste Gee Dow Chemical Co., d, Mich., 
in, and small wall, floor, and ceiling panels SChemical Age. V. 113, No. 2984, Sept. 24, 1976, p. 2.
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| - By Herbert L. Franklin) - 

| By early 1976 general economic recovery ~ natural gas feedstocks apparently increased 
was well underway in the United States, slightly over that of 1975. The average unit 
and rubber industry leaders were looking cost of liquid hydrocarbon inputs, 25.72 
forward to sales levels approximating those cents per gallon in 1976, decreased slightly 

| in the near-record year of 1972. This meant from that of 1975, but the cost for natural 
_ a good year for carbon black manufacturers gas, 87.71 cents per thousand cubic feet in 

_ since rubber manufacturers accounted for 1976, was up sharply. a 
| 93% of carbon black sales in 1976. Early | Use of carbon black as a colorant in 

optimism for high sales volumes was blunt- foodstuffs and cosmetics was banned by the 
ed, however, by the. longest rubber work- Food .and Drug Administration (FDA) be- 
ers’ strike in history, which kept carbon cause it was believed to contain a cancer- 
black demand 7%. below 1972 requirements. causing substance, but this action affected 

, However, despite the 4-month strike, car- only a small portion of carbon black 
bon’ black sales rose 7.1% above the de- sales.. However, a new type of plastic tire _ | 
pressed level of 1975. has reportedly been developed that could 

| _ Production of gas-based channel black, lead to a significant reduction in carbon _ 
which has declined steadily for the past 10 black sales as a rubber-compounding agent. 
years, ended in September when the only Pricing problems continued to plague the | 
remaining channel-black plant. was closed. industry as demand levels, suppressed by 
Thermal-black. production, which is also the rubber workers’ strike, remained low. 
dependent on natural gas as a feedstock, Price increases by yearend were considered 
reversed its declining trend as output in- inadequate to offset rising costs. a 
creased almost 27% over 1975 levels. 

Raw-material input patterns did not 1Mineral specialist, Division of Petroleum and Natural 
| change significantly, although the share of Gas. | | , 

Table 1.—Salient statistics of carbon black produced from liquid hydrocarbons 
and natural gas in the United States. 

(Thousand pounds) | oo 

a 
1972 1978 1974 1975 1976 

Production: a — 
Channel process ____.___..-_-- 22,378 14,222 Ww Ww Ww 
Furnace process _.._-_...------ _ 3,178,731 3,485,719 3,890,325 2,741,882 3,004,389 

‘Total ____---------------___ 3,201,109 3,499,941 Ww . ws. Ww 

Shi including 1 : 
Domestic . ding loess) ~a-i------- 8,148,114 3,314,646  - 3,147,980 2,729,772 2,911,680 
Exports _._.______---------- 111,328 192,665 192,970 74,268 110,760 

Total __...._..----------- "3,259,442 3,507,311 3,340,950 2,804,040 3,022,440 

Producer stocks Dec.31 _.....------ "287,695 ¥230,325 293,908 231,695 218,594 

Production _ ___~_ thousand dollars_ _ $248,361 $284,153 $372,281 *$313,646 $892,601 
Average per pound _ _ _ _ _ _ _ — _cents_ _ 7.16 8.12 10.98 11.44 13.07 

TRevised. W Withheld to avoid disclosing individual company confidential data. 

1Excludes channel black. 2AT
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| DOMESTIC PRODUCTION | 

: Production Trends.—In 1976, carbon facilities accounted for the remainder. An 
black production rebounded from the reces- undisclosed amount of channel black was 
sionary levels of 1975 to 3,004 million also produced. Processing methods based on | 
pounds plus an undisclosed amount of chan- liquid hydrocarbon feedstocks accounted for _ 
nel black. However, this was substantially 84.2% of the reported national output. Pro- 

_ lower than early forecasts, which predicted ducts of the liquid hydrocarbon feedstocks 
a return to a high level of activity similar to included General Purpose Furnace (GPF), 
that achieved in 1972. General economic . Fast Extruding Furnace (FEF), High Abra- 
recovery and the resultant increase in de- sion Furnace (HAF), Intermediate Su- 
mand for rubber products, particularly per Abrasion’ Furnace (ISAF), and Super 
tires, would have supported early optimistic Abrasion Furnace (SAF). Surprisingly; ther- | 

| estimates. However, a 4-month strike by mal and Semi-Reinforcing Furnace (SRF) _ 
rubber workers. suppressed rubber pro- blacks, produced from natural gas feed- 
duction and hence reduced sales of carbon stocks, increased their combined share of __ 

__ black, which were about 7% ‘below expected national output from 13.3% in 1975°to 
levels. | 158% in 1976. 

_ Production by State.—Texas and Louisia- | Number and Capacity of ~Plants.— . 
7 na, with the greatest concentration of car-- Although the total number of carbon black 

: _ bon black production facilities and proxim- plants in operation at yearend remained at 
ity to raw materials, comprised the geo- 32 (the same as in 1975), 1 plant ceased 
graphic center of national production. operating and another resumed operations — 

_ Texas was the leading producer with 44% of during the year. Furnace blacks were pro- 
national output,:and Louisiana was second duced at all but one of the plants currently | 
with 34%. The remaining U.S. production in. operation, and thermal black was pro- | 

_ took place in Alabama, Arkansas, Califor- duced at three facilities. In recent years — 
_ nia, Kansas, Ohio, Oklahoma, and West channel black producers have faced rapidly 

| Virginian _ rising feedstock costs and stringent environ- 
_ Production ‘by Grade and Type.— mental pollution control requirements. The 

Furnace-combustion processing remained environmental problems associated with | 
the dominant method of production with channel’black production were greater than 
94.9% of reported output; thermal cracking. those involved with the production of fur- 

5000 . : | 

4000 Ge | 

< 3000 | , a 

2 | oor oS S cone eee . | s.r” 

= 2000 on emmm Production 

= ~~ -"" . ema Oil-furnace production 

: 7 ——- Gas-furnace production 

1000 seseeeee Thermal production oe 

-——- Channel production 

gn Torericceascseees 

1966 1967 1968 1969 1970 971 1972 1973 1974 1975 1976 

Figure 1.—U.S. production by process and geographic area.
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nace blacks. By 1974, only Cities ServiceCo. natural gas during 1976 as the industry 
| continued producing channel black, and in. rebounded from the low output levels of 

| September 1976 that firm closed its channel 1975. Liquid hydrocarbons continued their 

| black plant at Gaines, Tex. ending channel dominance as a feedstock with 561.3 million a 

black production in the United States. In gallons used to produce 2,859 million | 

December 1976, Continental Carbon Co. pounds of carbon black, or 95.2% of total 
reopened its Phenix City, Ala. furnace black production. Yields from liquid hydrocar- ~ | 

plant, which had been closed since late bons increased slightly, from 5.04 pounds 

- 1973. Even though industry leaders ex- per gallon in 1975 to 5.09 pounds per gallon 

pected a steady long-term growth in dein 1976. Because natural gas data reported 

-- mand for carbon black, aggregate daily encompass both fuel and feedstock. use, a . 

production capacity dropped for the second comparisons with liquid hydrocarbons can- | 

straight year, and no new domestic plant not be made. However, in view of the 

developments were reported. Capacity addi- increased share of natural-gas-based blacks | oe 

tions to existing facilities were designed produced, compared with total U.S. output, 

"mainly to replace older inefficient equip it can be deduced that natural gas actually | 

- ment rather than to increase overall pro. increased its significance as a raw material © | 

_. ductive capability. The lack of development as well as a processing fuel. The unit cost of , 

-”- activity was attributed primarily to unsatis liquid hydrocarbons used as feedstocks 

factory earnings, which failed to generate decreased slightly, from 26 cents per gallon : 

the capital necessary for large-scale expan- in 1975 to 25.72 cents per gallon in 1976, 
sion. However, it might also be noted that thus interrupting the increasing trend of | 

only 82% of existing capacity (based on 350 _ the past 5 years. Natural gas costs, however, oe 

_ days of operation) was utilized. continued their steep ascent with an in- 

Materials Used and Yields.—Carbon crease of 26.2% over 1975 costs as the | 

- black production consumed greater average price rose to 87.71 cents per thous- — 

amounts of both liquid hydrocarbons and andcubicfeet. Boos | 

a | CONSUMPTION AND USES | 

_. Early in 1976 economic indicators pointed overcome the impact of the strike, and sales : 

toward a strong recovery in demand for totals for the year ended 7% below the 1972 © 

_ carbon black from the depressed levels of level. - re 
1975. Greater rubber demand was pre Traditional domestic use patterns chang- 
dicted, primarily on the basis of an upturn ed _- very little during 1976. Rubber manu- oo 

in-construction activity, extensive bicenten- facturers consumed 93% of available carbon | 

nial travel and thus greater tire use, re black with 60% used for tire production and 

quired replacement of tires on the record 33% for other rubber products, particularly 

number of new cars sold in 1978, trends hoses and belts for vehicles, machinery, and 

indicating increased sale of new cars, and _construction equipment. Printing inks used 

consumer preference for large cars requir. 2.7% of the available product, and other 

ing large tires. Thus it appeared that non-rubber industries including paint, pa- 

rubber production, which has traditionally per, chemical, food processing, metallurgy, 

accounted for more than 90% of carbon and plastics used the remaining 4.3%. 

black use, would boost carbon black sales Carbon black use in cosmetics and food 

back to the levels of 1972. - manufacture was banned by the FDA be- 

During the first 4 months, shipments cause there was no reliable test to assure 

exceeded 1972 levels, and early optimistic that the colorant is free of a cancer-causing 

forecasts appeared valid. However, a 4 byproduct. The byproduct, produced during 
month strike by rubber workers caused manufacture of carbon black, adheres tight- 
shipments during May through August to _ly to the surface of the carbon, and extreme 
plummet 28% below those of the same heat and special solvents are required for 
period in 1972. Accelerated poststrike activ- its removal. 
ity by the rubber industry stimulated de- If a new type of tire, developed by Polvair, 
mand for carbon black, thus causing sales to an Austrian plastic machinery maker, can 
rise 6% above 1972 levels for the final 4 be produced economically and proves to be 
months of the year. However, this final technically feasible, it will have a major 

acceleration in demand was not enough to impact on rubber manufacturers and hence
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. on the carbon black industry. The tire is punctured. However, raw material costs are 
known as a liquid injection molding (LIM) expected to be higher than for the conven- 
tire and is made of a polyurethane plastic. tional rubber tire. An LIM tire production 
It has been reported that the tire can get up _ plant is scheduled to begin operating in 

| to 60,000 miles of tread life, is lighter than Berlin, Germany, during 1977, and a second 
steel-belted radials, and can run up to 50 pliant, also in Germany, may startup in 
miles at 50 miles per hour after being 1978. — , a 

| STOCKS | 

| _ As of December 31, 1976 producers’ stocks bon black except SRF and FEF. The great- 
were at their lowest level since 1969. A est depletion took place in thermal blacks 
significant drawdown occurred during the _for the second straight year, and supplies at 

| first quarter as rubber producers acceler- yearend were 35.2% less than that of 1975; 
ated production in anticipation of a strike. this drawdown occurred despite a 26.6% 

_ During the subsequent. 5. months producer increase in thermal black output during the 
stocks were increased 65.9 million pounds. _ year. Substantial increases in production of — 
Immediately following the strike in Septem- SRF and FEF blacks led to increased sup- 
ber, however, heavy demand by rubber plies of both grades at yearend; FEF blacks 
manufacturers resulted in a drawdown of increased most significantly, rising nearly 
77.6 million pounds. Demand remained 55% above the 1975 yearend level. Stocks of 
strong for the rest of the year, and ending the most heavily. used blacks, HAF and 
stocks were 8% lower than at the close of GPF, decreased 15.7% and 19.1%, re- 
1975. . - | | spectively. 

| _ Drawdowns occurred in all grades of car- . / 

| | a PRICES 

| Increasing feedstock and operating costs __ nificant price expansion to offset the con- 
since early 1974 and slack demand in late _stantly increasing production costs. How- 
1974 and throughout 1975 created a cost- ever, early optimism for a return to the 

_ price dilemma for carbon black producers sales level of 1972 was blunted. by the 
thatextended into 1976. prolonged strike by rubber workers. Conse- 

| + The cost of raw materials has contributed quently, the average price of a pound of 
most heavily to overall production costs carbon black increased only about 17% 
because heavy aromatic residual oils, the above that of 1975 to 13.07 cents per pound. 
principal carbon black feedstock, have an- = According to Chemical Marketing Re- 
other use as fuel. As their value in the fuel _ porter, average yearend prices ranged from 
market increases, carbon black manufac- 10.13 cents per pound for GPF and SRF 
turers -are forced to pay high fuel- grades to 14.88 cents per pound for SAF. 
competitive prices to obtain the feedstocks. The average yearend price difference 

The carbon black industry was optimistic between bulk and bag quantities was 0.75 
in early 1976 that an emerging healthy cent per pound. : 
demand for its products would permit sig- oe | 

| FOREIGN TRADE | 

Bureau of the Census data show an in- while purchases by Belgium-Luxembourg 
crease in carbon black exports to about and the Netherlands rebounded strongly 
110.8 million pounds during 1976, nearly from their depressed levels of 1975. North 
26% above the level of foreign sales during American customers increased their share 
1975. Nearly 42% of U.S. exports went to of purchases from about 25% in 1975 to 
Europe, where France, West Germany, and nearly 28% during 1976, primarily as a 
the United Kingdom continued to be the result of Mexican purchases, which nearly 
principal recipients. However, shipments to doubled. The volume of Asian purchases 
the United Kingdom dropped markedly, increased slightly, but Asia’s share of total
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purchases from the United States declined bone. black was also imported, coming most- 
from 21% in 1975 to about 17% during 1976. ly from West Germany and France. There 
As in 1975 sales to African nations account- were no imports of lamp black reported in 
ed for nearly 9% of U.S. exports, but the 1976. | . 
South American share of U.S. exports The average price received from foreign 
dropped from about 5% in 1975 to approx- sales of carbon black increased from 16.3 
imately 4% in 1976. , and 17.6 cents per pound in 1974 and 1975, 

Imports of carbon black increased nearly respectively, to 24.6 cents per pound in 
82% during 1976, totaling approximately 1976. In the same time period, U.S. con- 
44.2 million pounds. Canada supplied. 90% sumers of foreign-produced carbon black 
of U.S. foreign purchases, and Indonesia paid average: prices of 14.6 and 13.0 cents _ 
and West Germany were the next two per pound in 1974 and 1975, respectively, 
largest suppliers, accounting for 5.3% and and 15.9 cents per pound in 1976. 
3.2%, respectively. Nearly 45,000 pounds of | 

WORLD REVIEW 

During 1976, estimated world production Brazil during 1976 included a 33-million- 
increased 11% over the 1975 level and pound-per-year expansion of the Cia. Carbo- 
approached the record high of 1973. The nos Coloidas plant at Candeias and an 11.5- 
most significant producing areas were million-pound-per-year addition to the Cia. | 
North America with nearly 48% of the Petroquimica Brasileira plant at Sao Paulo. 
estimated total output, followed by Western Other construction activity in Latin Ameri- 
Europe and the Far East with about 29% ca included a new 40-million-pound-per- 
and 14%, respectively. North American and year plant at Tampico, Mexico, for Hules 
West European producers rebounded from Mexicanos S.A., a 17.3-million-pound-per- 
the recession of 1975 with overall average year expansion to the Petroleos del Peru 
increases in productivity of about 12%. plant at Talara, Peru, and new plants for | 
Production in the Far East increased even United Carbon de Venezuela of 35 million 
more sharply, rising approximately 18%. pounds per year at Bachaquero, Venezuela, 
Although Latin America is not yet one of and 21 million pounds per year at Valencia, 
the leading production areas, it had the Venezuela. In the Far East, a plant of 
largest growth rate during 1976 with an undisclosed capacity was being constructed 
increase in output of nearly 14%. Pro for Union Carbon Black at Assam, India, a 

duction in Eastern Europe increased slight- 28-million-pound-per-year plant was under 
ly at a rate of about 3%. | construction for Malaysian Carbon Senider- | 

Latin America and the Far East remain- ian Berhad at Port Dickson, Seremban, 
ed most active in construction of new plant Malaysia; and a 10-million-pound-per-year 
capacity and expansion of existing capacity. plant was being erected for National Refin- 
In Latin America a new plant at Capuava, ery, Ltd., at Karachi, Pakistan. In the 
Brazil began production in November 1976; Near East, a 15-million-pound-per-year 
capacity of this facility has not been plant was being constructed for Petkim 
disclosed. Facilities under construction in Petrokimya, A.S., at Yarimca, Turkey. 

TECHNOLOGY 7 

A process for chemically decomposing product, developed by Micro Chemical In- 
scrap tires by pyrolysis was being tested by dustries, Inc., is cited as a substitute for 
The Oil Shale Corp. (TOSCO) at its test thermal black in certain rubber-com- 
facility near Rocky Flats, Colo. It is believed pounding applications. Opal Black is a 
that an average of nearly 6 pounds of fine-particle, high-surface-area, amorphous 
carbon black can be recovered from each _ silica with carbon dispersed within the sili- 
tire by the TOSCO process. ca matrix. It is produced by burning rice 

The only other significant development hulls under special controls and grinding 
reported during 1976 was the introduction the ash residue into extremely fine parti- 
of a new product known as Opal Black. This __ cles.
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Table 2.—Carbon black produced from liquid hydrocarbons and natural gas 

| - in the United States, by State a 

| (Thousand pounds) oo, 
ne 

a ' Change 

a 1972 1973 1974 1975 1976 from 1975 
a (percent) 

| Louisiana ____________— 1,077,977 1,207,708 1,192,795 887,719 1,032,510 +163 
Texas________________ 1,425,874 1,511,127 1,434,797 1,228,195 1,330,004 +83 
Other States___.________ __ 697,258 781,106 762,733 625,918 641,825 +25 

 Total____________ _ 3,201,109 3,499,941 3,390,325 —«-2,741,882 3,004,339 - +9.6 . 
| | 

Table 3.—Production, shipments and stocks of carbon black in the United States _ 

| in 1976, by grade 

(Thousand pounds) _ . 

| oe | SRF GPF FEF HAF SAF ISAF THerm™ = qotat 
ra 

| Production_____________ 820,987 597,352 359,158 1,315,797 24,850 281,876 154,369 3,004,339 , 
Shipments_____________ 318,887 604,111 349,292 1,880,728 25,999 232,849 161,579 — 3,022,440 
Stocks at Dec. 31,1976_____. 24,727 28,690 27,841 79,859 6,714 32,486 . 13,277 218,594 

nae een nn 

, _1 Excludes channel black to avoid disclosing of individual company confidential data. | 

Table 4.—Number and capacity of furnace black plants operated in the United States 
| 

" Total daily capacity 
| | Number of plants | 

State County or parish mmnber ore a (pounds) 

: , | 1975 1976 1975 1976 

Aransas____________- 1 1\ . 
Gray_____---------- 1 1- . 
Harris________------ | 1 1 . 
Howard _ _----------- 2 2 . 

Texas _________------ ( Monmomeny 7777727222 2 2) age5774 4,848,201 
Moore _____--------- 1 1 

. erry ______--_------ 
| Wheeler. __ _____----- 1 1 

Total Texas _______________----_------- 12 12 4,925,774 4,843,201 

' Avoyelles _______-_--- 1 1 
Calcasieu ____----~---- 1 1 |. 

Louisiana __._-------- 4 Byangeyme------- 7-77 ) > } 3,785,467 8,117,692 
St.Mary _______-_--- 3 3 

| West Baton Rouge. _ _ _ _ - — 1 1 

Total Louisiana ______________---_------ 9 9 3,735,467 3,117,692 

Alabama __________--- Russel] _______.-__--~- — 1 
Arkansas __ __________-~- Union _______------- 1 1 
California _______-_~-- Kern. _______-__~__- 3 3 
Kansas _--_---------- Grant _-.______--_--- 1. 1 

Ohio..........._____ } Lucas ____--__------ 1 1 | 2,499,143 2,512,802 

Washington _____-_-_~-- 1 1 
Oklahoma ________---- Kay gait 777777727777 } } 

a ee ars. eee ee Le : 

West Virginia -_--_----- { Pleesants ~~~" 7===72=2 1 1 

Total other States ______________--------- 10 11 2,499,143 2,512,802 

Total United States ____________-_-__----- 31 32 11,160,384 10,473,695 
ihe
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| Table 5.— Fuel and feedstocks used in carbon black production, by State | 

_ Louisiana Texas other, Total 

1975 , 
Carbon black production: 

. Tota] __________._.._____~~ thousand pounds__ 887,719 1,228,195 625,918 2,741,832 
Value™ ___________________=thousand dollars_ _ $105,394 $136,146 $72,106 $313,646 
Average value’ ______________cents per pound__ 11.87 11.08 11.52 11.44 

Natural gas used: 
Total _._.____________-~~~ million cubic feet__ 13,984 7,669 4,593 - 26,246 
Value_______________.__-_-— -_thousand dollars. _ $9,733 ——- $4,702 $3,803 $18,238 
Average value____—— cents per thousand cubic feet_ _ 69.60 61.31 82.79 69.49 

Liquid hydrocarbons used: 
Tota] __________._______ ~~ thousand gallons. _ 156,326 237,887 123,185 517,398 
Value_______________.__ —~— thousand dollars__ $42,184 $58,767 $33,577 $134,528 
Average value__________._.—~—- cents per gallon. _ 26.98 24.70 27.25 26.00 
Carbon black produced _ ine 7777 thousand pounds_ _ 781,813 1,209,114 614,639 2,605,566 

Carbon black production: . 
Total ____________._. = _-— thousand pounds__ 1,032,510 1,330,004 641,825 3,004,339 
Value___________.._____ —~-thousand dollars__ $141,957 $163,839 $86,805 $392,601 
Average value_____________.—~-— cents per pound__ 13.75 12.32 13.52 13.07 

Natural gas used: 
Total ________________ ~~ million cubic feet__ 14,399 8,866 4,768 28,033 
Value________________ thousand dollars_ _ $12,433 $6,529 $5,625 $24,587 
Average value______— cents per thousand cubic feet_ _ 86.34 13.64 117.97 87.71 

Liquid hydrocarbons used: 
Total _________________._W_ thousand gallons_ _ 182,871 254,201 124,248 561,320 
Value________________.. thousand dollars_ _ $47,063 $63,652 $33,681 - $144,396 , 
Average value_____________—_— cents per gallon_ _ 25.74 25.04 27.11 25.72 
Carbon black produced _____._. — thousand pounds_ _ 936,293 1,293,121 629,381 2,858,795 

FRevised 
1Alabama, Arkansas, California, Kansas, Ohio, Oklahoma, and West Virginia. 

Table 6.—Liquid hydrocarbons and natural gas used in manufacturing carbon black 
in the United States and average yield : 

1972 - 1973 1974 1975 1976 
ec eae 0 SS SSS SSS SSS SSS A 

Natural gas used _______________~- million cubic feet__ 53,939 49,682 40,130 26,246 28,033 
Average value of natural gas used per thousand 

cubic feet __._____._.-_.___--.-__-—-- cents__. 19.54 24.19 . 40.87 69.49 87.71 
Liquid hydrocarbons used________ thousand gallons__ 590,753 623,236 578,811 517,398 561,320 

Average yield of carbon black per gallon ___ _ _ _ __ pounds_ _ 4.96 5.22 5.54 5.04 5.09 
Average value of liquid hydrocarbons used . 
pergallon____________________------ cents__ 8.13 9.03 23.87 26.00 25.72 . 

Number of producers reporting —_.._...___.-_-------- 8 8 8 8 8 
Number of plants ______________-___~----------- 34 34 34 32 32
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2 mam Rubber sales 
. sewn Other sales | ee 

ae Aion 
sO Seer meee Te ae ge" a ee 
0 _- 

Figure 2.—Sales for domestic consumption. : 

| . . . | Table 7.—Sales of carbon black for domestic consumption in the United States, by use 
| = oO (Thousand pounds) 
i 

. . . Change . Use 1972 1973 1974 1975 1976 from 1975 oo ° (percent) 

Ink _--________ 82,532 84,364 83,009 72,326 79,758 +103 1 Paint ________________ 21,408 21,667 18,936 18,437 19,310 +4.7 | Paper oe 4,225 4,212 3,604 4,241 3,321 21.7 Rubber___-_________ | 2,953,779 3,114,565 2,925,032 2,553,778 2,719,968 +6.5 | Miscellaneous! __________ 84,764 88,786 115,939 | 80,675 102,235 +26.7 
Total.___________ 3,146,708 3,313,594 3,146,520 2,729,457 2,924,592 +7.1 eee nS 

‘Includes chemical, food, metallurgical, and plastics 

Table 8.—Carbon black average domestic 
yearend prices, by grade 

(Cents per pound) 

eee 
1975 1976 

Channel ____________ 12.50 12.50 
Fast Extruding Furnace 
(FEF)_____________ 11.00 10.88 

General Purpose Furnace 
H (GPF). seca Rus 10.25 10.13 

rasion rnace 

(HAF) ~ oe 12.00 12.00 
Intermediate Super Abra- 

sion Furnace (ISAF) _ _ _ _ 13.25 13.13 
Super Abrasion Furnace 
(SAF)_____________ 15.00 14.88 

Semi-Reinforcing Furnace 
(SRF)_-_- 10.25 10.13 

Thermal ____________ 12.00 12.00 
i
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| Table 9.—U.S. exports of carbon black, by country | 

(Thousand pounds and thousand dollars) 

ess cc GS SS 

SO 1974 1975 1976 
Country —$—<—<—$——————————ns Oo OEE 

Quantity Value Quantity Value Quantity Value 

North America: . 

Canada _________-----_~-- 15,170 — 2,259 13,956 1,878 16,458 2,878 
Costa Rica _._______------- 4 8 337 62 353 70 
Dominican Republic —— ~~ ——~—-- — _— 46 3 54 - 
El Salvador _.____--------- 47 6 471 10 165 31 
Guatemala _________-_----- 1,333 159 8 5 306 67 
Honduras ______..-------- 100 20 _- 26 5 

~ Jamaica ~~ ___ LL 1,170 © 141 “ 9 & ~~ - 13 -- oo ZB vom 
‘Mexico ________---_-----~- 6,507 446, 6,718 STT 18,175 ‘2,789 
‘Other ______.__-__------- 72 12 F419 12  % 5 : 

Total _._.____-----~---~-- 24,403 3,052 21,564 2,955 30,587 = 4,852. 

South America: Oo Ce 
Argentina __________------ | 1,077, 198 . 379 125 294. 133 
Brazil _.__..____--------~ = l7,41T. 2,186 2,028 413 275 =. %23 
Chile __-.______-__-------. . 340 Bh 594 100 14Q 28 
Colombia _____..---------- 959. 149 188 60 271 ti«CSTP 
‘Ecuador ~______ 24 4 61 22 30 11 
Peru. _______________---- 263 61 260 55 316 ~ 1% . 
Uruguay _________~------- | 66 8 40 13 - 64 13 
Venezuela ______--_-- +---- 651 101. 884 187  6TI 176 
Other ~------------4----- . 38 «6 20 6 17 5 

Total _.__-_____.-___---- 20,830 | 2,759 - 4,454 981 4,518 1,241 

eS 

Europe: . . “ 

Austria ~~ eee 92. 24 ae —- 562 132 
Belgium-Luxembourg ___.__..._ 5,014 7124 —— -%5 155 3,603 961 
Denmark ____ ~~ 2 Le ~ -8q2 “253 | «56 33 563 184 
Finland ___ _________~---- 117 32 66 20 27 °° | 12 
France ________-.__--2---~- 28,255 3,733 © 9,122 1,427 14,427 3,362 . 
Germany, West _______-___-_~- 15,444 2,246 5,562 923 8,778 2,224 
Hungary ___-___~-------~-- 81 - 30 — 22 8 48 - 18 
Maly — sands 727277277222 72277 5,892 1,503 2,234 530 3,302 1,266 
Netherlands _________.----- 10,174 2,459 873 249 2,948. 879 
Norway ___———~------------ 265 37 113 16 180 68 
Poland ______2--~--=----- 4 eT 28.2. COC 14° 81 52 

Portugal __.._____--_------ 172 33 272 45 183 126 

Romania __________~----~-- 410 -: °° 168. 44 117 _ 41 106 

Spain _.-----.--.-------- _ _§,188 1,029 2,081 357 2,849 900 
Sweden _..—.___---------- 480 99 ~—~=—«:1,046 207 1,028 257 

' Switzerland _________-___---:- 1,397 198 - - 201: 53 132 27 
United Kingdom ______-_----  . 10,746 2,239 12,696 1,356 7,415 2,467 
Yugoslavia ___ 2 ~~ == . 418 Bl 11 3 39 14 
Other __ 22 eee 47 73 (Ct 30 44 180 112 

Total. -2.-__-____-__~_ 80,011 14,918 —° 35,192 5,557 46,386 13,167 

Algeria ___.-__.--__----~-- 33 10 16 7 3 5 

Angola ___--______------- 329 44 4 1 90 29 
Egypt | ------------~--- 77 eo — 23 4 13 11 3 

Ethiopia __.______-------- -- _- 108 21 —_ _- 

Ghana __________-~----~--- 2,337 349 2,750 472 2,688 598 

Kenya ___.--__---------- 1,524 236 1,071 221 1,824 246 

Morocco _.~___~---------- 42 8 32 6 _- _-— 
Nigeria ________--_-----~-- oe i 13 5 256 38 
South Africa, Republic of — — ~~ -_~- 8,945 1,049 2,796 456 3,110 594 

Tanzania ___.-______-~--~-- 1,332 246 905 166 1,689 249 

Zambia _________--_.~----- 551 84 _- __ _— _- 
Other __-____-~---------- 35 5 T14 4 31 5 

Total__________---_--- 15,128 2,031 1,132 1,372 9,702 1,767 
—eeeeoEoeeeeeeeeleleeee 

See footnote at end of table.



95g MINERALS YEARBOOK, 1976 

| _. Table 9.—U.S. exports of carbon black, by country — Continued | 
- (Thousand pounds and thousand dollars) — a . 

.. 1974 1975 1976 

_ Quantity | Value Quantity | Value Quantity. - Value 
, 

4 

| Cambodia ________________ - 109. — 19 _ _- me ee 
Hong Kong ________-______. (253 60 252. 50 . 840 85 
India __ 2 572 135 272 74 325. 114 
Indonesia________________- 1,242: 176 170 683 166. - 42 
Iran ___ LL 73 . 16. 25 . 7 25 ee) 

Israel -- 2 ATT 61 375 67 276 -, $8 
Japan __ = ___ =~ = 23,452 4,577 4,727 1962 7,085 3,526 . . Korea, Republicof ___________ ~ 2,117 256 403 180 465 ~.197 
Lebanon ____._ _-__ 152° 21 toe a 1 1 
Malaysia .-_-______________ . 4,872 720. 2,920. 503 2,456 344 

_ Pakistan. 2 . 2,865 _ $44  —. 2,234 346 ———-1,807 244 . Philippines === si 2086 124 144 26 174 45 
Singapore __-______________ -  §,188 934 226 38 380 166 
Sri Lanka eee 224 86 304° 57. me 
Taiwan _~_. === 6,699 851 —«s«d5 165 st—~—Ss«éiS*'S 5,310 =: 979 

~ Thailand ~~~ 2-2-2222 Le __:—ti«é8*eTBB.. 473 | 658 112 384... O66 
 - . Turkey ~ 2-2 186° 40. _- --) re 

Vietnam _________._______. 3,809 517 . 451 64 wee 
Other ___________ 18 4 oe BO ae me ee 

Total. 2 5 56,727 9,364 —§ 18,334 4,439. 18,694 - —s_5,901 
eres SSeremsetven 

Australia. 22 = 5 3 3,483 . 67200 352 107 751 ' 282 
‘New Zealand ___-§__________ 1,155 151° 319 63 152 77 

. Totals 4,638° 823 ==. stiéGT71 170 903. ~—s 308 

. Grand total ____________- 201,737 32,947 _ 87,947 —- 15,474 110,760 © 27,231 
. . 

cee . " — . . . : — 
. 

_ Table 10.—U.S. exports of carbon black in 1976, by month __ oo 
| | - (Thousand pounds and thousand dollars) ae - 

Month . ~ . Channel Furnace. Total | Quantity Value Quantity Value” Quantity Value 
. _ 

January _________________ 439 242 7,941 1,511 8,380 | 1,758 
February _______________ (297 261 10,869 2,167 | 11,166 2,428 March _______________ 628. 505 9,393 1,888 10,021 2,393 April woe ee eee. 301 - 222 6,789 1,560 7,090 1,782 

Y ------ Le 508 513 7,757 1,711 8,265 2,224 
June __-________ 375 308 9,445 1,977 9,820. 2,285 . July 292 278 9,357 2,038 9649 . . 2316 
August _.____________ 406 292 9,789 2,125 10,195 - 2,417 
September ________________ 139 188 9,031 2,062 9,170 2,250 
October 385 349 9,612 2,246 9,997 2,595 November ________________ 706 766 6,793 1,750 7,499 2,516 
December ________________ 223 144 9,285 2,128 9,508 2,272 melt 

Total _-.__-_____________ 4,699 4,068 106,061 23,163 110,760 27,231 
ee  eerepenennrstreenees
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| Table 11.—Carbon black: World production, by country | 
(Million pounds) 

Country! — 1974 1975 1976" 

Argentina® __________.__..--_------------------------- 66. 66 66 
Australia® ~._ = eee 156 140 170 
Belgium® ________________----~------~---------------- 4 4 4 
Brazil® ______________.-----~----~---- ~~~ +--+ ++ 198 200 226 
Canada® ________________ ee e+ 249 230 295 
Colombia® ______.___--------------------------------- 55 48 58 
Czechoslovakia® .._._.__..-------~--_--~-------~--------- 66 66 66 

rmany. poe ee eee ne en ee ee eee . 
Hungary® ~e ee ee ee ee ee ee ee ee ee ee 10 10 10 
India _~___ ee eee ++ 143 15 180 
Indonesia ________.-_-_------~---~-------------~-------+ 6 6 7 
Iran® _____________2_ eee ee 4 15 30. 
Italy , ____._----------------------------------------- 334 301 $42 
Japan ___________._-_ ~~~ ee eee e+ 830 815 901 
Korea, Republicof __.___.__.-----.----------------------- ¥36 53 71 | 
Mexico® __-~_________ eee 75 80 90 
Netherlands ________----------~------------------------ 222 175 198 

. Peru __..____-__-_.-.---------------+-+-~-------------- _- *10 *20 . 
Romania ____._.___._-.----------~---+--~-----~--------- 178 191 *200 , _ 
South Africa, Republic of _._..____...---------------+--+---- 83 89 95 
Spain ________. ~~~ ee ee ee ee ee . 115 90 111 

. Sweden® ________________ ue eee e+ 62 52 66 
Taiwan _______.________u eee eee ee * ) () 
United Kingdom® ___________--.-_.--------------------+-- 443 460 463 
United States _.______.--_-_-------~ +--+ 3,390 2,742 3,004 

| Venezuela® ______________2-_- ~~ eee 40 - $7 42 | 
Yugoslavia _.___._____.__~_-.-----------+-------------- 41 42 “42 

» Total ..---_----.-----------~-------------------- ¥7,808 6,987 _ 9,726 

*Estimate. Preliminary. ‘Revised. | 
1In addition to the countries listed, the People’s Republic of China, Norway, Poland, Turkey, and the U.S.S.R. produce 

| carbon black, but production statistics are not reported and available information is inadequate for the formulation of 
reliable estimates of output levels. | 

*Lees than 1/2 unit. | : 
3Includes vegetable black, but excludes acetylene and bone black.
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~ Cement ~~ 

_By Norman E. Wingard? OS ne 

Portland cement shipments from plants Little: new capacity came onstream in 
in the United States and Puerto Rico, in- 1976 or was scheduled in the near future; as 
cluding cement imported and distributed by a result, supply-demand approached a close 
domestic producers, totaled 71,922,000 tons balance in many market areas. With stable 
in 1976. This amount was 6.1% higher than capacity, more plants ‘were producing at 

was shipped in 1975 but was 9.5% less than near-capacity limits in ‘1976, Undercapacity | 
in 1974. In 1973, record high cement ship- within the next few years is a possibility. a | 

ments of 86.6 million tons were recorded, ~ ‘Although little new capacity was’ devel- | 
17% higher than in 1976. The 1976 figure oped during the year, a number of plant 

represents a reversal in the 2-year down- modernization and renovation projects were | 
turn experienced during 1974-75. _*. underway. Primarily aimed at increasing 

Mill value for portland cement increased energy efficiency, virtually all major pro- 
to $2.4 billion, 16% higher than that of jects. involved conversion to dry process 
1975. This reflects an increase in the unit with preheaters and the ability to use.coal 
value of $2.77 per ton, or9%. a eg Se : 

_ The demand for cement during the year asa principal fuel. ee 
increased as the construction industry gain- ; Citadel Cement Corp. received an award 
ed Industry Bé from the city of. Birmingham, Ala., for : 

momentum after the recession, particu- eo tal impro™ nts : -esult of 

larly in the first half of the year. During the {11 «satiation of clecteostatic orecisitatocs | 
first 6 months of 1976, construction was t e installation of e ectrostatic precipitators 

months of level activity, and the year ended of Amarillo, Tex., received the 1976 Citation 

with more gains in the final 2 months. ‘© Industry.award from the Texas. Panhan- 
Residential construction was almost solely ‘le Audubon Society for its effective 
responsible for the improvement. The num- Yeclamation of strip-mined lands. More 
ber of housing starts increased from 1.15 than 70 acres of land was restored to pro- 
million in 1975 to 1.55 million in 1976. In uctivegrassland; = 
all, the construction. industry developed § The Portland Cement Association (PCA) | 
about 75% of the. volume reached in the Presented safety trophy awards to 34 plants 
early 1970’s, representing a growth of about that had injury-free operations in 1976. 
8% compared with 1975 levels. The recov. Medusa Cement Co. of Manitowoc, Wis., 
ery of the construction industry, in fact, received its 29th reaward for 30:years with- . 

proceded at a slower pace than had been. out a disabling injury. Martin Marietta 
expected, with the. typically largest uses of Corp.’s plants in Atlanta, Ga., and Lyons, 
cement, such as highway and industrial Colo., received new trophy awards for an 
building, down from 1975. accident-free year. Thousand-day achieve- 

Maintenance, repair, fuel, and operating ment awards were presented to three com- 
costs were up significantly, especially at panies by the PCA: Louisville Cement Co. at 
older plants. Higher prices, however, gener- Logansport, Ind., received its award for 
ally allowed companies to experience better 4,000 consecutive accident-free days; and 
mill-net profits despite increased pro- — ~~ 
duction costs. 1Physical scientist, Division of Nonmetallic Minerals. 

259
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| ‘Ideal Basic Industries, Inc.’s plants at Fort Centre, Huntingdon, and Franklin Coun- 
, Collins, Colo., and Trident, Mont., each _ ties. | 
| _ received a 1,000-day citation. Pennsylvania, Western.—All other coun-. 

| The Atlantic Cement Co., a subsidiary of ties in Pennsylvania. 
Newmont Mining Corp., was awarded the Legislation and Government Pro-— 
Environmental Protection Agency’s “Flag grams.—The Housing Authorization Act of 

7 of Achievement” for meeting all pollution 1976 allocated $675 million per year for 
| control regulations.? Atlantic was the first subsidized housing. Of this amount, $85 

| portland cement company to receive this million was for new construction or sub- 
award, and represented the only industry stantial rehabilitation of existing housing. : 

heat in Nore ed to be - The President signed a 2-year extension 
_ Again in , energy continued to.be a of the Federal highway program for $17.6 
major concern in the cement industry. Ma- billion. Most of this was not expected to be 

| jor items of planned or actual capital ex- spent in the 2 years, because the funds were 
penditure were the conversion to coal as a_ tied to State and local matching fund re- 

— Primary or hack p fuel in plant operations, quirements. It was, however, the largest 
: and conversion from wet- to dry-process 2-year highway program ever enacted and 

opera with the addition o Preheaters. would allow expenditures on interstate, pri- 
SO veral companies were involved in the mary, secondary, and urban roads. 

| development of their own coal reserves and _A total of 6,775 Federally aided contracts 
| mining facilities. oo for highway and bridge construction were 

Some of the tables show statistical data awarded by State highway departments 

fairl . el _ e . anda number of cement pro- 

district may represent a group of States, a ducers were named in several civil anti- 
portion a a Site, onan anpreaie ms trust suits filed by the Attorneys General of 

| correspond to a - ane SO tor- California, Arizona, and Colorado. The | 
nia, New York, and Pennsylvania have gyits, on behalf of buyers and users of 

| __ been divided to provide additional market- cement and readi-mix concrete, alleged var- 
mg information. Divisions for these States ious violations of the Sherman Anti-Trust 
OTe BS TOOW SS ee Act and were seeking treble damages in 

oe | California, Northern.—Points north and unspecified amounts. Violations charged in- 
OL of the nohern borders of San as clude price fixing and conspiracy to elimi- 

ispo ane Hern Vounties and the western nate competition in the cement industry. 
borders of Inyo and Mono Counties. - Defendants, in addition to the PCA, includ- 
in rn Southern.—All other counties oq virtually every cement manufacturer 

| that marketed in the States. 
New York, Western.—All counties west of The Federal Trade Commission issued an 

a cividing line poowing the ocd one order barring the Martin Marietta Corp., 
aries Ch and B ne Co neida, Mad- Ideal Basic Industries, Inc., and the OKC 
Ny York. ocaet AIL, unties. t of Corp. from exchanging price information 

th abo di din on -—All counties east Of and from controlling “the place of use” of 
Ne ¥. b M e voli : The fj portland cement. The order also required 

ti of N, ? Yo ri City B © Kings. that the companies offer customers the 
Nes ¥ kK Q or t 3 Ri ‘me, a) ee option of arranging their own transporta- 
Weatcheste Rockla is fF ik dN plus tion for shipments and that they provide 

esto nester, hockiand, Oulrols, and Nassau mill-price quotations. 
Counties. 

Pennsylvania, Eastern.—All counties east 2Portland Ce sscociation. Envi tal N 
of the eastern boundaries of Potter, Clinton, No. 2 Map oT vation. meme otes.
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| Table 1.—Salient cement statistics | 
(Thousand short tons and thousand dollars) 

| 
| 1972 1978 | 1974 1975 1976 

United States:! oo | | 
| Production? ______1---.--~ 82,597 85,513 80,917 68,139 72,950 

Shipments from mills? ?_______ 83,336 88,665 81,038 69,102 73,668 : 
Value? #0 $1,724,140 $1,975,409 $2,150,659 $2,159,160 $2,510,100 
Average value per ton? §* _____ $20.69 $22.28 $26.54 $31.25 $34.07 

| Stocks Dec. 31 at mills? _______ 7,036 5,512 7,467 6,930 7,154 
| Exports_____________--_- 83 268 199 4uy7 343 

Imports for consumption ~~~ ~~ — 4,851 6,647 5,702 3,637 3,074 

Consumption, apparent®® _____ 84,952. 90,679 82,862 70,062 74,136 
World: Production _____._----- 728,796 773,769 775,183 774,277 811,502 Ore: froducwon ~~~ 77 EE 

~~ Excludes Puerto Rico. 
2Portland and masonry cement only. 
3Includes imported cement shipped by domestic producers. : ms 

“Value received, f.0.b. mill, excluding cost of containers. . - 

| sQuantity shipped plus imports minus exports. _ - - | | 
‘Adjusted to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers. __ 

| DOMESTIC PRODUCTION Co | 

During 1976, 1 State agency and 57com- clinker production capacity was 281,000 

| panies operated 167 plants in 40 States. An tons. An average of 61 days downtime was 

additional two companies operated two reported for kiln maintenance and replac- 

plants in Puerto Rico, manufacturing one or ing refractory brick. Based on 304 days of 
more kinds of hydraulic cement. operation, the annual clinker production 

oS } capacity of the industry was 85.4. million 

7 - PORTLAND CEMENT tons. The industry operated at 80.2% of its 

Manufacturers in the United States and ®Pparent capacity, compar ed to 70% in 

| Puerto Rico produced 68,579,000 tons of 1975. Average annual clinker capacity of | 
clinker, and imported 962,000 tons of each kiln in the United States was 211,000 

foreign clinker to grind 71,227,000 tons of tons, that of each plant was 544,000 tons, | 
portland cement. Domestic producers ship- and that of each producing company, 

ped 71,922,000 tons of portland cement, 1,569,000. tons. There were 163 clinker- . 

which included 1,201,000 tons of imported producing plants, 7 of which produced white 

. cement. Stocks at mills increased by 215,000 cement. In addition, eight plants operated | 

| tons. An additional 911,000 tons of portland grinding mills using only imported or 

cement was imported and shipped or used _ purchased clinker, or interplant transfers of 
by others not producing cement in the clinker. Of these eight, six have for some | 
United States or Puerto Rico. years operated in this manner, one was a 

Production Capacity.—Multiplant oper- closed clinker-producing plant that ground 
ations were run by 30 companies. No single gjinker early in the year to dispose of stocks 

company, however, provided more than on hand, and one was a Cclinker-producing 

akin a Le a total ee oe plant whose kilns remained shut down for 
. pacity: © largest p the year. Of the grinding plants, six pro- 

provided 25.5% of the total clinker pro- : | 
qucti . . duced portland cement only and two ground 
uction capacity; the 10 largest provided for linker for both 

. largest compa. °Unker for th masonry and portland ce- 
a combined 45.38%. The 10 larg pa t. Based the fin to 

nies, in terms of clinker production capaci- men d la d it nents ond maid 

ty, were Ideal Basic Industries, Inc.; Gene- eo Types f an 3 cements and makin & 

ral Portland, Inc; Amecord, Inc; Martin @llowance for downtime required for 
Marietta Cement Corp.; Marquette Cement maintenance, the cement industry in the 

Manufacturing Co.; Medusa Cement Co.; United States and Puerto Rico had an 

Lone Star Industries, Inc.; Kaiser Cement & estimated grinding capacity of 104 million 

Gypsum Corp. Huron Cement Div. of ‘ons of cement annually. 

National Gypsum Co.; and Universal Atlas § In 1976, clinker was produced by wet- 
Cement Div. of United States Steel Corp. process kilns at 91 plants and by dry-process 

At yearend, 405 kilns located at 157 kilns at 59 plants; 7 additional plants oper- 
plants were being operated by 54 companies ated both wet and dry kilns. Dry-process 

and 1 State agency in the United States and kilns with preheaters were replacing many 

Puerto Rico. The estimated 24-hour daily older wet-process facilities and were also
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being extensively used in plans for new ment Co. at Mitchell, Ind. Rated at 250,000 
plant construction because of their higher tons per year, this kiln will increase plant 
operating efficiency and lower fuel con- output capacity to 750,000 tons per year. _ 
sumption. Flash calciners were being con- At the Stockertown, Pa., plant of the 
sidered for use in conjunction with these Hercules Cement Co. of Amcord, Inc., a 
systems to further reduce fuel consumption _ three-stage suspension preheater was 
per ton of cement produced. By yearend, 34. installed, and the existing kiln was shorten- 
suspension and 16 grate preheaters were in ed. Capacity was increased 15% to 700,000 
operation in 29 plants. During the year, tons per year. | o 
four new suspension preheaters were put At Hagerstown, Md., Marquette Cement 
into operation, increasing capacity more Manufacturing Co. completed the installa- 

| than 1 million tons per year. , tion of a new finish-grinding department for 
Capacity Changes--New Plant Installa- masonry cement. The new mill provides domain pln atoning cry cinerea in . e la plant to com- ic : ’ ! 

pleted was Florida Mining & Materials than by blending plasticizers into portland | | Corp.’s new 564,000-ton-capacity. plant, cement as done previously. At its Superior, | 
which began production on December 31, Ohio, plant, Marquette installed a new glass 
1975, and was the only new plant to be built. Doghouse dust collector for air pollution 
that year. Kaiser Cement & Gypsum Corp. - . | 
completed the first full year of operation of Marauotte Expansions wane to Pp a 

he ary Process kiln at San Antonio, 1-million-ton-per-year plant at Cape Girar- 
Citadel Cement Corp., a subsidiary of deau, Mo. The new facility is to replace an 

Lone Star Industries: Inc.. installed a new existing wet-process plant that the company 
| preheater kiln, ‘two ‘Hew. raw mills, and acquired in 1923. Cost of the new plant is _ converted the old raw mills to finish mills at Cecio be a expecta (2 $80 million. 

ee Roanoke, Va., Plant. papecity was ‘0 be Clinker production capacity will be 950,000 
per year, by 1977. The new preheater kiln is duotion tobalins 1090,000 te cement pro- 

ty Alicchaimer AC a oe a cm 
ate preheater with nenalci tion 6 struct a new single dry-process kiln with 

| er A Pre’ d van ma talled by °USPension preheater near Austin, Tex. Ca- 
\ N thie tern States Por land Ca nee a. pacity of the facility is to be 470,000 tons per 

. NO! Wes rn tes Port an ment + year, replacing the 282,000-ton-per-year 
at its Mason City, Iowa, plant. The new kiln, Corpus Christi plant. The $32 million plant _ 
rated at 1,060 tons per day, should provide jas scheduled for completion in 1978. 
an increase in plant capacity of 25%. In Thigh Portland Cement Co. announced 
addition to the kiln, a new raw mill and that it would be increasing the capacity at 
finish-grinding mill, each with an output of its Mason City, Iowa, plant 20%, to 750,000 100 tons per hour, were added. | - tons per year. Two-thirds of the output 

| National Cement Co., Inc., a subsidiary of would be from new facilities, and one-third, 
Société des Ciments-Vicat of Grenoble, from a kiln in operation since 1958. Six 
France, completed a $10 million expansion small, 65-year-old kilns capable of produc- 
project that included installation of a six- ing 365,000 tons of clinker per year would 
stage suspension preheater with flash cal- pe scrapped. A new single 500,000-ton dry- 
ciner. An existing kiln was shortened by 150 process kiln, with four-stage preheater and feet, to 390 feet. Capacity was increased flash calciner, and a new raw-grinding mill 

_ from 1,200 tons per day from the old kiln to would be added by 1978, at an esti- 
2,200 tons with the new system. Continuing mated cost of $25 million. Cost savings from 
into 1977, plant expansion was to include a the renovation was expected to be $3 mil- 
new Loesche roller mill, a vertical-spray lion per year? . 
chamber to condition bypass gases, and —_ Lone Star Lafarge Co., a joint venture of 
storage and related materials-handling fa- Lone Star Industries, Inc., and Lafarge 
cilities. In 1978, conversion to coal as the Fondu International, announced plans for a 
primary fuel is planned. new plant in Chesapeake, Va., to produce 

A single-stage, twin-cyclone preheater 
kiln was installed by Lehigh Portland Ce- SLehigh Portland Cement Co. 1976 Annual Report. P. 8.
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high-purity calcium aluminate cement.La- | Bessemer Cement Co., a subsidiary of 
farge, the original producer of calcium al- Louisville Cement Co., announced plans to , 
uminate cement, has been producing the install a new 10-module Rexnord gravel bed 
product for more than 50 years. The intend- filter system at its Bessemer, Pa., plant. A 
ed completion date was late 1977. The $25 million program to modernize the 
former grinding facility at this site was shut Speed, Ind., plant, including installation of 

| down. =|] | a new 670,000-ton-per-year suspension pre- | 
Citadel Cement Corp. was working on a_ heater and kiln, was well underway. Pro- | 

$110 million expansion to double capacity to duction should be increased 16% to 18%, 
2.2 million tons per year by mid-1977. This with 20% to 35% greater energy efficiency. 

| capacity would place Citadel among the 10 _Installation of the largest preheater kiln 
_ largest cement companies in the United in the United’ States was being planned by 

States. Citadel‘ was formed in 1974 as a the oldest cement manufacturer in the 
50-50 joint venture between Lone Star In- country. Coplay Cement Manufacturing Co. 

_dustries, Inc. and Canada Cement Lafarge designated Kaiser Engineers of Pennsylva- 
Ltd. Two plants, at Demopolis, Ala., and nia, Inc., to make arrangements for a $50 
Roanoke Va., and other assets were contrib- million modernization program. Included is 
uted by Lone Star, while expansion capital a 1-million-ton-per-year preheater kiln with 
was supplied by Lafarge. Plans were devel- planetary cooler, to be supplied by Polysius, 
oped to increase the capacity. of the new A.G., of West Germany. Additional im- 
Demopolis plant from 280,000 to 750,000 provements include a Pfeifer/Allis-Chal- 
tons per year. A new semiportable crusher mers roller mill for raw feed, and a 6,350- 
and conveying system will supply the plant horsepower F. L. Smidth & Co. finish mill. 
with. raw materials from the’ massive The new facilities will replace existing 
Selma Chalk. The chalk will be taken to a equipment at both the Nazareth and Coplay 
preblender-stacker-reclaimer at a rate of plants. Controlling interest in Coplay was. : | 
1,000 tons per hour. A vertical roller mill purchased by Société des Ciments Francais, 
will grind and dry preblended material at which provided the capital needed to carry | 
176 tons per hour. Homogenized material out. the modernization. Completion was | 

—— will then feed into a four-stage preheater scheduled for 1978. | Oo 
kiln, rated at 2,350 toris per day. Two 3,700- = _ Ideal Basic Industries, Inc., announced | 
horsepower cement mills will grind the plans to install a grate preheater kiln at its 

_ Clinker. The Roanoke plant underwent ex- Boettcher, Colo., plant. The company plans 
tensive expansion. : a to use kerogen-bearing raw materials to 

_ Lone Star was progressing with the in- reduce energy costs, and increase cement 
stallation of high-ratio dust collectors for production 135,000 tons per year. Kerogen, | 
two clinker coolers and an 11- by .29foot, present in the limestone to be used, will 
1,750-horsepower cement grinding mill at supply 25% of the energy needed for burn- 
its Bonner Springs, Kans., plant. Plans to. ing the clinker. | , 
upgrade and expand the Santa Cruz, Calif., Phase 3 of a 5-year, $49 million modern- 
plant would result in replacing the older ization by Ideal was underway at Knoxville, 

production units with a single, new 300,000- Tenn. Four wet units were being replaced 
ton-per-year capacity preheater kiln, anew by a dry-process kiln and preheater. Capaci- 

| cooler, and a self-contained roller mill. Two ty will be 583,000 tons per year by early 
new electrostatic precipitators will be added 1979, an increase of 113,000 tons per year. 
for environmental control. In addition to _— At its Tijeras, New Mex. plant, Ideal was 
use in the preheater, exhaust kiln heat will to bring a new dry-process preheater kiln on | 
also be used by the roller mill todry theraw stream in 1977. This would increase the 
materials before they enter the preheater. plant’s capacity by 80,000 tons per year, to 
This will eliminate the old raw material 500,000 tons.‘ 
driers. The new mill is expected to require | Oregon Portland Cement Co. planned to 
little more than half the energy formerly construct a new plant near Durkee, in 

consumed for raw materials preparation. eastern Oregon. The plant would have a 
The new plant is intended to produce low- _500,000-ton-per-year capacity, and would re- 
alkali cement for use in the San Francisco place a 200,000-ton-per-year plant at Lime, 
Bay area. Completion of the project was Oreg., which is 12 miles from the proposed 
scheduled for 1979 at an estimated cost of —— === —=™ . 
$38 million. “Portland Cement Association, private communication.
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plant site. Completion was projected for with a rated capacity of 324,000 tons per. | 
early 1979 at a cost of approximately $37 year. It had operated at less than 50% 

| million. A coal-fired, dry-process, four-stage capacity for 2 years prior to shutting down. 
cyclone preheater kiln will be used. PPG Industries, Inc., closed its under- 

: The South Dakota Cement Commission ground limestone mine and cement plant 
was to have a new preheater kiln opera- near Barberton, Ohio. The operation had 
tional in 1977, which would increase pro- become uneconomical because of the high _ 
duction capacity 570,000 tons per year. ==—costs of underground mining of the lime- 

: Plant Closings.—During the year, seven stone. PPG’s other cement operations were _ 
clinker-producing plants and one grinding _ sold to Filtrol Corp. in 1973. | 
plant were closed down. and several more The Flintkote Co.’s Diamond-Kosmos. Ce- 
were partially shut down or scheduled to ment Div. phased out the entire Middle | 
close. Reasons given as the cause of these Branch, Ohio, operation during the year. As 
closings varied, and included the following: with many other older plants, the capital _ | 
Inefficient old plants were unable to com- investment necessary to bring the plant 
pete with newer, more efficient operations; into compliance with air quality standards | 
the cost of obtaining raw materials was too was not justified by expected returns. 
high; many of the plants could not meet General Portland Inc. permanently shut 
environmental emission standards; and the down one of the kilns at its Trinity Div. 
cost of retrofitting older facilities could not plant in Houston, Tex. Under company | 

| be economically justified. - reorganization, the Houston plant contin- 
On February 12, 1976, Puerto Rican Ce- ued limited operations through 1976 under 

| ment Co., Inc., announced the closing of its the newTrinity South Div. _ oe 
oo Catafio plant, while continuing to operate — Lone Star-Citadel shut down its Norfolk 

| _ its main plant in Ponce. The shutdown was plant at Chesapeake, Va., at yearend. It had 
completed in July. The plant, which had previously operated as a grinding plant on © 
been purchased from the Puerto Rican Gov- imported clinker, but was no longer needed 
ernment in 1950, was built in 1938, and had with the expansion of the Roanoke plant. cote 
a capacity of 40,000 bags per day. Prior to Corporate Changes.—Marquette Cement . 
closing, it had been operating at only about Manufacturing Co. became a wholly owned 
50% capacity. Closure was brought on by subsidiary of Gulf & Western Industries, 

: higher costs, particularly for pollution con- _Inc., in 1976. _ , 
trol, a depressed local housing market, and Kaiser Cement & Gypsum Corp. sold its 

, an increase in production facilities in form- 46% equity interest in Ryukyu Cement Co., 
er export markets. ” Ltd. of Japan to Ube Industries Ltd. of 
The directors of Valley Cement Indus- Japan for $6,965,000. | 

~ tries, Inc., on July 19, 1976, voted to perma- National Gypsum Co. combined its Huron 
nently discontinue cement manufacture at and Allentown Cement Divisions; the re- 
its Redwood, Miss., plant and to dispose of _ spective trade names, however, were retain- 
the equipment and property. The kiln was ed. The company made plans to move the 
shut down on July 31. | corporate headquarters to Dallas, Tex., in 

United States Steel Corp. closed its Uni- 1977. 
versal Atlas Cement Div. plant at Duluth, Société des Ciments Francais purchased 
Minn., in January 1976, and announced controlling interest in Coplay Cement 
plans for a possible sale to Intermix Corp. of Manufacturing Co. The merger provided 
White Pine, Mich. On September 7, 1976, Coplay with funds necessary to carry out 
United States Steel announced the pending plant modernization. Coplay was the first 
shutdown of its Hudson cement planton the cement manufacturing firm in the United 
Hudson River at Greenport, N. Y. The States. It was founded in 1866 by David O. 
property, which included two dry-process Saylor, who developed and patented the 

_ kilns, rail transportation connections, and first portland cement in the United States. 
river docking and storage facilities was sold Missouri Portland Cement Co. became a 
to St. Lawrence Cement Co. of Montreal, wholly owned subsidiary of H. K. Porter Co., 
Canada. | Inc. 

A slowdown in building construction was Universal Atlas Cement Div. of United 
cited as the major reason for the Penn-Dixie States Steel Corp. sold its Hudson plant in 
Industries, Inc., shutdown of its Howes Greenport, N. Y., to the St. Lawrence Ce- 
Cave., N. Y., plant. Howes Cave was among 9 —— ~~ ~____ 
Penn-Dixie’s oldest and smallest plants, 5Work cited in footnote 4.
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ment Co. of Montreal,Canada. _ Atlas Cement Div. plant at Duluth, Minn. | 
Lehigh Portland Cement Co. sold its Mi- The plant had been closed since the first of 

ami, Fla., production facilities for $12 mil- the year, owing to lack of raw materials. 
lion to the Rinker Group of West Palm Intermix intended to use tailings from the : 

| Beach, Fla., to form the Rinker Portland White Pine Copper Co., to be shipped in by 
Cement Corp. | a rail, and limestone from Michigan’s lower 

Intermix Corp. was negotiating the pur- peninsula, which would be shipped in by 
_ Chase of United States Steel’s Universal lake vessels. | Oo 

- Table 2.—Portland cement shipped by producers in the United States, by district? ? a. 

| | (Thousand short tons andthousand dollars) = = == 

| | | : 1975 1976S 
District 

. Quantity Value | aeemage Quantity Value mene 

New York and Maine ______________ 8,697 97,102 $26.27 3,728 102,686 $27.58 
_ Eastern Pennsylvania _____._________ 4,076 118,458 29.06 4,045 125,671 — 31.07 

_- Western Pennsylvania______________ 1,738 49,766 28.63 1,945 59,498 30.59 
Maryland and West Virginia ___....--- 1,817 53,866 29.65 1,818 54,642 . 30.06 — 
Ohio___. 2,364 70,268 -- 29.72 2,130 65,656 30.82 
Michigan._____________________ 4,573 181,824 28.72 4,931. 145,381 29.48 / 

- Indiana, Kentucky, Wisconsin — —. ~~ ——- 3,039 88,537 29.13 3,328 98,773 ~ 29.68 
Minois ____ 7 1,374 42,756 3112 . 1,682  — 58,524 32.80 
Tennessee __________-_-_ 1,136 37,866 33.33 1256 48,495 — 34.68 
Virginia, North Carolina, . . Sc 

uth Carolina ~~ eC 2,382 76,789 32.24. 2,546. 83,381 32.75 
Georgia___________ = 828 25,822 31.19 § 930. — 30,085 32.35 
Florida _._.._.____ ~~. _ 1,721 62,525 36.33 1,949 67,832 | 34.80 
Alabama ______ $5 5 5 ee 1,968 62,599 31.81 2,184 .- 70,365 32.97 / 
Louisiana and Mississippi_________._ ___ 1,388 44,7238 32.22 1,508 52,388 34.74 , 
Minnesota, South Dakota, Nebraska _—___ - 1,827 — 49,235 | 32.24  —=‘:1,478 52,506 - 35.65 
Iowa__________ 2:958 73,786 - 32.68 2,438 86,107 35.32 : 
Missouri _____.__..----_-_--§_-___ 3,962 116,260 2934 #4858 | 142,976 — 32.85 : 
Kansas __ 1,832 55,033 30.04 2,005 66,478 += s«88.16 
Oklahoma and Arkansas __.___§_-_____ 2,240 67,517 30.14 | 2,551 86,695 33.98 
Texas_________ 7,195 224,804 31.24 7,388 271,066 86.69 
Wyoming, Montana, Idaho —_~=_____~~- _ 964 30,273 31.40  —_.:1,086 39,188 36.08 
Colorado, Arizona, Utah, _ : - . SS ae . . 

New Mexico ____.._.___.--.... © | 8,822 111,496 33.56 8,612 134,279 87.18 
Washington __________-_________ 1,147 40,666 35.45 1,238 48,669 39.31 

- Oregon and Nevada ______-_________ 883 31,666 35.86 920 37,667 40.94 
Northern California __._____________ 2,362 77,073 32.63 2,357 92,016 — 39.04 
Southern California _._____________ 4,964 155,477 31.82 5,589 201,630 36.40 
Hawaii 5 5 456 19,942 43.73 328 17,747 «54.11 | 

_ Puerto Rico = -________-___-_-__- 1,582 60,968 38.54 1,558 66,150 42.46 

US. total or average? * _______ 66,196 2,076,594 31.09 70,721 2,396,552 88.89 
_ Foreign imports® __ 222 2 980 30,426 31.05 1,201 38,843 32.34 

Total or average ___________ 67,776 2,107,020 31.09 71,922 2,485,395 33.86 

1Includes data for white cement facilities (eight in 1975 and seven in 1976) as follows: Texas (three), Pennsylvania 
(two), one each in California and Wisconsin, and one in Florida for 1975; and for grinding plants (seven in 1975 and six in 
1976), as follows: Wisconsin (two), Michigan (two), and one each in Florida, Pennsylvania (1975), and Virginia. 

2Includes Puerto Rico. 
5Data may not add to totals shown because of independent rounding. 
“Includes cement produced from imported clinker. 
5Cement imported and distributed by domestic producers only.
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| _ Table 5.—Daily clinker capacity, December 31! 2 | 

. : Short tons ) Number Total Percent 

per 24-hour period Plants Kilns® ( foot cee) a enere 

1975: . 
Less than 600 _._. -.____~-_---~----- 5 8 2,891 1.0 
600 to 1,150 ~.---_-____ 42 — . 88 . 39,036 13.4 
1,150 t0 1,700 __-____________---_____ 49 113 66,055 22.8: 

| 1,700 to 2,300 _._. 33 97 64,336 92.9 
2,300 to 2,800 _______ 15 46 37,616 13.0 
2,800 andover ___.__~~.~_______ ~~~ 20 88 80,124 - 27.6 

Total.» 5 eee 164 «485 290,058 100.0 

1976: : 
Less than 600 __________/_-______-___ 7 8 2,891. 1.0 
600 to 1,150 ~~. 87 70 32,067 11.4 
1,150 to 1,700 ~- 47 116 68,375. 24.4 
1,700 to 2,300 ~- 29 81 57,117 20.3 
2;300 to 2,800 -.____________________ 14 44 34,831 12.4 
2,800 andover _~___.~_______________- 23. 86 85,755 30.5 

Total _.____________ ee 157 405 281,086 100.0 

Includes Puerto Rico. . . | ae 
2Includes white-cement-producing facilities. 
3Total number in operation at plants. 

Table 6.—Raw materials used in producing portland cement in the United States’ | 

| (Thousand short tons) 

| : Raw materials } 1975. ~=~S*~*«*«WN TG. 

- Calcareous: 
Limestone (includes aragonite) ________________. ~~ ---_-- 16,414. 281342 
Cement rock (includes marl) _____........-._.._--__------------- 17,869 20,159 
_Oystershell _______.-.---_-----------------~------------- 3,006 2,390 

OClay .---------______-__-___-- ee 6,659 7,009 
Shale_______________ 3,447 3,655 

Sili Other (includes staurolite, bauxite, aluminum dross, pumice, and volcanic material) 208 187 
iliceous: 

Sand _____________ ee 1,813 1,985 
Sandstone and quartz _____$_______-~__ ee 582 707 

Ferrous: Iron ore, pyrites, millscale, and other iron-bearing material... ._..__.~~~- 772 825 
. er: 

| Gypsum and anhydrite wee ee ee 3,527 8,658 
Blast furnace slag _.. $$ ____. eee 465 435 
Fly ash _-_-_______ 180 264 
Other, nec ~ ee . 2 8 . 

Total__________________ ~~ ee 114,944 122,624 

Mncludes Puerto Rico. | . 
2Includes marble. 

MASONRY CEMENT “ masonry cement exclusively, as follows: 
. Cheney Lime & Cement Co., Allgood, Ala.; 

Shipments of masonry cement totaled 3.3 G_ & W. H. Corson, Inc., Plymouth Meeting, 
million tons in 1976, an increase of 13.6% pa; Campbell-Grove Div. of The Flintkote 
compared with those of 1975, but still 20% (Co, Frederick, Md.; and Riverton Corp., 
less than the record shipments of 1973. The Riverton, Va. Martin Marietta Corp. ceased 

_ average unit price was $42.63 per ton, a production of masonry cement at its North 
9.6% increase compared with that of 1975. Birmingham, Ala., plant at yearend 1975. 

Total value of masonry cement shipments Masonry cement was not produced in some 
increased to $141 million, nearly 25% above parts of the country because many of the 
the value of 1975 shipments. By yearend, masons preferred to use portland cement 
111 plants manufactured masonry cement and add clay or lime to provide the neces- 
in the United States. Four plants produced sary plasticity.
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Table 7.—Masonry cement shipped by producers in the United States, by district? 
(Thousand short tons and thousand dollars) _ 

} 1975 - . 1976 
District a a 

; Quantity Value aes Quantity Value aera 

New York and Maine _____§__________ 90 2,721 $30.23 - 86 2,828 $32.88 
Eastern Pennsylvania _______________ 221 9,562 43.27 240 =11,581 48.25 
Western Pennsylvania eee ee 136 5,078 37.34 189 5,322 38.29 
Maryland and West Virginia _..________ 101 ~— 3,801 32.68 124 4,317 34.81 
Ohio___~__ ~~ Le 136 4,576 33.65 155 7,288 47.02 
Michigan ___§_§____—.~__~~-.._____ 183 6,429 35.13 218 8,370 38.39 
Indiana, Illinois, Kentucky, Wisconsin ___ __ 484 18,638 38.51 560 22,377 89.96 
Tennessee ~~ _ 138 4,778 34.62 175 6,476 37.01 
Virginia, North Carolina, South Carolina — __ 281 12,781 45.48 300 =: 18,863 46.21 : 
Georgia and Florida _.._-_.__________ 170 7,723 45.43 176 8,177 46.46 OO 
Alabama __.__ 262 =10,253 39.13 314 ~=13,671 43.54 
Louisiana and Mississippi _____________ 43 1,441 33.51 © 53 2,013 37.98 
Minnesota, South Dakota, Nebraska ______ 33 1,385 41.97 31 1,523 49.13 . 
Towa __ ~~ 62 2,933 47.31 76 4,143 54.51 
Missouri ____._ ~§ - -§ 7 65 2,110 32.46 76 2,718 35.76 
Kansas _._ 57 2,311 40.54 72 3,281 45.57 
Oklahoma and Arkansas _____________ 108 3,912 36.22 124 5,015 40.44 
Texas _-. 181 7,089 39.17 213 = 10,596 49.75 
Wyoming, Montana, Idaho ___..§_$_-_____ 7 273 39.00 9 406 45.11 
Colorado, Arizona, Utah, New Mexico _____ 89 3,459 38.87 106 4,507 42.52 
Washington ______ 10 5 209 41.80 6 334 - 55.68 
Oregon and Nevada ____________.__- . : 
Northern California ~~~ ~9~_.~_______ 2 14 37.00 — 2 96 48.00 
Southern California ~~... __ : 
Hawaii ~____-_______ ~~ ~~ 13 762 58.62 11 «668 60.27 

USS. total or average? _~________ 2868 111,800 38.99 3,266 139,564 — 42.73 . 
Foreign imports® _______._____~_____ 40 1,308 32.70 38 1,291 © 33.97 

. Total or average ____________ 2908 113,108 38.90 - 3,804 140;855 42.63 

1Does not include quantities produced on the job by masons. | 
2Data may not add to totals shown because of independent rounding. . . 
SCement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing 

individual company confidential data. 

Table 8.—Masonry cement production and stocks in the United States, by district 

: (Thousand short tons) . 

1975 1976 

ar Plants 1 Plants : 1 
District active Produc- Stocks | ~ active Produc- Stocks 

| during tion Dec 31 during tion Dec. 31 | 

New York and Maine ________________~ 6 90 12 5 82 7 
Eastern Pennsylvania ____________.____ 10 219 27 9 246 36 
Nestern Pennsylvania wee ee eee 5 138 18 5 140 20 
Maryland and West Virginia _____________ 3 101 4 3 135 7 . 
Ohio ________ ~~ LL 5 137 12 4 157 15 
Michigan ___._..____________ uu __ 5 220 79 5 214 72 
Indiana, Illinois, Kentucky, Wisconsin ______— q 483 48 7 563 53 
Tennessee ____§_______ 5 154 15 5 195 22 
Virginia, North Carolina, South Carolina _____ 5. 282 19 5 301 20 
Georgia and Florida —~_..___..___________ 4 147 22 5 167 27 . 
Alabama _____ -____ 7 266 31 7 312 27 
Louisiana and Mississippi ________._______ 3 — «86 3 3 44 3 
Minnesota, South Dakota, Nebraska —_______ 4 38 12 3 22 5 
Towa __. ~~~ ee 3 69 15 3 14 13 
Missouri __..§~-______~________-___- 4 66 13 4 70 8 
Kansas _______ _-§_____ 5 66 22 5 70 18 
Oklahoma and Arkansas ______________. 5 107 | 6 5 126 7 
Texas _____ 2 Le 12 189 21 12 220 19 
Wyoming, Montana, Idaho ________~~__-- 4 8 4 3 11 5 
Colorado, Arizona, Utah, New Mexico ______ _ 6 90 il 6 103 8 
Washington ______________--.._____ 4 6 2 4 5 1 
Oregon and Nevada ____________~___ _ _- _- (?) __ __ 9) 
Northern California _________~_____-___ __ _- (?) __ __ (*) 
Southern California ~_________________ 1 (?) ?) 1 1 __ 
Hawaii _~__.~_~____________-___ ie 2 13 2 2 10 2 

Total ____________ 115 32.925 398 111 33,268 395 

1Includes imported cement. 
?Less than 500 short tons. 
Includes 2,185,000 tons produced from clinker, and 739,000 tons produced from cement (1975); 2,597,000 tons produced 

from clinker, and 671,000 tons produced from cement (1976).
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-  ALUMINOUS CEMENT Aluminum Co. of America at Bauxite, Ark. 
. a As discussed previously, Lone Star La- 

| _Aluminous cement, also known as cal- farge announced plans to build a new cal- 
cium aluminate cement, high-alumina ce. lumi f . 
ment, and “Ciment Fondu,” is a nonport- clum a uminate cement manu acturing 

land hydraulic cement. It was produced at plant at its Chesapeake, Va., site. Primary 
the following three plants in the United use of the product will be in refractory 

States: United States Steel Corp., Universal castables and in metallurgical and petro- 
Atlas Cement Div., Buffington, Ind; Lone leum manufacturing operations. 

Star Lafarge Co. at Chesapeake, Va.; and : , 

a | ENERGY | 

The cement industry has the highest ratio changeovers to either coal or petroleum 
| ‘of energy costs to total material costs found coke. | CT 

in any manufacturing process. The avail- By 1976, a number of cement-producing 
ability of economical and continuing sup- companies possessed their own coal proper- 
plies of energy has become one of the ties, including Marquette Cement Manu- 
cement industry’s principal concerns. Ris- facturing Co., which acquired coal proper- 
ing prices and interruptible supplies of fuels ties in 1974; Medusa Corp., which began 
necessitated efforts to increase energy effi- strip-mining coal in 1975; National Cement 
ciency and convert to available lower cost Co., Inc.; Texas Industries, Inc.; United 
sources. New technology, which incorpo- Cement Co.; California Portland Cement 
rates energy-saving preheater systems, is Co.; Ideal Basic Industries, Inc., through its 

) being used in both new plant installations subsidiary, Union Pacific Corp.; and Am- 
and modernization projects. The preheater cord, Inc. Since 1975, Amcord, through its 
‘systems are being installed in increasing coal operations known as Amcoal with hold- 
numbers with precalcining stages that, in ings in New Mexico, had been seeking to 
addition to heating the raw materials with obtain coal mining operations in Pennsylva- 

kiln exhaust gases, actually start the calcin- nia and also looking for deposits in Utah 
ing reaction by applying heat to the feed and California. 

before it enters the kiln. In this way, kiln [In 1976, total energy from fossil fuels 
length can be reduced, with less heat dissi- consumed by the cement industry in clinker 
pated into the atmosphere. manufacture was about 410 trillion Btu, 

Conversions to alternate sources of ener- equivalent to 0.6% of the total energy used 
/ gy from scarce and expensive natural gas_ in the United States. Of this amount, 215 

generally involved coal or petroleum coke, trillion Btu was derived from coal; 136 
| | depending upon availability. Cement plants trjjlion Btu, from natural gas; 50 trillion 

that converted from gas to coal during 1976 Btu, from fuel oil; and 9 trillion Btu, from 
included the following: Martin Marietta petroleum coke. Total consumption of coal 
Cement Corp. Western Div., Tulsa, Okla.; by the industry was 23% more than it had 
Ideal Basic Industries, Inc. Cement Div., een in 1975, reflecting the trend to coal as 

Ada, Okla.; OKC Corp., Oklahoma Cement the primary kiln fuel. Consumption by the 
Co. Div. at Pryor, Okla.; Kaiser Cement & cement industry of natural gas decreased 27 
Gypsum Corp., San Antonio, Tex.; and Cen- _ pitlion cubic feet, a 17% reduction in usage 
tex Corp., Nevada Cement Co., Fernley, compared with that of 1975. 
Nev. In other changes, San Antonio Port- Energy from fossil fuels consumed in 

land Cement Co. converted two kilns to cement plants to produce clinker averaged 
petroleum coke at its Cementville, Tex., 5.8 million Btu per ton in 1976, ranging 

| plant. The Louisiana Cement Co. plant of from 11.7 million to 3.4 million Btu per ton. 
OKC Corp. at New Orleans, La., and the These figures show only a very slight im- 

Santa Cruz plant of Lone Star Industries, provement compared with those of 1975, 
| Inc, at Davenport, Calif., converted from when the average was 6.05 million Btu per 

natural gas to fuel oil as their principal to, ranging from 11.8 million to 3.5 million 
fuel. In another fuel-related change, Florida Btu per ton 
Mining & Materials Corp. installed a new " 
coal mill at its Tampa, Fla., plant. Several ®Amcord, Inc. Summary of the 1976 Annual Meeting. 
additional companies were considering May 11,1976, 10 pp.



Wet-process plants were the least energy offsetthese gains. | | 
efficient. Average consumption nationwide Another means of conserving energy 

was 6.4 million Btu per ton, whereas the’ which has not yet achieved wide use is the 
average for dry-process kilns was 5.2 million incorporation of pozzolanic additives. Sev- 

_ Btu per ton. Small wet-process kilns were eral plants have increased the use of fly ash 
ne most inefficient; however, some of the and slag in the production of Type IP, 
arger wet-process kilns produced clinker with less energy th ' 4 portland-pozzolan cement, and Type IS, 
1 Tey than at many Cry-process portland-blast-furnace-slag cement. How- 

plants. There was a less direct relationship th rti f total shi ts h 
between kiln capacity and efficiency among °V©% He Proportion o sthupmens as 
dry-process plants than among wet-process emained constant or decreased in the last | | 
plants. Kilns without preheaters averaged few years. In 1976, shipments of Type IP 
6.1 million Btu per ton; those with suspen- 2nd Type IS were 344,000 tons, less than 
sion preheaters averaged 4.6 million and 9.5% of total portland cement shipments. 
those with grate-type preheaters aver- This ratio is virtually the same as in 1975, 
aged 5.8 million Btu per ton of clinker and only about half of the relative amount | 
produced. 7 | shipped in 1974. In 1976, the boom cement 

ectrical energy consumed in the year, Types IP and IS commanded 1.2% of 
| manufacture of cement totaled: 10 billion the market. It is expected that energy 

_ kilowatt-hours, 9.5 billion of which was considerations will provide impetus for | | 
purchased commercially and 0.5 billion was — greater future use of pozzolanic additives. 

_ generated on site. The average amount of — The use of municipal refuse as a kiln fuel | 

electrical energy used to produce 1 ton was being investigated and put into practice . 
of cement was 141.5 kilowatt-hours, 1 . E It j t ted to | 

_kilowatt-hour less than that required in In MUrope, it 18 not expected Wo emeree as a 
. . Ned te EE ificant fuel source in the United States | 

1975. This energy, used principally for sign _ . le 1 
‘grinding operations, added nearly another for some time to come, owing to incompati- / 
0.5 Btu of energy required to manufacture 1 _ bility with present feed mechanisms, trans- : 
ton of cément. (This is based on 3,412 Btu portation, and storage systems, and possible , 
per kilowatt-hour instead of 10,660 Btu, as adverse effect on clinker quality in existing | 

used in the 1975 Minerals Yearbook chapter. kiln systems® | | 
on Cement). The resulting 1976 total energy Studies were being proposed in Canada to 
requirement, onsite, to produce portland investigate replacing conventional fuels for 
ané. masonry cement averaged about 6.3. kiln operation with low-Btu substitutes, 
million Btu per ton. “=~ guch as garbage, used oil, lignite, and tar 

Gains in energy efficiency that have been  gands.® 8 “8 = 
achieved during the last few years are | | 

largely due to reduction in kiln feed mois-. portland Cement Association. Progréss Report No. 3. 
ture content and improved heat transfer in April 1976, p.8T Municipal Refuse Fuel Cement Kitna? | 

the kiln through installation of chains.? In _. Dorn, J. D. unici el Cement Kilns? 
some plants, lowered operating rates, be. Msecuatn.s.@.No.S November pn eh Te 
cause of poor market conditions, worked to:. 32. , |
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ae _ Table 9.—Clinker produced in the United States, by kind offuel® == 

- | ce ae Clinker produced iw ae Fuelconsumed .. 

7 Plants. te Ae Oil So 
YY d fuel : antity Coal? Natural gas. 

. oe ear anes a je Charny Percent (thousand (pousend (thousand 
. _ ; | year short tons) short tons) barrels) cubic feet) — 

1975: oo . . oo oo 
Coal ---_--___----- 86 314,101 - 21.9 3,326 re 
Oil _--~--_-_-----. 9 — 33,289 - 6.0 — oe. 8,083 — a 
Natural gas | - 18 35,709 8.9 _- -- 36,336,640 

- Coal and oil _ $$ ______ 21 © 8,887 13.8 1,651 — 1,743 os 
Coal and natural gas — ___ — 42 14,568 ~ 22.6  . 2,006 a 46,343,576 
Oil and natural gas oe 27 11,569 17.9 oe 1,868. ~—- 9,972,545 
Coal, oil, natural gas ____ 1b | 6,416 9.9 585 = 642 —— .16,907,095 

| Total === 168 64,589 (1000 7,568 ~~ ~—=s7,881 ~——«159,559,856 

1976. : oe | oo : , 
; » Goal o-----ee eee BK (6 ATK aT -_— -- 

. — OW Lee . 7 32,497 3.6 _- 2,322 ° a 
. ‘Natural gas — 2 2 12 $4304 63 _- _- 26,617,431 

| . . Coalandoil ~222.- 202 21 9,487 13.8: 1,920... 1,026 — ok 
: Coal and natural gas ____ 42 16,708 . 2440. . 2,492 -.... 45,568,090 
--: ° Qil and natural | gas a 2T 13,069 ~* 491 LL 8,928 -§3,376,632 

. _ Coal, oil, natur. gas ____ - 14... 6,067 . 88. 1,103 330. . 6,657,355 

| Total -------.-_ 16168579 s«000S—t«=«<BSSCt«~“C:*«GOGSSC*:1 82,219,508 

os 1ncludes Puerto Rico. eT 7 BO Co 
"Includes 0.1% anthracite, 94.7% bituminous, and 5.2% petroleum coke in 1975; and 96.5% bituminous and 3.5% 

- oO petroleum coke in 1976. . oe oe ae a 
.  ‘SAverage consumption of fuel per ton of clinker produced. as follows: 1975—coal, 0.28587 ton; oil, 0.987 barrel; and _ 

- natural gas, 6,365 cubic feet. 1976—coal, 0.22940 ton; oil, 0.930 barrel; and natural gas, 6,184 cubic feet. ma 

a Table 10.—Clinker produced and fuel consumed by the portland cement industry in the 
| ig Ss _ United States, by process’ © CO 

| . - ' Clinker produced =i a Fuelconsumed) 

| Year and Process | pecii Quantity Percent | Coal? (thend ‘Natural gas aa (thousand = ofiota]. «SCs (thousand 42-gallon (thousand 
oe : year short tons). vo  .: short tons) barrels) cubic feet) 

1975: : oe ey 
. Wet ~~~ 98 36,413 —s- 56.4 4,215 5,554 104,983,678 

Dry ~~. ~~ ~~ 64 25,179 ~ 39.0 3,182 1,681 42,973,033 
Both _--_________u- 6 2,947 4.6. °. 171 . 96 ¥11,603,145 

, , Total _____~______ 168 64,539 100.0 7,568 7,381 159,559,856 

1976: | — | . | . | 
Wet ~~~ ~~ 93 - 37,980 55.4 5,050  ——s—-5,508 88,107,261 
Dry ~~~ ______ 61 26,720 39.0 3,947 =. 1,847 35,245,967 
Both _____________ 7 3,879 5.6 291 751 8,866,280 

Total _.__.______ 161 68,579 100.0 9,288 7,606 132,219,508 
eh ep pees 

Revised. 
1Includes Puerto Rico. 
2Includes 0.1% anthracite, 94.7% bituminous, and 5.2% petroleum coke in 1975; and 96.5% bituminous and 3.5% 

petroleum coke in 1976.
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| TRANSPORTATION | - 

| _ Trucks hauled most of the cement deliv- railroads handled 11.5%, and 2% was trans- 
ered to customers in the United States; ported by waterway. This represented very 
railroads and barges transported most ce- little change from 1975. Compared with 
ment shipments from manufacturing plants those of 1975, barge shipments increased 
to distribution terminals. Trucks hauled 58%, railroad shipments decreased 3%, and 

| 86.5% of the cement shipped to customers, shipments by truck increased 6%. 

| Table 12.—Shipments of portland cement from mills in the United States, in bulk and in 
: containers, by type of carrier’ a . 

(Thousand short tons) : | - 

| ‘Shipments from ‘a Shipments to ultimate consumer 

. plant to terminal: . From terminal From plant aoe 
Year and type —_—— _ toconsumer - to consumer Total 

of carrier In In oe a ae : ship- 

bulk taimers 2 con- - In eon. ments . 
bulk tainers - bulk tainers : 

«1975: | | an | 
: Railroad _______ _- 7,028 199 940 121 7,214 259 8,534 

| Truck _________ 715 79 «14,241 831 39,035 4,354 58,461 
Barge and boat___ _ 7,485 17 86 __ 641 _ 677 
Unspecified? _ ____ a __ i __ 99 3 102 

Total_....-. 15,288 | 295 15,217 ~—-953—=SS«=«6 989 4,616 467,776 
1976: a 

Railroad __._.___ _. 8,054 204 746 22 1,259 © 254 8,281 
| Truck _________ 1,282 151 16,389 977. —---40,077 4,808 62,251 

Barge and boat_ _ _ — 7,333 15 - 464 Se 609 _- 1,073 
Unspecified?___._. . 260 — __ © 204 Le 102 5 10 316 

Total_..---_ 16929 _ 370 17,8083 999 48047 5072 *471,922 — 

1Includes Puerto Rico. : | 
2Includes cement used at plant. 
5Bulk shipments were 92.0% (62,206,000 tons), and container (bag) shipments were 8.0% (5,568,000 tons) for 1975. Bulk 

shipments were 92.0% (65,850,000 tons), and container (bag) shipments were 8.0% (6,071,000 tons) for 1976. 
Data do not add to totals shown because of independent rounding. 7
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Table 13.—Cement shipments, by destination and origin’ 
(Thousand short tons) * SO 

Portland cement? Masonry cement 

1975 1976 1975 1976 

Destination: mo 
Alabama ___~_~___________ 1,146 1,376 97 117 . 
Alaska® ______________§_ 131 134 _° W WwW 
Arizona _______~~ 1,086 1,111 Ww WwW 
Arkansas ___~_____________---__~- 802 885 ' 64 69 
California, northern ~~ ___~._____--__-- 2,651 2,734 _- __ 
California, southern ~_~_______.--___- 4,196 4,569 1 _— 

- Colorado —~__~_~______ ~~ 1,162 1,197 .. .24 30 
Connecticut? ________._____=-___-. . 624 568 13. 14 
Delaware? _____________________- 122 142 7 7 
District of Columbia® ________._______- 247 196 9 8 
Florida _~_~________~_~____________- 3,190 3,347 214 222 
Georgia _________________---__- 1,542 1,614 | 143 166 
Hawaii ~_________--__-_-~----_~_ 463 328 13 10 
Idaho ________________~-~-~------ 393 6117 . 3 2 
Illinois __ _-___________-_________- 3,281 3,760 101 _ 1t 
Indiana ________________----~---- 1,543 1,700 . - 98 116 
Iowa __-______ ~~ 1,739 1,800 — 26 32 , 
Kansas _____~___________u--___-- 1,122 1,229 26 . 34 
Kentucky _______________~__~~_~- 893 1,046 _ . 95 118 
Louisiana _______~____.-__-_--_-- 2,191 2,486 59 79 
Maine ________________________- 274 308 11 11 
Maryland __________-_-__.~~--_-~- 1,106 1,188 . 90 101 
Massachusetts? ____ 9-2 ee 914 ©. 811 34 85 
Michigan ____________________~_- 2,344 . 2,596 131 189 
Minnesota __________._..____-__. (1,474 1,551. 45 50 
Mississippi _______________----_-_- 813 830 56 - 66 
Missouri ~__._________~-~____-__. _ 1,635 1,723 39 50 
Montana ________-___-_~-~-_--~-- 253 335 3 | 4 
Nebraska __________________--__- 899 1,029 14 18 
Nevada ________.--~___~_-___-__- 366 . 359 (4) . (*) 
New Hampshire® _________________- 209 236 11 . 13 
New Jersey® ____-~________________. 14438 1,866 - 51 54 
New Mexico _____-__________----- 540 548 15 16 
New York, eastern ________________- 584 T45 , 26 26 
New York, western ___________----~-- 905 872 45 2 43 
New York, metropolitan? ____________- 1,070 866 - 33 82 
North Carolina __.~_-_____________.. 1357 =... 1,459 194 220 
North Dakota? ___$_-__-____________- 372 . 412 8 . 10 
Ohio __________________.1-__-__- 2,848 2,804 179 . 188 
Oklahoma _________~___.-_-.--_-- ——-:1,186 1,262 49 61 
Oregon _______________-__-- 774 — ~194~ 1 1 
Pennsylvania, eastern ________—_____- “ ‘4,760 1,756 67 75 . 
Pennsylvania, western _____________~_- 1,014 1,102 719 91 

| Puerto Rico _________------------- 1,470 1,433 -- (‘) 
Rhode Island® _.....______-___-___- |. 140 142 5) 5 
South Carolina __________.___-_--_- 800 782 109 119 
South Dakota __._____________---- 313 373 9 10 
Tennessee _______ ~~ 1,326 1,309 - 153 * 112 
Texas ~.___________________-__- 6,130 6,469 158 194 
Utah ____________~__________--- 691 _ 920 1 7 2 
Vermont® _____ 2 ee 109 109 5 5 
Virginia __________..__.-____-_-_- 1,602 1,599 154 182 
Washington ___________________-- 1,032 1,168 qT 9 
West Virginia ___________-__--_--_- 568 579 41 51 
Wisconsin _____________________-.- 1,551 1,602 54 667 
Wyoming _______________-------- 317 418 3 5 

Total United States ~_____________- 68,713 72,583 2,873 3,266 
Foreign countries _~___________----_- 365 250 56 63 : 

Total shipments ______________--~_- 69,078 ~ 72,883 2,929 3,329 

Origin: 
United States® __________________-- 65,230 69,171 2,869 3,266 
Puerto Rico _._~_-_____________--_-- 1,566 1,550 __ __ 
Foreign:’ 

Domestic producers —. ~~ _--_- 980 1,201 39 38 
Others _________~~__~_________- 1,302 911 21 25 

Total shipments ________.._.-_-_~- 69,078 72,833 2,929 3,329 

W Withheld to avoid disclosing individual company confidential data; included with “Foreign countries.” 
Includes cement produced from imported clinker and imported cement shipped by domestic producers, Canadian 

cement manufacturers, and other importers. Includes Puerto Rico. 
2Excludes cement (1975—384; 1976—397) used in the manufacture of prepared masonry cement. 
5Has no cement-producing plants. 
“Less than 500 short tons. 
“Direct shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by 

sym . 
®Includes cement produced from imported clinker by domestic producers (1975—1,240; 1976—1,024). 
7Imported cement distributed by domestic producers, Canadian cement manufacturers, and other importers. Origin of 

imports withheld to avoid disclosing individual company confidential data.
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| . Table 15.—Portland cement shipped from plants in the United States, by type! 
. . (Thousand short tons and thousand dollars) . a 

| a CC 
Type | Quantity Value? aes Quantity. Value? Average 

General use and moderate heat | : - : 
(TypesIandI) ________________ _ 62,816 1,924,202 $30.63 66,598 2,222,426 $33.37 

| High-early-strength (Type IID Woe 2,107 69,085 32.79 2,217 77,013 34.74 
| Sulfate-resisting (Type V) __________- 346 12,236 35.36 279 10,567 37.87 | 

Oil well _-_ 2 eee 1,120 37,249 33.26 1,275 46,765 36.68 
White __-_________ 365  —«-«-27,828 74.86 362 31,359 86.63 
Portland slag and portland os Foe - .- 

pozolan ______ 315 9,584  . 30.43 344 10,760 . 81.28 
Expansive ____________________ 92 3,856 41.91 97 4,243 43.74 
Miscellaneous® -_---------------_ 617 28,484 88.06 750 82,262 48.02 

| : Total or average __________ 67,776 2,107,026 31.09 71,922 2,435,395 3386 — 

1Includes Puerto Rico. . | os 
2Mill value is the actual value of sales to customers, f.o.b. plant, less all discounts and allowances, less all freight 

charges to customer, less all freight ied Som producing plant to distribution terminal if any, less total cost of 
operating terminal if any, less cost of paper and pallets. 

3Includes waterproof cement and low-heat (Type IV) (1975-76) and regulated fast setting (1975). 
“Data do not add to totals shown because of independent rounding. | 

| ne — . » CONSUMPTION AND USES | 

| Shipments of cement into various States ments were up 479,000 tons, a 15% increase | | 
are considered to be an index of consump- over those of 1975. The second largest in- | 

| tion. Portland cement consumption increas- crease was in California, where consump- — 
| ed 6% above that of 1975. Domestic produc- tion increased 456,000. tons compared with 

ers shipped 71.9 million tons of portland that of 1975. Next in order of increased 
- cement, which included 1.2 million tons of consumption were Texas and Louisiana, 

imported cement. In addition to the import- where shipments increased 339,000 and — 
_ edcement shipped by domestic manufactur- 295,000 tons, respectively. Alabama and 

' ers, 911,000 tons of portland cement was Utah each increased consumption by about : 

imported and shipped or used by others not 230,000 tons. : | 
producing cement in the United States or Ready-mix concrete producers were the 

| Puerto Rico. : primary consumers of portland cement, | 
| Consumption increased in all but 11 accounting for 65% of the total quantity | 

States, the District of Columbia, and Puerto shipped by domestic producers. Manu- — 
_ Rico. The greatest regional reduction in  facturers of concrete products used 14% of 

| usage was in the New York City metropoli- the cement to make concrete blocks and 
tan area, and the State showing the largest pipe, precast-prestressed concrete, and 

| drop was Hawaii, where shipments were other concrete products. Highway con- 
down 29%. Other large decreases in con- tractors and building materials dealers 

. sumption were in the Northeast United each received 8% of the total cement consu- 
States as follows: District of Columbia, 21%; med; other contractors received 4%; and 

Massachusetts, 11%; Connecticut, 9%; and Federal, State, and other government 
New Jersey, 5%. The largest increase in agencies, and other miscellaneous users 

consumption was in Illinois, where ship- consumed the remaining 1% to 2%. 

” PRICES 

The average mill value’ of all types of According to Engineering News-Record, 
portland cement was $33.86 per ton in 1976, December bulk mill prices ranged from 
$2.77 per ton higher than in 1975. The mill an wn 

; ill value is the actual val f usto 
values ranged from a low of $27.58 in New , Molant, less all discounts and allowances, less “all 
York and Maine to highs of $40.94 in freight charges to customer, lees all freight charges from 
Oregon and Nevada, $42.46 in Puerto Rico, Pre Of one rating rine if eny, eas cost of aver bags 
and $54.11 in Hawaii. and pallets.
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$28.80 in Louisville, Ky., to $57 .60in Waian- cities ranged from $34.60 in Detroit to 
ae, Hawaii. The highest price in the conti- $46.80 in Los Angeles. 

nental United States was $48.40 per ton at — . —— | 

Redding, Calif. Bagged cement prices were Table 16.—Average mill value in bulk, 
$6.00 to $11.00 per ton higher than bulk — of cement in the United States’ _ 
prices, and all prices were subject to cash (Per short ton) 
discounts. The area price for bulk cement OO 
reached a high of $82.20 per ton in Anchor- Year Portland masonry clawees 
age, Alaska. Base prices for portland ce- : cement of cement 
ment in carload lots f.o.b. were reported 97. $20.31 $26.52 $20.59 
monthly in Engineering News-Record for 20 1973 _____- 21.88 29.43 22.23 

cities in the United States. The December jyi5------ 310) 890 
| 1976 average price for bulk cement was 1976 --___- 33.86 42.63 34.25 

$41.06 per ton, compared with $37.50 per 1, cjudes Puerto Rico. : 
ton in December 1975. Bulk prices in the 20 / 2Masonry cement made at cement plants only. 

- _ FOREIGNTRADE =e. ae 

| Hydraulic cement exported from the amounted to 4.2% of domestic shipments by 
- United States decreased 5.7% in quantity weight and 2.7% of the value. 

and 6.4% in value from that of 1975. Ex- Canada continued to supply the largest 
ported cement was equivalent to 0.7% of amount of imported cement and clinker, 
domestic shipments by quantity and 1.1% of providing 58% of the total, followed by the 
welt rene. Bx count ees Bahamas and Spain, with 9% each, Nor- 
cnezuela, eeward and Windwar ands, way, 8%; France and Mexico, each 5%. 

the Dominican Republic, and Ecuador— Clink mvrj 31% of the total im-- 
received nearly 95% of the 466,000 tons of in “1976 prised nd with 28% | 1975, 

cement valued at $26,601,000, which was Ports in 1976, compared with 28% in 1975, 
exported to 87 countries. | 32% in 1974, and 41% in 1978. Two plants 

Hydraulic cement and clinker imported operated exclusively on imported clinker, 
into the United States decreased 16% in and an additional nine supplemented ce- 
quantity, while the value decreased only ment production by grinding imported 
5% from that of 1975. Imported cement clinker.
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” Table 17.—U.S. exports of hydraulic cement, by country a 

. ae 1974 1975 .. . 1976 . 

Country . Quantity Value Quantity Value Quantity Value 
"y Oo (short (thou- (short (thou- (short (thou- 

- tons) sands) tons) sands) - tons) sands) 

Afghanistan _§__.~_~~_ ~~~ ____ -- _— 661 $31. -_- on a 
Austria. 152 $37 | 4,671 147 205 «ss $57 
Australia. _§ $2 25 5 Le 269 32 _ 212 87 581. 151 
Bahamas... 22 2 2 4,184 230 1,666 135 1,455 121 
Belgium-Luxembourg —_________---~- 169 43 391 491 1,167 | 168 
Belize_____ ~~~ 483 26 269 14 110 - 14 
Bermuda - ~~~ ~~ =~ > =D DTT T TTT T IT 7 i A dk a 
Brazil... ~~ 2 120° 47 2,117 185 702 112 
Canada____~~ 125,824 6,008 274,236 16,105 218,932 15,995 
Colombia__- ~~~. 55 17 10. 10 1,111 66 
Chile _. ~~ 108 19 22 14 _— -2A2 54 
Costa Rica ~~~. 2 . 51 17 77 71 30 ~ 12 
Dominican Republic _ ~~... _ 48,941 1,072 . 34,862 788 8,508 361 
Ecuador ____ 151 58 428 ‘3 5,584. ~~. 300 
Egypt ~~~ LL 3 2 222 sy ae 
El Salvador __2 ~~ >» 5 21 3 351 25 79 21 . 
France _.— ~~ 5 5 131 33 165 43 161 52 

. French West Indies_____.___________— 1086 2. 728 19 20... MW 
Germany, West ___________________ 103 30 105 44 404 +116 
Ghana ______ 105 41 __ _— 23 5 

_ Guatemala____ ~~~ LL 1,576 122 578 55 849 89 
Haiti _-. ~~ LL 1,005 27 37 10 1,973 105 
Honduras ____ = 2) 5 ew ee 68 15 29 10 63 17 
Hong Kong. ___ 5-5 5 5 5 100 . 19 124... 380 40 40 : 
Indonesia... ~§ 5 5 1,721 95 3,061 2,407 336 57 
Tran__ 46 18° - 39 53 45 33 

. [reland______~_~ 129 20 84 18 36 6 
Italy____ “100 99 949 140 640 159 = 
Jamaica __ ~~~ 10,153 296 1,221 184 418 128 
Japan___ 2,207 661 1,075 © 313 . 844 276 . i 
Korea, Republic of _- ~~» /§ -». 5 5 86 28 143 © 63 53 13 
Kuwait $= 16 11 12. 11 «83 35 
Leeward and Windward Islands _ _—__._ _ _ — 15,419 308 23,498: 651 24,148 655 
Libya _~___ 2 LLC; 248 © 16. - 11 17 313 214 
Mexico _____.....-___._________. . 388,765. = 3,018 108,503 3,910 127,803 3,625 

' Morocco ~~~ ae _- 811. 58 _- oe 
Netherlands Antilles__§_-§ $$. ~._-______ 16,067 334 6,791 212 4,057 123. 
Nicaragua ___ ~~~ 349 44 413 36 50 22 
Niger _______- 2 998 56 470 . 83 -- _- 

. Norway_____~_-~__-.~~__-__ ~~ 26 21 15 15 14 23 ; 
Panama ______ 5§ > 5 243 47 49 15 1,746 138 P 
Peru. LL 4,182 275 3,119 368 2,165 183 . 
Philippines ~~~ 2 5 1,710 151 67 18 313 95 2 
Saudi Arabia ~~ 2 137 100 1,540 243 732 306 , 
Singapore ___________________ 5,126 244 126 35 180 86 
South Africa, Republic of ..._-_________ 1g 30 168 59 476 72 
Spain ___ 119 - 30 114 63 135 55 8 
Sweden______~_~__ 261 91 82 48 48 19 
Switzerland __.§ ~~~ ~~~ 173 75 170 51 151 57 
Taiwan _____ ~~~ Le 251 163 359 113 214 38 
Trinidad and Tobago_____.—~~§_-§_ ~~ __ 82 29 62 94 49 16 | 
Trust Territory of the Pacific Islands _ __ _ _ _ 60 3 354 17 72 5 
Turkey ______-___-..--~-_---___ 1 ?) 20 24 58 29 
Turks and Caicos Islands ___..§_-§_______ a -— _— _- 644 34 
United Kingdom —_____§ ~~~ 434 91 338 120 426 121 
Venezuela _. ~~~ 985 202 16,120 589 56,178 1,527 
Yugoslavia. ______. ~~. ~~~ 348 87 552 142 101 24 
Zaire ~~ -- _- 763 45 —_ _— 
Other. Le 2,104 281 1,023 248 996 529 

Total.__- ~~~ 289,844 14,860 494,132 28,409 466,055 26,601 

1Less than 1/2 unit.
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Table 18.—U.S. imports for consumption of hydraulic and clinker cement, by country | 

Be (Thousand short tons and thousand dollars) a — a 

my os Quantity Value Quantity Value 

| Bahamas____________________.____-- 89,229 242 6,195 
Belgium-Luxembourg ____.—_.~~-_----_----------+----+- 14 722 14 7150 
Canada __________-----_-_~~--___.2~- ~~ + - 1,819 33,951 1,801 38,833 
Colombia______________---_-.-_--_-_-_----}——---- 2 64 __ __ 

- Denmark________--_--------~------_~-~--------- 15 413 | Gy) 1 
France ___~.-___-_-_-_~~~__~_-__~ 312 6,237 = «178 5,279 

| Germany, West ___._.-______-_---~---------------- 30 491 (7) 48 
Honduras _-_~___~_-_~-__~-~------~-----+--+----~-~-+-+- 4 104 ee 
Italy____-_-------2~--+----- ~~~ +--+ __ __ - 4g 
Japan--_ 28 639 6 - 189 

. Mexico ___._/__-_-___~---_--~-~~-----~--~_--~-~-~-~------ 148 2,535 175 ss: 3,678 
Norway_ —— =~ —--_--~_---_--_-----__-~~---~-~-------- 365 ~ 6,127. 265 4,410 
Spain ______ ~~~. eee 301 4,602 ~ 814 ~~~ *+5,630 

| | Sweden eee 99 1,748 — 202~—~—”:— 86 
. United Kingdom _____2—---___________~ ~~ _ +--+ 214 3,629 90 - 1,590, 

Yugoslavia —____- ~~ eee ee 2 129 2 170 

| Total. ee ---- =  8,702 70,620 3,107. 67,085 

~1Legg than 1/2 unit. | - | oe oe 

oe : a Table 19.—U.S. imports for consumption of cement | 
| | (Thousand short tons and thousand dollars) an | 

oe : - Roman, portland — Hydraulic White 
oe - a andother _. cement ‘nonstaining Total 

: | : | Year | _~ hydraulic’cement . clinker portland cement _ | oo 

: | pe Quantity Value Quantity Value Quantity Value Quantity Value 

1974. 3,870 73,315 1,829 26,737 33 «1,682 ~—«s«45,732 ~—«:101,734 
pO 1975 2474 49,286 1,207 20,218 - 21 1,116 3,702 70,620. 

. 1976 _________-_--_-- 2,122 46,635 962 19,136 23 1314 3,107 «67,085
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Table 20.—U.S imports for consumption of hydraulic and clinker cement, by customs - a 
| a district and country : sO 

‘(Thousand short tons and thousand dollars) : 

Customs district and t 19% ive 
me coumsy Quantity Value j§ Quantity. Value . 

Anchorage: | 
Canala_--- 63 2,037 , 33 1,105 
Japan__-~______ ~~ eee (2) 2 (4) 3 : 

Total. 63 2,039 33 1,108 
‘Baltimore: Germany, West _______.._...~-...________-_ ©). 7 __ a : 
Boston: Spain _-_.._____-----~----------~-----~--- 18 143 -- -- 7 

Buffalo: | 
Canada _________________-~_-~~~_-_=--~-~-_-~--~-+- 582 10,491 515 11,260 - 
Germany, West _____________~___ Le @) 5 () 3 

- Total.______--_-___--__-_-_ 582 10,496 515 «11,268 
Chicago: Canada ___ = ~~ --- ~~~ eee 27 526 -- _- 
Cleveland: Canada _____ ~~ ~~ 33 816 30 621 

Detroit: oe 
. Canada __ eee 414 7,386 525 10,336 

France _________~-_---_-----------~---~-~-~-+-- ?) 4 | a — 
United Kingdom ____________________-__------- __ __ . 4) a & . 

| Total. 5 ee 414 7,386 525 10,336 | 
. Duluth: Canada _____~_~___.--_----+-------------+-- 22 443 -- _- 

EI Paso: . . . 
Canada ____ ~~ ___ ee __ _— 2) 1 

_ Mexico __-________________ 11 - 432 14 605 

Total... ee 11 432 14 606 _ 
Great Falls: Canada ___~__________ 4 ~ 138 6 234 3 
Honolulu: Japan ~~ $5 - - eee 28 637 6 136 : 

Houston: . | . . 
. Canada ____ ~~ 5 ee e----+ ) 4 one _- 

United Kingdom ________________--_~__--________ 7 1,195 8) 1 7 

Total. __-§_____=__.-_____-____-_ ++ 12 1,199 4) 1 
Laredo: Mexico ___.___.. 2 eee 1 160—O 1 57 

Los Angeles: | 
Germany, West ___-__________----_-----~-----+-- () 9 QA) 10 
Spain _______----~----- +--+ eee . 3) 16 1 42 

Total. ~~ (4) 25 1 52 

Bahamas______________ Le . 56 1,564 46 1,271 
Belgium-Luxembourg ________—_-—__-_----~~~----- 1 30 4 205 
Germany, West ________________-~_~~~--_____-_- 30 447 . _- _- 

*. Mexico 2 ee 22 292 36 874 
Norway___—~_______--____-_-_-_-__-~~~-~-~-~-~-- 110 2,061 50 827 
Spain __~____ ee 119 1,721 112 1,470 
Sweden________ eee 59 1,029 a -— 
United Kingdom _______________~~___~_--_~ ~~ . 46 ' 675 _- oe 

Total. ee 443 7,819 248 4,647 
Milwaukee: Canada ______________-____---_~-----~- 52 771 31 766 

New Orleans: 
Canada. $e __ __ () Q) | 
Bahamas_________-.—~~_~_______~~~~--~ ~~~ _- __ 2 53 
Germany, West _._______..-___._-----------~---- __ _- ?) 17 
United Kingdom ______._.______---_--.~-------- 96 1,710 90 1,588 

Total. 7 5 ee eee 96 1,710 92 1,658 

New York City: 
France __.__ ~~ - -_- - - ~~ ee eee ?) 1 __ __ 
Norway_________-_--_---__-_-~~-_-~-~--~ 255 4,066 215 3,583 
Spain _.__9________ ee 11 198 _- _- 

Total. __-- __- ee 266 4,265 215 3,583 

Norfolk: . 
Bahamas _____§_~§_________~ ~~~ ee 91 2,075 103 2,339 
Canada _________~ ~~ ee _- __ () 8 
France __ ~~~ ee 312 6,220 — 178 5,264 

See footnotes at end of table.
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Se ~ Table 20.—U.S imports for consumption of hydraulic and clinker cement, by customs 
| | district and country —Continued 

7 (Thousand short tons and thousand dollars) Oo 

— ae | : 497 1976 | 
-...”. Customs district and country ee — 

. ne . ae Quantity Value Quantity Value 

. . Norfolk: —Continued | | | Lo 

Son, : Spain __--_-------------------------------- 49 7167 16 187 
_ United Kingdom .__________------------------- (2) 48 _ __ 

- Total. 452 9110 © 297 ° 7,793 
_ Ogdensburg: Canada_____________ 111 2,244 108°. 2.618 

So Pembina: 
: 7 Canada____ 93 2,298 102 «2,621 | 

Mexico ___..§ -_ /--__-___-____~~--i--- +--+ +--+ ++ oo. _ os A 8 

Total en nn----- 98 2,298 102 2,623 

Philadelphia: | . ee I 
. Germany, West ____ 2 2-2 ) 23 (7) 18 

Yugoslavia____——____----_------------~--------_ 2 129 2 _ 170 

— , Total. -- 2 - 152 2. 188 
| . Portland, Maine: Canada _____________-_____-_-__-____ Ad 901 41 1,256 

St. Albans: : | 
a Canada. ee ~ 101 2,280 181 3,820 | 

. Italy. __ __ (4) 1 

_ Japan eee __ __ @) (4) 
“Norway_ ~~~ ee ao —_ ~~) (4) 
United Kingdom ___-_ 2) 5 5 eee eee 4 “iy _ a 

7 Mota. 101 2281 181 3,821 
‘San Diego: Mexico _______.2 ~~ eee oie __ (7) 1 

. San Francisco: Belgium-Luxembourg — . . _ _ ....___.--.~~~-- ?) 1 — —_ 

San Juan: - | . 
Belgium-Luxembourg _________~_______-__---~---+- 13 691 10 (682 
Colombia______________ 2 64 ee 
Denmark. _§_- _-§ > 2» >_> 5 15 413 | _— _— 
France ____-_- 5 ee (4) 16 () 15 
Honduras _~___________ 2 62 _— _- 
Spain ___ eee. 32 746 23 751 

| Total________--___---=_------------------ 64-1992. 881,298 

Savannah: oO —— | Oo 
Denmark______________ ~~ eee __ __ GQ) 1 
Mexico _____}_. oe ee 11 137 _— -- 
Spain —--— _ ~~~ ----------------------------- 11 180 4 43 

nited Kingdom ______________--~-~--~-~-~-~-~~---_-~- __ __ () 1 

Total. 22 317 A 45 
Seattle:Canada___________-_-_-§_§_ ee 273 8,621 229 4,192 

Tampa: | 
Bahamas. :.-_§____-_/§_»§ 55 5 eee 202 5,590 91 «2,582 
Belgium-Luxembourg ______§__-_/______~~______~_____ __ __ (4) 13 
‘Honduras ___ ~~ LL 2 42 a _— 
Mexico _______________________-- 108 1,658 124 2,139 
Spain ____ 61 831 «158 3,137 
Sweden_ ee 40 719 20 361 

Total. -_____- ee 408 8,840 393 8,182 

Grand total______________________-________ 3,702 70,620 3,107 67,085 

Lees than 1/2 unit. 

WORLD REVIEW 

A number of countries announced long- ply their extensive construction programs. 
term cement-industry expansion programs Congestion at ports continued to be a prob- 
that were to provide future self-suffi- lem, particularly in Iran and Saudi Arabia. 
ciency in cement. These included Algeria, In the Middle East, the chemical-ad- 

Hungary, Poland, Tunisia, the Dominican mixture market for cement is growing 35% 
Republic, and Yugoslavia. In addition, to 40% per year, according to the British 
many oil-rich countries pushed ahead with Chemical Development Corp. Lack of 
plans to increase cement production to sup- potable water and local raw materials
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_ with high salt content has caused special’ ta, 11%; British Columbia, 9%; Manitoba, | 
~ problems that are being combated by tech- 6%;andSaskatchewan,3%. => 

_ . _ nology involving a variety of admixtures. | -Genstar’s Ocean Cement Ltd. began con- 
. . The technology in new plant installations struction of a new plant at Vancouver, 

clearly shows the continuing concern for British Columbia, designed to produce 1.2 | 
__. energy efficiency in cement manufacture, million tons per year. The $64 million | 
os with the dominance of dry-process, preheat- facility was intended to replace an old plant | 

. er plants. Cet ee - on Vancouver Island by 1978. Genstar also. 
a World cement production increased to began planning a two-stage expansion of its 

811.5 million tons, 4.8% more than the 1975 Edmonton, Alberta, plant. Inland Cement 
total of 774 million tons. The largest in- Industries Ltd. began a $60 million program 7 

ne crease in production was in Asia, where to increase capacity 75% at its Edmonton. | 
overall production averaged 10% above that plant by the early 1980’s. The initial stage. a 

| of 1975. Production changes ranged from a_ will be a $3 million electrostatic precipita- ; 
| _ ‘11% increase in Bangladesh to net re- tor system. OF | 

| __ductions in some Middle East countries and St. Lawrence Cement Co., after almost 2 4 
© Nepal 8 years of government review, took over Ci- 

Oceania showed an increase of 8% over ment Independant of Montreal for $Can67 
1975, solely as a result of Australia’s 12% million (US$68 million) and 200,000 shares 7 

___. boost. gf St, Lawrence stock. St. Marys Cement 
_ Western European production was vir- Ltd. installed a new dry-process, four-stage 

_ tually the same as In 1975, whereas Eastern suspension preheater kiln, increasing ca- 
_ European countries expanded output by pacity 661,000 tons per year at its St. Marys, 

3%, to 206 milliontons. == . = === ~~... Ontario, plant. Other expansion plans | 
| Production in North America increased included doubling the capacity of Canada - 

6% to 105 million tons, and South American Cement Lafarge Ltd.’s plant at Brookfield, 
_. countries increased by 1%, manufacturing NovaScotia. = | 
- 38 million tons ofcement. The cement industry in Canada has set a | 

_ African countries increased production — voluntary goal to reduce energy consump- 
8% with 26.6 million tons, compared with tion 9% to 12%, compared with that of 1974, 
287M by 1980. In 1976, the Canadian cement 
The 10 leading cement-producing coun- industry consumed approximately 62 tril- 

. tries, according to Bureau of. Mines data, jion Btu, or about 4% of the energy used by 
were the U.S.S.R., Japan, the United States, Canadian industry as a whole. | on 

Italy, the People’s Republic of China, West —_ Costa Rica.—Costa Rica produced 399,000 
_ Germany, France, Spain, Poland, and India. tong of cement in 1976. Cementos del 

er san Pacifico S. A. awarded a $30 million con- | 
- Be NORTH AMERICA - tract to Allis-Chalmers Corp. to build a new 

| --Canada.—Construction expenditures in plant in Guanacaste, about 108 miles from - 
| Canada were up about 12% over those in San José. Total estimated cost for the plant 

1975; however, wages and costs of materials _ will be $55 million. | 
: increased at approximately .equivalent . Dominican Republic.—The Dominican 

rates, showing that there was no real Republic’s expectation of becoming a ce- 
| growth in the cement industry." _ "ment exporter in 1976 did not materialize. 
: Canada’s cement exports to the United Surplus production was, however, expected 

States dropped for the third successive year, in 1977. Four cement plants were expected . 
this time by 6%. The 1975 level was down to produce about 42 million bags per year. 
14% from that of 1974, which was in turn This, compared to the 1976 domestic con- 

~ 10% lessthan 1973 exports. ==  ——— sumption of 18 million bags, should provide 
-... Canadian cement-producing capacity re- an exportable surplus. 

ported at yearend 1976 was about 16.5 Cementos Nationales S. A. began oper- 
-. million tons per year, according to the ation of a new dry-process plant. Fuller Co. 

Canadian Department of Energy, Mines, was responsible for the turnkey operation. 
and Resources. Capacity changes duringthe A capacity of 562,000 tons per year was 
year resulted in a net reduction of 84,700 achieved with a single, four-stage suspen- | 
tons. — 7 . gion preheater kiln. This plant doubled the. 
Cement production in all Canadian Pro- = —~~—_ 

vinces for 1976 totaled 10,858,000 tons, 94% Mig enenouse, D.! H. ement preprint chapter. Canadian 

, of which was produced in six Provinces, as . earboo . en ergy, Mines 
follows: Ontario, 38%; Quebec, 27%; Alber- 77" “wouree® Ottawa, Canada, NT pp.
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- previous national output and provides ce- bility studies. for a joint project. of the | 
, ment self-sufficiency for.the present.2 The Governments of Barbados andGuyana were 

country’s previous cement production came undertaken by Holderbank Consulting Ltd. 

exclusively from Fabrica Dominicana de of Ontario, Canada. The plant, to be con- 
| Cemento. Production in 1976 was 585,000 structed in Barbados, would produce 

tons. | | ) | 250,000 tons per year of clinker, 100,000 
El  Salvador.—A 1,102-ton-per-day sus- tons of which would be shipped for final 

pension preheater kiln and related plant processing to Guyana. The project was 
equipment were contracted to be installed scheduled for completi on in 1979. °° 
by Allis-Chalmers Corp. for Cemento de El Bolivia.—Socied d Boli . ad Cemento 

_ Salvador S. A. Completion is scheduled for BOlvia.—woctedad’ voliviana ce vemen", | 
| . | . ©. A. at La Paz announced that it would 

1978. Production totaled 366,000 tons in exp an d its capaci ty 551 tons per day by 

a Jamaica.—Construction of a 660,000. 1978. The turnkey project, to be carried out 
short-ton-per-year cement plant was sched- by F. L. Smidth & Co., comprises a four- 
uled to begin in late 1976. Located on the ‘tage preheater kiln, planetary clinker cool- _ 

| western end of Jamaica, the.plant is ex- ef, a new raw mill with air separator, an 

pected to cost $J60 million. (US$66.million). open-circuit finish mill, and new storage — 
The Jamaican Government will own 85% facilities. Ce Me 
interest, and the Cavendas Group of Venez- Although Bolivia experienced a mild re- 
uela will hold the remaining 15%. Carib- cession beginning in late 1975 and contin- 
bean Cement Co. increased its price of uing through the first half of 1976, a con- 
cement in January by 32 cents (US 35 cents) struction: boom produced higher. cement 
to $J2.28 (US$2.51) per bag. The purpose of sales. Because of production problems, do- 
the price increase was to generate reserves mestic cement output declined, requiring 
for the proposed $J25 million (US$27.5 mil- the importation of 55,000 tons. = 
lion) expansion program. Prior to the sus’ Cement production for Bolivia in 1976 
pension of the program in midyear, $8 was around 243,000 tons from three plants. 

| million had already been spent. The intend- 3,471) Cement production for 1976 was _ 
ed expansion would double potential output 18.6 Ti sn to 7 sréase of 3% 
to 800,000 tons per year by 1978. National 7°? Mion tons, a decrease oF eve COMPpar 
production was 400,892 long tons for 1976. TC cnrodahin Nation al Cimento Portland a 

| Mexico.—Cemento Portland Nacional | ton n , ’ 
! was building-a cement plant at Hermosillo, Subsidiary of Lone Star Industries, Inc., in 

Sonora. Scheduled for completion in 1977, Rio de Janeiro, began engineering and feasi- 
the plant will have a production capacity of bility studies for a new cement plant to be 
1,500 tons per day. Construction of another _ built at Cantagalo, about 250 miles from Rio 
1,500-ton-per-day plant was being planned de Janeiro. Construction is to begin in 1978. 
at Campeche, on the Yucatén Peninsula. The new plant, which will have a capacity 
Canteras y Calizas de Campeche signed a of between 661,000 and 772,000 tons, will 

contract with Capital Plant International eventually replace the present 496,000-ton 
and Fives Lille Cail of the United Kingdom. plant at Guaxindiba. Sociedad de Empreen- 
fit and seeetad to marine ‘ood dimentos Industriais Comerciais e Min- 
acuilies were expe cost abou eracéo was setting up a 1-million-ton-per- 
million (US$63 million). The plant is sched- year cement plant at Vespasiano, Minas 

_____ uled for completion in early 1979. Gerais, at a cost of $100 million. Cement 
Cementos Apasco brought a new plant on roduction grew nearly 20% during the 

stream, increasing capacity to 1.5 million ? to oie a of the i al oval e 
tons per year. It is located about 50 miles vemen t produc tion of the nation ° 

Anares fl Mexico City, near the village of Cimento Tupi S.A. (Blue Circle Group) 

An investigation by the U.S. Internation. egan production at its new plant at Pedra 
al Trade Commission concluded that anti- 40 Sino in February 1976. Under con-— 

Oy ean eeent ereducess n violated 12Rock Products. Dominican Republic Puts New Cement 
. : 7 Plant Into Production. V. 79, No. 8, August 1976, pp. 43-47. 

Total production of cement in Mexico in 13MacDonald, D. The New Plant of Cementos Apasco. 
1976 was 13,871,000 tons. Rock Products, v. 79, No. 4, April 1976, pp. 86-90. 

14Federal Register. V. 41, No. 105, May 28, 1976. 

SOUTH AMERICA U.S. Yaternstional Trade Commission. Portland Hy- 
. .  draulic Cement from Mexico. USITC Publication 795, 

Barbados and Guyana.—Technical feasi- December 1976. |
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struction since 1978, this 661,000-ton-per- | EUROPE - 
ear, dry-process plant was reported to be , . . ao | 
vroducing near capacity.” Oe ee a According to Cembureau, the European 

Cimento Santa Rita S.A. at Séo Paulo Cement Association, cement production in 
reportedly completed a new dry-process, the nine Eastern European countries (Alba- 

2,200-ton-per-day plant, supplied largely by nia, Bulgaria, Czechoslovakia, East Ger- 

- AllisChalmers Corp. cement and mining ™2m, Hungary, Poland, Romania, the 

stalled a. 1,000-ton-per-day, two-kiln plant million tons, or 27% of the world total. It 

at Cappao Bonito equipped by the Czech. 8 estimated that output would increase , 

oslovakian Pragoinvest.* ~~ ~*~ by 5% per year from 1976to1980. - 
- Ecuador.—A new cement plant was being _ _ Orders for new cement mills increased 

planned, to be located near Latacunga in during the year, according to the German | 

Cotopaxi Province. Cementos. Cotopaxi, C. firm Polysius, A. G. (Neu Beckum, West 

A., was to -provide 30%. of. the financing, Germany), and its six overseas affiliates. - 

with the remainder to be supplied by a Much of the increased demand. was for 
fo reign partner. The existing Guapan ce- turnkey operations for new plants in devel- . 

ment plant in Gafiar Province was to be — i arr betas wo, Albania in 1! 

expanded from 200-ton-per-day capacity to PaO OLD ton MEET icone Com 1976 
1,000-ton-per-day capacity.at a cost. of $30 Was 882,000 tone, a 17 Mcnbase compared 
willion. Production in’ Ecuador totaled With that of 1975. Albania has announced 
679.000 short tons in 1976. ees its intention to increase production 55% 

7 Peru _Cementes No rte Pa casmayo of above the 1975 level by 1980. Two plants 

‘Lima planned to triple eapacity ofits Paca- Were known to be operating in 1976, at 
-smayo plant. Fuller Co. was to supply the Germany ‘East.—East Germany produc- 

—— plant. with a complete equipment package ed 12.5. million tons, a 6.5% increase over 

| inp Lia ca cin eT caillica dry process 1975 production. Eleven plants were distrib- 

scheduled for operation by September 1977, the Kearadort Cement Works near Halle, 
SEE anes cel of 08 love retin apc of mln toon or gu. 

: a ene ee eee ave. Work was being,,undertaken to expand the 

- ie thoeeine | Consulting se ottonnes doy capacity of the plant at Duena, near Erfurt, 

eh . ’ wee to 2.8 million tons per year. Plans through 

ee aoe nt toaeccnpleted in 1969 1280 are to increase production | 25% 
and the new Facilities were expected to be through better utilization and expansion of | 

operational by 1978. Plans call for a flash EE te Hangary production was 
___ precaleiner, which, when installed, will be 4.7 million tons in 1976 from six plants. The 

the first such unit in Latin America. Cost of 1. wos Oe ne 
the expansion i '$100 anaes * new works at Hejécsaba went into pro- 

Peruvian. cement roduction totaled duction officially in April. This gas-fired, 
2.167.000 tons in 1976 Pp : | _dry-process, 1.8-million-ton-per-year plant 

| 24000 Ad Lee N a ' went into trial operation in January 1975, 

| Co eos ea er yaiona’ “ and produced 248,000 tons that year. Total 
vom d y Portland is expand- cost, was $230 million. Another new plant at 

ae ie ant eh een fourstage preheat Delapatfalva was scheduled for 1978 tee | . ir ll be a two-kiln, dry-pr plant. ci- 

er system from Fuller Co.’s South Ameri- pal fuels will be oil and gas, and capacity is 

AV encetela,Cementos Caribe C. A. of 2 Pépy 2eaninion tons. Cost was estimated 
a “ bos waribe \ at $220 million. og 
Caracas contracted with Holderbank Con- Ireland.—Ireland’s cement and clinker 

ing of Omar, Canes paacton in wan emia 
: ’ on tons. Work was Oo 

ton-per-day, dry-process plant at PuertoCu- 0 Pr meon 3 

marebo. Additional marine distribution 15Industrial Minerals. No. 111, December 1976, p. 64. 
facilities will be built as well. Construction wrens Associated Portiand Cement Manufacturers Ltd. 

Net . schedules to begin in 1977, with com- Probe, R A; international Cement Review. Rock 

° Ui Vv. OV, INO. 4, > Pp. . 

° Venezuelan cement production in 1976 , Pr nein Products. Rock Newecope. V. 79, No. 7, duly 1976, 

was 3.9 million tons. | " 19Work cited in footnote 18.
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- 1-million-ton expansion of the Platin plant ciated Portland Cement Manufacturers Ltd. 7 
of Cement Ltd. The project, begun in 1974 at (APCM), (Blue Circle Group). Domestic ship- __ 

| an estimated cost of £40 million, was ex- ments dropped 7.4% to 17 million tons, and 
pected to go onstream in October 1977. The production of portland cement fell 7.4% © 
expanded facility will provide Cement Ltd. during the year. The 1974 shipments were | 
with aclinker capacity of 2.1 million tons.” gown 12% from 1973 levels, and those of | 

Norway.—Production of cement and 1975 declined another 4% from 1974. As a 
| clinker in Norway in 1976 was about 3:0 result of this depressed construction: mar- oo 

million tons. Cement sales were down from ket, about 2.2 million tons of capacity was _ | 

| elon te a nBely because of reduced Jost because of closures. Exports increased 
eliveries to North Sea activities. To com only 2.5% to nearly 1.1 million tons, despite 

pensate for higher production costs, the. increased exports of cement to the Middle 
CO Government permitted an increase in the — ” Misente and Vielen ee a 

en gens a East, Nigeria, and Venezuela: | 
price of cement by an average of NKr26 per ““'aBoM closed down three older plants 
“ Romania.Romania reported production 4uting'the year. This reduced the country's 
of 14 million tons of cement in“1976, a. 9% | 2nnual production capability 717,000 tons. = 

| increase compared with that of 1975. Con- Despite the closures, Blue Circle was opera- 
struction continued on the new Tasca ‘ing at 80% of capacity."In a step toward = 

) works, begun in 1975. This two-kiln, dry- ¢nergy-cost savings, Blue Circle converted 
process plant was scheduled to begin partial two previously oil-fired plants to burn coal. — 
production in 1977, and tobe fully opera- In addition, the Blue Circle Group installed  —__ 

: tional in 1978. a full-scale refuse preparation plant. The — 
- ‘Spain.—Asland S.A. began production company has been investigating the use of 7 

from a new, 1-million-ton-per-year plant at domestic refuse as a replacement fuel in its | 
Sagunto, near Valencia. This expands As- kilns. Blue Circle hopes eventually to use 

| land's total capacity from its four plants to 66,000 to 88,000 tons of refuse. An.advan- 
5.5 million tons. As of mid-1976, cement tage in cement manufacturing, the com- : 
consumption was running at about the pany reports, is that combustion gases from | 
same level as in 197 5, or at an annual figure the refuse neutralize some of. the. alkalies 

of about 28 milliontons. == 4, from the kiln. The new plant was scheduled 
‘Sweden.—As in other parts of the world, to go onstream in early 1977. | 

energy efficiency considerations in Sweden _ Tunnel Holdings, Ltd. closed its plant at a 

: nave resulted far the building of larger West Thurrock, Essex. This reduced the | 
- plants and wet- to-dry-process conversion. company’s capacity by nearly 1 million 

: roe strated that Oy 1980, four coment tons, or approximately one-third of its total | 
_ Plan i Pr 1976 Os same amount a8 output. During 1976, a new wet-process kiln _ 

_ ‘Seven plants in Ivf. Cementa announced oF 330,000 tons capacity was installed at 
the quadrupling of its Slite plant on the ;: | | cd 
Island of Gotland, at a cost of SKr600 litheroe, near Manchester. vee - 
million (US$138 million). Since 1976, Ce , cording to Cemburesu, a total of 19 
menta has been the only cement manu- bi ‘ed can s by , 23. ili ? "to a "The | 
facturer in Sweden. Swedish consumption itl fee 1977 ° f Pen: SONG. 6 . | 
declined to 3 million tons, a 10% decline out. 00 ‘Or 7 was or a further 5% to 6% | 

compared with that of 1975. Exports were decline in the construction market, but 
110,000 tons, or 25% of the 1975 level: continued export increases were expected to 
U.S.S.R.—The Soviet Union has an- Maintain production at the 1976 level. — 

nounced the intention of a maximum The Department of the Environment’s | 

growth in cement production of 4% per year Building Resear ch Establishment ordered 
through 1980. Production by 1980 was ex- that buildings throughout the country be 
pected to be 177 million tons. Production in inspected for potential hazards caused by 
1976 was reported as 137 million tons from the use of high-alumina cement in precast 
115 plants. Ninety of these plants were concrete structural members. The problem 
operated by the U.S.S.R. Ministry of Con- was caused by a conversion and subsequent 
struction Materials. : weakening of the crystalline structure of 

United Kingdom.—Demand for cement in the cement upon exposure to heat and 
the United Kingdom declined 9% during moisture. an 
1976, the third consecutive year of decreas- —___ | | 
ing cement consumption according to Asso- 2°The Northern Miner. V. 61, No. 4, Jan. 15, 1976, p. 15.
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| The price of cement in the United King- mill and is capable of removing moisture up | | 
dom increased 6% on November 4, 1976. to.12%. The kiln is 17.7 feet in diameter by : 
Further increases were expected to follow 290 feet long and uses a four-stage cyclone 
in 1977 as a result of continuing increases in preheater and a grate-type clinker cooler. 

| the costs of raw materials and labor. _ . Clinker is ground by two closed-circuit ball 
Wezoslavia the - fartizan Cement mills each rated at 100-tons perhour. 7 | 

| orks on the Adriatic Coast reques at | Cement produced by Libya in 1976 
__ Polysius, A.G., deliver a new PREPOL pro- amounted to 1,653,000 tons valued at £60.3 

cess Precalciner Kiln, along with quarry million. §8 = i 

machinery, crushers, crushing mull, pack- Morocco.—State-owned Cimenterie de | 
aging and loading machinery, and process- |’Oriental was moving ahead with plans to a 
automation and electrical equipment. The pyild a. 1.2-million-ton-per-year cement 
‘ antis expected a eee ear plant near Oujda at a cost of $182 million. | 

3. 4 oe Po ay. tr uction or Funding was to come from several sources, 
was ©-@ milion tons. | including the Moroccan Government 

AFRICA — ($105.5 million), the World Bank ($45 mil- 
| | Loy | ) lion), the Arab Fund for Economic and 

Algeria.—Annual cement capacity for Social Development ($24.5 million), and 
Algeria was rated at about 3.8 million tons. Moroccan commercial banks ($7 million). 

| Production for 1976, however, was esti- The project is expected to be completed in 
| mated at less than half of capacity, perhaps 1978. A shortage of cement in Morocco 

| 13 million tons. Consumption was between _ resulted in 740,000 tons being imported in | 
5 million and 4 million tons, with the 1976. When in full production, the new 

balance being imported. With the 1-million- plant is expected to save Morocco about $384 
- ton-per-year SET on coms on- million per year in foreign exchange. oo 
a stream, it was estimated that production APCM,; which will do the engineering work, | 

will increase at least 25%. Algeria would will also provide supervisory services for a 
_ like to achieve self-sufficiency in con-  1-million-ton-per-year plant at Mediouna, 
___ Struction materials, including the pro- south of Casablanca. Contracts for this - 

| easton of cement, by Be i An average plant. should be awarded in 1978, with 
, annual gro rate 0 o In cement de- completion scheduled for 4 years from that 

| mand is forecast through 1981. According to Hine ee - meee - a 
. World Bank figures for November 1975, The new Marrakech cement plant, locat- | | 

Algeria's expansion plans call for increas- 44 98 miles west of Marrakech, was sched- 
ing national cement production capacity to uled to begin production in June 1976 | | 

8 million a alan y of in ee a ad - Société des. Ciments de Marrakech (Mar- | 
Se ected b 1979 or 1980. Ar. nite sl pat rt rakech Cement). was created in Decem- oe 
expec y tetd OF en , integra’ pa ber 1972 to finance and develop a project to 

| of this expansion plan is the construction of build the new 550,000-ton-per-year plant 
~ a 500,000-ton-per-year, dry-process cement Investors in th $ £0 ? nt Per-y ti ‘ d ed | 

| plant near Saida, and expansion of distribu- the I ten im ti e al Fir ion Coro, and t a 

tion facilities nationwide. The Société Na- affili ‘tes of. Cim ta Lats ce PL, an nd 
tional des Materiaux de Construction, lates of Mimen vyeed a Che an 
which dominates the cement market in rant were supervis b y iments 
Algeria, will operate for the Saida plant and oil arge. The new dry-process kiln uses fuel 
all new distribution facilities and equip-— _ oe | 
ment. Kawasaki Heavy Industries of Japan Ciments Lafarge operated two other ce- 
will build the turnkey plant. ment plants in Morocco—Lafarge Maroc in 
Kenya.—A new kiln was placed in oper- Casablanca and Société des Ciments Artifi- 

ation at Bamburi Portland Cement Co. Pro- Ciels de Meknes in Meknes. These two 
duction was expected to reach 1 million tons Plants provided 70% of the country’s total 
per year during 1976. cement output. | 

Libya.—A_ 3,000-ton-per-day, dry-process Nigeria.—Construction began on a new 

cement plant was to be built about 6 miles 882,000-ton-per-year cement plant by Asha- 
from the coastal city of Homs. Société Fives- ra Cement Co. Ltd. Installation of a third 
Cail Babcock contracted to supply the kiln was being considered, which would 
turnkey facility at a cost of F700 million increase annual production capacity to 1.3 
(US$146 million). The new system includes million tons. APCM has a 30% interest in 
a two-stage facility for raw grinding and Ashaka, which is principally owned by the 
drying, which uses a 270-ton-per-hour roller Nigerian Government. 

*
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Nigeria’s 1975: cement crisis, in which er grinding plant was expected to provide 
some 170 cement-laden ships unable to un- most of the increased cement manufac- 
load lay at anchor at the port of Lagos- turing capacity to double the country’s pro- 

| Apapay, by mid-1976— resulted in legal duction. The new facility supplements the 
actions Kanes by the wen States, te existing Chhatak cement plant. It was ex- 

: nite om, and West Germany. the pected that the increased production would 
| suits involve Nigeria's failure to pay heavy satisfy 60% of Bangladesh’s annual demand 

demurrage and freight charges incurred of 606,000 tons. Production at the two plants 
when massive congestion developed at the in 1976 was 241,000 tons. : 
port. The U.S. and German cases involved § A new 1-million-ton-per-year plant was 
letters .of credit issued by the Bank of planned, to be called the Jaipurhat Lime. 

) Nigeria and its agents; the British suit was stone Mining and Cement Works. This pro- 
directed at the Banco Internacional de Com- ject was estimated to cost around $200 

cio in Madrid, Spain. Out-of-court set- 2.795 SSuimated: 10 Sos’ around tlemer ts 3  ortedlv reached b million, and is expected to give the country 
polis be Lother y reac t he bs vurht self-sufficiency in cement or the basis of 

toc at Ub other cases may yet be brought indigenous resources. , 
| The Nig erian Nation al Supply Co ma de China, People’s Republic of.—The num- 

arrangements to import 3.3 million tons of pee uae Daetonsing we vy reilly’ in Chine 
| cement in 1977. — - OC aa 7 

. South Africa, Republic of.—Cement pro- during the last several years. Small cement 
duction for 1976 was 7.9 million tons, vir- Plants, which are usually located in rural 

| tually the same as that of 1975. Domestic 2T€@8 and numbered about 200 in 1965, were 

sales were 1.2% above the 1975 level, and ©Stimated at 2,800 in 1973. While the over- 
| exports dropped in volume by 12.5%. Im- all cement-producing capability of the coun- 

| ports of cement totaled 82,000 tons, a 5% try has increased, individual plant capacity 

increase compared with those of 1975. +=» decreased from an average in 1965 of about 
Installed cement production capacity in 25,500 tons per year to around 7,100 tons 

the Republic of South Africa for 1976 was Po Int te id The ae venice) spa | 
| _about 7 million tons per year. An industry un plants can ocated in areas with. 

goal is to reach 10 million tons capacity by limited transportation and communications 
1980. The Cement Producers Association facilities, or where raw materials supplies 

| has indicated that this production is ex- or market demand would preclude 
pected to be from new plants with capacities establishment of a larger plant. Savings in 
of about 600,000 tons per year each. Single transportation appears to be a major factor 
units of less capacity were considered un- offsetting the economics of scale that would 

| economic in the Republic of South Africa, be realized by larger plants in many other 
owing to current construction and operation _ parts of the world. 

cots. ; . Alp Ce . Lid losed ts id a Hong aes ational coment re 
gio Alpha Cemen 2C¢ its 0 uction for the year was estimated at 

(1937) plant at Henneman, Orange Free around 683,000 tons. Fifty-nine percent of 
State, owing to high operational costs. To Hong Kong’s cement was produced in small 
offset that production loss of 100,000 tons plants. Small plant production increased 
per year, Anglo Alpha was scheduling the about 7% over that of 1975. Although first 
opening of its new Dudfield plant in 1977. quarter cement production was up about 
Production capacity of the new plant is 490 in 1976, no yearend national figures 

expected to be 2.2 million tons per year. were made available by the New China 
ASIA . | News Agency. 

| | India.—A new cement plant was under 

Afghanistan.—Three U.S. firms were construction at Ariyalur, in the Tridhira- 
awarded a contract to build a new cement palli District for the Government-owned 
plant in Afghanistan in the Kandahar re- Tamil Nadu Cements Corp. Ltd. of Madras. 
gion Oman Construction, | Foner Co. and research and cevelopanent programs, under 

ischbac oore rnational, Inc. e sponsorship of the Cement Researc 
expect to complete the installation in 1979. Institute of India, included studies on the 
Capacity will be 1,600 tons per day. The feasibility of cement miniplants for north- 
turnkey operation was financed for $50.5 eastern India (a region that presently has 
million by the Government of Iran. It was only two cement plants), and an appraisal of 
the largest industrial project ever under-  vertical-shaft technology. 
taken in Afghanistan.*! —_— , 
Bangladesh.—The new Chittagong clink- 21Work cited in footnote 15.



| | CEMENT L 289 

The amount of cement produced in India Industries Ltd. for nearly $7 million. 
in 1976 was 20,392,000 tons. Japan continued to make significant con- 

Indonesia.—In 1976, domestic production tributions to cement and concrete research 
of cement was 2 million tons. Extensive and technology in such areas as alkali- 
expansion of cement-manufacturing capaci- resistant glass fiber for use in concrete 
ty was in progress. Plans call for seven reinforcement and the use of steel slag in 

| cement plant projects, which will increase both cement manufacture and as concrete 
capacity 6 million tons or more by 1979. aggregate. | 

The Indonesian Directorate General of § Japanese exports of cement and clinker 
| Chemical Industries recommended the con- were reported up for the year to nearly 6.2 

struction of 12 new cement plants, each — million tons, more than 75% of which went , 
with a capacity of 500,000 tons per year, to to Southeast Asia, particularly Singapore, 
meet an estimated market demand of 12 Indonesia, Hong Kong, and Malaysia.” 

million tons by 1984. Since 1973, cement Jordan.—Jordan’s cement production | 
supply has fallen behind market demandin was 649,000 tons in 1976. A shortage of : 

| Malaysia, a principal export market. cement developed during the year as a 
Kaiser Cement & Gypsum Corp. was result of a production breakdown at the 

working on an expansion to approximately Jordan Cement Co. and increased demand 

double the capacity of its Cibinong (Indone- owing to a construction boom. Cement can 
sia) plant. Expected completion date was be legally imported into Jordan only 

late 1977. ; | by Jordan Cement Co., which is 49.5% 
Iran.—Iran plans to increase cement pro- (Govyernment-owned. : 

_ duction capability from 6.1 million tons per By 1978, one cement plant southwest of 
year in 1976 to 10 million tons in 1977, 16 Amman will have a capacity of 600,000 tons 

- million tons in 1978, 19 million tons in 1979, | per year owing to the addition of a 2,000- 
and 20 million tons by 1980. All expansion ton-per-day dry kiln. , . 

would be by means of large-capacity, dry- § Kywait.—The Kuwait Cement Co. located : 
pO. cot ne One pint, the Aria cement at Shuwaykh, near Kuwait City, was con- : 

»., southwest of an, use about | cidering some expansion. In 1976, it was : 
million tons of slag per year from a nearby operating a clinker-grinding plant with a 

steelworks. . «planned to CaPACity of 300,000 tons per year. 7 
, raq.—Eight new kilns were planned Lebanon.—Cimenterie de Sibline plan- 

go into operation in 1977 and 1978, which ned a new cement plant with a capacity of : 
would increase the . 1976 capacity of 3.2 around 300,000 tons per year. Capacity for : 
million tons to 7 million tons. Six of the 1976 was 2.1 million tons. An increase of 

eight new kilns were to use the wet-process. 100,000 tons in white cement production 
Only two: new dry-process kilns were w as scheduled-for 1977 | 
planned—one in 1977 and one in 1978 at the Malaysia.—Mala. ian cement production 
Badoosh plant, Mosul. Each would have a was ex pected to in a ease to about 4 million 
capacity of 0.6 million tons. A 500,000-ton- tons per year by 1980, as a result of planned | 

to coerate © ding pant at ee Qasr awa expansions of the two existing plants and 

plant, 186 miles south of Baghdad; a white oon of three new plants by 

cement Pit ie de bette ord 73. car Cement production of 1.9 million tons in 
pacity was scheduled tobe built by 1978. 1976 was 20% higher than that of 1975. Israel.—A projected 0.6- to 1-million-ton- Oman.—A 350,000-ton-per- plant was 
per-year capacity plant was planned for the being built at Qurum Itewn y ech eduled fi 
southeastern part of Israel. Currently, three oper tion in 1978 or 1979 was or 
cement plants of the Nesher Co. provide : ot 
production capacity of approximately 2 mil- P vakistan“te State Cement Corp of 
lion tons per year. akistan Owns” of the cement p uc- 

Japan.—In 1976, Japan was the second 00 facies "I one. country. Expansion 
largest producer of cement in the world. #2noun or was expected — 
Total cement production in Japan was 75.7 Crease capacity 2.3 million tons, from 3.£ 
million tons, a 5% increase over 1975. million tons per year in 1975 to 5.8 million 

Kaiser Cement & Gypsum Corp. complet- " Sparbin, P. The Industrial Minerals of J tendhae- 

ed the sale of its 46% equity interest in sisi Minerals, No. 119, August 1977, pp. 1539. 
Ryukyu Cement Co. Ltd. of Okinawa to Ube 23Industrial Minerals. No. 110, November 1976, p. 42.
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tons. The program included expanding 3 _ principally to Hong Kong, Singapore, and 
existing works and the erection of 3 new Saudi Arabia. Oo | 
works, bringing the total number of cement There were 14 plants operating in Taiwan . 
plants to 12. | ae in 1976. The largest producer was Taiwan 

Philippines.—The Philippines exported Cement Corp., which operated four plants 
7 779,000 tons of cement during 1976, 12% with acombined capacity of 4.2 million tons | 

less than the 884,000 tons exported in 1975. peryear. | oe BS 
| The decline was largely due to decreased Thailand.—Several _ developments im- | 

sales to Middle East-countries, which have proved of the Thai cement industry in 1976. 
7 been building their own plants to supply The single most important factor was the 

extensive on-going building programs. investment by the Government of $300 
Domestic production for 1976 was given million to improve rural conditions. Other 

as 102,607,000 bags (4.8 million tons).  -~——positive factors included the lifting of ce- 
Qatar.—The Qatar National Cement Co. ment export restrictions, a major con- | 

_ planned to expand its plant at Umm-Bab struction program announcement by the | 
from 200,000 tons to 300,000 tons per year. National Housing Authority, and the Gov- 

| Future plans call for further expansion to ernment’s raising of price ceilings on dom- : 
: | 900,000 tons peryear, = estic sales. Five cement -companies. had a : 

Saudi Arabia.—The 1976 cement-pro- combined production capacity of 5.6 million 
ducing capacity of 1.3 million tons per year tons per year. Production in 1976 was 4.5. 
was expected to increase to 2.2 million tons million tons, of which 4.3 million tons was 
per year in 1977, 3.1 million tons in 1978, domestically consumed and 666,000 tons 
and to 6.9 million tons by the end of the was exported. OO 
decade. All new capacity will be from dry- | a - 

_ process kilns. . _. Turkey.—Construction of a new 600,000- | 
El-Kasseim Cement Co. contracted with ton-per-year cement plant was scheduled to 

the KHD Industrieanlagen unit of Hum- begin at Darende, Malatya, in east central 
boldt Deutz for a turnkey cement factory Turkey. The cost of 500 million Turkish lira 

: _ valued at 235 million West German marks (US$31 million) was being raised by a new 
(US$93 million). It was to be located at joint stock corporation. Equipment was to 

| _ Buraydah, 248 miles northwest of Riyadh. be supplied by local manufacturers. The 
Operation was scheduled for 1980, with an Adana cement plant, -Turkey’s largest, was 
annual capacity of 717,000 tons. A Swedish to be expanded to a capacity of 1.5 million 
firm, Cementa, was awarded the contract to tons per yearby yearend1977. —s_. 
build a bulk cement terminal at the port of United Arab Emirates.—Dubai began 
Yanbu. The terminal is to be capable of work on a 0.5-million-ton-per-year cement 

- unloading and packing 700,000 tons per plant scheduled to come onstream in early 
year. Scheduled for completion in 1978, itis 1978. Abu Dhabi was completing con- 
intended to help relieve congestion at the struction of a 250,000-ton-per-year plant, 

| port of Jidda. A new company, Saudi Bulk- which was to start production in 1976. In 
handling Ltd., consisting of two Saudi Ara- Ras al Khaimah, a 250,000-ton-per-year 
bian partners and A/S Norcem of Oslo, plant was scheduled for completion in 1978, 

Norway, planned to import bulk cement by doubling the 1976 capacity of existing 
means of two floating silos in the Arabian works. Sharjah was building a 200,000-ton- 
Gulf. 7 per-year-capacity plant to come onstream 

_ Syria.—Total Syrian cement capacity in by 1977. 
1976 was 1.7 million tons. This was expected Vietnam.—A contract for a cement plant 
to increase to 2.3 million tons in 1977 and to valued at 19.57 billion Japanese yen (US$66 

4.2 million tons in 1979. million) was awarded to a Japanese-Danish 
Taiwan.—Cement production in Taiwan consortium, consisting of the Mitsui Group 

totaled 9,644,000 tons in 1976, a 29% in- and F. L. Smidth & Co., by the Vietnamese 

crease over the 1975 production figure of Techno-Import Agency. The plant is to be 
7,491,000 tons. This increase was largely located between Hanoi and Haiphong. This 
due to the completion during the year of was the first major plant contract in Viet- 
several expansion projects. Domestic de- nam since unification in April 1976. 
mand was expected to have been around 8.5 Yemen Arab Republic.—According to 
million tons, leaving an exportable surplus Cembureau, a cement plant was erected at 
of over 1 million tons. Actual exports Bajil, near Hodeida, with a capacity of 
reached nearly 600,000 tons, going approximately 200,000 tons per year.
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| OCEANIA in New South Wales of about 1.9 million 
“ . ~ tons per year was being partially supplied 

Australia.—Blue Circle Southern Cement per y BP Y SUPP 
aa. es a ° by cement from other States. There was 

_ _ Ltd: announced that it would proceed with virtually no growth in the market in 1975 
the installation of a new, 827,000-ton-per- ‘but it hod. | Browtn int t an annual te | 
year, dry-process kiln to replace older units util na been increasing at an annual ra 
at’ Berrima, New South Wales. Completion °f 5% to 6% in previous years. Financing | 
was estimated for late 1978. The project was WaS jointly underwritten by APCM and — | 
expected to cost 70 million Australian dol- Broken Hill Portland Ltd. : 
lars (US$86 million), and included a 4,500- Blue Circle Southern Cement Ltd. oper- | 

_. horsepower cement-grinding mill at Maldon ated four plants in New South Wales and 
~- and expanded quarrying and crushing faci- © one in Victoria. Total cement production in ~ 
_ lities at Marulan. The cement market 1976 was 6.2 million tons. | 

| Table 21.—Hydraulic cement: World production, by country . ° | 

. ee (Thousand short tons) . 

- : Country _ oe 1974 1975 ~ 1976? 

North America: OO . 
Bahamas _____________.- ~~~ eee 875. ~ 610 299 

| . Canada ee s«i, 486 10,763 10,858 
Costa Rica ~_ 328 364 399 

o Cuba __- T2,000 2,296 ~ ©2,200 
- -- Dominican Republic _____.._/___/»_»/» pee ee ee 667 687 BB 

- . El Salvador. ~~ 190) 855 (st«s«éR 
Guatemala _________________-------_--~-----------~ ~——‘"84l 429 491 

Haiti 2-2 ee 157 165 ~—-270 | 
| . Honduras —______= =e — -O8T 828 245 
: - Jamaica ~__- ~ M4ag 449° 402 
‘Mexico 2 ee 11,679 12,800 = «18,871 | 

| “Nicaragua ________________________-_- 260 195 .- 230 
mo Panama _________.__ Le 435 897 . - 343 

Trinidad and Tobago ___________________________2_____ 267  —-.—«281 267 
7 United States (including Puerto Rico) ._._______-____________ __-_-_ 82,888 69,721 74,495 

- South America: . Se a eee 
- Argentina ~~~ ee 5,944 - - 6,023 6,296 

| Bolivia ~.2 ee 223. -s. 250 248 | 
. - Brazil _--- ~~ 2 eee Lee 16,440. - © 19,221 18,582 . 

| (Chile __--____ eee T1571 1,118 1,062 
Colombia ___________ =e 3,840* 3,477 8,998 
Ecuador _____-__~_~__ Lee ee F639 654 679 | 

ms _ Paraguay __ ~~~ eee Cti(<‘“‘ ‘(a‘éiéia‘d' 152 238 - 
: Peru ___-__-_-__-__------------------------------- 2,097 —~-—s-2,097 ~~ 2,167 

-; Uruguay _~~_~_~_____ ~~~ eee : 
Venezuela _______ 3,851 3,855 3,900 

| bania _____.________________ eee 612 717 339 
-  * Austria oe 7,093 6,206 6,779 | 

| * Belgium ~~ __- ee 8,232 7,588 8,272 
* Bulgaria ~~ 2 eee ™4737 - 4,804 4,808 

' Czechoslovakia ~__ ~~ Le 9,884 10,251 10,529 
> Denmark’ ee 2,747 2,466 2,596 

. Finland _— ee 2,428 2,274 2,011 
_. France _____-__---_---------_-~-_----- ++ _ 735,649 32,615 32,401 : 

‘Germany, East ___...___-__------_~~_-.--~~--~-------- 11,182 11,748 12,506 
- Germany, West ___________ ee 39,658 36,945 37,649 

Greece _______~_--------~~~~_-~_-~---~-~~-~-~-~-~----- 77,738 8,565 | 9,628 
- Hungary ___ ~~. ~~ ee 3,789 4,144 4,738 

Iceland ____. -- eee 171 181. 160 
Ireland ________---------------------------------- 1,693 1,720 ~ ©1516 
Italy 5 40,024 37,738 40,039 
Luxembourg ______-___.~-_-~----~_-~~~--~ 409 431 378 

- Netherlands _________________~~- eee 4,506 4,085  —-_: 3,887 
Norway ___________________~__ ee 2,907 2,994 2,948 
Poland ___________ eee 18,480 20,393 21,826 
Portugal ___________-_---------------_---~--------- ™3.733 3,800 8,854 
‘Romania _______.__~_-___ eee 12,340 12,699 13,831 
Spain (including Canary Islands) _________-__--__----__--~--- 24,514 26,422 27,780 
Sweden ______ 3,648 3,440 3,084 | 
Switzerland ___________--------~-------_~---------- ™5,790 4,150 3,909 
USS.R _____________---------------- ~~ ¥126,925 134,482 136,651 
United Kingdom _____________~ ee 19,6038 18,625 16,865 
Yugoslavia ______._-§_» 7,327 7,788 8,396 

Africa: 
Algeria _______________ eee 1,037 1,053 1,543 
Angola _________________---------------~----~---- 838 717 “772 

See footnotes at end of table.
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' Table'21.—Hydraulic cement: World production, by country —Continued 
| : (Thousand short tons) . oo 

—_ “Country 1974 1975 1976” 

Africa —Continued . 

_ Cameroon ~_~—--_~~---------------------+--------- *234 277 — -&276 
, Cape Verde Islands_________________-______-__-_------ 4 e4 eg 

7 Eevpt a 3,598 3,955 3,631 
| - jopia ___________-_-~-------------------------- 127 112 121 

Ghana ____ 5 eee eee --t----- BTA 158 772 
Ivory Coast -_______-_~-_-_-~---~~--~-~-~------------- — 7693 194. &ggo 

. Kenya ____~—-----__-~-~-------~-~~~--~~++~+---------- 944 989 1,064 
| Liberia _____ eee eee 96 99 ~"€99 

Libya ____-______i-_-____-~-~-~-- +--+ -------- 585°. (iti Kti(tstéit*sé«*C;«CHB 
Malagasy Republic ___________------------------+---+--- 67 * 64 82 
Malawi __.__________~~-~-~-~__-~-~-~~~_----~-~--~-+-----+ T98 127 90. 

| Mali___.________________-_-_-__-___-------------- 46 5A °55 
Morocco ________-__--~--u-~-__----_-~------------~ ©2110 2,285 2,324 
Mozambique _._~____________--_-~~-~-L ~~ 513 353 331 
Niger ____.____________________-_____------------- 28 19 40 
Nigeria __________.__---------~-------------------- ¥1,329 1,524 1,543 

Rhodesia, Southern _________=__-___ 831 ' 746 “596 
_ Senegal ___-_-_________ ee e+ 366 398 419 

South Africa, Republic of _._______.___.__--__-_---~------- 8,048 7,910 7,937 
Sudan 331 154 143 
Tanzania —_____ = _~§_____~______~---------+--+-+-+-+-- | 326 293 © ' 266 
Togo ee e+ 142 198 ©" 184 
Tunisia __-______v______~-----~---~----~-~--------++- ©5983 679 = ——« 27 

| - Uganda _.__~___ Le ++ 169 108 OT 
- Zaire oo ee ee ee ee T685 692. ©694 

| Yambia ~~ ___ eee eee + F489 498 £424 

- Afghanistan? ____.__-_____.-_________-_-----~--+------- 166 162 | “184 
Bangladesh _._______.-______~-~_-_-~---~--~~-----+----- 96 141 241 
Burma ______ eee — 186 200° ~—— 252 

_. China, People’s Republic of© __________--_----------------- 27,560 33,100 38,600 
Gyprus —_—-_-------------==--====-2-------------- 373 675 1,181 
ong Kong______________------_-__-_-_---------__- 629 633 ~ €g3 

India ~_____ _-___ ee e+ ©15,745 17,895 . 20,392 
‘Indonesia _____.. -- - > -_-____~~-_~_-_-~---~-~-~+-+ + 916 1,187 = 1,988 

| Fran -- se ee eeeee  -- --- + - 4,986 6,919 6,063 
Traq _______-__-_________-__-_--~ ee 2.001 ©2976 ——«-2,.629 
Irrael ~. ee 1,980 2,413 . 2,204 
Japan __-_____ eee ee 80,588 72,220 15,142 

- dJordan __~_____-__--__-__~~--------+-~_---_-~------- _ 657 631 . 649 
- Khmer Republic® _____.._-..__-____--.---------------- ~ 65. 55 tti‘<«ié‘é‘i“i‘ 

. Korea, North® ____.___________________-_______-------- 6,600 ~ 6,600 6,600 
, Korea, Republic of _______.____-_---------------~-~--+--+-- 9,747 11,165 13,088 

4 -- Kuwait _--___-_-_--__------~-~---~~_~-----------~-- 252 314 320 
" Lebanon ___________ eee 1,922 1,818 ©1,874 

Malaysia ___________._~------_-~~~---~-~-~--~-~--~-~-~----- 1,504 1,594 -- 1,917 
Mongolia __________-~-----__~-~-----~~-~-~-~~~_~-~-~--~--~-- 188 145 ©1796 
Nepal ________-------__-------------~------------- 44 50 33 
Pakistan __________-______~--~----~-~-~--+~___~-~-----~ ¥3,825 3,379 3,418 
Philippines ~________________-_-__---~~--~_~----=-~ 3,861 4,700 4,823 
Qatar _________________ eee ee “134 181 190 
SaudiArabia _________________________________ eee 71164 €1 543 €7 322 
Singapore _________________-__-__.--__-___ ee 1,157 1,240 €1 488 
SriLanka _~_____-_____~~~~ ~~~ eee 522 433 . 462 
Syria _~____~____~----___-_~- +--+ eee 1,064 1,096 1,224 
Taiwan ~__________~__~~_~ ~~ eee 6,802 7,491 9,644 
Thailand _._________-______-~~--~-~----~-~_~~~_ ~~~ 4,324 4,364 . 4,526 

Turkey _.__________-----------_--~-~---------------- 9,846 11,966 13,609 
Vietnam® ___~_______ ee TU 712 T12 
Yemen _____________~-_~--~----~~--~----- ~~ +--+ 66 66 “66 

Australia _____ ~~. ~-_----_-_~-~-~-+-~--~-~-~~-~~ eee 5,738 5,530 6,176 
Fiji Islands _______-_-_-_---_-_-__-_-_-___-______-___ 93 79 76 
New Caledonia _____________-_~-~-~--~~-+---+-~-~___-~----__-- 13 66 “66 
New Zealand ____________~_~~~~~~-~-~ ~~~ ee 1,224 1,184 1,101 

Total _._-_______-~-------~~~___~--~-+-~~ ~~~ ¥775,183 TT4,277 811,502 

1Year beginning March 21 of that stated.
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Cement Manufacture.—Research and de- provided improved homogeniety of the raw- 
velopment efforts focused largely on means meal composition and allowed more uni- | 
of improving energy efficiency in the manu- form kiln operation.”* | 
facture of cement and efficient uses of A precalcining system using pelletized 
cement in concrete products and structures. feed, developed by Steven Gottlieb of Aus- | 

Municipal refuse, mixed with coal, was tralia, had been licensed to Heyl & Patter- 
first used to fire a cement kiln at the APCM gon of Pittsburgh, Pa., for design, sale, and 
plant. in Westbury, Wiltshire . County, installation in the Western Hemisphere. i” 

England.* The system developed by APCM The system uses hot kiln gas and supple- 

first pulverizes, then screens the refuse. mental heaters in a precalciner to increase 

___ When blown into the kiln at high velocity, it productivity of existing kilns. Alkalies are 

| is completely oxidized. It was anticipated removed in a high-velocity gas flow and | 
that by adding approximately 6% refuse to collected by an electrostatic precipitator.?” 
coal by weight, a 3% to 4% savings in coal No installation had been made or planned 
would result. Four to 5 tons of pulverized 5, North America | 

refuse is calculated to have the same energy 4 new British standard, BS4982, Stand- | 
| content as 1 ton of coal. In addition to the | sizes of refracto bricks for use in rota 

_ . energy recovery potential of the process, hil - P 9 Fireclay and hich 

alkaline flue emissions normally associated cement kilns, Fart 2 Surectay ana tg 
. a lumina refractories, prescribes sizes of re- 

_with cement manufacture are to some ex- - bricks £ in rotary kilns th 

tent neutralized by acid gases produced by ractory bricks for use in rotary kilns that 

the refuse incineration. The process, re- produce cement clinker. The Cement Mak- | 
portedly, does not affect product quality. ers Federation and British refractory 

" Humboldt-Wedag Co. of West Germany brick producers participated in its pre- 
completed an investigation into a new paration. The standard was intended -to 

clinker-grinding system designed to be more reduce the number of shapes of refractory 

. energy-efficient than the closed-circuit, two- brick being produced. Nomograms append- 
compartment tube mill. According to ed to the standard give the approximate 

- Humboldt-Wedag, very fine particles that number of bricks needed for different kiln 

are returned from the classifier interfere diameters. =. _ 7 
| with grinding performance. The new pro- Blended Cements.—The use of blended 

posed grinding system feeds the product of cements containing fly ash and slag receiv- 

each compartment of the tube mill into a ed increased attention as part of the push 
coarse classifier assigned to that compari- toward energy conservation and as a-means 

ment. Each classifier delivers coarse mate- of waste product utilization. A program 

rial, free of fines, back: to the individual sponsored by the Federal Energy Adminis- 

compartments of the mill and routes the tration to.examine the feasibility of inter- 
fines from each classifier to the next coarse grinding fly ash, slag, and kiln dust, was 
classifier. A final stage of coarse and fine undertaken by the Southwest Research In- 
classifiers supplies the finished product. — stitute and General Portland Inc.”* This was | . 

Dyckerhoff Zementwerke, A.G., of Wies- reported on at the Fourth International . 

baden, West Germany, conducted a study to Ash Utilization symposium in March. It 

determine “clinkerability” of cement raw was projected that 2’million tons per year of 

meal. Experiments were conducted control- coal and 14,000 tons of raw materials could 
ling temperatures or burning times. “Clin- be saved by 10% fly ash substitution in any 
aeraony . it was ) determine? depen on Type I cement. A major obstacle to the use 
ineness of grind, homogeniety, and lime _- 
and silica content, and is influenced by the 24Tronman, R. Refuse Used As Fuel Source. Rock Pro- 

time-temperature relationship of the bur- ducts, v. 79, No. 6, June 1976, pp. 88-84. 
ning process.”5 Industrial Minerals. No. 105, June 197 6, p. 12. 

Dyckerhoff Zementwerke also installed a 19,Ne. 10, October 1976p. 26. Report. Rock Products, v. 
computer-operated continuous sampling de- ork cited in footnote 25. 
vice and control system. Supplied by Poly- 1978 ee os Rock Newscope. V. 79, No. 10, October 
sius, A.G., the system analyzes fluctuations Heyl & Patterson, private communication. —_ 
in the raw mix with a computer-calibrated gia? Wek’ Prodvoe t 13 No Make Gains— But 
X-ray fluorescence apparatus. The system pp. 60-61.
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of blended cements was lack of applicable showed somewhat less drying shrinkage, 
tests and standards. | but were slightly less resistant to deicer . 
Researchers at the National Bureau of _scaling.*° , a 

, _ Standards, under sponsorship of the Energy New Cements.—A quick-setting specialty 
| | Research and Development Administration cement was developed containing powdered 

(ERDA), worked toward the development of wollastonite and buffered phosphoric acid. 
| standards for Type IP and Type IS cements. It sets in less than 30 minutes, is water 

| ‘Bureau of Standards scientists reported insoluble, and develops ‘a compressive 
that fly ash cement might be an acceptable strength of over 7,500 pounds per square 

| substitute for any type | specitied ry ine inch within 4 hours. Potential applications __ 
| | merican society tor testing Materl- include highway patching, cement pipe, 

| _ als (ASTM) except Type II (high early sprayable foam insulation, flame-resistant 
: strength), if restrictive ASTM specifications coatings, ete.2 | a : 

| were modihed to contorm with new re- A high-strength cement was developed 
: the blende dérnen i 0 pertormance of and put to use in the construction of Chica- _ 

| Opinion was divided among cement pro- Structure incorporated cement capable cr _ ducers regarding the economies of fly ash strengths up to 8,000 to 10,000 pounds per 
cement. According to Rock Products maga- _. ee ake » Per | cg nn : -, : - square inch. Additional new technology was 
zine, 18 States permitted use of Type IP required to rti t and light cement for some uses. Several fm used Togured fo proportion cement and Hight — 

: | eA the National Ash ‘Association, | 4th ee te a dee , | | . 
| International Ash Utilization Symposium, plant to produce cement from the ash 

St. Louis, Mo., March 24-25, 1976, Leon 0f burned rice husks was set up in a village 
 ‘Trief, a Belgian chemist, described a fly ash in India . Aau, in the Banda District, has the / 
cement that he had developed. The product, first facility which makes what is reported 
which incorporates 70% fly ash, reportedly 25.20 architecturally attractive and struc: 

| requires one-third the capital investment turally sound cement from this waste pro- 
for its manufacture compared with conven- uct. An advantage to rice husk cement, in 

, tional cement. Further, it is claimed that dition to low cost, is acid resistance repor- 
| | only one-half as much energy is required ‘edly superior to that of portland cement. 

and that iron and unburned carbon can be The average Indian rice crop supplies 
| profitably recovered. In the process, blended @nough husk to provide about 2.5 million 

raw materials (fly ash and limestone) are or of the OT oes per , ear. 7 
heated to 1,4380° C. The resulting slag is - oncrete.—Research in improved con- 
quenched by pressurized water to form a Crete products included the use of steel 
granular material which is, in turn, wet fibers to increase shock resistance for pave- | 

ground to a diameter of less than 10 mi- ment resurfacing; and thick, unreinforced 
crometers with a specific surface of greater concrete in highways. In addition, concrete 
than 10,000 square centimeters per gram. railroad ties and concrete long-span bridges 

: The product, according to the developer, were tested; more than a dozen such bridges 
cures more fully and faster than conven- were on the drawing boards as a result of 
tional cement, develops high overall mecha- _ testing of a structural model by the PCA. 
nical strength, has high resistance to chemi- A manufacturing-plant package for pro- 
cal attack, and low heat of hydration. A ducing a new fiberglass-reinforced concrete 
pilot plant was being planned to produce sheet was being offered to manufacturers in 
165,000 tons per year at Liége, Belgium.?* the United Kingdom. The package included 
Direct utilization of ash in concrete pro- machinery, installation, training, and start- 

duction also increased during the year. —______ 
Slag cements were produced in the Neth- ?®Chemical and Engineering News. New Cement Uses 

erlands, Belgium, and Iran. Nihon Cement ny Ash, Costs Less To Make. V. 54, No. 14, Apr. 5, 1976, p. 

Co. in Japan studied plans for new cement —_*°Perenchio, W. F., and P. Klieger. Further Laboratory 
and slag aggregate facilities. Studies of Portland-Pozzolan Cements. Portland Cement 

The PCA, in continued testing of Type IP po oT neareh «and Development Bulletin 
cements, determined that, in comparison to Negamerican Ceramic Society Bulletin. V. 55, No. 11, 

“te os ovember , Pp. , 988. Type I, they exhibited similar freeze-thaw “Some Meduce Mirror (Medusa Cement Co.). Medusa 
resistance and strength development and _ Corp., Cleveland, Ohio, winter 1975-76, pp. 1-4. |
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. up. The reinforced concrete sheets are made construction of prestressed concrete, 
from a cement slurry and alkali-resistant reinforced longitudinally transversely. Its 

- fiber that are sprayed onto a moving con- length is envisioned at 950 feet, with a 
_. veyor. The panels can be curved into three- capacity of 4,507,520 cubic feet of LNG.*5 

| dimensional shapes, grooved, or provided A marketing agreement was signed 
_ with openings. The panels can be used for between Giba-Geigy (United Kingdom) and 

earth-retaining segments, gutters, roofing, Kao Soap of Japan to market a concrete. 
_ walls for swimming pools, and fire-resistant additive in Europe, Africa, and the Middle 

building construction. The alkali-resistant ast. The additive is to be used in pro- 
-.. glass fiber was to be marketed in the United quction. of flowing and high-strength | . 

__ Kingdom. The product was to be used in the concretes, fluid mortar, and grouting.** 
manufacture of a new fiberglass-reinforced The British Department of Energy 8 

concrete pipe.** The United Kingdom has announced a 2-year research program test- | 
_. also reported development of a new con- ing the use of reinforced and prestressed | 

| crete pump for small users. ACS Engineer- concrete as a structural material for 

ing developed a unit capable of pumping offshore platforms, particularly in the hos- 
concrete with 3/4-inch aggregate up to 60 tile North Sez . nt. Fati 
feet vertically and 100 feet horizontally or me vr a environment. . saleue | 
250 feet horizontally only. strength of large prestressed concrete tow- 

A joint company, Dytam, formed by jon under stress by varying sea and wind 
- ‘Tampimex Oil, a British subsidiary of In- 10248 is one of the areas being investigated. 

| gram Corp. of New Orleans, La., and Dyck- Other areas include materials research re- | 

| erhoff & Widman of Munich, West Ger- lating to corrosion and temperature effects 

many, announced the design of a concrete 0” concrete structures exposed to seawater, 
ship to carry liquid natural gas (LNG) from and investigations of failure modes of 

Middle Eastern countries and Indonesia to concrete platforms.” | | 
North America, Europe, and Japan. LNGis 4 2ew British standard, BS5328, Methods 

- viewed by some as a major energy resource of Specifying Concrete, was issued by the 

for the 1980’s. Between 60 and 100 new LNG British Standards Institute. The standard 
carriers may be needed during the coming distinguishes between performance and pre- 

decade. The concrete design reportedly has scription specifications.* 
- been shown by extensive computer studies _ An increase in the use of manufactured 

to be superior to steel-hulled counterparts sand (stone sand) in portland cement 
Gn fatigue strength, corrosion resistance, concrete was reported.” 

- maintenance costs, and ability to withstand ———————— | | 
. the very low temperature of the gas (-160° sarinancial Times Condon) Oct. 4, 1976. . 

©), as well as the impact of collision or — sspinancial Times (London). Apr. 10, 1976. | 
| explosion. Furthermore, the cost of con- 36Financial Times (London). Feb. 23, 1976. , 

struction should be 15% less than for a _,,London Times. F 0 1016 eA, 196 | 
_ steel-hulled ship of the same capacity. The —ssainin H. B. Stone Sand For Concrete. Pit & Quarry, 

entire hull would be a monolithic  v.69,No.6, December 1976, pp. 109-111, 114.
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: | a By John L. Morning’ — | 

| The year was marked by the first domes- stocks put pressure on prices. The Republic 

tic production of chromite. since 1961, of South Africa's ferrochromium production 

_ although the output was small. Demand for capacity continued to gr he as a vend plant 

| chromium alloys increased substantially tonal onstream late in the y nod and addi- 

wr that of 1975 but failed to reach the “028! capacity was annownn an being 
over aie under construction. The South African Min- 

| level of 1973-74. Chromite ore prices held orals Bureau estimated that the country’s | 

their gains of 1975, while those of chromium _ chromite reserves, to a depth of 300 feet, to- 

| alloys decreased as increased imports and __ taled 3.4 billion short tons. | 

| | Table 1.—Salient chromite statistics ce | 

| | (Thousand short tons) —— 

So | 1972 1973 1974 1975 1976 

United States: — | | 
Exports __.________-------------------- 20 21 18 139 124 
Reexports ________-_-------------------- _ BT 34 99 45 85 

Imports for consumption — —————---~----------- 1,056 931 1,102 1,252 1,275 

- Consumption _____________.-------------- 1,140 1,387 1,450 881 1,006 

Stocks, Dec. 31: Consumer _---------~---=----- 857 697 573 952 1,009 

World: Production ________.__-_----------=----- 6,725 7,381 T8244 T9071 9,492 

Legislation and Government Pro- vices Administration, are shown in table 2. | 

grams.—Government chromium material These goals were based on a material stock- 

‘nventories are shown in table 2. Included pile capable of supporting U.S. defense re- 

in the inventories as material sold but quirements for a major war over a 3-year 

unshipped were chemical-grade chromite, period. | 

98,000 tons; refractory-grade chromite, At yearend 1975, the U.S. Department of , 

305,000 tons; and metallurgical-grade chro- the Treasury made a final countervailing 

mite, 580,000 tons. Deliveries of chromite determination in the case of ferrochromium 

from prior-year sales of stockpile excesses from the Republic of South Africa and held 

included -the following: Chemical-grade that no bounties or grants were being paid 

| chromite, 22,048 tons; refractory-grade on the production or exportation of ferro- 

chromite, 180,215 tons; and metallurgical- chromium. However, in January a domestic 

grade chromite, 109,408 tons. concern gave notice that it desired to con- 

During the year, no chromium material test the determination before the US. Cus- | 
was available for sale from government toms Court. No action was taken in 1976. 

stockpile excesses. Congressional authori- The U.S. Environmental Protection 

zation was required for disposal of mate- Agency (EPA) issued the first national 

rials. | a standards for Federal air pollution con- 

New stockpile goals for chromium mate- trol, covering new and modified ferroalloy 

rials, established in October by the Federal —HH+——— 

Preparedness Agency of the General Ser- _—_*Physical scientist, Division of Ferrous Metals. 

297
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Oo production plants. Emission of particulate of producer-country supply restrictions on : 
| matter is limited to less than 0.51 pound the world chromite market were the subject _ 

_ per megawatt-hour for furnaces producing of a report prepared for the Nation- 
_ chromiumalloys. = =— ..- al Bureau of Standards. The report 7 : T ere “ wer Cont Bt Onno ae - discussed various aspects of chromium, in- __ 

rade Folicy | _ Lommittee ice Of cluding supply and demand of chromite, 
Special Neprosentative or Trade N er supply disruptions, potential adjustments in 
dhation on seven. Foren loys Slaseified for the chromite use, welfare losses and optional —-— 
General Systems of Preferences (GSP). Un- pouicies and past crises in the chromite 
der the GSP, ferrochromium imports from Under a tract from the Office of Mj 
Brazil, Yugoslavia, Taiwan, and Turkey. al Poli a De al rom US De © ol in- | entered duty-free. The GSP went into effect ta! Folicy Development, U.S. Department , 
January 1, 1976, and is reviewed annually. f the er aren Beonornettic ae 

| No change was madein 1976. —s—™ _ World chromite industry was prepared.‘ The 
A preliminary report on the demand and specific structure of “the. model ., assessed | , supply of nonfuel minerals and materials, supply and demand on a worldwide basis as 

| including chromium, for the U.S. energy | well as stocks and prices. According to the __ 
industry, in 1975-90 was published by the report, the basic model can be used to — 

| _ US. Geological Survey.? Policy implications forecast market behavior from 1975 on. 

Table 2.—U.S. Government chromium stockpile material inventories and goals __ 
. oe - ___- (Thousand short tons) Se . | 

— | wa oo ° . Inventory by program, Dec. 31, 1976 | 

/ oe a | — | Goal | ao Production ental Total? 

- - Chromite, chemical ae 734 348 ne oS B48 | Chromite metallurgical evade ~~ 77777777777 2,550 2,164 580 323 3,067 2 Chromite, refractory-grade_______________ 642 601 . __ 108 705 Ferrochromium, high-carbon______________ 236 126 __ 276 «08 Ferrochromium, low-carbon ______________ 124 _ 128. ee 191 319. ; Ferrochromium-silicon __.______________ 69 26 -—- 33 58 Chromium metal ____._-___________ | 10 _— . __ 4 , 4 

. ~ Data may not add to totals shown because of independent rounding. | | : 

OS DOMESTIC PRODUCTION wt : 
: ‘Domestic mine production of chromite chemicals. The principal producers of these 

ceased in 1961 when the last Government products follow: | 
Defense Production Act contract was Gabe DP | | . Albers, J. P., W. J. Bawiec, and L. F. Rooney. Demand phased out. Production on a small scale was for Nonfuel Minerals and Matedtals by the Unted States 
restarted in 1976 when Marmac Resources Energy Industry, 1975-90. U.S. Geol. Survey Prof. Paper 

and mill near Coalinga, Calif. Most of the of Nonfue erals an or the Uni ? E Industry, 1975-90. U.S. Geol. S Prof. P usable output was exported because of high 1006.5, 1976, 3 pp. | med _ oper 
| _ transportation costs to domestic markets. _p, National Bureau of Standards, Policy Implications of Although domestic chromite production Experimental Technology Incentives Program). Contract 

was small, the United States continued to : ‘Charles River Associates Ine. (CRA) Econometric Mo- | . . . elo 
be a substantial chromite consumer In Ppro- Minerals Poli Development, US. Department of the ducing chromium alloys, refractories, and Interior). CRA Rept. 250, November 1976, 190 pp.
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| . | — | - Company — Plant - 

| Metallurgical industry: | | | | 
Airco Alloys, Air Reduction Co., Inc -~------------~------------- Calvert City, Ky. | 

- - Chromium Mining & S elting Corp ____ | Charleston, SC. | um woe ee ee ’ . , 

a Foote Mineral Cone? 777772222 Keokuk, Iowa 
raham, Va. a 

- _. Interlake, Inc _______..-.--..._-----------------------. Beverly, Ohio. , | 
Prairie Metals and Chemicals, Inc ______-_._..___.....__......__  Prairie,Miss. __ 

; 7 Satralloy Corp ~—--- + ee --_ = Steubenville, Ohio. 
oe _-'» Shiel oy Corp.. Division of Metallurg, Inc -----~---------------. Newfield, NJ. a oo 
ws ss Union Carbide Corp — =~ 5 2 ee _____. =~—_— Niagara Falls, N.Y. ~ 

. . Marietta, Ohio. . 

- Refractory industry: | Alloy, W.Va. oo 
| ~~ ‘Basic, Inc _2-----_ Maple Grove, Ohio. 

_-- Corhart Refractories Co., Inc______.._.-........L........___ Pascagoula, Miss. - 
_°- *. Davis Refractories, Inc _.....-... 1.2.22 ________ = Jackson; Ohio. = s—Ct—té«C 

a General Refractories Co ~-------------~-------------~--~-- Baltimore, Md. oo 

: | ‘Harbison-Walker Refractories (a division of Dresser Hammond,Ind. __ | | 
Industries, Inc.) a ‘Baltimore, Md. 

. Kaiser Aluminum & Chemical Corp _ ~~~. = -- 5 > 5 ee Moss Landing, Calif. = 

. oe . . Plymouth Meeting,Pa. _ . 

. Oho Fire Brick Gan ries Oo. Ltd ~—~--------~~~-~----------  Womeladorf, Pa. 
_..- Chemicalindustry; == ss—<‘i—sSsSsSSS os | 
- Allied Chemical Corp Hoe ee _-___ _ Baltimore, Md. 
— Diamond Shamrock Corp ____-____-........-___...___._______ Castle Haynes, N.C. — 

oe PPG Industries, Inc ~~---------------- ~~~ Corpus Christi, Tex. 

Airco Alloys, a division of Air Reduction keted in the United States. When ship- 
- Co., Inc., announced a shifting of itsempha- ments start arriving in 1977, the firm plans 

sis on production of ferroalloys in the to convert one of its two chromium- | 
| _ United States and Sweden. Additional fer- producing furnaces to ferromanganese pro- 

rosilicon capacity came onstream at Niaga- quction. - oe ae 

oe | rc ae an curing the y ear, ene o nee Foote Mineral Co. discontinued pro- a 
oS kvowalt lerrochromium furnace at Unarles- duction of special proprietary chromium 

a ton, Oe nthe aded to 60,000 mu owalts. alloys because of environmental consider- 
7 ge wer Pa u fe nm was: ne to. f ing hve ations. Foote planned to stock most of its 

brnaces trom terromahganese to ferrochro- +S. Chrome 50 and V-5 Foundry Alloy | 
| mium production. Although ferroman- throughout 1976. _ | 

_* ganese output was not reduced in the “Consolidated Rail Corp. (Conrail) reduced United States, more emphasis was to be ferroalloy freigh in November. This 
- placed on silicon and chromium alloys. erroalloy freight rates in November. Th 

‘Interlake, Inc., announced that it was Teportedly was done to meet competition 
_ entering the blocking-chromium and high- rom mgnway carrier? and enable domestic 

soluble-chromium markets. Two grades of Producers to compete with imported alloys. 
each type of alloy were offered for sale. The rate change amounted to an average 

Union Carbide Corp. announced that reduction of $6 per ton for many source- | 
between 60% and 70% of the output of the destination combinations. The new rates 

new Tubatse ferrochromium plant in the applied to chromium, manganese, molyb- 
Republic of South Africa would be mar- denum, nickel, and silicon. |
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| Table 3.—Production, shipments, and stocks ot chromium ferroalloys and chromium _ | 
a meta a | | 

| (Shorttons) it” | | 

| Production Concer 
Alloy Gross Chromium ments stocks, 

oe weight content Dec. 31 

1975: - 
. Low-carbon ferrochromium —___ ~~. 5 52 53,958 37,875 46,988 . 14,208 

High-carbon ferrochromium __..__________.-_-_-- 117,831 78,071 118,268 47,295 
Ferrochromium-silicon _______..__.__._.-_----- 52,508 . 19,467 41,590 . 12,854 
Other? ________.-_--------~-------------- 24,296 14,380 22,496  . - 4,999 | 

, - Total... --- 248,593 149,798 229,272 78,856. 

1976: . | ie oS 
Low-carbon ferrochromium _._........-......---. 29,886 19,686 33,091 .... 11,894. . 
High-carbon ferrochromium _____.____.__._____-_ 162,577 —-—__: 105,287 «164,088. - 68,294 

: Ferrochromium-silicon ____________.______----- 55,328 (19,776 51,867 —-—._:16,785 a 
Other! _________-------------------------___ 19,889 12,909 20,218 4,648 

Total _---__--_------------------------- 267,180 ‘157,608 (269,264 (96,116 

a ann chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 

: | CONSUMPTION AND USES ee | 

Domestic consumption of 1,006,000 tons of total chromium alloys consumed, stainless 
chromite ore and concentrate containing steel accounted for 70%, full-alloy steels 
about 289,000 tons of chromium was 14% for 16%, high-strength low-alloy and electri- 

7 above that a 197 5 Of the total chromite cal steels for 4%, and carbon steels for 
consumed, the metallurgical industry used 1%. Total chromium alloy consumption 
59.3%; the refractory industry, 20.1%; and «creased 24% above that of 1975, P 

| _ the chemical industry, 20.6%. The metallur- The refractory industry utilized chro- 

gical industry consumed 596,850 tons of mium in the form of chromite primarily for. | chromite containing 177,000 tons of chro- Me nor! ve Primary or 
| mium in producing 267.130 tons of chro. ™&n¥facturing of refractory bricks to line 

mium alloys and metal. About 52.0% of the reeeniarean a story, Consump tion of © 
_ metallurgical-grade ore had achromium-to- © ee or refractory purposes increased | 

iron ratio of 3:1 and over, 17.6% had a ratio 10% compar ed with that of 1975. | 
between 2:1 and 3:1, and 30.4% had aratio The chemical industry consumed chro . 
of less than 2:1. ‘mite for manufacturing sodium and potas- 
Chromium has a wide range of applica- sium bichromate, which are base materials 

tions in the three primary consuming in- for a wide range of chromium chemicals. 
dustries. In the metallurgical industry, its Chromite consumption in this industry in- 
principal use was in stainless steel. Of the creased 25% compared with that of 1975. | 

| Table 4.—Consumption of chromite and tenor of ore used by primary consumer groups 
in the United States | | . 

Metallurgical Refractory Chemical 
industey industry industry Total 

Gross Gross Gross G 

ve oe Se ee ee Cr20s d Cr20s oad Cr20s eau Cr20s 
sort (per. short (per- short (per- - short (per. 
tons) cent) tons) cent) tons) cent) tons) cent) 

1972_____ 727 47.9 224 35.9 189 45.7 1,140 45.2 
1973_____ 920 48.1 261 35.0 206 45.3 1,387 45.2 
1974__ 904 47.0 295 35.2 251 44.8 1,450 44.2 
1975__ 532 44.6 183 34.5 166 44.9 881 42.5 
1976_____ 597 43.4 202 35.0 207 44.8 1,006 42.0
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Table 5.—U.S. consumption and consumer stocks of chromium ferroalloys and metal in 
| | 1976 

8 ee . a (Short.tons, gross weight) . 

| ange 
. Poe carbon carbon chromium Other Total 

‘ ae : silicon . 
. chromium chromium . 

Steel: . - . 7 

- Carbon __ 1,164 3,089 1,251 187 5,691 
Stainless and heat resisting _..___... . 49,942 176,906 —- 61,577 2,395 290,820 
 ‘Fallalloy __--_______--_.---- 14,974 44,180 4,078 4,341 67,573 

=. High-strength low-alloy andelectric _.-. 1,945 == ss—i8,267 (018i (8,048 15,273 . 
~~ Pook ~- 2 eee 1,015 3,749 1225 18 4,907 

ul) 0’ ee ee ee eee ee ee . . . 9 9 . 

Alloys eluding steels and super- ' - 2 . : 
oye : a | 

: _ Welding and alloy hard-facingrods itis | 
So a Sa eerie rerene ress — 848 1,084 WwW 365 — 2,297 

- - Other alloys! _____._._ -__-__»--___ 1,475 1,266 _- 1999 = 4,740 
| Miscellaneous and unspecified ________~-- 8,057 © a) 15 61 3,962 | 

Oy 78,894 258,337 69,617 714,750 416,598 
Chromium content ____...--.--~- 54,065 159,480 25,507 9,207 248,259 | 

Stocks, Dec. 31, 1976 _____------------ 10,100 52,558 8,995 33,300 69,948 

a, W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and unspecified.” 
: Includes magnetic and nonferrous alloys. oO 

3Includes 3,790 tons of chromium metal. . 
*Includes 839 tons of chromium metal. | 7 

ee STOCKS ee oo 

_ Although demand for chromium in 1976 traders at yearend. | 7 | 
was substantially stronger than in 1975, a = Stocks of chromium chemicals (sodium . 
high level of chromite and ferrochromium pichromate ival k ; ro equivalent) at producer plants 
imports increased industry stocks. Total ._ . 

= industrial chromite stocks increased 6%. Freee 15,205 tons in 1975 to 16,257 

| Stocks in the metallurgical and chemical “OPS™D 1910. | 
industries increased 9% and 14%, re | 

oo spectively, while stocks in the refractory Table 6.—C. tocks of chromi : | 
-. industry decreased 12%, compared with =e” o December 31. ° omite, . 

those of 1975: Consumer. chromium alloy | oe 
Se eee . ousand short tons) . an 

a stocks increased 3%, and producer stocks _ (Thou ort tons) _ | 
, increased 22%. Combined consumer and Industry 1972 1978 1974 1975 1976 

producer chromi*m alloy stocks totaled | ~ | 
- nearly 175,000 tons at yearend, equivalent Reface -~7> (16) ied 168 ist 186 

to about a 4 months’ supply at the 1974 Chemical_------_ 96_104_— 64D. 
consumption rate. A considerable tonnage Total __.___. 857 697 578 952 1,009 
of chromium alloys was in the hands of a ———_— 

| ; Table 7.—Consumer stocks of chromium ferroalloys and chromium metal, December 31 

oS Product : 1972 1973 1974 1975 1976 

Low-carbon ferrochromium...._____--._------- 10,666 15,802 +=«-:14987 10,974 ~—=—10,100 
High-carbon ferrochromium —______-.---------- 12,061 24,162 25,280 50,076 52,558 
Ferrochromium-silicon _..______..---.------. 3,891 6,740 10,227 | 4,418 8,995 
Other? _. ee 1,804 1,752 3,303 2,352 3,300 

- Total _---___ e+e 27,422 48,456 58,747 67,820 69,948 

atte chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 

oys. . :
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Published prices of Turkish and Soviet holdings of producers, consumers, and trad- | 
chromite, which more than doubled in 1975, ers lowered prices for chromium alloys. - 
held at the same level throughout 1976. The price of U.S. charge chromium de-- oe 
Soviet chromite was quoted at $150 per creased 7 cents per pound of chromium 
metric ton, Black Sea ports; Turkish chro- during the year, while the price of imported 
mite was quoted at $132 to $142 per long charge chromium decreased about 11 cents’ 
ton, Turkish ports. The published price of — r pound of chromium: The rices of all 

| $37 to $52 per metric ton for South African Pe de f low-carbo fe he nium de 
Transvaal chromite during the second half grades of tow-carbon errochromium de-" y 

of 1975 narrowed to $36 to $42 per ton at the CTeased significantly during the year: The — 
beginning of 1976. In August, the price rose Price of both types of chromium metal, 

| to. $38 to $46 per metric ton for the balance Which began the year at $2.44 per pound, __ 
: of the year. : . 7 _., was increased 16 cents per pound in Octo- | : 

_ Although demand for chromium alloys _ ber. Prices of chromium alloys and metal as | 
- _-- increased over that of 1975, the large stock. published in Metals Week follow: = ——— a 

- _... Centsper poundofchromium 

- U.S. charge chromium ________________--______- et BO 48 
_ US. high-carbon ferrochromium ____________- = 61 : 

Imported charge chromium — — — 0 oo <a - oar r rrr a 44-50 35.5-37 | : 
US. low-carbon ferrochromium (0.05% carbon) ___ 22... -----_--.---- : 92-120 85 — 
USS. low-carbon ferrochromium (0.025% carbon) ___..._.~.-__-~~_____-_ «QT 85. 
Imported low-carbon ferrochromium (0.05% carbon)_____..... 2-2 ~~~. 73-83 68-72 

a : Simplex (low-carbon)... _________---i----+4------ +--+ eee 92—CO 85 

; CS — . | LS, -* Cents per pound of product - 

Aluminothermic chromium metal______.- _---_---_---- - ee 244 263 
Electrolytic chromium metal _ ____-—---------------+-----2-+---- : 244—C: 268 

. FOREIGN TRADE | BF os | 

Exports of chromite decreased 11% and = Exports of pigment-grade. chromium 
reexports increased 89%, compared with chemicals totaled 456 tons valued at $1.1 | 
‘those of 1975. Sweden received 49% of the million. Japan (53%) and Canada (25%)  ~——~ 

_ exports followed by the Netherlands, 28%; were the principal recipients among the 22 
‘Japan, 9%; and Mexico and Canada, 7% countries receiving shipments. Exports of 
each. Three other countries received small non-pigment-grade chromium chemicals to- 
quantities. Reexports of chromite totaling taled 3,623 tons, 78% higher than in 1975. | 
nearly 85,000 tons were made primarily to Total exports were valued at $5.5 million. | 
Mexico, 45%; Sweden, 25%; Canada, 17%; Exports of sodium bichromate were 35% 

and the United Kingdom, 11%. Two other higher than in 1975, totaling 14,280 tons 
countries received the balance. valued at $6.4 million. Canada (40%), the 
Ferrochromium exports totaled 13,563 People’s Republic of China (12%), Colombia | 

tons valued at $8.8 million, went to 15 (10%), the Republic of Korea (8%), and 
countries, and were about the same asthose Argentina and Japan (7% each) were the 

of 1975. The leading recipients were Cana- leading recipients of the 29 countries re- 
da, 53%; the Netherlands, West Germany, ceiving shipments. 
and Italy, 8% each; and Brazil and Sweden, Imports of chromite increased 2% in 
6% each. quantity and 16% in value compared with 
Chromium and chromium alloys 1975 totals. Imports of chromite from Fin- 

(wrought and unwrought) and waste and land and the Republic of South Africa 
scrap exports totaled 594 tons valued at increased significantly, while those from 
$11.9 million. Of the 32 countries receiving the U.S.S.R., Southern Rhodesia, and the 
shipments, Jamaica accounted for 27%, Philippines dropped sharply. Chromite was 
Canada for 14%, Israel for 11%, and Ar- received from Sweden as a reexport since 
gentina and France for 7% each. Sweden does not produce chromite.
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Although imports. of low-carbon ferro- chrome yellow, 2,747 tons; chromium oxide os 
| chromiur ich eaubon seme a8 in 1975, . green, 691 tons; molybdenum orange, 333 

| imports Of Aigh<carbon flerrochromium ‘tong: strontium ch te, 257 tons; and zinc | Z decreased 31%. Imports of the two grades of - une ron ae Garomenes ns; anewin | | 
ferrochromium totaled 243,000 tons valued Yellow, 1,225 tons. Total value of these | 

. at $125 million. Japan supplied 45% and © products. was $10.7 million, 2.5-fold higher | 

| the Republic of South Africa 17 % of the _ than in 1975. Chrome yellow accounted for 
low-carbon ferrochramaium ey gh-carbon 51% of total value of these products, fol- 

: Crrochromium was Supplied primaruy bY owed by zinc yellow with 28%. The lead- | 

the Republic of South Africa (42%), South- ing su lier ras Canada which accounted - ern Rhodesia (22%), Brazil (15%), and Yu- ‘8 SUPP! oe ae 
| - goslavia (12%). ee" for 49% of total value. ae 

_ Ferrochromium-silicon imports. increased | Sodium chromate and dichromate im- 
; to 15,725 tons, nearly four times those of _ ports totaled 570 tons valued at $1.1 million. 

a eae and were venue’ at $7.6 ae Geni pve The U.S.S.R. was the sole supplier. Four — | 
_ countries supplied imports, with Southern conf ete, Ainhs - - 

_- Rhodesia accounting for 84% of the total. ee oe ee ens vanes . 
Chromium carbide imports from three $4,60 was impo rom Sweden | an : 

— countries totaled 164 tons valued at West Germany. | : 
: $857,000. West. Germany supplied 97% of =) © | 

She total ey tea Table 8.- | US exports and reexports of 
co Imports of chromium metal, wrought and - chromite ore and concentrates — - oe 

-  unwrought and waste and scrap, increased Ao a 
to 2,806 tons from 1,629 tons in 1975. Total _—-_._ (Thousandshort tons andthousanddollars) 

million. the seven countries supplying tear “Quantity Value Quantity Value 
imports, the United Kingdom accounted for © EER eee | 

| 59% and Japan for 35%. oO oe 1974 2 (18 1,480.. 993,101 : : we ae . 1975 9 189-6896 - 45 2111 | 
Imports of chromium-containing pig- 1976-7~~~="> 124-5609 (85 5,475 “ee 

ments follow: Chrome green, 151 tons; Oo 

| Table 9.—U.S. imports for consumption of chromite, by grade and country a 
. - _" “* (Thousand short tons and thousand dollars) - ce. oS 

_ Not more than 40% = More than 40% but 46% or more Total a 
Cr20s less than 46% Cr2Os Cr20s Oe | _ 

_ Country Gross Cras Val- Gross. Or20s_ Val Gross: ‘Crs0s, Val- Gross Cr20s Val- | weight - tent ue weight tent . Ue. weight | tent ue : weight tent ue oe 

1975: - cE | | 
Albania _____ ee 45 20 2,108 . 6 3 205 51 = «28s 2,818 
Finland _____ 19 4 629 ee ae 19 4 629 
India ______ re me COD 12 7 855 
Iran ______ oo ae ee 11 5 1,376 11 5 1,376 

| Philippines __ — 202 66 6,611 ek 8 4 220. 210 70 6,881 . 
Rhodesia, 7 | ee | 

Southern __ 12 5 398 3° 10 1077 108 51 5,706 138 66 7,181 
South Africa, — . 

Republicof _ () (2) 1 22% 101 4518 71 33 1,740 289 134 6,254 , 
Turkey _____ 55 21 2144 31 13 1,369 87 41 7,278 178 75 10,791 
USSR ___ ~~ 57 223,258 91 292 158 21,168 349-175 24,421 | 

Total ____ 345 118 13,036 317 144 9,067 590 297 38,548 1,252 559 60,651 | ee EE 90,088 NO 0d 00,601 
1976: 7 

Albania _____ --  -=- -- 18 - 8 1,858 -- _- -- 18 8 1,858 
: Canada _____ (2) ) 1 _- -- ee (*) (7) 1 (?) ) 2 . 

Colombia __ __ 4 1 211 -- -- -- -- -- -- 4 1 211 
Finland _____ 120 36 4,437 — ee 49 35 1,462 169 71 5,899 | 
India ______ 18 7 845 wee mo eee 18 7 845 | 
Philippines __ 163 53 5,614 eo 3 2 169 166 55 5,788 
Rhodesia, ; 

Southern __ 12 4 369 9 4 379 14 7 650 35 15 1,398 
South Africa, 

. Republic of _ 26 9 1732 318 141 9,737 94 44 3,617 438 194 14,086 
Sweden _____ 26 4 68 ee ee e 26 4 68 
Turkey _____ 115 44 8,334 31 14 3,161 66 31 1,461 212 89 18,956 
USSR ____- 69 27 4,885 —o ee 120 62 16,084 189 89 20,969 

Total ____ 553-185 25,496 376 =: 167 15,135 346 181 29,444 1,275 583 70,075 
OE 

1Less than 1/2 unit.
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, Table 10.—U.S. imports for consumption of ferrochromium, by country — a 

_ _Low-carbon ferrochromium. — -High-carbon ferrochromium 
(less than 3% carbon) . __(8% or. more carbon) 

| _ Year and - Gross Chromium .. y,,... Gross. Chromium | 
country Co weight, contatit oo ail | weight | content A pig 

short short. (short (short yo. 
a . . tons) .__ tons) sands) tons) . - tons) sands) 

a 1975: | 2 
Brazil ____.__-.-_-_-----~--~- _ 386 214. $479 15,653-. . 8,885 $6,651 
Canada ______--___~~--~2i--- we ee ee ~. O o- (*) id 

. : Finland. __.-~_~_~__~ : i _~— oo ~ 6,050 . 3,092 2,447 

: ’ France ~~ -.----------.-.~ © 959 - 671. 1,083: _— ee _e 
_ Germany, West _..______...-. «© © 4,415 3,205. 5,076 2,084 1,354 1,442 

India ____--________-~__-_~_ 969. 623 762 661 433 269 
Japan ~~ ee 17,782 11,816. 23,409 67,188 42,102 51,380 
Korea, Republic of _________-__ ll. 6 16 | -_- -—— . _- 
Norway __ .—_—_--~~--=2-L-- 2,892 .. 1,585 2,458 986 653 661 

_ >, Rhodesia, Southern ___-.--_---_. 5,238 - 3,714... 5,869 ~~ 76,855 51,832 - 33,160 

Republic of a 24,221 | 14,511 11,002 15,068 41,101 29,219 
Sweden... -______.. = 2,853- ° 2,169... 4,089 _- ae = 

. Taiwan ___—~-2-~--~2----~~- —-- _—— a _- 340 213 | 310 
— urkey ----- eee, TA" 1,297 - 1,734 441 317 , 282 | 

Yugodavia___~~~~_~~77777 142 122. | 162 12,241 8,073 9,219 

| Total ___-__-__--L-___-- 61,242 $9,938. 55,589 - 257,567 $158,055 - 135,041 

Brazil_....._.-__-_-_------- ... 937 $380 ° ; 722 26,896 . 15,459-. 10,126 
Canada ee ae Oe 1 — & Q) 1 

| : _ France _______------...---—...... 3,426 . 2,460. © 3,335 ae oe __ 
| Germany, West _______------- . 3,695 2,667 8,899 1,661 - 1,075 1,081 

eo India _~_ 22 oe _— 440 . 284 142 
Italy. ~-__________-_~_.- .¢' 20 14 20 1,098 107 481 
Japan___§________-~____-- “28,986 . 19,359 °° 28,582 © 9,849 © 6,045 5,098 

: Mozambique_____..~----2-) 9) - Le _-. eee 1,462 816 616 
Norway. ____.-~.--_-------~ 2,857 . 1,974 | 2,414 ~ 1,156. 187 687 
Rhodesia, Southern ______.___~ 8,194 - 5,785 8,098 -- 39,193 26,561 * 15,1382 

Ce Republic of ~---- eee ~——i«*21:,, 022. _ 6,829, 8168 75,706 41,380 . 26,650 
3 | Sweden”._.__ = ..--_______-. ; 3,008" 2,218 3,470. oe -= a 

. Turkey eee ee 1,109 TTT 989 -- _- _- 
United Kingdom _____—~.____—— Q)- () 1. _- __ __ 
Yugodlavia______________-~-- 496 $348 - 85 21,385 14,193 10,021 

Total. «8,750 42,961 54,784 — 178,846 107,307 70,035 

a ‘Lessthan 1/2unit. So OO 7 | | 

| _ Table 11.—U.S. import duties 

° as a Rate of duty 
classifi- -. Article 

CHROMIUM ORES AND METAL PRODUCTS 

| 601.15 Chromium ore _________-_-_______--___--------_-_-_-__ Free. 
607.30 Ferrochromium, less than 3% carbon ______________________. 4%advalorem. | 
607.31 Ferrochromium, over 3% carbon ____________---~-_-------- 0.625 cent per pound 

. on chromium content. 
632.18 Unwrought chromium other than alloys: Waste and scrap?_________. 5%advalorem. _ 

CHROMIUM CHEMICAL AND RELATED PRODUCTS . 

420.08 ‘Potassium chromate and dichromate _____.________-------~- 1.1 cents per pound. 
420.98 - Sodium chromate and dichromate ____________.___________ — 0.87 cent per pound 
422.92 Chromium carbide ________________-_-______________.. 6% ad valorem. 

CHROMIUM PIGMENTS 

473.10 Chromium green _________._____~-___-~-~----~-~-~-~_~-----+ 5% ad valorem. 
473.12 Chromium yellow ___________.-_-___~-~---~-~-~--~-_~-~-~-~-_-- Do. 
473.14 Chromium oxide green _______________.-~_--------~~- ~~~ Do. 
473.16 Hydrated chromium oxide green _________-~---_-----_------ Do. 
473.18 Molybdenum orange _______________--~-~--~-~~---~---_-- Do. 
473.19 Strontium chromate _____________.-----~-+-~--~~~--~__-_-- Do. 
473.20 Zinc yellow __________________ ~~~ +--+ Do. 

1Not applicable to centrally planned economy countries. 
2Duty temporarily suspended on waste and scrap.
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- | co ~ WORLD REVIEW . | 

| Brazil.—Chromite reserves were reported State-owned Mysore Minerals Ltd. reported- | 
- at about 40 million tons, of which only 10 ly was evaluating a proposal by Japanese 

million tons are recoverable by existing interests to establish a 17,000-ton-annual- 

technology. Most of the chromite is the capacity ferrochromium plant in Karnata- 
high-chromium variety with about 14% of ka. The Japanese proposal envisages relo- oe 
the total designated as high-iron chromite.5 cating a charge chromium plant, including 

_ The sole chromium alloy producer, Cia. two furnaces, from the Republic of South 
Ferro Ligas da Bahia S.A. (Ferbasa), pro- Africa to India. 
duced the three chromium alloys, high- Iran.—During Iran’s fiscal year of March | 7 
carbon, low-carbon, and ferrochromium- 1975 to March 1976, reported chromite pro- | 
silicon. Six furnaces were utilized with a duction totaled 232,000 tons and graded 
combined capacity of 51 megawatts in 1976. 46% to 48% Cr.0s. Proven reserves totaled : 
‘Reportedly, Kloeckner and Co., the world 1.5 million tons of 40% to 48% chromite, 

. trading arm of the German steel company while probable reserves totaled over 2 mil- 
Kloeckner-Werke A.G., entered into a joint lion tons. 

venture with Ferbasa S.A. to mine. chro- Japan.—The Japanese Ministry of Fi- | . 

mite in Brazil. The new firm was named nance approved budgetary requests to 
Ferklock S.A. | , establish two nonferrous metal stockpiling an 
Egypt.—According to Egyptian sources, corporations during Japan’s 1976 fiscal | 

_ production of chromite was 812 tons in 1972, year. One corporation would specialize in 
- 485 tons in 1973, and 295 tons in 1974. handling chromium, nickel, cobalt, and 

| Finland.—Outokumpu Oy, Finland’s sole tungsten. Initial funding, as a direct subsidy : 
chromite producer, increased mining of from the Japanese Government, would total | 
chromite and sales of ferrochromium des- $173,000. The remaining funds of $33 mil- , 
pite a weak market. Excavation of ore lion would be collected from more than 20 a, 

_ increased 24% as sales of crude ore were investing firms. The stockpile corporation 
made to Sweden and the United States. The anticipates beginning with a 2-week supply 7 

beneficiating plant produced 158,000 tons of and eventually increasing this to a 3-month 
concentrate and nearly 35,000 tons of chro- supply of the various metals. Japan’s chief 

mite sands for foundry use. Although chro- concern with respect to. these metals is 
mite pellet production was down 9%, pro- possible shortages owing to availability 
duction of ferrochromium increased slightly from only a few sources. | | 
to over 44,000 tons. A new stainless steel © Malagasy Republic.—The Malagasy Gov- | 
works was completed at Tornio, and the ernment in December 1975 took 100% own- 
first melting and casting of ingots Wa88 ership of Compagnie Miniére d’ Andria- | 

performed in May, using the firm’s own menta (COMINA), formerly owned by the , 
ferrochromium and nickel. _,. Péchiney-Ugine Kuhlmann Group (France). 

India.—India’s chromite production in [Under the takeover settlement, COMINA | 
1976 was estimated at 442,000 tons, or 20% retained one-third of future output at a 
less than in 1975. Most of the production predetermined price and contracted to 
came from the State of Orissa, with small jyanageandoperatethemine. 
quantities reported from the States of Kar- Production in 1976 was from two mines 
nataka and Marharashtra. Most chromite located near the mining districts of An- | 

mining was by open pit methods, and the qriamena and Befandriana. At the larger of 
industry employed about 6,000 workers. the two mines, near Andriamena, the chro- 

India’s chromite reserves were estimated mite grades at 38% Cr1Os and was concen- , 
at over 17 million tons but are assumed to trated to 50% before being transported by . 
be higher on the basis of exploration drill- 644 and rail to Tamatave. The unconcen- 

ing to depths of 330 feet. Principal mines trated ore at Befandriana grades at 35% to 
are currently being worked to depths of 499, Cr, and was trucked to Analalava. 
about 100 feet. Twenty-four percent of the Ore reserves have been estimated at 2.2 

the bale are proved, nite are indicated, an¢ million tons at Andriamena and about 
the ance are infe . Nearly 75% o as orati 
India’s reserves are in the State of Orissa. 280,000 tons at Befandriana. Expl on 
Ferrochromium production of 11,164 tons . . : nt 

in 1975 increased to 15,724 tons in 1976. The Metallurgy, South Afton, Rept 1777, Jam 16, 1916 28 Dp.
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SO | | Table 12.—Chromite: World production, by country 

. ‘ | (Thousand short tons) | | | | | 

| Albania.-_- === 85g | 
- Argentina _________.--~----_____-_~---+----------------- —@ *?) &?) 
Brazil...» -- - + - eee ------- 9 191 £190 

| Colombia® ______ ee 13 13 _ NA 
| Cuba®__ + = ~~~ + +--+ +--+ -- + ------- 2 “35 a 3 

| Boop ?) ej ey 
Finland. -- ene 182 365 456 7 
Greece _. ee 11 25 30 
India _- ~ 2. ------i-- eee eee. 487 * 550 442 
Tran _ ~~~ +--+ ee eee eee 193 ©190 &176 

| MilageyRepublie2222727772Z2TTTTITTTTaaTeaecc al 
- . New Calsdonia Ho- eee eee eee eee 

‘Pakistan __ 2 ee iil 11 12 
| Philippines ______= 8B > BIB ATL 

Rhodesia, Southern®_- 0. LL «60 650 670 
South Africa, Republic of _. $5 5 5 5 5 eee 2,069 . 2,288 2,656 
Sudan____ 22 17 24 

- * Phailand ee a @) - __ 
| Turkey®? _.- 734 7189 816 

| USSR®_ 2,150 2,290 2,337 
a Vietmam® ____~__-_-___-_---_----s-_--_--.---------------- NA | NA = -=—-10 

Yugodlavia - — ——.-—----_---~-~~~-~--~---~-------5---------5 
. Total. ee ™8,224 9,071 . 9,492 

- ©Bgtimate. Preliminary. Revised. NANotavailable | a 
1In addition to the countries listed, Bulgaria and North Korea may also produce chromite, but production is not 

reported and available information is inadequate for formulation of output estimates. oo 

. $Salable chromite estimated from run of mine output. / | oo 

| for new deposits was planned by Péchiney- zar, San Grace Mining Corp., and Velore | 
- _ Ugine Kuhimann and C. Itoh and Co. Ltd. of Mining Corp. became high-chromium chro- 

| Japan. = = | mite producers in 1976. New Frontier Mines 
__.New Caledonia.—Societé de la Tiebaghi, and Superior Mines became high-aluminum 
_a French subsidiary of Inco Ltd., reached chromite producers in 1975... | 

. agreement with Compagnie Miniére Dong- Obit Philippines Consolidated Mines Ltd. 
Trieu and two subsidiaries of the Com- produced and sold small tonnages of chro- 
pagnie Financiére de Paris et des Pays-Bas mite to Consolidated Mines, which benefi- 
group for an exploration program and feasi- ciates and also markets the concentrate. 
bility study to determine whether a long- The firm indicated that reserves totaled 2.2 _ 

- closed chromite mine in New Caledonia million tons of ore in its claim area, but that 
could be‘ reopened on an economic basis. no drilling had been performed. 
The mine was purchased by Inco after its Rhodesia, Southern.—Reportedly, Rho- 

, closing in 1962. The exploration program desian Alloys (Pty) Ltd. at Gwelo may in- 
and study are expected to take about 2 stall new furnaces for expansion of charge 
years and cost about $3 million. chromium production. The firm traditional- 

Philippines.—Output of chromite de- ly produces high-carbon ferrochromium, 
creased 18% compared with that of 1975; low-carbon ferrochromium, and _ferro- 
76% was classified as high aluminum (re- chromium-silicon. 
fractory) chromite and 24% as _ high- In March, Mozambique’s President de- 
chromium chromite. clared a state of war against Southern 

In addition to the two traditional chro- Rhodesia, closed the border, seized all 
mite producers, Acoje Mining Co. Inc., pro- Rhodesian property, and declared that the 
ducing high-chromium chromite, and Con- United Nations sanctions would be applied 
solidated Mines Inc., producing high- fully. The action affected the supply of 
aluminum chromite, nine new producers chromite and ferrochromium, which had 
came onstream between 1975 and 1977. Mi- been shipped through the port of Maputo. 
samis Exploration Corp., Amer-Asia Min- South Africa, Republic of.—Production 
ing and Development Corp., and Capitol of ferrochromium in the Republic of South 
Resources and Development Co., Inc., be- Africa increased 10% during 1976, rising to 
came high-aluminum chromite producersin nearly 263,000 tons. Production was prima- 
1976, and G. Lluch and Sons, Silverio Elea-_ rily by Ferroalloys Ltd., Southern Cross
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Steel (Pty) Ltd., Palmiet Chrome Co nai Soe 7 | 

Size Pip) Ld, Palmist Creme Cnr. (Py), maintenancs end frsined. manpower re 
_ Ltd. Late in the year, the Tubatse Ferro- portedly was the cause. Ore carriers often 

| chrome (Pty) Ltd. facility at Steelpoort encountered delays of several weeks, result- | 

: jointly owned by Union Carbide Corp. d ing in high demurrage costs and unpredict- 

____ General Mining Corp., came onstream. able delivery schedules. At yearend, the = = 

_ In late 1975, South African Manganese Maputo w and iron ore loading facilities at | | 

“Amcor Ltd. (GAMANCOR) (formerly South aputo were, scheduled for maintenance, = 
African Manganese Ltd.). acquired all thereby further restricting shipments. of 

of Amcor Ltd.’s operating subsidiaries ore. The Republic of South Africa planned 

SAMANCOR has a chromite production contingency steps to make facilities avail- | 

capability of 200,000 tons annually and Merute sn ee ene sacnines at | 
planned to increase output to 480,000 tons Maputo. — Co 

| by 1980. Other plans included increasing | Sudan.—Two Japanese-firms, Mitsubishi , 

ferrochromium production to 165,000 tons Corp. and Japan Metals & Chemicals Co. , 

annually, ‘signed a basic agreement for the develop- | 

_ ponsolidated Metallurgical Industries ment of chromite deposits in Sudan. The — 

| d., a member of Johannesburg Consoli- ong-known deposits in the Ingessena Hills — 

dated Investment Co. Ltd. was given ap 750? of eastern Sudan have been’ sub- | 

proval in 1975 to construct a 182,000-ton- jected to exploration drilling in recent | 

_ peryear ferrochromium pant at na. years. Reportedly, the project calls for an 

| urg. Construction was initiated in 1976. annual production of 230,000 to 330,000 tons _ 

Reportedly, the British Steel Corp. and a by 1980, if a joint venture is established | 

Japanese firm will be partners. SO after a feasibility study. a | | 

teeth Africa’s growing ferroalloy indus Sweden.—Avesta Jernwerks A.B. report- 

ee ee exne proposed new furnace installa- edly closed its ferrochromium production | : 

MONS, 78 expected to increase to 1,200 mega- Operation because it ‘could not meet pollu- | 
_____ watts of transformer capacity. in 1981 from tion control restrictions: Avésta had ai | _ 

| about 600 megawatts in 1974, according tom Annual capacity of 25,000 tons of ferrochro 

em Africa “1 aeforones Oty Bnersy in South- ium; output was consumed within the | 

_ Sxpected to be usedfor the production of U.S.S.R.—The Donskoy mining and con- 

In a report by the South African Mi See Ord are inf ae Chrom-Tau in 

eee a a 
reserves to a depth’ _ n as f the Soviet chromite. The a 

_” Resgtves to a depth of about 2,000 fect were orn ae ee a: mined by 
8 A. tons, | its. In , 100-ton unit-rig t 

Geological Sorver and Buren Y the U.S. and large bulldozers were used for ‘the et OO 

recent years. au of Mines in hme. During the year, two concentrators | 

7 Shipments of chromi ere in operation at Khrom-Tau. Crude ore - 

throughout the year s Oma ir Poe from the Donskoy complex contained 45% 

| at the port of Maputo, Mozambique sack af 53 9% a orice, which was upgraded to a | 

— _ : .Lack of 53.9% chromic oxide marketable product. 

| TECHNOLOGY Oo | 

A survey of chromium and nickel w i | 
3 astes, 

«ee 

and technology presently available to re- orovid as part of a continuing study to 

cover these elements, was described by Bu- wes, fundamental data for various 

reau of Mines researchers.’ A great variety Pp of metallurgical research.* Gibbs 

of industrial wastes containing chromium tee > Randi 
and nickel values are generated ens, P. R. and J. S. Stanko. Fuel Requi ts i 

which are not recovered. Much of the tech and ‘ts Future in Southern Ady 2G Cra: on Hoey 

nol 
= ech: Afri ern Africa, Cape Town, South 

ogy available has been developed in Bu- "Drees Ae ee To te 

| ecunicine beckon The status of the moat mium and Nickel Wastes - A Survey and Appraisal of 

: ing ology and reco _ _ Recycling Technol Proc. y and Appraisal of 

tions for pilot plant or industrial wile wore 32810. Symposium, Apr 1s i976, Chicago, I, OP. 

resen | : 
_ 

. . ; ®Schaefer, S. C. Free Energies of F : : 

Anon aynamic properties of chromium mous, Chromic, and ‘Chromium a, 1 Fluorides by 

re investigated by the Bureau of 8172, 1976, 19 ae cssurements. Bur. Mines Rept.
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mo free energies of formation for various chro- put into commercial use by General Motors _ 
-mium fluorides were determined by electro- Corp. The system is based on reoxi- 
motive force measurements of reversible dation of chromium by electrochemical 

| | high-temperature galvanic cells employing regeneration of the spent etchant solution. 
: calcium fluoride doped wien oes Percent Qver 100,000 pounds of chromic acid was 

yttrium Mori’ as Whe electro yte. . expected to be retained and reused in 1976. 
| __ Bureau of Mines research projects during Patent activity for chromium during the : the year included studies on reclamation.of _ oe j or ee 

used refractories containing chromium, Ye@F concerned removal of chromite impuri- | treatment of metallurgical wastes contain. ties from ilmenite; prereduction of the 

ing chromium,. preparation of low-carbon iron content of chromite, magnetic sep- 
ferrochromium by carbothermal reduction aration of the iron, and reduction of elemen- 

a of chromite, recovery of chromium from tal chromium in an electric furnace;** refi- 
—_ domestic chromium-bearing materials, and ning of ferrochromium to lower sulfur and 

| improved beneficiation of chromium, re- silicon contents; and production of sodium 
Sources. a bichromate.*® | a | | Tests and plant experience using the a . ae 
COBO (cold bonded) process for. chromite in sy sndberg, N. G., and T. A. Falk. The COBO Process 

| Sweden were described.* Production cost, at Applied to Chromite Agglomeration. CIM Bull., v. 69, No. 
| a capacity of 20 tons per hour, 114 hours per 778, sd wee —— tt ms | Standard Free . ee . . _ Liang, W. W., and J. F. Elliott: The: 

ce was given as $9 (Canadian) per ton. oY of Formation of Liquid NazCrOx, 1,100-1,200 de- 
he plant flexibility was reported as very grees K (Kelvin). J. Electrochem. Soc., v. 123, Nov. 5, 1976, 

high and easily shiftable from one .ore pp. 617-620. Oe . ee 
mixture to another..The binder addition merseat Metal: Market, V. 88. No. 183, Sept. 17, 

| was hydrated lime and silica dust recovered Bergeron, M., and 8, F. Prest (assigned to Quebec Iron | from . ferrochromium-silicon production. and Titanium Corp.). Removal of Chromite Impurities 

Port and were, storable for an unlimited From Chromite US Pat 3097385, Doo 14. 196 ee | time outdoors. Also, compared with costs of “"i4tisrada, M, S. Kojime, K’ Ohta, and 11. Shimomura 
| other agglomeration methods, the invest- (assigned to Nippon _ Kokan K. K). Refining of Carbon 

ment and operation costs werelow. Insaturated Ferrochromium to Lower the an 
: __._. The standard free energy of formation of US Pat 29en se ee i976. Out of the — , 

| ‘sodium chromate at.high temperatures was 15Baiwens, R., R. Lefrancois, and M. Gabiel (assigned to ‘measured2®: rr ok Produits Chimiques Ugine Kuhlmann). Extraction of 
: yg baa’ ae my cote ee ° . ° . ° te Fro 

A method for recycling spent chromic Chromite Ore Leach Solutions. US. Pat. 3,988,972, Jan, 20, acid etchant reportedly was developed and 1976. | | a



| | By Sarkis G. Ampian’ a - - 

Clays in one or more of the classification forts were made to both economize: and 
categories (kaolin, ball clay, fire clay, ben- obtain standby fuels for their requirements. 

tonite, fuller’s earth, or common clay and The costs of environmental protection 
shaie) were produced. in 47 States and Puce equipment and environmental restrictions, 

ico. Clay production was not reported in d rising capital costs, bined with th | 
"Alaska, the District of Columbia, Rhode’ cnergy crisis, continued to adversely affect | 

Island, or Vermont. The States leading in eae | 
| ° aa «production during 1976. 

output were Georgia, 7.5 million tons; Ohio, . . . 
> 112 Te Production of the specialty clays; kaolin, | 

4.2 million tons; and Texas, 3.7 million tons; | . ; 
meses . ball clay, fire clay, bentonite, and fuller’s 

| followed in order by North Carolina, Wyo- t} d | lay and shal 
ming, Alabama, and Pennsylvania. Georgia. —aneé common Clay and sha, all 
also led in total value of clay output with imcreased. A small upturn in construction 
$273.1 million; Wyoming was second with that increased the demand for building . 
$40.0 million. Compared with 1975 figures, ™aterials (brick, lightweight aggregate, — 

- clay production increased in 29 States and Vitrified clay pipe, clay floor and wall tile, 
value increased in 38 States. Total quantity etc.) was responsible for the rise in pro- 

of clays sold.or used by domestic producers duction of common clay and shale. Pro- 

_ in 1976 was 7% higher in tonnage, and rose duction of kaolin increased 15%, ball clay 

25% in total value. The total value of clays and fuller’s earth 13% each, bentonite 9%, 
produced was-an alltime high. Increases in fire clay 3%, and common clay and shale 
value per ton were reported for all claysin 5%. | | 

1976 owing to increased labor, fuel, and Kaolin in 1976 accounted for only 12% of 
material costs. The energy crisis or, more the total clay production but for 53% of the 
specifically, the increasing shortage and value. oo 

costs of fuels continued to cause consider- a 
_ able concern among clay producers and clay —igupervisory physical scientist, Division of Nonmetallic 

| product manufacturers. Industrywide ef- Minerale, } scientist Swine 

able 1.—Salient clay and clay products statistics in the United States" 
: (Thousand short tons and thousand dollars) : ) . 
ee 1972 1978 1974 1975-1976 

: Guaatiy - or used by Producers; 59,456 64,351 60,796 49,047 ‘62,889 
Value ~-------~---+---------- $308,022 $354,058 $422,542 $424,556 $528,745 

gdatueTODTUTITTITIITIITIID eed unhtasuts $151 958 
Por guantty mpm eee 67 58 43 38 39 

alue _________-_------------- $1,309 $1,879 $2,198 $1,947 $1,814 
Clay refractories, shipments: Value — - —-—-—-—— $274,679 $827,265 + $410,158 += $409,879 $448,471 | 

1Excludes Puerto Rico. 
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| Table 2.—Clay sold or used by producers in the United States in 1976, by State’ 
. | . - ee, (Short tons) | | 

7 . oO Common . 
Se : Ball Fire —-_— Ben- Fuller’s Total State Kaolin : cla: - Total 7 clay clay . tonite earth and abale ee value . 

: _ Alabama_.----_ 184,408 _. 872,971 Ww -— 1,781,341 — 72,238,720 $10,325,412 
.  Arizona________ _- Ww .. 27,921 -. WwW  *497,921 . 3 4361 386 

Arkansas_.__.__ 48,486. — 998,083 “1,046,519 3,396,274 
, California _.____. 128,808 370 86,189 87,724 -- 1,902,487 2,295,578 13,570,198 

Colorado _______ __ _. 29,317 Ww __ 450,202 479,519 71,976,210 
Connecticut _____ _. _- ee 180,488 130,483 427,080 
Delaware _______ _ _- _. ue _. ° 11,241 11,241 7,900 

| Florida _------. 24550 = __ _- _. 412,882 242638 «680,020 ~=—=_20,671,888 
Georgia-------_ 4924648 ~__ 9,941 -_ 521,286 2,015,540 7,471,415 278,145,169 
Hawaii ________ __ __ nae oa w | - Ww 
Idaho --------. =W OW WwW COW WW | 

7 Ilincis ~-------~ - 8088 = __ W 1,258,186 51,809,019 53,271,685 
Indima..---- = Lk 2,065 __ __ 1,262,642 —‘1,264,707 2,308,429 

-  Jowa.ol--2 tne ee a _. 1,016,772 1,016,772 ~. 2,244,873 
| _ Kansas -_~-~~~- ee ae -- WwW ~— . 1,063,881 71,063,831 71,868,714 

| Kentucky .---- W 85,814 __ __ 668,425 #754239. 92.394.957 
: Louisiana __2.__ Be ee on _- 512,572 612,572 1,158,137 

Maine. ________ ee ke oe -- © os. ,188,617 188,617 216,060 
: ‘Maryland ______ OW _-_. =. 702,361  9702,361- —-*1,816,949 

Minnesota------ = W _- oe -- _- WwW Ww. Ww 
_ Missiesippi-_ — - __ -- W, .- -- 878,457 Ws 1,118,728 * 51,487,180 © 3 58,849,111 

Missouri _...... 67,519 _. 809,273 __ ©. 1. 1,256,298 2,188,090 — 14,914,610 
| Montana _____ —_ __ __ 1,266 = 158,695 _. 81,660 191,621 2,856,684 

_ Nebraska_______ eee __ 149275 149,275.  - 344,688 
Nevada ________ Ww _ __ 1512  $ W W867 512. 45 6174300 
New Hampshire —_ a a __ me: ee: Ww. .W. = W 
NewJerseey -----. ss _-——ilstéi02, BK __ __ «50,000 «61,549 «880,712 

| New Mexico _ _ ___ __ _ Ww _. . 2° 55,926  °755,926  .  7116,086 
- “NewYork ------ 0 kt WO -- |... == 649,543 - _3649,548. 32,089,528 

North Carolina ___ we = __ __ 2,750,011 2,750,011“ ®4,677,254 
| North Dakota ____ — le __ aire oo WwW - WOW 

oe Ohio. 2 eee LL 00,078 _-. .. 2. 8,587,644 . 4,287,722. 14,708,927 
| Oklahoma ______ me __ _. 1,154,656 1,154,656 1,678,247 

Oregon ________ aa i __ ° 1,814 __° 145,258 147,072. _: $15,481 
Pennsylvania —_ __ WL. 888,757 __ __ 1,452,729 2,291,486 16,086,949 
Puerto Rico __.__ _- _- _- -- -- WwW Ww _ W 

- SouthCarolina _.. 628,222 _- __ _- 16,000 1,681,062 2,270,284 17,288,029 
| South Dakota ._ —— te __ _- Ww. __ 128,842 123,842... #187,066 

Tennessee ______ a 518,745 __ W W 1,015,924 251,529,669 7 511,577,910 
: Texas _._______ W 15,778 54,385 389,414 W 3,596,912 * 93,706,434 —_*.°8,846,656 

Utah ___ W __ 4,590 2,000 2,288 «197,340 206,168 ~~. €580,988 
Virginia _______ -- -_- -- --- -- 862,036 862,086. -_ 1,210,199 
Washington... 2 ___ _ Ww __ -- 380,856 780,856 71,140,537 
West Virginia ____ ee ee Ww _ _. 215,188 725,138 468,583 
Wisconsin ______ _. = _- __ __ Ww -..W Ww 
Wyoming — _- ---- _ _. _ __ 2,495,797 _. 201,440 2,697,287 40,015,208 
Undistributed____ 176,119 270,988 295,222 326,047 889,226 647,770 +=. 2,105,867  —-37,220,920 

Total ___ 6,127,760 800,871 3,352,250 3,520,881 1,841,582 937,579,682 52,722,476 529,158,672 

W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1Includes Puerto Rico. | 
Excludes bentonite. : | - : 
Excludes ball clay. . | 
“Excludes common clay and shale. . 
5Excludes fuller’s earth. - 
*Excludes kaolin. 
7Excludes fire clay. | |
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Table 3.—Number of mines from which producers sold or used clay in the United States 
Oo oe in 1976, by State Oo | : 

| State Katine Gye Togteh® clayand Total | 
Alabama ___________-__- 8 _- 9 1 _ 2 46 | 
Arizona __ ~~ —_---.--=- —- 1 — 3 a 4 8 . 
Arkansas___~_-__-______-~ 3 _- -— a _— 16 19 
California ~_ =~ 8 2 9 13 — 40 72 
Colorado __--_-___--__-___ __ __ 5 5 __ 27 37 
Connecticut _____.-..---~- OF _- -- _- _- . 4 4 

: _ Delaware. —___-___-._---- ee -_- _- -= 1 -]- 
Florida __.______-_____- 1 __ __ __ 3 8§©§=6. 8 a 
Georgia ____________ 55 __ 2 | Wo 
Hawaii _____..___-_-_.- _- _- ~= _- -- 1 1. 

: Idaho _________________ 1 __ 1 1 __ 4 1 
Illinois _--__-__-------- ae __ 4 ol 2. 16 22 
Indiana________________ —_ __ 4 __ _ | B 2 
Towa -- _- -- _- ~~ >» 15 15 
Kansas —_.__--__-+------ -- -- -~ 1 -~- - 2 21 22 
Kentucky ~_..___----_-~- -- 5 8 ee -- . 9 22 

' Louisiana ~~ ~.-_-._--_- as _- _- _— 12 12 

Maryland 7*222772777 277 - OF UD 0m 10 | 
Massachusetts ——-—--—---— __ __ __ _- -- 3 | 3 

Minnesota ~~~ 777 “1 __ __ 7 oo 3 4 - 
Mississippi . __._...------ he 2 oe 6 9 4: 21 33 
Missouri ____~__.___-=--~- 10 -- 15 -- -- | 19 104 
Montana ____.__.--_--.. _- _— 1 3 -- 8 - 12 

~ Nebraska___.~._.-_.---_- — _— _— _- _— © § 5 
. Nevada _____.__-~----~--~ 1 _- _- 6 1 a | 9 

_ NewHampshire ____-_----_ -- _- -- -- _- 2 2 
*~ . Newdersey __.___--_--~- -- _- 2 -—_ -- 1 —— 3 - 

New Mexico ________----- _- _- _ 2 _- = 4° 6 . 
: New York ____.~.=-----~ -- 1 _— -_- a 13. - 44 

- NorthCarolina ____...----~ | 2 -- -- _- _— 45 aT 
North Dakota ________-__- _- __ eee __ 5 5 
Ohio. _ __ 26 ee 0m |. % | 

Oklahoma ~------------- -- -- ~- | “3 -~ 15 - 3 | 

: Pennsylvania ______--_-_- “1 __ 56 _- ~~ | | | 

South Carolina __...__.--- 17 -- —- _— 1 30. 48 
South Dakota ___.________ ae _ 2 __ 4 6 
Tennessee __________--_~- ae 27 _- -- . 1 20 480 
Texas ________________- 1 _- 9 4 1 84 99 : 
Utah =---------~---~--- 8 -- 5 1 1. af oo iu 

Washington ------------ I 
West Virginia ___________- on _ 2 _- __ 4 6 | 

- Wisconsin _. ~~. ~~~ -__ _- a oe _- 1 1 
Wyoming - — --~~--------- _ -- _- _ 48 — 4 47 . 

- Total _._._______ 112 89 921 91 21 710 =—s(1,194 

DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY | 

KAOLIN - ed in Alabama, Florida, Georgia, Minneso- 
North Carolina, and South Carolin d 

Domestic production of kaolin in 1976 declined in Arkansas, California, Idaho, 
increased 15%, and the value increased Missouri, Nevada, Pennsylvania, Texas, 
81%. The average unit value for all grades nd Utah. No kaolin production was 
of kaolin in 1976 was $46.17 per ton, $5.64 reported in 1976 for Colorado. 
higher than in 1975. Kaolin was produced at Kaolin is defined as a white, claylike 

mines in 14 States. Two States, Georgia material approximating the mineral kao- 
(80%) and South Carolina (10%), accounted _linite. It has a specific gravity of 2.6 and a 
for 90% of the total U.S. production in 1976. fusion point of 1,785°C. The other kaolin- 
Alabama ranked third; California, fourth; group minerals, such as halloysite and 
and Missouri, fifth. Output in 1976 increas- dickite, are encompassed.
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In April 1976, Freeport Kaolin Co., a to 67 countries. The major recipients were 
division of Freeport Minerals Co, srhich Japan, 30%; Canada, 18%; Italy, 16%; West 
mines and processes in rgia, Germany, 11%; Mexico, 5%; and the re- 

| _ completed a 24-mile slurry pipeline from its maining countries, 20%. Exports increased, 
new Scott mining complex near Sandersvil- . for those to Brazil, France. Tai 
le, in Washington County, to its main pro- _- Gxcept for those " rey waiwan, » it plant in Go vdon. The new S the United Kingdom, and West Germany. 

complex currently produces 250,000 tons ‘ous producers reported the end use for per year, with a capability of 500,000 tons. ‘heir exports as follows: Paper coating, ° ° 33%; paper filling, 25%; refractories, 11%; Engelhard Minerals and Chemicals Corp., . : ) also in Georgia, was in the process of rubber, 9%; and others, including adhe- 

| facilities at McIntyre to produce a high- _ Kaolin imports in 1976 increased slightly 
brightness specialty pigment. Engelhard al- from 19,126 tons valued at $773,000 in 1975 
so ine creased xd capacity for a fluid hed catalyst to 23,106 tons valued at $836,000. The Unit- 

| on calcined clay. Thiele i - ed Kingdom supplied nearly 98%; Canada, 
: was doubling the capacity of Coe 2%; and four other countries, less than 1%. 

per-year oat plant at Reedy near Kaolin prices quoted in the trade journals 
Wrens, Ga. The enlargement was scheduled in 1976, except for the formulary grades, all 
for completion in the first half of 1977. advanced from 1975 Chemical Marketing 

| , Georgia Kaolin Co. ordered a second high- Reporter, December o7 1976. quoted vrices 
gradient magnetic separator (HGMS) for its rl a ) , 4 } P 

: Sandersville plant (American Industrial ®°'CCOW® =~ | 
_ Clays). The production capacity of its Dry 

Branch plant was scheduled for expansion Waterwashed, fully calcined, 
and startup in 1977. A non-Georgia kaolin Georgie sen fob $145.00-$182.50 
clay producer, Harris Mining Co., Spruce Paper-grade, uncalcined, same a 
Pine, N. C., purchased 4,000 acres of land in No. lcoating ___________ 61.50 

| Avery and Mitchell Counties. The purchase, No 3 ete ------7-7-- 4.00. dane 
contiguous to present holdings, was made to _Filler, general purpose, same 
insure a constant supply of the company’s Dee er iO erwashod 777 80.00- 31.00 
products—primary kaolin and muscovite.? uncalcined, paint-grade, 

Exports of kaolin, as reported by the U.S. san Tometer average, nee 
_ Department of Commerce, decreased from Dry-ground, atrfloated, soft, ~~ ae 
880,000 tons valued at $47.9 million in 1975 Neamne basis, per (08 owder, 60 _ 20.00 

| to 839,000 tons valued at $57.6 million in pound bags, 6,008 pound lots, : a 
1976. The tonnage of kaolin exported in ,, Wor pound -_—___—_____ oS 
1976 decreased 5%, while the value rose National orm arms: won | 
20% over that shipped in 1975. The unit § Perpound -------__-_____ 36 

rons Pe the unit value of kaolin omported The average unit value reported by do- : mestic kaolin producers was $46.17 per ton, 
age of the higher quelite nese etng _ an increase of $5.64 above the 1975 value. 

grades shipped and higher prices. _ __ *Pit & Quarry. Harris Mining Co. Acquires New Lands. 
Kaolin, including calcined, was exported _ V- 69, No. 4, October 1976, pp. 24-25.
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_ Table 4.—Kaolin sold or used by producers in the United States, by State 

| ) 1975 1976 
Short tons Value Short tons Value 

Alabama... -_-----_--_-_-_-____ 126,150 491,648 184,408 601,617 
Arkansas______--.----------------_ 82,012 TT Sb 18.486 eo ieonts 
California _______--------------___- W W 128,808 5,605,286 

Get sccoccosccsscssaaaa: |G 
Idaho _____________________________ 18,738 WW Ww Ww 
Missouri _____-__-------_--________ 104,636 W 67,529 1,067,600 
Nevada______-__----_-----_--__-_- 2,112 31,950 W wt : 

_ South Carolina ______.-__----_--__-_- 546,898 10,881,747 628,222 18,180,173 co 
Other States? __ LITT T Ire 419,269 22,680,797 176,119 «5,390,466 

| ‘Total --- 5,884,149 216,175,869 6,127,760 282,908,369 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 7 
“Includes Minnesota, North Carolina, Pennsylvania, Texas, Utah, and data indicated by symbol W. 

_ Table 5.—Kaolin sold or used by producers in the United States, by kind — | | 
| aS | 

| , Kind : Short tons Value Short tons _ Value | 

Airfloat_____________________ 1,102,501 182,778 «42; 2524838 168 Galcined _77~~~77777777777777 wer 46 *eoedies «= si«éoe’oni «= “7Boaa en 
| Delaminated _____-__-----_-__- 217,209 °—«s-« 17, AT, S73 $96,444 27,494,005 

Unprocessed ______-_--------_- 1149,044 17,568,625 1624629 16,992,100 
_-- Waterwashed ——__ = _-__ =o 2,820,121 108;717,410 2,786,823 144°780,586 

o ‘Total —- 5,334,149 216,175,869 6,127,760 282,908,369 | 

Excludes calcined grades. | 7 

‘Table 6.—Calcined kaolin sold or used by producers in the United States in 197 6, by kind 

oe Short tons Value Shorttons = Value 

Georgia.__._-_____-_______________ 542,895 078,090 244,268 $30,011,375 | 
Other States___________~ DUTT TTT TTT TT 1941,488 Tro sgo 02s 939/340 22 546,470 | 

‘Total _------------_--------- 184,828 42,477,115 288,608 82,557,845 

1Includes Alabama, Arkansas, and California. | | 
*Includes Idaho, Pennsylvania, and Texas. 

Table 7.—Georgia kaolin sold or used by producers, by kind 

_ 1975 1976 | 
| Kind - Short tons Value Short tons Value 

Airfloat__.__-_______________ 677,505 12,560 746,087 154,411 
| Calcined _._ ~~~ 777777777777 £18,108 se SON EO 787,158 +10 060 465 

Delaminated - -- --~--------~--- veer 17,547,878 136740 27,494,005 

Waterwashed ~—~-_2 ~~~ .-22- 2,258,448 107,215,238 2,788,269 142,674,174 
Total -- 4,016,927 177,611,861 4,924,648 250,864,949 

Excludes calcined grades. |
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| Table 9.—South Carolina kaolin sold or used by producers, by kind | | 

_ ~~ 1975 88 
Kind = Short tons — Value Short tons Value 

Airfloat _____________-_------ 372,417 445,881. 
Unprocessed /22227277772727772 TaAT6 | ee ist _ Tradl 7 anne - 

SS 546,898 10,881,747 ss 628,222 18,180,173 

| Table 10.—South Carolina kaolin sold or used by producers, by kind and use | , 

| | (Short tons) - , | 

| ) “Kind and use ) ) | 1975 1976 

Adhesives... _-________ eee _ 24,808 —  —-:19,829 
Animal feed and pet absorbent _____..._-_____-------------- _— _ 28,542 

| Ceramics? ________._..-.__.----_----------------+-+-+- 18,000 12,560 

| Firebrick, block, and shapes ______-_-----------------------...._ 2,940 "_. 

| ‘Pesticides and related producta ~~~ ._~-_~-.___~~~~_----~_--- 23,990 «25,186 
Plastics ~~ ~~-_~___~_____ eee 2,385 2,247 
Rubber _______________-_______ ee 185,966 215,941 

| Other refractories? _....___________----_--------------- 1,058 1,911 
Other uses® ___._________--___------------------------ > 8,762 6,754 

| Exporta# __._______-_-----_-----------------------. 35,815 66,919 

U: processor F cag eases We aad ape gaged nnn . era4N M8) : 
crudes, refractory (1975); and high alumina refractories ————--——--—----—» a 174,476 177,841 

| | Grandtotal __.-____--_----------------------------. 546,898 628,222 

1Includes floor and wall tile; roofing granules; sanitary ware; and miscellaneous. 
7Includes high alumina refractories; mortar and cement, refractory; grogs and crudes, refractory; and miscellaneous. 

- §Includes common brick; crockery and other earthenware; drilling mud; linoleum; tile, asphalt and roof; and ink. 
| “Includes ceramics; pesticides and related products; plastics (1975); rubber; and miscellaneous. | | 

| BALL CLAY distribution center at Roseville, Calif., was 
. unaffected.‘ ae 

_ Production and value reported fordomes- The average unit value for ball clay 
| tically mined ball clay in 1976 increased ,eported by domestic producers rose in 1976 

13% and 16%. Tennessee provided 64% of to $19.23 per ton, an increase of $0.45 per 
the Nation’s output, followed in order by ton, Chemical Marketing Reporter, Decem- 
Kentucky, Mississippi, Texas, Maryland, ber 27, 1976, listed ball clay prices unchang- 
New York,? California, and Arizona. Pro- ed from 1975 as follows: 
duction in Kentucky, Mississippi, New : | 
York, and Tennessee increased over that po mestic air-fl 
reported in 1975, but Arizona, California, carload Le Tene 
Maryland, and Texas production decreased. Denote, Crushed moisture $18.00-$22.00 

Ball clay is defined as a plastic, white- _ repellent, bulk, carload lots, 

firing clay used principally for bonding in jaunts airfuated, bagscarioad 
ceramic ware. The clays are of sedimentary im Atlantic porte, per ton — —---—- 70.00 

_ origin and consist mainly of the clay min- Peron ulk,Great = 40.50 
eral kaolinite and sericite micas. - ; 

In 1976, Kentucky-Tennessee Clay Co., Ball clay exports in 1976 amounted to 

Mayfield, Ky., completed an $800,000 ex- 157,000 short tons valued at $3.6 million 
pansion at its Gleason, Tenn., operation. compared with 156,000 tons worth $3.5 mil- 
American Olean Tile Co., Inc., a division of lion in 1975. The tonnage exported, value, 
National Gypsum Co., sold its glazed tile and unit value ($22.77) compared with 1975 

plant in Pomona, Calif., to Pacific Holding “J, _, ...:.; . 
Corp. The sale included manufacturing, statistical convenience included ee, . solely for 
warehouse, and office buildings, as well as, vonean O ramic_ Society 55 No 10. Octehn ore. 

two talc mines. The firm’s plant and master pp. eu me oo er 1976,
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| Table 13.—Ball clay sold or used by producers in the United States, by kind and use | 
| (Short tons) | 7 | 

— 1975 96 
ai Un- Total an Un- Total 

Adhesives ___-__________--+___--__- 1,003 _. 1,008 782 -- 2 
Alum (aluminum sulfate) and other | 4 a | 

Animal feed _____-___._.-- = ~_ ue 544 _. 544 Ww _ WwW 
Brick, £008 aa na5--~-~-------- ae 12,000 12,000 | _. w ow 

China and dinserware 7 7777777777777 35,330 1,265 36,595 50,664 __ 50,664 
Crockery and other earthenware woe W uM 2 564 2,650 1,216 3,866 

Electrical porcelain, ~~ = ~~~" 7777222222 28,984 22,917 46,901 W "W 29,470 | 

Gecuwefetiepe nny yO 
High alumina refractories ~-- aa --------- Ww W 21.100 W W. 20,700 

iin furniture... Wh W 8,297 Ww W 17,476 | 
Medical, pharmaceutical, and cosmetic —_._____ 483 1 484 — -- -- 

Pesticides and velated producs ---~777~7""-> os uaBsiC( OW OW 
Pottery -.----------------LlIIIIIIL 99,402 27,945 127487 174,142 87,110 261,252 

itaryware______________..___-._- 1 12,871 14,624 749 a A RR eee 
* Floor andwall _.----____---_---_ 82,792 29,752 112.544 68,915 22,473 91,388 

Quarry --~-------------------=- -- 914 914 -- 992 992 
Meee eee enero __ 3. 8 326 2,494 2,820 

Miscellaneous______.---.-..---.---. 62,276 62,588 191,062 — 87,282 110,486 117,269 
Exports ---_~-------~-----=+-------___ 86,945 _18,789_ 105,734 91,400_—15,418_ 106,813 | 

Tetal___----------_____--.-_ 426,270 279,977 706,247 += 490,785 810,186 800871 

W Withheld to avoid disclosing individual company confidential data; included with “Miscellaneous.” _ 
“Incomplete total; remainder included with total for each specific use. Se - : 

| were essentially unchanged. These ship- from mines in 18 States. ‘The. first four 
ments were made to 19 countries. The major States in rank, Pennsylvania, Missouri, 
recipients were Canada, 55% and Mexico, Ohio, and Alabama, accounted for 81% of 
41%; 17 countries accounted for the re- the total domestic output. Jo p , 
maining 4%. Ww: fractories .. Johnstown, Pa., 
Ball stay imports,. all from the United acquired the operation of H.. K. Porter Co.’s 
. ss q ladle brick division. Porter’s primary pro- 

Kingdom, decreased slightly from 11,908 duct is fire clay brick. The acquisition 
tons valued at $366,000 in 1975 to 10,644 i ciudes four major : refractories, manu- 
tons valued at $342,000. | facturing plants, and a large underground | 

- mine.® Harbison-Walker Refractories Div. of 
FIRE CLAY Dresser Industries, Inc., opened a new high- 

Fire clay sold or used by domestic produc eae een naa bs the fiat 
ers in 1976 was reported at 3,352,250 tons time H , i 80 n’s new generation, high- 
valued at $40.1 million. Fire clay is defined alumina refractories are manufactured in 
as detrital material, either plastic or rock- the Northeast.® 

like, containing low percentages of iron Exports of fire clay increased from 
oxide, lime, magnesia, and alkalies to en- 219,000 tons worth $7.2 million in 1975, to 
able the material to withstand tempera- 296,000 tons valued at $12.9 million in 1976. 
tures of 1,500° C or higher. Fire clay is Fire clay exports increased over 35% in 
basically kaolinite but usually contains tonnage and rose 79% in value. The price of 
other materials such as diaspore, ball clay, exported fire clay rose by $10.73 to $43.57 

bauxite clay, and shale. Fire clays common- Per ton. a 
ly occur as underclay below coal seams, and Fire clay was exported to 40 countries, 
thus are generally used for refractories. ~~ ; oo, 
Some fire clay was previously reported in  v. a Nori De 6 1916p te . and we _ 
other end uses. Hee Engineer. Industry | News New 

Fire clay production was reported in 1976 _ ber i976 pe TO6 | Toduction Line. V. 58, No. 11, N
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with Canada, Mexico, and West Germany reported by producers ranged from $3 to 
| receiving 38%, 22%, and 15%. No imports about $50. The reported average unit value 

of fire clay were reported during 1976. . _——for fire clay produced in the United States 
There are no price quotations in domestic increased 9% from $11.01 per ton in 1975 to 

journals for fire clay, but the per-ton value $11.97 in 1976. — os, 

| - Table 14.—Fire clay sold or used by producers in the United States, by State? 

— ms ; 1976 

Alabama ______-____-------_-- 249,810 $8,057,100 $72,971 $4,049,077 
California ________--.-------__- 105,246 424346 86,189 888,648 
Colorado -<222TTSIIIIIII- Ha ms a 
Illinois _-_-------------------- .___-56,685 898,162 50,883 381,752 
Indiana____-_--_----------__- | 1,617 15,640. 2065. | 20.780 
Kentucky ——~—--------2--~--_-- | 95,925 621,747 85,814  —_— S80,457 
Missouri .________-__------__-- 854,169 —«-:11, 285,147 «$09,273 - 11,723,486 
Montana __________-----------_ 1,845 Ww -1,266 5,192 
New Jersey __________---------_ 17,819 121,850 11,549 90,712 
Ohio________-_-____--_-------- 196,758 5,884,812 - 700,078 5,530,220 
Pennsylvania __.______--_----_-- 781,184 10,862,015 888,757 11,928,949 , 
Texas ______--___--.-.-------- 34,248 270,590 54,335 259,580 
Utah ___________-.__-__------- 5,110 29880 3S. 4590 26,889 

, Other States? ____.__._____------ 283,748 «8,884,058 295,222 4,366,308 

Total _.-_-------------. 8,268,008 _- 85,931,853 3,352,250 40,118,972 

__W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
a 1Refractory uses only. | a | : 

"Includes Arizona (1975), Idaho, New Mexico, Washington, West Virginia, and data indicated by symbol W. , 

a -—-s BENTONITE | ging, and handling procedures. Some exper- 
. too . imental work was also underway e i 

Bentonite production in 1976 increased the practicality of switching et an 
9% in tonnage and 16% in value over that | gas firing in dryers to coal burning. | 

__ of 1975, A general increase in domestic “Qn December 27, 1976, Chemical Market- 
consumption, particularly in filtering, de ing Reporter quoted bentonite prices 7 

__ edlorizing, waterproofing and sealing, and unchanged. Domestic, 200-mesh, bags, car- 
exports was noted along with a large increa- joaq iota, fob. mines, was priced from 

oe 00 tn Mead mud and dient increases IN $15.50 to $16.00 per ton; and imported 
animal feedand pet absorbent. = Italian, white, high-gel, bags, 5-ton lots, ex- 
Bentonite was produced _im 15 States. warehouse, $337.60. ($0.1688 per pound) per 

Increased bentonite production was report- ton The average unit value reported by 
ed for jlabama, Arizona, Calttomnin, voor domestic producers for bentonite sold or 

agro earn se evada, Ore used in 1976 was $16.61, an increase of $0.98 | 
ave ou ee decrease, : M ote from the $15.63 average of 1975. Per-ton 

mand Tense Ce ne ee eo ae . m ut, as in 1975. 
penenenaly » the highewe ng or. soqmum the average value reported by the larger 

ntonites are produ ely in Wyo- producers was near the Mississippi average 
ming, Montana, and South Dakota. The figure of $18.05. _ 

calcium or low-swelling bentonites are pro- —“"Rentonite exports in 1976 increased from 
duced in the other Staves. ares, In 4, £97,000 tons in 1975 to 787,000 tons; value 

ustrial Mineral Ventures, Inc., report- i creased from $39.5 million in 1975 to $50.4 
ed to have invested up to $12 million in its inion in 1976. Although the tonnage ex- 
Amargosa ve ey ? N ev. aa iolite, saponite, ported increased nearly 18% above that 
an rite mining and milling opera- ° . . 
tions.’ Industrywide improvements were shipped in 1975, the value in 28%. 
continuing to be made in environmental sy, Pal Times (Soutl 
controls systems and in automating, bag- Nev.). V.6, Nel Satay i976, pp. 1, 10-11. bas Vegne,
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| The increase in value was the result of United Kingdom, 6%; Australia, 4%; and 
increase in the unit value of exported ben- the others, 21%. Domestic bentonite ‘pro- | 
tonite from $56.60 per ton in 1975 to $64.04 ducers reported the end use of their exports 
per ton in 1976. This increase in per-ton were foundry sand, 43%; drilling mud, 33%; 

| value was attributed to a large increase in iron ore pelletizing, 22%; and others (in- __ 
oe the value of the higher cost drilling mud _ cluding medical, pharmaceutical, cosmetic, 

and foundry-grade bentonites shipped. Ex- soil conditioner, and rubber), 2%. a 
_ ports in previous years consisted of alarger. - Bentonite imports in 1976, including 

| percentage of the lower cost pelletizing chemically activated material, totaled 2,945 
grades. Domestic bentonite producers were _ tons valued at $466,000 compared with 5,219 

_ facing increased competition in foreign tons valued at $617,000 in 1975. The 2,849 - 
markets. Bentonite from the Greek Island _ tons of chemically activated bentonite was 

| of Milos was being blended with the U.S. imported from seven countries, with Mexico 
clay for pelletizing Canadian taconite ores supplying 86%; Canada, 33%; Japan, 29%; 
on a large scale. — a! and West Germany, France, the Philip- 

Bentonite was again exported to 83 coun-. pines, and the United Kingdom the re- 
tries. The major: recipients were Canada, maining 2%. Special-purpose Italian ben- 

| 50%; Japan, 10%; West Germany, 9%; the _ tonite was also imported in 1976. See 

_ Table 15.—Bentonite sold or used by producers in the United States, by type and State 
State an Nonswelling =. ——_ Swelling Total 

Short tons. Value. - Short tons Value Shorttons § Value 

1975 oe 7 a . Arizona_------ ee WO WW OW 25,118  .. $815,554 California ____________ 22,879 $588,228 49,017 $1,459,862 71,896 2,048,090 : Colorado _____________ 8506 26,241 2,506 26,241 : Mississippi | 264,089. _ 4,607,219 _ “264,089. 4,607,219 Montana _____________ hr 177,424 1,800,388 177,424. «1,800,388 Nevada ..-_________ ole 5B "104/866 2,858 104,366 Oregon _-____________ ao -- 4199-14888, 99 14388 Texas _______=-______ wi We -—. Wwe WwW 
| Wyoming 777777777 = wae 404,169 95,623,078 2404169 35,628. 076 | Other States----- ~~~ gg T76 13,806,710 FT 288 29,498,544 4978946 —35,919.700 

Total _.___._.___. 474,506 ~—>—-9,017,,585 2,754,761 41,457,459 8,229,267 ‘50,475,044 

Arizona_-_-._._-__._... °. W | WwW Ww Ww ~—-s-2,921 361,386 California ____________ 28,902 747,082 58,822 1,900,980 - 87,724. 2,648,012 Colorado _..__________ 1200 1200 #8 =°§ W Ww w WwW Mississippi____________. - 878,457 6,789,569 __ -- 878,457 6,789,559 _ Montana ne _- 158,695 = «2,804,871 =—s«-«*158,695 = «s: 2.304'871 Nevada _-____________ lL _- 7,512 —-174,300 7,512 . 174,800 
Oregon ______________ _- —— 1,814 | ‘29,024 1,814 29,024 Texas __-_____________ 39,414 850,344 oe De 39,414 850,344 

Weaning 2777277777772 rT ae 498791 99,514°748 498791 39518713 Other States----------- 454,180 19,254,508 Fioe'63s 23.929 505 “4506 047 35,834,322 
a : LSA a . Total _._______ 597,108 10,603,138 2,923,278 47,861,428 3,520,381 58,464,561 

ees OOO ee 
W Withheld to avoid disclosing individual company confidential data; included with “Other States.” oe 
1Includes Alabama and data indicated by symbol W. | 
7Includes Idaho (1976), Kansas (1976), South Dakota, Tennessee (1976), and data indicated by symbol W. 
Incomplete total; remainder included with totals for specific States.
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Table 16.—Bentonite sold or used by producers in the United States, by type and use . 

| oO , | Short tons) 

: | 1975 1976 

oo swelling Swelling Total swelling Swelling Tote) 

Adhesives. __._._-.____.____ __. 3 8 Ww ow 1,583 
Animal feed _--.___.-____ 49,774 126,284 =: 176,058 | __ 156,652 156,652 

Gataljute(oilrefiningy 2-7-2 (tT aT 
Drilling wud -aas2777 25.508 710,446 136558 23,451 950,099 973,530 oo, ‘mud ~~~ 25,8 , y , . 

_ Fertilizers _-_ ~~ =~ oo 8,406 _- 8,406 9,160 __ 9,160 

Filtering, clarifying, and de- ) oT | 

Animal oils and mineral 7 
oils and greases ___~___ 48,823 5,687 54,510 82,638 3,969 36,607 

| Vegetable oils.._..-_____ _ 68,876 oe 63,876 158,334 _. 158,334 
_ Foundry sand ____________ 242,188 465,800 707,938 288.769 357,704 646,473 
Glazes, glass, and enamels _ _ _ _ — -- 141 ° 141. -_- WwW if 

Gypsum products — —_— — ——-——- - TT + 888 383 __ 470 410 - 

and cosmetic__......._.. . 68. 2,019 2,077 -- 1,583 — 1,533 | 
) - Paint ek 4,102. 4102 W W 3,570 

Pelletizing (iron ore) ________ _ i. —-878,022~—s«8 78,022 _. , 868947 868.947 
| Pesticides and related products-_ —=—_2,462 517 2,979 8,556 50 3,606 
oo Pet absorbent --a--------- —  t:s«C80,184— 801840 si sé 

. Floor andwall _-........ .. 488 © LL. 488 ATT a4 ATi 
Roofing __.._-_-__-:_ 7,566 ti(ité‘«s;«CS 15,470 15,470 

"Waterproofing and sealing 7~_ -«180s93609—si«wsd]S«C(‘é‘“‘KMOR:«O~*«CG'R. OCT aterp an ing 12. = ’ ,029 00; : F 
| Miscellaneous ~----------- 8,052 61,984 65,086 187... 18,766 18,800 

Total ___-____._____.. 461,685. _ 2,820,664 2,782,849 567,704" 2,454,179 —_ 3,021,883 

Drilling mud.2..._.._-_-- «128,848 = 128,848 __ 184,572 «184,572 
| Foundry sand ____________ 12,821 154,391 +=—-:167,212 ~=—s«16,881 . 158,749 170,080 

| _ Pelletizing(ironore) _------- =z ~— 142,889 142.889, = __- 129,596 =—-:129, 596 
| Other _---2-----------. 8019 8019S 18,068 182 «4,250 

| Total _- 2 12,821 484,097 = 446,918 29,399 469,099 498,498 

Grand total _..__.__..._ 474,506 2,754,761 8,229,267 597,108 2,923,278 + 3,520,381 | 

W Withheld to avoid disclosing individual company confidential data; included with “Miscellaneous.” 
_ ‘Incomplete total; remainder included with total for each specific use.
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. _ 

FULLER'S EARTH clay or claylike material, usually high in 
| : . . magnesia, which has adequate decolorizing 

| Production of fuller’s earth in 1976 in- ang purifying properties. _ 7 

creased 13% in quantity and 23% in value. Production from the region that includes 

The unit value assigned by | domestic pro- Attapulgus (Decatur County), Ga, and 
ducers increased $3.35 in 1976 to $89.09 per Quincy (Gadsden County), Fla., is composed 
ton. This increase in value was due to large predominantly of the distinct lath-shaped 
increases in unit value by Florida, Georgia, amphibole clay mineral attapulgite. Most of 
Illinois, Mississippi, and South Carolina the fuller’s earth produced in the other 
producers. areas of the United States contains varie- 

Fuller’s earth production was reported ties of montmorillonite. . 

from operations in nine States. The two top _—_Prices for fuller’s earth were not publicly 
producing States, Georgia (89%) and Flori- quoted in 1976, but the value per ton for 
da (31%), accounted for 70% of the domestic attapulgite reported by producers ranged 
production. The other seven States account- from $25 to over $55; montmorillonite 
ed for the remaining 30%. All States show- prices ranged from $21 to $46. 
ed slight gains in production. Californiaand § The tonnage, value, and unit value of 
Missouri did not report any production in fuller’s earth exported to 36 countries were 
1976. unchanged from 1975. The unit value of 

Fuller’s earth is defined as a nonplastic exported fuller’s earth declined $3.07
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to $64.48 per ton. The major recipients were Imports of fuller’s earth in 1976 were 22 
the United Kingdom, 33%; Canada, 21%; tons valued at $2,000 all from the United | 
the Netherlands, 19%; and other countries, Kingdom. | 
the remaining 27%. a | a 

_ Table 17.—Fuller’s earth sold or used by producers in the United States, by type and State 

7 Year andState Attapulgite Montmorillonite Total 

; ee Short tons Value Short tons Value Short tons Value 

Florida 9 984550 $15,755082 884,550 $15,755,082 
: Georgia___-__________ WwW Ww Ww Ww 446,418 «14,278,864 

Utah _______________ nee __ 2,174 $49,000 2,174 49,000 
Other States ---------__ _. 1884884 112,619,197 3467,456 714,075,347 3355,927 312,420,680 

Total __....-...__ 719,484 _ 28,874,299 469,680 14,124,347 1,189,064 42,498,576 

Florida _____-..._.____ “412,882 19,006,758 = - 1 .. 412,882 ——-19,006,758 
Georgia =U TIT TTTTT 845249 14,159,671 176,087 3,755,858 521,286 —-17.915,529 
Nevada _. 2 2 Ww WwW. — -- WwW WwW 
Utah 2,238 55,950 2,288 55,950 

. Other States_-.-.---=.- 124,140 1,184481 881,086 714,276,302 «405,226 «15,460,783 

~ Total __-_..___. © 782,221 - 34,850,905 559,361 18,088,110 1,341,582 52,489,015 

__ W Withheld to avoid disclosing individual company confidential data; included with “Other States.” oo 
-  Mncludes Texas and data indicated by symbol W. ~ a | 

“Includes Illinois, Mississippi, Missouri (1975), South Carolina, Tennessee, Texas and data indicated by symbol W. 

Table 18.—Fuller’s earth sold or used by producers in the United States, by type and use | 
OT Short tons) ee a 

OO ete IB 1G OOC~™S 
| Ue Atte” ~——«CMontmoril- ==... Atta. Montmoril- 

. ~~” Adhesives. __-_________ 5,080 —— 5,030 3278 ~~ _- 8,278 

fei UW Owe 
Drillngmud _._____-_-__- 87981 = 87,981 74,824 5,478 80,302 | 
Fertilizers .____________ 30,840  —«-12,065 42;905 35,652 9,309 44,961 
Filtering, clarifying,and = _- |. - nn : | 

and greases umerslce e996 22,262 22,674 2118 «24,787 
- ‘atid cosmetic ii OL __ 61 . 51 —_ 51 

_ Qil.and grease abeorbents.___ 200,984 «148,141 = 849,075 270,222 «=»: 120,954 ~—S 891,176 
| Paint. -__..___._______ 2068 -- —«s-206B- B91 QT. 

+ Paper coating *————-=--+-- en -_- 4 150 ~~, . 150. 

 Peoduete related ager a9.250 198,327 154,180 - 50,889 205,019 - Petabsorbent —2 5222722 161,578 —pge'gea 874,442 127,588 294,722 422,810 | 

, Dotal 22a 657,962 451,871 1,109,888 718,127 528,898 1,246,520 

Catalysts (oil refining) ______ Ww Ww 3,280 __ UL 
Drilling mud ____-_______ W _. ‘Ww 457 487 
Fertilizers... _ W Ww 2,089 _- -— - 

.  Oiland grease absorbents ____ 17,077 4544. 21,621 «81,928 141 82,064 
Pet absorbent ___._______ 82/311 5,734. 38045 23218 22,880 46,048 
Miscellaneous — ~~ ~~~ ____~ 12,084 7,981 14746 8496 7,997 16,498 

Total _....._________  _ 61,472 18,259 79,781 64,094 30,968 95,062 

: Grandtotal _...._._____ 719,484 469,680 1,189,064 782,221 559,361 1,941,582 
emma reer eee se 

W Withheld to avaid disclosing individual company confidential data; included with “Miscellaneous.” 
1Incomplete total; remainder included with total for each specific use.
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| an Figure 3.—Fuller’s earth sold and used by domestic producers for specified uses. 

COMMON CLAY _ The average unit value for all common clay 

| Domestic production of common clay and d shale p fen acs 1B ise United Sta | e non and Puerto Rico in 1976 was $2.12 per short 
Shale in 1976 totaled 37.6 million tons ton, $0.95 than in 1975. The range i ae | taled | mu. , 90.25 more than in . The range in 
valued at $79.8 million. Common clay and ynit value reported for the bulk of the 
shale represented 71% of the quantity and output was from $1 to $5 perton. ©- 

| 15% of the value of the total clays in 1976. Common clay is defined as a clay or 
e . e we . . _ " 

, Puen Rican production and ae of com- claylike material which is sufficiently plas- 
s e aa e -%. oe e ° e 

disc Clay and ene e were withheld to avoid tic to. permit ready mold and vitrification 
z °° ° e e disclosing confidential company data. Do- below 1,100° C. Shale is consolidated sedi- _ 

mestic output in 1976 increased 5% above mentary rock composed chiefly of clay 
that reported for 1975. minerals that has been both laminated and 
Common clays and shales are for the most indurated while buried under other sedi- 

part used by the producer in fabricating or ments. These materials are used in the 
e ro ae 

manufacturing products. Less than 10% of manufacture of structural clay products, 
the total clay and shale output was sold. such as brick and drain tile, portland ce-
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ment clinker, and bloated lightweight wide attention was focusing on coal firing as 

aggregate. _ a possible escape from the high cost and 

In 1976,.Dickey Co., Pittsburg, Kans., shortages of oi] and gas. | 

announced that it and Hepworth Ceramic Exports of common clay and shale are not 

| Holdings, Ltd., had reached an agree- tallied by the U.S. Department of Com- 

ment to merge with a U.S. subsidiary of merce. Most countries have local deposits of 

_ Hepworth. Dickey is a large Midwest manu- either clays or shales that are adequate for | 

facturer of large-diameter clay sewer pipe. manufacturing structural clay products, ce- | 

o, The output of the energy-intensive common ment clinker, and lightweight aggregates, 

___ elay and shale industry was hindered again and thus have. no need to import such 

.. .. by shortages of fuel and labor. Construc- materials. ~~ : ae oe 

o tion rates increased in 1976. Industry- — | | . a 

Table 19.—Common clay and shale sold or used by producers in the United States, by 

re | . State’ a | | | 

7 ae ee ‘Short tons _ Value  -— Short tons ~ Value | 

“Alabama ___-- 5 “1,855,246  —=s- $2,528,551 1,781,841 $2,674,718 
7 _ Arkansas _______-_------------ “913,180 1,054,415 998,033 1,235,755 Z : 

| - California = 2 ---------- 2,209,828 4,900,763 1,992,487 4,928,352 7 
| Colorado. ________-_----------- “451,050  —-—s»>—=so964,882 «(= ts:é‘<«é‘«é iSO 202 1,554,488 

: Connecticut _________-------=-- 115,638 306,531 130,483 427,080 | 
. Delaware ______..__.--=-------~- 9,396 © 5,638 11,241 7,900 

- ‘Florida ____________.--------- 305,519 456,976 242,688 682,326 
Georgia - 5 +e 1,689,236 3,392,463 2,015,540 4,305,011 

eS Ilinois ___________----------- - 1,809,501 2,855,606 1,258,136. 2,889,933 
- Indiana —_ ~~ - 5-5 ---------- 1,092,023 . 1,944,931 1,262,642. 2,287,649 

— Jowa Le ----- | 959,311 1,916,060 1,016,772 2,244,873 
. . ° Kansas _-~ ~~ ------------ 1,177,605 1,608,860 1,063,831 1,868,714 

Kentucky ~_._____------------ 681,789 861,398. 668,425 1,814,500 
-.- Louisiana ~~ +e 580,925 1,132,291 512,572 ~ 1,158,137 
. - Maine __--________--___-_----- 125,474 202,380 > 188,617 ~ 216,060 

: Maryland ___________.-------- 580,346  . 1,450,124  — 702,361 1,816,949 
bos Massachusetts __ _.~--_---_--~--- . 124,364 ... 227,593 125,934. . -237,706 

. ‘Michigan __________----------- - 1,818,102 - 8,579,774 1,934,334 4,741,192 
| Mississippi __________---------- 1,152,322 1,974,623 1,113,728 2,109,552 

Missouri ___.---__2-.--------- 1,209,273 | 1,928,433 1,256,298 2,128,604 
Montana __________-_-.------- 44,679 17,378 81,660 "45,971 
Nebraska ___________.----_---- 194,975 416,386. 149,275 344,683 | 
New Jersey ________---=.------. 50,000 250,000 - 60,000 250,000 | 

| New Mexico ________-_--------- 43,848 60,669 55,926 116,086 | 
- NewYork _____-______-_------- 817,136 1,561,094 649,543 _ 2,089,528 

North Carolina. __.____-----=+---- 2,581,960 4,098,650 2,750,011 4,677,254 
| Ohio ._____________---------- 2,654,073 5,987,325 8,587,644 9,373,707 
a Oklahoma ___________--------- 995,200 1,700,763 1,154,656. 1,678,247 

: Oregon ___________=--~-------2 118,845 199,647 145,258 286,407 
| Pennsylvania _._____---------- 1,164,167 8,309,590 1,452,729 4,108,000 
: Puerto Rico ___._____---------- 341,342 440,117 Ww WwW 

‘South Carolina _______---------- 1,150,685 2,446,479 1,681,062 3,457,856 : 
South Dakota _________--------- 187,354 184,549 128,842 187,066 | 

. Tennessee __________---------- 885,937 "1,159,058 1,015,924 1,581,536 
7 Texas _________-__----------- 8,994,529 7,598,599 3,596,912 7,627,532 

Utah _____________-_-------- 211,275 453,087 197,340 440,094 
: Virginia. _______._------------ 819,458 1,152,084 862,036 1,210,199 

Washington __________--------- 289,698 717,761 380,856 1,140,537 
West Virginia ________---------- 278,300 439,165 275,138 ‘468,588 
Wisconsin ______--.~---------- 2,400 4,416 W WwW 
Wyoming _______-_~----------- 177,978 422.558 . 201,440 500,460 
Other States? ____._____-------- 352,834 633,835 647,770 1,025,138 

Total __________------- 35,666,286 66,649,947 87,579,682 79,828,378 
eh 

| W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1Includes Puerto Rico. 
w *Includes Arizona, Hawaii, Idaho, Minnesota, Nevada, New Hampshire, North Dakota, and data indicated by symbol
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CONSUMPTION AND USES) a 

The manufacture of heavy clay products Refractories.—All types 8 of clay w used 
(building brick, sewer pipe, drain, roofing, in manufacturing relostoriea Fine clay structural, terra cotta, and other tile), port- kaolin, and bentonites accounted for 59%. 

| land cement and clinker, and lightweight 17%, and 13%, respectively, of the total 
aggregate accounted for 38%, 21%, and clays used for this purpose. Bentonite was 
12%, respectively, of the total domestic used primarily as a bonding ent in 

consumption for 1976. In summary, 71% of prietary foundry formulations. Mino ton. 
all clay produced in 1976 was consumed in | 1; | }, rion nages of ball clay (2%), fuller’s earth, and 
the manufacture of these clay- and shale- maining construction mater oh e foregoing commen | clay and shale (the remaining 9%) : 
based : r ials . ore were used, primarily as bonding agents. | 

| clay tonnage relationships were similar to The tonnage used for refractories in 1976 
those reported for 1975. The utilization of increased to slightl than 9 
clays in 1976 for heavy clay products and total clays ored-ced. This elhtinncne a. 

| portland cement increased 14% and 12%, the use of da based Peete oued 
| respectively, over that reported in 1975. | ¥ ree ate continued a | Heavy Clay Products.—The values re for a fifth year, a reversal in the downward 

ported for shipments of heavy clay products pattern set for a numer of years. The 
a in 1976 increased 20% to $784 million from Continued exp due “primarily te Poth the 

| the 1975 value of $656 million. Trends in the continued ¢ eed ee TY B8Bre- 
various product categories were less consist- gate production and an upsurge in the 
ent. Thousand-unit counts for building or manufacturing of more conventional brick- 

common face brick increased 19% in 1976 type refractories. Refractory aggregates are 
from that shipped in 1975; shipments of used mostly in plastic, gunning, ramming, 

| , glazed and unglazed ceramic tile and glazed and castable mixes. 
| brick decreased 22%, and clay floor and oo pitts gy oe reed 10 some extent 

wall tile increased 10%. The tonnage of pers in one or more areas of use. | 
| unglazed structural tile decreased 19%, and Kaolin, fuller's earth, and bentonite are the 

vitrified clay sewer pipe and fittings ship- principal filler clays. Kaolin was used in the 

ped during the year declined 8%. The value ™anufacture of a large number of products, 
of these shipments increased 29% for build- SUCh a8 paper, rubber, plastics, paint, and 
ing brick and clay and 17% for floor and fertilizers. Fuller’s earth was used primari- 
wall tile. The value declined less than 1% ¥Y in pesticides and fertilizers. Clays in 

for | clay sewer pipe and over 18% for the Pesticides Pra Me or ailling os either as 
| ‘les. | _ carriers, diluents, or prilling agents. Ben- 

Lightweight Aggregate.—Consumption of tonites were used mainly in animal feed. 

clay and shale in the making of lightweight _ Seven percent of the clay produced in 
aggregate declined in 1976 to 6,180,643 tons. R76 was used in filler applications. Of all 

7 This was a 24% decrease from the 8.1 the clay used for these purposes, kaolin 
million tons used in 1975. accounted for 72%, fuller’s earth 5%, and 
The tonnage of yew material mentioned bentonite 4%. Ball clay and common clay 

in es 20 an for lightweight and shale accounted for the remaining 19%. 
gate production refers only to clay und The total amount of kaolin consumed by 

slate and blast furnace slag simalarly weed. individual kaolin, categories, increases. of an ce similarly . indivi olin categories, increases of 
In 1976, 523,000 tons of slate was expanded over 100% were recorded in animal feeds 
for lightweight aggregate, 3% above the and medical, pharmaceutical, and cosmetic 
1975 figure of 510,000 tons. The National categories. Other increases were paint 
Slag Association reported that the amount (84%), gypsum products (66%), paper filling © 
of slag used for lightweight concrete aggre- (51%), plastics (34%), paper coating (9%), 
gate and in block manufacture increased and rubber (7%). Total quantity of fuller’s 
37% from 1,092,000 tons in 1975 to 1,492,000 earth used in insecticides and fungicides 
tons in 1976. increased 3%.
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‘Absorbent. Uses.—Absorbent uses for koalin were used in specialized formula- 
clays, 1,156,455 tons, consumed 2% of the _ tions. : | 
total 1976 clay production. Demand for Floor and Wall Tile-—Common clay and 
absorbents in 1976 increased 53% over that shale, ball clay, koalin, fire clay, and ben- 

| reported for 1975. Fuller’s earth was the tonite, in order of demand, were used in 

| principal clay used in absorbent applica- manufacturing floor, wall, and quarry tile. 
tions; 62% of the entire output was consum- This tile end use category accounted for less | 

| ed for this purpose. Bentonite was usedtoa than 1% of the. total clay production in | 

_. lesser degree. Demand for clays in pet 1976. Demand in 1976, 381,641 tons, decreas- 
a absorbent, representing 31% of the 1976 4 4% from that shown in 1975. 

~~ absorbent “demand, increased 13% from ~ ‘Pelletizing Iron Ore.—Bentonite is used | 
. that reported for 1975. Demand for use in as a ‘binder in forming iron ore pellets. ~ 

7 floor absorbents, chiefly to absorb hazard- ph ownand decreased slightly in 1976 to 
| ous oily substances, represented the re- ° ) . , . ining 56% of absorbent demand and 868,947 tons. This decrease in the use of 

maining i : 7 f bentonite for iron ore pelletizing, reflecting 
- ” Delllia iM from the tee figue “le in 2 downturn in steel production, was com- 

rotary-drilling muds increased 27% in 1976, Pounded by inroads made by cheaper 
from 827,962 tons in 1975 to 1,049,745 tons. foreign bentonites into a traditional U.S. 

_ This increase in demand, mostly in explore. £27107” shout 20% of the ewelling c11e, in ’ fu 0 ne 

AY re deilline® ee roamed "hethe variety was consumed for this purpose. U.S. 
- deregulation of “new” gas introduced into deposits continued to be the major source 

: the interstate market after April 6, 1972, for swelling bentonites. 
7 Drilling muds consumed 2% of the entire _ Ceramics.—The total demand for clays in 

1976 clay production. Swelling-type benton- the manufacture of pottery, sanitary ware, 
ite is the principal clay used in drilling mud china and dinnerware, and related pro- 

ss mixes, although fuller’s earth or nonswel- ducts, excluding clay flower pots, accounted 
ling bentonite is also used to a limited eT” ic the total 1976 ay ote The . 
extent. Bentonite and fuller’s earth accoun- total clay demand, principally an 

| _ ted for nearly 100% of the total amount of kaolin clays, increased from approximately 
clay used for this purpose. Small amounts of 616,000 tons in 1975 to approximately 

| ball clay, common clay and shale, and 1,052,343 tons in 1976. |
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| Table 21.—Shipments of principal structural clay products in the United States _ 
_ Products - - 1972 1973 1974 1975 ~ 1976 

Guantity ----—~—-~—~~~ ~ million standard brick__ 8,402 8,674 6,673 5,854 oa 
alue _____________________million dollara__ $404 $451 . $3876 $358 | 1 

Unglazed structural tile: . | | Oo 
Geantity ~-----~-~---~ ~~ ~~ thousand short tons__ 101 94 100 8 COST 

_ Value _._______._______.__~-_million dollars__ __ $3 $4 $4 $4 —«€8t _'_- Vitrified clay and sewer pipe fittings: 
Guantity --------~~~--—~ ~~. thousand short tons__ 1,718 1,647 1,454 1,190 1,099 — alue — -——--—------_____.__miillion dollara__ $148 $188 $134 $124 = $128 

hantity ----------~-~~ ~~ million equivalent... (131 _—« 122 97 79 = §=— 62 . alue ~_-__________________ million dollars__ $13 $138 = $18 $11 $10 Clay floor and wall tile, including quarry tile: | a . | Quantity ~------~~-~~—~— ~~ million square feet__ 308 301 273 236 = alue ~-_____._.__.________-wmillion dollars... $159 $168 $168 $159 $186 

Total valuet____ 22 do $722 $773 $695 $656 $784 

*Data may not add to totals shown because of independent rounding. oe 

| Table 22.—Common clay and shale used in building brick production in the United States 

, State Short tons Value State _ Shorttons Value . S
D
 

Alabama __ ~~. __ 733,119 $1,005,810 Nebraska_.._.___._____ _ 100,455 $240,328 Arizona, Hawaii, Idaho _ ___ 56,006 87,581 NewJersey__..__._.______. . 50,000 250,000 Arkansas__..........._ 545,498 642,028 | New Mexicoand North - California _.........._ 481,972 973,376 Dakota _--.-- 67,112 99,259 co : Colorado _____.-______ 424,112 1,528,198 New York_.___.___._____ |_ 166,122 --—__: 818,728. , _ Connecticut .-. 124,148 410,055 NorthCarolina _________ 2,184,234 8,709,214. Delaware.__.__.._____ 11,241 7,869 Ohio... ~~~ ~~ 2_____ 1,353,258 3,227,229 Florida _.........____ 2,868 . 4,295 Oklahoma ____.__.____ 580,541 . 622,973 Georgia _.._...______. 1,616,490 2,898,541 Oregon _.____________ 52,092 107,520 Illinois --_~______.____ 828,788 916,278 Pennsylvania ______.____ 1,020,890 3,097,686 - Indiana __-_ 22 468,238 804,747 SouthCarolina__...__=_. 1,262,287 2,590,768 Towa and Maine _________ 250,718 409,380 South Dakota _.________ 12,168 17,474 Kansas __ 2 __ syeace 715,367 Tennessee -~----------- By obleeis ‘ Kentucky _._._.-__.__ , exas __-__________ s357, 945,834 
Maryland nd Michigan ____ 362344 1127918 O Weet Virginia ini 215,746 406,996 an ---- 9 ’ wee oe ee ? 9 Massachusetts and _ . Virginia__ ~~. _____ 154,228 1,048,382 Minnesota __ 182,306 287,858 Washington ___________ 243,353 609,188 Mississippi _..._.._____ 910,504 1,794,656 Wisconsin_____________ 2,640 4,858 Missouri ___~__~______ 198,622 532,672 Wyoming .____________ 52,109 201,820 

_ Montana and Ce Total _....___.__.__ 11,584,398 35,216,985 New Hampshire _______ 38,486 79,343 
LS ESS SS re srs ses eensesvennsnmnsnamcstye 

Table 23.—Clay and shale used in lightweight aggregate production in the United States 
: | in 1976, by State and kind 

meen SS eye cys hh sepesssesapeseeem 

Short tons Total 
State ~ Concrete. Structural Hisheav .. ” Highwa 

block concrete surfacing Other Total value ———— OO eee 
Alabama and Arkansas ___________ 698,286 152,231 28,660 -~— 879,177 $1,079,482 California -_______...._______ 202,496 184,075 -- 80,364 416,935 1,191,473 Colorado, Florida, Georgia ~._______ 194,455 49,636 _. -- 244,091 1,044,909 Illinois, Indiana, lowa __._________ 695,719 234,900 3,625 _- 934,244 1,844,150 Kansas, Kentucky, Louisiana _______ 337,070 85,798 75,809 20,299 518,976 1,089,179 Maryland, Massachusetts, Minnesota _ _ _ 482,968 21,977 _- 26,186 531,131 1,036,087 Mississippi ______....__.._____ 166,619 14,053 20,075 -_- 200,747 301,122 Missouri, Nebraska, North Carolina ___ 190,200 126,800 __ __ 317,000 491,350 Montana ____________________ 14,000 -. _. oo 14,000 23,000 New York _____.~-___________ 198,287 95,041 -_- _- 288,328 1,461,703 
North Dakota, Ohio, Pennsylvania ____ 115,300 8,842 _- 400 124,542 259,246 Oklahoma ___~__.--_..~______ 121,238 81,818 -- -- 203,051 375,645 Oia Oak wantin = Se ul mm. . : ’ -- — 9 9 Tennessee ___________________ 232,650 3,300 __ _— 235,950 553,410 Texas __ ~~~ 421,802 231,202 297,668 13,752 964,424 1,599,354 Virginia ~.-_-___-.___________ 99,040 1,855 -- 4,833 105,728 158,593 I E800, 0 

Total _---_-____________ 4,820,662 1,288,310 425,837 145,834 6,180,643 12,870,504 — On ee ET
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| Table 24.—Shipments of refractories in the United States, by kind _ 

. 1975 1976 

Product i Quan- Value Quan- Value 
| quantsty tity (thousands) tity _ (thousands) | 

; CLAY REFRACTORIES _ 
Superduty fire clay brick and shapes — ~~ ~~ 1,000 grinch | 63,945 $37,732 57,058 $36,342 

Other fire clay, including semisilica, _ _._-do__. 201,667 © 72,521 184,879 14,306 

tank blocks, feeder parts, upper 
structure parts only for glass | 

| High-alumina (60% to 60% AlaOs) brick _--do__. 70,688 78,152 68,887 78,588 - 
and shapes made of calcined dia- 
spore or bauxite.’ 

Insulating firebrick and shapes _...-...  —---do-_- 56,662 26,658 51,787 27,189 
Ladle brick. ..-_._______.--...... ----do_-- 114,580 $6,311 197,075 48,668 | 
Sleeves, nozzles, runner brick, and _._.do_._. 36,048 19,858 36,209 21,837 

Hottop refractories _________--_---  Shorttons _ 19,182 2,167 22,940 2,645 
Kiln furniture, radiant heater ele- _..-do _.- NA 18,784 NA 15,659 

- ments, potter’s supplies, and other _ oO 

items. _ 

Refractory bonding bonding mortars _.._....--. ----do_. 105,126 18,646 . 88,645 17,425 
Plastic ies and ramming _._.do__. 200,155 88,042 288,917 47,682 
mines, containing up to 87.5% 

| Castable refractoriee..........__.___. ----do___ 268,108 51,294 267,699 57,708 
Gunning mixes _._._.._--.-------.  ----do ~~ 20,995 3,652 57,865 10,159 

. Other clay refractory materials sold ----do__. 340,572 16,062 282,867 15,318 

in lump or ground form.* ¢ _ 

Total clay refractories .__-_--------------- XX 409,879 XX 448,471 

NONCLAY REFRACTORIES . ——- 
Silica brick and shapes —~_—._..--~--- 1,000 9:inch | 87,478 . 29,376 38,669 35,721 

. “ equivalen a ae 

_ Magnesite and magnesite-chrome —-—-do __. 79,245 152,060 85,106 187,135 

. brick and shapes. oe 
Chrome and chrome magnesite brick _.—.do __— 18,890 25,148 18,428 29,455 
and sha oS 

Shaped relractorie ies containing nat- Short tons — 19,196 — 21,752. 19,852 24,236 

| Other carbon refractories: Forsterite, 1,000 9-inch 21,759 64,710 28,582 84,159 
pyrophyllite, dolomite, dolomite-mag- equivalent : oo 

. nesite, molten-cast,® and other brick | : . 
and shapes. a oe oo | 

Other mullite, kyanite, sillimanite, or _--.do __. 4,278 12,642 3,716 12,356 
andalusite brick and shapes. 

Other extra-high (over 60%) alumina _-..d0 __— 8,788 20,142 4,205 28,797 
brick and fused bauxite, fused alu- = 
mina, and dense-sintered alumina 
shapes.® | | , 

Silicon carbide brick, shape, and -.—d0 4,522 24,975 4,689 ' 27,975 

Zircon and zirconia brick and shapes — ~~ — — _——--d0 __— 2,121 16,786 1,828 18,287 

Refractory bonding mortar _.......---  Shorttons — 37,190 9,182 26,994 ~ 8,551 

Hydraulic-setting ing nonclay refractory ____do —_— 40,071 16,829 45,869 19,836 
eo. - 

Plastic refractories and ramming _._.do__. 171,648 48,782 . 172,510 50,085 

Gunning mixes __..._------------  ----do.— 311,866 58,510 $25,160 62,237 
Dead-burned magnesia or magne- .__.-do_._. 561,108 85,211 526,542 78,137 

_ _ gite. 
Other nonclay refractory material -_--do_.. 482,265 20,359 491,826 25,661 

sold in lump or ground form.® 

Total nonclay refractories _ _ __......-------- XX 595,864 XX 682,628 

Grand total refractories ..._....----------- | xx 1,005,743 xx 1,181,099 

Bent art cf fusion; volatle terials thi being driven off the of chemical changes, ; ma us in presence giving more 
stable material for refractory use. - 

2More or leas plastic brick and materials which, after the addition of any water needed, are rammed into place. 
3Materials for domestic use as finished refractories, and all exported material. 
“Including calcined clay, ground brick, and siliceous and other gunning mixes. 
®Molten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form 

“Completely melted and cooled, then crushed and graded for use in a refractory. 
"Includes shipments to refractory producers for reprocessing in the manufacture of other refractories.
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Table 26.—U.S. imports for consumption of clayin 1976 

Co | 7 Kind an tehort | (thou. 
me, Be ae | tons) sands) 

China clay or kaolin, whether or not beneficiated: a 
-. Algeria 2 = ee ee 1 3 

a Pane, - — - va -- nano nn none no anne r nro - Sat ; () 

_ Germany, West ____________________.-_ 8 1 
Japan ____ ~~ ee eee 4 2 

7 | United Kingdom __ ~~~ ~~~ DTT TTI TT IIIT TIT I IIIT IIIIIII III 22,571 793 
Total.______-_-_________-___ 23,106 836 | 

- Fuller's earth, not beneficiated: United Kingdom __-=—------------------_ 2 - 

«Bentonite = st” Oo 
“Canada _____—__- ee 21 1 

: » Germany, West __________=___-_-.--.-------~--__----__- 18 3 
os _ Hong Kong__—~——-----------------------+------+-------- 6 © 4 

o Italy -____-_----~-------------~----------------------- ee 56 6 

: Total. -____-_____-__-.-____ e+ +--+ 96 10 

Common blue and other ball clay: | : oo | | | 
-_- Not beneficiated: United Kingdom _________-_______--------__--- - 8,680 242 

~ Common blue and other ball clay: oe 
. "Wholly or partly beneficiated: United Kingdom --------------------- 2,014 ~ 100 . 

~ Clays, n.e.c., not beneficiated: a | : 
~ Argentina ______________________________- ee 457 16 
an co Canada -~._.-_---1----_------------------------------ BAS 1 | 

Metal. ------------------------ 491 17 

- Clays, n.e.c:, wholly or partly beneficiated: _ — . . 
oo tenada’ 8 1 

: Italy ___. = -____-______~_~_~-----_-_---_---__-_----- 50S 4 
mo . Germany, West ______-------~~-~-----~---~-4- +--+ - _ 157 co 22 

“ . Japan ~ - —-~--- ~~~ ~~~ == 52-222 eon rrr rrr . 10 | ] 

a - U nited Kingdom ____ = __2__~ =~ LDL DLo Ll ol 2 titi ie 1,208 119 

2S Metal 2 none ----------------------------- 1,460 161 7 

> Clays artificially activated with acid: So , ) _ | 
en i 980 : 62 

a . Germany, West ~~~ ~~22~222222 2222722222272 22 222227777 BB 98 - 
. ~ Japan ____~___- ~~~. 2+ s+ +--+ 821 258 

Merico _—_— ~~ --—---~----=---------------------------- | 1,039 a 104 
] i mnes 2 we ee ee 

| United Kingdom ponte +++ p++ -------------------------_ () 1 | 

|  Total____--__------------------------------------ 2,849 456 
~ Grand total______----------------------------------- 83668 (i (:*«i: 

“*Legs than 1/2unit. , | 

OB WORLD REVIEW 

| Australia.—The Dressler Ceramic Group design, engineering, and construction of a 
of Pulman-Swindell, a division of Pullman, tunnel kiln, dryer, and associated facilities.° 
Inc., Pittsburgh, Pa., received a $1.1 million A consortium of Consolidated Gold Fields 
contract from Cragie Clays Pty. Ltd of Australia, Western Titanium Ltd., and Win- 

Longford, Tasmania. Cragie Clays is a divi- Jallock Resources Ltd. formed Western Aus- 
sion of Clifton Brick Ltd. The contract tralian Kaolin Co. to exploit high-grade 
covers a tunnel kiln, dryer, and related 
facilities to manufacture bricks.* Another 
contract was awarded to the same group by owe Ae. Industry Briefs—Contracts. V. 218, No. 14, 
Brick and Pipe Industries Ltd. of Mel- Pp. of. . ®Iron Age. Industry Briefs-Contracts. V. 218, No. 23, Dec. 
bourne, Australia. This contract covered 6, 1976, 2s. uetry on " °
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kaolin reserves near Gabbin, about 200 ramics (30%), and textiles (15%), as well as 
miles northeast of Perth, in Western the rubber, refractories, and paint indus- 
Australia." tries. : | a 

| Bolivia.—Plans were announced for a __Iran.—A $2.5 million contract was signed — 
bentonite beneficiation plant near Oruroon with the Industrial Equipment Div. of F. L. . 
the Altiplano, to come onstream in early Smidth & Co. and the Danish Leca Co. to 
1977. The new plant was to be built by the supply a complete lightweight expanded 
Baroid Div. of NL Industries, Inc., in a joint clay aggregate plant. Delivery was set for 
venture with the local Mosamar Co. Depo- early 1977, and on completion the plant will 

| sits of kaolin were also found on the Altipla- be the first lightweight aggregate facility in 
no as well as in the east, near Santa Cruz... the MiddleEast.* = = | se 

_ Brazil.—Laporte Industries Ltd. (United Mexico.—Construction of a new plant — 
Kingdom) acquired a 40% participation in near Puebla for manufacturing split and 
the major domestic bentonite manufacturer ornamental tile and glazed and unglazed 
Bentonite Uniao Group (BUN), for an esti- brick was announced by Industrial Texme- 
mated $3 million.* Caulim Da Amazonia lucan Co. The new plant’s rated capacity 
Ltda. scheduled startup of its 350,000-ton- was to be around 230 tons per day.” | 

per-year kaolin operation at Monte Doura- Philippines.—Filmag Philippines Inc,’s 

do, Munguba, for May of 1977. The benefi- 40,000-ton-per-year bentonite and -process- 
ciation plant’s 220,000-ton-per-year capacity ing plant at Merida, northwestern Leyte, 
was targeted for the paper industry." was to begin operations at yearend. Most of 

In another kaolin operation, J. M. Huber the output was scheduled for export.2*. 

Corp. and Construtora Mendes Junior S.A. — South Africa, Republic of.—The benton- 
were constructing a kaolin slurry plant to ite, open pit mine operated by Pratley | 
exploit deposits located on the RioCapim,in Perlite Mining Co. Pty. Ltd. at Nxwala, 
the State of Paré. _ _,, _ Zululand, was to be onstream at yearend. A 
Burundi.—An open pit kaolin mining beneficiation plant at Krugersdorp was cur- 

operation was being set up in the Kayanza rently under construction.” OR 
region. The entire 3,000 tons scheduled for Turkey.—The reserves of nonmetallic 

production annually was to be used a8 an minerals of Eskisehir Province’were report- 
inert je for domestically produced. eq to include over 500,000 tons of kaolin.” 

Canada.—English China Clay Ltd. (ECC) —_**Jannicelli, J. Kaolin—Modest Recovery, Higher Prices 
completed a new slurry facility for its im- in 1976. Eng. Min. J., v. 178, Nod, March Wri pp..139-140. 
ported kaolin at Three Rivers, Quebec." reece ESO Ae LING op ORs, ne Department 
Guyana.—The Government of Guyana’s o ibtrepeen Conical Now BN Morket Report--In 

16,000-ton-per-year airfloat plant was (‘Is we a | 

Se i me oi gts eee located at Isidrio in the State o . aq Work cited in : 
livar, about 225 miles southeast of Porto  y4j,idpstrial Minerale (London), ‘Company News and 
Ordaz, processes a sandy primary kaolin by = **Workcitedinfootnote10. . | | 

a novel dry technique.” ee lel Biinree tondon) No. 107, August 1976, p 
India.—Maharaja Cassimbajar China 10. ot ™ 

Clay Mines Pvt. Ltd. was in the process of _,,, Rock Products. Rock Newscope. V. 79, No. 8, August 
doubling the crude output of its kaolin clay “2047 Jan Ceramic Society Bulletin. Newsnotes— 
operation in the Singbhum, Bihar area, to Merican Tile Plant Announced. V. 56, No. 9, September 
80,000 tons per year. Production of refined 21 ndustrial Minerals (London). No. 108, September 
levigated kaolin was similarly doubled from 1978. p. 58. sn footnote 18 7 
9,000 to 18,000 tons per year. The clay is MA: ; : consumed domestically by paper (30%), ce- 55, Dndustrial Minerals (London). No. 109, October 1976, p.
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_ Table 27.—Kaolin: World production, by country . 

(Thousand short tons) 

: Country’ 1974 . 1975 _ 1976 

North America: 
Mexico __ =~ __~____ eee - 103 133 719 

_ United States? .__._______-_____-_---_------- |. 6,393 5,834 6,115 
South America: — ; 

Argentina ~.____-____-____.__-~_--_~---~------ - 108 104 —  €105 
Brazil (beneficiated) _._. ~~ --~~----------~- " 491 191 i (:)| 

~ Chile _-__-_ ee 88 66 74 
Colombia® ________________-- ee 115 138 165 

_ Ecuador ~_--~----------------------------- 1 3 *8 . / 
Paraguay ._.._-.-  -_--_-_----~--~-~----~----- 13 wy ~ ©15 
Peru__________________-- r @g reg 15 

Eure wee ee eee ee : 19 17 11 

Austria (marketable) ___..........-------------- 90 - 88 e79 

Belgium, ---------~-----~-------7777=-77--7- i Me aw 
ulgaria® ~~ +> 1 1 1 

Czechoslovakia __.__._..-.---.--.-~~--------- 584 580 601 
Denmark® __________--~-----~------------+-- 20 20 20 
France® ____ ____..____-_~_ ~~~ $97 886 $31 
Germany, West (marketable) _._._-_____-~--.------ 546 462 ~ 409 
Greece _________-_ ~~~ eee . 91 80 | 78 
Hungary __._..__----~--------~-+~--+---~---+-- 81 | 98 - 95 
Italy: | 

Crude __.____-_~----------~~-~---------- 99 86 . 90 
Kaoliniticearth _._.-.-.-----~------------- 25 — $l 29 

Poland ________.-..~------~-~---~---~------ ¥94 92 104 
. Portugal _____.-.--------~------~--~-~-+--~---+-- 55 ST - 56 

Romania® _____________----_---~----------+- a 96 96 100 
Spain (marketable) _.____....-------------~--+-- | 223 229 218 
USS.R® ~~ eee 2,300 2,400 2,400 
United Kingdom _...__._--------~---~---~-~--- «3,858 3,549 “3,500 

A Ngeris® 10 12 12 : 
Angola _.__.-__--_---------~---~----------- @) - _— 

- Egypt _-.--_----~---~-~-----+_---~+---+------- 28 °30 $1 
. ..Ethiopia (including Eritrea) ~......__.------------ re44 5 °55 | 

Malugasy Republic --~~~7~~~727272~2 22222 | 9 B p eee ee eee eee we ee ee ee eee a 

‘Mozambique ——. ~~~. —~-------~~--+-------+---- -. 4 2 2 
_ South Africa, Republicof ..._.._....--.----------~- 64 68 66 
Swaziland _._._.____-.-~_~_~_~ +e 2 8 1 
Tanzania _____._.__~--------~--------------- ol 1. “1 

0 pee ee eee ee Hage Kong 
Salable ___.__________________-_-------- $11 259 $28 
Processed _...._..-_-__----~--~----~--~--+-+ 116 104 108 

Indonesia __ __._..._-. -_-___---~--~~-----+----+- 29 28 °28 
Iran _____-_-----_---------------------+-- °110 110. 140 
Israel ~~ ~~ ee ee 5 18 11 
Japan __.__-.-_~-___-__-----+--+-+-+---------- 456 227 249 
Korea, Republicof _ ~~. —------------~------------ 300 $28 518 

Pakistan _______.._.__-_~--~~---~--+-+--~-+---- | 2 1 
SriLanka ~___.-.-.___~_---~---~----------+- 6 4 5 
Taiwan®? _.______________-_-_--_---------- 28 23 23 
Thailand ____.___.__-___~--.-~-~----------- ©29 17 18 
Turkey __._.--~-~----------~--------------- 28 38 72 

Australia __.......~~--~---~--+--~------~---+--- 108 *110 #110 
New Zealand _____.______--~-~~--~-~--------~-~- 18 80 30 

Total _.._____-_-----.--_------------ 717,654 15,969 17,029 
re errr errr een reece ee 

iin addith to the count listed, the Peopl Republic of China, East Germany, Lebanon, N Vi | ition e countries li e's i i ; igeri ietnam, 
Southern Rhodosie and Yugoslavia also produced kaolin, but information is insdoquate to make reliale ectimatos o 
cute ev ekis tables temala, Morocco, and Mozambique each produced less than 500 tons in each of the years 

*Kaolin sold or used by producers. . 
"Includes kaolinitic clay. 
“Rxcludes unwashed kaolin as follows in thousand short tons: 1974—84; 1975—187; 1976—150 (estimated). 
®Revised to zero. 
*Less than 1/2 unit. 
*Data given are for ceramic and pottery clays.
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| | Table 28.—Bentonite: World production, by country _ 
(Shorttons) = => . | 

_ : . _ Country! - : 1974 1975 1976” . 

Guatemala _____-_____--22-- ee 2 10 *10 | Mexico _______-_--_-~--_- 67,445 35,833 61,270 . _ United States _..-_--______-_____ ee 3,310,500 | 3,229,267 - 8,979,117 © South America: _ | Tee . . Argentina _.~-_~-___---L ee _ 124,806 127,870 £127,000 . . Brazil _- ~~ eee 85,008 128,733 ©132,000 : Colombia -__~_-----~---_--~----- ee 1,100 -*1,100 ©1,100 Peru_____- = F €11,000 F €28 000 -.. 43,591 

. France® = 15,400 15,400 15,400 — Greece --_-- 423,737. .* ©386.000 . 345,538 Hungary wooo ee ee 80,000 . 96,890 78,427 ‘Italy. 879,089 308,691 _ 258,648 Poland®______-2 ee 55,000 55,000 55,000 _ Romania® __-_ 2 69,200 - T69,200 70,000 Spain ~~~ - 83,684 83,060 —-°83,000 

Algeria (bentonite clay)® ~..__..__________._ 733,000 39,000 ~:~. 48,000 Morocco ~+----------~- +5 ~ ~~~ ee 3,652.  . 3363 © °3.300 - Mozambique® _._-___-_-- 4,400 2,000 — ‘2,000 _ South Africa, Republicof _..._._________._.__.._.______ 41,671 41,3891 48,654 

oO Burma — 22 ee 560 | 1,008 1,053 Cyprus (bentonite clay? _ $02 == - _F4979 12,690 3,123 | oe Tran — ~~, ---- 55,000 55,000  °55,000 Israel (metabentonite) _........____._.____. 4,190 3,300 17,000 ~ Japan —- 498,814 444,965 °440,000 : - Pakistan _-_ 2 1,010 1,015 ©  - %20 . Philippines __-_________ -- -. 129 2,334 Turkey _-___- 14,798 43,832 44000 | 

. Australia? -_- 2 _ 885 (*) a New Zealand (processed) _______.....___.____________ 1,206 55,783 - 1,149 

| Total_ T5,369,631 5,219,130. 5,906,434 

1In addition to the countries listed, Austria, Canada, the People’s Republic of China, West Germany, and the U.S.S.R. are believed to have produced bentonite, but output is not reported and available information is inadequate to make reliable estimates of output levels. _ . ae : 

"Including bentonite clay. oe “Revised to zero. 
| "Includes unprocessed bentonite. , oO 

_ Table 29.—Fuller’s earth: World production, by country! | 
. 7 (Short tons) 

- CC Cr eee 
. Country? - 1974 1975 1976” —_—_ 

OO 
Algeria -_---~--_____- ee 24,251 ¥ €24,300 ©24,300 Argentina —_______--____-- 2 238 260 ~€215 Australia _____-________ 86 *90 “90 Italy _.----~_--___- 116,073 77,700 27,402 Mexico __~~_~-_~-__-_ 59,372 42,105 22,165 Morocco (smectite) _.-_.... 22,150 26,147 40,530 

Senegal (aitapulgiie) __~~~~~~~~~~77777777777777=-- 10714 i407 ee toD mn a were ee a ee ee ’ ’ 9 United Kingdom --------+-- 182,980 180,779 ©175,000 UnitedStates _-_____________ ee 1,224,640 1,189,064 1,341,582 poi Ai ht Dh hella 
Total _-___ ~~~ - 1,657,780 1,571,627 - 1,657,444 ee eee eee 

Excludes centrally planned economy countries, some of which presumably produce fuller’s earth, but for which no information is available. 
*In addition to the countries listed, France, Iran, Japan, and Turkey have reportedly produced fuller’s earth in the past and may continue to do so, but output is not reported, and available information is inadequate to make reliable estimates of output levels.



| 7 a | a CLAYS : - 339 

United Kingdom.—In the past year, ECC the Dartmoor, 7 miles from Plymouth in | 
: has emphasized developing distribution and Devon. Assay results from these holes were | 

. storage systems (see Canada). and exploit- unannounced, but. further drilling was | | 

~~ ation of overseas deposits. Significant re- contemplated.** In clay deliveries ECC has | 

_. serves of kaolin have been found in France chosen a system of flexible intermediate - 

and acquired with French partners.* ECC bulk containers termed “MiniBULK. | 
started up an 84-inch high gradient wet These containers, in suitable ships, could | 

L _ be TIRE 8 OG reduce shipment costs by 30%, and waste 
| magnetic separator (HGMS) in Cornwall i ~~ oe 

2 ‘during June. a 1: through damaged sacks to zero. an 
a uring June-and planned to take delivery of _ : . oy 

ne gg ae a. -Yugoslavia.—The bentonite facility at 
a-second unit in 1977. These units, similar ° . : | 

2 second unit In ivi te anes’ _Kriva Polanka, Serbia, was to be augment- , 
to the four now operating in Georgia, are oq with a new 20,000-ton-per-year soda ash- . 

_ used to extract mica and other feebly treated bentonite plant. The- new plant, 
magnetic contaminants from kaolin. He- costing about $5 million, will boost total 

_. merdon Mining and Smelting Ltd. complet- production to 40,000. tons. The soda ash- — 

ed initial exploration drilling on a china treated bentonite was intended for foundry | 7 

: clay-tin-tungsten prospect on the edge of application.* as . 

 RCHNOLOGY | 

: ‘The Federal Bureau of Mines and nine supersaturation. Another problem area, —_—- | 

; companies (one less than in 1975) eight thermal decomposition of the salt to alumi- : 

aluminum producers and a ‘refractory a in the miniplant, was studied in an. | 

manufacturer continued cosponsoring re- indirectly heated rotary calciner and a sili- | | 

-gearch on extracting alumina from domestic 0" carbide-heated rotary calciner. These | 
3 ee Se ae . 1. simulated studies have achieved over 90% | 
. materials that are plentiful which could deco ‘tion of the salt with a residual Cl 

* ease our dependence on ‘imported metal-_ of cbout 0. 05% o ne - wi a 7 : 

 ‘lurgical- and refractory-grade bauxite. Us" Miniplant support studies were in the 
_ ing miniplant facilities at the Boulder City areas of determining the best materials for 
_ (Nev.) Metallurgy Laboratory, and with sup- construction (emphasizing corrosion), analy- | 

port from the eight other Bureau Research tical methods for low levels of solvent ex- | 
_ Centers; researchers were investigating traction reagents in purified leach liquors | 

several methods for extracting alumina and methods for removal, and tests on the | 

_ from‘ clays, ‘anorthosite, alunite, and sulfurous acid leaching of clays, lime sinter _ | 

 dawsonite-bearing oil shales. Each partici- processing of anorthosites, alternate decom- 
pating company was contributing $50,000 position methods for aluminum chloride, 
annually, with the cost to the Bureau in and disposal of processing wastes. Of partic- | 

Be _ ular interest are the latter four studies and excess of $500,000 annually. | : 
The clay-nitric acid mini | | the two contracts awarded. 

e clay-nitric acid miniplant, the first Tests . e 
. . . . . on the sulfurous acid leaching of a 

acid process studied, using calcined kaolin §-aicined kaolin showed that long leaching 
| was successfully completed and placedona times (up to 20 hours), using a 30% SOs 

standby basis. The miniplant study showed olution, at moderate temperatures and 
. that with four stages of countercurrent pressures leached up to 80% of the alumina. 
_ decantation (CCD), over 90% of the alumina Best results on recovering alumina from a 

was recoverable. Current work was being lime-anorthosite “dusted” sinter was nearly _ 
devoted to the design, construction, and 90%. This research also revealed that up to 
operation of a kaolin clay-hydrochloric acid 1% carbon was beneficial in promoting 

_ miniplant. This miniplant has already been dusting. Promising results on alternate 
operated for two continuous campaigns of AICl;.6H:O decomposition were shown by 
the ] . Ivent extraction, and solids- fluidized bed decomposition, 92% at below 

eaching, 80 n, an : eae 

liquid separation sections mainly to opti- 200° ©. and by a two-stage decomposition 
qu para y pi system using a flowing airstream approach. 

. mize alumina recovery from the leach solu- =~ — : PP 

tions. Preliminary data show that recov- —_»industrial Minerals (London). World of Minerals— 
eries of over 95% of the acid-soluble alumi- ECC Prospering in a Poor Year. No. 102, March 1976, pp. 

na during leaching is possible with a CCD == Work cited in footnote 10. 
circuit. Explonaties— Work at Heomerdon. VOT No 1376, Deo 

A complex problem of AICl,.6H:O crystal- 31,1976, p. 525. _ ar 
lization in the circulating pump was solved o. ¢ustrial Minerals (London). No. 111, December 1976, 

by a redesigned pump, that eliminated salt = “Industrial Minerals (London). No. 106, July 1976, p. 51.
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The fluidized bed temperature of under 200° _ process was published. This work included 
C should make selection of construction not only the flowsheets for these two types 
material easier. The two-stage system pro- of ore but also a general discussion on 
duced an alumina product containing less bauxite ae . —_ 
than 0.004% residual Cl-. Disposal of the >aUxite reserves, resources, and rates of 

| processing wastes dealt with the silica consumption. The energy consumption in 
wastes from the clay-HCl process. Dewa- different nonbauxitic processes was also 

a tering techniques, vacuum filtration, and compared with the Bayer process. A brief 

| addition of poly ethylene ane were cur- article was published on the production of 
rently being pursued with some success. op ea, , 
One contract awarded was for delineating alumina from | the USSR. nonbauxitic 
the environmental factors involved in re- Sources.* In producing alumina from 
covering alumina from domestic ores. The nepheline, the complete processing cycle 

| other contract was for process feasibility also yields soda, potash, portland ‘cement, 
| | | and preliminary pilot plant design, and a and metallic gallium. Be - 

more detailed evaluation of the clay-HCl A three-part treatise covered ball and 
. and clay-HNO; processes.” plastic clays. | gg ee 

| In other clay work, the Bureau continued Plastic clays. The first part dealt with 
: to aid State Geological Surveys and other differing ball clay properties required in 

Federal agencies in delineating undevelop- ceramics-sanitary ware, wall tiles, earthen- . 

kent ferme ra ately li ware elec praia, stoneware, ro 
flowsheets designed to upgrade marginal joe ote mad srehvtnn ts the Gone - 
materials. A cooperative program evaluated on a : ‘Production tn the wane 

_ Montana swelling bentonites for their use Kingdom, the companies, and mining and 
in drilling fluids, foundry sands, and pellet- processing. A brief mention was also made 
imeg taconites. & _ sthods of . of the American and other European pro- 

: er alternative me ‘producing gq _ Th d part: . | 
alumina from clays were patented during — y Lan i manuf a the ee | 
the year. In one patent, the dehydrated clay me nara" This o, turing of Pottery a 
or other relatively low-grade aluminiferous © teware. part, again with English 

- material is reacted with molten anhydrous ——" Oo oe 
magnesium chloride at about 2,000° C in a _ “Colorado School of Mines Research Institute (Goldon, 
magnesia particulate fluidized bed to va- Geotnaton CE ee ee 

: _ porize aluminum trichloride.** The vapor is on ” pe eve oe spared frm the nteined magnon and Moats orars © ae owe a 
used either in producing aluminum metal 1, 1977: available for consultation in Division of Metal- 
or chemicals. The byproduct is suitable for lurgy,Washington,DC.  _—_. nr 
refractory manufacture. Another patent | *Kaiser Engineers, Division of Raymond International, 
outlines a sulfuric acid method for recover- tne. (Oakland, oan Pleat t a oe 
* . ® an Preliminary -Design. es 

ing the alumina from clays or kyanite.” soossn4s Oct. i, 1976; available for consultation in Divi- 
This technique first forms a concentrated sion of Metallurgy, Washington, D.C. 

acid-clay slurry which is then heated to a 21Fougner, S. Production of Aluminum Trichloride and 
i anhydrous mass containing aluminum Magnesium Oxide. U.S. Pat. 3,989,247, Feb. 17, 1976. 

ate an ca. [he mass 1s then u *2Lowenstein, H. M., and A. M. Lowenstein. Alumina 

to an alkali-soluble alumina form and Production. U'S. Pat. 3,983,212, Sept. 28, 1976. 
subsequently leached and calcined to re- *3Messner, G. Method for Fabrication of Pure Alumina 

cover an alumina product. In a second acid- om AlsOs and Silica Containing Raw Materials by 
leachi patent, the clay is fed into the top Be gan un Hiydrochionie Acid. U.S. Pat. 3,959,438, May 

of a leaching tower and hydrochloric acid —*¢ghen, J, and H. Mercier. Recovery of Alumina from 
flowed countercurrently to leach AICI; from Non-Bauxite Aluminum-Bearing Raw Materials. Ch. in 
the descending ore.** Values are crystallized Light Metals, American Institute of Mining, Metallurgical 
from the leach solution and passed through ane Petroleum Engineers, Inc., New York, v. 2, 1976, pp. 3- 

a crystallizer-washer-thermal decomposer “*;, . . ss Engineeri d Mining Journal. This Month i 
to recover Al(OH), suitable for calcining to yfining Soviet Alternatives for Alumina Production Said 
pure alumina. to be Cheap, Clean, Easy. V. 177, No. 6, June 1976, p. 35. 

The details of producing alumina from == "Pages 15-28 of work cited in footnote 18. 
coal shales and kaolinitic clays by the H+ *7Pages 19-35 of work cited in footnote 27.
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examples, discussed bod ‘ . 
| 

° ’ : ly preparation, 
Wh ‘ . 

tic and nonplastic shaping teehniques od and illite—were studied at different pH and 

| ing and firing, and glazes for manufactur- ae strengths.“ The study showed that 

| ing bone china, porcelain, and vitreous chi- kaolin and illite, during periods of high | 

na. The third part concerned the raw mate- runoff and under slightly acidic pH, contain 

whiteware industry.** The use of linear In transport of these clays, however, if 

programing to formulate whitewares from a leading to a basic environment, the release 

va of raw materials at minimum cost, of the particles would occur. For clays high 

while ensuring that product composition in calcium, such Nontee 
remained within specified limi post tion vyerae eso Cc toe montmorillonite, the 

. . 9 nse 

described.” Forming a product from cheap- metal content of PE a noted. The free | 

er substitute raw materials, as opposed to da. | e clay (in particular Fe 

more expensive traditional ‘Taw materials tan Ca) was shown to be of greater impor- 

was cited as a practical problem. _— viousl phosphate adsorption than the 

The genesis and geology of the Brazili previously thought alumina-tosilica rat 
. > geology of the Brazilian der . 

10 

Felipe kaolin deposits, their mining, and under varying pH conditions. Another re- 

beneficiation for the world paper Te vets search work evaluated the attenuation pro- | 

was outlined in a brief work.” A European perties of several clay minerals, a kaolin, a 

forecast for kaolin and paper based on the swelling bentonite, and an illite, to deter- 

| ology of filling and coating printing Sonit whether they would be suitable for 

| and 1 writing paper was related to economic sanitary land fill liners to prevent or miti 

a rs and future international kaolin gate pollution of ground and surf ; 

. _. supplies.“ A brief article reviewed the mag- by leachates from munici as walers - 

netic separation of kaolin clays. This high- Swelling bentonites nad the solid waste.“ - 

intensity, HGMS method permits the min- uation capability, f Te eee cad - 

ing of lower-grade crude kaolin and reduces then kaolin oF owed by lite, ane — 

the consumption of leaching chemicals. The th | . A similar work considered a 

_ kaolin surface modification techniques— towuste of pal on the ability of clays to | | 

__. chemical bonding, chemisorbtion, and oth nuate lead.“ This work, as with the | 

eee for this hydrophilic mineral for Sines reeponaibh investigated the mecha- | 

| eventual use in organics such as rubber, nisms responsible for attenuation. 

nylon, and polypropylene was summa- — spaceq37-49 0 ) 

rized. a | ages of work cited in footnote 27 . 

The mining, processing, labor **Paniya, D. V. and 8. K. Roy. Formulation i 

: ’ > atory, we Ti . y. Formulation of White- 

| pilot plant capabilities of selected ry, and re Noe Acoust ee 
ha Ceramic Soc. Bull., v. | 

clay and chamotte (calcined clays) pro- “Pages 88-85 of work cited in footnote 18. 

ducers for use in refractories, ceramics ‘ Pages 37-48 of work cited in footnote 21. 

and filler-extender ‘products was briefl , — tors Find Wider Ue VTL Journal. Magnetic Sepera-- 

| reviewed.“ A three-section article on rad “Helmer, B. M., P. Lett eed P- 

dustrial minerals in Spain included its ben- Plesticn! Kaolin in Plastic. Proc. Ann. Conf Reinforced 

tonite, sepiolite, and attapulgite deposits.* 1976. Society of the Plastics Washington, D.C., Feb. 26, 

The first section touches on the geology of 1976, sec. 8-G, pp. 1-8. ce Industry, New York, v. 3 

7 the country, with particular reference to ‘*Pages 43-46 of work cited in footnote 28. . 

industrial minerals. The second secti Industrial Minerals (London). The Industrial Minerals 

summarizes, with tables, Spanish pro * wapdnwald, J. KD. C. Tocnsing, an 
duction and trade in these minerals. In the Phosphate Adsorption Reacti ions with oni Minerals. Bnet 

section, some of the more important iGritin Re ol. v. 10, No. 5, May 1976, pp. 485-490. 

Sal section, some of the eee 4 Wl id Fe npn of i 
are reviewed with emphasis on their pro. fwnct Te Gall Lasehete by Passage Through Cley. 

cipeaee elie es 
neralities. : “Griffin, R. Effect 

The phosphate adsorption capaciti Exchange- A. and N. F. Shimp. of pH on 

ties of Adsorption or Precipitati 

three cla ini pacities Of Landfill Leachates cipitation of Lead from 

ys—kaolinite, montmorillonite, _ nol.,v. 10, No. 13, Deember 1976 pp. 12561261, Sei. Teche
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~ Coal—Bituminous and Lignite © 

| | By Lawrence H. Frey’ a a | 

, - Bituminous coal and lignite production tons of bituminous coal, a decrease of 6.3 

increased from 648.4 million tons in 1975to million tons compared with exports in 1975. | 

678.7 million tons in 1976, an. increase of Japan maintained its position as the princi- 

4.7%. The increase occurred primarily asa pal US. foreign market with 32% of total | 

- result of the increased demand for coal by US. coal exports. Other major shipments of a 

- electric utilities. The total value of pro- coal went to Canada and Europe, which : 

duction in 1976 was $13.2 billion compared. accounted for 28% and 33%, respectively. _ 

. -with $12.5 billion in 197. _ There was a 25-million-ton increase in 

oe In 1976, there were 6,161 bituminous coal coal shipped from western coal-producing ‘ 

and lignite mines operating 1n 26 Statesin States in 1976. Shipments of higher sul- : 

_ Appalachia, the Midwest, and the Mountain fur coals from Midwestern coal-producing : 

and Pacific regions. The leading coal- States declined 5 million tons. Shipments of | 

‘producing States in order of output were ¢oal from the Appalachian coalfields declin- , 

Kentucky, West Virginia, Pennsylvania, Il- od by nearly 2 million tons. . 

__ linois, Ohio, and Virginia. Combined they. = Tables 12 through 14 summarize the ship- 

eo accounted. for 71%. of total U.S. production. ~ ments of coal and lignite in 1976. Tabl el 5 

| Total underground coal production increas- shows the quantitative changes in total 

a ed 2.1 million tons in oie 2 roauction from tons, by geographic division and State of 

surface mines increased 28.2 million tons. destination, from 1972 through 1975. These 
: Prices of coal increased only moderately ‘distribution data are based on reports sub- 

in 1976. The average mine price of bitumi- —. tted quarterly to the B ve Mi | 

4 nous coal and lignite increased from $19.23 De; quarterly to the bureau Of Mines, | 

Ee . AQ . Department of the Interior by producers, 
_. per ton in 1975 to $19.43 per ton in 1976. sal ts. distribut d wholesales 

-. fhe average price of coal produced at un- es agents, distributors, and wholesa’es, 

. derground mines increased from $26.28 per who normally produce or sell 50,000 tons or 

were ete $26.56 per ton in 1976, The more annually. To account for total indus 
average f.o.b. mine price of coal at surface try shipments, estimates for the remaining 

mines increased from $13.43 per ton to shipments are included, based on data from 

. $13.96 per ton. The average rail freight — the Federal Power Commission (FPC) and 

, charge on coal increased from $5.23 per ton other reliable coal statistical reporting 

- in 1975 to $5.86 per ton in 1976. agencies. . | 

- There were approximately 12,400 more The annual mine operation survey in- 

workers mining bituminous coal and lignite cludes all bituminous coal produced in the 

-- 4n- 1976 compared with the total for 1976. United States except production from mines 

| The total number of production workers that produce less than 1,000 tons per year. 

increased from 189,880 workers to 202,280. All quantity figures represent net tons of 

The decline in productivity was less in 1976 marketable coal and excludes washery and 

than in 1975. Productivity at underground other refuse. Statistics are final and are 

| mines declined from 9.54 tons per man per upon detailed annual reports of pro- 

- day to 9.10 tons per man per day. Productiv- duction and mine operation furnished by 

ity at surface mines declined from 26.69 producers. For production not directly re- 

tons per man per day to 26.40 tons per man ported (chiefly that of small mines), accu- 

per day. The average productivity at all rate data was obtained from the records of 

mines declined from 14.74 tons per man per State mine departments. 

day in 1975 to 14.46 tons in 1976. —_—____ : 

in 1976, the U.S. exported 59.4 million 1Mineral specialist, Division of Fuels Data. 
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_ The weekly and monthly estimates of Engineers, reports from mining companies, production, summarized in tables 3 and 4, and monthly production statements compil- are based upon railroad carloads of coal ed by local operators associations and State _ reported weekly by railroads, river ship- mine departments. | | ments reported by the U.S. Army Corps of | re 

7 Table 1.—Salient statistics of the bituminous coal and lignite industry — 
_. inthe United States | : 

| Item 1972. 1973 1974 1975 1976 | 
Production.__________ thousand short tons__ 595,386 591,738 603,406 648,488 = 678,685 7 Value____________________ thousands__ $4,561,983 $5,049,612 $9,502,347  $12,472°486 $13,189,481 Consumption ________ thousand short tons__ 518,348 ™556,912 "552,954 557,585 . 598,750 Stocks at yearend: | - eS ae Industrial consumers and retail yards _ do____ 115,748 108,412 95,477 127,150 —-s-:188,555 Stocks on upper lake docks ________do____ 939 822. 1,051 1,185. 835 Exports}________-___ dg, -- 55,997 | 52,870 59,926 - 65,669 ‘59,406 Imperts' ___ 2-2 ____ do, AT 127. ~—. 2,080 940  -~ -1,2038 Price indicators, average per net ton: | Looe oe Cost of coking coal at merchant coke ovens ___ $17.67 $19.77 $34.20 = $52.68 “$54.90 Railroad freight charge’ ween ee $3.67 ~ $3.71  - $4.71- $5.23 > $5.86 : Value f.0.b. mines (sold in open market) _ ---- $7.35 $8.06. $15.16 . $18.02 -NA Value f.o.b.mines_______ = ye $7.66 $8.53 $15.75 $19.23 — ~ $19.43 Method of mining: 7 ae Se Lo Hand-loaded underground a . . 

a thousand short tons__ 2,974 1,970 710 608 NA . Mechanically loaded underground ___ do... __ 301,129 297,384 276,599 292,317 NA. Percentage mechanically loaded ______ ____ 99.0" . 99.3 97 998 | _ NA Percentage cut by machine___________._ 37.4 35.8 33.0 yA!) NA _ . Mined by surface____ thousand short tons_ _ 291,284 292,384 326,097 355,612 - 383,805 Percentage mined by surface-_____-_____ 48.9 49.5 54.0 54.8 "56.6 Mechanically cleaned _.._ thousand short tons... 292,829 288,918 - 265,150 266,993 NA Percentage mechanically cleaned ___________ 49.2 48.8 43.9 41.2 NA Numberof mines_________.__|_ 4,879 4744  .. 5247 . 6,168 . 6,161 Capacity at 235 days -_._ thousand short tons. "633,100 "613,600 "688,400 == "656.825 687,475 
Average number of men working daily: . oo a Underground mines _____________ | 112,252 = s-111,088 119,416. 134,710 — 140,260 . Surface mines _______ ~-----------~-~ - 37,0138 © 37,038 47,285 - 55,170 62,020 

- Total ~~ 149,265 148,121 . 166,701 ~ 189,880 202,280 

Averagenumber of daysworked: SO ae ys mo Underground mines _____.__-~_______ 222. | 231 - 205 228 «231 Surface mines -_____-_-_-__=__ LLL .. 217y «215 208 241 | 235 . 
Total 221 227 | : 206 232 232 

Production per man per day: . 
Underground mines _________ short tons. _ 11.91 11.66 --:11.81 > 9.54 9.10 Surface mines_______________ do___ 36.33 36.67 33.16 26.69 26.40 

Total ___--________________do____ 17.74 17.58 17.58. © | 14.74 _ 14.46 

"Revised. NA Not available. 
1Bureau of the Census, U.S. Department of Commerce. OO | . Interstate Commerce Commission. | |
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Table 2.—Annual average unit heat value of bituminous coal and lignite produced and | ' 

consumed 1955-76: 
eer te Ut i SS 

ALS SS nn 

Production Domestic consumption 

| Year | (thousand Heat value Average thousand —_-Heat value Sue 
. (trillion (trillion 

short Btu) per short . Btu) per 
tons) pound ~ tons) pound 

1965. --___________-.. 464,633 12,080 13,000 423,412 10,940 12,920 

1956. -.--__.------~- 500,874 13,013 12,990 432,858 11,142 12,870 

| 1957__-_-_.--__.-~~---- 492,704 12,800 12,990 413,668 10,640 12,860 

...., 1968 -.---- +--+ eee 410,446 10,663 12,990 366,703 9,366 12,770 

1959_ 412,028 10,581 12,840 366,256 9,332 12,740 - 

1960____.-.~--.------- 415,512 10,662 12,830 380,429 9,693 12,740 

1961__.-_.-__---~---- 402,977 10,308 12,790 374,405 9,502 12,690 

1962__§__.--__.--_----- 422,149 10,782 12,790 387,774 9,826 12,670 

1968... .._-_____--.---- 458,928 11,712 . 12,760 409,225 10,353 12,650 

1964__9-_-_.._-__------~- 486,998 12,418 12,750 431,116 10,899 12,640 

1965 __-_-_-_..._------~-- 512,088 13,017 12,710 459,164 . 11,580 12,610 

1966_._-__--._-_------ 533,881 13,507 12,650 486,266 12,205 -12,550 

1967____._.______----~-- 552,626 18,904 12,580 480,416 11,981 12,470 © 

- 1968 -._-_______------ 545,245 13,664 12,530 498,830 12,401 12,430 

1969 + -- - §60,505 13,957 12,450 ' §07,275 12,509 | 12530" 

1970__-________------- 602,932 14,820 12,290 515,619 _ 12,488 12,110 

1971__- _-_- »§ 552,192 13,385 12,120 494,862 11,857 - 11,980 

— 1972-2 595,386 14,319 12,025 516,776 12,273 11,875 

1978___..-_...-------= 591,738 14,208 12,005 556,022 13,150 11,825 

1974___________------ 603,406 14,320 11,865 552,709 12,750 11,535 

; 1975__-.-____~__-~------ 648,438 15,044 11,600 556,301 12,684 11,400 

1976__§__§__-_____------ 678,685 15,712 11,575 598,750 13,622 11,875 . . 

1Prior to 1955 the average heat content of the annual output of bituminous coal and lignite was measured at 13,100 

Btu per pound. This value was based on an estimate made in 1949 (U.S. Bureau of Mines Information Circular 7538). In 

recent years this heat value has not been representative of the average unit heat value of the total annual coal supply 

because of the large annual increases in utilization of coal of lower heat values by the electric utility industry. The annual 

production values shown in this table are weighted averages of known and estimated Btu values of coal shipments to each 

major consuming sector. They include, for example, the Btu value of coal consumed at electric utility generating fants as 

reported to the Federal Power Commission. Currently, electric utility plants account for 75% of total domestic coal 

consumption. The averages for domestic consumption exclude shipments overseas and to Canada, the preponderance of 

which is high-Btu metallurgical coal, thus accounting for the difference in values between total production and domestic 

consumption. .



SAG MINERALS YEARBOOK, 1976 © 

Table 3.—Estimated production of bituminous coal and lignite in the United States by 
week, 1975 and 1976 (final) 

7 (Thousand short tons) . oO 

a IE 
. Maxi. Average Maxi- Average — - , proauc- — . 7 ...,, produc- _ Week ended — Produc number tion per Week ended — Produc number tion per 

ae working working | working wd: king oO _ days y Oo, days ay 

Jan.4_____ 16,751 / IB 72,110 Jan.3 ~~ _____ 12,569 1 2,569 Jan.11 ____ 18,060 6 2177 Jan.10 ~~ 11,914 6 1,986 Jan.18 ____ _—_—‘11,844 6 /1,891 9 Jan.17 _______ 12,980 6 2,163 . Jan.25 -.__ 11,959 6 1,998 Jan.24 _______ 12,105 6 2,018 ‘Feb.1__.__ 12,722 6 2,120 Jan.31 _______.. 13,000 6 2,167 - Feb.8_____ = 12,644 6 2,107 Feb.7 ~_____ 12,513 6 2,086 Feb. 15 ____ 12,751 6 . 2125 Feb.14 ~______ 13,603 6 2,267 Feb.22 __.__ 12,857 ° |. 6 ‘2,148 =Feb.21 ~~. 13,493 6 2,249 ‘Mar.1_____ 13,566 ©. 6 ' 2,261 Feb.28 ~~ ____ 14,164 6 2,361 Mar.8_____- 13,133 6 - 2,189 Mar.6 ~~. ___2_. 12,590 | 6 2,098 - ‘Mar. 15 ____- 11,917. 6 1986 Mar.13 _~_____ 13,582 6 2,264 Mar.22____. 12,535 6 2,089 Mar.20 _______ 13,670 6. 2,278 Mar. 29 ____ 12,155 6 - 2,026 Mar.27 _______ 13,925 6 2,321 Apr.5_____ 10,986  &§ / 2197) = Apr.3 ~~ 12,346 5 2,469 Apr.12____ 12,095 6 2,016 Apr.10 ~~ ou 13,436 6 | 2,239 Apr.19 ____- 12,950 © 6 2,158 Apr.l7 ~~ _.__ 13,745 6 2,291 ‘Apr. 26 ____. 12,764 6 2,127 8 Apr.24 ~______ 14,150 6 2,358 May3_____. 12,571 6 2,095 Mayl -~_______ 13,370 6 2,228 May 10 ___._. . 12,900 6. -. 2,150 May8 ________ 14,202 6 | 2,367 May 17 ____ 12,989 . 6. 2,165 May15 _______ 14,044 6 2,341 May2#4____ 18,112 mn) » 2,185... May22 ______ 14,447 6 | 2,408 May 31 ____ 11,514 a) '. . 2,808 | May29._______ 14,490 6 2,415 ; June7T .___ 13,958. 6 2,326 June5 -._.____ | 11,725 § 7 2,345 Junel4____ . 13,898 6. 2,316 Junel2 _______. 14,235 . 6... 2,373 | June2l_.__ 18,721. . 6 2,287 © Junel9 _______ 14,760 6 = 2,460 June 28 __ __ 13,283 © 6 2,214 June26 _______ 14,236 6... 2,373 July5_____. 6,965 3.0 2,822 July3 _~______ 8,332 . 3.5. 2,381 July 12°.___ 7,894 . 3.5 2,255 - Julyl0 _______ . 6,859 » 27 2,355 July 19 ____ 10,814 . 4.7 2,301 Julyl7 ~______ 11,032 4.7 2,347 July 26 ____ 11,853 5.2 2,279 =July24 _______ 12,233 5 2,447 Aug. 2. _ 12,992 6 2,165 July3l _______ 11,086 4.7 2,359 Aug. 9_____ 13,689 6 2,282 Aug.7 ~~ ___ 9,375 4 2,344 Aug. 16 ____ 12,824 6 2,187 Aug.14 _______ 9,677 4.1 2,360 Aug. 3 ____ 11,969 6. 1,995 Aug.21 _______ 14,120 6 2,353 Aug. 30 ____ 10,046 6 1674 Aug.28 _______ 14,895 6 2,483 Sept.6 ____ 9,446 5 1,889 Sept.4__~..____ 14,399 6 2,400 Sept. 13 ____ 13,526 6 2,254 Sept.11] _______ 12,455 5 2,491 Sept. 20____ 14,242 6 2,374 Sept.18 _._____ 14,465 6 2,411 : . Sept. 27__ __ 13,666 6 2,278 Sept.25 __-_____ 14,335 6 2,389 Oct.4 -____ 13,551 6 2,299 Oct.2 __-______ 13,997 6 2,333 Oct.11 ____ 13,577 6 2,263 Oct.9 ________ 14,065 6 2,344 Oct. 18 ____ 13,205 6 2,201 Oct.16_ ~______ 14,110 6 2,352 Oct. 25 ____ 13,352 6 2,225 Oct.28 ________ 14,134 6 2,356 Nov. 1_____ 12,603 6 2,101 Oct.30 ________ 13,128 5.4 2,431 Nov. 8_____ 14,191 6 2,365 Nov.6 ________ 13,710 6 2,285 Nov. 15 ____ 13,520 6 2,298 Nov.13 _______ 13,820 6 2,303 Nov. 22 ____ 13,836 6 2,306 Nov.20 _______ 14,115 6 2,353 Nov. 29 ____ 11,723 5 2,345 Nov.27 ~______ 12,278 5 2,456, Dec. 6 _____ 13,739 6 2,290 Dec.4 __._____ 12,975 6 2,163 Dec. 18 ____ 14,273 6 2,379 Dec.1ll ~______ 13,903 6 2,317 Dec. 20 ____ 13,462 6 2,244 Dec.18 _______ 14,360 6 2,393 Dec. 27 ____ 8,274 3.6 2,298 Dec.25 _______ 10,790 5 2,158 Jan.3_____. 15.071 13 71690 Jan.1 ________ 111,243 5 2,249 aS a Total or Total or 
average? 648,438 298.2 2,175 average> 678,685 293.1 2,316 ror eee 

h Figures represent production and number of working days in that part of the week included in the calendar year shown. 
2Average daily output for the working days in the calendar year shown. 
’Data may not add to totals shown because of independent rounding.
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_ Table 5.—Production of bituminous coal and lignite in the United States, in 1976, 
| by State and type of mining 

(Thousand short tons) _ . 

. State Underground - Surface Total? TT  —— 

Alabama ____________- = 7,406 14,131 21,537 Alaska ________ _- 706 706 Arizona _____~___ ~~ ee 10,420 10,420 Arkansas__________________ WwW Ww 534 Colorado ~~ ee 3,283 6,154 9,437 | Georgia __-_-__ —- 186 . 186 Mlinois _____ ~~ 31,008 27,231 58,239 Indiana ___-_____ = 437 24,931 25,369 Towa __-_____---_~- WwW Ww 616 Kansas ___ = — 590 590 
. Kentucky: . 

Fastern __-_____~2_ 40,551 ~ 50,587 91,138 Westen ______-________ 23,921 28,913 52,834 

Total!’ 64,471 79,500 143,972 Maryland ______~_-____ W WwW 2,830 Missouri _-___________________. a 6,075 6,075 Montana ______________ _— 26,231 26,231 New Mexico _.___-_-____________ W . WwW 9,760 North Dakota __________________ _- 11,102 (11,102 Ohio _-______ 2 ee 16,626 29,956 46,582 Oklahoma __________________ —_ 3,635 3,635 Pennsylvania ______________ 43,759 42,018 85,777 Tennessee ~~ ---- 4,428 4,855 9,283 Texas (lignite) _... 22 _— 14,063 14,063 Utah -_-____ 2 7,967 _- 7,967 Virginia _-_.-_~_~_~_~_______ 26,055 13,940 39,996 Washington _________________________. 5 4,104 4,109 West Virginia ~----~---- + 87,559 21,275 108,834 Wyoming __-_-____-__ ee 524 80,312 30,836 Undistributed —-- LLL 1,350 12,390 , _— 

Tota? ~~. 294,880 383,805 678,685 
LS reeset raeeernmrnnennere 

W Withheld to avoid disclosing individual company confidential data. 
1Data may not add to totals shown because of independent rounding. 

\
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Figure 1.—Production of bituminous coal and lignite, by type of mining - 
in the United States.
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Table 7.—Average value per ton, f.o.b. mines, of bituminous coal and lignite produced 
. in the United States, by State | 

LT aS TC SI SS SS CT SS SS SS SSS Se sss Sess? 

| 1975 1976 

, State Under- Under- 
"ground Surface Total ground - Surface Total 

Alabama Bee ee eee $33.77 $2281 $26.53 $35.73 $24.52. $28.31 
as wee eee ee -— -- 

Arizona... __ Ww Ww __ W WwW 
Arkansas _____-~------ et, _ 32.76 32.76 Ww Ww 36.15 
Colorade ween ene eee 216 8.86 a 16.53 27.90 31 15.30 

illinois ----.-..--.-2222. 1630 2=sk72its1K 1776 «= 1878 ~=—s«15.90 
Indiana ___~~.~--_________ 12.00 11.14 11.15 W 12.26 12.34 
Iowa. 10.62 11.72 11.08 W Ww 13.56 - 

- Kansas _. 2-2 -- 19.78 19.78 — 19.45 19.45 

Kentucky: - : - 
“Masten ane eee eee 27.08 15.35 20.79 26.37 20.36 28.08 

| Western _______________ 13.73 10.91 12.16 15.12 13.41 14.18 

Total... -________ 21.96 13.57 17.40 22.20 17.83 19.79 
Maryland ________________ 17.97 19.44 19.38 W Ww 21.90 
Missouri _-...____________ oo 8.52 8.52 _2. 987 9.37 
Montana __ ~~ ~~~ _— 5.06 5.06 — 4.90 . 4,90 
New Merico _______________ WwW WwW Ww ws. WwW W 
North Dakota (lignite) _________ _- 3.17 3.17 _ 844 BTA 
Ohio... 18.76 15.23 16.40 17.78 15.96 16.61 
Oklahoma ________________ __ 16.69 16.69 _. «15.98 15.98 
Pennsylvania ______________ - 80.41 19.08 25.09 32.73 17.68 25.33 
Tennessee ________________ 15.76 1825 a 17.10 16.00 16.58 16.31 

mk lignite) _._..__-~ ~~ ____ oe -- 
Utah ete) -- 77777727222 19.84 _ 19.84 22.93 __ 22.98 
Virginia ~---_--__________ 3446 22.98 30.46 26.73 19.24 : A 
Washi oe 20. - 
Wosningto eeinia _____________- 30.60 24.04 29.35 31.64 23.86 30.12 
Wyoming . 2 Ww . 6.61 6.74 WwW | WwW 7.00 

Total _____________-- 26.28 18.43 19.28 26.56 13.96 19.48 

W Withheld to avoid disclosing individual company confidential data. 

800 - | | : 

PRODUCTION (million short tons) , So 

s00 EMPLOYMENT (thousands) ae _ YY Yy 7 

wm OE “~YOAeyaygg YyeY “ygywgiygyggy @ 
"OA UGUGUuBdAZY A GY 

1952 1957 1962 1967 1972 1973 1974 1975 1976 

40 — mmm All mines TONS PER MAN PER DAY 
Surface UW YU UY Y 

Underground Wy Uy Uy Uy Uy 77 7 

~ yw YVABAAY A oO G 
7 Y p— Wren Vt Y Koy LY 
Y, UW, esc WY Uy Ea Y Y Uy UY oes yp ete 

0 iY Yi WH ne Wi) ae Yj er YW, era Y See yy pape Wy es 
1952 1957 1962 1967 1972 1973 1974 1975 1976 

Figure 3.—Trends in employment and output per man at bituminous coal and lignite 
gur a e a 

mines in the United States.
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Figure 4.—Percentage of total consumption of bituminous coal and lignite, by consumer 
class and retail deliveries in the United States.
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Table 10.—Consumption of bituminous coal and lignite, by consumer class, and retail 

deliveries in the United States 

(Thousand short tons) 

a
 

Manufacturing and mining industries 

Other . Retail 
. Bunker, manu- ; 

Year and Electric lake Beehive Oven Steel and facturing deliv- Total 

month ale vessel coke coke rolling and to other cl anges 

ties! fo and 3 plants plants mills ne consum- shown® 

e . tries* ers 

1972 ___._.- 350,184 163 1,059 86,213 4,850 67,131 8,748 T518,348 co 

1973 ____._._.__ 887,769 116 1,310 92,324 6,356 60,837 8,200 7556912 

1974_______ 390,313 80 1,337 88,410 6,155 57,819 8,840 552,954 

oo ee — — —eeeeeeeeee—e—eeeeeeeaa@qooqooooooooooooou
ems®* 

1975: | 
. 

January —— T35,695 1 112 7,191 416 ~ §,290 1,121 . 49,826 

February __ = 31,971 1 108 6,923 359 5,662 663 T45,687 

March --~- T32,679 — 108 7,172 - 302 5,678 652 T47,191 

7 April ___- 730,428 3 100 7,327 254 5,340 366 T43,818 

. May —_--- 30,427 4 89 7,193 © 210 4,776 258 ™42,957 

June ___~_ 33,322 - 3 81 6,919 (147 4,201 306. ¥44,979 

July ____- 36,441 2 91 ~~ 6,547 114 4,070 444 T47,709 

August ___ ¥37,832 2 94 _ 6,470 137 4,322 406 ¥49,263 

| September _ 732,484 2 97 6,190 185 4,666 581 744,155 

. October _~_— T32.728 3 94 6,565 171 4,689 690 ~  -F44,940 

_ November _ 33,209 2 89 6,396 227 5,308 725 45,956 

December -— 37,268 1 62 6,654 243 5,757 1,070 751,055 

Total__ 404,483 24 1,125 82,147 2,715 59,759 7,282 *557,535 

——————————————— ————ooowrwccrcraracrrra—Sahahaha—w,>>'"— 

1976: : 

January —— 39,868 _- 77 6,655 275 5,094 963 52,932 

February —_— 34,863 — 77 6,528 246 4,579 540 46,833 

March __- 35,989 — _- 86 7,176 267 4,621 484 48,623 

. April .—-~- 33,680 1 85 6,992 212 4,869 576 46,415 

May ____—- 33,812 2 85 7,311 : 194 4,866 41 46,681 

June ____ 36,252 1 85 7,069 161 4,512 365 48,445 

July __.__. 39,709 . 1 79 7,188. 160 4,316 264 51,717 

August _—— 40,194 -1 74 6,965 195 4,266 387 52,082 

September. 85,784 2 17 6,831 — 178 4,377 440 47,689 

October — —— 36,683 2 65 6,977 275 4,750 560 49,312 

November _ 38,735 1 66 6,835 300 5,200 740 51,877 

December _ 41,452 1 85 6,856 280 6,300 1,170 56,144 : 

Total __ 447,021 12 941 83,383 2,743 57,750 6,900 598,750 

FRevised. 

: 1federal Power Commission. 
2Bureau of Census, U.S. Department of Commerce, Ore and Coal Exchange. 

3Estimates based upon reports collected from a selected list of steel and rolling mills. 

4Estimates based upon reports collected from a selected list of manufacturing plants. 

5§stimates based upon reports collected from a selected list of retailers. Includes some coal shipped by truck from mine . 

to final destination. 
®The total of classes shown approximates total consumption. The calculation of consumption from production, imports, 

exports, and changes in stocks is not as accurate as the “Total of classes shown” because certain significant items of 

stocks are not included in monthly stocks. These items are stocks on lake and tidewater docks, stocks at other 

intermediate storage piles between mine and consumer, and coal in transit.
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Table 11.—Stocks and days’ supply of bituminous coal and lignite in the United States, 
in 1976, by consumer class | 

(Thousand short tons) . 

Electric Oven Steel and manu: . Date power coke rolling = Me Retail Total 
J industries 

Jap. 31 ______-______ 104,527 8,115 176 6,249 153 119,220 fe . 29 103,889 8,514 175 6.268 160 119,004 far. 31 -______ 22 oo 107,452 9,334 163 6,36 159 123/470 | Apr. 30 __-=__ 111,857 9,931 170 308 133 128,394 May $1 _~__~~7 277777 148,591 10,612 174 6,509 127 136,013 June 8)________ 1 122,020 1,257 183 6,546 188 140,144 July 81 _- = 114,153 8,715 183 6,469 140 ~~ 129,660 Avg. $1 _--- = Le 109,707 £258 7 170 6,544 74 128,853 ept. 30. = 114,339 ,194 184 6,974 187 129,878 Oct.81 __-______ = 117,502 9.037 195 6,700 : 490 133,624 Nov. 80 _-___-__ = ooo 118,224 9.605 189 6,800 2p 1350 Dec.381 _.--_________ —=—-‘116'43¢ 9,804 175 6,900 240 133;555 

Jan. 31 _--_-_________ 8 38 20 38 5 70 Feb. 29... 36 38 21 40 9 44 Mar.31___-__ 93 40 19 48 10 a Apr.30-- = 100 44 24 ag 4 83 May 31 ~~~ 7777727 108 45 28 4} 10 90 June 8) =_______ 7 161 48: 34 44 1] 87 duly 31 ~~. __2_ 89 38 35 46 16 78 ( Aug. $1 -------_-__-- 85 32 27 48 14 74 | ept. 30 98 36 31 48 13 82 Oet. 31 ~---- een a 40 22 44 10 84 Noy.30__ 92. 42 18 39 9 78 | Bec. 31 -__-- et 44 19 34 | 6 14 
| Federal Power Commission. 

‘Days’ supply ig calculated by dividing the total stocks at the end of the month by the daily average rate of ce uring the same month. By this method, seasonal variation in daily average rate of consumption is not reflected. 

| 
‘\
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ae Table 12.—Distribution of bituminous coal and lignite, in.1976, oe 

by method of movement and consumer use | 

(Thousand short tons). 
: 

. 

—_——— eo m”—”—C Sse tt 
_ ——— ~ Used at 

; Coke and . Rail- ; 

‘ Electric Retail All mines and 

Shipments Ktiites 65 dealers others. «Tug sales to 
P employees 

Total shipments to all destinations in the So | 
United States, Canada, and Mexico, by all 
methods of movement and consumer use, 

. 

and overseasexports ._--_-_-------- 463,058 92,678 4,137 538,202 277 1,362 

Shipments to all.destinations in the United | | Oo 

~ States, Canada, and Mexico by specific 

: method of movement and consumer use: - 

Method of movement: 
All-rail ___.__.------------- 246,032 51,250 2,183 31,583 -- a 

River and ex-river __ - ~~ --------- 81,677 22,712 41 3,078 -- -- 

Great Lakes! _____.----------- 16,833 12,016 502 3,752. _- _- 

Tidewater? ______------------ 1,248 4,101 _- _- _- _- 

Truck ___._---------------- 52,671 2,599 1,411 12,729 _- _- 

Tramway, conveyor, private railroad —— 64,602 a _- 2,065 __ _- 

Method of movement and/or consumer uses 

unknown ___--_---------------- _- _- | -- _— 217 1,862 

Total. .____-----=---------~__-468,058 92,678 = 4,187___—_—53,202 277 1,362 

| Canadian - , 
. Se US. US: - Net 

_ Great Great tide- Over- change 

” Com Lakes = water seas in mine Total 

a mercial dock * dock exports* invent- | 

coe oe  gocks® storage’ _storage® ory 

Total shipments to all destinations in the oO 

United States, Canada, and Mexico, by all — _ 

methods of movement and consumer use, 

and overseasexports _.——--~--------- 41 ~351 -- 42,658 2,113 659,175 

Shipments to all destinations in the United 

States, Canada, and Mexico by specific 

method of movement and consumer use: . 

Method of movement: 
. Albrail --------+----------- _- -- -- — _- 331,048 

River and ex-river _ _ -- ----------- _- _— -- _- _- 107,503 

_ Great Lakes’ _-.-------+------- _- -- oe _- _- 38,103 

_ Tidewater? _ ----------------- -- _- _- _- -- 5,344 

‘Truck ~__-----------=---,-- _- -- -- _— _- 69,410 

Tramway, conveyor, private railroad ~~ — -- -- -- _- 66,667 

Method of mavement and/or consumer uses 

unknown _--------;-----------7— 
41 -351 _- 42,658 2,113 46,100 

Total _____----------------- 
41 -351 —_ 42,658 2,113 659,175 

7 1Bxcludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer uses are. 

not available; however, includes vessel fuel, the destinations of which are not available. 

2Excludes overseas exports for which consumer uses are not available. 
: 

8Consumer use unknown. oo a a, 

4Excludes Canada; consumer use unknown. 
| | 

. \
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Table 13.—Distribution of bituminous coal and lignite, in 1976, by district of origin and 
ae consumer use 

(Thousand short tons) 

| ' Blectri Coke and Retail All Rail- ined ot 
ar wg ric ean mines an | ___ District of origin utilities gasplants' _—_ dealers others road sales to ae . . — a | employees 

. Pein, 38,582 6,775 13 3,818 106 , 31 2 LL 11,767 19,725 81 2,199 5 15 Sand6 ~_---____ 33,707 2,733 90 2,557 - 16 : 8 4 oe 40,426 ee 571 4,477 38 44 . Tue 843 12,699 125 724 36 969 8 ee LLL 83,571 36,843 2,059 17,048 108 61 9 50,075 _ 16 1,439 2 8 10 ~~ 48,930 3,572 460 5,570 oy 4g tee 22,392 | ae 222 3,074 -.) 1 122 538 __ __ 2 __ __ 13 ~ eee ee ee 13,745. 4,730 14 1,715 ~ __ 14-2 21 ' §42 — 169 — _- 16 2 20,870 196 9 2,967 a -- 16 2 . 66. - Se oe 261 ae. _. 9 5,936 3,430 31 _. §90 an 11 1S 18,756 -~— -_— 433 a - 19 ___ LTT TTT TTT TTT 28,282 -_ 109 2,761 _ 8 20 we ee ee 3,915 ~ 1,453 243 1,785 -- 25 21. TTT 1057 ee 86. 748 oo 147 22and23_____________ 30,379 — 8 865 _- _- 
Total _.. = * 468,058 © 92,678 4,137 53,202 277 1,362 — TSE EOE ee : , | . 

a Canadian US. | US. | Great | Geet tide- Over- jNet 
Lakes Lakes water seas _ Change Total | : commercial —- dock dock exports? inventor 
docks? storage? storage” ry a 

Lovee — _- _- 4,789. 4 54,448 2 ee __ oe _— 10 - -e®]- 33,751 3and6 _-_.___ QQ. -. 82 ~- 2,432 52 41,585 4 -~— -44 a= kk 333 - 45,810 ee 9 __ -~ 11,563 . 85 | 26,883 a 10 -212 _— 20,737 . §21 160,686 a -- -3 -_— 7 563 52,101 10 ~~ -- -- -- -- -53 58,526 Wd ee _- -- — — -80 25,609 122 -- -- -- ~— —_ 540 1 _ _ __ 3,002 103  —«- 28,309 14 ~~ _- _— a 168 6 894 , 16 ee -_— _— -— le 41 - 24,063 16 _- -- Ww ae _ 827 | WT __ __ __ _ 41 10,039 - 1 __e ee ae -- — -__' -84 19,105 19 2 ee -- -- -_- -- 20 31,174 20 -- ee oe , — _- _. 578 7,999 21 a -- a ~- -_- 5 11,233 22and23_________._____ — _ __ __ 6159 31,098 LL een npenntee=enntirweneeen a’, 

Total -_____________ 41 -351 -- 42,658 2,113 659,175 

1Producing districts are defined in: Bureau of Mines Bituminous Coal and Lignite Distribution Calendar Year 1976, Mineral Industry Survey. 
2Consumer use unknown. 
7Excludes Canada; consumer use unknown.
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| Table 14.—Distribution of bituminous coal and lignite, in 1976, by destination 
and consumer use 

(Thousand short tons) 

. Coke : . : + ati Electric Retail All 
Destination = Total utilities 488% dealers —_ others" 

plants - 

New England: 
‘  Massachusetts_____..--_-___..---_------ 71 _- -- 9 62 

. Connecticut ____._______-~------------ 19 4 -— —_ 15 
“Maine. Lee 21 _- _- 1 20 
New Hampshire ___________~_____------- 816 816 --. -- — 

. ~ Vermont ________--__----------~-~----- 1 _- -- _— 1 
‘Rhode Island ____~_~___ eee , 1 _- _- a 1 _ 

Total____________---------------- 929 820 _- 10 99 

. Middle Atlantic: | I 
New York ______________~_-~-----~--~_-- 13,562 5,980 5,157 20. 2,405 
New Jersey ________.~-__~-~----_----~--- 2,497 2,484 -— _- - WB 
Pennsylvania —__——-—-~---~-~----~------- 64,592 37,249 23,281 — 192 3,870 

Total.._____---------------_---- 80,651 45,713 28,438 212 «6,288 | 

East North Central: oo 
Ohio. __________ ee 70,964. 50,130 12,505 692 1,637 
Indiana______§_______________------~-- 45,837 29,239 12,450 363 3,785 
Illinois _-______~_~_~_ 41,455 35,011 2,735 5387 3,172 

: Michigan ___________.--_-__-.---------- 29,805 21,197 4,493 248 _—-:«:8,867 
Wisconsin ee ee eee 13,571 10,978 268 ~ 308 2,017 

Total.________________--_-------- ~ 201,632 146,555 32,451 — 2,148 20,478 

: West North Central: | | : : - 
Minnesota ______.-__-----~-~-~---~------- 12,322 10,448 647 ~ 90 1,137 

Iowa____________~_~_ ~~ -e 9,894 6547 Le 85 «1,812 

. Missouri _________._-__---_~---~------ 22,795 20,768 289 1038. 1,635 : 

North Dakota _____ ~~ 2__.----~ +e 9,497 7,099 oe IB B28 

South Dakota ________._..------------- 2,863 2,709 a 5 149 | 

Nebraska____________.--~--_~--------+ 2,274 1,744 _— 6 524 

Kansas _________.__------~----------- 8,482 3,404 _ ~~ 78 

Total__..§__________------~-------- -. §9,127 52,719 936 314 5,158 

South Atlantic: — : 
- Delaware________.---.~--~-----~-~--+---- 785 765 —_ — 20 

Maryland ________-----------=-------- 9,190 4,693 4,309 9 179 : 

District of Columbia ______..-_----~--~---- 203 —_ _— 15 188 a 

Virginia _____.___------------------- 7,470 5,307 8 254 1,901 

West Virginia __________-----------~---- 36,480 28,115 5,295 110 2,960 

North Carolina ___$_______--~-----~--~----- 21,231 19,886 -— 168 1,177 

South Carolina ___._.-__.-_------------- 6,753 5,509 85 1,159 . 

Georgia. _______.--------~--+--------- 15,072 14,576 — 15 481 

Florida ___________------------------ 6,107 6,089 _- __ 18 

Total________-___---------------- 103,291 84,940 9,612 656 8,083 

East South Central: 
Kentucky __.__.------~---------~------ 27,320 24,968 811 169 1,372 

Tennessee _______-__~~------~---+~---+--- 23,091 21,034 172 142 1,743 

Alabama __________.--~~------------- 25,982 17,856 6,691 q 1,428 

Mississippi ___ — . _ _-_ _-_--_---~----------- 1,671 1,572 — _— 99 

Total. __________-~--~----~-+-+----~--- 78,064 65,430 7,674 318 4,642 

West South Central: 
Arkansas _ ___._____-----~---~---------- 145 _— _- _— 145 

Oklahoma ____._—-------------------- 661 599 2 60 

Texas __________.------------------- 16,417 13,183 627 _- 2,607 

Total. ___.______------------------ 17,223 13,782 627 2 2,812 

Mountain: 
Colorado _____.__-.----------~-------- 9,201 7,570 1,110 31 490 

Utah ___________-----------+-------- 4,487 1,805 1,968 121 593 

Montana _______.-------------------- 2,565 2,452 -- 5 108 

idaho «~~ 2-722 222222 978 8,796 7 8 OOM 
Wyoming_____.__._-_----------------- , , — 

Now Mesico ______2_2___ ~~~ 8,096 8,089 _- __ 7 

Arizona_____~____---~---------------- 7,070 6,754 _— _- 316 

Nevada ______________-----~-~------+--- 5,158 5,030 — qT 121 

Total. __._____-.-----------+----+-- 46,967 40,496 3,078 324 3,069 

See footnotes at end of table.
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a Table 14.—Distribution of bituminous coal and lignite, in 1976, by destination 
and consumer use —Continued 

(Thousand short tons) | 

. Coke . so ge Electric Retail All 
Destination Total utilities and gas dealers _— others? - plants 

Pacific: a 
Washington _______________--..---_--- 4,677 4,087 -~ 13 577 
Oregon _______~__-___- ~~~ 259 -- -- 13 246 
California ~-_--___.~ ~~ 2 Lk 2,526 -- 1,905 _- 621 

ere orp ep ee, 

. Total... ~~~ Le 7,462 4,087 1,905 26 42«s«1,444 

. Alaska _-_-.~_~--_-__ eee 706 254 -- 8 444 
Canada’? __ 16,466 8,212 7,697 | 105 452 
Mexico _____~..~. ~~~ ~~~ _ Le 251 —_ 198 -— 53 

Destinations not revealable_ ~~~ ~~ ~____ 232 50 62 14 106 
Destinations and/or consumer uses not availble: ae 

Great Lakes movement: _ . . 
Canadian commercial docks _— ~~ __ =~. 41 -- -- -- -- 
Vessel fuel _.. ~~ ee 74 -- -- -— _- 

. U.S. dock storage ~~ = -__-____-.i- -351 -- -- _- _- 
Tidewater movement: , 

Overseas export (except Canada) _._________ 42,658 _- -- -- _— 
Bunker fuel ~__.--~-_-2 ~~ ~~ -- -- -- mee 
U.S. dock storage __..---.---_________ -- -- -- -- _-- 

Railroad fuel: 7 | . oy . 
U.S. companies ________..-.~~-.______ 277 -- -- -- 0 oe 

oo Canadian companies wee we ee -— -- -_- -- — 
Coal used at mines and sales to employees ______.___ 1,362 -- _- -- _- 
Net change in mine inventory _....-.._-------. | 2,113 oe -- -- -- 

Grand total ___--_------------------ 659,175 | -- -- ee Le 

| 1Excludes vessel fuel and bunker fuel, the destinations of which are not available. . | 
| 7Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. .
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Table 16.—Exports of bituminous coal, by country group 
. (Thousand short tons and thousand dollars) 

1974 1975 1976 
Country group er Oe eee eee eee 

oo a Quantity Value Quantity Value Quantity Value 

Canada (iricluding Newfoundland) 
and Mexico __________________ 14,117 356,384 17,262 676,773 16,748 717,498 

er rN 

Overseas (all other countries): 
West Indies and Central America ____ (2) 13 eo) 10 1 40 
South America ___.____.______ 2,350 97,285 3,274 191,550 2,912 160,919 
Europe ____-_--.__1-- ~~ 15,856 633,601 18,972 909,755 20,026 933,522 
Asia ___~____-_______.___-- 27,603 1,333,050 25,943 1,444,077 19,271 1,054,295 
Africa ___-_-~----++------_- (?) ) 218 10,728 448 20,193 
QOcednia ~________-_ 3) 1 _- __ _- _- 

eee CL Se 

Total _-_______________ 45,809 2,063,950 48,407 2,556,120 42,658 2,168,969 

Grand total _-_____________ 59,926 2,420,334 65,669 3,232,893 59,406 2,886,467 

Less than 1/2 unit. : 

Table 17.—Exports of bituminous coal, by country 

(Thousand short tons and thousand dollars) ; 

1974 1975 | 1976 
- Quantity Value Quantity Value Quantity Value 

Argefitina _~_~_____2________ 630 28,796 930 55,833 526 30,111 
Belgium-Luxembourg meee 1,109 48,259 627 — 33,986 2,202 91,763 

j Brawl _~_~_§________~ 2 2 iL 1,292 53,580 2,007 . 115,651 2,241 122,057 
Canada __________ 13,706 343,398 16,735 650,018 16,497 705,602 
Chile _-__~_____ uu. ____ 312 11,532 289 17,944 145 8,742 
Denmark __________.._____ _- _- _— _- 34 839 
Egypt _._______--..__.___ __ __ 218 10,728 322 14,359 
Frante ___________ 22. __ 2,510 106,990 3,583 159,983 ~ 3,427 150,765 
Germany, West _.__.._______ 1,484 60,137 1,989 ~ 90,118 994 46,435 
Greece ~~ 41 950 119 4,400 465 16,619 
Israel _- 5 ll 422 (*) 2 __ __ 
Italy ___.~_ ~~ eC 3,903 151,446 4,493 212,418 4,211 218,452 
Japan _______ 2 2 27,346 1,320,155 25,423 1,412,751 18,803 1,028,421 
Korea, Republicof ~.~_______=_ 246 12,464 319 21,048 468 25,872 
Mexito _ ~~~ 2 411 12,986 527 26,755 251 11,896 
Netherlands _______________ 2,545 95,355 2,093 103,693 3,490 143,125 
Norway _-._______________ 145 6,904 81 4,987 124 6,819 
Peru____._-_~ ~____ ee 85 2,236 48 2,115 (7) 7 
Portugal _.--__ 22 334 - 14,347 246 14,391 258 13,548 
Romariia ________.= ~_____ 163 5,528 - 843 17,521 212 10,735 
South Africa, Republic of ____.__ _- _- _- _- 126 5,833 
Spain __.___._____ 2 2,017 87,768 2,691 = 149,279 2,513 126,167 
Sweden ______=._____.2_____ 200 6,181 764 40,772 816 39,599 
Switzrland _______________ — =. 33 949 14 932 
Lake rele aa _— —_ 201 10,263 239 11,224 
United Kingdom ____________ 1,405 49,736 1,889 76,267 843 46,742 
Uruguay __~~__-___---____ 31 1,137 -- _ _- __ 
Yugodavia________________ __ __ 21 958 184 9,758 
Other __________-__~_____- (4) 27 (4) 63 1 45 . 

Total _-______.______ 59,926 2,420,334 «65,669 8,232,898 59,406 2,886,467 

1Less than 1/2 unit.
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Table 18.—Bituminous coal exported from the United States, by customs district 
(Thousand short tons and thousand dollars) | 

| ae | . 1974 «C9 | 1976 
Customs district LS 

Quantity Value Quantity Value Quantity Value 

Baltimore —~_._ ~~ == _--._- 5,949 255,528 6,768 378,850 6,325 314,558 
Buffalo _._._-.--~ ~~ ------_-~ 36 923 70 3,753 50 1,556 
Charleston,S.C ____________-— - © Q) __ __ QA 2 
Chicago ----------------~- 38 582 42 1,299 - 20° - 517 

. Cleveland ~______.~~.-____ 13,240 327,064 16,309 628,275 4 16,299 696,713 
Detroit _-__.._-_-----.-_- 136 4,660 122 6,031 81 3,805 
Duluth ~~~ ~~ ee (Cy). 25 @) . -10 14 a ATT . 
El Paso ___ ~~ 24 500 50 1,413 38 1,344 
Great Falls ~~... _- __ _- —- -- () 7 
Houston __________-_-_--- (7) 3 -- _- _- _- 
Laredo ~~~ ~~~ _____ ee 386 12,461 455 24,056 56 2,872 
Los Angeles _________------ 115 4174 @) 9 (7) 2 
Miami ~~ ~________-~_---~- _- -_- _- _- 1 15 . 
Mobile ~________-_------- 1,746 52,578 2,745 153,275 2,754 146,106 
New Orleans _________~_--- 992 27,341 1,292 55,888 1,297 . 65,502 
New York City ~__.____-__-~- - J ~ 20 4 16 AC) | 11 
Nogales _.___..____------- _- _- (7) 4 a _- 
Norfolk ~..______-_-__---- 35,745 1,648,712 36,953 1,929,963 32,003 1,626,475 
Ogdensburg ______-_-.--_--~ 24.0 — 650 25 ~ 1,175 15 $85 
Pembina _________. ~~ -_- 18 701 ar. 220 5 288 
Philadelphia ___...._.--_=--~ . 1,431 - 83,461 . 803 47,423 448 25,301 
Port Arthur ~ ee eee 27 564 29 1,097 —- __ 
Portland,Maine _..__-~---~- 4 73 -- ~— -_— . oe 
Portland, Oreg ~_._--------- 18 253 — ~- -~- _- 
San Diego __.___...-------- 1 25 (7) 8 (7) 2 
San Francisco _____-.-_----- (4) 6 () 11 (4). 3 
San Juan ____..-_--------- () & ) 4 _- oe 
Seattle ____.____--------- ~— Q) 25 2 118 : ) 26 | 

Total _._____-_______- 59,926 2,420,384 ° 65,669 3,232,893 59,406 2,886,467 

1Less than 1/2 unit. oo | . —_ 

80 : . 

| Total 
a | . 

- 60 . 

\ \ on 
= / /\ ON 
= 40 \ / \ / aN 

"- \ Overseas 7 ~~. 

wr \ / 
~ 7 

O oT 
a, 20 Canada 
< 
Obs 

0 

1955 1960 1965 1970 1975 1980 

Figure 5.—Exports of bituminous coal and lignite from the United States to Canada and 
overseas.
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Table 19.—Bituminous coal‘ imported for consumption in the United States, by country 
and customs district 

nnn ne AT A A A EE Sf SD 

a a 1974 1975 1976 
Country and customs Quantity Value Quantity Value ~ Quantit Value 

district (short —s_ (thou- (short: (thou- (short ” (thou- 
tons) sands) tons) sands) tons) sands) 

Country: 

Australia... _-_-._---~--___ 143,633 $2,566 117,294 $2,109 __ __ 
Belgium-Luxembourg ~~ __~___ 1,185 _ 60 _- _- __ __ 
Brazil _..___--_-------. 18 (7) = oe __ Le 
Canada _. ~~~ 595,587 «11,805 190,052 5,976 59,497 $1,166 
France __._~_ ~~ __ i 764 94 1,821 300 __ 
Germany, West ______.____ 513,219 24,432 88,369 5,073 320 26 
Japan ____~ ~~ Le -- —- 12 1 44 2 
Netherlands ______~_______ 171,185 7,817 _- — __ _. 

| _ NewZealand —~___ ~_______ __ __ __ __ 6 (?) 
Norway -.~~-~___________ 1,654 139 -- ~- —- -- 

. Panama ~~~ ~~~ 1,128 15 oe _~ _- —_ 
Poland ~~ ~~ ~~ ~~ ___ Le 468,344 7,040 171,703 2,581 361,649 7,529 

. Singapore ______________ -- _- _- _- 375 1 
South Africa, Republic of _—___ 172,223 3,236 370,455 5,641 781,168 9,014 

. United Kingdom _________~_ 11,517 1,027 _- _- —. =- 
Yugoslavia. 222-2 2 Ct; _- _ 15 - J 17 1 

1 Do PPS PTS SEs SSS Ss i dp Ss SSPEMISSSSNSS: 

Total _. ~~~ Le . 2,080,407 - 67,731 939,721 21,682 1,203,076 17,739 ee 

Customs district: 
Baltimore ~_____________ 622,824 17,659 115,820 5,858 7,716 | 157 
Boston ~~~. ___ 666,954 11,000 319,624 5,140 _- en 
Buffalo __....-___-_-___ 1,005. 47 20,532 707 836 20 
Chicago ____~_~_____ i. _ 151 3 _- —_ _- ~— 
Cleveland ~__.__________ 1,881 62 37,138 548 _- oe 
Detroit ~.-.__.__~_______ 101,866 1,597 2,307 35 225 4 
Duluth ___~___________ 41,705 - 823 5,935 160 __ -- 

. Great Falls ~~... 10,983 840 7,061 156 231 10 
. Los Angeles ____________- a _- 2. 11 1 (?) 

Milwaukee _____________. _- _- -— _- 36,837 663 
Mobile _~__.__._._-_____ 117,246 1,842 370,581 6,313 781,168 9,014 
New Orleans ____~_______ 13,189 1,166 ~- -— 194,658 4,157 
New York City ~______.___ -- _~ 70 6 219 ll 
Norfolk _.-.-_.._.__-___ -- _- _- -- 80 16 
Ogdensburg _..__._____~_ _— _~ 792 ll 754 10 
Pembina _._______._____ 29,380 634 15,617 248 19,673 420 
Philadelphia wee eee 470,521 22,495 33,882 2,389 439 - 2 
Portland,Maine ~________ 3,202 63 1,619 33 384 23 
Providence ______________ _- —- 8,560 65 __ — 
San Francisco ____________ _- _- __ ee 6 (7) 
Seattle ~-__________-u-_ -- -- 71 2 557 13 
Tampa ____------------ -- -- -- _- 159,292 3,216 

Total _._____________ 2,080,407 57,731 939,721 21,682 1,203,076 17,739 
ee eee nanan 

1Includes slack, culm, and lignite. 
2Less than 1/2 unit.
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7 Table 20.—Bituminous coal and lignite coal: World production, by country | 

(Thousand short tons) . 

: Country? 1974 1975 1976" 

North America: 
Canada: 

Bituminous __________------------------------ 719,604 23,982 ~~ 22,799 
Lignite_.______..._____-----~~--------------- 3,842 8,912 5,100 

Mexico: Bituminous _____________________~-------- 5,694 5,725 - 6,228 
United States: 

| Bituminous ________------~~------------------ 585,504 628,619 — 653,055 
Lignite_____..___--------------------------- 15,496 19,819 25,630 

. South America: . OS . 
Argentina: Bituminous —_.__.--.------------------- 690 554 «= i(it”:é«éiSTB 
Brazil: Bituminous (marketable)___.______.________.---- T3436 3,137 &3 200 
Chile: Bituminous (marketable) ____...__..-_-_~.-------— 1,554 1,500 1,285 
Colombia: Bituminous ___._ ____ ____--~-----~--------- 3,472 Fr €3 500 ©3,600 
Peru: Bituminous. ____..__.----------------~------ (7) — F e@(2) ey 

Venezuela: Bituminous _________________----------- 63 66 98: . 
Europe: 

Albania: Lignite® §_.. $$... .._.__.--------~--------- ™940 F940 940 
Austria: Lignite_______._-_-_---------------------- 4,001 3,745 3,543 

. Belgium: Bituminous _.......-------~-----+-~-------- 6,694 6,583 6,737 
Bulgaria: — . oo 

Bituminous __________.___-------------------- 209 234 e990 

Lignite® woe eee ee ee eee 26,453 ~ 80,330 _ 27,748 
Czechoslovakia: a 

Bituminous ______.-.---_--+--~----------------- 30,745 30,872 | $1,158 

Lignite® __._._...__-------------~-~--------- ™91,260 95,996 98,628 
France: oo, mo 

Bituminous _._________.-----~----------------- 18,650 18,801 18,814 

Lignite__§....._.._..------------------------- 3,041 3,512 3,514 
Germany, East: pe 

Bituminous __________-_2~-----------------~--- 655 595 505 

Lignite.___.....-.---_-----------------+---- 268,368 271,821 272,140 
Germany, West: a 

_ Bituminous ___~._-__--------------------------- 96,443 93,412 - 91,096 

Lignite___...___.-_._--------+---=------=----- " 138,940 136,000 - 148,299 

Greece: Lignite __..._.--_-_-_-------~---------------- 715,552 19,401 24,512 

Hungary: ; 
Bituminous _____________..--~~-~--~----~--~------ 3,537 3,329: 3,235 

Lignite? ______.___--------------------++---= 24,859 24,104 24,606 

Italy: 
| 

- Bituminous ____.__-__~-~-__.-~i---~-------~+-------- | 4 2 1 

Lignite___.__.__.--.-----------------------+-- ~ F2,160 2,274 2,235 

Poland: 
Bituminous ________________---~--_~---~----+--- 178,579 189,185 . 197,646 

Lignite____.__..__.--------------~------------- 43,899 43,944 | 43,331 

Romania: 
Bituminous* _____________---~--~------~--+-+-- - 7,812 8,047 ©7780 

Lignite® _.._.__._.---------------------------- ¥21,813 21,794 ©21,730 

Spain: 
Bituminous ___..______-_----------------~----- T8147 _ 8,284 7,710 

Lignite______..__--------------------------- 3,177 3,726 4,562 

Svalbard (Spitzbergen): Bituminous® 5 _______._-_--------- 481 429 512 
U.S.S.R.: 

Bituminous ________.____.~------------------- 493,322 507,814 511,500 

Lignite® _....----_--.---------~--------------- 177,076 180,374 190,000 

United Kingdom: Bituminous’ _ _________-------------- 118,681 139,050 ©133,604 

Yugoslavia: 
Bituminous _____.___.-----------------+------- ™662 659 646 

Lignite® _._...__-__--------------------------- ™36,355 38,514 39,969 

Africa: 
Algeria: Bituminous® _____._-.-------------------- 14 9 3 

Botswana: Bituminous. _...__..---~-_----------------- 36 719 247 

- Mozambique: Bituminous ______.---------~----------- T469 634 *660 

Nigeria: Bituminous ___—-_._---------------------- 306 346 ©350 

Rhodesia, Southern: Bituminous® _________------------- ¥3,080 2,845 3,226 
South Africa, Republic of: Bituminous (marketable) -_--_------ 71,232 714,791 82,233 

Swaziland: Bituminous ____.__------~---~------------ F154 140 10170 

Tanzania: Bituminous _ — — ----_--_------—------------ 2 1 ey 

Zaire: Bituminous _____---—_---.---~-~-~-------------- 105 98 110 

sienmbia: Bituminous - - —- --———----- == oom enn nnn 892 897 864 

ia: 
Afghanistan: Bituminous" _ _ . _._-------------------- 169 176 181 
Burma: Bituminous ____.._--~------~+---~----------- 19 27 23 

China , People’s Republic of: Bituminous and lignite® ___.___.-- 475,000 495,000 510,000 

India: 
Bituminous ________----~------~---------------- 92,706 105,746 111,324 

Lignite________------------------------------ 3,355 3,111 4,260 

Indonesia: Bituminous_——.___-_.-------------~-------- 172 228 202 

Iran: Bituminous ____..._.----------------------- 1,323 1,100 1,100 

See footnotes at end of table.
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Table 20.—Bituminous coal and lignite coal: World production, by country —Continued 

(Thousand short tons) 

; Country! 1974 1975 1976? 

Asia —Continued a 

Japan: , 
7 Bituminous _.—______..__.-._----------------- *22,259 20,841 20,237 
_  Lignite__________ 2 Le 83 67 oo 58 

Korea, North: Bituminous® !? ____§ $9.29 $$ -§ 8,700 8,800 ~ 8,800 
Mongolia: 

Bituminous -_______1 2-22 Le 151 188 —  ~— 220 
Lignite_. ~..2----_____ -_ ee 2,576 2,810 2,921 

Pakistan: Bituminous and lignite’* ____..._.§_-._-_-___________ 1658 =: 1,173 - 1,213 
_ Philippines: Bituminous_ 222222222222 Le - 56 116. 128 
~ Taiwan: Bituminous ______§_§_ >_> 5 3,235, 3,462 8,567 

. Thailand: Lignite_ 2.222222 Le ~ 584 : -§10 .. 750 
~~ Turkey:?® - - | ar 

| Bituminous _ ~~ __..-...____-_----------------- 5,185 5,055... 4,295 
Lignite_ ~~... ~~~ 75,933 6,763 6,411 

Oceania: . . 
Australia: — mo . 
Bituminous ______2 2 ee 69,482 73,788 ©76,000 
Lignite__§_-_______.___~ 30,096 31,060 34,104 

New Zealand: a ne 
- . Bituminous _________~ 2 *2,668 2,509 2,554 

Lignite ___..-.--.____-___-------------------- 158 150 - 187 

- - World total: : 
. Bituminous ___________..____- ~~ 71,867,053 1,976,155 2,018,657 

Lignite _- ~~~ _§_- 2 Le *919,967 944,677  .—- 985,178 
Mixed grades ____________--~_-- eee - 476,653 496,173 511,213 

a Total, allgrades _- ~~ ___-___ ~~~ ee 3,263,673 3,417,005 3,515,048 
iene reer errr NT CT LLL LL CL TT EC TEI AE S SATS 

- Estimate. Preliminary. "Revised. | nk, | 
» In addition to the countries listed, Ecuador produces coal, but output was less than 500 tons annually in the years 
covered by this table. . Oo . 

2Less than 1/2 unit. . 
*Includes material reported in national sources as brown coal. . ee 
“Official sources report the aggregate of bituminous coal and anthracite; distribution to these separate grades is 

estimated from reported total. 
‘Output from Norwegian controlled portion only. Output of that portion of Svalbard controlled by the U.S.S.R. is 

presumably included in the total output recorded for that country. The U.S.S.R. output in short tons was as follows: 1974, 
540,000; 1975, 440,000; 1976, 440,000. ; 

. SRun-of-mine output. . 
: Includes slurry. oo . 
8May include a small amount of anthracite. “ 
*Sales for year ending August 31 of that stated. | 

| 10Sales.. 
11Year beginning March 21 of that stated. 
12Data include low-ranked coals, including some lignite. 

- 13Year ending June 30 of that stated.
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Anthracite 
By L. W. Westerstrom! and W. M. Watson? . | 

All of the reported output of anthracite in to the tonnage reported by the Bureau of 
1976 was produced in northeastern Pennsyl- the Census, the actual tonnage exported is 

-vania. The anthracite region is divided geo- 1,188,234 tons, an increase of 8.5% from the 
logically into four fields: Eastern Middle, comparable amount shipped in 1975. 

| Northern, Southern and Western Middle. The Pennsylvania anthracite mining in- 

The area is also grouped into three trade qustry worked an average of 235 days in 

regions: Lehigh, Schuylkill, and Wyoming. —_ 1976 and employed a work force of 3,686. Of 
The total production in 1976 was 6.2 that total, 742 were employed at under- 

/ million short tons, a 0.4% increase over the } d . 1.375 at strip operations, 328 
| amount produced in 1975. Of the total ground mines, “> al f fr . ks 15 . | 

output, 48% was produced at strip pits, 41% ' recovering coal trom culm Danks, to in 

was recovered from culm banks, 9% was dredging operations, and 1,226 at prepar- | 
produced at underground mines, and ap- ation plants and other surface operations. 

proximately 2% was recovered from river In operation were 122 underground mines, 

dredging operations. In comparing 1976 112 strip pits, 117 culm banks, 6 dredges, 

with 1975, there were increases of 17.0% in and 91 preparation plants. : 
production from strip mines and 15.8% in Productivity in the anthracite industry 

the recovery of river coal. There were de- declined in 1976. The average output per 

creases of 12.5% in culm recovery and 8.9% man per day declined from 7.45 tons in 1975 . 

in production from underground mines. to 7.19 tons in 1976. There was one fatality | 
The total value of the 1976 output was jn 1975 and one in 1976. Nonfatal injuries 

| $209.2 million, a 5.4% increase over the increased from 351 in 1975 to 374 in 1976. 

ee value. the average commencia! value, Legislation and Government Pro- 

0.b. preparation plants lor sizes, 1n- ms.—State and Federal Government 
creased $1.67 per ton (from $45.04 to $46.70, ublic works-type programs in the environ- 

and the average value of buckwheat No. mental area continued throughout 1976 and 
and smaller. sizes increased $1.50 per ton. } ‘nouishm f 
(from $27.61 to $29.11). included control and extinguis ent Oo 

Apparent consumption of Pennsylvania fires from abandoned underground mines, 

anthracite in the United States in 1976, Teclamation of old strip pits and culm 
calculated as production minus exports (in- banks, and extinguishment of burning coal 
cluding that exported to West Germany for mune refuse banks. In addition, mine-water 

use by the U.S. Armed Forces), totaled control projects were designed to secure the 

approximately 5.0 million tons, a decline of safety and livelihood of mine personnel and 

1.3% from the 5.1 million tons consumed in to protect anthracite reserves from the 

1975. hazards of adjoining abandoned mine pools 

Exports of anthracite (as reported to the and possible inundatation by surface flood 
U.S. Bureau of the Census) totaled 615,167 waters. 

tons for 1976, a decrease of 3.8% from the Hydrologic studies continue to evaluate 

amount exported in 1975. However, when _ 

the quantity shipped for use by the US. Industry economist, Division of Coal. 

Armed Forces in West Germany is added 2Statistical assistant, Division of Fuels Data. 

379
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mine-water problems. They involve deter- consolidated valley fill. Under the closely 
mination of the varying heights of under- related mine-water control program, a 
ground mine pools, their hydrostatic pres- comprehensive series of mine pool monitor- 
sures, and their possible effect on barrier ing stations have been installed, and addi- 
pillars and mine dams protecting active tional phases of the project are proceeding 
mining operations, and acid mine-water in the Western, Middle, and Southern 
drainage into surface streams and the un- _ fields. 
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Figure 1.—Coalfields, regions, and counties of the Pennsylvania anthracite area.
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| FOREIGN TRADE | 

According to data released by the U.S. ures do not include anthracite shipped a- 

Bureau of the Census, 615,167 short tonsof broad for the use of the U.S. Armed Forces : 
Fonnsyivania erro Plan ee oped in West Germany; therefore, a more com- 

, a decrease of 3.8% from that ship . 
in 1975. Of the total, 72.4% was exportedto Plete measurement of exports can be en 
Canada, a decrease of 18.1% from the a- ed by adding the military tonnage (573,067) 
mount shipped in 1975; 3.1% to South to the tonnage reported by the Bureau of 

America; 0.2% to Asia; and the remainder the Census. Consequently, 1,188,234 short 
to other countries. The Census Bureau fig- tons was exported in 1976.
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Table 1.—Salient statistics of the Pennsylvania anthracite industry 

1972 1973. 1974 1975 1976 

Production: . 
Preparation plants____——— short tons__ 6,618,205 6,377,512 6,454,385 6,117,156 6,127,884 
Dredges —__________-_- ~~ do____ 476,792 441,076 150,468 76,142 87,942 
Used at collieries for . 

power and heat _________~_ do____ 11,298 11,373 12,013 10,012 — 12,407 

Total production_ -____.—.~ do____ 7,106,295 6,829,961 6,616,866 6,203,310 6,228,233 
Value ___._._.__. ~~ thousands_ _ $85,251 $90,260 $144,695 $198,481 $209,234 

Average sales realization per short ton oO 
on preparation-plant shipments 
(exclu es dredg e coal): $78 5 

ea an er ~-____~~_-~______ 17.1 18.76 $30.41 $45.04 6.71 
Buckwheat No. landsmaller ________ $10.14 $11.30 $18.88 $27.61 ot 
Allsizes _________-__--------. . $12.40 $13.65 $22.19 $32.26 $33.92 

Percentage of total preparation-plant 
shipment (excludes dredge coal): 

ea and larger —~---------------- 32.0 31.4 28.8 26.7 27.3 
. Buckwheat No. 1 andsmaller _______~_ 68.0 68.6 71.2 73.3 | 12.7 

Exports! ______________~~ short tons__ 743,451 716,546 735,173 639,601 615,167 
. Consumption, apparent? _________ do____ 5,915,000 5,671,000 5,448,000 5,108,000 5,040,000 

Average number of days worked _________~_ 216 234 219 214 235 
Average number of men working daily ~ one 4,783 4,083 3,847 3,907 3,686 
Output per man per day... ___—~— short tons__— 6.88 7.15 787) 7.45 7.19 
Output per man per year ________~ do____ 1,486 1,673 1,720 1,594 1,697 
Quantity mined by stripping . .____— do___-~ 3,483,076 3,278,977 2,868,783 2,563,701 2,999,584 
Quantity loaded by machines 

underground ___________~_~~ do____ 593,997 421,202 307,475 298,944 284,538 
Distribution: 

Exports to Canada? ________~ do___~_ 500,306 477,692 481,345 543,552 445,397 
Loaded into vessels at 

Lake Erie® _____________ do____ 39,177 19,244 22,965 12,476 4,936 

11).S. Department of Commerce; 1972-76 export data do not include shipments to U.S. Military Forces. 
: 2Excludes shipments to U.S. Armed Forces. 

3Ore and Coal Exchange, Cleveland, Ohio. 

Table 2.—Standard anthracite specifications approved and adopted by the 
Anthracite Committee, effective July 28, 1947, and amended July 20, 1953 

\ Percent 

| Size . Round test mesh Undersize Maximum impurities* 
. (inches) a ar ee 

: mum mum Slate Bone Ash 

Broken ______________—~~—-Through 43/8 _______~_ —_ —_ 11/2 2 11 
Over 31/4to3_______. 15 71/2 _— _- _- 

Egg ________________--~-Through 3 1/4to3 _____ Le _— 11/2 2 11 
Over 27/16 _________ 15 71/2 ~- 3 11 

Stove _.____________ ~~~ -Through 27/16 _______ _- _- 2 3 11 
Over 15/8 _________- 15 71/2 __ _- _ 

Chestnut ___________.__~~-Through 1 5/8 _________ __ __ 3 4 11 
Over 18/16 ___________ 15 T1/2 _- _- _- 

Pea ___________________—-_Through 13/16 ______- __ __ 4 5 12 
Over 9/16 _________-_ 15 71/2 — -- _- 

Buckwheat No.1 _________—-—-Through 9/16 ________ _— __ __ _— 13 
Over 5/16 ~_________ 15 71/2 -- _- _- 

Buckwheat No. 2 (rice) ____ _ _ __ _ -Through 5/16 _______- _- _- _- _- 13 
Over 3/16 __________ 17 71/2 -- _- _- 

Buckwheat No. 3 (barley) __— —-——-Through 3/16 _______~_ _- __ _- _- 15 
Over 3/32 _~_.______- 20 10 _— -- _- 

Buckwheat No.4 __________—-~-Through 3/32 ________ __ __ __ __ 15 
Over 3/64 ______-_-~_ 30 10 _- _- _- 

Buckwheat No.5 ________-_~-Through 3/64 ________ NL NL — — 16 
OR 

NL No limit. 
1When slate content in sizes from broken to chestnut, inclusive, is less than above standards, bone content may be 

increased by 1 1/2 times the decrease in slate content under the allowable limits, but slate content specified above shall 
not be exceeded in any event. A tolerance of 1% is allowed on maximum percentage of undersize and maximum 
percentage of ash content. Maximum percentage of undersize is applicable only to anthracite as it is produced at 
preparation plant. Slate is defined as any material that has less than 40% fixed carbon. Bone is defined as any material 
that has 40% or more, but less than 75%, fixed carbon. 

2Ash determinations are on a dry basis.
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Table 3.—Project report 
. ~ . . . 

: : : see Status of 
; Project location Project description Sponsor | report 

' ACID COAL MINE DRAINAGE . 

Anthracite fields _....__.. Monthly measurements of mine US. Geological Sur- - Continuous. 

. water levels and overflows. vey and Federal 

; Bureau of Mines. 

Carbon, Dauphin, and . Mine Drainage Project No. 46, _ Federal Bureau of Work in pro- 

Schuylkill Counties. Phase E. Minesand ._ gress 1076. 
Commonwealth of 

; Pennsylvania. , 

. SURFACE SUBSIDENCE — | 
pn 

Lackawanna County: , 
Archbald Borough _._._. Pumped Slurry Mine Backfilling _ Federal Bureau of Work started 

. Demonstration Project. . Mines. — 1976. 

Dickson City _._._._.. Subsidence control, backfilling — - ~ - do _.-----~+- Work in pro- 

, _. gress . 

Jessup Borough __... Pumped Slurry Mine Backfilling  w---do_------- Work started 

. Demonstration Project. . . 1976. 

Moosic Borough _.... Subsidence Control -_—-----~--- Federal Bureau of — . Do. 
Minesand _. . 
Commonwealth of . 

| 
Pennsylvania . 

Olyphant Borough ____ | Demonstration Project for hy- - Federal Bureau of Work com- 

- draulic backfilling into inaccessi- Mines. __ pleted 1976. 

7 ble mine voids to establish limita- Oe oe 

: tions in the use of the pumped : 

: '  glurry. — " 

Scranton: 
Hill section _.—--—-—- Sudsidence Control Project No. 12, - Federal Bureau of Work in pro 

. Phases 1 and 2. Mines and _ = gress 1976. 

“ a Commonwealth of . : 
e Pennsylvania. 

Minooka section _._._. _ Filling mine voids. Blind-flushing ___-do_-~-L-+-- Work com- 

| oo approximately 17 acres of a Pilot _-'~ pleted 1976. | 

a , Demonstration Project. 

Southside section ___ Hydraulic flushing of mine voids, __-do___-----+- _ Do. 

Project No. 11. . | 

Taylor _._._.._----- Subsidence control, backfilling ~~ - -— Federal Bureau of Do. 

Luzerne County: oo , - a: 

Borough of Swoyersville Subsidence Control Project No. 15 — — Federal Bureau of — Work started 

| Mines and | - in 1976. 

, Commonwealth of - 

Lo: os . a : Pennsylvania. oe 

Pittston _._.__.-_--- | Subsidencecontrol ---~-------- ____do__.--..... Work in pro- 
oo gress 1976. 

Plymouth Borough ._- Subsidence Control Project No. 16 ~~ do ..------- |. Work gtarted | 

. . . : . . 

SURFACE MINE RECLAMATION PROJECTS 

Luzerne County: a . ; . : 

Nanticoke ___..__--- Surface Mine Reclamation Project Federal Bureau of Work started 

No. 18. Minesand | . and com- 

os Commonwealth of pleted in 

. Pennsylvania. . - 1976.



384 _—s MINERALS YEARBOOK, 1976 ; 

7 on Men N AHS NO es oo | ge 5 Be 5 x Se 8s 2 S218 

pt . 

- sl 2 Shs 2 Sig ae an iff an] a | 
o os ; Sli Ort wa 1 33 ‘ — Hea: + 75 8 BP PT BN BS] FS 
fa Bl. . Oo ’ & / 4 . . 

. . | iD 0 112 gk : ge | § 888° “1g gg gee] safe) 

: . 10 oo = : . = g | & 88° | ces Sg az €| sale 
om -- ~ b 

w= we . 

@ fo 2 22% > Seog #9 gr elf as ow | ; ; 2 = S = 88 Se os Ss << Nei] o 

© a ee - . om 

| | 3 g | & f8° | cee ag ag e|| sels | 

= . oo ro) QAw 1 15-9 io No mil 99 : 

om a 2 |. a : 
Es » | 2 83° | €€8 gg sae €]/ ax] sll 

. < a 
Rg : 

| = : 

| Sil] = | § 38° | is 88 88 €|/ a] 
| s2| 3 | = | 

| & : . 

| eE| 2 | 8 88° | 8 gg as el] o/2 
— gs] 4 ; Fo Iq = a“ . . 

; @ & 1 on N 150 41D 
E < z o Se ee RS eco @ & oa 

> v 2 WN 1 Ig et > | 2 d oy Sg os \ jes Ngo O00 2 x Ni 

= =~ ~ EB | g | & 8° | les gE se €|] axa 

3 S ; g | & 88° | l€8 5g ag el! axle " 
Fea 

E 
E ; ae &8" |! ¢eexX S65 Bs Cl] S718 
=} 5 wD oD ! ” m= OD ont — td 

mM => 

. 4 } < ee ee rt 4 
. 2 1 ee bee | 

2 i@owrttoutees if riod ee 
| & eB ttt Lote ti tit TE | on | 

SiS tit te ta 18 rt ott 4 iG 
sig rir ret Bi® ay Se Se Ley . os ira wore iB ay ar gig 
au rtte8® ig 1 Se 1 | gg ae 1 
Eg § bet BS 'Siggii Biss His 
be tet * 1S 168 1 | 8 'og me O I 
BoP t1:t gSie SBeae ) \ o2 1 
SS Fil go ie 1 Bae | g a @ee 
See a ia! £248 ESB igo iS Ses 1 

; o 1 ome 

| BURG 'y | S485 Bas sgds8= sEe gy 
eisegebeegestenteegess 224 2 om FR poms a @ ~~ ou | sae o> as R33 Bd BSakDS a4 ga S.0.- ~~ D6 ES ome ° om a SgeategetD Age S sg 438 

2's z 3 
E wn é § z 3



| COAL—PENNSYLVANIA ANTHRACITE 885 | 

83/8 3s | 8S | et ~ 

5 

sto} 1m O19 oo 8 
Sa % ++ Sis 

a BE 
- | SB | | | 

33/8 32 8 
rity 10 OD wD 

oo 0 

- a oe BS oe 

33 ES 
_ UD 

an! - ow Bs . 

aT OBS Es 

ea} eZ 28 - < g : 

| ag oo Ow ae 4 o se co 
a 35 28 | 

Be 

sale gg 3s 
| i . # | 

| g yj 
| “s]/S gs) o. 

BS ee Bs a 
. De! & Ort 38 os . { AN : aati a = 

a BS ER GR 
$8 20 Sy 

wel en BE OE as | 
| RTS gs e 93 33 i 

2° £5 
ae se | 

| oes ec Ss 23 f | | 
1 : & 2a 

Or-lo on] . 2 25 os . 
oo] = SS 2 $ 2 5a 

oo £ = 3 e232 

| | a i 4: 
TH] oo Or . 

“SE ge] EB Sa ae oo 5 Bg : 

~ 09 On i 3 & as 
Sia wsl 3 2 3 5 

oe g & oe #88 
Peed 3S a 

bromo 5 Og Za os 

CE) 4a a be be aes 5 2 S- 

18 1B iS) pega eS BE | 
eis ia Senses 853s 88 
in ig ia| beige Beas of 

\ 18 if 18 EEK Sake 33 @ : 

£5 \B.5|SBeeRReGhs 35 
2s i 8o BO<8558o ao as 

ee, igie| pasgisage? o3 
Tue Zbsve gesee gee gc 
ou, oges|aeezeaaeee <2 
33 9223| 5: gauge2 ES a SfsS8S5 E88 5 | gs g



| 386 -. . MINERALS YEARBOOK, 1976 | 

QO r= £9.00 Ono =m e00e OOTP sO 2 2 > g| *BSS) G8 8B SSse| g|ls|| SBB5| = & a ae weil Oe oo 

o ews Cin SoS NNMO oo || co 2019 t ag | 3/3] 8888) 818 § 888s) BR] 8828) & EE |e 
19 m4 400 CO om omar wil sS t o> on q|  °SRE) S/S © Sa82) §1/8]| 3888) gi] 

et oS w o 
Ot oO 

rit Hp to ot) ne te wolloff rirat 4 a Poaodst WP ot db pT OTT proue 4 

e 
fa 

. > & Prt i} tt tke 100 aang o | als Piet WyPorook ot ae |] 2 Pie 
A> & Fs 

mn Ey a . 
o™ | & ~ AE = Pir tp et te ee at 3 3 piud por oa tat ee i 

= | | 
=16 60 1S x rok 8 00 Ve) Pw f | | |g] *885) &//8 & S882) //8)/ 8883) & >, & wo os =“ wi] wo “QQRc Kd 

2 = | | 
$ A] S19 Qin SS Neos oo S219 tb wo “id % S| /g/2| S888) S28 § Sshe! §)/8]) 8838) & Sele . a] els) sone] gi 

| 5 LD ext e400 co ot wN ols t > oF g q| S582) 21/8 = S888) §)/8)) 3838) 2 om " ety COS 4 =H rar) 
: 3 Ae oO 

. o 19 © CIP rm mowoy aii eae © 

"S ° oO se wel od ed us 
. o1& . 

& TEL eamal olla 1 moon st} ot] som wo | ie SOS! lis 6 SOFAS ge SSRs S 
; gl ele ep oo ae ws 

2 Ee 16 io 3 co 4 aww sila 90 st se 00 = — = 

e ls|" (3 SS) Bye REN) B81) ASRS] & | om . be 

- . 

& |e fo de . 
om a at NS milo ec Norn wit BEe S el | SQ} 58 8 S258| gi/5]) SEER) 8 ge |airalso Po, wt OTT] 0 19 19 OS S 

eo ic ” m1 3 6 19 0910 OY oll woaon © a |" )=1% Ha2| 31/8 8 S288! §]/8l| 83gg) s 3 ee: é qe a onl] Ware N z > 7 

& —_ — ome — 2 FOeNnal co Sg on S| (71g) 88%) 5% # FERS) BB) 38g! 8 | B 4 . | 

eo 19 SAO sila © wormn Dll col] weowr 1 E 3| SARE] S/R 2 8588) B//8l| Sega) 3 = ° . ety et HAO ) 
e 5 & . ee eo} 

v P meeof wile o wHeo] wo 90 60 90 rm) wt : we | $ Bae) S| 3 2883) B13) eee8| = ve) & é | : ess] ot 
@ ‘a ; a 
2 3 | : : 62 0020 Collis «9 Mome QI] 19 00 2 f g| PRES) SE F S98") 3)/8]| 3828) 2 SOU AH S 

= N 

br Pooh EE Prd rite Pot of bia if Pru 
brad bof ob PR brat 
Pit bobo bo prt t gt rit rbd boro or prt Ba rior poriti Pobrobr opin By Pau Pri SE LL GiEL ge Po Grit | am itr 

eri Et ae feo tens | = o brid By g ii! $8! geisisg! SE @ alii! §! wm : riue Bt 22 12 Zz | 32 8 Si 2 ty 
BS trit =) ses is aes ! =§ 3 Pia bo 

ee) liv 3 22 1DROD | 3 S Bo is | 33 Siig: BS ee,g8ee, g- 2 gi ig! 28 Pawhtg " ebedeee “= SF Suse. & 
3 P- S5-5°53 BS ® EEgaoe aa a and 3 SOn 
& >



COAL—PENNSYLVANIA ANTHRACITE 387 

¥ & Stay Blj/al] SNSS] S/S & SRS] ES] - | 
SS xeae| siisll SSs9| SS 3 S8Ax| Rs a AN S258 81} S * * “ 

8 & Shas S1jS|] SS58) Ais & SSRQ~o VS] oe 
oS ored wlha|] SSSa] Sls GS BSBAR] alla 

& 8 Sess SIS] SRgR) BS S Bara SiS . 
= oS QUQNS es. HDde- Collis N Sane alia 
+ Oo wOOne TINS SR ye tli wa Gar sii = : 
we pal) = 

1 ot tot lio pid ! i ot tet ailae - 
boot me 8 tid pet Wp iS 18 x o 

S ella 

fot (ot ©] | co Pieid Wtaot te 1s Dila 
\ I 1 | S11S rib 1 i 1 iB is Ss o 

. A Ss RI} ¢ ; 

Po4 tl tes eo || pit Pot tid 
1 ! ee wis btu | 1 l i118 S S 

© NN tope 00 | | oo oman}! alin oo mae alia ce 

22 5885) S/S] Saes| siig s asas| alle 
. N AQ AAA & 2 a 

SB 3 SRNE/  RIEl] SSB) Sl]a & SBRS 1] ) 
m AN ino Slict Or or Sid S$ BSx* 11s 

cof ores || x i++ sii + & et a 

. OQ a Neat slits WAIMDO ei] cS wie 21] 3 
6 in O6Oow © 00 > 00 6 <i/S = On = _ = % RBAS SISl| Sos! olla a santo 06 || od . a oO wOOnR SIs aV< Si[s a dy ool] 
a a = : . 

eg. gasa| allsi| sega] sila 8 saa] 3|/2 | 
1, GB OOH Riis 1 U5 <i 95 Nie & esas 15 11 Od NS A ais al) is Wwe 6 MOE TA . 

“$$ 8 SSB8; SiyBl] Svea] sis & asses; sis 
RQ SG eno ST TT OR 19 05 09 85 Hijo & Sins SUIS 

a ON wet 1s wllos ft <5 silo © SON 
rt a we 

<3 3 gg5s| s][s|| gees] alia 2 segs] gills | 
CO rt OO MS Otte 19 19 JS eile & aeas Alles S 

oN if] ud 5 silo 6 WRN Go || 63 g . 
, om 

s 
ss agg5| allsl| sage] aii¢ 2 s8an| 3/8 . 

2 SB etn eg wtp ee Oc n Cll S SxS |] & a a wooo od |} 6 wv s3 += sane & || o0 a 
Soot Sede ed eli o ; 

= : 

SA Aaa SijL]] SSBB; SA S SSax Qs = 
hm 1 HES TT eS Hoe ZIiS | SSAS tT La ° - S ~~ atl os ww si/s += SNA sl . 

a eo wp] o : . z= a 
@ 22 zggz| elle|| sezel alla 2 sees] sila] 2 2 

1 SH HANG OO Em. 06 06 06 wi six @ wgsE ~ il - Sn Sw mide als a+ sila S GHAR oo || ~ 3 54 
fm $3 

ve) = ss Sees] ailall sesal si/s = aeeal sie! 2 Sy | SS mao d WISI] Sas] sils ¢ déax <jin| 3 83 S Oo roda lio Dee! SS SS Vee col] = =e g@ 
ol oO co i : 2 6 3 

2 gf 
- » G es 

8 2 2323; Sils|| S58) SiS S BRS) Sys] § 35 
Sa 34 QOM eo ATT SS i ical slic st Seax SIS em ga ~~ 8 SaAA als 19 to Se sii + VaNe oO 5 3s 

Sut , 3 “> . 
a 

S82 Sse] Ai[8]| 8588) Sis 8 SNR) ELE 8% = ISoa} S[i4 2 aead s 
2 Q Lorna oot} Sncc Bliss A SGeriow! - oil~ = 

oOo vt wae oo 2 wBiows Sia we aye | ft E a3 

3 
to rit \ 1 peu 1 potog#roied ' \ Z Bs 
bob pete 1 1 rit bot opti 4 1 w Sg 
rot@ouette 1 1 pit 1 ot tte ! 1 . . 

es ee 1 4 rai rn ee ee ne oe) Saabs 
pot prt 1 1 piu 1 bof tte { ! ES3s 
Po otoerits i ot piu bob po pttte yt sf BZ ek S 
Por pterr Be ot t wm tia rs ee ee SskaAz - 
ee | gtria rb ot tte 1 1 w weet 
an lo iq | £1 1 Sivirt Bt wea to teno ! = 1 1 du@ag 

Scio ico! BEy B Bi!!! €! Seisiss |! HE! B| 28888 
e ly lowe ! og & 2 g | | ,! 72, ly Ar a ; 3a 5 3 =6 ES 

ae ic ei gag S Siilt be oo gee i Bee | ances SEiEa8E! aed BE Biigi gB FE '¥sss | ask Bl Bese 
LE-LGES, 228 as ‘#1121 Sn SERECEES Sow $8283 % 
ESSegces © So glegi © Sasegeas = Ol asges 
00h 0O'S #88 gS & as > 33-35°-33 33-35-53 s 
An a and 5 BO Aa a aad Baras 

<



. . 

888 _ MINERALS YEARBOOK, 1976 

| 7 Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) 
prepared at plants, by region 

(Percent) oe | 
/ 

. Size . 1972 1973 1974 1975 1976 1972. 1973 1974. = 1975 1976 

_ Lehigh region Schuylkill region 
EEE Eee 

' Lump! and broken _ _ __ -- -- -- —_ -- _- -- -- -- _- 
| Egg ---_----_----_ 2.4 4.6 5.4 5.7 3.9 0.3 0.3 0.1 (*) (*) 

Stove _.__________ 108 12.9 14.4 123 14.1 10.2 9.1 7.6 8.5 9.1 
Chestnut____.___.. 106 9.9 12.8 11.4 13.2 10.1 9.4 8.6 9.6 9.3 
Pea ~-_-_- 8.5 8.5 9.9 6.3 8.5 6.9 6.8 6.5 7.0 6.2 

Total pea and a 
larger ___._— 32.3 35.9 42.5 35.7 39.7 27.5 25.6 22.8 25.2 24.6 ee 

aT TS Se ES SS SASS 

Buckwheat No. 1 _____ 12.1 ©1138 12.1 10.3 13.9 9.0 8.7 7.5 8.8 8.1 
Buckwheat No. 2 

(rice) _...-.-_.__ 9.0 —~© 9.0 11.3 8.6 11.1 8.8 8.3 7.5 8.3 8.3 
Buckwheat No. 3 

(barley) _--____.. 91 9.4 11.1 91° 112 12.2 11.2 10.2 11.8 9.0 
Buckwheat No. 4 _____ 5.9 5.6 5.9 4.8 5.2 103 8.5 7.3 1.6 8.6 
Buckwheat No. 5 _____ 14.5 14.5 16.0 10.7 9.2 22.0 20.4 20.3 15.4 11.7 
Other? ___________ 17.1 43 11 20.8 9.7 10.2 17.3 24.4. 22.9 29.7 

nee ee Ta 

Total buck- : 
wheat No. 1 
and smaller _____ 67.7 64.1 57.5 64.3 60.3 72.5 74.4 71.2 74.8 15.4 

Wyoming region . Total 
eeeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeee eee ee ecre e  T a ED ep emits nr PS PP eS piss SAT) 

Lump! andbroken____ ss __ _- —- -° = _- _- _- _- _- _- 
Egg --. ~~~ ____ 1.7 2.1 1.9 1.6 2.5 1.1 LT 1.6 1.9 1.4 
Stove _.-__._______ 13.6 14.1 6.8 3.0 2.6 11.0 11.0 9.3 8.8 9.5 
Chestnut__...-__... 15.6 13.8 14.0 4.6 5.0 11.4 10.2 10.3 9.4 9.7 
Pea __-- 12.9 14.4 8.3 5.4 6.2 8.5 8.5 7.6 6.6 6.7 
i ee 

Total pea and } : 
- larger __.___~ 43.8 44.4 31.0 1446 8 §=153 32.0 31.4 28.8 26.7 27.3 

BuckwheatNo.1_.--- 164 159 78 13 67 «44112 107 87 9.5 95 
Buckwheat No. 2 

(rice) _..-_____-- 9.8 9.1 5.5 » 9.5 V7 9.1 8.6 8.2 8.5 9.0 
Buckwheat No. 3 | 

(barley) ..._____- 11.5 13.1 11.8 13.2 12.6 11.3 11.0 10.6 11.2 10.1 
Buckwheat No. 4 _ __—_ 4.4 5.4 10.3 7.2 6.2 8.0 72 42 6.8 7.4 
Buckwheat No. 5 ____— 2.5 2.7 1.2 3.5 10.7 16.1 15.9 17.2 12.3 10.8 
Other® ___________ 11.6 9.4 32.4 41.7 40.8 12.3 15.2 19.3 | 25.0 25.9 

Total buck- | | 
wheat No. 1 
and smaller _ _ — _ — 56.2 55.6 69.0 85.4 84.7 68.0: 68.6 71.2 73.3 12.4 

| 1Quantity of lump included is insignificant. 
2Less than.0.05 %. 

: 3Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 

Table 7.—Production of Pennsylvania anthracite in 1976, by region and county 
(Thousand short tons and thousand dollars) 

So Rail shipments Truck shipments Colliery fuel Total production? 

mnee Quantity Value? Quantity Value* Quantity Value Quantity Value? 

REGION 

Lehigh: Preparation 
re ante ~ aoe eee 866 38,723 800 30,334 5 234 1,671 69,292 

Schuylkill: 
Preparation plants _ _ 958 39,785 2,613 73,878 7 263 3,578 113,927 
Dredges _______- 4 43 84 836 __ a 88 879 

Total Schuylkill? _ 962 39,828 2,697 74,714 7 263 3,666 114,806 
Wyoming: Preparation 

plants* __.__.___- 152 5,158 739 19,958 (*) 20 891 25,136 

Total:! 
Preparation plants _ _— 1,976 83,666 4,152 124,170 12 517 6,141 208,355 
Dredges ________ 4 43 84 836 __ __ 88 879 

Grand total? ____ 1,980 83,710 4,236 125,007 12 517 6,228 209,234 

See footnotes at end of table.
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Table 7.—Production of Pennsylvania anthracite in 1976, by region and county 
— _ «Continued 

(Thousand short tons and thousand dollars) 

gS ep eS SSS SSS es US PSSST SSS SSS SS PSD 

Source Rail shipments Truck shipments Colliery fuel = — Total production? 

Quantity Value? Quantity Value? Quantity Value Quantity Value? 

gn PAS 0 SS SS 
Ee 

Berks and Snyder ____ __ 4 43 71 735 _- _- 75 7717 | 
Carbon ___________- 16 218 « 284 7,365 -- ~— - 300 7,584 

- Columbia _ ~~~ ._.__~- a a 101. 3,644 -- _— 101 ~~... 8,644 
Dauphin __________-_ -- -- 61 1,244 -- -- 61 1,244 
Lackawanna _____.___ 14 437 200 5,599 (*) 8 214 6,043 
Luzerne ___.______~ 667: 28,534 881 30,777 6 247 1,554 59,557 
Northumberland _ _ — _ __ 200. ~—s«6 746 691 17,974 0) 35 892 24,756 
Schuylkill ~..-...-_- 1,079. 47,732 1,888 56,109 6 228 2,973 104,069 
Sullivan ~_-__~_______ _- __ 58 1,560 __ _— 58 1,560 

Total! ~0 2 1,980 83,710 4,236 125,007 12 517 6,228 209,234 

‘Data may not add to totals shown because of independent rounding. oS 
2Value given for shipments is that at which coal left possession of producing company; does not include selling 

expenses. _ 
3Includes Sullivan County. 
‘Less than 1,000 short tons. 

| Table 8.—Pennsylvania anthracite produced, by field 7 

(Thousand short tons) 

Sa a cP TS 
a SS eee 

| Field so 1972 1973 1974 1975 1976 

Eastern Middle: Breakers and washeries_._ ____ 1,221 __—*1,288 1156. 1,170 ~~ 962 

Western Middle: _ . 
- Breakers and washeries __ —___.-_---~- 1,741 1,663 1,939 1,451 1,653 

Dredges_ ____.._.----------~------ WwW Ww -W WwW WwW 

Total .______-___.----------- WwW WwW Ww Ww - WwW 
er Pei i TT TS TR 

Southern: 
. 

Breakers and washeries _ _ _ __ —____---- 2,333 2,427 2,693 2,602 2,633 

Dredges. __ ____-__-_-------------- Ww WwW Ww Ww WwW 

. Total ___________------------- Ww WwW WwW WwW Ww 

Northern: Breakers and washeries’_ _ _ — ~~ ~~ 1,334 1,011 677 ~ 905 891 
oOo ———————————————— 

Total: 
Breakers and washeries _ . - -_.__~---~-- 6,629 6,389 6,466 _ 6,127 6,140 

Dredges. _..._.-----------------__. 477 441 150 76 88 

Grand total? ____._._.._---------- 7,106 6,830 6,617 6,203 6,228 
oe eee 

W Withheld to avoid disclosing individual company confidential data. 
1Includes Sullivan County. 
2Data may not add to totals shown because of independent rounding.
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Table 9.-Pennsylvania anthracite. produced in 1976, classified as fresh-mined, 
culm-bank, and river coal, by field and region 

(Thousand short tons) 

—” eghsminedeoal—“i‘SOSSC*™*;*;*™” 
- So . -, “Underground mines I From From ' 

urce i Stri m river Total 
vee Hand Total? pits banks = dredging 
loaded ; 

| Eastern Middle ___________ _. __ __ 871 91 __ 962 
Western Middle ________~__ 46 76 122 513 1,018 Ww WwW 
Southern _ ~~. 238 224 462 . 1,369 802 WwW WwW 
Northern? _____---------_ _- a AB 646 __ 891 

| Total —__-_---___- 285 = (299 5842.99 2,557 88 6,228 
- = — — ON = 

Lehigh __--______------ st __ 1,240 | 430. 1,671 
Schuylkill _——___________ 285 299 584 1,513 1481  —s--88 3/666 
Wyoming__..------~----~~ = 3 Le _- -_- 246 646 _- 892 

| Total! $e 285 299 584 2,999 2,557 88 6,228 

W Withheld to avoid disclosing individual company confidential data. 
1Data may not add to totals shown because of independent rounding. 

7 "Includes SullivanCounty. a — —— oe 

Table 10.—Production of Pennsylvania anthracite from strip pits = 

es a _ Minedby ear Average. | a : m stripping | peeroent of N umber of . number 

| - short tons) total employed worked 

1972_____ 3,483 18.1 2,011 261 
1973________________- =e, 3,279 81.9 1,638 250 
1974. 2,869 81.4 1,376 244 
1975 ee 2,564 79.9 1,468 213 

1970 high x aa---- Hane 1,240 34.6 NA —— NA ' on wwe ee ee ’ . 

Sehuylkilt 1 regio_________________ 1,513 42.2 NA NA 
: Wyoming region’ ---------------- 246 6.9 NA NA 

Total or average _ _ __----~-~----- 2,999 83.7 1,375 235 

| NANot available... a | 

_ Includes Sullivan County.
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Table 11.—Power shovels, front-end loaders, and draglines used in recovering coal from 
culm banks and stripping Pennsylvania anthracite, by type of power , : 

Typeof  Front- Power _ Front- Powe Front- py 
_ power" ends . -Drag- end ower Drag- end ower — Drag- . 

a load HOV tines © Total toad- «© SRO dines Total joad- HOV’ jines Total 
ers , ers ers 

Gasoline. __ 2 an 4 2. 6 LL 1 1 2 
Electric _ _ __ 14 30 44 _ 13 27 40 __ 9 30 39 

_ Diesel _ __ 146 27 73 246 179 38 98 315 215 45 104 364 
‘- Diesel- 

electric _- -- _- _- -- 1 1 2 _— 1 -1 2 

Total... 146 43 105 294 179 56 «2Ts—(itéGSt«iS 56 186 407 

‘fable 12.—Production of Pennsylvania anthracite from culm banks, by region | 

(Thousand short tons) 

Lehigh | Schuylkill Wyoming 

1972_____________ e+e 614 1,411 177 2,202 
1978 ee ++ - 611. 1,612. .. ..161.. _  . 2,884 

4974 ee _ 468 2,087 435 2,940 
1975 eee 720 1,492 710 2,922 | 
1976__________ Le oo 480 ~ 7,481 646 2,557 

- , . - eet i . - — 

| - Table 13.—Estimated production of Pennsylvania anthracite in 1976, by week: _. | 

Week ended— ‘Thousand Weekended—  Jhousand Week ended— Thousand 
| 

Jan. 1 __- 85 May §7 _--... 180 Sept. © 4 --- © ° 185 
8 LL 120 140-00 BB AD 100 

15 ___ 125 21 ___ 145 18 ___ 120 
22 ___ 130 2 ___ 145 25 ___ 125 
29 ___ 115 June 4 ___ 155 Oct. QQ ___ 125 

Feb. OD coe M0 ee Wee 45. 0-0 9 ee 115 
4 ___ 105 18 JL. 40000 16 = _ 110 
21 ___ 115 : 25° 185 23 ___ 115 

| 2B ___ 110 July - 2 -... 60 30 ___ 120 | 
Mar. 5 105 9 ___ 130 Nov. 6 ___ 123 

_ 12 22 10 0°;«~— 16° ___ ~ 1800 = 13> = 120 
19 ___ 10 2 2 + 125 20 __. 100 

>) 125 : 30 ___ "155 OT LLL 100 
Apr. 2 ope 110 =Aug. a 185 *« Dec. 4 __- 125 

9 __ - 140 AW LLL 130 | a) 105 
16 ~-. * 105 20 ___ 125 JB 125 
23. ___ 140 8 LLL 140 . OB 95 
30. ___ 105 , oo, Jan? ©. 1 _--. 15 ‘ 

, os |  Potal. +--+ 6,228 

' 18stimated from weekly carloadings as reported by the Association of American Railroads and other factors; adjusted 

to annual production from Bureau of Mines canvass. : - 
__- 2Rigures represent production in that part of week included in calendar year 1976. ——- -
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| Table 14.—Estimated monthly production of Pennsylvania anthracite! 

(Thousand short tons) 

ene A SS te se enseepeeereornerenserestencneenessens 

- Month 1972 1973 1974. 1975 1976 
Tsao aS SP SP SSS SSS SS SSS Ss SSS ss SSS 

January ~-___~_______ = eee 583 . 522 516 540 s«5BB 
February —-____22_ ~~~ Le 542 568 458 535 440 
ee 622 641 531 544 525 

April ~---- + eee eee 487 581 563 270 520 
| May __-_--_-_-~ == le 706 641 589 535 «BBS 

Jume ____ 2 Le 515 609 505 544 610 
July ee 465 434 443 455 490 
August __._ ~~ eee 688 587 620 535 590 
September ______-__--___----_------------.--- 611 532 516 500 515 
October... ee 682 614 641 560 490 
November __ ~~~ 650 582 610 555 493 
December a ee ee eee 555 519. 625 630 475 

Total _--__________________________ 7,106 6,830 6,617 6,208 6,228 
RR TT 

aT a SaaS 

1Production is estimated from weekly carloadings, as reported by the Association of American Railroads, and includes 
mine fuel, coal sold locally, and dredge coal. a a 

Table 15.—Pennsylvania anthracite loaded mechanically underground sy 

a . (Thousand short tons) . . 

aia.  Gonveyorand Totalloaded 
Scraper loaders. Mobile loaders pit-car loaders mechanically! - 

Year . Num- Num-. Num- - Num- 

| ber tity _ ber ‘tty i oe be tity. 
0 0 j . 

units loaded units loaded = nits to units loaded . 

1972__.-~__-_-_____e ‘81: 847 16 136 46. 111 143, 594 : 
1978______________ 72 220 4 106 47 96 128 421 

| 1974__-_____-----. si“ 89 6 169 AL 49 111 307 
1975______________ 1° 66 4 188 25 44 44. - =. 299 
1976______________ 17 | 62 4 152 2 ° 1 46 285 

1Data may not add to totals shown because of independent rounding. __ —_ 

Table 16.—Trends in mechanical loading, hand loading, and stripping of 
fresh-mined Pennsylvania anthracite - 

(Thousand short tons) 

' Underground Strip pits 

| Percent Percent Percent 
Y Mechan- Hand of 
ear jeal of total —joad- «=F total =Total Quan- fresh Total 

loading ; ing ; ty mined ground ground . ‘coal 

1972_.--_____ 594 62.9 350 37.1 944 3,483 18.7 4,427 
1973_________ 421 58.0 305 42.0 126 3,279 81.9 4,005 
1974_________ 807 46.8 350 53.2 «BT 2,869 81.4 3,526 
1975. 299 46.6 342 53.4 641 2,564 80.0 - 3,205 
1976. 285 48.8 299 51.2 584 2,999 83.7 3,583
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Table 18.—Average value of Pennsylvania anthracite from all sources, by region! 

. Oo | (Per net ton) . : | 

se ies ruesssvussesteneumteeusumnannnamsmeitnmmensenssnas 

1975 . 1976 . 

Region Shipped Shipped Collie Shi Shi iery ry _ Ship ped Colliery 
oo by rail by truck fuel Total ~ ‘by pps _ by track “fuel” —«Total 

Lehigh _._..._---_ $41.52 $30.02 $88.91 $85.11 $44.74 «= «$87.90 $44.95. «$41.46 
Schuylkill] _...____ 40.54 . 27.68 36.86 31.72 41.39 27.71 39.66 31.32 
Wyoming? ______._ | 88.25 25.45 46.89 26.97  —. 33.87 27.02 35.87. 28.20 

Total ...._____ 40.80: 2781 37.97 3199 . 4227 2951 . 41.71 33.59 

4Value given for shipments is that at which coal left possession of producing company; does not include selling 
expenses. a : - 

*Includes Sullivan County. oe . . a RS ~ 

_ Table 19.—Wholesale prices of Pennsylvania anthracite in 1976, by size? 
. BO (Pershortton) . : y 

. Size Winter . Spring .. Summer-Fall - Yearend 

Egg and stove .--------~.. $47.25-$47.50 $47.25-$47.50 -—- $47.25-$47.50 $47,25-$47.50 
estnut 2 2 47.00-47.50 47.00-47.50- 47.00-47.50 . 47.00-47.50 

Pea _.. 42.00-42.50 “ 42,00-42.50 - —s_.. 4200-4250 ~. 42.00-42.50 
Buckwheat No. 1 2.22 ___ 42.00-42.50 42.00-42.50 42.00-42.50 . _ 42.00-42.50 
Buckwheat No. 2 (rice). ______ 42.00-42.50 42.00-42.50 42.00-42.50 - 42.00-42.50 
Buckwheat No. 3 (barley) _ _.. __ 42.00-42.50 42.00-42.50 42.00-42.50° - 42.00-42.50 

1 As quoted in the Black Diamond Magazine. All prices are per short ton f.o.b. at mines. . 

- Table 20.—Employment at operations producing Pennsylvania anthracite | 
| a (including strip contractors)in 1976 = Q 

Rag SPF Wyong at 
region ‘region region 1976. — 1975 

| Average number of men working daily: oo 7 OR mo : 
Underground _____~___... --___ NA . _ NA... NA... 742 | 733 
Strip ~~~ ~~~ ee NA NA’ NA _. 13875 1,468 

i Culmbanks _..._____-~~.___ ‘NA NA = +#£«.NA = 328° 400 
Preparation plants ______.._____ NA NA ‘NA 1,226 1,291 
Other surface -______________- NA NA _ NA — A © (*) 

Total excluding dredge = SO | - 
ta one erodes NA NA NA. 3,671 3,892 

Dredge operations _._._________ NA. NA ‘NA 1. 15 

Total _.- 2 Le NA NA NA 3,686 3,907 

Average number of days active: 
All operations except dredges ______ NA NA NA 235 213 
Dredge operations ____.________ NA NA NA 250 275 

Average, all operations _._______ NA NA NA — 235 214 

Man-days of labor: 
All operations except dredges _____~ NA NA NA 863,000 829,000 
Dredge operations _~_____.______ NA NA NA 4,000 4,000 

Total, all operations _________._ NA NA NA 867,000. 833,000 

Average tons per man-day: 
All operations except dredges ______ NA NA NA 7.12 7.39 
Dredge operations _~___________- NA NA NA 23.45 18.46 

Average, all operations _________ NA NA NA 7.19 7.45 

NA Not available. 
Includes Sullivan County. 
2Included in operations above.
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Table 22.—Truck shipments of Pennsylvania anthracite in 1976, 
by month and State of destination! 

(Thousand short tons) | 

Per- 
cent 

Destination Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total on 

truck- 

a : 
Pennsyl- — 

vania: 
. Within . . 

ourzon _- 117 102 93 79 72 73 71 102 95 105 121 141 1,171 32.3 
ide 

region -- 170 155 190 163 162 178 154 176 176 182 178 169 2,053 56.6 
New York _ 26 26 19 25 29 34 24 19 24 26 26 30 §©308 8.5 
New Jersey 4 4 5 4 4 5 2 3 2 4 6 6 49 1.4 
Delaware __ 1 1 (*) 1 1 1 1 1 1 1 1 1 11 3 
Maryland _ 1 1 ® @ ?) 1 1 1 1 1 1 1 9 2 
Other States 3 2 2 1 2 2 1 3 3 3 2 2 26 1 

Total:* 
1976 _ 322 291 309 272 270 294 255 304 #j.302 321 #336 350 # 3,626 100.0 
1975 _ 314 358 284 198 248 2938 259 3806 "281 318 ‘222 524 3,600 100.0 

1Compiled from reports of Pennsylvania Department of Environmental Resources. 
2Less than 1/2 unit. 
3Data may not add to totals shown because of independent rounding. 

Table 23.—Shipments of Pennsylvania anthracite, by destination’ 

| (Thousand short tons) . . 

. _ Destination : 1972 1973 1974 1975 1976 

TRUCK SHIPMENTS | 

Pennsylvania: | 
Within region __________-_-~~____---------~---- 1,584 1,511 1,410 1,288 1,171 
Outside region ~.~._~_______ ~~ ee 1,793 1,758 1,943 1,923 2,053 

New York __.-______~~-~~~-~~-~~~-~_~ ~~~ +--+ 441 380 416 300 308 
New Jersey _____~~__~___-.~_~ ~~~ ~~ -- 89 77 77 56 49 
Delaware ___._____~.~~~---_~-~~~~~-~-~-~-_~~~~--~-~-+ 15 11 11 9 11 
Maryland ____~______-_--~---~-_~-~-~~~~-~-~--~---- 23 26 30 9 9 
District of Columbia _...________.-..-__----..---- (?) __ __ ve __ 
Other States ___ -______~ ~~~ ee 21 8 30 16 . 26 

| Total® _~_. eee 3,966 3,771 3,917 3,601 3,626 

RAIL SHIPMENTS 

New England States _.._-_______---_------------+-- . 49 45 37 29 23 
New York _.____----------~~---~-~----~--~-+-~-~---+-+ 281 299 187 106 135 
New Jersey __~------------~-~--~----~-~---------- 85 55 34 55 79 

' Pennsylvania ________-_----------~----~--~------ 830 856 679 586 524 
Delaware __________~-----~----~---~-~-~-~~------ 2 (?) (?) (?) (?) 
Maryland ___--------_----~_------~--~--~--------- 2 1 23 1 1 

District of Columbia ——"““"TITTTTTTTL Tit 2 0 BU 
Ohio _________-----_-_-_-__-__---_-_--------- 124 122 77 50 59 
Indiana ________----~------~----------------- 42 43 34 25 4 
Illinois ~___.-__-----~-~-~-~-~-+----__-~-~------+--- 47 56 61 45 66 
Wisconsin _~_____--_-_~~~~~-~_--_-+-~-~-~-~-- ~~ +--+ 10 8 6 3 3 
Missouri __.--_.---__-~--------------+--------+-- 30 26 30 25 19 
Minnesota ______.~-~-----~~---------~---------- 10 11 28 13 6 
Iowa ________----------~~-+------~-------------- 31 36 47 42 34 
Michigan ___-______-------------------------- 49 98 12 63 45 
Other States ________.------------------~----~--+- 290 311 316 234 244 

Total United States® ________-___-------------- 1,891 1,977 1,649 1,280 1,245 
Canada ____~_~-__--~-----~-~--------~--------- 386 389 348 303 278 
Other countries _..___..-------------~----~-+------ 374 384 327 394 406 

Grand total? ~___.____-_------------------- ‘2,651 2,750 2,324 1977 1,929 

1Compiled from reports of Pennsylvania Department of Environmental Resources; does not include dredge coal. 
?Less than 1/2 unit. 
SData may not add to totals shown because of independent rounding. 
‘Corrected figure; erroneously reported in 1972.
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Table 24.—Consumption of Pennsylvania anthracite in the United States, 
by consumer category 

(Thousand short tons) 

Iron and steel 

Residential | industry 
an Colliery Electric Cement” — Gnio Other 

Year commercial fuel utilities’ plants Coke finter, uses® 
eating | making pellet- 

| izing? 

1972 ___._____ 2,960 11 1,584 Ww 474 283 603 
1973 _..-_____ 2,917 11 1,442 WwW 467 231 603 
1974 _.______ 2,577 12 1,498 Ww 444, 367 550 
1975 ~_-____--— 2,128 10 1,482 WwW 326 3237 925 
1976 _______- 2,016 12 1,350 Ww 380 140 1,142 

Estimate. W Withheld to avoid disclosing individual company confidential data; included in “Other uses.” _ 
1¥ederal Power Commission. - 
2Annual Statistical Report, American Iron and Steel Institute. . 
3Annual Statistical Report, Federal Bureau of Mines. . 

Table 25.—U.S. exports of anthracite, by country and customs district _ 

} } 1975 1976 } 
Quantity Value Quantity . Value 

(short (thou- (short (thou- 
tons) sands) tons) sands) 

COUNTRY . . 
Argentina ___________-_----_-~-~--~--~~--- 31° $4 140 $29 

: Australia ___._§________----~---------- 1,868 285 3,983 462 
Brazil _.._-__§______ ~~ -_ 1,071 171 489 78 
Canada _________~-----~--.1+---------- 543,552 - 20,905 445,397 16,154 
Chile __-________~____-~~ ee 373 33 1,049 124 
China, People’s Republic of _________--------~ 674 11 _- _- 
Colombia ___________-------~--------- 57 10 _- __ 
Dominican Republic __._____------------- 10 1 _— a 
Ecuador ___~_________----~~----------- 568 97 112 2 
France ___________----~-----~-~------- 39,303 1,425 105,003 3,784 

| Germany, West _________---_-------~---+-~-- _- -- 6,657 171 
: India _.______________--_-__-------- 2,215 147 __ __ | 
| Italy __.____________-------~--------- 11,357 391 q7 1 

. Korea, Republic of __.____-_.-_--------~--- 142 7 13 3 
. Liberia ____________-_-_-_--~--------- _- _- 946 15 

| Mexico ___________-____-_---_--.---- 12,128 722 16,040 929 
Netherlands _________~-_~~------~-~-~---- 16,362 717 16,440 660 
Panama ______~_~__-~-~-~------~-~---~-~-~-- 31 3 _— _— 
Philippines _____-------~---~---------- 225 16 1,159 102 
Saudi Arabia. __________-________-______ _ __ 161 35 
Surinam _____________~~----_~------- 344 59 617 70 
Sweden _____________~----~~_-~_------ 2,959 261 51 7 
Trinidad and Tobago ________----_-------- 212 18 __ _- 
Venezuela _____________-~-----~-~----~-~- 5,758 499 16,552 1,335 
Other ______________--~----------_--- 361 19 351 47 

Total __-_______~__-~____~__~ ~~ ---+-- 639,601 25,801 615,167 ' 24,008 

CUSTOMS DISTRICT 
Baltimore _~_________~_-~-~~-~--~------~-- 433 65 354 52 
Buffalo _.__ ~>_______ ee 127,829 4,065 136,727 3,755 
Chicago ____-________--_------~-+-+--~-~---- _— _- 580 85 
Detroit ________________---~~--------- 22,577 967 24,327 7159 
El Paso ______________-_-----~-------- 338 11 61 2 
Galveston _~__________-_~_-~-~-~--+-~~--~--- 674 11 _~- —_ 
Great Falls ____._._-______-___-------+----- 359 38 35 3 
Houston ________________------~~---~-- _— __ 84 10.—. 
Laredo ___________-_~-_-----~--+-+-~-~-+-~- 11,540 709 15,979 927 
Los Angeles ____________------~--~------ — — 13 1 
Miami __________________-~-~-------- 92 2 8 2 

, Mobile ___________---__-----~-------- 272 48 617 70 
New Orleans ~~ ______~__---~----~--~-~~-+-+- 2,957 501 11,658 1,021 
New York City ___________------~------- 1,011 58 3,158 175 
Nogales ___-________----~-----~-------- 250 3 _- _- 
Norfolk ___________--~--------~------- _- _- 161 35 
Ogdensburg _______---_--------------- 72,739 2,117 34,367 924 
Pembina __________--__-~--------+-~-~--- 30 2 2,217 38 

Philadelphia _____________------~---~---- 397,497 17,143 383,351 16,039 

Portland, Maine ~~ eee eee 390 15 42 6 

San Francisco ______-__-----~----------- 296 21 1,142 99 

San Juan __________-~-__-------~--~----- 212 18 —_ _- 

St. Albans __________-_-_--------~----- 75 5 __ __ 

Seattle ________-_~-_---~-~-~-~---------- 30 2 286 5 

Total ______________-_-_-------+-~- 639,601 25,801 615,167 24,008 
LS
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~~ Table 26.—Anthracite: World production,’ by country 

_ (Thousand short tons) . 

a Sa Se Ss 

Country? 1974 1975 - 1976" 

Belgium __________ eee 2,247 1,661 1,183 
Bulgaria we eee ee 129 130 “120 
China, People’s Republic of€ ....__-_...--------------- 22,000 22,000 - 22,000 
France __'.._- 5-2 e+ : 6,586 5,907 - &5,800 
Germany, West _________.._.-----_-------~------- 8,139 8,434 7,306 
Ireland _~-___~____ ~~ Lee 75 53 54 

. Japan eee 154 101 42 
Korea, North®__________________--_~___ ee ™34,000 35,000 36,000 

me Korea, Republic of _........_.___--------------------- 16,825. 19,393 18,108 - 
Morocco _. ~~~ ee eee 633 719 174 
Netherlands _.. 2... -.. =... -~-----~-=--+-=+--- 883 -- _- 
Peru_______________. ieee eee req 11 12 
Portugal _______________------- ee . 254 243 218 
Romania® ____________________-_ ee 22 22 22 
South Africa, Republic of ___.-_---------------------- 1,582 1,754 2,711 
Spain eee ee ee ee ee eee 3,250 3,477 3,846 

SSR... -_---__--_-------=+------------------ 83,586 84,000 84,000 
United Kingdom __~_~—_-----~-~--+-------+----==--- 2,798  ~- 2,793 2,900 
United States (Pennsylvania)_— — ...____.-_-_------i-+-=- 6,617 6,203 6,228 
Vietnam® ____________-________ eee 3,900 4,400 5,500 

Total _..__-___-~-----~.--~ ~~ 193,686 196,301 196,769 
Ce enamel 

. "Estimate. Preliminary. "Revised... | 4 a 
1An unspecified amount of semianthracite is included in figures for some countries. 
2In addition to the countries listed, Canada, Colombia, and New Zealand, produce anthracite, but the level of 

production is not recorded and available information is inadequate to make reliable estimates; in Colombia output may 
total 100,000 tons annually, while in New Zealand output is insignificant. .
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Cobalt 
| By Scott F. Sibley? | 

Cobalt demand rebounded in 1976 from African Metals lifted its allocation system 
the relatively low levels in 1975. The in- because of the return of its stocks to normal 
crease followed the general resurgence in levels. | 
industrial activity and the favorable eco- Legislation and Government Pro- 
nomic situation during the year. Demand grams.—The General Services Administra- 

_ for magnetic materials was especially high, tion (GSA) continued to offer for sale during 
while that for superalloys was relatively most of 1976 specification-grade cobalt met- | 

\ low. Total reported consumption of cobalt in al in various forms from excesses in the 
the~United States was 16.5 million pounds, national stockpile. Government sales of co- 
a 29% increase over that of 1975... _ balt by competitive bidding in 1976 totaled. 

A supply bottleneck occurred early in the 5,130,696 pounds, compared with 4,896,384 
year after bridges along the Benguela Rail- pounds in 1975. Sales were on an unre- 

way, linking the cobalt-producing regions of stricted bid basis except that total sales of 

Zaire and Zambia with the port of Lobito, specification-grade material were limited to | 

Angola, were damaged by rival factions in about 1 million pounds per month and 
the Angolan civil disturbances. Informal 500,000 pounds per bidder per month. On 
rationing by suppliers followed. Even April 6, GSA announced a revision of the 
though the rail line reportedly was repaired cobalt invitation for bid MET-201. The revi- 
in August, permission for Zaire to use it was sion provided for (1) a reduction in the total 
delayed. However, a favorable route via the quantity of cobalt available for sale each 
port of East London, the Republic of South month during April through September, (2) 
Africa, was utilized. . . restriction of sales to domestic use only, and 

| Government deliveries of cobalt sold from (3) a limitation on the quantity available to 
\ strategic stockpile excesses (6.7 million any one purchaser to 20% of the quantity 

pounds) were a significant source of supply offered each month, down from the previous 
during 1976. : limit of 50%. 

The major dealer for cobalt in the United On September 7, GSA announced the 

States, African Metals Corp., notified cus- withdrawal of its Invitation for Bids for 
tomers April 6 that it would limit cobalt Cobalt PMDS-MET-201, following  es- 
shipments to each buyer on the basis of tablishment of the Government’s new 
average monthly deliveries over the pre- — ~~ —— 
vious 15 months plus 25%. On December 1, 1Physical scientist, Division of Ferrous Metals. 

Table 1.—Salient cobalt statistics : 

(Thousand pounds of contained cobalt) 

1972 1973 1974 1975 1976 

United States: 
Consumption _._____________--- 14,130 18,741 18,861 12,787 16,482 
Imports for consumption ___——-_--~-- 13,915 19,238 16,122 6,608 16,487 
Stocks, Dec. 31: Consumer_ _ _ _ — __- --- 1,193 2,451 2,047 1,801 8,180 
Price: Metal, per pound ________-~-- $2.45 $2.45-$3.10  $3.10-$3.75 $8,75-$4.00  $4.00-$5.40 

World producton, mine ______---_---- 54,752 64,856 ™68,090 64,924 57,362 
ea a 

TRevised. 

| | 403
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: stockpile policy. From the first bid opening for cobalt was listed as 85,415,000 pounds. 
in April 1972, a total of 27,907,371 pounds of The total inventory of cobalt in the stock- 
cobalt were sold under this invitation. Fol- pile as of December 31, 1976, excluding 
lowing this announcement, a government material sold but not delivered, was 
news conference was held October 1, 1976, 40,950,685 pounds. Deliveries from the | concerning the U. S. stockpile of strategic stockpile totaled about 6,698,000 pounds. 
and critical materials. A new stockpile goal : | 

DOMESTIC PRODUCTION 

There was no domestic mine production provides for increased wages, including a 
of cobalt in 1976. However, AMAX Inc., 90-cent-per-hour across-the-board raise ef- began significant production at its refin- fective September 1, 1976, as well as cost of ery in Braithwaite, La., and reached greatly living protection and other benefits. _ 
improved operating capacity. According to Research by the Bureau of Mines to AMAX’s 1976 annual report, 363,000 encourage and enable development of low- pounds of cobalt were produced during the grade domestic laterites (see Technology year; this was about five times that reported section) continued, and the second stage ofa for 1975. By yearend, the refinery was feasibility study for a plant to process 5,000 
operating at about 65% of capacity of 1 tons per day was completed by contract 
million pounds of cobalt per year. Nickel- consultants for the Bureau. Preliminary 
cobalt and copper-cobalt matte was supplied steps were also taken by the Bureau to to the plant from New Caledonia, the Re- evaluate the laterites as to their grade and 
public of South Africa, and Botswana. Em- extent. In addition, some development work 
ployees at the facility, members of the was undertaken by AMAX Inc., to develop United Steelworkers of America, Local the Duluth gabbro sulfide deposits. How- 
8373, accepted a labor agreement at mid- ever, environmental obstacles remain to be 
year, with a termination date of August overcome, and no actual mining is expected 
31, 1979. Reportedly, the new wage pact before 1983. | 

| CONSUMPTION AND USES 

Consumption of cobalt in the United flecting concern over the possibility of dis-_ States remained strong throughout 1976, ruption of supply from southern Africa. 
rising 29% over that reported in 1975. Of Major uses in 1976 were transportation the cobalt consumed, 71% was as metal,3% (aircraft), 18%; electrical (magnets), 28%; 
as oxide, 24% as salts and driers, and 2% as machinery (principally cutting tools), 16%; purchased scrap. Consumer stocks soared paints (mainly driers), 15%; ceramics, 12%; 
71% above their 1975 yearend level, re- chemicals, 9%; and other, 2%. The greatest 

. . Table 2.—Comparison of selected end uses, 1975-76 

Percent of total Use Seana 
1975 1976 —_] eee 

Steel: ; . 

Fullalloy nt ete ~~~ ~~ 7~--~ 2-777 777~~--------------- 14 14 
Alloys (excludes ailoy steels and superalloys: ~~~ 77" 777 7-7-7 ------ Cutting and wear-resistant materials me ee 11.0 10.0 Welding and alloy hard-facing rods and 

materials ~~ -------- -- = ee 3.7 3.1 
Nosferrous alloys” ~_~ ~~~ 7777777777777~~----~-----------—- "BA “49 Chemical and ceramic uses: 

Cans ~ 2 rtrTT7 90 0 Ground coat frit ~--------- ee 7 5 Glass decolorizer __________--__ } 2 Salts and driers _____ 
22.0 24.1 —_ eee
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Table 3.—Cobalt materials consumed by refiners or processors in the United States | 

(Thousand pounds of contained cobalt) 

Form! 1972 1978 1974 1975 1976 

Alloy and concentrate? ___________________ 120 14 245 340 1,186 
Metal _.___________ ee 3,063 4,028 4,154 3,162 5,001 

, Hydrate _______ 16 60 46 41 47 
Other __ ~~ 16 26 153 110 130 

1Total consumption is not shown because some metal and hydrate originated from alloy and concentrate, and a total 
would involve duplication. 
' 2For 1974-76, quantity given is cobalt content of imported matte. . 

Table 4.—Cobalt products! produced and shipped by refiners and processors _ 
7 in the United States | 

(Thousand pounds) 

1975 —_ 1976 | 

| Production Shipments Production _ Shipments 

| Gross Cobalt Gross Cobalt Gross Cobalt Gross — Cobalt. | 
weight content weight content weight content weight content 

Metal ______________-_ 65 65 NA NA 363  —s- 368 NA NA 
Hydrate _____________ 573 353 604 373 952 588 730 451 
‘Salts? ~9. 2-2 (,625 1,749 7,515 1,726 10,876 2,545 10,888 2,444 
Driers __..___..__-__-_- 9,120 793 -8,851 1712 12,783 1,112 12,551 ~~. 1,089 

Total _..__..__-_ 17,388 2,960 16,970 2,871 24,974 | 4,608 24,169 3,984 

NA Not available. | | 
1Figures on oxide withheld to avoid disclosing individual company confidential data. 
2V arious salts combined to avoid disclosing individual company confidential data. 

Table 5.—Cobalt consumed in the United States in 1976, by end use 
(Thousand pounds of contained cobalt) 

Use | Quantity | 

Steel: . 
ch lb |S aa a a 0 

tainless and heat resisting —~__~___ 2 7 ee eee ~ A 
Fullalloy ______-_._-_-__ eee eee eee 236 
High strength, low alloy ~..._._________.-_-~----~~~ ~~~ eee Ww 

- Electric ~~~ ~~ eee ee Ww 
Tool ~-_________ eee eee eee 223 

Castirons _~__._ ee eee ee ee WwW 
Superalloys we eee ee eee 2,777 

oys (excludes alloy steels and superalloys): 
Cutting and wear-resistant materials? __________.._________----------------- 1,586 
Welding and alloy hard-facing rods and materials _______.-.___._-_-_.-~--~~---~--- 518 
Magnetic alloys ~~ eee 3,525 

: Nonferrous alloys ______________ ~~ ~~~ een eee 812 
Other alloys ________.__ eee ee 654 

Mill products made from metal powder __________--__-__--~~-~------~-~------~----- Ww 
Chemical and ceramic uses: 

Pigments __.______________~~~--_~-~~~~~ +--+ eee 207 
Catalysts _..._______--__~-- ~~ eee eee 1,446 
Ground coat frit ......_.__.._-__-__------__ + ee eee 90 
Glass decolorizer __________. ~~. eee 30 
Other __________--__~_~_ eee eee eee eee 7 

Miscellaneous and unspecified _______________-.~-~_--_-~~_~ eee 345 

Total _.___________________-- eee ee 12,497 
Salts and driers: Lacquers, varnishes, paints, ink, 

pigments, enamels, glazes, feed, electroplating, etc ~..________..-_----------------- 3,985 

Grand total _. ...______-_- ~~~ ee eee eee 16,482 

W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and unspecified.” 
1Lees than 1/2 unit. 
7Includes cemented and sintered carbides and cast carbide dies or parts.
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| ed Table 6.—Cobalt consumed in the United States, by form 
(Thousand pounds of contained cobalt) 

em S—™—~™~™~—~—S a 
Meta] _.-_____ ~~ 10,509 14,240 14,420 9,202 11,706 
Oxide.________________________ ss 438 668 586 372 462 
Purchased scrap _________-._______ 197 264 270 342 329 

| Salts and driers _-_-_-------------- 2,601 3,569 8,685 2871 8,985 
Total______-______________ 14,130 18,741 18861 —«-_ 12,787 16,482 

increases during the year were in magnetic primarily caused by low orders for commer- 
alloys (+73%), pigments (+60%), salts and cial aircraft. For this reason, magnetic 

| driers (+397), catalysts (+30%), and full materials exceeded superalloys, in terms of 
alloy steel (+28%). Glass decolorizer and percentage of total demand, for the first 
tool steel showed significant decreases. Of time in several years. Leading end uses 

| particwer note was the accelerated demand were salts and driers (24%), magnetic alloys 
or cobalt in magnetic materials, a re- (21%) alloys (17%), cutti d 
flection of the generally high demand for fo), Superaloys o. Cubting and wear- 
electric motors, loudspeakers, and various ‘esistant materials (10%), and catalysts 
other types of electrical. equipment. How- (9%). The large increase in pigments and 
ever, demand for superalloys, traditionally driers may be attributed to increased con- 
a strong factor in the cobalt market, con- struction activity and therefore increased 

tinued to be relatively sluggish compared demand for paints in 1976 relative to activ- 
| with recovery of other end uses. This was __ ity in this area in 1975. 

| : _ PRICES : : 

! 

The producer price of cobalt remained at material. The weighted average price for 
| $4 per pound from January 23, 1975, to the year was $4.44 per pound of cobalt. All 

April 15, 1976, when it was raised to $4.40 dealer prices were quoted as f.o.b. New York 
per pound. On September 13, the price was_ or Chicago and applied to granules (shot) 

| increased to $4.90 per pound; and on De- or broken cathodes in 551-pound (250- 
cember’ 24, 1977, the price was raised to kilogram) drums. From January 1973 to 
$5.40 per pound. The first two price rises January 1977, the price of cobalt rose at an 
were reported to be the result of increased actual annual rate of 21%. In terms of 

2 producer costs. The last price change was constant 1975 dollars, the price increase 
brought about by a realignment of the value averaged 14% per year over the same pe- 
of the U.S. dollar with respect to the Bel- riod. These increases may be compared with 
gian franc. Government sales of cobalt on average annual increases for a 20-year pe- 
a “sealed bid” basis ranged from $3.55 to riod (1957-77) of 4.8% and 1.1% for actual 
$5.63 per pound for specification-grade and adjusted prices, respectively. 

| FOREIGN TRADE 

Exports of unwrought cobalt metal and were Zaire (41%), Belgium-Luxembourg 
alloys and of waste and scrap totaled (15%), Zambia (10%), Norway (7%), and 
3,165,511 pounds, gross weight, having a Botswana (6%). This was the first year since 
value of $7,772,413, and went to 22 coun- 1972 that Canada was not among the top 
tries. Japan and West Germany received five and the first year since 1968 that 
the greatest part, with 925,509 pounds Finland has not been included. Material 
(gross weight) valued at $1,817,425 and originating in southern Africa (that im- 
731,780 pounds (gross weight) valued at ported from Zaire, Zambia, Belgium- 
$2,249,841, respectively. Exports of wrought Luxembourg, and Botswana) accounted for 
cobalt metal and alloys of 726,750 pounds 73% of total imports. Although imports 
(gross weight), having a value of $4,655,041, from Botswana were relatively high, the 
went to 23 countries. reported figure was only an estimated co- 

Total imports of cobalt (16,487,000 balt content of the matte received for pro- 
pounds, contained weight) were up 150% cessing. A percentage of the material was 
from those of 1975. The top five sources of lost in processing at the cobalt-nickel re- 
cobalt imports to the United States in 1976 finery of AMAX Inc., in Braithwaite, La.
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Table 8.—U.S. imports for consumption of cobalt, by class 

- (Thousand pounds and thousand dollars) 

| Class | 1974 = «1975 1976 — _—$ 

Metal:! | | : | | 
Gross weight __..._____---__.-._..._____________ 14,791 6,092 15,129 
Cobalt content®________.._____-_-_____ 14,791 6,092 15,129 
Value _______- $49,661 $25,611 $66,299 

Oxide: 
Gross weight ________._---~~ 1,509 233 188 

: Cobalt content®_____....__..---_-_-e 1,086 168 102 
_ Value __-___-___-- 4 $779 $573 

. Salts and compounds: : : 
Gross weight _._._._..--_~__~- ~~ ee 2. SC 41 235 
Cobalt content®____._...-.-__-- (?) 8 70 
Value ______ $12 $73 $365 

Other forms:* 
Grogs weight ___________._.-________ 19,286 25,931 89,426 
Cobalt content®___________.----.----_--- eee 245 340 1,186 
Value -~-___-_---~-~-~--~~-----~----~~--------____ $26,888 __ $89,897 $70,298 
Total: - 

Gross weight. __....._.____~ ~~~ 35,588 32,297 54,928 
Cobalt content® _______--__-_-_-_-----~-------- 16,122 6,608 16,487 | , 

“Estimate. / 
Includes unwrought metal and waste and scrap. . | | 
2Less than 1/2 unit. : | | 
5Contained cobalt in copper-nickel and nickel matte. : | | 

| an WORLD REVIEW a 

| Both mining and refinery operations development of processing systems and in- 
around the world continued to expand. Ex- frastructures may cost $300 to $600 million 
cept for closure of the Lynn Lake mine of per operation. | | 
Sherritt Gordon Mines, Ltd., nearly all The fifth session of the third United 
operations continued production at maxi- Nations Conference on the Law of the Sea, 
mum possible levels in response to a surg- which ended September 17, produced no 
ing world demand which rebounded from concrete results. The principal question ap- 
its record low in 1975. peared to be the nature of developing coun- 

International.—At least three interna- tries’ participation in mining of sea floor 
tional consortia were active in ocean min- areas beyond national jurisdiction. Another 

_ ing development during the year. However, full conference was scheduled to convene 
there were no commitments to commercial May 28, 1977, in New York City, and an 
ventures beyond exploration and/or tech- informal session was scheduled for Feb- 
nology development. Even so, commercial ruary 28 to March 11, 1977. The topics that 
production of metals from the nodules could were to be considered included (1) estab- 
begin as early as 1982 or 1983, with pro- lishment of an international agency to 
duction of 5 million pounds of cobalt per supervise the mining operations on the 
year by 1985. Several bills were sponsored seabed, (2) limiting the rate of mining to the 
by members of the U.S. Congress to provide increase in world demand for nickel, and (3) 
insurance protection to mining companies the possibility of developing nations receiv- 
against loss of their investments if an inter- ing technical aid to start their own mining 
national authority should preempt their ventures. 
operations. The lending institutions appear- Australia.—Repairs and redesign of ore- 
ed to require this kind of legal and financial processing units at the Greenvale nickel- 
protection before large sums of money cobalt metallurgical plant in Queensland, 
would be made available to consortia for Australia, reportedly brought the operation 
full-scale operations. However, no relevant close to design capacity by yearend. High- 
legislation was passed in 1976. silica ore had caused excessive wear in a 

Large-scale tests of deep seabed ocean number of areas. This problem was over- 
mining systems were scheduled to be made_ come by selective mining of softer ores. In 
in 1977-79. These would cost the companies addition, the installation of mass flow cones 
$20 to $75 million per operation. Later to regulate ore feed in the hammer mills
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alleviated difficulties with bridging and by Triomf Fertilizer, Ltd. and AMAX Refin- | 
flooding of the 2,000-short-ton capacity bin. ing, Inc. because of the production delays, 
Design capacity of the plant is 1,375 short which allegedly resulted in nonfulfillment 
tons per year of cobalt. | | of contract. Bamangwato Concessions, Ltd., | 

The project is a joint venture of Metals a subsidiary of Botrest and operator of 
Exploration Queensland Pty Ltd., and Free- Selebi-Pickwe, reported production of 72 
port Queensland Nickel, Inc. (American mition pounds of cobalt-bearing matte in 
owned). The operation posted fiscal losses . a i. 
for the year which were blamed on inflation | The oe section dine pelebi-Fickwe 
and increased _ oil costs. Output of cobalt experienced the mos iculty, and com- 

~. contained in mixed sulfides was 764,000 plete rehabilitation of the plant had to be | 
pounds, or about 57% of capacity. At last undertaken. In the meantime, until repairs 

for replacement of nol inerent ant pines, foreed to produce sulfuric acd for the man or replaceme an ci- - 
pal payments with ae deferral plan, i order ufacture of phosphoric acid at a greater cost 

_ to ease the financial burden. | than the contractural one. Despite all these 
| The Greenvale ore body is a laterite Problems, the operation was expected to 

deposit with nickel and cobalt occurring in reac ie eduction eves af cedntcch® 
a residual weathering mantle, averaging AMAX In , Pein nB , th ite, La 
about 26 feet in thickness. The overburden Cat Sh, ery Go ion waite, Lid 

: averages 20 feet. In addition, proven re- al aaa Lyne Lake re 0 ota nite in 
serves are estimated at 50 million short osed . . » Mani _ 
tons, averaging 0.12% cobalt. Mine life is tare Bree Sele ee aa rea action 

7 put at apout * 2 “main (About a“ ch is an cruiting miners for the operation, which 
mpioy : . : used cut-and-fill underground mining | opencut operation. Two trains make the run . . . : 

. method, and in persistently low tonnage 

distant, each aay ’ ihe piant is entirely self- last major Canadian source of feedstock for 
i lcient in te of be e fuel na fra the Sherritt’s Fort Saskatchewan refinery. Oth- 
Pens n Guif ~ lant also ° bo t 5 er sources used by Sherritt on a toll basis 
‘Ilion all . pian day. Th u p. Were Australia (Western Mining Corp. Ltd., 
at OF thas neon eee eee ie nen, and Freeport Queensland Nickel, Inc., in a put of this ammonia leach plant is about ... . Sat! th joint venture with Metals Exploration 
3,025,000 wet short tons per year, with an Queensland, Pty Ltd.) and the Philippines 
annual cobalt production of about 1,100 . Para . ae (Marinduque Mining & Industrial Corp.). 
short tons. The nearest. port is Townsville, The refinery was shut for 2 weeks in May 
about 15 miles to the south. for annual maintenance work and for the — 

A new discovery of manganese nodules on purpose of diverting excess anhydrous am- 
the sea floor southwest of Perth, Western : = : . monia to the agricultural market. 
Australia, was announced by the Bureau of The largest producer of byproduct cobalt 
Mineral Resources of Australia’s Depart- in Canada was International Nickel of Can- 
ment of National Resources. The nodules ada Ltd., (INCO), which recovered a crude 
reportedly occur at depths of 14,000 to oxide at its nickel refineries in Port Col- 16,500 feet and have combined cobalt and © borne, Ontario, and Thompson, Manitoba. 
nickel contents averaging 1.19%. The ex- Deliveries of cobalt in 1976 were reported as 
tent of the field has not yet been determin- 2,430,000 pounds, up 134% from those of 
ed. 1975. Cobalt oxides and salts were recovered 

Botswana.—According to reports, in at the company’s nickel refinery in Clydach, : 
August, Botswana RST Ltd.’s (Botrest) Wales. Falconbridge Nickel Mines Ltd., re- 
copper-nickel-cobalt smelter at Selebi- ported deliveries of 2,079,000 pounds, up 
Pikwe operated at 7% above the rated 529% from those of 1975. 
capacity of about 3,300 short tons of matte © Cuba.—Cuba reportedly planned to raise 
per month. This record production occurred its output of nickel in sulfide, oxide, and 
after 2 years of plant production difficulties sinter to an annual 102.5 million pounds by 
and was brought about by a new manage- 1980 from about 80 million pounds in 1975. 
ment team. The mining operation contin- If current nickel-to-cobalt production ratios 
ued to face problems; inflated costs partial- are maintained, this would mean a pro- 
ly offset a rise in related metal prices, and duction of about 4.5 million pounds of cobalt 
Botrest was faced with outstanding claims in 1980, versus the current estimate of 3.6
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million pounds. Furthermore, if planned § Both Nikko Nickel and Sumitomo em- 
_ expansions are executed, 7.2 million pourids ployed the solvent extraction process for 

of cobalt would be produced in 1985 and 14.4 ‘separating cobalt and nickel from mixed 
million pounds in 1990. There was specula- sulfides. Nikko Nickel used sulfuric acid as 
tion that some of this material would be a solvent, while Sumitomo used hydrochlo- 
made available to Western markets. — ric acid. The two refineries are expected to 

_ Indonesia.—P.T. Pacific Nikkel Indone- supply 50% of Japan’s refined cobalt re- 
sia, Ltd., (PND), made steady progress dur- quirements. | : 
ing the year in the task of assembling — Philippines.—Marinduque Mining & In- 
financing for its Soroako project on the dustrial Corp. continued to experience tech- 

| Island of Sulawesi. The deposit has the nical difficulties at its Nonoc Island nickel- 
potential for production of 100 million cobalt refinery, which reportedly has an 
pounds per year of nickel and 4 million annual production capacity of approximate- 
pounds per year of cobalt in the form of ly 3.3 million pounds of cobalt in mixed 
mixed sulfides. PNI reportedly will use a sulfides. In May, the refinery operated at 
$25 million Australian loan to buy Austral- about 66% of rated capacity, and there was 
ian goods and services for the second stage no substantial improvement by yearend. 
of development. The loan for the $800 The plant was shut down for 3 weeks in 
million project was arranged by the Aus- November for annual maintenance and 
tralian-supported Export Finance and - installation of a new gas plant boiler. The 
Insurance Corp. Included in the project main plant operating problems were (1) the 
plans are an open pit mine, a reduction and reliability of services such as power, steam, 
smelting plant, and hydroelectric and ther- and hydrogen and carbon dioxide gases, (2) 
mal power generation facilities. Much of the training of supervisory personnel, (8) roast- 
infrastructure will be developed by Austral- er availability, (4) parts supply, (5) first- 
iancompanies. Oo stage-leach-circuit cooling capacity, and (6) 

India.—Construction of the first Indian excessive ammonia consumption. — 
nickel-cobalt smelter, to be located at Su- © Rhodesia, Southern.—Rio Tinto (Rhode- 
kinda in Orissa Province, reportedly will sia), Ltd., reportedly was to build a cobalt 
not begin until sometime during the sixth plant to treat residues from its Empress 
plan (April 1979-March 1984). The project nickel mines near Gatooma in the Rhode- 
was postponed from a 1976 target date sian midlands. The plant was to be financed 

, ‘because of a delay in commissioning a pilot by an offer of new shares to existing share- 
plant for the processing of laterite ore inthe holders and would cost approximately 

: Kansas area. The plant capacity was to be $530,000. According to an official of the 
210 short tons per year of cobalt. | company, the plant would start as soon as 
Japan.—The Nikko Nickel Cobalt Smelt- financing was secured and would be on- 

ing Co., Ltd., a subsidiary of Nippon Min- stream by about January 1977. 
ing Co., Ltd., began production of cobalt at Zaire.—A supply shortage occurred early 
its Nitachi plant during the year. Pro-_ in the year after bridges along the Benguela 
duction reached about 51 short tons per Railway, linking the mineral-rich regions of 
month at yearend, and the capacity level of Zaire and Zambia with the port of Lobito, 
110 short tons per month was expected tobe Angola, were damaged by rival factions in 
reached in 1977. The facility was built at a the Angolan civil disturbance. Informal ra- 
total cost of $14.3 million. Australian feed tioning by suppliers followed. Even though 
material (a mixed sulfide containing 15% the rail line was repaired in August, Angola 
cobalt and 39% nickel) was delivered to the reportedly delayed granting Zaire permis- 
plant. sion to use it. However, Zaire found a 

Sumitomo Metal Mining Co., Ltd. also favorable route via the port of East London, 
began commercial production of metallic the Republic of South Africa. Deliveries of 
cobalt and nickel at its Besshi plant, Ehime cobalt to the United States from July 
Prefecture. Feedstock for the plant was through December continued at a relatively 
imported from Marinduque Mining & In- high level, commensurate with demand. 
dustrial Corp. in the Philippines. Annual Although Zaire made some use of the port 
capacity of the plant is 1,760 short tons of of Matadi on the Atlantic Ocean, the east- 
cobalt. The facility was completed in Sep- ern and southern routes carried the great- 
tember at a cost of $13.3 million and was _ est portion of cobalt exports. In particular, 
producing cobalt at the rate of about 70 tons Zaire made use of the Tazara Railway from 
per month by yearend. Zambia to Dar es Salaam on the Indian 

(
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Ocean (the eastern route). Reportedly, pound. Prospects for reactivation appeared 
_ however, about one-third of Zairian copper to be dim at yearend since drilling rigs and | 

and cobalt moved on the southern route other equipment due for shipment to SMTF 
through Rhodesia during the year. Two were sold. About 14 million pounds of cobalt 

other less direct routes were also used. One per year was to have been produced. Tied in 
was by rail to Lake Tanganyika, which was With suspension of this project are problems 
crossed by ferry; another rail line through With the Shaba power line, which was to 
Tanzania completed the route. The other, have supplied SMTF with its power needs. 
less-traveled route was by rail to the inte- The 1,500-mile line fell 1 year behind sched- 

- rior Zairian town of Llebo, where the mate- Ule because of payment defaults to Swed- | 
rial was transferred to barges or trucks and ish and Italian contractors and withdrawal 
shipped to the port of Matadi on the Atlan fan American construction Uirm. 
tic Ocean. Reportedly, Zaire made a formal Mi e Y OkC AMINES) “to e. and ite et des 
request to Zambia to intercede on Zaire’s ines o ha & dewelor ; aan 
behalf with the Tazara Railway Authority ations t rough a o-year deve opment plan 
. . . ee slowed during the year because of finance 
in Tanzania to obtain formal shipping problems. However, some progress was 

rights. Meanwhile, guerrilla activity conti- made. Tenders for an industrial complex at 
nued in Angola; rebel forces claimed to have | ily in the Shaba region were called for by 
blown up sections of the Benguela Railway GECAMINES. The complex reportedly will 
seven times in the last half of 1976. Prior to Gonsist of a flash smelting unit and a 
1976, this line was used to transport large pyrometallurgical plant using coke and car- 
quantities of copper and cobalt to the Atlan- hon as fuel and lime as a processor. The 
tic. Several alternate routes to ports in tender was for construction of the complex, 
Mozambique were blocked when Mozam- 4a storage area, and preparation of the fuel. 
bique closed its border with Rhodesia. and processing units. The construction is | 
Compounding these transportation prob- part of a plan to produce 40 million pounds 

lems was Zaire’s financial crisis. This was of cobalt per year by 1980. : 
brought about by Zaire’s mounting overseas Two additional problems surfaced during 
debt, which was estimated at about $1.4 the year. The Belgian companies, which had 

. billion at yearend, with interest and princi- largely returned marketing functions tothe — 
pal payments in arrears by about $19 mil- Government of Zaire, reportedly were call- | 
lion. Conditions reportedly were set by lend- ed back to help with technical and market- | 
ing institutions such that if Zaire paid off ing matters. An unrelated problem was a 
the amount in arrears in approximately the shortage of metallurgical coke supplied by 
first 9 months of 1977, a loan of $250 million Rhodesia. The shortage reportedly was 
would be extended. However, tight Interna- brought on by political sabotage and chron- 

: ‘dal ic transportation problems. , 
tional Monetary Fund guidelines had to be Zambia.—As with Zaire, lack of adequate 

The proposed $880 million project of So- transportation was a major problem during 

ciété Miniére de Tenke Fungurume (SMTF) the year. At yearend, there were uncon- 
remained stalled during the year because of firmed reports that Zambia was reviewing 
ey eqs . . its border closure with Rhodesia and that 
inability to obtain financing. In part, lend- th . . . 
ee neg ge ere might be a change of policy allowing 
ing institutions were reluctant to extend shipments to cross the border. The Tazara 

credit because on ine ow tree m neighhor- Railway, which runs through Tanzania, 
ing Angola and resultant transportation accelerated cargo loads from seven to nine 
problems; three additional reasons were jor week at midyear in an effort to speed up 
spiraling costs, the possibility of mining of copper and cobalt exports. Reportedly, the 

cobalt- and copper-bearing manganese nod- hacklog of copper at the terminal port of 
pa from the seabed, and an expected Dar es Salaam was cleared up at midyear. 
depressed copper market. However, accord- Zambia’s route to Lobito, Angola, was cut 
ing to officials of Anglo-American Corp. of off by the Angolan civil war and had not 
South Africa Ltd., one of several partners in been reopened by yearend. Although land- 

the project, the proposal may be reworked locked Zambia is independent of Rhodesia’s 
to encompass a smaller scale operation. transport system, Zambia’s electricity origi- 

According to an official of Charter Consoli- nates in and is controlled by Rhodesia. 
dated, Ltd., another partner, the project Electricity is produced at the Kariba South 
might be reactivated if the price of copper hydroelectric plant, which is jointly con- 
moved into the range of 90 cents to $1 per __ trolled by the two countries.
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Despite the relatively depressed copper ties on the Copperbelt. This would substan- 
market, Roan Consolidated Mines reported- tially increase Zambia’s cobalt production 
ly planned to expand its Chambishi facili- by 1978. | | 

Table 9.—Cobalt: World production, by country | 
(Short tons) oo | 

Mine output, metal content? Meta]? 
Country A nT AE 

1974 1975 1976” 1974 1975 1976 

Australia____________ 1,188 2,986 €3,840 Ld __ __ 
Botswana __________—-_ 86 89 165 &9 9 378 
Canada* ____________ 1,724 _ 1,493 1,513 359 640 879 
Cuba® _- 1,800 1,800 1,800 -- -- _- 
Finland ____.~.~_.____- 1,400 1,545 1,410 895 905 983 
France _____..__--=~ © __ _- _- 848 T14 938 
Germany, West ___.__-- __ _- __ 392 375 ©8385 
Japan ___ ~~ a -- -- 11 53 568 
Morocco _._._.___-_- T1793 2,162 950 _- -- __ 
New Caledonia® 5 _______ - 2,118 2264 1,984 __ __ _- 
Norway® __________-_- NA NA NA 1,365 852 " 685 
Philippines _________- r egg 117 514 _- (*) _- 
USS.Re 2 1,900 . 1,950 1,950 1,900 1,950 1,950 
United States _________ _- — -- -— 33 182 
Zaire _.-.______~___~ 19,436 ©15,430 ©12,125 19,362 15,033 11,779 © 
Zambia ~----~--- 2,622 2,626 2,430 — *2.165 2,895 2,700 

Total _..______- 34,045 32,462 28,681 27,306 23,519 21,077 

°Estimate. Preliminary. "Revised. NA Not available. 
1In addition to the countries listed, Bulgaria, Cyprus, East Germany, Greece, Poland, Spain, Sweden, and Uganda are 

known to produce nonferrous ores that contain a recoverable amount of cobalt, but available information is inad equate to 
permit formulation of reliable estimates of output levels. Other nations may also produce ores containing cobalt as a 
product component. 

2In addition to the countries listed, the United Kingdom recovers cobalt metal from intermediate metallurgical 
products produced in Canada, but data on this output are not reported by the United Kingdom and are inseparable from 
the total reported by Canadian producers; Czechoslovakia presumably recovers cobalt from material imported from Cuba, 
but no data are published and available general information is inadequate for formulation of reliable estimates of output 
levels. Belgium imports substantial quantities of crude materials containing cobalt, but output of metal has not been 
reported in recent years; production of cobalt metal and/or cobalt compounds, however, has continued. 

es. 
“Actual output not reported. Data presented for mine output are total cobalt content of all products, including nickel 

oxide sinter shipped to the United Kingdom for further processing. Data presented for metal output represent the mine 
. output just described less the cobalt metal output reported for Norway: Thus the metal output data include cobalt content 

of oxides and other compounds that are not produced as metal and the total cobalt metal output in the United Kingdom 
from Canadian materials, as well as actual metal output in Canada itself. 

5Cobalt contained in matte and ferronickel produced; additional cobalt is contained in concentrates exported for 
further processing, but content of such ores is not reported and available general information is inadequate to permit 
formulation of reliable estimates of the cobalt content of this material. 

6Data on domestic mine production, if any, are not available, but if output has continued, a small part of the recorded 
metal output may be from domestic raw materials, rather than from imported Canadian nickel-copper-cobalt matte. 

7Revised to zero. 

TECHNOLOGY 

The Bureau of Mines was actively engag- Oregon and northern California. Singmas- 
ed in research aimed at reducing U.S. im-_ ter and Breyer, metallurgical and chemical 
port dependence. At the Rolla Metallurgy process engineers, New York, N.Y.,? com- 

Research Center, experiments were con- pleted the first phase of a government 

ducted on recovering cobalt and nickel from contract to study the technical and econom- 
Missouri lead ores. The objective of this ic feasibility of operating a 5,000-ton-per- 
project is the development of procedures for day commercial-scale plant to extract the 

concentrating, extracting, and recovering metals based on the process developed by 
cobalt and nickel as byproducts during the the Bureau of Mines.° 
concentration and smelting of these ores. Wiemens R iw stickn 

* jiemens, E., P. C. Good, an . A. Stickney. 
The Albany Metallurgy Research Center in Recovery of Nickel and Cobalt From Low-Grade Domestic 
Oregon worked on the recovery of cobalt, Laterites, BuMines RI 8027, 1975, 14 pp. 

: : : iemens, R. E., and J. D. Corrick. Process for Recovery 
nickel, and copper from domestic laterites, or Nickel, Cobalt, and Copper From Domestic Laterites. 
which occur principally in southwestern Min. Cong. J., v. 63, No. 1, January 1977, pp. 29-34.
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The Bureau’s Twin Cities, Minn. Metal- service.’ 
lurgy Research Center conducted research In the general field of superalloys, in- 

on processing of ores of the Duluth gabbro creasing attention reportedly was being 
complex, which extends in a great arc from paid to refining current fabrication pro- 
Duluth to the northeastern point of the cesses rather than developing new alloys. 
State and contains about 0.04% cobalt. An Working with conventional materials, signi- 
analysis of the composite bulk copper-nickel ficantly improved Properties are becoming 
concentrate produced thus far revealed a Ver harder to achieve. Moreover, increased 
range of 0.1% to 0.4% cobalt.* strength at high temperatures means great- 

, _ At the Reno Metallurgy Research Center © difficulty in hot working the material. 
in Nevada, Bureau scientists developed a Test costs also inhibited development of 
cobalt rare-earth magnet with an energy nal alloys, which operti OSS An only ole an 

nally improved properties. example o 
PEt ot oe megaversteds. nee enaenet these new fabrication developments is the — 
lected el ts which bled us i er vt significant strides made by industry in di- 

erements, which enabled repracement rectionally solidified eutectics and single 
ee to wre hoe ich omer Ey eence crystals for use in jet engine component 

| esearch, r parts. The purpose of this research is the 
hen negntte ae voplied for patent on the sitainment of higher operating tempera- 

net was appt r. tures in jet engines, considered important 
A British research firm reportedly pro- because engine efficiency is increased at 

7 duced a cobalt-bearing powdered metal al- higher temperatures, while pollution is 
loy with cutting properties superior to those decreased.*® 

of high-speed steel. The alloy is made by _— The techniques in which major advances 
| induction-melting powders containing 45% were made include hot forging, precision 

cobalt, atomizing in an inert gas, and then metal working, hot isothermal pressing 
cold-compacting and sintering to produce (HIP) to near net shapes, powder metallur- 
preforms with 15% to 20% porosity. The gy, particle metallurgy, and cold pressing. — 
preforms are then forged in a hydraulic The latter two were used extensively in tool 
press to nearly 100% of theoretical density. steel fabrication. By use of HIP techniques, | 
Hardness of the finished product reportedly the need for recycling large quantities of 
is about Rockwell C 65.5 7 superalloy scrap generated by machining 

An improved cobalt-base conventional al- may be eliminated. One exception to this 
loy, Capivac IV (Co-25Cr-10Ni-7W-4Ta-0.5Ti- trend away from new alloy development is 
0.62Al), recommended for investment cast- the amount of recearch heing oe oociten 
ings, was develo by jor . ialt ? 
alloy was deve oped the alloy “reportedly which may eventually result in higher op- 

overcomes two major problems associated ar ne pein Sane et than 
with other cobalt-base turbine alloys. These The Third Inte ation al S y ‘um 0, 7 

- problems are poor low-temperature ductil- Superalloys was hel d Se tember 12 to 1 5. 

ity and reactivity with mold materials. The Advances in turbine technology and metal- 
“ater probler was overcome By eliminating lurgy of superalloys were reviewed at the 

, USES sae conference. Energy system applications for 
of cast parts. Room temperature ductility of superalloys were considered to have great 
the new alloy is Ere to ree whose that of potential. At an international workshop on 
zirconium-b caring ase Alloys.” — rare earth metals at the University of 

A principal manufacturer of nuclear Dayton, cobalt-rare earth magnet applica- 
parts reportedly is using cobalt-base alloy 

bonnet and seat inserts in valves manu- p iSchluter, R. B, and A. B. Landetrom Continuous Pilet 
factured for nuclear power stations. The Sulphi don ee nfirms Joy 177 No 4 “Avil 1978 pe 
alloy has the trade designation Haynes No. 80-83. es: Eng. and Min. - _ m oP Pp. 
6PM, and reportedly has been found ef- ON ob. Emerging Technologies. V. 187, No. 7, 
fective against borated water for both “Materials Engineering. New Superalloys, Better | Pro- 

pressurized and boiling water reactors. The essing Promise More Durable Turbine Parts. V. 84, No. 3, 
seats are shrink-fitted in forged steel valve “elite Digest. PM Insert Used in Seats and Bonnets 

° “W112 ° * ° * 0 uciear al, jo Dy » P- 4- 

bodies by chilling t he seat rings in liquid 8 American Metal Market. High Tem ture Alloys 
nitrogen and heating the valve bodies to (Supplement), Looking to the Future. V. $2, No. 229, Nov. 
about 200°C. The valves are designed to last ber ten PP. . . ®Van Cleave, D.A. New Ce Tak T - 
40 years and are rated for water, oil, or gas ture Knocks. Iron Age, v.219, No. 9, Mon 7, 191, pp. 66-67.
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tions were reviewed and regarded as having leach liquor is processed for cobalt, nickel 
| high potential, particularly in electric mo- and copper and/or recycled. | 

| tors and automobile accessory devices. Several prototypes for mining nodules 
- Perhaps the most significant cobalt re- were being tested, and a decision on com- 
search in progress during the year was the mercial mining equipment to be used was 
development of techniques for mining and expected before July 1978. In one method, a 
processing cobalt-bearing manganese nod- sea floor dredge head is used to gather 
ules from the ocean floor. Many patents nodules. The nodules are then cleaned and 
have been issued on all phases of the new crushed under water and hydraulically 
technology. Nevertheless, there was a de- hoisted to the recovery ship. By another 
bate as to whether hydrometallurgical or method, a series of buckets are mounted on 
pyrometallurgical techniques would be an extremely long loop of cable. The 
more effective and economical in processing buckets are then dragged along the ocean 
the nodules. The principal factors to be bottom and hauled to the ship in a contin- 
weighed are energy requirements and re- uous operation. Several patents were 
agent costs. Pyrometallurgical processes are issued on the lifting technology alone. For 
basically energy intensive. Moreover, the example, researchers for INCO (U.S. Patent 
smelting of nodules requires the production 3,975,054, dated Aug. 17, 1976, and USS. 
of manganese, and because wet, impure Patent 3,973,575, dated Aug. 10, 1976) devel- 
30% Mn nodules are inferior as an ore to oped an apparatus and method whereby a 
45% to 50% terrestrial material, the smelt- towed subsurface vehicle uses a motor- 
ing method is considered by many not tobe powered water jet to dislodge solids from 
economically feasible. In the case of hy- the sea bottom. These are then collected in 
drometallurgy, three main processes were a hopper and trough, in which they are 
being studied. These were sulfuric acid, sorted and directed to a conduit for delivery 
hydrochloric acid, and ammoniacal leach toasurface ship. 
procedures. For the ammoniacal leach pro- In the field of laterite and sulfide process- 
cess, investment and reagent costs reported- ing, Freeport Minerals Co. received a patent 

7 | ly are relatively low, while energy require- (U.S. Patent 3,981,968) on recovery of nickel 
ments are high compared to the sulfuric and cobalt values from an ammoniacal ore 
acid route. However, in comparing the am- _leach solution. In the process, the solution is 

| moniacal with the sulfuric acid process, contacted with an oxime extractant, and 
high energy costs are more than offset by the nickel-enriched extractant phase is sep- 
higher reagent costs of the sulfuric acid arated and stripped with sulfuric acid, 
process. The HCl process would be more first to remove the nickel (at ambient- 
attractive with a higher manganese price. temperatures), and then to remove cobalt at 
In addition, materials investment costs are 170° to 300°F. | 
high because of the need for materials with In what could be a significant develop- 
high corrosion resistance.’ ment if cobalt prices continue to rise, Sumi- 

In one patented process, developed by tomo Metal Mining Co., Ltd. developed a 
Deepsea Ventures, Inc., a mixture of finely process (U.S. Patent 3,954,448, dated May 4, 
divided manganese ore and at least a stoi- 1976) for recovering cobalt and other values 
chiometric amount of a sulfide ore of cop- from cobaltiferous copper converter slag or 
per, lead, nickel, or cobalt is contacted in an matte. The slag or matte is smelted to form 
aqueous slurry with hydrogen chloride, hy- a high-cobalt alloy, which is then heated 
drogen bromide, or hydrogen iodide, andthe with cupric sulfate and water. The result- 
slurry is reacted to dissolve manganese and ant sulfate mixture is calcined to decompose 
base metals. Elemental sulfur is also form- iron sulfate, and the calcine is water- 

ed, while leaving substantially all of the leached to dissolve cobalt sulfate. 
iron impurity in the solid residue. The leach 9 __"_ 
liquor is treated to crystallize solid man- 1Agarwal, J.C., N. Beecher, Davies, D.S., Hubred, G.L., 
ganese halide, the crystalline material is Kakaria, VK. and Kust, RN. Processing of Ocean Nog 
removed, and the low-iron, low-manganese 1976, pp. 24-87.



Cok 1emicals oke and Coal Chemical , 
: . By Staff, Division of Coal oo a 

| Production of all coal coke in the United ores and for other industrial purposes. 
States in 1976 was 2% more than in 1975, However, 42.5% of the output was sold for 

principally to satisfy an 8.8% increase in industrial uses other than as fuel for steam 
production of pig iron and ferroalloys in plants or in agglomerating plants. The ton- 
blast furnaces. Also contributing to the nage of breeze sold was 5.5% less than in 
increase were a 15.1% increase in ship- 1975 and brought an average of $32.56 per 
ments of foundry coke and a 36.9% increase ton, up from $32.21 in 1975. 
in coke shipped for other industrial! plants. The average cost of all bituminous coals 

Total coke production remained relative- and anthracite carbonized in slot ovens. 
ly constant throughout the year and aver- decreased $0.05 per short ton to $44.16 per 
aged 4.86 million tons per month. The short ton. This decrease was reflected in the 
average daily output from all slot-type and average value of coal per ton of coke, which 
beehive plants ranged from a low of 148,000 decreased $0.52 per short ton to $64.03 per 
tons in January to a high of 166,000 tonsin ton. The largest price increases occurred in 
June. Average daily total output in 1976 foundry coke sales. Foundry coke prices, 
was 160,000 tons. which averaged $114.45 per ton f.o.b. plant, 

During the year, the production of coke were $7.93 per ton higher thanin 1975. | 
exceeded demand. Producers’ stocks of oven The production of tars was 1.4% less, and 
coke, excluding coke breeze, at 6.49 million. that of crude light oil was. 1.7% greater, 
tons were 1.49 million tons greater at year- than in 1975. Production of coke-oven gas 
end 1976 than yearend 1975. . increased 1.9% compared to that of 1975, 

Blast furnaces continued to use the major and 1.3% more coal was carbonized. 
portion of the Nation’s coke production, Foreign trade was somewhat greater, 
receiving 92.5% of the 56.80 million tons of with coke exports, at 1.31 million tons, 
coke distributed by producers. The con- equal to 2.25% of domestic production. 
sumption of coke per ton of hot metal About 83% of the exported coke went to 
produced. at blast furnaces averaged 1,188 Canada, the Netherlands, West Germany, 
pounds, compared with 1,222 pounds in and Mexico. Coke imports were 27.9% less 3 
1975. | | than in 1975, and exports were up 3.3%. ! 

The coke equivalent of fuels injected The total value of all coals carbonized was 
through blast furnace tuyeres amounted to $3,699.1 million, and the total value of all 
102.4 pounds of coke equivalent (at 13,000 carbonization products was $5,940.7 million. 
Btu per pound) per ton of hot metal, com- The combined value of coke and breeze, the 
pared to 98 pounds of coke equivalent in principal products, accounted for 84.5% of 
1975. the total value of all products. 

Breeze production in slot ovens averaged Legislation and Government  Pro- 
102.4 pounds per ton of coal coked because grams.—The U.S. Department of Labor’s 
of reportedly extended coking times and the Occupational Safety and Health Admini- 
slightly reduced use of low-volatile coals in stration (OSHA) published in the Federal 
the mixtures carbonized. Breeze is unsuit- Register of October 22, 1976, a final job 
able for almost all metallurgical applica- standards on exposure to coke oven emis- 
tions because of its small size and high- sions, to become effective January 20, 1977. 
volatile and ash contents. The larger partof In addition to imposing specification and 
the breeze production was used by produc- performance standards on coke oven oper- 
ers for sintering iron-bearing dust and fine ations, many engineering controls and-work 

415
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practices on oven batteries were required. New Miami, Ohio, coke ovens from Fed- 
The standard set 150 micrograms of ben- eral and State environmental protection . 

| zene soluble fraction in the total particulate agencies. In return, the company pledged 
matter per cubic meter of air, averaged over $17.6 million for pollution control mea- 
an d-hour period, as the maximum employ- __ sures.5 

ee exposure. All oven batteries producing —_—In late September 1976, EPA filed a civil 
foundry coke by late 1976 had most of the suit against Interlake, Inc., charging the 
required engineering controls and all fol- steel producer with violating air pollution 

rowed most of the required Mork practices. standards at its 100-oven coke plant in 
e coke-oven emissions standards will pro- Chicago, Ill. A company spokesman claimed 

bably not materially affect oven production, that EPA refused to approve a pollution 
but the costs to the foundry coke producers ¢ontrol system using untried experimental 

of complying with the standards will technology at Interlake’s Toledo, Ohio 
undoubtedly contribute to the spiral of plant.* . , 

inflation.* = Problems in reducing coke-oven emissions 
The American Iron and Steel Institute 31) cost United States Steel Co | ) . . rp. more 

(AISI) and the Environmental Protection th “11: 
: . an $600 million. In a consent decree 

Agency (EPA) in late 1976 signed contracts issued in October 1976, the firm agreed to 
| totaling $960,000 to cosponsor a study by OF the Cotebncs U : . 

. . close 18 of its Clairton Works coke batteries 
Battelle Memorial Institute. The study was b nage 

. y 1984, rehabilitate 7 others, and construct 
to develop and demonstrate an improved > 8 new superbatteries using the best avail 

' coke oven door-sealing system. AISI and | ble W superba re 1 techie 7 val" 
EPA also sponsored a project, completed at a The Ohio E contro'- tel Band f Revi 

| a cost of $1.85 million at Jones & Laughlin . “7 UHl0 “nvironmenta! board of heview 
Steel Corp., designed to reduce emis- issued an order delaying the charging of 

sions during the charging of coke ovens: Republic Steel Corp.'s new 51-oven battery 
OSHA’s first Inflation Impact Statement Util hearings could be held on December 
(IIS) stated that imposing coke oven emis- 14. The new $35 million facility is one of six 

| sion standards for particulate emissions Operated onthe weveranes one works, each 
would add $2.50 per ton to the price of stee] Wit an 6 n-per-day coke capacity. 
and a negligible 0.01% to the consumer Public claimed that all necessary equipment 
price index. Meeting the limits would re- ad been installed and was ready for oper- 

_ quire capital expenditures of $451 million ation, exeeee for a $4.7 million pushing 
__ by the steel industry and add $173 million Controlsystem.® : | | 
_. to its annual operating costs. The indus- | In compliance with a Federal order, 

try would be forced to hire 5,000 new United States Steel, shut down three coke- 

employees. oven batteries at its Gary, Ind. plant, termi- 
‘The Armco Steel Corp’s Houston, Tex., nating a 3-year dispute with EPA. About 

- coke plant met a court-imposed deadline 200 workers were laid off at least temporari- 
(July 31, 1976) for the requirement of a_ ly. In a confirming statement regarding the 
larry car for charging the plants 62 ovens shutdown, United States Steel stated that 
without emissions, and a collection shed air quality would scarcely, if at all, be 
and electrostatic precipitator for treating improved. The idle oven batteries had pro- 
the particulate-laden gases emitted during vided 2,000 tons of coke and 21.8 million 
coke discharge. A second phase of the mod- cubic feet of coke oven gas per day.® 
ernization will cost $4 million, for recov- — _ | 
ering byproducts from about 6 billion cubic 1Ferguson, Lucian M. The New OSHA Coke Oven 

fect per year of flared gases or leaning the Stair Fond Fae AGOCD, dana 197 910 
gas for use in the plant as fuel. The annual _No. 12, December 1976, pp. 1174-75. 
recovery of other products will include 4.5 iene Engineering News. V. 54, No. 13, Mar. 22, 
million gallons of coal tar, 1.4 million gal- 4Ch , ical E: ing V. 83. No. 18. Aug. 30, 1976. p. 55. 

lons of naphthalene-enriched light oil, and SWall Street Journal, V. 188, No. 8, July 19, 1976, De 4. 
7.5 million pounds of ammonium sulfate.‘ wall Street Journal. v 0 Ne 8 Pt 2 1976 32 

. e mai. V. ’ 5 ’ . 9 > Pe & 

Armco Steel Corp. received approval in —schemical Week. V. 119, No. 16, Oct. 20, 1976, p.18. 
July 1976 for the continued operation of its ®Chemical Engineering. V. 83, No. 2, Jan. 19, 1976, p. 49.
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| Table 1.—Salient coke statistics 

1972 19738 1974 1975 1976 

United S : C 
" Production: 

Oven coke ____ thousand short tons__ 59,853 63,496 60,737 56,494 57,728 
Beehive coke____________ do____ 654 829 845 713 605 | 

7 Total_______________ do____ 60,507  — 64,825 161,581 57,207 58,333 

oe vei9 311 m —-- ee ee ADL ’ . > ’ EER occa eae | nsumption, apparent. ______- do____ 046 ‘(65,76 092 ——s«53,687 ~—s_—=—i5 6,834 a 

Value of coal-chemical materials used 
orsold_________..___ thousands. $294,905 $855,667 «$652,785 $653,958 $919,834 

Value of coke and breeze used 

or sold ---—-______.—-__~ do_______ $2,080,074 _ $2,575,150 _ $4,609,209 $4,607,292_ $5,020,857 
7 Total value of all products used 

‘orsold dow $2,374,979 $2,930,817 $5,261,944 $5,261,250 $5,940,691 
World production: oo 

ard coke _______ thousand short tons__ 381,315 403,254 "404,996 ™400,470 404,713 
Gashouse and low-temperature 

| coke __._______________ do____ 21,671 | 19,516 20,032  . 718,816 18,228 

1Data do not add to total shown because of independent rounding. . 

COKE AND BREEZE 

DOMESTIC PRODUCTION these three States accounted for 56.4% of | 
i t. : 

An increase in the production of pig iron naverage of | 384 pounds of breeze-free 
and ferroalloys in 1976 largely accounted coke was vr oduced for each ton of coal 

: for a 6.2% increase in the demand for blast bo ‘ved the United States in 1976. The - 
furnace coke. Output of oven coke plus. 197 6G m ld f K whi h s ced 68 99 % 
beehive coke averaged 4.86 million tons per has aonain, ed nearly ‘constant during the 
month, with 5.09 million tons produced in | : 
March and 5.12 million tons in May. Daily Past decade. ' . 
production for the year averaged 160,000 The term coke-breeze generally refers 
tons, up 1.9% from the average daily output to a mixture of carbonized bony coal, slaty 
of 1975. rock, and coke particles passing through 

Forty-eight furnace plants produced a 1/2-inch-square screen. Approximately 
92.4% of the slot-oven coke produced. These 31.4% of the 1976 breeze production was 
plants, owned by or financially affiliated used as fuel in agglomerating plants. The 
with iron and steel companies, were operat- remainder was used in steam plants and in 
ed mainly to produce coke for iron blast the production of elemental phosphorus 
furnaces. The remaining oven coke was from phosphate rock. The amount of breeze 
produced by 13 merchant plants, who sold gold has increased significantly in recent 
blast furnace, foundry, and other grades of years; about 42.5% of the 1976 production 
coke on the open market. was sold 

Coke was produced in 19 States in 1976. The breeze vi . | . yield per ton of coal carboniz- 
The relative amounts of coke produced 1N ed is influenced by oven-operating practices, 
the various States have changed little in the the t of coals i and the extend. of 
past decade. Because coke is used principal- YPES | - 
ly as a fuel and reducing agent in blast pa verization he a 999 ixtures carbonized. 
furnaces, the coke industry is concentrated e lowest yield, 2.99%, was attained in 
in the major steel-producing areas of the Pennsylvania, while Illinois had the highest 
Eastern and North Central States. The bulk yield at 9.74%. The national yield, at 5.12%, 

of the 1976 output came from 14 States east has not varied significantly during the past 
of the Mississippi River. Three plants in decade. 
California, Colorado, and Utah produced Oven-coke plants averaged 102.4 pounds 
5.6% of the total production. Pennsylvania, of breeze produced per ton of coal carboniz- 
the largest producer, accounted for 28% of ed. The yields at beehive coke plants was 
the output, followed by Ohio and Indiana, substantially higher than those of oven
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_ plants, but beehive breeze production was not comply with EPA and other regulations 
negligible because only a few plants had to repair and maintain No. 3 and No. 4 coke- 
recovery. facilities. oven batteries at Allied’s Ashland, Ky. 

According to a Bureau of Mines Special plant, and that the firm refused to heed 
| Publication,” an expanded program of coke- Armco’s demands to do so. The suit also 

oven construction in the United States is charged that Allied’s Ironton, Ohio, and 

necessary to avoid a coke shortage in 1985. Ashland, Ky., plants were permitted to fall 
The author estimated that the probable into a state of gross disrepair, causing 
iron demand of 107 million tons would decreased production of coke and recovery 
require 59 million to 62 million tons of coke. of coke-oven gas.** 
Without additional oven construction, the Armco’s Steel Corp’s new No. 1 battery of 
net capacity deficit would range between 5 19-feet, Carl Firma Still ovens at Middle- 
million and 10 million tons. The report town, Ohio, was charged October 27, 1976. A 
states that currently operating ovens, repre- similar new No. 2 battery was scheduled for 
senting about one-fifth of the theoretical charging in late December 1976. Both coke 
maximum slot-oven coke productive capaci- batteries will be top charged.'® 
ty, are more than 30 years old, and an In June 1976 Bethlehem Steel Corp. at its 
additional 12% are more than 20 years old. Bethlehem, Pa., plant charged the new 
The number of domestic coke ovens in late 19-foot, 80 McKee-Otto ovens known as 
1976 was 138,324. battery “A”. The initial coking time of 22.9 
Kaufman" states that the costs for re- hours was extended to 32.0 hours in Novem- 

placement facilities now under construction _ ber 1976.1¢ 
exceed $1 billion and that an additional $1 Bethlehem Steel Corp. at its Lackawan- 
billion for replacement conductive capacity na, N.Y., plant in June started up No. 3 
will be needed during the next 10 years. coke-oven battery, bringing the number of | 

Rev. William T. Hogan, S. J., Director, coke-oven batteries to six out of seven.'” | 
Industrial Economics Research Institute, Koppers Co., in September 1976, was 
Fordham University, when questioned on considering a $30 million to $40 million 
emerging shortages of steelmaking raw expansion plant that would increase its 
materials, stated that “there is an even total cokemaking capacity about 35%. The 
more important area to monitor as steel plan involved the construction of 100 addi- 

demand accelerates: Shortages of metallur- tional coke ovens at Woodward, Ala., in- 
: gical coal and coke could appear. Coke is cluding 1 60-oven battery and 1 40-oven 

basic to steelmaking. Two factors at work battery. The expansion would result in an 
are the need for more coal mining capacity, 90% increase in cokemaking capacity at 
and the reductions in coke-making capacity Woodward, which currently has 250 ovens 
brought on by EPA air pollution control in 3 batteries. Koppers said the new ovens 
regulations. Some coke-making operations could be operated to produce either foundry 
have been slowed down because operating coke or blast furnace coke as market condi- 

rates have been trimmed back to meet EPA tions dictate, and that existing foundations 
requirements.”"!? and auxiliary facilities at Woodward would 

Aceording to a Fordham University steel _ be utilized.'* | 
industry specialist, the United States can : 

make 63 to 66 million tons of coke annually. 10c} 03 
The specialist further stated that “if the Coking Coals and Metallusgieal Coke BuMines Spec. Pub. 
US. steel industry is going to increase steel  Keunoan, C. Shortage of Coke Projected by 85 Unless 
capacity, it will also have to increase coke _Nation’s Oven Capacity Rises Amer. Metal Market, v. 84, 
capacity. If the raw steel production is to Nea san. 9 PS Hogan: Steel 1976.80. Met 
reach 135 million tons in 1977, some im- Prog., v.110, No.5, October 1976, np. 33-35. ee 
ported coke may be needed.” Coal Outlook. July 22, 1976, p.2. 

In mid-May, Armco Steel Corp. filed — isprcmcts Week. V1 18: No. 21, May 26, 1979, p. 21 
a_ breach-of-contract suit against Allied 16Private Communication. 
Chemical Corp., seeking $217 million for D 1 American Metal Market. V. 82, No. 112, June 24, 1976, 

a oremente Annes Saeed that Allied id » American Metal Market. V. 83, No. 188, Sept. 24, 1976,
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McLouth Steel Corp., Detroit, Mich., totaled 56.8 million tons, an increase of 3.15 
announced on December 22, 1976, that it million tons over that consumed in 1975. 

would purchase the Ironton, Ohio, coke The increase was largely attributed to 
| plant of Allied Chemical Corp. The Ironton greater demand for blast furnace coke, cau- _ 
plant has three oven batteries, one pro- sed by a ‘-million-ton increase in blast 

ducing foundry coke only, another produc- furnace pig iron and ferroalloys production. 
ing blast furnace coke only, the third, a The amount of breeze-free coke consumed 
24-oven battery provided with pipeline in producing 1 ton of hot metal by blast 
charging, alternately producing both grades furnaces decreased from 1,222 pounds in 
of coke.’® 1975 to 1,188 pounds in 1976. 

| Mercier Corp., Birmingham, Mich., in In 1956, 1,720 pounds of coke was con- 
early September 1976, announced its intent sumed per ton of hot metal produced by 
to purchase the recently closed chemical blast furnaces. Consumption in 1976 was 
plant and coke-oven plant of Diamond- 582 pounds less than 2 decades ago as a 
Shamrock Corp., Painesville, Ohio. Mercier result of the use of increased quantities of 

intended to produce foundry coke for the iron concentrates, oxygen, and supplemen- 
- merchant market. Erie Coke & Chemical _ tal fuels. | 

Co., a newly formed, wholly owned subsi- Although a variety of operating practices 
diary of Mercier, will own and operate the affect blast furnace coke rates, the 34-pound 
coke facility.° decrease in the coke rate was accompanied 

In early May, Republic Steel Corp., Cleve- by a 4.4-pound, coke-equivalent increase of 
land, Ohio, canceled an $85 million coke- supplemental fuels, excluding coal, injected 
oven order with the Salem Corp. of Pit- through blast furnace tuyeres per ton of hot 
tsburgh, Pa. The coke ovens were originally metal produced, based on AISI data. The 
ordered as part of a $350 million expansion supplemental fuels were principally fuel oil, : 

| of Republic’s Gadsden, Ala., plant; work on coal tar and pitch, natural gas, and coke- 
the plant was postponed in January 1976.7 — oven gas.. Although the units of measure 

United States Steel in late 1976, closed differ and the quantity of each fuel used 
the No. 13 coke-oven battery at its Clairton varies, the total calorific value of all supple- | 
Coke Works as the first step in complying mental fuels consumed in blast furnaces in 

| with a consent agreement aimed at re- 1976 was equivalent to 4.46 million of coke. 
ducing air pollution. The closing of the Oxygen consumption in blast furnaces 
battery caused an immediate loss of 370,000 equaled 26,972 million cubic feet, 3.8% more 

tons per year of coke and 3.3 billion cubic than in 1975. The use of oxygen reduces the oe 
feet per year of coke-oven gas.”? blast furnace coke requirement by making : 

Construction of a new 79-oven coke bat- available higher temperatures during the | 
tery at the Steubenville, Ohio plant of reduction of iron ore to pig iron. | 
Wheeling-Pittsburgh Steel Corp. was near- Of the 56.8 million tens of oven and 
ing completion with scheduled production beehive coke sold for all purposes, including 
starting in the fourth quarter of 1976. The 2.30 million tons exported, 52.55 million 
$69 million oven battery, capable of pro- tons went to blast furnaces, 3.01 million 
ducing 1 million tons of coke annually, is tons went to foundries and 1.24 million tons 
being equipped with proven technology for went to other industrial purposes. Steel 
air and water quality control.” companies produced 49.15 million tons of 

In February 1976, Jones & Laughlin Steel _ blast furnace coke for use in their own blast 
Corp. announced plans for a second 56-oven furnaces. Merchant plants produced 2.80 
smokeless coke battery at Aliquippa, Pa., million tons of blast furnace coke that was 
similiar in design to a new $70 million, sold to blast furnace plants. 
56-oven battery that started limited oper- Merchant plants produced a total of 4.36 
ation in January 1976. The two pipeline- ] 
charged batteries will bring coke production — : 
at the firm’s Aliquippa works back up to 1#American Metal Market. V. 82, No. 248, Dec. 23, 1976, 

a pp. I, 20. 
5,700 tons per day.” *’American Metal Market. V. 83, No. 174, Sept. 3, 1976, 

Pai : 4 

CONSUMPTION 22American Metal Market. V.83, No. 3, Jan. 5, 1977, p 
Apparent consumption of coke (domestic 9} Skillings Mining Review. V. 65, No. 40, Oct. 2, 1976, p. 

production plus imports, minus exports and = “2 american Metal Market. V. 83, No. 37, Feb. 24, 1976, 
changes in stocks) in the United States pp.321. ~ —_
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million tons of coke, equal to 7.6% of the million tons during 1976. Oven-coke plants 
total oven-coke production. Principal mar- ended the year with stocks equal to 42.4 
kets were blast furnaces not associated with days’ production at the December 1976 rate. 
integrated coke-producing facilities, in- | Normally, beehive plants do not stock coke. 
dependent gray-iron foundries, nonferrous The bulk of the stock, 95.1%, was at 
smelters, and chemical plants and affiliated furnace plants, which roughly had a 43.5 
foundries. All of the coke produced by day supply, compared with 28.5-day supply 
beehive plants was sold for blast furnace at merchant plants. There were no pro- 
use. Forty-four States received shipments of ducers’ stocks of beehive coke at yearend 
coke or breeze in 1976. Illinois, Indiana, 1976. 
Michigan, New York, Ohio, and Pennsylva- Stocks of coke breeze at producers’ plants 
nia, which were the major iron- and steel- increased 9.6% during 1976. Approximately 
producing States, received 75.0% of the 82.1% of the breeze in stock was at furnace 
total coke and 71.5% of the total breeze plants. | 
distributed. — - 

The bulk of the coke distributed was blast VALUE AND PRICE 

furnace grade and was consumed within the The average value of receipts of all grades 
producing State, as most blast furnaces oF oven coke was $94.35, up $6.71 per ton, 
were integrated with coke ovens. A few 1770. beehive coke averaged $72.48, up 
companies shipped coke to affiliated blast 7 57 per ton, or 11.2%. 

furnaces in other States. ok For oven coke, an increase of 7.4% raised 
| About 5% of the breeze-free coke distrib- the average price of foundry coke sales to 

uted was shipped to foundries. The chief 114.45 per ton, and commercial sales to 
consumers of foundry coke were the auto- blast f . ed of 7 

| motive, farm machinery, machine tool, ast furnaces increased an average 0 %o 

heavy machinery, railroad, and electrical to $78.84 per ton. Oven coke used for other 
equipment industries. Most of these indust- industrial purposes increased 3.1% in price 

) ries were located in the eastern and mid- © $79.46 per ton. | 
western States. The combined receipts of The differential between the average 
Alabama, Illinois, Indiana, Michigan, New Price of blast furnace and foundry oven coke 

York, Ohio, Pennsylvania, and Wisconsin is attributed to the special specifications for 

accounted for 76.3% of the foundry coke foundry coke, which make it a more costly 
. shipments. Foundry coke was also shipped product, and to its superior properties re- 

| to 32 other States, and 166,000 tons were sulting from_long coking times at lower 

exported. temperatures of coal mixtures containing 
Other industrial coke was used in 35 up to 50 weight-percent low-volatile coal 

States for miscellaneous applications. The and anthracite, and occasionally petroleum 
principal consumers were nonferrous coke, and milled coke dust. 
smelters and plants manufacturing sugar, The average price of foundry coke in the 
mineral wool, alkalis, calcium carbide, and United States remained fairly constant 
elemental phosphorus. throughout much of 1976, with no signifi- 

. Indiana, Idaho, Missouri, Ohio, and Penn- cant trends. The difference in the average 

sylvania, received 57.1% of the shipments of | values of oven and beehive cokes is partially 
other industrial coke. due to the additional transportation costs of 

coal delivered to oven-coke plants, and the 
STOCKS substantial investment and maintenance 

costs of slot-type ovens. 
Yearend stocks of slot-oven coke were The price of domestic blast furnace coke 

29.8% more than at yearend 1975, with the remained in the range of $78.80 to $85.00 
quantity of coke in stock increasing to 6.49 per short ton.
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FOREIGN TRADE 1,818,981 tons imported in 1975 at $86.03 

Foreign trade in coke was slower than in ere nen $ anada ‘Gonzeny cowether che 

tons more than in 1975 and amounted to United States West Germany alone shi 
2.25% of total production. Of the total coke ped 891,105 tons averag! $08 61 ver ton, 

exported to more than 21 countries, approx- Biss.i"N-Y., Detroit, Mich. New Orleans, 
imately 70.5% went to Canada and the La.. and Chicago. Ill. th . rts 
Netherlands at an average price of $47.69 f ” tr f 107 9 56 tons h € major po 
per ton. Exports from Buffalo, N.Y., Detroit, age price of. 5 86.17 Der ton. aving an aver- 

. Mich., Norfolk, Va., Philadelphia, Pa., oe POU. nnn | 
Cleveland, Ohio, Chicago, Ill, and Laredo, Despite more-than-adequate inventories, 
Tex., totaled 1,179,428 tons at an average n upturn in world coke trade and price was 
price of $49.68 per ton. Total exports aver- foreseen because the Government may , 
aged $50.75, per ton, or $7.96 per ton less mandate further coke oven shutdowns in 

than in 1975. Canada received 754,438 tons the United States. The prediction was that 
or 57.4% of the total exports. Exports to the U.S. buyers would augment coke sup- 
Canada averaged $48.73 per ton. plies by foreign purchases, as a hedge 

Imports of coke totaled 1,311,472 tons and against this possibility. 
averaged $84.69 per ton, compared with . 

—  COKING COALS 

QUANTITY AND VALUE OF COAL | | BLENDING | | 

CARBONIZED | 
ONIZE It is difficult to define a “good coking 

A total of 84.3 million tons of bituminous coal.’”’ Gradually, the word “good” is being | 
| coal was carbonized at high temperatures replaced by “satisfactory,” which means 

for the production of coke in slot-type and that a coal or blend of coals produces a coke 
beehive ovens. This quantity, equaling that permits a blast furnace practice fully 

12.4% of the 1976 U.S. bituminous coal Competitive in quality, efficiency, and cost. 
production, was the second largest coal It is only rarely that a single coal is avail- 
market. In addition to bituminous coal, able for making a satisfactory coke; blen- 
380,000 tons, or approximately 6.1%, of the ding of two or more coals having differ- 
U.S. anthracite production was used in the ent properties is the rule at the majority of 

coal blends carbonized. Anthracite was used Coke plants. While a two-coal blend of high- | 
principally in the production of foundry Sn loreal coals is most omens coke to achieve greater size and density, ; : ys 
which are desirable properties during the Ceceous other pene material wi an 

(Pile overage delvvored value of all coal lar types of coals, coal tar pitch, petroleum 
and anthracite carbonized by oven-coke coke, milled coke dust, and other carbona- 
plants was $44.16 per ton Phe average ceous materials have been tried and in some 

value of coal carbonized by beehive-coke cases fh ave been commercially with 
plants cannot be published because of indi- The terms “low-.” “medium-.” and “high- 

vidual company confidentiality. Transport-  oJatile coking coals” do not designate shar- 
| ation costs account for the high value of the ply defined classes. These terms are used by 

coal consumed by oven-coke plants in some gjot-oven operators in a relative sense and 
States. oo the exact meanings intended by the indivi- 

The average value per ton of bituminous qual operator may vary somewhat with the 
coal and anthracite carbonized at oven-coke behavior of the coals with which he is best 

plants was 5 cents per ton less than in 1975. acquainted, or which are available for his 
The highest coal price recorded was in plant. 
Maryland and N ew York, where the value The term “low-volatile coal” is used in 

of coal carbonized averaged $56.65 per this publication to designate coals of 14% to 
ton, or 62 cents less per ton than in 1975. 22% volatile matter (dry basis), such as the 

An overall average of 1.45 tons of coal, Pocahontas and New River, W. Va., and 
valued at $64.03, was required for each ton Somerset County, Pa., type. For byproduct 
of oven coke produced. Beehive ovens re- oven use, such coals are mixed with high- 
quired an average of 1.57 tons of coal per volatile coking coals in any proportion up to 
tons of coke output. 60% or more (but usually from 10% to
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30%), to increase the size and strength of plants, some merchant plants used approx- 
the coke. This practice increases the coke ynate’y 50% of jow-volatite coals with an- 
yield and decreases the byproduct yields. thracite in mixtures carbonized at lower 
Most slot-oven operators prefer low-volatile temperatures during a longer coking time ~ 
coals having a volatile matter content of to prodice soundry coke. | ; hol | 
about 16% to 18% (dry basis), although a e types of coals used in each plant are 
considerable quantity of coal that is not determined by the availability of the de- 
within this range is used. Low-volatile coals Sired coal, the moisture content, the content 

are not charged in an unmixed condition and composition of ash-fusion temperature, 
| into slot-ovens because they expand when VOlatile matter content, expansive proper- 

coked. — | ties, delivered cost, storage characteristics, 

The Bureau defines medium-volatile free-swelling index (FSD, and the physical 
coking coals as those having 22% to 31% and chemical properties of the coke product. 

volatile matter (dry basis). Such coals have _ | , | 
certain coking characteristics that differen- SOURCES OF COAL 
tiate them from coals having distinctly Of the 26 States that produced bitumi- 

. higher or lower volatile-matter content. The nous coal in 1976, 14 States shipped coal to 
medium-volatile coal, when coked without coke plants, supplying 84,899 million tons of 
admixture, nearly always produce large coals for coking. Of these shipments, 66.1% 
blocky cokes having highly desirable gene- were high-volatile coals and 13.0% and 
ral physical characteristics. Many medium- 120.9% were medium- and _ low-volatile 
volatile coals, particularly those having less coals, respectively. | 
than 24% to 25% volatile matter, are Of the coals received by oven-coke plants, 

practically nonshrinking, or even slighty 1.8% were produced in West Virginia, 
expanding under many operating condi- eastern entucky, an ennsyivania, 
tions, in which cases the coke would be 69.8% were high-volatile coals. West Vir- 

difficult or impossible to push from the slot gma aupments Coes ' row vous 
oven. a coals from McDowell, eigh, an yo- 

Ths lve portion of che tonnage of al aren Minehead Nick coals c into slot ovens excee , , , 
volatile wetter (dry basis), and te. designated Counties. Pennsylvania supplied high- 

volatile coking goat 6 prod ueed rom ati. from Cambria and Somerset Counties seams in many States. Because high-volatile : vee " 

coals when carbonized alone, produce lower Pennavania and Wet Virginia cals vere 
yields of weaker and smaller sized coke, . 

many plants producing blast furnace coke coke-p roducing States. Eastern Kentucky 
add low- or medium-volatile coals to high- supplied 13.7% of the shipments to coke 

. plants, all of which were high-volatile coals 
volatile coals to the extent of 10% to 30% of roduced mainly in Floyd. Harlan. Letcher 
the weight of coal mixtures charged into the P d Pike Co tie ye, ? ? 
slot-type ovens. The use of anthracite im- oe ne OUnES. . . . 

rts j ased si d densit dth Illinois produced high-volatile coking 
v tar pitch . the an al ensity ane the the coals, principally in Franklin and Jefferson 
° ke ee h € coal mix increases th€ Counties; other States with substantial pro- 
Bl s pe ° ts th duction were Alabama, Colorado, Utah, and 
Blending also permits the use of some Virginia. Most of the coal produced in these 

high-sulfur-content coals in admixture with tates was used within the State. Colorado, 
low-sulfur coals so that the coke has an New Mexico, and Utah, however, supplied 

acceptable sulfur content. ; most of the coals that were carbonized in 
The overall percentages of high-, me- (California. 

dium-, and low-volatile coals in the mix- _[nland Steel Co. identified a large deposit 
tures carbonized have varied little in the of high-volatile coal for possible future deep- 
past decade, although there are wide va- mine development near Marshall, Clark 
riations in the proportions used by indivi- County, Ill. Tentative estimates indicate 
dual plants. Coke plants in West Virginia more than 200 million tons of commercially 
and the Western States used the largest recoverable coal. The discovery was made 
percentage of high-volatile coals in their on lands under lease to an Inland subsi- 
blends, while plants in Minnesota and_ diary, Northern Mining Inc. The tract ex- 
Wisconsin used the largest percentages of plored covers 80,000 acres. Additional 
low-volatile coals. Compared with furnace testing and drilling will be required to
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determine the quality and confirm the pre-_ tional tonnage. Presently, ABC gets its low- 
liminary reserve estimates. Inland alsohad _ volatile coal from West Virginia sources. 
extensive coking coal reserves at Sesser and ae ame decision to continue going out- : 

_ McKeansboro in southern II1.?5 side Alabama assure its future low- 
Wheeling-Pittsburgh Steel Corp. had a volatile coal requirements reflects on the 

20% participation in the $50 million Scotts quauty of hae expected deep ‘mines 
Branch mine project in Kentucky, managed & developed mn ame. a 
by Pickands Mather & Co. By late 1976, coal CAPTIVE COAL 
production had started and the cleaning : . . . 

: plant was nearly completed. The facility About 53.2% of the coal received by all | 
will have an annual capacity of 1.25 million sfot-oven Pate New Produced dicarily thes 

f coki 26 wn r altillated mines. y> 
: rons ‘Now acer ‘Wheeling-Pittsburgh captive coal does not enter commercial 

Steel Co ed i Pi $27 el channels. In 1976, 54.2% of the coal receiv- 

ki eh orp. announced plans tor a pa! mil ed by furnace-coke plants was captive. Some 
ion expansion, to boost by 81% the annual merchant plants also owned coal mines, but 
production of high-volatile coking coal at its only 38.8% of the coal received was captive 
Omar mine near Charleston, W. Va. The production. - 
expansion, when completed 3 years later, is — | : 
expected to increase capacity from 500,000 | STOCKS — | | 

tons in 1976 to 908,000 to ns annually; the Stocks of bituminous coal at slot-oven 
productive life of the mining complex will plants ranged from 7.26 million tons to 

have been increased by at least 21 years. 11 96 million tons, equal to 32 and 50 days’ 
The Omar mine will be a principal source of consumption, respectively, at the yearly — 
high-volatile coals needed for the firm’s daily average of 228,860 tons. Bituminous 
coke batteries at Follansbee, W. Va., where coal stocks reached their highest yearly 
a new $67 million coke battery was schedul- level during June when month-end quanti- 

ed to go into production in early 1977.2" ties totaled 11.26 million tons. The lowest 
Inland Creek Coal Co. reached the Poca- level, 7.26 million tons, was reported at the 

hontas No. 3 seam, located 1,350 feet below ones August. al stocks at 4 1976 
th rf, f Buch County, W.Va., ituminous coal s at yearen 

the suriace of Buchanan County, W.Va wore 03 milion ton, compared with 8 
. Tue . million tons when the year began. The 9.8 : 

with the Nation’s largest independent foun- million tons in stock at all slot-oven plants | 
dry coke producer, Alabama By-Product 4; yearend was equal to a 44-day supply at 

Corp., (ABC). The mine is expected to pro- the December 1976 rate of consumption. | 
duce 1 million tons per year. For its share in Stocks of anthracite at yearend totaled 
the $45 million project, ABC had the right 98,000 tons, which was equal to a 94-day 
and obligation to take one-third of the supply at the 1976 average rate of consump- 
mine’s production with options for addi- tion. | 

| COAL CHEMICALS | 

The term “coal chemicals” refers to the cal mixtures, the most important of which 
refined materials recovered from the crude are benzene, toluene, xylenes, solvent 
quads obtained vom the gases and vapors napa crue chemicay (hetter Known 

released during carbonization. ee as carbolic oil), and pitch. ough many 
materials—ammonia, tar, and light oil—are slot-oven plants in the United States are 
normally recovered at slot-oven plants us- equipped to process tar and crude light oil, 
ing condensation and absorption processes. the extent to which such equipment is 
The remaining noncondensible material, utilized depends upon economic conditions | 
which is rich in hydrogen and methane, is and tonnage of coal carbonized because 
called coke-oven gas. Except for ammonia, —————— 
which is recovered as an aqueous solution, qokillings Mining Review. V. 65, No. 48, Nov. 27, 1976, 

or an ammonium sulfate or phosphate and —°' 264 merican Metal Market. V. 82, No. 228, Nov. 28, 1976, 
sold as produced, the materials are in most p.2. —— 
instances further processed to yield a num- —asGoei Week. Apel 1976, p 3. 
ber of primary organic chemicals or chemi-
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yields of various chemicals are low. drous product. In this system, vapors evolv- 
Yields of chemicals vary with the kinds of ed from the ammonia still contain HS, 

coals carbonized, carbonizing temperatures, NHs, CO: and HCN that, after removal of . 
| and operating techniques and equipment. NHs by absorption in cold water, are finally 

About 315 pounds of coke-oven gas, 76 burned in the combustion chamber of the 

pounds of tar, 18.7 pounds of crude light oil, sulfluric acid plant. Armco’s Middletown 

and 5 pounds of ammonia were recovered Plant will produce about 54 tons per day of 
for each short ton of coal carbonized. In 66° Be acid. The heat generated during the 
standard units of measure, these quantities Conversion steps generates 600-pounds per 

: amount to 11,063 standard cubic feet of S@¥Ua@re inch steam.” | 
coke-oven gas, 7.6 gallons of tar, and 2.55 
gallons of crude light oil. Ammonia express- COKE-OVEN GAS 
ed as ammonium sulfate equivalent was _—§ The fixed gases resulting from the car- 
recovered at an average rate of 15.64 bonization of coal have a gross heating 
pounds per ton of coal carbonized in those value ranging from 520 to 600 Btu per 
51 plants employing recovery processes. standard cubic foot, and are principally 

In terms of calorific value, the products used for heating coke ovens and steel- and 
recovered by oven-coke plants (excluding allied-plant furnaces. Small volumes were 
coke) in 1976 totaled 628.4 trillion Btu. This sold for distribution through city mains and 
quantity was roughly equivalent to 31.8% of for minor industrial uses. Gas yields vary 
the heating value of the coal carbonized. In among plants but the average quantity 
deriving the total calorific value of the produced for each ton of coal carbonized in 
products recovered, coke-oven gas was all slot ovens was 11,063 cubic feet, com- 

based on 550 Btu per standard cubic foot, pared with the average yield of 10,860 cubic 
crude coal tar, 160,000 Btu per gallon; and feet for 1975. The total gas production 
crude light oil, 125,000 Btu per gallon. Coal increased 1.90% because 1.55% more coal 

| as charged to coke ovens was assigned a Was carbonized in 1976. | 
| calorific value of 24 million Btu per ton. About 39.54% of the coke-oven gas pro- 

duced was used for heating ovens. Most of | 
| COKE-OVEN AMMONIA the remainder of the production was used 

by coke producers to fuel boilers or transfer- 
Coal carbonized at high temperatures red to steel or allied plants to heat open- 

releases nitrogen and hydrogen parts of hearth and other metallurgical furnaces. A 
which combine to produce ammonia. Am- small part of the gas produced was flared in 
monia must be removed from coke-oven gas_ situations where production exceeded de- 
to reduce the subsequent formation of corro- mand. 
sive compounds with oxygen, hydrogen sul- Although coke-oven gas was the principal 
fide, and hydrogen cyanide. Coke-plant op- fuel used to heat coke ovens in 1976, some 
erators normally recover ammonia as an ovens were heated by a mixture of coke- 

aqueous solution, or as ammonium sulfate oven and blast furnace gas, or mixtures 
or phosphate. However, 10 plants did not containing blast furnace and natural gas. A 
recover ammonia as a salable product in total of 401.6 billion cubic feet of coke-oven 
1976. gas equivalent was so consumed, of which 

Production of ammonia increased 1% about 89.8% was coke-oven gas. 
although the number of recovery plants _ Surplus coke-oven gas used and sold in 
decreased by one. The average value of 1976 was valued at $402.120 million, a 

ammonium sulfate decreased from $78.07 37.4% increase from the 1975 value. No 

per ton in 1975 to $48.72 in 1976, and the Value was reported by producers for the 
value of ammonia liquor ‘increased from coke-oven gas used to heat their ovens, but 

$92.75 per ton in 1975 to $93.67. The total >Y applying the average value of $0.747 per 
value of all sales decreased 11%. Ammonia thousand cubic feet reported for surplus gas 

. to the gas used for underfiring, the total 
products sold in 1976 represented 3.2% of value of all coke-oven gas used and sold in 
the total value of all coal-chemical sales. 1976 would be $671.2 eli on 

The new coke oven plant of Armco Steel " " 

Corp., Middletown, Ohio, used a system COAL TAR AND DERIVATIVES 
developed by Firma Car! Still of West Ger- 
many to recover hydrogen sulfide from All oven-coke plants produced crude tar 
coke-oven gas as a feedstock for sulfuric in quantities ranging between 3.79 and 9.17 
acid production. Another system, developed >.> 

by United States Steel Corp. recovers am- "sian I. J, Cokeoven Gat Yield Fuel, Chemie 
monia vapor and converts it to an anhy- aa



COKE AND 

| 

gallons per ton of 
COAL CHEMIC

ALS 

plants in Californi coal carbonized 

and 5 in Californi
e, Colorado 

Utah Coke are absorbed 
“ 

tar. rangi yivania 
had the la ? I, Ohio, 

tar 
from the cok 

- 

lons 
ging from 9 17 al rger yi

elds of 
’ ammon

ia, 
an d . e-oven 

gas afte
r 

Tee ton of coal carbo 
ors to 7.98 gal- naphthalene have heen re 

ne instances 

verage tar yi . 
ins an insigni 

moved. C ’ 

the production tar
 eens down 2.9%, and light oil Seen

 content of on 

the plant operators c
ongumed 6 

1975. piants. Practically 
all c reroveree 

at coke 
| 

5. 
ced at 

ll crude li 

45.8% was roo esend Gk Of this oo of tion, in core plants is crrowered by ofl Pro- 

52.1% w 
(refined or to ty, hig > nw ich the gas i 

y absorp- 

processing. 
n rned as fuel repped) and

 Pen ong 
petroleum is

 contacted with a 

>" e remaini 
out an 

istille 
oil or a coal- 

gether with withdr. aining production
 te absorption

 ate as the gas passes coal-tar- 

sold to tar-distilling awal
s from stock » to stripped fr equipment. Crude li through 

a variety of ean 
for refining int

o steam dis tilla the absorption 
ol’ ‘ oil is 

: 

_ Most of the crud products. 
(12.5 to et on About 1.7 to by direct 

in 1976 was subj e tar that was 
rec 2.7 pounds) of “7 to 3.1 gallons 

rnc acta ed yon of cae i 
ow-boiling tar acid consisting “aainly ef Wi with the kinds of nized. Yields 

halene wer acids and bases ainly of with operating 
condi coal carbonized an

 

ned. 3, and 2.58 g conditions 
and 

(called soft ; obtained. Th 
and napht- gallons 

_ An a 

farmace tobe oh was ewally used 
for fuel recovered at Bl nlanta cpa carboniz

ed was 

e 
ly used for fuel

, O°! in 1976. Yi ts that e 
ws 

with steel pl P ants that were inte 
e 

6. Yields 
xtracted 

light 

mith steel plants in particu! grated the same as 197 per ton of coal wer 

Sega 
tuation 

be: ar benefitted 
and 

76 levels i 
e about 

distillate a
n ion because 

1 
furnace pl 

in both m 
| 

d retained 
they sold the i plants. Ten pl erchant 

as fuel. How the soft pitch for use in the gas to increase it ants left the light 

tar topped burn. the relative 
foruse _, Producers refi 

ease its calorific val : 

.; 
quantities 

licht oi refined 45.4 
value. 

availabilit 
urned, or sold, d ities of “8 t oil output. 

The inc, % of thei 

y and cu , depend on the oll sales i put. The incr 
r crude 

crude 
tar. tar te rren

t market 
. e . es in recent 

rease of crude
 li h 

tute fuels. M distillates, 
and ot prices of inability of ; years is attributed 

‘Aght 

tS. 
t of th 

other substi- 
ti 

Some 
plants 

to 
, to the 

production 
we e merchant 

j- tives meet 
produc 

. 

| 

plant tar 4d 
ing the rigid 

duce deriva- 

plants had bittle sold because 
ependable 

quali gid specificati 

tl 
mer 

qualit, 
fications 

normally rep ue demand for pitch, chant at aromatic Netchemindy 
Suck = 

peroont ofthe crude tar fed to the topping companies for process petroleum-refining 

. | 
to the toppi 

ipanies for 
. oleum-refini 

Most of the plants tha 
pping derived fractions into

 ben with petroleum. 

tar recovered only seu at processed crude number of other chemica
l int toluene, and 

u os wn as carbolic 
oil) an s

eme 
oil (also 

. as with other coal ch 
intermed

iates. 

la ranging up to soft pi iquid still resid- va ds of products deri hemical materials 
| 

awed ince 
hore 

Some of the th e orud but about. 79.1 mi om crude 
light 

ae 
ts, i , mber of tar- j e light oi ume-perc 

| 

lic acid vreso , including
 creso 

. 
in 1 

oil proces
sed 

ent of 

- Is, n 
te oil, cresy- 

976 as sal 
sed was reco 

Ged ben Picoline, quin
e phenols, xy: 58.8% as benzene, 10 products, comprising 

dium ang hare pitch G uinoline, ane me xylene, and 7.9% as solve toluene, 1.8% 

1any of these tar d ough statistics on other light oil ody solvent naphtha 0 as 

conflentia 
this report eriva

tves are not production 
Wen Gets, Al of the bemmene 

entiali 
use 

. 

to the OSs 
the data were ts f company 

read In past years ioe specification 

lishing with Tariff Commissi ransmitted 
4. r-grade be 

, a large amo 

and petroleum par Gata from tar dietifiers Tent ootroloare eof of gasoline, nut cur. 

annual 
re 

ers, in mont 
but elimi um-refin

in 
. ut cur- 

cals. ports on synthetic organic ch and hee et this use for eeuces have all 

CRU 

ene ti ranwed fr of light oil derivatives 

nn DE LIGHT OIL. AND DERIVATIVES 
as ‘ eee O80 gallon for ir 

e light oil i 

or all crud 
.398 per gallo 

hydrocarbon
s, oe 

mixture of aromati 
ha. The average an

d refined sol
vent naph

t- 

drogen 
sulfid 

phene, 
mercap

tan 
ic ducts 

sold in 
ue of all ligh

t . Pp 

e, and carbon disulfide that 1975.” ompared
 to $0603 vere 106 per 

1975. 
$0.698 per g allon in



426 MINERALS YEARBOOK, 1976 | 

| | WORLD REVIEW : | 

World production of metallurgical coke in ed to begin in 1981 and continue for 28 
1976 was estimated at 404.7 million short years.*4 | : . 
ne wns quantity is 1.1% more than the In early September 1976, Denison Mines 

outpu ause OI increased production [td Toronto, agreed to purchase up to 5 
in the U.S.S.R., the United States, Poland, milion tons of coking coal per year on a 
Czechoslovakia, and Belgium. .. long-term basis, from Quinlette Coal Ltd.*5 

Europe, with 56.2% of the total, led in — During 1975. most industrialized 
world production; European production was, UTS 7!) Most industriz coun- 
1.3% more than in 1975. Asia, with eight ‘Tles experienced downturns in economic 
producing countries, ranked second in out- activity that affected the demand for both 
put with 24.9%. North America, with only Coking coal and thermal coal through re- 
three producing countries, ranked third duced demand for steel and reduced indust- 

with 16.4%. | rial need for electric power. This became 
_ Australia.—Nippon Steel Corp. and other evident in Canada toward the latter part of 

major Japanese steel mills contracted to the year. Prices increased during the early 
import 6,779 million tons of soft coking from part of the year, reflecting both the tight 
six Newcastle coal mines for fiscal 1976 market conditions of 1974 and increased 
beginning April 1, 1976. The contract costs. By mid-1975, however, spot prices had 
included an increase of 15 Australian cents gajjon sharply as stocks of coal and coke 
tin Price plus an escalation clause permit- |, being built up, and by yearend the 
ing an increase of up to $1 (Australian) per —. . . : 
metric ton.° | situation had not improved. Nevertheless, 

_ Utah International was given conditional Prices on long-term contracts and for top- 
approval by the Australian Government for quality coals remained firm. : 
a coking-coal project costing more than $200 §-_ Foreign consumers continued to show 
million, to be located at Norwich Park, interest in western Canadian coking coal 

_ Queensland. The projected capacity was set deposits, with Japanese, West German, 
at 4.5 million tons per year.*! Dutch, and Italian interests taking equity 

Australia’s coal export levy was reduced partnerships in potential producing proper- 

in the Government’s Federal budget in ties in British Columbia. 

August 1976, and is to re compietely Pissed During the year, the Government of each 
\ wi years. the Gcecision assures of the three coal-producing Provinces in 
\ that investments totaling $2.5 billion will be western Canada, British Columbia, Alberta, 

made in coal-mining ventures in the next 5 d Saskatch continued studi 1 
years. The coal export levy was $7.50 per 20 ~aSkatchewan, continued studies rela- 
metric ton.*? ting to the development of new coal policies. 

Canada.—During 1975, approximately 8.2 New legislation was expected to be intro- 
million tons of coking coal was carbonized duced in 1976 in all three provinces. 
in 1,066 slot-type coke ovens, which have In 1975, exports of bituminous coal a- 
the capacity to produce 5.8 million tons of mounted to 12.9 milllion tons, an increase of 
coke from 9.44 million tons of coal. About 8.5% from 11.9 million tons in 1974. Of total 
90% of the coking coal used in Canada was_ exports, about two-thirds originated from 

imported from the United States. Three mines in British Columbia, with most of the 
steel companies in Ontario operated coke- palance from Alberta. Export shipments 

oven plants in Hamilton and Sault Ste. accounted for approximately 46% of total 
Marie. All had captive U.S. mines and long- coal production and nearly three-quarters 
term contracts. The Sydney Steel Corp. in f bitumi al oducti J 
Nova Scotia used a blend of Nova Scotia, © DiUminous coal production. dapan 
western Canadian, and imported coals to received nearly 11.9 million tons, or 92% of 

produce coke for its steel mill. The integra- ¢©XPorts, compared with 11 million tons or 
ted steelmakers accounted for over 90% of 93% in 1974. Since Canada’s exports were 
the coke production in Canada.** —_—— 
Emkay Canada Natural Resources, Ltd., a , American Metal Market. V. 83, No. 92, May 11, 1976, 

subsidiary of Morris Knudsen Co.; sold a "3; : 
50% interest in its Elk River coking coal Coal Ave VSL No 9, Sesvoriber 976, p. 65. 

ae wae . 33 a cen clung seat ln et 
. a maa: American Metal Market. V. 82, No. 198, Oct. 8, 1976, p. 

production capacity is 4 million tons of 4, 
coking coal per year. Production is expect- 35Coal News. No. 4333, Sept. 10, 1976, p. 4.
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mainly coking coal under long-term con- steelmakers for price increases on its low- 
tracts, Canada’s position in international volatile coking coal. The agreement calls for _ 
coal trade remained strong even though the the shipment of 1.5 million tons per year of | 
international market softened noticeably low-volatile coking coal from Consolidation 
during the latter part of 1975. In the early Coal’s Pocahontas field in southern West 
part of 1975, Canadian coal producers and Virginia to Japan until March 31, 1979. 
their Japanese buyers negotiated new coal Consolidation Coal was to receive a $1-per- 
prices on the basis of international pricing long-ton price increase, effective October 1, 
and abandoned the former basis of “cost 1976, and an additional estimated $2.20 per 

| plus reasonable profit.” The average value ton in mid-December 1976, to cover cost 
of Canadian coking coal exported to Japan escalation. Another price increase of $2 per 

| in 1975 was $50.00 per long ton, f.o.b. jong ton on 1 million tons of this coal was to 

Vancouver. _ become effective April 1, 1977. The price for 
Germany, West.—A trial production run the remaining 500,000 tons was to be at 

based on a throughput of 330,000 : tons per market value of April 1977. The new agree- 
year of lignite (125,000 tons per year of coke ment also provided for the sale of 850,000 
oe was schedules od AUCUS cine for long tons of medium-volatile, Rowland-type 
Bez erman lignite producer, Kheiische coking coal to the Japanese customers until 
raunkohlennwerke near Cologne. The lig- March 31, 1980.2° 

nite degasication was, to be done ins Barter Gas and Fuel Associate, through be us ed mainly by . the German chemical its export subsidiary, Castner, Curran and 
. ype ere Bullitt, Inc., in November announced a 

industry as an additive in the Processing of tentative agreement with its Japanese cus- 
ime and phosphate. ‘ er 
Japan.—By late 1976, Mitsui Coke Co, ‘mers to supply low volatile coking coal 

Tokyo, announced its intention to build a 6 er pesiod becin ua Aeeil 1 1977, Ea a : 

297-short-ton-per-day, semicommercial year period beginning Apri’ + ° ast- | 

plant at Omuto, to be cémpleted in October ern will supply 750,000 tons per year, with 
1979. The plant will employ a new process negotiations to be held every 2 years to 
using asphalt as a solvent for coal dust. The determine prices and quantities to be ship- 
mixture, at 400° to 450°C, yields a pitch that ed. The tentative agreement provides for 
substitutes for hard coking coal. Called @" Imcrease in the price per long ton, 
Solvolsis, the technique is designed to han- reaching a level of $68.49 by April 1977, on 
dle all kinds of Japanese coal dusts, particu- about two-thirds of the coal shipped. The 
lary the type produced by the nearby Miike Price for the remaining one-third of the coal 

colliery. The plant will also produce about Will be determined on an annual basis as of 
10,500 thousand cubic feet per day of bypro- each apa ee whe agn cement also includes 
duct gas.27 e rig escala cover increased 

The Pittston Co. concluded the principal costs.“ 
elements of a long-term contractual agree- In March 1976, Pittston Coal Export Co. 
ment with the six largest Japanese steel agreed to lower its price on medium-volatile 
producers for purchase of Pittston’s med- coal for Japanese steel mills by $1.70 per 
ium-volatile, high-fluidity coking coal. The metric ton to $61.00 per ton f.o.b. for fiscal 

contract will run 12 years, with basic nego- 1976. The agreement was madé on the 
tiations at 3-year intervals. The quantity of condition that the Japanese mills would 
coking coal involved is 10.3 million short purchase a total of 5.2 million tons during 
tons in fiscal 1977, rising to 10.9 milliontons the year and review with Pittston the price 
in fiscal 1978 and beyond. Of these quanti- situation for the second half of fiscal 
ties, 60% are covered by a basic starting 1976.* | 
price, $2.05 per short ton more than the —————_—_ 
current price (not disclosed), plus escalation $6Chemical Engineering. V. 88, No. 3, Feb. 2, 1976, p. 46. 
at agreed-upon intervals. The remaining go, Chemical Engineering. V. 83, No. 26, Dec. 6, 1976, p. 

40% is subject to price negotiation an- = **Coal Age. V. 81, No. 12, December 1976, p. 39. 
nually.s¢ 3®Coal Age. V. 81, No. 11, November 1976, p. 41. 

Consolidation Coal Co., in October 1976, Cee Meee Merken V. 33, No. 42; Mar. 2, 1976, p. 
completed negotiations with six Japanese 1.
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Because of decreased steel demand, Japan which Japanese buyers initially called for a 
was attempting to reduce imports of coking reduction in the pas price of $34 ber long 

~ coal from Australia, Canada, the United n f.o.b., ause of a recent accord on a 
States, and the Republic of South Africa. reduction of U.S. coal prices.“ 
Japan’s stocks of coking coal were increas- _ The South African Iron and Steel Indust- 
ing and were expected to exceed 9 million rial Corp. (Iscor), in 1976, was developing a 
tons in 1976. Japan had total coking coal new mine for the production of high-grade- 

supply contracts for 64 million tons but on blend coking coal near Ellias in the north- 
the basis of an estimated 1,102 million tons Western Transvaal. The mine was expected 
of steel, 55 million tons of coking coals fe rank nanan jo ear ‘ will” and in i 
would satisfy industrial requirements.‘ irst phase of developmen produce 2. 

. million tons of washed coal] annually. 
In 1976, Nippon Steel Corp. developed an . : . 
tomatic system to quicki d accuratel South African experiences with preheat- 

au al wate the ki a | ies f coal The ed coal operations are described for a coke 

evalua od the = Properties 0 . h € plant having 66, 13-feet-high coke ovens, 
system stor t e measurement of the re- two preheaters, and two larry cars. The 

ed by eathode-ray tube, ona disefile'= Sbisttives were to, improve the abrasion , Ae. resistance of the coke; to use more “blen 

acct Nip Bio Coat sine uy tate hare ths conerring th ’ . imi reserves of coking coal; to increase 
Japanese steelmakers reached an agree- oven throughput 15%; to improve working 
ment with South African coking coal ship- conditions on the top of the oven batteries; 
pers to retain the Witbank coking coal and to obtain a more consistent coal plasti- 
prices for fiscal 1976, beginning April1.The city zone during the coking process.“ 

| agreement stemmed from negotiations in . 

| - TECHNOLOGY 

Coking coals.—A panel of speakers at the stantial reductions in time and labor, com- 

a April 1976 meeting of the National Open pared with other current methods. Ven- 
Health and Basic Oxygen Steel Conference katesan’s analysis shows how the addition 

. of AIME conceded that steelmakers have of coal dust and/or slurry to the clean coal, 
become t more dependent upon coals with or the additional of unwashed coal to a 
incr ash and sulfur content and clean coal, increases the yield of cok- 

_. decreased fluidity, resulting in less stable ing steam coal to the required ash content. | 
and otherwise inferior oF le ee This is done through the use of the M-curve, 
coke ity was reported rela which does not require the use of mechani- 

| about a 0.5% to 1.7% change in iron pro- ¢aj equipment. “4 
duction per 1.0% change in coke stability. It has been shown that the total sulfur 
One speaker suggested that purchased coals — 

be processed at captive cleaning plants to = Mining Journal. V. 286, No. 7328, Jan. 18, 1976, p. 78. 
produce coals of more uniform composition, irre and § Steel International. V. 49, No. 6, December 
thereby eliminating the problem of han- “ane 
dling many individual coals at the coke 6 American Metal Market. V. 83, No. 45, Mar. 5, 1976, p. 

plant.” *5Coal Mining and Processing. V. 13, No. 2, February 

Petrographic analysis has become the eC er >. A. I. Barnes, H. J. Merve, and A. N. 
primary tool at Bethlehem Steel Corp. for Venter. Iron Steelmaker, v. 3, No. 8, August 1976, pp. 29- 

evaluating purchased and captive coal, eval- Peters H. Panel Says Stoelmakers Must Discover 
uating undeveloped coals, resolving opera- Ways to Use Poor Quality Coking Coal. American Metal 

: associ : arket, v. 88, No. 70, Apr. 9, 1976, p. 3. 
bona) propiems t din tated we coat control <SThompson, R R., and L. G. Benedict. Coal Composition 

forresareh pees ounce it eae een 
Application of the M-curve, developed by p “Venkatesan, S. Use of M-Curve Predicts Washing 

Karl Reinhardt in 1926, can result in sub- l0sti1 YO" A8™ % Bh No- 9 June 1976, pp.
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lost when coking coal and limestone mix- activity of 13 samples of coke from many 

tures decreased and the percentage of FeS, different coal ranks, chars, and briquettes 

originating from the disassociation of py- was determined." 

rite, and conversion to CaS, increases as the Eastern Associated Coal Corp. at Everett, | 

amount of lime added increases. Although Mass., in work done for Bethlehem Steel 

the total sulfur content of coke produced in Corp. and the American Iron and Steel 

the presence of CaO is higher than when Institute, performed Micum Drum tests to 

the coal is coked without lime, the pyrite determine the physical strength on a ship- 

| sulfur is converted to CaS, which is more ment of Russian coke. The Everett, Mass., 

- amenable to chemical conversion to H.S. A Research Center has the only full Micum 

method is outlined for determining CaS in Drum in the United States that can be used ~ 

‘the coked mixture in the presence of FeS.* — for the Micum tumbler test.** 

Coal ash, sulfur, and coking properties Bethlehem Steel Corp. and Inland Steel 

have effects on the coke produced, which, in Corp. requested detailed information from 

turn, affects blast furnace performance. the Sumitomo Metal Industries, Ltd., on 

Analyses of blast furnace data for a given two Sumitomo processes for producing coke 

plant established relationships between partly and wholly from noncoking coal. The 

coke properties and furnace output. The Sumicoal system reportedly was designed to 

relationships of new tons per day of hot produce coke in a conventional coke oven 

metal production were shown by equa- from coking coal and briquettes made by 

tions.®? - blending noncoking coal, coking coal, 

| By mid-1976, Armco Steel Corp. at its asphalt, and pitch, whereas Sumitomo’s 

Ashland, Ky., plant was able to replace as formed-coke system produces coke solely 

much as 18% of the Amanda furnace’s coke from noncoking coal in a specially develo- | 

requirements and 28% of the coke require- ped coke oven.*’ : 

: ments of the Bellefonte furnace with pul- Coke ovens.—The Illinois State Geologi- 

verized coal.*? Pulverized coal injection into cal Survey conducted more than 100 tests 

the Amanda furnace has enabled Armco to on coals and coal blends that were preheat- | 

reduce ironmaking costs in this furnace by ed before they were charged into a 700- | 

$2.85 per ton based on 100,000 tons of hot pound pilot coke oven. The preheater used 

metal production per month. Using metall- was of simple design and proved to be 

. urgical coal for injection, Armco was able to satisfactory for the test program. The test 

| replace 1.1 pounds of coke per pound of coal results indicated that preheating caused a 

injected. When injecting higher ash, consistent decrease in time required for 

nonmetallurgical coals, 0.78 pound of coke complete carbonization. Coke strength, as 

was replaced per pounds of such coal measured by the ASTM Tumbler Test, was 

injected.* | not materially affected by preheating coal 

Frank W. Luerssen, Vice-President of Re- blends, which produced stabilities in the 

search at Inland Steel Corp., stated that mid-1950’s, when they were charged with- 

there has been adequate demonstration out preheating. However, preheating resul- 

that preheating coal charged to coke ovens ted in a material increase in stabilities of 

is one approach to enable the steel industry _———__—_—— | 

to use a higher proportion of more plentiful _ *°Brothers, J. A., and J. Starzomski. Reaction of Pyritic 

coals. Mr. Luerssen made it clear that Sulfur in Coal we dime and ee aos 108. Coking 

pioneering work in the field of coal and coke 51Qstrowski, E. J. Coke Quality - Its Effect on the Blast 

Involves great expense and much time in Pune AIME ionmating Pic, <5 116 pp 0 
development activity.** : p. 4. 

A new test procedure to determine the 9 tmerican Metal Market. V. 83, No. 122, June 22, 1976, 

reactivity or coke was developed eat ~Luerssen, FW. Development of Coking Technologies 

overcomes the shortcomings of convention viewed. e, v. 82, No. 1, January 1977, p. 41. 

testing methods. The rate of reaction  yetrol br the Determination of Roamivity of Coke. J 
between CO.S and carbon was found to be Mines Met. Fuels, v. 24, No. 6, June 1976, pp. 306-209. 

dependent on the rate of CO; flow through 7 nes and Processing. V. 14, No. 1, January 

the coke bed. Using this method, the re- 57The Japan Echo. V. 5, No. 3582, Dec. 28, 1976, p. 1.



430 MINERALS YEARBOOK, 1976 __ 

the cokes from poorer coking coals. Other unit, costing about $3 million to $3.5 mil- 
physical properties of the cokes were not lion, is designed to control emissions re- 
greatly affected. The rapid evolution of gas leased during the pushing of hot coke from 
when preheated coals were carbonized prov- coke ovens. Apparently, the interest of the 
ed to be a major problem that was not three steel producers stemmed from results 
completely solved.s* — . achieved with a similiar Kopper’s product 

A preheated | coal Pipeline ehareing ey at the Weirton Steel Div. of National Steel 
stem is described that overcomes one of the Corp.® 
major pollution sources at coke plants.One | The Colorado Air Pollution Variance 

enters the ovens through a cloced, station Peabo Ne eee ea Seay opproved. plans nters the ovens through a closed, station- _furnis! y the CFT Ste: rp. to change 
ary network so that dust cannot escape. its method of controlling coke-oven emis- 
vais is a major pnsideration because nee sions bile ruling that the Project must be 

en estimated that as much as 10% of complete y October 15, 1979. The new 
coke-oven emissions occur during oven method, estimated to cost $6 million, will 
charene. + fuel ‘or heati ‘provide for collection of particulates emit- 

ine input fuel gas for heating any oven ted from 148 ovens by a hood installed over 
battery increases as coking rates increase thecokeovens.® 
within the normal range of coking oper- _—‘ The Granite City Steel enclosed one-spot, 
ation. Pushing higher temperature coke to coke-pushing control system comprises four 
minimize emissions increases the fuel gas major units, as follows: Enclosed coke guide; 
requirement. The combination of fast enclosed coke receiver; evacuation and gas- 
coking rate and higher coke temperature cleaning car; and conventional coke quench 

which als nese te Rtas reeae, (eth moa watering With hin ; vni USO Increases _ Tuelge =ql system, any smoke or fumes that emanate 
| ment. High con) meisture increases me fuel- from the oven-pushing and transfer of the 

Seinaion ain whic inno cea tk, the aunt tor ar called | compus alr, which 1s ne y uncer and passed through a high-energy ven- | Gibnmunment” Waser tempeatne 2 fuubtar ir to dniarge tothe 3a8 requirement. Waste-gas temperatu atmosphere. ; 
can be controlled by regenerator design so The Chemico enclosed, coke-quench, car- 
that it does not increase the fuel-gas re- emission-control system appears to have 

: quirement. The properties of the coal mix replaced the coke-side shed system that was 
i determine the net exothermic heat of developed in 1973. Reportedly, the Che- 

) reaction within the coal charge and have a mico system, which does not need a hood: 
\ substantial effect on the fuel-gas input. enclosure seal, is guaranteed to meet 

| Because of the many variations in operating oth Federal and State emission control 
conditions and properties of the coal mix it standards. - | oO 
is impossible to make a meaningful guaran- —_—_The British Steel Corporation has ordered 

tee Or the full gas input to modern coke 2,000 new combined respirator and safety 

_ Some experimental coke ovens of Berg- **Helfenstine, R. J. Charging Preheated Coals Into a 
bau-Forschung GmbH at the Ruhrkohle AG _ Pilot Coke Oven. AIME Ironmaking Proc., v. 35, 1976, pp. 
central coking plant at Prosper, West Ger- eye MeManns G. J. Pipeline Charging Scores for Cleanli- 
many, were lined with magnesite bricks. negs: Iron Age, v3 217, No. 2, Mar. 1, 1976, pp. MP9-MP12. 
However, according to a U.S. observer, the rosick, H. S., E. J. Helms, and J. M. Airgood. Iron sew are & . 2 Steel Eng., v. 58, No. 5, May 1976, pp. 27-32. 

. magnesite ener’ ‘troll ed complete failure ailronman,, H, International Report. Coal Min. and 
oc., v. 14, No. 1, Jan » p. 48. because | a noontro 2d expansion and 1 American Metal Market. V,82, No. 208, Oct. 15, 1976, 

: In October 1976, Bethlehem Steel Corp., ‘SAmerican Metal Market. V. 82, No. 230, Nov. 23, 1976, 

Republic Steel Corp., and Inland Steel Co. *4Manda, J. G. Enclosed Coke Pushing Controls. Iron 

cnclosed One spot Cale ee Smtaggeeymater.t $No,8, Auras 976 pp 8 enc one-spot, coke-pushing system ging hod of Cleani omPush, Emissions V. 
from Koppers Co., Pittsburgh, Pa. Each  14,No'10, Octobes 1976 pr BOdO ne Simissions
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helmets, each having a fan that directs substituting different kinds of microorga- 
clean, filtered air across the wearer’s face nisms, the same process can be used to 

under conditions of fumes or dust. The first remove ammonia, nitrates and other orga- 
helmets will be provided as part of a pack- nic compounds.® | 
age of improvements for protecting the Republic Steel Corp.’s research depart- 
health of coke-oven operators. The original ment conducted extensive laboratory, semi- 
prototype of the helmet was designed by the pilot plant, and pilot plant studies in an 
Safety in Mines Research Establishment. effort to control coke-plant major process 
Racal-Amplivoc Communications, Ltd., streams. Pollution problems, resulting from 
Wembley, Middlesex, cooperated closely coke plants include crude ammonia liquor, 
during the development of the helmet.* — barometric condenser water from ammo- - 

A sealing device for use in charging nium sulfate crystallizers, and interception _ 
coke ovens is described in British Patent guyump water from conventional light oil re- 
1,391,881. The bottom face of the telescopic fining plants. Studies resulted in the deve- 
charging sleeve on each charging-car hop- opment of a modular system to treat waste 
per has a part-spherical surface that mates waters | | 

with a sealing ring to form a ball-and-socket Coke plant wastewater sources, energy 
joint. The ring is resiliently mounted on requirements for wastewater treatment, ef- 
lugs on the sleeve and its position relative fjyent limitations for selected coke plant 
to the axis of the sleeve can be adjusted. The pollutants, and cross-media analysis are 
arrangement allows a smoke-tight con- discussed.7° . 
nection to be made with displaced or tilted | 

chargehole frames.” Steel Times. Protecting Health of BSC_Coke-Oven 
Coke plant water pollution.—Research- Operators. V. 204, No. 12, December 1976, p. 1015. 

ers at ERDA’s Oak Ridge National Labora- ,,,, BORA Review. V. 2, No. 3, July-September 1975, p. 
tory developed a process that uses micro- “Compressed Air Magazine. V. 81, No. 10, October 1976, 
scopic organisms to destroy phenolics in P.2l. 

h , J. W., and A. C. Naso. A New Method f 
aqueous wastes of coke plants and coal treating Coke Plant Waste Water. Iron Steel Eng. V. 53, 
conversion facilities. The process uses a NeJ2t December - 1976, pp. 60-66. Michael, Reducine Cok | 

vertical, tapered column containing pulver-  pian¢ Effluent. Environ. Sci. and Technol., July 1976, pp. 
ized coal suspended in the waste water. By 654-657. 

Table 2.—Statistical summary of the coke industry in the United States 
~ in 1976 . 7 

Slot ovens Beehive Total . 

Coke produced: 
At merchant plants ____________._-_-~ thousand short tons__ 4,363 (4) (?) 
At furnace plants? __________.____-.-_----_~--do____ 53,365 —  Q) (*) . 

Total. _______________________________do-__- 57,728 605 58,333 
Breeze produced —~_--__---------~--------------do---- 48420 4 

Coal carbonized: | 
Bituminous: 

Thousand short tons ___________-_---.-~-_-----_—- 83,383 941 84,324 
Value (thousands) _________ ~~ ~~ ie $3,681,468 WwW WwW 

Average perton ______________~-_~-~--~--_--~-- $44.15 WwW WwW 
Anthracite: 

Thousand short tons _______________-_----_-----~-- 380 _- 380 
Value (thousands) __ ___________~__------~------~-~- $17,634 _- $17,634 

Average per ton — --—----~-------------------___ $4641 GAT 
Total:§ 

Thousand short tons ____________ ~_~_-2 83,764 941 84,704 
Value (thousands) _____________.___-__--_------- $3,699,102 WwW Ww 

Average perton ___________-__~_-_~--_~---_-~-~ $44.16 Ww Ww 
Average yield in percent of total coal carbonized: 

Coke _____________- eee 68.92 64.29 68.87 
Breeze (at plants actually recovering) __ ______.-___~--~---=-- 5.12 _- 5.12 

See footnotes at end of table.
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Table 2.—Statistical summary of the coke industry in the United States 
in 1976 —Continued , 

EE 

Slot ovens Beehive Total 
NT 

Ta SS A TS ST TS SS SS SS sei es SPS SDSS 

Coke used by producing companies: a 
In blast furnaces: oo 

Thousand short tons ___~_~____~ ~~~ __~____ 49,147 607 49,754 
Value (thousands) ________________ ~~ ~___ LiL Le $4,179,662 $43,996 $4,223,658 

In foundries: 
Thousand short tons _______.~ ~~~ ___ 167 __ 167 
Value (thousands) __ _-. ~~~ ~_~_____ $18,417 _- $18,417 

For other industrial uses: 
- Thousand short tons ____~_~_~___~~ Le 326 _- 326 
Value (thousands) __ _§__-_-~§~~~__ $27,506 —_ $27,506 

Breeze used by producing companies: 
In steam plants: . 

Thousand short tons ____ >) § 197 -—- 197 
Value (thousands) ___________----_ ~~ ee $4,532 -- $4,532 

In agglomerating plants: 
ousand short tons ____________________ 1,363 —_ 1,363 

Value (thousands) ___________~_~ ~~ $40,880 -- - $40,880 
For other industrial uses: 

Thousand short tons _____$_________________-___ 838 — 838 
Value (thousands) _-§_-§_.»_-_______~_~~ $27,655 one $27,655 

Coke sold (commercial sales): 
To blast furnaces: 

Thousand short tons _________---____-______-___- 2,801 -- 2,801 
Value (thousands) ___________~__~__~______ $220,823 -- $220,823 

‘Average perton __._._ $$ -§- $78.84 _- $78.84 
To foundries: 

Thousand short tons ~__________________________ 2,840 -~ 2,840 
Value (thousands) ___-_§_§ ~~ 2 $325,030 _— $325,030 

Average perton _~_~___________________ $114.45 __ $114.45 
To other industrial plants: 

Thousand short tons _____§_§______~_____ 910 (*) 910 
Value (thousands) ____§________~__~_ ~~ $72,311 (4) $72,311 

Average perton ~___- ~~~ $79.46 (9) $79.46 
For residential heating: 

Thousand short tons _~____§_-___________________ (°°). __ 2) 
Value (thousands) _________________________ (5) __ (5) 

Average perton _________________ (5) __ (5) 
Breeze sold (commercial sales): 

Thousand short tons _____-_-§_ > 1,846 -- 1,846 
Value (thousands) _.________________________ $60,112 __ $60,112 

Average per ton _______~_~~ ~~~ LL $32.56 a $32.56 
Coal-chemical materials produced: 

Crude tar: 
Thousand gallons ___~§_§_9___~§____________ 636,382 _— 636,382 
Gallons per ton of coal _. ~~» 5 5 ee ee 7.60 __ 7.60 

Ammonia:® 
Thousand short tons _~_____§ ~~~ 539 — 539 
Pounds per ton of coal ~~~. > 15.64 _- 15.64 

Crude light oil: 
Thousand gallons __._-§____§________ 198,056 — 198,056 

G Gallons per ton of coal _-__§____~__ 2.53 __ 2.53 
as: 

Million cubic feet -. 9 _-______ = 912,399 _- 912,399 
Thousand cubic feet per ton of coal... _-_____________ 10.89 _— 10.89 

Percent burned in coking process __________________ 39.54 — 39.54 
Percent surplus used or sold _-____-.. ________________ 59.01 __ 59.01 
Percent wasted _______§______~______ 1.45 _- 1.45 

Value of coal-chemical materials used or sold: 
Crude tar and derivatives: 

Used __-________________________ _ thousands__ $242,118 _- $242,118 
Sold_________~ dol $139,337 _- $139,337 

Ammonia products’ _______________________do____ $29,066 a $29,066 
Crude light oil and derivatives*_________________do.___ $107,193 __ $107,193 
Surplus gas___._§ $$ 2». -_ do $402,120 _- $402,120 —— 

W Withheld to avoid disclosing individual company confidential data. 
1Not separately recorded. 
Plants associated with iron blast furnaces. 
Data may not add to totals shown because of independent rounding. 
“Included with beehive coke sold “to blast furnace plants” to avoid disclosing individual company confidential data. 
‘Included with “To other industrial plants” to avoid disclosing individual company confidential data. 
®In terms of sulfate equivalent. 
7Includes ammonium sulfate, ammonia liquor, and diammonium phosphate. 
®Includes intermediate light oil.
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Table 3.—Summary of oven-coke operations in the United States in 197 6, by State 

Coal Yield Coke | . Plants in carbonized of coke produced 
State existence (thousand from coal (thousand ‘ 

Dec. 31 short ( t) short 
tons) percen tons) 

Alabama _____§___§_ Le 7 6,588 10.77. 4,662 
California, Colorado, Utah ~________________ 3 5,085 63.74 3,241 
Illinois ~. 4 2,771 61.57 1,706 . 
Indiana ___ 2 2 LL 6 12,267 67.33 8,259 
Kentucky, Missouri, Tennessee, Texas —_________ 5 1,913 69.84 1,336 
Maryland and New York __________________ 4 8,952 70.83 6,341 
Michigan ____ 2 3 4,782 — 70.95 ~ 3,393 , 
Minnesota and Wisconsin ____§_§_____________ 3 986 712.62 716 
Ohio __ ~~ LLL 11 12,192 69.14 8,430 

. Pennsylvania _~._§______________________ 12 23,033 70.23 16,175 
West Virginia ---------- + 3 5,195 66.78 ~ 3,469 

Total in 1976 -._-_-§_ 5» 5 35 61 83,764 — 68.92 57,728 
At merchant plants ~____________________ 13 5,874 74.28 4,363 
At furnace plants __ 9 -__-§_-§ _-_ $5 = 48 77,890 68.51 53,365 

Totalin1975___...._________._.._....-—<“<‘“‘«~aSt*~‘Cé«é AT!!O!#!#«CO!#*#*~*«Sé« A 
ene 

Table 4.—Summary of beehive-coke operations in the United States in 1976, by State 

Coal | ‘ Coke 
Plantsin © @zbon- Yield = produced 

. Dec. 31 short (percent) short 

tons) . tons) 

Pennsylvania, Virginia, West Virginia: | 
oO Total in 1976 ~. 7 LLL 3 941 64.29 605 

Total in 1975 -_-_§_-§_§ _____~ eee 4 1,128 63.21 713 

> , -
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| Table 5.—Production of oven and beehive coke in the United States, by month 
| | _ (Thousand short tons) . - 

1975 1976 

Month Dail ‘ 1 y 1 Daily 
Total” average” Total average” 

Oven coke: 7 
January __________-~~-~-~~-~_-~~____- 4,924 159 4,551 147 
February... __--_-__-------~~_-~-__-- 4,750 170 4,372 151 
March ___________~-----~~~~_~_-______ 5,324 172 5,041 . 163 
April _..-____-~~__~-~~~__-~___ Le 5,030 168 4,884 163 . 
May__________~-__~~~~-~~~__~__ 5,052 163 5,069 . 164 
June _______~____~ Lt 4,765 159 4,938 165 
July___ Le 4,532 146 5,007 162 
August _____________~_~_~~_ ee 4,427 143 4,785 154. 
September _________-_-~~_______u___e 4,250 142 4,720 157 . 
October. _-___-_--~-~~~~~_ Le 4,527 146 4,857 157 
November ____ ~~ ___§___~_____~_ 4,365 146 4,752 158 
December _________~______~ 4,549 147 4,751 153 

Total? eee 56,494 155 57,728 158 

Beehive coke: | | | 
January _~_~ ee 70 2 49° 2 
February. ~~~ Le 68 2 49 2 
March _________- 67 2 54 2 
April _-_- ~~ Le 62 2 55 2 
May_______-___~___---___-_--_-__--_- 56 2 55 2 
June __-____ ee 52 2 55 2 
July___-_- ~~ Le 59 2 51 2 
August __ 5 Le 60 2 48 2 
September ____.________________----- 62 2 50 2 
October___ ee 60 2 42 1 
November __________~_____ ee 57 2 42 1 
December __________~__~_.~~_-_---_~-~-~- 40 1 55 2 

Total!__§________ 713 2 605 2 

Total: | . 
' January _______________ ee 4,994 161 4,601 | 148 

February _____________.-_~------_-_—- 4,818 172 4,421 152 
March _______ ~~ ~~~ ee 5,391 174 5,096 164 
April _._______________~____ ee 5,092 170 4,939 165 
May____________~__________ ee 5,108 165 5,124 165 
June ~~ ~~ ee 4,817 161 4,993 166 

: July___- Lee 4,591 148 5,058 163 
August ___________ ee 4,487 145 4,833 156 

: September _____________________-_-__ 4,312 144 4,770 159 
- October. __§_ ~~ ee 4,586 148 4,899 158 

November __________-_________--___-— 4,422 147 4,795 160 
December ____________________ 4,589 148 4,805 155 

Totalt__—§___ Le 57,207 157 58,333 160 

1Data may not add to totals shown because of independent rounding. 
2Daily average calculated by dividing monthly production by number of days in month. 

) 5
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Table 6.—Production of oven coke in the United States, by type of plant 

. oo (Thousand short tons) 

nn ES 
1975 1976 

Month Merchant Furnace Merchant Furnace 
plants plants plants plants 

Production: . 

January ____________--__------~-~+---- 390 4,534 375 4,176 

February___________.-.----------+--- 372 4,378 364 4,008 

March ________________~-~----~----- 429 4,895 399 4,642 

April ~ee ee ee + 399 4,631 368 4,516 

ay ______ 406 4,646 371 4,698 

- June __________ eee 380 4,885 +361 | 4,577 - 

July____~____________--_----+-~------- 377 4,154 355 4,653 

August _______________-+-------~-+-~-- 388 4,039 361 4,424 

September __________-____----------- 384 3,866 357 4,363 

October_________ ___~_-_----------+-- 409 4,118 354 4,503 

November _____________---~~~-----~--- 392 3,973 348 4,404 

December ______________________~-~- 389 4,160 351 . 4,400 

Total! _ _~_§_§ ~~» 5 ee eee 4,716 51,778 4,363 53,365 
——————~_———_— ——— === 

Daily average: 
January _____________---~----------- 13 146 12 135 

February___________------~---------- 13 156 13 138 

March _____________.~---------~--+-+- 14 158 13 150 

April _._____._--------------------+- 13 154 12 151 

May_________________------------- 13 150 12 154 
June ______________-_~--~--~-----~--- 13 146 12 153 

July__________________------------ 12 134 - 150 
August _______._____--------------- 13 130 12 143 

| September ___________--------------- 13 129 12 145 

October____________--~-----~---~------ 13 133 11 145 

November ___________-__-~------------ 18 132 12 147 

December ___________---.------------ 13 134 11 142 

Average for year. ____——~—_~--~---—--~-- 13 142 12 146 . 

| 1Data may not add to totals shown because of independent rounding. 

Table 7.—Production of oven coke and number of plants in the United States 
| by type of plant 

Number of Coke produced Percent a, 

Yea active plants’ (thousand short tons) of production - 

Merchant Furnace Merchant Furnace Merchant Furnace — 
plants plants plants plants plants plants 

1972 ___________-__-------- 14 249 5,626 54,228 - 9.4 90.6 

19738 _._--____-_-_--------+- 14 249 5,271 58,225 8.3 91.7 

1974 ______________--_---- 14 48 5,106 55,630 8.4 91.6 

1975 __.__-______~~-------+- 14 48 4,716 © 51,778 8.3 91.7 

1976 __________-~____-_---- 13 48 4,363 53,365 7.6 92.4 

1Includes plants operating any part of the year. 
2Includes one tar-refining plant.
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Table 8.—Production of coke in the United States, by State 
(Thousand short tons) . 

ES SS SSS SS SSS ees SS ee SsSSShfvei 

State 1975 1976 
er pee ees 

Oven coke: 
Alabama _________________ Le 4,690 4,662 
California, Colorado, Utah ~_________________ ee 2,996 3,241 
Illinois _~____-_-__~__~____ eee 1,924 1,706 
Indiana ________---~-_~-~___- ee 9,246 8,259 
Kentucky, Missouri, Tennessee, Texas _..§_-§________________________ 1,748 1,336 
Maryland and New York _~_~_~_____-§_.~~__~_ Le 5,298 6,341 
Michigan. _____________~_=-- 2 ___ 3,243 3,393 
Minnesota and Wisconsin _______________~___ ~~ Le 780 716 
Ohio __________-~__-__--~___ Le 8,467 8,430 
Pennsylvania ~_______________~____~~_~________ ee 15,395 16,175 
West Virginia __________________ + Le 2,708 — 3,469 

_ Total _-_-_________- ~~ 156,494 57,728 

Beehive coke: 
Pennsylvania _________~-___~-~-~_~_- ee 713 605 
Virginia ~______. ~~ ee Le (7) (?) 

West Virginia __-__ ~~ eee (?) (7) | 

| Total _____________ ee TB. 605 

Grand total =e 57,207 58,333 

1Data do not add to total shown because of independent rounding. 
2Included with Pennsylvania to avoid disclosing individual company confidential data.
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4 . 

Table 10.—Oven- and beehive-coke breeze used and sold in the United States, by use 
(Thousand short tons) 

, mere A SSG SSS si iS chy USN 

, Used by producers Aver- 

Y In In For other Sold © 
“ar steam agglomerating industrial value 

plants plants use per ton 
eet ae ee 

1972_--_-_-§_-___ 265 1,305 704 12,1138 $10.59 
1978 __-_________-_~-_-_ 234 1,689 917 12,165 10.39 
1974__- 204 1,470 971 2,310 17.83 
1 257 1,202 715 1,953 32.21 
1976 __._-_- -_- ee 197 1,363 838 1,846 32.56 | 
“<-. 

1Does not include beehive-coke breeze sold (to avoid disclosing individual company confidential data). 

Table 11.—Apparent consumption of coke in the United States 

| (Thousand short tons) | : 

_ Consumption 
Net . ar ras ; Apparent In iron All other 

Year _Total Imports Exports ‘898 — consump- furnaces? purposes 
production in tion! § ——_——_——_——_—_——_—_--_ —_—_———_—_. 

| stocks Quan- Per- Quan-__— Per- 
| tity cent tity cent 

| 1972 _2 60,507 185 1,232 -586 60,046 54,607 90.9 5,439 9.1 
1978 _.______ 64,325 1,078 1,395 -1,757 65,765 . 60,720 92.3 5,045 7.7 
i 61,581 3,540 1,278 -249 64,092 58,441 91.2 5,651 8.8 _ 
1975 _.______ 57,207 1,819 1,273 + 4,066 53,687 48,817 90.9 4,870 9.1 
1976 _.._____ 58,333 1,311 1,315 + 1,495 56,834 51,561 - 90.7 5,273 9.3 

1Production plus imports, minus exports, plus or minus net change in stocks. 
?American Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 

\ 

Table 12.—Coke and coking coal consumed per short ton of pig iron and ferroalloys 
produced in the United States 

Coke per . 
short ton of x ield ae short ‘on. 

Year pig iron and co coal o fo. sallovs. 

ferroalloys* (percent) (pounds 
(pounds) calculated) 

1972. 1,221.6 69.0 1,767.9 
19738______~ ~~ 1,200.0 68.4 1,754.4 
1974_____ 1,218.7 68.4 1,782.8 
1975 _--__ 1,221.6 68.4 1,786.0 
1976__-____ LL 1,187.0 68.9 1,722.8 

ee sh i re hss chsh 

1 American Iron arid Steel Institute; consumption of pig iron only, excluding furnace making ferroalloys, was 1,216.2, 
1972; 1,193.8, 1973; and not available in 1974, 1975, and 1976.
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Table 13.—Oven coke produced in the United States, used by producers, and sold in 1976, 

by State 

. : (Thousand short tons and thousand dollars) 
+ Loe + . , 

Used by producing companies Commercial sales 

blast fi 
| State (roduced In blast furnaces For other purposes To slants 

| Quantity Value Quantity Value Quantity Value 

Alabama ____~______.--~- 4,662 2,522 198,436 37 3,219 829 66,665 

California, Colorado, Utah — ~ —- 3,241 2,801 216,789 12 1,102 _- — 

Illinois —.. ~~~ .----. —-...1,706— -- 1,751 138,657 (7) _ (7) (3) (°) . 

Indiana_ __~_________-__- 8,259 7,701 621,675 9 757 82 5,398 
Kentucky, Missouri, . 

Tennessee, Texas________— 1,336 ) 9) 59 6,001 () (3) 
Maryland and New York _ ———- 6,341 5,693 558,078 81 8,876 (3) 2) 
Michigan. ____________- 3,393 (3) () (4) (4) (3) (*) 
Minnesota, West Virginia, , : 

Wisconsin _______.____- 4,185 3619 328,080 (4) (4) (3) (8) 
Ohio. ~~ ~~~ ___~_-___-- 8,430 1,324 587,192 53 5,097 561 43,039 

- Pennsylvania ________.__- 16,175 14385 1,251,191 241 20,810 354 31,499 

Undistributed___________- _— 3,350 279,564 _— _- 975 14,222 

Total 19765_____.___ 57,728 49,147 4,179,662 493 45,923 2,801 220,823 

At merchant plants _.—__-_-- 4,363 49147 4,179,662 149 15,776 1,215 95,249 

At furnace plants_______~~- 53,365 | -- _- 344 30,147 1,586 125,574 
=F__ TCHCHOTOTOoO--_ F72A—iwwoO2O———E——————————————————S_ 

Total 1975 __--_---__ 56,494 __—46,233_3,885,045 411 43,311 2,682 197,572 
Commercial sales—Continued 

. To other industrial 5 
| . To foundries plants® Total 

Quantity Value Quantity Value Quantity Value 

Alabama _________-____- 823 92,811 3) @) @) @) | 
California, Colorado, Utah _——_ (3) (3) (3) (°) 95 7,978 
Illinois _- =~ _______-__- __ __ _- _ (3) ) 
Indiana _____________~-- °) (?) 3) (3) 590 61,703 
Kentucky, Missouri, 

Tennessee, Texas________— (3) (3) (3) (3) 977 85,809 
Maryland and New York ~_-_ ~~ _— °) (3) (°) (3) 260 25,035 - 

Michigan ____..-__------  @&) (3) (3) (3) 230 23,637 

Minnesota, West Virginia, 
Wisconsin __________~—- (°) (3) 156 11,502 676 63,513 

Ohio_____________----- 287 33,234 54 3,806 . 901 80,079 

Pennsylvania ________-_-- 382 43,703 260 20,635 © 996 95,836 

Undistributed ________—--~- 1,349 155,282 440 36,369 1,826 174,572 

Total 19765 ________ 2,840 325,030 910 72,311 6,552 618,163 

At merchant plants __.——~-- 2,445 280,088 522 44,320 4,182 419,657 

At furnace plants ____ ____-_- 396 44,941 388 27,991 2,370 198,507 

——————aaae=SEeeoeeG—_o_—e_e_oeG_o_G_o—— SS 
Total 1975 ________ 2,392 254,789 722 55,611 5,796 507,972 

A 

1Comprises 167,000 tons valued at $18,417,000 used in foundries; 326,000 tons valued at $27,506,000 for other purposes. 

2Included with Indiana to avoid disclosing individual company confidential data. 
3Included with “Undistributed” to avoid disclosing individual company confidential data. 
*Included with Ohio to avoid disclosing individual company confidential data. 
5Data may not add to totals shown because of independent rounding. 
SIncludes coke used “For residential heating.”
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| Table 14.—Production and sales of beehive coke in the United States | | 

(Thousand short tons and thousand dollars) 

nner ee reece a ish vu UA SSS ys sh VOSSSS NSPE 

Commercial sales 
ee 

- Produced To blast- To other 
_ State (quantity) furnace plants industrial plants Total 

Quantity Value Quantity Value Quantity Value 
nnn TS SASS y SSS SSS fishes pp Ts SSNS 

Pennsylvania, Virginia, 
and West Virginia: 

1976 _-__-_____~-~----_-.~ °© | 605 607 43,996 (4) (9) 607 43,996 
197§ _.- ~~ LL 713 708 45,959 (4) () 708 45,959 

ee ee ee er a nee Se SSS reeves SSS PSSsSSSSVERD 

MIncluded with beehive coke sold ‘to blast furnace plants” to avoid disclosing individual company confidential data. 

Table 15.—Distribution of oven and beehive coke and breeze in 19761 

. (Thousand short tons) 

(renee rrp 
Coke 

Consuming State - To blast- For To other Br 
me furnace un ies residential industrial Total® ee7e 

plants ° heating plants? 
ee eT ee nae 

Alabama _. ~~ 2,640 325 2 74 3,039 175 - 
Arizona __ ~~~ — _— _— 3 3 — 
Arkansas - -§_-§ 5§ ee eo _- __ _- __ (*) 
California ~~~ ett 1,108 37 __ 48 1,193 65 
Colorado ~~ 763 7 __ 20 789 76 
Connecticut ~.___-§_-_________u__ __ 4 _- __ 7 (*) 
Delaware ______ $2 __ __ __ __ __ (4) 

. Florida _.-____~_ ~~ __ 2 — 6 8 33 
Georgia __._§_-- -- _— 8 a 5 13 1 
Idaho _______ __ (4) __ 75 15 __ 
Illinois ~- > > LL 3,356 174 eo 7 3,537 319 
Indiana _______~__~____________ 9,409 143 (4) — 98 9,651 1,070 
Towa ___-___ ~~ Le __ 73 __ __ 73 _- 
Kansas __ _— 7 _- _— 7 _— 
Kentucky ______~_______--____ 660 40 __ 32 732 72 
Louisiana _~___~___~_ ~~ __ 1 __ 5 6 (*) 
Maine _____ ~~~ Cit; __ 1 oo 1 2 _- 
Maryland ___________________ 2,572 5 a 2 2,579 222 
Massachusetts _________________ __ 12. _— = 12 —_ 
Michigan ____._~§_-§_§__§___________ 4,344 757 a 23 5,124 221 
Minnesota ___________________ 1 15 __ 25 41 21 
Mississippi _. $$ ____~_~__________ -- (*) ae 1 2 1 
Missouri ___ ~~ ~§ 5 -§ -§_ _— 15 __ 84 98 22 
Montana ____________________ _— _- a 21 2is 16 
Nebraska __.§_§____-_____~_______ __ 3 __ (4) 4 __ 
New Jersey __________________ -- 42 _- 29 71 15 
New York ___________________ 2,945 138 __ 31 3,114 265 
North Carolina ________________ — 7 __ 2 a) 2 
North Dakota _________________ _- 1 _- 13 14 _— 
Ohio ____- > 8,665 410 __ 16 9,151 500 
Oklahoma ___________________ -- 1 __ __ 1 So 
Oregon ____ ~~ Le _- 6 _— 10 16 -- 
Pennsylvania _________________ 11,424 220 (4) 376 12,021 662 
Rhode Island _~____§___§_________ _- 3 __ __ 3 — 
South Carolina _~____§_§_§_________ -_- 7 _- 28 34 5 
South Dakota _________________ __ (4) __ __ (4) — 
Tennessee ___________________ 67 73 _- Al 181 86 
Texas _._-__ 530 82 __ 44 656 52 

Utah "== 2L I LILLIIII III 930 10 = 15 956 6% 
irginia _~_______~____ -- __ 

Washington __________________ —_ 2 __ 1 3 __ 
West Virginia _________________ 3,098 3 __ 12 3,113 154 
Wisconsin __________---______ _ 127 (4) 1 129 24 
Wyoming _-______.___________. -- (4) __ 4 4 — 

Total® ~3 = 52,513 2,842 2 1,213 56,568 4,184 
Exported __-_______________ 36 166 __ 28 230 61 

Grand total? ______________ 52,549 3,007 2 1,242 56,798 4,245 
a 

1Based on reports from producers showing destination and principle end-use of coke used and sold. Does not include 
imported coke which totaled 1,311,000 tons in 1976. 

cludes coke used “For residential heating.” 
’Data may not add to totals shown because of independent rounding. 
*Less than 500 short tons.
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Table 16.—Producers’ stocks of coke and breeze in the United States on | 
December 31, 1976, by State 

(Thousand short tons) 

Coke 
State Blast Found Residential Total! Breeze 

‘oundry eating 0 
farnace and other 

Oven coke 
Alabama _____________________ 719 32 1 752 50 
California, Colorado, Utah ___________ 610 _- _- 610 37 
IHinois _~_--.___________________ 235 -- -- 235 70 a . 
Indiana ____§_~_~_~___ 506 6 1 §12 306 
Kentucky, Missouri, Tennessee, Texas __ — — 10 10 17 37 35 
Maryland and New York ____________ 562 28 28 618 185 
Michigan __-____§____§_§___________ 158 4 2 165 BY 
Minnesota and Wisconsin ____________ 152 29 2 184 34 

_ Ohio 782 3 20 806 97 
Pennsylvania ___________________ 2,390 65 70 2,524 277 
West Virginia _—__ 4600 Le _- 46 52 

Total 1976 __________________ 6,168 177 141 «6487——i(ts«*2«S BA 
At merchant plants ~~~ ____________ 76 116 122 314 203 
At furnace plants ~~ 2 5 6,092 61 20 6,173 931 

Total1975 __.____._._____....... 4729 188 78 4996 1,035 
Beehive coke: 

Pennyslvania: : 
1976 ~._____ 4 -— _- 4 — 
1975 ~_-___-__ 5 _— __ 5 -— 

| 1Data may not add to totals shown because of independent rounding. 

Table 17.—Producers’ month-end stocks of oven coke in the United States 

. (Thousand short tons) 

Month At merchant plants At furnace plants Total! 

1975 1976 1975 1976 1975 1976 

January _______—~~-- ~~ _-__ 29 272 1,025 4,820 1,054 5,092 
February __________~_____- 43 257 1,219 4,737 1,262 4,994 
March __ ~~ Le 70 258 1,372 4,847 1,442 5,105 

April —~ eee 99 254 1,634 4,808 1,733 5,062 
Yo ee 131 256 2,131 4,736 2,261 4,992 

June ~~~ ~__ 148 225 2,741 4,504 2,889 4,729 ‘ 
July ~~ LLL 199 258 3,323 4,383 3,522 4,641 
August _____________-____ 213 244 3,654 4,202 3,867 4,445 . 
September ________________ 203 239 3,618 4,511 3,821 4,750 
October ___-_-_____________ 209 241 3,899 4,938 4,108 5,179 
November _______________~_ 231 261 4,291 5,539 4,522 5,800 
December _____~ ~~~ _~____ 278 314 4,718 6,173 4,996 6,487 

Data may not add to totals shown because of independent rounding.
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Table 18.—Average receipts per short ton of coke sold (commercial sales) 
| in the United States, by use 

To blast om) ] To other - - For - 
Year furnace foundries industrial residential Total 

| plants plants heating 

. Oven coke: Oo , 
W722 LL $30.64 $51.16 $36.43 (7) $40.70 
1973____§__§____ 32.41 54.73 36.55 9) 42.92 
1974__ 53.28 78.92 59.33 eo) 65.74 
1975 2 73.67 106.52 77.02 (7) 87.64 
1976. ~~ LL 78.84 114.45 79.46 (4) 94.35 

Beehive coke: 
1972__§_______-_______ 22.01 _- WwW _ Ww 
19738 __§ »§ ~ ee LL 27.31 _— Ww oe WwW 
1974_ LL 44,02 —_ _- -- 44.02 
1975 LL , 65.17 _— (7) —- | 65.17 
1976. - 2 5 72.48 | _- (7) _- ‘12.48 

W Withheld to avoid disclosing individual company confidential data. 
1Included with “To other industrial plants” to avoid disclosing individual company confidential data. | 
2Included with “To blast furnace plants” to avoid disclosing individual company confidential data. 

i . 

‘ , 

‘|
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Table 19.—Coke exported from the United States, by country and customs district 

1974 1975 1976 

, Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 

ts) sins) tons) ___sands)___tons)__sands) 

COUNTRY 

Algeria _______-__--------- __ . _— 58 $59 _ _- 

Australia ___§ -______--_-~-~-- 101 $26 __ __ -- —_ 

Belgium-Luxembourg —————~_~- 52,723 ~ 1,507 86,548 3,620 53,527 $1,843 

. Brazil _. .-..------------~- 7,059 846 12,500 1,778 30,605 758 

Canada _______~---___-_--~- . 709,717 24,760 680,595 38,431 754,433 36,763 

Dominican Republic _______—__ 791 23 10 2 10 2 

France ____~__-~-—_~__--~- 127 64 17,437 137 22 26 

Germany, West _________--~-- 119,331 2,533 116,979 3,877 78,438 2,443 

Iran _____~__~~____~_----- 2,879 91 85 40 41 7 

Iraq ~~ ____-__--------- __ ——— 1,894 900 1,653 278 

Italy ___ -_._-______--------- — 6,405 184 235 6 -264 6 

Japan ___________-~-__---- 4,539 304 1,058 1,054 64,726 4,071 

Mexico ________-_-~------~- 157,956 —- 6,107 107,288 9,780 87,684 - 9,287 

Netherlands __________----~- 95,935 2,389 172,929 8,103 172,503 7,449 

Norway _______----------- 12,628 389 124 58 67 25 

. Panama _______~_--~----- 137 s 20 _— __ __ __ 

- Peru 128 5 1,131 158 24,414 1,040 

Singapore _________-~_---- 1,760 155 126 61 65 36 

South Africa, Republic of _——_——~~ 586 156 _— _- —_ _- 

Spain _________----_----- 92,864 3,487 20,522 924 25,937 965 

Sweden _________-_-----~-- 4,592 111 _— _- _- _- 

Taiwan ______________--~-~- 95 11 110 49 5 1 

Turkey ___-__-____------- __ a 1,801 859 _— __ 

United Kingdom ______~-~-_--— 732 110 616 62 120 17 

Venezuela _________------- 1,812 64 49,815 3,983 18,810 1,303 

Yugoslavia _________------- 3,466 132 —— _— —— _- 

Other ________-_-------- 1,318 90 1,045 191 1,401 406 

Total _ _~_____-_----~~- 1,277,681 43,564 1,272,906 74,732 1,314,725 66,726 
eee eeeee————T— . 

CUSTOMS DISTRICT 

Baltimore ______-__-_--—----~- 30,777 801 90 17 172 29 

Buffalo __.________-~-----~-- 366,858 13,223 233,939 17,304 239,010 17,830 

Charleston, S.C ______------+- 551 . 59 189 89 45 38 

Chicago ___.___~_-_--------- 71,902 2,033 57,323 1,823 96,379 2,518 

Cleveland _________------- 12,040 146 9,500 285 110,019 3,333 

Detroit __________-_-_---~--~- 304,224 9,770 392,711 18,159 321,117 11,534 

Duluth ___________------~- 11,851 255 15,217 440 46,670 - 1,185 

El Paso ____._§_______----~-~- 637 25 696 80 868 108 

Great Falls_._____.-_-_---~-- 3,751 165 382 45 8,865 653 

Houston ______~-_~--~---~-- 5,645 ~ 390 745 295 -1,030 - 4386 

Laredo _______~--_---~--~--- 154,657 — 5,982 105,853 9,619 86,111 9,099 

Los Angeles ________-_----- 66,997 1,218 37,934 2,094 350 248 4 

Miami __________.___--~--- 322 28 70 10 39 6 i 

Mobile _______._-------~-- 1,086 48 53,141 4,448 28,396 512 

New Orleans ___—~_~-------- 17,119 1,075 26,054 2,985 19,571 1,148 . 

New York City ____.____----- 5,046 121 970 56 1,726 125 

Nogales ___ ____--_----~------ 551 23 123 16 74 11 

Norfolk _____.___------~---- 114,803 3,057 170,302 7,017 101,629 3,875 

Ogdensburg ___—_---------- 4,997 116 4,427 144 2,997 96 

Pembina _____-~--_--------- 24,988 1,065 12,860 1,365 20,440 1,695 

Philadelphia ________-_----- 68,382 3,452 146,590 7,992 225,163 10,405 

San Diego _____~-----~----- 2,111 aT 616 65 640 53 

San Francisco ___-_------~--- -- _- 19 3 1,170 1,665 

Seattle _.________--_----+-- 8,249 432 3,113 356 2,244 274 

Other _______-___~----~--- 137 3 42 25 —_ _- ) 

Total _._-____------~-- 1,277,681 43,564 1,272,906 74,732 1,314,725 66,726 
dere
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Table 20.—U.S. imports for consumption of coke, by country and customs district 
Se SSS i eens 

1974 1975 1976 

. Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 

LL CL RSS 

COUNTRY 

Bebe ~ eee ee _- _- _- —_ 21,341 $796 
Belgium-Luxembourg _________ 661 $57 3,504 $369 112,136 5,172 
Canada __________________ 194,731 7,932 148,386 10,366 133,519 9,893 
France _______ ~~~ 2,222 . 127 ee —— 113,432 9,315 
Germany, West _____________ 2,761,585 156,005 1,387,755 123,114 891,105 83,419 
Italy______-__~~___________ 7,953 . 572 42,890 5,005 __ __| 
Japan. ~~~ =~ = 4 @) 9,071 722 11,023 557 
Netherlands _______________ 62,917 © 5,883 99,706 10,110 17,151 1,448 
New Zealand ______________ 8,342 613 _- _— _—_ __ 
Norway__________________ 55,516 3,860 __ __ _ _ 
South Africa, Republic of _______ 34,222, 937 59,319 2,374 11,765 466 
Sweden __________________ __ — 3,708 384 __ __ 
USS.R_-~_-_ Le 28,733 2,379 16,177 1,424 _— __ 
United Kingdom ____________ 383,440 14,800 48,465 2,620 _— _- ee 

Total__~_-_~§___________ 3,540,326 193,165 1,818,981 156,488 1,311,472 111,066 
STO 

———_—_— ___—__—_——— 
CUSTOMS DISTRICT - 

Baltimore ______~_________ 739,434 35,203 348,267 29,128 _— _— 
Buffalo _____~§_~____________ 13,098 696 - 48,312 2,259 138,496 12,062 
Charleston,S.C _.._._.._____ ° - 11,759 323 — — — —_ 
Chicago_________~_~___=____ 357,555 22,299 126,434 13,011 515,766 44,697 
Cleveland ________________ 84,142 © 5,694 7,588 391 a —_ 
Detroit __________________ 329,724 25,800 382,183 30,917 395,434 38,079 
Duluth __________________ 11,570 921 83 2 __ -_— 
Great Falls___§_____________ ~ 119,199 4,083 88,956 7,378 68,860 5,571 
Milwaukee ______§__________ 6,180 808 -- _- _— _— 
Minneapolis ____§___________ 42 1 — — _- __ 
New Orleans meee eee 283,248 17,481 305,998 24,262 157,560 9,188 

. Ontena aoe ee 4 (4) 86,681 8,560 550 “5 
ensburg _..____________ a __ 

Pembina _____§____________ 2,040 101 —_ — __ 
Philadelphia_______________ 1,570,657 78,834 414,620 39,836 _— _— 
Portland Maine moe eee 30 1 _— _— _— _— 
Port Arthur _______________ — _— _- __ 21,341 © 796 
St. Albans ________________ 805 54 19 3 60 2 
Seattle _.-_-____________ _ _ 589 17 2,582 - 109 
Tampa __________________ 8,342 613 9,071 122 11,023 557 
Wilmington, N.C ____________ 2,497 253 — _— _— _— ee 

Total. _-_____________ 3,540,326 193,165 1,818,981 156,488 1,311,472 111,066 7 eee eS 

1Less than 1/2 unit. 

Table 21.—Coke: World production, by type and country 

(Thousand short tons) 
a 

Kind of coke and country! 1974 1975 1976” eee ES 

METALLURGICAL COKE? 
North America: 

Canada®* ____ ee 6,008 5,819 5,830 
Mexico ______________ T2261 2,282 2,395 
United States _______________ 61,581 57,207 58,333 

South America: 
Argentina __-____~§__§____ Lt T728 °750 ©750 
Brazil _._____________________________ 2,056 2,494 ©2540 Chile _________-_-- 334 233 236 

Colombia _____________________ 44] 441 &440 
1 T40 F40 40 

Europe: 
Austria® ~ 8 1,911 1,771 1,779 
Belgium _~______~ ~~ 8,874 6,314 8,599 
Bulgaria ______________-_______--- 1,442 1,504 1,540 
Czechoslovakia ___________________ 10,258 10,179 11,884 
Frances _ = = =e 12,874 12,114 11,970 
Germany, East ________§_§_______ ee 2,016 1,961 1,866 
Germany, West ______________________ 38,494 38,379 35,220 
Greece ______~__~ 410 464 370 
Hungary ________________ 847 850 853 
Italy ______-_______ ee 9,442 8,945 8,785 
Netherlands? __________________________ 2,959 2,954 3,101 

See footnotes at end of table.
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Table 21.—Coke: World production, by type and country —Continued 

(Thousand short tons) 

Kind of coke and country! 1974 1975 1976” 

METALLURGICAL COKE? —Continued 
Europe —Continued 

Norway ____§_ ~~~ LLL 345 292 316 
Poland’ ~~ >. ~~ 5 LL 18,663 19,021 19,770 
Portugal ____________ Lee 178 197 €200 
Romania ______~____ 2 ee T2,040 2,510 ©2,800 
Spainé __-_-_____ 4,677 5,266 4,874 

, ‘Sweden? 4 ~ 530 904 1,182 oo 

USS.R3 91,096 92,090 £93,000 
United Kingdom _____________ 17,388 17,484 17,366 
Yugoslavia ______________ 1,372 1,392 1,969 

Africa: 
Egypt® ____________ Le 400 400 440 

. Rhodesia, Southern® ____________________ 270 270 275 
Agent Te Republic of — oes F &4 000 4,898 5,079 

ia: 
China, People’s Republic of .~....._-___________-_-_-------- 30,900 30,900. 30,900 
India? _-§_ = 9,038 9,751 £9900 
Iran® _______ 550 550 550 
Japan _~_~___ 50,301 » 49,382 47,891 
Korea, North® _______________ ~~ _____ 2,400 2,400 2,500 
Korea, Republic of __.__________--______ ~~ 661 676 1,216 
Taiwan _____§_§__ LL 206 222 251 
Turkey __-_____ Le T1 368 1,389 ©1850 “ 

Oceania: Australia ~~» ____-_- _-_-  e 5,637 5,775 _ -§,858 

Total metallurgical coke ___________---__-------------- T404,996 400,470 404,713 

GASHOUSE COKE® 7 
South America: 

Brazil® _-_________~___ 41 41 44 
Chile ~~~ Le _— 5 6 
Uruguay _________ Le 15 15 13 

Europe: . 
Denmark __________ 19 91 €91 
France ________________ 665 502 499 
Germany, West __________ ee 1,702 1,378 1,070 
Greece ________ eee 13 13 "13 
Hungary ____________________-___-__ ee T301 302 303 
Ireland _- = 37 37 °37 

| Poland _________ Le T1240 1,109 “1,100 
Switzerland ________~ ~~~ 44 __ a 
United Kingdom _____~__ ee T18 e7 °] 

Africa: 
Egypt® __-_~_______ Le 33 33 33 

| South Africa, Republic of€ _~_ ~~~ ~~~ Le 110 110 110 | 
Asia: . 

India _____ Le 50 55 ©55 
Japan _-_~ ~~ Lt 4,838 4,650 4,372 
Taiwan ~~~ ___ (°) __ __ 
Turkey ___-_________~_________ eee 173 "160 ©165 

Oceania: 
Australia $92 LLL 72 °66 °66 
New Zealand ________ Le 34 33 45 

Total gashouse coke _____________--_-------~-~~-~------ 9,465 8,601 8,023 

See footnotes at end of table.
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| Table 21.—Coke: World production, by type and country —Continued 

(Thousand short tons) 

Kind of coke and country . 1974 1975 1976? 

ALL OTHER TYPES’® 
Europe: Germany, East!! __.§_-__________------------------- 6,467 6,115 6,100 
Asia: India® _~___________________ eee 4,100 4,100 4,100 

Total all other types ________._____-__-~----~~---~-~-+-~---- 10,567 10,215 10,200 

| Grand total __________________-_____-------------- T425,028 419,286 422,936 
i 

€Estimate. Preliminary. ‘Revised. . 
1In addition to the countries listed, Algeria, Australia, Malaysia, the People’s Republic of China, Mexico, Norway, 

Romania, and the U.S.S.R. have produced gashouse coke in previous years and may have continued production during the 
time period covered by this table. However, no official statistics are available and information is inadequate to make 

- reliable estimates of production levels. Except where otherwise noted, coke breeze has been excluded from this table. 
2Coke produced at high temperatures in conventional carbonizing equipment (including slot and beehive coke ovens). 
3Includes breeze. 
“Includes relatively small amounts of gas coke. 
5May include gas coke. 
SIncludes relatively small amounts of low-temperature coke. 
7Data are total of so-called hard coke production from collieries and coke plants (including those at steelworks). 
8Includes coke produced at high temperatures in carbonizing equipment designed primarily for gas manufacture 

(horizontal and vertical coal-gas retorts). In addition to the countries listed, Canada and Finland produce gas coke. 
However, this figure is not reported separately and has been included with metallurgical coke. . 

®Less than 1/2 unit. . 
10Includes coke produced at low and medium temperatures, as well as that produced in unconventional equipment 

(chain-grate cokers). In addition to the countries listed, the U.S.S.R. may produce coke from brown coal, but output is not 
officially reported and no basis is available for reliably estimating output levels. 

11Includes coke produced from lignite at high temperature. 

. 

\ -
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Table 22.—Quantity, sulfur content, and value at ovens of coal carbonized in the 

United States in 1976, by State _ 

. Coal per ton 
Coal carbonized ofc oke 

Thow Average — Sh 
san sulfur ort 

State short content Value tons Value 
tons (percent). . 

- Total Average 
(thousands) per ton 

Oven coke: | 
~ ‘Alabama __ 2 6,588 0.9 $263,865 $40.05 141 $56.47 o 

California, Colorado, Utah _________-- 5,085 47 206,178 40.55 1.57 63.66 
Illinois _.__ -_-_-__./ _______-____--- 2771 | 9 106,625 38.48 1.62 62.34 
Indiana__—_________-_-___------ 12,267 8 498,502 40.64 1.49 60.55 
Kentucky, Missouri, Tennessee, Texas _ _ — 1,913 6 85,461 44.67 1.43 63.88 
Maryland and New York ______----~-~- 8,952 9 507,202 56.65 141 19.88 
Michigan. ____________~--_--~-~- 4,782 af 255,668 53.46 1.41 75.38 
Minnesota and Wisconsin _ — — _ __——~-- 986 1.0 48,014 48.70 1.38 67.21 
Ohio. _ ~~~ 12,192 8 498,613 40.90 145 59.31 
Pennsylvania __________------~-- 23,033 1.1 1,000,770 . 43.45 1.42 ~.. 61.70 

West Virginia __.._______------- 5,195 11 | 228,202 43.93 1.50 | 65.90 

Total 19762__§____________-_~- 83,764 9 3,699,102 44.16 1.45 64.03 
At merchant plants _______--—----- 5,874 a 320,029 54.48 1.35 73.55 

At furnace plants. .._._.-_------- 77,890 9 3,379,072 43.38 1.46 63.34 

Total 1975 __._______-_---_-- 82,472 9 3,645,697 4421 146° 64.55 
Beehive coke: Pennsylvania, Virginia, West a 
Virginia: : 

1976 ___________ ~~~ ~--__-- 941 _— WwW WwW 1.57 WwW 

1975 ~_-___.___-__ ee 1,128 _- WwW Ww ~s1.58 WwW 

a 
W Withheld to avoid disclosing individual company confidential data. ; 
1Data may not add to totals shown because of independent rounding. | 

Table 23.—Bituminous coal carbonized in coke ovens in the United States, by month | 

. (Thousand short tons) 

. . . 
. 

| 1975 } 1976 _ 
: - Month ———— $$ 

. . a, | Slot Beehive _— Total! Slot Beehive _—_ Total? 

January ~~. ___~____-~--~~----- 7,191 112 7,303 6,655 17 6,732 

February ________-----~------+-- 6,923 108 7,032 6,528 17 6,605 

March _________ ~~~ -_ 7,772 108 7,880 7,176 «86 7,262 

April ____...-_~-----------~-- 49,327 ~~ ~~ =100 7,427 6,992 85 7,077 

May _______-_--_---__--~----~-- _ 9,198 89 . 1,283 7,311 85 7,396 

June ___________ 6,919. 81 7,000 7,069 85 7,154 

July _._________-----~-------- 6,547 91 6,639 7,188 719 7,267 

August _____-_-__-~-~--__~-~_--~-- 6,470 94 6,564 6,965 74 7,039 

September ___________-_------- 6,190 97 6,287 6,831 TT 6,908 
October ________-__------~----- 6,565 94 6,659 6,977 65 7,042 
November _______~--_~---_---- 6,396 89 6,485 6,835 66 6,901 
December __~___~--~-~---~-~---~- 6,654 | 62 6,716 | 6,856 85 6,941 

~ Total! 0 82,147 © 1,128 ' 83,274 83,383 — 941 84,325 
eee eer Sl SAS 

1Data may not add to totals shown because of independent rounding.
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Table 24.—Anthracite carbonized at Table 25.—Average value per short ton of 
oven-coke plants in the United States, by coal carbonized at oven-coke plants in the 

month United States, by State _ 

(Thousand short tons) ~~ -—s«State=~*~*~=“‘éSOCOCO;#;#;#~#4NSST5~~”~#4976~~ 

Month 19751976 Alabama__________________ $40.27 $40.05 
. California, Colorado, Utah _______ 37.11 40.55 

January _... ~~~ 30 28 Illinois _--____________ 39.80 38.48 
February ______-___.-_--- 29 28 Indiana___________________ 47.25 40.64 
March _______--_--________ 33 34 Kentucky, Missouri, 
qpril w+ 2+ +--+. 27 35 Tennessee, Texas____________ 42.87 44.67 

Y -~---~------~~ 25 31 Maryland and New York ________ 57.27 56.65 
June --_--------_-~-----_ 22 82 Michigan_____________.____ 55.43 58.46 
July. 26 33 Minnesota and Wisconsin________ 48.37 48.70 
August _ 26 81 Qhio._____________ 42.12 40.90 
September ______.....___ 1 26 32 Pennsylvania ~ one 40.69 43.45 
October... t Virgini eee ee 40. . . 
November _-.______.._._____ 27 33 est Virginia 40.59 48.98 
December _._-___.-_..---~-- 28 | 34 Average _.._-_._..______ 4421 44.16 

Value of coal per ton of coke ______ 64.55 64.03 
Total? ~22 2 326 380 

1Data may not add to totals shown because of indepen- 
dent rounding. 

Table 26.—Average volatile content of bituminous coal carbonized by oven-coke 
plants in the United States - | 

| (Thousand short tons) 
neers hp sess ih i rsh a Ee seen 

, High Medium Low Total 
Vola- Vola- Vola- Vola- 

Year tile tile tile tile 
Quantity content Quantity content Quantity content Quantity content 

- (per- (per- (per- (per- 
cent) cent) cent) cent) 

ST AC a TS aT Ps SSCS aD SS -ASUAETASSS 

1972.2 60,536 34.7 8,754 26.4 16,923 16.8 86,213 30.3 
1973 -- 64,486 34.6 10,090 26.6 17,762 16.2 92,338 30.2 
1974_ 2 61,344 34.8 10,763 25.6 16,303 17.9 88,410 30.6 
197§ 2 57,488 34.8 9,619 25.7 15,040 18.3 82,147 30.7 
1976_.- 56,847 34.9 9,982 26.4 | 16,554 17.4 83,383 30.4 

ener nr nanan 

Table 27.—Coal received by oven-coke plants in the United States in 1976, 
| by consuming State and volatile content? | 

(Thousand short tons) 

a 
High volatile Medium volatile Low volatile Total 

Consuming State Percent Percent _ Percent coal 
neuring Quantity of Quantity of Quantity of receipts? 

total total total eee eee a Utada 

Alabama ____~.~~ ~~~ 1,830 28.0 3,906 59.9 187 12.1 6,524 
California, Colorado, Utah _____ 3,803 75.6 1,101 21.9 128 2.5 5,032 
Illinois _-_-_-____ ee 2,145 78.8 194 7.1 383 14.1 2,722 
Indiana___§ ~ 5 2 7,522 59.3 1,977 15.6 3,183 25.1 12,682 
Kentucky, Missouri, 

Tennessee, Texas_____._____ 1,091 62.0 71 4.0 599 34.0 1,761 
Maryland and New York ______ 5,928 63.2 1,011 10.8 2,437 26.0 9,377 
Michigan__~__._~_~_~_______ 2,599 56.4 568 12.3 1,442 31.3 4,609 
Minnesota and Wisconsin ____ __ 353 39.6 198 22.2 340 38.2 891 
Ohio_ _-__ ~~~ Le 9,674 75.5 571 4.5 2,566 20.0 12,812 
Pennsylvania _____________ 16,979 73.2 1,452 6.3 4,769 20.5 23,200 
West Virginia _._._________ 4,154 78.5 31 6 1,105 20.9 5,290 

Total 19767_________ 56,080 66.0 11,080 13.1 17,739 20.9 84,899 
At merchant plants :-__~______ 2,392 40.5 837 14.2 2,670 45.3 5,898 — 
At furnace plants _._________ 53,688 67.9 10,243 13.0 15,070 19.1 79,000 

Total 1975 _._______ 56437 665 10,939 129 17,509 206 84,886 
yp errr 

on clatile matter on moisture-free basis: High volatile—over 31%; medium volatile; 22% to 31%; and low volatile; 14% 
to 22%. 

2Data may not add to totals shown because of independent rounding.
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1976, by | 
: producing county and volatile content’ 

(Thousand short tons) 

a 
So Fcoal Volatile content Total? 

urce of c aa een 0 
High Medium Low 

Alabama: 
Bibb ________________ ee 168 _— _- 168 

Blount ________________ eee 26 110 __ 136 

Cullman _____________~_ eee 491 40 _- 531 

DeKalb _______________ eee eee 1 __ 53 53 

“ Etowah ________ eee 31 8 — 40 

Jefferson ________________ ue 413 3,779 __ 4,191 

Tuscaloosa ___________ ~~ ee __ 66 __ 66 
Walker ________________ eee 183 — _— 183 

Arkansas: 
Johnson _______ ~~~ ee eee oe — 128 128 
Sebastian _~___________________ ee __ _. 61 61 

Colorado: 
Gunnison __________~__~_~____ eee 884 _— -— 884 

. Las Animas ________________~-~----~--------+ 619 _- __ 619 

Pitkin _.__-_~_~_____ eee __ 953 - 953 

Illinois: 
Franklin —~_~___~_____~_~_____-___ +--+ 1,375 — __ 1,875 
Jefferson ________.~____~_ ~~ ee 2,052 _— __ - 2,052 
Saline ______________ eee 128 __ __ 128 

Kentucky: 
Clay __-______.--------~----+~-----~----------- 68 _- -- 68 
Floyd ~.____.-_-----~---~-------------------- 1,427 _- -- 1,427 

Greenup _________-~----------~----~---~-------- 123 _- _— 123 

Harlan _________~____~____ ee 2,563 _- — 2,563 

Knox ____________ eee 220 _- _- 220 

Leslie ~-§_ > _§ > 5 ee eee 11 _- _— 11 
Letcher _____________ ~~ __ ee 2,546 _- a 2,546 
Perry ____._-.--_-----~-+------+-------------- 65 _- a 65 

Pike _-_-__________ eee 4,426 __ _- 4,426 

Whitley _________~~---_---------------------- 230 -_- | -- _ 230 

Maryland: Garrett __.____---------------~-------- —_ 11 -— 11 : 

New Mexico: Colfax ____.__.____-~--~----------~-+- 826 _- _- 826 

Oklahoma: 
Haskell _..._-_______~___u eee — 198 _- 198 

Le Flore ____~__________~ ee ee _— — 18 78 

Pittsburg _._________..-------------+--------- 15 — __ 15 . 

Rogers ______-_-----------------~----------- 149 __ __ 149 

Pennsylvania: 
‘Anthracite _.._____~______~-____-~ ~~ _- _— 377 377 
Bituminous: 

Allegheny __.~___~-__-----~-~--~--~--------- 1,412 _- —_ 1,412 
Armstrong __._.__..---~--------------+---- 686 _— -- 686 
Butler __-_____________ ee ee 235 _- _— 235 
Cambria __________=_________---~--------- _- 1,662 2,422 4,085 
Centre ____________-__ ~~~ +--+ _— 38 __ 38 
Clearfield ___._________~-~__-_---~-----~-~----+-+ __ 98 358 456 
Fayette ____________-------------+~-------- 235 -- _- 235 
Greene _~____________~____- 5,625 _ _- 5,625 
Indiana _________________~__~ ~~ 3 __ — 3 
Jefferson ~~ ______________-~--_----~-----+- 3 _- __ 3 
Lycoming eee ee ee ee ee ee ee —_ __ 37 37 

ercer ~~~ ~_________ ee ee 79 __ _— 79 
Somerset ________________---~~~--~-~-+-----~-+ _- __ 1,401 1,401 
Washington __________-_------------------ 10,137 — _— 10,137 
Westmoreland _____________~-~--~-_~-~----+--- 1,242 91 — 1,333 

Tennessee: Morgan ___________--------~--~--------- —_ 33 — 33 

. Utah: Carbon _____________ eee 1,573 __ __ 1,573 

Virginia: 
Buchanan _~___________-~_-~~----~-+----~-~-------- 424 681 2,774 3,879 

Dickenson _~_____________--~-~--~--~-----~~-~---+-+- 422 _— __ 422 
Russell ______________2___---- ~~ +--+ — 2 _- 2 
Tazewell ______________ ~~ _— 15 __ 75 
Wise _______________ ~~~ ee 820 _— __ 820 

West Virginia: 
Barbour _~_________.--~-~_-~-+-----~-~ +--+ +++ +--+ 21 -e __ 21 
Boone _______~____-_-~-_--~----~-~----~+--~--- +++ 2,256 _— —_ 2,256 
Fayette ______-_----_------------------------ 1,789 3 451 2,242 
Grant ________~____--~---~---------+--+-+-+-+--+-+ -- 2 -— 2 
Greenbrier __________.-~-----~-------------+-~--- _— 219 __ 219 
Kanawha _____._____~-----~---~------+----+----~- 2,394 _— — 2,394 
Logan ____-_-------~--------~--~-------------- 4,668 89 __ 4,757 
McDowell __________~_-----~------~----~------+- -_ 1,257 4,752 6,009 
Marion ____________—~-----~-~------------~----- 769 __ _- 769 
Mercer _________~~_-~---~-----------~-~--+-+-+--- _- — 510 510 
Mingo _______-__--~----------~-~-~------------- 1,344 —_ __ 1,344 
Nicholas —~___.____~____~--~~-~-~--~-~------~--+-+-~- 545 1,127 _— 1,672 

See footnotes at end of table.
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1976, by : 
producing county and volatile content' —Continued 

(Thousand short tons) 

So feoal Volatile content Total? . -——$ mre? 0 High Medium Low ° 
EE 

West Virginia —Continued 

Preston ___________-~_____ ee _- 249 —_ 249 Raleigh ______________ -- 25 1,940 1,965 ‘Randolph ___________~_____ 12 —— __ 12 Tucker _-_-_-_______~ _- 60 _- 60 Wayne ____________ 78 _- _- 78 Wyoming ________________ 268 203 2,397 2,868 8 
Total? ~__-_-_____ 56,080 11,080 17,739 — 84,899 

OT 
 —————— 

99 1Volatile matter on moisture-free basis; high volatile, over 31%; medium volatile, 22% to 31%; and low volatile, 14% to . %. 

-?Data may not add to totals shown because of independent rounding. os
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oe Table 30.—Quantity and percentage of captive coal received by oven-coke plants in the 
| United States 

(Thousand short tons) 

eee 
At merchant plants At furnace plants Total? 

aD a D $$$ SS ef SS 

Total Total Total 
Year coal re- Captive coal coal re- Captive coal coal re- Captive coal 

ceived ceived ceived 

Quantity Percent Quantity Percent Quantity Percent 

1972 __.. 2 7,804 12,325 29.8 80,158 45,354 56.7 87,962 47,679 54.2 1973 __-______ 6,820 1,723 25.3 83,943 47,412 56.5 90,768 49,134 541 1974 ________ 6,877 1,520 22.1 81,239 44,116 543 88,115 45,637 518 1975 _-___ 6,487 1202 185 78,399 44303 56.5 84,886 45,505 53.6 1976 2 5,898 2,291 38.8 79,000 42,840 54.2 84,899 45,182 53.2 —- $$$ eee eee 
"Revised. 
*Data may not add to totals shown because of independent rounding. 

| ‘Table 32.—Month-end stocks of anthracite 
. Table 31.—Month-end stocks of coal at oven-coke plants in the United 

bituminous coal at oven-coke plants in the | States? 
United States | (Thousand short tons) 

(Thousand short tons) | 
ee Month 1975 1976 

Month 1975 1976 ee 
nnn January ____________ 171 114 

January _________________ _ 7,140 8,115 February. ~_____________ 165 89 February ___.___.__________ 8.010 8514 March __________________ 159 77 
March ______________ 8,665 9,334 April _-__ ~~ _________ 145 84 
April ~~ ~~ 8,980 — 9,931 May ~__ ~~~ ~__________ 135 85 May ~----- =e ___ 9,608 10,612 June _____~_______ 131 81 June ___________________ 10,009 11,257 July __-_____ 125 83 
July _---__~__ ~~ ________ — 8,126 8,715 August _-.- ~~. 127 91 
August __.._______.______ 7,340 7,258 September _________________ 128 - 98 September _________________ __ 7,008 8,164 October__._____________ 129 101 
October ____-._-_._._______ 7,729 _ 9,087 November ________________> 133 107 

. November ________________ _ 8,468 9,605 December ________________ 126 98 December _________________ 8 671 9,804.0 © — 
TL 1Includes petrocoke.
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Table 33.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants 
in the United States in 1976: 

. | Sold 

Value 
a ann Stocks, . Product Produced Total Average Dec. 31 

Quantity (thou- per 
sands) unit 

Tar, crude _____________ thousand gallons__ 636,382 290,536 $96,417 $0.332 44,649 
Tar derivatives: 

Sodium phenolate or carbolate_____. do___- 2,482 2,352 351 149 116 
_ Crude chemical oil (tar acid oil) _..___ do____ 5,678 5,679 2,143 ott 87 

’ Pitch of tar:? . 
Soft _._.__.__-_-_ thousand short tons__ 516 274 25,347 92.507 13 
Hard_________..._____-~ do____ @ ?) () (*) (*) 

Other tar derivatives? _. 0. --_-_-______ XX xXx 15,079 XX Xx 

Ammonia products: 
Sulfate _________-_-_ thousand short tons__— 522 585 28,504 48.725 55 
Liquor (NHs content) ___.._____~ do____ 5 6 562 93.667 2 
Diammonium phosphate ___.___._~ do____ (4) (4) (*) (4) (4) 

Total _ ~_-________________~~ do____ XX XX 29,066 XX XxX 
Sulfate equivalent of all forms ._.___— do___~ 539 608 XX XX 61 
NHs equivalent of all forms_______. do___~_ 139 - 157 xx xX 16 

Gas: . . 
Used under boilers, etc __—million cubic feet__ ). 168,042 121,302 122 _- 
Used in steel or allied plants _._.__. do____ s 318,416 243,758 766 -- 
Distributed through city mains _____ do___~_ 5912,399 ) 10,065 5,125 509 -_- 
Sold for industrial use _....._..._. do____ 41,907 31,935 762 _- 

Total® _.§__§___________-___ do____ 5912,399 538,430 402,120 TAT _- 
| Crude light oil. _____.__~—~ thousand gallons_ _ 7198,056 104,645 52,582 502 8,831 

. Light oil derivatives: 
Benzene: , 

Specification grades (1°, 2°, 90%) _. do____ 60,411 59,822 47,526 £194 2,809 
Other industrial grades _._.____ do___ a) i) () (®) (°) 

Toluene (all grades) _..._________ do__—_ 8,824 8,446 4,642 .550 788 
. Xylene (all grades) _.________... do___ 1,496 1,251 732 585 409 

Solvent naphtha (all grades) __._._._. do___~_ 1,968 1,792 713 398 223 
Other light oil derivatives. _.___.._.. do____ 3,993 1,398 505 361 202 

Total® _.-_________________ do____ 76,692 72,708 54,118 144 4,431 
Intermediate light oi] _._.._.__...___~ do____ 5,419 1,923 543 282 456 

Grand total® __-_________ ~~ --_- XX xXx 677,716 XxX XX 

XX Not applicable. 
1Includes products of tar distillation conducted by oven-coke operators under the same corporate names. 
2Soft-water-softening point less than 100°to 160° F, hard-over 160°F Figures on soft pitch includes hard pitch to avoid 

disclosing individual company confidential data. 
SCreosote oil, cresols, cresylic acid, naphthalene, phenol, refined tar, tar paint. 
“Included with sulfate to avoid disclosing individual company confidential data. 
5Includes gas used for heating ovens and gas wasted. 
®Data may not add to totals shown because of independent rounding. 
TIncludes 89,841,000 gallons refined by coke-oven operators to make derived products shown. 
SIncluded with “Specification grades” to avoid disclosing individual company confidential data.
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Table 34.—Coal equivalent of the thermal materials, except coke, produced at oven-coke 
| plants in the United States 

. Estimated equivalent in heating value! 
Materials produced (Billi on Btu) 6 Coal? : 

—_—_—_——_—_---———————  ——— er oon aus lbs equiva- 
Coke : lent 

Year breeze Surplus Tar Light (thou- 
(thou- (illic (thou- te Coke Surplus Tar Light Total sand 

sand cubic sand — ‘sand breeze gas oil ° short 
short feet) gallons) gallons) tons) 

1972___ | 4,261 | 534 747,186 214,201 85,220 293,700 112,078 27,846 518,844 19,803 
1973 ___ 4,902 596 732,455 226,110 98,040 327,800 109,868 29,394 565,102 21,569 
1974___ 5,094 574 677,447 217,416 101,880 315,700 101,617 28,264 547,461 20,896 
1975 ___ 4,281 527 «645,537 194,814 85,620 289,850 96,831 25,326 497,627 18,993 
1976 ___ 4,342 . 538 636,382 198,056 86,840 295,900 95,457 25,742. 503,939 19,234 

eee 10,000 Btu per pound; gas 550 Btu per cubic foot; tar, 150,000 Btu per gallon and light oil, 130,000 Btu per 
gallon. . 

2 At 26,200 Btu per short ton of coal. | 

Table 35.—Average value of coal-chemical materials used or sold and of coke and breeze 
| per short ton of coal carbonized in the United States 

1972 1973 1974 1975 1976 

Ammonia products ______. == $0.141 $0.177 $0.418 $0.397 $0.347 
Light oil and its derivatives ___.§ $9 -/_-_-______ 350 418 1.276 1.233 1.273 
Surplus gas used or sold _____ 9 1.660 2.052 3.366 3.549 4.801 . 
Tar and its derivatives (including naphthalene): 

Tar burned by producers! __-.___________ .366 572 158 945 2.890 
Sold ___ 2 Le .720 611 1.528 1.616 1.663 

Total _. 3.237 3.830 7.342 7.740 10.974 
Coke produced? ________.__-§_-_-_-_-§ 22.978 26.315 50.005 - 57.843 59.284 
Breeze produced ________________----__- .533 558 1.022 1.414 1.626 

Grand total _________________.____ 26.748 30.703 58.369 66.997 71.884 

1Includes pitch-of-tar. . 
? Average value of coke used or sold. |
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Table 36.—Percentage of coal costs recovered from the recovery of coal-chemical 
materials in the United States 

| } 1972 1973 1974 1975 1976 

Product: Oo 
Ammonia products ____________---------- 1.0 1.0 1.2 1.0 1.0 
Light oil and its derivatives __________-____-~- 3.2 2.3 3.5 3.1 2.9 
Surplus gas used orsold _~_________________~ 10.6 11.2 9.2 8.0 10.9 
Tar and its derivatives used or sold 

_ (including naphthalene) __——~_.__--_------~- 8.0 6.5 6.3 6.2 10.3 

Total__-_______________ ee 22.8 21.0 20.2. 18.3 25.1 
| Value of coal per short ton __________-_--------- $15.74 $18.32 $36.49 $44.21 $44.16 

Table 37.—Production and disposal of coke-oven gas in the United States in 1976, 
by State | 

(Million cubic feet) . | 

. Produced Surplus used or sold - 

Value . 
Thou- a rere 5 

. ver 
State — sand = Used in rs Wasted 

Total . feet heating Quantity Thou- thou- | 
per ton ovens sands sand 
of coal . cubic 

| feet 

Alabama ____________ 66,659 10.12 33,339 32,475 $15,975 $0.492 845 
California, Colorado, - 

Utah _.___________ 65,406 12.86 20,602 44,205 34,392 815 _ §99 
Illinois ~_.-___________ 29,204 10.54 12,170 15,455 10,388 672 1,578 
Indiana _____________ 138,429 - 11.29 54,414 82,513 62,585 .758 1,502 
Kentucky, Missouri, - 

_ Tennessee,Texas______ _—_-20, 187 10538 9,247 9,567 3,689 386 1,328 
Maryland and New York __ 94,096 1051 40,386 52,557 41,161 783 1,153 
Michigan _____________ 48,308 1010 © 8,031 39,291 36,453 928 986 
Minnesota and Wisconsin __ 10,200 10.35 5,000 4,513 1,963 435 686 
Ohio_______________ 136,582 11.20 56,810 77,439 55,888 722 2,333 
Pennsylvania _________ 243.784 10.58 106,906 § 135,776 105,735 779 1,102 
West Virginia _________ 59,5938 1147 13,836 44,637 33,890 759 1,120 

Total 19761 ______ 912,399 10.89 360,742 538,430 402,120 TAT 13,227 
- Atmerchant plants _____ 54,079 921 26,468 24,990 11,038 A42 2,621 

At furnace plants _______ 858,321 11.02 334,275 513,440 391,081 762 10,606. 

Total 1975 ______ 895,279 10.86 354,569 527,238 292,694 555 18,472 

1Data may not add to totals shown because of independent rounding.
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Table 38.—Surplus coke-oven gas used by producers in the United States 
and sold in 1976, by State | 

(Million cubic feet) . 
| ; 

Used by producers 
nn neers 
Under boilers, etc. In steel or allied plants + 

Value Value 

State Average Average 

a Th thou Th hou 
Quantity ands sand «Quantity gangs sand 

cubic cubic 
feet feet he 

Alabama ____________________ 9,725 3,800 391 19,869 11,251 566 
California, Colorado, Utah ___..____ ) (*) (4) () (*) (*) 
Illinois ___-__.~ ~~~ 4,497 2,407 5385 10,249 7,552 137 
Indiana _______~~ ~~~ 13,554 9,865 .128 66,679 § 51,667 115 
Kentucky, Missouri, Tennessee, . 
Texas __ 7,396 2,635 356 (2) (*) (*) 

Maryland and New York __________ 7,546 5,592 141 40,129 33,368 832 
Michigan ______ ~~... ______ (2) (*) (*) (*) (?) (*) 

_ Minnesota and Wisconsin __________ 3,945 1,525 oot _— _- _- 
Ohio __ ~~~ ~~ 24,073 14,783 614 48,791 37,996 179 
Pennsylvania ~_~__~_~..___.~______ 41,454 34,645 836 60,023 43,149 .719 
West Virginia __-_______________ 22,278 16,761 152 () (*) (?) 
Undistributed ____._.__________ 33,575 29,288 872 72,676 58,776 809 

Total 1976? _____________ 168,042 121,302 122 318,416 243,758 766 
At merchant plants _~_~___________ 14,604 6,005 All (3) (5) (°) 
At furnace plants _.__~~__~_~_______ 153,438 115,298 751 318,416 243,758 . 766 

Total 1975 _~_____.--_-~- 108,041 57,162 529 395,733 224,454 567 

Sold 

| Distributed through city mains For industrial use . 
oo a Value Value 

Average Average 
. ro . r 

Quantity Thou- thou: Quantity Thou- thou- 
sands sand sands sand 

cubic cubic 
feet feet 

Alabama ____________________ __ __ _ ) @) 6) 
California, Colorado, Utah _________ _— — _— -- __ -- 
Illinois ~~~ ~~~ _- -- -— (*) (*) (*) 
Indiana _______§____~_~ ~~ _____ (*) 0) (*) -- oe ~— 

. Kentucky, Missouri, Tennessee, 
Texas ____._.§_-§_-__ _— _- _~ (*) () (*) 
Maryland and New York _~________~_ () () (2) _- — -_ 
Michigan ___._§__~ ~~ ~§-______ -- _- -- (*) (*) (*) 
Minnesota and Wisconsin __________ — _- _- (*) () (*) 
Ohio ___~_ ~~ ~~ (*) ) (*) 0) (?) 1) 
Pennsylvania ~-- eee (*) (?) (*) 0) (?) (*) 
West Virginia _________________ _- _- _— (4) (*) (4) 
Undistributed _____ 2 10,065 5,125 509 41,907 31,935 762 

Total 19762 ___.__________ 10,065 5,125 509 41,907 31,935 762 
At merchant plants ~____________ 10,065 5,125 509 6,785 3,318 489 
At furnace plants __________~_____ (*) (*) (4) 35,122 28,618 815 

Total1975 ___...____... 10,122 5244 518 13822 58384 438 
a ee a Nee 

‘Included with “Undistributed” to avoid disclosing individual company confidental data. 
*Data may not add to totals shown because of independent rounding. 
*Included with furnace plants to avoid disclosing individual company confidential data. 
‘Included with merchant plants to avoid disclosing individual company confidential data.
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| Table 39.—Coke-oven gas and other gases used in heating coke ovens in 
. the United States in 1976, by State! 

(Million cubic feet) 

| Cok | Bl petal e- ast- coke-oven 
State oven furnace Natural Other gas 

gas gas & equiva- 
ent 

Alabama ___ ~~ ~~~ 5 2 33,339 _- 1,087 _- 34,427 
California, Colorado, Utah __.____________ 20,602 5,421 49 _- 26,073 
Ilinois ~~ 2 LLL LLL 12,170 15 _- -- 12,185 
Indiana __ > LLL 54,414 4,579 _ 824 -- 59,317 
Kentucky, Missouri, Tennessee, Texas ________ 9,247 21 11 -- 9,279 

. Maryland and New York ________________ 40,386 5,481 4 _- 45,871 
Michigan ___ ~~~ 8,031 12,718 -- _- 20,749 
Minnesota and Wisconsin __ ______________ 5,000 _- -- ~~ 5,000 
Ohio. ~~ LL 56,810 2,836 -- -- 59,646 
Pennsylvania ____§__§_~_~§_~§_______ 106,906 2,148 _— —_ 109,054 
West Virginia _§_§_§_§_§_________________ 13,836 - 6,197 _— — 20,033 

Total 19767 __-_______ = 360,742 39,416 1,476 _- 401,634 
At merchant plants ___________________ 26,468 __ — _— 26,468 
At furnace plants_ ~~~ ~~~ _______ 334,275 39,416 1,476 _- 375,166 

| Total 1975______________.._--_._ 354,569 85,442 688.—=ié<“‘ét&«OS:«©«#«89S,731 

1 Adjusted to an equivalent of 550 Btu per cubic foot. 
2Data may not add to totals shown because of independent rounding.
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Table 41.—Coke-oven tar produced in the United States, used by producers, and sold 
in 1976, by State 

| (Thousand gallons) . 

Produced Used by producers Sold for refining into tar products 

Gallons For Value Stocks, 
State : ernvXmwr Dec perton refining As Other- : . 

_ Total of coal or fuel wise  @uantity —Thou- Averag ° 31 
coked topping sands gallon . 

Alabama -________ 42,756 6.49 (7) (7) _ 26,328 $9,801 $0.372 2,618 
; California,Colorado, -- - - - 

Utah __________ 46,609 9.17 _- (2) _- (7) ?) () 2,656 
Iinois _-______.- 16,991 6.13 _- (*) _- 41,678 13,398 — .321 1,460 
Indiana_________~— 86,584 7.06 (7) 27,943 -- 29,671 10,112 341 3,378 
Kentucky, Missouri, 

Tennessee, Texas___ 10,759 5.62 — (7) _- 10,782 3,547 329 409 
Maryland and oo 
New York _______ 67,663 7.56 _— (7) _- 26,165 9,180 351 5,911 

Michigan._______. 32,795 6.86 _- _- —_ 33,234 10,496 316 2,878 
Minnesota and 

Wisconsin _______ 3,735 3.79 _- (7) _- 25,578 7,068 276 650 
Ohio_______----- 91,229 7.98 () 51,633 _- 43,708 15,248 349 6,198 
Pennsylvania ____-_ 191,955 | 8.33... (4) 42,781 (7?) . 58,393 17,572 329 16,073 

| West Virginia ______ 39,307 7.51 (4) _- __ () @) @) 2,419 
Undistributed ____—_ es _- 163,051 65,169 5,460 _- _- _- _- 

| Total 19764 ____ 636,382 7.60 163,051 187,526 5,460 290,536 96,417 331 44,649 . 
| At merchant plants __ — 30,898 5.26. ~ () _- _- 30,134 10,799 358 1,119 

At furnace plants___— 605,484 TT 163,051 187,526 5,460 260,402 85,618 329 43,531 

Total 1975 _____ 645,537 7.83 178,147 162,112 4,964 284,841 98,898 _ 847 854,842 

1Included with “Undistributed” to avoid disclosing individual company confidential data. | 
2Included with “Illinois” to avoid disclosing individual company confidential data. | 
3Included with “Minnesota and Wisconsin” to avoid disclosing individual company confidential data. 
“Data may not add to totals shown because of independent rounding. 
5Included with furnace plants to avoid disclosing individual company confidential data. 
®Revised to reflect inventory adjustments. —— 

Table 42.—Coke-oven crude light oil produced in the United States and derived products 
produced and sold in 1976, by State 

(Thousand gallons) 

Crude light oil Derived products 

Active Refined Sold 

i ne a an od of coal .  g . Quantity (thou- 
ises” sands) 

Alabama ______~_ ~~ 7 12,620 1.92 _- 1,341 ATT 427 $117 
California, Colorado, Utah _ 3 15,772 3.10 8,489 283 6,460 6,293 4,639 
IHinois ~~ ~§ 5 4 6,693 2.42 7 215 _- -- -- 
Indiana ____________- 4 22,879 2.39 358 472 (*) (*) (*) 

Kentucky, Michigan, Missou- 
ri, Tennessee, Texas ____ 5 11,078 1.93 1,049 379 1,004 1,025 647 

Maryland and New York __ 4 25,448 2.84 14,177 1,124 12,344 12,382 9,895 
Ohio _____..________ 11 26,446 2.18 4,425 631 3,384 3,326 2,426 
Pennsylvania _________ 10 63,192 2.82 61,319 3,662 53,022 49,255 36,395 
West Virginia _________ 3 14,429 2.78 16 725 (*) (*) (*) 

Total 19765 _____ 51 198,056 2.53 89,841 8,831 76,692 72,708 54,118 
At merchant plants _____ 6 6,298 1.67 368 785 263 268 164 
At furnace plants _______ 45 191,758 2.58 89,473 8,046 76,429 72,439 53,955 

Total 1975 _____ 51 194,814 2.55 95,178 65,261 82,308 81,885 57,419 

1Number of plants that recovered crude light oil. 
2Includes small quantity of material also reported in sales of crude light oil in table 33. 
SExcludes 104,645,000 gallons of crude light oil valued at $52,532,000 sold as such. 
“Included with Maryland and New York. 
5Data may not add to totals shown because of independent rounding. 
®Revised to reflect inventory adjustments. ‘
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Table 43.—Yield of light oil derivatives from refining crude light oil at oven-coke plants 
| in the United States 

(Percent) 

Solvent Other 
Benzene Toluene Xylene naphtha light 

Year (all (all (all (crude oil 
grades) grades) grades) and pro- 

. refined) ducts 

1972__ LL eee 59.3 12.8 3.1 3.0 4.7 
1978 __._-_-__ ee 61.2 11.3 2.8 2.7 5.5 
1974___ 60.2 11.5 2.7 2.9 47 
1975 _______________ ee 61.0 11.7 2.1 2.5 5.5 
1976 ~. oe eee 58.8 10.6 1.8 2.8 5.1 

Table 44.—Benzene and toluene produced | 
at oven-coke plants in the United States, by 

| grade 

(Thousand gallons) 

Benzene 
———__ Toluene 

Year Specification Other (all 

(1°, 2°, 90%) grades 

| 1972______ 16,817 3,582 14,571 
1973______ ™85,876 3,299 14,496 

| 1974______ 82,149 C) 18,567 : 
1975 ______ 65,050 *) 9,841 
1976______ 60,411 8,824 

lIncluded with “Specification grades” to avoid dis- 
closing individual company confidential data.
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Table 45.—Light oil derivatives produced at oven-coke plants in the United States and 
sold in 1976, by State 

(Thousand gallons and thousand dollars) 

_____Benzene(allgrades)_ Toluene (all'grades) 
Yield Yield 

State Pro- from crude Sold Pro- from crude Sold 
ight oi . ight oi. . 

| duced refined 2™ Value duced = gefined = Sty” Value 
(percent) (percent) 

Colorado, Indiana, Utah ____ 2) y% ) @) ® @® @) 
/ _ Marylandand Texas _._--- 17,200 726 17,412 14,005 (*) () (?) (*) 

Ohio __________------ () 3) (?) () an © an (?) () () 
Pennsylvania _._____~~- 43,211 54.7 42,409 33,521 8,824 10.6 8,446 4,642 

| Total 197654 ____ 60,411 58.8 59,822 47,526 8,824 10.6 8,446 4,642 

Total 1975 ~____- 65,050 61.0 66,283 49,724 9,841 11.7 10,455 5,539 

| ____Xylene(allgrades)__—_ Solvent naphtha (crude and refined) 
Yield Yield 

from crude Sold from crude Sold 
Pro “lightoil —Quans wa. duced light oil Quan. 0... 

refined tity Value u refined tity Value : 
(percent) (percent) 

Colorado, Indiana, Utah — ~~ - (2) () (?) () () (*) () (?) 
Maryland and Texas — — — -—- 263 12 261 153 ) () ?) () 

| Ohio _____----------- (?) @) (?) ?) () 9) 9) C) 
Pennsylvania ~___.——-—~-- 1,233 2.0 990 579 1,968 2.8 1,792 713 . 

Total 197655 ____ 1,496 18 1,251 132 1,968 2.8 1,792 713 

. Total 1975 ~_..__~- 1,884 2.1 1,958 1,083 2,045 2.5 1,947 652 
Rn 

1Included with New York and Texas to avoid disclosing individual company confidential data. . 

2Included with Pennsylvania to avoid disclosing individual company confidential data. . 

SData may not add to totals shown because of independent rounding. 
“All furnace plants. 

5Data not broken down into merchant and furnace plants to avoid disclosing individual company confidential data.
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~  €olumbium and Tantalum 
By Henry E. Stipp! | 

U.S. consumption of ferrocolumbium, pounds contained columbium) in 1975. Im- | 
ferrotantalum-columbium, and other co-- ports of columbium concentrates in 1976 

lumbium and tantalum materials totaled came mainly from Brazil, 47%; Canada, 
approximately 3.4 million pounds of con- 30%; Nigeria, 12%; the People’s Republic of 
tained columbium and tantalum, compared China, 5%; Malaysia, 4%; and others, 2%. 
with consumption of 3.3 million pounds in Tantalum concentrates came chiefly from 
1975. Ferrocolumbium and other colum- West Germany, 42%; Canada, 20%; Austra- 
bium and tantalum materials were con- lia, 9%; Thailane, 8%; Zaire, 6%; Brazil, 

_ sumed mainly in producing specialty steels oa others, ee Government Pro 

oi omanntion of columbium raw mate- _grams.—Sales in 1976 of columbium, mate- 
. ys . says rials from U.S. Government stockpile ex- 

rials increased to approximately 8.4 million cesses by the General Services Administra- 
eth . of fontained han em compared tion (GSA) totaled 68,908 pounds of contain- 
wR " ‘ed 1on pounds 1n f " tal ed columbium in columbium concentrates. 

: eporte consumption of tantalum con- ‘There were no sales of tantalum materials. 
tained in raw materials increased to about (Cojymbium concentrates shipped from U.S. | 
2.0 million pounds contrasted with the 11 Government stockpile excesses totaled 
million pounds in 1975. Increased demand 70,089 pounds of contained columbium; tan- 
for tantalum electronic capacitors for use in talum concentrates shipments were 8,028 
citizen band radios, smoke detector devices, pounds of contained tantalum. On October 
heart pacemakers, and automobiles was 1, the Federal Preparedness Agency (FPA) 
reported to be the main reason for the rise of GSA announced new stockpile goals, 

| in tantalum consumption. which were to be updated as necessary. 

Columbium mineral concentrates import- These new goals for columbium and tanta- 

ed for consumption increased sharply to lum are shown in table 3 but are subject to 
3,968,000 pounds, gross weight (1,595,000 change. | 7 

pounds contained columbium and 118,000 In an investigation started on August 3, 
pounds contained tantalum). In 1975 colum- 1976, the U.S. International Trade Commis- 
bium mineral concentrates imported for sion determined that the U.S. tantalum 

cenmumtin ae 1200 Bend oe onion Sinneion weight (606,000 pounds contained colum- 
iran ad 47,000 pounds contained tanta. Clectrolytic fixed capacitors from Japan 

lum). Tantalum mineral concentrates (in- ner pan ease Produced area by 

cluding synthetic concentrates) imported “@*Susnlla Biectric tndustrial Uo. Ltd). 
for consumption increased to 2,557,000 WL eee 

. Ph ] tist, D fF Metals. pounds, gross weight (709,000 ‘pounds 20i"stcentenl Teale Ganson (USO. Tanta : oceans a eterminati 
contained tantalum, and 606,000 pounds Injury or Likzlihood Therect in Investigation ‘No. ‘AA 1921. 
contained columbium), compared with 159 Under the Anti-dumping Act of 1921, as Amended, 

1,758,000 pounds, gross weight, (584,000 Teese. rman ie 
pounds contained tantalum, and 239,000 tober 1976, 96 pp. 

463
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Table 1.—Salient columbium statistics : 
(Thousand pounds) 

a 
1972 1973 _ 1974 1975 1976 aE 

United States: 
Mine production of columbite-tantalite 
concentrates _________~~-___~___-~_~_~____ -- _- _ __ __ 

Releases from Government excesses (Cb content)! _____ _ 799 2,344 2,739 463 70 
Consumption of raw materials (Cb content) ____§______ 2,489 2,806 3,250 2,137 3,379 
Production of primary products: 

Columbium metal (Cb content)__-§_-§-$-§_-_________ Ww Ww Ww Ww Ww 
Ferrocolumbium (Cb content) _________--____ 1,474 1,496 1,917 €985 1,565 

Consumption of primary products: ; 
Columbium metal (Cb content)__§_ 9 ~_ ~~ ~______ 218 254 221 130 291 
Ferrocolumbium, ferrotantalum-columbium oo 

and other columbium and tantalum 
materials (Cb and Ta content) __________-___. 3,676 4,056 4,626 3,348 . 3389 

Exports: Columbium metal, compounds, and 
alloys (gross weight) ____________---~______ 29 96 33 53 67 

Imports for consumption: . . 
Mineral concentrate (Cb content) ____________~ 1,558 1,314 T1583 "845 2,201 
Columbium metal and columbium-bearing 
alloys (Cb content) _____-._-_________.____ 1 4 1 3 __ 

Ferrocolumbium (Cb content)® _-_§-_-§____-_____ 1,530 - 2,120 3,276 1,872 2,221 
Tin slags (Cb content)?_______..___________ 547 603 460 144 296 

World: Production of columbium-tantalum 
concentrates (Cb content)® __..__________________ . 18,121 . 32,452 720,597 12.533 19,648 

“Estimate. ‘Revised. _W Withheld to avoid disclosing individual company confidential data. 
1Includes columbium content in raw materials from which columbium is not recovered and material released as 

payment-in-kind for upgrading. 
2Receipts reported by consumers. 

| Table 2.—Salient tantalum statistics 
. (Thousand pounds) 

1972 1973 1974 1975 1976 

United States: 
Mine production of columbium-tantalum concentrates _ _ _ _ _- _- _- — —_ 
Releases from Government excesses (Ta content)! _______ 87 266 884 87 8 
Consumption of raw materials (Ta content)_.____.______- 1,280 _ 2,221 2,425 1,077 2,005 
Production of primary metal (Ta content)_.._________ 1,852 1,619 1,849 844 1,873 
Consumption of primary products: 

Tantalum metal (Ta content)___-~_~§_~9_~9__________ 922 1,096 1,159 450 1,098 
Ferrocolumbium and ferrotantalum-columbium . 

and other columbium and tantalum 
Fx materials (Cb and Ta content)_______________ 3,676 4,056 4,626 3,348 3,389 

ports: 
Tantalum ore and concentrate (gross weight) __ _ _ ___ 19 16 201 60 59 
Tantalum metal, compounds, and alloys 

(gross weight). ._§_-9-§_________i________e 146 344 503 471 367 
Tantalum and tantalum alloy powder (Ta content) _ _ _ _ 171 202 233 161 219 

Imports for consumption: 
Mineral concentrate (Ta content) _____.________ 458 428 T7386 ™631 827 
Tantalum metal and tantalum-bearing alloys 

(Ta content)... LLL 74 101 184 66 52 
Tin slags (Ta content)?_____________________ 625 719 760 1936 431 

World: Production of columbium-tantalum 
concentrates (Ta content)® _______________________ 818 847 *962 907 855 

*Estimate. "Revised. 
Includes material released as payment-in-kind for upgrading. 
2Receipts reported by consumers.
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| Table 3.—Columbium and tantalum materials in Government inventories | 
as of Dec. 31, 1976 . 

(Thousand pounds, columbium or tantalum content) 

. Defense . National ; Suppl 
Material — Stole (strategic) Frroduction mental Total 

stockpile inventory stockpile | 
eee ery 

Columbium: 
Concentrates wee ee 3,131 1,781 — __ 1,781 
Carbide powder: Stockpile grade _____ _- 21 oe __ 21 
Ferrocolumbium: 

Stockpile grade _____________ __ 598 __ — a “598 
Nonstockpile grade___________ oe 333 -- _- 333 

Metal: Stockpile grade ___________ —_ 45 — _- 45 
Tantalum: 

Tantalum minerals: Stockpile 
grade ______________ 5,452 2,548 _- _ 2,548 

Carbide powder: Stockpile grade _____ 889 29 _— ae 29 
Metal: Stockpile grade ___________ 1,650 201 . _— _- 201 
ee 

Stockpile goals established as of Oct. 1, 1976. . 

DOMESTIC PRODUCTION 7 

There was no domestic production of 49.7% of the common stock of KBI.? | 
columbium and tantalum minerals reported A new 1,200-kilowatt.electron beam fur- 
in 1976. However, Buttes Gas & Oil Co. was nace was placed in operation at the Boyer- 

investigating a large titanium deposit inthe town, Pa., plant of KBI, increasing capacity 
| Powderhorn area of Southwestern Colora- to produce ingots of high-quality electronic- 

do. The deposit reportedly contains signifi- and metallurgical-grade columbium and 
cant quantities of columbium in the form of tantalum metal and their alloys. 
the mineral perovskite. H. K. Porter Co., Inc. of Pittsburgh, Pa., 
Tantalum metal powder (including ®@Cquired 85% of the common stock of Fan- | 

capacitor-grade powder) produced from im- ‘Steel, Inc., Chicago, IIl., dennaerurers of 
| ported concentrates increased in quantity to oN tum, tantalum, aM their 1 af S. ' 

| 1,873,000 pounds compared with 844,000 I ak on 0-5 la on, nee of ta, t Tan - 
pounds in 1975. Demand for tantalum pow- 2*5 t i and WH weoducts vt NRC 1 a a 
der for use in electronic capacitors was corporation “join tly owned by Herman. C 

| mainly responsi for pe incre: asee ante Starck, Berlin, West Germany, and Sa- . 
| um meta" produchion. tr } mincorp Inc., New York, N.Y. Samincorp is 

lum sree ets increased a er 00 a subsidiary of South American Consoli- 
coun ds of 197 increase Over the o0/, dated Enterprises, S.A., and Starck is a 

unds . European manufacturer of special metals 
Columbium metal production data were nq alloys. pe 

withheld to avoid disclosing individual com- KBI and Herman C. Starck contracted for 
pany confidential information. Data on pro- Starck to process tin slags, owned by KBI, 
duction of columbium metal ingot also were for consumption in Kawecki’s plant at Boy- 
withheld for the same reason. Four domes- _ertown, Pa.’ 
tic companies produced 1,565,000 pounds of _ 
contained columbium in ferrocolumbium, 8The Wall Street Journal. Kawecki-Berylco’s Board 
valued at about $6. 4 million. epee on Bid by Molycorp. V. 18, No. 24, Aug. 4, 

Molycorp, Inc. at White Plains, N.Y., pro- i American, Metal Market. B K. Gorter Execs on Fan- 
“113 Ss Vv. » INO. ,vU ’ » p. . 

posed to purchase about 1 million shares °"Z, verican Metal Market. Norton Sells Metals Division 
(32%) of the common stock of Kawecki- to NRC. V. 83, No. 61, Mar. 29, 1976, pp. 2, 58. 
Berylco Industries, Inc. (KBI). At yearend _,, American Metal Tin Slug 0 Bo ee Rey 
Molycorp announced that it controlled p.2
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Table 4.—Major domestic columbium and tantalum processing and producing companies 
: in 1976 SO 

pian tnt te A A 

. Colum- Tantalum Ferro- 
Company Location bium Tantalum carbide columbium 

Fansteel,Inc__________--- Chicago, IJ______.. xX X X __ 
Muskogee, Okla _ _ ___ xX X X __ 

General ElectricCo _____--~- Warren, Mich _____~_ _— -- X __t 
Kawecki Div., Kawecki- Boyertown, Pa ______ xX xX x Xs: 

Berylco Industries, Inc. 
Kennametal, Inc _____----~- Latrobe, Pa____..__ Xx Xx xX __ 

Mallinckrodt, Inc _____----~- St. Louis, Mo _______ X X — _ 

NRCIne _____---------- Newton, Mass ______ X xX x oo? 

Newcomer Products, Inc — ~~ ~_~- Latrobe, Pa_ _____\_ X _- xX __ 

Reading Alloys Co.,Inc ___-~~~ Robesonia, Pa __——__ xX _- __ xX 

Shieldalloy Corp ____--~~--- Newfield, N.J —__--~~- xX -_- _- . X 

Wah Chang Albany Albany, Oreg_ _ _ ~~ __ X . x xX x «, 

(a Teledyne company). ‘ 

| CONSUMPTION AND USES MS 

Primary columbium metal consumption Approximately 89% of the ferrocolum- 

increased 124% to 291,000 pounds compared bium consumed in 1976 was added to alloy 
with 130,000 pounds in 1975. High-purity steels such as high-strength, low-alloy 

columbium metal in powder and ingot form (HSLA) steels for the manufacture of oil 

was used mainly in preparing superalloys and gas pipelines, structural steel, plate for 

: for theaerospace industry, = = ships, machinery, automobiles and atomic 

| _ Tantalum metal consumption, including reactor steels. Construction of pipelines in 
capacitor-grade powder, increased 144% to the market economy countries during 1976 
1,098,000 pounds. In 1975 approximately reportedly increased 45% above the annual 
450,000 pounds of tantalum metal was con- average mileage for the previous 5 years. 

sumed. The principal end use for tantalum New pipelines in 1976 were estimated to 

metal powder was in the manufacture of cost a record $6.76 billion, a 48% increase 
capacitors for use by the electronics indus-  Gver that of 1975.” 

try. Tantalum metal ingot was used mainly | / 

to fabricate corrosion-resistant chemical 79} and Gas Journal. Spending for New Lines To Break 
| equipment. 7 | All Records in 1976. V. 74, No. 4, Jan. 26, 1976, p. 73. 

Table 5.—Reported shipments of columbium and tantalum materials | 

(Pounds of metal content) a 

cre ft 

. si . Change Material 1975 1976 (percent) 

Columbium products: 
; 

Compounds, including alloys _________------------ 930,800 791,300 “15 
Metal, including worked products _-__.____---------- 112,700 101,600 10 

Allother____________________------------- 21,200 41,000 +93 

Total columbium ______-_------------------ 1,064,700 933,900 “12 

Tantalum products: 
Oxides andsalts ____.______--__-_-------------- 127,400 55,400 57 
Alloy additive ___________------_------------ 8,500 13,200 +55 
Carbide __________-__-------------------- 106,500 93,300 -12 
Powder and anodes ___~___~_~----------~------ 436,600 759,000 +74 

Ingot (unworked consolidated metal) _____----------- 1,000 7,700 +670 

Mill products ______.____---_--------------- 172,000 238,500 +39 
Scrap ___________---_--__------------------- 13,000 130,700 +905 

Totaltantalum ________------------------- 865,000 1,297,800 +50 
SOON na 

Source: Tantalum Producers Association.
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Specialty steel producers reported that A report by engineers of a major auto- 
sales in the aircraft engine market during mobile manufacturer listed a number of 

1976 were slow, but a pickup was expected unusual applications for HSLA steel that 
during the first quarer s 1977. However, included door panels, front suspension cross 
some producers reported an increase in embers. idle bracket d 
demand for specialty steel in the nuclear on chor . oss pembers. However wide. 
reactor field during the second half of 1976. : } ? . 

| An area of potential growth in consump- spread use. of HSLA steel in automobile 

tion of columbium is in nickel- and cobalt- ody applications has been slowed in favor 
based alloys for use in automobile turbine of increased use of nitrogenized or strain 

_. engines. Superalloys containing columbium aging steel. Reportedly, nitrogenized steel is _ 
were used for aircraft turbines and nuclear more economical to use and more adaptable 
powerplants. to conventional manufacturing techniques.® 

Table 6.—Consumption of ferrocolumbium, ferrotantalum-columbium, and other colum- 
bium and tantalum materials in the United States in 1976, by end use ! 

. (Pounds) 

End use columbium 
. 2 - and tantalum 

Carbon _______________--_---~~~~~_-__ +--+ 885,053 
Stainless and heat-resisting _____._.____.-___-_-~~~-~~~~_- ~~ 459,077 

’ Fullalloy ~-_..-____~__-___--_----~---~_~-~---------~--- ~~~ +++ 527,496 
High-strength, low-alloy ________-~____________~ ee . 996,479 

TIC .~L~ wee LE ee ee a 

. Tool __________ eee W 
Unspecified ________.._______________--- eee ee 43,791 : 

. Total steel _______________-_____---------ee eee 2,911,896 
Superalloys ______________-_--~-~------------~----~~--~--~-+-~--+-~--~----- 421,711 
Alloys (exclude alloy steels ’ 7 

and superalloys) ____._._______~__~-_~i-----------~~--~-~-~---~-~-~---~-+- 49,887 
Miscellaneous and unspecified ~ oe ee 5,785 

Total. __________-_...-------+----------------------------- 3,389,279 

W Withheld to avoid disclosing individual company confidential data; included with “Steel: Unspecified.” 

| STOCKS | | 

Processor and dealer inventories. of co- materials reported by processors and deal- 
lumbium and tantalum materials at year- ers at yearend 1976, in thousand pounds of 
end were as follows, in pounds, contained — contained % or Ta (yearen? ne ep = 

, columbium (Cb) and tantalum (Ta): parentheses), were as I0Mows:. umbite, 
(Co) (Tay: ~  _Cb-491, Ta-465 (Cb-552, Ta-69); tantalite, Ta- 

424, Cb-206 (Ta-976, Cb-545); tin slag, Ta- 
a 2,481, Ch-1,946 (Ta-2,667, Ch-2,092); pyro- 

Material Dec. 31, Dec. 31, chlore, Cb-148, Ta—- (Cb-28, Ta—-). 
—_ Consumer stocks of ferrocolumbium, 

_ + COLUMBIUM 54.560 81.401 ferrotantalum-columbium, and other co- 
Ingo) metal ------~-7"~ 33344 gs'902«sLumbium and tantalum materials as of 
Scrap ~---------------- repetaes 106,958 December 31, 1976, were as follows, in 

@o ow LL LL ° 
Oth ds_____..--.  "14'279 14515 | Pounds of contained Cb and Ta (stocks on 

- "TANTALUM 939.008 302.974 December 31, 1975 in parentheses): 
Primary metal _——— —_--__- , , Ferrocolumbium—923,655 (1,091,372); ferro- tor-grade powder __ _ _ _ _ 97,457 94,088 j ’ weas ’ 
Tae roe ee Srrgi27 84,527 114,49 tantalum-columbium—8,589 (10,500); and 
Scrap - - ~~~ ---~--~-~--- at vain other columbium and tantalum mate- 

Potassium tantalum —t™ r45 409 9a 519 rials 90,861 (30,744). Producer stocks of 
uoride ———------~------ = 495 , errocolumbium at yearen were 

Other compounds_ _ _ _ _—_ ~~ _-— 45,080 45,028 794,612 (1,077,500). 

"Revised. —______ 
SAmerican Metal Market. Nitrogenized Steels Cap- 

. turing Automotive Favor for Body Use. V. 83, No. 51, Mar. 
Stocks of columbium and tantalum raw 15, 1976, p. 13.



468 MINERALS YEARBOOK, 1976 

| PRICES 

Columbite and pyrochlore prices in- ferrocolumbium increased to $10.90 to 
creased in 1976 mainly because of higher $11.83 per pound and on October 18 increas- 

| costs for mining and processing. Contract ed again to $11.80 to $14.30 and remained in 
prices for Canadian pyrochlore, fo. mine that range for the remainder of the year. 
and mill, increased from the $1.56 per On January 1 the price of nickel colum- 

| pound of contained Cb.Os, that carried over ‘bium increased to $11.35 per pound of 
from that of 1975, to about $1.75 to $1.85 per contained Cb, from $10.40 per pound at 

pound of Cb.0; on March 11, and for the yearend 1975. Effective October 18, the 
rest of the year they were quoted as nomi- price of nickel columbium moved to $14.30 
nal or about. 62.00 to $2.25 per pound mers per pound of contained Cb and remained at 
Spot colum ite concentrate prices, C.1f., that price for the remainder of 1976. 
US. ports, increased from the $1.80 to $1.90 Spot tantalite ore was quoted at $15.50 to 

per pound o contained pentoxide, pat was 16.50 per pound of contained Ta,Os, 60% 
a. a "0. rat , oot tt $9. 40° to basis, c.i.f. U.S. ports, at the beginning of 

| $2 60 a2M's 1 f ° tai ° 4 Ch O. 4 the year. On June 18, the price advanced to 
“OY per pound of containe 2s ane $16.00 to $17.25 per pound; on November 11, 

Ta.0; on February 5; and to $2.40 to $2.70 er 
. the price increased further to $17.25 to 

per pound of contained Cb.0; and Ta.O; on . . 
. $18.00 per pound and remained at that price 

May 21. On November 11 prices for spot for th t of th Tantal Mini 
columbite concentrate increased further to C, r the tio ° f C. y oda Ta a  t talite 
$3.00 to $3.50 per pound of contained Cb.0; Orporation of wanada \ianco’ tantairte 

: was quoted at $16.00 per pound of contained 
and Ta:0s. Ta,O; throughout th Thailand ti U. S. reactor-grade columbium metal in- 122Vs throughout the year. Thailand tin 
got prices were $18.00 to $25.00 per pound slags were quoted as nominal throughout 

of columbium throughout the year; U.S. theyear. | | 
reactor-grade columbium metal powder was _ U.S. grade tantalum metal powder was 
priced at $30.00 to $45.00 during 1976. listed at $35.40 to $48.00 per pound of 

Ferrocolumbium prices per pound of con- tantalum throughout 1976, U.S. grade tan- 

tained columbium, ton lots, f.0.b. shipping talum metal rod was quoted at $52.00 to 
point, were as follows on January 1: Spot, $80.00 per pound, and U.S. tantalum metal 
low-alloy, $4.30 per pound; high-purity sheet was quoted at $48.00 to $118.00 per 

grade, $8.61 to $9.50 per pound. On July 1, pound throughout the year. 
the spot price for low-alloy ferrocolumbium On November 1 the price of tantalum ~~. 
increased to $4.73 per pound and remained carbide increased to $33.50 to $34.50 per 
at that price for the rest of the year. On pound from the $30.25 per pound that 
July 1, the price for high-purity grade _ carried over from that of 1975. 

Table 7.—Average grade of concentrate re- 
ceived by vs. consumers and dealers in 

1976, by country of origin 

(Percent contained pentoxides) 

Count __Columbite __Tantalite 
“me Cb20s  Taz0s TazOs  Cb20s 

Australia_______ -- _— 39 36 
Brazil, pyrochlore _ 58 _— _- — 
Brazil, columbite 

and tantalite ___ 50 21 36 32 
Canada _______~_ 59 __ 51 4 
Germany, West ___ — — 24 47 
Malaysia _______ 60 15 33 20 
Mozambique _ _ _ _ _ _- _— 54 19 
Nigeria ________ 63 7 _- _— 
Portugal _______ 43 6 — __ 
Rwanda _______ 50 24 29 42 
South Africa, 

Republic of __ ~~ _- _- 35 35 
Spain _________ 34 26 31 30 
Thailand _______ _- _— 33 30 
Zaire _________ 46 30 32 39
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FOREIGN TRADE 

Unwrought columbium and columbium scrap imports, all from West Germany, 
alloys, waste and scrap exported from the totaled 72 pounds valued at $2,765. Wrought 
United States went mainly to West Ger- columbium metal imported was not signifi- 
many (69%) and the United Kingdom (27%). cant (1 pound). There were no U.S. imports 

_ Wrought columbium and columbium alloys of unwrought columbium alloys. 
were exported from the United States chief- U.S. imports for consumption of 
ly to the Netherlands (44%), Canada (17%), unwrought tantalum metal, waste and 
the United Kingdom (11%), West Germany _ scrap totaled 97,100 pounds valued at about | 
(9%), and Japan (7%). $2.1 million, mainly from West Germany 
Tantalum ores and concentrates were (57%), Mexico (18%), and France (9%). 

exported from the United States mainly to Wrought tantalum metal imports, chiefly 
| West Germany (60%) and Japan (40%). U.S. from Belgium (80%) and Austria (12%), 

exports of unwrought tantalum metal, al- were 1,861 pounds valued at $158,560. There 
loys, and waste and scrap were shipped for were no imports of unwrought tantalum 
the most part to West Germany (64%), the alloysin 1976. | : 
United Kingdom (18%), and Japan (14%). Columbium mineral concentrates import- 
Tantalum metal powder and tantalum-alloy ed for consumption increased 157% (gross 
powder exports went mainly to West Ger- weight) compared with those of 1975. Im- 
many (36%), Japan (34%), and the United ports for consumption of tantalum mineral 
Kingdom (13%). U.S. exports of wrought concentrates increased 46% (gross weight) 

| tantalum and tantalum alloys went chiefly compared with those of 1975. __ 
to West Germany (31%), Japan (28%), the § Imports of tin slags, which increased 
United Kingdom (22%), and France (4%). 92%, gross weight, over those of 1975, came 
Unwrought columbium metal, waste and chiefly from Thailand and Malaysia. — oo 

Table 8.—U.S. exports of columbium and tantalum, by class | 7 | 
(Thousand pounds, gross weight, and thousand dollars) . 

1975 76 
Class —— = 

. Quantity Value Quantity Value . 

- Columbium and columbium alloys, unwrought, and . - 
waste and scrap ________-~-___-~-----_--~---+---- 17 61 24 175 

Columbium and columbium alloys, wrought __———---_------- 36 726 43 604 . 
Tantalum ores and concentrates ___________---___--~--- 60 165 59 317 3 
Tantalum and tantalum alloys, wrought __________------- 34 1,928 45 2,571 
Tantalum metals and alloys, in crude form and scrap __ ~~~ _~-~- 437 3,452 322 3,823 
Tantalum and tantalum alloy powder ________.-_------- 161 5,974 219 7,982 

Table 9.—Receipts of tin slags reported 
_ by consumers 

| (Thousand pounds) 

G O Ta20 
) Year weight content content | 

| 1972 _._____ 9,709 780 741 
1973 __-______ 8,607 863 878 
1974 8,207 657 910 
1975 ~. 2,283 205 288 
1976 _-______ 4,373 424 523
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Table 10.—U.S. imports for consumption of columbium-mineral concentrates, by country | 
(Thousand pounds and thousand dollars) 

A i . so . a . . “ . - _ ~ ” 

_ 7 1975, 1976 

Gross Cb* : Ta® Gross Cb© Ta® 
a _——sweight content —_ content Value weight _—_ content content Value 

Brazil ______________ _- 1,185 460 __ 1,215 - 1,868 17. = 8Ss« 3900 
Canada ______=_---_-- 21 7. _- . 22 1,196 493 __ 1,797 

. China, People’s a . 
Republicof _________- 9 2 2 10 179 44 51 232 

Germany, West ________- _- _- _- _ 23 7 4 67 
Malaysia ________~---~- 138 49 21 313 157 66 19 361 
Nigeria _____~-____---~- 151 66 10 166 477 210 27 800 
Portugal ___.___--~-~- 16 4 5. 54 _— __ __ __ 

South Africa, 
Republic of ~________- 2 (3) (3) 10 _- _- _- __ 

Spain ________-~~--~--~- 11 - 8 2 ee) 11 3 2 55 
_ Taiwan __-______=---- _ a —_ _- 40 - 10 11 53 

Thailand _______~__~_~- 44 12 7 122 5 1 1 19 

Zaire ~22 2. -____~-- 15 a) _— — AB 13 4 3 53 

Total _.__.______ 1,542 606 47 «2,012 78,968 = 1,595 118 «45,787 
cre eno hit Pees RS SL TSN 

€Estimated by Bureau of Mines. fo , 

1Less than 1/2 unit. 
2Data do not add to total shown because of independent rounding. 

Table 11.—U.S. imports for consumption of tantalum-mineral concentrates, by country 

| | | _ (Thousand pounds and thousand dollars) 
te 

. 

a 1975 1976 
a Gross Cb® Tae Gross Cb® Ta® . 

weight content content Value weight - content content Value 

| Australia _____________ 208 2 66 1,156 229 58 73 «1,674 
Belgium-Luxembourg! __ __ 7 __ __ 36 1 (7) (7) 7 
Brazil ________----~--~- 151 29 44 526 148 33 44 689 

Canada ______~_-_~___- 664 19 279 3,471 499 14 208 2,537 

China, People’s 
| Republic of ~.___----- | -- _- _- + 5 1 1 3 

| France ________----~~- —_ a _— ae 2 1 1 32 

Germany, West? ________ "162 32 TAT 681 1,067 359 213 1,679 

. Kenya __~--~-------~- 7 1 2 31 _- _— — _- 

i Malaysia ______________ 86 21 16 146 22 3 6 49 
5 Mozambique ___________ 66 9 29 452 53 7 23 480 

Netherlands ____.____~~- 7 (7) 2 54 22 5 6 117 
Portugal _.______---~- 15 3 4 60 — _- _- _- 

Rhodesia ________-_-~~- 12 1 3 58 _— _- _- 

Rwanda _~____..--__--- 87 25 20 202 99 29 24 267 
South Africa, . 
Republic of ~___-__-~~- _- _- _- _- 9 2 3 40 

Spain ______-__-_----- 45 10 11 166 40 8 10 188 

Tanzania _________~--~- _- _- _- _- 7 2 2 24 

Thailand ___________~_~- 81 20 19 190 199 42 54 723 

Uganda _______~-----~- 11 3 2 28 __ _- —_ __ 

Zaire __________-_-~--~- 149 40 40 . 937 156 42 41 615 

Total ______-__-- 71,753 239 584 7,194 42,557 606 709 15,124 
CRN 

€Estimated by Bureau of Mines. ‘Revised. 
1Presumably country of transshipment rather than original source. 
2Less than 1/2 unit. 
3Includes synthetic concentrates. 
4Data do not add to total shown because of independent rounding.
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| | WORLD REVIEW 

_Austria.—Treibacher Chemische Werke er regions of Brazil. It was concluded that 
AG, Treibach, appointed Metallurgical In- currently worked deposits were nearing 
ternational Inc., Tinton Falls, N.J., exclu- depletion, but output could be expected to 
sive sales agent in the United States for its continue from other areas that contain 
cemented carbide cutting tools, mining numerous pegmatite dikes and alluvial gra- 
tools, and wear parts. Treibacher employs vels favorable for the occurrence of colum- 

1,300 people manufacturing carbides of co- biteandtantalite.? =. | , 
lumbium, tantalum, vanadium, tungsten, Brasimet Commercio -e Industria, S.A., © me 
molybdenum, and titanium. The company shipped pyrochlore concentrates to Eu- 

also produces optical pure tantalum oxide, TOPean Consumers in July. At yearend a 
columbium oxide, ferroalloys, abrasives, slant Baer sonper year qarocgumbium 
hard metals, and detergents.®° me : ; , 

Brazil.—In 1975 Companhia Brasileira de S°yeduled to begin operating." rtabl 
Metalurgia e Mineragao (CBMM) produced ait oueh earnings reportet ye Prom a 

21.5 milion pounds of pyrochlore concen” it in 1976 by a strike, which lasted for 
" several months. However, Tanco produced 

pounds Cb:0;. The comipany also produced 98) 777 pounds Ta20s valued at $3.5 million. 
about 9 million pounds of ferrocolumbium Exploratory drilling added 175,000 short 

| containing almost 5.9 million pounds of ions of ore grading 0.203% TazOs to re- | 

columbium. In 1976 CBMM produced 23 serves, which were considered sufficient to, | 
million pounds Cb2O; valued at $31.6 mil-  jast to 1980 at current rates of depletion.“ | 
lion. Production of ferrocolumbium was Reportedly the Manitoba Development | 
about 12 million pounds containing about Corp., an agency of the Manitoba Govern- 

7.5 million pounds of columbium. ment, was considering purchase of the - 
Production of tantalite in 1975 by anum- shares of stock of Tanco held by Interna- 

ber of small producers totaled 209,487 tional Chemalloy Corp. The Manitoba Corp. 
pounds containing approximately 75,400 currently holds a 25% interest in Tanco, 
pounds Ta.O; and 56,550 pounds Cb.Os. Chemalloy Minerals Ltd. has a 50.1% inter- 

The concentrating plant of CBMM locat- est, and KBI holds a 24.9% interest.'® | 
ed next to the pyrochlore mine, about 5 St. Lawrence Columbium & Metals Corp. 

miles south of the city of Arax4 in Minas closed its mine and mill in early February, 

, Gerais, currently has the capacity of pro- reportedly because of a strike by under- 
ducing about 53 million pounds of pyro- ground workers. In late June the company 

chlore concentrate per year containing Went into receivership. At yearend the 
about 28 million pounds Cb.Os;. The concen- ™une, mill, and equipment were put up for 
trate is converted into ferrocolumbium in Sale." ; 
CBMM’s metallurgical plant located in the The pyrochlore mine of Niobec Inc. locat- 
same industrial complex. The metallurgical ed near Chicoutimi, Quebec, was officially 
plant has the capacity to produce about 26.5 opened on June 7. Two shipments of concen- 
million pounds of ferrocolumbium contain- trate were made in May, but it was expected 
ing around 17.2 million pounds of colum- that the mill would take 6 months to reach 

bium.?° 

A deposit containing from 25 million to 30 sa erican Metal Market. Metallurgical International 
million tons of manganese ore with associ- Markets Complex Carbides for Tool Making. V. 82, No. 

ated columbium repo rtedly was discovered 7 iSidcrargia Letaoomericana CBMM, Worldwide Sup- 
at Morro de Sete Lagoas in the Uapes plier of Ferroniobium and Pyrochlore Concentrate. No. 

district near the Venezuelan border. i Breineering PP Mining Journal. Brazil. V. 177, No. 3 
The tantalum resources of Brazil were March 1976, p. 136. - eee 

described by region, and reserves for the yj Tanialim Proiues Iterations Study Cntr IC) 
State of Minas Gerais were reported. Ac- February 1977, p.2. 
cording to the National Department of ieee Week. Insider Report. V. 47, No. 48, Nov. 29, 

Mineral Production of Brazil, proven re-  _ ‘The Northern Miner. Officials Seek To Unravel the 
serves of tantalite ore in the State of Minas Zansled Allsts ang. Raise Pepa 
Gerais in 1973 were 47,822 short tons, and 15The Northern Miner. MDC Considers Purchase Tanco 

indicated reserves were 80,050 tons. No in- SrThe Northera Miner: St. Lawreyee Columbium Lining 
formation was available on reserves in oth- UpSupport. V. 62, No. 46, Jan. 27, 1977, p. 1.
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optimum operating capacity.!” stopped producing tantalum metal powder 
Germany, West.—Patents owned by Her- in May 1976. Tantalum concentrates will be | 

man C. Starck on an economical process for purchased by Mitsui from Australia, and 
recovering tantalum from low-grade slags tantalum slags, from Thailand and Malay- 

7 could give its U.S. affiliate NRC Inc. an _ sia. The company produced tantalum oxide 
advantage in the world tantalum market. in a plant rated at 7 tons per month in 
This could be significant if reserves of 1976.18 : 
tantalite ore become scarce after 1980. | oS ‘ / 
Japan.—Mitsui Mining and Smelting | 

Corp. was scheduled to start production of 17The Northern Miner. Teck Earnings Pickup in Last 
tantalum metal powder early in 1977. Mit- Balt qo grercome Tax and Royalty Bite. V. 62, No. 12, 

. . une 3, , pp. 1, 11. 
sui purchased equipment and technology “ ‘1syetal Bulletin (London). Mitsui Into Ta. No. 6132, Oct. 
from Shinetsu Chemical Industry, which _ 8, 1976, p.25. 

‘Table 12.— Columbium and tantalum: World production of , | 
mineral concentrates by country’ oe 

. (Thousand pounds) | 

Country? 7 Gross weight? Columbium content* Tantalum content* 
un —_— > eo  kReO—OO—OO 

1974 1975 1976? 1974 1975 1976” 1974 1975 1976" 

Argentina: 
Columbite ________ T2. reg eg 5 ej ey e] e] e] 
Tantalite________~ 1 ° e1 (6) &(8) €(6) | 54 1 °] 

Australia: Columbite- a 
B tantalite eee eee eee *238 7291 ©280 40 29 ©70 F90 95, £90 

TraZli: : : 

Columbite-tantalite __ 203 220 276 47 42 62 15 65 81 
. Pyrochlore _ ~~ —_~ 39,414 21,466  °39,665 16,188 "8,703 °16,077 _- -- -- 

Canada: . 
Pyrochlore_____.-- *°8,500 ° °7,500 °7,500 52,959 52,560 52,560 —_ — -- 
Tantalite_..______ F €890 T C740 £770 32 €30 °31 5360 5325 ©3380 - 

Malaysia: Colombite- - . 
tantalite __.______- 7205 110 101 ™70 39 43 722 17 12 

Mozambique: . . 
Tantalite________~_ 101 101 “100 30 13 “13 728 45 “45 
Microlite ________~ 7137 97 “100 5 4 &4 75 53 “50 

Nigeria: _ 
Columbite _..____~_ 2,631 2,183 1,433 1,121 960 631 147 144 82 
Tantalite________~- 1 3 ©2 (°) 1 “1 (6) “1 *1 

Portugal: Tantalite ___ __ 20 24 ll 5 6 3 5 6 3 
Rhodesia: Columbite- 

tantalite®§ _________ - 90 90 90 17 10 10 27 25 25 
Rwanda: Columbite- ; . 
_tantalite _..._____- 165 103 100 50 29 29 Fal — 23 24 

South Africa, 
Republic of: Tantalite _ _ 1 -- we (8) _- _- (8) ee ee 

. Thailand: 
Columbite _______- *22 15 “15 ™6 4 “4 4 3 °3 
Tantalite_________ 181 227 220 734 54 “60 49 54 “60 

Uganda: Columbite- 
tantalite® _._-__§____ 8 5 5 2 1 1 v2 7d 1 ° 

Zaire: Columbite- 
tantalite__________ 140 176 174 40 47 48 35 48 46 

Total____.____ 752,880 38,354 50,845 *20,597 12,533 19,648 962 907 855 

€Estimate. Preliminary. ‘Revised. 
1Excludes columbium and tantalum-bearing tin concentrates and slag. 
2In addition to the countries listed, Burundi, Spain, the Territory of South-West Africa, the U.S.S.R. and Zambia also 

produced or are believed to produce columbium and tantalum mineral concentrates, but information is unavailable to 
make adequate estimates of output levels. 

3Data on gross weight generally has been presented as reported in sources, divided into concentrates of columbite, 
tantalite, pyrochlore, and microlite where information is available to do so, and reported in groups such as columbite- 
tantalite where it is not. 

*Unless otherwise specified, content is estimated on the basis of the content reported for United States imports from 
the country in question. Estimates specifically marked as estimates are based on an estimated gross weight. 

{Content calculated in terms of metal from data reported in source publication in terms of contained pentoxide. 
Less than 1/2 unit.
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| _. By Harold J. Schroeder ' and-George J. Coakley’ = — - 

‘In 1976 world mine production of copper and. Improvement in demand during the 
recovered from the decline of 1975 with a first half of the year, ‘concern over disrup- - 
7% increase to a record high output of 8.2 tion of transport systems used by central 
million tons. The United States continued African producers, and speculative buying | 

to. lead the world in mine production with of copper contributed to an advance in the oe | 
20% of the. total, followed. by Chile, the ——————> ———ess—tsSCiCat | | 
U.S.S.R., Canada, Zambia, Zaire, and Po- —_*Physical scientist, Division of Nonférrous Metals. © 

oe oo. a. > Pable.1.—Salient copper statistics. . | ee ee . 

. kk gt OTB 19TH 1975 976 

Ore produced__._... thousand short tons__ =. 266,831' ~=——=_—- 289,998 293,443 «263,003. ~*~ —« 283,736 

Average yield of‘copper _..___—-percent-_ = 055° -°. O53. . 049° © 0.47- _ 0.51 . 

Primary (new) copper produced—. > ae eg ey _ ooo 

reported by— ne et Sty ot : . ee . a - a oo oy " 

_ Mines______.__-_--short.tons_. 1,664,840 1,717,940 1,597,002, 1,418,366 ._ 1,605,586 
Value_______-.—-~_ thousands. $1,704,796 $2,044,349 $2,468,964 $1,814,763 ~ $2,234,975 

Smelters ______.____-— short tons-- ‘11,649,130 = 1,705,065: 1,532,066..: «-1,874,324' - , 1,461,256 

= Percent of world total------------_-. 22 | 

Refineries. 2. = short tons:_-- 1,680,412 1,698,387." 1,420,905. 7 1,286,189" 1,422,728 | 
- From foreign ores, matte, .. Ta a 

ete, asreportedby = ae eet : 
refineries 7 2 221 __do____- "192,821 -V70;151. —-7-288,758- - 157,189 116,585 

‘Total new refined, | _ : | i - en are ee . 
- domestic and foreign _*______do’s__ ~~ 1,878,238:.. 1,868,488 . © 1,654,658 . » 1,443,378 —-1,539,308 - 
Secondary copperrecovered a Co Lie So 

“from old scraponly.2_------do____ 458,194 486,214 © 488,432, 869,178 419,126 

Metallic copper _____=-.----~-doi---: , 241,600 . 292,504 . 246,205 | 304,712 .. 218,260 

Refined_____.-_-____-~_----do___~- 182,743 “189,396  - 126,526 © 172,426 ~ 111,887 | | 
Imports, general: 
Unmanufactured____________-do____ 415,611 420,513 608,602 324,126 534,713 
Refined_________-__-____--doi--°' 192,879 202,955 —_ 313,569 146,805 381,524 | 

Stocks Dec. 31: Producers: 
Refined______...--_--------do___- 57,000 87,000 101,000... 207,000 190,000 a 
Blister and materiais in oe oo J ct BE 

- golution. ere ee dole. 281,000 265,000 324,000 312,000 321,000 

Total... 2 LL ---do__.- 338,000 '302,000° °° 425,000 =: 519,006 ~~ :§11,000 : 
Consumption: ° — . . 

. Refined copper ______--------do__-~- 2,238,867 2,487,048 2,194,168 = 1,534,508. 1,991,885 

Apparent consumption, a | 

primary copper_______.---~-do___- 1,901,000 ~— 1,902,000 .:: 1,778,000 . ~ 1,312,000 ..1,826,000 

Apparent consumption, . . 

- primary and old copper a et 7 Lo ET 
(old scrap only)____..__.-----do_.___ 2,359,000 2,388,000 2,261,000 1,681,000 2,242,000 

Price: Weighted average, cents per. : a tg ae NT 

pound. ___-.__-__----_-_------- 51.2 59.5 17.3 64.2 69.6 
World: be, re pO OR pr ta 
Production: _ . 

Mine ____________~-—~-~-short tons__ - 7,321,950 7,844,901 78,047,959 .- °7,671;661 , . 8,212,779. 

Smelter___________-__-_------do__-~~- 7,404,601 7,878,480 8,067,651 —° 7,792,556 8,163,968 

Price: London, average cents per Ss - Meigs hs . 

pound_________-_-------------- 48.53 80.86 93.13 56.08 ~' 63.92 

| | er es oe ATB
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_ price of copper on the London Metal Ex- stockpile. © | | oe 
| change (LME) from 54 cents per pound for The U.S. Department of Commerce a- _ 

January to 75 cents for July. Aslowdown in mended Schedule A of Defense Materials 
demand and a buildup in world refined System Order 4, effective November 1, to : 

: copper stocks to record high levels during revise the base period and the set-aside 
the second half of the year resulted in a percentages for copper-controlled materials. 

7 _ downtrend in prices to an average 58 cents The amendment changes the base period 
| for December. re from calendar year 1971 to calendar year 

_ In the United States, mine, smelter, and 1975 and the set-aside percentages from 9% 
oe refinery outputs of copper, consumption of t9 7% on unalloyed rod, bar, shapes, and 

a aubetas cally lnvper when oO Ee red with - wire; from 4% to 2% on alloyed plate, sheet, 

: 1975, but, except for mine production, were vod ben thdpis cnt whem on allened . 
oo coppee fom dtmeettie ete rae tube for which no reserve space was pre- 

__.. imports exceeded consumption and resulted Fee retained, a 10% set-aside was estab- 

oe ducer, consumer, and exchange warehouse trates, blister, and refined copper remained stocks. Producer prices in the United States —.”- ne mm ana . : TP RETA ake «4, :. at 0.8 cent per pound. The duty remained a approximated the LME pattern with in- ded on copper and copper-b | 
| creases in March, April, and July totaling © throuch 7 on ie and copper-base scrap 

| : 11 cents, followed by cuts of 4 cents in "The Generalized S tem of Tariff Pref 
October and 5 cents in December to a tne Meneralized system of tari rreter- 
quotation of 65 cents per pound for refined ©nces (GSP) was implemented January 1, 
cathode copper. te - . 1976, in accordance with Title V of the 

| Legislation and Government Pro- rade Act of 1974. The system consists of 
oe grams.—The Federal Preparedness Agency ‘uty-free treatment for a period up to 10 

| (FPA) completed an interagency study of Years, on a wide range of designated articles 
| stockpile policy and procedures during 1976 imported directly from any developing 

_.. and on October 1 announced new stockpile country designated as a beneficiary devel- 
goals, including ‘a goal of 1,299,000 tons for: Oping country (BDC). All copper items im- 

+ refined copper. Disposal of nearly 252,000 ported from BDC’s have been granted GSP_ 
tons of copper from the stockpile in 1974 status. There are a number of limitations to 

_ had reduced the inventory to only 489 tons the program such as the provision that a 
which was disposed of by August 1976. country does not receive GSP coverage if 

. Initial purchases against the new goal have _ the imports of a particular article from that 
not been scheduled. However, 20,261 tons country exceed 50% by value or more than 
from the previous stockpile that remained $25 million of the particular item during 
unused from transfers to other Government the previous calendar year. This provision 
agencies was transferred back into the new _is reviewed every year for possible changes. 

: | DOMESTIC PRODUCTION 

PRIMARY COPPER balance of new supplies to demand. 
| | oo Open pit mines accounted for 84% of 

: Mine Production.—Domestic mine pro- mine te and mre rerun, mines ac- 
. . coun or 16%. The production of cop- duction of recoverable copper was 1.61 mil- per from dump and in-place leaching, main- 

lion tons, a 14% increase from 1975. Princi- ly recovered by precipitation with iron, was 
. : 126,144 tons or 8% of mine output. Total 

pal OPPET producing States were Arizona, mine production of copper recovered by 
with 63.8% of the total, Utah (11.6%), New jeaching methods was 282,501 tons, of which 
Mexico (10.7%), Montana (5.7%), Nevada 207,309 tons was precipitated with iron and 

| tae 75,192 tons was electrowon. 
(3.6%), and Michigan (2.7%). These States Duval Corp., a subsidiary of Pennzoil Co., 
accounted for 98.1% of total production. In operated the Sierrita, the Esperanza, and 

the latter part of the year, output was the Mineral Park copper-molybdenum open 
. pit mines in Arizona and the Copper Can- 

curtailed at a number of operating proper- yon open pit copper mine in Nevada. Sales 

ties as an adjustment to a growing im- of copper in the form of concentrates and
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precipitates from these four operations to- Eisenhower Mining Co. to develop the Palo- 
- taled 100,680 tons compared with 156,608 © Verde copper deposit, which is 6 miles from | 

| tonsin1975. 00 _ the Twin Buttes operation and between two 7 

The Anaconda Company produced 91,259 ASARCO operations. Stripping of overbur- __ 
: tons of copper at the Berkeley pit at Butte, den from the deposit, which is estimated to | 

Mont., compared with the reduced output of contain 125 million tons of ore averaging 

7 5,030 tons in 197 5. Output of copper from 0.6% copper, began in the third quarter. | 

the Yerington mine at Weed Heights, Nev., _.. Kennecott Copper Corp. operated mines 

and the Victoria mine near Ely, Nev. total’ in Arizona, Nevada, New Mexico, and Utah; 
ed 38,000 tons compared wit jo tons!n these mines produced a combined total of 

| the we Fork p pject in ‘the. Bin sham, _ 846,427 tons of copper, a 20% increase from 
the Carr Fork project in the,.bingham the 1975 output. The Utah Copper Div. 
district of Utah, was under. development th letion scheduled for 1979. The accounted for 188,917 tons of the total 

: wi ti al vate of production was pl ed to be followed by Chino Mines Div. (New Mexico) 
mnitL Prov | was Plann with 57,202 tons, the Ray Mines Div. (Arizo- 
48,000 tons per year with an increase to ‘th 88.089 N . 
65,000 tons 3 years later | na) with 88,089 tons, and the Nevada Mines 

Anamax Mining Co., a joint venture of Div. with 12,219 tons. Mining and milling 

The Anaconda Company and AMAX Inc., acm were suspended early in he at 
| . Tw; toe Ari ;+ the Nevada operations because of high op- 

operated the Twin Buttes, Ariz., open pit ‘ c 
| ene and produced 247 895 tons of copper erating costs and closure of an associated 

mo 3 es e e 

| concentrates from processing sulfide ore smelter pending resolution | of disagr ee 

and 28,962 tons of electrowon refined copper ents on required pollution control facili- 
from processing oxide ores. The 40,000-ton- ties. Development work on a potential cop- 

per-day sulfide mill resumed operation in per deposit beneeth the berimoter of the 
January after a 10-month shutdown. The Utah Copper Div.’s Bingham Canyon open 
10,000-ton-per-day oxide ore _ leach-elec- pit mine continued during 1976. A contract 

trowinning plant had its first full year of was awarded for the erection of surface 

operation. ancillary facilities which will allow sinking 

Anamax and ASARCO Incorporated en- of a shaft during 1977. An environmental 

tered into a partnership known as the impact statement for development of a cop-
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per mine near Ladysmith, Wis. was found to planned for completion in 1978. A solvent 
‘be adequate and in compliance with State extraction-electrowinning plant replaced | 

oe requirements. Delays anticipated in obtain- the leach-precipitation plant at the Miami 

. ing permits and meeting. other obstacles mine in midyear. Startup of the under- 
: will probably defer the startup of the pro- ground Miami-East mine, originally sched- 

| ject until at least 1980. Plans call for an led for 1976, was postponed because of 

initial annual production of 11,000 tons of escalated: costs and adverse market condi- 
| copper in concentrates. Engineering plans _ ‘tions. : | 

| ___Progressed during 1976 in anticipation of — The White Pine, Mich., operations of | possible expansion of productive capacity at white Pine Copper Co., in résponse to 

Chino Mines Div. and Ray Mines Div: : continued depressed business conditions in 

| and Silver Bell units, in response to'a,.weak- — oneere case and redive cp tures, Cur. 
market situation, were operated ona re-. 13.9 % of d ae ring © riled Sel, active 
duced schedule from mid-1975 until August  2V°T98° *°:072 OF Cesign Capacity. welective 
1976, when they were restored to:normal "8 resulted.in an average 1.38% copper 

| production rates. Outputs at the two units ore gr ade compared with 1.01% in 1975, and 
7 were 35,200 tons and 22,300 tons of copper the mill achieved a recovery rate of 87.8% 

in concentrates and precipitates compared Cmpared with 85.6% in 1975. The smelter 
with 26,900 tons and 18,300 tons in 1975. ©Perated with only one of the two reverber- 

- The San Xavier mine and leach plant oper-_ tory furnaces and produced 45,912 tons of 
ated at normal levels throughout the year’ “refined copper. ° < ~ 
and produced 11,400 tons of copper in pre- © Magma Copper’Co. operated two under- 
cipitates. The Sacaton open pit mine and 8 ound. copper mines in Arizona with a 
mill near Casa Grande, Ariz. produced combined output of 145,000 tons of copper — 

| 22,000 tons of copper in concentrates. Devel. compared with 139,000 tons in 1975. The 
, opment work forthe mining of a deeper ore San Manuel mine was operated at a curtail- 

body by underground block-caving methods __ ed level during both 1975 and 1976. At the | 
was suspended in 1976:because of low cop-: smaller Superior. mine, production was 

: per prices and high capital costs, but the maintained at full capacity. 
project. was..scheduled: for reactivation in _ Inspiration Consolidated Copper Co..op- 
the first quarterof 1977. ==. |... erated the. Thornton, Live Oak, Red Hill, 

Mines of the Phelps Dodge Corp.:pro- and Joe Bush open pit copper mines in the | 
| duced a record high 331,000 tons of copper vicinity of. Inspiration,. Ariz; 8.8. million 

in 1976. Production at the Metcalf mine tons of waste and 4.6..million tons of ore 
near Morenci, Ariz., which began operation were mined for a combined 13.4 million tons 

| in 1975, produced 52,700 tons of copper in. - of material handled. Approximately 4.4 mil- 
concentrates. Output in concentrates at Mo- jion tons of the ore was treated in the 
renci, Ariz.; Ajo, Ariz.; and Tyrone, N. Mex., concentrator: with part of the concentrator 

tons, respectively. Leaching of waste'dumps ,ecover acid-soluble copper. The combined 
and tailings and other miscellaneous 1, 4uction from. in-plant processed ore in 
sources contributed 36,100 tons of copper. the form of. concentrates precipitates, and 

Underground development work continued  oiectrowon cathodes was 25,586 tons of cop- 
at Safford, Ariz., toward eventual mining of _ Waste dump leaching of mined mate 
a deep ore body containing an estimated 400 Per. Waste Gump teaching © for . ole 
million tons of ore with an average grade of rial, too low in copper content Or mp ant 

| in itional 10,339 tons 0.72% copper. However, no decision was treatment, yielded an additional 00d 
made on when to bring this property into or copper. At the orad for houp leachive 
roduction. — . “ 

. Cities Service Co. operated mines in Ari- dumps and 3,968 tons of copper was recov- 
zona and Tennessee that produced 86,600 ered in the form of precipitates. At the 
tons of copper compared with 46,900 tons in Christmas open pit mine, southeast of Mi- 
1975. The increased output reflected an ami, Ariz. output was 6,971 tons from 

achievement during the second full year of Processing 1.6 million tons of ore and re- 
operation of the Pinto Valley open pit mine moval of 4.8 million tons of waste. Total 
and mill facilities near Miami, Ariz., of an mine production from all operating mines 
operating rate 6% above the design capacity was 48,864 tons of copper compared with 
of 40,000 tons of ore per day. A program to 55,815 tons in 1975. 

| expand production to 50,000 tons per day is The Cyprus Pima Mining Co. operated
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the open pit Pima mine near Tucson, Ariz., cathode copper. The roasting operation will | 
milling 19.6 million tons of ore averaging produce 200 tons per day of sulfuric acid for a 
0.47% copper. Proven ore-reserve at year- useina 6,000-ton-per-day vat leaching plant | 
end was estimated to be sufficient to sustain to process oxide ore. The leach plant design 

_ the operation for about 8 years at the 1976 capacity was 35,000 tons of copper per year 
production rate:’Cyprus Bagdad Copper Co. in the form of precipitate copper. Mine 
at its Bagdad, Ariz., property ‘mined 2.0 output for 1976 was 8,215 tons as refined 
million tons of sulfide ore averaging 0.60% copper and 11,405 tons as copper in precipi- 
copper. In addition 7,600 tons of cathode tates. An additional 8,758 tons of refined 
copper produced by a leach-electrowinning copper’. was produced from processing | 
“process were sold. Progress continued ona purchased concéntrates. “= ~~) + : ~ 

_ major mine-mill expansion program design- = UV Industries, Inc., operated the Conti- 
ed to handle 40,000 tons of ore per day with nental mine near Bayard; N:Mex., mining 
initial production using the new facilities 668,485 tons of ore with an average copper 
scheduled for September 1977. Ore reserves assay of 1.66% from underground oper- | 
at yearend were nearly 300 million tons of ations and 1,650,352 tons of ore with an | 
proven ore averaging 0.49% copper. Explor- average copper assay of 0:83% from open pit | i 

- atory drilling during the year indicated the operations. Concentrates produced from - 
probability of additional reserves. The Cy- milling the ore totaled 88,862 tons with an 

_ prus Bruce Copper and:Zinc Co. operated its average copper content of 26%. Estimated 
underground copper-zinc mine near Bag- reserves at yearend: were 18.8 million tons 

| dad, Ariz., and mined 90,300 tons of ore averaging 0.88% copper suitable for open 
grading 3.5% copper and 13.0% zinc. Ore pit mining and 18.9 million tons averaging 
reserves at’ yearend were 127,600 minable 1.96% - copper suitable for underground | 

: tons, sufficient for only a little more than 1 mining.” = 8.33.9) : _ | 
year’s operation. The Cyprus Johnson Cop- © Smelter Production.—Output ‘of copper 
per Co. mined 1.3 million tons of oxide- at» primary smelters: inthe United States 
copper ore from a deposit near Johnson, was 1.59 million tons, a 6% increase from a 
Ariz., in the first full year of operation. The production of the preceding year. = : 

| ore contained 0.418% acid-soluble copper ~» ASARCO.completed’and ‘placed in oper- | 
7 and was treated by a leach-electrowinnning ation a riew baghouse to filter gases from 

process to produce refined copper cathodes. the metallic arsenic plant: at its Tacoma, 
Reserves of oxide-copper ore with 0.50% Wash., smelter. Major repairs and modifica- : 

| acid-soluble copper were estimated to be tions were made to the sulfuric acid plant 
sufficient for at least 8 years of operation at originally built in 1971 at the Hayden, Ariz., 
the-1976 rate of production. ae smelter. The acid plant, together with the 

Ranchers Exploration and Development air monitoring: system installed in 1975, 
Corp. produced in excess of 8,000 tons of enabled the plant to qualify for a condition- - 
copper cathodes-a record high-by a leaching- al operating permit from State authorities. 
solvent. extraction-electrowinning process At El Paso, Tex., work began on the first 
at its Bluebird mine near Miami, Ariz.The phase of a comprehensive modernization 

| in situ leaching operation at the Old Re- and quality control program designed to | 

liable deposit near San Manuel, bring both the copper and lead smelters into | 

Ariz., and the leaching operation at the Big compliance with governmental standards. . 

Mike mine near Winnemucca, Nev., were The initial work will improve fugitive emis- 
on standby throughout 1976, awaiting more sions at ground level by enclosing complete- 
favorable marketing conditions. ly and ventilating the building housing the 

Hecla Mining Co. in a joint venture with converterfurnaces. © = 
El Paso Natural Gas Co. campleted mine Kennecott closed its McGill, Nev., smelter 
development and plant construction at the on August 1 as a‘result of a rejection by the | 

Lakeshore copper mine south of Casa Environmental Protection Agency (EPA) of 

Grande, Ariz., and placed the project in the company’s plans for meeting emission 

operational status on April 1. The plant was standards. A court ruling late in the year 

designed to mill 11,000 tons per day of supported the company’s position and plans 

sulfide ore with the concentrate treated by were to reopen the smelter early in 1977. At 

roasting, leaching, and electrowinning to the Garfield, Utah, smelter, work was well | 

produce 30,000 tons per year of refined advanced on an extensive construction pro-
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7 ject for improved environmental controls.to | severity of such curtailments. a 
. be partly phased into operation in.1977. | Refined Production.—In 1976 production 

| Included in the project will be the replace- of refined copper from primary materials’ 
: ment of existing reverberatory furnaces and increased 7% to 1.54 million tons, a partial 

. converters -with a continuous smelting- recovery from the low output of 1975. Refin- | 
| converting unit and also construction of an ed copper produced from scrap was 375,150 — 

additional sulfuric:acid plant. | tons compared with 344,500 tons in 1975. 
..Phelps Dodge began operation of a new Total production of refined copper in the 

| copper smelter in Hidalgo County, N. Mex. United States was 1.91 million tons derived 
Cost of the smelter project, including a 80% from primary and. 20% from scrap 

| townsite and a 36-mile industrial railroad, sources. a L. 
. was placed at $268 million. It is the first | A new refinery of ASARCO at Amarillo, 

| smelter in the United States to utilize the Tex., rated at 420,000 tons of annual copper — 
a _. flash smelting process. Initially the facility capacity was operated for the first full year. | 

: has the capacity to treat about 1,400 tons of This refinery replaced the company’s Balti- 
- concentrates daily, equivalent to about more refinery, closed in 1975 and the Perth 

- | 100,000 tens of anode copper annually.-In Amboy, N.J., refinery closed in 1976. _ 
oe accord with an agreement to smelt concen- § Kennecott completed an expansion pro- — 

trates from the Bagdad, Ariz., operation of ject at the Ray Mines Div. (Arizona). to 
a Cyprus Mines Corp., beginning in 1978, increase the silicate copper leaching - — 

| - additional construction to increase. the electrowinning plant by 40%. Overall per- 
| smelter capacity wasunderway. =. ~—_— formance of the new plant exceeded design 

| San Manual smelter operations of Mag- projections. _ . | oe hin: 
7 ma Copper Co. were adversely affected dur- | As described in detail under. mine pro- 

| _. ing the fourth quarter by an unusually high duction projects, associated copper electro- 
- number of intermittent. curtailments: re- winning units were placed in operation 

| quired for air ‘pollution control. during during the year by Hecla Mining Co. and 
oe atmospheric inversions. The .intermittent CitiesServiceCo.. | Se ue ee | 
a cooling and reheating.resulted in.deterior- | Copper Sulfate.—Copper sulfate was pro- : 

_ation in the physical condition of the fur- duced from electrolytic tankhouse solutions, 
naces and consequently lower efficiency and _ blister copper, and secondary metal by com- 
throughput. Operating practices‘were being panies with plants located as follows: . 

| developed to reduce the frequency and | : . a | 

Company | oo | __ Plant location — 

The Anaconda Company eee eee eee e---- +--+ --------L-----+ Great Falls, Mont. 
Chevron Chemical Co 2 2 2 se eee Richmond, Calif. 
Cities ServiceCo ~~. =_-.-.--.~-~--~-~--------------~----+---+--+--- Copperhill, Tenn. 
Phelps Dodge Refining Corp _____________________----.-----_-------. Laurel Hill, N.Y, 

oe ar El Paso, Tex. . 
Van Waters & RogersInc ____-------------------------------~----- . Wallace, Idaho. 

| Copper sulfate production decreased to Byproduct Sulfuric Acid.—Sulfuric acid 
$2,122 tons, and was the smallest quantity was produced at 14 copper smelters from _ 
since 1935. Production exceeded shipments _ the sulfur contained in offgases, and output 
plus consumption by producing companies increased for the ninth consecutive year 
by 1,691 tons and ending stocks of 8,557 tons from 1,784,700 tons to a record 2,281,600 
were the highest yearend levels since 1970. tons on a 100% acid basis. New sulfuric acid 
Of the total 30,431 tons shipped, producers plants were brought into production at the 
reports indicated that 13,479 tons was for Hidalgo County, N. Mex., smelter and the. 
agricultural uses, 16,710 tons was for in- new Casa Grande, Ariz., roasting-elec- 
dustrial uses, and 242 tons was for other trowinning plant. 
uses.
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_.. SECONDARY COPPER ANDBRASS _—s att: chemical plants, foundries, and manu- 
ee oS 4 facturers. = Oo 

. Domestic recovery of copper in all forms § Consumption of purchased copper-base 
from all classes of purchased scrap totaled scrap in 1976 was 1.51 million tons consist- 
1.15 million tons in 1976, an 18% increase ing of 62% new scrap and 38% old scrap. Of 

| from the 1975 total. Recovery from copper- the major categories of copper and copper- | 
| base scrap advanced from 0.95 million tons alloy products derived from scrap, the out- 

to 1.11 million tons. Brass mills accounted put of unalloyed copper, brass mill pro- 
: for 47% of the recovered copper, primary ducts, and brass and bronze ingots were | 

producers for 26%, and secondary smelters 390,700 tons, 649,700 tons, and 228,700 tons. 
. for 22%. The remaining 5% was reclaimed . CS on a . 

| | CONSUMPTION | | . 

Consumption of refined copper increased refined copper consumption, brass mills | 
substantially during the year from that of accounted for 29%, and all other categories 

_ 1975,.with peak consumption levels reached accounted for the remaining 38%. 
| during the second quarter of 1976. Total | Apparent withdrawals of primary refined _ 

consumption for the year was 2.0 million copper.on domestic account was 1.82 million 

tons, an increase of 30% from 1975 but 9% tons compared with 1.31 million tons in 
below 1974. Wire mills accounted for 68% of 1975. 2 2 

| a SOCKS | - re | 

| Stocks of refined copper at primary pro- ondary smelters yearend refined copper 

- ducers were 207,000 tons at the start of the stocks of 157,000 tons were slightly higher 

S year, increased to 216,500 tons by the end of than at the start of the year. Refined copper | 

- April, decreased to 164,200 tons by August, stocks reported by the New York Commod- | 

: then were built up to 190,000 tons by ity Exchange (COMEX) rose from 100,000 to 

yearend. At wire rod mills, brass mills, 201,000tomns, = 
_ other refined copper consumers, and sece ee 7 

: ae oe PRICES Rs | 

-.. Priges on the LME increased from a and 4 cents in July, followed by cuts of 4 : 

| monthly average of 54.1 cents per pound for cents in October and 5 cents in December to 

_ January ‘to 74.7 cents in July, and then a quotation of 65 cents per pound for refined 

declined to 58.4 cents in December. The cathode-copper. Electrolytic wirebar quot- 

: average LME price for 1976 was 63.9.cents ations were 0.625 cent above the quotations 

compared with 56.1 centsin 1975. | for cathode copper. Average quoted prices 

: Producer prices in the United States for electrolytic wirebar copper was 69.6 

approximated the LME pattern with in- cents compared with 64.2 cents for 1975. 

creases of 3 cents in March, 4 cents in April, a a 

| FOREIGN TRADE ‘ 

| Net imports of copper were a relatively ed copper scrap, were 534,700 tons compar- 

large supply component in 1976 as imports ed with 324,100 tons in 1975, while exports 

of unmanufactured copper, excluding alloy- decreased trom 233,900 to 172,000 tons. The
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largest trade category, refined copper, in- 108,700 tons'and the other export categories 
creased from 146,800 tons to 381,500 tons for of ore, concentrates, matte, blister, unalloy- 
imports, while exports declined from ‘ed scrap, and ash and residues totaled . 

172,400 tons to 111,900 tons. Canada sup- 60,200tons. = | 
, plied 29% of the total imports, followed by | Exports of alloyed copper scrap, in gross 

Zambia with 24% and Chile with 19%. weight, were 76,700 tons compared with 
Imports of blister copper were 44,500 tons 99,200 tons in 1975. Imports of alloyed 
compared with 89,000 tons in 1975. The copper scrap were 14,600 tons, gross weight, 

| other import categories of ore, concentrates, or 9,600 tons copper content. | 
Co matte, and-unalloyed copper scrap totaled oo a | Ca 

WORLD REVIEW | 

World mine production of copper increas- Commodities, issued at the UNCTAD IV 
ed 7% to 8.21 million tons in 1976. The meeting between the developed and devel- 

: United States continued to lead the world in oping countries at Nairobi, Kenya, in May 
mine production with 20% of ‘the total, 1976. Resolution 93 IV called for a cycle of 
followed by Chile 13%, the U.S.S.R. 11%, preparatory meetings on 18 commodities, 
Canada 10%, Zambia 10%,Zaire 6%, Po- including copper, designed to explore possi-. 

| land 4%, ‘Philippines 3%, Australia 3%, ble solutions to the problems of their mar- 
Peru 3%, the Republic of South Africa 3%, kets. Among items to be considered were 

7 and Papua New Guinea 2%: ; the possible formation of commodity agree- 
} refined copper, aS re- ments involving the use of buffer stocks and 

ported by the World Bureau of Metal Sta- the formation of an international Common 

en Sminue ore eo Find fo Beene crmmediyegroment op CODE. ES 1,040, ns DY erations. — a ee | | 
yearend, representing an increase of 9% = The Se 976 meeting in Ger over 1975, The reporied stocks included then became the first UNCTAD prepara 
producer, consumer, and merchant inven- 1eeting on copper. It was decided to s | 
tories of 623,000 tons (including 201,000 tons fr meeting on copper. Tt was decided to set u p an Intergovernmental Expert Group on 

| in COMEX warehouses) of refined copper in ee oe eam tags 
the United States, 289,000 tons in Japan, COPPer TEGC) composed of representatives | 199.000 tons co mbined between France. from countries with a significant interest 

. nA, a . . > j oduction, consumption, or trade in 
West Germany, and the United Kingdom, m PF Th Pieper . 

| plus 665,000 tons held in LME warehouses. Copper. The (BGG mandate called for the 
| The total reported world stock level, valued ©? “¢cH0R and examination ofbasicdataon 

at $2.4 billion, represented the equivalent of the industry and for consideration of possi- 
a 3.1-month demand based on the average ble solutions to problems of the industry, 

monthly world market economy consump- including, among others, interim base-price 
tion of refined copper of 590,000 tons in Contract measures and buffer stock agree 
1976. | ments. The first formal meeting of the 

The major copper producing and con- TEGC, held in Geneva in November, was 

suming countries held three meetings in ™ainly organizational with final agreement 
1976 under the auspices of the United made on a list of studies to be carried out by 
Nations Conference on Trade and Develop- individual members prior to a 2-week work- 
ment (UNCTAD) to examine the causes of ng meeting in February 1977. 
market instability and to consider possible In general, the three 1976 meetings delin- 
ways to correct the problem. At the initial eated the complexities of the world copper 
meeting in March, set up on an ad hoc basis Market and highlighted the difficulties 
at the request of the Conseil Intergouverne- involved in reaching a workable solution to 
mental des: Pays Exportateurs de Cuivre its problems. a 
(CIPEC), general support was given toward At the ninth annual Ministerial Confer- 
establishment of a permanent consultative ence of CIPEC held at Santiago, Chile, in 
body for copper to provide the means for December 1976, continued concern was ex- 

further work on the problem. pressed about the gravity of the world 
The direction of the subsequent copper economic and monetary climate as it af- 

meetings was strongly affected by Resolu- fected current world copper market prices 
tion 93 IV, An Integrated Program for and the future of new copper developments.
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The Ministers voted to continue support of Fields Ltd., for the year ended June 30, 
the UNCTAD producer-consumer dialogue 1976, decreased production 18% to 22,560 | 
seeking a solution to these problems. An tons of copper in concentrate from 2.44 
extraordinary session was to be called in million tons of ore grading 1.09% copper 
early 1977 to discuss possible interim meas- _ mined and milled at its Queenstown, Tas- 
ures for stabilizing copper prices while mania, operation. In December, in response 
awaiting agreement on other long term to depressed copper prices, Mount Lyell : 

_ golutions. In other policy action, CIPEC announced plans to reduce production from 
announced that it would increase support to 24,250 tons per year to 16,500 tons. Reserves 

| existing national copper development cen- in all ore zones were estimated at 30 million : 
ters. Support would include granting of tons of proven ore grading 1.46% copper — 

: interim financial assistance to help the and 11.1 million tons of probable ore grad- 
centers defend markets‘and develop new ing 1.41% copper. cs . 
copper uses, — | -* Gunpowder Copper Ltd., owned 48% by 7 
-Australia.—Mine production decreased Consolidated Gold Fields and located 80 

1% to 239,680 tons, smelter production miles north of Mt. Isa, operated at a loss for . 
dropped 6% to 186,840 tons, and refinery the year ending June 30, 1976, while in- 
eutput decreased 3% to 177,190 tons from creasing production 14% to 9,150 tons of _ 
1975. Mine and smelter production was contained copper. A development program 
down over 13% each from peak output will double capacity to 600,000 tons of ore 
levels of 1974. In response to requestsfrom annually by late 1978. Reserves at Gunpow- 

: the depressed domestic copper industry, the der’s Mammoth mine stand at 8.8 million 
Australian Government approved'two ma- tons grading 3% copper. : 
jor actions in 1976. The Industries Assist- Cobar Mines Pty., Ltd., fully owned by 

| ance Commission recommendation on as- BH South Ltd., in the year ending June 30, 
sistance to the copper ore and concentrate 1976, treated 655,240 tons of ore averaging 
industry was accepted, whereby, the Gov- 1.9% copper producing 9,420 tons of copper 
ernment will guarantee repayment of prin- contained in 36,930 tons of concentrates. | 

cipal and interest on commercial loans Byproduct zinc and lead were also recover- 
made by qualifying copper companies. ed. Production for the foreseeable future 

These guarantees will apply to loans of will be concentrated in more highly pro- 
: companies which are judged viable under ductive open stopes at a rate of 660,000 tons 

| normal conditions but are taking a cash loss per year. Advance underground develop- 

on current production. The size of the loan ment-work was suspended. ne 

is designed to bring the companies to a cash Kanmantoo Mines Ltd., in Kanmantoo, ~ | 

break-even position from January 1, 1976, South Australia, also held by BH South 
until June 30,1977. In August 1976, under Litd., decreased production for: the fiscal 
other governmental action, the Price Justi- year ending June 30, 1976, 5% to 7,098 tons 

| fication Tribunal announced it will not of copper contained in 30,180 tons of concen- 
impose an artificial ceiling price on copper trates recovered from 916,700 tons of copper 

sold in Australia by the market leader, ore milled. An additional 800 tons of copper 

Mount Isa Mines Ltd. (MIM). — contained in concentrates was obtained 
- MIM Holdings Ltd., operated its copper- from treatment of stockpiled oxide ore. 

lead-zinc-silver mine and copper smelter at Development work on an adjacent under- 
Mount Isa and a copper refinery at Towns- ground ore’ body was almost completed 
ville, Queensland. For the fiscal year ending when .-the entire operation was placed on a 

June 30, 1976, MIM treated 4.77 million care and maintenance basis on June 30, 

tons of copper ore grading 3.4% copper 1976. Remaining reserves have been esti- 
compared with 5.46 million tons grading mated at 8.million to 13 million tons of 1% 
3.2% copper in 1975. Blister copper output copper. : - | 

decreased 7% to 164,926 tons while pro- Peko-Wallsend Ltd., operated the copper- 
duction of refined copper dropped 9% to gold mine at Mount. Morgan, Queensland, 
160,700 tons. Remaining copper ore reserves and the Tennant Creek copper-gold-bismuth 
were estimated at 150 million tons of 3.21% mines in the Northern Territory. At the 

copper. | Tennant Creek operations, the suspension 
Mount Lyell Mining & Railway Co., Ltd., of all copper mining and smelting activities 

a subsidiary of Consolidated Gold continued throughout the year. During
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1975-76 fiscal year, Mount Morgan produc- ley, and produced a 36.74% concentrate 
ed 9,100 tons of contained copper in 1 containing 27,560 tons of copper compared 
million tons of ore treated. Remaining re- with 27,300 tons of copper in 1975. Reserves 
serves were estimated at 330,000 tons grad- at the operating Iona and Jersey mines 
ing 0.90% copper. The smelter produced total 44.9 million tons of 0.46% copper. 
10,960 tons of blister copper, up 15% over Reserves at the Huestis mine were exhaust- 

7 1975. re ed by yearend. A stripping program to 
Botswana.—Bamangwato Concessions, remove 25 million tons of overburden to 

| Ltd. (BCL), operated the Pikwe open pit and prepare the Jersey extension reserves for 
underground nickel-copper mine and flash mining is scheduled for completion in 1977. _ 
smelter. Development work on the Selebi At 1976 production rates, reserves were 
underground ore body continued with start- sufficient to provide mill feed through 1982. 

| up planned for January 1980. Production at Bethlehem is currently investigating the 
a Selebi must be phased in to offset the feasibility of developing 130 million tons 

depletion of the open pit by July 1980. BCL grading 0.51% copper and 0.027% molybde- 
overcame its prolonged startup problems num of the 286-million-ton J-A ore body by 
and by yearend was operating at a near underground block-caving methods. Ore 
capacity rate of 1.3 million tons of ore and would be transported by an 8,000-foot-long 

7 | 46,000 tons of matte annually. Proven and conveyor belt from the mine to the existing 
probable ore reserves as of December 31, 21,000-ton-per-day capacity Bethlehem mill 
1976, were estimated at 48.3 million tons for beneficiation. ee 
grading 1.10% nickel and 1.20% copper. _ . The Granduc Operating division of . 

- -During the year, ore milled increased Newmont Mines Ltd. located north of Ste- 
, 81% to 2,292,600 tons grading 1.07% nickel wart, British Columbia, operating at 60% of 

| and 0.86% copper compared with 1,267,500 capacity, produced 17,300 tons of copper in 
tons grading 1.15% nickel and 0.94% copper concentrate from 1.45 million tons of ore — 

7 in 1975. Production of a. 75% to 80% copper- grading 1.26% copper. While producing at 
7 nickel matte nearly doubled from 18,200 to about a break-even cash level, Granduc 

| . 35,830 tons during the year. Matte pro- resumed underground development work, 
duction is shipped to AMAX’s Port Nickel, which will be needed to make more ore _ 
La., plant for refining. Port Nickel received available for.mining in 1978. Reserves at. 
14,224 tons of imported matte from Bots- yearend were 18 million tons of 1.68% | 
wana in 1976. copper . | | 

Canada.—Mine production increased 2% Lornex Mining Corp. Ltd., controlled by 
in 1976 to 823,570 tons of recoverable cop- the Rio Tinto-Zinc Corp., Ltd., operated an 

| 7 per. Smelter output decreased 2% to open pit copper-molybdenum mine in the 
538,580 tons, and refinery production Highland Valley and produced 72,857 tons 
decreased 4% to 562,750 tons of copper. of copper up 36% from 1975 and 1,885 tons 
Mine production increased in nearly all of molybdenum in concentrate from 17 mil- 
Provinces in 1976 except for Manitoba, New _ lion tons of ore milled. 
Brunswick, and Newfoundland. British Co- The Bell Copper Div. of Noranda Mines 
lumbia was the leading copper-producing L1td., in Granisle, British Columbia, affected 
Province with 36% of the total, followed by by a 29-week-long strike, mined only 2.1 
Ontario 35%, Quebec 16%, Manitoba 8%, million tons of ore grading 0.49% copper in 
and the remaining Provinces 5%. 1976. Concentrate output of 28,310 tons 

Reviewing the activities of the Canadian contained 7,300 tons of copper, down 60% 
copper industry for the year by Province, in from 1975. 
British Columbia, Afton Mines Ltd., con- Brenda Mines Ltd. (50.9% Noranda), lo- 
trolled 54% by Teck Corp. Ltd., began cated in Peachland, British Columbia, op- 

construction in May 1976 on a new $80 erating one of the lowest grade porphyry _ 

million mine, mill, and smelter complex. copper-molybdenum mines in the world, 
With a capacity of 30,000 tons per year of produced a record 11.2 million tons of ore 

_ blister copper, construction is scheduled for averaging 0.167% copper and 0.045% mo- 

completion in late 1977. lybdenum yielding 16,100 tons of copper in 

Bethlehem Copper Corp. Ltd. milled 7.5 concentrates. The record production was 

million tons of ore grading 0.44% copper attributed to the successful use of computer- 

from open pit mines in the Highland Val- controlled grinding circuits. During the
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| year, new contracts with Japanese and_ in the Flin Flon-Snow Lake area. Approx- 
Korean smelters were negotiated. Yearend imately 1.56 million tons of ore with an | 
reserves were 118 million tons of 0.171% average grade of 2.3% copper and 2.75% 

| copper and 0.043% molybdenum. zinc were mined and milled to produce | 
* Placer Development Ltd. (883% Noranda) 192,541 tons of a 17.02% concentrate con- | | 

operated the Craigmont mine in Merritt, taining 32,770 tons of copper, equal to 1975 
| British Columbia, and the Gibralter mine in output. The copper smelter produced 62,050 

McLeese Lake, British Columbia, during tons of anode copper from feed supplied | 
the year. The Gibralter mine, closed by a 49% from Hudson Bay mines, and 51% 
strike for 19 weeks, milled 8.5 million tons from purchased concentrates. The Flin Flon | 

i of ore grading 0.45% copper. Production of production, representing 48% of total mine os 
| copper in concentrates from the Granite production, was chiefly from pillars and— 

: Lake pit was reduced 24% to 31,852 tons. remnants. The Dickstone mine remained 

| Production from the Pollyanna pit was closed, Schist Lake was depleted in March, 
scheduled to begin in late 1977. Reserves and White Lake ceased production in 
decreased to 300 million tons, with an aver- August to allow for further development 

: age grade of 0.836% copper. At Craigmont work. Construction and development work 
- 1.95 million tons of ore grading 135% at the new Centennial and Westarm mines 

copper was milled. The 88,200 tons of con- was nearly complete, with production start- 
| centrates produced contained 25,283 tons of up scheduled for mid-to-late 1977. Total ore 

oo copper, a decrease of 6% from 1975. Ore reserves at yearend were about 17.5 million 
: reserves of 5.7 million tons of 1.85% copper tons grading 2.66% copper, 2.9% zinc, 0.035 

are sufficient to maintain operations at the ounce of gold per ton and 0.55 ounce of 
: 1976 level for 2 to 3 years. | . - gilver per ton. Reserves are based on 17% | 
sO Similkameen Mining Co. Ltd., a subsid- mine dilution and 91% recovery. — 7 | 
Do iary of Newmont Mining Corp., operated its | Sheritt Gordon Mines Ltd. operated the | 

2 open pit mine near Princeton, British Co- _ Fox, Lynn Lake, and Ruttan Lake mines in 

ee lumbia, at an expanded concentrator ca- Manitoba with a combined output of 37,920 

ae pacity of 22,000 tons of ore per day. Output tons of copper in concentrates compared 
oe for the year increased 56% to 25,500 tons of with 44,350 tons in 1975. Copper production 

copper in concentrate from milling 7 mil- was down 9% to 25,030 tons at the Ruttan 

mo lion tons of 0.42% copper ore. Ore reserves open pit-mine, with 2.66 million tons of ore 

at yearend were estimated at 54 million averaging 1.08% copper and 2.14% zinc 

tons averaging 0.53% copper. 7 milled. At Ruttan preparations were being 

: | Utah International Inc., shipped concen- made to move to an underground mining 

a trates containing 50,000 tons of copper, operation by 1979. At the Fox underground 

: down 14% from 1975, and 43,000 ounces of mine, 832,000 tons of ore averaging 1.56% 
gold, down 31%, from its Island Copper copper and 1.68% zinc were milled with © 

: mine on the northern end of Vancouver production of copper in_ concentrates 

Island in British Columbia. Decreases were decreasing 23% to 12,116 tons. The Lynn 

attributed to lower mine ore grades and Lake nickel-copper mine was closed in June , 

‘ mill recovery rates. | _ 1976 for economic reasons. Remaining ore | 

: Granby Mining Corp. operated the Gran- reserves at the Ruttan and Fox mines con- | 

: isle open pit mine near Babine Lake. Gran- _ sisted of 39.9 million undiluted tons grading 

" isle treated 4.3 million tons of 0.42% copper 1.77% copper and 1.41% zinc. Open pit ore 

ore compared with 4.9 million tons of 0.46% comprised 20% of the total reserves. | 

ore the previous year. Production of recov- The Ontario-based Falconbridge Nickel | 

erable copper in concentrates decreased Mines Ltd. delivered 62,550 tons of copper 

20% to 15,336 tons from 1975. The decrease from five nickel-copper mines in Sudbury, 

| was attributed to a 24-day-vacation shut- Ontario, and Manibridge, Manitoba, and 
down and to the harder, lower grade ore from seven copper-zinc, copper, and iron- 

treated. copper mines in Lake Dufault and Opemis- 

In Manitoba, the newly formed Canadian ka, Quebec, Sturgeon Lake, Ontario, and 

Metals Div. of Hudson Bay Mining & Smelt- Tasu Harbor, British Columbia. Concen- 

ing Co. Ltd. operated six of nine copper and trates from the nickel-copper operations 

zinc mines full time and one copper smelter were processed at the company smelter in
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over 15,000 tons. Reserves remaining in the ounces of gold, and 22.3 million troy ounces 

Chibougamau area mines totaled 10 million of silver during its lifetime. The Horne 

tons grading 1.66% copper and 0.043 ounce Div.’s New Insco mine with reserves of 

of gold per ton. 811,000 tons of 2.8% copper, 0.02 troy ounce 

The Lake Dufault Div. of Falconbridge per ton of gold, and 1 troy ounce per ton of 
Copper Ltd., in 1976, produced 14,777 tonsof silver was developed for production during 

| copper in concentrate, up 18% over thatof theyear. — . oo , 

1975. Underground development and ex- | Gaspé Copper Mines Ltd. (Noranda) mill- 

ploration work on the Corbet mine conti- ed 1.57 million tons of 1.20% copper ore 

- nued during the year. Reserves at yearend from the Needle Mountain mine and 10.7 

: - were 1,41 million tons:of ore grading 3.75% million tons of 0.43% copper ore from Cop- —_ 

copper and 4.80% zinc. The Opemiska Div. per Mountain mine yielding approximately 

milled 1 million tons of 2.1% copper in 1976 48,200 tons of copper contained in concen- — 

to. produce 20,025 tons of copper in concen- trates. Reserves at the two mines were 28 

trate. Remaining reserves for the Springer, million tons of 1.32% copper, of which 51% 

Perry, and Cooke mines consist. of 14.5. is in pillars, and 193 million tons of 0.38% 

million tons of 2.37% copper. Development sulfide copper plus 30 million tons of 0.44% 

of. the Cooke mine continued with pro- oxide copper. | BT 

duction startup scheduled for the third Mattagami Lake Mines Ltd. (48% Noran- 

/ quarter of 1977.. a a da) treated, at the Mattagami Lake mine, 

| Madeleine Mines, operated by McIntyre 1.23 million tons of ore averaging 7.3% zinc 

| Mines Ltd. near Ste. Anne des Monts, Que-. and 0.55% copper. Copper contained in — 

bec, :milled 814,000 tons of 1.07% copper. concentrates decreased 17% to 4,970 tons. 

_' yielding 8,147..tons. On October 28 the. ~ Remaining undiluted ore: reserves totaled 

7 company suspended operations and placed 9:6 million tons grading 7.1% zinc, 0.58% 

the mine on a care and maintenance basis. copper, 0.95 troy ounce of silver per ton, and 

-Noranda Mines Ltd. had:a full or partial. 0.015 troy ounce of gold per ton. © 

interest in the treatment of.44 million tons § In the Yukon Territory, Whitehorse Cop- 

of ore containing 183,100 tons of contained per Mines Ltd., owned in part by Hudson 

: copper from 16 copper and zinc-copper Bay and Anglo American Corp. of Canada 

mines in Quebec, British Columbia, Ontar- Ltd., mined and milled 800,836 tons of 

| io, and New Brunswick. The company’s two 1.51% cépper ore and produced 29,693 tons 

, copper smelters at Noranda, Quebec, and. of concentrate containing an estimated 

Gaspé Copper in Murdochville, Quebec, 10,690 tons of copper. Production increased 

treated 710,900 tons of concentrates from about 7% despite a 70-day strike during the 

- Noranda operations and 890,800 tons of. year. I | | - 

custom material from other Canadian cop- Chile.—In attaining it's highest mine pro- | 

per mines and. from overseas. The 1.6 mil- duction on record, Chile “increased pro- 

: lion tons of total material treated yielded duction 21% over. that of 1975 to 1,108,000 

302,600 tons of copper contained in anodes tons of copper. Production by Corporacion 

for a decrease of 1%: from 1975. The Noran- Nacional del- Cobre Chile (Codelco-Chile) 

| da smelter accounted for 76% and Gaspé from the large mines was as follows: Chu- 

| accounted for 24% of anode production. quicamata, 491,100 tons compared with 

Canadian Copper Refineries (CCR) in Mon- 335,800 tons in 1975; El Teniente, 288,500 

treal East, Quebec, operated by Noranda, tons compared with 257,900 tons; El Salva- 

was the world’s largest copper refinery with dor, 91,200 tons compared with 89,600 tons; 

| an annual capacity of 480,000.tons. In 1976, and Andina, 62,700 tons compared with 

refinery production decreased 2% to 387,000 68,800 tons. Mine production exceeded re- 

tons of copper. CCR processes the output of ported capacity at Chuquicamata and sug- 

the Noranda smelters, the Flin Flon smelt- gests that Codelco-Chile was mining a high- 

er of Hudson Bay Mining & Smelting Co. er grade of copper ore than average during 

Ltd., and from imported and some second- the year. The average grade of proven 

ary sources. After 50 years of operation, reserves at Chuquicamata is 1.38% copper. 

| Noranda’s Horne ore body in Noranda, In the medium and small mine pro 

| Quebec, was exhausted in mid-1976, having duction area, Mantos Blancos increased out- 

produced 59 million tons of ore containing put by 3% to 33,200 tons, Empresa Nacional 

1.3 million tons of copper, 10 million troy de Minera (ENAMI) decreased output 4% to
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81,900 tons, and Disputada raised pro- foreign investment climate, Chile withdrew 
duction 10% to 39,400 tons of copper. from the Andean Pact on October 30, 1976, 

Minera Sagasca, S.A., controlled 59% by and the obligations to the Pact’s Decision 
Continental Copper & Steel Industries, Inc., No. 24, restricting foreign investment, the 

| operated at 50% of capacity for the year and repatriation of capital, and import tariff 
oe produced 11,400 tons of cement copper. The _ levels within the region. On March 18, 1976, 

compar, demiia a #4 millon partial write the Faveign Lirastnent taint wae mod own of investment, continued a $3.6 mil- NO. | 
lion improvement project to increase recov- the commitment to complete investment in 
ery efficiencies and increase production to mining from 8 to 12 years, to limit tetal tax 

a 80% of capacity by mid-1977. aa load for income to 49.5%, and. to lighten | 
Production of blister copper at Chile’s six tariffs on imported machinery and equip- 

smelters increased 18% over 1975 to 943,900 ment. Also legal discrimination between 
, tons. Electrolytic and fire refined copper foreign and local companies would not be 

- output also increased 18% to 696,700 tons. allowed. | a ee 
In 1976, Chile increased exports by 39% to _‘Tran.—-Sar Cheshmeh Copper Mining Co., 
1,082,300 tons of copper contained in all 40 Iranian Government-owned company, 
classes valued at $1.23 billion. Under CoMtinued development of the'copper mine 
Decree Law No. 1350 effective April 1, 1976, 74 Hota lureical complex in southern - 

_ the five major copper. mining companies Iran. eiay S an on e0 D0n es the — 
were dissolved and a new State-owned en- CXPeCled cost of the 1 “on in ba. | terprise, Codelco-Chile, was created, T™inesmelter-refinery complex to $1.4 bil. } AL: . Pe lion with initial production scheduled for — Codelco-Chile will operate as a single com- : a gh ane ith fi tine divisions in Chu- - late 1977, and with the refinery due on- 
pany, with four opera mg aIVISIONS 1 31 Te stream by yearend 1978. Further develop- | 
quicamata, Salvador, Andina, and Hl -Te- ment drilling suggested that reported re- | 
niente. The Chuquicamata Div. encom- serves of 500 million tons of ore averaging 
passes both the Chuquicamata and Exotica 1130, copper and 0.08% molybdenum could _ 
mines. Codelco-Chile invested over $110 mil- | bemorethandoubled. | 
lion during the year to replace equipment -Japan.—Mine- production of copper 

and improve operating efficiency. Major decreased 4% from 1975 to 89,600 tons 
| | the Cheqaivemmata emetic ae ot contributing only 8% to the consumption of | 

me oe " refined copper. Reflecting a general pickup | , 
Pp acity of 4,000 tons of feed per day and the in the business activity in the Japanese 
installation of the new Sapos reservoir and economy, blister copper production increas- 
the Coya-to-Colon water supply system plus oq 5% to 946,700 tons and refined copper _ 

a new tailings pond at El Teniente. At El output increased 6% to 952,800 tons. These __ 
| to update nine onde rans ‘tem: comple smelter and refinery production rates 

u mine and mill systems ant represented approximately 70% of capacity. 
the harder, lower grade ore as mining Japan, the world’s third largest consumer 

| fee mo ue Geeper primary copper sul- of refined copper, following the United 
ide portion Of the ore body. a States and the U.S.S.R., consumed 1,157,700 . 
At El Salvador work has begun on the tons of copper, an increase of 27% from that 

modernization of all old production facili- of 1975 and the highest consumption since 
ties from mine through refinery. Work was 4973. | 
to be completed between 1977 and 1981. At = With improved consumption and the eas- 
Andina, work continued on a eee AOD ing of the Japan Ministry of International 
increase mine and mill capacity , Trade and Industry (MITT) ban on exporting 
tons of ore per day and a new molybdenite copper in July, producers of 172,100 stocks 
recovery plant, capable of producing 2 tons were down 17% from 1975. Japanese mer- 
of molybdenite concentrate daily started up chants and consumers reduced stocks 9% to 
in Octdber 197 . A OT pnite leach plant 111,800 tons. Supported by Government 
was to be completed in oans of nearly illion repayable at an 

The Chilean Government continued to interest rate of 6.5% the nonprofit Metallic 
delay consummation of several new foreign Mineral Stockpiling Association, founded 
investment contracts, under negotiation to by 25 refiners and manufacturers of elec- 
exploit the undeveloped Andacolla, El Abra, trical wire and copper mill products, 
Quebrada Blanca, and Los Pelambres cop-__ purchased 55,560 tons of copper. The stock- 
per deposits. In an effort to improve the pile purchases were made in four stages,
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- 14,380 tons each in August, September, and of copper per year by early 1978. A detailed 
| October, and 12,570 tons at the end of description of the project was presented in 

October. , the June 19, 1976, issue of Skillings Mining 

: Korea, Republic of.—In September the Review. Ore reserves were reported at 760 
Korean Government awarded a contract to million tons of 0.76% copper and 0.16% 
three European firms to build a $183 mil- molybdenum. | | 

| lion flash smelter, acid plant, and electroly- © Panama.—On February 25, ‘1976, the 

| tic copper refinery complex at Onsan. The Government of Panama and Texasgulf Inc. 
Onsan complex will have an initial capacity signed a joint venture agreement to develop : 

of 88,000 tons of copper per year and is the Cerro Colorado copper deposit. Under 
_ | scheduled to be completed by March 1979. _ the landmark agreement, which may serve | 
_.... Malaysia.—The Mamut Mines Develop- as a model for future contracts between 

| ment Co., under the management of Over- national governments and multinational : 
: seas Mineral Resources Development Sabah mining companies, Texasgulf will have a ! 

- Bhd.,.a consortium of seven Japanese firms, 90% equity in the Cerro Colorado Mining 
: in a joint venture with the Sabah Govern- Corp. and an option from Panama for the 

_ ment and other Malaysian interests, com- purchase of Texasgulf’s 20% equity after 20 | 
- pleted the first full year of production from years. Texasgulf will conduct and share in 

- the Mamut mine in Sabah. The 85,600 tons the cost ef a $50 million feasibility study 

. ofa 23.5% concentrate yielded 20,100 tons scheduled for completion by April 1978. In 

of contained copper at a rate equal to 67% addition, Texasgulf will receive manage- 
- of planned capacity. ss gnent fees for overseeing the design and ) 

"-__ Mexico.—Mexican copper production im- construction phase and during the first 15- : 
proved substantially in all areas during the COnS'TNC10N Oent ae ee of the. project 

year. Mine production increased 14% to Petinates call for an $800 million mine. 
os ee pons, and se ined copper ion ° , smelter-refinery complex with a capacity 
a 83130 tons. Pe oe between 150,000 and 170,000 tons of copper 

: Industrial Minera Mexico, S.A., in which annually tore in projuctien by bout ra 
ASARCO has a 34% interest, increased the ~Y YeOTene (Onan ee ne cmproved with 

-.. output of blister copper 15% to 40,200 tons. — ore des and tonnas shgntly wes of ¢ wit 

Expansion programs completed during the ane es es. f i pilton to eof 0. Pa oO copper. 

. year raised capacities by 85% at the San in dicati 8 Ol th, at hishe " Oe des 

‘ Martin copper-zinc mine and by 30% and °°) ions Were ee re he Se ode “ 
- 959% at the Charcas and Santa Barbara i the upper portion o! the ore Dody may . 

- Jead-zinc-copper mines. Exploration and add to the economic viability of the project | 

feasibility work continued on the large E] imitsearlyyears = | 
: Arco porphyry copper deposit near Guerre- Papua New Guinea.—Bougainville Cop- | 

L ro Negro in the Baja California peninsula per Pty., Ltd., controlled 53.6% by Conzinc | 

with reserves estimated at 770 million tons Riotinto of Australia Ltd. (CRA), 20% by | 

= of about 0.5% copper. Development plans the Papua New Guinea Government, and 

: called for the treatment of El Arco concen- 26.4% by the public, milled 34.4 million tons 

' trates at the proposed new La Caridad of a lower grade ore containing 0.64% 
é smelter— refinery complex at Empalme. copper and 0.025 troy ounce of gold per ton. 

- ‘Compafiia Minera de Cananea, S.A.,op- Copper production increased 2% with 
erated the Cananea mine and smelter to 658,000 tons of 29.58% copper concentrate 

: produce 53,800 tons of copper compared containing 193,800 tons of copper. Estimat- 
. with 44,100 tons in 1975. An expansion ed ore reserves in the Panguna ore body at 

a program designed to increase capacity from the end of 1976 were approximately 881 

; 44,000 to 77,000 tons of copper was expected million tons of ore averaging 0.45% copper 

. to be completed in early 1977. A further and 0.015 troy ounce of gold per ton. Differ- 

increase to 111,000 tons was under study. ences between the Central Government and 

po Mexicana de Cobre, S.A., 44% owned by Bougainville Island leaders were resolved 

| the Mexican Government, continued devel- with Bougainville renamed North Solomons 

opment of the $600 million La Caridad and having more autonomy over local mat- 

copper project in Sonora. The 79,000-ton- ters. Papua New Guinea, however, will 

: per-day open pit mine-mill operation was to retain control over import-export taxes, cor- 

be followed by a flash smelter and refinery porate taxes, and royalties on natural re- 

complex at the Port of Empalme near Guay- sources. 

mas with a planned capacity of 175,000 tons Exploration drilling of the OK Tedi de-
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_ posit in Western Papua New Guinea was Newmont Mining Corp. (10.25%), and | 
completed in 1976 with reserves identified Phelps Dodge Corp. (16%), SPCC (88.5%), in 
in four areas. The portion of the OK Tedi a joint venture with the Royal Dutch Shell- 

- deposit minable by open pit methods con- owned company. Billiton, B.V. (11.5%), 
tains 275 million tons grading 0.85% cop- started copper production at its new $726 
per, 0.012% molybdenum, and 0.019 troy million. Cuajone mine. late in the second. 

ounce of gold per ton plus.an additional 27.6 quarter. The mine. is: located 550 miles 
million tons averaging 0.084 troy ounce of southeast of Lima and over 11,000 feet high 
gold per ton. Outside the pit design limits in the Andes Mountains. The development 
there are 61 million tons of 0.57% copper period spanned 10 years including 6-1/2 — 
plus 29 million tons of underground re-. years of.construction and involved the re- 
serves grading 2.33% copper and 0.052 troy moval of 240 million tons of overburden, 
ounce of gold per ton. The. Mt. Fubilan construction of plant facilities, two new — 
Development Co., a consortium, was formed townsites, 130 miles of roads, 17 miles of 
to undertake a 31-month, $9 million feasi- railroad tunnels, a 35-mile water pipeline, 

: bility study of the OK Tedi deposit. Dampier and a seawater desalination plant at the Ilo 
Mining Co., a subsidiary of the Broken Hill complex. Ore reserves at yearend 1976 were. 
Proprietary Co. Ltd., was to manage and_ estimated at 470 million tons of .0.98% 
hold a. 37.5% interest in Fubilan. copper at a cutoff of 0.45%; 108 million tons 
Kupferexplorations Gesellschaft m.b.H., a of: low-grade sulfide reserves ranging from 

West German group comprised of Met- 0.20% to 0.45% copper, and nearly 14 mil- 
| allgeselischaft, Kabel, and Metallwerk, lion tons of oxide ore with an average grade 

| Gutehoffnungshute, and Siemens, and De- of 1.20% copper. . ss, —| ps 
gussa held 25% while Amoco Minerals Co., _— At full capacity of 180,000 tons.per year of 
a subsidiary of Standard Oil Co. of Indiana, copper contained in concentrates and oxide 
held the remainder. If OK Tedi is developed ore, Cuajone is exceeded in size by only a 
the Papua New Guinea Government would few copper mines in the world such as 
have. the right to acquire a 20% equity Bingham, Utah, Chuqiucamata, and El Te- | 
interest with Dampier and Amoco reverting niente in Chile and Bougainville in Papua 

to 30% each and Kupferexplorations to New Guinea. The mill was initially design- 
20%. . | . ‘ ed to handle 45,000 tons of ore daily and was. 

With respect to the Frieda River deposit, operating at about 90% of capacity by 
having known reserves of 400 million tons yearend. In 1976, the mill produced 117,400 
of 0.47% copper, MIM signed a joint pro- tons of concentrates grading 41.65% copper 
specting venture with the Metal Mining from 3.86 million tons of 1.61% ore treated.. 
Agency of Japan and a consortium of five Of the additional 7 million tons of oxide ore | 
private Japanese copper smelters. The ven- mined 2.6 million tons of 2.3% ore was 
ture calls for a 5-year exploration and _ stockpiled, 4.4 million tons of 1% ore was 

feasibility study over the Frieda River area. sent to leach dumps and 33,000 tons of 4% 
Peru.—Aided by an improved labor sit- copper was used as a smelter flux. Concen- 

uation and the opening of a major new open _ trates are moved by rail through 17 miles of 
| pit mine, Peruvian copper mine and smelter tunnel through the mountains to the Toque- 

production increased 12% and 18% to pala mine and then for 117 miles down to 
221,830 and 204,530 tons. Refinery pro- the coastal smelter at Ilo. In conjunction 
duction, with the help of the first full year with the Cuajone project, SPCC completed 
of operation of the new Ilo plant, increased the more than twofold expansion of the Io 

165% to 154,451 tons of electrolytic copper. smelter by yearend to a rated capacity of 
Copper exports in all forms increased 26% 1,450 dry tons of feed daily or over 520,000 
to 208,300 tons with refined exports repre- tons annually. In 1976, the Ilo smelter 
senting 69% of the total compared with produced 148,100 tons of blister copper, with 
only 27% in 1975. three quarters credited to Toquepala and 

Southern Peru Copper Corp. (SPCC), the remainder to Cuajone. . 
Peru’s largest copper company, milled 16 Northern Peru Mining Corp., an 
million tons of 1.05% copper ore at Toque- ASARCO subsidiary, operated the Quiruvil- 
pala compared with 13.8 million tons of ca mine and produced 3,800 tons of copper 
1.06% copper in strike-affected 1975. An in concentrates compared with 6,200 tons in 
additional 8.5 million tons of heap-leach ore 1975. 
grading about 0.38% copper were also treat- Compania Minera del Madrigal, a subsi- 
ed. SPCC is controlled by ASARCO Inc. diary of Homestake Mining Co., processed 
(51.5%), Cerro-Marmon Corp. (22.25%), 277,370 tons of ore, an increase of 7% from
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that of 1975, at its Madrigal copper-lead- capacity to produce 113,500 tons per year of : 
zinc. mine near Arequipa, Peru, and pro- copper in concentrates. Concentrates will be 
duced approximately 11,260. tons of copper slurried and piped from the mine site to the 
concentrates, down 8%. Ore reserves of 1.15 Port of Pacasmayo for export toJapan. | 

on . Ferrous ae copper, 2.6% — Philippines.—The Philippines maintain- | 
ead, and 5.0% zinc. The program to in-_ ed its eighth ranking among world copper 
crease the mill capacity from 770 to 1,100 producers with 14 mining companies in- 
ony of ore per day will be completed in creasing production 2% to 255,185 tons of 

roo copper contained in concentrates and. di- 
__ Most of the approximate 57,000 tons of rect shipping grade ore.. Plans for a 

remaining mine ‘production came froii Government-sponsored copper smelter ap- _ | 

which operates six underground mines and into the Philippine Associated Smelting and 
one open pit copper mine. Centromin has’ Refining Corp. (PASAR). PASAR is a con- 
arranged for $176, million in local’'and  gostium of 11 local mining companies led by 
external loans to finatite the modernization Atjas Consolidated Mining and . Develop- and expansion of its existing copper facil. Dent Corn, Marcopper Mining Corp. Le ties. At the Cerro de Pasco mine, $15 mil- panto Consolidated Mining Co. Philex lion will be invested to réplacé the tement- Mining-Corp, and Marinduque Mining & | 

| ation ‘plant with a solvent” extraction Industrial Corp. These. five companies will 
__dletrowinning plant having & capaci) Af provide 3%, the Government Biv and as 

olaint was to be operational By 1979. At the. Yet tnselected foreign investors 30% of the 
- Cobriza mine # $161 million egparision pro» °8tated $250 million needed-to-build a 

gram, to be completed in'1980, wilincredse: 9°000-ton Outokumpu flash smelter. Pend- 
mine eapacity from’0.7 million te 3.5 millioti’ — 1 ne ee he teatted Co ake ane | | 

| tons of ore ‘per year; and mill capacity: to 41 ot Rantinnt Daiet Gan Tnan Batas : | 
10,000 tons of ore daily: Annual coricentrate Manila at Bantiqui Point, San Juan Batan- 
output will be increased’ from’ 50,000:.to. 89° *rovince. the atic ter 1s seneane 
229000 tons. COMO OnStream in 1979-80. 

- Empresa ‘Minera del Péru (Minero Peru) ‘Atlas Consolidated,’ one. of the largest 
- eontinuied development of the $100 million C°PPer producers in Asia, milled + 4.5 mil- 

Cerro Verde mine. and heap leaching project lion tons of 0.51% cop per ore, Hmp roved its 
-_ with production‘at’a rate of 36,000 tons per TCCOVETY rates, and:increased production of 

year of copper: scheduled to bégin in June copper contained in 374,550 tons of concen- | 
1977. Development of.the massive underly- *rates by 1% in 1976 to 113,600 tons. The . 
ing Santa Rosa ore body.and expansion of Company ‘operated the Fr ank, Lutopan, and | 
the Ilo refinery from 165,000 to 330,000 tons Biga mines on Cebu Island, Central Philip- 
of refined copper per:year are not.eiivisaged Pines. On June 1, construction began on the 

| for completion until after 1980... -.. new $100 million Carmen open pit located 

Of the major deposits still awaiting de-- between the Frank and Biga pits and an 
_ yelopment,-SPCC is negotiating with Mine associated 35,000-ton-per-day mill with 

: ro Peru with regard to development of the. startup’scheduled for late 1977. With ‘the 
 Quellaveco, ore body located between the completion of the Carmen project, the com- 

reserves.have been reported at.440. million. of ore per day will equal the Bougainville, 
tons grading 0.80% copper. A ;feasibility. Paptia New Guinea mine in size. Atlas 
study on the Michiquillay project was com-. reports reserves at yearend at 1.08 billion 

pleted. in--October by the.Metal.Mining tons grading 0.46% copper. _ oe 
Agency of Japan and.a group of seven _~ Marcopper Miring Corp., a subsidiary of 
Japanese smelters led, by Mitsui Mining & Placer Development Ltd., operating at the 

Smelting Co., Ltd, The study confirmed ore expanded capacity of 27,000 tons per day of 

reserves.at 1 billion tons grading 0.69%- ore, milled 9.7 million tons of 0.59% copper 
0.76% copper and estimated 6 years and, ore, and increased production of copper 
$700 million would be required to deyelop contained in concentrates 37% to 52,400 
the mine. The project would be developedas, tons. Minable reserves at yearend in the 

. a joint venture between Minero Peru (51%) Tapian ore zone were 85 million tons at a 

and Japanese interests (49%), and it would 0.40% cutoff and a 0.58% average grade of 

include a 44,000-ton-per-day mill with a copper. At the Tapian mine site a discovery
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of a new San Antonio ore body located during the year in both the planning and 
under the tailings disposal area was. construction phases. These included Con- 

| announced. Preparations for developing solidated Mines Ino project scheduled to be 
this deposit, containing 200 million tons of operational by mid-1977 at a mill capacity 

_ 0.57% copper, were underway. © of 16,500 tons of ore per day. Mining will be 

-Marinduque Mining & Industrial Corp. based on reserves of 112 million tons of 
operated the Sipalay open pit in Negros 0.53% copper. Benquet Consolidated Inc. is _ 

| Oriental and the Bagacay pit in Samar. At currently arranging financing for a $100. 
Sipalay, a record production of 30,000 tons million, 19,000-ton-per-day mine-mill deye- 
of copper from 6.3 million tons of ore lopment of its Dizon deposit containing 

| _ represented increases of 12% and 14% over reserves of 86 million tons of 0.47% copper. 

— Bebesirammercerceress Se Mine Gn sm 5,980 | ‘copper con ‘in 26;190 tan ng wave ee 1,0 

tons of concentrates. In addition, the ‘mine _ Beer Nese Oneal erent, Resets 
produced 13,750 tons of direct shipping are reported at 113 million tons of 0.544% 
grade ore. Grade of the direct shipping ore copper. Sabena Mining Corp. is planning to 

(MAPS mee eer ene develop reserves of 38 ‘milion tone of ~ ~~ nw Be _ 0.502% copper at New Bataan on Davao Del 0.492% copper at Sipalay and 1 million tons Norte. Mining plans call for an 11,000-tone- 
of 4.42% copper and 2.78% zinc:at Bagacay: _,a. dav ore handling canacity toa he in nls 

Philex Mining Corp. increased production Pyigig, 
13% in 1976 to 33,780 tons of copper ‘con- " poland.—In 1976 ore mined totaled 21.7 tained in concentrates. The company oper- ittion tons yielding 300,000 tons of copper, 
ated the Sento Thomas I ‘nderground an increase of 15% over that of 1975. Copper 
reserves of 166 million tone of ore grading ™i€ Production came mainly from three, 
0.43% copper and 0.031 troy ounce of gold mneerer our penes, Labi Ores and 

- per ton. With production of 190,000 ounces. ( C3® 30 tocatec in aimentary 
| of gold, Philex was also the largest gold upferschiefer beds .of the Legnica— 

producer inthe country. ss, =SSSC2HO OW Copper region. The two older Kon : Pa rad an na mines also contributed. 

| od corations at the Lepanto anderground mine production. Smelter and refinery pro- 
| mine in Mt. Province, northern Luzon on ‘Uction increased 9% and 8%, respectively, 

September 15. Production through yearend @ 305,000 and 297,600 tons each during the 
| amounted to 4,600 tons of copper contained yee Ot Gl production aa the. new 

in concentrates. The mill treated 226,600 »UUU-ton “aiogow Copper relinery was re- 
| tons of ore yielding 14,815 tons of a 31% ported to have begun in late 1976. Full 

copper concentrate. However, during the production is expected by 1980. . : 
year approximately 58,000 tons of concen- _ Rhodesia, Southern.—M.T.D. (Mangula) 

trates were shipped to ASARCO’s Tacoma, Ltd., a Messina Transvaal subsidiary, oper- 
-Wash., smelter for processing reducing the ated the Mangula, Norah, and Silverside 
stockpile of concentrates on hand to about ines during the year ended September 30, 
17,000 tons. Reserves at the Lepanto mine 1976. At the Mangula mine, located 80 miles 
were reduced at yearend to 8 million tons of northwest of Salisbury, 1.3 million tons of 
2.57% copper and 0.013 troy ounce of gold 1300) coEper ore were _{roated yielding 

r ton. | ; ns of copper con in concen- 
Western Minolco, operator of the Boneng trates, down 11% from that of 1975. The 

and Lobo mines in Benguet, northern Lu- Miro and silverside mines, produced an 
zon, produced 39,270 tons of concentrates additional 2,4 ns and 2,227 tons o 
from 4.5 million tons of ore milled in 1976 copper in concentrates. Proven ore reserves 
containing 9,860 tons of copper. The bulk of were 3.1 million tons of 1.21% copper at the 

production came from the Lobo pit during Norah mine with Silverside mine reserves — 
the year. An expansion program to increase expected to be depleted by March 1977. 
the initial mill capacity of 16,500 tons to Lomagundi Smelting and Mining Ltd., 
33,000 tons of ore per day will be completed also a Messina Transvaal subsidiary, pro- 
in April 1977. Combined ore reserves at duced 1,442 tons of copper in concentrate 
Boneng-Lobo are estimated at 102 million from mining and milling 261,200 tons of 
tons of 0.338% copper and 0.012 troy ounce 0.86% copper ore from the Alaska mine. At 
of gold per ton. — 1976 copper prices, operation at the Alaska, 

Several new copper projects progressed Hans, and Angwa sections of the Alaska



mine was no longer viable and production uled to begin. The Matchless mine, near a 
was stopped. The Shackleton mine yielded Windhoek, produced 112,000 tons of ore 
9,950 tons of copper in concentrate from averaging 2.40% copper. | oo : | 
657,000 tons of 1.62% copper ore. Proved Oamites Mining Co. (Pty.) Ltd. (75% 
reserves at yearend were 1.4 million tonsof Falconbridge) milled 662,500 tons of ore | 
1.80% copper at the Shackleton mine. Pro- grading 1.31% copper. Metal recovery 

| duction for the year ending September 30 at decreased 7% to.7,037 tons of copper. 
- the Coronation Syndicate’s Inyati mine | Yugoslavia.—Estimated primary pro- 

amounted to 5,175 tons of copper. - duction of copper by Rudarsko Topioni- | 
: South Africa, Republic of.—O’okiep Cop- carski Bazen (RTB), Bor, Serbia, in 1976 | 

per Co. Ltd., a subsidiary of Newmont included 132,400. tons of copper in concen- = 
Mining, mined and milled.2.6 million tons trates, 181,200 tons of blister copper, and 

| of ore with an average grade of 1.35% 134,000 tons of refined copper. RTB oper- oe 
,. copper which yielded 32,600 tons of blister ated.a mine, a flotation plant, and smelter | 
- copper compared with 33,800 tons in 1975. at Bor, and a mine and a flotation plant at | 
: Development work was resumed at the Majdanpek. Development work continued 

Divide and Brandkloof mines to bring them on the 660-million-ton, 0.5% copper deposit 
| into production in late 1977 and 1978. The at Veliki Krivelj with plans for an annual 

| Nababeep South mine was activated in late capacity of 66,000 tons of copper to be 
| 1976 and the Hoits mine was to be restarted reached by 1981. Work also continued on | 

in early 1977. A $20 million development the development of the second major — 
effort began in midyear aimed at bringing copper-producing facility in Yugoslavia at 

| the Carolusberg deep ore body into pro- Bucim, near Radoviste, Macedonia. Work 
| duction in 1981. Carolusberg reserves were on mine and beneficiation plant at the | 

- currently estimated at 11 million tons of Bucim.copper deposit, designed to handle 4 
“1.82% copper with substantial additional million tons of ore annually, continued 

° potential. Total ore reserves at O’okiep during the year and was scheduled to reach 

mines at yearend 1976 were estimated at 30 an annual capacity of 23,000 tons of copper : 

- million tons averaging 1.67% copper. _ in concentrates by 1978. A 28,000-ton 

-. Palabora Mining Co. Ltd. produced electrolytic refinery will also be built near : 

102,900 tons of copper, a 2% increase over Bucim. = =. ~~. - | | | 

.. that of 1975. The 21: million tons of 0.55% | Zaire.—Mining the highest grade copper 
_. gopper ore milled was equal to the 1975 ore in the world with an average reserve _ 

i level. A $100 million expansion of the open . content of 4.52% copper, Zaire produced ore - 

| pit mining and ore processing facilities was containing 490,100 tons of copper, 10% low- 
: ~. completed by yearend. Milling capacity was er than in 1975. Total smelter and refinery 

‘increased from an average 58,000 tons to production dropped by 12% and 71% to 

“$2,000 tons of ore per day equivalent to 450,000 tons and 72,750 tons respectively, | 

188,000 tons of copper annually. The capaci- from that of 1975. Disruptions caused:by the 

| ty of the electrolytic refinery was expanded _ closure of the Benguela railroad from Shaba a 

: 95%. to 156,000 tons to handle the entire Province to the Angolan Port of Lobito, a 

_ Palaboracopper output. . result of the Angolan Civil War, and the | 

| Messina (Transvaal). Development Co. closure of the Mozambique-Rhodesian bor- 

mined and milled 860,000 tons of 1.24% der had astrong impact on the economy and 

. copper ore from its Messina mine which copper industry. Transportation difficulties 

yielded 9,810 tons of copper in concentrate, in getting food, spare parts, coke, coal, and 

down 6% from that of 1975. The tonnage of diesel oil into Shaba were major factors in 

| proved ore reserves at yearend was esti- the reduced levels of production experienc- 

= mated at 4.7 million tons averaging 1.37% ed, particularly in the smelters and electro- 

- copper. - | - _ lytic refineries. Copper exports are chan- 

South-West Africa, Territory of.—Tsu- neled out of Shaba by way of a tedious 

meb Corp. Ltd. mined 489,000 tons of ore internal route to the Zairian Port of Matadi: 

from the Tsumeb mine averaging 4.25% by southern railroads to the Port of East 

| copper, 9.04% lead, and 2.39% zinc. The London, South Africa; or by the Tanzania- 
: Kombat and Asis Ost mines produced 65,300 Zambia Railway (Tazara) to the Port of Dar 

tons of ore containing 1.49% copper and _ es Salaam, Tanzania. 

1.92% lead before operations were.suspend- The Government mining agency, La 

ed in March. Mining was to be resumed at Générale des Carriéres et des Mines du 

| these mines in late 1978 at the same time Zaire (Gécamines), which operates 10 

production from the new Asis West is sched- mines, 5 mills, 1 copper smelter at Lu-
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bumbashi, and 2 copper-cobalt refineries at tight financial situation most new develop- 
| Shituru’and Luilu in Shaba Province; pro- ment programs were deferred. The opening 

duced 449,410 tons of copper including 147,- of the Tazara railroad to the port:of Dar Es 
_ 700 tons of blister and 302,030 tons of copper Salaam in Tanzania eased export transport- 

in refined shapes. Plans to increase annual ation problems. However, difficulties in 
| production of copper to 628,000 tons were maintaining spare part inventories and in 

still in progress with completion scheduled retaining skilled expatriate mining ‘engi- 
for 1979 at a cost of over $600 million. Plans neers and technicians seriously affected 
called for the construction of a 138,000-ton- copper production levels. Mine production 

_ -per-year flash smelter and a 100,000-ton- in 1976 increased 5%: to 781;391''tons of 
per-year electrolytic copper refinery, all recoverable copper, while blister production 
near Kolwezi, Shaba. As part of the expan- increased 7% to 778,127 tons, and refined 
sion program, two new open pit mines at production increased 10% to 766,040 tons. 

| Dikuluwe and Mashambe, with combined In the year ended June 30, 1976, Roan 
reserves estimated at 171 million tons of Consolidated Mines, Ltd. mined 17.3 million 
‘4.1% copper and 0.3% cobalt, opened in'‘late tons of ore with an average grade of 1.99% 
1975 but operated at a low rate because of yielding 304,100 tons of copper from the 
diesel fuel shortages. Gécamines refinery at Mufulira, Luanshya, Chambishi, Chibulu- 
Lubumbashi was scheduled to be expanded ma, and Kalengwa mines. RCM also opera- 
from 143,000 tons per year to 176,000 tons _ ted two smelters at Mufulira and Luanshya 

| per yearby 1980. == === ~~ ~~ which produced 306,932 tons of anode cop- 
‘The joint Zairian Government-private Ja- per. The Mufulira and Ndola Copper refine- 

| panese concern Société de Dévelopment In- ries produced 347,850 tons of copper ca- 
dustriel et Miniére du’ Zaire (SODIMIZA), _thodes, 275,680 tons of which were cast into 
operated the Mushoshi mine and-mill'in wirebars. The electrowinning plant at 
Shaba Province. Production for 1976 in- Chambishi produced 17,330 tons of leach 
creased 11% to 39,600 tons of copper con- cathodes. Work continued on a $200 million 
tained in 111,660 “tons of concentrates. expansion program to increase mine pro- 
SODIMIZA continued devélopment of the duction at the Baluba section of Luanshya, _ 

) Kinsenda mine during the year’with pro’ Chibuluma, and Chambishi and to extend 
| duction expected to begin in late 1977. the Chambishi leach plant. The new anode 

Reserves at Kinsenda are reported at 35 slimes treatment plant at Ndola was sched- 
million tons of 5.5% copper. = = == ~—siulled to start production in October 1976. 

Société Miniére de Tenke-Fungurume Ore reserves at‘‘all RCM mines were esti- 
(SMTF) is controlled by the Republic of mated to tetal 362 million tons of ore with 

: Zaire (20%) and a consortium comprised of an average grade of 2.88% copper. The 
Charter Consolidated Ltd. and associated Mufulira and Luanshya mines contain 83% 

companies (28%), Amoco Minerals Co. (28- ofthis reserve total. + — pe 
%), Mitsui & Co. (14%), Bureau des Re- = Nchanga Consolidated Mines, Ltd., for 
cherches Geologiques et Miniéres (3.5%), the year ended March 31, 1976, produced 

Omnium des Mines, S.A. (3.5%), and Leon 424,842 tons of finished copper from oper- 
Templesman & Son Inc. (8%). In January ations at the Rokana, Konkola, and Chingo- 
1976, owing to regional fuel shortages and la mine divisions, the smelter-refinery com- 
serious financial support problems, all work plex at Kitwe, and from the refinery at 
was suspended on the 7,150-ton cobalt and Chingola. At the Rokana division, mine 
165,000-ton copper mine-electrowinning re- output from the Mindola and Bwana. Mkub- 
finery complex originally scheduled for wa operations decreased 22% to 122,230 
completion in 1977. Cost estimates had esca- tons of copper. Breakdowns at the concen- 
lated from $600 million to $900 million. trator and in the tailings pipeline contribut- 
Approximately $275 million had been ex- ed to the production losses. The 14,000-ton- 
pended on the project when the suspension capacity Mindola open pit mine and oxide 
decision was made. If construction is resum- treatment plant were placed on a care and 
ed, a smaller 95,000-ton facility will proba- maintenance basis for economic reasons at 
bly be built. In the interim, the project will yearend 1975, while expansion of the Min- 
be kept on a care-and-maintenance basis at dola underground operations continued. At 
a cost of about $400,000 per month. the Konkola division, mine production 
Zambia.—The Zambian copper industry, decreased 15% to 48,930 tons. Production of 

which was nationalized in 1975, continued copper at the Chingola division decreased 
to be plagued by low copper prices and 17% to 341,160 tons. Of this total, 35% came 

. rapidly escalating costs. As a result of the from the Chingola underground mine, 51%
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from the N changa open pit, and the balance _ trolled, as of December 30, 1975, 637 million 
| from four other open pits. The Chingola tons of ore reserves averaging 2.96% copper 
tailings leach plant during the fiscal year with 55% of these held within the Chingola 
treated 9.3 million tons of low-grade tailings division. Reserves reported include indicat- 
and oxide concentrates yielding 81,800 tons ed and possible ore. oe 
of electrowon cathode copper. NCCM con- | | | 

Se TECHNOLOGY He 

| An article described the history of explor- However, the free diffusion of-oxygen was - 
ation for porphyry copper deposits in the restricted by clay formation and fines accu- 
Southwestern United States and speculated mulation at specific levels within the 

- on the discovery of additional deposits bur- column.’* Research showed that presence of 
| ied under gravels and volcanics.2 Another thermophylic bacteria enhanced copper ex- 

article detailed the use of mapping, geo- traction in leaching of prophyry copper 
chemical, electromagnetic, and gravity samples containing chalcopyrite as the pri- 
work in discovery of strata-bound massive mary mineral.’ An analysis of a ferric | 
sulfide copper deposits.* The mechanism for ——___—— : | | 
the dissolution and precipitation of copper _ “Lowell, J. D. Trends and Techniques in Southwest in srataform deposit, especially ofthe red LURE" eng Vane ference’ 
bed type, was the subject of a published Bathurst Norsemines is Paying Off. Can. Min. J., v. 97, No. 
stud OA eol ‘a descri tion and | tulat- % 1976, pp2883. ve 

dy. . 8 1081 ” Ip 7. 2 Pos *Rose, A..W. The Effect of Cuprous Chloride Complexes 
ed genesis of a stratabound massive sulfide in the Origin of Red-Bed Copper, and Related Deposits. 

nickel-copper deposit was published.’ Esti- “SW ayericld, J. The Structural and Metamorphic Evolu- 
mated. costs to produce. 165,000 tons per tion of the Pikwe Ni-Cu Sulfide Deposit, Sclebi-Pikwe, 
year of white metal from two copper-nickel Eastern Botswana. Econ. -Geol., v. 71, No. 6, 1976, pp. 988- 

_ hypothetical open pit mines operating on — nc banyer, EJ. RL. Wiegel, and N. F. Schulz, Mineral | 

___ the: Duluth gabbro was the subject of an foi Copper-Nickel Production From the Duluth Gabbro, 
| open-file report.¢ Review of the develop- Minnesota. Research Grant G0144109. BuMines Open File 

ment of selected copper deposits indicated Rept. 83-76, Dec. 1, 1975, 212 pP.s available for consultation 
Te ee: ° ae at the Bureau of Mines libraries in Tuscaloosa, Ala. 

7 that the required lead times ranged from 1 College Park, Md., Twin Cities, Minn., Rolla, Mo., Boulder 
: | , ; ion City and Reno, Nev., Albany, Oreg., Salt Lake City, Utah; 

to ) 15, years. for major exp loration, 1 to 4 and at the National Library of Natural Resour. US. 

- years for open pit development, and 4 to 8 Department of the Interior, Washington, D.C.; and the 

| An article reviewed the properties of ~~ “Burgin, B. L. Time Required in Developing Selected 
ocean nodules, and the economic parameters Arizona Copper Mines. BuMines IC 8702, 197 , 144 pp. 

of several proposed processing methods 4 Af fAaia “and NR ‘Kust, Processing of Ocean 
Details were. published on a smelt-leach Nodules: A Technical and Economic Review. 5. Metals, v. 

exchange-selective stripping process to reco- r, . Nickel, t , 

ver the ‘copper Sickel, and cobalt in the Metals, v.28, No.4,1976, pp. 82-37. ~ dues eo HENS an SMe 2 ATRL eee a q : : and R. R. . A New Fix on Me very 

| The application of rock mechanics tech- Nodules, Eng. and Min. J., v. 177, No. 12, December 1976, 
| nology to design open pit mines for proper — "Seegmiller, L. B. How To Cut Risk of Slope Failure In 

| safety and efficient operation was Designing Optimum Pit Slopes, Eng. and Min. J, v. 177, 
described. Techniques have been develo- ‘sandy, J.D. A.D. D. Piesold, D. V. Fleischer, and J.P. 

Hi ‘li ; Forbes. Fail dS t Stabilization of No. 3 pd to Stale talings material fo prevent iby w oy ie pes = : yur ans., V. 50, r » pp. . 

kings caused by subsidence of ground be- | ‘SWingquist, F. C., and R. A. Lund. Electrothermal 

/ neath the tailings pond."* Research on ther- w Tpraynenten, AD. W. Duncan, and J pe 
mal fragmentation of semiconductive rock Evaluation of the Leaching Characteristics of Butte 
indicated an unlikely application to a Leaching Ore. Hydrometal., v. 2, No. 3, May 1977, pp. 23 

: copper-bearing shale formation.'* 15Brierley, L. C. Biogenic Extraction _of Copper and 

Leaching experiments in columns simula- Mplyiten ms sat oo gean File Rept, 127-16, June 1976, 2 
ting 80 and 200-foot deep cores through a pps available for consultation at ithe Bureau of Mines 

° ° ly e ’ 3 

Hei ame wee aoe Rana nye Se So in e oot Ss m lack O > 3 e ’ ; and at the 

om en restricted biological o tivit - activ- Library of Natural Resources, U.S. Department of the 

it ve creased when ar was introduced Interior, Washington, D.C. _ ity m .
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- | chloride leaching process on chalcopyrite | A case study of the development of a. | 
_ concentrate indicated favorable operating medium-size massive sulfide copper deposit, 

: _-costs."* Studies were conducted on the use of including a required environmental impact 
| solvent extraction systems in conjunction ‘Statement was published.* = 

with leaching sulfides with a ferric or cup-  Tephinios A me ee 

ric chloride solution.” A kinetic investig- Ferrie Chicride Leaching of Chaleepyrite Concontrate 
ation of copper cementation in a revolving  BuMines IC 8009, 1976, 22 pp. and H. Renon. Co 

. . : / “Cogne ’ . &,, . aissiere, an . non. 

drum and a pilot-scale test on the: use of. Extraction by LIX | AN: Comparison of Chloride ‘and 
. ; ° Sulfate Solutions According to pH and Acid Concentra- — 

shredded. automobile scrap for cementation tion. Hydrometal., v. 2, No. 3, May 1977, pp. 265-274. 
were reported.’® - 18Staker, W. L., R. D.G U f Shredded A to rteda.* | S ; r, W. L., R. D. Groves. Use of Sh utomo- 

It was established that an arseniferous bile Scrap for Copper Cementation. BuMines RI 8198, 1976, 
" - el ™ . p.: fy : : we / ot us sy _° . . . . 

| copper concentrate could. be smelted in.an vairpaleon, D. L. W. Anable, W. & Hunter, and R. S. 
| clectric-are furnace with results comparable an Electric-Arc Feccnoe BeMinee RI Sia 1916 oo oe m 

to use of a gas-fir revert 19 Paulson, D. L., R. B. Worthington, and W..L. Hunter. 
use of a gas tir beratory furnace.” ,. juction of Blister Copper by Electric Furnace Smelting 

An electrothermic reduction process to pro- — of Dead Burned Copper Sulfide Concentrates. BuMines RI 
4: ° _ Ah , L946, { pp. Se et fo L mo . 

7 duce blister copper from dead-burned cop- “““sithemelis, N. J. The Impact of Energy and Environ- _ 
: | per sulfide concentrates recovered 98.4% of mental Constraints on Copper Smelting Technology. Min. 

the emtained copper and permitted eff "Hs Sit J*B"Y taflat tc. Per 
cient collection of the sulfur.2° Fuel con-| Solfur Dioxide _Emussion : Control in Japariese-Copper _ 

oo Se . ° “og soe meiters. DUvG~NeS IL OfUL, ’ ). wR . 

sumption, economic advantage, and com- — 23Dean, K. C., and J.. W. Sterner. Metal Recovery by 
pliance with environmental regulations aa ing ot aT TE, w976T oe Generators, — 

| were considered in a review article on — *Batelle Columbus Laboratories. Energy. Use Patterns 
Bc various pyrometallurgical processes to re- in Metelturgica a et Plosheces High Pane. 

place the reverberatory furnace.2) A review Commodities) Research Grant S0144093. BuMines Open 
~ ed File Rept. 80-75, June 27, 1975, 192 pp.; available for - 

. of sulfur dioxide emission control data for consultation at the Bureau of Mines libraries in: Tuscaloo- . 

- major Japanese smelters showed capture of sa, Ala. College Park, Md.. Twin Cities, Oe. Rolla, Mo., | 
, : : ., ° : 5 7) ? «9 MAIC - e . 

91% to 99.7% of the sulfur in the smelter Gity, Utahi and at’ the National “labrary wt Natural. 
: 22 | . 8 ~ esources, U.S. Department of the Interior, Washington, 
feed. oo _ ve a D.C.; and from the National Technical Information’ Ser 

_ Studies showed that an individual, with _ vice, Springfield. Va. FB 245 ‘T60/AS: <I Déineati | 

proper equipment, could disassemble about Primary Copvar Production BuMines 1¢ 8698, 197622 pp, 
100 automobile starters or 150 generators in Beal, R: E., and R. C. Hill. Field Evaluation of Zinc- 

u 10 ° oo. g CO, Based Salders for. Copper and Copper Alloys. Research | 
| 8 hours with a scrap copper yield of 280 and Contract H0252054. BuMines Open File Rept, 101-76, Mar. 

_— * 23 (he +73 , , 50 pp.; available for consultation at the Bureau o 
390 pounds, respectively.* Other studies wincs libraries in Tuscaloosa, Ala. College Park Md, 
detailed ener requirements for pro- Twin Cities, Minn., Rolla, Mo., Boulder City and Reno, 

rey “4 FP! Nev., Albany, Oreg., Salt Lake City,-Utah; and at the 
duction of refined copper. , id : National Library of Natural Resources, US. Department 

esearch on use inc-h n Of the Interior, Washi n, D.C.; and from the Nation 
| n use of zinc-based solders on 7 ihe (i"Tiurmation Service, Springfield, Va. PB 258 

copper and copper alloys indicated a four-  111/AS. | 2 | 
: » In carvice life : . 26Shilling, R. W., and E. R. May. Case Study of Environ- 

ee ee an service life over ‘conven mental Impact - Flambeau Project. Min. Cong. J. v. 63, No. 
ao . | , January 1977, pp. . -.
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| 7 Table 2.—Copper produced from. domestic ores, by source 

| (Thousand short tons) . 

a o ‘Year — Mine Smelter _—_—=Refinery oo 

— 9T2 eee 1,665 1,649 _ 1,680 
: 1973 _ 2 2 eee -- 1,718 — 1,705 1,698 
: 1974-2 eee ----------- 1,597 1,532 1,421 

| 1975. eee ----------------- © MB 1,374 1,286 
| 1976-2 TTT TIT TT TLL 1,606 1,461 1,428 

oO / Table 3.—Copper ore and recoverable copper produced, by mining method , 

a “ . (Percent) ee 

a | . | Open pit Underground : 
a, Year $$$ 

z ae Ore Copper? Ore =~ ~— Copper? 

yg e+ ----- 85 80 15 20 
0 4978 ee 89 78 11 22 

| 1974... ee 89 81 11 19 
: 1975 _ _- ee ee 89 80 11 20 

1976... ee 90 84 ~ 10 16 

Be 1Includes copper from dump leaching. _ . Oe 
an 2Includes copper from in-place leaching. | an 

_ ‘Table 4.—Mine production of recoverable copper in the United States, by month | 

(Short tons) Se a oe, 

: ee Month a 1975 1976 | 

- January _________-_-____-----------------------------+- 181,272 (119,819 
February __.____.___------------------------------------ 117,793 115,507 

- March ____________________----__~----+- +--+ + -- 117,595 132,516 
April oo ee ee eee eee +e 123,219 134,931 

7 ay _______________-- eee = 126,890 135,433 
June ________ == ------------ 111,476 128,140 
July _______________.______ +--+ +--+ +--+ --------- 95,488 126,244 

: August __________________.----------------------------- 114,510 142,096 7 
me September ___________________--------------------------- 118,701 142,825 
mo October _.____________----__+--_~----------+-------------- 128,568 146,210 
— November ______.______-_______--_-------~-+-------++-------- 111,658 141,209 

: December ______-_--__---------------------------------- 116,196 _ 141,156 

ar Total _.._____________-____u__- ue +--+ +--+ +--+ --+-- 1,413,366 1,605,586 

| Table 5.—Mine production of recoverable copper in the United States, by State 

: —— (Short tons) . 

A 

State 1972 1973 1974, 1975 1976 
a  —  ——— — — 

| Arizona_______---__------------ 908,612 927,271 858,783 813,211 1,024,421 
: California ______________--------- 598 369 194 344 . 375 
| Colorado ____________----------- 3,944 3,123 3,012 3,560 2,431 

. Idaho _________-_-----------+--- 2,942 3,625 2,841 3,192 3,362 

. Maine___________--~----------+-- 1,220 1,107 1,522 2,024 1,766 . 

Michigan__—-_------------------ 67,260 72,221 67,012 73,690 43,707 

Missouri ____.~_-_-_--_-~---------- 11,509 10,273 12,665 14,258 11,050 

Montana ______--_---~----------- 123,110 132,466 131,131 87,959 91,111 

Nevada_______-~----------------+ 101,119 93,702 84,101 81,210 58,160 

New Mexico _________--__-------- 168,034 204,742 196,585 146,263 172,360 
Pennsylvania _———-——-—------------ 2,611 1,845 _— _ WwW 

Tennessee ________---~----------- 11,310 8,500 6,304 10,041 11,131 

Utah ________-----~----------- 259,507 256,589 230,593 177,155 185,458 

Other States! _______-__----------- 3,064 2,107 2,259 459 254 

| Total _________-_----------- 1,664,840 1,717,940 1,597,002 1,413,366 1,605,586 
: en 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.”’ 

MIncludes Pennsylvania and Washington (1976).
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Table 6.—Twenty-five leading copper-producing mines in the United States in 1976, 
in order of output 

Rank Mine County and State Operator Source of copper . 

1 Utah Copper ____ Salt Lake, Utah ____ Kennecott CopperCorp __._.__. Copper ore, cop- 
: . . _ per precipi- - 

| - | tates. 
2 Morenci _____. . ~ Greenlee, Ariz ____ _ Phelps Dodge Corp _________ Copper ore, cop- 

per precipi-_— . 
a Le - tates, copper 

. tailings. 
3 San Manuel ____ _ Pinal, Ariz _______ Magma Copper Co_____._____ Copper ore. 
4 Sierrita _.....__ Pima, Ariz _______ Duval Sierrita Corp _________ Do. 
5 Twin Buttes _... _._-do_____.___. | Anamax MiningCo_________ Do. 
6 ' -Tyrone ____-.. Grant, N. Mex _____ Phelps Dodge Corp _._._._.____- . Copper ore, cop- 

. per precipi- 
| ; tates. 

7 Berkeley. Pit _.._ Silver Bow, Mont. ___ The Anaconda Company -_ _ — — __ Do. _. 
8 Ray Pit ____--. Pinal, Ariz _______ Kennecott Co r Corp een Do. 
9 Pima__..___... Pima, Ariz _______ Cyprus Pima Mining ------ Copper ore. 

. 10 Metcalf _______ Greenlee, Ariz _____ Phelps Dodge Corp _____._-- Copper ore, cop- 
oe per'tailings. — 

11 Pinto Valley __.__ Gila, Ariz _________ Cities Service Co.__.____--~- Copper ore, cop- 
per precipi-: .- 

12° . Chino ________ | Grant, N. Mex _____ Kennecott Copper Corp ——_ ~~~ ~ Do. — 
. 13 New Cornelia _.. Pima, Ariz _______ Phelps Dodge Corp eee Copper ore. 

14 White Pine __._. Ontonagon, Mich ___ White Pine CopperCo ______-_ _ Do. 
15 Magma _______ Pinal, Ariz _~.____ _ Magma Copper 00-5 Goosen oe Do. 
16 Inspiration _____ _—_ Gila, Ariz ________ Inspiration Consolidated Copper “Copper ore, cop- 

. Co. per precipi- 
tates. 

17 Mission __..... Pima, Ariz ______— ASARCO Inc... ______ Copper ore. 
18 Yerington ______— Lyon, Nev____._—~ The Anaconda Company —_ _ _ _ _ — Copper ore, cop- 

. a . per precipi- 
tates. 

19 Continental _._.. Grant, N. Mex __._- UV Industries, Inc _________ Do. 
20 Silver Bell ____. Pima, Ariz ______- ASARCO Inc __ Do. 
at Sacaton Unit — - _- Final, Ariz ------- 655 oe 5 Goa TTT Copper ore. 

—-___..— . Yavapai, Ariz _____ rus ad Copper Co _____ Do. 
23 Lak schore ---_--— Pinal, Ariz _...___ Hele Mies Coe ey eee Do. 
24 Esperanza __... Pima, Ariz _______ Duval Corp __ ~~~ Copper ore, cop- - 

per precipi- |— 
tates. 

25 CopperCanyon _. Lander, Nev _____- ~-~-d0.2 2 Do. 

Table 7.—Mine production of recoverable copper in 1976, by method of treatment. — 

Ore treated Recoverable copper 
| Method of SS 

(thousand Remarks treatment Thousand Percent 
short tons) pounds yield 

Copper ore: 
y concentration ___________- 258,371 2,600,209 . 0.50 See table 9. 

By smelting ...__.__..____- 260 1,678 2 See table 10. 
By leaching ___________-__- 25,105 1312,714 62 See table 11. 

Total. -________~______ 283,736 2,914,601 51 
Dump and in-place leaching ~~ ——__~— _- 252,288 __ See table 11. 
Miscellaneous from cleanup, tailings, 

_ and noncopper ores __.__.____-— -- 44,282 -- 

Total. § - 5 Le XX 3,211,171 XX -- 

XX Not applicable. 
MIncludes 150,384,677 pounds of electrowon copper.



Table 8.—Copper ore shipped directly to smelters or concentrated in the United States, 
by State in 1976, with copper, gold, and silver content in terms of recoverable metal 

. a .. Ore shipped soon Recoverable metal content . _. Malue of 
a or —_— OC Or Id and 

State concentrated Copper Gold Silver eeilver 
_ (thousan - Thousand me roy roy to 

, short tons) — pounds Percent. ounces) ~ ounces) Po ore 

- Arizona____---_-__ 173,472 1,657,015  —«- 0.48 97,636 7,216,850 «$0.25 
Idaho __~_______~ 141 1,852 66 WwW w= - W 
Michigan _________ 3,801. 87,414 1.15 _— 310,837 - 36 | 
Montana _________ 16,781 156,001 A6 19,843 2,935,682 91 
Nevada __________ 7,820 76,498 . . 49 - 28,819 486,325 73 | 
New Mexico _______ 25,016 ~ 298,991 ——60 13,219 765,800  .20 
Tennessee? ________ 2,034 22,261 55 Ww wi Ww 
Utah _______ 29,567 301,854 51°) COW w Ww 
Other States _______ _- -- 2166,264 71,856,641 2.91 

Total® _______ 258,631 2,601,887 50 325,781 18,682,135 39 

- W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 
1Copper-zinc ore. 
“Includes data for Idaho, Tennessee, and Utah. | 
‘Data may not add to totals shown because of independent rounding. Lo rs 

| Table 9.—Copper ore concentrated! in the United States, by State in 1976, a 
os | with content in terms of recoverable copper — 7 

- A co - | Ore Recoverable copper oO , | 
. . , concen- a content CO - 

a a oo , - thousan: 4housan 
: | | short tons) pounds _ Percent 

Arizona_________________-_--------------- 178,292. 1,655,558 0.48 | 
Idaho ____________---~-~-----_-~---~---~- ~~~ +--+ . . 141 — 1,852 .66 
Michigan _-_____________-_-------.L-------- 3801 87,414 - 1.15 
Montana _-____________~-___~-~~-~----_------- 16,781 ‘156,000 46 oo 
Nevada ___________._~~___~~~+---_-~--------- 7 7,790 ~ 96,302 — 49 
New Mexico __________________-____- 2 eee 24,966 298,967 + 60 
Tennessee?____________________ Li -____-__- os 2,034 - 222610 0= 55 
Utah _____ eee 29,567 301,854 51 

| Total® ~.9§ 5 5» eee 258,371 _ 2,600,209 50 

| ‘Includes following methods of concentration: “Dual process” (leaching followed by concentration); “LPF’(leach- 
precipitation-flotation); and froth flotation. 

2Copper-zinc ore. wows _ | . | | | 

“Data may not add to totals shown because of independent rounding. 

~ Table 10.—Copper ore shipped directly to smelters! in the United States, | | 
so by State in 1976, with content in terms of recoverable copper 

. Ore shipped to smelters 

Recoverable copper | 

. State Short tons content 

' Pounds Percent 

Arizona ______$__ ~~ _ ~~ ae 180,069 1,457,523 0.40 
: Montana _______-____-__-__-~~_~__ ~~ eee 35 702 1.00 

Nevada _____._~_____--~--~-~-~~-~-~-----~------- 29,788 195,752 3a 
New Mexico ________~-~-----------~-~--+-~-~-~--~-+-- 50,173 23,644 02 

. Utah _____-_____~_-~-~---_---+--~-~-~-------------+ 1 118 5.90 

Total __.___-________-_-~-~----~--~-~-~-~~~~-+_--+--+ 260,066 1,677,739 32 

1Primarily smelter fluxing material.
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| Table 11.—Copper precipitates (from dump or in-place leaching) shipped directly to 
: | smelters and copper ore and tailings leached (heap, vat, or tank) in the United States, by | 

| State in 1976, with content in terms of recoverable copper | . 

. * Precipitates Recoverable a Ore Recoverable 
State ‘shipped copper content ~ leached copper content -Percent 

(short tons) (pounds) (short tons) . _ (pounds) 

Arizona ._ ~~ 70,117 98,625,236 i 120,574,374 2287,527,188 | 0.70. 
California _____ 102 124,584 — _— __ 
Montana ___. ~~ 22,785 | 25,824,354 oe / — oe 
Nevada _______ 10,821 14,619,681 4,580,184 25,186,416 28 
New Mexico ___~— 28,227 44,778,845 —_ _- __ 
Utah _______- 42,604 68,314,990 315 - 4300 = «1.00 

| ‘Total ____- 174,656 252,287,640 25,104,573 312,713,904 620 

1Includes 11,355,466 short tons of ore leached for electrowinning, and excludes newly generated tailings. 7 
2Includes 150,384,377 pounds of electrowon copper. | 
3Ore leached for electrowinning. 
“Electrowon copper. | | . - 

Table 12.—Copper ore smelted and copper ore concentrated in the United States, 
and average yield in copper, gold, and silver | 

a _- Smeltingore _—-_ Concentrating ore _ _ > Total Oe 

_ co o . ~ Value 
7 Thou- Yield Thou- — Yield Thou- Yield Yield  _—_ Yield per 

Year sand in sand in sand ~~ in perton perton  tonin 
7 me, short copper, short ———_ copper, short copper, ingold, insilver, gold 

tons percent tons?! ? percent tons? percent ounce ounce and 

- ; ee 7 silver | 

| 1972______ 484 1.68 248,668 «©=—s«0.55 «266,881 ~—s-0.55_—~=«C02.0019 0.059 «$0.21 | 
1973_____. ... 337 1.40 272,688 53 289,998 53 .0018 .058 82 
1974___... 305 1.26 269,016 .50 293,443 49 .0014 048 45. 

. 1976 ~~ 357 1.85 .. 239,614 48 263,003 AT 0014 * 051 — 44 
1976 __~_.___ 260 . 32 258,371 50 283,736 51 0013 — .053 39 

1Includes some ore classed as copper-zinc and minor amount of tailings. oo 
2Excludes tank or vat and heap leaching. (See tables 7 and 11.) _ | 

Table 13.—Copper produced by primary smelters in the United States 
: (Short tons) co . oo : 

Year ) Domestic . Foreign — Secondary. Total . 

1972 __.___ = e+ 1,649,130 41,263 69,017 1,759,410 
1973 __-____.-___ ee 1,705,065 38,898 17,815 1,821,778 
1974 __-__-_. ee 1,532,066 37,750 79,543 1,649,359 

. 1976 ~~ ~~~ ee 1,874,824 72,804 49,357. «1,496,485 
1976 ~~~ 1,461,256 73,366 51,045 1,585,667
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Table 14.—Primary and secondary copper produced by primary refineries and 

| electrowinning plants in the 

- | a United States 

. (Short tons) 
. . . . 

. 

_ 1972 1973 1974 . 1975 1976 

PRIMARY / oe 
From domestic ores, étc.:? 

Electrolytic _.../._------------ 1,499,005 1,510,334 1,275,545 1,140,754 1,221,140 

Electrowon -——--~----~-----~-- 21,938 26,485 23,167 30,972 103,941 

; Fire refined _____------------- 159,469 - 161,518 122,193 | 114,463 97,642 

| total 1,680,412 1,698,387 1,420,905 1,286,189 «11,422,728 

From foreign ores, etc.:? . 
. 

Electrolytic ? _._.._------------ 160,781 170,151 233,753 157,189 116,585 

Electrowon ____-------------- _— -- WwW Ww Ww 

Fire refined :_______----------- 32,040 Ww Ww Ww _- 

Total refinery production of _ So 

primary copper _——-—-------- 1,873,233 1,868,488 1,654,658 1,443,378 1,539,308 

eeeeeee————ee—e—e—e—eEeQQ=Qe
— 

- SECONDARY — : 

Electrolytic? _.__._--------------- 341,581 377,523 398,976 265,413 281,070 

Electrowon_.____---------------- _- ~— . Ww. Ww OW 

oe Fire refined _____._--_------------ 16,667 14,290 13,543 — §,467 7,616 

Total secondary — ~~) 858,248 391,813 412,519 | 270,880 288,686 

7 Grandtotal __._----------- 2,231,481 2,260,301 2,067,177 1,714,258 1,827,994 

| W Withheld to avoid disclosing individual company confidential data; included in “Electrolytic.” 

. 1The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate separation 

is not possible at this stage of processing. 
oo 

_  ‘3nchudes electrowon and fire refined quantities indicated by symbol W. 7 

Table 15.—Copper cast in forms at primary refineries in the United States , 

1975 ~ 1976 

Thousand Thousand 
| short tons Percent - short tons Percent 

| Billets________-------------------------- 
61 3 50 3 

Cakes nnn eeeeeeeen 67 40 76 4 

i Cathodes ____~—--_---------------------7-7
-7 765 45 , 910 50 

. Ingots and ingot bars __ - - --------~-----------~- 132 8 125 7 

Wirebars _._-_------~---------------- 77-77 676 39 643 35 

. Other forms ___-—-----------------------7-7- 
13 1 24 1 

. Total ______--------------------7 37 1,714 100 1,828 100 

: Table 16.—Production, shipments, and stocks of copper sulfate : 

(Short tons) 

: 
Producti — 

Year aoa Shipments Stocks 1 
Quantity content oo. 

S12 __ ene ee eee eee eee eee 38,052 9,513 37,964 5,828 

19738 _____---------------------7---7777 
43,360 10,840 44,092 4,580 

1974 __.___----------------------7-TT7 
42,092 10,523 43,598 3,074 

1915 10 www we -- ee ee 35,614 9.204 31.822 6.866 

1976 _____------------------- 790
7 32,122 8,421 30,431 8,557 

1 Some small quantities are purchased and used by producing companies, so that the figures given do not balance 

exactly.
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Table 17.—-Byproduct sulfuric acid’ (100% basis) produced in the United States : ...-(Shorttons)) tit . 

pper Lead Zinc Year plants? —_—Ssopiants _ plants? Total 
1972-8 1,010,614 | 859,103 1,869,717 ~ 
1973_-_-___-_ es 1,088,322 146,591 _ - 819,587 2,054,450 1974____ 1,277,440 132,594 .830,969..  - 2.241,008 1975 1,784,744 129,756 711,769 - 2,626,269 1976 __ 2,281,591 145,872 799,773 - 3,227,236 

. . . “3 . . . . . n . - : . . 
~ ‘ ncludes acid from foreign materials. a 

' 2Excludes acid made from pyrites concentrates. — . - 7 _ *Excludes acid made from native sulfur. a So 

Table 18.—Secondary copper produced in the United States . __ 

- | 7 oe 1972 1973 1974 1975 1976 
Copper recovered as unalloyed copper ____:_____ 447,409 484,623 513,308 355,512 390,729 7 Copper recovered in alloysé = --.  £» 853,564 892,534 831,012 616,458 754,545 

Sot ‘ Total secondary copper! ewe eee ee. 1,300,973 1,877,157 1,344,820 971,965 1,145,274 urce: eo ; Newserap __-~ ee - 842,779. 890,943 860,888 602,792 726,148 Oldscrap ________.2 458,194 486,214 483,432 369,173 419,126 Percentage equivalent of domestic mine output ______ WB 80 | 84 69: 71 

Includes copper in chemicals, as follows: 1972—-3,038; 1973—-3,704; 1974—-2,649; 1975-—-2,480: and 197 6—-4,007. 

Table 19.—Copper recovered from scrap processed in the United States . re __ by kind of scrap and form of recovery Co | 
re . -. = 4. 4... (Short tons) 

_.. Kind of scrap 1975 1976 Form of recovery __ 1975 1976 een 
a ah 

New scrap: . As unalloyed copper: Copper-base_____._____ 585,426 705,392 At primary plants______ 270,880 288,686 Aluminum-base________ 17,103 20,444 At other plants _____ __ 84,632 102,043 
Nickel-base ___________ 248 282 — Total _--_-___ 355,512 390,729 _ Gine-base___ = 15 30 

Total.__-§_2 = _ 602,792 726,148 . 

Oldscrap: . 
Copper-base___________ 358,496 404,144 In brass and bronze_______ 571,991 700,844 Aluminum-base_______ __ 10,226 14,516 Inalloyironandsteel _____ 1,927 2,186 Nickel-base _-.________ 349 . 321 In aluminum alloys_______ 39,583 47,017 Tin-base __-______-____ 7 8 Inotheralloys________ 472 . 491 Zinc-base_____________ 95 137 Inchemical compounds ____ 2,480 4,007 

— ‘Total._.__________ 369,178 419,126 «=Total 616,458 754,545 
. Grandtotal._._.______ 971,965 —:1,145,274 Grandtotal ________ 971,965 —-1,145,274 

es 

Table 20.—Copper recovered as refined copper, in alloys and in other forms | from copper-base scrap processed in the United States 
(Short tons) 

Recovered by— . From new scrap From old scrap Total 
overen ey 1975 1976 1975 1976 1975 1976 -_.oO --—-e--_ oS 

Secondary smelters___________________ 53,606 57,419 162,508 188,162 216,114 245,581 Primary copper producers ______________ 139,230 144,215 131,650 144,471 270,880 288,686 Brass mills_______.___.____________ 381,744 486,878 26,140 30,207 407,884 517,085 Foundries and manufacturers ____________ 11,426 14,698 37,383 39,455 48,809 54,153 Chemical plants_____________________ 1,159 2,182 1,330 1,849 2,489 4,031 Ml 
Total ._-__________ 587,165 705,392 359,011 404,144 946,176 1,109,536 ——_—__— Oe”?
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Table 21.—Production of secondary copper and copper-alloy products in the United 
: States 

(Short tons) 

A SS SS 

Item produced from scrap 1975 1976 

|. UNALLOYED COPPER PRODUCTS | | 
_ Refined copper by primary producers ____.._.__--------------------- 270,880 288,686 
Refined copper by secondary smelters ___..—----------------------- 73,606 86,469 
Copper powder ________~---------------------------------- 10,957 15,564 
Copper castings - -__.._---~---_--~--~------------------------ 69 10 

| © Total -.____-...--------------------------------- 355,512 390,729 

7 : ALLOYED COPPER PRODUCTS 
Brass and bronzeingots:; — . oe 

. . Tin bronzes ______~~2-_------------------------------- 33,474 “34,421 

_. Leaded red brass and semired brass —_____.--__---_--------~----- 89,799 120,233 

High-leaded tin bronze - -- - ---~-~-~~-~~--- 77-7777 7 7777777 23,304 — 26,143 

. Yellow brass __________________--_~ ++ ee ee 9,824 13,089 

Manganese bronze _______--_---------------------------- 9,110 - 9,850 

_Aluminum bronze _______-_____.-------------------------' 6,743 6,736 

_ Nickel silver ____.___.-------------------------------- 2,636 3,090 

-Silicon bronze and brass ________._.------~-~-------~----—---- 2,584 2,911 

~* Copper-base hardeners and master alloys ___--.-_---------------- 10,765 12,204 

‘Total’ _ - 5 eee +--+ ----- 188,239 228,677 
Brass-mill products____.__--------------------------------- - .§10,3884 ~= 649,718 

Brass and bronze castings __ . -_.___---------—---~---------------- 31,759 36,486 

Brass powder ______----------------------+---------------- 571 614 

| Copper in chemical products _______--------+------------------- F2,480 4,007 

Grand total 2... _-_---------- be ------- 71,088,945 1,310,226 

"Revised. a | : SS . 

~ *. Table 22.—Composition of secondary copper-alloy production 

7 a = . a ‘. (Shorttons) . . 

: | : Copper Tin Lead Zinc Nickel  Alumr- Total 

. Brass and bronze production: ! — . 

-1975__§ LL 144,209 9,297 13,419 20,848 422 44 188,239 

1976____ 1 -L_____-..-- 173,060 11,398 16,870 26,831 449 69 228,677 

Secondary metal content of 
brass-mill products: 
1975_____________.--~ 408,959 341 2,305 94,652 4,083 44 510,384. 

1976 LL ~— 517,676 322 3,371 124,485 3,826 a) 649,713 

Secondary metal content of 
brass and bronze castings: 

| 1975_________.~--_---~- 25,860 857 1,963 - 3,045 1 - 33 31,759 

: 1976_________------- 29,195 946 2,211 4,059 31 44 36,486 
een 

| 1 About 92% from scrap and 8% from other than scrap.
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. Table 23.—Stocks and consumption of purchased copper scrap = st 
in the United States in 1976 | 

(Short tons) 

ee A nistieensunnt ens 

Stocks - ~ Consumption S - 
| Class of consumer and type of:scrap Jan. 1 Receipts ; New Old” Total piocks 

_ scrap scrap _ a 

_ SECONDARY SMELTERS a a . 
No. 1 wire and heavy copper _________ 2,184 26,942 3,449 23,579 27,028 . 2,098 
No. 2 wire, mixed heavy and light copper _ 5,121 61,006 13,869 © 46,031 59,900 6,227 
Composition or red brass. ____________ 5,270 58,026 12,299 ° 46,306 58,605 4,691 - 
Railroad-car boxes —___~_~___~ = ____ 324 1,978 _. 1,852 1,852 © 450 
Yellow brass _________-_________ 5,102 47,647 4,971 41,246: 46,217 6,532. 
Cartridge cases and brass ___________ 32 289 _— 2195 195: 126 
Auto radiators (unsweated) __________ 4,075 57,887 —_ 57,823 57,828 4,139 
Bronze _______~______~-______ 1,692 20,274 3,267 . 16,653 _ 19,920 .* 2,046 
Nickel silver and cupronickel ________ 789 3,043 357 2,728 3,085: .:'T47 
Low brass ~____________ 613 2,829 1,223 ~ 1,659 " 2,882~ 560 

_ Aluminum bronze ______—___ 191 490 427 140 — _ 567. 114 
Low-grade scrap and residues ________ 13,205 78,830 62,561 16,151 ~~ ~‘78,712 ~ = 18,823 . 

Total _-- 22 Le 38,598 359,241 102,428 254,363 356,786 41,053 . 

PRIMARY PRODUCERS a . - 
No. 1 wire and heavy copper _________ 5,043 115,247 59,425 58,244 117,669 2,621 
No. 2 wire, mixed heavy and light copper _ 3,528 140,451 80,489 47,851 128,340 15,639 
Refinery brass ____.__.___________ 4,625 436 8,794 4,230 a 

9,619 — . ; : a 17,730 . 
Low-grade scrap and residues ________ ( 183,267 47,765 127,786 175,551 )_ 

Total _. ~~~ 18,190 443,590 188,115 287,675 ... 425,790 35,990 

BRASS MILLS? Be 
No. 1 wire and heavy copper ________~_ 11,246 159,250 130,585 28,665 159,250. 12,814 
No. 2 wire, mixed heavy and light copper _ 4,415 71,778 69,928 © 1,850 71,778 5,042 
Yellow brass -_-___~§_~-___________ 23,886 269,074 269,074 -- | 269,074 26,342 
Cartridge cases and brass ___________ 8,090 78,028 78,005 23 - 78,028 9,334 
Bronze __________--=~4------- 995 4219  . 4219 - -- 4,219 800 
Nickel silver and cupronickel ___ =. ___ 7,228 33,791 33,791 -_- 33,791 4,558 
Low brass _~__________________e 4,334 . 45,959 - 45,959 _- 45,959 4,026 
Aluminum bronze _______________ 34 355 355 ne 355 53 

Tota?! ~~ LLL 60,228 662,454 631,916 30,538 662,454 62,969 . 

FOUNDRIES, CHEMICAL PLANTS, . oo - re 

No. 1 wire and heavy copper —________ 2,224 29,821 8,640 20,547 - 29,187 2,858 
No. 2 wire, mixed heavy and light copper _ 734 10,471 3,307 6,591 - 9,928 1,277 . 
Composition or red brass —~__~_______ 507 4,446 1,368 3,150 | 4,518 435 
Railroad-car boxes _____~__________ 597 5,098 _- 4,325 ' 4,325 1,370 
Yellow brass _-_________________ 523 7,951 . §,549 2,499 8,048 . (426 
Auto radiators (unsweated) __________ 1,211 9,797 __ 10,258 10,258 750 
Bronze ________~-__~_--_____~_ : 84 660 17 521 ~ 698 146 
Nickel silver and cupronickel ________ _— 88 _— 82 82 6 
Low brass _~_____~____~_____ 36 1,486 814 641 1,455 67 
Aluminum bronze ~~~... _____ 59 474 86 363 449 84 
Low-grade scrap and residues ________ 93 __ 64 —_ 64 29 

. Total __-.-.-_-_-______-_--~_- 6,068 70,292 219,985 248,977 268,912 7,448 

GRAND TOTAL 
No. 1 wire and heavy copper _________ 20,697 331,260 202,099 131,035 333,134 20,391 
No. 2 wire, mixed heavy and light copper _ 13,798 283,706 167,623 102,323 269,946 28,185 
Composition or red brass ~__________ 5,777 62,472 13,667 49,456 63,123 5,126 
Railroad-car boxes ___________--_- 921 7,076 — 6,177 6,177 1,820 
Yellow brass __._.______________ 29,511 324,672 279,594 43,745 323,339 33,300 
Cartridge cases and brass ___________ 8,122 78,317 78,005 218 78,223 9,460 
Auto radiators (unsweated) ______~____ 5,286 67,684 _- 68,081 68,081 4,889 
Bronze __________~_~______-__-_ 2,771 25,153 7,563 17,174 24,737 2,992 
Nickel silver and cupronickel ________ 8,017 36,922 34,148 2,810 36,958 5,311 
Low brass ~_______-__--------_-_ 4,983 50,274 47,996 2,300 50,296 4,653 
Aluminum bronze ___.._ ~~~ 284 1,319 868 503 1,371 251 
Low-grade scrap and residues® ________ 22,917 266,722 110,826 147,731 258,557 31,082 

Total __-_-__________ Lue 123,084 1,535,577 942,389 571,553 1,518,942 147,460 

1Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in brass-mill 
and grand total sections do not balance. 

2Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 2,287 tons new and 1,936 old. 
3Includes refinery brass.
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Table 24.—Consumption of copper and brass materials in the United States 
. . by principalconsuming groups. : 

. (Short tons) 

a oe : Foundries, . 

stom - Primary Brass Wire chemi Secondary 
| Year and item producers _—_miills mills plants, and smelters Total 

. : neous users 

1975: | | : 
Copper scrap __._-- 872,505 518,364 _- 60,098 301,601 1,252,568 
Refined copper! __ __ 438,970 1,061,255 "29,800 4,483 1,534,508 

| Brass ingot .__-_—_ __ 5,645, 7 2188,669 oe 194,314 
. Slab zinc _____=--- __ 106,942 _- 2,084 6,300 115,326 7 

1976 Miscellaneous __——~— __ _- _- 150 12,717 . 12,867 

| “Copper scrap ______ 425,790 662,454 __ 68,912 356,789 1,513,945 
Refined copper! ____ __ 84,755 1,364,048 35,563 - 1,519 1,991,885 
Brass ingot _____-~— oe 8,320 _- 2228204 _- 236,524 

Slab zinc __.__---- — 157,398 _- 2,252 6,594 166,244 

. Miscellaneous ——~—-—-— _- -- -- 200 5,702 5,902 

eed I 

_ Detailed information on consumption of refined copper will be found in table 28. | | 

2Shipments to foundries by smelters minus increase in stocks at foundries. : | 

Table 25.—Foundry consumption of brass ingot, by types, | : 

| inthe United States 

o | (Short tons) | 

o | a (1972 1973 1974 1975 1976 

Tinbronmes ee A026 47968 53,702 40,082 83,117 | 
Leaded red brass and semired brass _ _—--——------ 145,617 186,012 117,038. 84,839 | 97,732 

Yellow brass _._____------------------- 36,865 34,820 58,922 65,799 23,167 . 

. Manganese bronze _____——------—--------- 9,933 10,868 9,773 6,843 5,695 

Hardeners and master alloys _____----------- 5,291 6,633 6,053 4,420 3,385 . 

Nickel silver __.____.-_------------~------ 2,838 2,908 3,104 2,437 2,249 

Aluminum bronze ____~-~--------------- 6,222 — 6,882. 7,743 5,287 5,923 

Total _._____-_------------------ 247,292 246,086 256,335 210,607 171,268 . |
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Table 27.—Primary refined copper supply and withdrawals on domestic account . 
(Short tons) | CS a 

| a . 1972 1973 / 1974 — 1975 —. (1976 

Production from domestic and ce a 
; foreign ores,etec _. __ ~~ 1,873,233 1,868,488 1,654,658 1,443,378 1,539,308 

Imports ?__ = 192,379 202,955 313,569 146,805 381,524 
Stocks Jan. 14 2 25 = ee 75,000 . 57,000 37,000 = 101,000 207,000 

| Total available supply ________________ 2,140,612 2,128,443 2,005,227 —«1,,691,183 2,127,882 

Copper exports? ________-___~_____s __ | 182,743 189,396 126,526 172,426 111,887 
. Stocks Dec. 81+ _________-+------------ 57,000 37,000 101,000 207,000 190,000 

Total _ oe 239,743 226,896 227,526 379,426 . 301,887 
Apparent withdrawalson — oo f Lo oe 

domestic account 7__-§_-§__§ ~~~ 1,901,000 1,902,000 — 1,778,000 1,312,000. 1,826,000. 

| 1 May include some copper refined from scrap. . oN 
? Excludes copper, if any, delivered to industry from national stockpile sales. : 

_ Table 28.—Refined copper consumed by class of consumer | | 
(Short tons) - - - 

‘Ingots Cakes 
Year and class Wire and cS : 
of consumer Cathodes bars ingot and Billets Other Total oe 

wo bars slabs . | 

| 1975: . - - 
Wire mills. ._..._.______ _-_ _ 312,066 745,102  W -_- -— 4,087 1,061,255 
Brass mills _____________ 171,812 . 21,571 72,452 97,236 75,899 _. 488,970 
Chemical plants ________~-~- —— ae -- 0 oe -- 467 467 . 
Secondary smelters ________ 2,542. WwW 19381  __ WwW 10 4,483 
Foundries _________.____ 1,176 897° =6«:11,661. ss W Ww. 264 13,998. 
Miscellaneous? ____§_._______ 2,742 217 6,421 214. 178. —- 6,568 15,335 

Total _.____________ 490,338 167,787 91,465. 97,450 16,077 | 11,391 1,534,508 | 

1976: | | ] | 
Wire mills____________ ~~ 588,604 766,863 “Wo -. 8,581 1,364,048 
Brass mills _______.-__--_ 263,834 23,792 92,141 121,911 83,077 — 584,755 : 
Chemical plants _________- —- _-. _- -- -- 501 601 
Secondary smelters _______- 3,645 Wo 3,872 . _- -- 2 7,519 
Foundries _________-___- _ 1,193 1,159 12,653 -- Ww 361 15,366 
Miscellaneous? _______.__- 3,627 WwW 7,077 148 | W 8,844 . 19,696 

Total _._______-___- 860,903 791,814 115,748 122,059 83,077 18,289 1,991,885 

W Withheld to avoid disclosing individual company confidential data; included in “Other.” , . 
Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and 

copper shot, and miscellaneous manufacturers. - 

| Table 29.—Stocks of copper in the United States, Dec. 31 

(Short tons) 

Blisterand __ Refined copper 
Year materials Prim Wire New York in process ary Brass nS 

ofrefining® producers TL, mills) Other? Gamma 
1972__-__________-_--_-_ 281,000 57,000 50,000 28,000 5,400 57,800 
1973_________________- 265,000 37,000 42,000 30,000 5,600 5,900 
1974___________-______ 324,000 101,000 108,000 36,000 6,900 43,200 
197§_______________--_-- 312,000 207,000 119,000 31,000 6,100 100,000 . 
1976___________-__-_-- 321,000 190,000 114,000 36,000 7,000 201,000 

1 Includes copper in transit from smelters in the United States to refineries therein. 
2 Includes secondary smelters, chemical plants, foundries, and miscellaneous plants.
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| Table 30.—Dealers’ monthly average buying price for copper scrap and consumers’ 
| alloy-ingot prices at New York in 1976 | 

a (Cents per pound) | Oe 

en 

Grade oO Jan. Feb. Mar. Apr. May June 

No. 2 copper scrap —.—-------- . 36.98 87.92 ~ 39.76 41.95 44.10 43.66 

. No. 1 composition scrap --——-~~- 31.98 32.92 34.76 36.23 37.10 36.45 

No. 1 composition ingot ----___- 63.00. 63.00 67.20 71.98 73.00 73.00 | 

a July Aug. Sept. Oct. Nov. Dec. Average - 

: No.2copperscrap __--------- 4693 4573 43.71. | 38.48 35.00 34.10 40.69 | 
_ No. l composition scrap _-._.--- 37.18 - 37.05 35.21 _ 31.06 29.50 28.60 34.06 

No. lcomposition ingot _____.-- 7348 — 17500 78.00 69.67 69.00-- . 69.00 - 70.03. . 
ae tec 

Source: Metal Statistics, 1977. . , . 

Table 31.—Average monthly quoted prices of electrolytic copper for domestic delivered, 

oe | in the United States and for spot copper at London 

| (Cents per pound) | 

Mosih | Domestic delivered London Domestic delivered London 

| on ———_—__—— spt! Ane “2 

a American Metall Metals  *merican = Metals, = Metals 
a Market Week Week | Market | Week _ Week 

January ~~ __----- 68.86 69.03 54.91 63.63 63.63 54.09 . 

. ‘February __.__--_-- 64.32 64.18 57.44 63.63 | 63.63 55.29 

“.. March “.__-_------ 64.32 64.18 60.85 64.73 64.68 60.25 

oe April eee nee 64.32 64.18 60.28 69.26 69.24 68.50 

. ay ---__--__----- 64.32 68.78 56.81 70.63 70.63 68.56 

- June —~______----- 63.67 63.14 54.04 70.63 70.63 70.26 

July _________-_-- 63.02 62.48 55.43 74.63 74.63 74.66 

| August ___.__.-_-- 64.31 63.79 57.91 74.63 74.63 69.73, 
September ________- 64.31 63.79 54.86 74.63 74.63 66.20 . 

October _______---- _ 64.31 63.79 53.46 - 72.84 72.06 58.30 

November ___—--_-- 64.31 63.79 53.44 10.63 70.63 . 57.98 

. December ____----- 64.31 63.79 52.18 66.10 65.77 58.41 | 

| Average ___---- 64.53 6416 56.08 69.62 69.56 63.92 

7 - 2 Based on average monthly rates of exchange. . . . 

| Table 32.—Average weighted prices of copper delivered 

(Cents per pound) . 

i 

: 
Domestic Foreign 

a Year copper copper 

1972..___________--- eee + == --- ---------- 51.2 48.6 

| 1973... ee ee 59.5 80.8 

: 1974... eee eee = == 7171.3 93.5 

: 1975... ee ee = - == == == 64.2 56.0 

7 1996. ___.______------------------------------------- 69.6 63.5 
ae nn 

Source: Metals Week.
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| _. Table 34.—U.S. exports of copper, by class | 
oo Ore eoneentate coe | pe and matte (copper Blister and 

- content) - semimanufactures - 
ae _. Quantity .- Value Quantity Value - Quantity ~ Value : . (short - = (thou- (short (thou- (short (thou- tons) sands) tons) = _—sands) tons). sands) 

a 1974_2 12,488 - $17,387 2,660 $3,568 202,203 $448,584 oo 1976 ~2 8,307. 6,917 . 1,545 1,270 -— 258,165 465,553 oe 1976 TTT TT TTT 14,853 139602728 602 76°87 313,377. 
_____- Other copper manufactures! = Total. | 

eee Quantity Value | Quantity - Value . (short tons) (thousands) (short tons) (thousands) 
. . - (1974 - 8882 17,583 295,683 $487,122 sone a 1975 - 2 9,518 . "145158 | 277,535 CO 487,898 1976 wee ee eee 4,923 . 84850 199,376 . 338,394 

. . 1Does not include wire cloth: 1974-1,954,750 square feet ($869,778); 1975-2,268,914 square feet ($1,064,516); 1976- ‘1,288,812 aquare feet ($832,196). | : | : 

| “Table 35.—U.S. exports of copper-base alloy (including brass and bronze), by class 
, : : 4975 ) 1976 

: : Cl .’ Quantity ~ Value Quantity Value a, a * (short (thou- _.. (short (thou- 7 . oo tons) sands) tons) — sands) 

 Engots 304 $1,195 483 $2,042 . Scrapandwaste __.______._. 99,213 © 84,153 76,706 64,120 Bars, rods, shapes . 9,754 13,197 7,584 13,945 Plates,sheets, strips _......______._.. 3,187 12,3875 4,126 18,318 ee Pipes andtubing ~.._...___________ 6,609 19,193 © 6,213 19;596 . Pipe fittings wee 6,953 23,146 8,588 28,365 — Plumber's brass goods _.__._______________ 1,277 4,484 “1,472 © 4,592 | Geretaedee SSSR Powderand flakes _...-._-____________~ 1,266 2,901 1,849 4,513 Foil _.-___-__- 22D DT DTT TT TTTTTTT 217 796 "283 1,490 Articles of copper and copper-base alloys, nec ____ a) 7,278 (4) | 8,766 Total _-- 130,254 179,838 110,665 177,270 
: ? Quantity not reported. : | 

: Table 36.—U.S. exports of unfabricated copper-base alloys’ ingots, bars, 
rods, shapes, sheets, and strip) 

. ———— Quantity ~ Value | | | Year | (shorttons) — (thousands) 
1974 ___ 23,181 $62,598 1975 __ 

11,245 26,767 1976. rr 12,198 34,305 
1 Includes brass and bronze. | 

Table 37.—U.S. exports of copper sulfate (blue vitriol) 

| Quantity Value Year . (short tons) (thousands) 

1974__ 
1,815 $2,138 197§_ 2 eee 1,248 2,067 1976 rr 2071 2.935
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Table 38.—U.S. exports of copper scrap, by country 

co Unalloyed copper scrap . Copper alloy scrap 

1975 1976 1975 1976 

u - - - - Country quan’ Value 80 Value «4 — Value © Quan Value 
. . (short (thou- (sh oe (thou- (sh Ot (thou- (sh Ot (thou- 

LO tons) sands) — tons) sands) tons) sands) tons) sands) 

Argentina eee ee 453 $538 170 $198 2,035 $2,101 - 83 $59 
_ Belgium-Luxembourg ____ 3,998 3,105 2,658 1,701 5,289 3,628 8,889 5,710 

‘Brazil ________.__._- 15 62 51 108 310 280 111 82 
. Canada ____________- 4,755 5,575 6,374 7,632 6,838 6,307 6,194 6,961 

~ - Denmark ______.-____ ee we ee - 199 159 80 -- §0 on 
Finland ________.~___ _- _- _- _- 116 62 354 391 
France __________-__ 101 90 4 4 2,016 1,382 4,442 | 2,582 
Germany: 

East _____________ 83 56 _- _- 190 130 -- _- 
West ____________ 4,184 3,825 1,771 1,301 9,804 9,929 3,809 3,481 

: Hong Kong ___________ 644 668 282 269 821 706 122 ~ 680 
India _.___________- 46 46 363 405 1,543 1,396 3,091 2,637 
Italy ..---.-__.---_- 702 587 1,137 855 11,862 9,371 9,452 7,282 
Japan ~~~ 7,118 7,220 4,723 . 5,399 23,038 20,045 15,563 13,986 
Korea, Republic of _____ 9,945 9,560 12,481 13,034 10,905 9,446 10,093 9,113 
Mexico ___._________ 1,104 845 2,018 1,656 303 236 254 187 

_ Netherlands _____.__—~ 558 519 209 256 2,705 2,455 815 805 
Norway __.______---- 115 119 --— -- 167 160 20 22 
Pakistan _________~ _- 803 871 35 14 1,829 1,650 40 a) 

. Spain _____. 1222 -- 3,882 2,715 1,496 1,502 - 5,823 | 5,203 5,128 4,703 
Sweden __.-.__.-_-~- 3038 = 385——(‘(esté«CSD 290 — 3,042 1,917 728 511 

_ Switzerland ~~. ______-_ 627.615 _— _ 1,604 1,410 1,444 1,318 
. Taiwan ~~. 4,325 2,265 2,156 1,818 2,981 2,750 © 3,009 1,586 

Thailand ___________-_ 136 139 79 91 2,586 515 176 166 
oS Turkey ~~~ __ —- _- wn _— — = 379 360 
oe United Kingdom ___——-_—~ — 295 272 . 776 479 —-- 2,421 2,428 1,494 1,233 

Venezuela _______ =~ 360 198 — -- _ 429 121 139 119 | 
Other _.________~--- 450 518 71 67 357 366 197 61 

Total_____-._.. 45,002 40,793 37,473 —§ 37,079 99,213 84,153 76,706 64,120 

T Revised. . .
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Table 39.—U.S. imports for consumption of copper scrap, by country 
SS ares pyres sycenspunnenmmnnerenrssssrsensve 

. . — Unalloyed copper scrap (copper content) 
ene eer e TS  rSSy SSTyyU SsupiliidsSSvSPSTPSSS 

Country TS i 
Quantity Value Quantity . Value 
(short tons) (thousands) (short tons) (thousands) 

Australia. ___§____-________ 77 $84 60 / - $50 
Bahamas________________ 11 8 82 35 
Belgium-Luxembourg ____—___ 59 _ 96 8. 14 
Canada _________.______-_ 7,679 7,663 11,199 11,218 
Chile __________________ 24 oe 25 1,098 1,491 
Dominican Republic ________~_ 329 286 277 285 
France __. ~~~ _~___ 226 533 112 242 
Germany, West ____________ 87 107 17 13 
Guatemala_____~__________ 65 37 213 149 
Honduras _____$_-$_________ 65 53 27 23 
Hong Kong_______________ eee) 84 137 149 
Jamaica ~~. ~~~ _~___ 125 77 ——s «86 55 
Japan ____---—--~-~--_-____ 37 86 36 43 
Mexice ____.---------___ ‘4,202 3,844 5,507 4,541 
Netherlands ________._____ 129 233 59 77 
Netherlands Antilles_____ ____ 272 265 234 124 
Nicaragua __=_-___.--.-{-- * 80 28 . 181 . 196 
Panama ________________ 231 220 7 . 6 
Trinidad and Tobage____-____ 36 29 64 67 
United Kingdom ___________ 46 54 25 . 19 
Other ___ 5 ~~ ee ~ §93 647 . «856 454 

Total_—_-----------_ 1489914 4519785 19,281 
- Copper alloy‘scrap . 

1975 1976 

o Gross Gross 
. Content Value . ‘Content Value 

| oo weight (short (thou- weight (short (thou- 
. . tons) tons) sands) tons) tons) sands) 

Australia. 2.222 ~_~__ LLL 16 10 $24 ee ae _— 
Bahamas ____ ____________ 170 106 101 151 96 $97 
Belgium-Luxembourg ________ 242 130 194 20 14 17 
Canada_________________ 6,820 4,461 5,828 10,865 6,924 10,122 
Dominican Republic _________ 132 94 81 184 146 128 
Germany, West ____________ - 60 31 49 -- __ _- 
Guatemala_______________ 9 6 4 2 2 1 
Haiti _-_-_-__ Le 18 13 13 8 6 6 
Hong Kong______________~_ 320 206 481 1,446 1,112 1,329 
Israel _. ~§ 2 2 _- — _- 27 27 27 
Jamaica ________________ 2 1 1 17 10 1 
Japan ___~__~__~__~_________ _— _- _— 78 76 70 

. Mexico _________________ 723 474 449 1,126 714 760 
Netherlands Antilles_________ 14 10 9 122 96 87 
Nicaragua _____._______—~_ 4 3 3 88 62 62 
Panama ________________ 177 115 149 389 265 336 

’ Poland ____________ 221 115 186 _— _— _. 
Trinidad and Tobago_________ 24 17 10 13 9 11 
United Kingdom ___________ _- _- _- 39 — 39 32 
Other _________________- ‘ 59 39 ny 68 48 55 

Total.._-___________ 9,011 5,831 7,639 14,643 9,646 13,141
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Table 40.—U.S. imports! of unmanufactured copper (copper content), by class and 
- eountry — © | 

| I Ore, concentrates Matte Blister 

Year and country ' Quantity Value Quantity Value Quantity Value . 

(short (thou- (short (thou- (short (thou- 

oo tons) sands) tons) sands) tons) _ sands) 

1974____________------------- 58421 $76,504 2,624 $12,293 207,830 $393,553 

1975: 
: Australia. .____._.__-_-------- 2,134 1,723 _- —_ T 13 

~ Belgium-Luxembourg ~~ —_----—---- __ __ oo __ “2 CY 

’ Botswana _~_ ~~~ ___~-~-------~- -_- —- a 5,489 20,374 - a . 

_ Canada ____-___-_----------- - 38,958 46,922 75 29 4 a 

Chile _____-_---_---------+-- 18 (?) 19 35 26,283 - 27,007 
Honduras _______~~---_-----~- 2,094 706 oe _- _- -— 

Japan______________----~=-- 9 . 10 27 24. _— __ 

‘Mexico __ 2 _~_____--_----~-s--- 2461: 1,054 _- _- ~ 8822 11,598 

Nicaragua _________.__----_-- - 410 421 __ __ ee 

Norway______.~___----------- eo oe __ oe So 

.  Peru_______----------~------ 6,077 6,746 - _. 80,951 32,423 

Philippines _.._--_---_-_-------- 12,601 14,199 ae _- __ oe 

Poland .._..22222 22 117 40 _- _- _- Ro 

_ South Africa, Republic of ____------ _- -- 3,153 14,451 2,470 2,679 

_ South-West Africa, Territory of ____-~- ae oe — 20,414 23,154 

. United Kingdom __------------- -- oe 1 10 Ls oe 

. . Yugoslavia___~--=---------+-- _- _- _- _- me ee 

“Other _____-____--_-_-_-------  .  . @. .. 2. ® 328 858 _- — 

- Total... _-_____-__-___----.. . 64879... _ 71,821 9,092 35,781 88,951 . 96,879 

1976: , 

' Australia... -_-_------------ 465 _ 832 -- _- -9 “VT 

. Belgium-Luxembourg — ~~~ ----—~--- _- a _- _- ae 

_ Botswana ___.___------~------ _- _- 14,224 55,665 _- | _- 

‘Canada ______--__--_----=--- 47,179 60,696 110 88 158 -- 131 

- Chile _--_________------2=_- eo _- -- _- 30,817 35,280 

.. Honduras _-~-_-------------- 160 169 , _- ve m= ee a 

’ Ttaly_.-.------------------+- , _-— _— — oe —— a " 

- Japan. -_-_----~--------- |= -= oe _- oe wee 

’ Mexico _._____---=---------- 4 1 a _- 3,144 8,467 

_ New Guinea._ ______----------- 1,949 2,884 “oe -—- wee ee 

. Nicaragua __.__~_---------+--- 533 611 _- -- ° _- Le 

Norway_—_.-_-_-----~-------- _- _- _- a —- 

Peru. ______-----------~----- (4323 5,351 _- -- ° 6,726 8,269 

~ Philippines. _. _-____---------- 15,047 19,295 -- — - e a 

Rhodesia __- _.__-_---------- |. 1025 _ . 514 _ -- -- 0 Se . 

South Africa, Republic of _ ~~ _--—-—--- oe 3,949 22,524 SL en 

South-West Africa, Territory of _—_-—-—- _- _- _- _- |. - 23521 ' 2,780 

United Kingdom ______----~----- -- -- _- _- eo 

Yugoslavia. _. ____-_---------- —_ Soe -- -- _- Se 

Zaire ~~ 2 ---_---_--------- -- a -- -- ee 7 

Zambia _________-~--_----~----- -_- _- -- 1,108-.- ~ 1,407 , 

Other 2 wu + 2... & _- —_ 1 “2 

* TPotal- _- ----------------- 70,687 89,913 = 18,283 78,277 44,484  — 51,353 

See footnotes at end of table. a - - So
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Table 40.—U.S. imports! of unmanufactured copper (copper content), by class and 
| a - .country—Continued 7 

. Refined Scrap Total 

Year and country Quantity Value Quantity Value Quantity = Value oo a a (short (thou-- (short (thou- (short (thou- 
oe . an tons) sands) tons) sands) tons) sands) 

1974.0 LL 313,569 $551,726 31,158 $50,717 608,602 $1,084,793 

1975: 
Australia____ ~~ ~~ 2-2 _____e 1,273 1,409 77 84 3,491. 3,229 | Belgium-Luxembourg ______________ 7,405 8,204 59 96 7,464 - 8,301 Botswana ___________--__~__ iL. -- _- _- _- 5,489. . 20,374 Canada____ 2 2 70,747 88,484 . 1,679 7,663 117,463... 143,102 Chile _.._--_ ~~ - 28,626 30,378 . 24 25 54,970  —-57,445 Honduras .~_~_~___~______________ _— _- ~~ 65 — 58 2,159. | 759 - » Japan 8,259 - 10,469 37 86 8,332 10,589 Mexico ________-2.---_________.  —-—-—s:-4gi2:=«yj. 993 4,202 8,844 16,397 © 17,489 Nicaragua ___ 2-2 2222 Le : _- ee 30 28 440. 449 Norway. __-_-=.- 2-2 Le 242 292 oe _- 242 2 292 Peru_ ~~ ee 6,864 © 7,011 mee -- 43,892 46,180 |. Philippines a _- ae -_- -- 12,601... 14,199 . Poland _____.~_..-_____________ -- ~- -- —- 1g 40 

South Africa, Republic of _.._____=___. __ __ — __ 5,628 17,180 
South-West Africa, Territory of ________ | —_ a __ -_- 20,414. 23,154 
United Kingdom ~____________=___ 771 1,157 46 54 | 818 . 1,221 

" Yugoslavia____..~ ~~~ 2 21,494 21,347 _- _- 21,494 21,847 
. Other _-__ ~~~ LL 212 342 2,180 2,526 2,720 3,726 

. Total--- ~~ ~~ Le 146,805 - .170,086 14,399 14,459 324,126 389,026 

1976: . 
Australia. 2-2 2 LC” 1,329 1,525 | 60 50 1,863 . 1,924 

. ‘Belgium-Luxembourg ______________ 3,664 3,846 8 14. 3,672 3,860 
—_ Botswana _____=__-_§__.~_______ _- -- _- _- 14,224 55,665 

Canada -____~_ ~~~ Le 94,025 123,115 11,199 — 11,218 152,671 195,248 
- Chile _-____ ~~ Le 69,873 81,295. 1,098 . = 1,491 101,788  — 118,066 

Honduras _-_____________-._____ -- _- 27 23 187 192 
: Italy... 2 Le 3,307 3,175 nee _- — «8,807 81TH 

Japan _-_ ~~~ _- -- 36. 43 36 43 
| Mexico -___ 2 LL 424 536 5,507 4,541 9,079 8,545 
New Guinea ____~_ =~ _- a8 —— _- 1949 . 2,884 
Nicaragua ______- ~~~ Le _- oe 181 176 714.0 787 
Norway____..-~---~ ~~~ ~~~ 180 204 -_- |. -- 180. 204 

" Peru... 29,034 32,274 . -- oe 40,083 45,894 
Philippines ~_-_-___-_-__~__~_______ _- _- -- _- 15,047 19,295 

—— Rhodesia ~~~ ~2 7277277777777 162 217 -- + 1,187 791 
South Africa, Republic of _.._...._-___ 992 1,046 - oe a. 4,941 23,570 
South-West Africa, Territory of ________ —_- -- oe a 2,521 2,780 
United Kingdom _________________ 3,316 3,510 25 19 3,841 - ~~ 3,529 - 
Yugoslavia. —-_.~--_ ~~~ 44,984 49,599 -- -- 44,984 49,599 
Zaire _--_-_ Le 2,582 2,779 oe -- 2,582 — 2,779 
Zambia -__________.___________ . 127,162 149,881 _- _- 128,270 ‘151,288 
Other __-_._~____ _ 490 ' 323 1,594 1,656 2,087 - 1,981 ee IE 8 DOD STL VOL 

Total. LLL 381,524 453,325 19,735 19,231 534,713 692,099 
renee nnn nen een 

A CC NC TET ATS 

1 Data are general imports, that is, they include copper imported for immediate consumption plus material entering 
the country under bond. 7 

2 Lessthan 1/2 unit.
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Table 41.—U.S. imports for consumption of copper (copper content), by class | 

Year Quantity Value ' Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thow- 
tons) sands) tons) sands) tons) sands) 

1974 __-__--__s ee tsiéi83H TOBE $121,422 2,426 $12,033 ~ 200,607 $383,491 | 
(1976 ~---~--______ 29,301 35,649 5,675 20,560 78,969 90,346 
1976 ~~ ~~~ __ 35,197 49,861 - 14,097 54,878 19,388 22,144 

| | - a, Refined "Scrap 
LL Total ce a. - Quantity Value . Quantity  . Value _ value 

'. (short (thou- (short (thou- (thousands) 
ae oe tons) sands) tons) sands) 

1974 _-_-_-_._-_____- 818,849 $551,442 31,109 $50,641 $1,119,029 
1976 ~- eC 142,945 166,159 14,399 14,459 321,673 

- WT _ - 881,348 453,279 19,735 19,231 599,393 

: | _.. able 42.—Copper: World mine production by country’ 
BR | (Short tons) | 

cement gc Pc eA SE A SSC OA SS 

7 oo i Country cs 1974 1975 1976? 

oo ‘North and Central America: | - | | 
| Canada? ___________-__--_--------------------- *905,417 808,904 823,570 | 

Cuba®____- ee ™3 200 ™3'300 3300 
: Dominican Republic ..____._.-_--------+---------- | “500 __ 

Guatemala _.____________-.---_~_--------------- 1,994 2,822 3,185 
a Mexico ________--__------.-----/----_--~------- $1,128 86,196 98,073 

Nicaragua? _________~_.-___----~--------------- 1,957 © M1 696 
: United States? __.______-____--------.----------- 1,597,002 1,413,366 1,605,586 
'. South America; . oS . ae . 

, ~- Argentina _______----------------------=-------- S47 202 e200 
So Bolivia* = = 5 5 = 5 ee Le eee + . ™8,962 7,045 5,277 

| Brazil ________________------------------_----- 3.390 2,119 ©2200 
- Chile _.._.-_~_.----------~----~------—--------- 994,394 913,043 1,108,042 

— @olombia® _ eee "30 80 BO 
woo.) Reuador 22 Le ee ee 197 — 263 ©300 

oo Peru__________________-._~------------------- 233,241 2197,340 2991331 
. - Europe: 

. Albania® ® ~~. _-_________ eee 78,540 8,540 8,800 
Austria ____~__~_ Lee ee ee 2,962 2,186 1,254 

. Bulgaria _._-_____---------------~--------------- 55,160 60,583 59,525 

. -- Czechoslovakia®__- ___.__-___-_-___-_-__-------------- T5,200 75,500 5,500 

. Finland _.._.__.____------~------~---~-----~---+------- 39,850 | 42,770 42,118 

France _____.-__-------------------~----------- 432 551 “550 
| Germany, Fast ________.____-.-_-----+----------- __ ©1700 €1 700 

Germany, West? ® _________-_--------------------- 1,911 2,162 1,778 
Greece _________--.---------+----~-+------------- 883 1,533 1,080 
Hungary* oe ee ee eee eee ee ne ee ee eee 1,300 1,300 1,300 

. Ireland? _..___.____-_--------=---------------- “13,942  —s_- 10,803 4,519 
Italy® _._______------------------------------- 915 1,011 1,010 

| Norway® _____-_---__--_---_-------------------- 26,587 30,991 34,728 
: Poland®_._ __. __. __~--_----------------~------+----- 218,300 260,000 300,000 

Portugal®é ____-_____-_---__--------------------- 6,226 5,577 4955 
- --.Romania® __-________-.----------------~--------- © ¥37,500 © 41,000 44,644 

a Spain? ? _______________----------------------- 37,807 43,344 £44,000 
Sweden ______.__~------------~--+-------~----~---- 44,795 44,791 51,987 

- USS.R.2 75 20 ee ee + 816,000 843,000 880,000 
United Kingdom ____-_-_--_~----------------------- 478 504 “550 
Yugoslavia _.________-__--_--------------------- 123,587 126,649 132,409 

Africa: 
Algeria® ________-__-_------------------------- 410 440 440 
Botswana _..~-.------------~------------------ 2,623 7,154 13,759 

. Congo (Brazzaville) ____._.------------------------ 1,025 1,010 450 

Ethiopia® _____-_------------------------------- 440 440 440 

Kenya® ___.__-_------------------------------- 80 80 80 
Mauritania ______---_------------~--------------- 22,133 17,861 10,396 

- Morocco® __ ___. ___------_-~-----~--------+--------- 5,952 5,291 ©4 400 

Mozambique® ____.-------.----------------------- 689 155 °TI0 
Rhodesia, Southern® _______.___--------~------------ 43,315 43,531 34,969 
South Africa, Republic of _.___-.---~------------------ 197,436 197,233 217,023 

. South-West Africa, Territory of* ®_________---_---------- 35,801 “43,000 “48,500 
Uganda ___-__--_-----~------------------------- 13,496 9,370 9,921 

Zaire __________--_-----~-~-----+---------------- 590,524 547,111 490,098 

Zambia _________----~------~-------------------- 769,364 746,177 T8191 

- See footnotes at end of table. |
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Table 42.—Copper: World mine production by country! —Continued .. ’ | 
. , a (Shorttons).. wo, a . 

. Country = | So 9T4 195 1976” en 

Asia: . . 
Burma’? __= TT 94 - 101 
China, People’s Republic of€ ~_-____________ eee 110,000 110,000 =: 110,000 
Cyprus® _ -— ~~~ ---~-~-==---~----7>---------~-- 12,846 10,913 11,023 
India ___~_ ee eee ~~ 30,958 . 42,990 54,895 
Indonesia _____-____~__-~-----------------------: . 11,210 69,997 75,398 
Iran® . + .1,980 1,980 1,631 
Israel _. 2 ee - 12,100 8,270 __ 
Japan? 3? _ 2 eee e+e 90,538 93,674 89,618 
Korea, North® __§_§___-->_§_-- ee  e 14,000 14,000 14,000 
Korea, Republic of ____-____~_____--_____---------~-- “3,080 2,944 2,486 
Malaysia -_-____-----_-~_---------------------- 9... 55 4,189 20,062 
Philippines __~—-—_~--~~__~__~--~~~~~--~--------- |. "249,077 249,366 255,185 
Taiwan® _-______-_ ee 8 2,760 2,100 2,200 
Turkey _-______-__ 2-42 765 ~ 40,319 - -€35,800 

Oceania: . _ 
Australia__§_§___.____.-__-____--~~- ~~ 277,055 ~~. 241,363 239,683 
Papua New Guinea® ______________________ 7202,491.° | 190,123 193,798 

Total ____----------------4 + -2+2---------- *8,047,959 ' 7,671,661 8,212,779 

°Estimate. Preliminary. "Revised. . ce | | bee autho wlasean ice gd pe auethle ae 
1Data presented represent copper content (recoverable where indicated) of ore mined wherever possible. If such data 

are not available the nonduplicative total copper content of ores, concentrates, matte, metal.and/or other copper-bearing 
products measured at the least stage of processing for which data are available hasbeen used. =  _—__ a 

*Recoverable. +. . oO ON oe 
SCopper content.of concentrate produced. - | co 
*Corporacion Minera de Bolivia (COMIBOL) production plus exports by medium and small mines. . og 
5Smelter production. - | | re 
Includes copper content of cupriferous pyrites. ce 

_ TExcludes an unreported quantity of copper in iron pyrites which may or may not be recovered. _ a 
SYear ending September 30 of that stated. | 7 | we, 
*Data are compiled from operating company reports of Tsumeb Corp., Ltd., General Mining and Finance Corp. Ltd. for | 

Klein Aub Koper Maatskappy Ltd.’s mine near Rehoboth, and Falconbridge Nickel Mines Ltd. for Oamites Mining Co, 
(Pty.) Ltd, Oamites mine. Data for General Mining and Finance Corp. Ltd. are for fiscal years ending June 30 of that 
stated, while data for the other companies are for the calendar years. oe . 3 | —— 

.10Copper content of matte produced. , | es . 
. 11Year beginning March 21 of that stated. CO 

12Copper content of run-of-mine production was as follows in short tons: 1974—90,985; 1975—-93,952; 1976—90,181. . 

Table 43.—Copper: World smelter production by country’ 
(Short tons) a 

. - Country 1974 1975 1976” 

North America: | oe 
Canada _____~___~--~~-----~-~-------------------- 568,351 547,076  §88,582 
Mexico? ____..____--______.__---~-----------~--- 86,322 84,188 98,889 

_ United States? _______________ ~~~ +e 1,569,816 1,447,128 1,584,622 
South America: . oo 23 

Argentina®_____________-__--------------------+- 90 90 90 
Brazil _..-_-____-~--1--~----------~-~-+--~~~--+--+- 2,756 1,442 
Chile*___- -_--/ _-__- ee 798,403 798,513 © 943,908 
 Peru____-_~___------~--~-~---~-------+----+--+--~-+- 194,560 173,081 - 204,533 

Europe: oe 
Albania® _________---~-_-_~-------~--~~-~-------- 8,540 8,540 8,800 
Austria _________-------~-~--~--~~_-~----~-~--~--- 2,870 (5) _- 
Belgium’ ®°__ _-_ ___________-_------~-----+-------- 17,600 22,000 22;000 
Bulgaria® ________-_-_--_---_------_---~-----~-~--~-- 53,000 66,000 62,000 
Czechoslovakia® __ .___. ________._-~__--------_-~____ 6,600 7,700 6,609 
Finland __________-----~--------~--------~---+ ~~. 48,569 . 51,731 56,787 
Germany, East® _______________-___-_-------~---~___ —_ 1,650 1,650 
Germany, West _________-_-_-__-_--__-------------- 191,834 185,326 200,069 
Hungary® ~ ee ee eee 1,300 1,300 1,300 
Norway’ _______--------~------~------~-~--~--~-+---- 34,984 29,045 26,253 
Poland®___-_ -- ___- _--~_---_------_-~------------+- 215,000 280,000 305,000 
Portugal __.______----------------------------- 3,970 3,527 3,500 
Romania® _____________________________-----~-- 37,500 41,000 | 44,600 
Spain ___________--------~------~_---~----------- 142,449 157,383 155;727 
Sweden ____ ______------------~-------~--~---~---+-- 45,125 45,793 51,236 
U.S.S.Re& _ ~~ e+ 816,000 843,000 880,000 
Yugoslavia ________-_-_~--_----~__-~~--~--------- 195,063 178,587 181,220
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| Table 43.—Copper:. World smelter production by country’ —Continued 

(Short tons) . 

- Country 1974 1975 1976" 

Africa: . 
Rhodesia, Southern® ® _____...___..-__----------+----- 45,200 47,400. 42,000 
South Africa, Republic of _._.._-________._-_--_------- 162,920 ~ 165,020 175,598 
South-West Africa, Territory of? ____._.__________-__---_--- 51,381 40,135 31,000 
Uganda --_-_____------------------------------- 9,827 9,149 8,300 
Zaire*° ~------ eee + ™515,440 509,929 449,996 

Meee ~~ ono rrr rrr rrr *782,089 126,453 778,127 
ia: 
China, People’s Republic of€ ________.____-____.__--.--- 110,000 110,000 110,000 ~ 
India _._-.________ eee 12,100 26,460 27,230 
Iran! _ eee 7,170 7,700 7,700 
Japan ______________ ee 1,049,954 905,496 946,710 

. Korea, North _________-__+-______~- +--+ 14,000 | T14,000 14,000 
Korea, Republic of __-_____._______-+_--~--_-~-------- 13,670 22,377 32,739 
Taiwan? __§_ eee ++ 4,400 6,173 4,400 
Turkey ____._~___-----------------------------.| 32,603 29,707 26,460 

Oceania: Australia -__._-._-.___.__-----_------------ ™216,195 198,457 186,342 

Total ____-__----------,-~------------------+- 8,067,651 ~< 7,792,556 8,163,968 

°Estimate. Preliminary. "Revised. ~ . 
1Unless otherwise noted, data presented for each country represent primary copper metal output, whether produced 

- by thermal or electrowinning. To the extent possible, refined copper produced from imported blister or electrolytic anode 
copper has been excluded. . 

Copper content of impure bars and electrolytic copper. 
3Smelter output of domestic and foreign ores, exclusive of that from scrap; production from domestic ores only was as 

follows in short tons: 1974—1,532,066; 1975—1,374,324; 1976—1,461,256. . 
‘Figures presented are total blister and equivalent copper output including that blister subsequently refined in Chile 

and copper which is produced by electrowinning. 
~ 5Revised to zero. 

6Belgium reports a large quantity of refined copper, but this is mainly from imported blister; domestic smelter 
production is reported output of blister copper from ores. 

7Reported Norwegian copper output is derived in part from copper-metal matte imported from Canada, and reported 
/ Canadian smelter production may also contain this material. Norwegian smelter output from domestic ores was as 

follows (approximately) in short tons: 1974—6,500; 1975 —7,500; 1976—7,600. ; 
- 8Year ending September 30 of that stated. 

: ®*Data from Tsumeb Corp., Ltd. : 
10D ata include refined copper plus exported blister and leach cathodes. 
11Includes secondary. . 

Table 44.—Copper: World refinery production by country’ 7 

(Short tons) 

re ee ef SS 

Country 1974 1975 1976" 
eer ge 

North America: 
Canada? ____________._~-__-------+---~---------- 616,329 583,342 562,749 © 
Mexico ____________~-~_--------------~---------- 15,179 69,610 83,134 
United States _.___________-__------------+------- 1,654,658 1,443,378 1,539,308 

South America: 
Argentina®________-__--------------------------- 90. 90 90 . 
Brazil? ~_-._______--__-------------------------- 41,120 31,750 34,280 
Chile __________--~--------~-_---~-+-~---~---------- 593,150 589,960 696,700 
Peru___________--~---~-----~------~------------- 42,940 58,390 154,451 

Europe: 
Albania® _________-__----------------~---------- 8,540 8,540 8,800 
Austria _________--_-~~--------~--~------------- 29,446 29,686 31,514 
Belgium’ ________--_--------------------------- 428,036 393,551 502,796 
Bulgaria®s _~______------------------------------ 52,900 52,900 52,900 
Czechoslovakia? __ _______.___-_-------------------- 22,981 25,159 26,455 
Finland _________--------------------~---------- 42,193 39,423 42,052 
France _________----~--------~--~--~-------------- 24,866 21,491 21,269 
Germany, East® _.______-_------------------------ 50,700 52,900 52,900 
Germany, West _______--.------------------------ 466,896 465,397 492,271 
Hungary® ? _______----------------------------- 19,000 19,000 19,000 
Norway _____-----------~----------------------+- 27,345 21,688 18,543 

Poland _________-------~-------+---------------- 215,000 274,500 297,600 

Portugal ________------------------------------ 2,793 1,365 1,270 
Romania® ______________-____----------------+-- 37,500 F41,000 44,600 
Spain ______-__------------~-------------------- 160,055 152,833 165,640 
Sweden __________-_--_------------------------ 52,335 54,529 “57,800 

USS.R& + - -- - - - - - - - -- -- 777,000 800,000 837,800 

United Kingdom _____-___----~--------------------- 76,165 83,226 56,832 

Yugoslavia _______------------------------------ 154,038 136,562 134,027 

Africa: 
Rhodesia, Southern® _________-_-------------------- 33,000 33,000 33,000 
South Africa, Republic of ______-_-------------------- 97,550 95,240 105,050 

Zaire* $e 280,617 249,128 12,752 

Zambia ___________---_------------------------ 746,103 693,518 766,043
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Table 44.—Copper: World refinery production by country: —Continued _ | 
| (Short tons) | . . 

| Country 1974 197%) s-1976P 

Asia: . oe . 
China, People’s Republic of ___.______--_------------- 165,000 . | 165,000 -.~ 165,000 
India ____ eee 12,976 18,016 27,223 
Tran® _9 eee eee 7,700 7,700 7,700 
Japan ___ eee + 1,097,955 902,639 952,783 
Korea, North® ____________________-_-~----~-~ + 14,000 . 14,000 14,000 
Korea, Republic of? ________._._.____-------------_-- _ 13,668 23,069 ~ 32,780 
Taiwan ____§________~___ ee eee 10,868 - 9,413 12,853 

| Turkey ___________________--_------------+-+---+- 32,630 23,589 17,600 
Oceania: Australia ______-_____---------------------- 179,082 182,730 177,186 

Total____-_--_-_----------------------------- "8,862,404. 7,867,812 «8,818,751 

| | Estimate. Preliminary. "Revised. | : oo | | - 
1Unless otherwise noted, data presented for each country represent total primary refined copper (both fire refined and 

electrolytically refined), ircluding refined from imported crude copper (blister and electrolytic anode). oe 
2Includes secondary. © 
3Data include leach cathodes from Zaire, secondary, and alloy material. OO 

- 4Excludes metal content of leach cathodes which are included in Belgian production. . oo



Oo _ By A.C. Meisinger* | | 

US. production of processed diatomite in omite also increased and represented 24% 

vole nereesee A an quantity ane ae in of domestic production in 1976. Diatomite 
: value compared wi at o . ra-. | 

tion, with 60% of domestic demand, con- imports totaled 5,154 tons (a record quan- | 
| tinued to be the major use for diatomite tity) in 1976 and were primarily from West | | 

during the year. Exports of processed diat- Germany. . 7 | 

os ns DOMESTIC PRODUCTION Be 

- Production of domestic processed diato- Resources, Inc., Santa Maria, Calif.; NL 

, mite in 1976 was 631,380 tons valued at Industries, Inc., Wallace, Kans.; Eagle- 

nearly $55 million, or increases of 10% in Picher Industries, Inc., Sparks and Love- 
| quantity and 20% in value compared with jock, Nev.; Cyprus Mines Corp., Fernley, | 

| tna Ot etinn continued from five NeVi American Fossil, Inc., Christmas Val- 
roduction continue to come from five ley, Oreg.; and Inorganic Specialities Div., 

States: California, Kansas, Nevada, Oregon, Witco Chemical Corp., Qui Wash 

and Washington, where companies operated _ T ‘0 em ; Fp., quincy, tv ash. oo, 

| 16 mine and plant facilities. Domestic pro. Witco Chemical Corp. revealed plans in 
ducers in 1976 were Johns-Manville Sales early 1976 to construct a new plant to 

| Corp., with operations at Lompoc, Calif; manufacture diatomite products by 1978. 

Grefco, Inc., Lompoc, Calif., and Mina, Nev.; Site of the plant was not announced. by the 
Exce]-Minerals Co., Taft, Calif.; Airox Earth company. — a : =. 

| Table 1.—Diatomite sold or used by producers in the United States 

| 1972 1973 1974 1975 1976 

Domestic production (gales)._______- short tona._ 576,089 608,906 664,308 +«=«572,582 «631,380 
Average value per ton _____________------- $65.19 $59.26 $76.31 $80.01 $87.08 

CONSUMPTION AND USES 

Compared with 1975 consumption, all re- included abrasives, absorbents, additives, 

| ported one ne of diatomite increased in admixtures, carriers, and coatings for 
quantity wi e exception of silicate com- re . “ys 
pounds and additives. Filtration continued vericaltus ape cations Primary " ine 
to be the major end use with 60% of 28ricultural, Chemical, construction, an 
domestic demand for diatomite in 1976, Paint industries. 

| followed by fillers, lightweight aggregates, ———————— 
and insulation. Miscellaneous end uses Industry economist, Division of Nonmetallic Minerals. 

521
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| Table 2.—Domestic consumption of diatomite, by principal use 

| | (Percent of total consumption) | 

| Use 1972 1973 1974 1975 1976 

Filtratin ....---_-__________-____- 58 61 60 60 | 60 
. Fillers -. 2 22 LL Ww Ww WwW W WwW 

| Insulation =» 4 4 5 4 5 
. Miscellaneous _ _ _ _____---~----~~---------- 38 35 35 36 35 

W Withheld to avoid disclosing individual company confidential data; included with “Miscellaneous.” 

| - PRICES - 

The weighted average price per ton of prices per ton for diatomite used as abra- . 
processed diatomite sold by producers was_ sives and lightweight aggregates also in- 
$87.08, an increase of 9% compared with creased compared with 1975 prices. The 
the 1975 price of $80.01. Price increases only major end use for diatomite that did 
were substantial for diatomite used in fil- not increase in average price in 1976 was © 
tration and fillers (table 3) in 1976. Average insulation, = | oa 

| | ‘Table 3.—Average annual value per ton of diatomite, by use : oon | 

) Use - 1975 ~~ ~«1976 
Filtration _~.~_~_____-----_-____ ee $91.73 $99.34 
Insulation _- ~~ 5-5 ee ee 62.61 62.36 
Abrasives ___________________________________________- 145.56 146.04 

Mibcellascous een 7 7772272222 __ 45.63 «48.10 

Weighted average ____-.____-------2-----------------+--- 80.01 ——s(87.08 

oa | FOREIGN TRADE SO - 

| "The quantity and value-of U.S. exports of West Germany, 14,845 tons; the United 
processed diatomite increased 1% and 11% Kingdom, 14,386 tons; and Australia, 12,002 
respectively, compared with those of 1975. tons. The average value of exports was 

| The quantity exported (149,200. tons) repre- su. per ton, compared wilt ; ied mm 

ted 24% of domestic production (631,380 1979. Diatomite Imports totaled 0,04 tons, sented Wel, of which 96% came from West Germany. 
tons) in 1976, or 2% less than in 1975. ‘The 1976 import total was a record quantity 
Principal countries of destination were and exceeded by 34.5% the previous rec- 
Canada, 41,675 tons; Japan, 15,088 tons; ord quantity imported in 1975. 

| Table 4.—U.S. exports of diatomite 

(Thousand short tons and thousand dollars) 

Year Quantity Value 

1974 _/- 186 17,541 
1975 2 147 15,314 

| 1976 _-_ 149 16,932
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| _ Table 5.—Diatomite: World production, by country | | 

oe . (Short tons) 

. Country 1974 - 1975 1976" 

North America: . . 
Canada® __-__________ 550 550 550 

: Costa Rica ________________._____--_-__ F 1 100 F €1 100 790 
; Mexico __-. ~~~ 26,048 25,048 28,984 

United States __-__________ ek 664,303 573,000 631,000 
South America: 

Argentina _.______.-_-__~_~_-__ T18,815 16,535 ©17,000 
Brazil _.._..--.__ ~~~ 1,208 6,548 "6,600 

- Chile _. eee 2,524 205 864 
_ Colombia ~~ __________-_--------.----~--- 606 F e660 ©660 

Peru___~_~________ F €8 800 14,000 19,008 
Europe: 

Austria ~~~ 2,189 1,731 2,075 
Denmark: 

_ Diatomite® _______________ ee 22,000 23,000 28,000 
. Moler®___. ~~~ 240,000 250,000 250,000 

France®______§__________ 230,000 230,000 230,000 
' Germany, West (marketable) _________..-----~- 56,628 60,219 &61,000 

Iceland! __________ ©24,800 ©24,800 25,021 
Italy - ee 34,960 T €35,000 ©35,000 
Portugal _____________---_----~~-~~--- 2,090 2,304 3,472 
Romania® ___________________-___ 44,000 44,000 44,000 . 
Spain® _.__ = 22,000 22,000 22,000 
Sweden __.____-~____-_-----~------=+--- 624 466 440 . 
U.SS.R.® _ , 440,000 450,000 460,000 
United Kingdom __._________------~~--- 4,409 3,858 ©3,800 

Algeria __ 2 8,800 11,000 16,500 
Egypt ~~ --________-~~ 1,764 454 360 
Kenya ~_______~_~~~--~-~-~-~-----~----- 1,827 1,983 2,941 
South Africa, Republic of _....._..____-_---~ 866 715 | 682 

Asia: Korea, Republic of _.__...__._-~---------~ 12,884 21,258 14,862 
Oceania: 
Australia... 9-22 ~---_-_-_--__-~----~ T8199 6,110 ©1,300 
New Zealand __.-___________ ee 5,024 3,368 ' 3,300 

Total _________________~__ 1,887,018 1,829,912 1,904,704 

*Estimate. Preliminary. "Revised. 
1Exports.
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Feldspar, Nepheline Syenite | 

| oe ‘By Michael J. Pottert — | oe 

-Feldspar production in 1976 increased by permits very difficult to get. Other situa- 
10% compared to 1975. Sales to the glass tions to be faced are long-range goals to 
industry were unusually high during the — strictly regulate waste water discharges and - 

| first half of 1976. However, the electrical air emissions, rising costs of mining ma- 
porcelain industry, although not a large chinery and milling equipment, and enor- - 
consumer of feldspar, was plagued by a mous construction costs.? on 

_ series of lengthy strikes. No spot shortages Legislation and Government  Pro- | 
/ of feldspar, including potash feldspar, oc- grams.—According to provisions of the Tax __ 

curred during the year.  _—_ Reform Act of 1969, which continued in | : 
: The feldspar industry continued to face force throughout 1976, the depletion rate 

some difficult factors. Possible stricter con- allowed on feldspar production (both do- , 
trols on land use could make new mining mestic and foreign operations) was 14%. 

Rabe 1.—Salient feldspar statistics OS 
a : _ ) 4972. +1978 + +#«+1974 + ~=«1975 i760 

United States: / | 7 | | | 
Sold or used by producers? _________.__ short tons._ 746,212 791,900 762,728 669,898 739,684 

Value_________________-__-—— thousands__ $10,683 $12,830 $11,396 $11,728 $17,531 | 
Exports.______________________~ short tona__ 5,275 9,554 18,319 9,548 6,144 | 

Value __.___-_____.--____..~ thousands. _ $184 $466 $662 $507 «$852 
7 Imports for consumption __._______.~~ short tons_._ 1,182 367 92  . +290 98 

Value __._~____________._____ thousands. — $48 $26 $4 $23 $18 
° Consumption, apparent? __...______._— short tons... 742,069 782,713 144,496 660,645 733,633 

= World production_ __ .._______—~ thousand short tons_ — 2,994 8,050 8319 . '2,898 2,850 

- 1Includes hand-cobbed feldspar, flotation-concentrate feldspar, and feldspar in feldspar-silica mixtures. 
*Measured by quantity sold or used plus imports. 

FELDSPAR 

DOMESTIC PRODUCTION comparable to previous years. Actual mar- 
. ket prices for most types of feldspar increas- 

. The 1976 domestic output of feldspar gq 6% compared with those of 1975 . 

ready to be put into final form for use (that Feldspar was mined in 10 States; North 
is, the Pavere quantity of band einbed fe Carolina led, followed in descending order 

. - spar, flotation-concen eldspar, an . Georgia, California . 
| feldspar content of feldspar-silica mixtures) by Connecticut, ° Okla 
. was 10% higher in tonnage than in 1975. _ physical scientist, Division of Nonmetallic Minerals. 

The value for the 1976 output also increas- *Rogers, C. dr. Feldsper. Min. Eng, v. 29, No. 8, March 
: ed; the values for 1976 in table 2 represent a 1 Pe. ad in footnote 2. 

more highly refined product and are not 

| 525
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homa, South Dakota, Arizona, Wyoming, to minus 200 mesh or finer. In 1976, 14 U.S. — 
, Maine, and Colorado. The combined outputs companies operating 16 plants produced 

of the first four States named amounted to feldspar in 10 States for shipment to des- 
93% of the U.S. total. | tinations in at least 21 States, Puerto Rico, 

_. Most of the feldspar used in glassmaking Canada, and Mexico. North Carolina had 
oe is ground no finer than 20 mesh, and _ seven plants, and California had two. Arizo- 

substantial tonnages of feldspathic sands na, Connecticut, Georgia, Maine, South Ca- 
| (feldspar-silica mixtures) enter into glass .rolina, South Dakota, and .Wyoming each 

furnace-feeds with no further reduction in had one plant. A change at one company 
particle size. Feldspar to be used in ceramic _ took place as Sobin Chemicals, Inc., became 

| and filler applications is usually pulverized - part of IMC Chemical Group, Inc. | 

_ Table 2.—Feldspar sold or used by producers in the United States 

(Thousand short tons and thousand dollars) 

ne a 
1972.8 89°: 658. 7: 585 7954 12 2,627 746 ) 10,688 

oo 1978 __- 58. «686——(ité‘«‘éi 9789 198  — 2,406 792 . 12,830 
1974 46 412 580 8,784 187 =: 2,199 (5) 11,896 
1975 2 17 214 ~~. —CB81 9,260 192 «~~ «2198s TO. ~~ «*:1,728 
1976 2B 821 601 13606 $$$|$H1 3,603 740. 17,581 

'Feldsparcontent. re _ 
"Data may not add to totals shown because of independent rounding. _ ee? ne 

CONSUMPTION AND USES =—S—CsCarndled in this way. It should be noted that _ 
a 1OTE Hence ce _,_¥. __, a substantial portion of the material classi- 

sol 6 there wag as urna no significant fied ap feldsparcilica mixtures serve in 
ceased state in which it is taken from the &28smaking without additional processing. 
mine. The majority of users acquired their. Tre tp c, ngs custzibution of feldspar 
supplies already ground and sized either by ™ the United States indicated that 67% of 
the primary producers or. by merchant the total was consumed in glassmaking and 
grinders, although some manufacturers 30% was used in pottery. The remaining 3% 

, of pottery, soaps, and enamels continued WaS used in a diversity of applications, — 
their custom of purchasing crude feldspar including glazes, enamels, soaps, abrasives, 
for grinding to their preferred specifications Sanitary ware, rubber products, and electri- 
in their own mills.. The Bureau of Mines . cal insulators. The end use data in table 3 
canvass of producers and merchant grind- for 1976 represent more comprehensive 

7 ers does not provide information concern- canvass coverage than in 1975. __ - 
ing the end use distribution of the material = oe | 7
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o - Table 3.—Feldspar sold by producers, by use 

a } a 1976. ——s«dawsetC~™S 
a ‘Use _ “Quantity. Value. Quantity || Value | 

| | (dhorttons) (thousands) _(ahort fons) ___(thausands) | 
Glass ____--_-_-_____------------ 100 - $4. 100 $4 
Pottery _______________-__-.----_- “11,899 405 WwW Ww 
Other eee “4811 15 26,908 925 

oe 16,810 584 27,008 929 

Glass ______________.------------ 254,141 — 4,738 401,899 8,474 | 
Pottery _--_-_-_______.____ ee 172,999 4,806 180,200 4,827 
Other _- 20,019 661. =. CCT 18 

Total _..-_-__________---------- 447,159 10,200 — 582,880 18,814 

Feldspar-silica mixture:! - : } | | 
Glass --_-__________ 24,156 266 —89,679 2,911 
Pottery ______-------------------- 25,870 480 W Ww 
Other ________________ = 27,582 806 31,801 1,282 | 

| Total _._________________-_---__ 77,608 1,502 120,980 4,148 

Glass _-_- 278,897 5,008 491,678 11,389 7 
Pottery -—--—--------------------- 210,768 5,641 221,740.  . 6,102 oe 

| -------------------------- 52,412 1,642 17,895 =i (wi : 

. Total _--- eee sCSA, OTT 12,286 780,818 18,886 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” - ce! 

. 4 feldspar content. . : . 

Includes soaps, abrasives, sanitary ware, rubber, and electrical insulators; totals for “Quantity” and “Value” for 1976 
| do not correspond to the sums of the subtotals of the three “Other” categories above. 

PRICES _ Feldspar prices were quoted by Industrial 

_Engineering and ‘Mining Journal, De- Minerals (London), December 1976, as fol- 

-cember. 1976, listed the following prices for lows (converted from pounds sterling per 
feldspar, per short ton, f.o.b. mine or mill, long ton to dollars per short ton): Lo 

carload lots, bulk, depending on grade oo 7 | | 

(prices were generally about $1 to $8 perton Cgramic grade, powder,200mesh, = i | 
higher than the corresponding quotations of asbaeeed ex-store sence eriiades”” $50-$54 

_ the preceding year): 7 7 ] grade, c.f. main European port. 29-39 

North, Carolina: Oo : gia7s No explanation was offered for the fact that _ 
mesh, flotation -.-------- | ‘5 : the ceramic-grade ‘quotations were about | 

40 mesh, ~~ TTT TITT . $27.50- 29.00 : 
: Ft peer hy beer ane 100 17% lower than their 1975 counterparts, 

Georgia: ., While those for ceramic and/or glass mate- 
| 40 mesh, _------ 27. . 

7 - 20 meat erenaer ~~~ 777 TTT 1800 rial were 26% lower. . Oo : 

20 mesh, granular ___._—_--- _ 22.50 ' 
200 mesh -_--_---------- 28.00: 30.00 | oo oe
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| FOREIGNTRADE -  —_in._.1976 were lower than in 1975 and 
- | , “ . - |_|... amounted to only a small fraction of the 

In 1976, U.S. exports classified as feld- quantity exported (2% of the tonnage, 5% of _ 
| spar, leucite, and nepheline syenite (but the total value). In addition to feldspar and 

| presumably all or mostly feldspar) amount- nepheline syenite, U.S. imports in 1976 
| ed to 6,144 tons valued at $352,492, which included 1,018 tons of material, probably 

Was approximately two-thirds the tonnage feldspathic in nature, that was classified as 
reported in 1975 and about one-half the “Other mineral fluxes, crushed” with a 
value. Chief recipients of the exported total value of $197,959. — 
material were Canada, 58%; Mexico, 19%; The tariff schedule in force throughout | 
and Venezuela, 12%. The remaining 11% 1976 provided for a 3-1/2% ad valorem duty 
_was shared by nine other countries. on ground feldspar; imports of unground 

| US. imports for consumption of feldspar _ feldspar were admitted duty-free. oe | 

© : Table 4.—U.S. imports for consumption of feldspar ae en 

| | eT enocetasy anette value 

Canada _ |. 93 $17,614 
South Africa, Republic of ~--------------° 1909 $17,138 a _- | 

oe Total___--- ie 209 «§=«=©17,188 si 17,614 

Oren Paverze 58900 Lk 
United Kingdom —--------- 2s nna 20 

Total. ve 81 pore, 6,250 a : oe : 

AA ajusted by theBureauofMine. - == SO””~C*~CS~*<“‘<‘“_SOSS 

a WORLDREVIEW 12%. Nepheline syenite imports were 61,000 

| South Africa, Republic of —Pegmin (Pty) comme from Neceay aed Canada 1976 ‘and 

and tilling plant, stcres buildings, ve. /@T8e, commercially viable bauxite reserves, 
icles, and raw materials of South African 598 done pioneering work in the production 
Feldspar (Pty) Ltd. (SAF). Pegmin is a Of alumina from nepheline and other 

_ wholly owned subsidiary of Rand London 2umina-containing minerals, which are 
| . 9 plentiful in the country. An article in the Corp. Ltd. SAF is South Africa’s largest "©" . af . 

feldspar producer and, along with Pegmin, Soviet foreign trade bimonthly, Soviet Ex- 

has activities concentrated in the Phalabor- Port, stated that production techniques are 
wa district. The payment for the purchase 0W used at two aluminum smelters near 
was to total some $1 million.‘ Leningrad and at an alumina complex in 

Spain.—Detailed discussions of Spain’s Siberia. In producing alumina from nephe- | 
industrial minerals, including feldspar, line, the only other raw material said to be 

were featured in a journal article.* required is limestone, with the complete 
Sri Lanka.—A series of mineral explor- Processing cycle yielding alumina, potash, 

ation programs involving industrial min- soda, portland cement and _ metallic 
erals was being conducted by the Sri Lanka gallium.® 
Geological Department. Feldspar explor- —_——— 

i i i i Industrial Minerals (London). Fel Giant Ceylon Ceramic Corp nn Sige OA en meen 
United Kingdom.—Feldspar imports for ofSpain. No. 103, April 16 pp. 1555. “ 

1975 amounted to 147,000 tons and came orefndustrial Minerals (London) Company News & Min- 

principally from Norway, 56%; Finland, ~ “Industrial Minerals (London). UK 1975 Mineral Im- 
25%; and Sweden, 11%. In 1974, feldspar _ ports. No. 102, March 1976, p. 44. nal Soviet Alternat: 
imports were 153,000 tons, mainly from , Engin ‘na, Prods Mining Jo Be Cheaw Cl WV 
Norway, 65%, Finland, 18%; and Sweden 177, No. 6, June 1976. oe “To Sap, Clean, Easy
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, a ‘Table 5.—Feldspar: World production, by country - 

Country? | 1974 1975  —-_—«-1976 

Guatemala__.§______ ee 33,000 £33,000 . -©38,000 
Mexico __________________2 204,262 © 158,521 80,732 
United States __________________{____ "762,728 669,898 739,684 7 

Argentina ______________-_---------------------- 62780 . 64,000 66,000 
Brazil. 107,246 119,687 120,000 
Chile ____—____ eee 3,093 421 : 106 

_... G@olombia_ TTD TTT TTT TTT TTT TTTTTTTTT TTT an6s6 88,000. . £88,000 | 
‘Peru.____-_______--__-------_---------------- ©2800. ¥ €3 300 4,305 

. ‘Uruguay ~----=-~+--+------------+---------------- 1,987 ~ 1,939 : 1,262 

: Mnland._- 70,082 75,598 75,192 

Italy___-__-._____.----~-----_.--._----------- 262149 -:204,158 201,287 
_ ‘Norway? ooo + 185,315 49,557 - ©50,000 
Poland®____.~_~___-__~____ ee . 83,000 33,000 88,000 
Portugal .. ~~ -_____----~------~~--+-------- $2,959 14,506 14,686 
Romania® ______._._-§ -§ _-_. -5-. 5 eee 64,000 64,000 64,000 
Spain? _._-__-________ ee 79,698 95,102 £99,000 | 

. Sweden... --_-___-----------+---+------------ $5,234 . 49,320 °55,000 
. USSR®____-_ 303,000 310,000 . 310,000 
. United Kingdom (china stone)® _________________-__----- 55,000 55,000 - 55,000 

| Yugoslavia__________________------- 222i 61,888 60,129 *60,000 africa 
Egypt _________-_____-_- ee 2,456 __ 2,346 

. Kenya ________________ e+ 3,188 1,781 ©1800 
- Malagasy Republic________________-_--_________--_- 411 763 e770 

Mozambique__________._._._-.____--_~.~---------------+ 926 &950 "950 
Nigeria® _. 5 5 + 6,500 5,500 5,500 

-. South Africa, Republic of ______________-_-_------+------- 43,585 33,460 50,858 
. Zambia __ ee 1,959 1,294 _ 570 

Indie et TTT TTT moma (ah 58.878 
‘Japan® =. ++ 68,718 48,494 45,434 

_. Korea, Republic of ___________________--_- =e 97,186 -—=»s-22,198 28,889 
. | Pakistan -______ ~~~ >> o == 2-2-2 -2 2 ----------- 13,143 2081 8,299 

eee DTT IIIT TTT oO 'BO*:*«C« 
Thailand ____________.__----------~---+----------- 7,714 14,358 13,511 

Oceania: Australia__________________ ee T4569 8,866 ——-- *4,100 | 

Total____________-_-_--_______--------_----_ 3,818,886 =. 2,892,908 2,849,794 | 
Ckstimate. Preliminary. "Revised | Co , | 
1In addition to the countries listed, the People’s Republic of China, Czechoslovakia, Romania, and the Territory of 

South-West Africa produce feldspar, but available information is inadequate to formulate reliable estimates of output 

.  2Described in source as lump feldspar; does not include nepheline syenite as follows in short tons: 1974, 214,591; 1975, 
T203,326; 1976, ©200,000. } | | oe | 

: "Includes pegmatite. ; : 
Chiefly labradorite. | “ 
Sin addition; the following quantities of aplite were produced in short tons: 1974, 589,670; 1975, 357,056; 1976, 394,533. 

_ TECHNOLOGY | ducts Division plant installed horizontal a 

The Federal Bureau of Mines continued filters to q . . product moisture content 
: . ae at its facility which went onstream in May its work on new or improved beneficiation . 
methods with domestic raw ores, including 1975 at Spruce Pine, N.C. The feldspar 
some New Hampshire granites. Included in concentrate slurry is pumped to an 8-foot- 
these granites are potash and soda feldspar, diameter filter for dewatering to 8% moist- 

quartz, and biotite. In other Bureau re- ure. The product is then dried and screened 
search, work was initiated on recovering for shipment to customers.® 

| alumina from anorthosite (high lime soda 
feldspar) using the lime-sinter process. *Chemical Processing. Two Horizontal Filters Handle 

| Sobin Chemical’s Ceramic & Glass Pro- 52,000 Pounds Per Hour. V. 39, No. 11, October 1976, p. 47.
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A US. and a Japanese patent were tion, especially under the melter bottom." 
awarded on the use of sulfuric acid instead __ Investigations were made into origins of 
of hydrofluoric acid in the flotation proceas bubble defects in. commercial soda-lime- 
for’ separating feldspar from quartz. Pilot silica compositions melted in large float and 
results at North Carolina State University’s window glass tanks." — a 
Minerals Research Laboratory at Asheville Molded insulating fiber glass components 
have indicated that recoveries are not quite are said to be finding broad applicability in 
as high as with hydrofluoric acid. Also, the such automotive uses as hoodliners, head- 
ore has to be ground to a finer mesh to liners, and various insulations for side 
effect adequate separation. This could re- cowls, floors, van engines, and bus panels. 
sult in a dustier product, a disadvantage in The insulating material, which is strong, 

| the average glass furnace. | lightweight, and semirigid, provides greater 
Steps were taken at the Owens-Illinois, thermal insulating efficiency than heavier 

Inc., glass container manufacturing plant in weight hardboard or molded plastic pro- 
Winston-Salem, N.C., to bring about greater ducts for similar applications.* | 
fuel efficiency. These fuel-saving steps were Major articles on electric melting of glass 
brought about by using a new type of oil from the to the foreseeable fu- 
burner on the melting tanks which im- ture, compiled from The Glass Industry 
proves heat distribution; by bubbling the Magazine, were published in book form." 

_ glass to accelerate melting and better uti- Several research papers were published 
| lize heat input; and by using ample insula- _ relating to various types of feldspar." 

| NEPHELINE SYENITE | 

_. Nepheline syenite, a rock of igneous ori- aluminum plants. ~ 
gin with a texture similar to that of granite, The price range quoted for imported 
consists essentially of mixtures of nephelite nepheline syenite in Ceramic Industry Mag- 

. ‘with varying proportions of the alkali azine, January 1977, was from $18,00 to 
feldspars. Nepheline syenite found thus far $31.45 per ton, depending upon grade, puri- 

| in the United States has been of a quality ty, grind, packaging, transportation, quan- 
| suitable only for use as crushed stone. tity sold, and other factors. Industrial Min- 

Canada, however, has an immense deposit erals (London), December 1976, quoted price 
at Blue Mountain, Ontario, from which two ranges for Norwegian nepheline syenite, 
firms, Indusmin Ltd., and International c.if. main European port (with a minor 

: Minerals & Chemical Corp. (Canada) Ltd., degree of uncertainty because of the float- 
mine high-grade. material that serves ad- ing sterling-dollar exchange rate), as fol- 

7 vantageously as an alumina-bearing ingre- lows: . 
dient in furnace feeds for glassmaking, as oo | | 
either a body component or a fluxing agent Glass grade, 32 mesh (Tyler), bulk, , 
for ceramics, and increasingly in recent Perini” so coh Giyied 777 $34 
years as a filler for plastics, latex articles, baxged,pershortton ________________. 51 
paints, and paper. . a 

Canadian production of nepheline syenite Prices for Canadian material were listed 
in 1975, the last year for which an estimate 9% nominal. 
is available, totaled approximately 520,000 “tow......., 
tons with a value of $8.7 million. This _ "Svec 3° Giseesace Modifications Save Fuel. 
represented a 16% decrease in tonnage and ““f#guic Industry, v. 106, No, 4, April 1976 p82. rat 
a 6% decrease in value compared with that Glass From Large Tanks Am. Ceram. Soc. Bull, v. 55, No. 

of 1974. The quantity exported to the *fifeen "Ebgincering. Molded Fiber Glam, Cuts 
United States in 1976 was back up to the Noise, Heat and Weight. V. 84, No. 5, November 1976, p. 
500,000-ton level. 14Pincus, A. G., and G. M. Diken. Electric Melting in 

Other than Canada, only two countries 6 Industry. Books For Industry, Inc., New York, 
produce significant quantities of nepheline "ti Basu, A., and C. J. Vitaliano, Sanidine From the Mesa 
syenite—Norway, with 345,000 tons in 1975 Fale,iviy. Ashton, Idaho. Am. Mineralogist., v. 61, Nos. 
and 297,000 tons in 1976, and the USSR. , Callersm.'%'D Bomposition and Structural State of 
where, although production figures are not Gentral ‘Acnroia arr High-grade Metamorphic Rocks, 
released, the mineral is known to serve the Mgreh-April 1976, pp, 20021). at Jp. and F. Lopez 
customary applications of the glass and Aguayo. Kaolinite Crystallization at Room Temperature 
ceramics industries and also to be a major $Y, N"cpseneous Frecipitation “Il: Hydrolysis of Feld” 
source of cell-feed alumina for electrolytic 1976, pp. 36-42. 0
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Table 6.—U.S. imports for consumption of nepheline syenite | 

a "Grade ——— Ground 

_ | _ (ehort tons) | (thousands) (Hort toss) (thousands) 

1974 2 eee . | 05, | , 
a 7 OCA SS "e369 
1976 _________-----~--------------- 2,112 88 499,185 - 8,785 

Aplite is a fine-grained granitic rock con- erals. IMC Chemical Group, Inc. (formerly 
taining quartz mixed with varying propor- Sobin Chemicals, Inc.) operated an aplite | 

_ tions of soda, lime-soda, or potash feldspars, mine near Piney River, Nelson County, and | 

any or all of which make it potentially removed iron from the dry-ground ore by a | 

useful as a raw material for manufacturing high-intensity magnetic process. 
container glass. However, to be made ac- = Specific annual data on domestic aplite : 
ceptable for that purpose, the material oc- production, sales, and value have not been | 

curring in most deposits must first be pro- released for publication since 1962, when 

cessed to eliminate most of the iron-bearing . the output amounted to 140,000 tons, valued 

substances it usually contains. Japan, with ‘at $0.9 million. Domestic production in 1976 

about 500,000 tons annually, at least declined slightly in tonnage compared with | 
through 1974, is the world’s foremost pro- that of 1975. | | 
ducer. , Oc | Apiite Prices ore not commonly quoted. 

- Aplite of glassmaking quality was _ trade journals, but the product tradition lly a 

duced in the United States in 1976 only commands a somewhat lower per ton price : 
from two open pit operations in central ha” feldspar. Prices of $15.25 per ton for : 

: Virginia. The Felds par Corp. mined aplite low-iron material, f.o.b. producing point, 

: nese Montpelier ~ Hanover County, and and ranging downward to $11.50 per ton for 

sented the material by wet grinding class ST0es higher in iron, were mentioned in 
| fication, and gravity separation, followed early 1976. | 

by dewatering, drying, and high-intensity 6p . . . | 

magnetic separation to eliminate iron min- _ Syenite. Min Bag. y. es March OTe pp. ue
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es By Thomas S. Jones: OS 

a _ Modest. recovery in steel production, led downward pressure on prices was evident 
- by a strong advance in production of stain- among major ferroalloys. However, prices of 

' Jess and heat-resisting steel, and an im- specialty ferroalloys increased, most sharp- 
proved level of foundry activity were re- ly for ferroalloys of molybdenum and of 

| flected in trends for domestic ferroalloy tungsten. = = BO 
| production and consumption in 1976. Ship- _ The net deficit in U.S. foreign trade in 

| ments increased about one-tenth while pro- ferroalloys grew 21% to just under 1 million 
_ duction declined very slightly. Both were tons, as imports increased 18% while ex- 

below 2 million short tons for the second Ports declined 49%. The value deficit drop- 
consecutive year. Production was up for ped a small amount as average unit value of 

_ ferroalloys of silicon and of chromium but imports generally decreased. Imports of fer- | 

“down for manganee feroallos, Sticon [OUI of mane ie tne o -. |. ferroalloys, including silicon metal, contin- — up by about two- » While those 0 
oe . Innate. - Chromium ferroalloys were down about one- | ued to be the leading ferroalloy group in fifth. F : : 

| | ° . . For both manganese and chromium 
| both quantity and value of production and | ferroa . ee 

| ee : } erroalloys, imports approximately equalled 
shipments, and also attracted the greatest domestic production; imports of 75% ferro- 

- attention for investment by domestic pro- silicon were more than half of production 
“ducers. Among the major ferroalloys, signi- Leading import sources were again the 

ficantly higher consumption was recorded p a Ages | | os ; : Republic of South Africa, Japan, and 
for those of silicon, chromium, and nickel; prance. Of expansions in productive capaci- 

: among specialty ferroalloys, for those of ty underway in foreign countries, some of 
boron, phosphorus, and tungsten. Accompa- the more significant were in the Republic of | 
nied by instances of excessive inventory Gouth Africa for manganese and chromium 

. holdings by traders, stocks of chromium ferroalloys and in Mexico for manganese 

_ ferroalloys grew even further while those of ferroalloys; growth in ferrosilicon capacity 

- manganese ferroalloys declined by about was widespread. Substantial increases in 
one-fifth. Because stocks were still high a . 

worldwide and demand was not strong, 1Physical scientist, Division of Ferrous Metals. 

| | Table 1.— Government inventory of ferroalloys, December 31, 1976 
So , (Thousand short tons) 

TTT Se | National | - a Alloy | stockpile mental Total? 

High-carbon_ >» 126 276 403 
F Low “carbon Sonn nn 222222 128 et 318 
Ferrocolumbium (contained columbium) - - ——-—~—---------~------ 0.5 _- 0.5 

w Highearbon __—___-.----~------------------------ 30 570 608 

| Forrotunseton (contained tungsten) 277777777 722722272 222 :” = :" 
: Silicomanganese ___._~....._..-_-------------~~------~-- 24 -- 2 

| 1Data may not add to totals shown because of independent rounding. 

| 533
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_ Table 2.—Ferroalloys produced and shipped from furnaces in the United States! | 

CI rs 

"Production ‘Shipments ‘Production Shipmenta 
| Alloy . Alloy 

Gross element Gross Val Gross element Gross — Val 
weight con- weight . (hoy. Weight con. = weight = 4 niue | (short = tained (short “Sony hort ~— tained = (hort —{thow. 

' tons} (average — tons). ~~" tons) (average tons) San 
percent) percent) —_———— 

Ferromanganese?________ 575,809 79 556,131 522 482,662 79 494,222 $207,505 Silicomanganese _._...__ 148,262 +. 66 , -126,418: esis 128,917 66 132,364 ‘ 52,649 
Ferrogilicon® ______.___ 790,860 55 709,987 321,470 860,799 57 . 890,844 409,726 ——— ere RE 409,726 

. “Hligh carbon _.___ 117,648 67 116857 78,488 167,125 66. 161,757 82,774 
-» | Lowcarbon, ----- 58,9738 . 70... »- 48,825 —-56,489 28,140. ss... 80,912 - 89,059 Ferrochromium-silicon _ 51,992 __ 37 «41,806. 27,527 4,182 - 37. 50,680 32,620 

- Other alloys*’--___- 25,208 48" 22,495 15,048 19,800 = 60 «20,195 21,481 

a _, fotal_.----~ 248,817. 59 228,483 «177,547 269,247 «= ssG0«268,544 «175,984 Ferrocolumbiam 2/202.’ 635 (6 481 -*: 3549. 1,205°- = 65988 6,359 
Ferrophosphorus aoe eee 102,896 ce 21> (96,006. 10,927 110,908: 24 «=: 992,689 _-~—s«.11,178 
Othe wee mw eee ee ee 64,195, ee XX: 55,639 116,809. ; 56,485 " XX . 50,942, - 134,322 

Grand total .______:' 1,926,454. ©". -XX°"1,768,095 906,787 1,910,248 XX ° 1,925,538. 997,668 

XXNotapplicable se ge , : * *Does not include alloys consumed ‘in the making of other ferroalloys, 9 §«s ne pe 
"Includes fused-salt electrolytic low carbon ferromanganese (“massive manganese”), =~ ne es 

an 2Includes silicon metal, silvery iron, and miscellaneous silicon alloys. ===» __ es 
eennaien chromium briquets, exothermic chromium additives, other miscellaneous chromium alloys, and chromium _ . metal. a pO red Sc eee re ee 
“Includes .ferroaluminum, -ferroboron and other complex boron additive alloys, ferromolybdenum, ferronickel, 

ferrotitanium, ferrotungsten, ferrovanadium, ferrozirconium, spiegeleisen, and other miscellaneous alloys. Pe : 

electrical. energy..costs in many foreign least 60% of tapping’ time. Removal of 
: countries that produce ferroalloys, such as particulate matter by air pollution control 

: the Republic of South Africa and Japan, equipment was required‘to keep discharges 
was a development that might possibly into the atmosphere below 0.99 pound per 
favor U.S. producers in the long run....:;...._ megawatt-hour’ (Ib/MW-hr) ‘for furnaces 
_New. materials for. alloying.made. com: producing ferrosilicon and silicon metal and 

mercially .available- by U.S. producers below 0.51 Ib/MW-hr for furnaces produc- 
included a complex, rare .earth-containing ing manganese and chromium alloys. Pro- 
version of magnesium-ferrosilicon:for pro- ducers were “also roanied to continuously 
duction of compacted-graphite cast. iron monitor the opacity of emissions’ and: to 
and, for steelmaking, a vanadium additive keep gomprehensive records of smelting — 
termed ferrovanadium carbide. | s  Operations.® 

ductinn tends ration, concerning Pro ee Agency of the Geneal Semen uction, trade, and use of specific alloys can Or" ue WEF - 
be found in the respective chapters on Ministration (GSA) announced a new set of 
columbium, chromium, manganese, mo- ‘Stockpile goals as flexible targets under a 
lybdenum, nickel, silicon, tungsten, and va- » pa ee plan calling or ne ok 2 re- 
nadium. : | y circumstances. These goals were 

Legislation and . Government Pro- ©Stablished by a study of national needs in grams.—Effective May 4, 1976, the U.S. the event of 3 years of an emergency, with 
Environmental Protection Agency (EPA) defense and civilian requirements estimat- 

issued a set of national air pollution control or epee Acrual stock pe oot ae standards applicable oelcric mubmerged. Tore fo be determined ennualy sub arc aces and associa ust-handli or . ; | 
equipment, construction or modification of are listed ie teble ree of ctockwite 
which began after October 21, 1974. Pro- ox duri 1976 consisted of 7.721 tons 

duction of all the alloys commonly produced of high-carbon ferromanganese and most. of in submerged-arc furnaces was covered, ex- the remaini ferromol bdenum, ~ oo 
cepting ferrophosphorus. The regulations aining y . 
called for in-plant control of furnace emis- a , . ° ° 2U.S. Code of Federal tions. Title 40—Protecti sions. Collection hoods were required that of Environment; Chapter Environmental Protection 
capture all emissions generated within the Aésney, Subpart 2 Standa (Sections 60 260-606-268), Jay 
furnace and all tapping emissions during at 1, 1978, pp. 57-61.
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DOMESTIC PRODUCTION > em 

Production and shipments of ferroalloys Montgomery, Ala. New facilities other than 
fell below 2 million tons for the second those for air pollution control were not 
consecutive year, according to data provided involved in the decision by Chromasco Ltd. 
by the firms listed in table 3. The quantities to start producing ferrosilicon again at the 
shipped advanced over those in 1975 by 9% plant of its Chromium Mining & Smelting 
at nearly 10% greater value, whereas pro- Corp. division near Memphis, Tenn. _ 

. duction volume dropped by 1%. Silicon was In chromium alloys, Airco took steps to 
again the leading alloy group in domestic increase the capability of its Charleston, 7 
production, shipments, and value. Increased S.C., plant by upgrading a furnace from 40 — 

- production of silicon alloys and chromium to 60 MVA. The Satralloy, Inc., division of 
alloys, stimulated by recovery in the foun- Satra Corp. activated a 10 MVA furnace at 
dry and stainless steel industries, was not its Steubenville, Ohio, plant in midyear in 
enough to offset a 16% decrease in pro- order to make high-carbon ferrochromium, 
duction of manganese alloys. Product mix while Foote Mineral Co.. ceased furnace 
was such that The Ferroalloys Association production of special chromium alloys for- 
reported consumption of 8.95 billion merly made at its Graham, W.Va, plant, a | 
kilowatt-hours (kW-hr) of electric energy decision influenced by the cost of complying 
for the year, a 10% increase. Production of with environmental regulations. - — | 
high-carbon ferrochromium, 50% ferrosili- In other alloys, the number of ferrophos- 
con, and especially standard ferroman- phorus producers remained unchanged as 
ganese, all large-volume alloys, declined in the Tennessee Valley Authority perma- 
the last part of the year. Some firms had nently ended production at the end of May, . 
operating rates as low as 50% to 65% of whereas the Electro-Phos Corp., owned by 
capacity in the fourth quarter. | Japanese interests, restarted facilities at 

Producers continued to concentrate their Pierce, Fla. which were operated several | 
investments in silicon alloys facilities years ago by the Agrico Chemical Co. divi- 
against a backdrop of plentiful domestic sion of Continental Oil Co. Teledyne Wah 
and worldwide supplies of ferrosilicon that Chang Albany, included in table 3 for the : 
included important new sources in nearby first time, has been producing ferrocolum-— 
Canada. At the Niagara Falls, N.Y., plantof bium for several years; therefore, 1975 and , 
the Airco Alloys division of Airco, Inc.,a 36 1976 figures for ferrocolumbium in table 2 
megavolt-ampere (MVA) furnace with an- are not directly comparable.:An affiliation 
nual capacity of over 40,000 tons of 50% between producers of specialty alloys that 
ferrosilicon was brought into service in the developed during the year was the acquisi- 
second half of the year. Northwest Alloys, tion by Molycorp, Inc., of just under 50% of 
Inc., a subsidiary of Aluminum Co. of Amer- the shares of Kawecki-Berylco Industries, 
ica, activated a ferrosilicon furnace rated Inc. _ oe | 
at 18,000 annual tons in the first part of the Expenditures for air pollution control 
year at a new plant at Addy, Wash. Initial- continued to consume a significant portion 
ly, the product was to be used mostly for of investment dollars. International Miner- 
making magnesium, but eventually quanti- als & Chemical Corp., which is managing 
ties were to be available for sale. Foote construction at Bridgeport, Ala., of the 40 
Mineral Co. made major modifications to its megawatt (MW) ferrosilicon furnace plant 
furnaces for silvery pig iron at Keokuk, of its Tennessee Alloys Co. joint venture | 
Iowa, an upgrading action which necessitat- with the Allegheny Ludlum Steel division of | | 
ed production curtailments. Ohio Ferro- Allegheny Ludlum Industries, Inc., attri- 
Alloys Corp. completed startup of all three buted 24% of project cost to air pollution 
furnaces at its new silicon metal plant at control facilities. oo, . 

_ Table 3.—Producers of ferroalloys in the United States in.1976 

Producer Plant location Products? __. ‘Type of furnace 

| Sees 22 | | 
Airco, Inc., Charleston,S.C _._...._ } FeCr, FeCrSi, 

. Airco Alloys Div. Mobile, Ala__________- FeMn, FeSi, Electric. 
Niagara Falls,N.Y______) SiMn ~ 

Alabama Alloy Co.,Inc ........_..  Beasemer,Ala__.____.. FeSi -..----- Do. 
| Aluminum Co. of America, Addy, Wash _...-..... FeSi---.---- © Do. 

Northwest Alloys, Inc. cot eo 
AMAX Inc. Langeloth,Pa _...._.._.. FeMo —~_---_~-~- Metallothermic. 

| Climax Molybdenum Co. Div. 

| See footnotes at end of table. |
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Table 3.—Producers of ferroalloys in the United States in 1976 —Continued _ 
eee rrr per 

Producer _— Plant location Products? Type of furnace 

Bethlehem Steel Corp______._._.._.  Johnstown,Pa__...._._.  FeMn __--___ Blast. oy 
Chromasco Ltd., Oe Woodstock, Tenn ____.__ § FeCr, FeSi —___ Electric. == 

rp. Div. . So — oe 
Diamond Shamrock Corp., - Kingwood, W.Va ____---  FeMn._______ Fused:salt - 

Chemetals Div. Oe, So . . electrolytic. —. 
Engelhard Minerals & Chemicals — 7 oe - 

. "Minerals and Chemicals Div ____ Strasburg, Va ___.___-.. FeV ________ Metallothermic. 
_ Philipp Brothers Div. Rockwood, Tenn______..  FeMn, FeSi, Electric. oe 

| Roane Electric Furnace | - : . _ SiMn. — 
. - Co., Inc. . : . 

. eG : Cambridge, Ohio ____..  ) FeCrSi, FeSi, 
Foote Mineral Co., oo . Graham, W.Va ____---- }» FeV,silvery | Do. 

_ Ferroalloys Div. Keokuk, Iowa _______.- pig iran, . . 
- 4 mo ok other.2 - 

Gulf & Western Industries,Inc. .  . Palmerton,Pa______...  Spln _-__---.- Do. . 
New Jersey Zinc Co. . ee oe 

- Hanna Mining Co., The: a a . co : . 
_ Hanna Nickel SmeltingCo_..._.  Riddle,Oreg _.______.___ _ FeNi, FeSi ____ Do. 

_ Silicon Div. ....__......._._.. | Wenatchee,Wash___.__.__ FeSi,Si ______ Do. oo 
Interlake, Inc., - Beverly, Ohio ___-__-.. \ FeCr,FeCrSi, So 

Globe Metallurgical Div. = Selma, Ala _.__..-_____ ff - Fes, Si, 7 Do. 

International Minerals & me! | . a 

_ Industrial Minerals Div. . . _ . 
Tennessee Alloys Co. ____.___ Bridgeport, Ala - uu © FeSi 2 Do. . 

. .Tennessee Metallurgical Corp _ Kimball,Tenn___.___.__ FeSi ________ Do. .. 
Kawerki-Beryico Industries, Inc. a 

' National Metallurgical Div_...-- | Springfield,Oreg _.____-. Si__________ Do. 
: Penn-Rare Metals Div_..._..__ Revere,Pa _____.__.____ FeCbh________ Metallothermic. | 

Metallurg, Inc., ; | Newfield,N.J ___._____. FeAl, FeB, FeCh, Do. 
Shieldalloy Corp. / FeTi, FeV, yO oS 

nee ee an . a a other.” . co 
Molycorp, Inc __..__._...._.._-_-_-_.  Washington,Pa________  FeB, FeMo, Electric and 

, oo ae FeW. metallothermic. 
- ae ye Brilliant, Ohio______._.. \ FeB, FeMn, | a 

_ Be a _.2. Montgomery, Ala______. | FeSi, Si, 
Ohio Ferro-Alloys Corp ____._-__- } Philo, Ohio___________ (¢  SiMn. Electric. 
ee . Obs . Powhatan Point, Ohio ____ a 

Pennzoil Co., a , .-. Sahuarita, Ariz _...._._.  FeMo _______ Metallothermic. 

Reactive Metals and AlloysCorp ___._ West Pittsburg,Pa'_._.__.__ FeTi,other? ___ _ Electric. 
Reading Alloys, Inc_ — — -—-~--~~~- Robesonia, Pa _._______. FeCb,FeV ____ Metallothermic. 

. Reynolds MetalsCo _.____._..___ | Sheffield, Ala _______-_ Si.__________ Electric. 
Sandgate Corp.,.  - a ’. Houston, Tex____..___. FeMn,SiMn __~_ Do. mo 

~ Tenn-Tex Alloy Corp. of Houston | , 
(leased to Union Carbide Corp.) — 

Satra Corp., Ob Steubenville,Ohio _.___.  FeCr, FeCrSi, Do. 

| Teledmne ae Albany, Oreg FeCb Metallothermi e e, Inc., , meee pee etallothermic. 
; Teledyne Wah Chang —— 
'. Albany Div. . 

Alloy, W. Va _____-______ \ FeB, FeCr, 
or Ashtabula, Ohio________ FeCrSi, FeMn, 

Union Carbide Corp., Marietta, Ohio. ________ FeSi, FeV, 
Metals Div. Niagara Falls, N.Y ______ FeW, Si, Electric. 

Portland, Oreg_.______. |. SiMn, 
, Sheffield, Ala _________ other.” 

United States Steel Corp _...__._... | McKeesport,Pa________ - FeMn _______ Blast. 
Ferrophosphorus: - 

Electro-Phos Corp __._____.._ . PPierce,Fla_________.__ FeP ________ Electric. 
FMC Corp., — Pocatello, Idaho__._____ FeP ________ Do. 

Industrial Chemical Div. . 
Mobil Oil Corp..,. Nichols, Fla _-___.._._. FeP ________ Do. 

Mobil Chemical Co. Div. 
Monsanto Co., { Columbia, Tenn ________ \ FeP ________ Do. 

Monsanto Industrial Chemicals \ Soda Springs, Idaho______ \ 

Occidental Petroleum Corp., Columbia, Tenn ______.__ FeP ________ Do. 
Hooker Chemical Div., 
Hooker Chemicals & Plastics 

Stauffer Chemical Co., Mt. Pleasant, Tenn ______ 
Industrial Chemical Div. Silver Bow, Mont _______ } FeP ________ Do. 

Tarpon Springs, Fla______ 
Tennessee Valley Authority _..._.  MuscleShoals,Ala_____._ FeP ________ Do. 

1FeAl, ferroaluminum; FeB, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium; FeCrSi, ferrochromium-silicon; 
FeMn, ferromanganese; FeMo, ferromolybdenum; FeNi, ferronickel; FeP, ferrophosphorus; FeSi, ferrosilicon; FeTi, 
ferrotitanium; FeV, ferrovanadium; FeW, ferrotungsten; Si, silicon metal; SiMn, silicomanganese; Spin, spiegeleisen. 

*Includes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys.
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: : CONSUMPTION AND USES | | : 

Reported consumption increased over greater percentage in cast iron. The Asso- 
that for 1975 for all ferroalloy categories ciation of American Railroads adopted a 3% 
except silicomanganese, ferromolybdenum, phosphorus cast iron as the standard for 
and ferrovanadium. According to the usage metal brake shoes on freight cars. Figures 
patterns of the respective ferroalloys, con- for ferrophosphorus do not include the sub- 

: sumption trends generally paralleled mod- stantial amount consumed in producing 
estly increased raw steel production, vanadium. | 

_ stronger recovery in iron foundry activity, Significantly increased production of 
and nearly 50% greater production of stain- stainless and heat-resisting steels called _ 
less and heat-resisting steels. | - forth expected sizable increases in consump- 

7 The largest ferroalloy consumption com- tion of chromium alloys and of ferronickel, 
ponent was manganese alloys in carbon and also similarly raised demand in the | 
steel, within which consumption of medium _ stainless category for ferrotitanium and for 7 
and low-carbon grades of ferromanganese manganese and silicon alloys. Spread of 
increased by the highest percentage. For argon-oxygen decarburization in stainless 
silicomanganese, declines in consumption steelmaking increased the need in ferro- | 
in carbon and in alloy steel together exceed- -nickel for both new physical forms and 

_ ed the one-third increase in use of this alloy medium-carbon grades. The 80% increase 
| in cast iron. After manganese alloys, silicon in consumption of ferrotitanium in stainless 

alloys were used in greatest quantity in and heat-resisting steels arose from a com- 
carbon steel, mostly as 50% ferrosilicon. bination of greater production and strong 

- Consumption of this ferrosilicon grade and automotive industry demand, especially for 
of other silicon alloys was largest in cast titanium-containing muffler grade Type 
iron, and grew for both alloy groups by 409. Of the remaining ferroalloy groups, 
about one-third in that end use. Consump- consumption rose markedly only for 
tion increases of 30% and more were report- ferrotungsten, for which demand was up. 

| ed for ferroboron each in alloy and in 20% in tool steel. Consumption of fer- 
carbon steel, evidencing the trend toward romolybdenum also increased in _ tool 
more utilization of the hardening action of steel, by 26%, but otherwise declined in all 

_ boron in such specific applications as bolts. steel end uses and overall. The drop in 
| Use of ferrophosphorus was up by asimilar production of high-strength low-alloy steel 

| amount in carbon steel and by an even held back growth in ferrocolumbium con- 

: - Table 4.—Consumption by end use of ferroalloys as additives 
| a : | in the United States in 1976: : 

. oe . (Short tons of alloys) 

‘End use | FeMn SiMn FeSi FeTi FeP FeB 

Steel: | 
Carbon ______ ee ---_ ——717,192 87,888 135,319 976 12,5538 470 
Stainless and heat-resisting _________ 14,978 71,737 226,215 2,008 Ww 24 
Other alloy _._____....__----__ 155,348 34,952 776,964 818 1,827 478 
Tool ___-_________--___------ 2,538 29 23.509 WwW _- _- 
Unspecified _______...___------ 724 2,962 5,091 _ __ _- 

Total steel® _.______________ 890,770 183,568 247,098 3,802 13,880 972 
Castirons _._______________.--_-_. 2179 16,006 406,799 100 6,786 10 
Superalloys ——------~-~~------------ 565 Ww 456 455 -— Ww 

oys (excluding alloy steels and 
superalloys)... ._________--~----- 17,436 3,003 65,088 768 319 50 

Miscellaneous and unspecified -----------_2863_ L951 54,101 278 6,285 
| Total _.________________-_ 984,813 154,528 = 778,542 5,398 27,220 1,034 

Percent of 1975 ___.-_-.------ 102 96 113 104 168 130 

Wrragibeld to avoid disclosing individual company confidential data; included in “Miscellaneous and unspecified.” 

inc ght ferromanganese including, siegeeien and ranganeee metal, Sin, sillermanganeos, Pest fercnicyn 
FeP, ferrophosphorus including other phosphorus materials; FB, ferroboron including Stone materials. 

2Part included in “Unspecified.” 
‘Except for data withheld. 

}
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sumption and mainly caused: ferrovana- ferromolybdenum by a 7:1 ratio. The oppo- 
| dium to show the largest overall percentage _ site was true in cast iron, wherein consump- 

decreaseinconsumption. = tion of ferromolybdenum dominated over 
In steelmaking, ferroalloy elements were that of the oxide by 4:1. Iron foundries 

used almost entirely in ferroalloy form consumed relatively minor amounts of nick- 
emcepe or polyndenym nickel, and tung- el, mostly in forms other than ferronickel. 
sten. Molybdenum oxide was preferred over Oo . 

: Table 5.—Consumption by end use of ferroalloys as alloying elements 
| oe | _ in the United States in 1976 oe | 

. ce : ne (Short tons of contained elements) Ce a 

| — End use _ FeCr FeMo FeW FeV. FeCb FeNi~ 
. Steel: _ . : 

Carbon .-___-_-__---_____-____-_____ 3,168 150 _-  .. 486. 4A2 _. 
Stainless and heat-resisting ________________ 169,523 628 342—~Ctsi«é2 230 21,508 

_ Other alloy __-_-__.--_-2--- i i -_50,585 «8B 249 32942 ss 762—~«—«s*7,894 
, Tool __-_-_-_.-_------------------. 3,208 378 341 565 (4) kk | Unspecified _ ______-_----------------- Ww Ww @O WwW 22 _- 

Total steelS _.___________________. 226429. 2,009 «= 424.s«4014.—S «i456 (28,897 
Cast irons _________.___.----____________ 6,889 —=:1,679 2 56 382 
Auperalloys ding alloy siesis and ~~ 7777777777777 7,455 145 45 15 211 175 . 

Oo exclu 0 an : , 4 

superalloys). 4,794 462 45 3g 25 1,755 
Miscellaneous and unspecified: .__________-____ 2692 50 3 1 

| Total _____._________ ng 959 4,868 516 4,144 = '1,695 31,210 
Percent of 1975 _2-.--------------- _ 188 96 1144 =988—*220222«CS 128 

W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and unspecified.” _ 

mune Fane ean nl ond hay tal ol, fomola nhing Cl 0. , rey, clu me. sell- U n, rev, NV: inc. é ! 

other. ns lo ; mviton ferroaloys; FeCb, ferrocolumbium including sina amount of ferrotantalum-columbium, 
um ’ other columbDium- um mai , £ ON), rerronickel. 

2“Unepecified” included with “Other alloy.” heh - “ Se 
‘Part included in “Miscellaneous and unspecified.” — - - 
“Included with “Unspecified.” | 
5With minor exceptions as denoted by W and footnote 3 where applicable. | . | 

| STOCKS 

Yearend industry stocks of manganese peaked in September. Consumer stocks of 
alloys decreased 19%, those of silicon alloys chromium alloys increased only slightly but 
were little changed: ane nose of chromium still represented a record total for the sec- 
ano s increased 17%. all most sign "880 ond consecutive year. For most major fer- 
enange In manganese alloys was a v6% roalloys, industry inventories at yearend decrease in consumer stocks of high-carbon tituted a 2- to 8-month yh 
ferromanganese, of which stocks declined CMStituled a “month supply; however, 
almost continuously during 1976. Stocks of Stocks of high-carbon ferrochromium and 
chromium alloys gained mainly because ofa Silicomanganese amounted to about a 5- 
45% increase in producer stocks of high- month supply at prevailing rates of con- 
carbon ferrochromium, holdings of which sumption. 

PRICES 

Producer prices of major ferroalloys de- high- and low-carbon grades of chromium 
clined except for a few advances that were alloys. Pricing actions in chromium alloys 
in keeping with the general level of infla- included the offering by Union Carbide 
tion. Declines were attributable to the com- Corp. of 3-year long-term contracts contai- 
bined effects of large inventories, only ning future discounts. Standard ferroman- 
moderate demand from major consuming ganese decreased 3% in price in January; 
sectors, competition among domestic pro- further market weakness was signified by 
ducers, and competition between domestic gradual declines in price for imported ferro- 
and imported alloys. Strong downward manganese, which at yearend for delivery 
pressure on price was most evident for both in 1977 was more than $50 per ton below
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Table 6.—Stocks of ferroalloys held by producers and consumers | 
| in the United States at yearend 

| (Short tons) . 
ne 

. i Producer . Consumer Total 

. . 1975 1976 1975 1976 1975 1976 

i res m « g e g e 

weight) weight) weight) weight) weight) weight) 

Manganese ferroalloys! _______-.__ 136,929 154,820 324,046 218,164 460,975 372,984 
Silicon alloys? _.._......__._._---- 182,102 117,760 779,407 68,130 212,109 185,890 
Ferrochromium® —______________ 74,387 96,116 67,820 69,948 142,207 166,064 
Ferroboron* _____.________-~-- 561 485 218 246 779 731 
Ferrophosphorus® __________--~. | 39.763 62,162 4,174 13,624 48,937 75,786 on 
Ferrotitanium® _______§_-§-______ Ww WwW 2,043 1,232 2,043 1,232 

. Total? 0-2 Le 384,342 431,343 T47T,708 371,344 862,050 802,687 

| 1975 1976 1975. 1976 1975 1976 
(con- (con- (con- (con- (con- (con- 

| tained tained _—itained tained _—itained tained 
element) element) element) element) element) element) 

Ferrocolumbium®___._._.__....--__. 549 561 551 481 1,100 1,042 
Ferromolybdenum® __________~-~- 878 317 408 750 1,586 1,067 
Ferronickel ___—...__--~~----- WwW WwW 11,210 6,839 11,210 6,839 
Ferrotungsten?® __.________-.-- Ww Ww 116 136 116 136 
Ferrovanadium!! ___. = §-§______- . 542 924 868 924 1,410 1,848 

| Total ___--__----------- 1,969 1,802 "18,458 9,130 15,422 10,982 

FRevised. W Withheld to avoid disclosing individual company confidential data. a 
1Includes ferromanganese, silicomanganese, and manganese metal. — : 
2Includes ferrosilicon, miscellaneous silicon alloys, silicon metal, and silvery pig iron in 1975. 
SIncludes other chromium alloys and chromium metal. CO 

: *Consumer totals include other boron materials. . a 
5Consumer totals include other phosphorus materials. 
Consumer totals include other titanium materials. mo 
Silvery pig iron not included in 1976. . 

| (Consumer totals include small amount of ferrotantalum-columbium, tantalum metal, and other columbium-tantalum 

-®Consumer totals include calcium molybdate. — . 
10Consumer totals include melting base self-reducing tungsten. 
11Includes other vanadium-iron-carbon ferroalloys. | a 

producer price. A midyear price increase of increase. Prices of ferrocolumbium (spot | 

about 6% for the more common silicon low-alloy) and ferrovanadium both in- 
alloys held for 50% ferrosilicon but withina creased 10% in July. A rapid rise in concen- 

few weeks was pearly completely retracted trate prices contributed to a two-step in- 

or une % grade. . |, crease of 19% in the price of ferrotungsten. . 

Prices of specialty ferroalloys increased, Ferromolybdenum prices increased an even | 
by contrast, by 8% to 29%. In ferronickel, 1 yes tb 39 on » of 
competition between domestic and foreign ‘#'8er amount, by <v'7, as a consequence 
alloy and between ferronickel and alternate both worldwide demand and cost of recent 

forms of primary nickel led to a succession investments in molybdenum facilities. 
of pricing moves, the net effect of which Representative producer prices are given 

about equalled an 8% October list price in the following table: 

ee 
« a 1 

Alloy Price in 1976 

Beginning Yearend 

Charge chromium (66% to 70%) ___.-__----_-----~--~-~----+-~---+---- $0.50 $0.43 
Low-carbon ferrochromium, 0.02% maximum carbon (“Simplex”) _________—_ 92 £85 
Standard 78% ferromanganese, per long ton of alloy...._._..__.._-.--.-.. 440.00 425.00 
Ferromolybdenum, lump —__~__ —-_--_-----------~----~----+~+--~-- 3.44 4.43 
Ferronickel ____________._-_----~----~---~-~-~-~_-~-+-~-+-~~+----- 2.16 2.34 
Ferrosilicon, 50% ..__..____.---.~-~---------~-~-+-~-~-~~--+--+---- 325 345 
Ferrosilicon, 75% .__._____._...--~----------~---~-~-+~--~~+-~--+--- 365 OT 
aa 

1Per pound contained, except as noted otherwise. . 

| Source: Metals Week. 
y 

cA |
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| So | FOREIGN TRADE | 

Imports of ferroalloys were nearly 21 romanganese doubled, while the small 
times as great as exports at a value over 8 amount of low-carbon ferromanganese im- : 
times as much. The net trade deficit was ported dropped 39%. By contrast, in chromi- — 
slightly less than a million tons, a 21% um alloys imports of the low-carbon grade 
increase over that of 1976, and the value slightly. increased at the same time that | 
deficit decreased 2% to just under $400 those of high-carbon ferrochromium _re- 
million. For quantity by alloy group, the versed the previous year’s performance and 

| deficit increased the most for manganese decreased about one-third. Imports of ferro- 
| alloys, by nearly half again as much as in silicon were up by 40%, the largest percen- 1975, while that for silicon alloys almost tage increase of any alloy group, chiefly — 

tripled, for the biggest percentage increase. because of a doubling in import volume of 
en decreases in epee, peca use of alloys with 8% to 60% silicon. For alloys in | rroman- thie. vo § - £Or al | 

_ ganese and ferrosilicon. Value of exports | een coaitving that the alin mains 
fell off much less, however, as average unit imported in larger quantity was 50% ferro- | 
value rose 76% because relatively high- silicon ne : 
value specialty alloy s accounted for a larger Value of ferroalloy imports was slightly share than in 1975. Ferrochromium led in less than in 1975 as average unit value 
export volume, while the unclassified group . © decre sed universally for er sili. oo 
led in value. Ferrocerium was by far export- d chr Ive ok rm dby 14% f } 
ed in the smallest quantity but was shipped als an all s Allo e, S ane Dy ? d of 
to the largest number of countries. Of more hr erroalloys. Alloy "fo abous 70% toi 
than 50 countries to which ferroalloys were ©®TOmlum accounted or about % of total 
exported, chief recipients were Canada (for V@lue of imports. F or these two alloy 
roughly two-fifths of both quantity and 8roups, declines in average unit value 
value), Japan, the Netherlands, Sweden, ranged from as low as. 2% for ferrochr O- West Germany, and Brazil. _ mvim- silicon to as much as 25% for high- | 
Imports of ferroalloys increased 13% toa Carbon ferrochromium. Average chromi- 

total of over a million tons. The “most um content of high-carbon ferrochromi- significant changes were a 37% rise in. um dropped 1.4% to 60.0%. Silicon alloys — 
imports of manganese alloys and a 20% declined in unit value the most, by one- 
decrease in imports of chromium alloys. third for the entire group and by 39% for 
Manganese alloys accounted for 60% of al] alloys containing 8% to 60% silicon. 
ferroalloy imports, with import volume of __ Ferronickel, which accounted for most of | 
high-carbon ferromanganese more than the remaining 6% of alloy imports, was 
twice that of high-carbon ferrochromium, down 14% in volume at a 24% increase in 
the alloy imported in next largest quantity. unit value. The “Other ferroalloys” catego- 
Imports of high-carbon ferromanganese and ry remained insignificant as a percent of 
of silicomanganese were both considerably total volume but advanced as a group to 4%. 
increased and those of medium-carbon fer- of total value. — | - 

Table 7.—U.S. exports of ferroalloys | 
eee 

1974 1975 1976 
ti Val ti Val Alley “hort thos. “hort (how. “hort (how 

ns san: ns. san tons san —_. OE ants) tO) sans) 
Ferrocerium and alloys ____ 96 $503 50 $300 60 $335 forces a Ferromolybdenum ~~ ~~~ ~~ 2,047 7,094 1,121 4,798 1,798 9,447 Ferrophosphorus ~- eee 3,677 408 437 57 1,636 153 Ferrosilicon ~---------- 6,575 3,388 39,712 15,782 12,416 7,449 
Ferrovanadium ~~. ~~__~ 1,835 7,863 1,018 7,952 1,211 9,180 

Fe 

Total? == == 46,715 37,656 97,365 58,888 49,631 52,833 
a 

fi 

‘Data for spiegeleisen, added beginning with figures for 1973, are reflected in totals from that year on. 7 

x
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| Imports of ferroalloys and ferroalloy met- same 48 in 1975, but With some Changes in 

als were received from over 30 Countries, relative importance. The three leading Sup- 

: _ With about One-third of the tota] each com- plying Countries were again the Republic of 

ing from Western Europe and Africa. Asia South Africa ($93 million and 283,000 tons), 

| Plus Oceania Supplied. one-fifth, while the Japan. ($77 million and 162,000 tons), and , 

Contribution of Countries in the Western France ($51 million and 137,000 tons). Be. 

- Hemisphere, chiefly Brazil, Canada, and the > Cause of the relatively high unit Value of 
: 

Dominican Republic, &rew to 12% of the ferronicke], the Dominican Republic ($47 

total, Main import Sources were Mostly the million and 30,000 tons) was Next in Value of 
Table 8.—U.S, imports for Consumption of ferroalloys and ferroalloy Metals 

. 
oo _ al 

1976 — | 

; | , 

Gross ' Content Value Grogs | Content Value 

: 
: 

. Alloy 
Ghent (short — (thou- . Ghent (short (thou- 

| 
___tons) _ tons) Sands) _ tons) tons) Sands) 

Mangan ese alloys; 
. . 

| 
. 

Ferromanganese Containing legs than 

7 

| 1% carbon ___ © niaining Goz-z-= 2,786 2,355 $2,496 1,704 1,461 $1,195 

/ Ferromanganase Containing Over 1% 

| 

. 

and less than 49; carbon ___ 34,195 27,893 19,841 - 73,903 60,025 34,577 

: . Ferromanganese Containing 4% or 
More carbon | Pane tenn n 360,231 276,402 106,044 461,802 355,947 128,926 

& 
“errosilicon-manganess (if, Content) _ 54,723 35,156. _ - 22,989 80,118 53,693 24,549 

: Total manganese alloys. 
451,935 347 gn¢ 151,370 617,527 471196 189,247 | 

an Ferrogilicon: Ps 
oo 

7 
. a 

——— 8%-60% silicon Crttra---- LL 15,329 6,189 9,010 31,575 13,983 11,368 

60%-80% silicon ~lll7t>>----- OS 40,265 82,000 66,205 49,298 28,014 

oe 80%-90%, silicon. Trea -- lll TTT 825 682 164 — 00 8D 117 

oe Over 90% silicon iia ee 257 236 176 836 771 -809 

- 
Total ferrosilicon TTT aaa 19437 47,365 41 950 98,776 64,124 39 gag | 

| Chromium allo 2 
- 

- 
Se 

. 

Ferrochromfum Containing 3% or more 
od 

> carbon nium containing eas ins 257,567 158,055 135,04] 178,846 107,307 70,085 

erroc. mium Containing ‘L@8s 
8% carbon hromigt--~----_ 61,242 39,933 55,589 63,750 « 42,961 54,784 

: 
Ferrosilicon-chromium TTT a=a==~  4’1ge (4). 2,041 15,725 — 

7,593 

‘Total chromium alloys T77=~-- 322,945 XX 199.67} 258,321 yy 132,412 

Ferronicke| TTT ann _ 65,046 | (3) 67,818 55,721 7 ©. 7216] 
| 

a 
Other ferroalloys: ee 

- 
" 

oO 
| 

" 
| 

: 
Ferrocerium, and other cerium alloys _ 17 @) 187 

20° GQ): 167 

; Ferromolybdenum Totes 
2 2 10 

5 
4 28 

Porronneepborous fear ----- 
1 (2) 

2 40 () 9 

‘erro UM an €rrosilicon 

me 

|p titanium en and war----- «586 (2) 1125 ggg M1 age 

- €rrotungsten an, €rrosilicon 

. 
tungsten lum ~~ ~7~~~~-=____ 256 

209 2,542 
521 

422 5,451 

Ferrovanadium Tra ---2 IIIT 179 1371435 41] 259 2,448 

Ferrozirconium 2777-7 --- 227 548 
(4) 

416 
671 

Q) 
554 

. Ferroalloys N.e.c.2 tte ee 1,745 
4 6,483 1,965 

?) 7,817 

Total other ferroalloys. ae 3,284 Xx 12150 a 590 Xx 17,912 

- Total ferroalloys 
913,647 XX 465,959 1,034,877 XX 451,540 

| 
Manganese 996 oan = 4,878 

40g 7,082 (2) 5,258 
| 

| 
Silicon (96%-999, silicon) 3 T7----~  4g'9¢9 (2) 3,581 0 8,257 (2) 5,583 

Silicon (99%-99 747 silicon) 77----~ —3'719 3,654 2,705 1,269 1,255 950 

- 
Chromium WT Tran an ltt 1,629 6) 6,630 2,306 (3) 9,142 

Total ferroalloy metals ~~-~--_ 13.697 XX 16,907 18,914 XX 20,883 

/ 
Grand total —Ta>-~-~-~-- 997344 XX 482 866 1,053,791 XX 472.493 

| 
XX Not applicable. 

| *Not apoio ; *Prin, Cipally erroco Uumbium. *New category effective Jan. 1, 1976, formerly combined with base meta} alloys. 

“Base metal alloys, Principally Silicon meta} (96% to 999, Silicon), 

|
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imports alth
ough only tenth in volume. T

he three-fifths 
of consumption

. More high- 

descending 
order of quantity 

supplied was, carbon ferromangan
ese was imported than — 

for mangane
se alloys, the Republic

 of South 
was produced, while for high-car

bon ferro- 

Africa, Fran
ce, and Japan; 

for silicon alloys, chromium a
mounts imp

orted and 
produced 

Canada, Nor
way, and France, 

for chromiu
m were similar. Imports of low-carbon 

ferro- 

alloys, the Republic 
of South Afric

a, South- 
chromium were more than twice the quan- 

ern Rhodesia
, and Japan. 

In ferronicke
l, the tity produced and. corresponde

d to four- 

Dominican 
Republic with over half the total fifths of consumpti

on. Imports
 were less of @ | 

took first position
 as an import source away factor in silicon alloys; for which roughly 

: from New Caledonia, w
hich supplied mos

t one-seventh 
as much was imported as was 

of the rest. In specialty allo
ys, Brazil was produced or consumed. 

Howeve®, imports of 

the leading source of. ferrocolumb
ium, 15% ferrosilicon 

came to half or more of 

France accounted for all imports 
of ferrozir- 

totals for both production a
nd consumption

. 

conium, and about two-thirds 
of ferrotita- 

Under the General 
System of Preferenc

es 

nium imports came from the United King-
 (GSP) that became 

effective January 1, 

| dom. 
. 

1976, the Governm
ent accorded duty-free 

Imports in relation to domestic pro status to imports 
from developing 

countries 

duction and reported consumption
 were of ferromangan

ese (all grades);
 silicoman- 

greatest for manganese 
and chromium 

al- ganese, ferrosilicon 
with 60% to 80% sili- 

loys. In these two groups, imports approx” con, ferrophosph
orus; chromium 

metal, and — 

| imately equ
alled production 

and were about silicon metal
 with 99% to 99 1% silicon. 

oe 

: 
so 

WORLD REVIEW 
| 

Statistics on world production 
of ferroal- 

Brazil.—Pro
duction increased by 22% to 

- joys are summarized
 in table 9. Facilities 

344,000 tons, 4 growth rate comparable 
to 

for significantly
 increasing 

productive 
ca- that having been experienced

 for some 

pacity during the period, 
1976-1978, 

were years by the Brazilian ferroalloy industry | 

being insta
lled for manganese 

alloys (over but one-fourth 
below that required to 

300,000 tons) in Australia, 
Brazil, India, achieve @ total of over 1 million tons that 

Mexico, and the Republic
 of South Africa

; had been projected for 1980. Silicoman- 

for silicon alloys
 (approachin

g 200,000 tons) ganese production g
rew strongly, reflecting 

- an Australia, Canada, France, Portugal, and the addition of a 94 MVA furnace rated at 

Spain; and for chromium 
alloys (nearly about 30,000 tons per year by Flectrosider

- 

| 300,000 tons) in the Republic
 of South Afri- urgica Brasi

leira S.A. (Sibra) at its plant 

ca and Turkey
. 

near Salvador in northeastern 
Brazil. This 

Argentina.
—Ferroallo

y production 
furnace plus 4 ferromangan

ese furnace 

amounted to nearly 49,000 tons, mostly 
with the same power 

rating were installe
d 

standard ferromangane
se and 15% ferro with technical and

 financial aid from Ja 

silicon, plus 4 small quantity of silicoman- 
panese interests. 

Cia. Paulista de Ferro 

ganese. Industria Siderargica 
Grassi, S.A. Ligas annou

nced plans to increase 
ferro- 

Electrometa
largica Andina, S.A.» and Car- manganese 

production 
py about 24,000 tons 

bometal, S.A. planned 
to install a number of per year by mid-1977 by setting up 4 plant 

relatively small furnaces in the period 1976 near the Urucum manganese 
deposit in 

to 1978, amount
ing together to 583 MVA of Mato Grosso. Thes

e high-phosph
orus and 

additional fur
nace capabilit

y. 
high-alkali 

ores were to be smelted by 

Australia.—
Tasmanian 

Flectrometal
lur- duplex furn

acing. Another new plant for 

gical Co. Pty. Ltd. (Temco), the sole produc- manganese alloys in Mato Grosso was pro- 

er and a subsidiary
 of Broken Hill Pty. Co. jected by the newly formed Cia- Mato- 

| Ltd., began 
manufacturi

ng 157 ferrosilicon 
grossense 

de Ferro-Ligas 
(Fermat). 

In- 

in duly at its Bell Bay 
plant on the northern

 itial plans of this partly State-owned
 com- 

coast of Tasmania.
 This new production 

was pany were for five 20 MVA furnaces to be 

from a 49 MVA furnace rated at over 27,000 built at Trés Lagoas, wit
h production 

to 

tons per year: A 21 MVA furnace was commence 
in 1981 using hydropower 

from 

expected to begin augmenting 
ferroman- 

Jupia. Production 
of ferrocolumb

ium: 

ganese and 
silicomanga

nes¢ production 
in which had dropped

 off in 1975, rose sharply 

1977. Temco’s expansion 
program was ex- 0 4 new record of 11,000 tons. Additional 

pected to allow exporting in addition to capacity of over 3,000 tons per year was 

satisfying steel production 
needs of Broken 

expected to be available in 1977 from the 

Hill. 

new mine and smelting operation of Min-
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- eracaéo Cataldo de Goias S.A. | manganese. Success of the project would be 
Canada.—SKW Electro-Metallurgy Cana- contingent on building both the Grand Pou- 

da Ltd. (SKW-Canada) began production at bara Dam to furnish hydropower and the 
Becancour, Quebec, of ferrosilicon and sili- Transgabon railway to carry the finished 
con metal from two furnaces in the third alloy to the coast for export. © 
quarter, at a time when other Canadian Greece.—Future production of ferronick- 

- producers of silicon alloys were operating el on Euboea Island, perhaps by 1980, was 
substantially below capacity. Activation of indicated by plans of two companies. One 

| ‘a third furnace early in 1977 was to make project by Soc. Miniére et Métallurgique de 
fully available new capacity of 30,000 tons Larymna S.A. (Larco) at Politika, would add — 
per year of 50% and 75% ferrosilicon froma an additional 14,000 tons per year of nickel i 

| 30 MW furnace and 25,000 tons per year of content to smelter expansion already un- 
silicon from two 20 MW furnaces. Downriv- derway at Larymna on the adjoining main- 
er on the St. Lawrence at Beauharnois, land. Eleusis Bauxite Mines had under 
Chromasco Ltd. continued phasing in ca- development a program that would produce = 
pacity for ferrosilicon, also about 30,000 ferronickel at 10,000 tons per year of nickel 
-tons per year. 7 : content from low-grade lateritic ores. Pro- 

France.—Cie. Universelle d’Acetylene et duction of ferrochromium from Greek ore 
d’Electrométallurgie, a part of Société was being studied by the newly formed 
Francaise d’Electrométallurgie (Sofrem), Hellenic Industrial & Mining Investments a 
planned to increase its production of princi- Co. (Himic). | : 
pally 75% ferrosilicon by building a coastal Iceland.—Norway’s Elkem-Spigerverket 
plant at Dunkirk. An Elkem furnace with A/S (Elkem) assumed Union Carbide’s for- | 
power-recycling system was to be installed mer 45% share in a joint ferrosilicon project 
in the new plant for startup in 1978. This with the Government of Iceland. A new 
would add 55,000 tons per year of ferrosili- company, Islenska Jarnblendifelagid, was | 
con capacity; however, some of the com- organized to replace Icelandic Alloys Ltd. 
pany’s older units at Les Clavaux were tobe Start of production of 50,000 tons per year 
phased out. _ : of 75% ferrosilicon was delayed 2 years to 

_ Gabon.—A manganese alloys plant was 1979-80, with Elkem to build the two fur- 
scheduled to be built near Moanda for naces planned and to market the product. 
production beginning in 1981. Planning for India.—Ferroalloy production increased 
the plant was being done by Société Gabon- over that in 1975 by 19% to the highest 
aise des Ferro-Alliages (Sogaferro), a com- level in 5 years. Ferromanganese pro- 
pany which associates Cie. Miniére de duction recovered from several years of : 
-YOgooué with the Gabonese Government decline and was to grow further beginning ~ 
and firms from six foreign countries. An- early in 1977 with installation of a furnace 
nual output was projected at 85,000 tons of for standard ferromanganese in the center 
ferromanganese and 50,000 tons of silico- of the country at Chandrapur. This unit, 

. Table 9.—Ferroalloys: World production by furnace type, alloy type, 
oo and country 

. (Thousand short tons) | 

Country,! furnace type,? and alloy type* 1974 1975 1976” 

' Argentina: Electric furnace: 

Ferrosilicon __________-------_-------_--_--_-------- 21 19 21 

Total _.___________-_------------------------- 55 57 49 

Australia: Electric furnace: 
Ferromanganese ______._____----------------------- AT °52 “62 
Silicomanganese _______.-_--------------+------+---- 24 “17 €12 

! Ferrosilicon _______._______-------~----------~-+---+- 10 *10 “10 
Ferrochromium_____. - _. __---------------~-~--~-+---- 4 &4 __ 

Total __-______________ ee eee Tg5 egg °g4 
Austria: Electric furnace, undistributed __..___..__..-----~---- 7 qT 9 
Belgium: Electric furnace ferromanganese‘ 5 _________-__------- 144 108 93 

See footnotes at end of table. 

j
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| 7 | Table 9.—Ferroalloys: World production by furnace type, alloy type, 5 
, and country —Continued | 

| (Thousand short tons) _ 

Country,’ furnace type,” and alloy type® 1974 1975 1976 

Brazil: Electric furnace: an | 
Ferromanganese _________.._-___.~~- ~~. ___ 88 95 109 
Silicomanganese _______ ~~. 36 43 47 
Ferrosilicon __-____.~--.--. ~~ BT 60 50 
_Ferrochromium.— $222.22 2 42 58 12 , 
Ferrochromium-silicon ——___._..... ~~~. Lie 2 | 8 4 

- Ferronickel. __---_-___.-_.-.__---____~ Le — i. 11 a 11 
_ Other _-_--_------~--~--~_--_ ~~ eee 15 - 13 21 

. Total ~~~ FOB 283 7) 
Bulgaria: Electric furnace, undistributed —-----=--~------~----- 50 62 65 

oo Canada: Electricfurnace: . oS 
Ferromanganese®____________=§_»_§__ - » ©100-  &0 ee! 
Ferrosilicon _..__._._______+~---+------ +. 105 “50 95 | 
Undistributed’ ~~------ 2 “68 “56 “63 

oe , Total 273 176 248 

3 Chile: Electric furnace: ce oe 
Ferromanganese ____—-_______.___ ~~ 9 7 €g 
Silicomanganese ___.._____-_____----------------. © 3 3. “3 

- Ferrosilicon _____-_..---2 2 eee 3 4 &4 
. Other 2. mo 1 1 ey . 

Total ______--_-_-- eee lB t—<i<—<Cz 816. 
~ Colombia: Electric furnace ferrosilicon ___§_-_/_~»_-~_~~___-_________ . (8) ey e] 

Czechoslovakia: ee | 
Blast furnace, undistributed ______.._________~_~___-_-____ “ 8T , 31 33 

| - Electric furnace, undistributed. ___§_§_..§..._~_____ __ 140 146 150 

| Total 177 177 ——s«<iBB 
Dominican Republic: Electric furnace ferronickel ______.__.________ 88 67 . 75 

_ Egypt: Electric furnace, undistributed _______________________ 3 5 °5 
Finland: Electric furnace ferrochromium —____________________ 53 44 44 

France: 7 | os 
_ Blast furnace: Ct 

Spiegeleisen. $$$ 5 -- - -»- 10 8 ee 
-Ferromanganese ____ ~~. -§ $e 578 463 402 

Electric furnace: 
_ ° Silicomanganese® ______________________ oe 13 13 

Ferrosilicon_.____..._~_~ ~~ 261 267 261 
Ferrochromium’® _________§_-§_-§_ 5 5 128 62 112 
Other™ ~9- 91 86 100 

Total _- 2 LL 1,072 899 888 

Germany, East: 
Blast furnace spiegeleisen. __$_$_§_________§_______~_________ 2 3 _— 
Electric furnace, undistributed____§______~_~_______________ 158 164 166 

Total 160 167 166 

Germany, West: 
Blast furnace: 

Ferromangenese® ______- -_-____ 353 238 242 
Ferrosilicon_____________.~ ~~ 130 103 100 

Electric furnace, undistributed_______~§_-_____._~___________ 312 283 265 

Total _._-- - -§ -§ 795 624 607 
Greece: Electric furnace ferronickel® _._.§____________________ 61 61 67 

Hungary: , 
Blast furnace, undistributed ___.____________________ (22) __ __ 
Electric furnace, undistributed._...§__-§________________ 12 11 11 

Total 5 12 11 11 

India: Electric furnace: 
Ferromanganese ________________ 161 157 186 
Silicomanganese ______§_§__________ 2 ©2 °3 
Ferrosilicon _._-____. $e 33 44 51 : 
Ferrochromium ____§_~ ~§ $$ ~~» ee 17 11 16 
Ferrochromium-silicon ______§~§_-»$_-_-_-_______________ 2 4 €4 

See footnotes at end of table.
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oe 
Table 9.—Ferroalloys: World Production by furnace ype, alloy type, 

| 

| | 

and country —Continueg 

— 
| 

| 
(Thousand Short tons) 

. 

. 

. 
7: Country, furnace type,? and alloy types 

1974 1975 1976» 

| India: Electric furnace —Continueg 

| 

a Ma 

@) @) @) 

, C
e
 

215 218 | 260 

Teal. - 

: 

EE 

” 
Pi 

6s 

ae 

a
e
 

- Electric furnace 7 pie ooo 

1] 
15 

17 

oe 
fringes sooo 

45 
40 

46 

es 
72 | 

78. 
- 86 

Ferrochromium icon <7 2>Doooo22222Doozare sao 
44 

49 
50 

en Soo 

~~ 
(8) ~~ 

| ji 
nnonnnnn nase 

19 15 13 

| Rewvigg 

274 265 ogy 

a Japan: Electric furnace: 

i 

oo Ferromanganese v2 22 22SSIST Sareea 

688 
716 

697 

oO 
fom 

494 
479 

41] 

. —- Ferrosilicon twailag-=-22227_~-2-222o0z2-soo a 
407 

361 
B45 

pening naan 

597 
536 

511 

Ferrochromium silicon e
e
 

16 
28 

12 

; 
iene or orrensosooo noone 

277 
221. 219 

Dan 
nonenseeeene 

20 
17 

18 

Maiti 
iisstesaae 

2,499 | 2,358 2,213 

Korea, Public Of Blectis Riraacs ernie 
te ee 

38 
23 

38 

Mexico; Electric furnace: 

| 
| 

| 

7 

Ferromanganese va 22sSSIIISI oro 

54 
71 

68 

Silicomanganesc rae 2aSSLIooggee SSS oir 
16 

1g 
17 

oe site rosso 

22 
20 

18 

Boy 

nose 

) 
(8) 

€(8) 

| OO wisi iiacsiemasay 
. 92 (409 103 

em Caledon: Bist iraacs Recor 
ne 205 230 *166 

| 

| Norway: Electric furnace: | 
os _Ferromanganese "on PSSEEIICIIoooeeeen 

370 
374 

390 

‘Silicomanganese 

eee 
207 

180 
191 

: 
Ferrosilicon in alag==22222777=s=2so222vwoos- ao 

342 - 325 
304 

- 
Bight cannon 

34 
30 

30 

. (errochromium silicc, e
a
e
 

1 
1 

1 

| Beane 
10 33 9 

- | Basis 

964 943 925 

cig 

1 
1 

*1 

Poland: 

: 

Blast furnace: 

. 

Eee 

ae 
io 

9 

errom, 
ee 

1 
1 

128 

. “aii 

173 183 180 

| 2
S
 

320 346 817 

Portugal: 
Blast furnace, undistributed doo TT rena n 

1 
a 

—_ 

=. | Pea 

12 
10 

13 

: 
we Nib aaticanaccgsoa pes 

13 
10 

13 

Rhodesia, Southern: ee ee 
ag nm 

200 
220 

220 

| 
South Africa, Republic of: | 

. 
Blast furnace and electric furnace, undifferentiated. 

Seat 
a
e
 

400 
469 

517 

: 
Electric furnace-13 

| 

| 
pga 

ooo 

98 
115 

127 

Ferrochromium, ~-22 202 DDDoppsesssSoorceeee 
203 

239 
263 

Other14 o
I
 

(8) 
oe) 

() 
ae 

701 
823 

907 

See footnotes at end of table.
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| 
| 

crhousand 
short tons) 

Country,’ furnace type
? and alloy typ

e : 
1974 

1975 
1976" 

Spain: Electric fur
nace: 

oo | 

Ferromangan
esé e
ee
 

124 
139 - 146 

Silicomang
anes¢ 

a 

87 
94 

100 

Ferrosilico
n pe one 

60 
61 

63 

pie 
on
an
 

24 
20 

21 

pre
emi

e 

@) 
°) 

) 

Bee
n 

285 314 330 

Gweden: Electric farn
ace: 

. 

ilicomanga
nes? o
t
e
 

11 
10. 

8 

Ferrosilico
n ge nnn 

2 

56 
55 on 42 

cre
as 

111 
102 fo 132 

Ferrochrom
ium silicon 

e
e
 

_ 20 
17 a AL 

hrm 

3. 
3 oo 3 

Fn
 cggag 

- 901 
187 

226 

ent gpa ana tag 
oo 

rq 
re 

6 

sng 
er
an
 

30 
26 

iT 

Thailand: 
Electric fur

nace:** 

oO 

| 
Ferromangan

ese meer 
eee 

TTITT 
2 

1 
2 

Ferrosilicon 
te nna 

1 
(°) . 1. 

| MT 
engage 

3 
1 

8 

veces 
ic taraacef

eronbromina
s 

ee 
10 . 10 

10 

USSR: 

. 

Blast furnace:
 

: 
, 

| 

Bie 
nance 

418 
met) 

€112 

Sagan
o 0 

947 
- 968 

€937 

Pememene
noe 

29 
30 

esi 

Blectric furn
ace:"® 

a 
. 

Ferromang
anes, D

ee 

- 100 
90 

100 

Giticomanga
ncse” an9 227

2 

| 28 
28 -, 23 | 

Ferrosilicon
’ ee n

on
e 

330 
330 

330 

foray
 gon

e 

203 
g21 

231 

Fermychrom
ium-silico

n’ 

eee . 1 
4 

6 

Other” 17 umes 
TTT 

200 
180 

. 195 

Total® 

rn
 

e1 962 
€1 972 

e1 970 

United Kingdo
m: Blast furnace

: 

| 
De 

yt tingto
s Ra 

 —noa
ecT 

9 
_- 

_- 

-Ferromang
anes? 

eae 

91 
94 

- 186 

| 
me 

ee 

100 
94 

136 

United Stat
es: 

Blast furna
ce and electric furn

ace, undiff
erentiated:

 

aes 
net 
e
n
 

5A4 
576 

483 

Electric fur
nace: 

thane,
 

ann noo
 oa 

196 
143 

129 

Stomgeen
ee’ 22-22

 

932 
q9gi 

861 

Ferrochrom
ium 
e
e
e
 

337 
197 

195 

Ferrochrom
ium-silico

n (onan 
e ee 

99 
52 

5A 

Other’® 
a i

 AT
T 

176 
167 

188 

Ne 
egpag c
S 

2,284 1,926 1,910 

ceuguan, Bloctric furnace Ferre ic (27 TTI 
To ---- 0 

(°) 
(8) 

e(8) 

Uruguay 
plectric fur

nace ferrosioo”
 e
ee
 

2 
3 

°3 

Yuguslavia:
 Electric f

urna’® 

Ferromanga
nc®? wmectt 

ene 

25 
34 

35 

Silicomang
anes€ neenn a7 TTT 

19 
16 

16 

Ferrosilicon
 ee o
o
o
 

115 
92 

95 

tl 
goo

n 

43 
59 

61 

Ferrochrom
ium silicon 

e
e
 

5 
11 

11 

See footnot
es at end of table.
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Table 9.—Ferroalloys: World Production by furnace type, alloy type, 
and country —Continued (Thousand Short tons) Country,1 furnace type,? and alloy types 

1974 1975 1976? 

Yugoslavia: Electric furnace: —Continueg Oa 

ee 

2 
3 

3 

enna 

209 215 221 

Grand total neon 

13,927 13,147 13,234 

Of which: 

; 

Blast furnace: Reimann 

154 
140 

124 
. 

Ferromanganese ~- 22D I727>>-----22TI2r7> 
2,184 

1,980 1,914 
| 

. 
Uae ooo DAT 

159 
133 

131 

Unspecified fama. nan 

38 
31 

a3 

ieee 
2,585 2,284 2.299 

| 

Electric furnace: 
a
 

1,949 1,961 2,029 
' 

Silicomanganese?? 23 ~22DD22777-----2 222777 
1,185 1,092 1,056 

Ferrosilicon um #8 "> ~~~ <TD I a2----~- 
3,003 

2,742 2,830 

. Ferrochromium #4 a
 

2,045 1,868 1,968 
| 

Ferrochromium silicon 34 25 ee 
ne 

152 
120 

133 

Ferronicke)25 26 ~- 22202 Tr7>-----2 222222 
642 

590 
538 

Other21 ei 2
2
S
 

537 
818 

551 

. Reena enna 
- 935 

927 927 

se egg 

10,448 
9,818 10,032 

Furnace type undifferentiated. 
. 

Ferromanganese only 
a 

ee 
944 

(1,045 1,000 

“Estimate, "Preliminary, "Revised. 
| _ 

| 

In addition to the Countries listed, the People’s Republic of China and North Korea are known to Produce both blast 

furnace and electric furnace ferroalloys, but output is not reported and available genera] information is inadequate for 

the formulation Of reliable estimates of Output levels (Estimates of pig iron Production for these Countries that a pear in 

the iron and stee] Chapter of Minerals Yearbove include an inseparable Quantity for their ferroalloys Productions 

xomania is known to produce electric furnace ferroalloys, but output is not reported and no basis is available foy- 

estimation. 
*To the extent Possible, ferroallo Production of each count has been Separated according to the furnace from 

which Production ‘is obtained: Produstin’ derived from metallother oe" Operations js included With electric hero 

Production. 
°To the extent Possible, ferroalloy Production of each Country has been Separated so 88 to show individually the 

following i jor types of ferroalloys: Spie leisen, ferrom anese, silicom anese, ferrosilicon, ferrochromium, 

ferrochromium sil and ferronicke] Ferrealion other than” those listed that "hes been identified Specifically ip 

Sources, as wel] 88 those ferroalloys not identified Specifically but which definitely exclude those listed Previously in, this 

footnote have ‘been reported as “Other.” For Countries for Which one or more of the individual ferroalloys listed 

Separately in this footnote have been inseparable from some other ferroalloys Owing to the nation’s cen nang system, 
; 

such deviations are indicated by individual footnote. In instanceg where pelloy Production has not been vided ix 

Sources, and where no basis is available for estimation of individual Component €rroalloys, the entry has been reported 

as Undistributed. ” “Electric furnace Output, if any, ig not reported, and nO basis ig available for estimation. 

"Includes Spiegeleisen “Includes silicomanganese, “Includes ferrochromium (1974 Only), ferrochromiumsilicon Gif any), and ferronicke], — 

' 

8 

° 
oes than 1/2 unit. cludes sili iegeleisen. ?°Includes ferrochromicn icon 

| 

' 

"Includes ferronickel, if any. 12 Revised to zero (Production terminated in 1973), . 
ail Crronickel and silicomanganese also are Produced, and ferrochromium-silicon also may be Produced, but no basis ig 

av, © lor estima on, iFetrovanadium only; additional types may be Produced, but data are not published and no basis ig available for 

estimation, 
ree TeViously reported incorrectly as blast furnace. 
Soviet Production of electric furnace ferroalloys is not reported: estimates Provided are based on crude source 

: eet erial des uction GePorted and estima ted) and Upon exports of ferroalloys Which are reported in detail, by type. 

Cludes €rronicke 18), addition to blast furnace roduction reported, other ferroalloys are known to be Produced, but data are not 

Published and no bagig is available for estimation. 

) 
cod, 

*Includes Spiegeleisen and ferronicke). 

: 

~*Spiegeleisen for West Germany included with ferromanganese, 

710F th totals, th following tities (in th d short to ) SPecifically ide tifed as f; ili 1974—.13p. 

e 
e fo quantities (in Ousan NS) are 

Y iden 88 ferrosilicon: 
. 

1975—193. 1976—100, the differences between the foregoing figures and the reported totals are not identified in any way, 

oxo that they are neither Spiegeleisen nor ferromanganese. 

zara omanganese for canada iluded with ferromanganese 

Cludeg silicospiegeleisen or ce, 
25¥errochromium ei for France included with ferrochromium, 

oeFetrochromiun, (for 1974 only), ferrochromium-silione (if any) and ferronicke] for Canada included with Unspecified. 

, , Ferronickel Gif any) for France, India, Norway, the USSR, the United States and Yugoslavia included With 

Other.
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being built by Maharashtra 
Elektrosmelt 

Tezuitlan. Th
e two other Mexican produc- 

Ltd. with Norwegian 
technical assistance, 

TS Ferroaleacio
nes ‘de Mexico, S.A., and 

was to be fed local raw material
s and, with Ferralver, 

S.A., had expansions 
underway 

a rating of about 50,000 tons of alloy per ona smaller scale. 
Oo 

year, would. substantially 
enhance India’s New. Caledonia. 

Output of ferronickel 

export capabi
lities. 

7 
was to be raised by Société 

Métallurgiq
ue 

poonesia.—Fe
rronickel 

developments
 Le Nickel (SLN) to over 100,000 tons per | 

included completion 
ahead of gchedule 

of a year, nickel 
content, by 1981. This approx: 

_ smelter for the 25% alloy by State-owned 
«mately 207% eapacity increase Was to be 

p.T. Aneka Tambang- Production of ferro- achieved by @ combination
 of mining expan” 

nickel from this plant at Pomalaa 
in gouth- sion and smelter impr

ovement pe
ginning in 

| 

| east Sulawesi was expected to grow to over 19TT. Upgrading 
of the Doniamb

o smelting 

oo 
90,000 tons Pet year. J apanese interests 

plant at Noumea 
was. to be directed at ore | 

| provided financial backing both for this preparation 
and calcining rather than in- 

plant and. for another 
ferronickel 

project stallation of additional f
urnace capacity. 

| proposed for Gebe Island.
 Indonesia Nickel 

Portugal.—Ci
2. ‘Portuguesa

 de Fornos 

Development
 Corp. (Indeco) was formed to Electricos (CPFE) and M

ilnorte-Meta
lurgia 

| garry out the Gebe Island 
undertaking

, but do Norte S AR.L. (Milnorte) were both re- 

7 future of the project was being 
seriously — ported adding. capacity. for silicon alloy

s. 

questioned by the end of the year- | Installation 
by CPFE of a 25 MVA furnace 

J apan.—Produ
ction. of ferroalloys again at Canas was estimated to permit pro- 

| slackened, 
by 6%, to 2.2 million tons over” duction of an additional 

15,000 tons per 

all, but was still greater than that of the year of ferrosilicon. 
Two new 24 MVA 

: United States. In thousands 
of tons, main furnaces were scheduled 

by Milnorte to 

items produced were
: Ferromangane

se, 697, begin production _of some 20,000 tons per 

| ferrochromi
um, 511; gilicomangan

ese, All; year of ferrosilicon 
and silicon metal at a 

| 
ferrosilicon, 

345; and ferronickel, 
219. Ja- Douro River location in n

orthern Portugal. 

pan Metals and Chemica
ls Co. Ltd. prought 

South Africa, Rep
ublic of.—Ferroal

loy 

 g 32 MVA ferrosilicon 
furnace into Pro” production registered @ 10% advance to 

: 
duction near

 yearend at Wakagawa
- Capaci- over 900,000 tons with 

a product mix of 4 | 

ty of the furnace was rated at about 19,000 ferromanga
nese—2 ferrochrom

ium—! fer- 

tons per yeat, put the company's 
net in- rosilicon. 

| 
| 

crease in ferrosilicon c
apacity will be only Chromium.—i

n December 
the _ first of 

| half this amount
 because of the shutting 

three 30 MVA furnaces beg
an operating at 

down of several small furnaces. The. new the new Steelpoort 
plant of Tubatse 

Ferro- 

furnace bec
ame the largest such furnace im chrome (Pty.) Lid., a joint ventu

re of Union 
> 

| 
Japan to operate on geothermal 

power, a Carbide and South A
frica’s Gene

ral Mining
 

source of relatively 
cheap power which and Finance Corp. Ltd. All three furnaces 

became all the more attractive when ther- were expected to be operating by the endof | 

mal power costs went up in Japan by 30% 1977, which 
would bring the plant's capaci- 

or more at midyear. 
Competitive

 pressure 
ty for producing charge chromium 

contain- 

from imports
 also was @ problem for produc- 

ing 50% to 55% chromium 
from plentiful 

ers, a8 SIX major firms making ferrochro- 
local ores UP to 120,000 tons per year. A 

mium formed a cartel effective throughout 
ferrochromi

um plant of the same rating 

1976 for setting min
imum prices on exports. being installed at Lydenburg 

by Johan- 

Mexico.—Pro
duction of manganes

e alloys 
nesburg Consolidate

d Investment 
Co. Ltd. 

began in the fall from the first of two new with Japanese technical assistance also 

completely closed 33 MVA furnaces of Cia. was expected to start up in 1977. These two 

Minera Autlan S.A. de C.V., with the second 
plants largely account for a projected dou- 

furnace expected to start up early in 1977. bling of South Africa’s ferrochromi
um ca- 

These furnaces were installed 
with Ja- pability between 1976 and 1980. However, 

. 

panese techni
cal assistance in 2 new plant this possibly overly rapid growth in facili- 

at Tamos near the Gulf Coast port of ties plus 4 60% increase sn electric power 

Tampico and were to provide annually over costs in the past 2 years continued to raise 

100,000 tons of standard ferromangan
ese questions about sntern

ational competitive 

and gilicomangane
se. As the Tamos plant ness of South Afric

an producers.
 

| 

comes into full operation, adjustments 
were Manganese. 

Modernizatio
n and expan- 

* 

to be made in the product mix of the sion by South African Manganese 
Amcor 

7 

company 8 older plants at Aire Libre and Ltd. (Samancor) 
at its Kookfontein

 Works 
|
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at Meyerton included uprating two stand- plant of State-owned Etibank came into 
ard ferromanganese furnaces from 48 to75 operation near yearend. The two-furnace 

| MVA and starting installation of a75 MVA plant was rated at over 50,000 tons per year. 

furnace ordered from Japan, from which United Kingdom.—Willan-Wogen Alloys 

production was expected to begin in 1978. Ltd., with plans for becoming one of the 
Highveld Steel & Vanadium Corp. Lid. largest European producers of ferrotita- 
acquired a majority interest in Transalloys nium, was formed by Aurora Holdings Ltd., 
(Pty.) Ltd., whose new silicomanganese fur- which had acquired G. L. Willan Ltd., and 
nace was slated to be operating by mid-1977. Wogan Resources Ltd. Capacity of over 

Spain.—Startup of a new furnace for 75% 3.000 tons per year for largely the 70% alloy 
_.. ferrosilicon at Monzon by Hidro Nitro Es- was expected to be attained by mid-1977 a 

pafio’a Syn was now projected for the first from the combination of a new induction 
oe nl 0! to bt id 1 also "A reported furnace being installed in a plant at Cat- 

Sg Oe cg Da Fer nalentine, Cliffe, Sheffield, with already existing facili | 
acilities on the Yesa Dam. Ferroaleaciones 4:4, at the former Willan plant - 
 Espafiolas, S.A. (Fesa), increased its ferro’ "ty GR Japan’s Tanabe Kakoki was 
chromium capabilities with activation of a . ded : n t to build six 75 MVA 
7.5 MVA furnace at midyear at its Medina S70’). BU ‘or broducing high-carbon : 
del Campo plant. Production of a total of ¢ rnaces lor producing mgicameon 

, about 3,000 tons per year of specialty fer- crromanganese. Presum ably these units 
roalloys was expected to commence about were ordered for installation by about 1980 

the middle of 1977 by Ferroaleaciones Es. t the Nikopol manganese complex in the - 
-- peciales Asturianas S.A. at a new works at Ukraine, but details were not announced, 

Avilés, using imported feedstock. Other future major expansion was reported 

Sweden.—Airco’s subsidiary at Vargon, scheduled by 1980 at Yermakovsky in west- 
- Airco Alloys AB, announced its intention to ¢™ Siberia, where capacity for mostly sili- 

-_ discontinue ferromanganese production and con and chromium alloys has near ly tripled 

- to concentrate on ferrochromium and ferro- during the last 5 years. | 

silicon. Inability to meet pollution control Venezuela.—Hornos Electricos de Vene- 
-. yegulations led to a decision by Avesta zuela S.A. (Hevensa) installed two 7.5 MVA 

- Jernwerks AB to stop its captive production furnaces of Hungarian manufacture for pro- 

| of about 25,000 tons of ferrochromium per duction of 15% ferrosilicon, ferroman- 

 . year. | — - ganese, and silicomanganese. Further ex- 

Turkey.—Built with Japanese technical pansion through addition of a 25 MVA 

assistance, the high-carbon ferrochromium furnace was expected by 1979. | 

: TECHNOLOGY | | | 

A single-addition foundry alloy for pro- marketed to compete with other proprie- 

duction of compacted-graphite (CG) cast tary vanadium additives commonly used by 
iron has been developed by joint research steelmakers. Manufacture of this ferrovana- 
between Foote Mineral Co. and the British dium carbide is by a patented high- 

Cast Iron Research Association. This alloy temperature solid-state reduction process 
is based on regular-grade magnesium ferro- whereby powder mixtures, typically of car- 
silicon and contains controlled amounts of bon and oxides of iron and vanadium, are 

calcium, titanium, and rare earths (about reaction-sintered at atmospheric pressure 
0.3% cerium). Use of this complex alloy under reducing conditions.‘ 

) permits reproducible manufacture of cast Plasma smelting of ferroalloys, while not 

| iron with an interconnected graphite flake yet commercial, continued to interest re- 

morphorogy. Such ease hy has Ps blend a searchers, particularly with respect to fer- 
oneal les intermediat ose Of gray an@ = -ovanadium and ferrochromium. A plasma 
uctile irons. Potential applications sug- 

: gested for CG cast iron include a number of __ s , ted 

automotive and machine parts.* Graphite Can’ irons and Then Production by a Single 
Another new alloying material intro- Alloy Addition. Trans. Am. Foundrymen’s Soc., v. 84, 1976, 

| duced, by Reading Alloys, was a vanadium "{alich, M. J. Compacted Graphite Cast Iron. Modern 
5 additive termed ferrovanadium carbide. Coeting. Y 8, nt 7, July 1976, pp. 50-62. 7 

This additive contains about 68% vanadium _,. . H. (assigned to Reading Alloys, Inc., Robeso- 

: and 15% each of carbon and iron and was U'S Pat. No 4982924 Sept 1916
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reactor system for ferrovanadium has been contact between the alloy and water in 
developed at Bethlehem Steel Corp.' This liquid form. The level of hydrogen in ferro- 
system was operated at 100 and 500 kW manganese could be lowered to that in 
levels, and scale-up to a plant capable of freshly manufactured alloy by heating to 
‘producing over 1 million pounds of vana- 900° C at atmospheric pressure or to 600° C 
dium per year was projected. The process ina partial vacuums | | 

. entails high-temperature reaction in a International Nickel (U.S.) Inc. an- 
plasma between a carbon and a metal oxide nounced formation of International Metals 
with accumulation of product in a molten Reclamation Company, Inc., to establish 
iron charge held in a receiving crucible. and operate a facility near Pittsburgh, Pa., 
Efficiency of operation was improved by for commercial reclamation of specialty 
using finely ground coke and vanadium steelmaking waste products. Plans are for 
pentoxide prereduced to trioxide. A 50% the facility to begin processing over 40,000 
ferrovanadium was produced in the 500-kW tons per year of wastes into a nickel- 
equipment with an energy consumption of chromium remelt alloy and a zinc-lead ox- 
about 3 kw-hr/lb of vanadium. Mostly ona ide product by mid-1978. Process de- 
theoretical basis , possibilities for applying scriptions so far available indicate that a 
plasma methods to ferroalloy production proprietary smelting operation with full 
were outlined by Westinghouse Electric allowance for environmental considerations 
Corp. researchers, who analyzed the feasi- has been developed.* Studies by the Bureau - 
bility of making high-carbon ferrochro- of Mines of pyrometallurgical treatment of 

. mium from low grade ore.® | stainless steelmaking dusts for conservation 
| High-temperature fused-salt electrolysis Of chromium, nickel, lead, and zinc pro- 

is used to reduce manganese from ore, by gressed from laboratory to semicommercial 
methods developed by Diamond Shamrock scale. | for producing “Massive Manganese.” This Ferrophosphorus has been found accept- 
alloy, as made directly from ore, typically able as a partial replacement for zinc in 

| contains about 0.14% carbon and 6% iron C°rrosion resistant coatings on steel. Substi- 
as major impurity, and is regarded by the tution for up to 50% by weight of zinc was 

| Bureau of Mines for statistical purposes as feasible in automotive primers. In addition 
low-carbon ferromanganese. However, a ‘0 being more economical, use of ferrophos- 
98% manganese product can be manufac- phorus in place of zinc in primers improved | 
tured using a feed of pure manganous oxide welding and torch cutting operations and 

| obtained from beneficiation of ore. Reaction !owered associated evolution of fume.* | 
in the electrolytic cell at about 1,300° Cis ———— cree es ca nin ee ah eh cea yie a mo nm me 1¢ pr uct. mic uctTION O an um ) e. ‘oc. ec. r- Fluorspar is used as fluxing agent in the nace Conf, ISS-AIME, St. Louis, Dec. 7-10, 1976, v. 34, pp. 

electrolyte, and lime is also added to main- _ °Fey, M. G., and F. J. Harvey. Plasma Heating Devices 
tain a balance with acidic constituents of 16 No 2 Mee 116 ee ao : Metals Eng. Quarterly, v. 
the feed ore.” | "Welsh, J. Y., and J. P. Faunce. The Production of 

Introduction of hydrogen into steel by fen Gancse Metal. Pree. i076 toe Meeting of AIME, 
way of ferromanganese and silicoman- _ ‘Bardenheuer, F., and S. Déhler. Ursachen_und 
ganese and ways of lowering the hydrogen Pooinflucsung der Wasserstoffgehalte in Ferro- und Silico- 
content of these manganese alloys by heat _ganese and Silicomanganese). Stahl ee Eisen, v. 96, No. 
treatment have been studied. Part of the askin Maw Bp. one 0. Inco Plans Reclamation 
hydrogen in manganese alloys was found to Plant for Mill Wastes. V. 65, No, 26, June 26, 1976, p. 10. ' 
be dissolved, and part bound as an oxyhy- 7, ty oT. and V. F. Simpson. New Class o 
droxide coating which forms when there is Tone 8, Ne elt Mare al J. Coatings
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7 By C. K. Quan! — 3 

World fluorspar production dropped from reported in several parts of the world, in 

the 1975 level, despite a slight increase in anticipation of increased demand in the 

consumption resulting from a general re- early eighties. | | 

covery in aluminum and steel production. By far the largest users of fluorspar were | 

Mexican output, which attained a record steel furnaces, with 60% of estimated world | 

1.30 million tons in 1971, fell to a little consumption in 1976, followed by aluminum 

under 1 million tons in 1976, the con- smelters with 19%, and fluorocarbons with 

sequence of a continuing decline in U.S. 15%. Historically, growth in fluorspar de- : 

reliance on Mexican fluorspar. Partially mand roughly paralleled growths in alumi- 

| balanced against this is the Republic of num and steel production. In recent times, _ | 

South Africa’s rise as an important produc- however, growth projections are being . 

er, whose vast reserves, if exploited, may tempered by new technology and stringent | 

well make it a world leader in fluorspar environmental regulations on fluorine e | 

production. | missions. The revolutionary Alcoa Smelting 

Environmental concerns over the possible Process, which uses no fluorides in the 

effects of fluorocarbons on stratospheric production of aluminum, may well be a 

ozone continued to depress the acid-grade harbinger of difficult days ahead for the : 

: fluorspar market, causing an oversupply fluorspar market. Similarly, more efficient . 

situation which is expected to prevail until utilization and recycling of raw materials in. | 

about 1980. Meanwhile, exploration for ——~——_ | 

| fluorspar and mine plant expansions were 1Physical scientist, Division of Nonmetallic Minerals. 

fable 1.—Salient fluorspar statistics’ 
- - 

1972 1973 “1974 1975 1976 

United States: 7 | | | 

Production: 
Mine production____ ——--—short tons_ - 710,668 561,149 447,258 376,601 611,133 

Material beneficiated____ __ _ __do___- 171,411 663,361 409,005 401,477 574,678 

Material recovered ____———-—do___- 245,047  —-282,891 207,816 132,060 182,582 

Finished (shipments) — — - — - - _ -do__-- 250,347 248,601 201,116 139,913 188,270 

Value f.o.b. mine _ _ _ _ — thousands__ $17,315 $17,381 $14,297 $10,888 $17,927 

Exports___________--~-~-short tona__ 2,764 2,428 5,847 T1384 4,923 

Value?__________- thousands. $184 $171 $316 T$234 $764 

Imports for consumption __———short tons_ — 1,181,533 1,212,347 1,336,389 1,050,448 895,254 

- Value®_________-~~— thousands_. _ $47,851 $52,620 $60,988 *$66,899 $64,881 

Consumption (reported) ____ _ -short tons__ 1,352,149 1,351,705 1,524,582 1,244,938 1,273,458 | 

Consumption (apparent)* ___ _ _ _ _ -do_-_- 1,487,983 1,508,759 1,428,719 1,300,067 1,120,970 

Stocks Dec. 31: 
| Domestic mines: 

| Crude_________---do___- 111,565 57,901 44,196 57,833 88,905 

° Finished _________-do___- 15,295 8,675 13,668 11,386- 14,870 

Consumer _____.__-—_---do__~- 377,942 327,703 430,642 319,552. 277,783 

| World: Production ________------do__-- 4,992,406 75,043,787  °5,355,079 + °5,015,422 4,888,734 
ee ee 

FRevised. 
1Does not include fluosilicic acid and imports of hydrofluoric acid and cryolite. 

2Questionable quantity or value. 
3F ob. foreign port in 1972-74; c.if. port of entry in 1975-76. 

“Apparent consumption includes finished shipments, plus imports, minus exports, and plus or minus consumer 

- inventory changes. 

| 551
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_ new or existing smelters may result in of 95% of fluoride emissions from stack | _ further erosion of fluorspar demand, the gases before release into the atmosphere. ._ : extent of which is not yet readily predict- Emissions from prebake plants were limited _ able. | : __ to 1.9 pounds of fluoride per ton of alumin- Legislation and Government _Pro- um produced, and 2.0 pounds per ton from _ srams—A House bill, He. a Mer me Soderberg plants. For either Process, opac- _ duced in Congress on /Apri serif to ity of the emissions was limited to 10%. | provide for a oy ar. The bill lon 0 ae Fluorine emissions from anode bake plants a 
| | adjournment of Congress in ise will the were limited to 0.1 pound per ton of anode 

| In mid-September, the National Academy poo uceds and oP acity of the emissions to | of Sciences announced that chlorofluoro- “ Go | t stockpiles of strategic and | carbons (more commonly called fluoro- _ Government stockpiles of str 0. gic an _ carbons) posed a legitimate threat to man’s critical materials contained 890,000 tons | | environment.? Fluorocarbons, particularly of acid-gr ade and 412,000 tons of metal- _ those used as aerosol propellants, rise lurgical-grade fluorspar. On October 1, _ through the atmosphere and are subse 1976, the Federal Preparedness Agency quently photolyzed by ultraviolet radiation (FPA) of the General Services Administra- | | into chlorine atoms which then react cata- tion (GSA) announced new stockpile goals, lytically with ozone, depleting it. The increasing the acid-grade fluorspar goal to , consequence of ozone diminution in the 1,594,000 tons and metallurgical-grade -_ Stratosphere is an increase in the amount of fluorspar goal to 1,914,000 tons. These new damaging ultraviolet radiation reaching the goals would have significant impact on the . | the resurface, wich ne Povenay eye Huorspar industry chould Congress decide oo uence of skin ver, Cal to them thro ‘short-term pur- - damage, and accelerate aging, as well @ chases. | a ms ae P Le . oy the conn filmate. In the wake of “As in years past, mining of domestic . the Nation cademy of Sciences PrO- reserves was granted a 22% depletion allow- | nouncements, the Food and Drug Admin- | . . | al 
| . - Ce iring 22¢e against Federal income tax, compared | istration (FDA) proposed rules reqs with 14% for foreign reserves. on warning labels on most aerosol products ee 00 Ign | , a : containing fluorocarbon propellants.? The on: . oe Paya ee t eo, Committee on Impacts of Stratosph . Na- labels would read: Warning: Contains a tional Academy of Sciences. Halocarbons: Knvines vente chlorofluorocarbon that may harm the pub- Effects of Chlorofluoromethane Release. 1976,125 pp. cone in the upper atnophere” At year fag tose a Amps ; : . ° - . pp. . oo : 

end, the FDA, the Consumer Product Safety — Onno and Fea nistration. Fluorocarbons and soe 
’ er In » Drugs, Anim: Drugs, 10. oa Commission, (CPSC) and the Environmen- ical Products, Cosmetics, end Medical tron Federal tal Protection Agency (EPA) announced Register, v. 41, No. 229, Nov. 26, 1976, pp. 52070-52079. ial uses Shamel, R. E., O’Neill, J. K., and Williams, R. Prelimi- Stain eee et Rulon ete o nary Economic Impact Assessment of Possible Regulatory ° pe & Action To Control Atmospheric Emissions of Selected fluorocarbon manufacture and use are ex- Halocarbons. Arthur D, Little, Inc., 1976, 302 pp. pected in early 197 7. The potential techno- Brennan, R. P., Lau, R. W. J., and Patmore, J. W. . ee . . Fl bons and the E t: A Preliminary Tech- logic and economic impact of possible legis- nology Assessment. Systeme Control Inc., 1976, 150 DP. lation on the fluorspar, fluorocarbon, and “Bureau of Domestic Commerce, U.S. Department of related industries have been examined by rommerce. Economic Significance of Fluorocarbons. 1975, Shamel* Brennan;* the Department of 72? dities Research Unit, Ltd. (United Kingdom). | Commerce; and Commodities Research The Effect on the Acid-Grade Fluorspar Industry of Unit, Ltd.7 Legislation Restricting the Use of Fluorocarbons. 1976, 100 

New emission standards for aluminum "FU S, Environmental Protection Agency. Performance : smelters being modified or under con- Standards for New Stationary Sources. Primary Alumi- struction were finalized by the EPA in 26, 1976 a daar: F ederal Register, v. 41, No. 17, Jan. | 
January 1976, and require the removal 

.
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| = DOMESTIC PRODUCTION: - - - 

- Domestic shipments of all grades of and Kentucky accounted for 83% of the | 
fluorspar were 188,270 tons, 35% over 1975 total output. Small, intermittent operations 
shipments. Shipments from the Illinois- or shipments from inventory in Illinois and 
Kentucky district represented 85%: of the the Western States accounted for the re- | 

_ total volume; the balance came from Arizo- mainder of the supply. A list of domestic | 
| na, Montana, Nevada, Texas, and Utah. producers with reported output in 1976 

_ Three major companies operating nine follows: | | | 
| _ mines and three flotation circuits in Illinois : | 

State i: _- Company Mines Type of mills 

Arizona___________ Tonto Mining and MillingCo ____. _ Bluebird'____.__ Flotation. _ . 
Oo Western Fluorspar Co -________-~ Turkey ________ None. — ~ 

Illinois __.______-- Allied Chemical Corp ~e eee Spivey,Gaskin, _. ‘Heavy-medium and - 
Deardorf and Mi- flotation. 

- Ozark-Mahoning Co | Barnots, Knight ~ Heavy-medium 
: ee Onin eM / flotation and’ | 

7 . oa shaft. — briquetting. 
— a Hastie Mining Co _____.___._-_. . Spar Mountain _.__ | Heavy-medium. . 

. | Tamora MiningCo _._.._-_--_--- . None?_-__.___._._ Washing and 

_ Kentucky ~______--~_ Frontier Spar Corp ene Babb-Barnes _ — _ — _ Heavy-medjum and 
oe oo . . flotation. _. 

Se Kenspar Co ____-_.._-_.__.—  Variousresidual — Do. : 
re deposits. . i 

Montana ..____.__-_ _ Roberts MiningCo..____.__.___-- Crystal Mountain‘ _ Heavy-medium. 
Nevada ____-_~----- J. Irving Crowell, Jr. & Sons ———--— Daisy __.-_----- None. » . 
Texas ______~____— D&FMineralsCo ______-___- Paisano ______~~_ Do. 

| Utah -----+------ US. Energy Corp -_-.-------- Fluoride Queen ___ Do. | 

Processed crude ore from Bluebird and Turkey mines. | | 
2Shipments of purchased ore. ee 
$Plant undergoing expansion. . . - —— 
‘Shipments from inventory only. . a | - 

: Estimated annual production capacity sources Inc. of Denver, renaming Cerro. : 
| was some 350,000 tons, and domestic pro- Spar Corp.’s operations near Salem, Ky., 

ducers operated at about 54% of capacity in Frontier Spar Corp. Prior to the acquisition : 
1976. This compared with a 40% capacity by Pan Ocean Oil, Cerro Spar was a 95% | 

| utilization in 1975, a relatively poor year for subsidiary of Frontier Resources, with the 
an industry impacted by a 3-month labor remaining stock held by a private individ- 

: dispute and a generally weak fluorspar ual. Mine and mill activities initiated by 
- market. In terms of demand, domestic pro- Cerro Spar were continued under the new 

| ducers provided 15% of total reported con- ownership, and plans were made for the 
sumption, compared with 11% in 1975. possible development of a new mine near 
‘In Kentucky, Minerals Exploration Co. Hampton, Ky., and the expansion of the 

| and Armco Fluorspar Corp., a wholly owned existing mill in 1977. 
- subsidiary of Armco Steel Corp., entered Ozark-Mahoning Co., a subsidiary of 

ir.to a joint venture, giving rise to Kenspar Pennwalt Corp., and Allied Chemical Corp. 
Co. Initial production was to come from _ continued as the largest domestic producers 
various residual deposits on previously of fluorspar, with their operations in Pope 

: owned Minerals Exploration properties and Harding Counties in southern Illinois. 
near Mexico, Ky., but plans were underway Output by Ozark-Mahoning consisted of 

7 for extensive underground exploration by acid and metallurgical grades of fluorspar, 
: diamond drilling and drifting from a verti- including briquets, while Allied Chemical’s 

cal shaft nearby. Included in the plans was output comprised acid and ceramic grades. 
an expansion program incorporating anew Both operators also recovered various a- 
flotation circuit in a mill leased from Ozark- mounts of lead, zinc, and barium concen- 
Mahoning Co. When completed, the Ken- trates as byproducts from their flotation 
spar project will provide output for captive circuits. 

" usage by Armco Steel as well as for com- Tonto Mining and Milling Co., inactive in 
4 mercial sales. 1975, resumed shipments from its Tonto 
, At yearend, Pan Ocean Oil Co., a wholly Basin, Ariz., operations in 1976. Feed for its 
- owned subsidiary of Marathon Oil Co., flotation plant was derived from Tonto’s 
’ announced the acquisition of Frontier Re- Bluebird mine as well as from the Turkey
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mine of Western Fluorspar Co. Reportedly, Of increasing importance as a secondary 
shipments were made intermittently to source of domestic fluorine for the chemical © 

| Allied Chemical’s hydrofluoric acid plant in and aluminum industries is byproduct | 
_ Pittsburgh, Calif. - _. fluosilicic acid, H.SiF., recovered from the 

In Idaho, Domestic Power Co. continued. wet-process manufacture of phosphoric acid 
_ exploration and evaluation of its fluorspar from fluorapatite. Eleven phosphoric acid 

deposits located west of Challis. At yearend, plants processing some 9 million tons of 
a heavy-medium separation plant was re- phosphate rock recovered 70,000 tons of 

| ported to have been purchased for assembly fluosilicic acid in 1976, a gain of 17% over. 
| on the property. 1975 byproduct recovery. Of the 70,000 tons 
ne Extensive exploratory drilling was re- of fluosilicic acid recovered, 47,000 tons was 

| ported by Ozark-Mahoning and Allied subsequently shipped to the consuming in- 
Chemical in Illinois and by U.S. Borax and _dustries. Thus, the phosphoric acid industry 
Chemical Corp. in Tennessee. Some 300,000 supplied an equivalent of 38,000 tons of 

| feet of drilling was logged in these two fluorine, or about 7% of total fluorine con- 
States. U.S. Borax, a subsidiary of Rio Tinto sumption. A list of domestic phosphoric acid 

| Zinc Co., is known to have delineated 50 plants reporting fluorine recovery in 1976 
million tons of ore containing 17% CaF.ina follows: 
fluorspar-barite deposit in the Sweetwater o oe | | 
district, some 40 miles southwest of Knox- eee 
ville, Tenn. Some development of the ore _ Processor = —sLocation = 
body has been planned for 1977; but full Agrico Chemical Co ne Pierce, Fla. 
production is not likely to materialize for Borden Chemical 1 Co errr Norfolk, Va.. Pe 
several Joa ore, qperating at 58% of Farmland Industries penn n nanan Bartow, Fla " 

ven processors, operating a oO ardinier ( G),Inc _______. Tampa, Fla. 
estimated annual capacity, supplied the M'**##ippi Chemical Corp ------ agcagoula, ” 

| steel industry with 292,000 tons of fluorspar Stauffer ChemicalCo ___..__._ Salt Lake City, | 
| briquets, valued at slightly in excess of $24 ygsg AgriChemicals__.______ Berton Fla. _ 

million, in 1976. The shipments represented Do __-------_-------- Wilmington, | 
: gains of 34% in volume and 36% in value Do... Nasivitle, Tenn. 

over those of 1975. With the exception of W.R.Grace&Co_-_____-"___ Bartow, Fla. 
_Ozark-Mahoning’s plant in Illinois, plants. _—<— 

| elsewhere utilized prt bar of At yearend, producers’ inventories con- 
Fobricat er ades, averaging (8% CaF, to sisted of 9,063 tons of acid-grade fluorspar, - abricate a finished product averaging 66% . CaF. A list of domestic briquettors follows: UP 66% from the 1975 figures, and 5,807 | ae o 4 ~* tons of metallurgical-grade material, down 

. oo 2%. a | | | 
"Processor =~=~*~*~*~*~S:”~”:C*W ation Domestic reserves were estimated at 16 

Cameteo,Ine_....... Dumuaane Pa million tons of ore containing 35% CaFs. 
TH Fowrdes Sand Ga TTT quesne no Illinois and Kentucky accounted for 56% of 

: “ omy Sand Co Oe a h total reserves; Colorado and Idaho, 36%;. 
ret OTP ~~ ~~~ ~~~ ~~ Neago-~=C(s AM. Montana, Nevada, New Mexico, Texas, 

National Briquet CORP ~~~ ~~~ ~~~ Mande and Utah, the remainder. Domestic re- 
Oglebay Norton and Co ~~ ______ Brownsville, sources were described in two U.S. Geolog- 
Ozark-MahoningCo __________ _ Rosiclare, Ill. ical Survey publications.® . Do __________ Brownsville, 

Tex. © ®*Pinckney, D. M. Mineral Resources of the Illinois- 
OO _ Kentucky Mining District. U.S. Geol. Survey Prof. Paper > 

970, 1976, pp. 1-15. 

Table 2.—Shipments of finished fluorspar, by State | 

| | 1975 1976 
Wale Wale | 

State Quantity Total Average Quantity — Total Average 
(short (thou- per (short (thou- per 

_ tons) sands) ton tons) sands) ton $$ Es Ot) Sands) ton 
Illinois __-_-_-_--_______- 99,898 $8,957 $89.66 142,666 $14,563 $102.08 * Utah _--_ 9,542 389 40.77 W WwW W ; 
Other States! ----_----------_. 30,478,542 50.61 45,604 3,864 78.77 : 

Total _..__._______ 189,918 10,888 77.82 188,270 17,927 95.22 . 
W Withheld to avoid disclosing individual company confidential data. . 
1Montana, Kentucky, Nevada, and Texas (also Utah in 1976).
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Table 3.—Shipments and mine stocks of finished fluorspar in the United States, by grade a 

- } 1975 | «1976 oF 

; 1 i wu... 

Grade . Short \thow- Veer Stocks? Short | Vero . ‘per Stocks? oe 
sands) ton - sands) ~ ton 

Acid______------- 56,944 $4,823 *$84.69 5,461 %116,300 $12,470 . $107.28 9,068 
Metallurgical __ __ ~~ 82,969 6,065 73.10 5925 71,970 5,457 . 75.82 5,807 

Total________ 1399138 10,88 | 77.82 11,886 188,270 17,927 95.22 14,870 

1T otal value as reported by mine production. : ‘ Po 
2Mine stocks as of Dec. 31. a oo | 

. 3Includes #1 ceramic grade. | = . 

CONSUMPTION AND USES | 

Fluorspar is an important industrial applications for fluorspar are derived from 

mineral, valued for its fluxing properties its ability to form lower melting eutectics 

and as a principal source of fluorine. with refractory materials. In steelmaking it | 

Although not a major commodity in terms assists in the effective desulfurization and 

of total quantity produced annually, it is a dephosphorization of the melt, promotes 

critical raw material for the steel, alumi- slag fluidity, and enhances the solution of 

num, and chemical industries. _ lime. Of particular importance to basic 

Different grades of fluorspar are required oxygen furnace use is its ability to sustain a 

_ for various uses. Acid-grade, containing stable foam emulsion during the refining 

| more than 97% CaF., is feedstock for the process. Fluorspar usage in steelmaking . 

manufacture of hydrofluoric acid, a key varies considerably among individual com- 

ingredient for the aluminum and fluoro- panies and mills. In 1976, major USS. steel , 

chemical industries. Ceramic-grade, con- mills reportedly consumed 606,578 tons of | 
taining between 85% and 97% CaF, isused fluorspar; open hearth furnaces accounted = 

in the ceramics industry for the production for 92,792 tons, basic oxygen furnaces, for 

of glass and enamel. Increasingly, acid- 423,493 tons and electric furnaces for 90,293 

grade material is being used by the ceram- tons (table 4). According to the American : 

ics industry in order to capitalize.on its low Iron and Steel Institute, domestic . pro- 

| import duty. On the other hand, some duction of raw steel for the year amounted | 

hydrofluoric acid manufacturers are finding to 127,943,000 tons, of which 23,470,000 tons 
it economically advantageous to utilize was from open hearth furnaces, 79,918,000 . | 

ceramic-grade material, provided some tons from basic oxygen furnaces, and 
- contaminants are properly controlled. 24,555,000 tons from electric furnaces. Over- 

Metallurgical-grade fluorspar, containing ll, the steel industry consumed about 9.5 

between 60% and 85% CaF, is used almost pounds of fluorspar per ton of crude steel 
exclusively in the iron and steel industries. produced. On the basis of furnace type, the 

| In the United States, metallurgicalgrade average fluorspar consumption per ton of 

fluorspar is customarily quoted in terms of Taw steel is computed as follows: 

| effective units, obtained by subtracting two es | 

and a half times the silica content of the ore, <———~"——___"_________“Fuorspar 

from the CaF, content. Traditionally, a Type of furnace consumption 

._ minimum of 70% effective CaF. has been pounds per 

used in the steel furnaces, but in recent ————————————————————_VWW__ 

times lower grade material, including bri- Open hearth_-------~-------- . 7.9 

quets, is gaining widespread usage. Beste 2277222227222 1 
Most of the ceramic and metallurgical ——————————————————— 

4 

™ 
4
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Oc Briquets averaging 76% CaF, accounted. acid plants amounted to 631,284 tons, down | 
_.. for a little over 30% of the total fluorspar 6% from that of 1975. A contributing factor 

Consumption by the steel industry. With to the decline in consumption was the - oo rapidly diminishing supplies of good-quality cessation of DuPont’s production at Deep- 
Oo metallurgical-grade fluorspar, it is antici- _water, N.J., at yearend 1975, and the partial | 
a pated that the trend towards increased shutdown of Allied Chemical’s plant at 

| usage of briquets will continue. The uni-— Claymont, Del., during 1976. It is antici- 
- formity in grade of the briquet and its pated that Du Pont’s future requirements | 

- convenience in handling make it an at- will be met by Quimica Fluor, S.A., whose | 
| tractive alternative to natural fluorspar. hydrofluoric acid plant came onstream in | 

| Hydrofluoric acid is made by the reaction 1976 at Matamoros, Tamaulipas, Mexico. 
of acid-grade fluorspar with sulfuric acid. — Du Pont is part owner of Quimica Fluor. A _ | 
About 2.2 tons of fluorspar are required per list of domestic hydrofluoric acid plants - a 

_ ton of acid produced. Acid-grade fluorspar follows: - 
a consumption by 12 domestic hydrofluoric. = 8 3 =— | 

. Producer - a Co Plant location . '  - Capacity — a aes oo a tons per year 

: Aluminum Company of America Point Comfort, Tex ~-------4--~-------------- 55,000 
| Allied Chemical Corp -------- Baton Rouge,La_- === | | a : ; | Geismar, La ____ == eg a | oo a Nitro, W.Va ~- = TTT $108,000 

Se a, . North Claymont, Del _-_.____________ . . - — : Port Chicago, Calif .~-- 2. re oc Du Pont Company ____-_____ > ‘Strang, Tex os 15,000 Essex Chemical Corp___.___.__ Paulsboro, N.J a _ 11,000 _ Harshaw ChemicalCo_____-__ _ Cleveland, Ohio ~-e : 18,000 . Kaiser Aluminum —_________ ~Gramercy,La =~ .. ., §0,000.. . : Pennwalt Corp _____._.---_ Calvert City, Ky _--__-_- 25,000 | ‘ | Stauffer Chemical Co wees ree Houston, Tex --_________________-----------___ 18,000 . 
| Total a | 360,000 

‘ Source: Chemical Marketing Reporter. — fot . 

_ Total hydrofluoric acid produced for cap- der them eminently useful as refrigerants __ 
tive usage as well as for general consump- and aerosol propellants. They are nontoxic, Oo 

| tion in 1976 amounted to 288,200 tons, odorless, and nonflammable. Being chemi- 
| ‘Recording to ition! Se of von: cally stable, they do not react with the 

_ merce. additional So, ns, wo oducts with which they are packaged. 
| about $41 million, was available from im- Py w ” . i eee — ops as They also have the advantage of liquefying ports, principally from Mexico and Canada. ns : . . 1... easily under slight pressure. Total hydrofluoric acid supply, therefore, Five fl bo tf ] 

amounted to 373,700 tons. Major end uses of Ive muorocarbons account for nearly 
hydrofluoric acid comprised fluorocarbon 95% of total domestic fluorocarbon pro- | 
production, aluminum refining, petroleum duction, as follows: ~ 
alkylation, uranium enrichment, stainless a _ 
steel pickling, the production of fluorine “Fluor 
compounds other than fluorocarbons, and _ carbon Chemical Molecular 
miscellaneous uses. No. * 

The term “fluorocarbons” is applied to all Fll ___ — Trichlorofluoromethane ___ CCF | organic fluorine chemicals, most of which 12 --_  Dichlorodifluoromethane __ Clas 
are chlorofluorocarbons and the remainder een Tice suaromethane | — - Oo oar, 
fluorocarbons and other fluorine chemicals. Fij4~ ~~ Dichlorotetrafluoroethane__ CC1F>-CCIF2 
Fluorocarbons possess properties that ren-<—_<§_—@ ——@——___________—- 

-
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Most fluorocarbons are manufactured by depending on the product, but for the fore- | 
_ by the catalytic reaction of hydrofluoric going major products an average of 0.35 | | 

acid with carbon tetrachloride, chloroform, pound per pound appears reasonable. Six | 
| or perchloroethylene. The average con- producers with an estimated annual capaci- Oo 

sumption of hydrofluoric acid is 0.25 to 0.50 ty of 595,000 tons account for the entire - 
pound per pound of fluorocarbon produced, domestic fluorocarbon output: . 

Producer Plant location _ . . .. . Capacity 
. _ tons per year 

(Bed Chemical Cop -—-—---— Beeville ~~~ 77 2a 2a2tazzatatata 222. «180,000 
: Du Pont Company _______-__ Antioch, Calif _.___________________-__-----. ) 

. Pennsville,N.J ..-_--2.---___-~--+-----_--~-~-- . . - 
| | East Chicago, Ind ________________-__-_______. _ 250,000 | 

Louisville, Ky ~---------- +--+ - 
Montage, Mich _~ ~~. _- --__.-__i—~--------- CS 
Corpus Christi, Tex _______-__.---------------- no 

Kaiser Aluminum _______..— Gramercy,la ~~. ~~~ ~~__~~~~~_-~-~-~-~_--~-~-+-- 25,000 
: Pennwalt Corp _______---~~.... Calvert City, Ky -__.__.------_-------+---+--- } 60,000 

’Thorofare, N.J —.-.---__----_----~-~---+---++---~ 3° ; 
Racon Corp _. ~~~ ~~ Wichita, Kans _~.______~________ eee 10,000 ; 
Union Carbide Corp -_------_ | Institute, W.Va ~__----_--_----------~------- ~ 100,000. 

Total... a oe 595,000 

| Sources: Chemical Marketing Reporter, and Arthur D. Little, Inc. — ps Ce 

Prior to 1974, approximately half of all carbons is estimated at 450,000 tons, down 
fluorocarbon production was used as aerosol 7% from that of 1975. This: production | 
propellants in antiperspirants, deodorants, accounted for 157,500 tons of hydrofluoric 
hair sprays, paints, and household disin- acid, or 42% of total supply for the year. 

| fectants. This market was growing at about Hydrofluoric acid is not consumed direct- : 
8% annually then. The second major use for ly in aluminum smelting but is used to 
fluorocarbons was as a refrigerant, ac- produce. aluminum fluoride (AIF;) and. 

counting for 28% of all fluorocarbons. synthetic cryolite (NasAlF.) by reaction | 
_Foamblowing accounted for about 7% of with alumina and caustic soda, respectively. | 

total consumption; solvents, 5%; plastics Subsequently, cryolite and aluminum fluo-— . 

and resins, 4%; and exports and other uses, ride are used with alumina in the molten 

7%. Since late 1974, however, the growth in bath from which aluminum is produced by 
| aerosol propellant usage has been signifi- electrolysis. Aluminum fluoride is added to 

cantly slowed by controversy over environ-_ the electrolyte to lower its melting point, 
mental degradation due to the presence of but only a limited amount can be added | 
fluorocarbons in the stratosphere. It has because it also reduces the electrical con- 
been estimated that aerosol propellants ductivity. Small amounts of fluorspar are 
now account for only 30% of U.S. fluoro- therefore added to further reduce the melt-. 
carbon consumption and will continue to ing point without also reducing the elec- | 
decline in years to come as laws are promul- trical conductivity. Previously, some natu- 
gated restricting nonessential uses of ral cryolite, primarily from Greenland and 

| fluorocarbons. now very rare, was used in the potlines, but 
Production of fluorocarbons F1l and F12, today nearly all the fluorides are produced 

amounted to 312,100 tons in 1976, according from hydrofluoric acid. The fluorides do not 

to the U.S. International Trade Commis-_ enter the final product but are absorbed in 
’ sion. While data on other fluorocarbons are potlinings or discharged into the air as 

unavailable, total production of all fluoro- particulates or gases. Fluoride consumption 

L 

“x
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| | varies with individual smelters but aver- growth of nuclear power facilities. . 
ages 60 pounds of aluminum fluoride and 50 The hydrofluoric acid alkylation process 
pounds of cryolite per ton of aluminum js one of several processes available for the 

a ingot produced. This is equivalent to about alkylation of propene- and butylene-type 
7 10 pounds of hydrofluoric acid per ton of olefins. Approximately 0.83 pound of hydro- 

| aluminum. In recent. times, however, the fluoric acid is used in the production of 1 
actual amount of hydrofluoric acid required _ barrel of alkylate. Estimated 1976 consump- 

| is probably 20% less, or 56 pounds, owing to tion by this end use was about 12,000 tons, 
recycling of fluoride values from potlines or 3% of total hydrofluoric acid supply. 

_ and flue gases, as well as the manufacture Apart from uranium enrichment, the 
of aluminum fluoride and cryolite from largest single use of anhydrous hydrofluor- 
fluosilicicacid. == =~ = = = = ~- je acid is in stainless steel pickling, which 

| _ Six major companies - Aluminum Com- ytilizes the acid for descaling after rolling 
rnin, of america, a | roma Corp., © operations. However, not all grades of stain- 
Cheical Ce et Renee ae tauffer Jess steel are pickled with hydrofluoric acid, 

_Vnemical V0., an ynolds Metals Co. - some requiring only nitric acid or a molten 
account for most of the domestic production caustic bath. Consumption of hydrofluoric 

of aluminum fluoride and synthetic cryo- aciq varies but apparentl aver es 25 
lite. All are partially or completely integrat- « unds per ton of vt ainless steel se okled | 
ed with facilities producing hydrofluoric POURGS Per ton oF wage tow acid and aluminum. For some Kai Domestic production of stainless steel 

| . cane. ome years halser amounted to 1,684,000 tons in 1976, up 52% 
thas also produced cryolite from sodium f, - wae J. : rom that of 1975. Assuming that 42%, or 

| silicofluoride, while Alcoa produced both 707,000 tons, was pickled by hydrofluoric 
cryolite and aluminum fluoride from fluo- acid, the total hydrofluoric acid consump- 
silicic acid. This is in addition to their ti ted to about 8.800 to 2% of 

_ eryolite and aluminum fluoride production ton amoun 0 apout ©, ns, or 4% 0 
from hydrofluoric acid total supp ly " . 4 

According to the Aluminum Association, fl inorganic suorides other than aluminum 
domestic production of primary aluminum uoride and cryo ite are also produced from 

in 1976 amounted to 4,251,500 tons, up 10% | bydrofluoric acid, but are difficult to define 
from that of 1975. This accounted for about ™ quantities and end uses ‘because of the 
119,000 tons, or 32% of total hydrofluoric 1#rée number of individual salts and their 
acid supply for the year. | | relatively small volume. Sodium fluoride is 

The enrichment of uranium in the fissile *he largest volume inorganic fluoride in this | 

isotope, Usss, is either by the conventional 8T°UP- In the past it was used primarily in . 
gaseous diffusion process or by the more WAter fluoridation, steelmaking, wood pre- 
recent gas centrifuge process. Both pro- servatives, insecticides, fungicides, and flux- 

ceases involve the use of uranium hexa- ing agents. Use for water fluoridation has 
fluoride, UF., as the form in which the declined in favor of lower cost silicofluo- 

isotope separation takes place. Uranium Tides. Sodium bifluoride is used in the 
hexafluoride is convenient for this purpose lectrotinning of steel and in laundry ap- 
because it is gaseous at moderate tempera- Plications. Boron trifluoride is used as a 

tures. Yellowcake, containing 80% to 85% catalyst in the production of alkylated phe- 
U;O,, is first refined to purified UOs. This is ols, coumarone-indene resins, and petro- 

followed by reaction with anhydrous hydro- eum resins, and as an accelerator in epoxy 
fluoric acid to produce greensalt, UF,. The hardeners. Fluoboric acid has applications 

final stage involves the conversion of green- in the electropolishing of aluminum, while 
salt to uranium hexafluoride by means of stannous fluoride is well known as a decay - 

elemental fluorine. Total hydrofluoric acid preventive in toothpaste. 
requirement by the entire process is esti- Seven major companies - Allied Chemical 
mated at 1.1 tons per ton of uranium hexa- Corp., Olin Corp., Essex Chemical Corp., 
fluoride produced. Harshaw Chemical Co., Kawecki-Berylo In- 

It is estimated that about 11,000 tons of dustries, Inc., Mallinckrodt, Inc., and Chem- * 
U;Os were processed in 1976, requiring tech Industries, Inc. - account for most of 
12,100 tons, or 3% of total hydrofluoric acid the inorganic fluoride production and in 

supply. Uranium enrichment is probably 1976 probably consumed about 9,000 tons, 
the fastest growing end use market for or 2% of total hydrofluoric acid supply. 
hydrofluoric acid. Although a relatively Miscellaneous uses of hydrofluoric acid ~ 
minor demand, it is important and will include the production of specialty metals, , 
continue to grow in parallel with the such as beryllium, columbium, tantalum, |
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and yttrium; etching and frosting of glass; bons and other fluorine compounds, 22%; 
and use in the electronics industry. These and primary aluminum, 16%. The remain- 
numerous end uses probably consumed half ing, 14%, was used in stainless steel pick- 
the balance of the 1976 supply of hydro- ling, uranium enrichment, petroleum alkyl- _ 

_ fluoric acid, about 54,000 tons; the remain- ation, primary magnesium and ferroalloy 
der went into inventory. production, ceramics, welding rod. coatings, 

In addition to the fluorspar consumed in etching and frosting of glass, and various | 
- the steel and hydrofluoric acid industries, other end use categories. 
some 35,636 tons of fluorspar was reported- Supplementing the domestic supply of . 
ly used in the manufacture of glass, enamel, fluorine was byproduct fluosilicic acid re- 
welding rod coatings, primary magnesium, covered from wet-process phosphoric acid : 
iron and steel castings, and special ferroal- plants. In 1976, some 47,000 tons of fluosi- 
loys. These miscellaneous end uses repre-_licic acid was shipped, 77% to producers of | 
sented about 3% of the entire domestic synthetic cryolite and aluminum fluoride, 
fluorspar consumption in 1976. 21% to manufacturers of other fluorine 

_ In summary, reported domestic fluorspar compounds, and the balance to water fluori- 
consumption amounted to 1,273,458 tons in dation plants. | 

: 1976, up only 2% from that of 1975. About At yearend, consumers’ inventories com- 

half of the total consumption was acid- prised 66,641 tons of acid-grade fluorspar, 
grade; the remainder was metallurgical- up 33% from 1975 inventories, and 211,142 | 

grade. Raw steel production accounted for tons metallurgical-grade material, down 
48% of total fluorspar consumed; fluorocar- 22%. 

7 Table 4.—Reported domestic consumption of fluorspar in 1976, by end use and grade 

| So (Short tons). a | | 

| 7 | ee Containing Containing not 
-_ End use or product . than 97% more than 97% Total 

| — ce ". ealcium fluoride °@/cium fluoride 

Hydrofluoric acid _______________-_-_~2---------- 631,284 __ 631,284 
Glass and fiber glass Mo ee ee 4,928 6,281 11,209 | 
Enamel and pottery __________________----------- 458 . 880 833 , 
Welding rod coatings __ . ____.---_+------------+--- WwW OW | at 

Other Gonferrous wnetal en 277772 TTT TTT wo Ww W 
Iron and steel castings _______.______+-.----------- oe 14,751 14,751 
Open hearth furnaces __________________-------_-- __ 92,792 92,792 
Basic oxygen furnaces _____________-~------~-~~-~--+--— oe 423,493 © 423,493 
Electric furnaces ______._______._____----------- 1,312 88,981 . 90,293 

| Other uses or products __-_______------------------. 4047 8,820,967 

| Total ___________________--------------- 642,960 680,498 1,273,458 
Stocks Dec. 81,1976 _______________-__----------- 66,641 211,142 277,783 
Stocks Dec. 31,1975 _~_______.-.___--------------- 50,200 269,352 319,552 | 

. W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” . 

. — PRICES : | : 

Prices rose slightly at the beginning of ‘The devaluation of the Mexican peso ap- 
- the year but stabilized thereafter. Yearend peared to have no significant impact on 

quotations by the Engineering and Mining prices, presumably because most contracts 
Journal are presented in table 5. Domestic were drawn in terms of U.S. dollars. Eur- 
metspar (metallurgical-grade fluorspar) bri- opean and South African acid-grade concen- 
quets sold for $91 per ton, 3% over the 1975 trates suffered some price fluctuations, but 

t price. At the Mexican border, metspar averaged about 3% lower than the average 
prices gained 3% to 4% compared with 7% price in 1975. 
to 8% for acidspar (acid-grade fluorspar). 

‘ 

2
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- Sa - Table 5.—Prices of domestic and imported fluorspar a oe 
| , mo : oe oo - - (Dollars per short ton) So - aon | 

| Domestic, f.o.b. Ilinois-Kentucky: _ | . a a oe . | 
. . Metallurgical: 70% effective CaF2 briquets _______-_-______------_.. 83-88 83-91 - 

. . Ceramic, variable calcite and silica: . | 
| : 88% to 90% CaF2 = Le «90-200 90-100 

95% to 96% CaF2 _.-__.--_-_-____ 95-106 ~~ -95-106° 
— peels aig tang 100-115 = 100-115 , 

Carloads _.__-______~-- ee 95-115 95-115 
- 88% effective briquets ___-__-_________--__ eee; 10 °—~C( “<i s”:t:*:*:C~CS 

Europear, and South African:' Acid, term contracts ——-—————————-----~-- 95-107 102.50-105.00 
. exican: . . 

"10% effective CaF, f.0.b. vessel, Tampico__—_____._____-------_. 63.00-63.50:. oe 65.52 
| 10% effective CaF, f.o.b. cars, Mexican border _.._____-_____-___ _ 60.50-61.00 6292 

eid, bulk: 97% +, Mexican border _—-_--___ Le 73.50-74.00  § —>-*-'79,.88 ' 

1C.if East Coast, Great Lakes and gulf ports. _ : | a 
. 2U.S. import duty, insurance, and freight not included. | we — 

| ~ Source: Engineering and Mining Journal, December 1975 and 1976. Sate oe : 

oe | - - FOREIGNTRADE 2 2 

| - Fluorspar exports, principally to Canada, 1975 when Mexico, in line with her new 
have always been an insignificant part of export policies, increased shipments almost _ 

_ the US. trade balance. In 1976 some 4,900 sevenfold over those of 1974, thereby claim- 
aoe tons were reportedly shipped abroad (table jing a third of the U.S. market. Mexican __ 

6), Canada absorbing 86% of the total vol- shipments more than tripled in 1976, large- 
ume; prices were not certain. nade ly the result of the first full year of oper- 

| As domestic proaretion i beet ine ty _ ations of the Quimica Fluor plant at Mata- 

quate tor domestic demand since the early moros, establishing Mexico as the leading | 
fifties, the United States continues to rely lier of hydrofluor} id to the United | 

a heavily on foreign sources of fluorspar. Sten "De yore low vol } th to tal , 
From a record 1.34 million tons in 1974, States. Despite its low volume, the t | 
U.S. imports fell to 1.05 million tons in 1975 Value of hydrofluoric acid imports amoun- 
and further to 0.89 million tons in 1976 ted to $41 million, almost comparable to _ 
(table 7), reflecting a steady decline in that of the relatively high-volume fluorspar. | 

import reliance. About two-thirds of total Unlike fluorspar, hydrofluoric acid is not 
imports in 1976 consisted of acid-grade subject to import duty. 
fluorspar; the balance was metallurgical- Supplementing domestic supplies of cryo- | 
grade material. The aggregate value was _ lite, some 11,300 tons of the commodity, 
$64.88 million, not including duty, at ports valued at $5.14 million, were imported in 
of entry. Traditionally, Mexico has been the 1976 (table 9). The principal foreign sup- 
largest source of imported fluorspar, pliers of cryolite, most of which was syn- 
accounting for well over 10% of all imports thetic, were J apan, the People’s Republic of - 
since the early sixties, but in 1976 its share China, and Denmark, together accounting 

of the U.S. market fell to about 61%, giving for 86% of total i rts } | 
to incursions of South African mate- ° rm porns. | , 

way . The current tariffs on imported fluorspar, - 
rial. Presumably, most South African tablished in 1951 ined effective j | 

_ fluorspar, which represented 14% of total 197 6 18 foll mm » Femained e ive im 
imports, entered the United States for cap- » aS Lollows: | 
tive usage by a parent steel company. Other | 
countries contributing significantly to US. sss rr 
imports included Spain (12%) and Italy rate tory 
(6%). pt nied o> Per Per ee 

Since 1972, imports of hydrofluoric acid long short long 
have been steadily rising, from about 14,000 ton 
tons to well over 85,000 tons in 1976 (table — Fluorspar containing . 

8). Until recently, Canada was the major ,morethan 97% CaF2 - 522.21 $2.10 $1.87 $5.60 
supplier, accounting for over 90% of U.S. less ivan 97% Cake __ 52224 840 7.50 8.40 ° 

imports. The position changed somewhat in =———————_______________—_ a 

*
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| - Table 6.—U.S. exports of fluorspar : | | | | 
Sen 

a Quantity 
Year and country (short Value 

tons) | . 

. 4973 2498 $171,255 a 
- 1974_______ ee 5,847 315,852 | wo 

1975 ~ 1,384 238,602 | 

1976: 
Argentina _________-_- 32 14,045 | 
Brazil _._-.___-.-----~- 30 43,861 

Canada ____..—-_-----~- 4,251 581,138 

Dominican Republic __ ~~ —~- - 260 36,058 a 

Mexico ______.__----- 273 22,131 : 
Saudi Arabia __._~-~--~- 4 910 

South Africa, Republic of — ~~ 41 7,120 

| United Kingdom ___-~--- 22 54,240 

| Venezuela ______—-~----. 10 4,254 . 

Total_______------ 4,923 768,757 a a 

“ Table 7.—U.S. imports for consumption of fluorspar, by country and customs district | Oo 

| | pos 1975 } 1976 | 

— ss es Val ~ Val - 

_- Country and customs district = Quantity (thousands) Quantity -—(thousands) 
- . (short tons) ————_——_ (short tons) ——_— 

| a So . Customs Cif. Customs — CAF. 

| CONTAINING MORE THAN 97% CALCIUM FLUORIDE : . os 

| Brazil: Philadelphia ____—_----- 10,676 $739 $906 __ oe oe 

Canada: Laredo __—_—--—-~---- _- _— _- 77 $6 $6 

France: . . 

Cleveland ______--------~ __ __ __ 7,720 556 134 

Philadelphia ________---~- 6,842 532 «681 __ __ oe - 

Total__________----- 6,842 532 681 7,720. - 556 184 . 
eer 

LL 

Italy: . 
Galveston ________------ 27,016 1,977 2,298 49,510 3,765 4,194 | 

New Orleans _______----- 7,798 582 675 7,854 68 ~=—-~—« 72:4 

‘Total ++ 34,814 2,559 2,973 57,364 4,400 4,908 
Fr 

LL 

' Kenya: , a 

: ‘Detroit _._.-.---------- 11,618 604 782 15,056 656 918 

Houston _______---~--~--- _— _- _- 6,366 398 495 

| Total__________----- 11,618 604 182 21,422 1,054 1,413 
Co 

LL 

Mexico: 
El Paso _________------- 92,154 5,021 5,725 88,910 4,947 7,429 . 

Laredo ________-------- 354,250 23,669 24,511 212,310 15,358 15,703 

New Orleans __——-------- _- _- _— 4,334 339 372 

= _ Philadelphia _—_____------ 13,238 712 758 _- _- _- 

Total _. _____.-----~--- 459,642 29,402 30,994 305,554 20,644 23,504 

Morocco: Philadelphia — ~~ —-—-—-~-- 5,824 474 502 - _- __ _— 

. ooo 

South Africa, Republic of: 
Detroit ______---------- 10,364 682 873 8,489 567 723 

Laredo ______---------- _. __ __ 4,874 283 366 

New Orleans ______—----- 8,337 527 647 74,918 4,544 5,454 

Total _. _.___--------- 18,701 1,209 1,520 88,281 5,394 6,543 

J, 

s 

U 

‘
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| Table 7.—U.S. imports for consumption of fluorspar, by country and customs district | | —Continued 
. . . 

. . | 1975 _ 1976 
ES LL ev RSD 

wpe _ ~ Value : . Value | Country and customs district Quantity, (thousands) (Guantity, (thousands) ny short tons) ———_———_ (short tons) ———_—____$_______. . 7 Customs Cif: . Customs C.if. . 

. CONTAINING MORE THAN 97% CALCIUM FLUORIDE—Continued 

Spain: 
- ~ Cleveland ______________ 44,262 $3,582 $4,779 ~~——.21,108 $1,511 $2,005 : Galveston ______________ 6,394 403 507 _— —_ oe ; Houston _______________ _— —_ _- 28,505 2,157 3,014 New Orleans ____________ _— —--.. : _- - 9,941 836 1,031 Philadelphia... .§________ .. 15,821 | 4,913 © .5,212 = 16,3854 1,407 | 1,611 

Total__-_._~_~ = 126,477 8,898 10,498 © 75,908 5,911 7,661 Taiwan: Houston _________.__ oe _- _- 6,943 515 520 : Thailand: New Orleans ________ 17,543 856 1,186 — 27,945 1,330 1,771 - ‘Tunisia: New Orleans _______ __ 7,282 457 — 602 _- a _— 

ce Grand total ___________ 699,419 45,780 50,644 591,214 39,810 47,060 
4 . | CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE 

Brazil: New York ---___.__._.. _- _- ek 2 1 1 . St 

Buffalo -_-______________ 11,880 650 . 710, -- mee Detroit -.- == 5,009 3900 ATC 43 40 2 : 
~ Total. 16,839. 1,040 1,181 43 4 20 Ot 

ee Mexico: 
_ Baltimore ~_-__~__________ 15,641 915 948 -- | -—- 8! Buffalo _-. 2 5 - 9,486 532 624 20,366 1,248 ~~ 1,425 Cleveland ______ = 10,054 499 663. __ __ __ Detroit’. 9,930 . 492 "638 -— _- ee El Paso. = 20,568 654 654 14,270 . 605 - 504 Laredo _.-_~__ 253,616 10,347 10,647 196,583 9,945 10,029 . _ NewOrleans ____________ 8,611 542 582 a __ _- . Philadelphia. === 6,172 305 313 7,986 729 868 St. Albans __-.- $5 56 2 3 -- _- _- San Francisco ____________ 56 1 1 __ __ __ = 

oe “Total -~--- 334,190 14,289 15,073 239,205 12,427 12,826 South Africa, Republic of: | _  NewOrleans ____________ ne _- _- 34,020 1,804 2,334 | eNOS ————oooDaDnaRaoaoaoOoO7”7*7>*xonDaaooooeee eee 
Spain: - _ 

Baltimore ______________ a -- _- 23,330 1,894 2,007 Philadelphia____________ _— -- — 7,440 640 651 

Total. = or a _- 30,770 2,534 2,658 ‘United Kingdom ____________ () (4) 1 — __ __ 
sas nrveensnpssncessutsnesnveernenn, -- TEHEHEOEmr 0 a—ODTE DDE 

Grand total _._________ 351,029 15,329 16,255 304,040 16,770 17,821 ———— 
eee 

1Less than 1/2 unit. 

4 

Table 8.—U. S. imports for consumption of 70% hydrofluoric acid | 
_ . 

1975 | 1976 | | 
Quanti Value Value Country hect” (thousands) — Quantity (thousands) 
tons) Customs Gig, Short tons) ome Cif. ———_—___—_——s ONS 

Canada ______________ 31,895 $13,950 $14,362 36,675 $17,041 $17,170 : Germany, West _________ (3) 1 1 __ __ __ Israel _-_____________ (4) 1 1 __ _— __ Japan ______§_________ 227 94 138 105 49 63 Mexico ______________ 13,786. 6,142 6,145 48,672 23,712 23,724 United Kingdom ________ 331 149 165 78 33 43 eee 
Total _.._-_______ 46,239 20,337 20,812 85,530 40,835 41,000 7+ eee 

ou
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: _ Table 9.—U.S. imports for consumption of cryolite’ 
er 

tit Value 

. Year and country : - | Chere y (thousands) 
OB tons) Customs C.if. . 

1973_______-_--_------------------------------------- 19,789 $5,052 $5,911 | 
1974... e+ 721,216 76.969 _—S>=- 8, 209 
1975... ee 22,120 29,058 10,555 - 

1976: | | | a — | 
Austria_______________________-_ +--+ BB 6 
Canada____________________-_ eee 203 90 95 
China, People’s Republic of _-___-___----------------------. 8,012 1231  — 1,442 
Denmark. eee 1962 - 802 - 928 | 
Germany, West ___________----------------+--------+ °° 707 -  . 826 370 

Hungary _____________-________------------------- ~ 882 148 171 
Japan 4940 1,670 2,050 
Netherlands ____§_____________~----_~-L_-~---+~--~--~--+---- 55 (25 >) 

Sweden______________________ ee ee 44 12 16 

_ Switzerland _____22___~__-__-_--_-------------+------- > 1 (?) 4 

- Taiwan __~_§__ 2 5 ee eee; or) 8 &9 

_ United Kingdom _-__~~~----~---~~--------~-------------- _ 43 OT 20 - 

‘Total 2 ee -e----- +--+ -+- 11,325 4,829 5,186 

1Qnly the material from Denmark is natural cryolite. All other is manufactured synthetic cryolite. 

 SLessthan 1/2unit. Ds | oe ' 

| a - WORLD REVIEW ee . 

World production of fluorspar in 197 6, estimated at 4.57 million tons, rose 4% over . 

table 10, estimated at 4.89 million tons, was the estimated consumption level of 4.41 

down 3% from the 1975 level of 5.01 million million tons in 1975, reflecting a recovery in 

tons. Mexico remained the leading produc- the steel and aluminum industries. Envi- 
er, with 20% of the total output, followed by ronmental concerns over the possible dam- 

the U:S.S.R., 11%; France, 8%; the People’s age of the ozone layer in the earth’s strat- 

_ Republic of, China, 8%; Mongolia, 7%; osphere by fluorocarbons continued to de- 

Spain, 7%; and the Republic of South Afri- press the fluorocarbon industry. | . 

ca, 7%. More than 60% of the total output, At yearend 1976, world fluorspar pro- 

almost equally divided between acid-grade duction capacity was estimated at 6.5 mil- | 

and metallurgical-grade fluorspar, probably lion tons, about 54% of which was acidspar 

entered the export markets in 1976 (as in and the remainder metspar or other grades | 

1975, table 11), with the remainder consum- of fluorspar. This installed annual capacity 

ed by captive markets in producer countries was considered adequate to meet projected 

or else stockpiled for future demand. demands until the early 1980's after which 

Producer inventories, built up in 1975 on time production , facilities will have to 

account of worldwide industrial recession, expand with consumption. World reserves 

remained virtually unchanged at yearend of fluorspar have been variously estimated 

1976. Presumably, well over half a million at between 222 million tons and 360 million 

tons of fluorspar existed in producer stock- tons of ore containing a minimum of 25% to 

| piles, leading to an oversupply situation 35% CaF:. At current rates of extraction, it 

expected to prevail for the next few years. is anticipated that these reserves will be 

: Depressed market conditions notwithstand- depleted within the next two decades. 

ing, plant expansions and exploration conti- However, new technology and additional | 

nued in several countries in anticipation of exploration, coupled with a more attractive 

improved demand by the early 1980’s. price structure, are expected to enhance the 

World consumption of fluorspar in 1976, reserve base in years to come. 

, | | | | 

¥ 
. 

*
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WORLD PRODUCTION —=—~-~S_sihhas for years been rather modest. In 
a ee CO uence, a large surplus has always: 

Argentina.—Output from Argentina, — been available for export, primarily to 
| which attained a high of 80,000 tons in 1971, Japan and the Soviet Union. China’s output 

a _ dropped in succeeding years to its present consists essentially of metallurgical-grade 
- level of about 41,000 tons, and recovery is fluorspar, in which form it is exported, but 

: not anticipated in the near future. Practi- some acid-grade material is produced at the __ 
oe cally all output came from the operations of Taoling mine in Hunan Province, which has — 

one companys the Storm Grande Co., in the an annual capacity on some 50.069 tons. in a 
| _ Province of Chubut and Rio Negro. | July | a small shipment, some 6,900 

| _. Brazil.—Brazilian output has consistent- tons, of acid-grade fluorspar was reported to | 
—_ __ ly increased or else held firm since 1978, the have entered the United States on a trial 
a first year of reported production, and pro- basis; it is believed, however, that the ship- / | 
___._- Vides adequately for the country’s develop- ment contained very high-gr ade lump mate- 

ss ing aluminum, steel, and chemical indus- ne and not ration concentrates. aitied: 
_ tries. In line with the national policy of self-._. "ramce.—-French production was Cerived 
sufficiency, exports are under strict govern- ™ainly from deposits in the Massif Central, a | | ment control, although in recent years ship- the Eastern Pyrénées, and the Var District : 

_ ments have been made to the United States or Provence. unk Okt gee 
and Japan. Four companies, the largest of dec ey" sine-Auhimann ® s) and re 

| which was Mineracao Santa Catarina © Concentration des Mineraux Fluorés (Co- - nas - 1 mifluor), provided about 70% of French accounted for all of Brazilian output, which output, which totaled 391.000 tons in 1976 Oo, 
os _, Output, whic | ’ ns m : 

amounted to about 71,000 tons in 1976. Most For some years now French production has _ 
Production came from the Crisciuma- been more than adequate for domestic 

| Tubaro district in the State of Santa Catari- needs, with the result that about one-third _ 
na. oo ne ig ygually exported, primaril st Ger- - 
Canada.—Canadian fluorspar production many. al a ported P ne ° Wes Ge | 

coe continued to be inadequate to meet domes- Germany, West.—Mainly because ‘of 

| 1972, production fell considerably to 70,000 mine closures, West.German production has _ 
tons in 1975, owing to a labor strike that been steadily declining in recent years, — 

| began at midyear and continued into Feb- from about 102,200 ‘tons in 1972 to about 
: ruary 1976. The Aluminum Co. of Canada 74,200 tons in 1976. Currently, output. is 

| (Alcan), through a subsidiary, Newfound- based largely.on the operations of Fluss und 
land Fluorspar, Ltd., is the sole producer of Schwerspatwerke Pforzheim, GmbH and 

. fluorspar in the country. Production from ree uespat Chemie, A.G. in the Black 
Alcan’s mines near the village of St. Law- Forest and Bavaria. oo oe | 
rence, Newfoundland, did not exceed 80,000 Italy.—Italian production, almost entire- 

7 tons in 1976, most of which was for captive ly by two private corporations, Mineraria 
usage at Alcan’s aluminum fluoride and Silius, S.p.A., and Montecatini-Edison, synthetic cryolite plant at Arvida, Quebec. S.p.A., is centered largely in the Brescia, 

In the face of accelerating production costs ento, Bolzano, ae ene, areas of 
and recurrent labor problems, previously —\° Oute tf y th near vagnari at are d. 
announced plans for mine and mill expan- orad utput Irom these ch 18 Mainly acia- ion. t expected to materialize in the grade material, althoug some briquets 
sion are no . ,.», have also been produced from flotation fines immediate future. Increasingly, Canada’s in recent years. Also in recent years, pro- 

fluorspar requirements will continue to be duction has been steadily declining, from 
Ree ied lowcost supplies from Spain and about 319,000 tons in 1970 to some 232,400 

CO. , . . tons in 1976. About one-third of total pro- 
China, People’s Republic of.—Ranking duction is generally exported to the United 

orton the vrs 8 fading Producers and States, West Germany, and other European 
exporters of fluorspar, a’s output in countries. 
1976 probably reached 385,000 tons. In Kenya.—Of 24 mineral commodities pro- 
contrast to its substantial production, do- duced in Kenya, fluorspar remains the chief 

| mestic consumption by the still-developing contributor to export earnings. Exports of 
aluminum, steel, and chemical industries fluorspar earned $4.5 million in 1976. The ~ 

¥
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Fluorspar Co. of Kenya, partly owned by came onstream towards yearend 7 in Du- | 

International Minerals and Chemical Corp., rango, Mexico. Using crude ore from depo- | 

continued as the sole producer, with oper- sits in the Coneto de Comonfort area, the 

_ ations in the Kerio Valley of the Rift Valley plant is rated to produce about 60 tons of | 

Erovince. ree as the result of the first acid-grade concentrate per day. Although 

ull year of operations of the Fluorspar Co.'s yndisclosed, the operator of this new facility 
- new 165,000-ton-per-year flotation plant, is thought to be Minerales Productos 

_ Kenya became firmly established as the Metalluecic SA. 4! cranes oe. y 

second largest producer on the African CLAMUTEICOS Ste? 49% owned by Seaforth 

continent, with a total output of some Minerals Co. of Ohio. os | 

82,700 tons in 1976, compared with 60,200 Previously a tax-exempt mineral com- | 
tons in 1975. Development work continued modity, fluorspar was subjected to a 7.5% | 

on the extensive reserves of fluorspar, allof export duty by the Mexican Government in 

which occur as replacement bodies in lime- early November. At yearend, the export 

stone of the Mozambique crystalline base- duty was lowered to 5% in view of a wor-. | 

ment. | oe sening market condition. | es 

Mexico.—Although Mexican production | Mongolia.—Mongolian production, most 

in iets i" was 13% less Ot no 5, Mexico of which is traditionally exported to the = 
nti as the world’s leading producer. 4 

Tt output of 988,300 tons represented 20% 1976 as'a vooult of continued expansion. A 
: of the world total. This sharp decline in... ant porti ae 

. . , significant portion of the output came from 
production has been ascribed to a generally the Berh mine in Eastern M lia. wh 

soft market as well as to declining US. ern mine astern Mongolia, wnose 

| import reliance on Mexican fluorspar. The - capacity has doubled in the current Syear 

erosion of Mexico’s share of total U.S. im- Plan period and is expected to undergo 

ports, from 80% in 1974 to 61% in 1976, further expansions, according to the Mongo- | 

reflected a current trend for its traditional lian Soviet Nonferrous Metals Association _ 

trading partners to seek alternative sources (Mongolsovtsvetmet). Current production 

of cheap or captive material. To some ex- from the Berh mine is estimated at 150,000 

tent, loss of sales to the United States has annual tons, and this is expected to double 

been offset by new markets in Europe and inthenearterm. .  } . - 7 

by increased domestic consumption. The Morocco.—Morocco’s production evolved 

| domestic market for acid-grade material solely from one operator, Sté. Anonyme des 
| expanded considerably as. result of the first Enterprises Minéres (Samine), an affiliate | 

full year of operation of the Quimica Fluor,  ¢ ptyK whose fluorspar mine at E] Ham- 

S.A., hydrofluoric acid plant, rated to have ° Mekn Dé ased output to 

: an annual consumption of 165,000 tons of man, near Meknes, increa ourpu 

fluorspar. Partly owned by Du Pont, a large 56,700 tons from 52,300 tons in 1975. . 

| fraction of Quimica Fluor’s hydrofluoric South Africa, Republic of.—Among | 
acid was presumably shipped to the United fluorspar producing countries on the Afri- 

States for captive usage, thereby absorbing Can continent, the Republic of South Africa _ 

a significant portion of the lost export is by far the largest, with three major 

market for acidspar. companies, all subsidiaries of multinational 

Seven major producers with an annual corporations, accounting for about 80% of 

capacity of about 1 million tons currently South African output. Principal producing 

- account vere than 80% of total pro- areas are in Northern and Western Trans- 
luction. For the most part, the fluorspar ; : | : 

| sw tnctry is Mexicaniaed (at least 51% Mexi- oo tien pay, dad awhully own 
can ownership). Principal producing areas .4 mai gers nares y 

| om: subsidiary of the United States Steel 
include the States of San Luis Potosi, Chi- Corp. established itself h . 

huahua, Coahuila, and Guanajuato. Weak -°7P °+ itselt as the major 
market conditions notwithstanding, several fluorspar producer in South Africa. On- 

: of the leading producers have planned ca- stream at yearend 1975, the unit is designed 

pacity expansions in coming years. In parti- to produce 130,000 tons of acid-grade and 

cular, Industrias Pefioles S.A., is investing 55,000 tons of metallurgical-grade fluorspar 
$10 million to raise output at its Rio Colora- annually by 1977-78. All of Marico’s pro- 

do property from 110,000 tons to 300,000 duction is scheduled for export to the Uni- 

tons in 1977. ted States and to captive consumers in 

” Reportedly, a new flotation plant, withan §§©—____—— 

- initial feed capacity of 250 tons per day, 1°Tndustrial Minerals. No. 111, December 1976, p. 64. 

%
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| _ Western Europe. Largely on the strength of 1976. The outlook for a recovery in Thai 
Oo Marico’s presence as a major new producer, production of metallurgicalfluorspar there- 

| South Africa’s output topped 320,000 tons in- fore appears bleak ‘in the short term, in 
_ 1976, up a staggering 44% from that of 1975. view of current technological trends in the 

| The most optimistic fluorspar reserve figure Japanese steel industry and unfavorable 
7 yet published by Géssling'' places South Soviet trade policies. In contrast, acid-grade 

African reserves at 116 million tons of ore fluorspar output from the country’s sole 
averaging 26% CaF:, or some 36% of known flotation plant, operated by Thai Fluorspar 
world reserves. With domestic output cur- and Mining Co., Ltd., an affiliate of Kaiser 

/ rently accounting for only 6% of world Cement and Gypsum Corp., continued to 
output, it seems likely that future exploit- rise, possibly attaining a record 80,000 tons 

| ation of these vast reserves will ultimately in 1976. Part of Thai Fluorspar’s output was 
make South Africa a world leader in shipped to the United States, and it is 
fluorspar production. believed that new markets are being sought 

| _ Spain.—Although Spanish output has in Europe and the Middle East for the 
been gradually declining in recent times, it balance of its production. ee | 
still ranks fourth in world prominence. Two At yearend, some 2,700 workers were 
companies, Minerales y Productos Deriva- operating 30 mines, compared with 5,200 
dos, S.A. (Minersa) and Fluoruros, S.A., workers and 80 mines 2 years previously, 
accounted for about 85% of output, which indicating clearly a disruption of an already 
totaled 324,700 tons in 1976. Principal pro- fragmented industry structure. : 
ducing areas are currently located near .Tunisia.—Tunisia’s output. from its sole | 
Aviles, Gerona, Almeria, Seville, and inthe producer, Sté. Tunisienne d’Expansion Mi- 
Asturias region of Northern Spain. Most of niére (Sotemi), near Zaghouan, south of 
Spanish output is geared to export markets Tunis, amounted to 38,000 tons-in 1976, 
in Canada, West Germany, and the United compared with some 37,400 tons in 1975. In 

_ States. Reportedly, some agglomerated years past, most of Tunisian production was 
material is also being made and marketed _ exported, but with the coming onstream of 
by Fluoruros. | 7 | the Industries Chimiques du Fluor (ICF) 

| Thailand.—In general, Thailand’s fluor- aluminum fluoride plant at Gabes in 197 6,a 
spar industry is fragmented and production _ significant portion of domestic output will 

, has declined sharply in recent years, owing be consumed locally. Reportedly, a contract 
to a poor export market. Two foreign-owned has been drawn by ICF and Sotemi for the - 
companies, Thai Fluorspar and Minerals supply of 34,000 tons of fluorspar per year. 
Co., Lid., and Universal Mining Co., are the United Kingdom.—Among fluorspar pro- 
major producers. The main producing areas ducers in the United Kingdom, Laporte 
are found in the northern Provinces of Industries Ltd. is by far the largest, with | 
Lamphun, Chiangmi, Mae Hong Song, and_ mining and milling facilities near Stoney 
Lampang, and in the southern Provinces of Middleton in Derbyshire. With the closing 
Petchburi, Kanchanaburi, and Ratburi. of the C. E. Giulini, Ltd. operations in 

| Mainly on account of severe sales re- Derbyshire in August 1975, annual pro- 
ductions to Japan, production in Thailand duction capacity in the United Kingdom 
fell from a record 471,000 tons in 1971 to declined by about 120,000 tons, or 29%. 
190,700 tons in 1976. Japan’s waning inte- Further complicating the industry was the 
rest in fluorspar, particularly the metallur- threat that Laporte’s fluorspar and fluorine 
gical variety, was due to increased usage of chemical operations could run into severe 
dolomite as a substitute flux in its steel difficulties by 1977 through lack of waste 7 
industry. Further declines in fluorspar con- disposal facilities at the Cavendish mill. A . 
sumption are anticipated in 1977, and sever- proposed new dam for tailings containment 
al Japanese steelmakers are understood to in the Peak District National Park was 

_ be negotiating with Thai, Kenyan, and turned down by the Peak Park Planning 
Chinese suppliers for a reduction of total Board in 1975. In May 1976 the United 
shipments by as much as 20%. Meanwhile, Kingdom Environment Secretary reversed 
exports to the U.S.S.R. are reportedly also the Board’s ruling for reasons of public 
on the wane because Thai exporters are interest and national economy, and allowed 
unable to accept barter payments in machi- Laporte to proceed with its project. 
nery and earthmoving equipment as propos- — 
ed by Soviet trading agencies. As a result of Pleasing, H H An Updated Summary of the World's ~ 
this development, no fluorspar sales were ° , - made to the U.S.S.R. in the first 6 months of 290), “nsnnesbure). Rept. No. 1814, Mar. 9, 1976, 

a
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Meanwhile, negotiations went underway Steel Corp. has received planning permis- 
between Imperial Chemical Industries (CI) sion for the construction of a fluorspar — 
Ltd., the parent company of Weardale Lead _beneficiation plant at West Blackdene in 
Co., and Swiss Aluminium Mining (United Weardale, Durham. | . a 
Kingdom), Ltd., the subsidiary of the Alu- Total fluorspar production in the United | | 

- guisse group of Zurich, over possible collab- Kingdom amounted to some 260,000 tons in 
oration in fluorspar mining and processing. 1976, compared with 254,400 tons in 1975. | 

_ A fluorspar reserve of some 800,000 tonsin Production is expected to increase by 
| the Greenclough Vein in the Rookhope mid-1978 when Giulini’s operations in 

Valley has recently been acknowledged by Derbyshire are resumed by new owners. 
Weardale Lead, which currently operates a U.S.S.R.—Despite efforts at self-suffi- 
heavy-medium and flotation plant at Rook- ciency, fluorspar output from the Soviet 
hope using feed from its nearby Red Burn Union remained below domestic require- 
mine. Swiss Aluminium, on the other hand, ments. Total production from the Mar- 

is not yet a: producer but has holdings in, time Kray, Transbaykal, Uzbekistan, and 
and plans to redevelop, a number of old Kazakhstan areas is estimated at 540,000 
fluorspar mines in Durham to supply a new __ tons, up 4% from 1975, owing to continued 
flotation plant to be constructed at Broad- expansions in those areas. An additional 
wood Quarry near Fosterly. An initial pro- 500,000 tons were probably imported from : 

| duction capacity of 50,000 tons per year has Mongolia, the People’s Republic of China, 
| been planned for the flotation plant at Japan, and Thailand. To enhance the re- 

, Broadwood Quarry, with the possibility of serve base, exploration continued at the oo 
expanding to 175,000 at a later date. ‘Suppatash, Kengutan, and Shabres deposits 

In another industry development, British throughout 1976. | Ce 

< | .
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| | . Table 10.—Fluorspar: World production, by country | ae 

ree cote _ .. (Shorttons) | : 

. Country’ andgrade? tt So, 1974 - 1975 1976" | 

North America. § * ee . 
__. Canada, acid grade® * _______-_--_-~----2+--+_-_------- 175,000 70,000. 80,000 | 

Mexico: 9 . - Bn Oe 
' Acid grade__—_____----~_~-_-_+- ~~ eee *601,968 720,128. -° °°) NA Loe 

_ Metallurgical grade == 4585881 480,085 NA | 
. Unspecified _ _______----------~---------~-~+~-.--- . 538,692 __ _- 

0 Metal eee ---___ 1,226,041 1,200,218 988,259. 

United States (shipments): De oe | . . . 
| Asi grade ————-—_------~-------------~--------- 77,098. «56,944. ~—s‘:116,300 

‘Me llurgical grade ________~--_-__-_--_-~----~------ 124,023 82,969  . 71,970 

| ~. TMtal ee 201,116 139,918  - 188,270 

South America: . . By oe 
Argentina: - eps oO 

Acid grade®_ ee - 18,450 12,566 12,000 
Metallurgical grade® 31,383 29,321 28,700 
Total tee 44,888 41,887 40,700 

Brazil, grade unspecified:° ° _ - - BE 
: Direct shipping ore (sales) _- $$ _-_§_/_§_~_ 5 2 ne 1,555 67 _ NA , . 

. Beneficiated product (output) _._.--§ -. -____=. ~~ 67,848 70,459 = # NA 

Total. -_-_____-_- eee ee --- 769,408 70,526  °71,000 
Uruguay, grade unspecified. ________________.-_----_---- 233 - 72 55 

Europe: — - — 
Czechoslovakia:* mS . 

_ Acidgrade®__§ > Le 50,000 50,000 50,000 
-. Metallurgical grade® ~-_-§_§_» -§_-§ > 50,000 50,000 50,000 

Total® ee 100,000 . 100,000 100,000 

France:? - 
Acid and ceramic grade® _____________--__-_----._-__- 213,000 F194,000 212,000 
Metallurgical grade® moe ee Le 252,000 7157,000 179,000 

Total® _________- eee ™465,000  _7351,000 391,000 

Germany, East:? _ | 
Acid grade®_____- > 5 ee 25,000 25,000 25,000 
Metallurgical grade® ~~ ->-_§_- -5 ee 75,000 75,000 75,000 

Total® = == 100,000. = 100,000 => 100,000 

Germany, West (marketable): . . 
Acidgrade® ___ ~~~ 73,531 74,051 _ 66,796 
Metallurgical grade® _~___§ -§§ 52 5 ee 8,170 8,228 7,428 

Total®. ----_--_--- +e - ee 81,701 82.279 74,224 
Greece, grade unspecified __ ___________._-_---_-------_- “1,100 1,102 1,100 

Italy:* . 
Acid grade____ ~~~ ~~ LL 244,222 227,280 207,190 
Metallurgical grade ___ = _--_____ ~~ ~~~ LL 29,692 27,633 25,190 

Total___-§ -_-_-_____~__ LL 273,914 254,913 232,380 
Romania, metallurgical grade® ? _~__§__________________ 17,000 17,000 17,000 

Spain: 
Acid grade___-~___~_-~~-~--~----~-~~~~~~~~-~~--__- 278,477 278,667 244,687 
Metallurgical grade ________________-_~---~~-_~~_____ 118,988 90,457 80,000 

Total. _________---_--------_--------------__- ™397,465 369,124 324,687 

Sweden:3 - 

Acid grade_________-----------_----_---------___ 2,470 2,065 ©2,200 
_ Metallurgical grade ______~_-_-_______________~---_____ 2,021 1,689 1,700 

Total __________----------____--~--~------__- 4,491 3,754 €3,900 

USSR: 
Acid grade® __ 5 5 LL 240,000 250,000 260,000 . 
Metallurgical grade® _____-_-_-§ -§ $e ee 250,000 270,000 280,000 r 

Total® 9 5 LL ™490,000 520,000 540,000 

| See footnotes at end of table. ~
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| . Table 10.—Fluorspar: World production, by country —Continued — 

| (Short tons) - oe . 

: mame, . 
. . : 

: 

Country" and grade” | 1974 1975 1976” 

Europe: —Continued . 

United Kingdom:® oe : 

Acid grade — —— «sss guade 7772 186,700 _ 140,000. NA 

Metallurgical and ceramic grade _~_—_—--~—---—------------ . 39,700 36,000 NA 

Unspecified _.____-__-__--~--------------~---------- 80,500 78,400 _ NA 

- Total... __ 1. _---__------------+-------------- 256,900 254,400 260,000 

Africa: —— . oo . 

_ Egypt, grade unspecified ___—__-_------------------------ 1,236 £1,300 °1,300 | 

Kenya, metallurgical grade® __________------------------ T42,400 60,200 82,703 

a Morocco, grade unspecified _______-__-~----------------- 20,999 52,273 56,714 

| Rhodesia, Southern, metallurgical grade® *__________--------- 200 200 220 

, South Africa, Republic of: . OO, o : . 

Acid grade___ ___ .____--------~------------------- 213,369 189,895 - 232,449 . 

Ceramic grade _______-_--~--~-~------------------_ 5,499 11,347 43,543 

Metallurgical grade __ _ _-____----~--~----+----------- 10,338 22,067 _ 44,469 

Total. __._._______-_--_-.--~-----~-----~---------- 229,206 223,309 320,461 

Tunisia, acid grade__________---~-------------------- 31,215 37,387 38,030 

Zambia____._ ___.____-~--~--_+-+--~-~—-—---—------------ 
507 F e110 3 

Asia: 
. Burma, metallurgical grade _______~-~------------------ ©220 __ __ 

China, People’s Republic of, metallurgical grade® ® __.__________- . 330,000 385,000 385,000 

India: | | | | 
Acid grade___ ___.___ -_---------~-------------------- 5,196 5,469 NA . 

-Metellurgical grade _________-------~-_--_---------- 6,608 5,794 NA 

an Total. ._-§_-_______.__-__-~-=---+----------------- 11,804 11,263 11,000 

° Korea, North, metallurgical grade® *______.---_.------------ -*33,000 F33,000 33,000 

~ Korea, Republic of, metallurgical grade ..—-—------~----------- 36,355  — 31,191. 22,344 

Mongolia, metallurgical grade® > _______-.---------------- 275,000 333,000 ~ £333,000 

He Pakistan, grade unspecified_________--~------~---------- 75 122 »@~©=—Sr *-il | 
eee 

_ Thailand: 
oe 

Acid grade® ___________-----------------~--------- 60,580 76,631 49,490 

Metallurgical grade’ ___________----~--------------- 375,623 192,814 141,183 

Total.________-_-------------~---=+------------ 436,203 _ 269,445 190,673 

Turkey, metallurgical grade ____.__-+------------------- ©2200 1,549 ~~ =‘ ©1,700 . 

Oceania: Australia, grade unspecified ______---------~---------__ 262 (24) — 

| OO 

Grand total_______.--_---------+=--------------- © 5,355,079 5,015,422 4,888,734 . 

er 
SL 

€Rstimate. Preliminary. ‘Revised. NA Notavailable. | . 

1In addition to the countries listed, Bulgaria is believed to have produced fluorspar, but production is not officially 

reported and available information is inadequate for the formulation of reliable output level estimates. 

2An effort has been made to subdivide production of all countries by grade (acid, ceramic, and/or metallurgical). 

Where the subdivision is available in offical reports of the subject country, the data have been entered without qualifying 

notes; where a secondary source has been used to subdivide production by grade, the source of the information for this 

subdivision has been identified by footnote. Where no basis for subdivision is available, the country entry has been 

identified with the notation “grade unspecified.” 

_. 8[nformation on grade obtained from Bundesanstalt Fiir Bodenforschung Hannover and Deutsches Institut Fir 

Wirtschaftsforschung Berlin. Untersuchungen tiber Angebot und Nachfrage Mineralischer Rohstoffe IV. Flusspat, 

March 1974, p. 39. . 

*Exports. : 
5Figures represent the difference between reported exports (divided by grade) and total production (re rted without 

differentiation by grade), and presumably are domestic consumption plus or minus changes in stocks of both acid and | 

metallurgical grade. 
8Data for Brazil exclude some crude ore mined, but neither sold as direct shipping ore nor beneficiated during year 

specified. Total crude ore production follows in short tons: 1974—116,705, 1975—120,346, 1976—NA. Of this output, crude 

ore beneficiated totaled as follows in short tons: 1974—97,044, 1975—120,532, 1976—NA; producers’ initial stocks (as of 

January 1) totaled as follows in short tons: 1974—3,167, 197 5—10,777, 1976—NA; producers’ yearend stocks totaled as 

follows in short tons: 1974—11,704, 1975—10,524, 1976—-NA; and transfers totaled as follows in short tons: 1974—9,568, 

1975—zero, 1976—NA. The acid-grade fluorspar reported in last year’s chapter has been eliminated since no information 

; is available on output. . 
7Figures reported represent marketable production (the summation of direct-shipping ore and finished concentrates). 

Total run-of-mine production Girect-shipping ore plus ore destined for concentration) follows in short tons: 1974—761,000, 

1975—805,000, 1976—744,000. Much of material requires beneficiation before it becomes a salable product. 

8Includes materials recovered from lead-zinc mine dumps. 
®Figures presented are the calculated salable acid-grade fluorspar equivalent of officially reported actual mine 

production of flotation plant feedstock reported in Thai sources as “low grade ore,” which were as follows in short tons: 

1974—*96,927, 1975—122,611, 1976—79,184. In 1976, flotation plant output reportedly reached a record high, apparently 

as a result of the processing of material mined previously but not processed when mined. 

10 gures presented are officially reported mine production of high-grade ore. 
11 timate revised to zero.
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Table 11.—Fluorspar: World trade! by source and destination, 1975 a 
Oe (Short tons) . ae 

_ Destination: ‘..- 

Bel- 
Source Aus- Aus-  gium- Ca- Ger- Sg ' Nether- tralia? tria Luxem- nada ‘France many, Italy Japan “ods 

Argentina _________ -- -- eee _- _- mee 
Austria® __-_______ —- XX . --—". —_ _- -- —-— oe _- 

-  Belgium-Luxembourg* _ = _._ | XX -- _- _- _- —_ (*) Brazil _-__________ _ a oe __ __ 6,063 __ Canada __________ -- _- oe | KX _- -- Cee -_- China, People’s _ - | . . ae . _ Republicof _._____ 8,066 ~_ ee _- _- _- _~— 116,278 (*) France __--------- 444, 4,489 -- XX £79,009 14520 463 eo Germany, Fast _-__._ . __ 8896 2111 | _- oe —_ a __ (4) Germany, West ______ -— ‘6,016 2,793 _- 1,864 XX 57. -— . 685 Italy _.2---_-_~______ a 387 _- 10,206 3,194 27,284 XX 5 en Japan __-___.__.- —- _- ~- 0° Th _- -— |. KX LL Kenya ___________ __ a. _— ae oo _— ~— 17,0600 © __ Korea, North —_=____ we ee __ oo ebe ne __ 1002 8 __ . Korea, Republicof. -.-.. = __ __ — a _- — _- 12,052 a . Mexico ___~_~______ Le -- oe 108,655 ~— 1,109 19,058 ~- ke Mongolia ____§______ _— _— —- _- _— _- -- we 
Morocco ~~~ _-_____ —_ a a -~— 11,540 _- _— -- -_- Mozambique ________ _- -- _- -- oe 5,971 -- -- = 
Netherlands? _______ _- _- a ae _- _- -_. -- Xx 

Republicof _._.___ 16,941.  __ -- _- -- 6,759 -- 18,928 (*) Spain ____________ oe __ —_ 51,347 _. 68,720 _- -~— 56,780 | Sweden ___________ __ __ __ oe __ —_ _- -_ .. & 
Switzerland? _-._____  __.—250 __ __ a me le __ (4) - Thailand _.________ 8,512 __ __ __ — _- -- 163,064 51,102 Tunisia __--_____.-.. __ __ eee ae 6,121 _. (*) Turkey _----2----- _ 0 __ --.. 1,009 __ _- 4 United Kingdom _____ . 240 _- _- 3,118 946 22,397 _- 202 (4) United States _______ _- --  ..%* 22,718 eee _- -= oe 
Unspecified... | 4, 

and other ___-____ 1 — «30 639 _- 191 80,547 _- 4,939 16,689 Oe 1,089 
Total _._.._____ 33,760 16,020 10,032 191,039 . 17,7385 _ 287,805 39,756 399,588 25,719 

| | | Destination receipts Total | oo. —_ OS ry 4 Nor- Po- Swe- United Yugo 6 listed corded 
. way land — den USSR. States slavia Other coun-  _— exports 

So tries 

Argenting _________° _- ee “Ao Le _- 2,209. 2,209 2,242 
Austria _-_____ a a _- 4 a8 56 -- £§6-— _- 
Belgium-Luxembourg® _ __ __ a (4) a m= _- 378 Brazil ___._________ -- *  uLL _— (*) 10,676. -- + ..~ 16,739 — 12,208 Canada.___________ __ __ __ (*) 16,889 a -- 16,8389 © °16,850 China, People’s. . Se 

Republicof ~______ 561 21,464 3,793 61,076 2k _- 518 211,756 £220,000 France ___________ __ _- 7,918 dy 6,842  — 499 901 115,082 120,523 Germany, East ______ 7,053 23,223 2,364 Ol 4,016 - 541 48,204  °50,000 Germany, West ______ 5,221 a 68 “4 LL. 2321 6,059 25,084 23,066 Italy _--__-_-_~______ _- _- 50 =: 12,880 = 34,814 66 2,678 91,059 93,053 
Japan® _____ __ __ __ __ — _— 1,723 1,723 _- Kenya ___________ __ _- __ _- 11,618 __ ~~ 28,678 754,193 Korea, North _-____. = 4,795 i (*) -_- _~— 77 5,874 *6,000 Korea, Republic of ____ __ __ __ | M oe 4,354 16,406 11,828 Mexico ___________. _- _- _- _. 793,832 _- 169 917,823 924,804 Mongolia __________ _- _- _- 332,687 vo _- __ 332,687 333,000 
Morocco __~_______ -~- = — 4 5,824 _- /__ ~~ 17,364 32,292 Mozambique ________ __ —_ _- (*) _— —_ _- 5,971 _— Netherlands? _______ _- _- —_ i) oe __ 28 28 872 South Africa, - a 

Republicof ~______ a _. 123 (4) = 18,701 —_ —— 121,452 189,502 
Spain _._.________ 10,979 -- _- (4) 126,477 --  .2,757 262,060 247,250 Sweden ___________ 76 __ XX (*) __ __ - 98 104 420 
Switzerland? ________ _- _- _- 4 __ 248 4,467 4,965 7419 

See footnotes at end of table.
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.. Table 11.—Fluorspar: World trade! by source and destination, 1975 —Continued 

, | (Short tons) oo - 

oo . . Total 

. . ae Destination . receipts Total 

Source | _—_————— TTT TT by re- 

ur .  Nor- Po- Swe USSR United Yugo- (pos _ listed corded 

way land den — States slavia er coun- exports 

tries . 

Thailand _ ~o ee __ _ _- 64,462 17,543 __ 113,504 266,187 233,358 

Tunisia _._____=__-— __ __ __ (4) 7,282 __ __ 18,403 718,283 

Turkey —-_---~-~-- ee ee _- (*) _- _- ae 1,009 _- 

United Kingdom __---- 27,015 -- | 401 (*) _- 110 2362 56,791 £90,000 

United States ____--- __ _- _- 33,747 XX | __ 16 57,236 1,355 

Unspecified . | 

andother ______-~- _- 265 6 40,068 — _- 14 143,389 NA 

Total _._._.---- 50,905 49,747 14,128 544,420 1,050,448 7,316 41,165 2,780,178 2,626,096 | 

| Rstimate. XX Not applicable. : | | 
1Compiled from official import data of listed countries of destination except where otherwise specified by footnote; 

figures in total receipts by listed countries column are simply summations of reported imports for all listed destinations, 

in contrast to figures in total recorded exports column which are either (1) actual reported exports of listed source 

countries or (2) estimates of total exports. Differences between these two columns are attributed to (1) time lag between 

date of shipment and date of receipt, (2) concealment policies of some countries, and (3) reshipment of material by 

intermediate countries which may be credited as the origin in the trade returns of the final destination countries. 

2Imports for year beginning July 1, 1974. " oe 

3No recorded production of fluorspar; exports are generally derived from imported materials. 

4A substantial part of total imports are not distributed by destination; such undistributed imports may have originated 

in any country carrying the footnote and/or in other nations not specifically listed in the first column of this table. 

5Official import statistics: show no receipts from this country, but do include a substantial quantity of material from 

undisclosed sources. Figure entered here represents reported export of source country to this destination. (An equal 

amount has been substracted from the destination country’s reported import from undisclosed sources). 

-. 6Data compiled from official import statistics of 10 nations and export statistics of 6 significant producing nations, the 

. latter to determine apparent imports for 13 other countries for which official fluorspar import figures are not available. 

Nations reporting imports and total recorded imports for each are as follows in short tons: Denmark—3,179; Finland— 

_ 4,834; India—4,636; the Republic of Korea—7,420; Mexico—less than 1/2 unit; Spain—10; Taiwan—8,745; Thailand—14; 

Turkey—176; and Venezuela—520. Nations for which apparent imports have been derived and apparent imports for each 

‘are as follows in short tons: West Germany—6,059; Italy—2,678; the Republic of Korea—4,354; Mexico—169; Spain— 

2,757; and Thailand—11,504. 

7Figure includes fluorspar as well as any feldspar, nepheline, and/or nepheline syenite exported. 

8xcludes trade between the Netherlands and Belgium-Luxembourg. 

| | WORLD CONSUMPTION furnaces, and the balance from other types 

Wo . ‘on of fl | on th of furnaces. Thus, with the exception of the 

orld consumption of lluorspar in the United States and Japan, free world con- 

aluminum and steel industries can general- sumption of fluorspar is estimated at 8.5 

ly be estimated with some degree of accura- pounds per ton of raw steel on the average. 

cy, but consumption in other end uses, Jn the United States an average consump- 

estimate owing to scarcity ofdata. Japanese consumption, on the other hand, 

As in the United States, consumption of has continually been on the decline, owing 
fluorspar in the steel industries around the largely to improved smelter technology and 

world varies according to furnace typesand the use of substitute fluxes, particularly 

among individual furnaces. On the average, dolomite. It is probable that overall con- 

it is estimated that open hearth furnaces sumption in Japanese steel furnaces is 

account for about 4.0 pounds of fluorspar about 4.0 pounds per ton, and it may be 

per ton of crude steel; basic oxygen fur- as low as 2.0 pounds per ton in 1977. In 

naces, 11.4 pounds per ton; and electric contrast, 65% of crude steel output frorh 

furnaces, 8.9 pounds per ton. While figures central economy countries is believed to 

are not yet available for the division of steel evolve from open-hearth furnaces, 24% 

production by process in 1976, it would from basic oxygen furnaces, 10% from 

appear from the International Iron and electric furnaces, and the remainder from 

Steel Institute data for 1974 that 62% of other types of furnaces. Thus, it appears 

total output from 24 reporting countries likely that fluorspar consumption in the 

came from basic oxygen furnaces, 19% from _ steel industries of these countries may aver- 

- electric furnaces, 16% from open hearth age about 6.6 pounds per ton of crude steel.
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_ Estimated fluorspar consumption in the United States produces about half the steel industries worldwide amounted to 2.73 world’s supply of fluorocarbons and pos- million tons in 1976, compared with 2.56 sesses half the world’s installed uranium- | _ million tons in 1975, (table 12), reflecting a enrichment capacity. These generalizations general recovery in steel production. The provide the basis for the estimates‘ shown in | United States and the U.S.S.R. continued as table 14. Fluorocarbon production dropped | _ Major consumers, accounting for 22% and slightly in 1976, and recovery is not antici- | 19%, respectively, of total consumption in pated in coming years in the face of envi- | this end use, followed by Japan (9%) and ronmental concerns over its usage. Conse- : West Germany (7%). | _ quently, acidspar demand in this end use is The next major end use of fluorspar, expected to exhibit a downturn in the short _ particularly the acid-grade variety, is in the run, pending unfavorable legislation on aluminum industry. In most countries, it is fluorocarbon usage. On the other hand, a assumed that fluorspar is first converted fluorspar requirements in uranium enrich- | : into hydrofluoric acid, and subsequently ment are expected to expand by as much as into aluminum fluoride and synthetic cryo-- 15% as nations develop alternative sources a lite. Based on current estimates, aluminum of nuclear energy to supplement energy | potlines around the world consume an aver- from petroleum. Estimates of fluorspar con- | age of 130 pounds of fluorspar per ton of. sumption in petroleum alkylation, stainless , primary aluminum produced. =  —_-__ steel pickling, glass and enamels, foundries, | Fluorspar consumption in the aluminum and miscellaneous other end uses are edu- a smelters worldwide is estimated at some cated guesses: and should be interpreted | | 880,700 tons in 1976, up 3% from an esti- with caution. © acne : mated 854,300 tons in 1975, (table 18). As in Overall, world consumption of fluorspar _ _ the case of steel, major consuming countries in all categories is estimated at 4.57 million were the United States and the US.S.R., tons in 1976, compared with 4.41 million 7 accounting for 30% and 13%, respectively, tons in 1975, reflecting a general recovery . | of the total consumed in this category, in the aluminum and steel industries. Steel followed by Japan (7%) and West Germany _ production accounted for 60% of total con- (6%). - sumption, followed by aluminum pro- | Fluorspar consumption in fluorocarbon duction » (19%) and. fluorocarbons (15%). | manufacture and other end use categories, Uranium enrichment, petroleum alkyl- while representing a significant portion of ation, stainless steel pickling, glass and overall consumption, is not susceptible to enamels, foundries, and miscellaneous | close accounting owing to scarcity of data. It other end use categories accounted for the is generally believed, however, that the remaining 6% of total consumption.
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Table 12.—Estimated world production of crude steel and fluorspar consumption 

I nL EEE 

. : Steel production . Fluorspar consumption 

: (thousand short tons) (short tons) 

. 1975 1976 1975 1976 

North America: 
. . 

— Canada________._------~----~---------- 14,357 14,480 61,017 ~ 61,540 

United States ________._____------------- 116,642 128,000 519,630 606,578 

Latin America: 
Argentina ___________-__-------------- 2,500 2,657 10,625. 11,292 

Brazil --- -_______.-__-_----------+--- 9,158 10,135 38,921 43,074 

Mexico _____________-.~---------~---+-- 5,812 5,840 24,701 - 24,820 

Venezuela____________-_-------------- 1,185 1,033 5,036 4,390 

Others! ________________-~~----------+- | 1,716 1,617 7,293 6,872 

Western Europe: . 
. Austria ~~ ~~ ~______ eee 4,484 . 4,935 19,057 20,974 

Belgium ~ oe ee ee ee 12,773 18,392 . 54,285 56,916 

_ Finland _-____-____-_-_-------~--------- 1,784 1,812 7,582 7,701 

France ___________-—----------------- 23,733 25,596 . 100,865 108,783 

- Germany, West _________---------------- 44,550 46,754 189,337 198,704 

Italy __--______-_---------------+----- 24,070 25,845 102,297 109,841 

Luxembourg ______-----------~---~------ 5,098 5,033 21,666 - 21,390 

Netherlands ________.------~----------- | 5,289 5,701 . 22,478 ~ 24,229 

Norway _____--_-_------------------- 1,000 990 4,250 4,207 

« pain ~~ ~~ --__---------------------- 12,253 12,024 52,075 51,102 

_ Sweden ____-_-_-_-------------------- 6,186 5,666 26,290 24,080 

_ United Kingdom ____~----------+-------- 22,264 24,552 94,622 104,346 

- Others? ___________~_-------~-------~-- 2,732 2,852 11,611 12,121 

Africa: 
South Africa, Republic of ____-_._-_---------- 7,163 7,807 30,443 33,180 

- Others? ____-_______------------+-+----- 1,212 1,351 6151” 5,742 

Australia and Asia: 
Australia ______________----~----~--~--- 8,645 «8,569 36,741 36,418 

- India _______~_________-~-~-------+--+--- 7,807 10,429 33,180 44,323 

Japan ___-_______----~------~-------- - 112,780 118,387 225,560 236,774 

| Korea, Republic of __ ____--_--__~----------- 2,215 2,974 9,414 12,639 

Turkey ____._____----------~---------+ 1,607 1,601 6,830 6,804 

: | Others*:- ______________-~------------- 2,804 2,999 11,917 12,746 

Total, market economy countries ______---—---. 461,819 493,031 1,732,874 1,891,586 
eon sf SS SS 

Central economy countries: 
Bulgaria _________-_--------~---------- 2,497 2,712 8,240 8,950 

China, People’s Republic of ________---------- 32,000 30,000 105,600 99,000 

Czechoslovakia _________----~----------- 15,789 16,196 52,104 53,447 

_ Germany, East __..___-__-----_~--------- 7,135 7,430 23,545 24,519 

Hungary ______.___-_----------------- 4,049 © 4,026 13,362 13,286 

Korea, North ____ __-______-----+--~+------ 3,200 3,300 10,560 10,890 

~ Poland ______________---------------- 16,542 17,240 54,589 56,892 

Romania_____________~~-_------~------ 10,526 11,905 34,736 39,286 

a USS.R ~~ ________ + 155,784 159,620 514,087 526,746 

_ Yugoslavia __.______------------------ 3,215 3,032 10,609 10,006 

Total, central economy countries __—————-----~-- 250,737 255,461 827,432 843,022 

| ooo" 

Grand total ___.______.----~--~------- 712,556 748,492 2,560,306 2,734,608 

ieeeeettttttttentnnennereette tee 

1Includes Cuba, Chile, Colombia, El Salvador, Peru, and Uruguay. 
2Includes Denmark, Greece, Ireland, Portugal, and Switzerland. . 
3Includes Algeria, Egypt, Morocco, Southern Rhodesia, Tunisia, and Uganda. 

4Includes Bangladesh, Burma, Hong Kong, Iran, Indonesia, Israel, Lebanon, Malaysia, Philippines, Singapore, Taiwan, 

Thailand, and New Zealand. 

- Source of data on steel: U.S. Bureau of Mines. -
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Table 13.—Estimated world production of primary aluminum and fluorspar consumption 

oo Aluminum production Fluorspar consumption 
: (thousand short tons) (short tons) 

1975 1976 1975 1976 —_——— eee 

North America: 
Canada____________ 978 690 63,570 44,850 
United States _______-_ 3,879 4,251 238,558 261,800 

Latin America: 
Argentina ____-~~~_~__~_ = 26 50 1,690 3,250 Brazil ~-_-_______-~_ _ 184 149 8,710 9,685 Mexico ___ ~~ _-____-__- 44 47 2,860 3,055 - Surinam ____~_~_~__ 49 51 3,185 3,315 
‘Venezuela = = 64 «66 4,160 3,575 Western Europe: oo . 
Austria ~-_-____ 98 98 6,370 6,370 France ____~______-- 422 _ 424 27,430 27,560 
Germany, West_______.-________ 747 168 48,555 49,920 

- Greece ________ 149 148 9,685 9,620 _ Iceland ____._~. ~~ 68 72 4,420 4,680 
Italy _--______ ee -210 228 13,650 14,820 
Netherlands _~___._____.__________ 288 282 18,720 18,330 
Norway ______-_-____________e 656 670 42,650 43,550 
Spain ____ ~~~ 2384 236 15,210 15,340 . Sweden _____________ 85 90 5,525 5,850 
Switzerland ___._______________ 87 —— «86 5,655 5,590 
United Kingdom __________________ 340 369 22,100 23,985 

Africa: 
Cameroons _________________ 57 63 3,705 3,965 
Heypt_ -—---------~--~----------------- 2 61 180 3,965. 
Ghana _____-_~_~__- 158 162 10,270 10,5380 
South Africa, Republic of__________________ 84 86 5,460 5,590 

Australia and Asia: 
Australia _~___~_~2 2 236 256 15,340 16,640 © 
Bahrain _____~ ~~ 128 135 8,320 8,775 
India _~_-____~__~_~__ 184 234 11,960 15,210 
Tran ~~ 2 56 34 38,640 2,210 
Japan ______ 1,117 1,013 72,605 65,845 
Korea, Republic of _._________________ | 20 19 1,300 - 1,235 
New Zealand __._-§_--______ = 120 154 7,800 10,010 
Taiwan. ~~ $e 31 28° 2,015 1,820 
Turkey __ ~~ 2 18 39 1,170 2,535 909 

Total, market economy countries_____________ 10,769 11,048 686,418 703,475 =. FAD CNY . aaa ==": 
Central economy countries: 7 

China, People’s Republicof..._._._..§.-§-§________ 180 220 11,700 14,300 
Czechoslovakia _._§_.§.§_-/§_-.-§ » 48 55 3,120 8,575 
Germany, East _. ~~ 65 65 4,225 4,225 

_ Hungary______~___ 77 78 5,005 5,070 
Poland ________~~__~_~ 113 110 7,345 7,150 
Romania_-___._~~2-- = 225 220 14,625 14,300 — 
USSR ~~. 1,690. 1,760 109,850 114,400 
Yugoslavia ~-_-_-___ 185 218 12,025 14,170 pu 

Total, central economy countries_____________ 2,583 2,726 | 167,895 177,190 _—— $e 

Grand total _.-____________________ 13,352 18,774 854,313 880,665 
eee 

Source of data on aluminum: U.S. Bureau of Mines. | 

Table 14.—Estimated world consumption 
of fluorspar in the chemical and other 

sectors 

(Short tons) 

——— ee 
1975 — 1976 

rr eg 

Fluorocarbons____________ 746,000 690,000 
Uranium enrichment _______ 40,000 45,000 
Petroleum alkylation _______ 50,000 53,000 
Stainless steel pickling ______ 40,000 42,000 
Glass and enamel__________ 30,000 32,000 
Foundries ______________ 40,000 40,000 
Miscellaneous _________-___ 50,000 50,000 

Total ______________ 996,000 952,000 ; 
eens
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TECHNOLOGY 

Following the publication in 1974 of the In the Republic of South Africa, Gés- 

Molina and Rowland theory suggesting that sling’* investigated the feasibility of pellet- 

fluorocarbons could cause a depletion of izing acid-grade concentrates. Tests have 

stratospheric ozone,’? many investigations shown that pellets of 95% effective CaF:, 

were initiated to verify the theory. Results with 0.5% sodium silicate as a binder, can 

of these independent studies have recently be economically produced for export to the 

been released by the National Academy of United States and Western Europe. In a 

Sciences, the Environmental Protection separate report, Simonsen and Levin’ 

| Agency,'* the Manufacturing Chemists discuss the beneficiation of a complex ore 
Association,"* the United Kingdom Depart- containing fluorspar, dolomite, and pyro- 

ment of the Environment,"* and the United phyllite, with minor amounts of quartz, 

Kingdom Atomic Energy Authority.** muscovite, and chloritic and ferruginous 
Although estimates vary as to the extent of material. 

ozone depletion that can be attributed to According to van Alstine,?° major fluor- 

fluorocarbon releases within certain time spar districts are localized chiefly along and 

_ frames, the consensus appears to be that near continental rift zones and lineaments. 

fluorocarbons are a legitimate cause for This association of major fluorspar districts 

environmental concern, = with continental rifts and lineaments is 

The search for less-energy-intensive me- regarded as a regional guide in the search : 
thod of aluminum production led to the for new fluorspar deposits. 

revolutionary Alcoa Smelting Process, im- ____ 

plemented at midyear in a newly built — Molina, M. J., and Rowland, F. S, Stratospheric Sink 
in- i for Chlorofluoromethanes-Chlorine Atom-Catalyzed 

smelter in Palestine, Tex. Based on the or ction of Ozone. Nature, v. 429, 1974, pp. 810-812. 
electroly sis of aluminum chloride, to which 131).$. Environmental Protection Agency. Environ- 

minor amounts of lithium chloride and mental Hazard Assessment Report. Major One-and Two 

sodium chloride are added, the process is August weiee. . 

expected to reduce power requirements to 5 rh Manufacturing Chemists Association. ‘The Effect of 
. : . Wm} uorocarbons on the Concentration o mospheric 

kilowatt hours per pound of aluminum, 6,one Mar. 16, 1976, 133 pp. ! 

. compared with 6.5 kilowatt-hours per pound 15United Kingdom Department of the Environment. 

in today’s most efficient conventional smel- Chole eri and Their Effect on Stratospheric 

ters. Since no fluorides are used in the —‘*8Cox, R. A., Derwent, R. G., and Eggleton, A. E. J. 
process, its impact on the fluorspar industry Chlorine Nitrate - a Possible Stratospheric Sink fos C10 

. ° Radicals and NO, With Significant Implication for Ozone 

may be far reaching should it prove SUC- Depletion. United Kingdom Atomic Energy Authority, 

cessful and be adopted in new smelters May 1976, 10 pp. | 
ldwide Derwent, R. G., Eggleton, A. E. J., and Curtis, A. R.A 

wor . . . . Computer Model of the Photochemistry of Halogen- 

The Bureau of Mines continued its re- Containing Trace Gases in the Troposphere and Strato- 

search into byproduct fluosilicic acid recov- sphere. United Kingdom Atomic Energy Authori\y, | 

ery from phosphate rock. Using phosphoric 17Phosphorus and Potassium. New Possibilites for Con- 

acid as an acidulating-defluorinating me- yersion of Recovered, Fivosilicic Acid. No. 85, Septem- 
. : r/October » Pp. . 

| dium, it has been demonstrated that over > 'SGiéssling, 3, i An Economic Assessment of the 

i roduction of High-Grade Fluorspar Pellets. Nation 

80% of the fluorine can be evolved and Institute for Metallurgy (Johannesburg), Rept. No. 1660, 

recovered as a dilute solution of fluosilicic June 1976, 13 pp. 

acid. Meanwhile, new processes have been Phonan, A A. and Levin, J. Concentration of 

° ° : uorspar From the Farm Strydfontein, Marico District. 

developed in the United Kingdom, Ireland, Preliminary Investigation. National Institute for Metal- 

and West Germany for the conversion of lurgy (Johannesburg), Rent. No. 71, August 1976, 12 pp. ; 

oy: a * van tine, R. E. Continen ifts and Lineamen 

fluosilicic acid into synthetic fluorspar and Associated with Major Fluorspar Districts. Econ. Geol., v. 

anhydrous hydrofluoric acid.’” 71, No. 6, September/October 1976, pp. 977-987.
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oe ~ Gallium 

. | By Benjamin Petkof: 

| | The domestic gallium industry increased tember 4, 1976, specifying materials for the 

. both production and production capacity inner and outer packaging of gallium ship- 
during 1976. Data on rest-of-world pro- ments. Gallium must be in the solid state 

duction and consumption were not avail- during the time of transportation. 
able. U.S. imports of gallium declined. Most _ a 
gallium consumption continued tobe inthe  —_— Table 1.—Salient gallium statistics | 

— production of various gallium compounds | in the United States | 

- used to produce gallium-based electronic OS (Kilograms) 

os devices. a oo 

Legislation. and Government  Pro- oe ae | 

| grams.—Gallium was classified by the Ma-- Production ------- W W WwW Ww 

| terials Transportation Bureau, U.S. De- “consumption ____ 11,124 6,586 6,880 4,920 | 

partment of Transportation, as a hazardous © pomeumption ----- 8496 6,939 7,493 8,880 

material for purposes of transportation, and kilogram _______ $750 $750 $750-$800 $750-$800 

regulations were published in the Federal ~ w.i1-44 to avoid disclosing individual company 

| Register (September 2, 1976), effective Sep- confidential data. avoid disclosing individual company 

| oe ~ DOMESTIC PRODUCTION 

Domestic gallium production remained plant. Eagle-Picher Industries, Inc., contin- 

strong in 1976 and was estimated to have ued to produce gallium metal, oxide, and 

increased over that of 1975. Two companies _ trichloride from zinc production residues at 
| with three facilities recovered metallic gal- its Quapaw, Okla., facility. Canyonlands 

| lium im 1976. The Aluminum Co. of America 9} Century Corp. reprocessed gallium | 
(Alcoa), using proprietary gallium pro- f alli ‘de at its plant in Bland- 

: duction technology at its Bauxite, Ark., ‘rom galium arsenide att prant in an 

alumina plant, recovered gallium as aco- ‘8 Utah. Other domestic companies pro- 
_ product from residues of its alumina pro- duced high-purity gallium metal and gal- : 

duction process. In addition, at midyear lium compounds such as arsenide, oxide, 

Alcoa announced the commencement of gal- phosphite, and trichloride for the manu- 
lium recovery at its Mobile, Ala., alumina facture of electronic devices. 

. CONSUMPTION 

Total domestic gallium consumption in- was consumed for the manufacture of 

creased almost 19% over that of 1975. electronic devices such as light-emitting 
Electronic usage increased almost 12% and diodes and other semiconductor devices. 
consumption for research and development Most of the gallium used was high-purity 
increased more than sixfold. The quantity metal. Gallium in the form of intermetallic 

of metal used to prepare dental alloys de- —~~— 
clined significantly. The bulk of the gallium 1Physical scientist, Division of Nonferrous Metals. 
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compounds such as arsenide, phosphide, tation using gallium-based components 
and arsenide-phosphide was also used for helped sustain the demand for gallium. In- | 
the manufacture of light-emitting diodes terest in the development of gallium-based 
and semiconductor devices. Gallium oxide solar-cells for the production of electricity 
was used for the preparation of phosphors. and the use of gallium-based, light-emitting 

The general acceptance of devices such as__ diodes as a source of light energy for trans- 
solid state calculators, digital clocks and mission along fiber-optic cables may also 
watches, and visual display instrumen- stimulate future demand for gallium. | 

Table 2.—-Consumption of gallium, 7 
by end use | 

(Grams) | . . 

End use 1975 1976 

: Alloys'_.______________ 7,050 4,025 
Electronics?..____________ 7,888,100 8,209,931 
Research and development _ _ _ _ 91,156 608,994 —— 
Unspecified uses __________ 56,500 57,000 

| Total ___.__.____-_-_- 7,492,806 8,879,950 - 

Specialty alloys. | 
2Light-cmitting diodes, semiconductors, and other ee 

electronic devices. 

: ; a STOCKS | 

Consumer stocks of gallium metal at purity grades, shown in table 3, increased 
yearend 1976, both commercial and high- 83% over beginning stocks. — Oo 

Table 3.—Stocks, receipts, and consumption of gallium | 
| (Grams) — — 

| Purity | Beginning Receipts Consumption Ending 

1975: 7 
97.0%-99.9% = 18,379 __ 9,137 9,242 
99.99% 3,591 3,054 3,468 8177 
99.99% ____________ 5,478 . 57,162 59,931 2,709 
99.9999%-99.99999% ___________ 521,744 7,807,980 7,420,270 909,454 

Total 549,192 7,868,196  —-'7,492,806 2994,582 
1976: , 

97.0%-99.9% $e 9,242 2,657 5,536 6,863 99.99% _______________ 3,177 675 1,426 2,426 99.99% ______ 2,709 68,355 59,827 11,237 
99.9999%-99.99999% ________________ 2919974 9,574,992 8,813,161 1,674,105 

Total _-_____________________ 2927,402 9,646,679 8,879,950 . 1,694,131 Ee me see 
1Consumers only. 
2Ending stocks for 1975 do not equal 1976 beginning stocks because of reported beginning stock adjustments. 

PRICES 

Prices paid for gallium are not reported American Metal Market quoted metal of 
and are subject to negotiation between buy- 99.999% purity at $750 to $800 per kilo in 
er and seller. However, during 1976 the 100-kilogram lots.
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FOREIGN TRADE 

Data on exports of gallium minerals are manufactured gallium-based _ electronic 

not reported separately but are included in components and equipment. 

| the category “base metals and alloys, not Total U.S. imports of gallium declined 

elsewhere classified, wrought or 28% in quantity and 35% in value from 

unwrought, waste and scrap.” Significant those of 1975. West Germany and Switzer- 

quantities of gallium and gallium com- land supplied 85% of these imports. The 

pounds are probably exported in the formof average value of imports was $473 per kilo. 

Table 4.—U.S. imports for consumption of gallium 
(unwrought, waste and scrap), by country. | 

. 1975 1976 
Country — eee SN 

Kilograms Value - Kilograms Value 

Canada __________________---------- 242 $129,745 214 $100,706 | 
China, People’s Republic of _____.._._------- _- _— 50 19,633 

Czechoslovakia ___________------~------ 5 1,400 _- __ 

Germany, West _________-------------- -- _- 2,391 1,103,652 

Hungary _____.-__---__---~------------ __ __ 199 66,890 

- Italy +e 254 100,512 15 27,210 
Japan _____________------~---------- 42 64,000 50 70,115 

Netherlands ______________-.~--------- 269 147,920 40 21,078 
Switzerland ___________-_-------~---—-- 6,001 3,103,364 1,799 873,854 

United Kingdom ______._______--------- 17 8,414 90 40,319 

USSR —~—_-—-----------------------_ BT 

Total _________________--------- 6,830 3,555,355 4,920 2,326,176 
err 

th A
 

ee 

WORLD REVIEW | | 

World production and consumption data with large, well-developed electronic and 

for gallium are not available. It is believed electrical industries. It is also thought that 

: that significant quantities of gallium metal production of gallium declined in countries 

and compounds are consumed by countries other than the United States. 

, | | TECHNOLOGY | 

A technique was described to successfully mother liquor and contacted with a liquid 

etch polish gallium phosphide single crys- gallium-aluminum alloy to cause cemen- 

tals using an aqueous solution of chlorine.? tation of gallium from the liquor. The gal- 

A process was patented whereby gallium lium was then recovered.* 

was extracted from sodium aluminate Ta A Ew 5 
: : ; : ilch, A. Etch Polishi f GaP Single Crystals b 

liquor formed in processing bauxite by the Aqueous Solutions of Cherie ‘and odine J. Electrochem. 

Bayer process. The liquor was cooled to Soe: 128, No. 8, August 1976, pp. 1256-1257. y 
° as ina, E. L., et al. Extraction of Galli al 

about 60 . C to precipitate th e soda. . The From Sodium Alumin nate Liquor. US. Pat, 3,988,150, Oct. 

purified liquor was mixed with additional 26,1976. —





| oe By W. Timothy Adams! . 

The production value of gem stones and Amateur collectors were important even 

mineral specimens in the United States though their total contribution was surpass- 

during 1976 was estimated to be $8.9 mil- ed by the commercial operators. The com- 

| lion, an increase of 2% over that of 1975. mercial operators sold mainly to wholesale 

7 Most of the value was contributed by the or retail outlets and occasionally to jewelry : 

| few companies that operated deposits for manufacturers. 
_emerald, jade, opal, sapphire, and turquoise. | 

| | | - DOMESTIC PRODUCTION | | | 

- _ Mines and collectors in 39 States pro- no estimate of quantity and value of the 

: duced gem materials estimated at $1,000 or peridot was available. | 

| more for each State. Ten States supplied The production of turquoise of all grades | | 

90% of the total value as follows: Arizona, and quantities reported was 221 tons, val- 

| $4.0 million; Nevada, $1.3 million; Maine, ued at $3.9 million and was principally 

| $1.1 million; Oregon, $525,000; California, from Arizona, Nevada, and Colorado. The 

$231,000; New Mexico, $210,000; Montana, great interest in Native American style 

| tae 000, vena, an oo jewelry continued throughout 1976. Many 

- »VUU; and Wyoming, UU. articles appeared in various publications 
. Par k authorities at the Crater of Dia- describing the qualities of genuine tur- 

| monds Park in Arkansas reported the find- quoise and Native American jewelry.‘ 

ing of 398 diamonds, of which 1 was 3 carats 
ee and 8 were 2 carats each. No value was ‘Physical scientist, Division of Nonmetallic Minerals 7 

pla on the stones.? *Arkansas Department of Parks an ourism, Par. 

: of der odeonbsinine weathered kimber i Mecalam, M. Fee Albens County, Wyos Lark 

A 200-carat emerald crystal was found at “Hass Turuso Blue Hawes i «Sees Das 
Switzerland, NC. "The stone appeared to be Ter Part II. Gems and Miner. No. 150, January 1916 | 
of fine quality and could yield a stone of 40 _ pp. 42, 62-64. 
carats if cut. It would be larger than the i976 pp “gh att UI. Gems and Miner., No. 480, February 

i ald of 14 ts. Peridot wa: Rowe, R. C. ise — Genuine or False. Gems and 

Carin errr 00 individuals of the San Mixers No. $9, danuary 1016 pp, S68t- 0 
Carlos Apache Tribe at Peridot, Ariz., and No. Sn Deoeraber 1976. ep. 720,22. “ ae 
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eg 

Mine Location Operator 
a 

Emerald: Big Crabtree mine ________ Mitchell County, N.C -_____ FBH Emerald Co. 
Xx 

Little Switzerland, N.C. 28749 
Jade: Stewart Jewel Jade mine ______ Kobuk Village, Alaska ___ __ Stewart Jewel Jade Co. 

ve. 
Anchorage, Alaska 99501 

"Royal Peacock mine ______----. Humboldt County, Nev_____ Harry W. Wilson 

Spencer Opal mine (dig-for-f "Clark Co ty Idaho Mark LStotior | pencer mine (dig-for-fee ark County, O ~~~ __ . er 
mine). 1862 Ranier St. 

_ Idaho Falls, Idaho 83401 . 
Sapphire: . 

ussee Sapphire mine Granite County, Mont __._._ Chaussee Sapphire Corp. 
(sold unscreened material to . Box706 — 
tourists in summer and as- Philipsburg, Mont. 59858 
sisted in screening). 

Sapphire Village mine Judith Basin County, - Sapphire International Corp. 
Cc ogo Gulch). Mont. — Box 30 

‘ Utica, Mont. 59452 ~ = 
Turquoise: a . 

Aurora mine ______ ~~ _____ Lander County, Nev _.___. CaricoLake MiningCo. 
‘Box 3426 = oe . 

Bleck Seid a Albuquerque, N. Mex. 87110 _ 
. pider mine ____________ ~-~—-do__ ilios Mining Co. 

- 2221 10th'St. 
Lubbock, Tex. 79401 . . 

Blue Eagle mine ______§_______ Mineral County, Nev ______ E. Loving and D. Lester 
x 

. Mina, Nev. 89422 
BlueJimmine ______________ Lander County, Nev _____. James Elquist 

Box 255 
. Battle Mountain, Nev. 89820 

Blue Spider mine _____________ ~---do___._________. John Lee &Co. 
5101 North 40th St., Apt. 119 

oe - Phoenix, Ariz. 85018 . 
Boundary mine ______________ Mineral County, Nev ______ D. Brannon and R. H. Herrington . 

, . Mina, Nev. 89422 -. 
Duval Corp. mine _____§__-_____ Mohave County, Ariz_...__ __L. W. Hardy Co., Inc. 

3809 East Highway 66 
Kingman, Ariz. 86401 

Morenci mine _______________ Greenlee County, Ariz _____ W.O. Brown 
230 West 66 Ave. 

. Gallup, N. Mex. 87301 
Pinto Valley mine _.___._._.____._ Gila County, Ariz ________ L. W. Hard Co., Inc. 

3809 East Highway 66. 
Kingman, Ariz. 86401 

| Red Mountain mine ___________ Lander County,Nev ______ J.M.Johnson 
102 West 9th Pl. 

a Turquoise Nugget (col ) uoise Nugget (colessee 

Flagstaff, Ariz. 86001 Royal Bluemine _____________  EsmeraldaCounty, Nev ____ R C, Wilcox | 
x 

. Tonopah, Nev. 89040 
Shoshone and Ackerman mines ____ Churchill County, Nev _._._._ | Lombardo Turquoise Co., Inc. 

1300 East Main St. 
Austin, Nev. 89310 

Turquoise Chief mine __________ Lake County,Colo._...____ N.F. Reed 
Albuquerque, N. Mex. 87110 

Villa Grove mine _______.______ Saguache County, Colo _____ G. Musick 
x 

Villa Grove, Colo. 81155 eee 

CONSUMPTION 

Domestic gem stone output went to am- stones (domestic production plus imports 
ateur and commercial rock, mineral, and minus exports and reexports) was $705 mil- 
gem stone collections, objects of art, and lion, 51% more than that of 1975. 
jewelry. Apparent consumption of gem 

PRICES 

_ Typical costs to a retail jeweler in De- importers were as follows:5 

cember 1976 for representative better qual- ——— 
. . SJewelers’ Circular — Keystone. JC-K’s Colored Stone 
ity gem stones as reported by 15 typical Price Index. V. 147, No. 5, February 1977, p. 84.
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Oo _ Gem stone = | waht | Meat | per carat 

Amethyst ___-----------_--_-- 10 $15 | - $11-$17.50 
. Aquamarine __-__.------------- 8 120 75-260 

nk t nS 900-600 
Man's oky blue star ~~ --777o 77777 To 10 300 ; 190-450 

Peano fey coor t tT TTT TTT 00. 50 a 
Ruby ______--____----------- 2 1,875 1,250-3,500 

| Tourmaline, green ____-_-_-_---—- 10 55 55-100 
Tourmaline, pink ___—_.—_-----~--- 10 100 75-125 — 

NOTES.—Ten-carat cat’s eyes and 15-carat peridot, both of which were on the 1974 list, became unavailable during 
1975, but the median price per carat of the smaller stones held at the levels of the larger stones. - 

No survey was made of diamond prices; price trends indicated higher prices for cut diamond 1 carat and smaller, but no 

change in larger cut diamond. | | 

ee FOREIGNTRADE —C 

Exports of all gem materials amounted to million; Israel, 403,017 carats valued at 
$326.7 million, and reexports to $155.5 mil- $34.3 million; the Netherlands, 213,537 

lion. Diamond accounted for 94% of the carats valued at $25.2 million; the United 

value of exports and 92% of the reexports. Kingdom, 32,830 carats valued at $11.7 

Exports of diamond totaled 312,858 carats million; Switzerland, 7,832 carats valued at Oo 
valued at $306.1 million. Of this total, dia- $8.9 million; France, 20,884 carats valued at 

mond cut but unset, suitable for gem stones $6.9 million; Japan, 26,764 carats valued at 

not over 0.5 carat, was 53,375 carats valued $5.6 million, and Hong Kong, 10,797 carats 

at, $21.1 million; and cut, but unset, over 0.5 valued at $4.5 million. oo 

carat was 258,788 carats valued at $284.9 Exports of all other gem materials am- 
million: - | ounted to $20.6 million. Of this fotal, pearls, 

‘Reexports of di d . ted to natural and cultured, not set or strung, 

1,198,805 carats, valued at $142.7 million, in Were valued at $0.6 million. Natural pre- 
| categories as follows: Rough or uncut, suit- cious and: semiprecious stones, unset, were | 

Sefergen sone not clint weg, 280 malin, and arto 
1,025,183 carats valued at $88.9 million; cut Deane 9 Awe : 

but unset, not over 0.5 carat, 45,127 carats eee rape Roer Oe 128 other gem 

valued at $9.2 million; cut but unset, over materials amoun 7 ° MoD in 
| categories as follows: Pearls, $0.8 million; 

0.5 carat, 128,450 carats, valued at. $44.6 tural a d . . to 
illion. : } na ur ere ni an semiprecious stones, 

The :10 leading recipients of diamond structed stones, un net $0.1 ier, rewone 

exports accounted for 89% of the carats and ° eae : 
98% of the valu d follows: H Imports of gem materials increased about 

% of the value and were as follows: tion& 39, in value over those of 1975. Diamond 

Kong, 98,102 carats valued at $132.5 mil- accounted for 86% of the total value of gem 
lion; the Netherlands, 39,033 carats valued oy: 

Saas . : material imports. 
at $39.7 million; Switzerland, 32,480 carats Although rough and uncut diamond im- 

valued at $37.2 million; Japan, 46,924 carats ports were reported from 24 countries, over 

valued at $33.5 million; Belgium, 25,827 999% of the value was from 9 countries as 
carats valued at $25.8 million; France, 6,288 follows: The Republic of South Africa, 

carats valued at $14.5 million; West Ger- 1,194,128 carats, $257.2 million; the United : 

many, 5,416 carats valued at $7.1 million; Kingdom, 494,884 carats, $113.8 million; 
the United Kingdom, 4,671 carats valued at Sierra Leone, 331,554 carats, $42.9 million; 

$4.7 million; Israel, 9,670 carats valued at the Netherlands, 50,393 carats, $20.5 mil- 

$3.2 million; and Canada, 8,952 carats val- lion; Israel, 38,573 carats, $8.2 million; 

ued at $2.3 million. Belgium-Luxembourg, 37,885 carats, $6.7 

The eight leading recipients of diamond million; Venezuela, 260,066 carats, $6.0 mil- 

reexports accounted for 96% of the carats lion; Liberia, 2,790 carats, $2.9 million; and 

and 97% of the value and were as follows: the Central African Republic, 36,006 carats, 

Belgium, 432,030 carats valued at $41.1 $2.2 million.
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| Cut but unset diamond, not over 1/2 pearls and parts from 11 countries increas- . 
carat, was imported from 38 countries; ed 12% in value of imports; 5.countries 

| however, the imports of this category from accounted for 91% of the value as follows: 
| _ 10 countries amounted to 99% of total India, $371,000; Japan, $104,000; France, 

carats and value as follows: Israel, 1,100,253 $85,000; Burma, $82,000; and Hong Kong, _ 
. carats, $178.7 million; Belgium, 1,011,991 $48,000. Cultured pearls increased 52% in 

_ Carats, $157.1 million; India, 498,996 carats, value of imports which were received from 
$64.7 million; the Netherlands, 68,419 car- 20 countries of which Japan, at $10.6 mil- —_— ats, $9.6 million; the U.S.S.R., 35,794 car- lion, accounted for 95% of the value. Im- 
ats, $8.1 million; the Republic of South ports of imitation pearls increased 82% in : | Africa, 13,747 carats, $3.7 million; Switzer- value; Japan, at $569,000, accounted for | 
land, 12,673 carats, $1.7 million; the United 84% of the value. Coral, cut but unset, and ! | Kingdom, 11,248 carats, $1.6 million; cameos suitable for use in jewelry increased | France, 9,276 carats, $1.9 million; and Hong slightly in value of imports, which were _ 
Kong, 8,981 carats, $1.3 million. Cut but received from 20 countries; 3 countries | 
‘unset diamond, over 1/2 carat was imported accounted for 94% of the value as follows: | 
from 30 countries; the imports from 9 coun- Italy, $3.4 million; Taiwan, $1.5 million; and _ 
tries amounted to 99% of the total carats . Japan, $1.2 million. re 
and 98% of the value as follows: Belgium, Imports of other precious and semipre- a 156,083 carats, $66.8 million; Israel, 102,568 cious stones, rough and uncut, increased _—| | _ carats, $32.5 million; the Republic of South 30% in value and came from 46 countriesof — 
Africa, 8,178 carats, $6.0 million; the Neth- which 7 countries accounted for 78% of the 

_ erlands, 9,717 carats, $3.8 million; the value as follows: Brazil, $2.5 million; Aus- _ | 
US.S.R., 6,660 carats, $2.5 million; the tralia, $2.0 million; Colombia, $1.1 million; 
United Kingdom, 2,661 carats, $2.0 million; Hong Kong, $0.3 million; India, $0.2 million; _ | | Switzerland, 1,142 carats, $1.1 million; In- the Republic of South Africa, $0.2 million; = | dia, 3,389 carats, $0.8 million; and Hong and Zambia, $0.2 million. Other. precious. | Kong, 860 carats, $0.7 million. © = == and semiprecious stones, cut but unset in- 

— Imports of emeralds increased 45% in creased 26% in value and were imported | | 
quantity and 37% in value. Emerald was from 59 countries, of which 7 countries = , imported from 33 countries; the imports accounted for 87% of the value as follows: —, 
from 9 countries amounted to 96% of the Hong Kong, $15.4 million; Brazil, $5.3 mil- | 
carats and 94% of the value as follows: lion; West Germany, $3.5 million; Australia, | 
Colombia, 57,252 carats, $21.6 million; In- $2.9 million; Taiwan, $1.5 million; Iran, $1.0 ! 
dia, 578,780 carats, $9.7 million; Switzer- million; and India, $1.0 million. Synthetic : 

: land, 28,457 carats, $6.9 million; Brazil, gem stones; cut but unset, increased 26% in | 
| 207,620 carats, $3.8 million; Israel, 76,805 value and came from 17 countries of which | 

carats, $2.7 million; the United Kingdom, 6 countries accounted for 96% of the value | 
16,069 carats, $2.5 million; Hong Kong, as follows: West Germany, $5,639 million; 
49,730 carats, $2.1 million; West Germany, France, $1,226 million; Switzerland, $1,191 | 
34,817 carats, $1.7 million; and France, million; Japan, $1,099 million; Taiwan, ! 
3,745 carats, $1.1 million. Ruby and sap- $0.272 million; and Hong Kong, $0.259 mil- | 
phire were imported from 34 countries; the _ lion. Imitation gem stones increased 9% in . imports from 7 countries amounted to 91% value and came from 18 countries, of which 
of the value as follows: Thailand, $15.6 5 countries accounted for 98% of the value 
million; Sri Lanka, $2.3 million; India, $2.0 as follows: Austria, $4,959 million; West | 
million; Switzerland, $2.0 million; Hong Germany, $2,618 million; Czechoslovakia, 
Kong, $1.8 million; West Germany, $0.7 $0.961 million; Japan, $0.252 million; and 
million; and Canada, $0.4 million. Natural Hong Kong, $0.106 million.



Co , | Table 1.-U.S. imports for consumption of precious and semiprecious gem stones 

- So oe - ». (Thousand carats and thousand dollars) . . 

fe —————— Or" TT : ” 1975 | 1976 | 

: Stones. os ———— CO rr)”. Dm”D—C—CO Val 

: : ae | - Quantity - Value Quantity Value 

_ Diamonds: | | - | 

an Rough or uncut eee ---- 2,341 347,882 2,464 462,657 

‘Cut but unset __ _ -- --------~-----------7
 2,236 374,237 _ 8,087 549,182 

Emeralds: Cut but unset____-- ---------------- 
- 806 40,348 1,165 55,286 

Coral, cut but.unset, and cameos suitable for 

"use in jewelry -_- _- -~------------------~ 
NA 6,475 NA 6,497 

Rubies and sapphires: Cut but unset —------------ NA 19,069 NA 27,165 

| Marcasites ______----------
-----------7-7" NA | 23 NA 20 

Pearls: . oo, 

| Natural... .--------------------
---- NA | 673 NA 155 | 

- Cultured ~ -- -------------------7-77
-7 NA 7,261 NA 11,062 | 

a Imitation .__.___----------------
----- NA 515 NA 680 

| -_ Other precious and gemiprecious stones: 

Rough and uncut eee eee eeeeee---- CNA 6,380 NA 8,266 . 

Cut but unset -_ - - - -- --------------7 7-77 NA 28,718 NA 35,278 

Other n.s.p.f ___----------------
7--7-- 77 NA 1,935 NA 2,565 

ne _ Synthetic: —¢ . 
"Cut but unset ___------------ number__ 18,682 - 8,008 18,705 10,115 

Other __---------------------7
-777 NA - 610. NA 766 

i Imitation gem stones = - --------=------~~ NA 8,296 NA 9,072 

| °° Motal __--------------------- = 
NA 850,430 NA 1,179,366 

| NANotavailable, a | —_ | - 

po WORLD REVIEW | 

| Australia. —Turquoise was discovered in Orapa mine produced 2,360,945 carats of | 

| Australia in 1967. The deposits are located — diamond from 3,428,985 tons of ore in 1976. | 

in the remote central region of the North- Construction work is in progress at Orapa 

oS ern Territory approximately 965 miles to increase the capacity of the mine from 2.3 . 

i northeast of the railhead at Alice Springs. million carats to 4.5 million carats per year. 

ee The turquoise occurs in a series of Cam- The new Letlhakine mine, 24 miles south- 

brian siltstone-mudstone beds that form east of Orapa was commissioned, and pro- 

‘|. part of the Sandover Beds of the Georgina duction began at the rate of 320,000 carats . 

| . Basin. A range of phosphate types is pro- per year. The mine treated diamondiferous 

| duced from the mine. Microscopic and X-ray gravels surrounding the pipe. Design work 

| diffusion examination have shown the typi- was in progress for the second stage of . 

S| cal high-grade material to be composed of development to treat the kimberlite. Pros | 

| very-fine-grained, close-packed nodules of pecting continued at a kimberlite pipe 

| turquoise. The turquoise has been formed discovered in Jwaneng in the south of the 

| by the chemical combination of phosphates country. The pipe is overlain by 150 feet of 

and alumina in the phosphate-rich beds and overburden and represents a considerable 

| copper leached from the overlying copper- technical achievement. A drilling program 

1 | rich tuffaceous siltstones. Mining 1s by has established that the pipe is large and 

: open-cut methods. Specimens up to three- contains diamond in economic quantities.’ 

i quarters ton have been recovered. 
Proven Burma.—The Mogok ruby that made 

| reserves are considerable, and continuity of Burma one of the gem capitals of the world 

supply is offered. A wide range of material has also been the cause of the country’s 

. is available for gem cutters and the carving plunder by smugglers and black market- 

| trade. The area is not open to collectors and eers. The gem industry was nationalized in 

| hobbyists.° oo 1969, and 18 kinds of precious stones in- 

| New markets for Australian opals are cluding rubies, sapphires, and jade were 

being opened both at home and in Japan. brought under official control. Officials ad- 

Stones from Cooper Pedy and Andamooka mit that thieves are still active despite 

- are being used in a variety of styles in strong security at the mines.” 

watch bracelets and pendants. Anewmanu- = ________— ; 

facturing process is reported to insure high —_ “Cumming, J, Australian Turquoise. Lapidary J., v. 30, 

durability of the stone.’ No. 7, October 1976, pp. "New Uses for Opal. V 

| Botswana.—A new tax regime instituted 287, No. 7375, Dec. 24, 1976, ?. $10. ow 7 

by the Government of Botswana established 59 Oe Beers Consolidated Mines Ltd. 1976 Annual Report, 

an effective partnership between the Gov- "Ai ung, C. T. The Curse of the B Ruby. Wash. 

ernment and the De Beers Group. The Post, Apr 18, 1976, p. H-3. © Burmese
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: Significant quantities of Burmese jadeite namely, rough diamonds, is supplied by the 
ends up in Thailand through various Diamond Trading Company (DTC), London. 
smuggling routes. The price of fine apple The outlook for the industry is encour- 
and emerald green jadeite is such that a aging.“ | 
market has been created for the once-  Iran.—Iranian production of turquoise 
neglected yellow, red, and apricot colors. from March 21, 1975 to March 20, 1976, was 
Much of the yellow and red material being reported as 68.2 short tons. Proven reserves 

offered is not jadeite but dyed quartz. were reported as 11,000 short tons and 
The fraud may be detected by concoidal resources as 22,000 short tons.** | 
fractures on a chipped edge rather than the _ Pakistan.—The Government of Pakistan | 
fibrous fracture displayed by jadeite..° _ decided to set up an organization to buy 
-Colombia.—Two years ago small em- Uncut emeralds, diamonds, and other pre- 

eralds of little commercial value were dis- oe eee ‘om tne mmes at Swat in the 
covered in alluvial sands near the small +Y° est frontier trovince and €xpo: 
town of "Yacopi. The discovery coincided them in finished form. The mines have been 

with the cling of Man, the major emerald Tal te Feces Oreaieee mine in ombia. e increasing pro ™* | ° . 
duction from the Yacopi area gives evidence of omerald prod ee mon large : 
to the belief that soon something of real gi untry" sal smuggied out o | 
value will be discovered there. A major find oe . 

at Yacopi would give Colombia a new source Selling Oneant ten nopotted entra 
. ih anizat) 

CoE ae enn ge. Maya jade will be 820s in 1976 of $1,555 million, 46% greater 
mniuntemale, Rough Maya jade wil be Shan in 1915. Ding I9T6, sles excoede 
tors and rockhounds. The jadeite is of excel- production, and oe tral Selling Ore ovided | 
lent carving quality. The colors range from tion. increased the price of diamond twice 

| a pearly white and a richer green to adark in 1976, by 3% in January and 6% in 
green tat op ohe ja pack wen Pee September. The demand for the smaller : 

d a ey a bly with Wyomin > sizes and the lower qualities of larger dia- 
oad 1} compares cut bouldes h y been monds was very strong in 1976. Toward the 
Ja eres hee hs fo tatue ave ect end of the year, there was improvement in 
expo tho. The Let ee T ue oe tine be- demand for better quality large stones. No 

Leso On ene ng-fa- eral mine breakdown of gem stones or industrial 
gan producing at a rate of 4,000 tons of ore diamond sales was given.” 

per. day. Systematic mining began in May - South-West Africa, Territory of.—The 
with the object of exposing hard kimberlite ‘Consolidated Diamond Mines of South-West 
at depth and stockpiling the overlying soft Africa (Proprietary) Ltd. reported an in- 

: weathered kimberlite. At yearend, 500,000 Grease in ore treated in 1976 to 14,167,067 
tons of the weathered kimberlite had been short tons, from 13,498,048 tons in 1975. The 
stockpiled. The profitability of the mine  asyerage stone size increased from 0.73 carat 
depends on the production of a comparative- per stone to 0.95 carat per stone in 1976. , 

ly small quantity of large, high-quality Ovyerburden stripped increased from 46,3- 
stones.”* ; . . 89,670 short tons in 1975 to 54,996,027 tons 

India.—The Indian diamond industry, jin 1976. Diamond production decreased to 
which is export-oriented and cottage based, 1 693,994 carats in 1976 from 1,747,739 ca- 
has grown twelvefold in the past decade and rats in 1975. 
now provides employment to approximately ___- 
150,000 ore mostly skilles artisans. ; _acroenepan, The Latest Ripoff Yellow-Red | Burma 
The Uni tates has emerged as one of °%80°./-ap! Mining Colombian Coruary ty orP: a: 
the principal buyers rs injian dam nond Yeo as e Famed Maze Mine Closod v' 99, No Apel 
accounting for more t % oO ia’s PP. 50-09. . sta Redi 
exports. India’s share in the world diamond ered Ces Anotent gaye whe : 
trade is about 7% to 8% in terms of value woe, Beers Consolidated Mines Ltd. 1976 Annual Re- 
and 1.2% to 1.5% in terms of caratage. A Po TUS? tmmbassy, New Delhi, India. State Department 

combination of skills developed over the Airgram A-87, Dec. 28, 1976, 8 pp. 
years and low production costs have en- gram Dpinbooey,, Tehran, Iran. State pe partment Air- 
abled India to specialize in the polished ogg waning, Journal. Production Smuggling in Swat. V. 

small diamonds known as “makeakles.” The “tin. ‘Baers Consolidated Mines Ltd. 1976 Annual Re- 
bulk of India’s raw material requirments, port, 59 pp. -
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| Further refinements made to the dewa- attempted to make Frankfurt a world dia- 
tering systems and stability improvements mond market. using cutters from Idar- — | 

: _ to the sea wall enabled operations to ad- Oberstein to challenge the dominance of 
vance 150 feet further seaward of the high Israel, Antwerp, New York, and Bombay. 
water mark. Fewer minor breakdowns were Breaking into a trade that is divided 

_ experienced with the bucketwheel excava- between De Beers and the many Israeli and 
| tor during the year, but three major compo- Belgian craftsmen was too big atask forthe _ 

nent failures decreased overall availability. _ Germanseven with Soviethelp, 
| | Thailand.—Many of Thailand’s precious It is reported that the U.S.S.R. has open- 

| and semiprecious stone mines are nearing ¢d an export office in Antwerp under the =| 
depletion, resulting in a marked increase in name of RUSSALMAZ MV. It is also re- 
importation of blue sapphires from Austra- Ported that the U.S.S.R. is selling the bulk 
lia. Smuggling of gem stones from Burma Of its finished goods to the Diamond Trading _ 
and Cambodia also increased.** ps Co. marketing network since attempts to 

U.S.S.R.—Soviet geologists are reported Compete directly had failed.» | | 
| to have made diamond finds in ancient U8 Eubsny Banekok oe i sexte De ae 

| Timan paleozoic deposits west. of the : US. Embs ° Jone ie 68 ee - State Department a 
Urals.1® an . 987 Mi ing journal. Industry, in Action: Exploration. V. 

e ; 
? oO. 9 y ? ? p. . . 

. . . The Frankfurt diamond bourse has gone -2°McInnes, N. A Soviet Investment. Barron’s, v. 56, No. . , into receivership. German promoters 1, Jan. 5, 1976, p. 4. | 

| | Table 3.—Diamond (natural): World production, by country’ a a : 
: | (Thousand carats) . . 7 me | 

: 1974 ) 1975 | w7eP 

_ Gem TUF Total «Gem = RAUB Total = Gem = adUE Total 

Angola _______-___ 1,470 490 1,960 345 115 °460 495. 165 . °660 
Botswana _________ 408 2310 2,718 — 360 2,087 2,397 354 2,007 2,361 : 
Central African 

Republic _._______ 220 118 338 220 (119 339. 221 119 340 
Ghana ______ | (257 = -2,315—-2,572 233 2,095 2,828 228 —- 2,055 2,283 
Guinea® _-_-- = 55 80 25 55: 80 25 55 80 | 
IvoryCoast__.______  ——-:112 167 279 84 «125 209 22 38 60 
Lesotho? _._______-_ ss 2 9 iW. 41 2 3 1 2 €3 
Liberia? ~--_-____- ss 259 636 4241 ‘1650s *406°—Ss« 250 150 ©400 
Sierra Leone® _____ __ 670 =: 1,000 »=s-1,670 ~—s«6 00 900 1,500 600 900 1,500 — 

South Africa, . . 
Republic of: So | 

| Premier mine aout 605 1,817 2,422 509 1,527 2,086 458 1,875 1,833 : 
Other De Beers _ og 

properties® _____ 2,397 1,961 4,358 2,518 2,061 4,579 2,549 2086 4,685 
| Other _._______ 438 292 730 408 272 680 332 229 554 i hh ch 

Total ________ 3,440 4,070 7,510 3,485 3,860 7,295 3,389 3,683 7,022 | 
South-West Africa, 

| Territory of _______ 1,491 79 1,570 ~—«-:1,660 87 1,747 1,609 85 1,694 
Tanzania _§________ 249 249 498 224 224 448 225 225 450 
Zaire _.__________ 620 712,991 13,611 395 12,415 12,810 591 11,280 —«:11,821 

Other areas: 
Brazil _.._________ 127 127 254 135 135 °270 185 185 270 
Guyana ---__---~_- 12 18 30 8 13 21 6 8 14 
India __-_________ 18 3 21 17 3 20 17 3 20 
Indonesia® _________ 12 3 15 12 3 15 12 3 15 
U.SS.R__-- 1,900 7,600 9,500 1,950 7,150 9,700 2,000 _—_7,900 9,900 
Venezuela __________ 279 970 1,249 239 821 1,060 190 643 833 

—_ 
Worldtotal __.____ "11,689 °82,883 44,522 10,184 30,924 41,108 10,820 29,406 39,726 eee eee OOS eS 

?Total (gem plus industrial) diamond output for each country is actually reported except where indicated to be an 
estimate by footnote. In contrast, the detailed separate reporting of gem diamond and industrial diamond represents 
Bureau of Mines estimates in the case of every country except Lesotho (1974-75), Liberia (1974), Venezuela (all years), and 
Zaire (1974-75) where sources give both total output and detail. The estimated distribution of total output between gem 
aaah diamond is conjectural in the case of a number of countries, based on unofficial information of varying 
re . 

sExports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 
Exports. 

‘Partial figure; January 1 through December 15 only. 
SAll company output from the Republic of South Africa except for that credited to the Premier mine; also excludes 

company output from the Territory of South-West Africa and Botswana. .
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| | ~- JECHNOLOGY 

Ruby crystals were subjected to a static the colors are spectrally pure. Electron 
pressure greater than 1 megabar in a micrographs revealed regular geometric | 
diamond-windowed pressure cell. The pres- patterns of tiny holes across the entire 
sure was monitored continuously by observ- surface of a grain. These arrays of holes are a 

_ing the spectral shift of the sharp fluores- sufficiently regular to act as three : 
cent Ri ruby line excited with a calcium- dimensional diffraction gratings that give 
helium gas-diffusion laser beam. One mega- __rise to the stones’ characteristic fire.= - 
bar appears to be the highest pressure ever The Spencer mines in Idaho produced 

: reported for a static experiment in which an gem opal, which not only has the intense 
interval calibration was employed. The color of Australian doublets and triplets, 
accessibility of this pressure range, coupled but has an additional feature of displaying a 
with the high temperature already reached, star of brilliant colors. There are three 

makes it possible to experiment directly at types of stars to be found among the Idaho —i 
the conditions of the earth’s core.”! gems: A cat’s eye stone that exhibits a 

General Electric (GE) scientists success- single streak of dispersed colors across the 
fully tested a new machine that can apply triplet, a three-ray star, and a six-ray. star. 
pressures greater than 8 million pounds per Stars such as these have not been reported 
square inch. To achieve and maintain these for Australian opal.?¢ | 

pressures, GE created a pair of tungsten § Two major techniques, flux and hydro- 
carbide pistons tipped with the company’s thermal, have been used to grow emerald 
manufactured industrial diamonds. The ap- crystals, and various solvents have been __ 
paratus will be used to study changes that employed. The lithium molybdate flux has =e 

__ occur in materials under high pressuresand proved to be commercially viable in the 
temperatures.4 hands of Chatham and Gilson. Hydrother- 

| Two distinct suites of minerals included mal work, using two acid mineralizers, 
in natural diamond are described. It is which gave satisfactory growth, did not 

indicated that they probably represent prove to be commercially viable.” | 
| different physical and chemical conditions § Color changes were observed on gamma- | 

during diamond growth. Detailed minera- ray irradiation of over 500 colorless, pink, 
logical and chemical study of the minerals blue, and green tourmalines. The only sig- . 

: included in diamond during its growth can nificant changes observed were the develop- 
| provide significant data regarding the ment or intensification of pink or the deve- 

chemistry and physics of the upper mantle, opment of yellow superimposed on the 
as well as providing insight into the genesis preexisting color. Some of these colors are 
of diamond.* ; . stable to heat, and some are not.”® : 

A detailed analysis of the composition of The well-known brown color produced by 
gaseous inclusions in seven Arkansas dia- the irradiation of topaz has been reexamin- 
monds ranging in size from 0.37 to 2.06 car- eq particularly with respect to the kinetics 

ats and containing other inclusions was _ 

made by mass spectrographic techniques. —_21Mao, H. K. and P. M. Bell. High Pressure Physics: The 

| The relessed gases were found to he of ,Megaor Mack op is Rul Hy gate Erne Sal 
variable compositon and similar to those ~ 224merican’ Metal Market/Metalworking News. GE 
reported earlier from diamonds of African Machine Able to Generate 8 Million Pounds of Pressure. 

origin. Based on the tentative assumption sy;er HO, A. and HM. Tesi. Mineral Inclusions in 
that the gases are genetically related to the Diamond: ‘Temperature an, Pressure of 9 eguitibrium. 
host diamond, a theoretical gas-solid dia- 2 A ror can’ Min eval gist. Expe vimertal Results and a 
mond growth model was presented, which Theoretical Interpretation of Gaseous Inclusions Found in 
can account for the observed compositional Arkansas Natural Diamonds. V. 60, No. 5-6, May-June, 
variations in the included gases. gnbarradh, BP. J A 3 Gaskin, and Ld. V. Senders Opal. 

There are three significant features in i. Am., v. 234, No. 4, April 1976, pp. 84-85, 88-95. 

the typical appearance of opal that provide Nott ‘Farruary 1916. pp. 1986, 1988, 1990, 1592, 2008, 
clues to the mechanism responsible for the oe 

color display: (1) The color is associated with —,,\"a8e¥. Synthetic mera at Lopider Jew 30, 
small grains, and throughout each grain the No, 1 April 1976, Pp. 1 196-202. ald: The Confusing Histo 

color is fairly uniform, (2) the color of the and the Current ‘Technologies, Part II. eee ee. 
grains changes as the orientation of the No.2, May 1976, pp. 468, 470, 472, 488, 490, 492. 

stone is changed with respect to the light ,, qniseat Cama Ray radiation Induced Changes 
source and the observer, and (3) generally 8, July-August 1976, pp. 710-718.
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| of the color formation. The known color is Modern technology in the form of aerial 
produced at two different rates. Heating to photographs offers major assistance to 
200 for a few hours removes essentially all mineral collectors. Photograph prints avail- 
the color of the specimens tested.” _ able from film libraries show settlers’ home- 

| A completely new comparison microscope steads, derelict railways, ghost towns, or 
assists the geologist and mineralogist in the any kind of habitation or clearing. Fifty- 
accurate identification of minerals by color. year-old bush trails show plainly no matter 
The Lovibond-Nelson microcolorimeter is how overgrown they have become. Careful 
eons aioe so eale light oun ie urate. study of photographs will often save many 

| ly graded glass filters are calibrated to the eso f' wandering in search of prospective | 
- Lovibond subtractive color system and give " | | 

an optical match with a sample.*° | } } | 
An automatic cutting machine, The Pier- prodeer ty Gein’ BE. Prescot ‘Am, Mineralogie, «aa 

matic, an English invention, cuts small No.7, July-August 1976 pp. 705-709. Machines. Mi : a . . ‘ . S°Mining Journal. : es. - diamond stones with efficiency and CONSIS- rimeter for Mineral Identification. V. 286, No. 7342, May tency of make. Machines are in use in 7, 1976, p. 368. | 
Israel, New York, and Puerto Rico. Use of “ deweler’s Circular-Keystone. Gemstones. Automatic 
the machine is usually limited to stones of Pigmind Cutting in N'Y. V. 146, No.7, June 1976, p. 46. 
about 30 points.*? _ Maps. Lapidary J., v. 30, No. 3, June 1976, pp. 818-821.



| ; By John M. West? and W. C. Butterman? — | 

A 22% drop in the price of gold discourag- million ounces compared with 36 million 
ed producers and favored consumers in ounces in 1975. Monthly volume of the 

1976. International Monetary Fund ae COMEX ranged between 1.9 million ounces 

es, totaling 3.9 million ounces, a in April and 8.75 million ounces in Decem- 

ar impact on price which reat. a ber. An exceptional jump was noted from 

- ow in August alter the secon e had October, when volume was 2.90 million 

taken place. Thereafter, prices tended to ounces, to November, when volume was 8.51 
recover despite additional sales. Another million ounces. December 18 was a record 

_ factor in prices was the accelerated sale of day for trading when 1.08 million ounces 
gold to U.S. markets from stocks of foreign- changed hands. On the IMM, monthly vol- 
owned metal on deposit at the Federal ume ranged from 1.83 million ounces in 
Reserve Bank in New York City which a- April to 4.74 million ounces in November, _ 

mounted to Bs OTS in 176 while December volume declined to 3.88 | 
the ve union ounces 1h tity F ue million. ounces. Gold moved into and was 

e year, an increasing quantity Of UN’ delivered from the exchanges and the net 
accountable gold apparently was accumu- 4.4143 declined about 0.2 million ounces 

| lated in private stocks being held for.specu- during the year " 
lative and investment purposes. Reported IMF gold sales began in midyear for the 

_ stocks of industry and trading firms in- f ‘din tal for low interest 

creased 0.14 million ounces. Exports (non- | purpose of providing capita’ tor tow interes 
. monetary) exceeded imports in 1976 by 0.22 loans to developing countries. Dates of sales 

~ million ounces, up from 0.03 million ounces Were as follows: June 2, July 14, September 

excess in 1975. Consumption was 0.66 mil- 15, October 27, and December 8. Each sale 
lion ounces higher than in 1975. amounted to 7 80,000 ounces, except for the 

Refined production from domestic pri- October sale, which was 77 9,200 ounces. The 

mary and secondary sources declined 138% gold was delivered at the Federal Reserve 

and 7% respectively. Mine production was Bank in New York, except for that from the 

dorm siglo ea Ele, don Seles in June, July, and. Decamber of the mine in Nevada. Heap leach- n. es in June, y, an mper 

ing of gold, a recently developed technology, were by the common lowest-accepted-price 
provided 7 oe production, alightly less pute auction methods tre others re ay 

: in . use of price drops, some e bid price me . Prices were , 

producers chose to hold gold in unrefined $122.05, and $137 per ounce in the June, 

form in anticipation of higher prices. Simi- July, and December sales, and averaged 

larly, the supply or gold to scrap processors $109.40 and $117.71 in the September and 

- was somewhat less because refining and October sales. The IMF planned to sell a 

turnaround time was a less significant total of one-sixth of its stocks, or 25 million 

factor with dropping prices, and scrap was ounces, over a 4-year period, and planned to 

eld for improved markets. . _ restore an equal portion to member coun- 

Futures trading in gold was active, main- tries. Restitution was scheduled to begin in 
va the N ow fone ane “hielo markets, January 1977, and it was uncertain whether 

with volume u o nigner IN central banks receiving such gold would 

| 1975. In New York, Commodity Exchange place it on the market immediately or hold 
Inc. (COMEX) had a trading volume of 48 it for the longer term. 

million ounces compared with 36 million in 
1975; in Chicago, the International Mone- __igtate jiaison officer, Bureau of Mines, Salem Oreg. 

tary Market (IMM) reported a volume of 34 *Physical scientist, Division of Nonferrous Metals. 
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_ ‘The Bank for International Settlements and the Far East. Fabrication in karat __ 
| | (BIS) estimated an increase in 1976 of world jewelry rose 88%. Sales of South ‘African 

gold supplies by 25% to 45.2 million ounces — krugerrand gold coins containing 1 troy 
from all sources, including primary pro- ounce per coin declined to 3.0 million 
duction of 30.4 million ounces, net sales. . ounces content compared with 4.7 million 
from centrally planned economies of 11.3 ounces in 1975. To expand sales, Inter- 

_ million ounces (up 75% from 1975), and 3.5 national Gold Corp., the krugerrand mar- 
| million ounces from official gold stocks. keting agency, launched a major advertis- 

Gold reserves of the South African Reserve ing campaign. Private bullion purchases, 
Bank declined 5.14 million ounces, mainly excluding coins, were estimated to have 
because of an agreement between a group of dropped sharply to 2.9 million ounces from 

| _ commercial banks and the Reserve Bank to 5.3 million ounces in 1975. U.S. Treasury 
‘swap gold, which was similar in effect toa stocks of gold were lower at! yearend owing 
futures trade; however, this had no impact _ to use of gold in Bicentennial medals, which 

| on overall stock balances. The BIS reported were sold: by the American. Revolution Bi- 
| that fears of revived inflationary pressures centennial Administration and manufac- 

and disappointment with performance of tured by the Bureau of the Mint. Gold 
equity markets probably contributed to an © content of the medals sold was 22,756 | 
increased investment demand for gold. ounces, and sales, which were ‘by subscrip-. 

World consumption was up 29%, ac- tion, totaled $6.8 million. The Royal Canad- | 
cording to Consolidated Gold Fields Ltd., .ian Mint issued two gold coins in commem- 
largely stimulated by an increased demand oration of the Olympic Games consuming | 
for jewelry and investment items, such as. about 0.34 million ounces of fine gold inl 

| small bars for delivery in the Middle East million coins. | : | 

| | / Table 1.—Salient goldstatistics | | 
| oT Ta — 192 ~~«1978~SS*~C~aT SSCS 

United States:. | eee a 
Mine production. - _ thousand troy ounces_ _ 1,450 . 1,176. 1,127 1,052 1,048 alue _____________ thousands__ $84,967 $115,000 $180,009 $169,928 $131,340 — 
Ore (dry and siliceous) produced: : me 

Gold ore ____ thousand short tons__ __ 3,316 —ASTIB. 4598 5,722 . 8068 
Gold-silver ore ___________ do____ . 173 124 3 =—-——s«&H 137 1,027 © Silver ore ___-__________do____ _ 355 370 560 F672 651 

Percentage derived from: oo 
Dry and siliceous ores ___§_§ _-__.___.__ 58 52 58 62 61 
Base-metal ores ~-_-____________ 41 AT 41 36 36 | | Placers_..._________________ 1 ae | 1 2. 3 Refinery production:! . 
From domestic ores fa s 

-_-~~~-—--~ thousand troy ounces__ 1,478 .. 1,210 1,021 1,093 954 : Secondary __—__________ do___- 2,107 1,779 1,926 2,696 2,504 
Exports: 

Commercial. __.__.________ do____ 766 601 570 2,689 2,879 
Government ____________ do____ 706 2,384 3,293 807 - 652 EE 
Total________________ do____ 1,472 2,985 8,868 3,496 3,581 

Imports, general?_____ == do 6,126 3,845: 2,651 2,662 2,656 Gold contained in imported coins___ do____ —_— a. 3,090 1,673 1,333 
Sales from foreign stocks in Federal 
Reserve Bank _____________ do____ a 1,704 2,144 577 2,125 Stocks, Dec. 31: 

Monetary®____________ millions _ $10,487 $11,652 $11,652 $11,599 $11,598 Industrial ___thousand troy ounces__ 4,407 4,498 5,670 788 928 Consumption in industry and the 
arts__________ do 7,285 6,729 4,651 3,993 4,648 World Price:5 Average per troy ounce ________ _ $58.60 $97.81 $159.74 $161.49 $125.82 

orida: 

Production _______thousand troy ounces__ 44,843 43,297 ¥40,124 *38,676 39,322 
Official reserves® __________ millions _ ™$44,747 T$49,664 ™$49 614 T$49,550 $49,188 $$$ CUP ee 

1From domestic ores—U.S. Department of the Treasury, 1972-74, and Bureau of Mines, 1975 and 1976. 
2Excludes coins. 

rung valued at $38 per troy ounce in 1972, and $42.22 per ounce 1973-76. Includes gold in Exchange Stabilization 

4Gold content of all products in stocks held by manufacturers, and refiners, 1972-74; gold content of bullion only in 1975 and 1976 (excludes trading stocks). Stocks at beginning of 1975 amounted to 1,896,000 ounces of bullion. 
5Engelhard Industries quotations. 
®Held by market economy central banks and governments; gold valued at $38 per troy ounce in 1972, and $42.22 per ounce in 1973-76.



| | CO -. GOLD : 593 

| Legislation and Government Pro- public laws.* The section repealed applied to | 
| grams.—Public Law 94-450, The Gold a provision that importation and exporta- 

Labeling Act of 1976, which amended the tion were governed by laws administered by 
| Act of June 13, 1906, and reduced permiss- the Department of the Treasury. Public 

ible deviation in gold content of articles laws that went into effect December 31, . 
made in whole or part of gold, was signed 1974, say that no provision of any law, and 
October 1, 1976. The tolerance was reduced no rule, regulation, or order in effect on 
from 1/2 of 1 karat to 3 parts per thousand that date may be construed to prohibit any 
for most articles, or if soldered, to 7 parts person from purchasing, holding, selling, or 
per thousand. The Act was to take effect 5 otherwise dealing with gold in the United 
years after the date of enactment and was Statesorabroad. _ 
not to apply with respect to any article of The Commodity Futures Trading Com- | 

| merchandise sold by any manufacturer or mission voted to permit continued trading 
importer before the effective date of Octo- of leverage contracts in gold and silver 

__. ber 1, 1981. The purpose of the act was to bullion and coins while it drafted more 
assist the domestic industry to meet the stringent regulations on such trading. The | 
requirements of foreign countries, thereby Commission released a study of leverage 
increasing U.S. exports. A major U.S. sup- transactions and proposed a number of 

| plier to the jewelry industry announced it restrictions it might impose in accordance 
would entirely remove tolerances from its with its authority which is specified in the 

| gold products as of January 1,1977. - Commodity Futures Trading Act of 1974. 
_ The U.S. Customs Service issued a state- Several proposals to establish gold bullion | 
ment repealing parts of the Gold Reserve options trading markets were delayed pend- 

_ Act of 1934 in conformance with current ing actions by the Commission. 

| | DOMESTIC PRODUCTION | | a | 

Closure of the Cortez mine in Nevada’ gold as a principal product totaled 74, and 
resulted in a 13% drop in Nevada pro- asa byproduct, 100. Placer mines totaled 49, 
duction; however, increases in output from the same as in 1975. California and Colora- 
the Homestake mine in South Dakota, a_ do placer production included gold recove- 
placer operation at Nome, Alaska, and cop- red at sand and gravel producing plants. | 
per mines in Arizona and Montana offset Cyanidation was used in recovering 56% of 
most of the drop, and U.S. production was all gold, and mercury amalgamation, 2%; 
only slightly below that of 1975. Byproduct 40% of all gold came from 5.9 million tons 
production supplied 36% of all primary gold of smelted concentrates. Mills treated 290.6 
output, the same as in 1975, and most of this million tons of ore, but most of this was 
was from copper ores mainly mined by open copper ore in which gold was a minor 

| pit methods. Placer gold production rose constituent. : 
from 2% to 3% of the total output in 1976as Gold refiners reported production of 3.58 
a result of increased dredging at Nome. million ounces of refined bullion, 11% less 
Alaskan sources provided 82% of the placer than in 1975 (table 10). Domestic ores and 

total. | . 7 concentrates supplied 27% of the total re- 

Five leading producers accounted for 68% fined, and 3% was contained in imported 
of U.S. production. These were Homestake ores and concentrates. Scrap provided the 
Mining Co., Carlin Gold Mining Co., Ken- remainder with the contribution from new 
necott Copper Corp., Standard Metals Corp., scrap exceeding that from the old scrap. 

and Duval Corp. Operations in the list of 25 The total amount reported from scrap was 
leading mines (table 5) supplied 95% of all 7% lower than in 1975. 
production, and a large number of mines “WFaloal Reckter. Rules and tions, Title 19 
provided the remaining 5% which amount- eral Register. Rules and Regulations, Title 19 - 
ed to 55,752 ounces. Lode mines reporting ment of the Treasury 'V. 41, No. lisdan 16 1978 > 83.
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Figure 1.—Sources of U.S. gold production. | 

The ASARCO, Inc. Perth Amboy, N. J., in 1975. Construction of a new tailings dam 
refinery was closed in March 1976 and and pumping system for pollution control 
remaining gold refining operations were was 80% complete at yearend. A 3-year 
transferred to the company’s new Amarillo, labor agreement was signed in mid-1976. 
Tex., plant. AMAX Inc. produced 716,450 The Carlin Gold Mining Co., owned by 

. ounces of refined bullion at its Carteret, N. Newmont Mining Corp., reported pro- 
J., refinery in 1976, 15% less than in 1975. duction of: 208,000 ounces of gold from 

: Homestake Mining Co. refined all its own 861,000 tons of ore milled in 1976; the grade 
production, which was up 4% in 1976, and averaged 0.272 ounce per ton. Production 
refined some purchased or tolled material was down 2% from that in 1975, and grade | 
at its Lead, S. Dak., refinery. A number of was down from 0.292 ounce per ton. The 
secondary refiners were active in scrap tonnage of ore and waste mined more than 
processing. | | doubled to 12.6 million tons because of 
Homestake Mining Co. reported an oper- modifications to open pit designs in reach- 

ating loss of $1.5 million in 1976 compared ing for deep ore under the main Carlin Pit. 
with $13.9 million operating earnings in Production was mostly from the Carlin 
1975. In 1976, gold bullion sales were valued mine but included 136,731 tons averaging 
at $39.8 million from its Lead, S. Dak., 0.098 ounce per ton from the Blue Star mine 
mine. The average price realized from gold and 129,700 tons from the Bootstrap mine. 
sales was $124.71 per ounce compared with Sales were valued at $25.9 million in 1976, 
$163.58 in 1975. Production was reported at 22% lower than in 1975. Ore reserves atthe 
318,487 ounces from 1.66 million tons of ore, end of 1976, excluding 700,000 tons of high 
with an average recovery grade of 0.192 carbon material still under evaluation, to- 
ounce per ton, slightly less than the 0.207 taled 5.27 million tons averaging 0.208 
ounce figure in 1975. Gold recovery was ounce per ton compared with 5.0 million 
95.1%. Mine production came mainly from tons averaging 0.221 ounce per ton at the 

cut and fill stopes on the 7, 9, 11, 13,19, and end of 1975. Also, 0.8 million tons of 0.025 

21 ledges above the 6,800 level. Several ounce per ton material was stockpiled from 
shrinkage stopes and a blast hole stope the Blue Star and Bootstrap mines for 
located on the 2,300 level also contributed. possible future extraction. A new double- 
The company completed 74,000 feet of un- oxidation cyanide process was developed for 
derground exploration drilling above the treating refractory carbonaceous ores, and 
6,800 level and found additional ore in the additional chlorine leaching equipment was 
12 and 19 to 21 ledge areas. Ore reserves installed. 
totaled 14.3 million tons averaging 0.229 Cortez Gold Mines closed its Cortez mill 
ounce per ton at yearend 1976 versus 15.3 in August 1976 after exhausting ore re- 
million tons averaging 0.264 ounce per ton serves at the Cortez and Gold Acres mines.
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Only 9,000 ounces of gold was produced by offshore gold placer possibilities near the 

illing, but an additional 18,700 ounces was mouth of Daniels Creek, Alaska. ASARCO 

produced by heap leaching. This compared held leases to offshore gold deposits near 

with 48,500 ounces by milling and 25,400 Nome, Alaska, awaiting higher gold prices. 

ounces by leaching in 1975. Recovery of | Bucketline dredging at the Yuba Gold- 

milled gold was down slightly to 77 %o and fields Inc. property, Hammonton, Calif., was 

grade averaged 0.084 ounce per ton. Mining suspended in early 1976 because of inade- | 

equipment was sold in September and most quate returns. The unit had produced 5,600 

of the mill was “mothballed” pending fur- ounces since startup in May 1975. Earth 

ther exploration. So Resources Co. expected to begin silver-gold 

At Republic, Wash., Day Mines, Inc. nego- cyanide leaching at Delamar, Idaho, in 

tiated to acquire the Knob Hill Mines, Inc. early 1977. The property was scheduled to 

property and facilities and planned further produce 15,000 ounces of gold annually, 

exploration. Day Mines produced 3,379 tons treating 1,700 tons of ore per day. Placer 

of ore averaging 0.643 ounce of gold per ton Amex Inc. terminated an agreement with 

and 1.62 ounce of silver per ton from its Nevex Mines to explore and develop Ne- 

_ Gold Dollar Lease, and its share of the No.3 vex’s Thunder Mountain, Idaho, gold pro- , 

: joint operation with Knob Hill was 6,890 _perties. Ores generally containing 0.1 ounce 

tons averaging acre ounce ot gold per ton of gold ber ton an found during oo 

and 2.27 ounce of silver per ton. project. Kennecott Copper Corp. ship 

| Alaska Gold Co., owned by UV Industries, dump material and did development work 

Inc., operated its No. 5 bucketline dredge at on its Mammoth gold mine in the Tintic | 

Nome and reequipped a second dredge lo- district of Utah. Smoky Valley Mining Co. : 

cated near the Nome airport. The com- rescheduled startup of a major heap leach | 

pany’s smaller bucketline dredge at Hogat- gold facility at Round Mountain, Nev., de- . 

_ ga in the Fairbanks area was idle. North- _ laying initial production until 1977. Stand- . : 

gate Exploration Ltd. and Westfield Mine- ard Slag Co.’s new Atlanta mine in Nevada ~ | 

rals Ltd. drilled from ice flows to test produced at capacity during 1976. a | 

= GONSUMPTION AND USES — | 

- U.S. consumption of gold in industry and of more efficient fabrication techniques con- 

arts, based on conversion of bullion into tinued at a high level. Jewelers. reported — 

primary products, totaled 4.65 million sales increases in 14-karat and gold-filled 

ounces in, 1976, 16% higher than in 1975. products surpassing those in more expen- 

Consumption by end use was as follows, in sive items. Two-tone gold was said to be | 

thousand ounces (with 1975 figures in pa- increasingly popular. Scrap refiners indica- 
rentheses): Jewelry and arts, 2,562 (2,080); ted reduced values of gold in electronic 
dental, 694 (595); industrial, 1,233 (1,059); scrap and increased silver owing to more 
and investment products, 159 (258). Jewelry widespread silver-plating as a substitute for 
and arts accounted for 55% of consumption; ‘6 - 

. : a ". > gold. Gold was reported to be “holding its 
dental, 15%; industrial, 27%; and invest- 2 ay . . 

| , . own” in the electronic connector industry— 
ment products, 3%. An estimated 66% of all . va ge . . 

: , ee despite efforts at substitution—owing to its 
gold went into products containing over . | . . 

eat : outstanding properties in connecting such 
40% gold by weight (karat golds, dental . te reuit boards. Goldless tin all 

lay investment product) these ain, ‘et Cit aa oA ade 
1975; 15% was used in electroplated pre market inroads but the trend may have | 
ducts, and the rest went into rolled, gold- hee weed 5 ’ Selecti 7 thi y iat. 

filled, and other forma of Prous. vs. ing and the use of small er plated dots for 
consumers purchased gold in the form | é | 

- of imported gold coins, generally 900 fine or contact points led to more efficient use of 
better, amounting to 1.33 million ounces gold by many firms. The thick fiber process 

content, 20% less than in 1975.  ——— 

Generally, less effort was reported in mein W. J. Connector Maker goacks Gold. Am. Met. 

reducing use of gold in 1976 owing to price SLercon, K. Substitutes Frustrete Electronics Firms. 
declines, although research and application Am. Met. Market, v. 82, No. 221, Nov. 12, 1976, p. 17.
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| | | | OO ‘Figure 2.—Gold consumption in the United States. oe ee 

of applying gold to various kinds of elec- excellent description of the properties of 
tronic parts was described, and the possible inlay-clad products was published.’ A grow- 

, eventual substitution of thick-fiber copper ing and significant portion of dental alloys: 
pastes was suggested.* Palladium-gold con- was being converted to nongold products or 
ductors were compared with pure gold con- alloys of lower gold content. A large manu- 

_ ductors for performance characteristics. facturer expanded its line of full karat gold | 
Inlay-clad gold was used increasingly as an solders to assist users in complying with _ 
alternative to electrodeposited gold in requirements of the New Gold Act requi- 
electronics, with particular interest shown ring jewelry manufacturers to meet more — 
by telephone equipment manufacturers. An exacting standards in 1981.° 

: STOCKS : | 7 a 

Monetary.—U.S. Treasury gold stocks 1976 as 40,788 million Special Drawing 
were valued at $11,598 million at yearend Rights (SDR’s) (85 SDR’s equivalent to 1 
1976, $1 million lower than at yearend 1975, ounce of gold). IMF holdings amounted to 
and amounted to 274.70 million ounces, 5,283 million SDR’s. Industrial countries 
Monetary gold stocks remained officially held 84% of the gold of all countries. Gold 
valued at $42.22 per troy ounce, but no gold held by ME tpelined 3% during 1976 as 
was bought or sold at that price. Earmarked Tesultofthegoldsales, = . Industrial and Trading Stocks.—Indus- gold held in Federal Reserve Banks for : 
foreien official ts ted to 388.77 trial stocks of 995 fine or better gold held by 
orelgn O111C own 784 cai ° . refiners, fabricators, and dealers at yearend 
million ounces, down 7.84 million ounces  tgtaled 928,000 ounces, 18% higher than at 
from yearend 1975. Gold went to both yearend 1975. Trading stocks, held mainly 
domestic and export markets. Movements by COMEX and IMM, totaled an estimated 
out of the Federal Reserve Bank included 03 million ounces compared with 0.5 mil- 
3.9 million ounces sold and delivered from lion ounces at yearend 1975. Yearend 1976 
IMF stocks. The Federal Reserve Bank stocks registered and eligible for trad- 
discontinued its series of statistics on world 9 — ————___ 
monetary stocks of gold. . vy. ge, aly 6, Oe Conductors. Gold Bull., 

The IMF reported world gold reserves in Russell R. it Inlay-Clad Gold Alloys. Gold Bull., v. 9, 

the IMF and central banks, exclusive of ‘Ng, :<anuary 1976 pp. 26. H & H Broadening Line of centrally planned economies, at yearend  Full-Karat Gold Solder. V. 84, No. 67, Apr. 6, 1977, p. 8.
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ing by COMEX were 292,099 ounces; those cludes most of COMEX stocks also); the | 
in the IMM totaled 317 1986 ounces (in- Chicago Board of Trade held 15,914 ounces. 

| _ 60 . ee | | 7 

a | - $42.22 /oz: | . 

| “a oo soon | | 

| | | / | WORLD TOTAL $35 /oz. | 
og 7 (market economies) | 

8 
> 40 - — | 
7 | oe 

a wl 30 Other market economies _—_. a a ae - 

a - . a United States a 

oR ee | | 

| | oe . - . international monetary fund --—--- SS a 
| ee eee 

1955 1960 1965 1970 | 1975. 1980 

| oo, _ Figure 3.—World monetary gold stocks. ae / | 

- Prices for unfabricated gold, quoted daily _ The average price for the year was $125.32 
by Engelhard Industries, began the year at compared with $161.49 in 1975. London 
$140.85, the high for the year, and declined final prices generally were 50 cents lower 
to a low of $103.50 on August 30. Thereafter, than Engelhard Industries prices and aver- 

daily prices rose ending the year at becca aged $124.84 in 1976. Most central banks | 
until A m i ther after the rose and were continued to value gold at an official price 

the highest for the year at $134.38 in °f 942-22 per ounce but made no sales or 
. exchanges at that price. The IMF had a December. Monthly prices showed the diff fficial pri . 

greatest stability from February through erent 0 Cla’ Price, based on changes in 
June when monthly ranges from high to Value of a “basket” of currencies of major 
low were less than $6. In July, after the IMF trang countries, and IMF Bore was valued 
began selling gold, the range jumped to at 35 SDR’s per ounce, which was equiva- 
$15.55. In November the range reached lent to $40.66 per ounce at the arithmetical 
$16.25, then dropped to $7.15 in December. average of $1.16183 per SDR for 1976. 

FOREIGN TRADE 

Domestic exports of gold totaled 3.53 mil- This gold went to Switzerland (0.62 million 
lion ounces valued at $375.0 million in 1976, ounces) and Poland (0.03 million ounces). 
and of these exports, 0.65 million ounces Exports of nonmonetary refined bullion to- 
valued at $27.5 million was monetary gold. taled 2.54 million ounces valued at $305.89
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| able 2,.—U.S. monthly gold selling prices, per troy ounce a . 

~ — Mouth 976 
en | : Average Low High 

January ___________-__~~___~_ +--+ _ $181.99 $125.10 $140.85 
February_______________-_-_____------ee 181.56 129.25 133.90 
March ______ 133.08 129.20 -  ~——-:184.75 
April oo eee 128.48 - 127.70 129.70 

y----_-----------~------~-~------------- 127.44 125.00 128.95 - 
June ______________-- 126.21 124.20 127.90 
July_____________________ =e 118.00. 108.25 123.80 

7 August _____________ i 110.09 103.05 114.05 
September _______-_-_________ eee 114.67 106.20 120.40 
October________-_-- ~ 116.64 114.50 123.65 
November _________________________------- 181.88. 123.10 _ 189.35 
December —— - — ~~~ ~---~-------~---------=--____ 84 881818815 

Year _---- 125.32 108.05 140.85 

: Source: Englehard Industries. _ es 

million. Major nonmonetary exports by des- ounces, 65% in ore and 35% in scrap and 
tination and quantity were, in million base bullion. Ores came from the Philip- 
ounces: The United Kingdom, 1.46; Switzer- pines (87%), Canada (31%), Australia (10%), 

Oo land, 1.20; Canada, 0.19; and West Ger- and eight other countries (22%). Scrap and 
; many, 0.11. The remainder of the gold base bullion came from Canada (17%), Nica- 

exported was scrap and base bullion amoun- ragua (15%), Singapore (13%), Venezuela 
ting to 0.34 million ounces valued at $41.6 (12%), and 23 other countries (48%). In 
million mainly going to Belgium (40%) and addition, an estimated 1.33 million ounces 
the United Kingdom (33%).  __ | ‘was imported in the form of gold coins 

Gold imports totaled 2.66 million ounces compared with 1.67 million ounces in 1975. 
valued at $331.0 million and consisted of In addition to imports, the gold markets ; 
2.49 million ounces of refined bullion valued were supplied with 2.13. million ounces of 
at $311 million, and 0.17 million ounces in bullion from foreign government stocks on 
ore, scrap, and base bullion valued at $20 deposit at the Federal Reserve Bank in New 

million. Imports were 60% from Canada, York City. | 
14% from Switzerland, 4% each from Ar- The net inflow of gold to U.S. markets, 
gentina, Japan, the U.S.S.R., and Yugosla- exclusive of monetary movements but inclu- _ 
via, and 10% from other countries. The ding supplies from foreign and IMF stocks | 
average valuation of refined bullion imports in New York, amounted to 4.99 million 

was $124.92 per ounce. Gold contained in ounces in 1976 compared with 0.55 million 

unrefined imports amounted to 166,312 ounces in 1975. oe 

40 . _ , 
Note: Chart includes monetary movements of gold; also includes 

IMPORTS as imports sales of gold in1976 from foreign government 

o stocks on deposit at Federal Bank, New York. . 

g 20 

3 | 
| 

~ mee , 
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Figure 4.—Net exports or imports of gold. 

WORLD REVIEW 

Despite a 1% drop in gold production in in byproduct production generally and in 

the Republic of South Africa, world pro- output from the U.S.S.R. and the Domini- 

duction was higher in 1976, with increases can Republic. Available information on the
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U.S.S.R. mining indicated that lode mines tronics, 2.3 (2.1); dentistry, 2.3 (2.1); other 
.. were contributing most of the increase and industrial and decorative uses, 2:0 (1.8); 

placer mining may have had some setbacks. medals, medallions, and counterfeit coins, 
_ A new mine, the Pueblo Viejo, in the 1.8 (0.6); and official coins, 5.7 (7.8). Pur- 

Dominican Republic, operated at capacity chases for fabrication were also classified as 
_ during the year and expansion was planned. follows, in million ounces: Developed count- 
The Pueblo Viejo became the Western Hem- ries, 26.5 (22.6) and developing coun- 
isphere’s largest gold producer, exceeding tries, 17.2 (8.1). The leading countries in 

| the output of gre Homestake mine in South gold fabrication were as follows, in million 
| ota Dy WV’. 7 troy ounces: Italy, 6.1 (2.6); the United 

According to the annual review of Con- States, 4.4 (3.8); Turkey, 3.7 (1.8); the Repub- 
solidated Gold Fields Ltd. Gold 1977, the hic of South Africa, 3.0 (5.6); Japan, 2.9 (2.4); 
29% to 46.6 million ounces in 1976. Net . Yee ee es 

. : . . Spain, 1.6 (1.4); Saudi Arabia and Yemen, . 
bullion purchases for private speculation 13 (0.4): Kuwait and Arabian Gulf States 
and investment amounted to 2.9 million 1, -,. . . ? 

a . . 1.3 (0.5); France, 1.2 (1.1); Indonesia, 1.1 (0.5); 
ounces in 1976, about half that in 1975. and India. 1.1 (0.8). Gold 1 in official 

Centrally-planned economies supplied 13.2 ee ane as | 2 
million ounces through trading, nearly tri: C75 ™ 1976 was estimated to have declin- 
ple the 1975 amount. Official sales and ed 27% to 5.7 million ounces. Use in coins , 

“Ws declined 48% to 2.9 million ounces in the | purchases netted 2.3 million ounces to sup- Republic of South Africa, tripled to 0.9 

plies compared with 0.5 million ounces in -F’ OM ae . 
1975. An exceptional increase in imports of million ounces in Austria, rose 46% to 0.5 
gold bullion and jewelry into the Middle en ounces 0 Turkey A laos 6% to 0.5 
East % rted, ting to esti- milli " ° crease 

mated 12.9 million ounces in bullion and 2.6 in demane for small gold bars was a newt | 
million ounces in jewelry in 1976. The large ™ “ne tar - italy was tne 
offtake was explained by the great expan- Consumer of gold in karat jewelry (5.69 
sion in purchasing power throughout the Million ounces), followed by Turkey (3.24 | 
Middle East area. In December, the United million ounces); Japan was the largest in | 
Kingdom reported receipt of 2.6 million electronics (0.74 million ounces), followed by 

ounces of gold bullion from the People’s the United States (0.70 million ounces); and 
Republic of China, believed to have been 068 ilin States was argest in ant | 
shipped primarily to obtain foreign ex- . ion ounces) and in other industri 
change. Net purchases of gold for fabrica- and decorative uses (0.88 million ounces). | 
tion were broken down into the following Kuwait was the major consumer in medals 
categories (with revised 1975 figures for and medallions (0.51 million ounces). 
comparison in parentheses), in million Following is a brief review of gold activi- 
ounces: Karat jewelry, 30.1 (16.4); elec- ties by country: my 

50 | | | , 

a WORLD TOTAL 

40 _ | 
. | 

c Republic of South Africa 

> 30 : ossnmerngnneee Ny 
2 we on, 

5 a ete, 

e 20 oo . 
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OQ. qanes te ‘ 

© | 

10 
USSR. | 

See ited Saleh emnnnnene ORIG 
Panes ere el lene nee oman lseeeageseammlameadloaderatemd 

1955 1960 1965 1970 1975 1980 

Figure 5.—World production of gold.
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Australia.—Production continued to de- (70%) and Dampier Mining Co. Ltd. (80%) © 
Cline in 1976, with several major mines was interrupted at midyear by a strike..The 
closing or about to close because of costs and $35 million project was scheduled for com- __ 
a price drop in gold. Removal of a gold pletion in early 1977. The deposit, in the 

: mining tax exemption was delayed, and the Paterson Range east of Port Hedland, West- 
Industries Assistance Commission was ask- ern Australia, had reserves of 4.2 million | 
ed toreport by March 31, 1977, on the need tons averaging 0.28 ounce per ton in gold, 
to make changes in aid available to gold available by open pit mining. ee 
producers. The Australian Government -Austria.—On October 22, Austria issued 
reintroduced accelerated writeoffs for min- its first new gold coin in nearly 40 yearsand 
ing firms which was expected to benefit gold sold out the entire 1 million coin issue the 
development. Projects were also made more same day. The fine gold content of the 900 
attractive to overseas investment by a fine coin was 0.434 troy ounce, and its face 
17.5% devaluation of Australia’s dollar in value was 1,000 shillings (about $58.00). . | 
1976. | | : Bolivia.—Much of Bolivia's potential gold. 

7 Operations of Kalgoorlie Lake View Pty., producing areas remained under Govern- 
Ltd. were scheduled for closing in Novem- ment control and unexploited as a. “fiscal 
ber 1976, and the Mt. Charlotte mine was to reserve.” Production was increased with 
be placed on care and maintenance. This almost all of the increase coming from 
was despite the purchase of a 48% interest placer mining on the Tipuani and Kaka 
in the firm in December 1975 by Homestake Rivers. The Tipuani was mined in the mid- 
Mining Co. (United States) to infuse addi- dle and upper reaches by gold mining coop- 
tional funds. During the financial year en- eratives and by a dredge operation of South 
ding June 30, 1976, the operations produced American Placers Inc. at the junction ofthe 
20% less ore, but at a 9% higher grade, Tipuani and Kaka Rivers. Existing conces- - 
than in the corresponding period a year sions were nearing depletion. The Banco 
earlier. A cleanup of the Chaffers treatment Minero purchased gold from cooperatives © 
plant provided 7,162 ounces. The net result and individual miners and sold it to jewel- __ 
after milling was a 13% drop in gold pro- ers and the Central Bank. Bolivia’s Central 
duction. Proved ore reserves reported in Bank reserves at the start of 1976 were — 
mid-1975 were 5.2 million tons grading 0.17 409,499 fine ounces, 98% held in Bolivia. 
ounce per ton. Of this 63% was free-milling The Bolivian Geological Service began a 
and the rest was refractory. At yearend, a 2-year exploration program on the Tuichi. 
plan was under consideration to rejuvenate River in the Apolo area, Franz Tamayo 
the Mt. Charlotte mine with a $3 million sector of the Department of LaPaz, utilizing | 
investment in plant modifications, and clo- West German technical and financial assist- 
sure was delayed. ance. New Jersey Zinc Co. was engaged in a 

Western Mining Corp. continued oper- joint venture on the mid-Tipuani River with 
ations at the Norseman gold mine where El Camino Mines Ltd. (Canada); S. J. Groves 
high-grade ores remained profitable even at Co. was developing a property on the lower 
lower gold prices. Further exploration at  [Illichi River. 
the Jabiluka gold-uranium property of Pan- Brazil_—Ore reserves in Brazil contain 
continental Mining Ltd. and Getty Oil an estimated 1.8 million ounces of gold, 
Development Co. disclosed an ore body of according to Government sources, about 
0.45 million tons indicated reserves averag- two-thirds in deposits in Minas Gerais. Pro- 
ing 0.47 ounce per ton and an additional duction by Mineracéo Morro Velho S.A., 
0.13 million tons inferred averaging 0.36 owned by Anglo-American Corp. of South 
ounce per ton. Metallurgical tests showed Africa Ltd. (49%) and Calmi Co. (51%), was 

96% recovery was possible. Australian scheduled to increase from 40,000 to 50,000 
Anglo-American Pty., Ltd. began pro- tons per month. A long term expansion was 
duction at its Blue Spec mine in the Pilbara dependent on reevaluation of reserves. The 
region of Western Australia in mid-1976. ore grade was 0.225 ounce per ton. 
Most of the gold was said to occur in auro- British Solomon Islands.—The gold con- 
stibnite, an antimonial gold-arsenic com- tent of copper concentrates shipped from 
pound that is metallurgically difficult to Bougainville in early 1976 was 1.05 ounces 
treat. About 88,000 tons of ore grading 1.34 per ton. | 
ounces per ton of gold and 4.6% antimony Cameroon.—The source of placer gold in 
were proven and further underground ex- eastern Cameroon was to be investigated 
ploration owas in progress. Devel- under a contract approved by the National 
opment of the Telfer mine by Newmont Pty. Assembly.
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Canada.—Gold production rose for the Mines Ltd. brought the Renabie gold mine 
first time since 1961 and was 1.69 million into production in January but closed it in | 
ounces valued at $207.8 million in 1976 June because of financial problems. North- 
compared with 1.65 million ounces and east of Timmins, Intex Mining Co. Ltd. 
$270.8 million in 1975. Higher grade ore was _ explored two gold-bearing zones averaging 

_ produced at a few lode mines as a necessity about 0.2 ounce per ton. Amoco Canada | 
_. because of the drop in gold prices during the Petroleum Co. planned to drive a 2,500-foot 

year, and some marginal gold mines were decline, crosscut 1,000 feet, and perform 
either closed or forced to reassess their 20,000 feet of diamond drilling at its Detour . 

financial positions. At yearend, 22 gold Lake gold discovery in northeastern On- 
_ mines were active accounting for 73% of tario.® Previous drilling of 136,000 feet in __ | 

production. During the year two new mines 129 holes outlined 10 million tons of ore 
opened and two mines closed. Canada’s expected to average 0.204 ounce ‘per ton _ 
Emergency Gold Mining Assistance Act ex- milling grade. Campbell Red Lake Mines, 
pired on June 30, 1976. It had become one of Canada’s most profitable gold mines, == _ 
ineffective at higher prices. Minting of produced 188,971 ounces from 225,000 tons 

__ legal-tender gold coins was permitted under of ore in the first 9 months of 1976, versus 
an amendment to the Olympic (1976) Act, 133,990 ounces from. 222,196 tons of ore in 
and 14 and 22 karat coins were minted for the comparable period in 1975. Net income 
sale at $105 and $150. The issue was limited for 1976 was $7.2 million compared with 

_ to 1 million pieces. : $11.1 million in 1975, and operating costs - 
| _ According to preliminary data, gold out- were reported at $47.02 per ounce, up 17.5% —_— 

put by Province, in thousand ounces (with for the year. | oo sas 

percent change from 1975 in parentheses), In Quebec, Sigma Mines (Quebec) Ltd. 
was: Ontario, 734 (down 3%); Quebec, 474 produced 16,453 ounces of gold from 109,878 | 
(up 4%); Northwest Territories, 188 (up 7%); tons of ore milled during the third quarter 
British Columbia, 177 (up 138%); Manitoba, of 1976. Camflo Mines Ltd. deferred explor- 
46 (down 4%); Yukon Territory, 31 (down ation and development in favor of complet- 
3%); Saskatchewan, 19 (up 30%); New- ing mill expansion and shaft sinking. In the | 
foundland, 13 (unchanged); New Brunswick, _ first half of 1976, Camflo bullion production | 
4 (up 18%); Alberta and Nova Scotia, minor ose to 46,230 ounces from 228,633 tons of © 
production. Quartz lode and placer deposits ore, and operating costs rose 15% to $59.85 
supplied nearly 75% of all primary gold. per ounce compared with the first half of | 
Placer mining was a minor contributor and 1975, Kast Malartic Mines Ltd. production 

7 ook place in the Yukon and British Colum- rose to a record 55,000 tons per month, and | 

In Ontario, the source of 44% of Canadian ots dd The conpone ies  reparing | 
gold in 1976, the Provincial Government 4, reopen the Barnat mine. Teck Corp.’s 

sought Federal aid for gold mines in finan- | smaque mine was phasing out operations. 
cial trouble owing to low gold prices. Eight Reimoral Mines Ltd. planned production 
out of 10 of Ontario's producing mines were from the B zone at its Val d’Or, Quebec gold 
in jeopardy, threatening 2,500 jobs. Pamour yronerty where ore reserves were on the 
Porcupine Mines Ltd. planned to phase out order of 1 million tons averaging 0.18 
lower grade operations at its five producing ounce per ton. Quebec Sturgeon River 

mines in the Timmins area, northern On- Mines Ltd. suspended work on potential 
tario. Although Pamour's production rose ow operations at Bachelor Lake, north- 
in the first half of 1976, losses also rose and = western Quebec, and in Stock Township, — 
totaled $2.5 million for that period. At the j,orthern Ontario, because of a shortage of 
beginning of 1976 ore reserves were 4.2 Gosh to finance activities. 
million tons grading 0.04 to 0.22 ounce of In the Northwest Territories, Giant Yel- 

gold per ton. Plans were made to close the jowknife Mines Ltd. reduced spending, low- 
Ross mill and to center milling at the ¢164 production costs, and increased output 
Schumacher mill. Bulora Corp. planned to 4, 54078 ounces during the first half of 
close its Madsen mine at Red Lake because 1976 "179% above that of the comparable 
of feo a aie hoon Dickenson Mines inves 1975 period. Exploration was cut in half. A 
gated as cant new ore occurrence : 

| low the 30th level on the Dickenson and net loss of $633,000 was reported in the first 

Robin properties in the Red Lake district — op. Northern Miner. Amoco Goes Underground on 
and made smelter improvements. Rengold _Defour Gold Find. V. 62, No. 33, Oct. 28, 1976, pp. 1-2.
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| half of 1976. Cominco Ltd. settled a long —‘India.—Indian gold production was en- 
; strike at its Con gold mine at Yellowknife tirely from public sector mines of Bharat 

: and continued an expansion program. Ray- Gold Mines Ltd., under control of the Indian 
rock Mines announced postponement Department of Mines and from the Hutti 

' of development at its Camlaren gold proper- Gold Mines Co., Ltd., under control of the 
| y er se rnnile because of ae costs Karnataka State Government. India’s gold 

ritish Columbia, Northair es - ore reserves have been estimated at 5.5 : 
- began production near Brandywine Falls million tons containing 1.47 million ounces, 

and milled about 300 tons of ore per day. 789% in the Kolar gold fields and 22% in the 
Mill heads averaged nearly 0.4 ounce of gold tutti deposits. New reserves were found in 

- eances of gold wes produced and mill recov tne pamagini gold fields, ‘Anantpur district, =” ery rates had reached 88% of gold in the jon wag underwan at the Myson | . ya e Mysore and 
ore. Claymore Resources reported pilot pro- Nundydroog gold mines. Bharat Gold Mines 
duction of 300 to 500 cubic yards per day at production costs were reported in 1974-75 at 
a hale River istrict gold pincer Proper: $196.55 per troy ounce, remaining about the 

fom ine area a en eae wae same in 1976. The Indian Government | “eon . ' ... purchased production at a much lower price 
to average $20 per yard over a 6-foot thick- tut provided a mining subsidy, which in 

-Chile.—St. Joe Minerals Corp. was de- ae amounted to $7.4 any Hold ‘sed 
| veloping a gold property at El Indio in the % omestic Consumers at prices . Coquimbo area. Arsenic in the ore was °" the Bombay market, which near the end 

expected to be a problem of October 1976, were about $207 per ounce 
a . os (exchange rate Indian Rs8.50=US$1.00). Colombia.—Frontino Gold Mining Co., ¢ | . . . 

owner of the Vera, Cecilia, and Silencio gold Smuggling of gold into India continued : : : because of the spread between domestic and mines, declared bankruptcy in late 1976 ‘' . . a0 . . after reporting an expected $2 million loss international prices.’° The Indian Geologi- 

| for the year. Mineros de Antioquia S.A. Cal Survey planned to acquire a ship from (formerly Pato Gold Dredging Co.) was plan- West Germany to use in exploring for gold 
ning to purchase another dredge. Several 02 the ocean floor off the mouths of the 
small mines were opened in Narifio and Mahanadi and Subarnarekha Rivers in 
Tolma. . Orissa State and other rivers to the South. 

Costa Rica.—Aquacate Consolidated § Indonesia.—A number of firms, mostly 
| Mines planned to reopen the Sacra Familia domestic, explored for gold in Sumatra, | 

and Compania gold mines in early 1977 Kalimantan, and West Java. A subsidiary of 
initially at 100 tons per day. Compania Australian Endeaver Oil Co. explored in 

_ Minera Esperanza S.A., owned by Bulora Gorontalo of North Sulawesi. P. N. Arneka 
Corp. Ltd. and Brafor Capital Corp., tempo- Tambang explored an area in Central Su- 
rarily suspended production at its gold matra near Logas and continued production 
property. . of gold and silver at its Cikotok mine in cantante Eas cme gr Martz nro ne orp. and J. R. Simplot Co. reached agree- and impo aced a @ duty. The go . 
ment with the Dominican Republic Govern- content of copper concentrate exported 

Paes Rae Dany Samat en cto Ber 1 1 in ) a, onesia . aver about 0.28 ounce 
S.A., which operates the Pueblo Viejo gold per ton. “8 
mine in Sanchez Ramirez Province. Each Ivory Coast.—The Pennaroya Mokta con- 
company received $3.7 milion for their  sortium completed a study of the Ity gold 
shares, fo, he levied catnet at ores mine where ores averaged about 0.35 ounce 
xpected v1 het income of gold per ton. 
from gold and silver mining. Plans to devel- Japan. ~ Consumption of gold was estima- 
op the adjoining Los Cacaos gold property ted in the fiscal year ending April 1976 at were delayed pending further studies. The 8.4 million ounces; 85% in jewelry, 11% in 
Pueblo Viejo mine produced at full capacity gontal and medical uses, 13% in gold plat- in 1976. Output in dore bullion was 413,788 i> go, in communication and vascdng 
ounces of gold and 907,318 ounces of silver ms, v0 
from ores averaging 0.155 ounce of gold and 1°U, §. Embassy i, India. State Departm 
0.448 ounce of silver per ton. Airgram A-344, Dec. 30 ae ne on nate ent
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parts, 5% in industrial art products, andthe reported average production costs of $143 
rest in miscellaneous uses.*! | per ounce in the third quarter of 1976, $27 
Liberia.—Azuza Mining Co. ivestigated per ounce higher than the comparable pe- | 

lode gold concessions on the Cavalla River, riod of 1975, and indicated that it might 
near the Ivory Coast border. A $2 million. cease operations because of mounting 
investment in a mining operation was un-. losses. Philippine gold producers sought a 
der consideration. _ | Government guarantee of $160. per ounce on | 

Mali.—Technicians from the U.S.S.R. as- their output, but late in 1976 the Govern- 

sisted in the construction of a gold mining ment had not acted on a petition to reinsti- 
facility at Kalma. Production was scheduled tute gold subsidies. However, the Governor - 
by yearend. | of the Philippines Central Bank authorized | 

Mexico.—Cia. Minera Las Torres S.A. creation of a Gold Market Committee to | 
began operation of a 2,000-ton-per-day mil] help establish a Domestic Gold Exchange. 
at Guanajuato, Mexico, in March 1976 trea- Atlas Consolidated Mining & Development 

ing er gol ee fm th Las Tot, Geol Maal cod bud 380104100. eregrina, Ce , and Bolanitos mines.” , ite, and b , Ui 
The average ore grade was 12.2 ounces of ton-per-day mill facility. Apex Exploration — | 
silver and 0.08 ounce of gold per ton with and Mining Co. was expanding production | 

_ metal recoveries averaging 90% for silver — ores from ons per day woe schedul | 

ree lig for oie ce ey rae eC: disco verion in Musee a ‘a, Davao Metals Ex. - a Mi - y Cia. , : ara, eM - ECUAUS A , 
Fresnillo S.A., and 33% Industrias Penoles Ploration Asia completed feasibility studies 
SA. | | OS _ on a potential 800-ton-per-day gold oper- 

-—- Nicaragua.—A 25-ton-per-day mill was 2tion near Longos, Paracale, where reserves 
under construction at; the Santa Rosa gold- of 1.3 million tons averaging 0.51 ounce ‘of | | 

silver property of Mina de Cerro Doradoin $0," (on, ets ai Oe 
tone per day was considered. The general building an 8,000-cubic-yard-per-day bucket 

ore grade was expected to range between 0.5 dredge for its gold property in Paracale, | 
and 1 ounce per ton in gold and 5 and 10 S0uthern Luzon, where placer reserves are | 
ounces in silver. The company also was estimated between 21 and 50 million cubic | 

preparing for a small gold placer operation Saudi Arabia.—A study by the U S. Geo- nearby. oo ‘ | " we : 

Papua New Guinean Cop. al Survey conta a be Mab a, : per Ltd. produced virtually all the island's Medina was ee important source of the 
gold output as a byproduct of copper min- | sblical King Solomon’s gold.* In Septem- 
ing. A small gravel pump and gold sluicing ber. Gol a ds: Mahd adh DI hab Ltd. a 
operation of New Guinea Goldfields was Con lidated Gold Fields Ltd. subsidi 7 
active on Edie Creek southwest of Wau. btained i tic licen: ouneidia® , | 
New Guinea Goldfields also operated a Q>2NC@ an exp ora On eee Oe ae 

all wpe . Saudi Arabian Government to-investigate 
small open pit mine at Golden Ridge, north- Ses me ; 

the area in a joint venture with the General 
west of Qau, where ore reserves of about 0.5 Petroleum and Mining Organization. _ 

on ons were estimated ad ade verte South Africa, Republic of.—Gold output 
ae per ton. During the fiscal year 4. virtually the same as in 1975 when 22.9 

ending June 30, 1976, the latter deposit million ounces was produced. All mine pro- 

produced 8,955 ounces of gold and 9,464 action was refined at Rand Refinery, Inc. | 
ounces of silver. Exploration at the Ok Tedi facilities in Germiston, Transvaal. Accord- 

copper deposit revealed an estimated 177 ing to the December An alysis of Ww orking 

million tons of copper ore (0.8% copper), Results by the Chamber of Mines of South | 
containing 0.02 ounce per ton of gold and a Africa, member companies milled 76.2 mil- 
small amount of molybdenum. A 40,000-ton- lion tons of ore to produce 22.8 million | 
per-day operation was contemplated. - ° Philippines.—The Philippines Central ounces of gold. The average grade, including 

Bank’s new gold refinery in Quezon City, wy Metal Bulletin. Estimated Deman 1 

Manila, was scheduled for completion by of Gold for FY 1976. V.6,No. 31.8 Sept. 18, ie pet y 
mid-May 1977. Refining capacity was plan- Mena Minin he History Ca n Min. Juv. 97, No. 1. 
ned for 600,000 ounces of gold and 450,000 January 1976, pp. 43-47. King Sl , . a ms , 

ounces of silver annually. Benguet Consoli- Red oor ogical 5 sea of the Intorine News Release 
dated, Inc., the largest gold producer, May 24, 1976, 4 pp. ent Norton News Melons,
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| | _ ores of byproduct producers of. uranium, the Elandsrand mine into production at 
| was 0.30 ounce of gold per metric ton (0.27 180,000 tons per month was estimated at — 

| ounce per ort ton). he eee producing $168 million (1975 dollars). Two shafts at 
. .. mine was the eels, with output Of the Deelkraal mine reached 5,500 and 5,300 

_ 2,122,107 ounces; the West Driefontein was feet in depth at yearend. A proposal was 
second win an Driefon n° West. reported for President Steyn Gold Mining 

eronvem | and. ast riefontein mines Co. Ltd. and Sentrust Ltd. to develop and 
| were the richest, with mill grades averaging mine the Video No. 305 property in the 

0.73 and 0.65 ounce of gold per ton. Bypro- Tw ag ig Property Mn. 
| . -Ventersburg district of the Orange Free duct uranum production amounted to 618 | Md WEAce Mie ae 

Se million pounds U;Os from treatment of 17.3 State.* Video Mining Co. Ltd. was formed 
million tons of gold-uranium ore, the grade 48 @ Subsidiary of President Steyn to imple- 
averaging 0.4 pound U;O. per metric ton ment agreements and act on the results ofa _ 
(0.36 per short ton). Uranium was produced feasibility study scheduled for completion in © | 

_. from eight mines, the most important of December 1979. _ ce 
_. which were the Vaal Reefs, Buffelsfontein, | A number of uranium byproduct facilities 

, Harmony, and Hartebeestfontein. Pulfaric were under construction or planned in the —_ 
acid or pyrite was produced at il rtor did Republic. of South Africa. The | President - 

oe another byproduct. State assistance for Id Brand Gold Mining Co. Ltd. opened a large 

mining was received by 10 producers; the rehabilitated byproduct complex to treat 
largest recipient was East Rand Proprietary residues from Anglo American Corp. mines a a Mines, Ltd. followed’by Durban Roodepoort. A. on uk Ng a ed | 

. . ae : in Orange Free State. Mines to supply = 
Deep, Ltd. and Loraine Gold MinesLtd. = s,s 2 . ape 

a q¢ tailings included the President Brand, Pre-- ._. - Reserves of gold ore were reported at “|. . | | ms cays . | . _ sident Steyn, Free State Geduld,, Welkom, _ 199.7 million tons averaging 0.414 ounce per ee fan aanl . . le, 
| metric ton (0.38 per short ton) fully develop- . Western Holdings, Free State Saaiplaas, 

| ed and blocked out on January 1, 1976, nd Freddies. Tailings were to be treated by © 
(based on gold price and operating costs on flotation at 1.5 million tons per month, with =—s_— 

7 that date). There were large additional expected recoveries of 50% of the uranium, | 
reserves of indicated and inferred cate- 20% of the gold, and 85% of the pyrite | 

| gories of ore. The largest tonnages were at contained. At the Harmony mine, in the 
the Harmony, Vaat Reefs, St. Helena, and Orange Free State, plans were made to 
Hartebeestfontein mines. The highest grade expand operations and supply tailings to a 
was 1.01 ounce per ton for 2.77 million tons new uranium extrction facility planned at ) 
in the Ventersdrop Contact Reef of the East Merriespruit and an expanded unit at Vir- | 

Driefontein mine. oo ginia. A 180,000 ton-per-month plant to 
Three major new mines continued under extract uranium from residues was opened 

development, the Unisel mine of Union at the Welcom mine - : : 
Corp. in the Orange Free State, the Deelk- Randfontein Estates Gold Mining Co. 
raal mine of Gold Fields of South Africa, Ltd . vy eae ey ae | 
and the Elandsrand mine of Anglo Ameri- +td., considered the feaibility of building a — 
can Corp.; both of the last two are south of ew gold and uranium extraction plant 
Carletonville in the Far West Rand. By near its ane oe NO? shaft and reopen- 
yearend 1976, the Unisel main shaft had ing part of its o ontein mine in a — 
reached a depth of 5,100 feet and production project estimated to cost $150 million. 
plans for 1978 remained on schedule. The Uranium slimes, to be treated at the mill 

other mines were to begin producing in site, were expected to grade about 0.3 to 0.4 

1980-81 and were being rushed to comple- pound per ton with recoveries of 90% to 
tion. At the Elandsrand, underground de- 94%.1*° The Anglo American group conti- 

verre was conducted wrom the adjoin: nued studies of a large complex to process 
| progress Shaft sinking mnethe ode vvere valzo slimes from old East Rand mines, possibly 

improved. By yearend an ore and vent. by 207: A new company was tobe formed 
ation shaft had reached 4,100 feet and a ° ° 

smaller diameter men-and-supplies shaft Mags: | ; ; 
Mining Magazin don). South Africa Gold Min wa et 510 eve eee RT ’ | e. onstein’s on - 

1979. Minable reserves at Elandsrand were New Gold Mine for a Famous Old Producer. V. 134, No. 4, 
estimated at 66 million tons averaging 0.38 veMining Magazine. South African Gold Mines Uranium 
ounce of gold per ton. The cost of bringing Production Plans. V. 134, No. 8, August 1976, pp. 108, 105.
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| According to spokesman for Anglo Ameri- dian firm and the Surinam Government in 
can Corp. of South Africa Ltd., uranium was a joint venture. | | 

___ becoming much more important in South —_U.S.$.R.—According to estimates of the 
African gold mining, and output could U.S. Central Intelligence Agency, the 
reach 17 to 18 million pounds per year in 11§S.R. was expected to sell 0.8 million | 

- the next decade.’ Profits from uranium in ounces of gold per month in 1977, rising to : 
_ -gold mines were $37 million in the first 9 0.9 million ounces per month in 1978 : 7 

months of 1976 but only $1.2 million in —’ ma id ales | 1976 ira t 
1975. It was estimated that South African ‘85 ‘Tom go. es in were € a : 
annual gold production would be between ed at $1 billion. The information was pub- 

_ 23 and 26 million ounces in the coming User. pe Agency In oenort rine 
decade but was on the last plateau before a HOT. F rrency trade and lay- 
long decline. Methods of increasing gold ments 1977-78. In a prediction by a Cana- 
mining productivity in South African mines dian author, U.S.S.R. gold production was _ 
_Were considered.'* The South African Mine expected to surpass that of the Republic of 

| - Workers Union and Chamber of Mines a- South Africa in the late 1980’s.2° Production | 
greed to initiate an 11-shift fortnight (5 of the chernovetz, a U.S.S.R. coin contain- 
days, 1 week and 6 days the next) beginning ing 0.25 ounce of gold, was higher than the 

_ in April 1977. Labor shortages continued to 250,000 minted in 1975 and was expected to 
be a serious problem in South Africa’s gold “Veo: | eae age , ; exceed 1 million in 1977. 
Sud umiting "i ven gro wh | t si Venezuela.—The Government was in- 

udan.— the Sudanese \rovernment sign- vesting heavily in eastern Guayana mines 
ed an agreement with a United Kingdom and planned expansions from 15,500 ounces firm to study and design a gold mining ~ .? 
operation in the Serkawit region of the Red oer Der year in Me The , 
Sea Hills. | wned mining company, Muinerven, 

| Surinam.—An estimated reserve of 70 Planned to reactivate the El Callao gold = 
million tons of low-grade gold ore averaging mine, which contained estimated reserves 

_ about 0.05 ounce per ton was developed in of 2.5 million tons grading 0.7 ounce per ton | 
, the Brokopondo area of Surinam by a Cana- in gold. oe a | 

—RECHNOLOGY 

_ Twenty or more gold-leaching operations silver values extracted in cyanidation could _ 
were in production or under development in best be recovered by simple precipitation of 
the western United States during 1976 as a__ the silver as a sulfide, using sodium sulfide 
result of research initiated by the Bureau of before the carbon extraction of the gold. 

: Mines. Most properties had relatively small Heap leaching was believed practicable | 
outputs, and activities tended to be inter- on ores containing as little as 0.03 ounce of 

mittent. Mine owners viewed the new s0ld per ton of ore providing sufficient 
- leaching technology as an opportunity to tonnages were available and the gold recov- 

recover gold from shallow, low-grade depo- ¢ry factor was high. Also, the heap leach 
sits, or from mine wastes and tailings, with technique was applied with apparent suc- 
a minimum of capital investment in mine C@8S by at least one Nevada operator to 
and plant facilities. Essentially, the heap extract silver, using the sulfide precipita- 
leaching technique consisted of placing a tion step, from low-grade silver-gold ore and 

low heap of gold-besring material, either SOT of gold. In generat silver hes becn 
cr eeerarany atl, onan imperore diet to leach than gol, owing to ey on ge . : > complex mineral associations and slower 
ot iuting ectine the s old. pon Ove ine extraction rates. Further studies were being 
in a sump, and extracting the gold with conducted at the Reno Metallurgy Research 

activated carbon. Gold was then stripped 17American Metal Market. South Africa Gold Pro- 
from the carbon by a hot caustic cyanide duction Seen Skidding in Late 80’s. V. 82, No. 233, Dec. 2, 
solution, or, in an improved method, by a 18;n eer: 4 Mining J ‘al 
hot alkaline-alcohol solution, electrodepos- Curb Productivity Gains in South Alvice's Gold Mine Vv 
ited on steel wool, and finally melted into 18Nor » October Riveia to Ove So os 
bars. Additional studies showed that any Output. V. 62 No. 10, May 20, ore eae 4. uth Africa's
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Center, Federal Bureau of Mines, Reno, ered by drossing with aluminum or zinc in a 
| Nev. . process developed by the Bureau.” Drossing 

| . .. A mobile demonstration unit, designed to upgraded the product by a factor of 10; 
| _show by field tests the efficiency of the further concentration was achieved by roas- 

alkaline-alcohol gold stripping method, was ting, amalgamation, and leaching. A Battel- 

_ tested at a number of locations and resulted le Columbus Laboratories study of energy 
: in adoption of the method by several opera- inputs to mineral processing showed that 

tors including the Homestake Mining Co., the energy required to produce a new ton of 
7 where tests showed stripping time could be refined gold was 58,855 million British ther- 

reduced from 100 to 5 hours. Homestake has mal units (Btu’s).* Details of energy re- 
| been recovering gold from mill slimes since quirement by process step were provided. 

August 1973 by a carbon-in-pulp method Gold was extracted from a low-yield gold 
developed by the Bureau of Mines. Bench- Fe by electrolysis of a salt solution of the 

| ‘scale tests were conducted to determine Pulp* and from gold-plated scrap or ore by 
feasibility of reusing the activated carbon © tine and ‘otaee an aqueous soutien of i 
after it was stripped with alkaline-alcohol @!2¢ 2n@ potassium 1ocic wed by sul- 
solutions without the usual thermal reacti- fur. dioxide, by droxy vamine, OF hydrazine 
vation step. Through at least four cycles of Cen si ego bl ‘caused by - 
loading and stripping it was feasible to “2 af pollution problem caused Dy arse 
recover gold from a refractory, carbona- — mic in gold Gold Mi pment Campos 
ceous ore by a modified heap leaching © ‘Mines in Ontario, Canada. 
technique. The system included pretreat- Gas from the roaster plant was passed over 
ment with a hypochlorite solution to de- precipitator collector plates where calcine 

| _ stroy organic matter which interferes with dust collected , arsenic continued on to an 
gold recovery. A 10% sodium chloride solu- drop to 2! OeOk ca i precipitation an d the 
tion containing hypochlorite, generated by . , ase.** Also j | 
electrolysis in situ, was percolated through arsenic was caught in a baghouse. mn 

ot ae Canada, a graphite-bearing gold ore was 
| the ore bed until exposed carbonaceous — successfully treated by first extracting the 

- matter was oxidized. The ore was then . ri hee 
leached with a cyanide solution adjusted graphite by flotation and after pyrite ‘and 

‘th lime to vH10.5, but th “ gold flotation, ending with cyanidation.” 
imperm cable PR Os h continue Od eine Recoveries doubled to the 85% to 98.6% 

7. . . ~ range. The effectiveness of ammonium chlo- : 
other oxidants. Studies also sree amstre, Fide in gold milling was described.» Among 

| —«-&ress on ¢ . its uses were: Cleansing agent in amalgam- 
| agents on solution percolation rates in heap ation complexing agent against dissolution 

leach cyanidation. In other tests, electroox- o¢ copper. and sequestering agent to minim- 
idation treatment of several carbonaceous j;,, ele formation na line ae anide circuit 
gold ores in a commercial 125-volt, 1,000- ey 
ampere bipolar flow-through cell increased —Fsher, D. (assigned to U. S. Department of. the 
extractions in subsequent cyanidation from _ Interior). Process for Eluting Absorbed Gold and or Silver 
about 72% to 90%. | Values from Activated Carbon. U.S. Pat. 3,935,006, Jan. 27, 

A t 21Heady, H. H. and K. G. Broadhead, Assaying Ores, 
paten was issued on the process of Concentrates, and Bullion. Revision OF information Circu- recovering absorbed gold and/or silver from —_j3;-7695. BuMines IC 8714, 1977, 26 pp. 

activated carbon using alcohol or ketones — Ferrell, E. F. Recovering Gold from Scrap Electronic 
alone or in aqueous solution with a strong SE a eee ence Buoy Doe Patterns 
base to facilitate elution.» The Bureau of in Metallurgical and Nonmetallic Mineral Processing 

Mines awarded a contract to the University [Yhase S Energy Data On Pe ee ite. 76. 1978, 
of Utah during 1976 to study the kinetics pp. 101-106; available for consultation at Bureau of Mines 
and thermodynamics of the gold cyanide- Cities, “Minn; Rolla, Mo. Boulder ‘Gty and Reno, Nev.; 
silver cyanide-carbon reaction. Battelle Albany, Oreg.; Salt Lake City, Utah; the National Library 

Northwest Laboratories scheduled an 18- Washington, D.C. and from National Technical inform: 
month study to identify organic compounds ation Service, Springfield, Va., PB 261 150/AS. et Inc) 
. : , . assign m: ). 
in carbonaceous gold ores and the composi- _ miectrochemical Extraction of Gold From a Low Yield Ore. 
tion of surface films on gold in refractory- U8 Pat. 8,957,608, May 18, 1976. (assigned to Bayeid 

type ores. A publication described various Refining & Chemical Co. Extraction of Gold from Gold- 
analytical methods for gold and a list of Plated p or Gold Ore. U. S. Pat. 3,957,505, May 18, 
commercial assay laboratories.?! Assistance 26Canadian Mining Journal. Air Pollution B t Un- 
was provided to the Defense Supply Agency der Control, V9, No. 3,March 1976, 21. ee n 

by Bureau of Mines specialists in iden- piratory Carbonascous Gold Ore. Can. Reco 1 97 No. 
tifying gold-bearing scrap from obsolete 3, March 1976, pp. 40-45. - “_—_— 
electronic and other military equipment. ,, Cea Ooo eerie Ne. 9, September 
Gold in scrap electronic solders was recov- 1976, pp. 48-50.
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gettering.* In a two-part series on alloying, pounds, was believed to have potential for 
| the formation of solid solutions of gold was use in selective oxidation catalysts.*°Com- 

explained in terms of atomic structures,and pounds formed when gold ketenide de- 
factors were considered affecting forma- composed explosively wereexamined. = = 

oe tion of compounds with other metals.“ Ef- —————__ 8 a 
, fects of gold on biological systems and use in + arora, SPA Study of the Phosphorous Gette ttering 

; * 47 .s oO in Silicon by Use eutron Activation / is. 
| chemotherapy were reviewed." The intake J mectrochem. Soc. v. 123, No. 5, May 1967, pp. 765-767. 

of gold in micro-organisms was shown gra- ec Rayner, G. Vv. The Alloying Behavior of Gold: Part L . 
| phically by pictures in which sites of gold utions; Part I, Compound Formation. Gold Bull, = 

Lo a egy } : . 9, No. 1, January 1976, pp. 12-19; v. 9, No. 2, , 
deposition could be seen. Uses for gold  pp.50-54. Jan PP ¥- 9, No.2, April 1976 
drugs generally range from anti-inflam- B eee: 2 The Biological Chemistry of Gold. Gold 

| ; * hantar} : li., v. 9, No. 4, October 1976, pp. . 7 . 
matory ‘to anti bacterial. Gold ketenide, 48Biues, E. T., D. Bryce-Smith, and I. W. Lawston. Gold | 

one of a new class of organometallic com- _Ketenide. Gold Bull., v. 9, No. 3, July 1976, pp. 88-90. 

_ able 3.—Mine production of recoverable gold in the United States, by State _ 

: 7 _ (Troy ounces) aan 

State 1972. 1978 1974 1975 —-1976 

, Alaska __ 8,689 7107 = 9,146. 14,980 22,887 
Arizona__-- > 555 102,996 102,848 90,586 85,790 102,062 

| California _-__-____~______ 3,974 . 8,647 5,049 9,606 10,392 | 
Colorado ___________________ 61,100 . 68,422 52,083 85,483 50,764 
Idaho ___ 5 2,884 2,696 2,898 2,529 2755 
Montana ___-_ 23,725 27,806 28,268 17,259 24,075 
Nevada ____________--____ 419,748 260,437 298,754 332,814 287,962 
New Mexico _______-=______ 14,897 13,864 15,427 15,049 —S-_:15,198 
Oregon ___ ~~ ____-----__--- . WwW WwW . WwW | WwW 28 
South Dakota _. ~~ - 407,430 357,575 343,723 304,935 318,511 , 
Tenneswee ___._____.____~-_-  ¥16 -68 Ww ° |. W Ww 
Utah _--- 362,413 307,080 254,909 189,620 —« 187,318 | 

oe Other States_________ 41,961 29,200 26,025 24,187 26,085 

| Total _-....______.___ 1,449,948 1,175,750 1,126,886 1,052,252 1,048,087 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 

Table 4.—Mine production of recoverable gold in the United States, by month 

| | (Troy ounces) | 

) Month | 1975 1976 

January ______--_.------ 88,441 91,121 
February ___________-_. ~~~ ~~~ . 82,358 82,215 
March ___ 75,739 88,096 
April Woo ee 86,234 91,488 

Y --- ~~~ | 88,252 93,317 
Jume _~_____ Le 91,578 87,760 
July 15,787 83,776 
August ______________ $4,302 84,971 
September _._________-____-_-_ 94,255 88,727 
October _______________ 93,667 93,195 
November _______.__~-~-~--~-~-~-~~~~~-~~_~ ~~~ 95,908 81,377 
December _________________----_____ i eee | 95,731 81,994 

Total _-.-________ 1,052,252 1,048,037
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7 Table 6.—Production of gold in the United States in 1976, by State, type of mine 
| and class of ore, yielding gold, in terms of recoverable metal 
ep 

Lode 

| s _ Reeer Gold ore Gold-silver ore Silver ore 
tate ounces of Troy Troy Troy 

gold) Shorttons ouncesof Shorttons ouncesof Shorttons ouncesof 
- gold gold gold : 

Alaska _____________ 22,605 . 463 275 -- -- __ _- 
Arizona ____~~_______ -- Ww W WwW Ww 16,408 193 
Califonia _________-- 4,847 5,536 5,005 2,225 440 — __ 
Colorado ______-____ _ 75 36,317 4,054 589 232 90,309 693 
Idaho ~~~ ~~~ ___ --. 91 66 72 42 466,762 1,036 
-Montana ____ ~~ 16 6,866 3,106 5,121 525 67,890 565 
Nevada __.__..-_____ 10 = 1,295,948 257,954 WwW WwW 8,961 1,008. 
New Mexico __-._..-.._ 42 10,455 1,386 . 3,776 426 128 5 
Oregon ______~-___-- 28 _— _- -- _- -- -- 
South Dakota _________ _— 1,658,132 318,511 -- _—_ _- -- 
Other States _________- — 49,081 26,010 1,014,738 23,365 120 5 

Total __-______ 27,623 3,062,889 616,367 1,026,521 25,030 650,578 3,505 

| Percent of total | oe 
gold________ 3 __ 59 __ 2 _- (?) 

| Lode 

- Copper ore Lead ore Zinc ore 

. Troy : Troy Troy 
Short tons ounces of Short tons enor Short tons ounces of 

gold | gold a . gold 

| Alaska _-______________-_ en 58 7 __ _- 
Arizona___2.- ~____._.___ 158,425,522 97,636 _. __ — _ 
California _____.-_______ — _— __ Ww Mf 

Colorado _______._______ a _— 206 10 178,945 337 
Idaho. 5 Ww Ww 187,697 1,003 Ww Ww 
Montana _______________ 16,780,752 19,843 Ww W. _- _- 
Nevada... ~________ 3,057,651 28,819 __ __ . Ww WwW 
‘New Mexico_____________ 25,015,712 13,219 WwW Ww Ww WwW 

South Dakota ____________ __ es _ __ __ __ 
Other States_____________ 29,707,679 166,224 4,221 226 178,135 144 | 

. Total _.._._______ 282,987,316 325,741 192,182 1,246 . 352,080 481 

Percent of total 
gold___________ __ 31 _- (4) = (7) 

Lode 

Copper-lead, lead-zinc, 
_ eopper-zinc, and copper- Old tailings, etc. Total? 

lead-zinc ores . 

Troy Troy Troy 
Shorttons ouncesof Shorttons ounces Short tons ounces of 

gold of gold . gold 

Alaska ______~__________ _— -- __ —_ 521 22,887 
Arizona_____ ~~ _§_~§______ 91,378 343 40,985 223 159,514,318 102,062 
California ______________ _— -- WwW Ww 10,061 10,392 
Colorado __ ~~ ______ 882,466 45,363 __ — 1,188,832 50,764 
Idaho __ = ~~~ 1,094,239 590 __ _— 1,921,290 2,755 
Montana _________ ______ _- _— WwW WwW 16,861,116 24,075 
Nevada._______________ 77,350 14 __ _- 4,448,985 287,962 
New Mexico_____________ _- _- — _— 25,161,206 15,198 
Oregon _..______________ -- _- _- _- _- 28 
South Dakota ____________ —- __ — _- 1,658,132 318,511 
Other States_____________ 2,780,736 1,404 37 3107 32,474,412 213,403 

Total __-_________ 4,926,169 47,714 41,022 330 243,238,873 1,048,037 

Percent of total 
gold___________ _— 5 __ (4) _— 100 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 
1Less than 1/2 unit. . 
?Data may not add to State totals because of items withheld to avoid disclosing individual company confidential data. 
‘Includes byproduct gold recovered from tungsten ore in California.



| GOLD 611 

Table 7.—Gold produced in the United States from ore, old tailings, etc., in 1976, 
by State and method of recovery, in terms of recoverable metal _ 

- Total _ Ore and old tailings to mills Crude ore, 

| ote ~ Recoverable Concentrates old tail | 
. ete., in bullion smelted and to smelters? ' 

State treated! Thousand recoverable metal ___O UAE 
- (thou- short Amalga- Cyani- Concen- Thou- 

- sand tons* mation dation trates _ Troy sand Troy 
short (troy (troy (short ounces short ounces 

| tons) ounces) ounces) tons) tons 

Alaska -------- 1 a _- 7 25) 7 
. Arizona _ —~------— 4195,242 $194,900 —_ 3,661 3,277,536 97,936 342 465 

California _______ *10 *10 2,713 _- 2,492 2,746 () 86 
Colorado _.______ 1,295 1,294 13,502 3,649 152,025 33,303 1 235 
Idaho __________ 1,960 1,959 8 __ 170,756 2,643 1 104 
Montana ________ 16,884 16,788 - 1,634 289 338,063. 20,930 96 1,206 
Nevada ---~+---> $513,753 %513,712 — 350 258,544 201,133 28,665 4l 393 
New Mexico______ 325,189 525,106 __ 969 788,429 13,339 83 348 
South Dakota _____ 1,658 1,658 _- 318,511 _— _— _- —- 
Utah _.________ 30,053 29,9387 _- -- 723,132 167,772 116 19,546 
Other States-----_ 5,252 «5,252 ee 250,587 2116 @ 52 

a Total ____ 291,297 290,617 18,207 587,540 5,904,110 391,725 680s SAD | 

1Includes some nongold-bearing ores not separable. = / | | 
2Less than 1/2 unit. 
5Includes tonnages from which gold is heap leached. 
“Excludes tonnage of tungsten ore from which gold was recovered as a byproduct. 
5Includes tonnages from which gold is vat leached. 

Table 8.—Gold produced at amalgamation.and cyanidation mills in the United States 
me and percentage of gold recoverable from all sources _ ' 

. Bullion and precipi- Gold recoverable from all sources 

| Year (troy ounces) — (percent) 

- | Amalga- Cyani- —-_ Amalga- Cyani- . 
mation, dation mation dation Smelting? Placers 

1972 _-____- 3,999 792,364 03 54.6 44.2 09 ) 
1973 ~~~ ~~ 15,381 583,311 1.3 , 49.6 48.1 LO 
1974 ~2 11,749 618,137 1.0 54.9 43.0 Li 
1975 _-_ uw 13,783 _ 617,330 1.3 58.7 38.1 LS 
1976 ~. 18,207 . 587,540 1.7 —  §6.1 39.6. . 26 

. 1Crude ores and concentrates. .
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| Table 9.—Gold production at placer mines in the United States, by method of recovery 

| | : } Bo - Material Gold recoverable oe 
ce — Mines , ‘ washed “%o.. 1... \ Average 

*"" Method and year | pro- Washing (thousand Thou Value Average 
ducing P40 cubic = troy (thou. per cubic 

_ . yards) ounces Sands) yard | 

Bucketline dredging: ing: . a Do Boe: ae 
1974 _._.__--_--------.-+_--- 2 2 1656 5 $877... $1336 
1975 ~_-_. --- AB 12.715 14. 2,314 852 

, 1976 __.._____.------__---- 3° 4 12,816 17 2,124 - 9154 | 
Dragline dredging: - ne 

1974 ~- LLL CC 1 1 — 13 1 131 9.984 : 
1975 ~--_-_ +e 6. 6  . 210. 388 469 2.229 
1976 ___-____ 83 3 245 .. 5 606 _ Q2AT4 

1974 ____ 14 2—~—‘“‘«zWCw" - . 223 2 381 1.710 
1975 ~.--__ i eee 16 17 131 1 171 1.302 
1976 _. LL 14° 14 129 1 157 ~ - 1,212 

. Nonfloating washing plants: mo . . — — 
. . | 1974 _-_---_--___---------- 44 4 2 8% AGI 43,000 
- : 1975 ____ 22 11- ll ©@ 52 269 4 | 

. 1976 ___--_-_______-------- 25. 26  7186—Ci“ ‘ws 560 *2.097 
*Underground placer, small-scale - : - . . 

- mechanical and hand methods, - - . : 
and suction dredge: : . : ~ . a 

- 1974 ee 10. 5 105°—~Ci‘<‘CO2 126 1.203 . 
19756 _-_-_-__________-------- 12 8 27 (5) AT 1.752 
1976 ~~ 4 4 2 A - 16 8.881 _ 

- Total placers: _ Te, . - 
1974___ 43 38 12999“ - 1,976. “1.523 
1975-2 Le 49 47 123.083 _ 520 63,269 “973 
1976 ____--_-___-_--__----------~ 49 51 1 23 328 328 3,462 *1.040 

1Does not include platinum-bearing material from which byproduct gold was recovered. _ . a 
2Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. . 
3Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. — a . 

- 4Gold recovered as a byproduct at sand and gravel operations not used in calculating average value per cubic yard. wo 
5Less than 1/2 unit. . ae a 
®Data do not add to total shown because of independent rounding. _ | 

| : Table 10.—U.S. refinery production of gold | | 2 
| . - (Thousand troy ounces) BC a - 

| : Source —.1972.~C«W O73 1974 1975. 1976 

| Concentrates and ores:! - | 
Domestic ____.____..-__._-_-_~-_-.___-- 1,478 1,210 1,021 - 1,093 954 
Foreign __________~~~____~-_~--~~------. "125 112 185 250 1238 — 

Old scrap ___~_-_~_-_________ 1,122 1,068 
y 2,107 1,779 1,926 

New scrap _____~_~________ 1,574 1,436 

Total ____________-_---_-------------- 3,710 3,101 3,132 4,039 3,581 

1Includes other primary sources. . 

| Source: 1972-74, Office of Domestic Gold and Silver Operations, U.S. Department of the Treasury; 1975-76, Bureau of 
Mines, U.S. Department of the Interior.



| - Table 11.—U.S. consumption of goldbyend use — 

(Thousand troy ounces) 

| | "End use! | ~1972~«178_=S*=~=C*~«sTASSCSCS*C«CT 1976 
Jewelry and arts: 7 . oo . . 

Karat gold ~._- $$ _-§_§_-_-_ NA | NA | NA 1,747 2,153 
Fine gold for electroplating wane ee NA NA NA 31 29 
Gold filled and other ___§______~__________ NA NA NA _ 302 380 

| Total. 2 LLL LCCss«a4, 344 3,473 2,402 - 2,080 2,562 
Dental, total _________--___---------~---- 750 679 509 595 694 

Industrial: 
Karat gold wee ee NA NA NA 39 56 
Fine gold for electroplating _____._..______ NA NA -NA 2592 686 
Gold filled and other _____§______________ NA NA NA 428 491 

Total _.. LLCs, 191 _ 2,577 1,740 1,059 1,233 
Investment? __________-_=___ _- __ _— _ 258 _ 159 

| | Total consumption_____._.._.------- +7285 6,729 «4,651 43,993 4,648 

NA Not available. . | | 
1As reported by converters of refined gold. 
Figure as reported; however, 15% to 20% of this is estimated to go into jewelry as an end product. 
‘Fabricated bars, medallions, coins, and other products primarily for investment. oe 
*Data do not add to total shown because of independent rounding. 7 

. Source: 1972-74, Office of Domestic Gold and Silver Operations, U.S. Department of the Treasury; 1975-76, Bureau of 
Mines, U.S. Department of the Interior. . 

oo - Table 12.—U.S. exports of gold in 1976, by country | | | 

— | ~ "Ore, base bullion "Refined | 
and scrap ion 

. on Troy Value Troy | Value 
ounces (thousands) ounces .  ——s (thousands) 

 Belgium-Luxembourg ______________ 134,976 $17,197 a _— 
Bravil_____________._________- 25,028 2,343 59,825 $8,736 | 
Canada ___ 6,647 186 190,499 23,015 . 
Germany, West ___._~§ ~~... - 10,553. .—s«d2;, 882 112,500 13,757 
Guatemala_____________________ 476° BT _ _ 
Hong Kong_______.-_.=-~------~__.. 7 , 1. 18,994 | 2,208 

| Italy.______________-_________- __ __ 3372 398 
Japan 2 35,792 4,222 24,556 2,849 
Mexico ____ ~~~ _- . __ 95,504 12,030 . 

o Netherlands — -------~~---------~ a _- 161 20 

Poland». _~~~~~_2~~~~__-222-2 -_ _ 33,405 1,411 
Spain ~~ 1,195 155 _— -_— 
Sweden _______ ~~ 2,780 345 _- -- 
Switzerland _.___~_~_~__-~_____ Le 6,808 875 - 1,188,383 90,348 
United Kingdom —_.__________._ ~~ 111,332 18,981 1,464,786 178,497 
Venezuela ____~~___ ~~ 1,928 ~ 280 1,199 153 

Total _-_- 2 L 337,517 41,624 3,193,248 333,424 

Table 13.—U.S. imports (general) of gold in 1976, by country | 

. Ore, base bullion, Refined 
Country and scrap on 

Troy Value Troy Value 
ounces (thousands) ounces (thousands) 

Argentina ______~______._---_-- -— a ‘115,534 $14,170 
Australia. _ ~~ _-..~.--_--..--- ~~ 11,126 $1,435 572 70 
Bahamas ___ ~~~ _~-___~--~--- ~~ 4 1 -_— _— 
Brazil... _______._---~-~_____-- -- oe 592 75 
Canada __________--------~---- 43,620 §,805 1,556,962 194,861 
Chile _._-___~_-_-__~-_ ~~ 4 (4) 2,411 301 
Colombia __—~.__.__ ~~~ ~~ _-__ 519 62 —— — 
Dominican Republic ___..._.____ ~~ - 984 70 _— _- 
El Salvador ____________~_---_-- 88 5 _- _— 

See footnotes at end of table.
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| Table 13.—U.S: imports (general) of gold in 1976, by country —Continued 

OO | ) Ore, base bullion, Refined | 
Op - and scrap bullion 

pe ry : Troy ~~ Value Troy Value 
ounces (thousands) ounces (thousands) 

France ___---2---_--_-_--_------ > SB 36 49,897 | | 5,978 
Germany, West ______-------_--_- . _— -- 32 4 
Honduras ___~_-___-~--~-_~-_-L__ ~ 4,091 135 165 21 
Hong Kong — ~~ ----------------- 4,214 541 3° at 

Italy ~~ 227222222772 : ‘3 | “4 1,030 156 
Japan __. _§ ee 624 18 . 95,966 12,102 
Korea, Republic of _.___......__—- - 2,265 241 | ae oe _— 
Lebanon __ ~~ _~_ ~~ 4 1 ee -- 
Malaysia _____-_ 2 - - 5,956 747 _- _- 
Mexico _______~_-_- 2. 3,570 468 180 20 
Netherlands ___-_§_.§_-_.______-—- -- ee 2,275 261 
Netherlands Antilles... 2222 2--t2 8... 4 1 -- a 
Nicaragua __~—_..__._.__--_--.i 17,297  - 2,112 . 87 il 
Norway__.__-__--—-~--~--_--~--... . 627 oF -- . _- 
Panama ____~~___-_.~__-____-_- 478 57 280 38 
Papua New Guinea__ $$... -________ 6,496 829 -—- . _— 

. Paraguay... —~___.~-~--___-_- : _- ae 12,295 1,578 
Peru___-_ ~~~ - 6,641 861 11,758 - 1,895 
Philippines ~~~ -~_-____-- =. ~ 40,231 . ~ 6,099 he _- 
Singapore ___._~__~____-.-__-_- 7,968 °° 996 ® TO ge ~— 
South Africa, Republic of _..__.__—-__ -_— oe 10,781 1,447 
South-West Africa, Territory of _...._. 164 we 24 =... en _- 
Switzerland __.-_-__.._._____.-__ 5 1 379,781. 48,733 
Taiwan. ~~~ 111 13 _— _— 
USSR. ee 33 4 96,501 11,280 
United Kingdom ________--___~_-- 5,154 662 48,368 5,946 
Uruguay __-_____-__----------- - ee ae 5,984 785 
Venezuela _- 5 6688 ° ° 119 — 2,030 324 
Yugoslavia. $$. _ -- -— 96,111 . 11,944 

Total _.__-- 2 166,812. 20,007 2,489,679 311,011 

| ‘Less than 1/2 unit. oO : | 

| Table 14.—Value of gold exported from and imported into the United States 
| i _ (Thousand dollars) 

a Year | Exports Imports ) 

1974_. Le 228,480 . 396,680 
1975 0. 5 LL 492,932 456,688 5 
1976 _-- 375,048 331,018 

Table 15.—Gold: World production,' by country 
(Troy ounces) 

Country? 1974 1975 1976” 

North America: | 
Canada ______-____---~__~----_ 1,698,392 1,653,611 1,685,983 
Costa Rica 18,000 ®18 000 £9 600 
Dominican Republic _______________ __ 195,488 413,788 
El Salvador® _______§_-§_-§_-_-_- 6,022 8,713 3,007 
Honduras ~~ ~_~__~_.~_ ~~~ ee 2,124 2,520 2,280 
Mexico _..____________________ 134,454 144,710 162,811 
Nicaragua _____~§_____~_____~_-___ 82,639 70,281 75,855 ; 
Panama __________~_~_______-__ 1] NA NA 
United States ___________________ 1,126,886 1,052,252 1,048,037 

See footnotes at end of table.



Table 15.—Gold: World production,' by country —Continued 

(Troy ounces) 
a 

Country? 1974 1975 1976” 

South America: 
Argentina _______-..-_-----~---- 6,534 11,867 ©12,000 
Bolivia _.____________-________ 743 972 53,218 28,797 
Brazil ~~ ~~ ee 188,435 172,038 183,259 

Chile®__§_§_->_§_-§_-§__ 118,829 130,651 129,143 
Colombia _____._.~._.---~~----- 265,195 308,864 297,861 
‘Ecuador ~___~__~~-_~---~-~--~--~- 7,752 8,157 11,615 

. French Guiana ____~__.~~--____---~ 1,125 - 2,443 2,797 
Guyana ________.~_.~---~------ 12,200 18,067 15,651 
Peru_____-__-___~___-_~-------+-- T100,400 78,796 80,730 
Surinam —__.____.~~____~.--~--~- ¥406 141 39 
Venezuela _____.____~~-__-----~~- T16,966 18,326 14,500 

' Europe: 
Finland... .-__.____-~-----~-~-~-- 20,737 22,216 26,299 
France ____________~-~-~~-----~- 40,542 47,004 50,991 
Germany, West ________---------~- 1,315 2,116 ©2,250 
H eee 320 300 290 
Portugal 2222222222227 11,478 11,446 10,036 
Romania® _____.§_______~--~~---- 60,000 60,000 60,000 

| Spain ____________-------------- "298,351 124,584 £270,000 | 
Sweden ____________----------- 68,352 63,176 ©73,900 
USSR® ~~ ee 7,300,000 7,500,000 7,700,000 
Yugoslavia ___________---------- 170,302 177,922 £176,800 - 

Angola _.______-_-_~-~---~--~-~~-- 2,000 - “1,000 . *1,000 
Burundi ________~__~-~----~---~- 360. 368 426 
Cameroon? ___.____ ______--------~- 64 96 £100 
Central African Empire® _________.-- 64 529 400 
Congo __.___~~_~-~-~---~~-----~-~- TOT 528 482 
Ethiopia _._____./______.---___- 15,754 19,981 30,000 
Gabon_________--____~-~--~--~-- 1,298 4,207 3,086 
Ghana® ____ 5 ee ™614,007 523,889 532,473 

_ Kenya _--____.--_------------ *214 108 33 
Liberia ~~~. -____.~---~~---~-+~- r €3 000 4,500 ©4,500 
Mali® _____________ ~~. 30 ™30 3,500 
Malagasy Republic ___.______----~~- NT 158 “160 
Mauritania ____________________ °52000 &42,000 22,120 

| Nigeria ___________.___--__---- ™6 8 €10 
Rhodesia, Southern® ___________---~- 800,000 800,000 . 800,000 
Rwanda® ____§_§ $$ 643 425 936 
South Africa, Republic of _...._._.--~- 24,388,208 . 22,937,820 22,935,988 
Sudan _________~~-_----------- . 309 &300 300 
Tanzania* ________§_§_§_________-- 71 48 10 : 
Zaire®___ Le 130,603 103,217 102,882 . 
Zambia® _____§_§__ _-_ F €8'500 Fr eg 500 10,955 , 

Asia: 
Cambodia® ____. _______---------- 4,000 500 1,000 
China, People’s Republic of€ ______. ~~ 50,000 50,000 50,000 
India*__§_-_§_§_->_- 101,114 90,826 100,696 
Indonesia_ ___~________~--_-----~- 76,491 74,954 82,781 
Japan® ____ 5 5 139,719 143,503 137,669 
Korea, North®________§_____-_---- 160,000 160,000 160,000 
Korea, Republic off ....._..--.--.- 23,792 13,348 18,744 

Malaya ________-__~-~----~--~-- T3435 2,484 3,574 
Sarawak _______________---- 1,004 1,192 964 

Philippines*® ____________--___---- 537,615 501,793 501,197 
Taiwan ________---.----------- ¥22,850 22,110 26,952 

Oceania: 
Australia. -_.._--------~--~-~- T512,611 526,821 497,693 
British Solomon Islands ___—.—~____ ~~ 873 804 6,000 
Fiji __.__._-._----------------- 68,890 68,744 65,757 > 
New Zealand’ ___________.-_.-~-- 4,710 2,747 3,276 
Papua New Guinea’? ________------- *667,287 611,356 668,142 

Total___________----------- T40,124,290 88,675,796 39,322,125 
gp 

€Kstimate. Preliminary. ‘Revised. NA Not available. 
1UJnleas otherwise indicated, production is on the basis of mine output. . 
Gold is also produced in Bulgaria and Czechoslovakia, and probably small quanties in Burma, East Germany, Guinea, 

Thailand and several other countries. However, available data are insufficient to make reliable output estimates. Data 
are lacking on clandestine activities. 

SFigures are reported as fine gold (that is, almost pure). 
‘Figures are reported as refined metal. 
5Estimated level of output for all producers, chiefly contained in blister copper and refinery muds. Previously reported 

figures at lower level did not represent total national output. 
¢Refinery production for Japan was as follows: 1974—"1,123,489 ounces; 1975—"1,036,004 ounces; 1976—1,043,676 

ounces. 
9 7Bougainville Copper Ltd. produced the following amounts as a byproduct of copper mining: 1974—"658,575 ounces; 

1975—"584,307 ounces; 1976—650,151 ounces. In addition, other mining operations produced: 1974—8,662 ounces; 1975— 
27,049 ounces; 1976—578,423 ounces.



a .



GG it oe raphite | 

By W. Thomas Cocke! | | 

Natural graphite remained in tight sup- lower grade materials appear to be suc- 
ve ply in 1976 as the economy strengthened. cessful. | . , 

| Domestic consumption increased 10% ac- Production of manufactured graphite in- 
_ cording to a canvass of major consumers. creased 3% over that of 1975, owing pri- 

_ Domestic production increased appreciably marily to a 17% increase in production of 
over that of 1975. Although some known electrodes. Production was still well below | 
graphite deposits were investigated, there the 1974 high. | - oe 

_ Were no new mine openings and only one _ Legislation and Government. Pro- 
- mine remained in operation. National grams.—On October 1, 1976, the Federal 

_ Stockpile goals were increased to 3-year Preparedness Agency of the General Ser- 
- totals, which precluded the sale of material vices Administration increased national a 

_.. previously declared excess. | stockpile goals to reflect an increase in 
| Imports of natural graphite increased requirements of strategic materials to a 3- 

21%. A 28% increase in imports of amor- year period. New stockpile objectives for 
phous graphite compensated for a 5% each type of graphite are shown in table 2. 
decrease in imports of crystalline graphite. There were no disposals of strategic graph- | 
Total exports increased 16%. Prices of im- ite, declared’ excess prior to October 1, 
ported material increased 5% for crystal- owing to lack of congressional authoriza- 

| line and 26% for amorphous in 1976. Do- tion. Careful consideration will be given to _ 
| mestic prices generally follow those of im- market conditions before any aquisitions | 

ported materials. will be made to reach the new goals. Import. 
World production of graphite increased in _ duties on crystalline graphite remained sus- 

1976, with nearly all producers showing pended for a trial period in order to stimu- 
some increase. While supplies of amorphous late imports. _— | 
graphite were adequate, premium gradesof Sst oe 
crystalline remained ‘tight. Substitutes of 1Physical scientist, Division of Nonmetallic Minerals. 

| | | Table 1.—Salient natural graphite statistics 

oo 4~*~*~«~*‘XT:=S*“‘SC‘CON’”OW-O75BC4T6 

United States: oo | 
Consumption® 1___________ _ short tons__ 70,000 79,000 94,867 70,000 67,000 
Exports____________________ do____ 7,289 7,958 12,189 10,586 12,236 

Value ________________thousands__ $888 $992 $1,693 $1,890 - $2,388 
Imports for consumption?______ short tons__ 64,135 77,481 82,636 65,668 79,098 

Value ________________thousands__ $3,847 $4,494 $5,677 $5,698 $6,753 
World: Production ____________ short tons__ 397,894 435,150 548,284 486,025 499,995 

°Estimate. "Revised. - 
1Estimated demand has been substituted for the consumption survey results appearing as the total of table 4, since the 

| latter are incomplete. 
, *Includes some manufactured graphite. 

617



618 MINERALS YEARBOOK, 1976 | | 

DOMESTIC PRODUCTION | | 

- In 1976, natural graphite production was annual production. | 
from a single source, the Southwestern Manufactured graphite was produced at 

Graphite Co. mine near Burnet, Tex. Ship- 24 plants in 1976, with some additional | 

ments from the mine were higher than in production for in-house use likely. The fol- 

1975 but continued to account for only a lowing is a list of principal producers in 

small portion of domestic supply. Other 1976: - 
graphite deposits in Alabama, New York, | | 

Montana, and the Province of Saskatche- — | | a 
wan, Canada, received attention from in- Company Plant location 
vestigators contemplating the development |. j 
or redevelopment of additional mines, “"® Inc., Speer Div --- Pe ertaeney Be, 
however, no mine openings occurred by Aver Garpy Aveo Systeme pt. Mary Fa. 

_— yearend stiona : Mi rp, _ The Carborundum Co. Hickman, Ky. International Carbon and Minerals Corp. TheCarborundumCo, = Hickman, Ky. » 
purchased mineral rights to 2,135 acres in “ermteProductsDW.g snborn, N.Y. - 
the Alabama flake graphite district and Celanese Corp, Celanese Summit, NJ. 
plans to build a modern flotation plant with Fiber Materials, Ine Gaze Graniteville, Mass. CS 
startup scheduled for mid-1977.? | reat Lakes © rp ~ Rosamond, Calif. 

Deep Bay Graphite Co. Ltd. a subsidiary _ Dez222222777722 —-Mowganton, NC. 
of Superior Graphite Co. of Chicago, Ill., and Hercules, Inc --~---~- Bac cns OSe 7 | 
the Saskatchewan Mining Corp. agreed to OhioCarbonCo__-__-_ _ Cleveland, Ohio 
proceed with a feasibility study of a graph- Se in Moa Diy, | entom: Pa. | | 

| ite mine near Reindeer Lake in northern PocoGraphite,Inc _____  _ Decatur, Tex. . 
Saskatchewan. Production of 9,000 tons of Stckncls Carbon Co 2222 ioral Mee Calif. | 
flake graphite per year is projected. Results 5 Do = ———~—------- St! Marys, Pa. Calit 

| of the study are expected late in 1977.5 Union Carhide Corp. __ «= NiagaraFall NY. 
Reported production of manufactured Do__.----------  Yabucoa,PR. | 

graphite increased 3% to 286,326 short tons. © y~7~7777777772~— Glarkaburg, W. Va. 
| Total value of production increased 21% to —————————_______ 

$375 million. The overall increase in pro- | | on. | a 

duction was due to large increases in Airco, Inc., Speer Div. completed expan- 
electrodes (17%), crucibles and vessels gion programs at plants in -Pennsylvania 

(82%), and motor brushes and machined and Niagara Falls, N.Y., which will enlarge 
shapes (64%). All other uses of manufac- production capacity at these facilities 20%.* 
tured graphite decreased 28%. Shipmentsof The Carbon Products Division of Union 
powder and scrap again decreased to 23,991 Carbide Corp. has broken ground for a new 
tons valued at $3.5 million, which indicated graphite electrode plant at Clarksville, 
a doubling of value from $64 per ton in 1975 Tenn.‘ A plant capable of producing 11,000 
to $146 per ton in 1976. Production of high- tons per year of synthetic graphite and 
modulus graphite fibers decreased, but a desulfurized petroleum coke was being con- 
study conducted by R. M. Kossoff and Asso-_ structed in Hopkinsville, Ky., by Superior 
ciates of New York showed manufactured GraphiteCo.” _ 
graphite fibers and composites poised fora —————— 
major volume breakthrough in the next “Engineering and Mining Journal. V. 177, No. 2, Feb- 
decade.‘ Prices have declined from $200 per «Skillings! Mining Review. Major Graphite Discovery in 
pound to about $30 per pound in 1976 and ““ithetalcal Age, Graphite Fibers "Are Set for a Major 
are expected to be in the $10 per pound Volume Breakthrough by 1985, Says Recent Survey. Jan. 

range by the early 1980’s. According to the als beratbic industry, Airco Speer Expands Manufacturing 
study, 1976 consumption of manufactured 2092. V. 106, No, 8, March 1976, P20. ere 

graphite fibers was 260,000 pounds. This p3 0 
showed that demand for these fibers usedin g, ‘Skillings’ Mining Review. Euperion Graphite qo PS. 
composites is two and a half times the 1976, p. 17.
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| - Table 2.—Government yearend stocks of natural graphite ~ 

| | . (Short tons) 

| Type of graphite | (Dec 31, (Oct 1, | 1976) 1976) 

Malagasy crystalline flake _________________________--_-------_----- 17,939 20,472 
Sri Lanka amorphous lump — —— — — — —— —- -— ~~ ~~ ~~ -- += <--> === === 5,499 6,271 
Crystalline, otner Malagasy “ . . 

andSriLanka ____________________ 1,938 34,798 
Non-stockpile-grade ___________ ee 867 _- 

Source: General Services Administration. Stockpile Report to the Congress, October 1976-March 1977. 

| Table 3.—Production of manufactured = 
graphite in the United States 

, . in 1976, by use 

| ~ Quanti Val | 
| Use (ghort tons) (thousands) | 

: Syntheti hite predicts: oo : 
| yennodes Piute Products: 95176 «$28,688 | 

Electrodes ____._____~ . 206,512 267,559 
Crucibles and vessels____ > 5,872 31,699 © 
Refractories .____-___ 1912 ~~ 1,961 _. : 
Electric motor brushes and _— _ 
machined shapes ___ __ 1,016 3,300 

Unmachined — graphite . 
: shapes ame ee 12,093 12,225 : 

Cloth and fibers (low- 
modulus). .-.-____ . 168 11,876 | 3 

High-modulus fibers wee, 49 4,965 | 
Other _____.-------___ 10,042 _ 14,738 | / | 

| 5 mertalago-------- 262,385 371,506 

| . ypowder end scrap 2. + 28,991 8,511 

| Grand total. 286,826 375,017 

CONSUMPTION AND USES oo 

Reported consumption of natural graph- Also, some major variations. from year to 
| ite in 1976 increased 10% to 59,300 short . year in various end uses may not be real 

| tons. Consumption increased in all catego- because of inconsistencies in reporting. : 
ries except steelmaking, which was stable, | Recent new or proposed uses for graphite- 
and foundries, which declined 22%. The epoxy composites include the speedbrake 
three major uses, steelmaking, refractories, for the McDonnell F-15 Air Force fighter to 

and foundries, accounted for 63% of report- eplace aluminum alloy;> 10% of the total 
ed consumption. : structural weight of the McDonnell and 

The actual amount of natural graphite Northrop F-18 Navy fighter;? upper aft 
consumed was greater than that shown in rudders on DC-10’s and payload bay doors 

table 4, which reports only the results of 02 the space, shuttle; automobile leaf 
a canvass of major known consumers. Total duction-"" a d vchin tool or weigh i re 
graphite consumption is estimated to have tic vedirtion: . wei ht 2 parts for 
been 67,000 short tons in 1976. 7 lons 1n weight. | 
Figure 1 summarizes graphite end use ®Materials Engineering. Composite Speedbrake Siows 

patterns as indicated by a canvass of major Fighter. V. 83, No. 2, February 1976, | p. 60. 

consumers. While the canvass probsbly Grows st McDonnell Aircraft. Am. Metal Market v. &3, 
gives a good indication of consumption pat- _No. 150, Aug. 2, 1976, p. 27. a 
terns, caution is advised in use of these data a grad 291976. pp. 33-38. 
for absolute amounts, due to the fact that — "Plastic Product Design, 1976 Newsletter for Materials 
the canvass in some years accounted for less Engines rial duct Design Graphite: Cate Wei 
than two-thirds of apparent consumption. of Tool. V. 84, No. 5, September 1976, p. & sieht



| 620 MINERALS YEARBOOK, 1976 - | ae 

- 80;-— ———__— — ——_ 

| - : APPARENT — | a | | | | 
: po | CONSUMPTION 7 a Oe | 

€ | wf | oo - 
. - 50 , : TJX © Steel. making / 7 - - 

© 40h fF YX Sf. pb 
a” Se 

= a fF \ Refractories a 

 80F NY oN 
: — | - f/f Foundries NAT | | 

| ~ 7” Crucibles, retorts, etc. \7 | | | | 

oo Lubricants NZ | a | 
| | - Brake linings NA | 

10 . Pencils a 

| | ‘All other uses _ | a 

0 —— _ , aol | 
1967 68 69 70 1 6=s<Sia72—73siO74 75 76 #77 78 79 80 

Figure 1.—Graphite end use patterns, 1967-76. |
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| Table 4.—Consumption? of natural graphite in the United States in 1976, by use | 

oo | (Short tons) 

a | : Use ~ - Crystalline Amorphous? Total 

- 7 | Quantity = Value Quantity Value Quantity Value 

a Batteries _________________ _a94_—($619,249 743 $518,843 1,187 $1,138,092 
, Brake linings ______________ 684 438,795 1,658 651,398 2337 1,090,198 

: Carbon products® ____________ 796 518,040 974 719,311 1,770 1,287,351 
. Crucibles, retorts, stoppers, . . / 

sleeves, nozzles ____________ 3,209 1,203,135 1,285 514,170 4,444 1,717,305 
Foundries ________________ 1,729 . 670,297 5,821 883,566 7,550 1,558,863 

| Lubricants* _.__§___________ 1,361 976,870 2,177 792,717 3,538 1,769,587 
| Pencils ___- 1,652 1,083,654 520. = 184,131 2,172 1,167,785 

Powdered metals ____________ 422 423.110 130 138,417 552 «561,527 
Refractories _.___§__.________ 1,987 322,325 9,897 1,197,181 11,884 1,519,506 
Rubber ___ W W W W 511 259,834 | 
‘Steelmaking _____-__-________ 410 206,563 17,306 3,032,588 17,776 3,239,101 | 
OtherS _99 5,567 1,496,247 _ 573 =. 815,177 5,629 1,551,590 

Total _._-_.--------- __ 18,271 7,908,285 41,029 8,897,449 59,300 16,805,734 

aw, Withheld to avoid disclosing individual company confidential data; included with “Other Crystalline” and “Other 
10 ous. : ‘ 

. {Consumption data incomplete. Small consumers excluded. 
2Includes mixtures of natural and manufactured graphite. Os 
SIncludes bearings and carbon brushes. _ 
“Includes ammunition, packings, and seed coating. __ . | : . 

. 5Includes paints and polishes, antiknock and other compounds, drilling mud, electrical and electronic products, 
insulation, magnetic tape, small packages, and miscellaneous and proprietary uses. | 

PRICES —_ — 
| | Average prices of graphite imports con- The following tabulation”? shows repre- ' 

tinued to increase in 1976 as worldwide sentative price ranges for several countries 
inflation continued. The average price of from which natural graphite is imported. 

: Malagasy crystalline flake and fines in- 
creased about 4%, Sri Lanka amorphous . | a | 

- lump and chip increased about 25% and _ Pershortton 
Mexican amorphous increased about 5%. 1975" 1976 

_ Decreases in prices occurred in imports of. << 
Norwegian and West German crystalline Flake and crystalline 
and Korean amorphous. | . Germany, West ~--~  $227-$907 $272-$1,270 a 

Actual prices are often negotiated — Nomey? Republic-— ee 150236 
between the buyer and seller, so price Sri Lanka _______ 225-405 163-405 
quotations represent the average of a range AO netestatine 
of prices. The source of information for graphite 80% to | 
imported graphite is the average value per Ree Rey ablic 
ton computed from table 6; however, these Me bags) e>--nna 36 sae 
data mainly represent shipments of unpro-  __ 
cessed graphite. | "Revised. | . | 

: FOREIGN TRADE 

The broad upward trend in exports of due mostly to the 13,007 tons from the 
natural graphite continued in 1976, after a Republic of Korea, brought the amorphous | 
slight setback in 1975. Exports increased portion to 83% of all imports. This is part of 

| 16% in 1976 to 12,236 short tons. Canada 4 gradual change over the last 25 years 
remained the principal buyer with 3,394 which has resulted in a shift from 65% 
tons. Other major recipient countries were ®Morphous in 1950 and 1951. Imports of 
West Germany (1,638 tons), Poland (1,127 Oe bee graphite were 0% lower ae 
tons), and Japan (1,062 tons). Graphite was » however, imports of crystalline e 
also exported to 41 other countries. from the Malagasy Republic increased 10% 

| Imports of natural graphite increased to 4,07 1 short tons, or roughly a third of all 

21% to 77,698 short tons in 1976 but were °TYStalline imports. 
still below the 1974 high of 81,070. A 28% Se a | . . ? . d Journal. Markets. V. 177, No. 
increase in imports of amorphous graphite, 12, Donber eo ee ° °
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| Table 5.—U.S. exports of natural graphite,! by country | 
a a ee ee 

. . 1975 1976. 

Destination | Quantity Quantity | 
Bo Mi . (short Value (short Value 

me Bo tons) tons) J 

‘Angola _.-_____~_ ~~ ee 51 $16,000 _— a 
Argentina ____-_. ~~ 2 ee +116 24,545 197 $45,553 
Australia. _. ~~~ ~~ ee | 362 45,736 514 17,824 
Austria ___ ~~~ ae -- 6 4,394 
Belgium-Luxembourg __________ ~~~ __~__ : 35 3,534 35 - 6,533 
Brazil __-_______-.-_____~------ ee 235 32,337 137 - 44,861 
Canada __-____ ~~ 2,707 596,820 3,394 773,893 
Chile ~.--2_- __ _- 11 4,685 
Colombia. _.-_-_-..-~_-_-.-------- 50 18,093 198 69,104 
Denmark ______-_-______~ ~~~ 104 29,304 76 10,941 
Finland _____~_~-______~-- 50 _ 4,906 26 8,243 
France ___-_.______-_--___-~-- ieee : 231 35,183 4385 - 122,829 
Germany, West ____________--___-_~_-_-_-.--_ 1,638 216,373 1,638 326,999 

- India ~~ ee 99° 11,276 41 5,316 
Indonesia___ _—_____.~-_~_ i LLL 6 1,148 _- _— 
Tran ~~ LL oe ( 19,126 17 6,250 
Ireland _______._~-____~_~--~ _- _- . 62 9,382 - 
Israel _-- ee 137 16,274 24 4,576 
Italy_._-.-._-.--- Le 164 18,247 28 _. 8,166 
Japan __________~__~____~_ eee t—( Sti‘; TIN 124,185 1,062 — _ 159,286 
Korea, Republic of .._______._____.-.-_-__~_____ _- 68 8,230 
Malaysia ______________~____ Le — _- - 40 1,099 
Mexico ______~_____---.-_2 ~~ ee 298 13,522 451 65,269 
Netherlands _. __. ~§-.___________-.-___ Le 1,350 276,568 500 ~ 18,293. 
New Zealand ______-___________ 1-2 --__ee 84 8,923 72 9,784 

: Norway _____~______~______ _- _- . § 1,109 
Panama ---------~-.--~---- 3 3,862 ee -- 
araguay._ , -- _- 
Peru_______-___~_~_____ 34 10,373 48 9,346 

Philippines oe ee 249 31,755 105 34,621 
. Poland __-_________~_ 18 2,000 1,127 154,921 

- Simgapore _______~________ Le oe Le. 526 29 13,020. 
South Africa, Republic of _...9.--§ - ~~» ee 96 11,270 181 19,373 . 
“Spain _.- 348 33,715 (352 34,114 
Sweden ___________--______--_- eee t—<(i‘iOSOC‘*iSdSC‘CSSC‘ i“ C-UCUCUCUCOTCSC*sé«i2“‘s«C ND 
Switzerland _._____________ ~~~ 33 38,370 33 . 6,462 
Taiwan __.._-§_- 84 3,659 -— oo 
Thailand _______~__-________-_ _- _- 37 _ 4,181 
United Kingdom __________~______ ~~ Le 804 92,775 649 84,819 

. Venezuela ~~ _ 280 94,467 . 449 154,768 
Other ____-_______-__+ ~~ ____ 50... 14,748 119 19,023 

- -Total _- LL 10,586 1,889,718 12,236 2,388,446 

1 Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified. 

Table 6.—U.S. imports for consumption of natural and artificial graphite, 
by country , 

. Natural . 

: Crystalline Other natural Artificial! ‘Total 
Crystalline lump, chip crude and 

Year and country _ or dust refined _ 
Quan- . Quan- Quan- Quan- - 

tty, Yalue ity, Yalue iy, Yue “ty Yalue “tty” Ylue . (short (short (short ° (short ou- (short our 
tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) 

1974-2 4,740 $1,003 382 $119 75,948 $4,254 1,566 $301 982,686 $5,677 

1975: 
Belgium-Luxembourg __ () A . —_ _- _- _- _- () a) 
Brazil _._-___._____ 2 1 _~ -- _- — —_ __ . 2 1 
Canada ___________ 247 75 32 19 51 138 = 11,241 144 = 11,571 251 
China, People’s 

Republic of _______ -- —_ -~ -- 2,500 792 _- _- 2,500 792 
France ___________ _- —_ — -- 6 9 _- _- 6 9 
Germany, West ______ 139 89 -~ -- 899 345 13 26 1,051 460 
Hong Kong _________ _- — -- -- 20 7 -- -- 20 7 
Indonesia __________ 183 44 _~ _- 67 12 _- _- 250 56 
Italy____________~ _- -- -- -- (?) 2 —_ _- (7) 2 
Japan —§__________ __ _- _~ _- 11 2 39 107 50 109 
Malagasy Republic ____ 3,698 908 -- _- 271 66 _- __ 8,969 974 
Mexico ___________ -- _- _- -. 50,283 1,488 _- _. 50,283 1,488 

See footnotes at end of table. '
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Table 6.—U.S. imports for consumption of natural and artificial graphite, | 
by country —Continued 

Natural . . 

i Crystalline Oth tural ficial? po 
Crystalline lump, chip crude 2 and Artificial Total 

Year and country —— __or dust ___refined — 

Quan- Value 22 Value @U22 Value U2 Value QU82 val 
hot (thow- (ehort (thou: (chert (thou- (chert (thou: (chert (thou- tons) 248) tons) $8008) ‘tons 82Nd8) tong) Sands) ~ tons) sands) 

1975 —Continued _ | . 

Netherlands ________ _ ee 3 $1 a oe 3 = 1 
Norway __________— _. __ _. _. 1,821 326 _.  .. 1,21 326 7 
SriLanka _________ 1 $1 218 $69 2,017 590 LL 2,286 660 | 
Switzerland ________ _- _- ne _- __ 80 $63 80 63 
Taiwan ___________ __ __ __ __ (*) &® eo) lee ?) (7) 
USSR _-________ __ __ _-  _. 2,280 475 __ 2,280 4715 
United Kingdom -__-___ ~~ _- ) 3 4] 21 9) ?) 41-24 oo 

. Total ___________ 4,270 1,118 250 91 59,770 4,149 1,878 340 65,663 5698 

1976: . , . ao 
Austria ___________ -- ee 0 ue 182 25 _. .. 182 © 2 
Canada ___________ _— __ _— _- 44 26 434 60 478 86 
China, People’s 

Republic of _______ 120 82 _. . 2479 669 55 19 2654 — 720 
France ___________ __ a 10 3 61 27 1 1. 72 31 
Germany, West ______ 259 125 _- 1,180 399 317 89 «1,756 613 
India _~___________ _- __ Mee 17 15 Hook 7°) 
Italy _____________ __ __ 5 oT _- _- ?) 1 5 8 
Japan ____________ _- _— 20 7 60 21 854 135 434 163 
Korea, Republic of ___~ _- — ~- _- 18,007 803 -- -. 18,007 803 

Malagasy Republic __-. 4071 1,058 11 3 «664 158 _.  .. 4,746 1,209 
Mexico ___________ __ __ _.  .— 51,898 — 1,600 __  .. 51,898 — 1,600 
Norway ___________ 148 35 - oe 411 73 — oe 554 108 
Panama __________ __ _- ea 221 190 aoe 221 190 
SriLanka _________ 57 14 255 104 1,444 528 _. . 1,756 646 , 
Switzerland ________ __ __ Boe 20 15 - 239 188 259 =. 208 
Thailand __________ __ __ - Le 57 =. = 20 -_ 81 20 
United Kingdom ____ 37 13 __ _- 71 15. _- -__ 108 28 
USSR _~____ __ __ _.  _. 1,860 268 _.  _. 1,860 263 
Vietnam __________ __ _. 84 22 _- — _— _- 84 22 

Total ___________ 4,687 1,272 385 146 72,626 4,842 1,400 493 79,098 6,753 

1Includes only that received in raw material form; excludes products made of graphite. 
2Less than 1/2 unit. } | | 

, WORLD REVIEW | 

World production of graphite increased duction.* Deep Bay Graphite Co. Ltd. a 
slightly in 1976, with nearly all producers subsidiary of Superior Graphite Co., owns a 
showing some increase. Mexico and the 60% interest, with Saskatchewan Mining 
Republic of Korea remained the main pro- Corp. holding the remaining 40% interest 
ducers of amorphous graphite. Shortages of in the graphite mine. Open pit reserves are 
Malagasy flake graphite have lessened, but estimated to be 1.8 million tons containing 
industry continued to seek viable alterna- 10.32% carbon. Production of 9,000 tons per 
tive sources. year of flake graphite is projected. About 9 

current annual capacity of 8,000 tons per plant at Lakefield Research of Canada, Ltd., 
year of flake and powdered graphite at the +o be distributed to industry for assessment 

e e ° e e 14 * 

principal depostis me mapecerica. phis in industrial processes and market accept- 
co evetop into an impor tant source Of ance. Results of the feasibility study are 
flakegraphite. = = —s_s. expected in late 1977.% 
Canada.—An intensive drilling and bulk 

sampling program is underway at a graph- sj, dustrial Minerals. Natural Graphite Retains Tradi- 
ite ceposit in the ene pay a ner tional Markets. No. 109, October 1976, p. 27. 
Reindeer Lake in tchewan. ity Department of Mineral Resources, Government of 

cee Saskatchewan. Invento d Outlook of Saskatchewan’ tests must be conducted before a decision is Mineral Resources. April 1976, p. 35. . | 
made to proceed with commercial pro- 16Work cited in footnote 3.
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Germany, West.—Production of crystal- § Norway.—A/ Skaland Grafitverk contin- 
ae flake graphite is by one company, ued work on the deep shaft at mines in the 
raphitwerk Kropfmuhl, which has _ Lofoten Islands, Troms County, preparatory 

embarked on a new investment program to extraction of graphite deposits from be- 
7 involving the installation of underground low sea level. Improvements to surface in- 

machinery at the mine, as well as new  stallations include new screening equip- 
milling and flotation equipment.” G ment.” Development work at the mine is | 

pace abe me es Suna a eer ene ede | yu = Croppec o pro- have been produced in response to in- 
duction of crystalline was up 50% from 1975 creased demands for powder fractions and 
and up nearly 300% in the last 2 years.* Jarger flake grades. Norway continued to 
Korean amorphous has become a opeece- be a stable and readily available source of 

. ‘ment for imported materi rom Mexico, graphite. | oo 

a which have dropped off in recent years. Sri Lanka.—Development work proceded 
| _. Malagasy Republic.—Establissements satisfactorily at all three principal graphite 

Gallois, the largest of the country’s graphite mines at Bogala, Kahatagaha, and Kolonga- 
woe, | aieiad fen Othioe pedicure alco bane ha along with the development of the new 

ee . - mine at Rangala. The State Graphite Corp., 
_ made significant plant improvements. The nich works these mines, is installing a 

_ island industry should be in better condi- flotation plant for the upgrading of the 
tion to meet. increased demand.’® French Prant Per 5 or ould : ll out to th ore.* A mine at Walakatahena, closed fol- 
wners would reportedly sell out to the jowing a disaster in the 1930’s, is of being 

Government if reasonable terms were offer- | , 
| ed. There is still the distinct possibility of — iny4 cited in footnote7. 

nationalization in a negotiated settlement 18Mining Annual Review-1977. The Republic of Korea. 

| or otherwise.” | | June 1977, pp. 398-399. , | 
| _ Mexico.—This country can be described june, 119. - Graphite. Mining Annual Review-1976, : 

| as a mature mining area with good deposits _?°U.S. Embassy, Tananarive, Malagasy Republic. State 
- increasingly more difficult to locate. Output PERS ON Aer ed in foanotet | 

has leveled off in recent years, despite 22Work cited in footnote 15. | 
efforts to increase production.?! Production j “Cooper, HT. Graphite. Mining Annual Review-1977, 

° . une »?p. . has actually been dropping since 1973, the ““stygining Annual Review-1976. Sri Lanka. June 1976, p. 
peak year. 407. | 

ce Table 7.—Graphite: World production, by country , 

(Short tons) | 

Country? 1974 1975 1976” | 

Argenting ____ ee 66 44 ©45 
Austria______________ eee 32,578 33,715 -  ©35 800 
Brazil (marketable) - -- - ------------------------ | gu 1.275 7,700 urma | | 
China, People’s Republic of ______________-_______ 745,000 55,000 55,000 
Germany, West? __________-__-_-_- 18,172 14,944 ©15,500 
India _-__________________-________--__--- 25,420 20,824 ©22,000 

orea, INO wae ee ee ee ee ena ee , ? ? 

Korea, Republic of ________-_____-__-- 2 Le 115,589 52,064 “55,000 
Malagasy Republic _______.________-_--------~-- 19,049 19,592 20,000 
Mexico ______________-__--_---------_------ 68,951 67,036 “68,000 
Norway_____--______---_-----_------------ T10,690 10,334 “10,500 
Romania® _______________- 6,600 6,600 6,600 
SriLanka ________________--_-_-----------_- 410,414 11,498 “11,600 
South Africa, Republic of _._._._.____-__-__--___---- 1,712. 577 “440 
USSR eee T100,000 T100,000 105,000 
United States _____________________~__ ee Ww WwW WwW 

Total.___________________ 548,984 486,025 499,995 

“Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
1In addition to the countries listed, Czechoslovakia, Southern Rhodesia, and the Territory of South-West Africa are 

believed to produce graphite, but available information is inadequate for formulation of reliable estimates of output 
eves. 

2Data for year Apr. 1, 1974, through Mar. 31, 1975. 
poe represent marketable production, including some produced from imported raw materials.
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reclaimed. Substantial resources have been rolling process, and new flotation equip- | allotted to research and development’ for ment has been installed at Bogala.2> Work oe _ the first time in the industry’s history. also commenced on a prospective mine at | 
- Equipment has been manufactured for the Ragedera, where mining was to commence : : production of flake graphite by the sieve- atthe endof 1977.2 

oe TECHNOLOGY — 

Graphite intercalants have been the sub- nozzles for high-manganese steel.* Graph. > 
ject of several investigations owing to their ite heat exchangers can now operate at 
ability to modify the properties of various temperatures up to 1,200°C, aided byanew _—j 
compounds. Graphite intercalated com-  glassy-carbon coating which seals pores to , 
pounds have’ shown high electrical minimize shrinking. Phenolic-resin-coated | 
conductivity.” Pure graphite powder, treat- units have been limited by the coating to | 
ed with antimony pentafluoride as an in- about 340° F.s oe a tercalant, is packed into a copper tube, and Graphite. substrate lead. dioxide anodes : 
the diameter is reduced by swaging from have been developed with sizes suitable for | 
0.25 to 0.04 inch. The resulting rod shows use in high-amperage cells involved in pro- : electrical conductivity up to 50% higher ducing chlorates and __ perchlorates. : than the copper alone, owing to alinement reemTodeposited lead dioxide shows the pro- a 
of the intercalant layers and orientation of . inert of d eve ah bis hig od ot it is in as aly OC the graphite. Graphite intercalants might eet ctternative te notin foF ueedue. 
be used as electrical wire, as this process ing perchlorates, °P onan oF Pr a 

alse ies ae een | “ ae ade eens _ The hot-pressing process. used . to. shape , 
| eid C2ASt 5 a: ied thro h ay, ehectric flat and curved boron carbide armor plate | 

cnawee 1s onl i te - i in to sn electrode consists of preforming the boron carbide — a | weniain perciorate solution to an electrode 5 ains and then subjecting them to simulta- : formed of powdered graphite. and lithium neous: high temperature and pressure in , fluoride.” The resulting électrochemically ) +4 valde 37 snhite j | am e® ee 7 graphite molds.*? Graphite is the only | | formed graphite intercalation compound is {nown material that can withstand the suitable for reversible Positive electrodes heat (4,000° F) and pressure needed _to 
for storage battery systems utilizing electro- densify the material and fuse the boron a lytic solutions of nonaqueous lithium com- carbide grains. Graphite is also easily | 
pounds. The formation of graphite interca- machinable into intricate configurations, | _ lated compounds with certain reagentsisa ss i(ist—~*s : : | — 

a simple way to modify their reactivity. Stoi- **Page 22 of work cited in footnote 7. | - 
chiometric reactions and electrolytic 4), Mining Annual Review-1977. Sri Lanka. June 1977, p. 7 
reactions were studied for intercalation of 4o2": J.N., and FL Vogel, Jr. Preferred Qrientation 7 organic and inorganic molecules. More gid, Angoireny of Graphite interealation, Compounds, work is suggested to standardize prepar- Philadelphia, Pa., July 12, 1976, 83 pp. ) 
ation of reagents and for reuse of graphite.» wie and Engineering News. V. 54, No. 14, Apr. 5, | 

Direct fluorination of graphite produces — *Hebbar, R. K., D. L. Deshpande, and P. N. Critchlow. | carbon monofluoride, which has outstand- Caearochemical Seormation of Graphite cntercalation 
ing oxidative and thermal properties, ex- search, (Arlington, Va), Ser. No. 567,923, May 12, 1975, 19 | 
cellent dielectric properties, and is a supe- DR} qruulable from National Technical Information Ser- | 
rior lubricant.*: Studies continue; prepara- s1gnemtech. V. 6, No.8, August 1976, pp. 510-515. 

tion appears to be the main problem. $Metal Progrees. V. 110, No. 8, December 1976, p. 81. New graphite products include a mold- 71 Materials Engineering. V. 84, No. 7, December 1976, p. 
release coat used as a release for no-bake *Hallet, M. M., IBF 1976 Conference-Part II. Foundry sand cores and as an aluminum extrusion - Management and Technology, v. 104, No. 11, November 
lubricant, and a graphite-base adhesive 35Chemical Engineering. V. 83, No. 21, Oct. 11, 1976, p. which allows repair and restoration of glass- 65 KC ad HV.KU 

arasimham, K. C., . K. Ud Pre ti to-metal seal fixtures for use at tempera- 4 Meraimham, K Graphite Substrate Lead Dioxide tures of up to 4,500° C.s* High-alumina (GSLD) Anode, J. Electrochem. Soc., v. 128, No. 9, Septem- 
compositions containing graphite are used 30 ‘ae. Advanced Ce ics Compete for Industrial 
to formulate the most successful pouring Jobs Wot Ne 18, May 8, 1976, pp. 5183.
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such as the reverse airfoil shapes required by this process are used in the manufacture 
for turbine blade and vane molding, which of a variety of components for textile equip- 
are hot-pressed from silicon nitride and sil- ment, leisure products, and aerospace parts. — 
icon carbide powders. ts | Some of the problems encountered in use 

Graphite is the most widely used of all of graphite-epoxy composites are moisture | 

electrical discharge machine (EDM) absorption and promotion of galvanic corro- 
materials.** It is very machinable, relatively sion when the composites are placed in 

low in cost, and exhibits good thermal contact with certain metals. Moisture 
and = electrical conductivity. A copper- absorption is the most serious problem he- 

impregnated graphite of high density (2.6 cause it can greatly affect flexural, com- 
grams per cubic centimeter) with fine grain pressive, and shear strength of the matrix, 

___ structure permits machining of EDM mate Potential methods of preventing moisture 
- rials to fine detail. While low-density graph- absorption include ion vapor deposition of 

| ‘ite electrodes cost less, they wear’ more aluminum and use of a high-vinyl modified 

rapidly and unevenly, resulting in unac- epoxy or a new class of addition-poly- 

_ ceptatle tera al t conti ed _ merized polyaromatic melamines as the 

interest in production items of "carbon and matrix. Galvanic corrosion 9 f aluminum 

graphite fibers increased. Components fab- rivets presents a serious risk m composites. | 

; _vicated of silicon-carbide-processed graph- The use of chromate Conversion coatings 

ite composites can withstand temperatures ©V°T cadmium plate or the use of titanium 
| of 3,250° F in reducing or .inert atmos-_ or A-286 superalloy fasteners could prevent 

| _ pheres.*® They also feature excellent wear this hazard. oe | 
and abrasion resistance. Uses include pump | " WcMaken, D R G hite Moet wWidel Used, an 

_ seals, bearings, and soldering fixtures. ~ Purpose EDM Material. Am. Metal Market, v. 83, No. 56, 
Pultrusion, the process of pulling resin- Mar. 22, 1976, p. 26. as | | 

impregnated fibers through shapod dies, Maia ,Ragnosoe._, Silgs Cuie/Grahite 
ean achieve the kind of cost effectiveness  ~ “°fyon Age. Pultrusion Makes Composites Cost-Effective. 

| necessary for composites to get a wider V-217, No. 19, May 10, 1976, pp. 58-59. — 
) foothold in industrial applications. Com- _p, Misk®, K. H. Corrosion, of Advanced Composivs: 7 

. posites made from graphite fibers created December 1976, pp. 46-48. :



| By J. W. Pressler? 

_ In 1976, the gypsum industry recovered million tons. Sales of gypsum products in- 
from the recession in the building indus- creased 16% to 18 million tons. Imports of 
tries in 1975. Output of crude gypsum in- crude gypsum increased 14% to 6.2 million 

| creased 23% to 12 million tons. Production tons. Total value of gypsum products sold 
of calcined gypsum increased 20% to 11 increased 27% to $655 million. 

| Table 1.—Salient gypsum statistics | ge 
os (Thousand short tons and thousand dollars) a | oe . 

| | 1972 1973 1974. ‘1995 1976 . 

United States: - . OC | | 
Active mines and plants! __.________-_--- | 108 112 «116 110 117 

Mined _-_.--- = 12,328 13,558 11,999 9,751 11,980 | 
Value _____-___~_-_~_-_------- $48,504 $56,650 $52,894 . $44,654 $59,888 ce 

Imports for consumption _—__.___.----~- 7,718 7,661 7,424 5,448 6,231 
Byproduct gypsum sales _______-_-_--_ 279 322 463. 369 573 

Calcined: | 8 | | 
Produced. --------------- 12,005 12,592 10,9938 9,181 11,036 

. Value__________________-____ $195,862 $205,826 $205,713 $186,478 $236,775 
Products sold (value) ___.___-__---_--__~— $560,569 $632,809 $623,102 $513,617 $654,860 
Exports (value)_________.__----------- $5,276 $7,360 += $10,844 = $10,481 «= $82,594 
Imports for consumption (value) _______-_~~- $22,042 $21,937. $21,889 $19,810 $21,754 

| World: Production ___ __.___-_------+------- 64,470 67,829 *67,704. 62,855 66,231 

‘Each mine, calcining plant, or combination mine and plant is counted as one establishment. 

DOMESTIC PRODUCTION — | | 

The United States was the world’s lead- mines), The Flintkote Co. (3 mines), and H. 
ing producer of gypsum, accounting for 18% M. Holloway Inc. (1 mine). These 6 compa- 
of the total world output. nies, operating 33 mines, produced 79% of 

Thirty-nine companies mined crude gyp-__ the total crude gypsum. 
sum at. 68 mines in 22 States. Output Leading individual mines were National | 
increased 23% but was 12% below the 1973 Gypsum’s Tawas mine in losco County, 
record. Leading producing States were Mich.; United States Gypsum’s Plaster City 
Michigan, California, Texas, Iowa, and mine in Imperial County, Calif.; United 
Oklahoma. These five States each produced States Gypsum’s Alabaster mine in Iosco 
more than 1 million tons and together County, Mich.; H. M. Holloway’s Lost Hills 
accounted for 64% of the total domestic mine in Kern County, Calif.; and United 
production. Stocks of crude ore at mines at States Gypsum’s Southard mine in Blaine 
yearend were 2.1 million tons. County, Okla. These five mines accounted 

Leading companies were United States for 27% of the national total. Average 
Gypsum Co. (13 mines), National Gypsum output per mine for the 68 U.S. mines was 
Co. and Georgia-Pacific Corp. (6 mines ——H 
each), Celotex Div. of Jim Walter Corp. (4 Physical scientist, Division of Nonmetallic Minerals. 

| 627
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| 176,000 tons, compared with 143,000 tons Mich., having started initial operations in 
| per mine in 1975 and 160,000 tons in 1974. 1926. The quarry now produces about 

Thirteen companies calcined gypsum at 600,000 tons of crude gypsum per year, and 
| 72 plants in 29 States. Output increased the plant produces about 500,000 square 

20%, but was 12% below the 1973 record. feet of wallboard per day.Someofthecrude 
Leading States were California, Texas, gypsum is sold to the cement industry for 
Iowa, and New York. These 4 States, with use as a set-retardant, and the unused 

| 24 plants, accounted for 39% of the national balance is shipped to the company’s other 
| total. : | : | _. plants in the Great Lakes area.2 

| Leading companies were United States Only one gypsumboard plant was started 
- Gypsum Co. (23 plants), National Gypsum up during the year, while three small plants | 

| Co. (18 plants), Georgia-Pacific Corp. (9 were shut down, with no gain or loss in — 
plants), The Flintkote Co. (6 plants), and national production capacity. American 
Celotex Div. of Jim Walter Corp. (5 plants). Gypsum Co.’s Albuquerque plant in Berna- 
These 5 companies, operating 61 plants, dillo County, N. Mex., started operationsin _—- 

_ accounted for 87% of the national total. the last quarter of 1976. Its associated — 
| Leading individual plants were United White Mesa gypsum mine in Sandoval 

States Gypsum’s Plaster City plant, Impe- County, N. Mex., was the source of the 
| _ rial County, Calif.; United States Gypsum’s crude gypsum feed. Three board plants were | 

| Shoals plant, Martin County, Ind.; Georgia- closed in 1976: Kaiser Cement & Gypsum 

Pacific’s Acme plant, Hardeman County, Corp.'s Delanco plant, Burlington County, | 
7 Tex.; United States Gypsum’s Southard N J . United States Gypsum Co.’s New | 

plant, Blaine County, Okla.; United States Brighton plant, Richmond County, N.Y; 
Gypsum’s Oakfield plant, Genesee County, and Temple Industries’ Dallas plant, Dallas, . 

_N.Y.; United States Gypsum’s Fort Dodge Tex. The Locust Cove underground gypsum 
plant, Webster. County, Iowa; and Weyer- mine of United States Gypsum Co., Smyth 
haeuser’s Briar plant, Howard County, Ark. County, Va., was also closed. , oo 

, ‘These seven plants accounted for 21% ofthe _ The Gypsum Association announced on 
national total. Average output per plant for January 3, 1977, that the available capacity _ 

: the 72 U.S. plants was 155,000 tons, com- Of operating gypsumboard plants in the | 
pared with 124,000 tons per plant in 1975 United States as of yearend 1976 was 16.5 
and 145,000 tons in 1974. billion square feet per year. These data 

, Occidental: Petroleum Corp., Valley Ni- were obtained from a complete survey of 

trogen Producers Inc., Collier Carbon & the industry conducted with the coopera- 
Chemical Corp., and California Industrial tion of the Bureau of Mines.’ Total 1976 = 

| Minerals Co., (all in California); Occidental Sypsumboard production in the United 
Petroleum Corp. in Florida; Miles Laborato- States was 13.1 billion square feet. This in- 
ries, Inc., in Indiana; and Texasgulf Inc., in - dicated a 19.5% national utilization of ca- 
North Carolina, sold 573,300 tons of by- Pacity for the year. 
product gypsum valued at $4.2 million for "“WBay City Time Bay City, Mich. Tosco National G 
agricultural purposes. y FEY Ne, aca. kosco National Gypsum 

During 1976, National Gypsum Co. hada 10 ar ANE 2s 197, see AP. 
golden anniversary at its National City Mice £0, the Gypsum Association. Peat, Marwick, 
plant and Tawas quarry in Iosco County, the Bureau of Mines, Washington, D.C.
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° e r 
e e . . | Figure 1.—Supply of crude gypsum in the United States. , 

: . ° ° e . 
BS : 

Table 2.—Crude gypsum mined in the United States, by State 
. | (Thousand short tons and thousand dollars) . | 

| 1975 1976 
Sta : : ; te Active Quan- Value Active Quan- Value 

. e 

| 
mines - tity "mines tity 

Arizona ——~——~—~---~--~--------------- 4 117 419 1x4 139 529 calif mia — 4 1,446 6,332 4 1,647 7,897 ; orado ----- 4 185 782 5 215 - 984 OWa —- 
6 1,208 6,546 6 1,486 8,288 Michigan ~ ee 5 1,224 5,936 5 1,837 9,842 5 oma ro ’ Loss 2,375 4 792 3,884 South Dakota” =~ 22272227277777277772277 1 wR | Texas ~------ 7 1,094 4,277 7 1,531 6,322 tah poo ee ee 5 247 1,457 5 270 1,657 Wyoming 3 271 : 

or Statasl rrr 902 3 317 1,280 | Oth tese 18 2,350 10,733 18 2,626 13,383 
Total _-_--_- 68 9,751 44,654 68 11,980 59,888 

VF withheld to avoid disclosing individual company confidential data; included with “Other States.” Viren u Hes Arkansas, Idaho, Indiana, Kansas, Louisiana, Montana, New Mexico, New York, Ohio, South Dakota (1976),
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able 3.—Calcined gypsum produced in the United States, by State 

. (Thousand short tons and thousand dollars) . , 
ee 

| 1915 1976 

State. Neti . ‘Active Quan wa...) 

| | Active Quan” Value Dlants quan Value 

California _..._----------------------- 7 «1,085 «= «15849 sisT~Ss«*dL ATG ~—s(21,481 
Florida _..___------------------------ 3 “344 7,038 3 378 7,359 

Georgia _--—---------------------------
 3 512 11,225 3 548 13,181. 

: lowa ______-__--2-------------------- 5 851 17,802 5 1,003 20,828 

Michigan ~~ - 4 385 9,689 - 4 456 13,924 

| Nevada ________--------~---+--------- 3 319 6,148 3 495 10,005 | 

New Jersey __.------------------------ 4 433 5,254 3 400 6,316 

| New York _____----------------------- 6 716. 18,494 6 740 15,139 

| Ohio:_______------------------------- 3 339 5,180 3 396 7,839 

- ‘Jexas _____--_-----------------+----- 7 842 19,428 6 1,094 26,934 

. Other States! __-_----------------------__ 29 3,405 75,371 29 4,051 93,774 

. Total ___---------------------- 14 ~—« 9181 186,478 = 721,086 236,775 

Includes Arizona, Arkansas, Colorado, Delaware, Illinois, Indiana, Kansas, Louisiana, Maryland, Massachusetts, 

_ Montana, New Hampshire, New Mexico, Oklahoma, Pennsylvania, Utah, Virginia, Washington, and Wyoming. 

: . 2Data do not add to total shown because of independent rounding. . See, 

= | - CONSUMPTION AND USES | | 

Apparent consumption of crude gypsum cific; these three regions accounted for 46% | 

: (production plus imports, minus exports) of the total. For agricultural gypsum, the 

: ‘ncreased 19% to 17.9 million tons. Imports Pacific sales region accounted for 86% of 

provided 35% of the crude gypsum con- — the total. | ae 

sumed. Apparent consumption of calcined Of the total calcined gypsum, 94% was 

| gypsum increased 20% to 11.0 million tons. used for prefabricated products and 6% for 

Stocks of crude gypsum at mines and industrial and building plasters. Of the 

calcining plants at yearend were 2.1 million prefabricated products, 80% was regular 

tons. Of this, 1.2 million tons (55%) was at wallboard, 12% was fire-resistant Type X 

calcining plants in coastal States. wallboard, and only 1% was lath. Of the 

| Of the total gypsum products sold or used, regular wallboard, 84% was 1/2 inch and 

. 5.4 million tons (30%) was uncalcined. Of 9% was 3/8 inch. The leading sales regions 

the total uncalcined gypsum, 3.4 million for prefabricated products were the Pacific, | 

tons (64%) was used for portland cement, East North-Central, and South Atlantic; 

and 1.7 million tons (82%) was used in these three regions accounted for 48% of 

agriculture. The leading sales regions for the total. For plasters, the East North- 

gypsum used in cement were the West Central, Middle Atlantic, and South Atlan- 

North-Central, West South-Central, and Pa- - tic regions accounted for 59% of the total.
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| —=S—S——r—hi CerhrtF7rmhrhrhrhmhrmrmrmLmLCUM se . 0 2 ae Se ee See 

e “ . Figure 2.—Sales of gypsum products, by use. : 
. -, : | 

: 
. 

es eo 
. Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 

e e ” . 

sold or used in the United States, by use 
. (Thousand short tons and thousand dollars) 

ee LL 
eee U 1975 1976 

Quantity Value Quantity Value OO — 
Uncalcined: 

Portland cement_._._____________ 3,244 21,341 3,417 24,908 _ Agriculture’ _-- 2 1,482 9,138 1,714 12,229 Other ______-____~ . 178 2,588 244 3,662 $e 
Total -_--~_-___ 4,904 33,067 5,375 40,799 Calcined: . | . Industrial plaster ___._-______-=________ 294 14,847 306 16,556 

Lr 
a sp iia SEE 

ee Sy 
SENSED 

Building plaster: 
basecoat __________________ 176 6,120 155 6,193 -mixed base coat. ..______________ 125 5,356 128 6,056 Veneer plaster ____________________ 73 4,907 86 6,270 Other? __-______-__ 162 6,232 121 5,362 

SS a re a hse? 

Total ~-__~__--~___ 3535 22,615 490 23,881 Prefabricated products _._______________ 9,855 443,089 11,849 573,624 
er 

A 

Total calcined ______________________ 10,684 5480,550 12,645 614,061 
aD ra ase SPP? 

: 
TS SS eS 

| Grand total _______________________ 15,588 513,617 18,020 654,860 
— 

Ee EEE Ee 
LA 

ener 

1Includes 369,000 tons of byproduct gypsum in 1975 and 573,300 tons in 1976. 
*Includes gaging, molding, and Keene’s cement, roof deck concrete, and other uses. 
*Data do not add to total shown because of independent rounding. 
“Includes weight of paper, metal, or other materials.
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| Table.5.—Prefabricated products sold or used in the United States, by product. 

. - a —_ 1975 ss 9B 

: Product _ - Thousand Thousand Value Thousand Thousand Value 
square _ short .(thou- . = square short (thou- 

| feet tons’ - sands) feet — tons' = sands) 

3/Sinch ____-___---------- 171,922 185 $7,144 173,487 185 $7,461 

7 1/2inch _._-.-_-_-_--------___ 9,142 8897 9267 8 430 

Total? __.____--_--------- 181,064 4430—~=«<‘;@AALS (<st‘<ié«a TONS, 892 
Veneer base ____--+~--~------+-- 292,188 278 =: 12,975 362,981 — 345 16,677 

Sheathing ___—--_---------=--___ 199,340 189 9,098 272,567 2A 12,818 | 

"8/8-inch ______._--------=-- 926,841 736 24,027 . 983,762 757 39,124 
1/2inch ______ ------------ 6,952,283 6,171 267,140 —-8,766,888 7,747 352,634 

| 5/Sinch _______-~-__=------. 490,594 465. 24,919 561,503 "580 -:28,951 
linch _______-___-_~-----+- 15,978 31 —««i1,985 17,068. 32 2,085 

, Other? _-__---------------____ 129,774 1085164787082 

Total? _______----___---- _ 8,615,470. 7,507 — $28,197 10,493,908 9,183 429,896 
Type X gypsumboard ______-_-_-_- 1,408,512 «1,600 =. 70,655. «1,593,577 1,737 80,717 | 

: Predecorated wallboard _____--_-_.. 185,462. =: 180—s-17,749 -, 194,549) TL 22,974 © 
Other _______-______---+-.---- 9972 © 8 1873. 17298  ° 14 2,721 

. ws , —— RS SS LV - . . 5 _" " 

: Grand total? ___----------- 10,742,008 9,855. 448,089 18,117,579 11,849 578,624 

a 1Includes weight of paper, metal, or other material. Se, a a me 

2Data may not add to totals shown because of independent rounding. ce _ | , 

Includes 1/4-inch, 5/16-inch, and 3/4-inch gypsumboard. 7 oe 7 — 

oe BNERGY | 

More efficient production scheduling and compared with 2.97 million in 1975.* | 
a higher rate of operational capacity con- —_As reported by the Gypsum Association, — 

tributed to an increase in the energy effi- the percent fuel source for the gypsum 
| ciency of the gypsum industry in 1976, with. . | ; 

. . industry in 1976 was as follows: Natural 
a 10.8% improvement compared with the 3 | 
base year of 1972. British thermal unit 245: 16.43%; electricity, 5.92%; coal, 2.91%; 

| consumption per thousand square feet of Propane, 2.40%; No. 1 oil, 3.00%; No. 2 oil, 

gypsumboard sales in 1976 was 2.76 million, 9.10%; and No. 6 oil, 0.24%. 

| , | PRICES | 

The average value of crude gypsum in- trial plasters at $54.10 per ton, building 

creased from $4.58 per ton in 1975 to $5.00 plaster at $48.74, and uncalcined products 

in 1976. The average value of calcined at $7.59 per ton. | 

gypsum increased from $20.31 per ton in Quoted prices for gypsum are published 

1975 to $21.45 in 1976. The average value of monthly in Engineering News-Record. 

byproduct gypsum sold decreased from Prices at yearend showed a wide range, 

$7.96 in 1975 to $7.36 per ton in 1976. based on delivered prices. Regular 1/2-inch 

The average value of gypsum products wallboard prices ranged from $44 per thou- 

sold or used increased from $32.95 in 1975 to sand square feet at Dallas to $93 at Chicago. 

$36.34 per ton in 1976. Prefabricated pro- Prices for building plaster ranged from $61 

ducts were valued at $48.41 per ton, indus- per ton at San Francisco to $96 at Denver. 

FOREIGN TRADE 

Increased exports of gypsumboard, pa- minican Republic and Brazil (the other 1%). 

nels, and tile were made to Canada and the Imports increased 14% to 6.2 million tons. 

U.S.SR. Total value of gypsum product Most of the imported crude gypsum was 

exports to all countries was $32.6 million, a mined by subsidiaries of U.S. companies in 

sharp increase of 211% over 1975. The Canada and Mexico. 

gypsum industry is import reliant. In 1976, — 

35% of the crude gypsum consumed was awe Department of Commerce and Federal, Energy 

imported. Imports were from Canada (72%), Adminis Sa ee of Pron mrese Report No. 5 Tale 1977, pp. 90. 

Mexico (21%), Jamaica (6%), and the Do- ol. update o posses PP
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~ Table 6.—U.S. exports of gypsum and gypsum products oe | 
| (Thousand short tons and thousand dollars) | | 

= | oO - | Other ee 
Crude, crushed, manu- . — Year or calcined factures Total 

| : a nec. | value 

a Quantity Value - Value 

1974 132 3,910 6,934 10,844 1975 _ 75 4,505 5,976 10,481 1976__-_-__-_- 284 6,739 25,855 $2,594 
. . 

Table 7.—U.S. imports for consumption of gypsum and gypsum products | | | 
. | (Thousand short tons and thousand dollars) - a - 

Oth 

Crude Ground or manufsc. mani: ee 
. ures 

 - Year | tures! “mee. | Total : 

a Qa Value «= AM Velue = Value = Value — - 
1974 __-___ 7,424 17,602 2 107 1,976 2,204 21,889 oy 1975-2 5,448 16,021 2 172 1,365 2,252 19,810 1976 __§_ = 6,231 18,061 22 - 224 1,572 ~-——s«1,897 21,754 - 

“Includes imports of jet manufactures, which are believed to be negligible. a 

Table 8.—U.S. imports for consumption of crude gypsum, by country - a Ne 
a | (Thousand short tons and thousand dollars) | , | oe 

: Count _ a 1975 1976 | co 
oo | _ wounery ; Quantity Value Quantity Value | | 

a 

Australia_______._--_--__--_--- ee - A - @ oe 
Brazil ____.-_-_-_-_--~__-_-~-~_-~___ ee _— -— 8 . -. 10 
Canada ________-- 4,022 11,344 4,468 13811 8 _ Dominican Republic _____-§§_-§_-»§_»§_»_»___ 128 2,438 84 1,496 | Italy___ 2 DTT ITIr () 9 @ 4 | Jamaica __________- ee 274 659 356 5T4 : Mexico __________________ 1,027 1,567 1,315 2,163 - United Kingdom ____- 2 4 __ __ : 

Total __________________ 5,448 16,021 6231 ~~ 18,061 

1Less than 1/2 unit. | . 

| WORLD REVIEW | 

Domestic and foreign resources of gypsum Cajati where the phosphogypsum will be | 
_ are adequate for any foreseeable time. converted into semihydrate by a Rhéne- 

World reserves are conservatively estima- Poulenc process, and used for the pro- 
ted at 2 billion tons. duction of 110,000 tons per year of pellets 
Brazil.—Rhéne-Poulenc of Paris, France, for set-retarding of cement. A factory in Sao 

announced that Sociedade Comercial e In- Paulo will also use the semihydrates to 
dustrial de Artefactos de Gesso (SCIAG), a produce plaster tiles, using a Rhéne- 
Brazilian offshoot, will construct three poylenc patented process. 
plants for the conversion of phosphogypsum 
into materials useful in the construction —scpemical Age. SCIAG Goes Ahead With Ph hogyp 
industry. The first plant was to be built at sum Plan. V. 114, No. 3000, Jan. 14, 1977, D. .
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~ Canada.—Canada was the fourth leading Japan.—Japanese production of crude 

producer of crude gypsum, accounting for gypsum has been progressively reduced 

| 9% of the world total. About 80% of the from 406,000 tons in 1973 to only 71,000 tons 

_ gypsum mined in Canada is from the Atlan- in 1976, and import-export trade was mini- 

tic Provinces, where quarries are operated mal in 1976. Japanese technology for the 

by subsidiaries of U.S. gypsum companies recycling of byproduct gypsum was leading 

and exported to the eastern seaboard of the _ the world. In 1975, a total of 5.5 million tons 

United States to meet raw material require- of chemical gypsum was produced as a 

ments of the building industry. byproduct of phosphoric acid production 
Westroc Industries Ltd. announced a ma-_ and other chemical processing such as so- 

. jor expansion of its Ontario gypsum oper- dium sulfite, sulfuric acid, sodium sulfate, 

ations, including the development of anew and from 137 different thermal power | 

mine in the township of Blandford- plants with fluegas desulfurization systems. 

7 Blenheim in Oxford County, and a further = Including a small amount of natural gyp- 

increase in the capacity of its Mississauga sum, 2.1 million tons of gypsum was used in 

gypsum wallboard plant. The $5 million 1975 as a set-retarder in the cement manu- 

underground mine development was initi- facturing industry, 1.4 million tons was 

ated with the sinking of a 12-foot diameter used in the manufacture of wallboard, and 

by 400-foot deep vertical shaft. Scheduled 700 thousand tons was used for construction 
-_ commencement of operations was mid-1978. plaster and plaster of Paris. The average 

a The deposit has at least 30 years of value of byproduct gypsum in 1976 was 

| reserves. | ; | equivalent to $5.25 per ton. Even with this 

Anhydrite was produced in Canada by high degree of utilization, surplus bypro- 
| Fundy Gypsum Co. Ltd. at Westworth, No- duct gypsum was increasing, and it was 

va Scotia, and by Little Narrows Gypsum becoming a problem to secure sites for 

Co. Ltd. at Little Narrows, Nova Scotia. storage and treatment. The Ceramic Society 
| (Production and trade data on anhydrite of Japan estimated there would be a vast : 

| are included with those for gypsum). Some oversupply of byproduct gypsum by 1980, 

a 219,000 tons was mined in 1975 and shipped with stocks in Japan totaling over 12 mil- 

: _ to the United States for use in portland ion tons despite an optimistic growth rate 

oS cement manufacture and as a peanut crop in the consumption level during this 
fertilizer. In this latter use it is somewhat period.° 

| more effective on a theoretical basis, 100% Mexico.—In 1976, Mexico produced 1.6 

compared with 79% available CaSO. in million tons of crude gypsum, most of which 

gypsum.” a . was exported to the United States. The 

France.—France was the third leading ,emainder was used in the cement industry 

gypsum producing country, with 10% ofthe 4. a set-retardant and as the raw material _ 

wor . supply for two small umboard plants 

India —The discovery of deposits of high- owned by subsidiaries of United States Gyp- 

grade gypsum in the States of Jammu and ym Co, and Kaiser Cement & Gypsum 
Kashmir, estimated at 110 million tons, was Corp. The large amount exported came 

announced by the Geological Survey of from San Marcos Island, in the Territory of 
India. Half of the deposits are located near Baja California Sur, and was produced by 

Doda and tne ae a ; im port depen: the Mexican subsidiary of Kaiser Cement & 

dence, a private Indian company, Ori Gypsum Corp., Cia. Occidental Mexicana | 

Cement Ltd. of Rajgangpur, Orissa, WaS8 «Canadian Mining Journal. December 1976, p. 57. 
seeking a joint venture for the production of ye oenchouse; Di H. Gypsum and Anhydrite. Canadian 

sulfur from gypsum.® ine ear »OPP. a. 

Iran.—As a result of a survey conducted Tele a TN ONS 1ST op 2 State Department 

in 1975 and 1976, the Iranian Ministry of US. Embassy, Teheran, Iran. State Department Air- 

Mines and Industry announced the gypsum 9 "criahin’ Peter. The Industrial Minerals of Japan (Part 
reserves of Iran to be 666 million tons of 2). Industrial Minerals, No. 119, August 1977, pp. 15-39. 

proven reserves and 1,373 million tons of emates Minty of Inerational Tass and Indust 
probable reserves.® for Calcium Sulphates, July 5, 1976, 11 pp.
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S.A. This deposit has large reserves of high- position in world gypsum production, rank- | 
quality gypsum ore and serves the West ing fifth, with 7% of the total. 
Coast of the United States. At yearend, the Spain has abundant and extensive depos- 
Mexicanization of the subsidiary was pro- its of gypsum that occur in most regions of 
ceeding according to the plan of the Mexi- the country. The principal areas of Spanish 
penal ibaa rind saiae that pm of the production are in Barcelona, Madrid, Tole- 
i aistan—'The eypaum reserves of Pak- do, Burgos, Castellon, Zaragoza, and Leon, 

istan were announced as 74 million tons in and ine mam one of consump ton are in 
- 1976. Large deposits of gypsum have been the large industrial areas, such as Catalonia 

found in different regions in Punjab, Sind, 224 Madrid, and in the main tourist regions 
Baluchistan, and North-West Frontier Pro- of the Mediterranean and the Balearic and 
vinces, and were being used in the pro- Canary Islands. At least four of the larger 

duction of cement, chemical fertilizers, companies are important, but very little 
plaster of paris, etc. Production in 1976 was domination of the industry was apparent. 

| 488,000 tons and was mainly consumed by Exports have grown from about 4,000 tons 

| the fertilizer industry for neutralizing the in 1970 to 211,000 tons in 1974, principally 
effect of saline and alkaline soils.” to Scandinavian countries."* | 
Romania.—Process Engineering Co. of § Thailand.—Gypsum production in Thai- 

eee anne a aon ie oe 2 land peaked at 344,000 tons in 1974 and 
Phosphogypsu) Ocessin : * has subsequently fallen to 281,000 tons 

The plant will convert residual phosphogyp- i, 1975, and 296,000 tons in 1976. This was 
sum from acidulation of phosphate rock ] ly due to the d ased state of both 
into plaster tiles for the Romanian con- argely Cue © depre state ol 
struction industry. Output will be 110,000 the domestic and overseas building indus- 
‘tons per year, equivalent to 16 million try. The bulk of the production is consumed : 

square feet of tiles. The project will combine in the local cement and gypsumboard in- OO 
the Rhéne-Poulenc expertise in the purifica- dustry. Most of the exports, which reached 
tion and firing of phosphogypsum and the over 130,000 tons in 1974, went to Malaysia, : 

Lambert Industries’ experience in convert- Taiwan, and other Southeast Asian coun- | 

_ ing the material into finished products." _—_——tries. Two Provinces had most of the ) 
_ South Africa, Republic of.—The Republic  production-Phichit with reserves of 25 mil- 

| of Pouth Africa’s somewhat limited Te te lion tons, and Nakhon Sawan with 10 mil- | 
. inaustry remain in a lethargic s lion to f 16 

throughout most of 1976, reflecting (for the "Dy SSR The | US S.R. produced 11% of | 

_ second consecutive year) a slackened do- 4, ws orld’s gypeum in 1976 and ranked | 
mestic market. Volume of local sales was off . . 
69 compared with that of 1975. Price rises, S©Cond in total world production. 

: the result of inflation, were of little help “—__ _ _ } 

; and did not present a favorable outlook for ope Cement & Gypsum Corp. Annual Report, 1976, 
1977. Indications were that gypsum con- United States Gypsum Co. Annual Report, 1976, p. 15. 
sumed in the Republic of South Africa “US. Embassy, lslomabed. Pakistan. State Department 

: ° Airgram , June , p. 71 of enclosure. 
during 1976 declined to the level of 532,000 chemi cl Age PEC Wing 5 Contract in Rome 

. nia. V. 113, No. . . 3, »p. 7. 

Spain.—Production of gypsum in Spain 4U.S. Embassy, Johannesburg, South Africa. State 
has been quite constant since 1968, re- Department Airgram A-10, Jan. 31, 1977, pp. 38-39 of 

maining between 4 and 5 million tons per _~_®{pqustrial Minerals. No. 103, April 1976, p. 31. 
year. In 1976, Spain retained its important 16Industrial Minerals. No. 177, June 1977, p. 27.
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Table 9.—Gypsum: World production, by country | a 

(Thousand short tons) a 

NT CE TT a DE TC TTC TLE ASC SAAS 

Country? BO 1974 195 TER 

North America: | oo | | So 
Canada?* __ ee 7,964 6,304 6,240 
Cuba®_ ee OA 94... 94 
Dominican Republic ____~_._.-----~------~~---------- Ferg 4162 140 . . 
El Salvador® ______ 5 ee eee 7 . To 
Guatemala... _-_________-- ee Le "14 1 44 <5 
Honduras ___..--__-----------~-----u 9 1 ef 

. Jamaica ___._ ~~~ ee 296 ~ 260. 309° 
Mexico wg-- 7-2-2 $5 = === == === 1,528 . Lae - 2 -1,559- 

lcaragua~ ~~~ __~______~_ ee a, AT CO. 
. United States _____.__. eee 11,999 9,751 11,980 __ 
South America: . 7 : | OY 

Argentina ______-____~~- + - eee . 866 . . 563 600 
Bolivia*_-_- $$ 5 . 4 1 e}. . 

BrazilS _-________________--__- ++ T466 © 425 44 - 
Chile _-_-- ee LLL LL _ 149 199 138° —CCOs:~«CS 
Colombia ________--------+-----_- i eet Lleet 2B 220. 299 . 
Ecuador ___~___~__-_~~ ee LLe "] ey Og os 
Paraguay. ____. ~~~ Le 16 We IB 
Peru____-+--_-------- + eee eee .. 884 386 ©8386 oe 
Venezuela ___-_-_-_-_---_-__-_--_---~_ 2 ee 181 233 189 

Austria? __ 2 ee : 886 849 130 a 
Belgium? _________---2__-- 113 244 242 oe 

: Bulgaria ~~ ee 7317 317 317 3 
Czechoslovakia ________..____--_--~--L---~-- ee 693 702 661 © co 
France?____...-_- ~~ eee 6,906 6,409 . 6,449 | : 
Germany, East®________.____-__.- ~~~ ee *718 712 WNT 

. Germany, West (marketable)... __.__________-_----__--_--+--~- T2538 2,297 ©2535 
Greece _____.___-~- ~~~ eee "487 459. 452. 
Ireland _..-__-_-___-__--_-_---- +e 423 364 391 - 
Italy® _.._-_-_-______---____eeeLLe 3,858 38858 3,858" | 
Luxembourg ~~. --__.-__~------___ Aes Boe Qo. 
Poland® ®__ 1,220 1,820 41890 2 
Portugal _______-_------------------- +--+ ee 158 165 0C<C*~<“‘C TO 
Spain ____________-__ ee T4494 4,652 &4 629 
Switzerland®_____.22 ~~ = — 110 AT 7 
USSR &_ ~~ 6,600 - *6,900 7,100 
United Kingdom ____.---____-----~_~--------------- ~ ¥4191 3,835 4,409 | 
Yugoslavia _- __-___--______---_---- eee 358 413, _ . 604 

. Africa: 
Algeria. _-_-_§__ ~~~ eet . T5383 C55 55 vy 

Angola® _____ Le 7 44 44. 44 
Egypt __.---____-----_---------~_-~------+-+-+------ | ™619 606 bb : 
Ethiopia _-_______--__-__----------------_--------- 2 -- ne 
Kenya? __________________ - ©110 "110. 86 Ss 
‘Libya® 9 Le . 8 4 4 — 
Mauritania ______________________________________ 9 14 it , 
Niger __________-_---~_____~ eee 2 1 3 oe 
South Africa, Republic of _.....-_____-.-_-----_--------- 621 594 582 
Sudan? ___ 5 eee 33. 33 20 . 
Tanzania____________________---__-----__________ 23 14 e15 
Tunisia __-_-__________-_ €44 e55 4g 
Zambia _____________-__-------_--~-_----- ~~~ +--+ +--+ 4 8 4 

Asia: . 
Burma’__________________ ~~~ ee 30 43 40 
China, People’s Republic of© ___.______-______--__.------_- *990 880 1,100 
Cyprus ~-------- + eee eee eee eee 28 45 65 
India _____________--_-------~---~--~---~-+~_~------ 1,183 893 784 - 
Indonesia® _____.______--_-------------------------- 9 9 9 - 
Iran® _________-_-_--_--__--------------------+----- 2,600 2,700 2,800 
Iraq ~~ -----_-_-------------~----~~------+~~ +--+ +--+ _- 171 __ 
Israel _. - 5/5 5 5 5 ee eee eee 220 220 220 
Japan____________--_-___------~_~ ~~~ ~~ eee 368 206 71 
Jordan _____________-----~-----~-~--~---~--~-~--~----_-- 33 33 23 
Korea, Republic of€ © _____________-_---------------__ ™700 570 680 
Lebanon __________-__--_------~-~-~-~~-~-~--~~-~------~- 14 14 °14 

Mongolia® ______ __-______---_-----------_-------~- 39 39 39 
Pakistan _.__________-~-~_~__-~__ ee 213 309 488 
Philippines __________--__-__-__-----~--~---~-~~-~~-+--~-~ 139 130 68 
Saudi Arabia _~____________________ 

19 €19 €19 

Syrian Arab Republic®____.____________-_-------------- 17 17 27 
Taiwan _._-___________ ~~~ ___ 4 3 3 
Thailand __________-__________- ee 344 281 296 
Turkey ____-_______~-~-~___-~_ 42 42 36 
Vietnam® _______ eee 8 8 8 

Oceania: Australia ______._____-_-_-----__------~---------+- 1,178 1,046 1,086 

Total__________-_--_____----__-----+-- +--+ ---- 67,704 62,855 66,231 

*Estimate. Preliminary. ‘Revised. 
1Gypeum is also produced by Romania, but production data are not available. 
2Includes anhydrite. 
3Shipments. 
“Net exports. 
5Sum of crude mine production sold directly and output of salable beneficiated product. 
®Includes byproduct gypsum. 
7Burmese fiscal year runs from April 1 of the year stated.
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a OC - TECHNOLOGY - | 

The Norwegian firm of Den Norske autoclave system, in which a slurry of 
| Gipsplatefabrikk (DNG), has commissioned gypsum, containing crystal habit modifiers, 

_ the first stage of a $6.7 million plant to was heated by direct steam injection to 150° 
_.. produce polyurethane-filled plasterboard C at a pressure of 100 pounds per square 

wall structures at Svelvik, near Drammen, inch to convert it to a-hemihydrate.’” 
- Norway. The new plant is the first in the = Tightened Environmental Protection A- 

_ world to produce such wall structures by gency pollution control standards forced 
continuous production methods. The new _ several titanium dioxide producers to adopt 
system jointly uses DNG’s experience in the sulfate process, thereby getting into the 
plasterboard manufacture and Imperial byproduct gypsum business. Output of gyp- 

_ Chemical Industries Ltd.’s urethane foam sum was at least five times that of titania 
_ expertise. Initial production capacity of the production and similar to the production of 

| DNG plant will be about 5.4 million square phosphogypsum byproduct from the acid- | 
feet per year of Gipsotex Multielement. An yljation of phosphate rock to produce phos- | 

_ eightfold expansion is planned over the phoric acid. The treatment plant of Amer- 
| next 4 years."7 : -__. jean Cyanamid Co. in Savannah, Ga., de- 
Oe An investigation was conducted by the veloped a two-stage neutralization of the 

| Construction Materials Group of. Battelle strong acid effluent stream using pulverized 
- Memorial Institute’s Columbus Laborato- limestone, and produced both a high-purity 
-_ ries to study the suitability of phosphogyp- gypsum product and a high-iron, low-grade 

oS - gum as a reaction-rate controlling additive product.”° 

to portland cement and for the production —‘ The application of gypsum or landplaster 
_ of gypsum wallboard. The research revealed ig very important in the fertilization of 7 

oe the feasibility within the cement manu- peanuts in the Southeastern States. Gyp- | 

facturing and wallboard markets. Results of sym is a soil moderator, it promotes the | 
_ the project revealed that the use of pro- more efficient use of balanced fertilizers, 
cessed gypsum in cement had no detrimen- and it is an insurance factor against the 
tal effect on the properties of fresh concrete, fo;-mation of “pops” or unsound kernels 

: _ such as increased air content or increased ‘during dry weather. Seed quality is - 
| _ -water requirements. Satisfactory wallboard ji ,Ayenced by the availability of gypsum; 

was produced, and processed gypsum-stuccO eds with less than 500 parts per million of : 
appeared to be as good as that of commer- calcium germinate below desirable levels 
cial plaster. The primary chemical impuri- hile those with more than 500 parts per | 
ties in the processed gypsum (Fe.0; and mittion usually germinate well and produce. 
CaCO;) were not viewed as deleterious from vigorous seedlings." | 

_ the manufacturing or product performance —_ 
viewpoint.?5. 17 : 

, Imperial Chemical Industries Ltd.’s Agri- _ p. . ropean Chemical News. V. 29, No. 78, oe ®, ene, 
cultural division (Billingham, Cleveland, ,.-Lankerd, D. BR. ands W. A. Hodden. Industrial Applic 

_ England) developed a continuous process for June 1976, PP. 7256. pyproduct coe 
the conversion of byproduct gypsum to the \lien, M. Conversion o uct Gypsum to a- 
a-hemihydrate in a wet slurry, thereby Fee De & Potasaium, 
producing a feedstock acceptable in plaster “Chemical Week. TiOz Plants Survive By Making 

and gypsumboard manufacturing. The prin- Epon, "A arm Chemicals, v. 189, No. 10, October 
cipal process characteristic was a double 1976, p. 62. |
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Heli pos 
By Thomas G. Clarke! | 7 

Total domestic sales of high purity he- feet, unchanged since 1961. High purity 
lium (minimum 99.995% purity) in 1976 helium sold by private producers averaged 
decreased 3% to 580 million cubic feet about $22 per thousand cubic feet, down 

- compared with 601 million cubic feet in from $24 per thousand cubic feet in 1975. 
1975.2, Bureau of Mines sales constituted Suits filed against the Government in 
31% of the total; private industry accounted 1975 were pending in the U.S. Court of 
for the remainder. High purity helium ex- Claims at yearend 1976. The suits, seeking 
ports, all by private industry, increased damages up to $273 million, contended that 
about 21% to 174 million cubic feet from supply contracts under the Bureau of Mines 
144 million cubic feet in 1975. The Bureau conservation program were breached. Simi- : 
of Mines f.o.b. plant price for high purity larly, in June 1976, a third company filed 
helium in 1976 was $35 per thousand cubic suit and asked damages of $102 million. 

| | DOMESTIC PRODUCTION | : 

A total of 12 plants had the capacity to —_— Initial performance tests were conducted — | 
extract helium from natural gas duringthe in January on a 35-liter-per-hour helium 

year. Ten of the plants were owned by  liquefier at the Amarillo shipping terminal. oe 
private industry, and the other two were Tests indicated the unit performed near 

owned py me US. otreTnment and. operat rated capacity. In April, the first liquid 
y the bureall 0 eS at Keyes, kia.» helium dewars were received to support the 

and Exell, Tex. Six extraction plants were |.” . . arene . 
located in Kansas, three in Texas, and one liquid helium distribution operations at the 

each in Arizona, New Mexico, and Oklaho- ‘terminal. 
ma. Three private plants were not in oper- Several potential energy-saving projects 
ation at yearend 1976 (see table 2). were initiated at the Keyes Plant during 

Total helium extracted from natural gas_ the year. These included the installation of 
by both private and government sources orifice flowmeters to measure full gas usage 
was 1.34 billion cubic feet, an increase of to engine compressors; a water meter to 

24% compared with that of 1975. Total high provide information on excess water loss; 
purity oon 7 increased aon oe fixtures to test injection valves; equipment 
pared 0 1 > ° ° : 

helium extraction was 75% higher com- to determine vette turbocharger efficien- 
pared with an 81% increase in 1975. Of tot- CY: and a kilowatt-hour meter to determine 
al helium extracted during the year, crude incremental electrical usage within each 
helium comprised 44% of the total; high Plant operations area. 
purity helium for sale constituted 56%. The §——————— 

_ Bureau of Mines accounted for 33% of the “Mineral specialist ist (petroleum), Division of Petroleum 
. . ‘ an a . 

crude helium and 24% of the high purity "zi helium statistica in this chapter are in terms of 
helium extracted, private industry account- contained helium measured at 14.7 pounds per square inch 
ed for the remainder. absolute at 70° F. 

| 639
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| 7 Table 1.—Helium extracted from natural gas in the United States 

(Thousand cubic feet) , Oe | 

| - oo | 1972 1973 1974 1975 -—- 1976" 

| Crude helium:! | - oe . 
_. _ Extracted at Bureau of Mines plants ______ 262,197 175,976 169,414 188,725 198,150 

Extracted at private industry plants wee 3,204,806 2,381,971 15,073 149,794 391,553 

Total_-______________________ 3,467,003 —-.2,557,947 184,487 383,519 584,708 | 

| . High purity helium:? 
Extracted at Bureau of Mines plants. _ __ _ _._ 178,526 «180,114 168,662 184,524 180,285 
Extracted at private industry plants —_ —_ ~~ 453,675 467,102 $530,312 § °560,899 $574,087 

otal eee 627,201 647,216 698,974 745,428 754,872 | 

. Grand total _.______.._...------ 4,094,204 3,205,163 883,461 1,078,942 —1,389,075 | 

Preliminary. | | | 
1Excludes crude helium purified after interplant transfer. 
2Includes only those quantities produced for sale; quantities entering conservation storage system after purification. 

-. are included under crude helium. oe 
-  3Includes helium purified at the Bureau of Mines Keyes plant for the account of others. | . . 7 . 

| WYO, - l - a | 
; - Qi. Top Field | | ° uO » > 4 eo 

a i ee KANS. | 
Church Buttes Field . . ns 
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Figure 1.—Major U.S. helium-producing gasfields.
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Table 2.—Ownership and location of helium extraction plants in the United States, 1976 | 
—_-—,OO-- vk a ee . 

Category and owner or operator Location Product purity = OEE OE purity 
Government owned: 
Bureau of Mines _._____________ Exell, Tex__.__.___.__ | Crude helium. Do _-__--~_-_ Keyes,Okla ._..__.__ Crude and high purity 

helium. Private industry: _ 
Alamo Chemical-Gardner Cryogenics____________ Elkhart, Kans __.._.___ High purity helium. . Cities Service Cryogenics,Inc _.._____________ Scott City, Kans _._.___ Crude helium? Cities Service Helex, Inc____________________ Ulysses, Kans _______ Crude and high purity : 

elium. Kansas Refined HeliumCo_________ ss” Otis,Kans __.__._.____ High purity helium. Kerr-McGee Corp? _______________________ Navajo, Ariz _________ Do. National Helium Corp? ____________________ _ Liberal,Kans _______ _ Crude helium. Northern HelexCo_._._______ ss ststCisC™ Bushton, Kans____.._. Crude helium.* 
Phillips Petroleum Co® ____________________ Dumas,Tex_________. Crudehelium. . Do®___ Hansford County, Tex __ Do. 
Western Helium Co ~--------------------- | Redrock,N.Mex__.__. High purity helium. 

nearness 

Output is piped to Cities Service Helex, Inc., plant at Ulysses, Kans., for purification. 
*This plant was closed permanently on Feb. 28, 1976 due to depletion of reservoir. 
This plant has not operated since late 1973 to early 1974. 
*Output is being stored in the Bureau’s Conservation System. | ‘This plant was shutdown in 1976. The helium-bearing gas supply contract for this plant expires on Oct. 29, 1977. 

| This plant in operation in 1976, but at reduced capacity. 

_ Table 3.—Summary of Bureau of Mines helium plant and Amarillo shipping terminal | 
operations | 

(Thousand cubic feet) . a 

. 1974 1975 . 1976 . 

- - Supply: : 
Inventory at beginning of period *__________._......________ 8,682 9,291 9,805 

Helium extracted:? 
Exell plant: , 

Crude _____~ 35,036 36,111 12,443 —— ee 
Keyes plant: . 

rude ------+------ LL =~ s«184,878 . 147,614 180,707 - High purity® _--§_ 170,194 186,399 181,574 

. | Total Keyes plant._______.______________________ 304,672 334,013 362,281 —— OEE —[—=<======>—>—>—>T—*_*K*<*{_"__]"_""l___="= 
Total extracted _.-.________.____ 339,608 370,124 374,724 : Helium returned in containers (net). ____..._.._____________ 2,935 1,349 717 . ee 

- Totalsupply ~-__________- ee 351,175 380,764 385,246 
er . == ___= 

Disposal: 
es of high purity helium ___________.__.._._.___________ 168,662 184,524 180,285 | Net deliveries to helium conservation system* __..___._________ 178,229 186,435 196,580 Inventory at end of period’ _.._--§_-_-__§__ 9,291 - 9,805 8,381 — E 
Total disposal $= 2 2 351,175 380,764 385,246 

1At Exell and Keyes plants and at Amarillo shipping terminal. 
ston tudes conservation helium produced from native gas withdrawal wells at Cliffside field that have been invaded by elium. 
pe 28,657,000 cubic feet purified for others in 1974, 39,396,000 cubic feet in 197 5, and 63,226,000 cubic feet in 

“Excludes return of conservation helium produced as indicated in footnote 2 to conservation storage system.
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Figure 2.—Helium production in the United States, 1945-76. 7 

CONSUMPTION AND USES 

| Principal domestic end uses of helium in was not competitive with the private pro- 

| 1976 were in welding, purging and pressur- ducer average price of $22 per thousand 

izing of rockets and spacecraft, research, cubic feet, f.o.b. plant. 

/ and maintenance of controlled atmos- All high purity helium sold by the Bureau 

pheres. Other uses included lifting gas, leak of Mines was shipped in gaseous form in | 

detection, cryogenics, heat transfers, and cylinders, railroad tank cars, highway 
synthetic breathing mixtures. Total domes- tanker trailers, and in liquid form in con- 
tic demand during the year was centered tainerized dewars from the Amarillo ship- 
mainly in the Pacific and Gulf Coast States. ping terminal. Private industry distributors 

Federal agency purchases in the form of shipped helium in both gaseous and liquid 
direct sales from the Bureau of Mines con- forms. Much of the helium transported in 
stituted about 54% of the Bureau’s total liquid form was delivered by semitrailer 

high purity helium production. Almost all and/or containerized dewars to distribution 

of the remaining sales of high purity helium centers where it was regasified and com- 
by the Bureau were to Federal agencies pressed into trailers and small cylinders for 
through the General Services Administra- delivery to the end user. 
tion contracts to private distributors, as 

required by law to purchase equivalent 
quantities from the Bureau. These contracts _ . . . | 

made relatively small quantities of helium Table 4. Total sales of high purity helium 

readily available to Federal installations at (Million cubic feet) 

reduced freight charges for small pur- one 
chases. Year Quantity 

The Bureau of Mines f.o.b. plant price of 1972 — e 

high purity helium in 1976 was $85 per j9/377777777777777777 777772 £330 | 
thousand cubic feet, unchanged since 1961, 1974______-___-__----------- °570 

and maintained for the purpose of financing 1O1) ~~~ ~~ =~ =~ =~ = 2-22 T TTT rege 

the Government’s helium conservation pro- ~ 

gram. Except in special circumstances, this Estimate. Preliminary.
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| ESTIMATED HELIUM USED 

| —  §80 million cu. ft. . 
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Source: Midwest Research Institute “ So 
“Comprehensive Investigation and | . | Se | Report on Helium Uses,” January 31, 1977 | a - oo —— 

Figure 3.—Helium consumption by end use in the United States,1976. —s__ | 

_. ‘Table 5.—Bureau of Mines sales of high purity helium, by recipient | : 
i : (Thousand cubic feet) : 

_—_—— eeeeeeeeseeeeeSFSFSSSSSSSSSsase 
1974 1975 1976" 

Federal agencies: 
Atomic Energy Commission’ — — —-_-—----_---—----_--~-- 21,169 17,184 14,596 Department of Defense _....____________.._ 45,432 60,551 . 67,827 National Aeronautics and Space Administration_______________ 13,684 21,046 8,884 National Weather Service _...._..____________________ 2,957 1,746 1,515 Other? —---- + ee 4,298 4,968 4,757 1 

eS 

Total Federal agencies ~-— - 87,540 105,495 97,579 Private helium distributor sales®> _~..____________________ | 81.122 77,049 80,185 
Commercial sales_________________-___-_-- - 1,980 2,621 aT =—=———————_——_—_[_[=[====_z_=_=*=E_{*—*>=*=*—C=—=>x[y[== 

Grand total _-_-_-____~~___~_~ ee 168,662 184,524 180,285 — eee eeemnt 

1Became part of Energy Research and Development Administration on Jan. 19, 1975. 
: Includes quantities used by the Bureau of Mines. 

SMost of this was purchased by commercial firms which sold equivalent quantities to Federal installations under | contract agreements with the General Services Administration. 

vy 

j 
. 
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a | | CONSERVATION —t«w™s ue 

| Helium held in the Bureau of Mines balance of 1,425 million cubic feet stored - 

oe conservation storage system, which in- under contract with the Bureau in the 

_ cludes the conservation pipeline network conservation system (for future redelivery) _ 

_ and the Cliffside gasfield near Amarillo, at yearend 1976. : es “ 

- Tex. was 39,091 million cubic feet at year- | The conservation storage system contains 

end 1976, an increase of slightly over 1% crude helium purchased by the Bureau of 

: _ from that in 1975. Helium stored under the Mines under contracts entered into with — 
conservation program was 37,666 million four companies in 1961 and continued un- __ 

. cubic feet, an increase of 1,967 million cubic der court orders obtained during 1971 by 

Oo feet during 1976. Private producers had a three of the companies. — | Oo 

en ‘Table 6.—Summary of Bureau of Mines helium conservation system! operations 

| Rs |. (Thousandcubicfeet) ts : ot " 

| ee a ae : 1974 1975 | 1976 

Helium in conservation storage system at beginning of period: a . | a “ ce 

- me Stored under Bureau of Mines conservation program? __. _ . _ _ - ------ 37,110,126 37,283,348 37,469,783. 

oe Stored under contract for private producers own accounts ~—-—------ "1,091,004 995,987 —s-: 1,087,587 

| Mota) 9 k= __ 38,201,180 98,279,885 38,557,870 

os | Input to system: a ; ; a no et re 

| Net deliveries from Bureau of Mines plants? ___.__.____-------- 178,222 ss: 186,435 = «196,580 
| Stored under contract for private producers own accounts ——————-—_- 15,073 200,131 -§83,133 

| So 188295 886,566 «=—=s «779,718 
Redelivery of helium stored under contract for private producers own ee : 

, accounts _______-____--------~-------------------- -110,090 . -108,531 .. .-245,789 

; Net addition to system ________---------+----------------_ 78,205 «278,085 538,924 

Helium in conservation storage system at end of period: . . a . oe 

Stored under Bureau of Mines conservation program?________-_--- $7,288,348 37,469,783 37,666,363 — 

Stored under contract for private producers own accounts ————-----~- 995,987 1,087,587 1,424,931 

Total... eee == — 88,279,885 88,557,370 89,091,294 

1[ncludes conservation pipeline system and Cliffside field. . 2 fags . 

. 2Ineludes helium accepted after Apr. 14, 1973, under court order. — a 
3Excludes return to system of conservation helium produced from native gas withdrawal wells at Cliffside field which 

have been invaded by stored helium. a Ate , od! 

Table 7.—Deliveries and withdrawals of crude helium stored for private companies’ own 
. account in the Bureau of Mines conservation storage system, 1976 

(Thousand cubic feet) . 

en 

Owner Plant location Delivered Withdrawn © Net 

Cities Service Helex, Inc _.______.------ Ulysses, Kans — _ ~~ -253 3,870 —4,123 

Northern Helex Co __ _.__-----------+- Bushton, Kans _ _ _ — 393,010 19,211 373,799 

Phillips Petroleum Co _____--_~------- Dumas, Tex_ _ _ — — — __ 16,481 -16,481 

Jack B. Kelley Co _._______.-~---_-- Bushton, Kans _ _ _ — _- 26,328 -26,328 

Kansas Refined Helium Co ___.___.-----  ----do___--_~- 190,376 172,623 17,753 
Linde Division, Union Carbide Corp — — —--~-- ___-do__.~---- _- 7,276 ~7,276 

Total _.___.--_------__------~-------~---------+- 583,133 245,789 337,344 
ee EE 

: =
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| mo ~ . RESOURCES | - oo 

As of December 31, 1976, domestic meas- About 86% of these reserves are. located in 

ured and indicated helium resources were the Hugoton field in Kansas, Oklahoma, 
estimated at 262.5 billion cubic feet. The and Texas; the Keyes field in Oklahoma, the 

resources include measured and indicated Panhandle and Cliffside fields in Texas, and 
reserves estimated at 98.8 and 50.4 billion the Tip Top field in Wyoming. Approxi- 

| cubic feet, respectively, in natural gas with mately 54% of the measured and indicated 

a minimum helium content of 0.3%: The reserves (0.3% or greater helium content) at 

remaining resource base included 39.1 bil- yearend 1976 were in currently producing 

lion cubic feet stored in the Bureau’s conser- gasfields. In 1976, about 18% of the helium- | 

| vation storage system and 74.2 billion cubic rich natural gas (0.3% or greater helium 

feet of helium in measured natural gas content) produced was processed for helium 
reserves with a helium content of less than extraction. Helium produced from the_re- : 

0.83%. Approximately half of the domestic maining helium-rich natural gas output 

helium reserves are under Federal lease. was dissipated incident to the consumption | | 

Included are the Tip Top and Church Buttes of the gas. Lo _ ce - a 

: fields in Wyoming, the Keyes field in Okla- | The Bureau examined a total of 328 gas 

homa, and the Cliffside fieldin Texas. samples from 20 States during 1976 in 

| ‘The majority of domestic helium reserves connection with its efforts to survey and 

: are located in the midcontinent and Rocky identify possible new sources of helium 

Mountain regions of the United States. A' supply. None of the samples collected and | 

total of 78 gasfields in 10 States contain analyzed indicated the presence of major | 

- measured and indicated helium reserves. newdepositsofhelium. : 

: a ~ FOREIGN TRADE a Oo 

Exports of high purity helium, all by especially in the North Sea area. — a | 

private industry, totaled 174 million cubic A ee = 

feet in 1976, up 21% from 1975. Countriesof = | fe - — 

Western Europe received 75% of the ex- § Table 8.—Exports of high purity helium 

| ports, as follows: Belgium-Luxembourg, a from the United States 

32%; the United Kingdom, 32%; and . _s, (QMillion cubic feet) 

France, 11%. Exports to Japan and Austra- Year | Quantity oe 

lia were 9% and 2%, respectively. Canada 9. ] e110 
accounted for about 2% of the exports. The 1973__________-____-----_--- €117 

continued increase of helium exported to jg75_~~-77777777772T2II0II 1a 
Western Europe during 1976 was attributed 1976___--~----------------- 1174 

| primarily to its use in the exploration for eRatimate. re 

and development of oil and gas deposits, 1Bureau of the Census. | 

: WORLD REVIEW | 

World production of helium exclusive of France, was about 15 million cubic feet. The : 

the United States, totaled an estimates ~4 U.S.S.R. and the Central Economy Coun- 
million cubic feet in . produ . . 

about 35 million cubic feet from a plant in tries of Europe produced an estimated 100 
Saskatchewan owned by Canadian Helium, million cubic feet, unchanged from the 1975 

Ltd. Production from a plant near Paris, estimate.
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It was reported that a fire in the methane _foot-per-year plant would be operational by 
a gas drainage section of the helium ex- the spring of 1977. This plant is a complex traction plant at Odolanow, Poland, in Sep- decisned a process vataval contain’ | tember 1975 caused a 9-month delay in the ee eT op nn eee containing plant construction schedule. Repair and 45% nitrogen and 0.4% helium. A U.S. firm, | 

| construction continued during 1976, and it Airco, Inc., has a contract to market all 
| was expected that this 150-million-cubic-- helium exportedfromthis plant. $§ 

| a eo - JECHNOLOGY a mo 

Measurements of dissolved helium were testing. This test most often reveals abnor- 
made in water samples collected from sever- malities connected with lung disease which 
al selected lakes and ponds in the Kaipokok might otherwise go undetected by routine 

| region of Labrador, Canada. The purpose of physicalexamination.” = ==———t Be 
research by McMaster University and pri- Projects underway at Goodyear Tire & __ 
vate industry was to determine amounts of Rubber Co. in the United States and, in’ 
excess helium-4 from the decay of uranium West German y by another firm, involved 
and its daughter products and the relation- testing ‘models of helium cargo blimp air- 
ship with surrounding: uranium mineral- craft capable of lifting 40- to 100-ton loads | 
ization. The mapped quantities of helium-4- The prototvoes a a . : : . . : e prototypes were constructed of a rub- | indicated a close correlation with known berj igh-tenacity fabric to contain th cranium ‘mineralization, thu punt. bere highienacy fabric wo cman the precpecting te new method of uranium ¢ heavy lifting. Flights of this type of 
New medical applications of helium have limp were also conducted in Ghana and 

recently been developed. One new use is in Other African areas so as to test the ability | 
a helium-filled, intra-aortic ballon device of the craft to operate in climactic extremes 

| which represents promising therapy for the of heat and humidity. In addition, the U.S. 
treatment of cardiogenic shock. Another Coast Guard was investigating’ the use of 
application is a helium-breathing apparatus helium cargo blimps for possible surveil- 
used as a diagnostic tool for pulmonary lance of U.S. territorial waters. :



Iron Ore | 

By F. L. Klinger’ and C. T. Collins? | 

World production and trade of iron ore in magnetic separation processes for beneficia- 

1976 were close to the levels of 1975. Pro ting iron ore continued to grow. In the 

duction was estimated at 881 million. long United States, the substitution of coal for 

tons, and trade was estimated at 365 mil- natural gas or fuel oil in iron ore pelletizing 

lion tons of which about 290 million tons was being intensively studied by the Bureau 

was oceanborne. Demand for iron and steel of Mines as well as by private companies. 

increased in the United States and some In transportation, almost always a major 

other countries in 1976, but the additional element in the delivered cost of iron ore, 

ore required was largely available from efforts to reduce costs by the use of unit 

producers’ or consumers’ stocks which had trains, larger capacity vessels, development 

accumulated during 1975. There were note- of port facilities capable of handling larger 
worthy increases in production of ore in the ships, and installation of large-volume | 

Republic of South Africa, Canada, and Bra- aterials-handling systems at inland and | 

zil, but these resulted from completion of (oastal locations continued in 1976. A 240- | 

new projects begun in previous yeart rather mile slu ipeline for iron ore concen- 

than from increased demand during the t try pipe . j 
. . . . rates was completed in Brazil, and shorter 

year. Production declined in some major |. 4): leted d 

‘producing countries such as Australia, ea Ines Y Me comp a A or uncer cone. 

France, and Venezuela, and the volume of struction in Mexico ant rgentina. . : 

trade appeared to be sustained mainly by Iron ore prices continued to rise in 1976. ee 

commitments of consumers under previous- Most increases were about 10% to 15% 

ly negotiated contracts. | above the 1975 prices. Prices for Swedish | 

The leading producing countries in 1976 ores declined, particular ly for high-phos- 

were the U.S.S.R., Australia, Brazil, and the phorus gr ades; this appeared to cause some 

United States, in that order. Brazil became realignment of production plans in Sweden, 

the third largest producer in 1975 and 2s well as concern by French iron ore 

increased production in 1976. Australia re-_ producers that low prices for Swedish ores 

mained the leading exporter of iron ore, may reduce demand for French ores in 

followed by Brazil. Canadian exports in- domestic or intra-Community markets. 

creased by 8 million tons in 1976 and Ocean freight rates for iron ore appeared 

probably exceeded those of the Soviet Un- to remain close to the relatively low levels 

ion. 
of 1975, but there were some rising trends 

World output of iron ore pellets was evident in 1976, and published rates from 

estimated at 172 million long tons in 1976. Australia to Europe were markedly higher. 

; Production capacity was increasing, as new Lake freight rates increased about 12% in 

plants or expansion projects were complet- the United States, but rail freight rates 

ed or nearing completion in the United were essentially unchanged. 

States, Brazil, and Canada. Direct-reduction §—— ———-_— 

plants were completed or under con- “Supervisory physical scientist, Division of Ferrous : 

struction in several countries in North and Metals. adi ‘alist, Division of F Metals 

South America, Europe, and the Middle anne tense stated, the unit of weight used in this 

East. The use of flotation and high-intensity chapter is the long ton of 2,240 pounds. 

“ 
647
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| | Table 1.—Salient iron ore statistics : : 
(Thousand long tons and thousand dollars) 

| | 1972 1973 1974 1975 -  —-1976 
United States: | | | , a Iron ore (usable,' less than 5% manganese): 

. Production? ___._____ 75,434 87,669 - 84,355 78,866 79,993 Shipments ___________ ~--_ 377,884 390,654 384,985 375,695 277,076 Value __-________ ~ 3$950,365 3$1,163,710 3$1,388,447 3$1,620,599 $1,871,114 Average value at mines perton_____ - $12.20 . $12.84 $16.34 $21.41 $24.28 Exports --_-_________ 2,095 2,747 2,323 2,537 2,913 Value _-_________ $26,776 $37,922 $35,148 $60,071 $82,192 : Imports forconsumption.___________—_ — 35,761 | 43,296 48,029 — 46,743 44,390 Value __________ $415,934 $533,488 $696,298 $860,496 $980,348 Consumption (iron ore and . agglomerates)__________ | 126,943 . 146,922 138,160 114,126 125,424 Stocks Dec. 31: 
a Atmines___________ 14,679. 10,876 9,405 12,299 13,993 Atconsuming plants _______ 50,061 45,990 45,247 52,231 56,246 At US. docks ____ _ ~ eee ee 2,612. 3,053 3,272 4,614 | 4,763 Manganiferous iron ore (5% to 

oe _ 35% manganese): Shipments____________ 131 181 F244 142 221 World: Production -----------_---_--__ 765,465 —882;348 «9.834 "887,389 881,028 

’Direct shipping ore, concentrates, agglomerates, and byproduct ore ( mainly pyrite cinder and agglomerates). Do . _ Includes byproduct ore. | - PO 3Excludes byproduct ore. 
| - 
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Figure 1.—United States iron ore production and imports for consumption. 

. EMPLOYMENT 
/ 

Statistics on employment and productiv- supplied by the Mining Enforcement and ity in the iron ore industry in 1976 are Safety Administration (MESA). In table 2, shown in table 2. Employment data were statistics for all States outside the Lake
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Superior district were aggregated to avoid crude ore in 1976 rose about 4%, owing to. 

disclosure of individual company confiden- « ‘the increasing share of taconite in domestic 

tial information. Oo | _.. erude ore production. Average productivity 

| The average number of persons employed _ for usable ore rose 1%. mo 

in 1976 was 20,456, compared with 19,900 in . As in previous years, statistics published : 

1975. The increase of 2.8% was largely due — in table 2 do not include office workers. The 

to increasing employment in Minnesotaand) number ‘of office workers at mines and 

| Michigan, where several new production . beneficiation plants in 1976 was approxi- | 

facilities for taconite were completed. Com- mately 2,770. oe 

pared with 1975, average productivity for | | a 

_ ew DOMESTIC PRODUCTION . | 

US. mine. production. and shipments of 61.7%. The Lake Superior district account- 

usable iron ore in 1976 increased 1.4% ‘ed for 84% of the national output. Minneso- _ | 

compared with those of 1975.:Output of ta produced 62%, Michigan 21%, and the | 

usable ore, including byproduct ore, was remainder was produced in 15 other States. i 

just under 80 million tons. Shipments total- In‘ Minnesota, Hibbing Taconite Co. be- 

ed 77.1 million tons, valued (f.0.b. mine) at gan production of pellets in late 1976. The — | 

| approximately $1.87 billion. oo: plant has a production capacity of 5.4 mil-. _ 

Output of ‘crude: iron ore. totaled 224 lion tons of pellets per year and was the _ 

7 million tons. in 1976, an increase of 4.4% . seventh major taconite facility to be com-. 

| compared with that of 1975. The increase - pleted:in Minnesota since 1965. Major ex- a 

7 was due. mainly to increased‘production of pansions of taconite-processing plants at oe 

taconite in Minnesota and Michigan. Na- Eveleth and Keewatin were also completed a 

tionwide, the number of producing mines by yearend; annual production capacity for — - 

-- included 58 open pit and 6 underground pellets at Eveleth was raised by 3.6 million — 

mines. As in 1975, open pit mines accounted _ tons, and that at Keewatin was raised by 3.0 , 

. for 96% of the total output, and 99% of all million tons. Additional ore requirements : 

ore produced was shipped to beneficiation at ‘Eveleth were supplied by a new mine | 

_. plants. Average.iron.content of crude: ore — developed for Eveleth Expansion Co., while | ) 

produced was approximately 32.1%. Benefi- those at Keewatin were supplied by expan- 

ciating facilities, ator near mine sites, sion of the existing mine operated for the 

processing domestic crude ores in 1976, National Steel Pellet Project. At Mountain —— 

| included 17 concentrators with associated Iron, work was continued by United States 

pelletizing plants (7 in Minnesota, 4 in . Steel Corp. to raise production capacity of 

Michigan, 2 in Missouri, and 1 each in its Minntac facility by 6 million tons of | 

| California, Pennsylvania, Wisconsin, and pellets per year; this project was expected to 

Wyoming) mostly processing. ores of the be: completed in 1978. At Virginia, con- 

taconite type; 1 plant screening, drying, and struction of the Minorca taconite project by | 

pelletizing natural ore; 1 plant pelletizing © Inland Steel Co. was scheduled for comple- 

byproduct ore; 1 sintering plant; and an tion in the spring of 1977; this facility will 

estimated 24 plants producing concentrates have a production capacity of 2.6 million 

primarily by gravity methods, of which 14 tons annually and will raise the number of 

were located on the. Mesabi range. Na-. operating taconite plants in Minnesota to 

tionwide, the number of tons of crude ore eight. All of the projects are based on 

| mined for each ton of usable ore produced in magnetite ore. am 

1976 was 2.82, compared with 2.72 in 1975 The proposal by Reserve Mining Co. to 

and 2.57 in 1974... , _ provide for on-land disposal of taconite tail- 

Production of usable ore in 1976 consisted ings at “Milepost 7,” near the company’s 

81% of pellets, 17% of natural ore concen- existing plant at Silver Bay, Minn., had not 

trates, and 2% of direct-shipping ore. The been approved by Minnesota State authori- 

average natural iron content of all usable _ ties by yearend. State agencies continued to | 

ore produced (including byproduct ore) was advocate disposal sites farther north, the 

“*
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cost of which the company considered pro- on ‘prices. These developments also focused 
hibitive. If the dispute could not be resolved .. attention on the need:for some producers to 
by July 1977, the company would be forced use alternate sources of energy, such as 

| by court order to cease production. —.. coal... 
In Michigan, the Cleveland-Cliffs Tron Co. In Missouri, more than 2 million. tons of 

confirmed plans to expand annual pro- ‘magnetite ore were blasted in the Pea Ridge 
duction capacity for pellets by 4 million tons underground mine on two.occasions in 1976. 
at the Tilden mine and by 2.8 million tons On December 11, the second blasting oper- 

oo at the Empire mine by 1981. Cost of the ation, which included 3,140 drill holes and 
_. expansion projects was estimated at $750 portions of four mine levels, used 1.066 

million, including $300 million at Tilden, million pounds of water-gel explosives to 
: $250 million at Empire, and $200 million for. break 2.98 million tons of pillar ore, be- | 
- installation of an additional 250 megawatts lieved to be the largest quantity ever blast- 

| of electricity-generating capacity at the edinaUS. underground iron mine. : 
company’s Marquette powerplant. .. In New Jersey, plans to reopen the Mt. 

_ Unusually cold weather in the midwest-. ‘Hope underground mine near Dover were 
_ ern United States caused drastic curtail- announced. by Mt. Hope Mining Co., Inc. 

| ments of natural gas supplies to pelletizing Production of magnetite concentrates was 
. plants in the Lake Superior district. Cur- expected to begin in 1977, eventually reach- 

| tailments began on October 18, 1976, and ing an annual’ rate of about 400,000 tons, — 
continued through December. Most plants the concentrates to be purchased by Beth- 
were equipped to switch over to fuel oil, so. lehem Steel Corp. The venture was being | 
that overall production in the district was financed mainly by loans totaling about : 

ce, not seriously affected, but higher prices of $7.5 million. The Mt. Hope mine was last | 
____ alternate fuels (including “intrastate” natu- operated by Shamoon Industries, Inc., in 

ral gas, as well as fuel oil) drove up costs-of 1959: ER a 
- - production and increased upward pressures ee rT es 

| - CONSUMPTION _ a hoe | | 

| _ Consumption of iron ore and agglom- sumed, and natural ores accounted for the 
erates in 1976 increased. about 9.9%, com- remaining 138%... Ce sf 
pared with that in 1975. Consumption in. Consumption data are shown in tables 11 - 

__. blast furnaces increased 10%, while that in and‘12. In these tables, iron ore concentrate 
steelmaking furnaces increased 6.6%. Of used to produce agglomerates such as pel- 

total consumption, blast furnaces accounted _lets or sinter at. mine sites is not reported as . 
_ for 98.8%; steelmaking furnaces, 1%; and: iron ore consumed; its consumption was— 

the remaining 0.7% was used in the manu- reported only when such agglomerate was , 
facture of cement, heavy-media, and other used at the furnace site (table 11). Iron ore 

: miscellaneous products. In blast furnaces, concentrate and fines used to produce sinter 
the weight ratio of iron ore and agglom- at iron and steelmaking plants are reported 
erates consumed to pig iron produced was. in. table 12 as iron ore consumed, while 
approximately 1.57:1 compared with 1.56:1 consumption of agglomerates from this 
in 1975. 7 source is included in. table 11. In table 12, 

The quantity and proportion of iron ore the difference in weight between iron ore 
pellets consumed continued to increase. consumed and agglomerate produced re- 
Pellets made up 60% of all iron ore and_ sults from the elimination of moisture as 
agglomerates consumed in 1976 and 70% of well as the addition of materials such as 
all agglomerates consumed. Sinter made up flue dust, mill scale, lime, and coke. 
27% of all iron ore and agglomerates con- | - 

STOCKS | | | 

Stocks of iron ore and agglomerates at since 1971. Monthend stocks of ore at con- 
U.S. mines, docks, and consuming plants suming plants during 1976 ranged from a 
totaled 75 million tons on December 31, low of 35 million tons in April to a high of 
1976. This was 8.5% more than a year 55 million tons in November, while those at . 
earlier and was the highest yearend total the mines ranged from a high of 22.7 x 

. a
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million tons in April to a low of 13.5 million — slight increase in domestic mine and lake : 
tons in November. Of the 56.8 million tons shipments compared with 1975. While the | 
on hand at U.S. docks and furnace yards at apparent statistical anomaly was not resolv- 
yearend, 58% consisted of domestic ores, ed by yearend, it was possibly due to stock- 

19% of Canadian ores, and 23% of other piling of unsold foreign ore at some loca- __ 
foreign ores. - _ tions in the United States. According to a 

A gain of 4.2 million tons of ore in stocks report published in 1976 by the Venezuelan 
at U.S. docks and furnace yards was ap- Ministry of Mines and Hydrocarbons, 1.1 
parent by the end of 1976. This occurred million metric tons of unsold Venezuelan 
despite an increase in domestic consump- ore was stockpiled in the United States 
tion, a decrease in ore imports, and only a_ during 1975. : | 

: PRICES | | 

Published prices for Lake Superior iron Wabush iron ore pellets, f.o.b. Pointe Noire, 

| ores (delivered rail-of-vessel at lower lake Quebec, in August 1976 was'47.2 cents per 
ports) increased twice during 1976. In Jan- long ton unit of contained iron and man- | 
uary, prices increased about 4% for natural ganese, an increase of about 12.5% com- 
ores and 6.9% for pellets, compared with pared with the price at yearend 1975. In 
prices in effect at yearend 1975. Another Australia, prices paid by Japanese steel- 
increase, amounting to about 5.2% for all makers under several contracts for iron ore 
grades, was instituted in August, after pellets were increased 138% to 26% as of 
which prices were unchanged during the April 1, 1976; under these agreements the 

: remainder of the year. Prices in effectfrom _f.o.b. price (per dry long ton unit of contain- 
the latter half of August through December ed iron) of Hamersley pellets rose to 34 
$1, 1976, were, for natural ores (basis 51.5% — cents; of Savage River pellets, to 35.1 cents; | 
Fe, natural), per gross ton: Mesabi non- and of Robe River pellets, to 38 cents. 
Bessemer, $20.26; Mesabi Bessemer, $20.41; Similarly, under a natural-ore contract 
Old Range non-Bessemer, $20.51; and man- with Mt. Newman Mining Co. Pty. Ltd., the 

: ganiferous, $20.51. A premium of 80 cents Japanese agreed to pay f.o.b. prices of $15.19 
per ton continued to be paid for coarse ore, per dry long ton for lump ore (64% Fe) and 
and a penalty of 45 cents per ton was $11.87 for fines (62% Fe), beginning October 
charged for fines. The price of iron ore 1, 1976; these prices were 15% higher than | 
pellets in late August was 53.1 cents per those paid in 1975. Price increases were also 
long ton unit of contained iron, natural. negotiated by Indian and Brazilian pro- 
Any increases in the cost of transportation ducers with Japanese buyers in 1976. 
and handling. subsequent to the effective In contrast, contract prices for Swedish 
dates of these prices (August 6 to August 16, phosphoric ores. declined. in 1976. Prices 
1976, depending on the producer) were to be under contracts negotiated by Belgian con- 
borne by the buyer. | | sumers in early 1976 were reported to be 

The average value (f.o.b. mine or concen- 4% to 9% below 1975 levels. The price of 
| trating plant) of usable iron ore shipped Kiruna D iron ore (60% Fe, 1.8% P), c.if.. 

from domestic mines in 1976 was $24.28 per Rotterdam, was approximately $16.10 per 
long ton, compared with $21.41 in 1975 and metric ton on June 30, 1976, compared with . 
$16.34 in 1974. These values were calculated $19.30 per ton a year eazlier. 
from producers’ statements and approxi- The f.o.b. value of Venezuelan iron ore 
mated the commercial .selling price less exported to the United States, as indicated 
costs of mine-to-market transportation. - by U.S. Bureau of the Census data, aver- 

Prices for many foreign iron ores also aged $16.85 per long ton in 1976, compared. 
increased in 1976. In Canada, the price of with $15.63 in 1975. . | 

TRANSPORTATION 

Iron ore shipments from U.S. ports onthe ed 23.6 million tons, an increase of 34% 
Great Lakes to lower lake destinations in compared with that of 1975. Nearly 90% of 
1976 totaled 63.1 million tons, 0.8% more the increase in shipments from Canada 
than in 1975. Shipments of ore from Cana- came from the ports of Pointe Noire, Sept- 

: dian ports to Great Lakes destinations total- Iles, and Port Cartier, each of which ship-
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ped nearly 2 million tons more than in 1975. ruary and 294,000 tons in March. Shipping 
: Total shipments from U.S. and Canadian from other ports on Lake Superior had : 

: ports to lake destinations (86.7 million tons) stopped by January 10. Efforts to extend the | 
. in 1976 were 8% more than in 1975. 1976 shipping season were hampered by _ 

With the help of icebreaking and other unusually cold weather, and the final ore 
navigational aids, the second consecutive shipment was made on January 21,1977. ss 
12-month ore-shipping season was complet- Statistics on shipments of iron ore from | 
ed between Two Harbors, Minn., and lower U.S. ports on the Great Lakes during the 
lake ports in March 1976. Shipments from 1976 season are shown in the accompanying 

| Two Harbors totaled 568,000 tons in Feb- tabulation: | BO 

eee 
Number — toe e Average | Largest | 

| ‘Lake shipping port vessels shipped! dong ong 
_— ee 

Duluth, Minn = 784 14,050 17,921 80,709 
| Taconite Harbor, Minn ______________ 358 10,254 28,643 58,558 

Silver Bay, Minn ~- = «565 9,694 _.. 17,158 31,042 | 
Two Harbors, Minn ___-_-_ | 262 7,506 98,650 53,920 
Superior, Wis __-._-_ 0 282 6,145 ~ 21,792 25,359 | 
Marquette, Mich __..___.____________ —.. 280 - 5,437 19,416 30,830 
Escanaba, Mich ____ $2.22 ____ 514 | 10,061 19,574 40,475 — . 

_ Total or average _.. $2 3,045 68,147 20,738 | XX 

XX Not applicable. , | . | - : oe 
1Not including shipments in January 1977, as follows: Two Harbors, 17 vessels (471,094 tons); Escanaba, 8 vessels . 

(167,266 tons); and Marquette, 7 vessels (107,651 tons). Lo / | 7 

‘Sources: Skillings’ Mining Review, various issues (1977 ); and Annual Report of Lake Carriers Association for 1976. 

Lake freight rates for iron ore were in- The 1,000-foot, self-unloading iron ore | 
creased in February 1976 to the following carrier James R. Barker began service on | 

: values (per gross ton): From the head of the the Great Lakes in August 1976 and by late 
lakes to lower lake ports, $4.05; from Mar- December had transported 1.2 million tons 

_ quette, Mich., to lower lake ports, $3.34; of iron oré pellets from Lake Superior to 
from Escanaba, Mich., to Lake Erie ports, lower lake ports, including a record ship- 

: $3.05; and from Escanaba to lower Lake ment of 58,558 tons from Taconite Harbor, 
| Michigan ports, $2.43. These rates remained Minn. The vessel was operated by Interlake 

in effect through December 1976 and were Steamship division of Pickands Mather & 
8.6% to 9.7% higher than rates prevail- Co. and was the third carrier of its size to 
ing in 1975. Most storage, handling, and_ enter lake service. Six more vessels of this 
dock charges were unchanged from 1975, type were under construction for various 
although unloading charges (rail of vessel to companies in 1976. In July, the new self- 
car) at lower lake ports were increased unloading ore carrier Joseph L. Block began 
2% to 7%, and dockage charges for self- service for Inland Steel Co.; the vessel was 

unloading vessels at Conneaut and Lorain, stated to have a cargo capacity of 31,000 
Ohio, increased about 10% during the year. tons but was reportedly carrying up to 
The vessel freight rate from the Gulf of St. . 35,000 tons of pellets from Escanaba. 
Lawrence to Lake Erie ports (excluding St. Ocean freight rates from Canadian ports 
Lawrence Seaway and Welland Canal tolls) on the Gulf of St. Lawrence to U.S. east 
remained unchanged at $1.70 per gross ton. coast and gulf coast ports in 1976 appeared 

Most domestic rail freight rates for iron to be unchanged from the low levels of 1975, 

ore were unchanged from 1975 levels. Rates while rates to Europe and Japan appeared 
for some routes from lower lake ports to to vary slightly from those of 1975. Spot 
inland destinations were increased less fixtures reported by Metal Bulletin indi- 
than 3%; the rate from Baltimore to Fair- cated rates from Sept-Iles as follows: To 
less, Pa., was increased about 9%; and there Japan, $4.10 to $4.25 per ton for cargoes of 
were slight reductions in some rates from 140,000 to 150,000 tons during the last 4 

Lake Erie ports to the Mahoning and She- months of 1976 (compared with $4.60 in 
nango valleys, and from Philadelphia to October 1975); to the Netherlands, $2.30 per 
Detroit. ton for 80,000 tons in July and $1.97 to $2.20 :
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per ton for cargoes of 125,000 tons in Octo- to 140,000 tons. Rates from Australia to 

| ber (compared with $2.05 to $2.45 for car- Western Europe appeared to increase 
-. goes of 79,000 to 90,000 tons in early 1975); sharply; rates of $5.00 to $6.15 per ton were 

and to West Germany, $3.00 to $3.30 per ton reported for shipments of 100,000 to 145,000 
for cargoes of 70,000 to 75,000 tons in tons from Cape Lambert to the Nether- | 
November and December (compared with lands, compared with $3.50 per ton for 
$2.80 for 60,000 tons in October 1975). Rates 125,000 to 130,000-ton cargoes in 1975. Rates 
from Brazil and Liberia to Western Europe quoted for two shipments of 50,000 tons 

. appeared to increase slightly in 1976, but no from Brazil and Liberia to the U.S. east 
_ strong trend was evident; rates from Tu- coast were $3.00 and $4.20 per ton, re- 

barao to Dunkirk ranged from $3.65 to$3.95 spectively. | - : 
per ton for cargoes of 68,000 to 90,000 tons, In the Republic of South Africa, exports : 

| and rates from Monrovia (Liberia) to the of iron ore began from Saldanha Bay in | 
Netherlands were $2.75 to $2.90 per ton for 1976. The initial shipment, 119,000 tons of | 

cargoes of 80,000 to 95,000 tons. Two ship- hematite ore destined for Rotterdam, was 
_ ments from Tubaréo to Japan rangedfrom madeonSeptember27. 

| _ $3.80 to $4.25 per ton for cargoes of 110,000 | 7 a | 

ee oe FOREIGN TRADE 

_ US. exports of iron ore in 1976 totaled 2.9 countries of origin were Canada, accounting 
million tons valued at approximately $82 for 56% of the total tonnage; Venezuela, | 

, million. These quantities represented a 15% 20%; Brazil, 12%; and Liberia, 5%. Com- 
a increase in tonnage and a 37% increase in pared with 1975, imports from Canada in- 

| value compared with 1975 figures. Virtually creased by 5.85 million tons, while those 
all exports were destined for Canada. As from Venezuela and Brazil declined by 4.1 

- several Canadian steel companies held sig- and 2.2 million tons, respectively. — a 
nificant ownership shares in U.S. taconite Imports from Peru in 1976 were less than — | 
projects completed or under construction in — half of the quantity imported in 1975. Im-_. 

_ 1976, exports to Canada were expected to ports from that country were halted in 7 
increase during the next several years. August 1975 following nationalization of 
Average value of exported ore in 1976 (prin- Peruvian properties. of Marcona Mining Co. 

cipally pellets) was $28.22 per long ton, and did not resume until a compensation | 
compared with $23.68 in 1975 and $15.13 in _ agreement acceptable to Marcona had been 

oe 1974. 3 on | reached. Imports were resumed in April | 
_U.S. imports of iron ore for consumption 1976. | . | 

in 1976 totaled 44.4 million tons, valued The Philadelphia customs district receiv- 
(f.0.b. country of origin) at $980 million. The ed about 22% of U.S. izon ore imports in 
tonnage imported was about 5% less than 1976, followed by Baltimore (21%), Cleve- 
in 1975, but the total value was 14% greater land (17%), Chicago (14%), Mobile (10%), 
and reflected rising prices of foreign iron Buffalo (8%), Detroit (4%), and eight other 
ores. Average value of ore imported in 1976 — districts (4%). | 
was $22.08 per long ton, compared with World trade in iron ore in 1975 is shown : 

$18.41 in 1975 and $14.50 in 1974. Principal in table 21. : 

. : | WORLD REVIEW 

Australia.—Production of iron ore declin- products in 1976 were as follows: Hamer- 
ed about 4% in 1976, but exports (79.7 | sley Iron Pty. Ltd., 38%; Mt. Newman Joint 
million tons) were slightly greater than in Venture, 29%; Cliffs Robe River Iron Asso- 
1975. Shipments of iron ore products to ciates, 138%; Broken Hill Pty. Co. Ltd. 
domestic and foreign markets in 1976 total- (BHP), 9.5%; Goldsworthy Mining Ltd., 8%; 
ed about 94 million tons, including 9 million and Savage River Mines, 2.5%. 
tons of pellets. Consumption of iron ore in Annual production capacity for ore pro- 
Australia was estimated at about 10.5 mil- ducts in 1976 totaled about 122 million 
lion tons. metric tons, distributed as follows: Hamer- 

Approximate shares of individual Austra- sley, 40; Mt. Newman, 40; Robe River, 16; 
lian producers in total shipments of ore BHP, 15.5; Goldsworthy, 8; and Savage Riv-
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er, 2.5. Production capacity of Hamersley latter was a joint venture’ by CVRD with | 
will increase by about 6 million tons by 1979 Italian companies; the other was a 5-mil- 
when the concentrator for low-grade ore is _lion-ton. facility being built for Samarco _— 
completed at Mount Tom Price. The plant Mineracdo S.A. The Samarco project, sched- 

| will include heavy-media and wet high- uled ‘for completion’ in mid-1977, was to 
intensity magnetic separation sections and have an initial production capacity’:of 7 
was designed to process about 11 million million tons annually, including 5 million 

| tons of crude ore per year. The decision to tons of pellets and 2 million tons of pellet 
build the plant followed negotiation of sup- feed. Concentrate produced by flotation at 
ply contracts with Japanese consumers the Germano mine was to be pumped | 
for an additional 185 million tons of ore through a 20-inch, 240-mile pipeline to pel- 
between 1978 and 1990, as well as other letizing and shipping facilities at Ponta 
supply contracts with European and Asian Ubu. | Oo 
consumers. a : __A direct-reduction plant:with production 

Five 226-ton-capacity trucks began ser- capacity of 360,000 metric tons of sponge 
_ vice at Mount Tom Price during 1976, and iron per year was being built 50 miles west 

15 150ton trucks were ordered for the of Rio de Janeiro by Companhia Siderurgica 
Paraburdoo mine. da Guanabara (COSIGUA) in 1976. Pro- | 

Cyprus Mines Corp. reportedly solda10% duction was expected to begin in 1977. The | 
interest in Mt. Goldsworthy Mining Asso- plant will use the Purofer reduction process | 
ciates to Mount Isa Mines Holdings, Ltd.,in and reportedly will be the first commercial 
1976 and agreed in principle to sell the direct-reduction plant fueled by gas pro- | 
remainder of its one-third interest in Mt. duced from heavy fuel oil. Ore feed to the 
Goldsworthy to Consolidated Gold Fields plant was to be supplied from the Feijao 
Ltd: of London. | ss mine of Ferteco and the’ Mutuca mine of 

Brazil.—Statistics published by the Bra- MBR. Two direct-reduction plants were al- 
zilian Ministry of Mines indicated that Bra- ready operating in Brazil in 1976, in Bahia _ 

| zilian output of beneficiated iron ore totaled and Rio Grande do Sul. | 
about 88 million tons in 1975. Preliminary |= CVRD reported negotiation of new long- 
data indicated that production increased in term iron ore supply contracts totaling 
1976 although exports declined to about 66 more than 300 million tons in 1976. - 
million tons. Brazil thus appeared to have ~ Canada.—Production and exports of iron 

_ displaced the United States as the world’s ore in 1976 increased about 20% and 26%, 
third largest iron ore producer in 1975 and _ respectively, compared with those of 1975. 
was rivaling Australia in both production The increase in output -amounted to 9:9 

| andexports: million tons and was due mainly to the first 
Total shipments of iron ore products in year of production at Mt. Wright, where 6 

1976 were estimated at about 81 million million tons of concentrates was produced 
tons, including 69 million tons destined for by Quebec Cartier Mining Co. Production of 
export and 12 million tons for domestic concentrates and pellets at Carol Lake by 
consumption. The principal shippers were. the Iron Ore Co. of Canada and of pellets at 
Companhia Vale do Rio Doce (CVRD), 49.8 Pointe Noire by Wabush Mines was sub- 
million tons; Mineracoes Brasileiras Reuni- stantially greater than in 1975, and increas- 
das (MBR), 13.4 million tons; S.A. Minera- ed output was reported from most other 
cao da Trindade (SAMITRD, 7.8 million Canadian mines and plants. Exports of iron 
tons; and Ferteco Mineracao S.A., 4.3 mil- ore to the United States increased nearly 5 
lion tons. Brazilian stocks of ore products million tons in 1976, while exports to Japan 
exceeded 12 million tons at yearend. and Western Europe rose about 4 million 

Pellet production in 1976 may have ex- tons. Consumption of iron ore in Canada in 
ceeded 5 million tons. CVRD produced 4.6 1976 totaled 13.5 million tons, of which 81% 
million tons in two plants operated at Tu- was pellets. 
barao. Ferteco Mineracéo S.A. completed Production of concentrates was expected 
construction of a pelletizing plant at the to increase in 1977 as output from Mt. 
Fabrica mine in 1976. Output capacity of Wright approached design capacity. Pro- 
the plant was 2.5 million tons of pellets per duction from the Mt. Wright deposits was 
year. Pellet production was expected to scheduled to replace that from Lac Jean- 
increase in 1977, as two plants with a total nine, where reserves were expected to be 
annual production capacity of 8 million tons exhausted by mid-1977. Production capacity 
were scheduled for completion. One of the for pellets was scheduled to increase
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by 6 million tons in late 1977, upon comple- Korf Stahl AG of West Germany and A/S 

tion of two pelletizing plants at Port Car- Sydvaranger of Norway signed a contract in 

tier. Iron Ore Co. of Canada will probably 1976 for construction of a direct-reduction . 

increase output of pelletized concentrate plant at Emden, West Germany. The plant 

from Schefferville ores at Sept-Iles; output is to have a production capacity of 1.2 

increased 15% in 1976, but the plant was million tons of direct-reduced iron per year : 

still producing -well below its designed ca- and was scheduled for completion in 1980. 

pacity. Hilton Mines Ltd. was expected to Iron ore will be supplied by A/S Sydvaran- | 

cease operations in mid-1977 owing to ex- ger, and the plant will be fueled by natural 

haustion of ore reserves. _ | gas piped from the Norwegian sector of the 

In other developments, Texada Mines North Sea. The operating company will be 

Ltd. ceased operations in British Columbia Norddeutsche Ferro Werke G.m.b.H., own- 

in December 1976 owing to exhaustion of ed 75% by A/S Sydvaranger and 25% by 

ore reserves. At Tasu, British Columbia, Korf Stahl. me : 

Wesfrob Mines decided to develop under- Construction of a direct-reduction plant 

ground ore reserves in order to continue .at Hunterston, Scotland, was continued by 

production for another few years.In Ontar- ‘the British Steel Corp. in 1976. The plant ; 

io, the direct-reduction plant at the Griffith will use the Midrex process and will consist 

mine was operated from January through of two modules, each having a production 

March and intermittently thereafter until capacity of 400,000 tons of direct-reduced 

August, when it was closed owing to opera- iron per year. The first module was schedul- 

ting problems and market conditions. The edforcompletionin1977. / 

plant produced about 76,000 tons of prere- Finland.—The newly opened Rautavaara - 

duced ore during 1976. The direct-reduction mine had its first full year of production in | 

plant. of Sudbury Metals at Falconbridge, 1976. After a period of open pit mining, 

Ontario, was officially opened on May 12, underground production began when the | 

1976, but was shut down in October follow- mine shaft and hoist were completed in the 

ing an explosion. A 67% interest in Steep summer. Production totaled 779,000 tons of | 

Rock Iron Mines, Ltd. was reportedly ac- crude ore and 354,000 tons of concentrates. 

quired by Canadian Pacific Investments, The concentrates were shipped to the blast 

Ltd., in 1976 for $16.2 million. furnaces of Rautaruukki Oy. at Raahe. The 

European Community (EC).—The princi- latter plant also received 243,000 tons of 

| pal steelmaking countries of the EC import- iron concentrates from the Otanmdaki mine, . 

ed 127.9 million tons of iron ore in 1976. as well as pelletized iron oxide and “purple : 

West Germany imported 36% of the total, ore” recovered from sulfide-processing at 

followed by Belgium-Luxembourg (20.8%), Kokkola. - 

the United Kingdom (14.5%), Italy (13%), India.—Production and exports of iron | 

France (10.7%); and the Netherlands (5%). ore in 1976 were little changed from 1975 

Imports by Belgium-Luxembourg and West _levels. Exports were estimated at 22.8 mil- 

Germany included about 12.5 million tons lion tons, with about 74% destined for 

of ore containing less than 42% iron, mostly Japan and 10% destined for Romania. Do- 

from France. Imports of iron ore by Den- mestic consumption was approximately 16.4 

mark and Ireland were negligible. _ million tons. 
Production of iron ore in the EC in 1976 Development of the Kudremukh iron ore 

totaled about 54 million tons, of: which deposits near Mangalore began in 1976. 

| France produced about 82%. Almost all of Canadian Met-Chem Consultants, Ltd., will 

this ore was low grade, containing 25% to develop the deposits for Kudremukh Iron 

32% Fe, and was used for consumption Ore Co. Ltd., a public sector company organ- 

within the EC, in France, Belgium, Lux- ized under the Indian Ministry of Steel and 

embourg, and West Germany. . Mines. Met-Chem will design and supervise 

Consumption of iron ore in the EC during construction of a mine, concentrator, 35- 

the first 9 months of 1976 totaled 107.9 mile slurry pipeline, and port facilities at 

million tons, about 4% more than in the Mangalore capable of producing and load- 

comparable period of 1975. Total consump- ing into vessels 7.5 million tons of concen- 

tion of iron ore in 1975 was 154.7 million trate per year for shipment to Iran. Con- 

tons, of which about 77% was consumed in struction was expected to be completed by 

agglomerating plants at iron and steel- early 1980. Met-Chem will supervise all 

works, 22% was charged directly into blast operations for the first 3 years of commer- 

furnaces, and 1% was charged directly into cial production. 

- steelmaking furnaces. In other developments, port facilities cap-
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_ able of berthing and loading ore carriers of capacity of the latter plant, which employs 
100,000 deadweight tons were completed at the grate-kiln system designed by Allis- 

. Visakhapatnam. outer harbor in late 1976. Chalmers, was 1.5 million tons per year of 
_ The National Minerals Development Corp.  self-fluxing pellets. _ a | 

| Ltd. announced that construction of the In Michoacan, concentration of magnetite 
: Bailadila No. 5 mine and plant, with pro- ore was begun at the Ferrotepec mine by 
| duction capacity of 4 million tons per year, Siderurgica Lazaro Cardenas-Las Truchas 

was completed in 1976. In Goa, the pelletiz. S.A. (SICARTSA). Production capacity of | 
oe ing plant being built near Mormugao port -the plant was 1.5 million tons of concen- 

by a subsidiary of Chowgule & Co. Ltd. was trate per year. Concentrate was transported | 
scheduled for completion in 1977. The plant by a 10-inch pipeline 16 miles to a pelletiz- 

| is to havea production capacity of 1.8 ing plant at the steelworks in Lazaro Carde- 
oo million tons of pellets per year. — nas. 7 me | 

| __ Japan.—Imports of iron ore by Japan in . Production capacity of the pelletizing 
1976 totaled 131.6 million tons. The princi- plant completed in 1975 by Consorcio Mine- | 
pal source countries were Australia, which ro Pefia Colorada S.A. will be increased to 3 

. supplied 48% of the total, followed by Brazil million tons annually in 1978. Shipments of 
. (19%), India (18%), Chile (5.7%), and Cana-_ pellets from this plant totaled 1.4 million 

da (4%). Pellets made up about 8% of total tonsin 1976. — . Do, 
| imports. An additional ‘6.5 million tons of Altos Hornos de Mexico S.A. was reported 

| pellets were produced in Japan, principally . to be investing about $11 million to expand 
from imported ores. oa : _ production facilities for iron ore at the La | 
Consumption of iron ore in 1976 totaled Perla deposits in Chihuahua. | | 

8 122.8 million tons, including 8.6 million tons Philippines.—Mining of. iron-bearing : 
of imported pellets. Most of this ore was beach sands was suspended by the Govern- | 

_ apparently used in the manufacture of sin- ment in mid-1976, pending submission of 
| ter and other agglomerates. Consumption of plans by the mining companies for restor- 

_ agglomerates in blast furnaces totaled 115 ation of mined areas. Production and ex- 

| ~ million tons. — oe | ports of iron concentrates in 1976 conse- 
oe .  Liberia.—Production of iron ore declined quently. declined by more than 50% from 

more than 20% in 1976, but exports increas- 1975 levels. Only two companies — Inco 
ed about 6% compared with those of 1975. Mining Co. and Filmag (Philippines) Inc. — 
Exports totaled about 19.2 million tons, of were producing iron concentrates in 1976. | 
which 48% was shipped by the LAMCO _ South Africa, Republic of.—Production 
Joint Venture, 32.5% by Bong Mining Co., and exports of iron ore in 1976 increased 
10.5% by National Iron Ore Co., and 9% by sharply, compared with those of 1975. The 
Liberia Mining Co. (LMC). Production by gains were mainly generated by increased 
LMC declined sharply in 1976, and oper- production of hematite ore at the Sishen 
ations were scheduled to cease in early 1977 mine and the beginning of exports from 
owing to exhaustion of ore reserves. Bong Saldanha Bay. The 530-mile Sishen-Sal- 
Mining Co. expected to complete expansion danha railroad was completed in May, and 
of its pelletizing facilities in 1977, to a total export shipments began in late September. 
production capacity of more than 4 million Fourteen shiploads were dispatched by 
tons annually. Stocks of ore held by Liber- yearend. The shipping port is about 71 miles 
ian producers declined during 1976 but north of Capetown. 
totaled at least 5 million tons at yearend. The initial contract between South Afri- 

Mexico.—Production of iron ore increas- can Iron & Steel Industrial Corp. Ltd. 
ed sharply in 1976 as two concentrating (SCOR) and Japanese buyers for ore ship- 
plants began operating in the early part of ments from Saldanha Bay called for 2 
the year. Near Durango, anew concentrator million tons during fiscal year 1976 (year 
was brought onstream at the Cerro de ending March 31, 1977). Contract prices 
Mercado mine by Fundidora de Monterrey (f.o.b., per dry metric ton) were $14.77 for 
S.A. The plant was equipped with a flota- lump ore (64% to 66% Fe) and $11.61 for 
tion section and magnetic separators, and fines (683% to 65% Fe). Expected ratio of 
had a production capacity of about 1.7 lump to fines was about 2:1. 
million tons of concentrate per year. Con- Swaziland.—Shipments of iron ore from 
centrate was shipped by rail to Monterrey, Ngwenya by the Swaziland Iron Ore Devel- 
where a pelletizing plant was also complet- opment Corp. totaled 1.7 million tons in 
ed by the company in 1976. Production 1976. Production was expected to cease by
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the end of 1977 owing to exhaustion of ore reportedly completed in 1976. Annual pro- 

reserves, although shipping of fines from duction capacity was 30 million tons of 

stockpiles may continue for another 2 years. crude ore and an estimated 12 million tons 

Sweden.—Swedish production and ex- of ore products including 4 million tons of 

ports declined slightly in 1976. Production _ pellets. In the same area, a pelletizing plant 
by Luossavaara-Kiirunavaara AB (LKAB) with a production capacity of 3 million tons 

totaled 24.2 million tons, about 3.5% less per year was reportedly completed at the — 

than in 1975, while output by Granges AB ae naylovekty comper- ape see ere 
declined about 13% to 2.4 million tons. the Ukraine, construction of a million-ton- 

“Shipments of ore by Stora Kopparbergs oe petetzns plant was nearly com- 

Bergslags AB, destined for the domestic pleted, and another plant of the same Ca- 

market, declined by 10% to 1.2 million tons. _ pany was reopen. under ar pananan . 

Weak demand for Swedish ore in the | Yenezuela.—frroduction and exports 0 

European market led to lower prices in en oe declined Py ore wean a7 an ve 

1976, particularly for high-phosphorus ore. ‘/argely because o1 reduced cemand Ior Y en- 

LKAB reported a 5% reduction in -price of ezuelan ore in the United States. Exports to 

low-phosphorus ore for 1977, and further the United States in 1976 were 4 million | 
: : «oh tons less than in 1975. Of the 15.9 million | 

reductions for high-phosphorus grades. tons exported in 1976, 57% was destined for 

Both LKAB and Granges reported heavy er YIN, OV70 Wi . 

increases in ore stocks in 1976. Ore stockpil- the United States, 37% was destined for 
ed by LKAB increased 32% during the year, Comuion Mee countries, and most of the | 
to 12.4 million tons including 2.2 mil- TCMAInCer Was ces e OA pe chai 
lion tons stockpiled at continental ports. — then omnera Orinoco CA. a subeidiory of 

_ Gra&nges AB, faced with increasing competi- e Government-owned Vorporacion | ene 

tion from foreign ores, decided there was zolana de Guayana, assumed exclusive re- 

little likelihood of maintaining profitable SP0nSibility for development of the iron ore = 
; nd . - ,, industry on January 1, 1976. Operations | 

exports from underground mines 1 central were conducted under two divisions; the - 

Sweden and planned a permanent, Te iar division, which inlides the mine a 
| . . “eS . ‘Cerro Bolivar and the ore-drying and : 

300 employees will be affected. os | Sw wqene 
. pat eae : : | screening plant and shipping facilities at. 

d hi arene potation plant began Pro; Puerto Ordaz; and the Pao division, which . 

| Gri ion be On POG. AL N aevik. Ni ate al ‘includes the mine at El Pao and the wash- | 

| LKAB iS nued to ex: ke chiming ing Plant and shipping facilities at Palua. 
faciliti «. Trstallati fa new s Pend The Piar division accounted for 88% of 7 
hi eee ta avon or a new quay and =Venezuelan production and exports of iron — 

shiploader capable of accommodating ves- ore in 1976; this included 1.1 million tonsof = 
| sels of up to 350,000 deadweight tons was Gye produced at San Isidro for consumption 

scheduled for completion m mid-1977. ; by Siderurgica del Orinoco (SIDOR) at Ma- 

Turkey.—A pellet plant with production tangas. | Bo 

capacity of about 4.3 million tons per year is = Production of partly reduced ore (high- 
to be built at Divrigi in central Turkey. The iron briquets) at Puerto Ordaz totaled 

Turkish Iron & Steel Works Co. contracted 171,000 tons in 1976, compared with 203,000 

with the West German firm of Thyssen- tons in 1975. At Matanzas, the direct- 
_ Rheinstal Technik G.m.b.H. to supply the reduction plant of Fior de Venezuela was 
plant, which will use the AllisChalmers completed in 1976. Two other direct- 
grate kiln and heat-recuperation systems. _—_ reduction plants were under construction at 

U.S.S.R.—Production of crude iron ore in Cjudad Guayana. — | | 

1976 was estimated at about 490 million A pelletizing plant designed to produce 

tons, from which 235 million tons of usable 6.5 million tons of iron ore pellets per year 
ore was obtained. Output of usable ore was under construction by Voest-Alpine AG 

consisted 82% of concentrates and 18% of for SIDOR in 1976. The plant will employ 
direct-shipping ore. Average iron content of the Lurgi traveling-grate system and was 
usable ore produced was 59.3%. Production scheduled for completion in 1978. 
of pellets was estimated at 30 million tons, In December 1976, Ferrominera Orinoco 
compared with 27 million tons in 1975. awarded a contract to the Link-Belt division 
Production plans called for output of 60 of FMC Corp. to expand production capacity 
million tons of pellets in 1980. of the ore-drying and screening plant at 

The Lebedinskiy iron ore mining and Puerto Ordaz. The plant’s production ca- 

concentrating complex in the Belgorod re- pacity for dried ore fines will be doubled to 

gion of the Kursk Magnetic Anomaly was approximately 14 million tons per year.
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| TECHNOLOGY 

Increasing costs of materials, labor, fuels, able of handling 18 million tons of pellets 
: and environmental controls continued to per year, was being built to handle the 

plague the iron mining industry in 1976.To production of the Hibbing Taconite Co. and 
| minimize this, companies attempted to im- the National Steel Pellet Co. Completion of 

prove operating methods and to devise bet- _ the facility was expected in early 1977.7 __ 
ter cost controls. In the 10-year period 1965- A further technological development was 
75, equipment costs increased 84%, mate- the increasing number of plants utilizing 
rial costs increased 100%, and labor costs direct-reduction processes. Three Midrex 

_ increased 133%.‘ | _ plants added capacity or began operations 
In the iron ore industry, several com- during 1976: The Dalmine Siderca plant in 

panies, to control costs, have reversed the Argentina; the Siderurgica del Orinoco C.A. 
trend of increasing the size of mining equip- plant in Venezuela; and the Sidbec-Dosco, 
ment. Reserve Mining Co. chose to continue _Ltd., plant in Quebec. Predictions were that 

| using 100-ton trucks as well as jet-piercer by 1980, direct-reduction plants will be pro- 
drills. Likewise, Eveleth Taconite Co., for its viding 15 million tons per year of direct- 
expansion completed in 1976, purchased 85- reduced iron.® 
ton trucks® and four 195-B electric shovels The Bureau of Mines Twin Cities Metal- 
with 10-cubic-yard buckets, rather than the _lurgy Research Center continued to investi- 
150- to 350-ton trucks or the 16- to 20-cubic- gate concentration of Western Mesabi non- 
yard shovels available on the market. The magnetic taconites by cationic flotation. 
main reasons for using the smaller equip- (Completion of these tests was not expected 
ment were lower initial cost and higher yntil 1978. The center also conducted tests 
operating availability. | in metallizing pelletized iron oxide concen- a Processing, on the other hand, was ten- trates, using lignite and coal ‘in a rotary 
ding toward larger machinery. A 10-foot- kiln. The tests proved that this can be done . diameter cone crusher for milling oper- successfully.® : 
ations was placed in service in the Republic _ Environmental research, in reclaiming 
of South Africa, and flotation cells with both previously mined areas and areas 

- volumes of more than 600 cubic feet were being mined, was being conducted by the 
planned. Larger ball and rod mills were Bureau of Mines, as well as by industry. 
being used, as evidenced by those installed The Bureau's research included the design _- 
by Eveleth Taconite Co. Semiautogenous oF new equipment and the development of 
grinding was increasingly favored. The use new methods for backfilling old and new / of rubber liners in ball mills was rising workings. | 

| because of the ease of installation, longer oS 
life, and acid-resisting characteristics.° | 4Mining Congress Journal. A Glimpse at Open Pit 

Process control was also becoming more Mining in 1976. V. 68, No. 2, February 1977, pp. 117-127. 
sophisticated. Two methods were being ad- Stort Up of New Pent Coney v 6b Noon sn apted to iron ore beneficiation: Radioisotope _ pp. 48-49. 
probes in the process stream; and the ability 63, see pfMinerals Processing — 1976. Min. Cong. J., v. 
to measure particle sizes within the stream. 7Skillings’ Mining Review. V. 66, No. 30, July 23, 1977, 
By using the probes, metal concentration pp; 10-11. . 
data, essential for control, may be obtained Reduction Plato oo One oumal, Three 5 May ioe 
rapidly and precisely. PP, 37-40. | A new dock facility of the Burlington _,"Deron RE, and: Pras Metaliation of Pelli Northern Railroad at Superior, Wis., cap- and Coal In a Rotary Kiln. BuMines RI 8179, 1976, 18 pp.
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Oo Table 4.—Crude iron ore mined in the United States, by district, State, and 

| | mining method | : 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

| ~ } ~ 1975 wo! 1976 

. a District and State. Open  Under- Total Open Under- _—_—‘ Total 

7 pit _ ground —_quantity* pit ground quantity’ . 

Lake Superior: . oe . 

Michigan ____.—___----------- 37,746. 2,042 39,788 41,993 1,966 43,959 

Minnesota ________--_-------- ° 148,296 __ 148,296 —s_: 148,689 ou. | : 148,689 

Doe Wisconsin _____--~-_-_-------- _ 2,285 . __... 2,285 . 2,253 — 2,253 

Total reportable _____--~----- 183,327 2,042: 185,369 192,985 1,966 194,901 

Southeastern States: Alabama oo . . 

_ and Georgia __-—__--_---~-------
 384 __ . 884  . WwW _— WwW 

Northeastern States: New York 
and Pennsylvania __——_-~-—----- WwW W 5,171 OW We 5,540 

Western States: _ _ . . 

Missouri _________--~-----~-- _- 4,174 —«- «4,174 ee 4,081 4,081 

«Montana __-__-_-------------- 18 aoe: 18 18 ae 18 

oo Nevada __________--~--~------- 106 _— 106 - WW oe WwW 

.  . Utah ~~ ~~ _--- +--+ ----- 3,544 -- 3,544 - 3,483 __ 3,433 

Wyoming ____-_-_------------ _W Ww 5,070 W W 4,993 

Other? _________----------- 10,686 . Le 10,686 © 10,791 — __ 10,791 

Total reportable! ________----- 14,354 4,174. ~Ss«28,598 14,242 © 4,081 23,316 

Total withheld __.____---------- | 1,677 2,564 ) ' 9277 2,561 305 

so - Grand total’ ___------------ 205,743 8,779 214,522 © 215,455 - 8,608 224,063 

| W Withheld to avoid disclosing individual company confidential data; included with “Total withheld” and “Total 

quantity.” CS , , SC oO : 

“IData may not add to totals shown because of independent rounding. : a | | 

2Includes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 

California, Colorado, South Dakota, and Texas in 1976. a . 

Total withheld data included with “Total quantity” for each respective district or State. _ . 

— Table 5.—Crude iron ore shipped from mines in the United States, by district, 

wee | State, and disposition ._ 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

7 - a oo 1975 | | . 1976 | | 

District and State -  Directto. To bene- Total Direct to To bene- Total 

con- _ficiating ve con- ficiating : 

| . oO sumers plants quantity’ — sumers plants quantity" 

Lake Superior: | 
Michigan _ = _-_---~~--------- 39,600 44,089 

_ 348 174,922 360 192,682 

Minnesota _.___—_----------- 135,670 148,953 

Wisconsin _____.____~_------- _- - 2,285 2,285 — 2,253 2,253 

Total reportable! ________------ 348 177,207 177,555 360 194,935 195,296 

Southeastern States: Alabama . 

and Georgia _ _ ___--_-~--------- _- 384 384 _- WwW Ww 

Northeastern States: New York 
and Pennsylvania ———-—---——------ __ 4,328 4,328 -- 5,633 5,633 

_——oooooeeeeeeeeee
ee—eeeeE—oE=EoEoEo

oe 

Western States: 
Missouri ______-—----~------ _- 4,195 4,195 _- . 4,063 4,063 

Montana ______------------- 18 _- 18 18 __ 18 

Nevada _..____..--—----------
 106 — 106 Ww _- WwW 

Utah _~___-_--------------- W WwW 3,535 Ww WwW 3,440 

Wyoming _ -___-------------- WwW WwW 5,070 _- 4,993 4,993 

Other? ______-------.------- 274 10,757 11,031 444 10,088 10,582 

Total reportable ___.~-------- 398 14,952 23,956 462 19,144 23,046 

Total withheld ___---~----------- 998 7,608 °) 1,026 2,719 305 

ooo eeeeeaE=E=o
Ee=oeeeeeee

 

. Grand total! __._----------- 1,745 204,478 206,223 1,849 222,432 224,281 

W Withheld to avoid disclosing individual company confidential data; included with “Total withheld” and “Total 

quantity.” 

1Data may not add to totals shown because of independent rounding. 

2Includes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 

California, Colorado, South Dakota, and Texas in 1976. 

: Total withheld data included with “Total quantity” for each respective district or State.
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Table 6.—Usable iron ore produced in the United States, by district, — 
| State, and variety | . 

_ (Thousand long tons and exclusive of ore containing 5% or more manganese): | 

= 4975 - - 1976 | | 
. _ District and State _ Joma. Ti Mag- Total - - Mag- Total — ite —MGeY pe ag gum = Hee Limo Mag Teal | | | ee we ite. tity? ite tity? - Fe 

Lake Superior: . | Michigan _______________ WwW ——~ -: WW) 14,774 WwW _- —W 16,980 Minnesota ________) 10,466 -~ 40,711 51,177 9,120 -~- 40,644 49,764 Wisconsin ______|___ vee BA IBA _- — 668 668 
Total reportable? _____ | 10,466 -— 41,495 66,735 9,120 -~ 41,312 67,413 Southeastern States: Alabama aoa 

andGeorgia.._-________ | —- 139 -— 139 --_. Ww a WwW Northeastern States: New. York : Oe : . and Pennsylvania. ____________ -- .,-— 1860 1,860 | _— -- 2,017 2,017: 
Western States: o - Missouri ________-_____ —- -— 2,299 2,299 -~  -.  2,204 2,204 — . Montana ________ mo Le 18 18 _— -- 18 18 Nevada ~------- Ww -- WwW 106 Ww -- W Ww Utah _---e_ | Ww. Ws 1,881 —— ~— 1,334 1,334 Wyoming _________ Ww oe WwW 2,039 W —_ W 2,189 Other? _-_- 199 600 3,142 3,850 W WwW WwW 3,971 TT 

Total reportable _-________ 109 600 5,459 9,643 WwW W ~~ 3,556 9,666 Total withheld... --+__ 8670 __. 9,581 ~& 10,228 639 12,409 187 
Total all States? _-_-_ 19,244 739 58,395 78378 19,348 639 59,295 79,289 ; Byproductore* =9- == __ __ __ 487 oe __ __ 711 
Grand total? _____ ~-------~ 19,244 | 739 58,395 78,866 19,348 639 59,295 79,9938 

W Withheld to avoid disclosing individual company confidential data; included with “Total withheld.” _ | Data may not add to totals shown because of independent rounding. . a 7Includes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, California, Colorado, South Dakota, and Texas in 1976. 
*Total withheld data included with “Total quantity” for each respective district or State. “Including magnetite and residues from iron sulfides produced from base metal mines. |
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Table 7.—Usable iron ore produced in the United States, by district, | 

State, and type of product 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

on 
—— 

7 a ee L 
wa Direct- Iron Direct- Iron 

. District and State ship- Agglom- Con- content ship» Agglom- Con- content 

oe ping erates trates (natural, ping erates trates (natural, 

- ore percent) ore percent) 

Lake Superior: 
Michigan _—~________~- 14,287 63 16,553 63 

386 10,566 330 9,249 

Minnesota __ ~~ 40,711 61 40,612 61 

Wisconsin _______-_---— _- 784 _- 65 668 65 

Total reportable __—_~~- 386 55,782 10,566 61 330 57,833 9,249 62 

Southeastern States: Alabama 
and Georgia____..——--~- _- _- 139 AT _— _- -W 53 

Northeastern States: New York 
and Pennsylvania ———~—— ~~ -- w.- WwW 64 LL WwW WwW 63 
a : 

Western States: 
Missouri ___ _____---- _- 2,269 30 67 _— 2,160 44 66 

Montana _______~--~--—-~ 18 _- -- 50 18 _- _- 46 

Nevada________---~—- 106 _- _— 60 WwW _- _- 60 

Utah _______.-_---- Ww _— WwW 57 Ww _- WwW 54 

Wyoming.._____------ Ww Ww WwW 61 _- WwW WwW 59 

Other! _________---- 274 Ww Ww 59 444 — OW WwW 59 

Total reportable _ _ —_—- 398 = 2,269 30 66 462 2,160 _ 44 60 

Total withheld ____--_-~-~-- 998 5,066 2,744 60 1,026 | 4,541 3,636 63 

Total all States? _____- 1,783 . 63,117 138,480 61 1,819 64,534 12,929 62 

Byproduct ore* _____----~-~ _. —-: £487 __ 63 _- #711 _- 63 
arr eeneennreeene ere SA 

Grand total ___ ~~ 1,783 63,604 "13,480 —~61 1,819 65,245 12,929 62 
a 

Revised. |W Withheld to avoid disclosing individual company confidential data; included with ’Total withheld.“ 

1Includes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 

California, Colorado, South Dakota, and Texas in 1976. - . 

2Data may not add to totals shown because of independent rounding. ° 

3Including magnetite and residues from iron sulfides produced from base metal mines. 

“Byproduct concentrates included with agglomerates to avoid disclosing individual company confidential data.
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Table 9.—Usable iron ore produced in Lake Superior district, by range . 

(Thousand long tons and exclusive after 1905 of ore containing 5% or more manganese) 
Y . 

. 

Me . Black 
Mar- . Ver- . Spring : . 

Year quette nom Gogebic ition  Mesabi.  Cuyuna Vall ey River Total’ 

1854-1971_________ 399,593 308,462 320,334 108,528 2,827,809 70,386 8,149 1,67 6 4,039,885 

1972 ____________- 9,131 2,533 _- -- 48,998 -- a= 888 61,550 

1973 _.----. ---_ 9,036 2,404 __ _- 60,021 -- -- 956 72,416 

1974 _______.-_-~- 8,920 2,419 -- _- 58,484 _- _. 899 70,723 

1975 _..-_____--- 12,443 2,331 -- _- 51,177 -- -- 784 66,735 

1976 ___.-_._---- 14,663 2,318 -- -- 49,764 _— _- 668 67,413 

: Total ________ 453,786 320,467 320,834 103,528 3,096,253 70,3386 8,149 5,871 4,378,722 . 

ee 
SS 

‘Data may not add to totals shown because of independent rounding. | 

Table 10.—Average analyses of total tonnage’ of all grades of iron ore shipped from 

the U.S. Lake Superior district | 
ee 

Year Minow y Content (percent)? . 

sand Iron Phosphorus Silica. Manganese Alumina Moisture 
longtons) - 

1972 _____---- 64,721 | 60.40 0.031 6.76 0.30 0.52 | 3.93 

1978 ____---_- 76,281 — 60.66 .080 6.77 33 Al 3.79 

1974 __._-_-_-- 72,194 60.26 .030 . 6.68 35 40 3.94 

1975 _._-_-.-- 64,174 | 60.91 .030 6.72 .28 39 3.53 

1976 ____--_-- 64,928 61.38: .029 6.72 .26 A3 3.20 
La 

1Railroad weight—gross tons. 
- 2Iyon and moisture on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 

Source: American Iron Ore Association. Iron Ore, 1975, p. 92; 1976, p. 94. | 

Table 11.—Consumption of iron ore and agglomerates in the United States in 1976 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

a 
- ae Iron ore and Agel tes? . 

State | | concentrates! ane Miscel- Total 

Blast Steel Blast Steel laneous® _—reportable 
furnaces furnaces furnaces furnaces 

Alabama, Kentucky, Texas ____-—-_- 1,852 13 7,031 WwW Ww 8,896 

California, Colorado, Utah _____--- . 1,451 WwW 5,565 Ww WwW 7,016 

Ohio and West Virginia __=__----~-- 3,810 153 21,599 132 WwW 25,694 

Illinois and Indiana —~__=_------ 1,134 -- 32,691 99 Ww 38,924. 

Michigan ________---- ------- 213 _- 9,734 Ww Ww 9,947 : 

Maryland, New York, Pennsylvania -- 6,345 | 325 31,830 441 Ww 38,941 

Undistributed _____-.--------- -- 97 _- 23 885 1,005 

_ Total __-__----------- _ 14,805 588 108,450 696 885 125,424 

er 

W Withheld to avoid disclosing individual company confidential data; included in “Undistributed.” 

1Not including pellets or other agglomerated products. 
2Includes 62,225,569 tons of pellets produced at U.S. mines and 18,226,321 tons of foreign pellets and other 

agglomerates. 
3Includes iron ore consumed in production of cement and ferroalloys, and iron ore shipped for use in manufacture of 

paint, ferrites, and heavy media. 
‘Data may not add to totals shown because of independent rounding.



666 MINERALS YEARBOOK, 1976 | 

Table 12.—Iron ore consumed in produc- _ as . a | 
tion of agglomerates at iron and steel Table 13.—Beneficiated iron ore shipped | | plants in 1976, by State _ from mines in the United States? 

usan (Thousand long tons and exclusive of ore (Tho d long tons) ‘ containing 5% or more manganese) 
= | Tron ore Agglomer- OP oe State 1 ates Bene- Total roportion of a8 a consumed’ _produced Year ficiated iron -—eneficiated 

ore ore (percent) Alabama, Kentucky, 2.500 3 449 $$$ irc 
Calif nia, Colorado 7 , 1972________ 72011 —-77,884 92.5 Utah 1,895 2,068 1973________ . 86,894 90,654. 95.9 | Ohio and West a 1974 79,995  84'985 941 Virginia _________ . 2,880, 3,496 1975__-______ 73,951 75,695 97.7 Illinois, Indiana, 1976_ 74,848 76,697 97.6 

Michigan ________ 6,599 739 OO Maryland, New York, 1Beneficiated by further treatment than ordinary Pennsylvania ______ 10,135 13,931 crushing and screening. Excludes byproduct ore. 

- Total _-_-_..:.  ——«-28,479 32,726 : | oes - oe 

Includes domestic and foreign ores. ; 

Table 14.—Production of iron ore agglom- __—‘Table 15.—Stocks of usable ir on ore at merates' in the United States, by type | mines,’ Dec. 31, by district 
- (Thousand longtons) _ (Thousand long tons) 

Type oe 
1975 1976 Lake Superior. __________ 5,851 7,954 . Southeastern States .___.___. 612 —_ Sinter, nodules, cinder _ __ _ 230,825 332,955 Northeastern States_______ 5,191 5,057 Pellets we 62,779 - 64,305 Western States ----~----- 646 | 982 

Total _._________ 93,604 . 97,260 Total_-_- ~~ 212,299 138,993 re 
. SS SS AP ss ssh USA 

Production at mines and consuming plants. 1Excluding byproduct ore. . 7Includes 14,942,000 tons of self-fluxing sinter. Data do not add to total shown because of independent 3Includes 16,318,600 tons of self-fluxing sinter. rounding. — 

Table 16.—Average value of usable iron ore! shipped from mines or 
| beneficiating plants in the United States in 1976 

(Dollars per long ton) 
CO 

| District 
: : Type of ore | Lake South- North- 

- . Superior eastern eastern Western 

Direct-shipping, hematite and magnetite _________ | 13.26 __ _— 9.46 Concentrates, hematite and magnetite ___________________ 13.32 __ 18.00 17.35 Concentrates, limonite__....__....________________ co ee Ww __ 18.74 Agglomerates _____.______________ sss 26.56 — WwW 26.54 SS 
W Withheld to avoid disclosing individual company confidential data. 
1F.o.b. mine or plant. Excludes byproduct ore.
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Table 17.—U.S. exports of iron ore, by country 

(Thousand long tons and thousand dollars) 

i
 

Or 

1974 . 1975 1976 

Country —_—_—_—_——e en eee _d —_—_—_—__ee 

Quantity Value - Quantity Value Quantity Value 

Austria ______~___-~-----~-- __ __ 5 132 _- — 

Canada __________-----~-- 1,814 30,061 2,485 59,170 2,897 80,981 

France ______~__~____~_---- 27 329 an: 78 11 1,129 

Japan ___--~------------ 439 4,691 40 658 ) 2 
Mexico ____2______-_---~-- 1 14 1 12 (4) 5 

Sweden ___________------ 40 20 _- — _- _- 

United Kingdom ______--~-~- __ =_ ~ (Q) 3 5 82 

Other ______------------ 2 33 (*) 18 @) 43 

Total _.______------ 2,323 35,148 2,587 | 60,071 | 2,913 82,192 

a 

- Less than 1/2 unit. 

: Table 18.—U.S. imports for consumption of iron ore, by country 

- (Thousand long tons and thousand dollars). - . 

1974 1975 1976 

Country —_———_—_—$————————rrrr —rr——— ee Wale 
Quantity Value Quantity Value Quantity Value 

Africa, Western; nec _~___----- 8 | 90 «112 1,702 a __ | 

Angola ______--~---------- F260 | 73,312 . 213 4,961 _- _- 

Australia ____.§_.§_____------- 638 7,292 803 8,512 616 12,384 

Brazil _._______---------- 6,572 ~ 85,259 7,525 120,947 5,388 111,797 

British West Africa ___ ___—-——-—-- 38—Cti 365 _- _— _— _— 

Canada _______-_--------- 19,702 341,577 19,111 420,116 24,962 625,588 

Chile. -__________----=---- 296 - 2,883 932 12,172 . 608 7,962 

Gabon _________-------+--- 57 — «BTT _— _- _— _- 

Germany, West ___-—--------- 16 © 590 — _— a __ 

India ~_______~-.--------- _- — 164 1,661 130 1,198 

Italy_______-_----------- — —_ __ —_ 3 103 

Japan _________---------- — _— 56 1,024 _- -- 

Liberia _______----------- 2,730 F29,113 2,496 38,909 2,152 34,198 

Morocco ___—_—_---~--~----- _- —— __ — 11 259 

New Guinea _____—__------- 48 470 _- _- _- = 

Norway __—-—-----~------- __ __ 53 1,285 151 4,949 

Peru_______------------- — 1,810 27,325 1,551 32,627 716 15,233 

Philippines ______--~------ 15 392 14 478 4 170 

South Africa, Republic of ___- ~~~ 1 21 129 2,475 162 4,979 

Sweden ________---------- 335 6,215 182 5,783 442 9,412 

USS.R ~~ ~~ 126 1,622 265 2,518 44 471 

Venezuela ________-------- T15,377 189,188 13,137 205,304 9,001 151,635 

Other ____________------- (4) 1 ) 22 (4) 10 

. Total ______-_------- 48,029 696,298 46,743 860,496 44,390 980,348 

1Less than 1/2 unit.
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Table 19.—U.S. imports for consumption of iron ore, by customs district 
(Thousand long tons and thousand dollars) 

ees 
1974 1975 1976 : Customs district — OO 

Quantity Value Quantity Value Quantity Value —_—_— ee l(t 
Baltimore ________________ 11,880 153,554 10,832 181,979 9,279 197,218 Buffalo _-.-_-______________ 4,294 81,557 2,759 62,775 3,471 93,307 Charleston _____________ 70 790 154 4,076 190 5,043 Chicago__________________ 3,999 65,179 4,026 82,517 6,037 137,956 Cleveland ______________ 4,857 82,728 5,556 116,315 7,736 193,430 Detroit _.-______________ 1,428 28,034 1,899 45,556 1,881 53,891 Houston ___________ 925 16,844 690 14,938 153 3,228 Los Angeles _-_____________ 134 1,396 56 803 150 2,707 Mobile __-___._____________ 5,776 73,414 4,265 70,764 4,627 91,364 New Orleans ______________ 6TT 8,762 624 10,344 809 14,237 Philadelphia. __§_.____§_______ 13,364 173,894 15,274 256,820 9,597 176,787 . Portland, Oreg _____________ 270 3,074 310 5,407 198 - 8,451 Seattle _-_-2 2 _- __ (?) (2) . 34 809 San Juan 5 45 —- _— _- -— Wilmington, N.C ____________ 346 6,626 296 8,084 226 6,798 Other _-_ 4 401 2 118 2 122 

Total ~~ 48,029 696,298 46,748 860,496 44,390 980,348 ———_—_ eee ees; 
1Less than 1/2 unit. . | 

Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates: 
World production by country 

. (Thousand long tons) 

Gross weight? Metal content® Country? OO - 1974 1975 1976” 1974 1975 1976” 
ee 

North and Central America: 
Canada* _____ = 49,187 46,128 56,090 30,344 28,724 34,928 - Mexico® _____________ 4,928 4,974 5,380 3,286 3,316 3,587 United States® .._______ 84,355 78,866 79,993 51,457 48,266 49,362 South America: 
Argentina _______________ F408 260 ©8345 T209 119 ©157 . Bolivia (exports) _._________ -- 31 _— 19 -- Brawl ~~ 2 ™74,309 88,474 £90,360 ™48,301 57,508 “59,640 Chile _-__-__________ 10,109 10,875 10,225 6,369 6,851 6,255 Colombia______§__________ 437 529 -— &540 188 227 233 Peru____ 9,375 7,630 4,701 6,121 4,987 3,040 Venezuela _______________ 26,007 24,381 ©17,910 16,124 15,116 ©11,110 Europe: 
Albania®7__~_ = 395 415 420 140 145 150 Austria. _-§_§_$__ 4,178 3,772 3,724 1,290 1,182 1,147 Belgium ________________ 121 92 62 36 28 19 Bulgaria _.______________ 2,643 | 2,300 2,279 845 736 752 Czechoslovakia ____________ 1,661 1,745 1,878 498 523 488 Denmark ________________ 6 13 — ©18 2 5 °5 Finland* __~__§_____________ 922 894 1,149 605 587 156 France __~_-____ 53,403 48,863 44,468 716,450 15,067 13,573 Germany, East®____________ 752 58 50 20 23 19 Germany, West (salable) ______ 4,369 3,236 2,220 1,390 1,036 738 Hungary —_—_-___________ 536 632 592 126 151 141 Italy 0 584 532 506 257 234 253 Luxembourg______________ 2,644 2,279 2,046 793 684 593 Norway_________~________ 3,842 4,044 3,859 2,485 2,620 2,500 Poland _________________ 1,276 1,173 668 383 352 200 Portugal! _ = == 52 55 47 T21 22 27 Romania ________________ 3,213 3,017 2,790 1,044 980 725 Spain..-_______________ 8,108 7,520 7,488 3'926 3,634 3,742 Sweden__-__-§-____________ 35,582 30,379 30,046 22,495 19,332 19,109 USSR ¥221 252 229,126 235,225 130,539 135,185 138,783 United Kingdom ___________ 3,545 4,419 4,500 934 1,162 1,183 Yugoslavia... =» = __ 4,954 5,156 4,193 L777 1,898 1,543 Africa: 
Algeria__§_§_-_____________ 3,732 3,149 2,756 2,016 1,703 1,486 Angola _________________ 5,413 * 2,706 (22) T3275 ¥ 1,638 (13) Egypt_..-_____:___ T1016 1,108 1,228 F508 551 612 Kenya#® _____ 19 16 “16 "12 &9 £9 Liberia __.______________ 23,409 23,620 18,517 14,280 14,710 11,943 Mauritania ______________ 11,482 8,549 9,511 7,233 5,514 6,135 

See footnotes at end of table.
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: Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates: 

World production by country —Continued 

(Thousand long tons) 

Gross weight? Metal content® 

Country! 
OE TEP 

1974 1975. 1976” 1974 1975 1976” 

Africa: —Continued 

Morocco ___—--—--------- 523 545 337 324 344 213 

Rhodesia, Southern® _ __-_-—--- 590 590 590 378 378 378 

Sierra Leone__——-—---—~----- 1,982 1,431 _- 1,249 901 _- 

South Africa, Republic of! _ _ ~~~ 11,370 12,104 15,416 7,107 7,565 9,635 

Swaziland _______-------- 2.044 2,204 151 717 1,288 1,389 1,082 

Asp amisi# ----- => 805 601 504 FATT 331 253 

ia: 
China, People’s Republic of® _ ~~ - ™60,000 64,000 64,000 730,000 32,000 32,000 

Hong Kong. _ ------------- 157 165 36 83 87 18 

India _._____----------- 34,925 40,645 42,336 21,863 25,444 26,502 

Indonesia_ _ __ . _---------- T359 347 288 208 202 161 

Tran’®__ 2 2) 5 - F985 985 1,085 600 600 660 

Japan?!?_______-.-------- 766 715 746 436 417 443 

Korea, North ___---------- 9,250 9,250 9,350 3,700 3,700 3,740 

Korea, Republic of _ .-------- 485 516 612 - 272 288 343 

Malaysia _— -------------- 466 343 303 261 209 185 

Philippines ~-_----------- 1,583 1,330 562 910 799 315 

Taiwan ______------------ (12) (12) __ (22) (22) __ 

Thailand _____/_---------- 36 32 25 21 19 15 

Turkey _.._------------- 2,249 2,208 3,391 T1293 1,267 1,950 

Oceania: 
. 

Australia. _.-_--~--------- 95,419 96,111 91,775 60,308 60,771 57,761 

New Zealand#® _______----- 2,316 2,261 ©2,165 1,320 1,289 ©1,235 

Total______-_--------- 883,834 887,389 881,028 507,877 512,844 511,832 

€Estimate. Preliminary. "Revised. 
1In addition to the countries listed, Cuba and Vietnam may produce iron ore, but definitive information on output 

levels, if any, is not available. 

2Insofar as availability of sources permits, gross weight data in this table represent the nonduplicative sum of 

marketable direct shipping iron ores, iron ore concentrates, and iron ore agglomerates produced by each of the listed 

countries. Concentrates and agglomerates produced from imported iron ores have been excluded, under the assumption 

that the ore from which such materials are produced has been credited as marketable ore in the country where it was 

mined. 
3Data represent actual reported weight of contained metal or are calculated from reported metal content. Estimated 

figures are based on latest available iron ore content reported, except for the following countries from which grades are 

US. Bureav of Mines estimates: Albania, Denmark, Hungary, Southern Rhodesia, the People’s Republic of China, and 

Oo orea. 
| 

4Gross weight and metal content of shipments of usable iron ore, including byproduct ore, dry tons. 

5Gross weight calculated from reported iron content based on grade of 66.67% Fe. 

®Includes byproduct ore. 
7Nickeliferous iron ore. 
8Includes magnetite concentrate, pelletized iron oxide (from pyrite sinter) and roasted pyrite (purple ore). 

*Includes roasted ore,‘ presumably pyrite sinter, not separable from available sources. 

10fxcludes iron oxide pellets produced from pyrite sinter. 

111ncludes manganiferous iron ore. 

12Revised to zero. 
13K'or cement manufacture. 
iincludes byproduct magnetite as follows in long tons: 1974—2,859,303; 197 5—"2.058,294; 1976—4,244,236. 

es. 
16Y ear beginning March 21 of that stated. 

16S including concentrate derived from iron sand as follows in long tons: 1974—232,482; 197 5—"179,166; 

18 argely concentrates from magnetite-titanium sands.
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I Oxide Pi t 

| | By Cynthia T. Collins’ | | 

Production and trade in iron oxide pig- effective on January 3, 1977. The original 

ments made a strong recovery in 1976. This _ petition filed in August 1973 requested a 

reflected the upturn in demand from the permanent listing of iron oxides as additives 

coatings, plastics, and other industries for use in externally applied cosmetics,° and 

which serve the automotive, heavy equip- an amendment in March 1976 added the use : 

ment, and construction markets. The $645 of iron oxides in all types of cosmetics 

million value of finished iron oxide pigment subject to ingestion. The amendment de- 

gales and the $16.6 million value of imports fines the color additive iron oxides as con- 

indicated an $81 million market in 1976, sisting of any one or any combination of 

compared with the 1975 market of $55 synthetically prepared iron oxides, includ- | 

million. ing the hydrated forms, free from admix- 

Legislation and Government Pro- ture with other substances. The oxides must , 

grams.—In November the Food and conform to the following specifications: | 

Drug Administration (FDA) permanently Arsenic, not more than 3 parts per million; 

listed iron oxide pigments for use.in cosmet- lead, not more than 10 parts per million; 

ics, including those intended for use in the and mercury, not more than 3 parts per 

area of the eye.? The ruling was to become million. | 

Table 1.—Salient iron oxide pigments statistics in the United States a 
nO OR 

| | 1972 1973 1974 1975 1976 

Mine production ______-----—---- short tons_- WwW WwW Ww T41,278 63,180 

Crude pigments sold or used _____-—---- do___- Ww WwW WwW F38,030 55,980 

Value _________--_-_--~--— thousands_-_ $418 $931 $1,429 $1,093 $1,263 

Iron oxides from steel plant wastes ___— short tons_- NA - £NA WwW 19,252 21,403 

Value _____________----~—- thousands_-_ NA NA WwW $1,102 $1,258 

Finished pigments sold _____-_---- short tons.- 152,412 148,802 147,544 104,840 135,915 

Value __._____-__---—--—-- thousands_- $37,673 $43,514 $60,612 $46,206 $64,506 

Exports________-----------—- short tons_- 4,268 9,888 9,666 8,780 5,805 

Value _________-_-_-_--~—- thousands. - $1,926 $3,101 $3,466 $2,523 $3,353 

Imports for consumption ———---~--—-- short tons_-_ 47,271 51,183 54,215 27,979 50,102 

Value _________-__-----~-— thousands__ $8,529 $12,005 $16,367 $9,184 $16,554 

TRevised. NANotavailable. W Withheld to avoid disclosing individual company confidential data. 

DOMESTIC PRODUCTION 

Production of finished iron oxide pig- remained unchanged. Average unit value of 

ments, as measured by sales, increased 30% synthetic pigments was nearly five times 

over that of 1975. Finished natural pigment greater than that of natural oxides. 

production increased 33%, while synthetic ———————— 

pigment production rose 27%. A 40% in- 2Mineral specialist, Division of Ferrous Metals. Use i 

° 
Register. Listing 0 n se in 

crease in value of overall sales reflected @ Cosmetics. V. 41, No. 231, Nov. 30, 1976, pp. 52445-52446. 
12% rise in the average unit value of Additives Notice, of Filing of Petition Regarding Color 

synthetic pigments to nearly 40 cents per — ‘Amendment’ of Filing of Petitions for Color 

. pound. Values of finished natural pigments Additives. V. 41, No. 231, Mar. 5, 1976, p. 9534. 

. 
673
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Shipments of pigments increased in all Domestic production of iron oxides from categories in 1976. In synthetic pigments, _ steel plant wastes increased 11% over that | shipments of yellow iron oxides increased of 1975. Four companies produced iron ox- 40% and combined shipments of blacks and ides asa byproduct from steel plant dusts or browns increased 34%. In natural pigments, regenerated pickle liquor. These oxides | _ the most significant increase occurred in Were used mainly in the manufacture of 
shipments of black magnetite; eight compa- ferrites. ; ; ; ; nies produced this product in 1976, com- Production of crude iron oxide pigments 
pared with four companies in 1975. Umbers, mnereased 53% in 1976. a pments rose 47% ocher, and red iron oxides also showed large ut total values increased only | %, indica- gains ting a drop in average unit value. Crude | 

| Table 2 reflects data compiled from res- ? igments were produced by the four compa- by 21 companies to the Bureau of 2&8 listed at the end of table 3. | Mines y i +3 95% cove Table 4 shows a 22-year analysis of fin- b ines tit ATL represen nted ening ished iron oxide pigment shipments. The JY Mantity. All companies repo gains yatio of synthetic pigment shipments to in 1976. One new plant came onstream in natural pigment shipments has been nearly 1976. BASF Wy andotte Corp. started pro- equal for the last 13 years, following a duction in a new 3-million-pound-per-y “ar decade when the ratio was at or near 2:1. , capacity plant at. Wyandotte, Mich., to pro- Ratios of synthetic to natural pigment val- duce transparent iron oxide pigments for yes have fluctuated over the same period, use in metallic and wood-grain finishes. reaching a high level of 5.4:1 in 1968, and a Indiana General Corp. discontinued pro- low of 2.7:1 in 1971. Figures shown annually duction of iron oxides in 1976, reportedly in table 2 under “Unspecified” have been due to unfavorable price competition from apportioned between synthetic and natural, increased imports of regenerator oxides. as described in the footnote to table 4. 

Table 2.—Finished iron oxide pigments sold by processors in the United States, by kind 
| 

1975 1976 
. i tit Val tit Val Pigment Saher” hee Gugnty Yale 

tons) sands) tons) sands) 
ere nanan 

Natural: 
Black: Magnetite _.-__.___.___ = Q) () 7,285 $602 Brown: 
Iron oxide? _-___- 10,545 $2,087 8,252 2,306 " Umbers: 

Burnt _-____--_-- 3,964 1,506 5,243 2,242 peak?” ---- +e 1,454 542 1,827 768 
Irmoxide? 38 28,486 2,384 37,227 3,008 Sienna, burnt _-_____________ 632 338 672 401 Yellow: 
Ocher* —_-__ 4,209 472 5,461 539 Sienna, raw __--_____________ 638 305 645 319 1D Total natural_-_-___ = 49,928 7,634 66,567 10,180 

Synthetic: . . Brown: Iron oxide’ _--___-___ == 5,730 4,494 7,682 6,305 Red: Iron oxides ____________________ 20,596 13,927 23,285 18,776 Yellow: Iron oxide ______________ ss 19,303 13,998 27,013 20,886 ree 01S 20,886 
Total synthetic —— +e ee L 45,629 32,419 57,980 45,967 Unspecified including mixtures 

of natural and synthetic 
iron oxides -_-______- 9,283 6,153 11,368 8,359 | S868 8,859 

Grand total __________________ 104,840 46,206 135,915 64,506 
Included with brown iron oxide. 
7Includes vandyke brown. In 1975, includes black magnetite. 
3Includes pyrite cinder. 
“Includes yellow iron oxide. 
“Includes synthetic black iron oxide.
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Table 3.—Producers of iron oxide pigments in the United States in 1976 

Producer Mailing address Plant location 

Finished pigments: ‘ . 
BASF Wyandotte Corp __.__._.-~— 100Cherry Hill Rd. Wyandotte, Mich. 

Parsippany, N.J. 07054 
Blue Ridge Tale Co., Inc. ~_____-_ Box 39 Henry, Va. . 

Henry, Va. 24102 
Chemalloy Co.,Inc ___.__.._-.— Box350 . Bryn Mawr, Pa. 

Bryn Mawr, Pa. 19101 
Chemetron Corp., Chemetron 491 Columbia Ave. Huntington, W. Va. 

Pigments Div. Holland, Mich. 49423 : 
Cities Service Co., Columbian Box 5373 St. Louis, Mo., Monmouth 
Div. Akron, Ohio 44313 a unction, N.J., Trenton, 

Combustion Engineering, Inc., 901 East 8th Ave. Camden, N.J. 
CE Minerals Div. King of Prussia, Pa. 19406 

DCS Color & Supply Co.,Inc _._._.__ 1050 East Bay St. Milwaukee, Wis. 
Milwaukee, Wis. 53207 

E. I. du Pont de Nemours Pigments Dept. Newark, N.J. 
& Co., Inc. ~ oo Wilmington, Del. 19898 

Ferro Corp., Ottawa Chemical 700 North Wheeling St. Toledo, Ohio. 
Div. Toledo, Ohio 43605 

Foote MineralCo ____.______-~ Route 100 - Exton, Pa. 
o Exton, Pa. 19341 . a 

Greenback Industries, Inc., Route 2, Box 63 Greenback, Tenn. 
Greenback Ferrite Div. Greenback, Tenn. 37742 

Hercules Inc.,C&SP Dept ___.____ 1720 Commerce St. Pulaski, Va. 
oe, Pulaski, Va. 24301 ° 

Hoover Color Corp _____.-__--~— Box218 Hiwassee, Va. 
. Hiwassee, Va. 24347 . 

Mineral Pigments Corp __.__.-~— 7011 Muirkirk Rd. Beltsville, Md. 
Beltsville, Md. 20705 . 

New Riverside Ochre Co. ________ Box 387 _ Cartersville, Ga. 
Cartersville, Ga. 30120 

Pfizer Inc., Minerals, Pigments 235 East 42d St. Emeryville, Calif., East 
& Metals Div. New York, N.Y. 10017 St. Louis, il., Easton, Pa. 

Prince ManufacturingCo ______ 100 Lehigh St. Quincy, Ill. and 
Bowmanstown, Pa. 18030 Bowmanstown, Pa. 

-Reichard-Coulston Inc ~_ ~~~ ~~ 15 East 26th St. Bethlehem, Pa. 
: _. . New York, N.Y.10010 . a 

George B. Smith Chemical 1 Center St. . Maple Park, II. 
Works, Inc. . . Maple Park, Ill. 60151 . : 

Solomon Grinding Service _._._.._._. Box 1766 . Springfield, Tl. 
Springfield, Ill. 62705 

Sterling Drug, Inc., Hilton- 2235 Langdon Farm ad. ': Cincinnati, Ohio. 
Davis Chemicals Div. - . Cincinnati, Ohio 45237 

Sterling Drug, Inc., Thomassett 120 Lister Ave. Newark, N.J. 
Color Div. — - Newark, N.J. 07105 

Crude pigments: 
eveland Cliffs Iron Co., 1460 Union Commerce Bidg. Negaunee, Mich. 
Mather Mine & Pioneer Plant ’ Cleveland, Ohio 44115 - 

Hoover Color Corp ___.-___-—— _ Box 218 Hiwassee, Va. 
Hiwassee, Va. 24347 

Meramec Mining Co. __________. Martin Towers, Room 1836 Sullivan, Mo. 
Bethlehem, Pa. 18016 

New Riverside OchreCo __.______ Box387 Cartersville, Ga. 
Cartersville, Ga. 30120 co 

a
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- Table 4.—Domestic shipments of finished iron oxide pigments 1955-76, by type ! | 

Year - Quantity (short tons) eynthetic Value (thousands) | syntactic 

Natural Synthetic Total natural Natural Synthetic Total natural 

1955 ___ 41,156 74,146 115,302 1.80 $3,031 $14,441 $17,472 4.76 
1956 _ __ 43,296 70,565 113,861 - 1.68 3,091 14,013 17,104 4.53 
1957 ___ 35,345 69,520 104,865 1.97 2,727 18,678 16,405 5.02 
1958 33,182 65,240 98,422 1.97 2,655 13,167 15,822 4.96 
1959 _ __ 41,238 76,366 117,604 1.85 3,185 15,852 - 19,087 4.98 
1960 ___ 36,238 69,784 106,022 1.93 2,961 14,987 17,948 5.06 
1961__. 35,457 71,045 106,502 2.00 2,927 15,418 18,345 5.27 
1962 ___ 37,482 © 75,483 112,965 2.01 3,220 16,578 19,798 5.15 
1963 _ __ 37,489 81,358 118,847 2.17 3,296 17,839 21,135 5.41 
1964 ___ 56,060 63,479 119,539 1.13 5,553 17,438 22,991 3.14 
1965 _ __ 65,111 62,429 127,540 0.96 6,101 17,448 23,549 2.86 
1966 _ __ 66,601 64,057 130,658 0.96 6,505 18,336 24,841 — 2.82 
1967 _ __ 60,121 67,217 127,338 1.12 6,133 20,587 26,720. 3.36 
1968 ___ 59,296 73,087 132,383 1.28 6,623 24,058 - 30,676 3.68 
1969 ___ 66,953 75,940 142,893 1.13 7,220 25,069 32,289 3.47 
1970_ __ 53,124 70,864 123,988 1.33 6,378 21,819 28,197 3.42 
1971 ___ 60,111 68,197 128,308 1.14 8,416 22,921 31,337 2.72 
1972 _ __ 72,212 80,200 152,412 1.11 9,585 28,088 37,673 2.98 
1973 ___ 66,283 82,519 . 148,802 1.25 10,000 33,514 43,514 3.35 . 
1974___ 67,599 79,945 147,544 1.18 10,667 49,945 60,612 4.68 
1975___ 53,022 51,818 104,840 0.98 8,518 37,698 46,206 4.43 
1976 _ __ 70,356 65,559 135,915 0.938 —- 11,874 58,182 «64,506 4.67 

1Figures for “Natural” and “Synthetic” include those classed as “Mixtures and Other” in table 2. Quantities of 
“Mixtures and Other” apportioned one-third to “Natural” and two-thirds to “Synthetic”; value of “Mixtures and Other” 
apportioned one-seventh to “Natural” and six-sevenths to “Synthetic.” . 

CONSUMPTION AND USES 

Apparent domestic consumption’ of | trial coatings and trade sales (paints, stains, 
180,212 short tons of iron oxide pigments in and varnishes). The construction industry 
1976 was 45% above the 1975 level of also consumed iron oxide pigments in col- 
124,039 tons. Demand from the automotive, oring cement, mortar, concrete blocks, and 
industrial, and furniture coatings industries roofing granules. The pigments were also 
increased strongly in 1976. All color catego- used to color plastics, rubber, and paper. A 
ries of the iron oxides showed marked gains continually growing segment of the high- 
during the year, with a very strong increase purity iron oxide market was in the manu- 
in demand for transparent oxides for use in facture of ferrites for magnetic and elec- 
automobile and furniture coatings. tronic applications. Some of the natural 

Data were not collected in 1976 by the black magnetite was sold for use in heavy 
Bureau of Mines on specific end uses for media in coal preparation plants. 
iron oxide pigments, although a revised The use of iron oxide pigments in cosmet- 
annual canvass will request this informa- ics increased in 1976. A September ruling 
tion in the future. Figures in table 2 do not by FDA terminated the provisional approv- 
necessarily reflect all sales of iron oxides al of carbon black pigment for use in 
used for pigments or other nonsmelting cosmetics;* therefore, producers of mascara 
purposes. The largest percentage of iron and eyebrow pencils substituted iron oxide 
oxide pigment consumption was in indus- pigments in their products.’ 

| PRICES 

Prices of finished iron oxide pigments more than 14 cents per pound by the last 
increased in 1976 in almost all categories. quarter. 
Synthetic pigment prices increased by 6.5 ———————— 

i ‘Indicated by quantity of finished iron oxide pigments 
cents to nearly 10 cents per pound, while sold plus imports of natural and synthetic iron oxide 
prices of some natural pigments rose even pigments minus exports of pigment-grade iron oxides and 
higher. Most price changes occurred in “froxmcs. s gs 

. . Federal Register. Termination of Provisional of 
April and May, and the price of the two Carbon Black. V. 41, No. 186, Sept. 23, 1976, pp. 41857 

American siennas increased again in Octo- “"7Chemical Week. Two Dyes Banned. V. 119, No. 18, Sept. 
ber. Prices in those categories increased 29, 1976, p. 19.
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Table 5.—Prices quoted on finished iron oxide pigments, per pound, bulk shipments, 
| December 31, 1976 
eS 

Pigment Low High Pigment Low High 

Black: | _ Red: 
Synthetic______________ $0.8100 $0.8825 © Domesticprimers _________-- $0.1725  $0.2300 
Micaceous —~.~~_~_~~~_ ~~ 3800 «——.4000 Pure, synthetic _._____..... 8825 4125 

Brown: . Yellow: . 

Ground iron ore _____..__-. — .0750 0900 Synthetic __.___-----~---- 3750 .4050 

Metallic _____._.__---. | .1175 1275 Ocher, domestic ________--_.  .0875 0875 | 
Pure, synthetic _.__._..._._.._ .3650 4500 Natural, French type __..----- .1800 .2300 

Sienna, American, burnt __..  .3075 .4000 
Sienna, American, raw ___.—  .2900 3215 
Umber, Turkey, burnt _._._._ 2475 2750 | 
Umber, Turkey, raw ___.-_- _ .2200 2475 

rr A 

Source: American Paint Journal. . 

FOREIGN TRADE | : 

- The quantity of pigment-grade iron ox- (except pigment); and jeweler’s rouge | 

ides and hydroxides exported from the (synthetic ferric oxide). 
United States in 1976 decreased 34% from Imports of iron oxide pigments for con- 

that of 1975. Total value of exports, how- sumption increased 79% in 1976 compared 

ever, increased 33%, reflecting a twofold with those of 1975, reflecting the strong 
increase in average unit value. Exports to ypturn in demand. Value of imports in- 

Canada, which comprise the largest percen- ¢+eased 80%, which indicated only a small 
tage of total exports, fell 47% in 1976, while increase in average unit values | 

those to other countries either increased or | es ea: 
. Imports of synthetic iron oxides increased 

remained close to 1975 levels. gaa 1975 levels: 52% of theti 

The quantity of other grades of iron oxide ~*~ ”” te ce f ow ee Ge 2 nd 99 % 
exports increased 36% in 1976; values in- Ports came trom West aera ey nbs 
creased by 55%. Schedule B of the U.S. Came from Canada. Imports of synthetic 
Department of Commerce Statistical Classi- Pigments from Japan increased significant- 
fication of Domestic and Foreign Commodi- ly in 1976. Imports of crude and refined 

ties Exported from the United States de- natural pigments were 56% greater than 

fines other grade iron oxides and hydrox- 1975 imports; 71% of natural pigments were - 

ides as follows: Iron hydroxide, synthetic; crude and refined siennas and umbers from 

iron oxide catalyst; iron oxide, ‘synthetic Cyprus, while 12% were Spanish oxides. |
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| | - Table 6.—U.S. exports of iron oxides and hydroxides, by country 

1975 1976 . . . 

oo ' Pigment grade . Other grade § —S+—~Pigment grade Other grade 

7 Destination a Value ‘en Value : en Value qoane Value 
(short (hee (short — thou (short (thou (short (thou. 

. eee —C‘<( EH 

: Australia. _____ -________ 130 $82 1 $8 158 $110 59s $141 
Belgium-Luxembourg _______ 20 17 14° 12 1. 1 261 262 
Brazil _. $$ -____________ 46 56 99 97 35 41 484 © - 468 
Canada ________________ 7,484 1,494 797 445 3,935 1362 962 8835 
Colombia ____.__________ 15 10 5 2 15 13 )~-—C—ti«~S#YL 34 Equador _______________ 3 4 2 1 9 12 1. 1 
Finland _~__$__ ~~. ____ 4 5 oo __ 28 22 __ _ 
France ____~____________ 103 106 179 171 158 196. 149 . 157 
Germany, West ___________ 143 81 241 480 125 89 307 640 
Guatemala ____~§__________ 12 6 4 6 2 2 71 85 
India _______~_~______ __. a 32 8 (4) 1 8 17 
Indonesia_ ____._~__~_____ -_- a 59 26 3 4 a _- 
Iran __-____~_~ ~~ — _- 159 269 2 2 —_ -- 

. Ireland ___ ~~ -__->_______ 13 8 __ __ 5 9 58 93 
. Italy_.-_-___- Lee 5 8 4538 498 . 18 109 571 826 

Japan_________________ 6 20 848 1,155 56 140 1,233 1,742 
Korea, Republic of _________ 24 11 4 6 151 153 254 399 Liberia... 3.. 2 1. 1 “1B ee 
Mexico __ ~~". 96 50 139 148 78 70 178 200 
Netherlands _____________ a: 32 525 708 96. 15 411 17 
Netherlands Antilles________ () 1 a2 _ ae -- 45 59 
New Zealand ____________ 2 1 -- -= 14 9 — -- 

. Panama ________ = ti 3 3 36 -° #5 _- _— a _- 
Peru__________________ . 30 10 7: 10 2 » 2 9. 4 3 
Philippines _____2__.__ 66 53 3 4 98 80 <6 5 
Portugal _______________ __. oe 28 25 _- __ 64 91 
Singapore ~---~------~--. () 1 __ __ 38 - 6T 71. 16 
South Africa, Republic of _____ | or) 20 39 57 7 6 21. 16 
Spain.---_--_--- eee __ 40 20 14° 74 46 27 
Taiwan ______ ~~ ______ 1 1 15 9 oe —_ 62. 111 

| United Arab Emirates __-_____ __ _. 27 44 __ __ 50 135 
United Kingdom __________ 321 303 507 746 454 449 524 © 852- : 
Venezuela ______________ 136 88 145 155 82 80 66 47 
Other ____.-_____________ .. -59 50 47 6 146 163 55 56 

————— 

Total_____________ 8,780 2,523 4,451 5,187 5,805 3,353 6,062 8,035 

‘Less than 1/2 unit. | 

Table 7.—U.S. imports for consumption of iron oxide pigments 
eee 

1975 1976 

Kind Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) —$— eee CS) 

Natural: 
Crude: 

Ochers __________ a __ __ _— 
Siennas __._-_________ 452 $91 466 $82 
Umbers ____ = 3,894 282 6,223 421 
Other ______________ 128 60 9 12 eee 

Total _-_- ~~ > 4,474 433 6,698 515 oY 
oe 

Refined: . 
Ochers _____________ 20 3 53 11 
Siennas ______ 69 16 158 40 Umbers ____-______ 357 68 685 140 
Vandyke brown __________________ 319 57 739 147 

Other _________________ 873 163 1,222 178 eee 
Total __ ee 1,638 307 2,857 516 

Synthetic ______________ 21,867 8,444 40,547 15,523 

Grand total _____.___-___ = 27,979 9,184 50,102 16,554 
TN
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Table 8.—U.S. imports for consumption of iron oxide and iron hydroxide pigments, 

: - by country : : 
ee | 

1975 1976 1975 1976 

Country Quan- Quan- Quan- - Quan- 
tity tae tity Cue tity howe tity ee 
(short san ds) (short sands) (short sands) (short sands) 

tons) tons) tons) . tons) - 
cr 

Austria______.-------- 40 $20 39 $20 __ _- _- ue | 

Belgium-Luxembourg _ _ ~ ——— 83 34 __ __ __ __ 153 $69 

Brazil. -________---=+- __ __ . __ __ 1 (*) _- oe 

Canada ________---_--- "10 4 29 5 7,625 $1,611 —-:11,792 2,831 : 

China, People’s Republic of _ _ — 11 1 11 2. 4 3 a) . 12 

Cyprus ___________-_-- 4,184. - 309 6,761 402 — __ __ _- 

France _______.-_----- 3 2 (4) 1 __ __ 16 6 

Germany, West _._____-_- 260 58 714 148 = 11,858 5,712 21,169 10,716 | 

India ________-_------- 90 Tul a le __ _- _- Le 

Italy,» 398 94 386 90 _- _. _- _- 
Japan________--_----- 72 32 36 20 942 596 5,078 1,039 

Korea, Republic of __—-—-—-- — 65 24 -- -_- _- -- -- _- 

Mexico ____________--- - __ __ 607 210 845 299 

Netherlands_______-—--- __ _- _- _- — _- 69 36 

Romania ________—~--~-- _- _- 20 7 -- _- 1 ) 

South Africa, Republic of — ~~ — 20 3 40 7 Ho _- _- _— 

Spain _________------- 684 T95 1,102 136 51 10 + - 88 11 
United Kingdom _- ---~--- 7251 55 417 104 780 302 1,381 504 

Total? ___________ "6,111 740 9,555 1,082 21,867 8444 40,547 15,523 | 
nn nc

 

"Revised. a — Se 

1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. . . | 

. TECHNOLOGY | 

Waterborne coatings were being used in- for chrome green.’° | 

creasingly in industrial finishes because of The nontoxic nature of iron oxide pig- 

greater economy in energy and air pollution ments reportedly makes them suitable for 

control costs. Market studies indicated that use in the production of food and drug 

nearly half of total industrial coatings will containers. Increased interest in the manu- 

be waterborne by 1977; therefore, pigment facture of plastic beverage containers led to 

manufacturers were conducting research research in the use of transparent iron 

into the use of their products in aqueous oxides for pigmentation. The oxides were 

. . . demonstrated to offer the transparency of a 
systems. Pfizer Inc. tested iron oxide pig- . . 

ts in so terborne coatings systems dye plus the optical property of screening 

and in i ded th t rne coa vn ic d out harmful ultraviolet rays. Transparent 

and cone id a ‘tabi fer etic and ed oxide produced the amber shade re- 
natural oxides were suitable or use in most quired to prevent product deterioration in 

aqueous primers and top coats.© beer, medicine, and food oil bottles." | 

In an effort to replace certain pigments —_In 1976, the University of Illinois at 
containing lead, manufacturers tested com- Urbana-Champaign, under a grant from 

binations of organic and inorganic pig- Pfizer Inc., began research into possible 

ments. One auto maker reportedly formu- uses for the waste from Pfizer’s East St. 

lated a combination of iron oxide with ——————— 

? : : ; 8American Paint & Coatings Journal. Iron Oxides and 

quinacridone magenta which c losely Extender Pigments for Aqueous Industrials Subject at 

matched the molybdate orange pigment Houston Meeting. V. 54, No. 17, Apr. 26, 1976. p. 52. 
9 —_-_——, The Markets. V. 60, No. 88, Mar. 1, 1976, p. 24. 

that had been used. Other manufacturers 10. The Markets. V.61, No. 4, Aug. 9, 1976, p. 24. 

reportedly combined iron oxides with benzi- 11Marvuglio, P. Ultraviolet Screening Properties of 

. Transparent Pigments for Plastic Beve and Packaging 

. dine y ellow to replace chrome y ellow, and Applications. Presented at Soc. Plastic Engrs. Ann. Tech. 

. with pthalocyanine green to substitute eeting, Atlantic City, N.J., Apr. 28, 1976, 23 pp.
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| Louis iron oxide pigment plant. Studies pigment with improved orientability." 
were made on the potential use of the waste A Japanese producer of titanium dioxide 
material in ceramics, refractories, and soil developed a process for recovering sulfuric 
conditioners for iron-deficient areas.” acid from plant wastes. The process features 

| Results of research on the sintering be- Solvent extraction instead of conventional 
havior of certain iron oxides were published @Mmonia or calcium neutralizing treat- 
in 1976. Specifically, oxides derived from ments and generates a byproduct high- 
the calcination of a variety of iron salts and Purity iron oxide suitable for use in pig- 
their aqueous solutions were studied. It was ™ents and ferrites.* | 
concluded that oxides prepared from aque- A rac of presented at the 1976 annual 
ous solutions absorbed more gases during meeng ° Hh nee can, Ceramic Society, 
sintering than those made from iron salt the fy ‘te i © d t  Rece t eve opment i 
reagents. However, these oxides had the bibli o ra hy wer etn clu ied , Teseare anda 
advantage of being more homogeneous graphy " 
within mixtures.}5 12Chemical Engi ing Ni Co trates. V. 54. N. 

| A method was developed to produce an 6, Feb. 9, 1976, pis. sme roness ian improved acicular iron oxide pigment for goa *Uidht# ,D, W.Snam, J, and F. Shey 
use in magnetic recording tape. The pig- on Its Sintering Behavior. Ceramic Bulletin, v. 55, No. 6, 
ment optionally contained cobalt, nickel, wMWodite, Pe. Buxbaum, F. Hund, and V. 
and/or manganese. Improvement was re- Hahnkamm (assigned | to Bayer Aktiongesellschaft, Le- 

| portedly due to the addition of zinc ion and Grientabllity Gade Penne Gr modes with Improved 
7 phosphate ion, each in concentrations of Patent 3,931,025, Jan. 6, 1976. vet Tet : . . . ‘Am: Metal Market. J Titanium Dioxid about 0.1% to me | by moight, during precip- Producers Consider New Acid Recovery Method. V. 83, No. 

itation; this produced acicular iron hy- 4 Peel » 1910) Pp. a | ve 
cro ones free from dendritic Rerromagnei Orie Goramics, Pres. a American ee 
growths. uction and reoxidation of the 1976, 8 po: Coramin Bul 26. Nene ay 3: 
dendrite-free particles produced a magnetic 216318 nn Bulle ¥- 98, No. 2, Feb 1917, PP.



Iron and Steel Ce. 

By H. T. Reno’ and D. H. Desy? | 

In 1976, the world iron and steel industry marketing agreements with the principal : 

| had not completely recovered from the re- countries involved and concluded an agree- : 

cession of 1975, although most countries ment with the Government of Japan. Since 

produced as much or more steel than in agreements were not reached with other 

1975. The European Communities (EC) and countries, import quotas were established 

Japan showed increases of 6% and 5%, effective June 14, 1976, for a period of 3 

respectively, while the Eastern European years. Quotas were based on the annual 

countries registered an increase of 3%, and average quantity or value of specialty steel 

the People’s Republic of China showed a 6% imported during the period 1971-75.° 

decrease. On March 29, 1976, the Environmental 

The United States produced 128 million Protection Agency (EPA) promulgated in- 

| tons? of raw steel,‘ 10% more than in 1975, terim final effluent (water) limitations for 

but 12% less than in 1974. Weekly steel forming, finishing, and specialty steel oper- 

production rose from 2,005,000 tons at the ations in the iron and steel industry. These 

beginning of the year to a high of 2,759,000 standards were developed on the average of 

tons at the end of May before declining to the best performance of existing plants in 
2,000,000 tons by yearend. the industry. Regulations for best available | 

According to the American Iron and Steel technology economically achievable and 
Institute (AISI, the steel industry shipped mew source performance standards were 

89.4 million tons of steel products, 12% Proposed on the same date.° oe 

more than in 1975. Industry sectors receiv- _ On October 6, 1976, the Office of the 
ing the largest quantities of steel shipments Special Representative — for Trade Nego- 

were the automotive industry with 24% and tations received a petition from the AISI 

steel service centers and distributors with alleging unfair trade practices by the Eu- 

16%. Steel prices rose by an average of Topean Coal and Steel Community (ECSC) 

approximately 8.5% during the year. The and the Ministry of International Trade 

United States imported 13.1 million tons and snebetry or of Japan reste from 
“he -. a bilateral agreemen ween ECSC 

and exported 3.7 million tons of steel in MITT, w hic alleg edly dive ted significant 

Legislation and Government Pro- @uar ities of Japanese steel Expo e 

grams.— Under the terms of the Trade Act United States. The complaint was filed 

of 1974, the U.S. International Trade Com- pursuant to Section 301 of the Trade Act of 

. mission on January 16,1976, reportedtothe “{_".._ .. ._ i. , 

President the results of an investigation of Fos subervisory physical scientist (now retired), Division of 

imports of stainless and alloy tool steel {Physical scientist, Division of Ferrous Metals. 

(specialty steel). The Commission deter- fant inthischanlr refer to ahor tone of £0) pv 
mined that bars, wire rods, plates, sheets, Institute, includes ingots, steel castings, and continuously 

and strip of specialty steel were being im- Cast steel. It corresponds to the term crude stee! as used by 
ported into the United States in such in- _ ‘Federal Register. Title 3—The President; Proclamation 

greased quantities as to cause serious injury 4° Temporary Gunna a oe oe Pare 
| or a threat thereof to the domestic specialty _ less Steel or Alloy Tool Steel. V. 41, No. 116, June 15, 1976, 

“ steel industry. The Commission recom- PP federal Register. Title 40—Protection of the Environ- 

mended that quotas be established for these ment; Chapter I—Environmental Protection Agency; Part 

 producta for a period of 5 years beginning in 1», itm and Stel Manufacturing Pia Source Cato 
| 1976. The President first sought orderly 29, 1976, pp.12990-13030. " ° 
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197 4. The Committee was considering the 1977. The new rules call for limiting worker 
petition at yearend. | exposure around the ovens to 0.15 milli- 

- The Occupational Safety and Health Ad- gram of the benzene-soluble fraction of total 
| ministration (OSHA) of the Department of particulate matter per cubic meter of air as 

Labor issued standards for controlling expo- determined for an 8-hour period. Engi- 
sure of steelworkers to cancer-causing emis- neering controls for emissions must be insti- 
sions from coke ovens, effective January.20, tuted by January 20, 1980.” 

| Table 1.—Salient iron and steel statistics 

(Thousand short tons) 

1972 1973 1974. ~«:1975 1976 eee OO 
- ‘United States: 

Pig iron: 
Production _.-.. 5 88,876 *101,318 95,477 | 79,721 —- 86,848 
Shipments ______.___-__-_ =e 89,053 101,628 95,941 79,240 86,693 
Exports _.-_ = 15 15 ~ 101 60 58 
Imports for consumption _________~_~___ 637 446 342 478 444 

Steel:? | | | . 
Production of raw steel: ° 

| Carbon ____.-______._________ 117,698 132,747 126,608 100,360 112,008 
.  . Stainless ~~ 1,564 1,889 2,150 1,111 1,684 

, All other alloy__________________ 13,979 16,163 16,962 15,171 14,308 

Total __________.__________ 133,241 150,799 «145,720 «116,642 ~—s- 128,000 
Index? ______ 104.5 (118.5 114.5 NA NA 
Capability utilization? ~.__._________ NA NA NA . 76.2 80.9 

. Total shipments of steel mill 
products _____________________ 91,805 111,480 109,472 79,957 89,447 . 

Exports of major iron and steel : . . 
__ products: __— = 3,546 4,962 6,992 3,975 3,671 

. Imports of major iron and steel . 
| products ____________-_________ 18,158 15,608 16,746 .  —- 12,488 13,096 

World production: =. 
Pigiron__..-__---_.____--_______ 500,000 552,000 "564,000 ™529,000 549,000 
Raw steel (ingots and castings) ____________ 693,000 769,000 780,000 713,000 748,000 

TRevised. NA Not available. . 
2 1American Iron and Steel Institute (AISD. 

*Based on average production in 1967 as 100. Not computed after 1974. | 
5Defined by AISI as the capability to produce raw steel for.a full order book based on the current availability of raw 

materials, fuels, and supplies; and of the industry’s coke, iron, steelmaking, rolling and finishing facilities, recognizing 
current environmental and safety requirements. Not computed before 1975. 

| - PRODUCTION AND SHIPMENTS OF PIG IRON 

| Domestic production of pig iron totaled metalliferous materials was consumed in 
86.8 million tons in 1976, an increase of 7.1 blast furnaces. Total net iron ore and ag- 

million tons or 9% more than that produced glomerates consumed in blast furnaces was 
in 1975. Average production of pig iron per 136.8 million tons. The total tonnage of iron 
blast furnace day increased to 1,930.1 tons ore, including manganiferous ore, consum- 
compared with 1,887.4 tons in 1975 and ed by agglomerating plants at or near the | 
1,728.0 (revised) tons in 1974, according to blast furnaces in producing 36.7 million 
AISI. A total of 119 furnaces were in blast tons of agglomerates was 25.8 million tons. 
at the beginning of the year. At yearend the The remainder consisted of mill scale, flue 
total number in blast had decreased to 107, dust, slag, coke breeze, limestone, dolomite, 
including 1 that produced ferroalloys which and small quantities of other materials. 

was relit during the year. There was a total Domesti¢ pects charged to the blast fur- 
of 196 blast furnaces at the beginning of the aces {ptaled 6-5 million ons an Enter 
year and 193 at yearend, of which 7 were CU4!8eC was 00.0 million tons. rellets an . 
being relined and 1 rebuilt. TFederal ; Title 29 

. Registe ; —Labor; Chapter XVII— 
Metalliferous Materials Consumed in Occupational ealth and “Safety Administraion, Depart. . 

Blast Furnaces.—For each ton of pig iron tr Standards Ee, aeyure ty Ce ool Health met afe- : 
produced in 1976, an average of 1.660 tons of — 206, Oct. 22, 1976, pp.46742-46790. : 

e : ;
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other agglomerates from foreign sources the iron and steel industry showed that 

amounted to 15.2 million tons. blast furnaces, through tuyere injection, 

Blast. furnace oxygen consumption total- consumed 9.7 billion cubic feet of natural 

ed 26.9 billion cubic feet according to AISI, gas, 8.1 billion cubic feet of coke oven gas, 

compared with 25.9 billion cubic feetin 1975 479 million gallons of oil, 152 million gal- 

and 25.8 billion cubic feet in 1974. | lons of tar, pitch, and miscellaneous fuels, 

Data reported to the Bureau of Mines by and 157,671 tons of bituminous coal in 1976. 

| PRODUCTION AND SHIPMENTS OF STEEL Oo 

The domestic steel industry produced and 8%, respectively. 7 

128.0 million tons of raw steel in 1976, 10% Materials Used in Steelmaking.—Metal- 

more than the 116.6 million tons produced lic materials charged to domestic steel fur- 

in 1975. Production in 1976 equaled 80.9% naces in 1976, per ton of steel produced, 

of industry raw steel production capability averaged 1,280 pounds of pig iron, 993 

compared with 76.2% in 1975. Of the total, pounds of scrap, and 22 pounds of iron ore, 

62.5% was produced by the basic oxygen including agglomerates. Revised figures for | 

process; 18.3%, by open-hearth furnaces; 1975 were 1,278 pounds of pig iron, 996 

and 19.2%, by electric furnaces. Shipments pounds of scrap, and 23 pounds of ore and 

of steel products for the year totaled 89.4 agglomerates. . os 

million tons, 12% more than the 80 million According to AISI, steelmaking furnaces 

tons shipped in. 1975. en consumed 586,486 tons of fluorspar, 1.5 

Shipments to the automotive industry million tons of limestone, 7.6 million tons of 

| totaled 21.4 million tons, 40% higher than lime, and 1.3 million tons of other fluxes. 

in 1975, and shipments to service centers Oxygen consumption in steelmaking totaled 

were up 15%, to 14.6 million tons. Ship- the equivalent of 196.3 billion cubic feet 

ments to the oil and gas industries and to compared with 178.4 billion cubic feet in 

the construction market were down 15% 1975. | 

: ve CONSUMPTION OF PIG IRON 

Total pig iron consumed in 1976 was 87.0 million tons were used by iron foundries 

million tons. In steelmaking, basic oxygen and miscellaneous users, principally for 

converters consumed 66.1 million tons; open charging cupola furnaces. Also, 3.3 million : 

hearths, 15.4 million tons; and electric fur- tons was used in making ingot molds and 

naces, 0.4 million tons. In addition, 1.3 other direct castings. 

: | a PRICES | - 

Price increases totaling 12% on sheet and the year was an additional 6% on sheet and 

strip and 6% to 8% on other steel mill strip, effective December 1. | 

products went into effect during the year. The composite price for pig iron, ac- 

Prices of tubular products and rails were cording to Iron Age magazine, remained 

raised 6% and 7%, respectively, effective throughout 1976 at $187.67 per ton where it 

May 1, followed by a 6% rise on sheet and had been since February 1975. The Iron Age 

strip, effective June 14. Structural steel finished steel composite price rose from 

shapes and plate prices were raised 6% to 13.693 cents per pound at the beginning of 

8%, effective July 16. A proposed rise in the year to 14.880 cents at yearend, for a 

price of 4.5% on sheet and strip, announced yearly average price of 14.213 cents per 

in August, to be effective October 1, was pound. This was an 8.5% increase over 

later canceled. The final price increase of average 1975 prices.
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a | FOREIGN TRADE - Sg 

_ Exports amounted to 3.7 million tons in products imported; the EC supplied 22%; 1976, 8% less than in 1975. The value of and Canada, 9%. Imports were up 37% from | | steel exported totaled $2.46 billion resulting Japan, down 23% from the EC, and up 29% . in an unfavorable balance of trade of $1.67 from Canada compared with 1975 imports. — billion. | | Japan supplied 57% of the carbon steel, In 1976, the United States imported 13.1 41% of the alloy steel, and 53% of the million tons of iron and steel products stainless steel imported, and the EC sup- valued at $4.13 billion, up 5% in tonnage plied 22% of the carbon steel, 24% of the but down 8% in value compared with 1975 alloy steel, and 23% of the stainless steel. figures. | | Canada supplied 25% of the alloy steel, and Japan supplied 56% of the total steel mill Sweden, 10% of the stainless steel imports: : 

oe | ~~ . WORLD REVIEW : 

NORTH AMERICA about 4 pounds per day.* oe : | 
: oo . The Government steel research institute, | Canada.—Canadian industry was slightly Instituto Mexicano de Investigaciones Si- _ more active in 1976 than in 1975, but derurgicas (IMIS), established by official 

Canada’s steel industry lagged behind the decree May 13, 1975, was organized during _ overall economy. Compared with 1975, raw the year. A board of directors and a Director _ steel production increased 1% to 14.5 mil- General were appointed.* . 
lion tons. : | 

_ ‘In December, Sidbec-Dosco Ltd. filed a SOUTH AMERICA | , os 
formal complaint with the Canadian Gov- . oe . 
ernment, alleging dumping of Japanese hot-_ The annua Bed ecatt the an Arner | ___‘Tolled angle bars. Other Canadian steel jC” Iron and Steel Insti ube Ones 
companies were expected to follow suit. end In acas, venezuela, in r In vi | 1976. Discussion of the future of the steel view of the depressed market, the Steel: . . eae . industry in South America was optimistic, : Co. of Canada delayed until 1980 the ex- but at the same time it was pointed out that letion of the first phase of its aT) cent olen tn eae pected comp : | P there were still serious obstacles to growth. new steelmaking plant at Nanticoke, Ontar- The most significant obstacle, according to 
io. Sidbec-Dosco Ltd. requested financial several observers, was the lack of trained assistance from the Provincial Government. manpower, which overshadowed the limited Mexico.—The Mexican steel industry supply of coal that was of concern in 1975. continued an expansion program with the ‘The Latin American iron and steel industry 
expectation of raising annual capacity to had a capital availability problem similar to 13.5 million tons by 1980, although some of that of the industries of the United States the expansion projects fell slightly behind and European countries. Capital costs for schedule. The newly built No. 2 steelworks new plant construction were reported to be 
of Altos Hornos de México S.A.(AHMSA) at similar to those in the United States, at 
Monclova in Coahuila was inaugurated by approximately $1,000 per ton of raw steel President Luis Echeverria on September 18, capacity. There was general agreement, | 1976. This plant will increase the raw steel however, that there is no real reason why 
production capacity of AHMSA from 2.2 to the Latin American iron and steel industry 
4.1 million tons per year. The first stage of could not become a power in world steel 
the $900 million steel plant Siderirgica trade. The ILAFA annual meeting was 
Lazaro Cardenas-Las Truchas (SICARTSA) followed by a. congress on basic oxygen 
was essentially completed by yearend. steelmaking, part of ILAFA’s long-term pro- 

The Mexican steel industry experienced gram _to promote the industry in South . 
environmental problems similar to those of America. | 
steel industries in the United States and WS. Comuiate Monte Mexico, State De . 
Japan. The Fundidora steel mill at Monter- Nirgram A038 Ago Oa Tue Mexico. men 
rey, Nuevo Leon, reported that it had spent Mexico ct, "108 1 plant Oe 
an estimated 400 million pesos to decrease “35S Embiee Mexico City, Mexico. State Department emission of air pollutants from 4 tons to  Airgram A-78, Mar. 17, 1976, Sop, .
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Argentina.—The Argentine steel indus- Corp. of Japan, and Finanziaria Siderargica 
try produced 2.65 million tons of raw steel S.p.A. (FINSIDER) of Italy agreed to form a . 
in 1976 compared with 2.50 million tons cooperative enterprise for construction of 
produced in 1975. Acindar, Industria Argen- an integrated steelworks for the manu- 
tina de Aceros S.A., the private Argentine facture of semifinished steel. Initial annual 
steel company that was authorized in Jan-_ slab capacity will be 3.3 million tons. First 
uary 1975 to build a new steelworks at phase equipment will include a blast fur- 
Villa Constitucion in the Province of Santa nace, basic oxygen furnaces, and a slabbing 
Fe, received a $70 million loan from the mill." . 
Inter-American Development Bank to help | Chile.—Expansion plans of Compania de 
finance its expansion program. The plant Acero del Pacifico, S.A. (CAP), the State 
will include a Midrex direct-reduction owned vertically integrated company that 
plant, electric furnaces, and continuous produces more than 90% of Chile’s iron and 

casting equipment. An additional $20 mil- steel, were delayed because of the shortage 
lion loan was obtained from the USS. ot capital and losses in steelmaking oper- 
Export-Import Bank, mainly for the Midrex @410nS. . 

rant The preted cna of the ant Veneers was es efecd , ns per year. ! f ; | 
La Cantébrica Sani y C, manufacturer of by the worldwide economic stagnation than 

rolled steel products, contracted with a that of any other South American country. 

| major Argentine engineering firm for a a rons prom tne Venezuelan petroleum ak 
feasibility study to evaluate alternatives for ‘zed % Leel industry about as planned, an 4 
Se a . reat a1 

PE ne een de. the high level of economically ene 
cided to install a $500 million iron and steel secondary industries the private Beetr fe 
complex based on the Mutan iron ore de- “le to steal “industry ero wth was jack of 

pat gine, Matin compler wil product frened manpower andthe normal dic 
using charcoal blast furnaces. Future plans ties encountered in starting up new oper- 
call for an additional 660,000 tons per year ° _ . 

. . _ The Government was moving ahead rap- 
of direct-reduced iron, using a natural ga8 41 with its plan to install 16.5 million tons 
process. In a related operation the Bolivi- per year of steelmaking capacity by 1990 or 

an Government hydrocarbons company <i, thereafter. All of the integrat- 
signed an agreement with the Government ed steelmaking operations in 1976 were at 

| of Argentina to provide an additional 2 the Government-owned plant of Corpo- 

million cubic meters (71 million cubic feet) racion Venezolana de Guayana-Siderurgica 
of natural gas per year beginning in 1979. G21 Orinoco (CVG-SIDOR). To utilize the 
This brings the total contracted quantity to iron ore and natural gas resources of the 
6.5 million cubic meters (230 million cubic Guayana region, Sidor chose the direct 

feet) in 1979." 1: . reduction-electric furnace route for its ex- 
Brazil.—The Brazilian steel industry op pansion program. Initially two plants, one 

erated at a relatively high level of activity, using the Midrex process with a capacity of 

producing 11% more raw steel and 207 390,500 tons and the other using the Hojala- 
more direct-reduced iron than in 19 °. ta y Lamina (HyL) process with a capacity 
However, expansion plans under the stage of 396,000 tons, had been constructed. Be- 

program were running about a year behind fore operation of the two systems could be 
: schedule at the Volta Redonda plant of Cia. compared, pressure to complete the expan- 

Siderargica Nacional (CSN), and costs were sion plan caused Sidor to contract for plants 
substantially higher than previous esti- from both firms. The HyL plant, to be built 
mates. Nevertheless, Brazilian officials af- by Pullman-Swindell, will have three mod- 

firmed that stage 3 expansion would not be 

would proceed about on schedule. The ex- ting V. Eee June | i986, PP. $20, 322. tate Depart 
pansion program apparently was being ment Airgram A-119, Aug. 3.1 1976, 2 pp. 
slowed by a shortage of skilled labor and r aes Embassy, La Pas, Bolivia. State Department 

late delivery of domestically produced ““sijs. Embassy, La Paz, Bolivia. State Department 

| equipment. TErtin, 8 Joint Steel Venture in Brazil Starts Bui 
: The Brazilian company, Siderargica Bra- 4, °Nect'Serine Steel Times «204, No. 9, September 
. sileira S.A. (SIDERBRAS), Kawasaki Steel i968. os v. 204, No. 9, September
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ules with a total production capacity.of over employment, external trade, and utilization 
2.2 million tons, and the Midrex plant, also of capacity should be monitored more close- 
with three modules, will have a capacity of ly. Setting of minimum reference prices was 

14 million tons of sponge iron per year.* included as a secondary measure if volun- 
Continuing its expansion plans, the Govern- tary quotas proved inadequate as price sup- 
ment approved construction of an iron and ports. Toward the end of the year it was 
steel plant in western Venezuela in the determined that a crisis situation existed, © 

- State of Zulia having a capacity of 5.5 and the program, including voluntary quo- 
million tons of raw steel. The plant will be +48, was put into effect for a period of 4 
based on blast furnace-basic oxygen techno- ale poginning J aa Le 1, anal ial 
logy. : Barly” year, national si 

In the private sector, the National Steel 2880clations of Belgium-Luxembourg, the 
Council approved eight new steel projects einer lands, and ane posere Repu of 
and recommended that four others be ap-_ . ternate val ateat fed © ti wn. to lon © at 

_ proved without State-supported financing. th ei ter ts bef, “the EC Later. a 
| One of the largest projects was the second Cir interes ore - Later, an 

and third stage expansion program of Si- organization representing the steel produc- 
derargica Ve -xpar ‘progr ers of the entire EC was founded, known as 
erargica Venezolana S.A. (SIVENSA) to ‘ | 

. . oe i the European Confederation of Iron and 
raise steelmaking capacity to 440,000 tons Steel Industries (EUROFER) 

. However, SIVENSA’s expansion ae eos per year ae , . The Standing Commission on the Iron 
will probably depend on operation of the and Steel Industry of the Council for Mu- 
Fior de Venezuela direct reduction plant yal Economic Assistance (CMEA) of East- 
which began operating toward the end of ern Europe reported that the CMEA coun- | 
the year. When a steady supply of briquets tries had agreed on technical and scientific 
from the Fior plant is available, SIVENSA cooperation on direct reduction of iron ores 
is to add a second electric arc furnace, and agreed to set up a coordination center 
doubling its Guayana plant capacity to in Romania. The Council approved a long- | 
220,000 tons per year. The most significant term plan for operation of the international . 
development in the private sector was the system of scientific and technical informa- 

, start of operations at the Fior de Venezuela tion on ferrous metallurgy.”” | | 
fluidized-bed direct. reduction process plant. Belgium.—Belgium’s steel industry re- 
CVG owns one-third of Fior de Venezuela; covered slightly from the low of 1975 and it 
SIVENSA and Lukens Steel Co. of the operated at 70% to 75% of capacity. Bel- 

United States are minority stockholders. gium’s international trade in steel declined. | 
| Officials of Belgium’s steel industry -partici- | 

| EUROPE pated in discussions of the EC program and 
. , sought assistance in the Community. In 

The steel industries of the Western Eu- addition, the industry was gradually insti- 
| ropean countries, whose business had been tyting rationalization of operations and pro- 

seriously damaged by the worldwide ecoO- duct specialization. _ 
nomic recession in 1975, recovered slightly France.—The French steel industry re- 

in the first part of 1976, but the recovery covered slowly from the depressed state of 
was short-lived. Increasing costs and dete- 1975. Operations returned to normal by 
riorating domestic markets resulted in a April, with the resumption of full-time work 
depressed situation through most of the schedules. However, normal operations did 
year. not continue, and in the last 2 months of the 

Members of the EC were most concerned year the industry was forced to shorten the 
with the economic condition of their steel working time of approximately 50,000 steel 

industries. The EC Commission studied the workers. The industry experienced low 

steel industry problems throughout the worker productivity throughout the year, 

year and late in November approved a especially during the periods of shortened 

program that contained provisions for im- working time. Despite this depressed condi- 

proved analysis and monitoring of steel tion, the ECSC loaned France another 

markets, improved information exchange —————— | 

between nations, voluntary production tar- Airgram ALLS, Nov. 4 1916.28 pp. State Department 

gets, and minimum prices. It was deter- ‘US. Mission EC, Brussels, Belgium. State Department 

Tae a ee eee rs oncenne, Mids arias Rope rte th Seon of te ’ ‘ Secre eport for the on of the : 

and in order to do so, statistical data on Ynited Nations Economic Commission fos Burope, tore 
production, consumption, stock levels, Prepared in Moscow, July 1976, 12 pp. | :
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$11.5 million for the Solmer steelworks at Government apparently required that 

Fos-sur-mer west of Marseilles.’® electric furnace steelmaking expansion in- 

A new steel mill with an annual capacity clude provisions for a direct reduction oper- 

. oO ee tons wil! be but by § Société ation to lessen reliance on imported scrap. 

es Aciéries e inoirs de Lorraine There were two projects for direct reduc- 

(SACILOR) to replace an older mill at tion of iron ore: One was to be located. in | 

Sérémange in the Lorraine area. The millis northern Spain near the port of Bilbao with 
to have two 240-ton basic oxygen furnaces, two modules having a total capacity esti- 

with oe slab casting. New coke mated at between 1 and 1.2 million tons 

ovens ih installed: and the eet fur. annually; and the other was to be located on 

naces and hot rolling mocernmize. the Bay of Algeciras in southern Spain with 

Germany, West.—The steel industry of G12 module and production capacity of 

West Germany fared slightly better than its proximately 500,000 tons per year oth | 

uropean Community partners because of a . . ? a 

ower ifation sate and improved ini PMC WS eine now concerted 
trial economy. However, its foreign trade in | cti fo: he . d steel i 

steel mill products showed the effect of keen action program for the Iron and sie" ih 

competition. Imports of steel mill products dustry. They were planned for completion 

were up slightly while exports of these by December 31, 1980.” 

products were down about 10% compared Sweden.—A Government-sponsored fund 

with exports in 1975. | for countercyclical stockpiling of steel was 

The EC Commission approved the acquisi- extended to the end of the year. Part of the 

tion by Kléckner-Werke AG of the majority Increase ™ steelmakers’ stocks was attrib- 

share of Eisenwerke-Gesellschaft Maximil- uted to this incentive program. The purpose 

ianshiitte m.b.H. of Sulzbach-Rosenberg. of the plan was to maintain employment 

The combined steel group will be the fourth levels and to stockpile steel in anticipation 

largest raw steel producer in West Ger- of the next economic upturn. . 

many after August Thyssen-Hiitte AG, Est- In the first of many reorganization moves | 

el NV, and Fried. Krupp Hiittenwerke AG. that were being negotiated during the year 

Italy.—Italy experienced a monetary in- among the country’s specialty steel produc- 

flation rate of about 16% during the year, ers, Uddeholms AB agreed to purchase 

and the lira continued to weaken in relation the specialty steel operations of Stora 

to the currency of Italy’s trading partners. Kopparbergs Bergslags AB effective Jan- | | 

Among the difficulties faced by the ateel wary 1, 1977. Uddeholms will take over 

industry were substantial increases in labor tora’s main specialty mill at Séderfors, 4 

costs resulting from renegotiated labor con- while its rolling mill at Vikmanshytten is 

tracts, and in raw material costs, partly asa being negotiated for by Fagersta Bruks AB. 

result of devaluation of the lira. However, tora agreed with Griinges AB to cease 

tne inte was helped some a OY ein heavy plate production at Domnarvet and 

industrial buying of stee! as & © transfer it to Gringes’ Oxelésund works. 

further inflation. The industry operated at =‘ The planned construction of a new steel- 

less than 70% of capacity during the y ear. works at Lulea in northern Sweden (Steel- 

Luxembourg.—The Luxembourg steel in- works 80) by the State-owned company Nor- 

dustry, one of the most severely affected by bottens Ji y k AB (NJA P ro k 

the recession of 1975, showed no recovery in ens darnwer (NJA) was set bac 

1976. Steel plants operated at 50% to 60% during the year. whe Government re ae 

of capacity. Since steel represents 30% of vised e plann capacity rom 4.4m ion 

gross national product and 95% of pro % 2.75 million tons per year in March, an 

duction is exported, the effect on the coun- after the electoral defeat of the Socialist 

try’s economy and trade was severe. The Government, which had sponsored the plan, 

two largest steelworks announced a re 

duction from three to two shifts, affecting a 18American Metal Market. French Steel Project Re- 

total of 1,100 steelworkers. As a result, the ceives Added Aid ¥ oe See ne eertment 

usually harmonious relations hii “30S. Eatemy, Luxembourg State Department Tele- 

the industry and labor was t tened.*° “ , ° 

Spain.—Stocks of steel in Spain increased Baa ee etal | Market. Spain Ties Direct Reduction 

by more than 1 million tons, and raw steel to Electric Furnace Funding. V. 83, No. 100, May 21, 1976, 

| production was slightly below that of 1975. P 2578 Embassy, Madrid, Spain. State Department Air- 

i As a prerequisite for funding, the Spanish gram A-88, May 11, 1976, 1 p. 

Mm
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the future of the entire project was in doubt. section rolling mill was installed at the United -Kingdom.—The British Steel Western Siberian Steel Plant, and a light Corp. (BSC) reported a loss of $459 million section mill was added at the Nigne- for fiscal 1975-76, compared with a profit of Serginsky plant. | $131 million attained in 1974-75. It produc- - 
ed 18.9 million tons of raw steel, 17% less AFRICA : than in 1975. Finished steel deliveries were . — oe 13.4 million tons, 16% less than in 1975. | South Africa, Republic of.—The first Employment was reduced by 8% to 210,200 stage of the Newcastle works of the Gov- 
in the United Kingdom, and capital expend- ernment-owned South African Iron and itures amounted to $954 million, 41% high- Steel Industrial Corp. Ltd. (SCOR) was er than those of 1974-75. Under the modern- virtually completed during the year. Pre- | ization plan, new equipment and con- sent annual production at this plant is struction valued at over $360 million was 825,000 tons of raw steel. This is expected to commissioned during the year. The corpor- increase to 2 million tons when the new No. ation lost a portion of its home market to 5 blast furnace is in production. Pig iron | foreign competition, although its prices for produced at the plant is transported by most products were comparable to those adle car several miles to the basic oxygen | prevailing in Europe. The ECSC loaned shop, which consists of three 165-ton con- $300 million to BSC to finance moderniz- verters. The steel is continuously cast in ation and expansion projects inthe coaland three machines producing blooms of 315 by steel sector. These funds were used to fr 205 millimeters (12.4 by 8.1 inches). The Ree, Tor improvement program at blooms are rolled to billets and to bars, Ferree ear south Teeside complex. one sections, and wire rod. The planned capaci- x | | ae 10 million ¢ 

. one of the largest in the EC with a projected ae the plant is 9 to 10 million tons per 
youn of 5.5 million tons of raw steel per Expansion of the Newcastle plant was : we a: ~ 0 manthe , deferred in favor of expanding the capacity After more than 9 months of delay be- ve . cause of a labor dispute with the National Of the Vanderbijlpark plant. This plant now Union of Blastfurnacemen, the United 88 @ capacity of 3.6 million tons| of raw 
Kingdom’s largest blast furnace was lit on Steel and is scheduled to reach 4.4 million ) tons soon. Reportedly, the ISCOR imum February 16, 1976, at the Llanwern works _ : . ; at Newport, Monmouthshire, Wales. The ‘steelmaking capacity by 1980-83 willl be 7.7 
new furnace has a hearth diameter of 11.2 million tons, as follows: Vanderbijlpark meters (36.7 feet) an inner volume of 2,652 works, 4.4 million tons; Newcastle works, cubic meters (93,620 cubic feet), and design 2.0 million tons; and Pretoria works, 1.3 
production capacity of 5,500 tons per day. It _ million tons.” Plans for the construction of 
is the first of the new generation of large a Piant for Bruction of semifinished steel 
blast furnaces being constructed under products at a Bay, near the iron ore 
BSC’s expansion plan. terminal, have been deferred. 

The fourth mini-steelworks in the United 
Kingdom was commissioned by Manchester ASIA | 
Steel Co. (part of the Norwegian group, s , . 
Elkem-Spigerverket A/S of Oslo), located 3 China, Peop le 8 Rep ublic of.—Infor- . -, mation on the Chinese iron and steel indus- | miles from Manchester. The plant is ' tinued to be h h 1976 
equipped with a 50-ton electric arc furnace ‘!Y continued to be scarce throug 
and a four-strand continuous casting However, the industry appears to have 
machine to produce 90- to 115-millimeter suffered a temporary setback probably (3.5- to 45-inch) square billets. Production ™ainly resulting from the recent severe capacity is 132,000 tons per year. A gas-fired earthquakes that affected coal and steel 
scrap preheater is expected to increase pro- Producing ‘decebl: China raed te a 
duction by about 10%.3 port a considerable portion of its steel n 
US.S.R.—One of the world’s largest blast from Japan; however, the total for 1976 fell 

furnaces at Krivoy Rog in the Ukraine was _ below the total of 4.4 million tons imported 
reported to be operating at half of its .—H——— 
ultimate capacity of 4.4 million tons per *SHallatt, E. S. Manchester Steel: Britain’s Latest Mini- 
year. Plans were proceeding for a second mt Coane Date y 4. Neen eee Depart. 
unit at the same site. A new medium-size _ ment Airgram A-64, Oct. 7, 1976, 4 pp. :
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in 1975. Purchases of special steels were to Oita Works, which started operating on 
be negotiated separately.”5 oo October 5, 1976, was reported to be the 

India.—In Indian fiscal year 1975-76 world’s largest blast furnace, with an inner 
(April 1-March 31), the average rate of volume of 5,070 cubic meters. (179,042 cubic 
capacity utilization was 84% compared with feet), a hearth diameter of 14.8 meters (48.6 

74% in 1974-75. However, the steady up- feet), and an output of 13,200 tons per day. 
trend in production and increasing rate of With the lighting of No. 3 blast furnace, 
utilization of capacity was not accompanied having an internal volume of 5,050 cubic 

by the expected growth in demand:* The meters (178,336 cubic feet), the Kashima 
high rate of production resulted in further Works of Sumitomo Metal Industries Ltd. 
accumulation of unsold stocks of both steel became Japan’s fifth largest steelworks. _ : 

and pig iron to record amounts. Inability to Philippines.—Philippine officials consid- | 

sell in the ; domestic markets spurred a_ ered establishment of an integrated iron 

sharp rise in iron and steel exports, al- and steel industry to be completed in 1981 | 
though India continued to have a trade at an estimated cost of $1:2billion. = 

deficit in steel. | | 7 oo 

Japan.—Japan’s steel industry recovered OCEANIA _ : 

slowly during 1976 from the recession of oe oe 
1975. Domestic sales and exports improved Australia.—The possibility of con- 

through the end of the summer but slumped structing a large steel complex in Western 
toward the end of the year owing to adverse Australia was still being considered. A | 

economic conditions at home and abroad. 8roup of Australian, American, Japanese, 

Pig iron production was about the same as and European firms continued the feasibili- 

that in 1975, but raw steel production rose ty study which began in 1974, but inflation . 
about 5% to 118 million tons in 1976. Stee] and high construction. costs. delayed the 

exports amounted to 41 million tons, a 24% project.” The proposed plant would use 
increase over those of 1975. oe Australian iron ore and coal. and produce 

The first phase of operation of Nippon semifinished steel for final processing by 

Kokan’s Ogishima Works was initiated with individual participants. Three major sites in 

the blowing in on November 12, 1976, of No. Western Australia were being considered: 
1 blast furnace. This furnace has an inner Moore River, Kwinana, and Port Hedland. 

volume of 4,052 cubic meters (143,092 cubic As an alternative to a conventional steel 
feet). The Ogishima project, which was be- plant, direct reduction of iron ore by natu- 

| gun in 1969 as a replacement for the Keihin ral gas from the North West Shelf area was 

- works, is located on a manmade island in _ being considered. si . 

Tokyo Bay, 1 3/4 miles from the mainland. New Zealand.—New Zealand Steel Ltd. | | 

The first stage will include coke ovens with continued planning a large expansion pro- 

dry quenching facilities, two 275-ton basic ject including establishment of hot and cold 

oxygen furnaces, continuous slab casting, rolling facilities and a substantial increase 

and slabbing, billet, and plate mills. | in capacity, to raise production capacity toa 

The No. 2 blast furnace at Nippon Steel’s minimum of 495,000 tons per year.”* 

, | : . - JECHNOLOGY | 

Studies on the application of nuclear is first reduced in the solid state to the 

energy to steelmaking were conducted in metal with a hot reducing gas, and the 

' the principal steelmaking areas of the metal then melted and refined in the 

world: The United States, Japan, and West- electric arc furnace. The studies indicated 

ern Europe. No information was available that a steelmaking system using a nuclear- 

on nuclear research in the centrally plan- heated coal-gasification process to produce 

ned economy countries. These studies were gas for direct reduction of iron ore could be 

justified on the basis of conservation of competitive or even provide a slight eco- 

natural resources such as metallurgical coal —~—__ 

and other fossil fuels, as well as possible 251).S. Embassy, Tokyo, Japan. State Department Tele- 

economic advantages. OES. Consulate, Caleta, India. State Department 
The first report of an AISI task force set Airgram A-23, Aug. 16, 1976, 31 pp. 

up to make a technical and economic study ,. US. Embasey, ca ee Australia. State Department 

of various nuclear steelmaking concepts “8's, Embessy, Wellington, New Zealand. State De 
was published.” All the concepts studied partment Airgram A-137, Dec. 14, 1976, 9 pp. 

were based on direct reduction and electric Pra ee eee eat octane ie ee Oe 
arc-furnace steelmaking, in which iron ore 1976, pp. 38-44.



690 MINERALS YEARBOOK, 1976 

nomic advantage over the present coke- past. An international seminar on utiliza- 
oven, blast-furnace, basic oxygen furnace tion of prereduced materials in iron and 
operation. The system studied in detail by steelmaking was held at Bucharest, Roma- 

| the task force visualized a very high tem- nia, May 24-28, 1976. Forty-six papers from 
perature reactor (VHTR), which would offer 14 different countries were presented, but. 
economic advantages over conventional only part of the papers dealt with utiliza- 
methods of coal gasification only when built tion. Those that did covered use of directly 
to a much larger scale than a conventional reduced materials in electric arc and in- 
plant. Sharing of the gas output of a large duction furnaces to produce superior steels, 
VHTR between several steel or chemical in cupolas for iron castings, and in basic 
plants would probably be necessary. It was oxygen furnaces for cooling. Other papers 
concluded that in view of the uncertainty in dealt with (1) transportation and storage of 
the technology of the reactor, in cost esti- directly reduced materials, (2) reoxidation 

_ mates, and in the future availability and and pyrophoric properties, (3) gases used for 
cost of various forms of energy, it would be the reductant, (4) application of direct re- 
desirable to conduct a research program on duction to lateritic ores containing chro- 
the VHTR. The task force recommended mium and nickel, and (5) the present status 
that the Energy Research and Development of direct reduction. and its future impact on 
Administration (ERDA) finance such a pro- the iron and steel industries. (These papers 
gram at the level of $3 to $5 million per are as yet unpublished.) | : | 
year. A study of direct reduction plants in 

In Japan, studies on nuclear.steelmaking operation, under construction, or in plan- 
have been conducted since 1968, and in ning stages throughout the world indicated — 
1973, a Government-supported consortium, a capacity of 6.6 million tons per year in 
Engineering Research Association of Nu- 1976, rising to 25.5 million tons per year by 
clear Steelmaking (ERANS), was formed to 1980. Of this capacity, 90% of the reduction | 
conduct a 6-year research and development would be by gas and 10% by solid fuels; 55% | 

project. This project was directed toward of the reduction would be in shaft furnaces, 
1 construction of an integrated nuclear steel- 33% in retorts, 8.5% in rotary kilns, and 

: making plant utilizing a 50-megawatt 3.5% in fluidized beds. 

VHTR to produce a reducing gas from _A theoretical study to improve the blast 
petroleum refining residues. The hot gases furnace system based on blast furnace re- _ 
from the reactor would be injected directly search over the last 25 years was 

o into a shaft furnace to directly reduce iron _published.’? The basic parts of the proposed 
i for use in electric furnace steelmaking.®*° system reportedly had been tested in va- 

, European nuclear steelmaking research rious parts of the world, but a working unit 
i was coordinated by the European Nuclear had yet to be built. The improved system 

Steelmaking Club (ENSEC), which was would utilize regulated reducing gas in- 

established in September 1973. The Club jected above the melting zone of the furnace 
decided initially to pursue the concept of a ‘59 that all of the iron oxide would be 
steelworks separated from the nuclear seduced at the lower temperatures in the 

reactor for generating reducing gases. It upper zone of the furnace. About half the 
was concerned with a high-temperature nu-  gmount of coke per ton of iron produced 

clear reactor to reform hydrocarbons to a would be required compared with that need- 
reducing gas containing 96% hydrogen for eq in the conventional blast furnace, and 
use in blast furnaces, in direct reduction injection of natural gas or oil would not be 
furnaces, and for other industrial uses. required. The reducing gas would be genera- 
Nuclear research in the European countries ted in a gas converter from noncoking coal, ' 
apparently was guided by the widely diver- 9). contaminated mill scale, limestone, basic 
gent energy resources in Europe, which oxygen furnace and blast furnace top gases 
range from natural gas in the North Sea and dust residues, moisture, air, and oxy- 
fields to lignite in Germany. A working gen. Overall cost savings of 10% were esti- 
party of ENSEC in 1976 was making a mated. 
technical and economic assessment of the — 

various possible total nuclear systems, iden- —*°gygeno, T., K. Shimokawa, and K. Tsuruoka. Nuclear 
tifying those upon which future studies Steelmaking in Japan. Iron and Steel Eng., v. 53, No. 11, 

should be concentrated.* 31Barnes, R. $ Nuclear Steelmaking in Europe. Iron and 
Direct reduction research was slanted Steel Eng.,v. 53, No. 5, May 1976, pp. 53-58. 

_ more to application and use of the directly Sy tee, See en eT Norbert 
reduced materials than it has been in the pp. 25-29.



IRON AND STEEL | 691 : 

Bureau of Mines Research.—Bureau of A study conducted for the Bureau of 
Mines Report of Investigations 8147, Steel Mines by Battelle Columbus Laboratories 
From Urban Waste, described a series of based on 1973 data indicated that the ener- 
steel heats made by Bureau researchers ina gy requirement for production of steel slabs 

1-ton arc furnace from ferrous scrap obtain- was 24 million British thermal units (Btu) 
ed from incinerated refuse, as-received steel per ton, or a total energy requirement for 

cans, and detinned steel cans, both alone US, steel slab consumption of 3,350 trillion 
and plended with heavy melting Scrap. The Btu. The energy requirements for gray iron 

sed products voc; cas’ into ingots and castings were 34 million Btu per ton and 
Loe tnt neste ined thy Tensile and 366 trillion Btu total, and for steel castings, 

nding indicated that reinforcing 49 million Btu per ton and 54 trillion Btu : 
bars of acceptable quality can be made from iota] 
urban refuse components such as steel = 
cans.°> The researchers recommended that $3}Hunter, W. L. Steel From Urban Waste. BuMines RI 

municipal waste processing systems be de- 8147, 1976, 16 pp. | 
signed to avoid excessive oxidation or con- . Battelle Columbus Laboratories. Energy Use Patterns 

tamination of the ferrous products and to (Phase /inergy Data and Flowaheets, High Priority Con : 
provide for detinning and baling or frag- modities. BuMines Open File Rep. 80.75, June 21, 1976, 

* © : . .» avaliable rrom ation: ec. 

mentation prior to charging to a steel- Service. U.S. Department of Commerce, Springfield, Va. 

making furnace. | 22151, PB 245 759. | | 

‘Table 2.—Pig iron produced and shipped in the United States, in 1976, by State = 
(Thousand short tons and thousand dollars) = oe | 

. Pro- Shipped from furnaces Average. 

State duction Quantity Value pea ton . 

a 
| Alabama ___________-__-_------------------ 8,297 3,276 603,459 $184.21 

Illinois _________-_____--------------------- 6,429 6,437 1,119,757 ‘173.96 
Indiana___________=_-_-------------------- 17,439 17,461 3,273,078 187.45 
Ohio_______________---------------------- 15,762 15,666 2,856,009 182.31 
Pennsylvania ___________-_------------------- 18,007 17,984 3,159,082 175.66 
California, Colorado, Utah ______-__-------------- 4,694 4,692 674,896 143.84 
Kentucky, Maryland, Texas, West Virginia __----------- 9,472 9,462 1,747,356 184.67 

Michigan --- ---~---~-~~~-- ~~~ 907077777777 7T7 7,386 7,385 1,289,209 174.57 

New York _________________~--------------- 4,362 4,330 = =——s«807,088 ~—.—.:186.39 

‘Total _____________-__--i------------= 86,848 86,693 15,529,984 179.14. | 
erent 

Table 3.—Foreign iron ore and mangani- 
ferous iron ore consumed in manufacturing 
pig iron in the United States, by source of ore 

(Thousand short tons) . 

Source 1975* 3 1976? 

Australia_______------- 841 715 
Brazil__________------ 2,581 2,546 
Canada _______-------- 154 993 
Chile _________-_---_- 635 505 
Peru__—_--_---------- 15 10 
Venezuela ______------- 2,936 3,081 
Other countries _______-~- 1,397 900 

Total _________---- 9,159 8,750 

1Excludes 15,497,000 tons used in making agglomerates. 
2Excludes 16,883,000 tons used in making agglomerates. 

A
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, Table 4.—Pig iron shipped from blast furnaces in the United States, by grade? 
7 (Thousand short tons and thousand dollars) - , oe 

(eee SS hy ss SS SSS Sts es otc sis se SUA AuSSAGSVUNGSRSTOSGnAS 

| me Se 1975 1976 
~~” Grade . Value - Value 

| Quantity ~~~ - Average Quantity Average 
| a . Total per ton | Total per ton 

Foundry ____-~---------~~- 6,699 1,130,694 $168.79 = 8,883 1,560,686 = $186.17 
Basic __-______----------- 70,072 12,065,060. 172.18 75,550 138,464,631 178.22 
Bessemer. ~~~ ~~ ~______ 1,005 "176,254 175.38 1,119 210,923 . 188.49 
Low-phosphorus ~.__...~____ 103 18,500 179.61 102 18,902 185.31 
Malleable _______.-.__-._._ ~ . 998 - 168,010 163.34 1,208 222,954 184.56 
All other (not ferroalloys) _______ 368 53,092 146.26 _ 331 51,888 156.76 

Total _-__-_-_-____-__ 79,240 18,606,610 171.71 86,693 15,529,934 179.14 

Includes pig iron transferred directly to steel furnaces at same site. - 

oo Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) 
| , in the United States, by State 

| a Jan. 1, 1976 Jan. 1, 1977 | 
| State In Out of In Out of 

| blast blast ‘Total blast —_blast Total 

. Alabama _-___-___-_---__-----e eee 2 9 7 2 9 
| California ~~~ 22-2 LLL. 3. 1 4 3 1 4 

Colorado ~.. ~~ 4 _- 4 3 1 4 
Illinois ~~ ee 10 19 8 11 19 
Indiana __. ~~ 2 eee 19 8 27 16 11 27 
Kentucky ~~... .~-_-_~~_~ 2 — 2 2 -~- 2 
Maryland ~~-____-__---_----~-----~--- 4 3 10 3 7 10 

| Michigan __.______________________ 8 1 9 8 1 9 
| Minnesota _-______________________ _- 2 2 __ __ aL 

New York ~~. _ ~~ LL 5 6 11 5 6 11 
Ohio _____________________-______ 24 15 39 21 18 39 
Pennsylvania ___._._______~_-~~.._- 25 25 50 22 27 49 
Texas _-_ 1 1 2 2 _- 2 
Utah _-__- 2 1 3 3 __ 3 
West Virginia __________~-__-.------ 3 1 4 3 1 4 

Total -..-.--_-___ ee 119 76 195 106 86 192 
Ferroalloy blast furnaces ._..___.._.---- -- a | 1 1 _- 1 

Grand total __________--_-___-___ 119 77 196 107 86 193 

Source: American Iron and Steel Institute. 
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— - Table 7.—Steel production in the United States, by type of furnace 
| _ (Thousand short tons) SO . 2 

Year SO Open hearth *: oxygen Electric Total . 
converter 

a . 
‘ : 

a W972 
84,9386 74,584 23,721 133,241 - 1973___ 39,780 83,260 27,759 150,799 | 194 35,499 81,552 28,669 145,720 1975. 22,161 71,801 22,680 116,642 — :1976--_-_----- TITTIES a’ 24,612 128,000 

, ° | . . 
: *Excludes castings produced by foundries not covered by AISI. 

_ .  ‘Sourve: American Iron and Steel Institute. os ae * | | 

. _ Table 8.—Metalliferous materials consumed in steel furnaces! in the United States 
| ™ — (Thousand short tons) nS : 

Year ee —Pigiron Ferro, HOP - Domestic Foreign Domestic Foreign | oys scrap 

. — 1972 2 236 850 401 192 83,045 1,655 67,505 , 1978.9 tt 163. ‘1,320 - 656 248 94398 1,907 76,352 . 1974 ________ ~---L - 158 1,126 212 302 | 790,031 1,950 75,329 1975 _--- 92 515 553 189 774,518 1,450 58,071 1976 ~-- ~ 66 - §93 584 195 81,926 1,495. 63,554 

_ ‘Basic oxygen converter, open-hearth, andelectric furnace. __ - - ‘ . 3Consumed in integrated steel plants only, = > 
* 8Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal; ferrosilicon, ferrochromium, and ; - - ferromolybdenum. wT es ate 

_ Table 9.—Consumption of pig iron in the United States, by type of furnace or other use os 
’ cf 1974 . 1975 | 1976 Type of furnace OT 

or other use Thousand Percent Thousand Percent Thousand Percent 4 _ ‘shorttons _ of total short tons of total short tons of total 

| Basic oxygen converter ________ 66,614 68.8 59,210 14.3 66,138 76.0 — | SO Open hearth ____________ 22,507 | 23.3 14,554 | 18.3 15,410 17.7 ‘ - Electric..~_~-.-22 1,220 1.3 1,019" 1.3 . 638 al Cupola _-_-________ 2,123 . 2.2 1,362 1.7 1,197 1.4 Air and other furnaces! ________ 632 6 483 6 406 5 Direct castings?_________ 3,696 — 3.8 3,010 3.8 3,255 3.7 _——— 
Total _-_____________ 96,792 100.0 79,6388 100.0 387,045 100.0 

~ Mncludes vacuum melting furnaces and miscellaneous melting processes. 
 2Castings made directly from blast furnace hot metal. Includes ingot molds and stools. _ ‘Data do not add to total shown because of independent rounding. .
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- Table 10.—Consumption of pig iron’ 

| in the United States, by State | 

(Thousand short tons) 
__. 

State 1976 

Alabama _____----------------- 
3,125 . 

Arkansas__— -___ ~------~-------- 2- 

California ______—_-----~-------- 2,053 

Connecticut _____--------------- 
10 . 

Georgia. ..__------------------- 
3 

Illinois __ _____-_--------------- 6,535 

Indiana______-_---=+---------- 17,419 

lowa__._-__------------------ 
30 

Kansas ________~-------------- 
4 

Kentucky __------------------- | 1,731 

Maine_______----------------- 
an Go) 

Maryland ____~---------------- 4,166 

Massachusetts_ ___ - _- ------------ | 19 

Michigan __ —------------------- 7,680 

“ Minnesota ______--------------- | 32 , 

Missouri _______--------------- 
| 11 

Nevada __ __--_---------------- (?) 

ae New Hampshire __—-------------- 
2 

New Jersey —~_------------------: - 20 . 

New York _______-----~--------- 4,143 at 

North Carolina —----------------- © 9 

Ohio... __ --------------------. 15,490 

Oklahoma ___—-----~--~--------- 66 

Oregon __ __------------+------ 4 

Pennsylvania _.___—------------- 18,212 

_ Rhode Island ---~----------+---- 3 . 

Tennessee ______~-------------- 49 

Texas __________--------------- 
764 a . 

Utah _____--_-~--------------- 1,584 : 

Virginia . __------------------- 
90 . oe 

. Washington ___—-----------=---- 
1 

West Virginia —_-----------~=+---- 
2,730 

Wisconsin ______--~------------- | 69 

Undistributed® ____.._----------- 1,049 
. 

Total _.._._---------------- 87,045 

Includes molten pig iron used for ingot molds and 

direct castings. 
2Less than 1/2 unit. 
3tncludes Colorado, Florida, and South Carolina.
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Table 12.—U.S. imports for consumption of pig iron, by country | 
rc CPs ss SS Ss SS 

SSS 

. 1974 1975 1976 

Country Quantity Value Quantity Value Quantity Value . 
(short (thou- (short (thou- (short _ (thou- 

. . tons) sands) tons) sands) . _ tons) - sands) 

- Algeria _._______..--_------- 6,079 = $1,381 _- _- __ _- 

Australia__§_-§__$-_-______-__---- 1,449 184 17,545 $3,038 19,188 $2,858 

Belgium-Luxembourg __---_-----~-~ _- _- 111 26 _- _- 

Brazil _._..-_-____----_------- _- _- 25,232 2,717 137,582 10,846 

Canada _________------~----- 288,955 32,568 224,379 35,393 241,636 33,791 

Colombia ______________------ 7,752 966 1,981 | 269 _- _- 

Czechoslovakia _________~.---~- 395; 9 _- —_ -- _- 

Finland ____~______-_----_---- 142 28 _— . _- — — 

Germany, West _______--------- _- -- 5,592 899 _- — 

Hungary ________~----------- 17,367 - 2,733 55,652 9,225 —_ _— 

Japan _________------------- _- _. . 104,085 ~ 12,575 27,749 1573 

Norway __—-~—--------------~--- _- ee 5,512 740 _- __ 

Sweden ____________-_~~----- 8,298 989 32,201 3,411 8,455 1,013 

- United Kingdom ____~_--------~- 11,911 2,180 5,816 1,023 9,672 1,061 

Total _-____________-__-- 342,348 41,038 478,106 69,316. 444,282 51,142 
ce SS LS  —
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_ Table 14.—Pig iron:! World production, by country 

(Thousand short tons) . 
rs 

Country? 1974 1975 1976° 

North America: : 

: Canada _____________~-----------~-~------------
 10,386 10,086 10,803 

Mexico? ____________------------~----~--------- ¥3,536 3,265 3,889 

United States ___ ________-------_--------------- 95,477 79,721 86,848 

South America: 
Argentina oe ee 1,177 1,144 1,454 

Brazil _ _______-__--_----------~--------------- 6,411 7114 - 8,853 

Chile ______________~--------~-_-----~--------- 569 459 445 

Colombia ____________---~------------+---------- 297 323 315 

Peru________-________--~-----+---~-+--+~---------
-- 334 332 246 

Venezuela ______._______-_---~-~--~-----~---------- 600 589 471 

Europe: . 
Austria ______________-------~--~-------~------ 3,795 3,368 3,658 

Belgium __________----------------~----------- 14,352 9,996 10,875 

_ Bulgaria _____.-_----------------------------- 1,635 1,663 1,716 

Czechoslovakia ____.---~------------------------ 9,779 10,200 10,411 

Finland______________-_-~--~---~-------~-------
-- 1,503 1,495 1,456 

France _________~___-------------+------------ 24,235 19,284 20,569 

Germany, East*_______.___---------------------- 2,518 2,707 2,787 

Germany, West _______---------~----------------- 43,853 32,853 34,765 

Greece ____._-_____~-~-------~-~-----+----~------- 551 595 441 

Hungary _._____---~--------------------------- 2,524 2,446 ——-2,448 

Italy. _____-__------------------------------- 12,881 12,512 12,821 

Luxembourg* _________--_----------------------- 6,028 «4,287 4,140 

Netherlands ________-----~--~-----~------------- 75,296 4,376 4,702 

Norway_____-_-_---------------------------
-- 714 703 713 

| Poland ________.~-__--_-----------~-------=-+----- 8,437 8,381 8,721 

Portugal ______-_-----------------~------------- 308 361 378 

Romania _____________-~-_---------~----------- 6,703 7,277 8,157 

Spain _____----------------------------------
 7,610 7,544 7,329 

Sweden? ____________________---~-~---------+--- 73,505 3,854 3,460 

Switzerland ____________----------------------- 39 3) 25 

USS.R___________-__----------------+------
-- 108,992 112,390 115,086 

United Kingdom ______--~------~----------------- 15,560 13,600 15,448 

Yugoslavia. ___--___---------------------------- 2,344 2,205 2,114 

Ae Algeri | 305 440 507 ria _§__§_____________-- +--+ + 
Egypt — — -- ~~~ ~~~ ~~~ 2320502 303 463 627 

orocco _______.____~-~---------~-~-~---~-------- 11 13 “13 

Rhodesia, Southern® __________---------~---------- 330 340 340 

South Africa, Republic of _._____-__-_------------------ 5,094 5,707 6,390 

Tunisia_______________-~-~-----~---~-----~----
--- 160 163 119 

Asia: 
China, People’s Republic of€ 5 ____._.___--------------- 33,000 35,000 33,000 

India _________________---------~------------- 8,093 9,243 10,329 

Iran® ________________ ee - - = - ¥1,100 1,100 1,100 

Israel® _____________-__-----------+------------ 44 F44 - 44 

Japan. _____.___----------------------------- 99,690 95,765 95,434 

Korea, North® §5__________----------------------- 3,100 3,200 3,300 

Korea, Republic of ______-------~------------------ 1,088 1,308 2,136 

Malaysia® _________-_-------------------------- F190 F200 210 

Taiwan ___________--~-~----------------------
 123 14 116 

Thailand __________------------~---------------- T19 14 13 

Turkey ___________--------------------------- 1,462 1,498 1,680 
0 ia: : 

Australia. _____________----------------------- 7,992 8,240 8,176 

New Zealand® ?_____________-------------------- 140 220 ‘220 . 

Total ____________-------------------------- 564,188 *528,861 549,298 

er 

€stimate. Preliminary. "Revised. 
Table excludes all ferroalloy production except where otherwise noted. 

21n addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and ma have produced 

limited quantities during 1974-1977, but output is not reported and available general information is inadequate to permit 

formulation of reliable estimates of output levels. 

3Includes sponge iron output as follows in thousand short tons: Mexico: 1974—"996; 1975—" 1,007; 1976—1,229; Sweden: 

1974—217; 1975—*193; 1976—206; New Zealand, total figure for all years. 

4May include blast furnace ferroalloys. 
5Includes ferroalloys.
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Table 15.—Raw steel:' World production by country 
(Thousand short tons) 

Country? 1974 1975 1976? 

North and Central America: = 
Canada ____ 15,017 14,357 14,480 
Cuba®____ ee 265 265 275 
El Salvador ~~~ 5 eee eee eee 11 12 12 

. Mexico _____-________~~_~___-_ eee 5,663 5,812 5,840 
United States? ________________-_ Les ee 145,720 116,642 128,000 

South America: . 
Argentina ___ ~~~ eee 2,595 2,500 2,657 
Brazil* _..§ ~_-- > ee *8.275 9,158 10,135 
Chile __-_- ee 700 538 531 
Colombia _______._._ ~~~ ~_-_ ee 367 407 397 
Peru___~____-~-~ ~~~ ee eee 496 476 385 
Uruguay _____-_~~~___. eee 16 18 17 
Venezuela ____~______~_______ eee 1,166 1,185 1,033 

Europe: 
Austria. $5 5 5 ee eee 5,179 4,484 4,935 
Belgium __________-~-___~____--~_-~-~-+-~--+----~-~+~-- 17,890 12,773 13,392 
Bulgaria ___.______---________---------~-----~--- 2,412 2,497 2,712 . 
Czechoslovakia ______.__.___.__---~------~.~-~-----+- 15,036 15,789 16,196 
‘Denmark _ ~~~ ee ee 590 616 796 
Finland. ~_~_§_§____~__-~-~_--._--_ ~~~ 1,825 1,784 1,812 
France ______. ~~ __ ~~~ ~~ ee 29,788 23,733 25,596 
Germany, East _________-___---------------+--+--- 6,796 7,135 7,430 
Germany, West _________.~___-_------------------ 58,678 44,550 46,754 
Greece ___________-------~--~----~+------------ 757 1,102 “880 
Hungary __._______-~-------~-~--~--~~----~-------+ 3,823 4,049 4,026 
Ireland _~____~§_________ ~~ ee ee ee 121 89 64 
Italy. _-.______-__------+~-----~-~------------ 26,238 24,070 25,845 
Luxembourg._.__. ._____-.------~------+------~---+- 7,108 5,098 —§,033 
Netherlands __________---~~----~-~----~----~---~-- 6,412 5,289 5,701 
Norway______-_--.~------------~---------+----- 1,054 1,000 990 
Poland ___—_.____-~------~---~----~~+----------- T16,045 16,542 17,240 
Portugal ______________________--__----------- 427 462 511 
Romania _____..._____~--~---~-~--+~--~--+-+--~~—----~+-+-- T9,753 10,526 11,905 
Spain _._______-------~-~-~-------------------- 12,647 12,253 12,024 
Sweden _._- _ -5_-/ _. ______-----~~--~-------~--~----+-+-+ 6,602 6,186 5,666 
Switzerland __________-_---~------------~---+~----- 654 463 601 
USS.Ro. +--+ + F150,141 155,784 159,620 
United Kingdom _____--.---------~-~-------------- 24,720 22,264 24,552 
Yugoslavia. ____._.------_~-----—-~-~-~---~------- 3,126 3,215 3,032 

Africa: 
Algeria _____._.--_-------+--------~----------- 275 332 ©385 
Egypt ____________-_._________--------------- e440 384 504 
Morocco®_____________-______---------------+- > 6 6 
Rhodesia, Southern® _______________------_-------- 300 330 330 
South Africa, Republic of _.______..----------------- 6,354 7,163 7,807 
Tunisia _____~_~_____~~~-_----_--~-~~~+-+-----+---+ 145 143 113 
Uganda® _____________________----_------------ T13 17 13 

Asia: 
Bangladesh ________--__--_---------~-~----------- TR9 107 96 
Burma®________________-_______-~_ eee 45 T45 45 
China, People’s Republic of ____.__------------------ 30,000 32,000 30,000 
Hong Kong® _____------------------~----~-----~---- 80 80 80 
India _________-.~.---------~-~-~-------~------- 77,518 7,807 10,429 
Indonesia. ___ —___.-------------------~-------- 88 110 “110 
Iran _______-.------~-----+--~~--~---+---~-------+- 625 607 772 
Israel® ~~. _-§__ ee ++ T85 T70 80 
Japan_______.~-----------------------~------ 129,115 112,780 118,387 
Korea, North®_______._---_-------~----------~---- 3,000 3,200 3,300 
Korea, Republic of ..___..-----~------------------ 2,183 2,215 2,974 

Lebanon®_______-_--_-------------+------------ 17 17 11 
Malaysia _______-.-----~--~-------------------- 202 215 “220 
Philippines® ________-_-------------------------- 308 276 287 
Singapore®_______-__--------------------------- 240 240 250 
Taiwan ______~____------~--~-~--------~----------- 628 573 658 
Thailand ___$__________-----_---------+-+~~+------- 243 260 180 
Turkey _______.------------------------------ 1,608 1,607 1,601 

Oceania: 
Australia. _§_______-..------------------------ 8,548 8,645 8,569 

New Zealand ______.-----------~-~--------------- 214 204 €910 

Total ________-----------~------------------- *780,432 712,556 748,492 
i 

1Steel formed in first solid state after melting, suitable for further processing or sale. 
2In addition to the countries listed, Vietnam produces steel, but output is not reported and available general 

information is inadequate to permit formulation of reliable estimates of output levels. 

SData from American Iron and Steel Institute (AISI. Excludes steel produced by foundries not reporting output to 

AISI but reported to Bureau of the Census as follows (in thousand short tons): 1974—2,091,; 1975—*1,937; 1976—1,804.





: By K.W.Palmert a 

Reflecting the general improvement in seek lower rail freight rates, Pending re- : 
the economy, domestic consumption of iron sults of an investigation of rate structures 
and steel scrap in 1976 increased 9% com- by the Interstate Commerce Commission 
pared with that of 1975. Net receipts of (ICC), the scrap industry was temporarily _ 
scrap by users were 13% above those for exempted from a 4% increase in freight | 
1975, while yearend stocks increased 14% to rates authorized at yearend for other com- o 
10 million tons.2 modities. | 

, January's consumption (close to the 6.9- Research was continued by the Bureau of 
million-ton monthly average for 1975) was ' Mines on treatment of urban waste and 
followed by an increase to 8.4 million tons junk automobiles for scrap recovery with 
in May. Consumption then fell irregularly the eventual aim of recycling as much. as | 
to the year’s low of 6.7 million tons in feasible. . a | 

December. _ 7 oo Legislation and Government Pro- 
_ Reported consumption of direct-reduced grams.—Public Law 94-210 (Railroad Revi- 
iron (prereduced iron ore), used as a scrap talization. and ‘Regulatory Reform Act. of 
substitute by some of the smaller steelworks 1976) became effective in February 1976. 

and foundries was 351,000 tons, about 32% The law charged the ICC. to investigate 
less than in 1975. The decline was mainly within 12 months the railroads’ ‘rate | 

| due to the relatively low prices for ferrous structure and its effect on the ultimate 

scrap in 1976. usage of “recyclable or recycled materials | 
U.S. exports of scrap were 17% less than and competing virgin natural resource 

of thew rid Stool ae 1. For the oonenen. materials.” The ICC on its own initiative 
of the world steel market. For the ime, | an investigation ; 73 under’ 
shredded scrap was the principal grade started such an investigation in 1973 under 

exported. ee ‘Physical scientist, Division of Ferrous Metals, 
The domestic scrap industry continued to 241] tonnages are in short tons unless otherwise noted. 

Table 1.—Salient iron and steel scrap and pig iron statistics in the United States 

(Thousand short tons and thousand dollars) a 

TO GI ””*~*«~TS 

Stocks Dec. 31: . 
Scrap at consumer plants _ _ — ..~......___..-__-_--_-----~---- 8,766 9,988 
Pig iron at consumer and supplier plants ~-----------------------_ 1485 519 

Total ____.__-____----_-_.--___----_--------------e 10,201 11,507 

Consumption: | 
Scrap ~~~ ee ee 82,331 89,910 
Pig iron We nee eee 79,638 87,045 

oe Srap (excludes rerolling material and ships, boats, and 
er vessels for scrapping) ——....____-—-__—--~-~~-~-~------ 9,442 1,877 

Value ______-_---_--______ ~~~ ir $762,976 $601,826 
Imports for consumption: 

Scrap (includes tinplate and terneplate scrap) -...._____..____----— 305 507 
Value ~__.___-~---_--~~~~-~~~-~~----~~---~~-~ +--+ $25,250 $35,120 

: 703
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| _ Ex-Parte 270-6 which was completed in  ineffect not earlier than January 7, 1977. 
March 1976. The ICC rejected the ferrous |§ On October 20 the President signed into 

scrap industry’s allegations of rate discrim- law an act authorizing a 6-month study by 
| ination by the railroads, stating that scrap the Department of the Treasury in coopera- 

- and iron ore are “in almost all cases comple- tion with the Environmental Protection : 

| - mentary and not competitive.” At yearend Agency (EPA) on tax incentives for recy- | the report required by Public Law 94-210 cling waste materials. The Department was 
: d Feb 5 17 be} > to study tax provisions which “currently 

ue by February 5, 1977, was being assem- impede or discourage the recycling of solid 
bled. a | waste materials” as well as to determine 

; On December 22 the ICC granted a 4% what actions Congress may take under the 
increase in freight rates to the Nation’s internal revenue laws to increase and en- 
railroads but temporarily exempted the re- courage the recycling of solid waste mate- 
cycling industry. The new rates were to be rials. 

oe oe AVAILABLE SUPPLY - | | ae 

‘The new supply of iron and steel scrap, and 41.4 million tons of purchased scrap 
available for consumption at consumers’ (net receipts). These quantities were both 

: plants in 1976, totaled 91.4 million tons. It 11% higher thanthoseof1975. = = 
consisted of 50 million tons of home scrap — | a 

| CONSUMPTION «ss 

Consumption of iron and steel scrap in remainder. — 7 | 
1976 was 89.9 million tons, or 9% more than The proportion of shredded scrap con- 

| in 1975. Manufacturers of pig iron, steel sumed domestically or exported declined 
ingots, and castings consumed 68.4 million from 6.3% to 5.8% of total scrap consump- 
tons (76%); iron foundries and miscel- tion. Ohio consumers accounted for 17% of 

_ laneous users consumed 18.6 million tons total consumption of shredded scrap, follow- 
(21%); and steel foundries consumed the ed by Illinois (15%) and Michigan (11%). 

a s $TOCKS | . | 

Consumers’ stocks reported on hand as of stocks until June, after which the raw steel 
December 31, 1976, totaled 10 million tons production rate dropped and stocks of scrap 
or 14% more than those at yearend 1975. accumulated more rapidly. Yearend stocks 
The increase resulted from a slow climb in were the highest since 1959. 

PRICES 

At approximately $70 per long ton, the $62.83 on November 1, recovering to $70.17 
composite et tee! scrap at ine end or at yearend, hase resulted in an average 

was e same as at the annual price for No. 1 heavy melting scrap 
beginning of the year. The Iron Age weekly of $77.79, 8% above the average price of 
composite price for No. 1 heavy melting $71.86 for 1975. These price trends were 
scrap rose from $68.17 per long ton on reflected in prices of other grades of ferrous 
January 2 to a 1976 high in early April of scrap. 
$94.83, then declined irregularly to a low of
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| FOREIGN TRADE 

Exports of iron and steel scrap, excluding in 1976. Japan was the second largest im- 
rerolling material and vesselsfor scrapping, porter, receiving 15%, the lowest tonnage 
amounted to 7.9 million tons in 1976, 16% received since 1958. The third largest im- 
less than the 9.4 million tons exported in porter was the Republic of Korea, with 12%, 
1975. The decline reflected the depressed followed by Canada with 11%. 
condition of the steel industries of the major For the first time, shredded and. frag- 
scrap importing countries with the excep- mentized steel scrap (27% of total exports) | 

_ tion of the Republic of Korea. replaced No. 1 heavy melting steel scrap 
Spain replaced Japan as the largest im- (26% of scrap exports) as the leading export 

porter of U.S. scrap, taking 23% of the total grade. 

210 

TOTAL SCRAP y 
CONSUMPTION 

180 1965 90.4 
1970 85.6 

1975 ed 82.3 STEEL 
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va . | 
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O 90 | 

= | 
| Ss | 

HOME SCRAP 
60 PRODUCED —__ | 

| pe ee ~sNLoee ater 

_ - - &” ae *. _ 

30 To eens “onsen NET RECEIPTS | 
OF SCRAP 

0 
_ 1960 1965 | 1970 1975 1980 

Figure 1.—Steel production (AISI), total iron and steel scrap consumption, pig iron 
consumption, home scrap production, and net scrap receipts.
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WORLD REVIEW 

Apparent world consumption of ferrous’ er of iron and steel scrap to world markets 
scrap in 1976, as estimated from data avail- jin 1976, while Italy was the leading im- 
able for the principal consuming countries, porter : 
appeared to increase about 6% compared P limi tatist; t 

7 with apparent consumption in 1975. The retminary statistics on apparent con- 
increase was approximately proportional to sumption and Prices of ferrous scrap in the 
the rise in world output of raw steel. The principal consuming countries in 1976 are 
United States remained the largest export- summarized below. oo 

(Raw see heerage 
. Country | production consumption? 2 1976 price 

short tons) (million (dollars per 
. short tons) long ton)* 

USSB _--__-_-- 162.0 - 98.5 NA 
UnitedStates _.____-- 5 ee 128.0 : 90.0 | $77.79 
Japan. ___________ 118.5 42.0 99.50 
Germany, West ____________-_____ 47.0 19.5 82.30 
China, People’s Republic of ....§ __/__.__-_________ ©9285 °5.0 NA 
Italy________ eee 26.0 16.0 64.10 
France________________________________ . 25.5 11.0 71.60 
United Kingdom ________.__~ ~~. 25.0 17.5 60.46 
Poland ____-_- 5 ee 17.5 115 NA 
Czechoslovakia _._._.._/_______~__-_-_-__________ 16.0 8.0 NA 
Canada. 14.5 8.0 ue 

. Belgium ___________~_~_~~__-~~~_~~~~ ~~~ 13.5 5.0 *80.00 

Spain ~~ -------~---~-----------~---------__ 8590 
Total listed _.____________-_-_---- 634.0 335.0 _- 

“Estimate. NA Not available. Lo 
1Rounded to nearest 500,000 tons. 
2Including consumption in foundries, except for the People’s Republic of China. 
5Grade of scrap approximately equivalent to U.S. No. 1 heavy melting. _ . 
“Average of high and low figures. an 

Sources: American Iron and Steel Institute (AISI. Annual Statistical Report, 1976. International Iron and Steel 
_ Institute (ISD. World Steel in Fi , 1977. Bureau International de la Recuperation (BIR), (Brussels). Reports on the 

national markets, April 1977. Enbos. of Canada, Washington, D. C. (personal ¢ communication). Economic Commission 
for Europe (ECE) Steel Committee. Sumitomo Shoji (personal communication). 

Relationships between apparent con- U.S.S.R. amounted to about 1 million tons 
sumption of scrap and production of raw each. Imports of scrap by Italy totaled 5.9 
steel continued to differ rather widely from million tons, with France being the largest — 
country to country because of differences in supplier. Spain imported 2.9 million tons 
metallurgical practice, magnitude of found- and Japan 2 million tons with 63% to 64% 
ry consumption, availability of scrap, and in each country coming from the United 
other factors. For example, relatively large States. The United Kingdom, which had 
proportions of the raw steel output of Italy been a small net exporter of scrap in 1974 
and Spain were produced from scrap in and 1975, became a net importer in 1976 
electric furnaces, whereas steel produced in with 507,000 tons imported from the United 
France and Japan was made largely in States. 
converters using hot metal and relatively Japanese imports of ferrous scrap in 1976 
low proportions of scrap. Foundry consump-_ dropped to the lowest level since the 1950’s. 
tion of scrap in the United States and the Japanese steel production, which was well 
United Kingdom was proportionately larger below capacity in 1976, had started to 
than in most other countries. Consumption decline in the first half of 1975, but imports 

of scrap in the U.S.S.R. appeared to be of scrap were not reduced appreciably until 
relatively low, partly because of the exten- November of that year. Consequently, there 
sive use of pig iron in open-hearth furnaces. was an accumulation of scrap stocks which 

In world trade, France exported 3 million depressed demand for scrap imports in 1976. 
tons of scrap in 1976 and was the leading This was also the first year since the early 
exporter outside of the United States. Net 1950’s that Japan was not the leading im- 
exports of scrap by West Germany and the _ porter of scrap from the United States.
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In other developments, the British Steel members were not large-volume dealers and 

Corp. (BSC) continued its policy of designat-- could not take advantage of potential econ- 

ing less than 20 British firms as direct mies of scale, the drop in average scrap 
suppliers of scrap to the corporation. This i005 in the United Kingdom (from $76.70 
policy aroused much criticism from the . 
British Scrap Federation (BSF), the major- Pe" short ton in 1974 to $54.00 per short ton 
ity of whose members were not allowed to in 1976) resulted in financial difficulties for 

deal directly with BSC. Since most BSF many of these firms. 

TECHNOLOGY | , | 

: Many orders for automobile shredders of legal and regulatory barriers to the 

were placed prior to 1975 when the market expanded use of secondary ferrous and non- | 

outlook for scrap was more favorable. This ferrous metals. It was to be completed and a 
resulted in long lead times for delivery so report issued by mid-1977. 
that, despite a generally weak scrap market Several resource recovery facilities to | 
in 1976, the number of shredders installed separate ferrous scrap from refuse came 
rose to 157 by yearend and resulted in over onstream in 1976. By yearend there were 
capacity. Shredded scrap consumed do- nine operational facilities with a total ref- 
mestically or exported in 1976 totaled 5.2 use processing capacity of 8,570 tons per 
million tons or 0.5% more than in 1975. day. In addition, seven facilities with a total 

In the scrap-handling equipment field, a processing capacity of 8,950 tons per day 
motor puller for automobile hulks that were underconstruction. —. 
would fit most front-end loaders has been At the Bureau of Mines Salt Lake City 
developed. There was also a trend in equip- Metallurgy Research Center, research was 
ment purchases during 1976 toward smaller continued to develop or improve methods 
balers and larger shears, but no noticeable for reclaiming plastics or vinyl-free combus- 

trend was noted in size of shredders. - tible materials from shredded junk auto- 

At the beginning of 1976, only one scrap mobile rejects, and to recover and separate 
dealer operated a hot briquetter for borings nonferrous metals and nonmetals contained 
and turnings. During the year, two more jn such rejects. Late-model cars were 
briquetters came onstream. Four additional dismantled to determine the amounts and 

hot briquetters were planned or ordered by types of construction materials present and 
other companies during the year‘ to ascertain the plastics content of the cars. 

Toll arrangements for briquetting other At the Bureau’s Twin Cities Metallurgy | 
companies’ scrap were reported in 1976; Research Center, ferrous scrap from raw 
these have been rare in the ferrous scrap refuse was successfully used as 60% of the 
trade. A few small steel mills were install- charge in a basic-lined cupola, with shred- 

ing scrap processing equipment such as ded automobile scrap as the remainder of 
shredders and briquetters. the charge. Tests prior to 1976 were made 

A study by A. T. Kearney Inc., a Chicago with a maximum of 35% scrap from raw 
consulting firm under contract to the Bu- refuse. Cupola tests were also conducted 

reau of Mines, estimated USS. geographical yging 25% to 100% direct-reduced iron pel- 
distribution of newly available ferrous jets with automobile scrap as the remainder 

_ serap supply and demand from 1975 of the charge and 25% to 50% direct- 
through 1985. The study indicated that the reduced pellets with raw refuse scrap as the 

net balance between the total supply of est of the charge. 
newly available ferrous scrap and total 
domestic demand for consumption would be —*gcrap Age. Exclusive Survey of Automobile Shredding. 
positive, although small, for all but 2 years; V.5, No. 3, March 1977, p. 43. 
these 2 years would have a small negative Bee MN do Jule 30 16a id. Her Hot 
balance. Another study contracted for by 5 AT. Kearney, Ine. } Ferrous ‘Scrap Geographical Distri- 

the Bureau of Mines in 1975 for a period of 2 Biktin Meade Nadel As Sey) ata 

years was concerned with the identification from NTIS, PB 267" 181/48, $18 1916, 102 pp; available
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Table 3.—U.S. consumer receipts, production, consumption, shipments, and stocks of pig 
iron and direct-reduced iron in 1976 

(Thousand short tons) 

Ea Reena renee 

: Produc- Consump-  Ship- Stocks 
Receipts tion tion ments Dec. 3l 

NR 

MANUFACTURERS OF PIG IRON AND STEEL 
INGOTS AND CASTINGS 

Pigiron _________________. 5,522 86,849 84,214 8,064 1,381 ___ MANUFACTURERS OF STEEL CASTINGS f , Pigiron _____.---_-__-__ 46 . __ 46 (?) 7 IRON FOUNDRIES AND MISCELLANEOUS USERS “yr 
Pigiron ___________.________ 2,770 __ 2,785 13 131 

TOTAL—ALL TYPES OF MANUFACTURERS 
Pigiron __-___-__-____________ 8,338 86,849 87,045 8,077 1,519 Direct-reduced or prereducediron ______________ 356 _- 351 Ww 4 SO * 
W Withheld to avoid disclosing individual company confidential data. 
1Less than 1/2 unit. . 

Table 4.—Consumption of iron and steel scrap and pig iron in the United States in 1976, 
by type of consumer and type of furnace, or other use 

oo (Thousand short tons) - 
Lt . 

Manufacturers of Manufac- (fron - 

steel ingots and of steel ries and all types! Type of furnace ingots an _ of st iscella- 
or other use castings castings neous users 

. Scrap iron Scrap iron Scrap iron Scrap iron 
_— SD ee TE 
Blast furnace*____—______ 3,692  __ _- -— _— -- 3,692 __ 
Basic oxygen process* _____ _ 26,204 66,138 __ _- __ -- 26,204 66,138 Dpen-hearth firnace_ —- eee 12,251 15,405 87 6 _- _- 12,337 15,410 ectric furnace. _________ 25,099 383 2,613 35 - 4,590 220 32,301 638 Cupola furnace __________ 405 194 127 1 12,808 1,002 13,341 1,197 Other (including air 

furnace)#*____________ 776 357 24 4 1,235 45 2,035 406 Direct castings®__§_§_§______ -— | 1,786 —_ —_ _- 1,519 =- 3,255 —_——+2£w$.1.— —S+$—— 
Total?_ = 68,427 84,214 2,851 46 18,632 2,785 89,910 $7,045 —_—— eee 

1Data may not add to totals shown because of independent rounding. 
“Includes consumption in all blast furnaces producing pig iron. 
Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
“Includes vacuum melting furnaces and miscellaneous uses. 
5Includes ingot molds and stools. | 

Table 5.—Proportion of iron and steel 
scrap and pig iron used in furnaces in 1976 

in the United States 
(Percent) , 

OI 

Type of furnace Scrap Fig 
ha 

Basic oxygen ~---- 28.4 71.6 
Open-hearth furnace —— ~~ ~~~ ~~77 44.5 55.5 

ectric furnace. __§__~.~._______ 98.1 1.9 . 
Cupola furnace ~-- ee 91.8 8.2 

er (including air furnace)__ ___ __ 83.4 16.6 
ee
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Table 7.—Consumption of iron and steel scrap and pig iron‘ by State and region, by type 
of manufacturer in 1976 

(Thousand short tons) 
eee 

Pig iron and Iron foundries 
steel ingots Steel castings and miscella- Total? 

State and region —_andecastings neous users 
Scrap iron Scrap iron Scrap iron Scrap iron 

: 

_ New England and Middle , : Atlantic: 
Connecticut, Maine, Massa- . 

chusetts, New Hampshire, , 
New Jersey, New York, 
Rhode Island, Vermont _ _ _ _ 2,071 3,853 151 4 1,117 340 3,340 4,197 

Pennsylvania ___________ 15,164 17,611 336 16 799 585 16,299 18,212 
a et | 

‘Total? ~.. 17,235 21,464 487 20 1,917 925 19,638 22,409 
ooo ——— 

North Central: : 
Illinois _- 2 ~§ 5 5 2 7,002 6,202 418 1 1,730 332 9,151 6,535 

. Indiana __~____________ 9,363 ~ 17,302 210 1 882 116 =: 110,455 17,419 
Michigan, Iowa, Minnesota, 

Nebraska, Kansas, . 
Missouri ____________ 6,580 7,260 391 2 6,223 495 18,194 7,757 

Qhio _______~ 11,356 14,922 250 13 2,909 555 14,516 15,490 
Wisconsin ____________— —_ -- 275 1 979 —s_—« 68 1,254 69 

Total? _-_______ 34,301 45,686 1,544 17 12,724 1,567 48,569 47,269 

South Atlantic: 
Delaware, Florida, Georgia, 

Maryland, North Caro- . 

Virginia, West Virginia _ 5644 6,884 6 1 781 120 6491 —*7,005 irginia, irginia ___ , ; . ’ 
South Central: 

Alabama, Arkansas, Ken- 
tucky, Louisiana, Missis- 

. sippi, Oklahoma, Ten- 
nessee, Texas__________ 6,638 5,523 388 3 2,492 151 9,518 5,677 

Mountain and Pacific: — 
Arizona, California, Colo- 

rado, Montana, Nevada, 
Oregon, Utah, Wash- 
ington ~_-_-____.______ 4,610 4,657 365 5 718 23 6,694 4,684 

US. total? ~~ _______ 68,427 84,214 2,851 46 18,6382 2,785 989,910 87,045 
nn ance re reer SSS SS SSS SS SS SSW sie SSS SSS SSG SGSSSVSRRSSSGD 

Includes molten pig iron used for ingot molds and direct castings. 
*Data may not add to totals shown because of independent rounding.
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Table 8.—Consumer stocks of iron and steel scrap, by grade, and pig iron, Dec. 31, 1976, 
| by State and region 

. (Thousand short tons) 

Carbon All Cast Other - . steel . ( Total Pig 
State and region (excludes Stainless ate, (includ es grades scrap iron 

rerolling : aa stocks? stocks ils) stainless) borings) § scrap 

New England and Middle 
Atlantic. 

Connecticut, Maine, Massa- 
. chusetts, New Hamp. 

shire, New Jersey, New 
York, Rhode Island, 
Vermont __._________. 567 - 15 19 172 9 783 180 

Pennsylvania __. ~~. ——- 1,348 39 130: 396 3 1,916 293 

Total! 1915 54 | 49 ~~ 568 12 —s-.2,698 473 

North Central: . 
Illinois _. $$ _-_______ 1,055 9 6 15 (7) 1,145 26 
Indiana ~~~. __ 755 3 52 373 12 1,255 62 
Michigan, Iowa, Minnesota, . 

Nebraska, Kansas, Mis- , — 
souri _. 835 10 1 180 68 1,094 © 45 

Ohio __ 2 1,051. 8 56 186 3 1,304 520 
Wisconsin _..._-__-______ 5 1 4 11 (*) 38 8 

Total? 3,721 31 1160825 148 4,887 661 

South Atlantic: 
Delaware, Florida, Georgia, 

Maryland, North Caro- 

| cinta, West Virginia’ 463 7 10 82 2 562 46 ginia, Irginia ____~_ ) 
South Central: 

Alabama, Arkansas, Ken- . 
tucky, Louisiana, Missis- 

' sippi, Oklahoma, Ten- . . 
nessee, Texas... _____ 1,045 1 26 179 21 1,271 300 

Mountain and Pacific: 
Arizona, California, Colo- 

rado, Montana, Nevada, . 
Oregon, Utah, Washing- 
ton ____--_--------~- 509° 2 q 98 2 619 38 | | 

US.total’ _.___._____ 7,652 (asi HCi(<ité‘~*é«B 1,752 180 9988 - 1,519 _ 

| 1Data may not add to totals shown because of independent rounding. - 
i 2Less than 1/2 unit. 

Table 9.—Average monthly price and composite price for No. 1 heavy melting scrap in 
1976 

| (Per long ton) 

Month Chicago Pittsburgh Philadelphia Composite price’ 

January ____.~_~-~___--_-__ $73.75 $74.50 $68.25 $72.16 
February ____________~---~-~ 75.75 80.00 78.50 78.08 
March ___~~~~_~_~___---~_~_ 89.90 87.10 90.10 89.03 

April eee ee 93.75 91.00 90.50 91.75 
Y —--~~-~~-~-~ ~~ 85.25 83.00 83.00 83.75 

June —___________ 86.90 84.70 81.90 84.50 
July __________-~___--__-~ 89.50 88.00 84.50 87.33 
August __.___~__-_______-~- 79.30 80.70 78.70 79.56 
September ___________-____ 70.00 73.00 68.25 70.41 
October _________~.--____- 61.75 66.50 63.75 64.00 
November ______ ____-_--_-_ 64.10 64.70 62.50 63.77 
December® ___.____________- 67.00 73.00 67.75 69.25 

Average 1976 _________ 78.07 78.85 76.47 77.79 
Average 19757 _________ 71.42 70.20 73.97 71.86 

°Estimate. ‘Revised. 
1Composite price, Chicago, Pittsburgh, and Philadelphia. 

Source: Iron Age, Jan. 3, 1977.
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Table 10.—U.S. exports and imports for consumption of iron and steel scrap, by class 

. (Thousand short tons and thousand dollars) 

| ) 1972 1978 1974 1975 1976 

rea .. Value oe Value . oo Value ee Value qean Value 

o. 1 heavy 
melting . Ce 
scrap ____ 2,289 19,246 3,780: 207,743 2,565 262,810 2,766 233,784 2,063 150,327 

No.2heavy 
melting “ oo, wo 
scrap ___— 756 23,200 1,107 = 52,817 883 84,826 1,102 85,508 705 46,047 

No. 1 bundles 180 6,112 391 21,565 78 8,504 120 9,574 95 7,726 
No. 2 bundles 897 19,623. 1,221 49,421 1,304 99,652 1,159 71,903 845 48,144 

- gerap 48 11,679 49 16,781 35 =: 15,851 66 27,463 112 ~=52,516 
Shredded steel 

scrap ———— 1,468 48,186 2,098 118,133 1,999 225,990 2,406 206,691 2,179 164,922 

shovel- a | | 
ings, and “ | oO | oe 
turnings _. 508 10,761 521 16,352 544 35,404 597 = 29,721 644 32,339 

Other steel 
scrap? ___ 597 = 21,562 1,102 57,528 463 40,814 726 63,565 760 65,809 

_ Tronserap -. .~ 489 13,026 605 29,721 626 50,369 §00 34,767 474 33,996 

Total ____; 7,177 | 288,895 10,874 570,011 8,497 823,720 9,442 762,976 7,877 601,826 
Ships, boats, . . . 

' and other . , 
vessels (for RO, . | 

. Remapping) - + 299 9,009 156 8,056 327 «= 38,140. 40—Ss«i1,742 50 2,280 

- material __._ 207- = :10,213. 382 28,489 199 25,025 160 =: 16,266 241 32,652 | 

‘Total. i 7,683 252,617 . 11,412 606,556. 9,023 881,885 9,642 780,984 8,168 636,758 

Iron and steel ee ee a 
scrap ___— 295 14,304 337 =: 18,716 188 26,166 293 24,464 496 34,524. 

Tinplate scrap — 17 437 12 384 13 861 12 786 ll 596 

- Total ____ 312. 14,741 349 19,100 - 201° 27,027 © 305 25,250 507 35,120 

Includes terneplate and tinplate. | |
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Table 11.—U.S. exports of iron and steel scrap, by country | 
(Thousand short tons and thousand dollars) 

1972 1973 1974 1975 1976 

, Countr Quan. <.. Quan... Quan... Quan «... Quam... 
iy oo Value oan - Value” oo Value Pies - Value ocan Value 

. Bee eee ee 231 1,857 261 13,840 148 16,189 332 29,110 17 5,746 
Belgium-Luxembourg -_ - 5 300 3 585 ) 105 16 =: 11,818 9 3,603 
Brazil _.___.___.- ~~ 61 2,174 5 229 27 3,321 7 1,025 (*) 332 
Canada ____________ 903 26,605 811 27,097 940 52,296 873 44,676 889 48,140 
Chile _-_._______ ~~ 5 417 15 1,255 23 2,828 (7) 2 14 1,188 
China, People’s Republic of _- _— 428 23,729 189 12,406 175 18,243 52 4,192 
Egypt _..__________ ao EL __ __ 15° 1611 84 2660 41. 2,820 
France _________- ~~ () 5 30 2,682 16 4,019 7 1,325 3 806 
Germany, West ______-— OW 473 2 283 4 1,481 14 6,027 27 ~=—s 8,820 
Greece ______.__.-- 163 4,893 187 9,429 113 = 12,762 161 12,964 222 «17,475 
Hong Kong _____ ~~~ 1 277 1 231 1 83, 1 207 1 339 
Israel _______.____-_ __ _— (2) 6 # £2 2,857 15 1,184 89 17,242 
Italy. _______- ~T1T =~: 23,222 353 238,966 485 58,896 618: 57,548 634 57,489 
Japan _.____.______ 2,309 71,809 4,666 284,363 2,980 305,228 2,405 198,884 1,256 93,115 

- Korea, Republic of _—— ~~ 380 13,086 7389 42,429 680 16,754 762 61,842 911 61,561 
Mexico ____._.---_- 587 ~=622,801 1,009 56,063 890 72,432 1,269 103,208 571 44,541 . 
New Zealand _____ ~~ 19 535 42 2,479 17 2,189 18. 1,599 18 1,433 
Pakistan ..___.__-_--- 21 166 1 9 48 6206 787 6951 - 75 6,744 
Peru. ______-_-----~ . 6 443 -_- -_. ‘23 3,103 93 7,767 1 100 . 
Philippines __._-----_ - 14 312 = Le — 1 2,167 67. 6,225 23 1,441 
Singapore _________- 25 971 15 1,179 __ __ 81 5,761 (?) 4 
Spain _.._____-___- 721 21,452 ° 1,127 58,197. 896 89,696 1,709 131,600 1,862 136,093 

. Sweden ....._______ 21 4,545 8 2,171 33 5,138 95 11,266 54 6,822 — 
Taiwan _________---— 419 14,028 672 39,527 491 44,454 264 24,168 | 249 22063 — 
Thailand ~~... _ 85 2,945 139 8,408 34 3,311 37 ~— ss 33,076 18 1,497 
Purkey ~-----—- + 125 4,571 124 =1,212 57 6,323 89 6,645 159 13,461 
United Kingdom ______ ) 1,029 142 89,203 . 117 14,442 18 9,373 507 48,922 
Venezuela ______—___ 284 1,734 76 3,802 183. 17,679 — 72 4,626 . 20 1,250 
Yugoslavia _____..__- _- -- -_— le —_ 37 3,258 28 ~=1,909 
Other _...-_______~ 43 1,145. . 18 1,600° 43 5,749 81 4,993 67 8,728 

Total _...-_____ 7,177 233,395 10,874 570,011 8,497 823,720 9,442 762,976 1,877 601,826 . 

"Revised | | . | 

1Less than 1/2 unit. 
eee Bangladesh: 1972, 14,781 short tons ($521,810); 1974, *15,853 short tons *($1,951,756); 1975, 56,862 short tons 

Table 12.—U.S. exports of rerolling material (scrap), by country 

_ (Thousand short tons and thousand dollars) . 

1972 1973 1974 1975 1976 
5 ——$—— << eC 

‘ry oe " Value re " Value aren "Value quan "Value acan "Value 

Argentina ____ -- _- -- __ __ _— 12 1,055 11 930 
Canada ______ 2 118 1 34 7 485 5 408 1 196 
China, People’s 
Republic of _ — _— -- 7 485 1 85 -— -_- -- -— 

Germany, West _ -— -- _— _— __ _- a __ 2 560 
Italy ________ __ __ 2 168 __ __ __ __ __ __ 
Japan ______~_ 17 789 16 1,209 1 182 _— _— — _- 
Korea, Republic of 73 3,491 118 7,014 81 10,504 29 3,189 44 11,098 
Mexico ______ 35 1,883 43 2,954 47 5,269 40 4,623 24 2,464 
Nigeria ___—.— __ —_ __ _- __ _- __ _- 7 1,177 
Pakistan -~---- 24 1,047 8 422 4 617 4 402 3 278 
Spain ______~ 5 319 () 7 _- _— - WT 1,336 7 599 
Taiwan _____— 20 951 149 §=12,712 57 7,712 39 3,478 55 5,435 
Thailand _____ 15 654 28 2,641 _- _— 13 1,518 76 8,426 
Turkey _____~_ 9 533 4 292 (7) 40 (7) 61 4 541 
Venezuela ____ 3 200 3 210 __ __ __ __ _— -_- 
Other _______ 4 228 3 341 1 131 1 196 7 948 

Total ____ 207 10,213 382 28,489 199 25,025 160 16,266 241 32,652 

1Less than 1/2 unit.
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| Table 13.—U.S. exports of ships, boats, and other vessels for scrapping 
(Thousand short tons and thousand dollars) 

1972 1978 1974 1975 1976 
Coun "Quan... Quan. £4Onen QT 

ry oo Value ean Value a Value oer Value Quan Value —— eee GY 
Canada _________ 36 §=~=— «583 2 260 26 1,414 15 406 4 108 Germany, West ____ __ _- 8 257 18 700 4) ) (*) 1 Japan __________ 5 74 __ —_ _- _- -- _— -- -- Korea, Republic of __ __ _- 9 370 44 5,826 7 237 6 181 Mexico _________ _- _— 1 132 (7) 23 -— -- (4) 2 Netherlands ______ _— __ (4) 40 — oe (7) 1 _- —— Spain __________ 146 3,907 22 1,002 93 8,824 10 426 _— -_— Taiwan _________ 112 4,445 114 5,994 139 = =15,539 8 617 40 1,948 Other __________ __ _- @) 1 12 814 () 55 @) 40 EN 

Total _._____ 299 9,009 156 8,056 3827 = 33,140 40 1,742 50 2,280 nner ee 

1Less than 1/2 unit. 

Table 14.—U.S. imports for consumption of iron and steel scrap, by country 7 
eee 

1975 1976 

: _ Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) ———————$—$ OEE Ee eee OUUSANCS) 

Australia. 5 55 55 27 $15 285 $19 
Bahamas ____- == 7,308 200 . 11,724 472 
Belgium-Luxembourg ____________ 87 52 92 27 
Canada ___ 2 235,263 18,935 423,240 32,105 
Dominican Republic _____________ 961 70 16 7 
Germany, West _.._____________ 132 71 80 83 

2 Haiti ~~~ 528 11 346 9 
Hong Kong ___ ~~ 5 82 43 ae _- 
Jamaica _~___________ 2,197 110 959 35 
Japan ____________ 56,438 5,233 9,159 437 
Leeward and Windward Islands ______ 50 5 _- _- Liberia _-_.--__~_~ __ _- 2 1 
Mexico ____ ~~ _-__i_ 963 158 6,952 459 
Netherlands Hee it it 14,442 155 i ~-- eee —_ oe Sweden 7777777777777 7777 9 q 38,837 483 Taiwan _-___._ ~~ 378 63 -- -- Trinidad and Tobago _____________ 254 9 . 1 (4) 
United Kingdom _____________ 397 215 302 704 Other ____ 120 17 728 124 a 

Total ___--______________ 235,859 25,250 2507,165 35,120 _—_——— ees 
1Less than 1/2 unit. 
2Includes tinplate. 

Table 15.—Iron and steel scrap consumption in selected countries’ 
(Thousand short tons) 

eee 
1974 1975 1976 

TS SSS eters, 

European Economic Community: 
Belgium? _________._.-- 5,429 4,091 4,082 Denmark® ______ 577 634 854 France? ‘#5 _~__o 10,340 8,307 8,964 
Germany, West® __-___.___________ 28,195 22,495 23,263 
Ireland owe ee ee 6132 6100 °55 
Italy? _-_-__ 16,215 15,023 ©15,400 Luxembourg _-_.~.--._..________________ 2,098 1,513 1,577 Netherlands _-__~-..---.-_------- ieee 2,342 ¥1,748 1,957 
United Kingdom? >___ 9-2 18,690 17,526 714,051 (I OL 

. Total® ______-_-__-___--- ee "84,018 "71,487 70,158 i a ee 
See footnotes at end of table.
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Table 15.—Iron and steel scrap consumption in selected countries! —Continued | 

. (Thousand shorttons) 

ee an hf 
Nn 

a - . 1974 1975 1976 

European Free Trade Association: | | a a | 
‘Austria. § 2 2 ee 52,166 ¥1,881 1,992 

Norway? #5... -__-__-_--------------------- 616 618 593 
Portugal ____________------------~-------------- 399 3 5172 284 

| Sweden? > _~______________ ee 4,119 3,780 ©3640 

Total______.________------~----------------- 77,300 76,451 6,509 

Other European market economy countries:* 
Finland ________________----------------------- 782 167 3634 
Spain __._______.-------+-------~--------------- 8,229 . &7 209 7,170 

- Yugoslavia? #5 9 ) -5 ee + . 1,796 1,883 1,747 

: Total____________-__------------------------ 10,807 | __—*9,859 9,551 

European centrally planned economy countries:® . 
Czechoslovakia® © | ------------------------------- 7,626 7,886 8,088 

Germany, East oe eee ee e+ 4,836 4,852 5,117 

Hungary?*5 9 = - gosg 2.899 2,420 
Poland _~.___~___________-~--~----~----+-----~------- 9,080 9,370 10,352 

Romania? 4529°® =e 3,310 3,530 8,600 

USS.R273451 ee 51,656 51,806 51,900 

Total® _.___ +--+ 18,796 79,836 81,477 

. Latin America:5 1” . . 
. Argentina _______._______.----------------------- 1,953 1,758 1,930 

Brazil _.___________-_------------------------- ™3,979 4,040 ©4,100 
Chile __________--_----~---------------------- 250 185 — — ©190 

» Colombia _______ ee 185 +248 - ©1795 
Mexico ____________-~--~--_---~-~------------+-- 3,445 3,663 3,700 
Peru_______~___ ee 174... 192 110 

' Wenezuela __-________-_____.--_~- ~~~ 626 581 °550 

Other#®¥____ > = e+ 32 . 44 ©40 | 

— Motal® 10,644 10,711 10,795 

Other countries: 
Canada? #45 = ee 7,842 | 7,444 7,131 

India? 7#5_~ = ee 1*1,680 ©1,980 ©1,930 

Japan’ ______ ee 50,867 37,714. 42,135 

South Africa, Republic of? °45© ~~ .~.____.__-_--___-_-_------ 2,690 2,980 3,240 

Turkey? 5 _~.. > _-_-_- + 702 re660 “800 
United States? ________ 2. -_____~_~-_---_~-------+-- 105,483 . 82,331 99,109 

‘Total® _-§_ Lee 169,264 . 133,109 154,345 

Grand total? _~_______________---~--~~-~---~----- F360,829 ™311,403 332,830 
ne 

°Ketimate. ‘Revised. 
1Unless otherwise noted, figures represent consumption of scrap in the production of pig iron, ferroalloys, crude steel, 

foundry products and rerolled steel, as well as in other unspecified uses by the steel industry, and by other (unspecified) 
industries. Also, unless otherwise noted, figures are from: United Nations Economic Commission for Europe, Annual 
Bulletin of Steel Statistics for Europe. V. IV, 1976. New York, 1977, p. 97. 

2Fxcludes scrap consumed in rerolling. 
SExcludes scrap consumed in foundries. 
“Excludes scrap consumed within the steel industry for purposes other than the manufacture of pig iron, ferroalloys, 

crude steel, and foundry products and that used in rerolling. 
5Excludes scrap used outside the steel industry. 
“Source: Organization for Economic Cooperation and Development, The Iron and Steel Industry in 1975. Paris, 1976, 

Pp. 
7British Steel Corporation, International Steel Statistics, the United Kingdom, 1976, 43 pp. 
*Total of listed figures. 
*Following United Nations practice, Yugoslavia has been included with other market economy countries of Western 

Europe. 
10kxcludes scrap used in production of pig iron. 
11¥ycludes scrap used in production of steel by any method of production except open hearth furnace. . 
12Data for 1974-1975 from Latin American Iron and Steel Institute. Statistical Yearbook of Steelmaking and Iron Ore 

Mining in Latin America, 1975. Santiago, Chile, 1976, 193 pp. Figures for 1976 are U.S. Bureau of Mines estimates. 
13Iycludes Uruguay plus other unspecified countries in Central America, as reported in source. 
14British Steel Corporation. International Steel Statistics, India, 1974, 57 pp.
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Table 16.—Iron and steel scrap exports by selected countries’ 

(Thousand short tons) | 
LLL SS ASS SS SSS hs so i SSS SS heh 

1974 1975 1976 
LLL Te SPS SSS fr SSS hho po ss SPU 

European Economic Community: 
Belgium-Luxembourg ____._§_________________________ 800 586 581 
Denmark ___________~~ 2 143 100 128 
France _________~_~ 4,107 3,097 3,772 
Germany, West ____________- 2,806 T2432 2,868 
Ireland ____. ~~~ 13 9 9 
Maly — bauig 777777 12 6 26 
Netherlands __ $$... §_-§_-§___________ 1,293 1,032 1,055 
United Kingdom _________ 343 1,010 660 

Total? = = 9,517 8,272 9,094 | 

European Free Trade Association: ° 
Austria ~~ ~~ LL 13 57 50 
Norway __ ~~~ ~~~ 37 21 20 
Portugal _____~~_-~ 2 2 6 
Sweden _____~_~ ~~ 12 12 10 
Switzerland —_______ "~~ Do TIIITIIITIIII IIIT IIT 129 129 7 

Total? ~~ 193 221 163 

Other European market economy countries: 
Finland ~~~ 10 6 4 
Greece ________ ~~ (*) (*) __ 
Iceland _______~__ ~~~ 10 3 4 
Spain _____.___------~~ ~~ - 2 1 $6 _ 
Yugoslavia _. ~~~ 2 — 26 24 22 

Total® ™48 84 30 

European centrall planned economy countries:* i . 
Bulgaria en ene en eee 118 134 149 
Czechoslovakia _______. ~~~ _____ ee 265 243 ©0795 

Germany, East ween ee ee + i gt 4i 

Poland ~~ ~~ 7777 T TTI ITIIIIITIIIIIIIIIIIIIIIIT7 496 313 101 
USSR _~_ ~~~ or 1,615 1,256 €1,320 

Total? ~------ eee 2,658 1,981 1,886 

| Latin America: | . . 
Mexico _________~~___~~~ ~~ eee _- NA NA 
Other® ___--_--__-_ 13 10 6 

Total? _.-.__- 13 10 6 

Other countries: : 
Australia ~~ ~~ $e 974 637 696 
Canada ___~ ~~ 292 © 463 1,117 
India ~________~___~ ee 7115 6139 8116 
Japan ___ LL 332 105 224 
Korea, Republic of. _§_-§_-»_~» >» 5 5 5 5 5 5 1 9) 21 
Moroceo® __ 88 i) _- 
New Zealand _________________--~~~~-___ ee + 89 ©2 «81 
Singapore ____________-__----___--~-----_----__- 62 62 €2 
South Africa, Republic of ~~... ~____________ NA NA NA 
Taiwan® ____________ 52 39 69 
Turkey _________'.. 56 — NA 
United States _________ ~~ ~~_--__~ ee T9586 10,584 8,949 

Total? ~_.--_____ 711,444 11,971 11,195 

Grand total? ~._____ > > - 23,868 22,489 22,374 

*Estimate. "Revised. NA Not available. 
1Unlees otherwise noted, source is: United Nations Economic Commission for Europe, Annual Bulletin of Steel 

Statistics for Europe, V. IV, 1976, New York, 1977, pp. 97. 
*Total of listed figures. 
*Following United Nations practice, Yugoslavia has been included with other market economy countries of western 

Europe. 
“Revised to none. 
5Less than 1/2 unit. . 
*Official trade returns of subject country. 
7Statistiches Bundesamt. Eisen und Stahl, 2d quarter, 1977. Dusseldorf, 1977, 148 pp. 
®Partial figure; compiled from export statistics of trading partner countries.
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Table 17.—Iron and steel scrap imports by selected countries’ | 

| (Thousand short tons) | 

7 . | 1974 1975 1976 

European Economic Community: - 
Belgium-Luxembourg _______.--------~-+------------ 958 T7179 646 

Denmark _____________~____--_~~---~-+-+-~+-+-------- 4 3 8 
Frame ________________. ~~~ 362 305 302 
Germany, West ______.____---_--------~-----=------ 1,996 T1896 1,703 : 
Ireland ________________-----~--_----=+=------+--+-+- 28 4 1 

Wy snr 6,917 5,967 6,914 

Netherlands ______________._--_~_-------------~-- 96 176 177 
United Kingdom ____________-----------~--=------- 154 97 165 

‘Total? ~~ eee 10,515 9227 10,516 

European Free Trade Association: . 
Austria __ ~~ ~~ 5 eee 97 37 50 

0 ~o ee ee ee ee 
Sweden _________________ ee 406 873 151 
Switzerland _..._____.-_.--_.-~---~~--=--------- 121 107 49 

. Total _____---~--~-----~--------------------- 689 T584 360 

Other European market economy countries:° ee - 
Finland ___$____________-------- ~~~ 93 105 60 
Greece _________________-_- eee + 26 108 88 
Spain ________-_-__-_----------~---------~------ 2,122 2,399 £2,929 

. Yugoslavia __. . ..______----------------~---+------ 461 381 377 

— -Motal______--------------------------------- 2,702 72,998 _ 3,454 

European centrally planned economy countries:® . . 
Czechoslovakia’ __. .§ __._. ______.-~-----------~-+-~~----+- 13 . 34 34 

Germany, Kast w--- ee +--+ 437 ae 56 

Poland 122 ITTITTTTTTTTTTITIIITTI 2 52 

 - Total? ~ e+ 455 — "421 692 

Latin America: | a 7 
Argentina _____________------------------------ 47163 4352 588 
Brazil] _.._____ ~~ ee 4g 420 €29 

Chile ______________ +--+ 412 “10 514 
Cuba ________ ee ee 565 561 &66 

Mexico ______-____-_~~--~---~-------~-~----------+-- 4874 1,400 — 5595 
Peru________----~_--_~----_-~- ++ +--+ - _— NA 5] . 
Venezuela _._______________ ~~ #182 462 520 

Other® ______________ eee 4 3 3 

Total? ~.§_ _-§____ e+ 71,306 1,908 809 

Other countries: 
Canada _______________ eee ++ 848 1,024 = OT 
China, People’s Republic of ___.___._.__-----------+---- 188 219 52 
Egypt _.______--_-___--------~-+---~-~------------~+ NA NA 541 
India ~_-_____~_____ ee 411 190 €13 

Iran ~~~ eee 47 4g “11. 
Japan ____________~___~--------_-~----~-~---+------+ 3,923 3,409 1,986 
Korea, Republic of* __ _______.-____--_----~----~-------- 1,285 930 1,206 
Philippines ~_.._-_____.-_--_-_-_-------------------- 419 567 593 
Singapore ____________-----------------~-------- 429 *106 “110 
South Africa, Republic off ~..__._.___-_--------------- 10 20 37 
Taiwan*t ____§ ___________-__---_-----~-~--+-+-+-+----- 866 389 327 
Thailand* _.___§__________-_-~--_-----------~----+-+- 282 294 304 
Turkey _____________-------------------------- *130 94 5163 
United States ______-__-____-~_-~_-_--~-~-~-~-+-+-+-~ +--+ ~~~ +--+ 201 305 507 

Total? _-__ 5 ee 7,749 6,887 5,687 

Grand total? _.-________________~---__---------- 93,416 22,020 21,518 
rc 

°Estimate. "Revised. NA Not available. 
1Unless otherwise noted, source is: United Nations Economic Commission for Europe, Annual Bulletin of Steel 

Statistics for Europe, V. IV, 1976, New York, 1977, pp. 97. It should be noted that among major steel producing nations, 
the U.S.S.R. and Romania do not import any substantial quantity of scrap. 
*Total of listed figures. 
’Following United Nations practice, Yugoslavia has been included with other market economy countries of western 

Europe. 
’  4QOfficial trade returns of subject country. 

5Partial figure; compiled from export statistics of trading partner countries.
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en By Michael J. Potter! | | : 

| Kyanite, andalusite, and sillimanite are the Republic of South Africa are the leading 
anhydrous aluminum silicate minerals that world producers of kyanite-group minerals. 
are alike in both composition and use pat- It can be presumed that the U.S.S.R. and 
terns and have the same chemical formula, . perhaps a few other industrialized nations 
Al.0;°Si0.. Related materials include also produce significant quantities of these 
synthetic mullite, dumortierite, and topaz, materials. | | 
also classified as aluminum silicates, © U.S. kyanite production in 1976 was 
although the last two additionally contain slightly higher in tonnage and value than in 
substantial proportions of boron and 1975. During 1976 the expanded processing | 
fluorine, respectively. All of these kyanite- facilities of C-E Minerals, Inc., were suc- 
group substances have the capability of cessfully debugged. Partly because of slug- 
serving as raw materials for manufacturing gish sales, completion of Kyanite Mining | 
special high-performance refractories in the Corp.’s third plant is now scheduled for © 

_ high-alumina category, but there has been 1977.? : | | | 
no record in recent years of significant Legislation and Government  Pro- 
utilization of either dumortierite or topaz grams.—The allowable depletion rates for 
for this purpose in the United States. _ kyanite, established by the Tax Reform Act 

_ Although published statistics are not suf- of 1969 and unchanged through 1976, were 
ficiently complete to be wholly conclusive, it 22% for domestic production and 14% for | 
appears that the United States, India, and foreignoperations. nn | 

DOMESTIC PRODUCTION | 

Kyanite was produced in the United delphia, Pa; C-E Minerals, Inc. at 
States in 1976 at three open pit mines: Two Americus, Ga.; Harbison-Walker Refracto- 
in Virginia and one in Georgia. Kyanite ries Co. at Eufala, Ala. and Taylor Re- 
Mining Corp. operated the Willis Mountain fractories Division, NL Industries, Inc., at 
mine in Buckingham County, Va., and the Greenup, Ky. Electric-furnace-fused mullite 
Baker Mountain mine in adjoining Prince was produced by The Carborundum Co. at 
Edward County, Va. C-E Minerals,-Inc, Niagara Falls, N.Y. , 
operated the Graves Mountain mine in Physical aclontist, Division of Nonmetallic Minerals. 
Lincoln County, Ga. Wliffe D. Indvatrial MinevalaKvanite Min Ene 

_ Domestic kyanite output in 1976 was 29, Rpgliffe, D. Indus p. SA morale Kyanite. Min. Eng. v. 
slightly higher in tonnage and value than in 
1975. Specific kyanite production statistics _ : : ar 
for 1976 (as well as for all previous years Table 1. Synth ee dite production m 
since 1949) are withheld to avoid disclosure 8 == essssssCsC<S<;7 7 YP CiC<COtsti 
of individual company confidential data. Year Quantity Value 

Synthetic mullite production showed a —_$____ fart tons) _(thousands) 
substantial increase in both tonnage and 1972 ----------- 46,389 $4,080 
value compared with 1975 and output was +11) aaa ans 895 
largely of the high-temperature sintered 1978 ----------- me 3,850 
variety. The four producers of this material ‘°©----------- ss #7785488 
were A. P. Green Refractories Co. at Phila- "Revised. 

721
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_ CONSUMPTION AND USES 

| Kyanite and related materials, conform- the mineral was used mostly in monolithic 
ing to established end use patterns, were refractory applications such as for high- 
comumed hig male mostly eae manu temperature mortars or cements, ramming 

| acture of high~ umina or mul ws Te- mixes, and castable refractories, or with Looe Sane conic ta 2 MES clays and other ingredients in rfactor mestic kyanite, already ground to minus compositions for making kiln furniture, in- 
35-mesh as required by the flotation pro- sulating brick, firebrick, and a wide variety 
cess used in its separation and recovery, of other articles. More finely ground mate- 
was marketed in the raw form or after heat ial, minus 200-mesh for example, was used 
treatment; that is, as mullite, which was in body mixes for sanitary porcelains, wall 
sometimes further reduced in particle size tile, precision casting molds, and miscella- 
before use. In the 35- to 48-mesh range, neous special-purpose ceramics. . 

| PRICES 
Engineering and Mining Journal, Decem- | The December 1976 issue of Industrial 

ber 1976, listed prices for kyanite, f.o.b. Minerals (London) quoted kyanite-group. 
Georgia, ranging from $63 to $118 per short price ranges approximately equivalent 
ton for bulk shipments and $9 more per ton (with some uncertainty due to a floating 
for peazed sees quo ted fe sani 4 ap exchange rate) to the following: | | 

: | materials in Ceramic Industry Magazine, ; | 
January 1977 follow: | | - oo Per hort to | 

| | - ; ; | | . | a Andalusite, Transvaal, ei main oo $100 
= ___Pershort ton Kyanite, Indian, fob.---~-2==772 8 

Andalusite ae $9060 begged Fabs ee maura | 157 ite. K ,indian, calcined, = : | Malle sind DDIIITIIITIIIE a2 318 Fob Calcutta en 186-$148 
\ ih dahenteladieerieieeieeneteneteiebetare _ 160-450 “Nominal, tCSstCSttS 

| FOREIGN TRADE 

The amount of kyanite-group material thetic mullite from some other: mullite- 
exported in 1976 showed a substantial containing materials prepared by high- 
decrease compared with 1975. It can be temperature processing of certain bauxitic supposed that the greater part of material and kaolinitic tninerake 
currently being exported by the U.S. con- The to of j rted terial conti 
sists of mullite. It should be noted, however, © tonnage of impo material contin- 
that some element of uncertainty is inher- Ued to be small, although it showed an 
ent in such conclusions because Bureau of ‘crease over that of 1975. For the first 
the Census export figures, on which they _ time, India did not appear as an exporter to 
are based, do not clearly distinguish syn- the United States.
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Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 

| 1974 1975 1976 | 

(hort Value (ahort” Value (hort -- Value 
tons) “ . tons) tons) i “asst 

Exp orts: / . oo tee 

Argentina ___________-- 110 $14,028 160 $14,926 325 $22,686 
_ Australia > 5-5 12,578 656,843 9,918 615,663 —«-:14,886 _—=1, 087,388 , 
-Belgium-Luxembourg ——— ~~~ - 1,305 97,557 221 58,062 1,049 94,541 

Brazil _...§_-________---_- 2465 217,708 . . 582 — . 29,700 309 «=—s«82,788 | 
Canada ____-.----- 6,848 468,929 5,175 361,361 4,857 ‘862,709 
Colombia __________..--- 210 14,656 301 20,869 “58. . 2,984 
Denmark _____~.-_-.----~ © _- oe 134 11,919 ee ae 

France __._____-----~-- 286 57,057 . — 600 69,973 300 45,234 
Germany, West ________--_ 54,090 2,908,878 65,487 3,682,084 14,181 1,011,056 
Guatemala ________----~-- 125 8,428 ae _- -— -- 

Hong Kong — — — — ___~--~~-- 5 809 48 7,262 -— —_— 

Israel. -$_-__-__-------- ,. == __ 200 11,255 a sb 
| Italy _____________--_. 12,085 970,958 18,066 +~=_-921,974. Ss (si‘(«<‘éw0T)~Sti«éi00~="G LL 

Japan___________-_--__ 16,483 988,077 30,666 1,796,826 ° 5,406 428,012 : 
Mexico ____________---_—_4,776 366,082  - 3,045. 318,874 4,180 391,768 
Netherlands __________--- . 12,159 606,341 1,120 84,598 181 11,057 
New Zealand ___-_.------ 40 3,519 20 - 1,690 21 «= _:1,851 | 
Philippines _~_-_-------—~——~—“«~CHS 17,726 12 2205 219 «2,874 , 
South Africa; Republic of ____— $2 5,573 3 1,168 2 1,126 | 
Spain _____.__-_______- 4,289 202,804 __ _— 21-1785 
Sweden ___________._-_- 5,365 385,787 5,755. 385,925 3,028 261,251 
Switzerland ___________-- (84 6,851 _- __ __ __ 
Taiwan _____________-_- 66 1,896 49 3,542 __ __ 
USSR_______.__-_____ __ oe 1,734 170,182 — ee ee , 
United Kingdom __________ 1,746 ~—_ 185,058 11,110 739,346 ° 6,940 - 509,519 
Venezuela _____________- 622 65,183. 850 187,230 481 45,904 
Other _________________- 67 4,286 113 (9277 78 _4,699 

Total _.___________--- 185,982 8,204,974 150,869 9,355,411 —»«-«63,329 = 4,941,688 

India ___-___________-1- 110 4,989 65 2,849 an _ 
Mexico __________------ 17 2,005 _ __ 65 7,225 
Netherlands _________---- 11 620 _- __ _- oe 
South Africa, Republic of ___—_ 56 4,848 __ __ 45 5,172 

Total _.___________-_- 194 12,412 65 2849 110 -- 12,897 

WORLD REVIEW - 

France.—Imports of kyanite-group min- share supplied were the Republic of South 

erals amounted to 7,860 tons in 1974. The Africa, 27%; India, 25%; and the United 

principal countries of origin and the per- Kingdom, 14%.5 . oo 

cent supplied were India, 34%; the United India.—A report entitled Kyanite and 
States, 31%; and Belgium-Luxembourg, Sillimanite, a Market Survey” was released 

15%. In 1975, kyanite-group imports totaled by the Mineral Economics Division of the 

, re . .e Indian Bureau of Mines. The report in- 
6,000 tons. Principal countries of origin and . . ade 

lied India. 32%: the United cludes an estimate of kyanite and silliman- 

share supplied were India, 32%; the Uni ite demand in India and elsewhere over- 

States, 22%, and Belgium-Luxembourg, the next 10 years. Also included are sections 

13%.* on uses and specifications, supply, trade, 
Although the Republic of South Africa is and prices.¢ 

the principal producer of andalusite, France The Geological Survey of India planned to 

is now said to be in second place with pro- investigate reserves at sillimanite deposits 

duction of ‘“Kerphalite,” a type of andalu- ——————— 
. . : . SIndustrial Minerals (London). French Industrial Min- 

site mined near Kerphales in Brittany. A eral Imports 1975. No. 100, October 1976, p. 51. 
publication described the operation and ex- _ ‘Industrial Minerals (London). “Kerphalite” Europe's 

traction (at Glomel) and the properties and o wr ot May gies + Andalusite for Refractories. 

refractory applications of the products.‘ ‘Industrial Minerals (London). West German 1974-75 

Germany, West.—Imports of kyanite- =tadustrial Minerale "(ondon). Publiations: No. 108, 

group minerals in 1975 amounted to 26,100 Cohtroller of Miaes, Plot No. 95, Bungalow No. 267 East 
tons. Principal countries of origin and the High Court Road, New Ramdaspeth, Nagpur 440010, India.
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| in Meghalaya. Mines at these deposits were deposits of several nonmetallic minerals, 
| leased by Assam Sillimanite Ltd. (ASL) including kyanite.° | 

until 1973, with some 143,000 tons of silli- United Kingdom.—For the first 6 months 

manite being mined since 1950. Hindustan of 1975, imports of kyanite-group minerals 
Steel Ltd. took over the mines from ASL.’ | amounted _ to 18,800 tons. Principal coun- 

| Japan.—Imports of kyanite-group miner- tries of origin and the share supplied were 
als amounted to 31,785 tons in 1974. The the Republic of South Africa, 64%; France, 
principal countries of origin and the per- 14%; the United States, 12%; and India, 

centage supplied were the Republic of °%- Imports of kyanite-group minerals for 
South Africa 65%: India, 25%: and the © the first half of 1976 were 18,535 tons. The 

United States 10% In 1975 kyanite-group principal countries of origin and percentage 
, imports were "95 950 tons. Principal coun- supplied were the Republic of South Africa, 

| tries of origin and percent supplied were p75 gee aie India, 5%; and the 
- the Republic of South Africa, 58%; India, wey OO 

- -Nigeria.—The Nigerian Government was eral Notes. No. 105, Jane e16 p. 45. mpany ewe’ 
to invest $760 million in exploiting mineral ee erate, SoncoteriiGe i 
and water resources during the current oc pnaustrial Minerals Condon), Company News & Min- 

. ° oats. No. » Fe : » p. d9. 

plan period. Of this amount, $5.3 million "for,gustrial Minerals (London). UK Mineral Imports, 
| was to be spent on development of known January-June 1976. No. 108, September 1976, p. 50. | 

‘Table 3.—Kyanite, sillimanite and related materials: World production, by country? 

| ; (Shorttons) = 

| Country and commodity? | 1974 1975 1976? 

Australia: Sillimanite? == 828 _ °ggs ©700 
: France: Kyanite and andalusite awe ---- — 10,860 ©11,000 ®11,000 | 

Kyanite._._________________-_- 49,978 55,447 49,945 | 
Sillimanite _______.__-_____------------------------ 78,252 8,946 16,083 

Korea, Republic of: Andalusite _. ............----~------»---- 127 117 573 
South Africa, Republic of: 

| Andalusite 2 Le 70,557 85,042 85,389 
Sillimanite ___-_-____--- (14,426 18,641 28,366 

Spain: Andalusite ______________----------------------- 8,059 5,558 ®6,600 
United States: . 
Kyanite____________-_____ ee WwW WwW Ww 
Synthetic mullite _.._- 5 5 5 LL 41,508 24,147 42,228 

°Estimate. Preliminary. "Revised. W Withheld to avoid disclosing individual company confidential data. 
1Qwing to incomplete reporting, the table has not been totaled. 
7In addition to the countries listed, a number of other countries presumably produced kyanite and related minerals, 

but output data are not reported and no basis is available for estimates of output levels. 
*In addition, sillimanite clay (also called kaolinized sillimanite) is produced, but available information is inadequate to 

make reliable estimates.
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TECHNOLOGY 

A patent was granted for making alumi- A patent was granted for the fabrication 
num powder from kyanite. The procedure of structural bodies from mullite powder. 
includes mixing beneficiated kyanite and A journal article described the occur- 
powdered coal to make briquets or pellets, rence, characteristics, and purification of 
reducing the agglomerates in an electric Korean andalusite. The ore, which con- 
furnace, grinding and hydroaluminating tained mainly andalusite, muscovite, bio- 
the aluminum-silicon alloy, and pyrolyzing tite, and small amounts of other minerals, 
or decomposing the resultant material inan was studied by optical microscopy, X-ray 
oil medium to form aluminum powder." diffraction, and other methods. After hand 

In its annual review of materials for cobbing, stage crushing of the ore in- 
ceramic processing, an industrial journal creased the distribution of andalusite in 
presented brief studies of the kyanite-group coarse particles and that of mica in fine 
minerals and their contributions to modern particles. 
technology.” | —______ 

The Federal Bureau of Mines ran some ree aautreaux, M.F.J.H. McCarthy, W. E. Foster, D. 9. 
acid leaching studies on a high-iron kyanite Hutchinson, and F. W. Frey (assigned t rp.). 

| concentrate produced from a North Caroli- BeOO die dan ise um From Kane, US Pat. 
na weathered surface ore. Results indicated Tame Industry. Andalusite. V. 108, No. 1, January 

° . ° , p. 44. 
| that specification-grade kyanite concen- ~~ —'—_ Dumortierite. V. 108, No. 1, January 1977, p. 64. 

trates could be produced from this material ——. Kyanite. V is, No. 1 January 197. rP. a. 

by leaching with acid to react with the | ——— Siflimanite. V.108, No. 1, January 1977, p.99. 
contained iron. In other Bureau work, in |, Topas. V. 108, No. i Jandary 191 p08. 
cooperation with the U.S. Forest Service, ys ‘Secretary of the Air Force). Mullite Powder and 
kyanite and garnet analyses weré run on Fabrication of Structural Bodies Therefrom. U.S. Pat. 

some samples from Idaho. The analytical o tkhn YB, oad L, Choi Use of Yun Chun Andalusite 
treatment involved scrubbing, acid leach- As a Raw Material of High-aluminia Refractories: I, 

ing, heavy-liquid separation, and magnet- Ocpurence and General Charactariatis 1, Concentration 
ic separation. pp. 19-28. | ae
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Lead — a 

By J. Patrick Ryan,! John M. Hague,! and John A. Rathjen? | 

In 1976 world mine production of lead at . ments for battery manufacture used 55% of 
3.7 million tons represented a slight decline the total supply; gasoline antiknock com- 
from the 1975 level. Smelter production, pounds, 16%; pigments, 7%; ammunition, 
however, recovered from the low level of 5%; and other uses, 17%. | 

3.66 million tons in 1975, rising to 3.79 Stocks of refined and antimonial lead at 
million tons in 1976. World metal consump- primary smelters decreased from 81,300 | 
tion was estimated to be about 4.7 million tons at the beginning of the year to 43,700 | 

_ tons, including use of refined secondary tons at yearend, and consumers’ stocks of | 
metal, a 9% increase above consumption in soft lead and lead in antimonial lead and 
1975. The increase came in part from in- other alloys changed from 131,700 tons on 
creased secondary production and in part January 1 to 127,900 tons on December 31, 
from drawdown of stocks. World producers’ resulting in a substantial reduction of 

stocks outside planned economy countries 41,400 tonsin combined stocks. a 
decreased from 298,000 tons at the begin- = Legislation and Government Pro- | 
ning of the year to 223,000 tons at yearend. §grams.—The General Services Administra- 7 

_ The US. producer price of lead increased tion (GSA) reported net. sales of lead from 
in several steps throughout the year from the Government stockpile totaled 459 tons 
19 cents per pound in January to a split in 1976. The total uncommitted inventory at 
price of 25.5 to 26 cents at yearend. The yearend was 601,160 tons, as primary pro- 

London Metal Exchange (LME) price rang- ducers stocks remained above the 52,584-ton 
ed from an average of 15.2 cents per pound trigger point for GSA lead released through 
in January in terms of U.S. currency to 23.1 September 1976. _ 

cents in July and then retreated through § GSA announced on October 1 that the | 
the succeeding months, ending the year at stockpile goal for lead had been raised from 
21.7 cents. During the first half of the year 65,100 tons to 865,000 tons and that the 
the LME price was only 1 or 2 cents below Government was canceling its obligation to 
the U.S. price but during the second half deliver any lead remaining to be delivered 
the spread became 3 to 5 cents per pound. under contracts with producers. 

Domestic mine production decreased 2% — Public Law 94-418, known as the Hybrid 
from the 1975 level to 609,500 tons in 1976. Vehicle Research, Development, and Dem- | 

Primary refinery production from domestic onstration Act of 1976, was enacted on 
and foreign concentrates on the other hand Sentember 17, 1976. The law authorized a 
increased 3% over that of 1975 to 657,519 $160 million Federal program to foster 

tons in 1976, despite a strike at one smelter. development and demonstrate over a 5-year 
Secondary smelter production increased period (1977-81), the commercial feasibility 
10% to a record level of 726,600 tons, more of electric vehicles. The program, to be 
than half of the total lead production. carried out by the Energy Research and 

Consumption of lead in the United States Development Administration (ERDA), pro- 
recovered from the depressed level of 1975, vided for production of 7,500 cars for demon- 
increasing 15% to 1.49 million tons in 1976. stration by Government agencies and the 
The increase in demand was caused by the public. Because a substantial part of the 
need Zor origina’ cauipment batteries in & authorized funds were to be allocated for 
greater number of new cars and by sales o research. i . ‘act 
more replacement batteries toward the end battery h, including the lead-acid 

of the year as severe winter weather in- —_sphysical acientist, Division of Nonferrous Metals. 
creased battery replacements. Lead require- Mineral specialist, Division of Nonferrous Metals. 
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| battery, the program could have a major September 13, 1976. | 
impact on the battery manufacturing in- On petition by interested parties request- 
dustry and the future demand for lead. _. ing revocation of its earlier dumping find-. 

On June 23, 1976, the Lead-Based Paint ings on imports of lead metal from Austra- 
Poisoning Prevention Act was extended and _ lia.and Canada, the International Trade 
revised by enactment of the National.Con- Commission, on review of the evidence and 
sumer Health Information and Health Pro- factual data, determined that if the findings 
motion Act of 1976, (Public Law 94-317). The were revoked, an industry in the United 

Act directs Federal agencies to take action States would not likely be injured by im- 3 3 OD Ve in y J y 
with respect to determining a safe level of portation of such primary lead metal at less 
lead in paint. Public hearings were held on _ than fair market value. 

4 _ 
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Figure 1.—Trends in the lead industry in the United States.



Be ‘Table 1.—Salient lead statistics | 
| __ Short tons unless otherwise specified) | | 7 | 

| —S~«AT2S~«*T 194. +1975 ~S~S~*«9G 

United States: - ee | re 
' Production: oe . - 

Domestic ores; recoverable lead content _.-_.. 618,915 603,024 663,870 621,464 609,546 
Value ecdesaeae TT thousands. $186,046 $196,465 $298,742 $267,230 $281,613 : 

Primary re . a : 

_. From domestic ores and base bullion __.... . 577,898. 567,256 580,078 «580,215 568,536 
7 From foreign ores and base bullion __ _ _ _ _ — 103,001. 107,260. (92,046 105,907 84,341 . 

Antimonial lead (primary lead content) _ ~~ — — 8,185 13,223 9,867 2,125. | 4,642 
| _ Secondary lead (lead content) _______.... 616,597 654,286 ~—_— 698,698 658,456 726,569 | 

Exports of lead materials, excluding scrap -~---- . 8,376 Me 66,576 ~ 61,982 — 21,256 5,877 a 

7 Lead i ore and matte ____.____________ 101,282 109,947 - 94,299 ~=—s«87,560 ~~. 76,365 
' Lead in base bullion ____________----~- 895 4 _ 831 462 2,334 

g Lead in pigs, bars, and. old = —5--~------* 245,853 181,486 ‘119,579 105,876 150,345 : 

” At primary smelters and refineries________ 145,573 89,847 121,051 156,580 104,548 a 

- Cons cmption oft etal orinaey ond sevonidery “= geese = 15412091 SOS4o7 —«1,297'098. 1,400,072 | nsum . -- ’ ’ pO dy > ‘ay ie ’ ’ , 9 

/ Ww Price: Common lead, average, cents per pound?__ 15.03 16.29 22.538 21.53. 23.10 
orld: . - oe . 

7 | Mine ween enone eee eee eee 8,801,094 3,843,723. °3,762,489 3,750,210 _ 3,700,742 a 
e pamelter o-oo 3,723,409 3,837,864 °3,828,701 *8,656,145 3,788,184 

“ pound eee nen egdencen ne 1368. 1947. 26.838 1873 - 20.46 

| | *Quotation on nationwide, delivered basis. _ ot a a a 

‘The International Lead and Zinc Study mand in close balance with little change in | 
_ Group (ILZSG) held -its 20th session in stock levels. A review of new mine and : oo 

' Geneva, Switzerland, November 8-12 to re-. smelter projects disclosed several new zinc- | OO 
view the situation in lead and zinc and the’ lead mines under development and schedul- 
outlook for 1977, and. long-term lead and_ ed for production in 1977 and 1978, includ- | 

- zine trends. ILZSG provided estimates of ing Tara in Ireland and Rubiales in Spain. | 
- world production and consumption of lead Several new and expansion smelter pro- | 

_ and zinc that reflected a strong recovery in jects, both primary and secondary, also 
world economic activity from the low levels were scheduled for startup in 1977 and | 

_. of 1975. ILZSG estimates for 1976 and fore- 1978. . 7 | a 
casts for 1977 showed lead supply and de- | - Oo | | | 

i, DOMESTIC PRODUCTION __ 

: ‘MINE PRODUCTION Lead Co. of Missouri and Homestake Lead 
| , ata os . Co., was the Nation’s leading lead producer 

Output of lead from U.S. mines in 1976 fy the sixth consecutive year although | 
totaled 609,500 tons, about 2% less than in ) y | 

ve . . output of ore, concentrates, and contained 
1975. Monthly production reached a maxi- lead declined moderately from th ord 
mum in March of 57,800 tons, about 1% less levels hic ed j 1975 3 ail od i 1976 

-. ‘than the maximum achieved in the same totaled 1 61. ai to re mili , 99 oe 
month in 1975. Production from Missouri 61 milion tons averaging 9.9% 
mines decreased 3% to 501,000 tons and lead and 3.9% zinc from which 204,574 tons . 

accounted for 82% of the Nation’s total 0f lead concentrate and 94,734 tons of zinc 
output of lead. Production in Idaho, which Concentrate were produced. Ore reserves 
provided 9% of the total, was 6% more than decreased 0.78 million tons to about 28 
in 1975 reflecting increased output at the million tons at yearend. Average grade of 
Lucky Friday and Star mines. Colorado's reserves was 7.0% lead and 2.0% zinc.® 
production was down 1% but mine output § The seven leading mines, all in Missouri, | 
in Utah continued to rise for the second provided 78% of the total U.S. mine pro- 
consecutive year in 1976 after reaching a duction of lead compared with 79% in 1975. 
70-year low in 1974. The 29% gain in Utah’s The 12 leading mines produced 91% and the 
output was ate to increased oe 25 a ae mines accounted er 2% o the 
uction from the io mine near Park total, the same as in . ut 4, 

ety which more than offset lower pro- persons were employed at the Nation’s lead 
uction from the Burgin mine. —_— 
The Buick mine, jointly owned by AMAX SHomestake Mining Co. 1976 Annual Report. P. 17.
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| : : lead-silver, and lead-zinc mines and mills in proven and probable ore at the Star mine 
_ 1976. Output of lead and zinc from these totaled 703,000 tons averaging 6.9% lead, 
‘mines was approximately 165 tons per man- 8.0% zinc, and 4.0 ounces of silver per ton.* 
year. Average grade of lead ore mined was.. In Colorado, Idarado Mining Co. mined 
5.89% lead and 0.97% zinc, compared with and milled 361,000 tons of ore averaging 
6.17% lead and 0.89% zinc in 1975. _ 2.40% lead, 3.83% zinc, and 0.49% copper, 

- _ St. Joe Minerals Corp., the Nation’s larg- compared with 406,000 tons of ore averag- 
ae est lead-mining and smelting company, op ing 2.28% lead, 3.24% zinc, and 0.63% 

erated its tour underground mine-mull units copper treated in 1975. Ore reserves at 

_ in the New Lead Belt of southeast Missouri yearend were 3.48 million tons, about 5% 
_ at full capacity during the year. The four jess than at yearend 1975. The company 

- units, Fletcher, Brushy Creek, Viburnum, reported art 11% reduction in ore milled, 

ately one-third of the total US. mine pro. To{U00d development activity, and inerens | thi ~. ™ e productivity which:lowered.mine | 
as duction in 1976. The company reported that operating costs and partly offset sharply 

oo concentrate 9 Froacnon wes en tons higher smelter treatment..charges. At the 
| e ? ? Leadville mine, also known as the Resur- 

Bn 280 Comoe 2d etn i st er of ASAROD 
_—__ doe mines also produced 17,986 tons of zine tons ‘of lead-inesilver ore was treated, 

Hm gmncontates and $19 tons of conmet in slightly les than in 1975. The, average | worked un, dergroun d ranged from a low of &tade of ore milled in 1976 was 4.25% lead, 
| | 30 tons to a high of 55 bone! : 9.26% zinc, and 2.2 ounces of silver. per ton 

In Idaho, Hecla Mini Co reported that compared with 4.23% lead, 8.68% zinc, and 

sits Lucky “Friday mine produced 186,520 2-2 Ounces of silver per ton in 1975." Lead 
tons of ore assaying 14.41 ounces of silver metal production was about 7,300 tons, 200 

| per ton, 10.91% lead, and 1.47% zinc in ‘ons less than in 1075.* Ore reserves at 

: 14.96 ounces of silver per ton, 10.71% lead, tons averaging 4.96% lead, 9.94% zinc, 2.71 
and 1.29% zinc in 1975. About 20,100 tons of Ounces of silver and 0.08 ounce of gold per 
lead, 2.64 million ounces of silver, and 2,600 t00, down from 2.27 million tons at the end — 
tons of zinc were contained in the concen- of 1975. — Oo - 

_ Tock, Pridey totaled 175,000 tous, connate : SMELTER AND REFINERY PRODUCTION © 
| with 505,000 tons at yearend 1975. Hecla _—_Qutput of primary refined lead and lead _ 

| aso spores that voit owned by teen in antimonial lead from the Nation’s five _ 
“Morning ? rimary ies in 1976 totaled 657,519 

(30%) and The Bunker Hill Co. (70%), total- tons bout 89% more than in 1975. About 
ed_282,037 tons of oF ven 6 in 979% of the total output was recovered from 
1975, Hecla’s share of the 1976 Production domestic ores. Antimonial lead production 

Pins ying ¢. at primary ‘refineries increased about 12% 
| aig ai rant eomnneeee the Compu oy 5% to 6,743 tons. The average antimony content 

reserves was 344,000 tons, about 50,000 tons of the alloy increased from 9.4% to 10.3%. 
less than at yearend 1975.* St. Joe's smelter-refinery at Hercula- 

The Bunker Hill Co. (a subsidiary of Gulf neum, Mo., the largest in the United States, : 
Resources and Chemical Corp.) reported operated at close to capacity in 1976. Pro- 
production from company-owned mines duction of lead and lead alloys totaled 

ated 35.000 tons of lead. about 2.000 2224883 tons, 20% more than in 1975 re- 
SEres a ° _? flecting strong demand for lead throughout tons more than in 1975. Ore production at > . 

wy se | . the year particularly from the battery in- The Bunker Hill mine increased approxi . : f 
mately 10% to a record level. At the Pend dustry and manufacturers of lead alkyls for 
Oreille mine ore production increased about %480line. 
25%. The company also reported that —————— | 
proven and probable ore reserves at year- sor, Joe Me a a6 we aut Repo nee P.8. | 
end 1976 in the Bunker Hill mine totaled ‘Gulf Recouren and Chemical Corp. 1976 Annual Re- 
3.09 million tons averaging 2.2% lead, 3.4%  port.Pp.11-12. 
zinc, and 1.4 ounces of silver per ton. In es \2vmont Mining Corp. 197 Rea Fp. 5. 
addition, the company’s 70% interest in ®Page 8 of work cited in footnote 4.



ASARCO reported that its Omaha, Nebr., that the falloff in production in 1976 result- 
and Glover, Mo., refineries produced ed from curtailment of smelter operations . 
197,300 tons of lead, slightly less than in in order to comply with pollution control | | 

_ 1975. The company began work at midyear regulations; however, completion of a tall | 
on a comprehensive modernization and air- chimney (stack) in mid-1977 should enable 
quality control program designed to bring the smelter to operate near capacity. The 
its copper and lead smelters at El Paso, Bunker Hill smelter processed concentrates | 
Tex., into compliance with government from mines in seven States, Canada, Green- — 
standards. The new facilities will include a land, and Peru. 7 | ee 

totally enclosed ore handling system to Secondary smelter production from recy- cs 
minimize air pollution from incoming cop- cled materials in 1976 increased 10% to a : 
per and lead ores, a new lead sintering record high level of 726,600 tons of lead, oe 
plant, and an 800-ton-per-day sulfuric acid about 52% of the total smelter and refinery : 
plant to control sulfur dioxide emissions production. Approximately 115 secondary . 

from the copper concentrate roasters and plants were engaged in recovering lead and | 
the lead concentrate sinter machine. Con- jeaq alloys from recycled scrap during the | 
struction of these facilities was to begin in year. Secondary metal output represented | 
197 7 and the entire $98 million moderniz nearly 49% of the total lead consumption in nh 

ation program is scheduled for completion 1976 Approximately 48% of the total sec- | 
in 1978. At the company’s East Helena, ondary lead production was recovered in 

Mont., lead smelter a $37 million moderniz- the form of lead metal, 47% as antimonial | 

ation program, underway in 1976, included ead, and the remaining 10% in other lead | 
a 500-ton-per-day acid plant and extension alloys. O ee 

_of the updraft sinter machine. Completion : : 
of the project was scheduled for the third / RAW MATERIAL SOURCES 
quarter of 1977. Base bullion produced at | . | 
the El Paso and East Helena custom smelt- . Primary smelters and refineries process- 
ers was treated at the Omaha refinery. The ed ores and concentrates from domestic 
Glover smelter-refinery, which treated con- mines yielding 570,800 tons of refined lead 
centrates from the Ozark mine at Sweetwa- and antimonial lead, about 87% of the total 
ter, Mo., was closed by a strike extending primary refinery production. Refined and 
through the last 4 months of the year antimonial lead recovered from imported 
resulting in a loss of 32,000 tons of refined concentrates smelted during the year total- 
lead production.* a ed 86,700 tons;‘t9,700 tons less than in 1975. 

The East Helena smelter processed ores Lead recovered from lead scrap processed at | 
and concentrates from about 115 domestic primary plants dropped to 1,400 tons, large- 
mines in 10 States and from mines in lycontainedin antimoniallead. | 
Australia, Canada, Colombia, Honduras, Scrap materials consumed in 1976 totaled 
and Peru. The El Paso smelter processed about 1 million tons, 93,800 tons more than 
ores and concentrates from approximately jn 1975. New scrap in the form of vurchased 
28 domestic mines in 5 States and from drosses and residues from a variety of | 
mines in Canada, Honduras, Mexico, Nica- sources aggregated 151,000 tons, about 11% - 

ragua, and Peru. more than in 1975 and a record high con- 
The AMAX-Homestake smelter-refinery symption. New scrap accounted for 15% of 

at Boss, Mo., processed 196,800 tons of the total scrap processed, the same as in 

concentrates and produced 134,100 tons of 1975. The remainder, old scrap, was largely 
refined lead, slightly less than in 1975. battery plates, cable lead, soft and hard lead 
Approximately one-half of the production of with smaller quantities of type metal, sold- 

refined lead at the smelter was tolled for 6, and babbitt. About 4,400 tons of reclaim- 
others." ed scrap was imported from foreign count- 

The Bunker Hill smelter-refinery of Gulf  ,. . os | «le , Resources and Chemical Corp. produced ries for processing in domestic plants. | 

108,000 tons of lead in all forms, about 12% 10Pages 9 and 11 of work cited in footnote 8. 

less than in 1975. The company reported 11Page 17 of work cited in footnote 3.
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ee Ontario. : 

a PEP RLY \ Austinville 

| . _.. Ground Hog : 1] (| | 

s oOo bal _\ 
© SMELTING & REFINING LOCATIONS | »” ON 

1 EF Paso, Texas Asarco> COLORADO MINES — |, MISSOURI! LEAD MINES . 
- 2. East Helena, Montana Asarco Idaredo Buick 

a 3. Omaha, Nebraska Asarco: a - Leadville — Fletcher , 

os 4. Glover, Missouri Asarco. Sunny side . Magmont 
5. Buick, Missouri AMAX © Camp Bird Ozark 

6. Herculaneum , Missouri Eagle . Viburnum No. 27, 28, & 29 | 

: St. Joe Minerals a Emperius Indian Creek 
7. Kellogg, Idaho, Bunker Hill = Bulldog Mtn. | _ Brushy Creek , 

a — 8 Figure 2.—Lead mines and smelters in the United States. _ 

- CONSUMPTION AND USES 

, Domestic consumption, of lead in 197 6 ly 62.1 million SLI-type batteries were pro- 
totaled 1.49 million tons, 15% above the duced in 1976, 14.9 million more than in 

| 8-year low level of consumption established 1975. Of the total battery production 48.2 
in 1975. On a monthly basis, consumption million were replacement and 13.9 million 
ranged from a low of 103,400 tons in July to were original equipment, representing — 

, a high of 137,400 tons in October. The use of gains of 18% in replacement and 114% in 
lead increased in. all major product cate- original equipment. The 15% gain in the 
gories. In metal products, battery require- quantity of lead used in antiknock additives 
ments were up nearly 18%, ammunition ji, 1976 was attributed essentially to in- 

was down 2%, but solders increased 10%. creased gasoline production, increased ex- 
Lead used in pigments, principally red lead - . . ~<* ports, and buildup of stocks. Lead used in 
and litharge was up 33%, and lead used in }ottery manufacture accounted for about 
gasoline antiknock compounds was 15% 55% of total lead consumption. Lead re- 
greater than in 1975. Miscellaneous and . . " 

. . quirements for antiknock compounds repre- 
other unclassified uses of lead combined sented 16% of the total: pi ts unted 
increased 30%. According to type of mate- fro anise SC maigcell a ous and 
rial consumed, soft refined lead represented th 9 v lessified ac 2 ne and her 1 otal 
67% of the total consumption; antimonial © dt une he uses, 4%; and other me 
lead accounted for 28%; lead in other alloys Products, the remaining 13%. 
accounted for 4%; and lead in copper-base The domestic supply of lead metal from 

scrap accounted for about 1%. all sources——~primary and secondary pro- 
The 18% gain in lead requirements for duction, imports for consumption, industry 

battery grids and oxides was attributed to ‘Stock changes, and stockpile releases— 
increased demand for original equipment totaled about 73,700 tons more than report- 
starting, lighting, and ignition (SLI) bat- ed consumption and exports. The apparent 
teries, reflecting a 28% gain in production excess supply in 1976 was attributed largely 
of motor vehicles, and to increased require- to unreported consumption, incomplete ex- 
ments for replacement batteries attributed port data, and stock buildup, especially by 

mainly to severe winter weather conditions small producers, consumers, and dealers 
in many parts of the country. Approximate- that do not report to the Bureau of Mines.
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LEAD PIGMENTS _ quoted price for red lead (Pb,0), 95%, oe 

Consumption of pig lead for manufacture ooten isin Eo eeeeral’ thera trom 24 | : 
of lead oxides, pigments, and compounds (ont per pound in January to 31.25 to 82.5 
was 516,768 tons in 1976, an increase of ‘ ° ag 
21,082 tons from the 1975 total. A small ‘Cts Per pound in October, where it re- 
decline in use for manufacture of litharge, nee gtr withe Wed arent 6 Baste 
and white lead was more than offset by | : e 7 
. : . per pound, from 32.5 cents in January to 
increased use for production of black oxide 38 5 cents per pound in October : 
and red lead. The largest increase was in The ote . wae of shi ts for 1i 
requirements for battery oxide, which rose _ d red a hite 1 : i 1976 w a gies a | 

to 374,761 tons in 1976, an increase of 7% 70 00%. at $90.0 ‘ion fron 
from the 1975 total. Most of the litharge and ™ullion, an increase of $20.0 million from | 
black oxide produced went to battery manu- the 1975 total. The average value per ton ames 7. was $553.71 compared with $427.78 in 1975 facturers. Total shipments of litharge in oe ° ee ee | 
1976 were 122,462 tons, a gain of 1,987 tons The increase in value was attributed to 
from that reported in 1975. A decline in use higher pricinginallcategories. = 
for ceramics and rubber was offset by a Foreign Trade.—Exports of pigment- 
sharp increase in demand for litharge by 8tade lead oxides and compounds totaled 
the paint industry. Shipments of white lead 2,965 tons with a gross value of $2.1 million. 
continued on the down trend with only Venezuela and Brazil accounted for 57% of ; 
1,625 tons of domestic production shipped te nod to SD other’ the Tee pete was 
duringthe year. shippe: other countries. rts | 

Prices.—The published price for litharge lead pigments and compounds increased in 
as listed in the Chemical Marketing Re- 1976 to 17,836 tons with | a total value of 

porter was 24 cents per pound in carload approximately 7 oe yee hee 
lots, ex-works, on January 1. During the accounted for (7% of the tonnage with @ oo 
week of January 5 the price softened and value of almost so ration. Mexico was the 

was quoted in a range of 23.75 to 24.00 cents prime source of supply for litharge ac- 
| per pound. The price for litharge remained counting for 99.9% of the total. Chrome 

at this level until mid-May, when it was yellow was second in volume at 2,747 tons; 
increased to 24.25 to 26.25 cents per pound. Canada and Japan supplied 73% and.25%, 
The quotation remained firm until the week respectively, of the total chrome yellow, : 
of October 11, when a price of 30.25 cents with a small quantity from West Germany. 7 
per pound was established which held The remainder of pigments and compounds 
through the remainder of the year. The was received from a total of 11 countries. | 

STOCKS a a 

Industry stocks of lead at producers and figures and collectively were 15,143 tons 
consumers plants dropped sharply during less than the comparable 1975 total. The 
1976 from a high level of 206,300 tons in largest drop in primary producer stocks, 

March to a low of 151,800 tons in November. other than refined pig lead, was attributed 

The closing inventory of 171,600 tons at to lead contained in ore and matte, which 
yearend, including rehnet in atlove, ‘was fell to 54,140 tons, a decline of 14,369 tons 

? ’ from that of 1975. 
19% less than in 1975. 

The downtrend was virtually all reflected Consumer and secondary amelter stocks 
in primary producer stocks, which dropped of lead in all forms declined slightly in 1976 

to a low of 43,716 tons in December froma ‘© 129,610 tons, a drop of 3,705 tons from * 99.08; 1975. Increased stocks of refined soft lead, peak of 92,034 tons recorded in February. . , ) 
The decrease was primarily in holdings of alloys, and lead in copper-base scrap were 
refined pig lead, which declined 36,844 tons more than offset by a drop in antimonial 

to a low of 39,869 tons at yearend. Lead in lead to 34,106 tons, a reduction of 7,463 tons 
antimonial lead, base bullion, and ore and from that of 1975. 
matte also contributed to the lower stock | Scrap in the hands of all consumers rose
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about 7% to 101,670 tons. Reduced inven- uary was steady until the end of May when 
oe tories of soft. and hard lead were more than a short upturn through July indicated a 

offset by gains in all other categories. The slight recovery. However, from this minor 
largest increase was in drosses and residues peak in July there was a sharp drop to a low 

| which. rose by 4,889 tons to 36,737 tons. of 70,878 tons in late October. Slight gains 
_. Total stocks of lead in LME warehouses in inventory continued into December when 

| dropped about 19%. to 76,058 tons during the stocks began ‘to drop again ending the 
1976. The decline from 94,467 tons in Jan- year ona definite downtrend. . 

| | - ~ PRICES | | 

| | - The U.S. producer price for common and The cash bid price for lead on the LME 
corroding-grade pig lead as reported by during the first quarter ranged from 15.2 to 
Metals Week on a nationwide, delivered 17.4 cents per pound in terms of U.S. 

, basis, was 19.0 cents per pound through currency. The ‘average parity margin was 
March 9, 1976. Effective March 10, 3.1 cents per pound for the period, indicat- 

, ASARCO raised its price to 20 cents per ing that foreign lead could be shipped 
‘pound. Several other producers quoted a 2- competitively to the United States. How- 

cent increase to 22 cents per pound on the Ver, in the period covering March through 
same day. On April 14, St. Joe Minerals July the LME quotations rose more rapidly 
raised its quotation by 2 cents, to a level of than the US.. producer price and the mar- 
23 cents per pound. St. Joe was quickly 05 narrowed accordingly. The low price 

followed by all producers with the exception sea this period ie 20.6 cents per pound 
of ASARCO, which announced an increase @" ‘the high was 29.12 cents per pound wi 

a of 1.5 cents to 22.50 cents per pound on a corresponding average difference of 1.2 
A 7 Nag ea cents per pound. At this level the cost of 

pril 15. The split price prevailed through freight. duty. brok d fit ld 
May 13, when ASARCO declared an in- Be ee eek eT eee, ie ay * : not permit the movement of foreign metal 
Crease of 0.5 cent per pound, which estab- to the U.S. market. In August the tradition- 
lished all producers at the 23-cent-per- 4) spread reappeared with the price at 21.8 
pound level. During July there was a series cents per pound where it remained relative- 
of price changes, and on July 12, the produc- jy unchanged through the remainder of the 
er price. was established in a split range of year. The average marginal parity for this 
24,50. to 25.00 cents per pound, where it 5-month period was‘ about 3.9 cents per 

stayed until September 30. On September pound. The average annual price for lead on 
_ 80, St. Joe Minerals increased its lead price the LME in 1976 was 20.46 cents per pound 

by 1 cent to 26 cents per pound. The other (based on a monthly average Sterling ex- 
producers followed this move on October 2, change rate of 180.542 cents) compared with 
resulting in a split price of 25.50 to 26.00 the 1975 price of 18.73 cents per pound 
cents per pound which was maintained (basis a Sterling exchange rate of 222.15 
through the remainder of the year. cents) | : 

FOREIGN TRADE 

Exports of lead metal, lead alloys, and _ sent a significant outflow of lead. Canada 
lead in scrap materials in 1976 totaled received about 33% of the total exports of 
52,760 tons, 26% less than in 1975. Metal metal and scrap, Venezuela received 10%, 
and alloy exports were reduced substantial- Taiwan 9%, Mexico 8%, Brazil 7%, and 

ly but scrap exports at 46,883 tons were about 32 nations divided the remainder. 
down only by 6% and continued to repre- Shipments of lead and zinc concentrates
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continued to move overseas, but no statisti- reflecting increased withdrawal of material 

eal division between lead and zinc was from bond. The principal source countries 

available. The gross weight of concentrates were Honduras, Peru, Australia, Mexico, 

was 148,787 tons valued at $28.9 million. and Canada. Imports for consumption of 
Belgium and West Germany together metal were 45% over those of 1975 re- | 

received 59% of the shipments by weight. | Versing the declining trend of previous - 
Export of gasoline antiknock additives YTS. Source countries for metal imports | 

containing tetraethyl lead or tetramethyl Were Canada 887, Mexico 31%, ¥ ugos avla 
lead was estimated to contain 28,000 tons of 6%. reru ié7, Australia 070 and overs | 
lead valued at $86.5 million based on trade ‘Basic tariff rates remained unchanged in| 

data from the BureauoftheCensus. = = 1976 at 0.75 cent per pound of lead in ore 

General imports of lead, comprising nd concentrates and 1.0625 cents per 
148,266 tons of metal, 76,365 tons in ores pound on bullion, metal and dross for most 
and concentrates, and 4,413 tons in scrap, favored nations. The statutory rate of 2.125 
totaled 18% more than in 1975. Imports of cents per pound for other nations remained - 
ores and concentrates for consumption to- in effect during 1976. | 
taled 88,988 tons, almost twice those of 1975, a oe 

a . ~° . WORLD REVIEW | | : | 

World mine production of lead in 1976 Total world consumption of refined lead 

_ declined for the third year to 3.70 million in 1976 was reported by the World Bureau 
tons, about 1% down from production in of Metal Statistics as 4.7 million tons, 9% 
1975. Smelter production, on the other more than in 1975. This total includes some — 
hand, increased by 4% to 3.79 million tons secondary lead, but excludes remelted ‘pig , 

: and refined lead consumption reported by lead and remelted antimonial lead. If all 

the World Bureau of Metal Statistics rose secondary metal consumption were includ- 

by 9% to 4.69 million tons. - ed, the world total would be in the range of 

Mine production in 1976 by market econo- 5.3 to 5.5 million tons. The United States 
my countries totaled 2.68 million tons, 3% was the leading consuming country using 

less than in 1975. Smelter production in 1.5 million tons and accounting for 27% of 

market economy countries, limited to pri- the total. ot | , a 

mary metal where information was avail- Australia.—Mine production of lead, - 

| able, was 2.73 million tons, a 8% gain over 439,000 tons in 1976, was 2% less than in 

that of 1975. The mine production of cen- 1975. Australia retained its position as the 
trally planned economy countries, except third ranking source of lead in ores and 

Yugoslavia, was estimated at 1.02 million concentrates. The combined production of | 

tons and smelter production at 1.06 million refined lead and lead bullion, 378,000 tons, 

tons with a small part of the assigned was 10% over that of 1975 making Austra- 
smelter production: coming from secondary _ lia third in lead metal production. | 
sources. These estimates indicated a slight The lead dumping case against Austra- 

increase, less than 1%, from those of 1975. lian and Canadian lead producers, started 

~The United States was the leading coun- in 1973, was reviewed by the U.S. Inter- 

try in lead mine production and accounted national Trade Commission early in 1976. 

for 16% of the world total. Other countries In April, the Commission found in favor of 

producing significant percentages of the the foreign producers with a ruling that 

total were the U.S.S.R. 14%, Australia 12%, allowed them to make less than fair value 

Canada 8%, Mexico 6%, Peru 5%, Yugosla- sales as long as there is no injury to 

via 4%, North Korea 4%, Bulgaria 3%, and domestic industry. This encouraged refined 

the People’s Republic of China 3%. The lead imports from Australia to increase 

United States was also the leading producer from none in 1975 to 6,123 tons in 1976. . 

of refined lead followed in order by the Australian Mining and Smelting Ltd., St. 

U.S.S.R., Australia, Japan, Mexico, Canada, Joe Minerals Corp., and Phelps Dodge Corp. 

France, Yugoslavia, Bulgaria, Belgium, reached an agreement for the development 

West Germany, and the People’s Republic of a zinc-lead-copper deposit in the Wood- 

of China. The smelter outputs assigned to lawn area of New South Wales. Drilling 

Bulgaria, France, and Yugoslavia may in- indicated 10 million tons of ore averaging 

clude recovery from secondary sources. 9% zinc, 3.5% lead, 1.8% copper, and 56



78 _ MINERALS YEARBOOK, 1976 | , 

So _ grams of silver per ton ofore.. . . duction would probably depend on devel- - 
ce North Broken Hill Ltd. continued to pros- opment of the nearby Grum deposit. In the __ 

| pect a possible extension of its orebody and Northwest Territories, Cominco Ltd. com- 
: diamond drill holes showed encourag- pleted its underground work and feasibility 

_ ingresults. a _.... study at Arvik on Little Cornwallis Island _ 
a . Bolivia.—The three mine groups in Boliv- and future production was to depend onthe 
_.. ja, Corporacién Minera de Bolivia results of negotiations with the Federal 

oo (COMIBOL), the medium miners, and the Government. Texasgulf Inc. continued work 
: _. small miners, combined to produce for ex- at’ Izok Lake, 225 miles ‘north of Yellow- 

port over 18,000 tons of lead in concentrate knife, with drilling on three separate zones 
in 1976. COMIBOL was the main producer indicating over 12 million tons of ore grad- 

: with 68% of the total.production mainly ing 13.77% zinc, 2.8% copper, and. 14% 
| from.the Tatasi and Telemayu mines. Plans lead. — ae Pan ms , 

to construct a lead-silver smelter were Mine production of lead (recoverable con- 
advanced with the intention of asking for tent) came from eight provinces and territo- 

| | supplier bids in 1977. The project was to cost ries, the four: major sources being British 
$110 million with an estimated capacity of Columbia—98,000 tons, New Brunswick— 

a _ 24,000 tons of lead per year and was to be 68,000 tons, Northwest Territories—60,000 
. . located near Potosi in southern Bolivia. tons, and Yukon—42,000 tons. Major mine 
| | Canada.—Mine production of lead, as producers of lead in concentrate were Co- 

recoverable content of ores, was 283,000 minco’s Sullivan mine in British Co- 
| short tons in 1976, a reduction of 25% from lumbia—85,000 tons, Cominco’s Pine Point | 

| 1975 production. and the lowest level of lead mines in Northwest Territories—60,000 - 
woe mined in 12 years. Production of primary tons, Brunswick Mining and Smelt- _ 

—— refined lead was 193,000 tons, a 2% increase ing Corp. Ltd. Bathurst mines in New 
- from output in 1975. Production of sec- Brunswick—40,700 tons, and Cyprus Anvil =. 

_ _ ondary lead was about 37,000 tons, slightly Mining Corp. mine at Faro, Yukon—36,500 
: - morethanin1975. = © | tons. | oy - : 

Lead in Canada was mined asa byproduct § Metal production came from two smelt- 
or coproduct of zinc, copper, or silver, and ers. The Cominco smelter at Trail, British _ 
production was depressed as the output of Columbia produced 142,000 tons and the 
zinc and copper was scaled down to suit Brunswick Mining and Smelting Corp. 

_ market conditions. Canadian consumption plant at Belledune, New Brunswick, pro- 
7 _ in 1976 was estimated to be 69,000 tons of duced 51,400 tons of lead. Brunswick is a 

‘primary and 39,000 tons of secondary lead, subsidiary of Noranda Mines, Ltd. - foe 

an increase of 10% from 1975. Greenland.—The Black Angel mine in 
Exploration continued in Canada on sev- west Greenland was operated by Greenex 

eral base metal deposits containing bypro- AG, a subsidiary of Vestgron Mines Ltd., 
| duct or coproduct lead. In New Brunswick, and produced 157,000 tons of zinc concen- 

Canex Placer Ltd. was developing its Resti- trate and 42,000 tons of lead concentrate 
gouche and Murray-Brook properties, An- from 663,000 tons of ore assaying 14.7% zinc 
aconda Canada, Ltd., continued feasibility and 5.2% lead. Cominco Ltd. holds a 61.5% 
studies on the Caribon property, and interest and Northgate Exploration Ltd. a 
Texasgulf Inc. continued diamond drilling 9.6% interest in Vestgron. 
at Half Mile Lake, but the exploration shaft Ireland.—Tara Exploration and Develop- 
was deferred because of poor metallurgical ment Co. Ltd. at ‘Navan, County Meath, 
test results. In Yukon Territory, develop- planned to begin production of zinc and lead 
ment work continued on the Grum deposit concentrates early in 1977. Tara is owned in 
with Kerr Addison Mines Ltd. and Canad- part by a consortium of mining companies: 
ian Natural Resources Ltd. concluding a Noranda Mines Ltd. 19.93%; Cominco, Ltd. 
feasibility study looking toward a decision 17.43%; Charter Consolidated Ltd. 10.75%; 
on the next step in 1977. Canex Placer Ltd. Northgate Exploration Ltd. 9.9%; and the 
had a joint project with United States Steel remaining interest is held by the Irish 
Corp. drilling the Howards Pass deposit, Government and other private investors. 
and Hudson Bay Mining and Smelting Co. The mine was expected to produce about 
Ltd. was exploring and drilling the Tom 500,000 tons of concentrates per year in the 
deposit through an adit. Vangorda Mines ratio of 5 parts of zinc to 1 part lead. 
Ltd. at Vangorda Creek conducted a feasi- Bula Ltd., controlling the northern part 
bility study which indicated that pro- of the deposit at Navan, planned to begin
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construction of its separate concentrator in major mines increasing its capacity to pro- 
1977. The Tynagh lead-zinc-silver mine in duce lead-zinc ores. During 1976 it produced 7 
County Galway, owned by Irish Base Metals 96,800 tons of lead metal from the smelter 
Ltd., continued production of concentrates in Chihuahua and refinery in Monterrey. 
in 1976. A total of 27,000 tons of lead Until recently Mexico was a source of 
concentrate and 26,000 tons of zinc concen- lead concentrates and flue dusts imported . 
trate were shipped to European smelters. into the United States, but in 1975 and 1976 
Kerr Addison Mines Ltd. acquired a 75% practically none appeared in general im- 
interest in the Silvermines property in ports. On the other hand, lead imported in 
County Tipperary (formerly Mogul of Ire- pigs and bars was 44,290 tons in 1976, a 49% 
land Ltd.) in March 1976. The Mogul or increase over imports in 1975 representing | | 
Silvermines mine produced zinc and lead 21% of Mexico’s total lead metal production | 
concentrates containing 54,760 tons of zinc in 1976. Oo an a 

and 14,870 tons of lead (metal content). South Africa, Republic of.—The Republic 
The total lead production in Ireland in of South Africa produced only a few thou- / 

1976 was estimated to be 35,000 tons. sand tons of lead concentrate from the | 
Japan.—Production of refined lead in- Prieska mine in 1976. However, exploration 

creased by 18% to over 241,000 tons in 1976 at the Broken Hill and Black Mountain | 
as better demand developed from the au- holdings of the Phelps Dodge Corp. near — 
tomobile and construction industries. A Aggeneys in northwest Cape Province | 
strike at Cyprus Anvil Mining Corp. in disclosed ore reserves. that could make 
Yukon, Canada, forced Toho Zinc Co. Ltd. to South Africa a substantial lead producer. 
purchase metal and concentrates elsewhere Reports indicated that Broken Hill reserves — 
to keep its lead plant operating. The do- were over 79 million tons of ore averaging 
mestic mine production of Japan was about 0.38% copper, 4.28% lead, 2.32% zinc, and _ 
57,000 tons of lead in concentrates, one- 1.7 ounces of silver per ton; Black Mountain . 
fourth of total metal requirements. The contained 30 million tons averaging 0.60% 
Ministry of International Trade and Indus-. copper, 2.30% lead, 0.5% zinc, and 0.73 
try (MITD planned to begin a stockpile of ounce of silver per ton. Most of this tonnage 
nonferrous metals including lead. The ob- is amenable to open pit mining. A feasibility 

_ jective for lead was 9,900 tons but no pur- study indicated that:the project could pro- | 
chases were scheduled for 1976. Japan, duce 145,000 tons per year of lead concen- , 
often an exporter of lead, imported 35,000 trates within 3 or 4 years if transportation — 
tons in 1976 against exports of 9,500 tons. and water supply facilities can be arranged. 
Mexico.—Regulations fulfilling the Min- Yugoslavia.—Exploration for new mines 

ing Law of 1975 were issued in November and expansion of existing lead-zinc mines 
1976. A compromise was reached in nego- was planned as part of a program designed 
tiations between the Government and Ca-_ to double 1975 production of lead raw mate- 
mara Minera de Mexico (CMM) represent- rials by 1980. The aim of the program was to 
ing the private mining firms in Mexico. If eliminate the need for imports of concen- : 
these regulations were strictly enforced, trates to keep Yugoslavian smelters pro- | 
Government ownership or participation in ducing at capacity. A new lead mine was 
mining enterprises would increase, entry of brought into production late in 1976 and 
foreign capital would be permitted only ona expansion continued at three other mine- | 
minority basis, and expansion by private mill units. During 1976 about 18 mines and 
enterprises could be limited. 14 flotation plants were producing. Two 

During 1976, Industrias Pefoles S. A. lead smelters, one lead refinery, and one 
announced plans to market about 40% ofits lead-zinc Imperial smelting furnace were in 
refined lead production in the United operation. Exports of lead from Yugoslavia 
States. The new silver-lead refinery at Tor- to the United States totaled 19,944 tons, 
reon was completed in January but startup 16% of Yugoslavia’s total refined lead pro- 
problems prevented normal production un- duction. Trepca was the largest lead-zinc 
til late in the year. producing entity, operating the Stari Trg 

Industrial Minera Mexico S.A. (IMM) mine and lead smelter and refinery at 
completed the modernization of three of its Zvecan.
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| a 7 a. TECHNOLOGY | | | 

Much of recent technological progress acterized by high metal recoveries, low 
‘with respect to lead was related to the environmental contamination, and low la- 

- solution of environmental problems includ- bor and capital costs compared with a 
ing control of toxic emissions from smelt- conventional smelter." 

| ers and the: treatment of solid and liquid A flash agglomeration method of treating 
_ wastes from mines and mills, foundries, and flue dust produced in smelting scrap auto- 

lead fabricating plants to reduce or elimi- mobile batteries developed by Paul Bergsoe 
. nate health hazards. _—_— and. Son Co., Denmark, reduces airborne 

The Bureau of Mines began to evaluate emissions of sulfur and lead particulates to 
the economic feasibility of its newly devel- allowable limits. By a closed conveyor, flue 
oped hydrometallurgical process for ex- dust from the baghouse hopper is transport- 

| tracting lead, .zinc,.and associated metals ed directly into a flash agglomeration fur- 
from sulfide mineral concentrates in a con- nace, forming a molten slag which is tapped 
tinuous pilot plant operation. The process, from the furnace and allowed to solidify. 

: which uses a ferric chloride-brine leach and The agglomerated material is recycled to 
fused-salt electrolysis procedure to recover the smelter furnace with no flue dust leav- 

| lead from galena concentrates, produces ing the system, thus minimizing health 
metallic lead without generating sulfur ox- hazards associated with toxic substances 
ides and minimizes the emission of lead contained in the dust." , 
vapors. , _ Significant progress was made in devel- 

Several direct smelting processes for oping lighter weight, more efficient lead- 
treating lead concentrate to produce metal- acid batteries in an effort to improve the 

! lic lead and slag have been developed in power-to-weight ratio and expand the mar- 
recent years to the pilot plant stage. These ket for these batteries in the field of trans- 

| processes offer several potential advantages portation. Notable advances were made to- 
over blast furnace smelting by eliminating ward increasing the oxide-to-metal ratio 
the sintering operation, reducing fuel re- and improving grid patterns. New grid al- 

| quirements due to the use of exothermic loys were developed through research that 
heat of smelting reactions, and producing a_ give promise for use in longer life main- 

‘richer SO. gas than is obtainable with tenance-free batteries. Some of the newer 
sintering. One of these ‘processes, the Q-S__ alloys contain such elements as strontium 
process being tested by St. Joe Minerals, is and cadmium in addition to those that | 
based on autogenous flash oxidation of the contain calcium, tin, and antimony."® 
lead concentrate followed. by submerged Hecla Mining Co. in cooperation with the 

| oxygen injection into the bath in a long Bureau of Mines developed a technique of 
reactor vessel. Lead is recovered as PbS, destressing blasting to reduce rock bursts in 
which redissolves in the bullion under the the Star mine. The combination of mining 
slag. The process produces bullion and SO. depth, rugged surface terrain, and geologi- 
in such concentrations that air pollution ¢a] conditions has imposed high residual 
can be minimized. In a further development horizontal stress in the rocks which, 

of the Q-S process by Lurgi GmbH, designa- influenced by mine openings and rock com- 
ted the QSL lead recovery process, pelletiz- position, creates a favorable environment 
ed concentrates are continuously charged for rock bursts. Guided by seismic monitor- 
into a reactor in which injected oxygen ing the destressing blasting consists of dril- 
produces rapid melting due to intense oxi- Jing long holes into vein walls and blasting 
dation. Lead metal is recovered with a slag _ to relieve stress on walls ahead of stoping.** 
low in lead for rejection to waste. Reported 

advantages of the process include lower Matyas, A. G., and P. J. Mackey. Metallurgy of the 
capital investment, less unit equipment and Direct melting of Lead. J. Metals, November 1976, 

lower operating costs compared with con- "isMulier, E. How Kivcet CS Shaft Furnace Simulta- 
ventional processes.?? neously Smelts Pb-Zn. World Mining, v. 30, No. 4, April 

The Kivcet-CS process for treating lead “iiftcey, T. §,, and S, Bergeoe. Smelting of Unbroken 
sulfide concentrate, developed to industrial _ Batteries. Presented at 106th Ann. Meeting AIME, Atlan- 
scale in the U.SS.R. combined the ta, 3a. March 197. An Auto Manufacturers’ Overview of 
functions of sintering, blast furnacing and the Battery Market. Convention "77. Battery, Council 
slag fuming in one autogenous smelting "sewer Minine n, D.C., Ap PPP. coo). 
operation. The process is reportedly char- To Misinizn Rock Burete v.30 Neg, vane wee .
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Table 2.—Mine production of recoverable lead in the United States, by State 
(Short tons) | | 

State’ 1972 - 1973 1974: 1975 1976 

Alaska _______________ _- 6 __. — 14 
Arizona__ = 176 © 7638 1,059 420 338 : 
California ____________________ 1,153 44 or) 66 54 
Colorado ________-____-__----~ 31,346 — 28,112, - 24,609 27,088 26,749 
Idaho __-___ 5s 61,407 61,744 5L717 50,395 53,636 
Illinois ~--_-_~_-§_-_->_-_- 1,335 541 493 Ww Ww 
Kentucky _~_______~_____~______ __ __ _- ) _— 
Maine_______________________ 85 204. 2719 364 216 

| Missouri _-___________________ 489,397 487,143 562,097 515,958 500,991 
Montana _____________________ 287 176 154 205 92 
Nevada ______________________ re) __ 1,785 2,976 . §82 
New Mexico ___________________ 3,582 2,556 2,364 1,931 Ww 
New York ____________________ 1,089 - 2,304 3,076 3,027 3,196 : 
Oklahoma ____________________ _- : _- Ww _- ; Ww 
Oregon eee — __ Ww WwW __ * 

Utah ____-__ = 20,706 18,733 10,510 12,679 16,297 
Virginia ~~~ 3,441 2,637 3,106 2,551 1,946 
Washington ___________________ 2,567 2,217 1,299 Ww . ww 
Wisconsin _____._______________ 757 844 1,285 Ww .-W 
Other States _______----1----~-- _- — 2 3,804 5,435 

Total _.__________________ >: 618,915 603,024 663,870 621,464 609,546 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.” So : 
1Less than 1/2 unit. os 

Table 3.—Production of lead and zinc in the United States in 1976, by State and class of 
ore, from old tailings, etc., in terms of recoverable metal 

(Short tons) 

ne Leadore:_- Zinc ore a Lead-zinc ore 

Gross : Gross : Gross State . Lead Zinc : Lead Zinc . Lead Zinc 
i : want con- ~~ Con- weight con- con- weight con- con- 

basis) tent tent 4.85%) tent _—tent bas) _ tent _—tent 

Alaska _____________ 1% 14 __ Le __ a Le 
Arizona__.-- 213 11 1 _ __ __ 1,100 45 sod 
California’___________ __ — — - 2,300. 46 164 ee) le _- 
Colorado _.__________ 206 13 __ 178,945 1,658 12,908 521,216 15,244 24,761 
Idaho ___.__________ 187,738 19,461 2,315 (4) eS) ?) 1,129,543 33,080 42,061 | 
Kentucky ___________ _- _- -- —- ee -- -_- -— -_- 
Maine______________ — — __ __ — __ __ __ — 
Missouri _.._________ 8,657,845 500,991 83,530 eo __ __ __ __ __ 
Montana ____________ 488 28 5 35 _— 1 _— __ -_- 
Nevada_____________ __ __ __ 8,300 33 320 77,450 516 1,110 
New Jersey __________ _— — _— 207,900 _. 83,767 — _— _— 
New York ___________ __ __ __ 1,289,456 3,196 73,671 __ _ __ 
Pennsylvania _________ __ __ __ 521,072 __ 22,280 __ _ __ 
Tennessee ___________ __ —_ __ 3,125,452 _— 78,218 __ __ _- 
Utah ______________ 3,621 577 __ __ __ __ 366,140 15,720 22,481 
Virginia _-__________ __ __ __ 522,443 1,946 11,241 _ __ __ 
Other States? _________ 150 11 __ 581,803 3,126 22,164 380,581 2,037 12,798 

Total ___________ 8,850,384 521,106 85,851 6,387,706 10,005 254,734 2,476,030 66,642 103,320 
Percent of total 

lead-zinc ~------_ 8H BB 
Copper-lead, copper-zinc, 

and All other sources* Total 
copper-lead-zinc ores 

Gross . Gross . Gross . 
. Lead Zinc . Lead Zinc . Lead Zinc 

“ay, cone con WGIBAE con con. © ENBRE con cam 

Alaska _____~___ ~~~ —_ -- -— _— _- _- 18 14 — 
Arizona__ ~~. —~_----~ 90,278 _— 9,350 65,269,628 282 36 65,361,219 338 9,501 
California ~.._______ - _- _— -- 3,774 8 6 6,074 54 170 
Colorado __________-- 361,250 7,143 11,940 197,860 2,691 1,012 1,259,477 26,749 50,621 
Idaho ______________ (4) () ) 1501,678 11,095 12,210 1,818,954 58,636 46,586 

See footnotes at end of table.
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Fable 3.—Production of lead and zinc in the United States in 1976, by State and class of 

2 Oo ore, from old tailings, etc., in terms of recoverable metal —Continued 

| | | | (Short tons) , 

Copper-lead, copper-zinc,' — . - 

. : and All other sources*® Total 
. | . “-_ copper-lead-zinc ores 

/ | State Gross _, . Gross . Gross . 
- weight Lead Zinc © _ weight Lead Zinc weight Lead Zinc 

pee (dry con- con- ( dry oen- con- (dry con- con- . 

| 

7 Kentucky ___.-----~-- ee ee 58,794 __ 59 58,794 _. . 59 

Maine______-__----~. 176,079 216 7,810 — __ _- _- 176,079 216 7,810 

Missouri _..___------ ©: —- =e -- _— —— _. 8,657,845 500,991 88,530 

Montana —_——~~----—-- ae -- Le 6,380 64 58 6,903 92 64 

Nevada ____-.------- ee eee 1,717,575 33 8 1,803,325 582 1,438 

. NewJersey ~--------- — -- _- _- -- -_— 207,900 _— 38,767 

. New York _.-~------- | _- ne — _- _— 1,289,456 3,196 73,671 . 

Pennsylvania _---.--.- . _- -— _- _- —_— -_— 521,072 _. 22,280 

Tennessee _____._..__— 2,034,015 _. 4,294 oo _- _. 5,159,467 _. 82,512 

Utah 2. ~~~ ---- ——— _—- ae 120 _- _- 369,881 16,297 22,481 

Virgnia _..--------- -~ --— _- _- -_- _— 522,443 1,946 11,241 

' Other States? _________ — 180 2 2 2,819,782 259 3,823 8,782,446 5,435 38,782 

. Total __.._____-- 2,661,752 7,361 33,896 70,575,591 4,482 7,212 90,951,413 609,546 484,513 

Percent of total 
Soe 

lead-zine ~_____-— _- 1 q _- i 1 ae 100. +100 

ata ore, copper-lead ore, and ore from “Other sources” combined to avoid disclosing individual company confidential 

20ther States includes Illinois, New Mexico, Oklahoma, Washington, and Wisconsin. 

, 3Lead and zinc recovered from copper, gold, silver, and fluorspar ores, and from mill tailings and miscellaneous 

‘cleanups. | : - 

| Table 4.—Mine production of recoverable lead in the United States, by month 

7 . | (Short tons) 

-. Month 1975 1976 Month 1975 1976 

January oo eee 55,578 50,879 August _.___.___---------- 48,065 50,978 

February _______--_-_------ 52,575. 51,999 September ________------- 50,640 49,200 

. March ____ ~_____~_-_-----~ 58,485 57,751 October _____-----~------ 56,327 49,615 

April eee ee eee eee 56,005 50,565 November ____~---------- 49,019 48,975 

Y_---~----------+--- 53,277 50,959 December. __.—~---------- 52,858 50,429 

June _______ 50,813 50,560 Total ____.____-__.----— 621,464 609,546 

July____-_------------- 37,822 48,136 LS



Table 5.—Twenty-five leading lead-producing mines in the United States in 1976, in order | | a 
of output : ° oo | ce 7 : 

Rank Mine County and State Operator Sourceoflead = 

1 Buick _....__  Iron,Mo_____._______ | AMAX Lead Co. of Lead ore. — oe 
2 Fletcher ____ __ Reynolds, Mo__________ ot. Joe Minerals Corp — Do. 
3 Magmont _____ Iron, Mo. ~~~ ______ Cominco American, Inc - Do. - 
4 Ozark _______ Reynolds, Mo______-____ Ozark LeadCo Do. . 
5 - Brushy Creek __ _-—-do_____.....__..  St.Joe Minerals Corp _ Do. : 
6 Viburnum No. 29 Washington, Mo _____ ___ —~-_.do ~~ __ Do. - 
7 Viburnum No. 28 Iron, Mo____~______-- —-—-do ~~~. Do — 
8 Indian Creek _ _ _ Washington, Mo ________ do _____-___ Do. — - 
9 Lucky Friday _ _ _ Shoshone, Idaho ___...._* | -Hecla Mining Co — — - Do. 

_ 10 Bunker Hill _-._ —~_--do_____.____._._.. The Bunker Hill Co __ Lead-zinc ore. 
li Star Unit _____ ———-do ~~ ~~ Hecla Mining Co___ — Do. . 
12 Ontario ______ Summit, Utah _________ Fark City Ventures — — Do. cos 
13 Viburnum No. 27 Crawford,Mo —_._-.__— St. Joe Minerals Corp _ Lead ore. 
14 Leadville Unit __ Lake, Colo _~._________ ASARCO Inc _ Lead-zinc ore. 
15 Idarado ______ Ouray and San Miguel, Colo _ Idarado Mining Co __ Copper-lead- 

a zinc ore. . 
16 Burgin _______ Utah, Utah ____.______ Kennecott Copper Corp Lead-zinc ore. 
17 Sunnyside ____ San Juan, Colo_________ Standard Metals Corp “Do. — 
18 Balmat ______ — St. Lawrence, N.Y_______ St. Joe Minerals Corp _ Zinc ore. - 
19 . Ground Hog —__ Grant, N. Mex ____.____ ASARCO Inc _ ~~ _ _— Do. . 
20 Bulldog Mountain Mineral,Colo ~_.._.___ Homestake Mining Co Silver ore. | 
21 Camp ird _.... Ouray, Colo... ~~ _____ Federal Resources Corp Lead-zinc ore. — 
22 Pend Oreille ___ Pend Oreille, Wash __..__._. The BunkerHillCo__ . Do. 
23 Austinville and Wythe, Va ________._._ The New Jersey Zinc Zinc ore. . 

Ivanhoe Co. 
24 Eagle _.._...._ Eagle,Colo __________- ~---do_.--_--- Zinc and silver . 

ore. — so 
| 25 Emperius —---- Mineral, Colo _~________ Minerals Engineering | Lead-zinc ore. © 

Table 6.—Refined lead produced at primary refineries in the United States, | 
by source material | — 

| (Short tons) | | 

| ) ~ 1972 1973. +41974~=~S*«~i~SC<~‘CSTS 
Refined lead: a | 

_ From primary sources: 
Domestic ores and base bullion __ 9-9... --___ 577,398 567,256 580,078 530,215 568,536 

. Foreign ores and base bullion _._____...___-__-- 103,001 107,260 92,946 105,907 84,341 

Total _.________________.___ 680,399 674,516 673,024 636,122 652,877 
From secondary sources _____________________ 1,189 ae __ -- 29 

. Grand total Woe 681,588 674,516 673,024 636,122 652,906 
Calculated value of primary refined lead (thousands)*__...__ — $204,528 $219,757 $303,265 $273,914 $301,643 

1GSA metal is not included in refined lead production. 
*Value based on average quoted price and excludes value of refined lead produced from scrap at primary refineries.
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. Table 7.—Antimonial lead produced at primary lead refineries in the United States 

. . Lead content by difference . ae Production - Antimony content (hort tons). 

7 . ..” Year (short ~— rom From ©. 
oe tons) Short Percent domestic forei From ign Total 

_ fons | ore ore scrap 

. 1972 _...___ ~ 15,051 1,050 7.0 6,136 2,049 5,816 14,001 
1978 _________-___ 15,455 1,167. 1.5 9,020 4,203 1,065 14,288 

. » 1974 _L-_ 12,513 1,097 8.8 5,879 3,988 1,549 11,416 
. 1975 -_._-_-___~---- 6,029 567 9.4 1,658 467 3,337 5,462 

. 1976 _- Lee 6,743 730 108 2,314 2,328 1,371 6,013 

Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1976 | 
- ae - (Short tons, gross weight) 

I . a - Stocks Consumption 7 
ass of consumer an to . ——— 

f Jan.1  _- Receipts New Old . Stocks 
: _ ype ol scrap ” scrap scrap Total Dee. 31 

Smelters and refiners: | a | ee 
Soft lead _.2.-____.____.... | 3,090. 37,721 -- 38,842 38,842 1,969 
Hard lead ~~ ~~ 2,674 34,9386 — -— 36,431 36,431 1,179 
Cable lead ____-______-- ~~ 724 51,249 _- -48,073 48,073 3,900 
Battery-lead plates _________~— 54,153 689,212 _- 689,008 689,008 54,357 
Mixed common babbitt _._..__-_ 155 3,466 _— 3,366 3,366 255 
Solder and tinny lead _______—~- 216 10,746 | __ 10,586 10,586 376 
Type metals __________.~-_- 2,389 20,116 _- 19,613 19,613 2,892 
Drosses and residues _.______~_ 31,848 156,010 151,121 -_- 151,121 36,737 

: Total ____________-__--- 95,249 1,003,456 151,121 845,919 997,040 101,665 

Foundries and other manufacturers: / . 
Soft lead ______.~--------~ _- -_— -~ / oe. — _- 
Hard lead _____-________-_-_ _- _— _- -- _- _- 
Cable lead ____~_____-_--_-- -_- -- _- -- _- _- 

| Battery-lead plates ~__..___-_~ _- _- -- —_ _— -- 
Mixed common babbitt ________ 5 6,068 _— 6,068 6,068 5 
Solder and tinny lead ________~_ _- _— -- -- -- a. 
Type metals ______.____-_-_~_-~- -- -- . -- -- — -- 
Drosses and residues __ _. ~~~ _— — -- _- _-. _- 

Total _______~---------- 5 6,068 _- 6,068 6,068 5 

All consumers: . . 
Soft lead _.._____.-__---_- 3,090 37,721 _- 38,842 38,842 1,969 
Hard lead ~~~. -___-.---- 2,674 34,936 _— 36,431 36,431 1,179 
Cable lead ______________~~_ 724 51,249 -_- 48,073 48,073 3,900 
Battery-lead plates _________- 54,153 689,212 _— 689,008 689,008 54,357 
Mixed common babbitt _______~- 160 9,534 -- 9,434 . 9,434 260 
Solder and tinny lead _______~~ 216 10,746 -- 10,586 10,586 376 
Type metals ___._______-_--~~- 2,389 20,116. —_ 19,613 19,613 2,892 
Drcsses and residues —~______~_ 31,848 156,010 151,121 we 151,121 36,737 

Grand total _..._____----~-~ 95,254 1,009,524 151,121 851,987 1,003,108 101,670
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Table 9.—Secondary metal recovered’ from lead and tin scrap in the United States in 
: 1976, by type of product | 

(Short tons) 

Lead Tin Antimony ‘Other Total — 
 — 

Refined pig lead____§_____________ 220,953 __ — __ 220,953 
Remelt lead _-.-_.___________ 90,057 __ __ __ 90,057 

Total ______________________ 311,010 _ __ __ 311,010 

Refined pigtin ____.____________ __ - 1,596 __ _- 1,596 
Remelt tin _.-_-_-_______________ _- 24 _- -- 24 

Total _..-.________________ __ 1,620 __ _ 1,620 

Lead and tin alloys: | 
Antimoniallead ______________  _ 341,967 604 16,498 412°. 359,481 
Common babbitt _.____________ 11,619 487 886 4 12,996 
Genuine babbitt_______________ 36 59 q 1 103 
Solder. _-_-_-_--_~_________ 24,363 4,975 658 21 30,017 
aype metals eee ee 14,545 736 1,662 1 16,944 
Cable lead ~~~ 8,959 _— 84 -- | - 9,043 

~ Miscellaneous alloys ____._._.______ 330 | 54 4 | -- 388 

Total _______.____________ 401,819 6,915 19,799 _ 489 428,972 
Tin content of chemical products —__—.__ _— 467 = -- 467 

| Grand total ________________ _ 712,829 9,002 19,799 439 742,069 
ir 

1Most of the figures herein represent actual reported recovery of metal from scrap. . 

| Table 10.—Secondary lead recovered in the United States a 
a | . (Short tons) 

| 1972 1973 1974, 1975 1976 | ——_—_—_——<$—$——— 

Ae it iaimary plan | 1,189 29 pri plants _______________-~___-__ , _— _- — | 
At other plants Woe 172,168 186,124 288216 271,297 310,981 

Total _.______-_____________________ - 178,357 186,124 288,216 ~=—-271,297-—«811,010 

In antimonial lead: 
At primary plants ~o 5,816 1,065 1,549 3,337 1,371 
At other plants __-__-__§____§___ 340,066 374,713 369,954 311,783 340,596 

Total _.__. 345,882 375,778 871,508 315,120 341,967 | 
In other alloys____ $$ $$ _-§ et 97,358 92,384 88,979 72,0389. 13,592 

Grand total: - 
Quantity eee ee 616,597 654,286 698,698 658,456 726,569 
alue (thousands)_____2_~_~_~~9~_~_________ $185,349 $213,166 $314,833 $283,531 $335,675 
a I ED nO



7 TAA oe MINERALS YEARBOOK, 1976 | 

| Table 11.—Lead recovered from scrap processed in the United States, by kind of scrap | 

| - and form of recovery | | 

, (Short tons) 

a Co Kind of scrap 1975 =: 1976 Form of recovery a 1975 1976 

Newscrap: Be As soft lead: _ : : - 

Lead-base _..__._._---- . 90,712 100,750 At primary plants nn oo 29 

- Copper-base _______----- 3,252 3,420 At other plants ______---~ 271,297 311,010. 

| Tin-base --------------__ 250165 Total ___-__----------_ 271,297 __811,089 

Total 94214 104,885 on | | 

| Oldscrap: mo  Inantimonial lead?_________ 315,120 341,967 
Battery-lead plates __._-_-_ 417,489 461,891  Inother lead alloys __- ~~ 58,485 59,502 
All other lead-base _____._ 136,280 148,981 In copper-base oys __.—_---~- 13,523 14,025 

Copper-base ~-~~---+=--- 10,471 11,860 In tin-base alloys —~_____---~- 31 36 

| | Tin-base _______-__-___- 2 2 Total __.______------ 387,159 415,580 

) -‘Total._...______--- 564,242 _ 622,284 Grand total ______----- 658,456 726,569 

| ss Grand total.-_.-___-_ 658,456 726,569 | | : . 

wont? 3,387 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1975 and1,37lin 

| Table 12.—Lead consumption in the United States, by product 

oo , | (Short tons) | 

Product _ 1975 1976 | Product 1975 1976 | 

- Metal products: _. oO | Pigments—Continued: oe oe 

Ammunition ___~~——.—---- 75,081 13,478 Pigment colors __——-—--—--- 10,618 16,634 

Bearing metals _______--- 12,184 18,068 Other! _.______________ 499 561 

_. Brassand bronze _______-- . 18,404 15,660 Total________-------- © 79,072 © 105,591 

- Cable covering ____------ 22,099 15,930 Chemicals: / | 
Calkinglead.__.____.-. . 14,296 = 12,475 Gasoline antiknock additives... 208,605 . 239,758 
Casting metals _.-..-.--- 7,711 6,708 Miscellaneous chemicals __-__ _ 181 146 

Collapsible tubes ___.----- 2,216 2,329 Total_._____-____---- 208,786 239,904 

| “Foil _....._-_.------- 3,205 5,126 —- Miscellaneous uses: 
Pipes, traps, bends oe 14,233 13,789 Annealing ___—._-_-_----~- 2,629 " 2,893 - 

Sheetlead _____________. 24,859 24,438 Galvanizing ____________- 1,228 1,252 
-Solder______--__-_-___ 57,844 — 68,824 Lead plating-____._______ | 876 886 
Storage batteries: . 

| Battery grids, posts,etc __ 326,714 383,844 Weights and ballast _..___.__ . 20,018 22,366 

| Battery oxides _______. 872,700 438,560 Total..______________ 24,251 —- 26,897 
Terne metal _______-~--- 1,511 1,595 Other, unclassified uses ____—_ ~~ 21,221 32,354 

Type metal _.____-__-----_ 16,211 15,007 Grand total? ___________ 1,297,098 1,490,072 

Total______________ 968,768 1,085,326 | 

Pigments: 
White lead ___________-- 2,498 2,993 
Redleadandlitharge ____._. 65,457 85,403 
eee 

Includes lead content of leaded zinc oxide and other pigments 
Includes lead that went directly from scrap to fabricated products.



ae LEAD | 745 _ 

Table 13.—Lead consumption in the United States, by month © : | 
. : (Short tons) | | 

~~ Month +4975. +~«#219%6+~*~«~SCOC*éC“‘<«<~Month”«=S~*~*~*~*~*~!~«dS®~*~«aT 

January ______.________ © 105,091 116,253 August ~~ 2-2 LL 115,510 120,656 
February. ~-._________ 98,866 123,270 September _____________ 122,985 127,399 © 
March _____~_~________ 99,216: 136,065 October _______.___~__ 133,696 137,447 
April -o------ eee «105,105 125,785 November _____________ 115,757 . 128,009 

eee ee . ’ mber ~~. . , ; y 102,255 123,381 Decembe 115,323 125,152 

June _________________ 94,700 123,335 Total! _______________ 1,297,098 1,490,072 : 
July_____- 88,594 103,370 : 

; “Includes lead that went directly from scrap.to fabricated products and lead contained in leaded zinc oxide and other 
pigments. ' 

| | Table 14.—Lead consumption in the United States in 1976, by class Oo 
of product and type of material : 

. . (Short tons) — 

| ~~ Lead in Leadin  _Leadin” _ 
Product Soft lead antimonial allo copper- Total 

lead Moys base scrap 

Metal products ___________________ 151,652 51,887 47,796 11,587 262,922 | 
Storage batteries ..._-_______._.__-___ 461,111 357,759 3,534 . -- 822,404 
Pigments_______.__-____________ 105,369 222 a ok 105,591 
Chemicals ______________________ 289,904 __ __ oe 239,904 
Miscellaneous__.__________________ 18,660 13,216 21 oo 26,897 
Unelassified $2222 ___ «29,067 2,415 872 _. °° + 82,354 

| Total______--------------~ 1,000,763 425,499 52,228 | _ 11,587 - 11,490,072 

1Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide and other 
pigments. . ] .
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| Table 15.—Lead consumption in the United States in 1976, by State’ 
(Short tons) 5 

en a os SS SSS SSS SS 

Lead in - : Lead in Refined : : Lead in 
State antimonial - copper- Total ms soft lead lead alloys base scrap 

California __...__________----~-- 111,152 40,852 4,575 317 156,896 ; 
Colorado __ = ___. ---___-~-----~-- — 868 227 85 —_ 630 
Connecticut _______.-__-_------_--- 10,819 7854 =  L 861 19,534 

| District of Columbia —____.-__--~-~-~-~ . 104 _— _— __ 104 
‘ Florida _...______--------~---~-- 10,845 - 9,408 246 _- 20,499 
a Georgia. ________.-----------+-- 65,128 29,086 738 5 94,957 

Illinois _.________------------- |. 86,450 36,333 8,901 1,297 132,981 
‘Indiana____. --______-.-------- 117,680 35,106 2,829 334 155,949 
Kansas __.-______------~------- | 21,892 13,733 68 . 89 35,782 . 
Kentucky _.____~---------+---- 6,417 9,054 2 _- 15,473 
Maryland ____._------------~~-~- 587 1,679 2,053 13 4,332 
Massachusetts. ___ _..__-_-_------- 1,153 238 6 212 1,609 
Michigan. __.___-.-.--~-------- 15,451 15,656 2,996 54 34,157 
Missouri __——__~-.-----------~- 21,227 11,501 . 1,405 1,107 35,240 
Nebraska. ___._______---_------- 1,621 1,232 1,021 1,072 4,946 
New Jersey ____—__--_-~~------+- 104,179 10,886 3,346 454 118,865 
New York ______.__.---_------~-- 88,339 5,239 4,158 190 42,926 
Ohio. ____~____-_-----------+-- 10,593 4,974 3,872 1,623 21,062 
Pennsylvania __~_—_-_./.....----- 98,524 58,661 10,833 1,693 169,711 
Rhode Island ______._~-__-----~- 8,748 327 8 _- 4,083 
Tennessee _. -_-_- __-__ 4,092 18,620 64 50 22,826 
Virginia ________.~-_.____---- -- 408 2,468 1,039 527 4,442 
Washington _____________------- 7,501 2,546 _- -- ~ 10,047 
West Virginia .._______...__----- 13,144 . 410 _- _- 13,554 
Wisconsin ______________----.-- 5,714 9,909 73 283 .- 15,979 
Alabama and Mississippi _..—_———-_-- 3,993 7,121 _- 590 11,704. 
Arkansas and Oklahoma ____._____~_~ 2,974 4,749 __ _- 7,723 
Hawaii and Oregon_ —____._____----- 10,375 7,194 -- _- 17,569 
Iowa and Minnesota _..________-_-- 12,432 18,602 1,216 52 32,302 
Louisiana and Texas ________.-_-__-~- 190,320 35,056 1,843 655 227,874 
Montanaand Idaho ____...-____---- 720 ae _- ee 720 
New Hampehire, Maine, Vermont, Delaware 10,935 12,106 638 — .109. 23,788 
North and South Carolina __._______- 16,876 - 12,733 _- Le 29,609 
Utah, Nevada, Arizona ___________-- 2 -1,939 258 -- 2,199 

Total _.___._________-.--_~ 1,000,763 425,499 52,223 11,587 1,490,072 
a 

. “Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide and other 
pigmen
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Table 16.—Production and shipments of lead pigments’ and oxides in the United States _ - 

1975 1976 oO 

Shipments Shipments 
: 73 - Produce 2 

Product ion ° __Value* tion ° ___ Value” a 
. (short Short Aver- (short . Short . a oe aa Aver- 

to e . . age tons) ns Total per tons) ns - Totals! per | 

ton ton oo 

White lead, dry _____ 3,381 3,381 $2,748,194 $813 1,640 = 1,625 $1,054,436 $649 
Redlead __-______ _ 19,447 15,095 —s-_ 7,618,430 505 19,608:° ° 19,296 11,146,722 578 
Litharge _________ 193,528 120,475 49,073,653 407 132,172 122,462 67,190,997 549 . 
Black oxide _...___ 367,532 _— _— -- 392,911 — _- _— 

1Excludes basic lead sulfate; withheld to avoid disclosing individual company confidential data. | 
2At plant, exclusive of container. - a . 

Table 17.-Lead content of lead and zinc pigments! and lead oxides produced by domestic _ 
manufacturers, by source oo, ee 

. (Short tons) 

: 1975 1976 ) 
Lead in pigments ~ Lead in pigments 
produced from— produced from— 

| Product Ore leadin ____ Ore lead in 
| pig- : pig- 

- Domes- For- pe ments Domes- For- - - es ments 
. tic eign | tic eign oon 

Whitelead..--.--- ss __ __ 2105  —«-2,705 - Ls 812,812. 
Redlead __-___2___ __ __ 17,629 17,629 _- _- 17,775 =——-19,775 
Litharge _________ —- _- 124,181 124,181 __ __ 122,920 122,920 
Black oxide _______ __ oo 351,171 351,171 oe __ 374,761 374,761 

Total _.2____ -- “ _ 495,686 495,686 _- a 516,768 516,768. 

da 1&xcludes lead in basic lead sulfate and leaded zinc oxide; withheld to avoid disclosing individual company confidential 
ta. 

Table 18.—Distribution of white lead (dry and in oil) shipments,' by industry . 

(Short tons) mo oo . 

Industry 1972 1973 1974 1975 1976 

Paints______________________________ 6,768 3,198 __ —— __ 
Ceramics ____ ~~~ LL 31 18 __ __ _—_ 
Other ___________ 3,267 6,328 5,905 3,381 1,625 

Total _-_.__-_____________________ 10,066 9,544 5,905 3,381 1,625: 

1£xcludes basic lead sulfate; figures withheld to avoid disclosing individual company confidential data. 

Table 19.—Distribution of red lead shipments, by industry 

. (Short tons) 

Industry 1972 1973 1974 1975 1976 

Paints______________.________-__-- 4,909 6,509 5,344 4,552 7,071 
Storage batteries __._________-_--_---- Ww Ww WwW Ww Ww 
Other ___________-----~~~-~~-~--~-~--~ 14,864 9,514 7,946 10,543 12,225 

Total __-______-~__- ~~ 19,773 16,0238 13,290 15,095 19,296 

W Withheld to avoid disclosing individual company confidential data; included with ’’Other.“
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| Table 20.—Distribution of litharge shipments, by industry 
| ne | oo (Short tons) | | 

Industry 1972 1973 1974 195 ~~«1976 | 

— Cgpamics_ si 8B, 910—ititi«G, 5B 33,941 32,300 | 
Insecticides _..____________--_. W W W Ww -_ 

 Oilrefining _..--_-____---_---_°—s-1,262:— 620 165 OW : WwW 
 Paints__ = - ee 7,316 8,112 _ 5,847 8,248 8,354 | 

- Rubber _-- ee 2,162 ~ 5,078 6,490 5,850 3,820 
Other ____-.---------.------ 113,694 134,424 © _ 102,245 17,436 717,988 

- Total _ 22 2 2 ------- 147,622 179,144 161,445 120,475  - 122,462 

aS | W Withheld to avoid disclosing individual company confidential data; included with Other.“ 

| , - Table 21.—U.S. imports for consumption of lead pigments and compounds 

a a : 1975 1976 

| Kind . Quantity Value | Quantity Value _ 
Me a (short tons) (thousands) (short tons) (thousands) 

| White lead _. 22 -----_e 159 $160 134 $156 
Redlead _.__2___--____2____ | 448 180 881 386 
 Litharge --- =e 12,011 4,449 18,694 5,662 

- Chromeyellow _._____________- | 2,473 2,437 2,747 2,935 
- Other lead pigments ____.-.-----. | 36 ee 6D Ol 98 

Other lead compounds . — —--———-~~- 210 . _ 184 289 230 

. | Total _-.-.-__________ 15,337 7,470 17,836 9,462 

: | Table 22.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 

| . (Short tons) 

: “Stocks = 1972 1973 1974 1975 1976 | 

Refined pig lead____. =. 2...____.. | _ 60,840 22,018 34,116 - 16,718 °- 39,869 
- Lead in antimonial lead ____________ 3,626 4,062 3,138 4560 _ 3847 © 
: Lead in base bullion _____________-_ 11,514 8,845 5,492 6,748 6,687 

| Lead in ore and matte ____.___._._____ 69,593 54,922 78,305 68,509 54,140 

Total _._____________.____ 145,578 89,847 121,051 156,580  —»«:'104, 548 

| Table 23.—Stocks of lead at consumers and secondary smelters in the United States, 
Dec. 31, by type of material 

mo, (Short tons, lead content) 

al 

Lead in Lead in Refined ead in Lead in Year antimonial copper-base Total | soft lead lead alloys scrap 

1972____________ Le 74,161 36,157 6,977 1,249 118,544 
1978__________-_______ 84,274 32,226 6,954 667 124,121 
1974_____ 106,245 49,504 9,628 1,212 166,589 
1975__- 85,110 41,569 5,059 1,577 133,315 
1976_______________----_-- 87,774 34,106 6,000 1,730 129,610 

ean
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Table 24.—Average monthly and yearly quoted prices of lead’ | | 
— (Cents per pound) we 

1975 1976 © . 

Month U S . London U Ss London 

. _ Metal ~~ Metal 
| : producer Exchange producer Exchange 

January —_~_~.-._____ 24.50 24.38 19.00 15.24 
February __-_.~-._~_~ ~~~ 24.50 24.55 19.00 15.80 
March ___~-~ 24.50 24.62 20.22 17.36 

April meee eee 24.50 21.78 2193  —.... 20.61_ 
May _____~~~_~ 23.34 19.11 . 22.88 21.85 
June ~~~. ee 19.00 15.99 23.00 21.60 7 
July ~~ Le 19.00 16.27 24.25 23.12 
August _._- 2 19.56 17.38 24.76 21.83 a 
September _______________ 20.00 16.33 © 24.83 21.75 
October . 2 20.00 15.62 25.75 - 21.05 
November ___.~_ = 20.00 15.27 25.79 .. * 20.81 
December _._~-__ 19.46 15.10 : 25.82 "21.66 

Average _.~_2 ee 21.58 18.73 23.10 20.46 
LL LL AL CTL 

1Metals Week. Quotations for United States on a nationwide, delivered basis. | So a . 

| Table 25.—U.S. exports of lead, by country! coy 

1975 - - 1976 

Destination . Quantity Value Quantity - Value 
; (short (thou- (short (thou- 

tons) sands) tons) _. sands) 

Unwrought lead and lead alloys: . . 
Belonne Hee ee 58 $58. a $17 

- Belgium-Luxembourg _____§ ~~~ 4,331 1,693 . 1. 1 
Brazil. -.) 25 5 3 3 3 2 a 
Canada ___ = 5 512 155 576 279 
Chile ~~ 3 30. 18 22 
Colombia —_ ~~~ 22 337 174 a _- 
Dominican Republic _. 9-9-9 -§-9_~§_§~-~ $3 5 88 . 42 51 27 
Ecuador _____ ~~ ii 73 14 8 

~ Egypt 2 ; ae _— 
France ____~__.-_..~~-~ ~~~ 1 1 (?) 1 
Germany, West _______.-____-_____ i ____ 124 - 80 23 © 15 
Greece __._ 2 ee __ __ (7) - 4d 
Honduras wee eee 3 . 3 Fi ‘ 
ong Kong _ 5 -— _- a 

. Italy. ~~ 35 17 83 50 
Jamaica ~_~___2_ 43 22 21 12 
Japan 479 193 101 126 
Korea, Republic of _. ~~» 25 5» 5 =e ee 169 74 31 at 
Mexico ___. ~~~ ~~~ 136 95 1,005 542 
Netherlands -—- ---~--~-~-~-------------- 10,456 4,867 “3 “3 
araguay_—— ~~ | Philippines _-__________~__-__ ee 40 33 69 49 . Singapore ________ "777 T TT TTIIIIIIIIIT @ @) ® 3 

South Africa, Republic of _...----___-_~-_______ 111 38 _— -- 
Taiwan ___~ 2 165 197 8 11 
Thailand ____~_~§_..2.2 2 9 5 25 11 
Trinidad and Tobago __._.-$___________________ 5 4 1 1 
USS.R oe 118 261 78 143 
United Kingdom __________~_____ 87 103. 50 89 
Venezuela __ ~~. LL 867 36 405 220 
Other ___ ~~~ 34 717 233 201 en re 

Total _.--_-__---~__---_-_ i ee 18,388 8,350 2,850 1,868 a QQl__=a"™=™”"="="="a"_{_eE Wrought lead and lead alloys: 
Australia_____ ~~~ 11 49 24 123 
Austria __ 23 22 13 20 
Belgium-Luxembourg ________-_..-___.______ 534 234 607 171 
Brazil _____-._--_--_~--~ ee 143 446 G)) 26 
Canada __ 866 508 1,088 636 
Colombia __ ~~. 50 57 2 4 
Costa Rica ~~ 15 93 12 114 
Denmark _______~_~__~~ 18 23 3 4 
Dominican Republic __-________~§_~_§_§ ~~ 30 57 16 63 
Ecuador ___ ~~~ 41 55 40 38 

See footnotes at end of table.
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| | a . Table 25.—U.S. exports of lead, by country! —Continued 
NL 

Cc , . 1975 ae 1976 

| , _.. Destination - Quantity Value Quantity Value 
. (short (thou- _ (short (thou- 

oo tons) sands) tons) sands) 

Wrought lead and lead alloys: —Continued | | | 

| “France ___._____--~--1---------------- 10 $44 48 tséS$TQ 
: _.  . Germany, West _.______------------------ 146 206 29 139 

, Honduras ___~~__---------------------- 53 51 137 123 

. Hong Kong. _. .-_------------~----------- 2 4 (7) 4 

+ Tran 2 eee 46 36 . 8 6 

‘Israel ~~ - 5 eee 3 4 _- _— 

Italy_____1-__------------------------ 40 52 32 35 

Jamaica ____________-~-~-~-~------~~++---+- 2 15 2 5 

Japan _______.-__-_~--~------~--------- 44 109 46 166 

' Korea, Republic of _.__.-__--_-------~----- 10 7 99 . 53 

| Leeward and Windward Islands _ ~~ _.---—~------ _ —_ 49 . 61 

Mexico ___. 5-2 eee eee 161 348 165 407 

Netherlands __... ___.___ _-»_-__--_---~-~-+---+- 53 79 32 18 

Panama —____________~--~-~--~--+---+-+-- 20 -  . 56 . 27 _ 67 

Philippines ____-_--~---~---~--~---------- 23 38 19 49 

: Saudi Arabia ____________~-_-~---------~- 3 13 31 36 

Sweden _______________-~--_-~--~--~-~----~--+ 27 37 24 35 

Taiwan ______________-_-_-----_----~-~-- 16 74 95 228 

. United Kingdom ____.___-_--~---~-~--------- 126 268 58 120 

Venezuela ________ =~ ee CC 186 284 97 154 

. Vietnam _____________-----~------------ 5 77 —_ _- 

Other _.________-_____--------~--~------ | 161 345 229 "478 

— Total _- w+ ------- 2,868  _—-3,691 3,027 3,452 

Belgium-Luxembourg _——-——--_~_~---------- 1,535 335 993 402 

Brazil _.___.________~_ ~~~ 1,744 417 - 8,768 . 860 

oo Canada __ _-_ _-__ ee 16,798 2,759 15,804 _ 2,679 

Denmark _____.__~--~----~---~--~-------- 1,876 ‘521 1,798 661 

\ Germany, West __________----------~------ 317 170 2,877 714 

: Greece — _ ~~~ ~~~ ~ 7-27-2522 355 74 3 73 

ong Kong-—.—~—~-—-—-—-—-~~----—---—-—-------- -— -— 

Italy. ____._____---------------------- 128 95 1,819 470 

Jamaica _______________~=_-------~---+-- 200 43 _- _- 

Japan _____-____-_-__----~--~---------- 1,228 328 1,512 | 691 

Korea, Republic of __. ._.___-------~-------- 2,397 316 3,208 _ 1,259 

‘ Malaysia ____ ._____--_-_~-----------~----- _- _- 133 19 

Mexico _____________~-_---------~-~---- 2,874 609 2,833 493 

Netherlands ______§___________---_--------- 5,371 1,006 344 187 

Pakistan _-__________--_----_---------- 40 29 _— — 

Singapore __________------------------- 109 14 -- -_- 

South Africa, Republic of ________--------~---- 2,715 563 _— _— 

Spain ______-_.-__------------~--------- 1 2 - 815 205 

. Taiwan __________________-_____---~----- 4,883 911 4,671 1,007 

Thailand _________________-~---------+-- 446 79 — — 

Turkey ____________-__-~-----~-~-~----~---- 2,403 445 _- — 

United Kingdom ___________-_--------+----- 1,452 627 945 470 

Venezuela ___.__________-~--_~--_----~-~-+--+ 2,974 625 4,805 1,209 

Other __________-_-------------------- 105 95 519 205 

‘Total _._-§ -__- ee 49,951 10,063 46,883 11,589 

Grand total ______________-______------ 71,207 22,104 52,760 16,859 
i 

1In addition foreign lead was reexported as follows: 1975—Unwrought lead and lead alloys, 213 tons ($12,770); wrought 

lead and lead alloys 18 tons ($15,388) and 1976—Unwrought lead and lead alloys, 859 tons ($793,941), wrought lead and 

lead alloys, 12 tons ($11,724). 
2Less than 1/2 unit. | 

Table 26.—U.S. exports of lead, by class 

a 
. Wrought lead and Blocks, pigs, anodes, etc. lead alloys 

Sheets, plates . 
Unwrought ? » Foil, powder, 

vear Unwrought alloys rods, other flakes Scrap 

Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 

hort (thou- hort (thou- Ghost (thou- Ghost (thou- Ghost (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) 

1974___. 46,030 $20,512 7,558 $4,836 7,933 $6,696 461 $641 59,366 $16,813 

1975____ 17,455 7,361 933 989 2,695 3,306 173 385 49,951 10,063 

1976____ 2,226 1,307 624 561 2,735 2,927 292 525 46,883 11,539 
a
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: Table 27.—U.S. imports! of lead, by country | 
eee ; 

1974 . ~1975 . 1976 

Count ‘Quantity Value Quantity ‘Value Quantity © Value 
"y (short (thou- (short _ (thou- (short (thou- 

tons). sands) tons) sands) ~- -tons) sands) . 

Ore, flue dust, and resi- . 
dues, n.s.p.f. (lead 

, content): a . 
Australia __.________ 19,341 $6,446 15,916 $4,979 11,215... —,—-« $8,816 
Canada ____________ 16,035 4,880 28,949 8,618 27,673 8,604 —— Colombia ___________ 35 15. 112 42 226. ..—si‘éCOiéSS 
Greenland __________ —_ —_ 6,552 2,031 5,104 . 1,582 
Honduras __________ 18,520 7,645 19,153 5,638 22,028 9,219 . Ireland ~_-__________ 34 5 __ ~- _— _- 
Mexico ____________ 10,631 4,186 _~ _- 92 —«28 
Nicaragua __________ 3,493 1,518 1,182 609 762 | 323 
Peru __ 2 26,201 8,536 15,696 5,328 9,263 2,422 
Other _._--_________ 9 9 _- _— 2 fy (*) 

Total ___.-________ 94,299 33,240 87,560 27,145 776,865 25,562 | 

Base bullion (lead content): . 
Belgium-Luxembourg ___ _- __ 19 7 72 37 
Canada __._-________ 831 331 65 31 730 360 
Mexico __-__________ _— _- 378 145 1,532. 558 

SSSA Seip SSS iv 

Total _-___._______ 831 331 462 183 2,334 . | 955 
I{{I{x{{zxr[Ta__ ]Jl!}" "> 

Pigs and bars (lead . oe oo 
content): | oy. 

. Australia -.__~.______ 3,308 1,537 _— _- $6,123. 82,889 
Belgium-Luxembourg ___ 1,338 1,106 - 2,058 1,141 168. © an 98 
Canada __.2 40,100 18,578 30,688 14,659 47,612 -- 21,660 

- China, People’s mo . 
Republic of _~.______ _- __ 28 111 —_ _- . 

Denmark —__~________ 198 226 420 450 429. — 627 
France _~_.~_~________ 50 54 29 29 . 88 * 27 
Germany, East _______ 81 169 _— _~ a Be 
Germany, West _______ 544. 2,845. 2,614 1,359 10 a. 64 
Japan _____~________ 2,608 1,850 73 279 . 3 8 
Mexico ____________. 28,504 13,795 - 29,637 11,400 44,290 17,090 

_ Morocco ___________ _- a — —_ 2,756... 861 
Netherlands _________ 354 437 535 701 2,221... 721 
New Zealand ________ _— eo 41 21 _- a 
Peru ___ ~~~ 39,986 14,850 ~ 19,876 9,022 19,733 ©§ ©. 4,877 
Singapore __________ 59 19 — __ ae. Bo 
South Africa, : oe Republic of -e--e __ -_- _- _- 84 200” 
South-West Africa, a 
Territory of _.______ -- -_- 1,120 549 oe me 

Spain ___~_-_~________ — __ 119 162 93 ~ 217 : Sweden __._________. 3 10 __ _- -— en 
‘Thailand __.________ 144 655 437 1,609 408: -—s«1,447 
United Kingdom ______ 1,054 1,523 2,638 2,621 2,022. - . 2,352 
Yugoslavia _.________ -- _- 10,181 3,054 19,944 6,576 
Other _- ~~ _~____ = 35 37 12 i) 3 2 ———— eee 

Total __.__.______ . 118,366 57,691 100,511 ' 47,206 $145,932 562,018 > 
Ge LS ras Sissi 

Sich 

Reclaimed scrap, etc. 
(lead content): ue | Australia _~__§__~____— 105 42 3,652 1,429 1948  - 577 
Bahamas ___________ _- _- 20 4 3 Z 1 
Canada ____________ 594 336 829 259 990 / 402 
Canal Zone __________ 7 16 -- -_- -- -- a Dominican Republic ____ 11 5 _- _- _- ee 
Germany, West _______ -- — 58 41 70 31 
Gilbert Islands ---- He _- _- _— _— 223 - «68 
Jamaica _~__________ 8 7 35 8 73 er) 
Mexico ____________ 271 85 735 224 156 4 56 
Panama ___________ 11 3 -- ~- ~- - _- 
Peru ______________ _- _- -- _— 901 —- + 360 
United Kingdom ______ 204 361 35 72 10 25 
Other _____________ 2 1 1 3 44 . 12 ee ker ol 

Total __-___~______ 1,213 856. 5,365 2,040 4,413 1,550 
SA 

Se 

Grand total ________ 214,709 $2,118 193,898 76,574 229,044 90,085 

1Data are general imports” that is, they include lead imported for immediate consumption plus material entering the 
country under bond. . 

2Less than 1/2 unit. 
SAdjusted by Bureau of Mines.
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| Table 28.—U.S. imports for consumption of lead, by country - 

. os moe — 1974 oe a 1975 — - ~- 1976 

-. Coun - = Quantity - Value = Quantity Value Quantity Value 
ee try 7 (short. (thou- (short —*C(thou- (short (thou- 

tens) sands) tons) _. sands) - tons) sands) 

Ore, flue dust, and resi- 
dues, n.s.p.f. (lead 
content): 
Argentina ______---~- -- -— 4 $1 _- —_ 

- Australia _.._-.-.--- 15,156 $3,753 8,407 2,113 15,312 $4,390 
_ + Bolivia ~.-__-_----- “9 9 _- _— -_— en 

a - Canada _.________-~- 11,998. 2,712 14,878 3,521 8,556 2,471 
~ Colombia _.__.-_- ~~ —_ _- 233 56 225 68 

Honduras ~___.———_—- ~ 15,5386 3,536 7,438 2,330 25,624 10,704 
 Jreland .--- 2 -_--- _— a 85 14 on __ 
Mexico _...-___-_-_- 6 1 _. ee 8,661 -3,290 . 

. Nicaragua ~~~ _- 2,518 729 ~=~—: 11,881 431 ~ 1,781 672 
Pern. -2 Le 17,468 4,440 12,598 3,863 24,378 7,052 

- Other ~- 2 -—- _- a — 4,451 ~ 845 

| : Total _.__________ 62,691 15,180 45,024 12,329 88,988 29,492 

~ Base bullion (lead content): . 
Belgium-Luxembourg - ~~ oe _- 19 72 37 
Canada __________-_ 831 331. 65 31 730 360 
Mexico. ~..._____——- —- a 378 145 1,532. 558 

Total -2 LE 831 331 462, 183 2,334 955 

Pigs and bars (lead oe 
. content): . 

- Australia 2-2 ~~ ~~ 3,308 1,537 =- -_ 1,624 442 
Belgium-Luxembourg - — — 1,338 1,106. 2,058 1,141 -168 93 
Canada _________-_-~ 40,100 18,578 30,688 14,659 47,612 21,660 oo 
China, People’s — 

Republic of ~~. _____ _— _— 28 111 _— an 
Denmark _..._~_._____- 198 226 420 450 429 627 
France __..~_-_---- 50 54 29 . 29 33.—Ci 27 
Germany, East ____.~-~ 81 169° _— 7 _ -- _- 
Germany, West ______- 545 2,847 © 2,613 1,357 10 54 , 
Japan __ 2 ____ 2,608 1,850 78 279 3 5 
Mexico _— 0. ~______- 28,504 18,795 28,728 11,073 44,290 17,090 
Netherlands ________~_ 854 437 535 701 2,221 721 

. New Zealand _______-. _- —_ Al 21 __ _- 
Fera oe ee 39,986 14,850 19,876 9,022 19,733 7,877 

ingapore —__.._———— os ; — _-— --— -— 

Republic of een -- _— __ ae 84 20 
South-West Africa, . 
Territory of ___.___-_ -- —_ 1,120 549 -_—- _- 

Spain ~_____-_-__- _- _- 119 162 93 217 
Sweden __________- 3 10 __ eo __ __ 
Thailand ___________ 144 655 437 1,609 408 41,447 
United Kingdom _____~_ 1,054 1,523 2,638 2,621 2,022 2,352 
Yugoslavia __________ _- -- 9,634 2,880 20,491 6,749 
‘Other _- 35 37 12 39 2,759 864 

Total -.-_--_--_____ 118,367 57,693 99,054 46,703 141,980 60,245 

Reclaimed scrap, etc. 
(lead content): 

Australia _________-- -_- -- 16 6 _— a 
. Bahamas ______.~-~-— -_— _— 20 4 3 1 

Canada ____________ 755 368 921 280 990 402 
Canal Zone ______—---~ 7 16 _. — — __ 
Dominican Republic ~~~ ~— 11 5 _— __ _- _- 
Germany, West —~---- —_ _— 58 41 70 31 
Gilbert Islands —~___ ~~ -- -- _- —_ 223 53 
Jamacia -______.—__- 8 7 35 8 73 33 
Mexico _______—_--~- 238 73 655 208 330 105 
Panama ___-~ _--~-~- 11 3 _- _— _—- _— 
Peru _______-~---~~- -- -- _— __ 901 360 
United Kingdom —__ ~~ ~~ 204 361 35 72 10 25 
Other ______-____-- 2 1 1 3 44 12 

Total _.__________ 1,236 834 1,741 617 2,644 1,022 

See footnotes at end of table.
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| Table 28.—U:S. imports for consumption of lead, by country —Continued | 

1974 1975 . 1976 } 
Count _  ~Quantity Value Quantity Value =——-- Quantity _—~ Value 

omeesy (short (thou- (short (thou. short. ~=———(thou- 
. tons) sands) tons) sands) tons) sands) 

Sheets, pipe, shot: | : oe 
Canada _________.__ 110 71 52 - 54 113 oS 130 

, ‘Denmark ___________ _- ~- _- -~ 19 56 
- Germany, West _______ _— _- 21 28 38 48 

. Japan ~~ ~~ 11 24 = _— “ -— 
Mexico ____________ 71 39 an 3 12 20 . 10 . 
Netherlands _________ @) 1 — _- -- _— | 

| Uilitea Kingdom 227777 "a 3 "3 “5 26 “9 Jni om ~_____ —_ 
Other ___ QC) (4) — _- 13 7 

Total _.-_--______ 196 138 147 99 294 495 

Grand total ________ - 183,321 74,176 ' 146,428 — §9,931 236,240 92,209 

1Less than 1/2 unit. . . : 

Table 29.—U.S. imports for consumption of lead, by class oO : 7 
| OO, | - _ (Thousand short tons and thousand dollars) 

os Ore . Base bullion Pigs and bars Sheets, plates, strip, 
oe Year (lead content) . (lead content) (lead content) other forms 

- Quantity Value Quantity Value Quantity Value Quantity Value 

1974__ 63 15,180 | 1 331 118 57,698 (8 
1975 ---_-____-___ 45 12,329 (4) 183 99 46,708 QC) 91 
1976 __ - 89: 29,492 2 955 142 60,245 4) 484 | 

7 Waste and scrap Pree Skammings, Powder and oO 
(lead content) (ead content) flakes Total value 

Quantity Value Quantity Value Quantity Value : 

1974____________ 1 406 (?) 428 Cy 60 - 74,176 
1975 ~ 1 411 (4) . 206 (*) 8 mo 59,931 
1976 _-__--_-___ 2 821 () 201 (4) | il 92,209 , 

1Less than 1/2 unit. | | | BO ; 

a | Table 30.—U.S.imports for consumption of —__ . 
miscellaneous products containing lead 

. Gross Lead ) . | 
: Value Year weight content (thou- 

(short (short : 
tons) tons) sands) . 

1974 ________ 1,643 724 $8,730 
. 1975 744 322 3,575 

1976 _-____ 452 175 1,749 

‘Babbitt metal, solder, white metal, and other lead- _ . 
containing combinations.
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oS Table 31.—Lead: World mine production, by country 
a (Short tons) 

. i Country! 4 : 1974 1975 1976? 

Canada. ------_-__-------------------~ "382,195 375,758 ©283.000 
Guatemala__________~-~-_-~+-----~-~-~------~--+-+-+ 110 110 . 110 
Honduras ____-_--__---1~----~~=-+--=-+------ 20,706 - 25,643 _ 20,492. 

- Mexico? _~_______ ee ee 240,327 196,889 _. 220,492 

Nicaragua _...----------~------=-+-+-+-++-+--- 3,746 1,565 1,403 - 
United States®> _____________------2- + -+4-44-- 663,870 621,464 . 609,546 

South America: | 

| Argentina __________------------------------ ™41,696 44,089 44,100 
Bolivia _________--___----------------------- 419,234 415,755 18,048 
Brazil 9 -_-___-___ ieee 28,574 24,653. - 25,618 
Chile _______ ~~ _ ee 463 341 2,002 
Colombia ____.-..--.__-_----_----~-+__ ~~ ------- ~ 189 126 . 120 

| Equador —____-_~---------------------------- 158 — 131 “120 
Peru ~ ee -- 7182761 203,486 186,591 

. - Austria? ~~ - ee eet ~~ 6,877 6,725 5,945 
Bulgaria® _~_____________----------~--------- 121,300 121,300 119,000 
Crechoslovakia®___._.____-____________________---- 4,300 T4500 4,500 

. Finland____§_$_~___________---~--- 1,623. 1,024 1,247 
France ____-_____.--~~------------------+-- 725,414 23,920 — 31,000 

. Germany, East®___ _.. -2__..-~----------------- 4400) © 4,400 4,400 
Germany, West ____._________------_-_--------- — 33,811 . 35,696 34,790 
Greece _______________ ~~ e+ . 24,262 14,202 $2,796 
Greenland ____-__..---~---------------------- 726,600 —-—26,800 29,800 
Hungary* pee ee eee 1,760 = ~ 789 ©7190. 

. Ireland® ~____-§________.--------_~-~-~-------- 41,560 . 40,010 35,100 
Italy_..________-__-___-------_------------ 795,684. 31,967 29,878 
Norway. —___---------------.--------+---- ¥3,721 3,559 4,303 
Poland®____ ~~» eee 77,200 T82.200 87,100 
Romania_________-.___1 -_-~..--.~..------- ©45, 200 43,000 46,810 
Spain _. ee ee ee 70,688 64,505 68,561 

- Sweden____ ___ ee 81,192 17,584 _ 88,200 

USS.R®& ee ee F495,000 F495,000 520,000 

United Kingdom®_____ 2. ...-.-1+.-------+--- 4,000 3,902 2,530 
Yugoslavia________.__~+-~-.1-.1--~-------- 182,085 139,879 ©147,600 

Africa: oe 
Algeria ___.. -___ 2-2 oe 8,420 3,200 4,000 
Congo. _____~----s- ua ee + T1,819 2,201 2,300 

. Kenya ________-2.--2- +--+ ©22 22 — &22 
Morocco __. _~§____~___ a ee ee ee _ 95,098 70,150 66,357 

_ Nigeria® ~~ wee 240 ™140 . 140 
South Africa, Republic of __—..—....__----~-~-----+--- 2,741.  ,. 2,981 |. _- 
South-West Africa, Territory of? 0 _...._.....------- 62,568 56,514 59,290 
Tunisia______________.._._----------------- 718,783 11,842 11,424 

. Zambia (recoverable)_ _ — — —-.~-.+-----~------------ 27,100 21,400 16,300 

Burma®_______ _ a 10,800 11,570 4,200 

China, People’s Republic of€ ...-.......---:-------+-- 110,000 110,000 110,000 
India _~__________ a ee eee 10,083 12,247 14,683 
Iran. __ we ee 52,400 58,400 52,900 
Japan® _. ++ 48,775 55,789 56,952 
Korea, North®_______......-.-.---~.~--~------- T130,000 F130,000 130,000 
Korea, Republic of __....~--....---------------- 11,573 13,409 16,020 
Philippines __ 1.22.20... ~.~~--~-~~---- 1,436 3,735 4,982 
Thail and____ ee ee 1,701 1,690 996 
Turkey ________ 1.1... eee 5,073 5,172 4,850 

Oceania: Australia... _-__.--~---+~--~------~-~--- 413,701 448,826 439,344 

Total.______.._.._-------.-------------- | 13,762,489 3,750,210 3,700,742 
errr nee eer Pt A 

1In addition to the countries listed, Uganda and Egypt may produce lead, but available information is inadequate to 
make reliable estimates. 

2Recoverable metal content of lead in concentrates for export plus lead content of domestic products (refined lead, 
antimonial lead, mixed bars, and other unspecified items). 

5Recoverable metal. 
“Production by COMIBOL plus exports by medium, small, and other mines. 
5Recoverable metal; content of lead in concentrates for exports plus lead content of domestic smelter products (refined 

lead, antimonial lead, and bismuth-lead bars). 
®May include small quantities of zinc. 
Data compiled from operating com y reports of Tsumeb Corp. Ltd., South West Africa Co. Ltd., and South African 

Iron and Steel Industrial Corp. Ltd. (SCO ) for Imcor Zinc (Pty.) Ltd.’s Rosh Pinah mine. Data from Tsumeb Corp. Ltd. 
are for calendar years; data from other companies are for fiscal years ending June 30 of the year stated. 

®Content of concentrates.
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, Table 32.—Lead: World smelter production,: by country 7 | 

(Short tons) 

Country : 1974 1975 —-1976P 

North America: 
Canada (refined) _._________-__~-_~__--__-_---- 139,380 189,064 ©193,000 
Guatemala? __________________ 250 248 121 : 
Mexico (refined)_ $$... - 5 ee Le 220,660 190,620 209,142 
United States (refined)® __.§_______________________ 673,024 636,122 652,906 

South America: 
Argentina aoe ee 38,600 43,700 44,100 ; 
Bolivia (refined, including solder) _.___.____.._.-.____- 23 _- _- 
Brazil. Le 45,951 41,381 43,651 
Peru (refined) __.§_-.. -__-. -- - p e e e ee T88.799 78,544 81,731 

Europe: 
Austria* _-. §__ = 9,705 10,320 10,031 
Belgium _____§_ > Le T109,800 117,300 115,100 
Bulgaria® ? ~____ Le 124,000 T124,000 121,000 

Czechoslovakia?__._§. __.___§_._-_-__________ 19,698 20,334 ©20,300 
France®____§_§_ >) 5 Le 174,794 149,233 175,714 
Germany, East®_____._.§_§____________-__--____-__- 22,000 ‘22,000 22,000 
Germany, West ____________-_______.-----~-~--- 128,011 101,679 111,295 
Greece (refined)# ____.______________________-___ 16,100 18,000 20,604 
Hungary®?_________________________________ 14,880 714,300 14,300 
Italy, 750,753 36,593 50,093 
Netherlands? __________._~__~__________ 29,112 26,389 24,135 
Poland (refined)? __§_§_.___._____~_-~___~_ ee 78,900 84,000 88,800 
Portugal (refined)______-_-__--_-______________- 1,310 1,036 ©1000 
Romania® ______§____~_ F45,200 43,000 46,300 
Spain ~____ 87,666 80,853 83,244 
Sweden (refined) ___.___.___~-_~__~._~_____-__- 49,808 42,265 38,400 
U.S.S.R. (primary)®___.§ -§ -§-/ - 5s 5 ee eee ee 525,000 530,000 550,000 
United Kingdom®___§_§_§_. -_- 5 eee eee 32,386 28,328: 18,190 
Yugoslavia (refined)?_ $2 2 7 5 ee ee 125,472 139,000 122,599 

Africa: 
‘ 

Morocco _____~__~~ ~~~ ee — 7,716 7,937 
South-West Africa, Territory of (refined). __.___.__._..- ~~~ 70,925 48,801 43,650 
Tunisia $$$ _-§ 5 tee 29,102 25,787 25,878 

ase nmbia (refined) ~ eee ee ee 27,112 21,054 15,002 
ia: 
Burma ____~___ ee 10,246 10,974 3,672 
China, People’s Republic of€ _____._/__________.-_-__- 110,000 110,000 110,000 
India _-. - e 4,394 5,257 5,991 
Iran® ~-_ Le 330 - F330 440 
Japan (refined) __ ________._--_.~-_--__-_-~_----- 251,283 214,087 241,464 - 
Korea, North®_____§_§__________________ 90,000 ™90,000 86,000 

. Korea, Republic of _____§_/._/_______.-___-_------- 5,077 6,326 8,556 
Thailand ~~ _-$_-_-_-_____~__ ~~ 1,346 1,041 *1,050 
Turkey ___________~__ eee 6,170 3,300 2,600 

: Oceania: Australia (refined and bullion) ____.____-..---.-—- 371,434 343,163 378,138 

Total. __-____..-___~__---~---------+~--+--- 3,828,701 ' 3,656,145 3,788,134 

“Estimate. Preliminary. "Revised. 
1Primary except as noted, or where source does not differentiate. 
2Includes recovery from secondary materials. ; 
5Refined from domestic and foreign ores; excludes lead from imported base bullion. 
“Includes primary lead content of antimonial lead. 
5Primary smelter lead plus lead content of all antimonial lead. (May include some secondary lead in antimonial lead.) 
®Lead bullion from imported ores and concentrates.



' , : : . . : / 

. 

‘ 
. . 

. 

4 

4 

,



By J. W. Pressler! 

Lime output in 1976, including that for Agricultural lime was up 40%, refractory 
Puerto Rico, increased 6% to 20.3 million dolomite 10%, and chemical and industrial 
tons. Total value established a new annual lime 6%; construction lime remained the 
record, increasing 16% to $612 million. same. ' 

Output of most types of lime increased. | 

_ ‘Table 1.—Salient lime statistics in the United States! | a 
(Thousand short tons and thousand dollars) a a 

} — 1972 1973. 1974. ~~*1975 1976 : 

Number of plants__________________________ 185 75 22s 168 CO 

Sold or used by producers: | | oe | 
Quic ime -..---------------------- 16,611 17,230 17,795 15,875 16,924 
ydrated lime _-____________-_________ 2,604 2,610 2,533 2,344 2,298 

Dead-burned dolomite -—-____------------. 1,075 1,250 1,278 | 914 1,007 

Total _..___.-_-_______-____ 20,290 21,090 21,606 19,188 20,229 
Value? ________________________-_ $889,304 $365,849 $473,685 $528,805 $609,010 
Average value per ton_________..-____ $16.72 $17.35 $21.92 $27.38 $30.11 

Lime sold _.______________________- 13,358 14,394 14,640 12,840 - 14,024 
Lime used 6,987 6696 =i 966 —i(‘=éiG,292. 6,205 

Exports? __ 38 37 32 54 ti(‘<ié‘z Cw’ 
Imports for consumption® _______.._..-_--_--~-- 248 334 416 259 365 

1Excludes regenerated lime. Excludes Puerto Rico. 
Selling value, f.o.b. plant, excluding cost of containers. . 
SBureau of the Census. | . . | 

DOMESTIC PRODUCTION | | 

Lime producers sold or used 20.3 million Leading producing companies were Mar- | 
tons, compared with 19.2 million tons in blehead Lime Co. with two plants in Illinois 
1975. Sales of lime increased 9% to 14.1 and one each in Indiana, Michigan, Penn- 
million tons. Captive lime used by produc- sylvania, and Utah; Mississippi Lime Co. in 
ers declined 1% to 6.2 million tons. Missouri; Bethlehem Steel Corp. with two 

Output of quicklime increased 7% to 17.9 plants in Pennsylvania and one in New 
million tons. Production of hydrated lime York; Martin Marietta Corp.’s Chemical . 
decreased 2% to 2.3 million tons. Output of Div. in Alabama and Ohio; Allied Chemical 
dead-burned dolomite increased 10% but Corp. in New York; The Flintkote Co. with 
was 58% below the 1956 record high level. two plants in California, two in Nevada, and 

Six States—Ohio, Pennsylvania, Missou- one each in Arizona, Utah, and Virginia; 
ri, Michigan, Texas, and Alabama— Allied Products Co. with two plants in 
accounted for 57% of the total output. Alabama; Pfizer, Inc. in California, Con- 
Production increased 9% in Ohio, 8% in necticut, Massachusetts, and Ohio; United 
Missouri, 7% in Pennsylvania, and 2% in States Gypsum Co. in Louisiana, Ohio, and 
Michigan and Alabama, but decreased 16% — 
in Texas. 1Physical scientist, Division of Nonmetallic Minerals. 

757
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Figure 1.—Trends in major uses of lime. , 

Texas; and Diamond Shamrock Corp. in In 1976, the number of lime plants in the 
Ohio. These 10 companies, operating 30 United States decreased from 172 to 164, 
plants, accounted for 43% of the total lime but the average output per plant increased 
production. from 111,400 to 123,500 tons per year. Nine 

. The eight largest lime plants, each pro- lime plants were closed and reported no 
ducing more than 400,000 tons, accounted production in 1976: The Carley L. Moore 
for 26% of the total lime output. Thirty-four plant in Globe, Ariz.; the Great Western 
plants produced more than 200,000 tons and Sugar Co. plant in Eaton, Colo.; the Olin 
accounted for 64% of the total. Corp. plant in Lake Charles, La.; the Allied 

Leading individual plants were Mississip- Chemical Corp. plant in Baton Rouge, La.; 
pi Lime’s Ste. Genevieve plant, Marble- the Pacific Carbide & Alloys Co. plant in 
head's Buffington plant, Allied Chemical’s Portland, Oreg.; the Tennessee Lime Co. 
Syracuse plant, Martin Marietta’s Wood- plant in Knoxville, Tenn.; the Round Rock 
ville plant, and Bethlehem’s Annville plant. Lime Co. plant in Dolomite (Williamson 

A total of 532 kilns were operational County), Tex.; the Mountain States Lime, 
during the year: 310 vertical kilns; 170 Inc., plant in Provo, Utah; and the Jones & 
rotary kilns; 25 pot kilns (primitive verti- Laughlin Steel Corp. plant in Martinsburg, 
cal); 15 “Calcimatic” traveling hearth kilns; W. Va. One rehabilitated plant started up 
6 fluidized bed kilns; 4 “Ellernan” kilns; in 1976—Limestone Products Corp.’s Lime- 
and 2 traveling-grate rotary kilns. crest plant in Sussex County, N.J.
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7 _ Riverton Corp., headquartered at River- rotary kiln reportedly is the largest rotary 
ton, Va., acquired the assets of Jones & lime kiln in the United States. : | 

ae Laughlin Steel Corp.’s Blair Division. Locat- The S. I. Lime Co., a subsidiary of South- 
ed at Riverton, W. Va., the Blair facilities ern Industries -Corp., installed a third kiln - 

' manufactured lime, limestone products, at its Saginaw plant near Birmingham, 
| construction aggregates, and ballast. The Ala., doubling its capacity to 1,000 tons per 

108-year-old Riverton firm was a pioneer in day. A lime distribution terminal was also 
developing colored cements. Its rapidly ex- opened at Tampa, Fla. oo 

: panding stone division now produces from Chemical Lime, Inc. initiated con- — 
five quarries.” ss. struction at midyear for the installation of a 

| New plants and expansions.—Western 10-1/2- by 340-foot Allis-Chalmers rotary 
| Lime & Cement Co. purchased a 10- by 150- kiln and auxiliary equipment. Production 

foot rotary kiln and ancillary equipment will be increased from the present 350 tons 
: from Louisville Cement Co. and installed it per day to 750 tons per day. The kiln will 

| in its Green Bay, Wis., lime plant. The gas-- burn a blend of Texas lignite coal and 
oil-, or coal-fired kiln with preheater had a natural gas and will be operational at 

: 200-ton-per-day lime capacity and doubled yearend1978. —_— | an 
the plant capacity to 400 tons per day. Energy.—The lime industry in 1976 made 

Dravo Corp.’s new $60 million under- some progress in its utilization of energy 
ground limestone mine and three 1,000-ton- with the addition of preheaters to kilns and 

| per-day preheater lime kilns at Maysville, by improvements in internal agitation in — 
Ky., went into test operation and debugging the kilns; these changes resulted in a 3.3% 
in late 1976. At yearend, its “Thiosorbic’ improvement in energy consumption com- 

-  gpecialty lime output was already 75% sold pared with the base year of 1972. British | 
: to utilities in Pennsylvania and Ohio under thermal unit (Btu) consumption per ton of 

| long-term contracts for use as scrubber lime produced in 1976 was 7.79 million, 
lime. 7 -- compared with 8.06 million in 1975. | 

| The Flintkote Co.’s U.S. Lime Division in As reported by the National Lime Asso- | 
Nelson, Ariz., placed into production in 1974 ciation, the fuel sources for the lime indus- 
its new 800-ton-per-day preheater lime try in 1976 were as follows: Coal and coke, — 
plant. Construction was initiated in 1976 for 50.7%; natural gas, 40.7%; oil (No. 2 and 
a second, larger lime kiln with a production No. 6), 7.0%; and electricity, 1.6%. Com- 
capacity of 1,000 tons per day, reportedly to pared with the base year of 1972, significant — 
be operational by mid-1978. : improvements were made in 1976 with a 

Black River Mining Co., located at Carn- 24% reduction in the use of scarce natural 
town, Ky., a joint venture of Armco Steel gas and an 80% increase in the use of coal 
Corp. and Jones & Laughlin Steel Corp., and coke. | | . . 
placed into operation in mid-1976 a third —————-_ | 
lime kiln, doubling the plant’s production =Rock Products. V. 79, No. 9, September 1916, P. i rey 

capacity to 2,000 tons per day. The new ©. Departmen mmerce | y 

Allis-Chalmers 13-1/2- by 14-1/2- by 400-foot hor Proproas Report & duly 1977, pp 102108" 

Table 3.—Lime sold or used by producers in the United States, by size of plant' 
(Thousand short tons) . 

TT SS—~—SsS~—<“—~i 

Size of plant . TTT 
Plants Quantity Percent piants Quantity Dereny 

Less than 10,000 tons _______________--- 29 187 1 24 128 1 
10,000 to 25,000 tons __________________ 31 556 3 21 464 2 
25,000 to 50,000 tons __________________- 23 749 4 27 954 5 
50,000 to 100,000 tons _________________- 28 1,968 10 26 1,835 9 
100,000 to 200,000 tons__________._______- 28 4,136 22 26 3,982 20 

200,000 to 400,000 tons____-_- 28 8,024 42 26 7,576 37 
More than 400,000tons -_-___--_---------___ 53,540 18 B18 

Total. ee 172 719,159 100 164 220,257 100 

1Excludes regenerated lime. Includes Puerto Rico. 
*Data do not add to totals shown because of independent rounding.
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Oo | | ~ CONSUMPTION AND USES | oe a 

Lime was consumed in every State. Lead- the leading States were Wisconsin with five 
ing consuming States were Ohio, Pennsyl- plants (20%), Pennsylvania with four plants 

_ vania, Michigan, Indiana, Texas, New York, (18%), and Ohio with four plants (10%). | 
and Illinois, each of which consumed more Finishing lime was produced in 12 States in | 
than 1 million tons. These seven States 17 plants, including Puerto Rico. The lead- | 
accounted for 62% of the total lime con- ing State was Ohio with four plants(60%). = 
sumed. | The use of lime in agriculture has — 

_ Leading quicklime-consuming States decreased from 250,000 tons per year in — 
were Ohio, Pennsylvania, Michigan, Indi- 1956 to 140,000 tons per year in 1976, — | , 
ana, and New York, each of which con- indicating a negative annual growth rate of | 
sumed more than 1 million tons. These five about 4.5%. The high cost of energy-— | 
States accounted for 53% of the total quick- intensive lime, compared with that of pul- Oo 
lime consumed. verized limestone for controlling the ad- oo 

Leading hydrate-consuming States were verse acid condition of soil, and the attain- : | 
Texas, Pennsylvania, Louisiana, Ohio, and ment of maximum fertilizer utilization have ; 

_ Illinois, each of which consumed more than. diverted farmers to the use of the cheaper 7 
100,000 tons. These five. States accounted commodity, even though its reactivity re- | 

| for 58% of the total hydrate consumed. sponse is considerably less. During the same - 
| Lime sold by producers was used for Period, the use of crushed. and pulverized 7 

chemicals, 88%; construction, 6%; refracto- limestone in agriculture has increased from 
ries, 5%; and agriculture, 1%. Captive lime 20 million tons per year in 1956 to about 39 | 
used by producers was 31% of the total, million tons per year in 1976, a growth rate | 

compared with 338% in 1975. Captive lime f2-0%peryear, 22 a 
was used mainly for alkalies, 33%; basic § The growth rate of 2.0% in the use of 7 
oxygen steel furnaces (BOF’s), 26%; and 28ricultural limestone is similar to that of 
sugar refining, 15%. _ a } total plant nutrients in fertilizers used, and - 

Leading individual uses were BOF’s, alka- 4/80 to the growth in the harvested crop ~ 
- lies, water purification, paper and pulp, 2reage. Inadequate lime usage in agricul- , 

refractories, and sugar refining, which to. ture is one of the most important factors , oO 
gether accounted for 69% of the total con- /imiting more efficient crop production | 
sumption. _ - : throughout much of the country. Undoubt- 

. Of the main chemical and industrial uses, @Y, 4 major reason why farmers fall so | 
lime for BOF’s was produced principally in far short of using the needed lime is the na- 

_ QOhio (26%), Indiana (15%), Pennsylvania ture of the crop response obtained. Where- 
(14%), and Illinois (10%). Lime for alkalies 95 ‘top response to fertilizers is rapid, | 
was produced mainly in Michigan, New the response to lime applications 18 much 
York, Ohio, and Texas. Lime for water slower. It is frequently unnoticed until at | 

purification was produced mainly in Mis ‘east 1 year after application, especially 
souri (28%), Pennsylvania (17%), Texas when pulverized limestone B used ° 
(7%), and Alabama (7%). Lime used for though the effects of a single application 

paper and pulp, excluding regenerated lime, of lime may last seve ral y ears, many farm- 
was produced mainly in Alabama (30%), will: do pot Ait “for th this and are Pk | 
Texas (14%), Wisconsin (10%), and Tennes 7 0US 0, Maly OF Whe returns on thelr 
see (5%). Lime for refining sugar was pro. ‘"V°S*ments. ee 
duced mainly in California (23%), Idaho ‘Hargett - , 
(12%), and Colorado (9%). Fertilizer Beveiopinent Contr, Tennenoe Valley Author 

_ Mason’s lime was produced in 35 plants in ™¥; Muscle Bull. X-) 12, 1916, pp. 6-7. 
17 States, including Puerto Rico. Some of ern Tertiary, No 105 Spine ee for Bast
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Table 4.—Destination of shipments of lime sold or used by producers in the United States 
: - in 1976, by State? | 

(Short tons) 

. a — State - | Quicklime lime - Total 

Alabama _____ 2 ee ee 487,573 64,077 . 551,650 
* Arizona... - - ee 483,177 14,012 497,189 

Arkansas. _ = = Le 165,674 24,958 190,632 
California 0. 2 ee ee 177,132 84,747 861,879 
Colorado ____________.~ ~~~ ee 278,953 17,361 296,314 
Connecticut _.__.____-_----_~---+- ee 44,113 10,910 55,023 

. Delaware... ee 16,965 5,771 22,736 
oe District of Columbia... --__-_-__..-._____--__------ _- 519 519 

Florida ___ =~ -~_-__-_ ~~ ee 309,939 46,885 356,824 
Georgia_-_____________________________._-__-----= 168,561 27,021 195,582 
Hawaii _. eee 2,868 5,504 _ 8,372 
Idaho _______________~-~ ~~~ 137,077 6,818 148,895 

: IHinois 2. 2» ee ee 898,619 108,912 1,007,531 
Indiana______§_______~_~_~ ~~ ee 1,916,747 70,161 _ 1,986,908 
Iowa’. eee 69,913 19,828 © 89,741 
Kansas_____§_-_§_____ 76,944 - 21,019 . 97,963 
Kentucky ____________________~___ ee 369,031 16,694 385,725 

. Louisiana _-~ ~~~ ee 156,958 115,834 272,792 
Maine____~~____---_---a2+---------- +--+ 22,703 2,205. © 24,908 
Maryland ____ ee 457,649 18,379 476,028 . 
Massachusetts_ =». -§ -§ 5§ 5 5 5 42,233 11,589 53,822 
Michigan _ ~~... 2--___- ~~ 1,951,366 46,783 1,998,149 
Minnesota ___. . - - -§ 5 eee 180,762 17,371 198,133 

. Mississippi_____ 2 _____-________--__ 2 123,155 —-_: 25,095 148,250 
Missouri _ 2 2 2 ee 163,280 39,737 _ 203,017. 

- Montana _____- 2 ee 224,958 3,584 228,542 
Nebraska. ___ =. 2 ee Le 57,957 8,858 66,815 

- Nevada. Le 16,200 10,025 26,225 . 
New Hampshire __________________-~__/ ~~~ 7,613 .. 671 8,284 
New Jersey _______._ ~~~ Le 67,618. 54,971 - 122,589 
New Mexico ____._.____~__~____ 94,778 . | 12,360 - 107,138 
New York _._-____-._________i--~-___ ieee 1,000,552 36,112 1,036,664 
North Carolina __._-_§__________ 2 ee 136,875. . 29,996 166,871 
North Dakota _.. 2 2/5 2 ee LL 50,704 . 6,858 _ 57,562 
~Qhio_ __ 2,701,434 112,351 2,813,785 

. Oklahoma —_ ~~ 2 ee 76,980 23,134 100,114 
~ Oregon... 97,744 14,213 111,957 . 

Pennsylvania _____§__..§ -- -§ ee 2,013,900 267,680 2,281,580 
. PuertoRico ________________ ee Ww Ww 27,069 

Rhode Island _____-§_§______~___ Le WwW WwW .. 8,605 
South Carolina _______ 2 ee 81,304 12,364 93,668 
South Dakota _____._._2 27,883 17,965 45,848 
Tennessee __- 128,046 68,729 196,775 
Texas $$ > 856,257 627,908 1,484,165 
Utah ____ = ee 100,505 20,003 120,508 

. Virginia ~.__-§_-_.1 ee 160,442 29,121 189,563 
Washington ________§___________-_ ee 160,529 20,288 180,817 
West Virginia ____... 2 ee 387,414 20,314 407,728 
Wisconsin __ ~~~. -- -- ~~ ee 114,571 51,017 165,588 
Wyoming-___ ~~ 34,350 8,102 42,452 
Other States? ___ = >_> 7,719 33,092 5,137 

Total United States _.____.-_________________-_-- 17,907,725 2,311,906 20,219,631 

Exports: : 
Canada _________ 10,057 14,094 24,151 
Other countries ________~_ 13,059 204 13,263 

Total exports ________________ LL 23,116 14,298 37,414 

Grand total ______~__~______- 17,930,841 2,326,204 20,257,045 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.” , 
1Excludes regenerated lime. Includes Puerto Rico. 
7Includes Alaska, Vermont, and the Virgin Islands; and States indicated by symbol W.
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Table 5.—Lime sold or used by producers in the United States, by use! 
(Thousand short tons and thousand dollars) 

-—— 
ES LAA eS ies eeeeneneenes 

U 1975 1976 
se _————— 

Sold Used Total? Value Sold Used Total? Value OSE OOOO Se 
Agriculture __.____________ 97 _— 97 3,371 136 -- 136 4,759 oe —————————————_—_—X—¥—¥—K__£_£__££__L""_>_>>=>— Construction: 

Soil stabilization _...______ = 749 1 750 21,165 742 ) 743 24,597 Mason’slime ___________ 282 1 283 7,970 351 1 351 11,616 Finishing lime __________ 196 __ 196 5,520 132 _- 132 4,363 Other construction uses ___ _ _ 28 34 61 1,720 35 ~ 35 70 2,310 EO 
Total? =. ________ 1,255 36 1,291 36,3875 1,260 35 1,295 42,886 : aeSeS=gq=«=«=ooouo eee Chemical and industrial: 

Steel, BOF _-§___________ 5,024 1,518 6,542 177,000 5,800 1,618 7,418 219,306 Alkalies __-_-___________ 7 2,093 2,100 56,700 7 2,072 2,078 61,434 Water purification ________ 1,394 9 1,403 37,900 1,515 8 1,523 45,026 Paper and pulp __________ 819 . 102 921 24,900 946 108 1,054 31,160 Sugar refining __________ 77 837 914 24,700 76 909 985 29,121 Steel, electric _..._-_______ 583 79 663 17,900 707 71 778 23,001 
Copper ore concentration _ _ __ 327 356 683 18,400 386 284 670 19,808 
Sewage treatment ________ 611 70 681 18,400 548 90 638 18,862 Steel, open-hearth ________ 467 44 511 18,800 340 83 423 12,506 Aluminum and bauxite _____ 140 154 294 7,940 143 152 296 3751 
Magnesia from seawater ____ . Ww WwW WwW WwW Ww Ww 237 7,007 Calcium carbide _________ 113 92 205 5,530 156 17 232 «= GG, 8559 
Glass ___-_____________ 261 __ 261 7,050 213 ee 213 6,297 
Precipitated calcium | | . 

carbonate ____________ 40 25 65 1,750 44 36 81 2,395 
Petrochemicals __________ 64 — 64 1,730 720 Lk 72 2,129 
Acid mine water _________ 49 1 50 1,350 57 (°) 58. 1,715 
Food products___________ 29 34 63 1,700 21 35 56 1,656 . Metall ,Oother ________ 52 2 53 1,480 51 _- 51 1,508 

Oil well Qeilling eee 41 _— 41 1,110 47 _— 47 1,390 Petroleum refining _______ 30 -- 30 810 42 © -- 42 1,242 
Sulfur removal __________ 3 — 3 80 30 __ 30 887 
Magnesium metal ________ 8 13 21 567 WwW Ww 27 798 
Tanning ______________ 26 8 8__ 26 702 25 — 25 739 
Fertilizer _.___________ 7 _- 7 190 12 — 12 355 
Insecticides __-__________ 10 — 10 270 9 _- 9 266 
Paint _._-_-.___§________ 4 -_— 4 108 4 _— 4 118 
Rubber ___§_§ = _-_ 3 a 3 80 4 _- 4 118 
Ore concentration, other ____ 7 _— 7 190 3 __ 3 89 
Wire drawing ___________ 1 1 2 50 2 (°) 2 59 Plastics ~~. __________ 25 __ 25 675 Ww __ WwW Ww 
Other uses* ~~ = = 444 762 1,206 32,086 457 559 751 22,199 EE 
Total__-_____________ 10,666 6,192 16,858 455,098 11,717 6,102 17,819 526,301 Refractory dolomite __________ 849 64 914 31,193 938 68 —-:1,007 37,079 

Grand total? __________ 12,868 6,292 19,159 526,036 14,052 6,205 20,257 611,523 — eee 
W Withheld to avoid disclosing individual company confidential data; included in “Other uses.” 
1Excludes regenerated lime. Includes Puerto Rico. 
Data may not add to totals shown because of independent rounding. 
SLess than 1/2 unit. 
“Includes sand-lime brick, silica brick, magnesite, chrome, lithium, explosives, adhesives, coke (1975), other uses, and 

uses indicated by symbol W.
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: oe —— PRICES | | | 

The average value of lime sold or used by Values for quicklime sold ranged from 
producers in 1976 was $30.19 per ton, an $29.14 for chemical lime to $33.53 for con- 

increase of 10% over the 1975 price of Struction lime, $33.52 for lime used in agri- 

| $27.46 and an increase of 73% over the 1973 Culture, and $36.85 for dead-burned dolo- 
. | mite, and averaged $29.82, an increase of price of $17.42. : ) - . 
Values ranged from $29.56 for chemical 6% over the 1975 value. _ 

ae 1B . ° r chemi Values for hydrated lime ranged from 
and industrial lime to $33.12 for con- $33.13 for construction lime to $34.84 for 
struction lime, $36.82 for refractory dolo- chemical lime and $36.58 for lime used in 

mite, and $34.99 for lime used in agriculture, and averaged $34.02, an in- 
agriculture. crease of 15% over the 1975 price. | 

, FOREIGN TRADE | 

Exports of lime increased 4% to 55,900 Jamaica, Japan, Iraq, the French Pacific 
tons but were 19% below the 1968 record. Of Islands, Belize, Haiti, the Netherlands, 

; the total exports, Canada received 87%, and Nicaragua, Guatemala, Iran, the Republic 
Mexico and Panama received 3% each. The °f South Africa, and Italy. , 
remaining 7% went to 36 countries, listed in Imports of lime increased 41% to 364,900 

. " - tons. Imports were mainly from Canada. 
order of shipments as follows: Guyana, 

United Arab Emirates, Bahamas, Bermuda, _ oo 
El Salvador, New Zealand, Philippines, Table 6.—U.S. exports of lime : 

oo Honduras, the United Kingdom, Vene “~~ )  —sts«Quamntity. = Value 
zuela, Saudi Arabia, Bahrain, Spain, Egypt, Cort tons) (thousands) 
West Germany, Surinam, Australia, Brazil, 1974 _..__________ 31,689 $1,516 
Gabon, Colombia, Argentina, the Pacific 197? ------------- Bee Pont 
Trust Islands, Netherlands Antilles, Peru, ————————————__—___________—__——""—_- 

, Table 7.—U.S. imports for consumption of lime | | 

Hydrated lime - Other lime Total 

(hort tone) (thousands) Port tons) (thousends) (ohana) (thas) 
1974____ 48,284 $1,311 367,917 $6,368 416,201 $7,679 
1975 44,637 1,392 214,311 4,867 258,948 6,259 
1976_______ 48,461 1,814 816,442 8,816 364,908 10,680 

WORLD REVIEW 

Lime is produced all over the world, tons, of which 341,000 tons, with a customs- 
mainly in the heavily industrialized na- declared value of $29.42 per ton, was ex- 
tions. Source materials are adequate. The ported to the United States. 
United States, with 17% of the total, ranks China, People’s Republic of.—Imperial 
second in world production. Krauss Maffei Industrieanlagen GmbH 
Canada.—During 1976, 18 companies op- (Munich, West Germany) will supply a lime 

erated 24 lime plants in Canada: 10 m plant to the People’s Republic of China. The 
Ontario, 4 in Quebec, 4 in Alberta, 3 in 600-ton-per-day facility, to be erected near 
Manitoba, 2 in British Columbia, and 1 in Wuhan, will produce a highly reactive lime 
New Brunswick. Of the 85 kilns in oper-  ), the Chinese steel industry.* 
ation, 54 were vertical, 27 were rotary, 3 
were rotary grate, and 1 was vibratory 5 . oo 

grate. Total lime output was 2.0 million oon mica Engineering. V. 84, No. 5, Feb. 28, 1977, p.



oC LIME 165 

Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World | 
| : production by country 

| 7 | (Thousand short tons) . — . 
nn ee SS Se tases SSS STS TT ers SSS se GSA SSSR 

| Country! 1974 1975 = 1976" 

North America: ee 
Canada __-____- ee 2,009 1,765 2,012 
Costa Rica _. 2 ee 24 17 - O17 

- Guatemala ____ = 62 - 39 3. —s«#BO 
Jamaica Groton renee -- === - +--+ - + ------- °886 202. 269 

i ween ee ee ee —~6l 51 
Puerto Rico --- ee  e 39 28 28 

_ United States (sold or used by producers)____§_-____________________ 21,606 19,188. — 20,229 ; 
South America: 

Brazil® ~-________. eee, 200 2,200 2,200 
Chile®_____ 2 660  ~=—s-—«- "660 660 
Colombia* a 1100 1,100 4,100 
araguay ———_——__----~_--—---~~~-~--~--~-~-~~----------+ 
Peru ~~--+-----------------+-- ++ eee © | O o 

Europe. ee DS , , a 
Austria __ ee L 1,145 826 1,057 
Belgium _____-.__________+---_---- eee *3,558 2,778. 2,540 
Bulgaria ___________--___---_ 1,446 1,753. 1,800 

- Czechoslovakia __ ~~~ 3,073 3,262 3,300 
Denmark ___________- 2 LL . 188 - 183 .. 255 
Finland® __-____..--§_-____ 316° 7298  —s«_—«285 : 
France _____________.-- 4 -- 5,625 4,842 5,265: 
Germany, East _____-~------- ie 3,337. . 3,840. . ©8,300 
Germany, West ____._____-__------.-- Le 12,358 10,114 10,608 

’ Hungary _- ~~ 701. ss 787 — 808 
Ireland ______..----_-_-__-_____ lo _ &gg | 
Italy. --_-_-----__-- ee ee $2,557 1,952: 2,122 . 
Malta ____________ Le req -  @ 99 
Norway -___—-------~~----~--~-------------- ee 127 183, “132 
Poland* ______.-.. - eee 8,772 — 9,059 8,940 
Portugal ___________~--~_-~ 238 235 ©220 
Romania _________-_.---_--2 = 8,885 3,377. — °3,300 
Spain __-_______-~ L488 F €440 ©440 
Sweden (sales) ________.___--_u------- eee eee TT 869. — °860 
Switzerland __.___._______-_--_-_-------------L--------- 125 80 0——“‘TB’ 
USS.Ro Le 24,000 25,000 25,000 
Yugoslavia —_____.__-____-_-__ eee 2,248 - 2,296. °2,100 

Africa: e - ~ 44 mg v 
Algeria we ee ee ee ee ee LL Le / : . . 

Burundi _—~_______. + AQ. .@) 1 . 
Egypt’ ~-- ee ee 90 90 - 90 

5 6 (®) yo 
Kenya _____~__ “& 217 ° ~~ «220 
Libya __-_-_______~___ eee Lee a “15 — 358 
Mauritius _____________~ ee 4 8 8 
Malawi® ____________-_____---_------------ eee OO (7) (*) 
Mozambique _____—_§_~______ ~~ eee T9380 591 550 
South Africa, Republic of (sales) _____._._...____-_-..____-__-_~_-______ 1,322 1,464 1,529 
Tanzania __ $= 6 8 €11 | 
Tunisia _________ ~~ ~~ 126 312 351 
Uganda® ____________ 33 33 33 
Zaire eee 165 165 165 
Zambia _______--~-- eee ©120 F €130 °159 

Cyprus ______ ~~ +e eC 67 25 12 
India® __________-_-------__ L8H 375 815 
Tran® _______ ee 1,100 1,100 - 1,100 
Israel] ___§____~--_--_- eee 220 265 220 
Japan ____ ~~~ eS s«i12,862 10,110 10,115 
Jordan _______--______ ee 3 3 3 
Korea, Republic of _____§.....---_-_-~ eee 105 110 120 
Kuwait ______________ ~~~ ?) ?) ?) 
Lebanon ______~__--_-----~--~-~_-------~--- +e 195 ©200 200 
Mongolia® ___ ~~. 5 ee eee 45 45 45 
Nepal _________-____ ~~ ~~~ ee ) 60 — -§66 
Philippines ____________~_-~~-~~~ eee 111 40 30 
Saudi Arabia® ___-__________._ ~~ ee 17 17 17 
Taiwan ______--~___~_____ Le 171 161 181 

Oceania: 
Australia® _________________--~ eee 1,088 * °1,050 1,050 
Fiji Islands _________-___-_--_----_---- 3 3 3 

Total _____------_----------~---~-~~--~~~----------~~ 121,542 113,687 116,291 
er pr reenp coe ee 

*Estimate. Preliminary. ‘Revised. 
‘Lime is produced in many other countries besides those listed. Mexico, Venezuela and the United Kingdom are 

among the more important countries for which official data are unavailable. 
2Less than 1/2 unit. 
‘Hydraulic lime. , 
“Excludes output by small producers. A 
5Revised to zero. i 
*Year ending June 30 of that stated.



766 MINERALS YEARBOOK, 1976 | 

Germany, West.—Brisk demand in 1976 ture—will amount to $28 million. The new 
for one-family and multifamily houses led plant had a capacity of 1,400 tons per day 
to a 16% increase in sales of lime in West and, combined with the original 11-vertical- 
Germany.‘ | Oo kiln plant, increased the company’s quick- 

| New Zealand.—In spite of reduced de- lime capacity to 840,000 tons per year. 
mand for cement in 1976, New Zealand Union Lime now has a 35% share of the 
Cement Holdings Ltd. reported increased total South African burned-lime market.® 
sales of lime, mainly owing to anincrease1n — Switzerland.—Although the market for 
agricultural lime demand, with an expan- hydraulic lime in Switzerland showed a 
aon aeons in 1976 compared with light overall decline, Cement- und 

000 tons in 199. __,.. Kalkfabrik Unterterzen AG reportedly in- 
Qatar.—Newell Dunford Engineering ased sales 12% to 10,100 by th 

(London, England) was awarded a $4 million cre sales % . ’ tons by the 
| , _ . takeover of deliveries from Cement- und | 

contract to supply a complete lime calcina- . , 4s : as 
tion plant to Qatar. The plant will be built Kalkwerk Liesberg AG's lime plant, which 
at Umm Bab for the Qatar National Cement ad suspended production. At the Ce- 
Cos | mentfabrik Holderbank plant in Holder- 

South Africa, Republic of.—Union Lime bank, the Lime Division increased its sales 
Co. Ltd. of Ulco commissioned a lime plant of hydraulic lime 16% to 14,400 tons.” 
in April 1976 at Danielskuil, Ouplaas Farm. | United Arab Emirates.—Holderbank 
EF L.Smidth & Co., Ltd. supplied two 12-1/2- Management and Consulting Ltd., Engi- 
by 466-foot rotary kilns. The cost of the total neering Division, reportedly received a con- 
project—quarry, crushing plant, two kiln tract for a new lime plant at Al-Ain in the 

plants, unloading plant, and infrastruc- Emirate of Abu Dhabi.’ 

| a TECHNOLOGY | | 

The installation of preheaters on two 11- scrubbing systems. Corrosion of parts and | 
by 10- by 314-foot' rotary lime kilns lowered material buildup with subsequent loss of 
fuel consumption and increased production production can result unless operating var- 
at the Woodville, Ohio, plant of Martin iables are closely controlled. High water- 
Marietta Corp. An overall fuel saving of 1.5 to-gas ratios, saturation of inlet gas, neu- 

| million Btu per ton of lime produced and an  tralization of recycled slurry water and of 
increased production of 98,000 tons per year pipeline slurries, and an extended humidifi- 

| of lime from the two kilns were realized.'* cation zone in the gaseous phase of the wet 
| Although a preheater lime kiln gives scrubber unit are all important re 

excellent fuel economy and _ greater quirements." 
throughput, a long rotary kiln without pre-e ——~-_-__ 
heater is sometimes preferable because it 6Holderbank Financiere Glaris Ltd. (Zurich, Switzer- 
produces a lower sulfur product, can handle —#n¢). Annual Report es 18. tes 
smaller stone sizes, can treat stone that SFivancial Times (London, England). Nov. 28, 1976. 
becomes soft when semicalcined, and is *Ritchie, D. Union Lime Co.’s Ouplaas Works. Rock 

simpler to operate than a preheater. If a erect rock ojted in teotnote 48-51, 84, 88. 
long lime kiln is fitted with all of the heat- 10Page 12 of work cited in footnote 6. 
exchanging internal equipment possible, it 12h 28° i of work cited in footnote 6. 
can still achieve excellent fuel economy, 1SRekerteon, JL Preheators Equal Lower Fuel Costs, 
and the extra capital cost can be justified by High Production. Rock Products, v.79, No. 6, June 1976, pp. 

the money saved in fuel. “4Kramm, D. J. Save Fuel With Heat Exchanging 
Excessive particulates emitted from most Internals. Pit and Quarry, v. 69, No. 11, May 1977, pp. 

lime-producing kilns require expensive dry + FB Abos, R. L., and M. D. Challis. Scrubbers for Lime Kiln 
collection systems, as well as efficient wet Exhausts. Rock Products, v. 79, No. 6, June 1976, pp. 85-86.
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By C. K. Quan: | | - 
) | 

Although domestic Production of lithium Consumption of lithium and 38% of world 

minerals and compounds Showed @ Minimal consumption in 1976. Other major applica- 

rowth in 1976, ©onsumption rose about 9% — tions of lithium were in glass and ceramics 

Over that of 1975, The United States contin- and in lubrication, together accounting for 

ued as the world’s leading producer, Te, 40% of domestic demand and 43% of world 

plying about 19% of pial demand. Other demand. Continued growth of lithium con- 
pad ROUSSat gamit snare gow seer 

: ‘ 
MJWEV., 

” 
Pected. | 

| 

Africa, and Southern Rhodesia. West Ger- A highlight of the lithium industry con. 

Many, although not a primary Producer, |‘ 
_ 

was an important supplier of lithium pro- %isted of the Startup, at yearend, of a 19. 

ducts manufactured from imported lithium million-pound-per pear lithium carbonate | 

carbonate and lithium hydroxide. Plant at Kings Mountain, N.C. The new 

__The largest end use of lithium was as facility of F oote Miner al Co. r “presented a : 

lithium carbonate in aluminum Potlines, 20% iner ease in lithium Production capaci- 

where it increases capacity, lowers energy ty of market economy countries, . 7 

requirements, and reduces fluoride emis- — Legislation . and Government _ Pro- | 

Sions, It is estimated that aluminum Pro- grams.— Imports of lithium materials are 

duction ‘accounted for 50% of total domestic Subject to the following tariff structure: : 
| - | Tariff Class 

TSUS No. | Rate of duty ___ Statutory rate | . 

rigtium mineral concentrates 
| 423.81 °° | None > None | 

Lithia metal —_ Ta 77-7 -=---- 41530. 12.5% ad valorem s 25% ad valorem 

Lithium Compounds Tata -------- TT 419.10 5% ad Valorem . 25% ad valorem A 22% depletion allowance against Fed. Lithium Corp. of America (Lithcoa) and | 

eral income tax is granted on the ening of Foote Mineral (Co. are considering long- 

domestic reserves, compared with 4% for term commitments to Purchase 20 million 

foreign Gene Services’ Admi. tratig, Pounds each, under the Proviso that the 

e ner. Tvices inistration material be used in the roduction of lith. 

(GSA) continued selling surplus lithium hy- ium carbonate or lithium carbonate-based 

droxide monohydrate, depleted of its Li-G Products. Twenty-eight million pounds are 

isotope, to domestic and foreign consumers. being offered for sale to any other firm (or | : 

During 1976 about 1.98 million pounds were firms) that desires to articipate in the 

disposed of, for a total value of $1.52 mi. 
parcial 

. ? . ' disposal Program, provided that it has the 

lion. At yearend total] disposable inventory . 
. wae 

| 

“nas : financial and technological Capability of 

was reported at 3.1] million pounds valued be . | . : way 

. at $4.18 million. However an additional 80 ming a domestic Prunary lithium Pro- 

million pounds of surplus material have ducer or Producer of lithium Carbonate or 

since become available from Energy Re. ApRea a ae 

Search and Development Administration , ‘Physical ie infortsae vision of Nonmetallic guinerals, - 

(ERDA) stockpiles, Tt is un derstood that °GSA stockpile information, No, P-2164, Jan. 7, 1977. L Sf 
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— 

lithium carbonate- based products. The re- sealed bid on an unrestricted-use
 basis to 

| maining 12 million pounds of surplus mate- any firm other than Lithcoa and Foote 

7 nial ‘have been set aside for sale under | Mineral. 

“ 7 7 - Table 1.—GSA 
stockpile and sales of lithium hydr

oxide monohydrate 
| 

| | | 
| - oe Total Inventory” 

| ) Sales? _ 
| 

- . 
. Date mo 

| Quantity 
Value ~- Quantity — Value 

! 

. . (pounds) 
(thousands) 

Sounds) 
(thousands) 

oe 

oe jan 81,1916 ----- TTT 5,094,104 6199.02 
oo 

| Jan. 091916. ----
----- 77712 

5,094,104 
6,129 

__ __ 

Mar. 81, 1976 (TTT TTTT Te -
-----507 

5,014,104 
6,047 80,000 

82 

: Mar. 3) 96. --------7777 
22 5,014,104 

6,047 
_- __ 

Apr 31, 1916. -—-
-------7 777 

5,014,104 
6,047 

_ | -_ 

- May 36,1916 --------- 777
2 

4,453,679 
5653 560,425 

394 

July 31, i620
 

3,953,679 
5,168 500,000 

490 

Aug. 31, 1976 “77 TTTTITIE+
-------7 

3,553,679 
4393. 400,000 - 210 | 

| : Sept. 30, 1976 “TTTTiTI ll a-----5077 
3,510,235 

ass twtié‘*td AR 
6 

/ Sept. ig6 ---------
- 7777 

7 3,110,235 
£178 -—~=«400,000 

980 

/ Nov. 30, 1976 TTT TT TTT eeeen
rr $110,285 

418 0 00°02~«O 
Loe 

Nor 31, 916 
| 3,110,235 . 4,178 oa ee Le 

: otal sales ---------
7772 _ XX xx (988869 1,522 

| XX Not applicable. oe ms | 
I : 

| . ITpventory a8 of m
onth end. 

fe 
a 

: oe | 

| 7 2T otal sales duri
ng month. 

| = 
a 

| 
Source: General

 Services Admini
stration. - 

OO 

| | 

: ae 
DOMESTIC PRODUCT

ION oe 

: To avoid disclosure of individual com
pany converted to 4 lithium carbonate (Li.C0s) 

confidential data, the Bureau of Mines con- equivalent basis by @ multiplicativ
e factor — 

| tinued its policy of withholding from pub- of 0.464. Consisten
tly, Canadian estimates — 

lication statistics on domestic: production of total US. production have been higher 

Be that it obtained from official canvasses. than Lithcoa’s estimates. It is believed, 

oO However, in response to a growing need by however, that Canadian data represent up- 

| the public, data currently available in other stream production of mineral concentrates 

« published sources will be presented. 
. and lithium carbona

te, while Lithcoa’s data 

| Table 2 summarizes estimates of domestic are based on total downstream production 
| 

production for the years 1971-76, as publish- of a variety of lithium products. 
| 

| ed by the Canadian Department of Energy; 
As in previous years, Lithcoa, Foote 

Mines and Resources and by Gulf Resources 
Mineral Co. and Kerr-McGee

 Corp. account- 

and Chemical Corp. of which Lithcoa is a ed for the. sntire dome
stic productio

n, with : 

wholly owned subsidiary. 
an estimated total annual capacity of some 

Canadian data, traditionally reported in ~ 28,500 tons of lithium carbonate equi
valent 

| terms of lithia (Li.0) content, have been at yearend 1976. / 
— 

Table 2.—Domest
ic production of lithium 

| 

(Short tons of LisC0s equivalent)
 

Total Domestic Pr
oduction ; 

. 

——
 ooo tic Lithcoa 

Canadian
 Lithcoa 

production
” 

estimate’ estimate” 

1971 ----- 17311  —«215,250 
7,831 

1972 _---- 19,289 16,350 10,792 

1973 _---- 26,461 18,000 12,046 

1974 _---- 29,429 19,450 12,840 

1915 _---- 26,461 20,000 12,127 

1976 __--- 
NA 20,500 12,820 

NA Not available. 

1G. HLK. Pearse, Canadian
 Minerals Yearbooks. 

Ren Resources and Chemical Corporation Ann
ual 

ports.
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a Table 3.—Domestic producers of lithium . 

Company - Plant location (short tons Lis00s | 
a - equivalent per year) 

Lithium Corp. of America _____ __ Bessemer City, N.C eee 13,500 
Foote MineralCo __._.________ _ Silver Peak, Nev-_______-___- - “8,000 

Kings Mountain, N.C.1 _________ 6,000 | 
Kerr-McGee Corp___.__.._..... Searles Lake, Calif _.________~ | 1,000 

- 1QOnstream December 1976. | . OO oe | - Oo 

Lithcoa operated an open pit mine anda mated to be adequate to sustain forecasted a 
_ beneficiation plant at Bessemer City, N.C. production levels for more than 40 years. It | 

where it has a reserve of 29.6 million tons of was the major supplier of spodumene con- 
spodumene ore, averaging 1.38% Li, in centrates to the ceramic industry. At year- 
pegmatite dikes. All of Lithcoa’s mill out- end 1976 a new lithium carbonate facility _ | 
put, exclusive of concentrate tolled for oth- came onstream at Kings Mountain, adding 
ers, provided feed for its chemical plant in approximately 6,000 tons to the total an- | 

Gastonia, N.C., where more than 70 differ- nual capacity of market economy countries. 7 
ent lithium products were manufactured, An additional source of lithium carbonate 
of which 30 were mar keted in commercial evolves from Foote’s brine operations at | 

_ quantities. Products of major importance  ijver Peak, Nev., conducted under sodium | 
included lithium hydroxide, lithium car- and potassium leases and prospecting per- _ 

bonate, lithium. chloride, lithium bromide, mits issued by the Bureau of Land Manage- : 

fee ee Durie "Oe, appre and ial; ment of the U.S. Department of the Inte- | 
| aan - Duri » SPP - rior. oe Oo 

30% of rauneos ee were absorbed by During the fourth quarter of 1976, Foote 
Al kundred “custo sore vn nan diverse completed modification of its Sunbright, | oe 

ae ree omers in many Vv Va., lithium hydroxide facility. With an : 
industries in the United States, no single timated al ‘tv of 2.500 f | 
customer accounted for more than 10% and “S@matec annu: capacity of 2,000 tons o 
no single industry for more than 30% of lithium hydroxide monohydrate, the plant 
total sales. In addition, feldspathic sands will utilize lithium carbonate from the 

vee ad art, oe Kings Mountain operations as plant feed. A were produced by Spartan Minerals Co. of 4 ae > pie , 
Pacolet, S.C., a subsidiary of Lithcoa, from reed ie leveeera neers an also a 
feldspar-rich mill tailings of the parent Proe y raser, fa., and | a 
company and marketed a the ceramic and New Johnsonville, Tenn., where organo- | 
‘glass container industries. Currently, lithium products such as normal butyl- . . 

Lithcoa reportedly accounts for half of the lithium and secondary butyllithium were 
lithium production in market economy Manufactured. | 7 
countries, and plans are underway to Minor amounts of lithium carbonate, 
expand capacity of the Gastonia plant to approximately 900 tons per year °, contin- 
22,000 tons of lithium carbonate equivalent, ued to be extracted as a byproduct of Kerr- 
at an estimated cost of $12 million. McGee’s brine operations at Searles Lake, 

Foote Mineral Co., 92% owned by Calif. Although the Searles Lake potash 
Newmont Mining Corp., has an open pit operations are being expanded, it is 
mine and beneficiation plant at Kings understood that no increase in lithium car- 
Mountain, N.C., where reserves are esti- bonate capacity is envisaged. 

CONSUMPTION AND USES 

Lithium minerals, compounds and metal glass batches is believed to reduce stack 

command a variety of industrial and insti- emissions of fluorides and provides for the 
tutional uses. The minerals lepidolite, peta- Chemica durability of the BS 

wa ya a, additives were incorporated in U.S. specifi- 
‘Hite, ane’ Spodumene find onet application cations for black and white television tubes 
in specially 8 asses, cnameis, glazes, an many years ago, and other countries have 
whitewares. Small amounts of spodumene presumably adopted the same specifica- 

in glasses, about 0.1% to 0.2% lithia, reduce tions. It is understood that a 21-inch tube 
operating temperatures and fuel consump- #————__— 

: : ‘ SRykken, L. E. Lithium Production From Searles Valley. tion and increase pull and furnace life. Also, On eB athium Fro d Require rom by the ve, 

the addition of spodumene in container 2000. US. Geol. Survey Prof. Paper 1005, 1976, pp. 33-34.
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utilizes about 0.2 pound of lithia. Recrystal- after the first 2 months of operation. Typi- 
| lized glasses, a relatively recent develop- cally, a 100,000-ton-per-year potline is 

ment, utilize low-iron spodumene or petalite thought to require an initial charge of 600 
- to impart strength and durability. Supple- _ tons of lithium carbonate, and an additional 

| mented by lithium compounds, spodumene makeup charge of 250 tons is required 
| or petalite is used in quantities making up annually to compensate for process losses. 

as much as 50% of the glass batch. In The initial charge is needed only at the 
| enamels and glazes, an addition of about 1% startup of a new cell. At the end of the cell 

| lithia in ground and cover coat frits in- life, usually after 3 years or 1,000 tons of 
creases the fluidity of the coats, improves aluminum, the contents of the cell are 
gloss; and: produces a high-strength glaze recycled by transferance to a new cell. In 

| with low. thermal expansion. In whitewares, consequence, this makeup charge will very 
lithia is added in various amounts depend- Jikely constitute the major end use of lith- 
ing on whether it is used as a fluxing agent iym carbonate in aluminum potlines over 

| or as a low-expansion constituent. Asa flux, the long haul. According to the Aluminum 
spodumene can impart lower absorption to Association, domestic production of primary 

| china bodies than can be obtained with  aiuminum in 1976 amounted to 4.25 million 
| feldspar alone. Also, maturing tempera- tons, up about 10% from that of 1975. It is 

tures are decreased and strength is increas- estimated that 35% of the production came 
ed with spodumene additions. Larger fom potlines using lithium carbonate, the 

| amounts of lithia in whiteware bodies result consumption of which probably amounted 
in a marked reduction in thermal expan- to 7,500 tons. a oo 

, sion and improved resistance to thermal As a raw material in the manufacture of 
shock. In addition to direct-use ores, various | was . 

, aa: “aa greases, the use of lithium hydroxide mono- 
amounts of lithium carbonate, lithium hydrate has’ ded considerabl th 

| fluoride, lithium borosilicate, and lithium eee ee ne the expense of carcium and 
manganite are also used in glass and ce- edi ) years a as. Today ov half o f all 

. ramic applications. In 1976, total consump- um compounds. ay, over I Ol . 

tion of lithium, in all forms, by the glass "eases produced domestically are lithium- 
and ceramic industries was estimated at ased. Lithium hydroxide monohydrate is 
4,700 tons of LizCOs equivalent, up 6% from 2dded to lubricating oils where it saponifies 
1975 consumption. a | into lithium stearate and acts as a thicken- 

| ee er. Major advantages of lithium greases 
| a . a include effectiveness over a wide range of 
- Table 4.—Estimated domestic consumption temperatures, from subzero to over 300°C, 

: of lithium good water resistance, resistance to oxida- 
| - _Ghort tons of LisCO, equivalent) tion, and stability under cyclic heating and 

 EndUse ~+~+41975 ~=~=~«1976~=~SC*«C« Odi. The lithium content of the greases 

Wiemann —~=~«SR SSC ‘Yur understood to average 1.2% hum p * ’ , ithium hydroxide monohydrate. According 
| ubrication “8 ees ~~~ 1'350 1400 to the National Lubricating Grease Insti- 

Santhotienabbe === «Be i) tute, 69% of member producers responding 
Others _________ _ 400 400 to a national survey reportedly produced 
Tn 14,000 — ~—«15,309 +©« Some 244 million pounds of lithium greases 

—_—— in 1975. Presumably, the remaining 31% 
| who chose not to respond represented minor 

By far the most significant development producers with little or no lithium grease 
in recent years has been the increased use Production. Thus, total lithium grease pro- 
and perhaps final acceptance of lithium duction in 1975 is estimated at 256 million 

carbonate in aluminum potlines. The addi- Pounds, requiring approximately 3.07 mil- 
tion of lithium carbonate to the electrolyte lion pounds of lithium hydroxide monohy- 
baths results in a 25% reduction in fluoride drate, or 2.70 million pounds of lithium 
emissions, a 10% reduction in power re- carbonate equivalent. While a more recent 

quirements, and a 7% to 10% increase in survey has yet to be commissioned, it may 
potline capacity. The optimum concentra- be estimated that lithium grease production 
tion of lithium in the bath appears to be 4% in 1976 probably amounted to some 265 
to 5% of the bath content. In new cells, million pounds, requiring about 3.18 million 
absorption of lithium by the potlining is pounds of lithium hydroxide monohydrate, 
abnormally high, and it is sometimes pre- or 2.80 million pounds of lithium carbonate 
ferable to initiate lithium additives only equivalent.
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Lithium bromide is used in absorption (polyisoprene) rubber production. Among 
air-conditioning systems because it is hy- alkali- metal-based catalysts, n-butyl- 
groscopic, is able to maintain a constant lithium is found to be the most effect- | 
humidity in air, and is soluble at low ive in directing the reaction towards the 
temperature. On account of their size, cis-1,4 structure which confers properties 
absorption machines constitute only a mi- most closely resembling those of natural 
nor component of the total air-conditioning rubber. While polyisoprene rubber accounts 
and refrigeration market. Typically, a 100 for about 10% of total domestic production 
refrigerated-ton system uses about 1,500 of all synthetic rubber, it is believed that 
pounds of lithium bromide, while a 1,250- only a part of this 10% is made using | 

refrigerated-ton machine uses 8,000 pounds. lithium catalysts. Reliable estimates of the 
Since 1967, when some 2,700 absorption consumption of organolithium compounds 
units were assembled, production has de- are currently unavailable but it is probably 
clined and by 1975 only 730 units were about 500 to 600 tons lithium carbonate 7 
reportedly assembled. A further erosion equivalent per year. | | 
probably occurred in 1976 owing to a drop in Miscellaneous applications of lithium and 
commercial and industrial building starts. its compounds are found in storage batter- : 
While the capacities of the machines are ies, pharmaceuticals, paints, dyes, resins, 
generally not known, lithium bromide con- laundry bleach and bactericide, welding 7 
sumption probably did not exceed 1,900 tons and brazing fluxes, and specialty alloys, all 
in 1975 and 1,600 tons in 1976, equivalent to of which account for perhaps no more than 
800 tons and 700 tons of lithium carbonate 400 tons of lithium carbonate equivalent 
in those 2 years. | - consumed annually. Two applications, a | 

Several organolithium compounds are _ rechargeable lithium battery for automo- : 
used as catalysts in the manufacture of bile propulsion and thermonuclear fusion | 
polymers in the chemical industry, and _ reactors, currently under various stages of | 
perhaps the most important usage in this development, may well alter the future | 
field is that of n-butyllithium in synthetic consumption pattern if proven successful. | 

PRICES | 
Yearend prices of elemental lithium and 8%; lithium bromide, 17%; and lithium | 

its typical compounds posted gains in 1976. chloride, 8% to 31%. High value products 
Among high-volume products marketed, included lithium metal and lithium hyd- | , 
lithium carbonate had price increases of ride, prices of which rose 5% to 35% and 2% : 
6% to 9%; lithium hydroxide monohydrate, to 31%, respectively. _ 

Table 5.—Domestic prices of lithium and lithium compounds 

| . (Dollars per pound) 

| ] 1975 —-: 1976 

Lithium bromide: | | | 
_ Anhydrous, drums, delivered. __________...-_____-___-___ 3.00 3.50 
Lithium carbonate: 

powdered, bags, delivered... 2 2 2 2 eee 0.755-0.795 0.825-0.840 
Lithium chloride: 

anhydrous, delivered_ _____—_____-__---~~~------~--_- 1.26-1.53 1.65 
solution, drums, delivered_ 9-9. ~ ~~~ ~~~ ~~ 1.47 1.47 

Lithium fluoride: 
drums, delivered ___._.~§. -_-_____-_~~ ~~ ee 2.42 2.52-2.70 

Lithium hydride: delivered _____.______-_-_--------_------- 9.25 9.45-12.08 
Lithium hydroxide monohydrate: 

drums, delivered _____________-.~.~~~~__--~___-~__~_-__ 1.18 1.27 
Lithium hypochlorite: works __..______.------------------ 0.52 0.52 
Lithium metal: _ 

99.9% ingots, thousand-pound lots, delivered ___________.__--~ 11.10 11.60-15.00 
Lithium nitrate: . 

technical grade, drums, 100-pound lots ______._.....________ 1.41 1.59-1.64 
Lithiuim stearate: . 

50-pound cartons, freight allowed __.______________.. ~~. _ 0.95 0.94-0.95 
Lithium sulphate: e 

drums, 100-pound lots ___________-~-_--------------- 1.55 1.43-1.75 

Source: Chemical Marketing Reporter.
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| FOREIGN TRADE | 

Exports of lithium hydroxide declined complete and in some cases inaccurate. 
substantially in 1976, particularly to France According to the Bureau of the Census, US. | 
and Japan, which were major recipients in Department of Commerce, imports of lith- 

_ 1975. Totally clouding the export picture is ium ores dropped to about 68 tons in 1976 
the lack of data on shipments of lithium from about 4,548 tons in 1975. On the other 

carbonate and other lithium compounds. A hand, imports of lithium compounds rose to 
clearer picture of U.S. exports may be some 42 tons, compared with 10 tons in 
gleaned from import statistics of major 1975. It is not entirely clear what lithium 
trading partner countries. : compounds were imported in 1975-76 or in | 

Official trade statistics are generally in- years past. | | 

Table 7.—U.S. exports of lithium hydroxide a | 

7 1975 1976 
Destination Quantit Value Quanti Value 

| | . (pound) (dollars) | pounds) (dollars) 

Argentina: _- 5 | __ ae 2,600 4,032 | 
Belgium _____________ 30,700 37,452 2,000 3,260 | 
Bolivia __._______=____________ 24,150 39,382 __ __ 
Brazil =. 5 4,000 4,248 | __ __ 
Canada____ = 50,000 51,404 12,000 15,582 
Chile _-_-_____ 16,800 (38,027 _ __ 
France _________..-_-_________. 284,592 417,481 60,016 105,030 
Germany, West __________________ 66,700 84,099 So Se 
India ____- 57,820 85,176 20,975 22,865 
Indonesia_ __ ~~~ ~~ . 83,406 129,835 _- _-— 
Tran_________________________ 3,370 14,760 — ao Po 
Ireland _~_~_ = ~~ 4,545 11,3638 ee —_ 
Israel ___  ~§ § 5 5 5 ee Sao _— 22,000 2,684 
Japan_________ =e 234,759 205,709 = 1583617 © 192,868 
Korea, Republic of __- $$. _- _— 2,095. 3,100 
Mexico _______._.___.__ 108,600 112,608 62,000 73,160 
Netherlands ________->__~___~_______ 98,676 169,360 78,475 91,472 
Pakistan _________._ 6,800 9,724 __ __ 
Philippines ___________.________. 4,400 3,282 __ __ | 
South Africa, Republic of ____.____ ____ 22,000 26,290 __ __ | 
Spain __- ee 22,000 26,972 82,220 . — 90,007 
Sweden 8,802 10,089 a __ 
Switzerland _._- 15,600 - 17,472 33,200 36,012 
Thailand _-_______- 8,800 18,656 _. __ 
United Kingdom _________________ 69,722 . 79,242 3,000 34,944 

Total. _._-_____-_________.__ 1,226,242 1,592,631 534,198 674,466 

Source: U.S. Department of Commerce, Bureau of the Census. 

| Table 8.—U.S. imports for consumption of lithium bearing materials 

1975 1976 
‘ : Value Value 

Commodity and country ae (thousand dollars) wan (thousand dollars) 

(pounds) —=— Customs CLF. (pounds) = Customs CLF. 

Lithium ores: 
Brazil ______...._______ 9,096,127 538 695 __ __ __ 
Canada _____- __ _- __ 136,000 1 1 

Total ___-___.-~________ 9,096,127 538 695 136,000 1 1 

Organic acid lithium salts: Te 
Mexico ________------_~- -- --.. -- 12,438 6 6 

Lithium compounds, n.e.c.: , 
France ______~______-___ 13,645 63 65 69,839 506 512 
Germany, West ___.___.___ 698 7 7 484 15 15 
Japan _______ —_ -- -- 13,227 87 91 
Spain _________________ 6,614 33 34 __ __ oe 
Switzerland _____________ __ _- _- 1,102 1 1 
United Kingdom __________ 111 4 4 100 6 6 

Total _..____ 21,068 107 110 84,752 615 625
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| WORLD REVIEW 

Worldwide, consumption of lithium in all _ likely that production has been curtailed or 
forms increased approximately 8% over suspended in recent times. 
that of 1975, reflecting a general recovery Bolivia.—Preliminary investigations by 
from the recession of that year. As with the the U.S. Geological Survey have confirmed 
United States, the use of lithium carbonate the presence of large, high-grade deposits of 

oo in the aluminum industry of Europe is lithium and potassium in the Salar de 
steadily rising, to make it a major end use Uyuni and nearby salars in southwestern 
for lithium. While in past years lithium Bolivia.‘ The lithium is contained primarily 
carbonate had not been consumed in signifi- in brines, salt crusts, and interbedded clays, 
cant quantities in the aluminum potlinesin and indications are that the deposits may 
Japan, it is likely that there is now a rank among the largest known lithium 
growing acceptance of the additive, es- reserves in the world. Plans for commercial 
pecially in the face of escalating energy development have not been announced, but 

an . it is understood that major U.S. producers 
_ Ranking among the major consumers of have shown some interest in their further 
lithium ores and compounds are the glass exploration. 

and ceramics industries of Europe and Ja- Brazil.—An important source of ceramic- 
pan. A pottery and whiteware industry has grade lithium minerals is Brazil, where the 
thrived in Japan since early times and only known concessions are held by Com- 
today represents an important contributor Janhia Estanifera do Brasil (CESBRA), 
to export earnings. Japan 18 also the world _ partly owned by Patino Mining Corp. of 

| leader in the production of black-and-white Canada. The concessions cover some 29 
television receivers, which utilize lithium outcrops discovered at Aracuai in the Pro- 

| | additives in the composition of the tubes. oe, re Mj Gerais. Small ts of 
Absorption air-conditioning, a major end hand sobbed eux rails, om h ve been or 

user of lithium bromide, showed a slight duc “co spodumene ore have been pro- 

downturn in the United States and a dra- due for domestic consumption and export, 
use for lithium is expected to recover grad. SPodumene and amblygonite as byproducts 
ually with a recovery in commercial and of beryl mining include the northern pro- 

| industrial building starts. ences vr Parape. Rio Grande do N orte, and 

There is a dearth of published informa- ‘©4T. *n addition to crude ore, some lith- 
tion on actual world lithium consumption 1¥™ carbonate, not more than 50 tons 
by end uses, and table 13, which represents annually, is produced presumably by Orqui- 
gross estimates, must be interpreted with ™4 S.A. Total minable reserves in the 
caution. producing provinces are estimated at a little 

Argentina.—While official statistics are Ver 800,000 tons. 
unavailable, it is believed that Argentina Canada.— Although substantial deposits 
has a small annual production, not more f lithium minerals are known in Canada, 
than 300 tons of crude lithium ore, mainly there has been no commercial exploitation 
from minor workings in the States of San since 1965 when the Quebec lithium divi- 

Luis, Cordoba, and Catamarca. Minable re- sion of the Sullivan Mining Group ceased 
serves in these areas are estimated at Operations at Amos, Quebec. The Quebec 
154,000 tons. lithium property consists of pegmatite 

Australia.—Despite the lifting of aban of dikes, individually up to 2,000 feet in length 
lithium exports to centrally planned econo- and 100 feet in width. Total reserves have 
my countries in 1967, Australia has not n estimated at 20 million tons of spo- 
been a significant lithium producer even dumene grading about 1.2% lithia. | 
though reserves in excess of 4 million tons As a result of recent developments on 
are known, particularly in Western Aus- lithium deposits at Bernic Lake, the Pro- 
tralia. Most Australian production, proba- vince of Manitoba may well emerge as a 
bly several hundred tons of petalite per significant producer. Situated some 110 
year, is a byproduct from a feldspar quarry miles northeast of Winnipeg, lithium occurs 
at Londonderry, near Coolgardie, operated in pegmatite zones within the world’s larg- 
by Australian Glass Manufacturers Co. In- §£———___ 
termittent shipments of petalite ore have Riersteet: GE, J.D. Vine, and R.A. Ballon. Lithium. 

Sates aad Javon Te coere year and ity Seubmesern Bolvia. OS. Goa Survey Open-tle Repo
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| exported. Since then production has declin- U.S.S.R. are numerous and widespread. The 
| ed and while official statistics have not been more important include spodumene in the 

| available, it is believed that production has Kola Peninsula; lepidolite and spodumene 
| been suspended and shipments are being in Muzinskoe, Lipovka, and Boevskoe in the 

made from stockpile. Small amounts of Urals; spodumene and lithium phosphate in 
| lithium carbonate may be produced by a the Kablinsk and Turkestan ranges; spo- 

a company, Lithium Products Ltd., in dumene, lepidolite, and petalite in the 

oe : welo. _ oe Transbaikal Territory in Siberia; and lith- a South Africa, Republic of—As with Mo- j micas in Volyaia in the Ukraine 
| bique, South Africa’s production of lith- hap Micnctrch, 

Bambi, als incipally by the Otavi Also, several lakes in the Minusinsk- 
_ jum munerats, principay oy te Otavi Abakansk area in old Transbaikal may 

| Mining: Co. . Ltd. at Mica, Transvaal, has have commercial concentrations of lithium 
been insignificant. Shipments made to Eu-  . brines. For many years now the USSR 

oe rope in recent times probably represent ha ark ted m E y yea aJ be t ~~ 
— output from Southern Rhodesia and South- 228 Marketed In Rurope ane ¢ apan between — 

| West Africa. - | - 1,000 and 3,000 tons annually of lithium 
. South-West Africa Territory of.—S.W.A. salts, mainly lithium carbonate and lithium 

Lithium Mines Ltd.,. acquired in 1968 by bydroxide. Presumably, the lithium hydrox- 

Klockner & Co., a West German industrial ide is deficient in the Li-6 isotope and can 
group, produces lepidolite and petalite and only represent stockpiled residue from Li-6 

small quantities of amblygonite from the Processing. At the same time it is quite 
Helicon and Rubicon mines southeast of likely that spodumene in the Kola Peninsu- 
Karibib. Reserves of hand-cobbed ore are 1a is currently being mined and processed 
said to be minimal, but more than 1 million into lithium chemicals for domestic con- 
tons of millable ore is known to be available sumption and export. In view of the growing 

| for upgrading in a 10,000-ton-per-year flota- domestic demand, it is believed that exports 
: tion plant. - a | of lithium compounds will be sharply cur- 

| U.S.S.R..—Lithium occurrences in the _ tailed or else suspended in years to come. : 

| | Table 9.—Lithium minerals: World production, by country ne - 
: OC | (Short tons) oo 

Country! and mineral produced 1974 ~«197HS~S*~*~S*S«wGTO 

| Argentina (minerals not specified)._______.__._._____-___----. 181 a6 OT 
Australia. ~~ -- ee eee . ‘1: -- --. 
Brazil: 
Amblygonite_____.__..____-__ ~~~ 188. . 172. 
Lepidolite __.-________.____ . 507 - 516 

oO an | 2,200 
Petalite__§__§_§_~________~____ 3,934 4,075 
Spodumene ____..~-_-_____~-_~ ~~~ “1,320 873 

Canada, spodumene”___-_. ______-___ ee 786 _- 62 
China, People’s Republic of (minerals not specified)® #_- _-_.__________ 10,000 10,000 10,000 
Portugal, lepidolite ___._._____..- ~~ ~~ __ 1,323 1,323 1,213 
Rhodesia, Southern (minerals not specified)® > __-____________=___ 15,000 20,000 20,000 
Rwanda, amblygonite®_ $$ ___._-_____________________ 30 30 30 
South Africa, Republic of, spodumene woe eee ee ee 1 Pe _— 
South-West Africa, Territory of (minerals not specified)* ___________ 41,625 56,849 5,915 
U.SS.R. (minerals not specified) © $$$» -> - » 50,000 50,000 50,000 
United States (minerals not specified) ~~~... ~~~ _____ a Ww WwW WwW 

°Estimate. Preliminary. W Withheld to avoid disclosing individual company confidential data. 
lin addition to the countries listed, other nations may produce small quantities of lithium minerals, but output is not 

reported and no valid basis is available for estimating production levels. 
arigures presented are U.S. imports from Canada; official Canadian sources report no production since 1965, but the 

United States has imported lithium minerals from Canada in most years since that time. It is not clear whether these 
imports are from: accumulated stocks, test production quantities not reported in official Canadian statistics, Canadian 
impos or a combination of these sources. 

ese estimates denote only an approximate order of magnitude; no basis for more exacting estimates is available. 
Outputs by the People’s Republic of China and the U.S.S.R. have not been reported since 1964. 

“Output has not been officially reported since 1966, but presumably has continued since a number of countries record 
imports from South Africa.The total quantity considerably exceeds reported output by the Republic of South Africa 
proper, and presumably include shipments from South-West Africa. Quantities given represent imports by the United 

tates and the European Community reported as originating in South Africa, but the reader is cautioned that a portion of 
the material may have been mined in Southern Rhodesia. In 1966, actual output from South-West Africa totaled 1,739 
short tons, as follows: amblygonite 30 tons; lepidolite, 365 tons; petalite, 1,344 tons.
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Zaire.—Following the discovery in 1975 0f ate plant. The Government of Zaire has 

some 35 million tons of spodumene ore in _ since been in consultation with a major U.S. 

, the Manano pegmatites in Zaire, Zairetain, lithium producer in connection with the 

| a Government-owned mining company, proposed project, and it is understood that 

announced plans for the commercial devel- the World Bank may be asked for financial. 

| opment of the ore. Included in the plans is assistance in feasibility studies on the 

the construction of a spodumene concentra- property. | OS | 

_. tor and a 5,000-ton-per-year lithium carbon- . 

Table 12.—Estimated world consumption of lithium 

. . _ (Short tons of lithium carbonate equivalent) | 

, TTT 

, United States ___....----- 9,750 18,000 15,250 16,000 . 14,000 15,300 
| Western Europe —..._--_-- 3,500 3,500 3,500 8650 =—ti(tst*é «OD 3,250 

Japan_..______-------- 1,000 1,000 2,000 1,800 1,500 1,600 
| USSR ..._._~~ 7271 500 = ~=—s-500 3,000 4,000 4,000 4,000 | 

Others _______--------- 600 500 1,000 1,250 1,500 1,750 

Total +++ 15,350 18,500 24,750 26,700 24,000 25,900 

Source: Mining Annual Review, 1976 and 1977. _ 

Table 13.—Estimated world consumption of lithium, by end use, in 1976 

. (Short tons LisCOs equivalent) | | 

ee nen L
e
 eee 

: _ End use United States Wester Japan USSR Rest of Total 

Aluminum production _ __ ~~ ~~ 7,500 800 200 1,200 200 9,900 

Ceramics and glass _ ____——~- 4,700 800 450 600 — 500 7,050 

Lubrication ______.------ 1,400 800. . 300 1,000 500 4,000 
Air-conditioning __—_—----- 700 200 300 300 300 1,800 
Synthetic rubber ______--_- 600 400 250 500 200 1,950 
Others __________----_- 400 250 100 400 50 1,200 

__ Total --------------- 158003250600 4.000 

TECHNOLOGY | 

After a hiatus of nearly 50 years, electric watt-hours per pound, but because alloys 

vehicles are poised for a comeback. Pressure and metal sulfide compounds are used (in- 

to conserve petroleum supplies and to pre- stead of elemental lithium and sulfur), Ar- 

serve the environment has stepped up fund- gonne’s target density is 80 to 85 watt-hours 

ing, through the Electric and Hybrid Vehi- per pound. At the Atomics International, 

cle Research, Development and Demonstra-_ division of Rockwell International, a similar 

tion Act of 1976, for advanced battery sys- cell with a lithium-silicon cathode has been 

tems capable of meeting energy require- successfully tested, demonstrating the tech- 

ments of a short-range commuter-type vehi- nical feasibility of building large, high- 

cle. Among those under various stages of density batteries of this type. More recently, 

development, through ERDA contracts ad- Exxon Enterprises has revealed promising 

ministered by Argonne National Laborato- research on a lithium battery that operates 

ry, is a lithium-sulfur battery whose unit at room temperature. The Exxon battery 

cell consists of a solid lithium-aluminum employs metallic lithium for the cathode 

cathode, an iron sulfide or disulfide anode, and titanium disulfide for the anode and 

and a molten salt eutectic of lithium chlo- has a lithium perchlorate electrolyte. The 

ride and potassium chloride. The electrolyte battery is expected to have an energy densi- 

has a melting point of 352°C, and because ty of 50 to 60 watt-hours per pound, lower 

cell operating temperatures are between than higher temperature lithium batteries, 

380° and 450° C, the batteries require ther- but it eliminates the need for temperature- 

mal insulation. Developed at Argonne, the and corrosion-resistant materials as well as 

cell has a theoretical energy density of 430 for insulation.
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According to Argonne, a typical vehicle since been published by the U.S. Geological 
with a 150-mile range would be equipped Survey.*. A second symposium on lithium 
with a 42-kilowatt-hour battery, weighing has been scheduled for October 1977, at 

~ about 900 pounds and containing 60 pounds Corning, N.Y. | 
of lithium. The current projection is for 18 The search for a_ less-energy-intensive 
million vehicles powered by lithium batter- method of aluminum production led to the | 
ies to be on the road by the year 2000, revolutionary Alcoa Smelting Process, im- 
requiring about 70 million pounds of new plemented at midyear in a newly built 
lithium annually, in addition to lithium smelter in Palestine, Tex. Based on the. 
recycled from scrapped batteries. Also, by electrolysis of aluminum chloride, to which 
the year 2000 as much as 3% of the pro- minor amounts of lithium chloride and | 
jected domestic energy consumption maybe sodium chloride are added, the process is | 
supplied by lithium-sulfur offpeak energy- expected to reduce power requirements to 5 | 
storage batteries, whose total lithium con- kilowatt-hours per pound of aluminum, | 
tent may amount to a little over 1 billion compared with 6.5 kilowatt-hours per pound . | 
pounds. in today’s most efficient conventional smel-_ 

Still in the developmental stage is a ters. Although published data are as yet 
fusion-type thermonuclear reactor that has unavailable, it is understood that the pro- 
been proposed as an alternative to the cess requires about 20 pounds of lithium 

conventional fission reactor or to the con- Chloride per ton of aluminum produced, and 
troversial fast breeder reactor. The amount its impact on the lithium industry may be 
of lithium required in fusion reactors de- profound should it prove successful and be 

| pends in part on the particular reactor implemented in new smelters worldwide. 
design chosen. Reactors in which lithium is The feasibility of utilizing synthesized 
used both as a neutron-absorbing blanket benzene and simple alkylated derivatives as. | 

around the reactor core and as a heat- nonpetrochemical gasoline components has | 
transfer medium may require about 10 been proposed.* Feasible raw materials in- 
times as much lithium as designs in which lude coal, coke, charcoal, and carbonaceous 

it forms a blanket only. According to ERDA, Wastes. The basic synthesis consists of the 
between 200 and 2,000 pounds of lithium formation of lithium carbide by reaction of 

are required per megawatt of fusion capaci- the metal with carbon, hydrolysis of the - 
ty, and a large fusion power industry in the Carbide to acetylene, cyclization of ace- 
21st century may thus require 200 million tylene to benzene and regeneration of 
to 2 billion pounds of lithium. lithium metal. , 

Lithium batteries and fusion power, to- SUS. Geclosical S Lithium Reso | a Re. | 
gether with their potential impact on the quirements by the Year 2000. Prof Paper 1008 1976, 162 | 
lithium industry, were discussed at a sym- PP, M. A. Total Synthesis Benzene and Its Deriva 
posium held in January 1976, at Golden,  ,. (eee ee oy n riva- 
Colo. Proceedings of the symposium have 4249, jay ie” gfe op 2 B18 Science, v. 198, No.
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| By Benjamin Petkof: Oo - | 

Domestic metal production was strong United States, was slightly higher than that - 
during the year but declined slightly from of1975. Lo a | 
that of 1975. The recovery of secondary = Legislation and Government  Pro- 
Tol exve, metal continued ¥ line od iz -  grams.—The General Services Administra- — 
ort exports 0 magnesium declined In tion strategic and critical stockpile con- 

both quantity and value. Imports of all tained 1.121 tons of . t d 
classifications of magnesium metal in- , ns of magnesium at yearend. 
creased in both quantity and value. The here was no stockpile goal for magnesium. | 
quoted price of magnesium metal ingot During April 1976, 500 tons of magnesium 

_ increased $0.09 during the year. World pri- metal were released from the stockpile. a 
mary production, excluding that of the There were no accessions during the year. | 

| ‘Table 1.—Salient magnesium statistics a | 
| | (Short tons) oe | 

| 4972 1973 1974 195 ~+1976 
United States: | | 

Production: . , . 
Primary magnesium ________ — 120,823 122,431 WwW OW WwW 
Secondary magnesium _—_____ 15,628 17,636 14,874 727,873 30,553 

Shipments: Primary __—_._____ 111,185 187,277 WwW Ww Ww 
‘Exporta_-- = = 7,566 39,585 46,398 - _— 82,591 18,444 

- . Imports for consumption — ~~ 4,479. 8,825 Oo 5,805 7,903 14,907 
Consumption ______________ _ 108,691 115,774 180,048 794,167 104,458 
Price per pound________cents.. Ss 87.25 38.25 41.25-75.00 © ~” 82.00 87.00-92.00 

_ World: Primary production ________ 257,529 "266,441 71142727 ©. * 1188284 = § 1148,094 

"Revised. _W Withheld to avoid disclosing individual company confidential data. —_ | 
1Excludes United States tes production. 7 | 

ee DOMESTIC PRODUCTION oe 

Domestic production of magnesium metal NL Industries, Inc., halted magnesium pro- 
ingot was strong in 1976 but was slightly duction at its Rowley, Utah plant during 
below that of 1975. Publication of Bureauof the first quarter of 1976 in order to resolve 
Mines data on domestic production must be technical and equipment problems. The 
withheld to avoid disclosing individual com- company was expected to resume oper- 
pany confidential data. ations in 1977. Northwest Alloys, Inc., a 

During the year, magnesium ingot was wholly-owned subsidiary of Aluminum Co. 
produced by American Magnesium Co.,Sny- of America (Alcoa), began magnesium ingot 
der, Tex., with an annual production capaci- production during the first quarter of 1976 
ty of 10,000 short tons and The Dow Chem- at its new plant near Addy, Wash. The 
ical Co., Freeport, Tex., with an annual WH 
production capacity of 120,000 short tons. Physical scientist, Division of Nonferrous Metals. 
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| announced production capacity was west Alloys used the silicothermic process. 
: | 24,000 tons per year. All domestic mag- Secondary recovery of magnesium metal 

| : nesium producers except Northwest Alloys, increased. | 
, Inc., used the electrolytic method; North- | 

| | Table 2.—Magnesium recovered from scrap processed in the United States, | 
- oo by kind of scrap and form of recovery | | 

| : ‘ (Short tons) © oe . 

| — - a | 1972  —-1978 1974 1975 1976 

. . Kind of scrap: . . oo 
New scrap: Ss - 

: | Magnesium-base ____________ 22k 6,998 7,417 3,357 4,076 2,888 
Aluminum-base _________--------------- 5,646 6118 «5,798 += "14,014 ~—s:16,186 

Total --.------~--------------------___ 12,689 __18,585___9155_*18,090__ 19,024 
_ Old scrap: oe 7 | gta a oo 

. | Magnesium-base ______________._________. 1,445» «2,529.°—“‘“ KI «4 878 5,500 
oe Aluminum-base -—-—--------------------___ 16441872, 1,558 4,910 6,029 

oe Total 989401 5719 9,788 11,529 

Grand total__________________--__________ 15,628 17,686__—«14,874_—**27,878 80,558 

| "Magnesium alloy ingot? _--—--—__--.--------- 8612 2606. 2708 2796 8,569 
: Matnesium alloy shapes ne > 77777777 9 kt BC 
a Aluminum alloys ___...-.. ~~. 22 --L------ 8,790 9,206 >. 9316 *20,828 . .28,595 
oo Zinc and other alloys__._-_/_/_/______ 22 14 31°. 16 es WB 

_. Chemical and other dissipative uses... ___.___..____—- 194° BOT "44 - 44 28 
Cathodic protection __._________-_-_-___--- 2,184 «5,045. 2777-2681 2175 

- Total. Le s5,628~—«17,686 = s«'14,874 = "27,878 ~~ 80,553 

1Includes secondary magnesium content of both secondary and primary alloy ingot. on 

Oo CONSUMPTION AND USES | a 

Total domestic consumption of primary and high strength-to-weight ratio resulted 
| magnesium in 1976 increased almost 11% in about 17% being used in aircraft, auto- 

over that of 1975 but did not reach the motive, and other types of transportation 
consumption level of 1974. Magnesium was equipment, materials handling equipment, 
consumed in structural products that andthe manufacture of items such as power 
included castings and wrought products, tools. The remainder was used for sacrificial 
and in sacrificial purposes where advantage purposes, primarily alloying with other 
was taken of the metal’s chemical and metals, cathodic protection, production of 
alloying properties. The metal’s useful nodular iron, and reducing agents for 
structural properties such as low specific metals such as titanium, zirconium, ura- 
weight, good machinability, hot formability, nium, and beryllium.



| a | World ) oe | a 

| a . production w#”™ — ee 2 - 

oO 200} : — | ee i Bo 

oo a | | production ws | a 

a Tv. , . 7 , ir . 

| ys °” fe consumption : Co 

| ‘50 pees \ | | for | / . | | | | | 

_ - “9A cotta gg etae 

oO 1955 1960 — 1965 1970 1975 1980 | 

| Figure 1.—U.S. and world production and U.S. consumption of primary magnesium. . |
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| | Table 3.—Consumption of primary magnesium in the United States, by use 
Oo | . . | (Short tons) | 

/ ~ | 1972 1978 1974 1975 1976 
: . Forstructural products: - 

Die ________-------_--_--~__-__-___ 9,326 9,999 11,804 76,892 4,759 
: Permanent mold ___-____-__---. 1 ____ 736 812 . 1,000 .. "1,144 1,059 , : gaan ween ek 700 1,326 1,372 . 71,952 1,238 

: rought | ucts: oS : 
, Enteusine ------- + 7,749 7,436 7,323 . "6,215 6,449 : Sheet and plate_________-__.-- ~~~ 3,817 (?) H° () | Other (includes forgings) -_______--------__- 1,381 5,529 6,025 3,451 3,792 

| _ Total ee 23,709 25,102 $27,524 "19,154 17,292 
For distributive or sacrificial purposes: of oe 

| © Aluminum ___-_--------- 2 483,458 51,958 62,152 "46,670 = 54,320 : Copper -- 38 503 | 19 18. 14 
fine 22 28 30 24 15 829 | : Other.___-_-___________ a 18 16 1 10. 

~ Cathodic protection (anodes) _.________________ 6,543 9,981 10,439 4,702 7,809 - Chemicals -. 5 9,732 9,835. 9,204 2592 = 3,385 - _ Nodulariron __._.-- 7,608 8,724 10,603 12864 14,339 
. Scavenger and deoxidizer _____._..____________ $27 50 285 ) ) 

- Reducing agent for titanium, zirconium, Oo, . : . 
. _ _ hafnium, uranium, and beryllium ~~... ____ 6,089 7,367 7,569 7,007 — 5,985 

. - -. Other, including powder_____-____________u_- 6,055 2,266 2.2138 1,189 1,270 

Total__...____________----_--_----- ‘.. 79,982 90,672 «102,524 "75,018 ~—«€87,161 
: | _ Grand total ____---------------------- 108,691 115,774 130,048 794,167 104,458 

- _- Mncluded with “Other”. | | | ne 

_ | 7 PRICES | Das | 

, , The base price of magnesium ingot was July 1, 1976, $0.92 per pound; and January 
- increased during the year. As of January 1, 1, 1977, $0.96 per pound. : - 

oe 1976, the quoted price was: $0.87 per pound; —. og 

| 7 STOCKS } | 

Producer and consumer stocks of primary _ tons. Stocks of primary ‘metal at yearend 
magnesium declined 12% to 17,295 tons at 1975 were 19,664 tons and those of alloy 
yearend 1976. Yearend stocks of primary ingot were 1,512 tons. New and old magne- 
magnesium alloy ingot dropped 35% to 988 sium scrap stocks declined 34%. 

Table 4.—Stocks and consumption of new and old magnesium scrap in the United States 
in 1976 

7 oe (Short tons) | 
a 

Consumption 
Stocks a 2 a aS 

Item Jan.t* Receipts New Old Total aoe 
scrap scrap eee PD 

Cast scrap ____ ~~~ 714 6,922 623 6,044 6,667 969 
Solid wrought scrap'__________________ 67 688 680 __ 680 75 EO 

Total __-____._-___. 781 7,610 1,303 6,044 7,347 1,044 
ee eA CC Se USEC 

"Revised. 
Includes borings, turnings, drosses, etc.
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FOREIGN TRADE 

Magnesium exports declined 59% from 89% from 7,903 tons valued at $11.5 million 
32,591 tons in 1975 to 13,444 tons in 1976. in 1975 to 14,907 tons valued at $22.7 

The value also declined sharply from $48.2 million in 1976. Imports of metal accounted 

Shipments to Brazil, West Germany, and 9305: and all d other f 199% 
Mexico represented 76% of the total. Most °, an oys anc other forms, 167: 
of the metal exported (91%) consisted of Major sources of magnesium imports were: 

primary metals and alloys. Norway (62%); Sweden (11%); and Canada : 

Total imports for consumption increased (5%). 

50 : 3 

40 | 

Exports | 

< 30 | | 
2 a | 

5 - | — | 
<= | 

oO | | G 
So | ) 
% 20 | | 

a: 
—< 

| . 
/ 

10 Imports j | | 

\ / } 
aan /. 

jf _ / 
__ ”” See” ~~ 

0 fee | | 
1955 1960 1965 1970 1975 1980 | 

Figure 2.—U.S. imports and exports of magnesium.
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Table 6.—U.S. exports and imports for consumption of magnesium 

. _. Exports : | 
Metals and all  Semifabricated 

Year Waste and scrap in crude form ~ forms Lee 

, Quanti Val Quanti: Val Quanti Val 
(hort (thou- (hort (thou- (hort : (thou- 7 | 

- tons) sands) tons) sands) tons) sands) 

1974 808 $865 44,440 $44,777 1,155 _ $8,369 
1975 2 476 303 31,047 44,392 1068  § 3,496 
1976 66 _180 12,217 21,958 1,161_ 4,819 | 

| | Imports _ ” 
, Powder, sheets 

Waste and . tubing, ribbons 
Metal _¢ . 

| | scrap _ Seontent) ——_qaageacinn’ oontent) 
a Quan- va) Quan- Val Quan- vai Quan- Value | 

| gil, how GI, Chow. git, how, gael, thon. | | tons) sands) tons) sands) = ‘tons) —-«5nds) tons) sands) 

1974___.__......__._ 4,820 $2,826 «495 $692 440 $1,573 «60 s&$ 185 
1975 _.__._..________ 1,984 1,564 4803 7,135 1111 2215 5 33 
1976 8876 = 2,997 9,690 16,028 1820 8604 21 38 

| : WORLD REVIEW i 

World magnesium production, excluding ing, and other industries consumed 5,609 - 
that of the United States, increased 7% to tonsofmetalin1975. = = = |. 
148,094 tons. The U.S.S.R. accounted for Norway.—Norsk Hydro-Elektrisk A/S 
47% of this total followed by Norway (29%); announced plans to build a new magnesium 
Japan (8%); France (6%). The remainder plant at Mongstad with an initial planned 
was supplied by Canada, the People’s Re capacity of about 33,000 tons per year and 
public of China, and Italy. . an eventual capacity of 110,000 tons per 
Canada.—In 1975 Canada imported 9,241 year. Construction was expected to begin in 

tons of magnesium and exported 4,152 tons 1978 with initial plant startup planned for 
of metal. Canadian aluminum alloy, cast- 1981. mo | 

| Table 7 ._—Magnesium: World production,’ by country 

(Short tons) . | 

Country 1974 1975 1976” 

Canada ____--___--__----- 6,585 4217 6,457 
China, People’s Republic of ~~. ~~~ Le 1,100 1,100 1,100 
France ~~~ ~~ ee ee 7,199 8,303 8,824 
Italy _.-_._---------------------------- + --- 78,191 6,998 °7,600 
Japan? ___ ee 9,886 9,412 12,385 
Norway ______~-.~-..~~-~.~ eee 43,866 42,259 42,778 
USS.R® 66,000 66,000 69,000 
United States _.____._ ~~~ Ww Ww Ww 

Total® _....-__-_-___-- 142,727 138,284 148,094 

‘Estimate. aly ene "Revised. W Withheld to avoid disclosing individual company confidential data. 

°Secondary production was as follows, in short tons: 1974—11,990; 1975—10,171; and 1976—NA. 
3Excludes United States production, which in previous years accounted for approximately 50% of the total.
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TECHNOLOGY 

Conditions for fluxless melting of magne- ing pig iron. This process also avoided 
sium metal in an air/sulfur hexafluoride excessive slag buildup.® 

| atmosphere were described. Sulfur hexa- A method for selective solution mining of 
fluoride concentration levels to protect mol- magnesium chloride hexahydrate from an 
ten magnesium metal and alloy were deter- underground deposit of carnallite or bis- 
mined to be a function of surface tempera- chofite was described. A low saturated mon- 
ture and degree of surface agitation. The ohydric aliphatic alcohol containing 1 to 4 
possible toxic effects of sulfur hexafluoride carbon atoms per molecule was injected into 
were also evaluated.? 7 the deposit to dissolve magnesium chloride 

A model was developed describing the hexahydrate. The solvent containing mag- 
rates of back reaction in a magnesia re- nesium chloride hexahydrate was pumped 
duction cell. It was concluded that the to the surface for processing leaving a 
chlorine dissolution rate was not the limit- leached residue containing potassium chlo- 
ing factor in the back reaction between ride and sodium chloride. The magnesium 
magnesium and chlorine in the electrolytic chloride could be used in the production of 
production of magnesium, flow of the mol- magnesium metal. The remaining 

| ten bath in the cell was turbulent, transport undissolved residue could be pumped or gas- : 
of reactants to the reaction zone did not lifted to the surface for extraction of other 
control the reaction; and small variations in mineral values.” 
the dispersion of magnesium metal droplets §=—HW——_-___ 
in the melt could increase the magnesium — Couling,S.L., F.C. Bennett, and T. E. Leontis. Fluxless 

| dissolution rate and cause significant cur- Ana. Meeting, Avant, Ga, Light eer oe ete ee 
rent loss.® - . Metallurgical Society of , New York, v. 1, pp. 545- 

! 3 A paper described the silico-thermic e aarebrot, E., R. E. Andresen, T. Ostvold, and H. A. Oye. 
| magnesium plant operated by the Société a Model for the Back Reaction in the Magnesium Electro- 

| Frangaise ’ Hlectrométallurgie at Marig- We. Fis (esi th mites te Nalgene 
nac, France. lects yt ‘treatment fo of AIMES New York, v:1 pp. 491-512. ae de la 

A new anodic electrolytic treatment for Sevin, R. L Usine de magnesium silico-thermique de 
magnesium and its alloys that Produces a (Haute Garome) J ac Foor Blocteique’ No. 8, May 1973, 
protective coating superior and economi- pp, M0ollz. 
cally competitive with available commercial mane S Be Ree etn mad lie Allows Light 

| coating was described.® Metal Age, v. 36, Nos. 7-8, August 1976, pp. 20-21. 

Molten pig iron was desulfurized by in- pominurization Method. US. Pat, 3,998,005, Dec. 21, 1976. 
jecting a mixture of lime and particulate earambly, | CAR 1 Leibeon, and LP Chessagne. 
magnesium metal or magnesium-aluminum < ; J. Mining 

| alloy beneath the surface of sulfur contain- een we Hexabydrate, US. Pat, 3,998,082,
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Austria, Greece, the U.S.S.R., the Peo- 1975. | | 
ple’s Republic of China, and North Korea Exports of magnesite and magnesia to- | 
continued to provide the major portion of taled 81,494 short tons, a decline of 11% 
world magnesite supply. Domestic pro- from those of 1975. Imports of processed 
duction of almost all categories of magne- magnesite declined sharply from those of 
sium compounds increased compared with 1975. SO 

Table 1.—Salient magnesium compound statistics , 

| (Thousand short tons and thousand dollars) | Oo 

] 1972 1973 1974 1975. +1976 

oustiovalcined d specified magnesias:! oe | . | 
Shiparents by producers: —— | 

| Quantity eee eee eee 128 158 149 120 184 
alue __-___________________ «15,856 = —«26,929 27,916 17,207 28,277 

_ Exports: Value? ____ ~~~ > 3,377 4,196 5,088 4,538 5,422 
- Imports for consumption: Value? ___._-§_/§_/_________ 675 134 692 ' 502 808 
Refractory magnesia: . 

Sold and used by producers: . 
Quantity eee eee eee ee 696 807 803 . 709 768 

alue __-________ (60,881 69,904 77,044 108,839 106,522 
: Exports: Value ___ =e 5,908 6,104 7,749 14,146 18,466 

Imports: Value _______-___-____ 9,300 13,469 16,463 20,588 13,976 
Dead-burned dolomite: | or arn 

Sold and used by producers: . 
Quantity one ee eee 1,075 1,250 1,277 914 1,007 

alue = LL 20,158 23,441 32,078 31,193. 37,079 
_ World: Crude magnesite production: 

Quantity ___._____________________----- 9,884 10,162 11,097 "11,147 10,598 | 

_ Excludes caustic-calcined magnesia used in production of refractory magnesia. | . 
*Caustic-calcined magnesia only. | | . 3 

| _ DOMESTIC PRODUCTION _- 

Magnesium compounds were produced was used primarily to produce magnesia for 
primarily from some type.of natural brine the manufacture of basic refractories. Re-— 

solution. Natural magnesite and olivine fractory magnesia was produced by Basic, 
were produced only at a few operations in nc.; Basic Magnesia, Inc.; Corhart Refracto- 
the United States. ries Co., Inc.; A. P. Green Refractories Co.; 
Barcroft Co.. The Dow Chemical Co 7 Harbison-Walker Refractories Co.; Kaiser 

. ” . : . Aluminum & Chemical Corp.; and Martin- | 
Harbison-Walker Refractories Co.; Kaiser . : . 
Alumi & Chemical Corp: Merck & Co Marietta Chemicals. Total production of 

uminum & Vneml rp., Merc * refractory magnesia in 1976 was 727,622 
Inc.; and Michigan Chemical Corp., pro- tons, 
duced magnesium hydroxide from seawater 
and well brines. This magnesium compound 1Physical scientist, Division of Nonferrous Metals. 
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Total 1976 production of caustic-calcined Co., Inc; Michigan Chemical Corp; and 
| magnesia was 160,364 tons. Producers of Morton Chemical Co. : | 

caustic-calcined magnesia were Basic, Inc.; Magnesium chloride was produced by ~~ 
Basic Magnesia, Inc; The Dow Chemical American Magnesium Co., The Dow Chem- 

— Co.; Kaiser Aluminum & Chemical Corp.; ical Co., Western Magnesium Corp. (former- 
| Martin Marietta Chemicals; and Michigan ly FMC Corp., plant facilities sold to West- 

Comical Corp. Merck & Co., ‘on Michigan ern Magnesium Corp. “ paren Let), Great 
emic orp.; and Morton Chemical Co.; — t Lake Mineral emica: rp., an 

produced 15,236 tons of specified magnesia. Kaiser Aluminum & Chemical Corp. | 
The Dow Chemical Co., Mallinckrodt Magnesium chloride was used primarily to 

_ Chemical Works, and Philadelphia Quartz. produce magnesium metal. Domestic pro- 
_ Co., produced magnesium sulfate. Magne- ducers of magnesium compounds by raw 

. sium carbonate owas produced’ by material source, location, and capacity fol- _ 
Mallinckrodt Chemical Works; Merck & low: | 7 | | 

Raw material source and producing company : Location ScrMgO 
| oe oe : fs | . | equivalent) : 

Magnesite: Basic,Inc___..._____________________ ; Gabbs,Nev___-__________ 150,000 — . 
Lake brines: ee oo 

Great Salt Lake Minerals & Chemicals Corp ____—__ ~~ Ogden, Utah wee 100,000 
Well eet Aluminum & Chemical Corp ~-----------~~ | Wendover, Utah______-____ 50,000 

| The Dow Chemical Co_______------------+... Ludington, Mich__-________ 250,000 
Martin Marietta Chemicals _...__._.__._....__. | Mamnistee,Mich ___________ 280,000 
Michigan Chemical Corp __ 2 - > 5 J St. Louis, Mich ____._____-~- 25,000 

Sen Morton Chemical Co___.-__-----------------  . Manistee,Mich._________-_. 5,000. 
. Wi : ‘ : - . : 

BarcroftCo _-____-_________ = eC Lewes, Del _-.______-______ 5,000 

Basic Magnesia, Inc Gert Dertagothe Mie 227777777 . Age : 
fractories ae ee —--_-— ee eC” A 

The Dow Chemical Co. ____.--__.--_-_-----~- Freeport, Tex eee ee 100,000 
Harbison-Walker Refractories Co... $9 2 Cape May, N.J___________ 100,000 
Kaiser Aluminum & Chemical Corp _._._.-._---.- Moss Landing, Calif_________ 150,000 

_ Merck & Co., Inc -. 0 LL South San Francisco, Calif_—___ 10,000 
| Western Magnesium Corp ___..________._-._~- Chula Vista, Calif ________--~ 5,000 ; 

Total__-__________- 1,370,000 

CONSUMPTION AND USES — a 

Domestic use of almost all magnesium value. a | . | | 
compounds increased in 1976, a reversal The quantity of caustic-calcined and 
from the pattern of 1975. Refractories man- specified magnesias used to prepare agricul- 

ufacture continued to be the major end use tural, nutritional, and pharmaceutical pro- 
for tien inom Refradary entity we 13% ducts increased 13%; construction mate- 
sumption increased 8% in quantity and 3% rials decreased 36%; and chemical process-. 

- In value over 1975. Consumption of caustic- in ufactur; d tallurgical in- 
calcined and specified magnesias increased g nd 22 acwuring, and metallurgical in 
12% in quantity and 64% in value, magne- creased To. . 
sium hydroxide increased only slightly in Magnesia had a broad area of use in- 
quantity but 44% in value, and magnesium cluding the production of animal feed, fer- 

sulfate increased 18% in quantity and 54% tizers and pharmaceuticals, ane other 
in value. Magnesium carbonate consump- chemical processing and manufacturing 
tion decreased 21% in quantity and 7% in applications.
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_ Figure 1.—Consumption and shipments of magnesia in the United States. 

| Table 2..-_Magnesium compounds shipped and used in. the United States | 

| 1975 1976 | | 
_ Quantity Value Quantity §§ Value 

(short (thou- (short (thou- 
tons) | sands) tons) — sands) 

Caustic-calcined! and specified (USP and | | 
technical) magnesias ___._..._...--.~__-.- 119,551 $17,207 184,458 $28,277 

Refractory magnesia ___...._.....—- ~~ ..2..- 709,474 103,839 767,607 106,522 
Magnesium hydroxide (100% Mg(OH)a)? _. .-_._____-- 60,344 ~ §,410 61,059 1,184 
Magnesium sulfate (anhydrous and hydrous) _._____ _ 47,458 6,406 55,993 9,885 : 
Precipitated magnesium carbonate! __._......-_____ 6,982 1,605 5,585 1,496 

*Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. .
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- Table 3.—Domestic shipments of caustic-calcined and specified magnesias, by use 
. (Short tons) . 

| Use Se, 1975 1976 

Agriculture, nutrition, and pharmaceuticals: - % . 
Animal feed __. ~~ _--__-~ 2 23,371 29,859 Fertilizer ______--.-$2=- ~~~ eee” 7,840: 7,695 
Medicinals and pharmaceuticals ______________~__- ~~~ 2,186 2,548 
Sugar and candy ~_-.___..-________ W Ww Winemaking __.-._-~---_--____-- 2 W Ww 

Total ---~----------------------------------------------- 39,229 44,398 

Construction materials: a . 
Insulation and wallboard _______-~___-_.- eee (4) (4) 

Oxychloride and oxysulfate cement ~----4------------~---4----------- 18,456. 11,797 

| Total -.-------------------- +22 +--+ 18,456 11,797 

"Chemical ne” Manufacturing, and metallurgical; 7481 10,01 
Electrical heating rods _._-§__... 222 8,179 11,629 
Flux _-_______- Ww WwW 

_ Petroleum additive _-_.__-___.2 2, 8,890 10,955 
Pulpand paper __-___________ 12,799 12,997 Rayon _-_________________________________________.________ 10,989 10,095 Rubber ~-- 2+ 7,315 12,108 
Stack gasscrubbing ~__________.________ WwW --. 
Uranium processing ___...______________________. WwW WwW 
Water treatment __-_____~_~__- 2,258 5,688 

Total _--___-________- ee 61,866 75,418 
. Unspecified uses _~______~_ 2 ee -- 2,850 

Grand total ---—-----_------------------------------------- 119,551 184,458 

W Withheld to avoid disclosing individual company confidential data; included with “Total.” 
"Included with “Oxychloride and oxysulfate cement.” | 

| | PRICES | 

The prices for magnesia, natural, techni- pound. During the year, the ‘price for — 
cal, heavy, 85% and 90% (bulk, carlot and ~ ‘magnesium hydroxide, NF, powder, (drums, 
truckload, f.o.b. Luning, Nev.) were quoted carlot and truckload, works) was $0.35 to 
at yearend at $120 and $140 per short ton, . $0.86 per pound. Magnesium chloride, hy- 
respectively » according to the Chemical drous, 99%, flakes (bags, carlot, works) was 
Marketing Reporter. Magnesia, technical, | . ) quoted at $140 per ton at yearend. neoprene-grade, light, was quoted at $346 The orice f ulfate. techni 
per ton (bags, carlot and truckload, works): © price tor magnesium sultate, techni- 

Prices throughout 1976 for magnesium Cl (bags, mixed carlot, 10,000-pound mini- 
carbonate, technical (bags, carlot, freight- mum, works) was quoted at $0.09 per pound 
equalized) were quoted at $0.22 to $0.23 per at yearend. In bulk lots it was $0.085 per 
pound, and NF-grade, $0.30 to $0.31 per pound. | | 

FOREIGN TRADE , 

Dead-burned magnesite and magnesia ex- Magnesite exports including crude, 
ports declined 14% in quantity and 5% in caustic-calcined, lump or ground, declined 
value from those of 1975. Shipments to 11% in quantity and 19% in value from 
major countries decreased significantly those of 1975. Shipments to Canada, Vene- 
during the year. Canada received 59% of zuela, Australia, West Germany, and Mexi- 
total exports; West Germany, 24%; and co accounted for 66% of exports in this 

: Mexico, 5%. category.
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Imports of lump, ground and caustic- of the same material, but containing over | 
calcined magnesia increased 483% in quan- 4% lime, declined 83% in quantity and 87% 
tity to 8,194 tons and 61% in value in 1976. in value to 5,359 tons and $542,000, re- 
Most of the imports were from India (66%), spectively. Total imports of crude and pro- 

_ Australia (18%), and Turkey (11%). Imports cessed magnesite declined 41% from : 
of dead-burned and grain magnesia and 162,048 tons in 1975 to 96,229 tons in 1976. 
periclase containing a maximum of 4% lime Imports of specified magnesium com- 
decreased 34% from 125,540 tons in 1975 to pounds and compounds not specifically pro- 
82,676 tons in 1976. Imports of this category vided for were valued at $2,266,000, an 
have declined annually since 1973. Imports increase of 26% over that of 1975. : 

| “- - - Pable 4.—U.S. exports of magnesite and magnesia, by country - 

esite and esia, 7 Magnesite, n.e.c., including crude 
| Magn dead-burned . caustic-caicined, leap on oma 

Destination 1975 | 1976 1975 - 1976 
Lo Quantity Value Quantity Value Quantity Value Quantity Value 

' (short = (thou- (short (thou- —_ (short (thou- (short —s_ (thou- 
oo . . tons) sands) tons) sands) — tons) sands) — tons) _ sands) 

Argentina ___.___ | oe — 3,319 $582 51 $36 —  -60—tti«éS AG » Australia... -8 = 285 $34 ne __ 216 170 731 624 Austria __.____._____ 4,473 P76. 154 171 oe Le : 6 4 
Belgium-Luxembourg ____ __ -- a _- — 31 17 46. . 29 Brazil _0. 2 51. «41 -—«ss( “st «8 94 80 50 112 81 
Canada __.____._.___ 48,488 — 6,970 42,043 7,088 2,470 1,118 3,036 1,292 
Chile _ oe 1,729 309 294 54 9 6 52 25 Colombia ______-_= 1 1 QY "99 14 77 48 54 Cis | Denmark__.__..-__-._ .. Ul 2 22 7 __ __ __ __ Finland ---_-_-_-.------ iad _ _ 48 32 78 62 France _____._______ 20 3 983 177s 168 848 282 | Germany, West _.____._ 14,499 3,172 17,085 3,675 7654 = 461 667 465 | Israel —3 = _— __ 28 18 22 15 Italy_.._..__.-_____ °. 1,200 230 __ __ 263 135 —. 895 285 
Japan_______.___-__ sd“ 12 33 24 36 34 85. - 155 
Korea, Republic of ....___ me ce _— 7 5 9 8 
Mexico _____________ _. 7,609 1,141 3,544 461 14 9 635, 94 Netherlands _._-- ==. = iad“ ( a 15 4 961 756 261 185 
Netherlands-Antilles ____ . 4 1 4 2 65 9 __ __ New Zealand _.__.._._ ‘16 15. 16 15 36 32 s«188 127 | 
Peru____._________ _— __ -—- 0h 26 14 23 21° 
Philippines “== =____-___ *——s«d102-—«i aT 144 49° 20 12 44 36 

_ Republicof ..-.-:.__ 3,265 891°-— si d8BSs«d80 154 92 172°. «86 : Spain... 18 9 3 83 62 41 - 293 48 
Sweden _____________ 44 42 22 23 348 289 357° 380 
Switzerland __________ 16 5 __ __ 2 1 __ _- 
Taiwan _____________ __ __ __ _- 24 10 41 25 
USS.R. ~~~ ~~ ______ _- _— —_ __ _— __ _— _~— 
United Kingdom _______ 76702 « «418 478 401 . 449 281 496 380 

. Venezuela ________ == __ __ , __ — 253 78 © 1,586 517 
Yugoslavia_______---_  . __ __ eo __ 2,291 528 28 21 
Other _____________u 119 "729 2,309 492 F157 93 381 146: 

wat ey TN  —————— 
Total.-_..__.._____. 82,654 14,146 71,873 13,466 9,098 4,588 10,121 5,422 

1Less than 1/2 unit. | . .
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| Table 5.—U.S. imports for consumption of crude and processed magnesite, by country 

| : a 7 : | 1975 — -'46SOS~S~S~—S 
. Co - Quantity Value —«- Quantity = Value 

. uniry oo, (short .  (thou- . (short (thou- 
. eo - an tons) sands) tons) sands) 

Lump or ground caustic-calcined magnesia:? Oo | . oe : 
” “Australia __________-_--_-__----_____- 692 $102 1,501 «$228 

. Canada. ee — _ ay ae 2. 
India______________----------.----- 4,298 986 5,427 406 
Japan ___ ~~~ ___ ~~ 2 8 175 20 

. Netherlands __ ~~. = 167 2a 203 27 
Sweden _._________~-----__~-~~-~--+-+- 6 Be 2s 
Turkey___._______-.------~---------- 551 80 ~ 881. 125 

. Potal. eee 5,716 502 819 808 

Dead-burned and grain magnesia and periclase: Oo oO | 
Not containing lime or not over 4% lime: __ - . . 
Australia ~~ 2-2-2 ee _ 607 84 -- em 
Austria ~~~ ee 2,200 280 . 3,373: 394 . 
Canada______._________-_~.-_-----=--- 67 13 231 4° 
China, People’s Republic of... .._...-....-- 784 114 -- ~~ 
 Gyprus__. L768 . 236 meee ee 
Finland _-_______-_~---------------- 1,694 . 215 ee -- 
France _______-------~----+---------- . 7) 1 mee ee 
Greece ___ ee 68,844... 11,718 © 38,094 5,638 
Ireland... ~~~ ~~~ 40,756 6,759 42,662 7,368 
Japan ___—~_____---~__~------------- 1,653 214 3,316 _ §12 | 

qutkey 550 224 =~ 33 -- -_ ° 
United Kingdom __..........------=----- 4,739 687 -— -— 
Yugoslavia _..________.-------------- 2,209. 239 -- -——- 

Total.____________----__---=-_-=--- 125,540 20,588 82,676 13,976. 

Containing over 4% lime: | | . — 
| Austria’..______-------------------——«G 8H 814 2—CO __ 

. . Canada. ee 900 . 50 410 4T . 
; - Germany, West____.--_-_-~--------~---- — _—— 1 2 

Greece _. . - - - - eee 9,290 1,240 . -- _— 
Spain. =~ ~~ Le 2,752 385 4,948 © 493 
United Kingdom ~~. 222 22222222277 7727 1,870 209 -- —_ 
Yugoslavia ~~~ ee 9,795 1,382 -_ — i 

Total.______________ ee 30,792 4,080 5,359 . 542 

‘Total dead-burned and grain magnesia oS a 
and periclase ______...-_-~-------~-. 156,332 24,668 88,035 14,518 

| In addition, crude magnesite was imported as follows: 1975—India, 7 short tons ($577), the United Kingdom, 3 short | 
tons ($280); 1976—India, 5 short tons ($456), Japan, 10 short tons ($590), Mexico, 2 short tons ($519), and the United 

- Kingdom, 3 short tons ($376). . 
2Less than 1/2 unit. | 

Table 6.—U.S. imports for consumption of magnesium compounds 

Oxide or Magnesium Magnesium Magnesium Magnesium esium , 
calcined carbonate! chloride chloride sulfate (epeom sansa 

Year magnesia (precipitated) (anhydrous) | (other) | kieserite) ns.pf2 

Quan- Value Quan- Value Quan- Value Quan- Value @@2- Value Quan- Value 
hot (thou- ht (thou- het (thou- Ghost (thou- hort (thou- nee rt (thou- 

tons) sands) tons) sands) tons) sands) tons) sands) ‘tons) sands) tons) sands) 

1974___ 357 $231 117 $109 309 $190 244 $12 25,644 $702 5,393 $863 
1975 _ __ 360 148 63 97 103 42 50 9 32,991 1,070 2,999 427 
1976___ 299 332 80 108 217 158 428 108 23,139 1,109 2,874 451 

lin addition, magnesium carbonate not precipitated, was imported in 1974—19 short tons ($6,961); 1975—6 short tons 
($2,226); 1976—2 short tons ($915). 

2Not specifically provided for; includes magnesium silicofluoride or fluosilicate and calcined magnesium.
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, eo e- e °. e 2 s Greece.—In October 1976, the Financial burned magnesite briquetting plant similar 
e = e e e 

3 e _ Mining-Industrial & Shipping Corp. (FIMIS- to FIMISCO’s operation. | . 
° y . ° 

oo 
a e ® . CO) of the Scalistiri Group began tests at its Magnomin General Mining Co., S.A., a es ° . e 

e + . e ) e e 
. pilot plant at Mantoudi, Euboea for its General Refractories subsidiary, began op- 

d $50 milli 1 for th i iati ilities i proposed $50 million plant for the pro eration of ore beneficiating facilities in 
ducti f refr d ia fi idiki usi : nen o re eee H magnesia rom Chalkidiki using Belgian-Yugoslav tech- 

e e Seawater and dolomite. fHarbison- Ww alker nology for preparing magnesite ore and _ Refractories International (a division of tailings. | } | 
. e e e se ° 

Dresser Industries, Inc.) will provide techni- Indiz . ' ae.) will p ‘ ndia.—The Government placed an ex- cal assistance for this project. Ten percen | . - - of investment costs were _ ‘sted fh . port ban on calcined magnesite containing investmen re budgeted for envi- 7. | . ental protection less than 9% silica. However, magnesite 
ronm tal tect ° . ° e eye e 

containing more than 9% silica remained Near the end of 1976, FIMISCO an 
n . ° exportable to all countries. According to e e e production of Magflot, a briquetted dead- Gove ent sources the ban was prom 

ra rned magn roduced rocessed ram ces an r ted 
bu magnesite produced from p by an increasing domestic demand. for e 2 low-grade magnesite and wastes by proprie °Y te € 
tary techn This milli magnesi 

ology. new $10 on The Indian Mineral Exploration Corp e 50,000 ton-per-year-plant at Mantoudi, has j _ EXP 1 te de . delineated areas containin d _ & flotation plant, a Herreshoff and shaft %¢41 n § magnesite de- : : : The Dewalthal d h kiln, and a briquetting press. posits. e Dew eposit near the town 
° e e The Macedonian Magnesite Mining. Of Pithoragarh was selected for initial de- 

i ippi ] ith a planned initial ity of Industrial and Shipping Corp., another Sca- velopment with a planned initial capacity o e °e e e 
° listiri Group company, received Govern- 15,000 tons per year. Almora Magnesite 

e ment approval to expand and improve Ltd., owned by Tata Iron & Steel Co., Ltd., 
e e e ° e epee, ° s magnesite mining and shiploading facilities and Didier-werke of West Germany opened 
e es e e 2 e es eo at Ormilia, Chalkidiki. Authorization was a dead-burned magnesite plant at Almora > 

e e s 

also received for construction of a dead- in 1975.
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Table 7.—Magnesite: World production by country? | 

7 BE _ (Short tons) | oe oe 

| | Country 1974 1975 1976” 

North America: : , : | 

Mexico _______________________--~--------------- 24,390 48,567 © 25,558 
United States __________._____---------~-~-~-------- Ww WwW Ww 

. South America: — 
. Brazil. eee +--+ +--+ - 408,072 484,428 461,868 
Colombia® _______________--___---~------~-------- 2,000 - 2,000 2,200 

. Europe: 
Austria. ___________________-------------------- 1,597,385 1,895,358 1,021,334 
Czechoslovakia ______________------_--------------- 698,865 729,129 - 718,706 | 
Greece ________________--_-_-------------------- 1,508,818 1,572,082 1,658,520 

: Poland ____________-______---~---~-------------- 26,235 29,597 28,219 
‘Spain _________-------------------------------- 292,454 377,034 330,693 
USSR®____ eee -----=--- 1,920,000 1,980,000 1,980,000 
Yugoslavia______________.-___---_--------------- 510,982 534,952. 431,008 

Africa: 
1 

: Kenya ________----_--------------------------- ©11,000 18,519 18,700 
Rhodesia, Southern®____________-______------------- 22,000 - 22,000 22,000 

| South Africa, Republic of _______._______-------------- 115,317 67,464 69,289 
Sudané_____ e+ +--+ 110 "110 110 
Tanzania® ______________2_______ + 55 (Um 55 

Asia: - ‘ 
China, People’s Republic of€ _-_________-_-_--------------+ 1,100,000 1,100,000 - 1,100,000 

India eee 292,699 345,480 361,476 
Iran¢?_ = eee --- 17,600 17,600 5,500 
Korea, North®_____.__2._-_-___----------~---+---+--- 1,900,000 1,900,000 1,900,000 

. Pakistan __________________~-_-_____-_~----------- 3,163 2,864 3,854 
| ' Turkey __________-____----______---------------- 629,162 505,816 447,539 

~ Oceania: .  % . 
Australia, ___________________-.---------------- 21,275 17,866 €15,400 
New Zealand ____.---~~-~----------+-------+---=- 911 82 887 

| | Total eee =~ 71,097,448 11,147,348 10,597,911 

_ 'Rstimate. Preliminary. "Revised. W Withheld to‘avoid disclosing individual company confidential data. | 
1Figures represent crude salable magnesite. In addition to the countries listed, Bulgaria and Canada produce , 

magnesite, but output is not reported and available information is inadequate to make reliable estimates of output levels. 

ear beginning March 21 of that stated. : fb oe 

| TECHNOLOGY 

_ ‘The Bureau of Mines developed a special- refractories, as well as specially prepared . 

ly formulated magnesium oxysulphate ce- samples of magnesite were studied to deter- 
‘ment for use as a sealant in underground mine fracture energies. It was noted that 

coat mings The cement we degmed the factors of temperance, chomltry, an 
educe sloughing of shale rools and Coa! Jicrostructure significantly affected the 

ribs, to reduce air losses through block ¢ ture energies of these materials. The 
_gtoppings, for constructing sprayed stop- . bale ults . di ted that ° trol 

pings over jute cloth or metal lath, and to ©*Perimenta! results indicated that conm 

decrease combustibility of polyurethane Of the coarse grain size distribution can be 
foam. The cement was_ evaluated used to prepare refractories with improved 

underground.” | fracture and thermal shock resistance.‘ 

Blast furnace operation was improved by ——————— — a 7 

the addition of 1% to 2% crushed olivine to Fraley, J. E., and R. E. Simpson. Magnesium Oxysul- 

a charge containing a high alkali metal Oe Cement Sealant in Coal Mines. BuMines RI 8150, 
° o,e ee . pp. 

oxide content. The addition of the olivine SEilenbaum, F. H., and R. Ciesco. (assigned to Molten 

removed a substantial part of the alkali Metal Engineering Co.). Use of Olivine in Blast Furnace 

metal oxides. The olivine was included in Smelting of Iron Oxide Ore. U.S. Pat. 3,966,456, June 29, 
‘quet . . 1976. 

the ore brique es ine iron oxides, coke, OF ““stichno, J. J., R. C. Beadt, and D. P. H. Nasselman. 
other Charge materials. ; Fracture Surface Energies of Magnesite Refractories. Am. 

Samples of commercial burned magnesite Ceram. Soc. Bull., v. 55, No. 7, July 1976, pp. 665-668.



By GilbertL.DeHuff? | | 

_ There was neither production nor ship- with the immediately - previous objectives 
ments of manganese ore containing 35% or shown in parentheses: Natural battery ore, 
more manganese. in the United States.in 12,736 (10,700); synthetic dioxide, 19,105-(ze- 

_ 1976, Production of ferromanganese fell off ro); chemical ore (no longer broken down 
in the second half of 1976, while imports of. into two types), 247,136 (25,600 equally di- 
the alloy exceeded the high level: of 1975 vided between types A and B); metallurgical | 
and were the highest on record. Imports of ore, 2,052,000 (750,500); high-carbon ferro- 
manganese metal were: high, coming mostly manganese, 439,000 (200,000); medium- 
from the Republic of South Africa: The carbon ferromanganese, 99,000 (10,500); sili- 
price for imported staridard high-carbon Ccomanganese, 81,000 (15,900); and electro- 

levels considerably below the published pro- suspended by the new administration early 
ducer price; which remained unchanged at in 1977 pending further study. | 
$425 per long ton after a $15 drop early in Sales of Government manganese stock- . 
January. Overall: consumption ‘6f man- pile excesses for the calendar year, as re- 
ganese increased over ‘that'of 1975. The Ported by GSA, were as follows in short tons 
General Services Administration (GSA) ‘ross weight): Natural battery ore of stock- | 

established new stockpile goals for man- Pile. grade, 128; synthetic dioxide, 545; ganese ores, alloys, and metal, but ‘these chemical ore, 1,000 of type A and 6,000 of 

were later suspended by the new admini- ‘YPe B; metallurgical ore, 20,613 of stock- | 
stration. There were few sales of Govern- pile grade and 22,047 of nonstockpile grade. 
ment manganese stockpile excesses, but _, @0vernment stockpile physical inventory , deliveries continued to be made in fulfill- ’ oer ge all ee tems in calendar 
mmostiy oa er sales contracts. These were following (short tons, gross weight): 

Legislation and Government, Pro. Stcknllegrade natural battery ore dropped grams.—On October 1, GSA established ~ , , . 
new stockpile ‘goals for manganese. These ISupervisary physical acientiat. Diviaien of 
are listed here in short tons, gross weight, tal. physical scientist, Di of Ferrous Me- 

Table 1.—Salient manganese statistics in the United States oo, 
es Cee (Short tons) - 

| } | —_ 1972 1973 1974 1975 1976 

Production (higmenty | 578 239 _- Oo _ Imports, general __-_---.__.---_-_-_._ 1,620,252 1,509,798 1,225,088 1,574,045 «1,316,812 Consumption -___-__________-_._-___ 2,881,459 2,140,058 1,880,176 1,818,983 1,600,873 
Manganiferous ore (5% to 35% Mn): o } 

Production (shipments) ~._._-_.__________ 147,161 203,055 272,908 159,225 256,633 
Ferromanganese: | a oe, 

Production __-_~------------.--.--... . 800,723 688,075 544,361. «575,809 «482.662 Exports ____.._____________________ 6,842 8,574 7,011 .. 93300. 6,789 Imports for consumption _________..._.._. 348,589 390,591 421,222 $97,212 537,409 _ Consumption —_ ~~~ -.---------------.' 967,968 1,116,602 1,115,895 881,527. §96.-775 

"Revised. 
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| 2882 to 3,006 tons; chemical ore, 10,770 to furnaces producing manganese ferroalloys, | 
| 230,863 tons; metallurgical ore, stockpile particulate emissions to the atmosphere | 

grade, 644,884 to 4,969,528 tons; metallurgi- were limited by these regulations to less 
cal ore, nonstockpile grade, 21,686 to than.0.51 pound per megawatt-hour. _ - 
1,319,030 tons; and high-carbon ferroman- |§ The National Stockpile Purchase Specifi- — 
ganese, 7,721 to 599,757 tons. Stocks of cation for Manganese Metal, Electrolytic, — 

| nonstockpile-grade natural battery ore re- was revised June 9, 1976 (P-98-R3) by the | 
mained unchanged at 54,899 tons; medium- Bureau of Domestic Commerce, U.S. De- 
carbon ferromanganese at 28,920 tons; sili- partment of Commerce, with approval of | 

| comanganese at 23,574 tons; and electrolyt- the Federal Preparedness Agency, GSA. It — 
ic manganese metal at 14,171 tons. specified the minimum manganese content | 

In May, the Environmental Protection by weight as 99.9% total, 99.7% metallic; 
_ Agency issued national air pollution control decreased maximum hydrogen from 0.015% 

regulations for electric submerged arc fur- to 0.010%; increased maximum sulfur from 
| naces and associated dust-handling equip- 0.024% to 0.030%; and decreased maximum 

ment, construction or modification of which carbon and phosphorus from 0.01% and 
began after October 21, 1974. For such 0.005%-to 0.005% and 0.001%, respectively. | 

| - DOMESTICPRODUCTION, ts 

| _ There was neither production ‘nor ship- Mountain area, was mined in -Cherokee 
ments of manganese ore, concentrate, or County, S.C., by brick manufacturers or — 
nodules, containing 35% or more. man- contractors for use-in coloring brick at _ 

~-ganese, in the United States. Ferruginous South and North Carolina brick plants. 
' Manganese ores or concentrates containing Material from some pits had a manganese 

---:10% to 35% manganese were produced and content greater than.5% and less than 10%, 
, shipped in the Cuyuna Range of Minnesota, or possibly 15% at the most, whereas mate- | 

and manganiferous iron ore containing 5%. rial from others contained less than 5% 
| to 10% manganese was produced and manganese. Because few operators analyze 

_ shipped in New Mexico. Manganiferous the material, the quantity that might con- 
| schist, clay, or other earthy material, asso- tain 5% or more manganese.can only be 

ciated with the manganiferous member of estimated. The total such quantity mined in | 
the Battleground schist of the Kings 1976 appears to have been about 9,000 tons. 

- Table 2.—Manganese and manganiferous.ore shipped’ in the United States, by State | | 

| 1975 1976 
Type and State | Gross Manganese §§ Gross § Manganese 

weight content weight content 

Manganese ore (35% or more Mn, natural) -____~------ So oe _- 

FF iginous ma 10% to 35 | Srasinge spanemnee ore 0% wo B5% 
Minnesota ___________________________ 108,749 12,880 . 202,271 25,891 
New Mexico —_.-~~---------~-~-~-~~=---___ 07165606 

Total _.._________________________- 158,725 18,576 202,271 25,891 

Manganiferous iron ore (5% to 10% Mn, natural): 
ew Mexico ________________.-.~------ -- _- 45,362 4,445 

South Carolina’ __ __-____------~---------___**600__ 85 *9,000_ "660 
Oy T e500 r eg5 54,362 5,105 

Total manganiferous ore____.__.____..-—- 159,225 18,611 256,633 30,996 
Value of manganese and manganiferous ore._..___.---—  °$1,412,912 __ $2,260,209 -- 

Shipments are used iling U.S. mi roduction value. The taken ak the pout at which the mestorial i constiored to be in marketeble form for the consurser, Besides direct-ehipping 
ore, they include, without duplication, concentrate and nodules made from domestic ores. 

eous ore.
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- oe CONSUMPTION, USES, AND STOCKS 

In the production of raw steel (ingots, some low-carbon ferromanganese (such as - 
- continuous- or pressure-cast blooms, billets, the domestically produced ‘Massive Man- 7 

slabs, etc., and including steel castings), ganese” or the imported “Gimel Metal”) : 
consumption of manganese as ferroalloys, and some manganese-aluminum additives 
metal, and direct-charged ore, as reported may have been erroneously reported by — 
to the Bureau of Mines by consumers, was consumers as manganese metal. The metal 

12.2 pounds per short ton of raw steel that was used to make manganese-alumi- 
produced. Of this total, 10.6 pounds was num additives is included in table 4 under 
ferromanganese; 1.4 pounds, silicoman- the “Alloys (excludes alloy steels and super- 
ganese; 0.01 pound, spiegeleisen; 0.2 pound, alloys)’ category. These additives are not 

_. metal; and 0.01 pound, manganese ore (con- knowingly included in the table, it being - 
taining 35% or more manganese). The com-_ desired to report consumption at the metal , 
parable 1975 total, on the same basis, was rather than the additive level of the usage 

| 13.3 pounds with. ferromanganese at 114, cycle. — | | | 
| ‘gilicomanganese at 1.6, spiegeleisen at 0.03, Production of electrolytic manganese 

metal at 0.2, and ore at 0.02. In addition to metal increased to 23,966 short tons from — 
the aforementioned consumption of man- 22,141 tons in 1975. Production was by the | 

> ganese in 1976, there was consumed per ton same three plants of the same three compa- 
"of raw steel produced approximately 1.0 nies: Foote Mineral Co., New Johnsonville, 

‘pound of manganese contained in man- Tenn.; Kerr-McGee Chemical Corp., Hamil- | 
__.ganese ore used in making pig iron or ton (Aberdeen), Miss.; and Union Carbide 

: equivalent hot metal. The comparable fig- Corp., Marietta, Ohio. Newmont Mining 
ures for 1975, 1974, and 1973 were 1.3, 1.2, Corp.’s interest in Foote Mineral Co. was 

- and 1.1 pounds, respectively. | 90.6%. - | 
- Producers of manganese ferroalloys and § Ferromanganese.—Bethlehem Steel | 

metal were beset with problems. of rising . Corp., at Johnstown, Pa., and United States | 
- transportation, labor, raw material, pollu- Steel Corp., at McKeesport, Pa., were the 

_ ~« tion control,.and energy costs; availability only domestic blast furnace ferroman- 
of sufficient energy without interruption; ganese producers. U.S. Steel stopped pro- 

- ‘general inflation; a deluge of imports at low duction in March and Bethlehem had its 
_ . prices; and ‘a. demand that. fell short of ferromanganese furnace on pig iron for part 

expectations because of a poor second half of the year. As in 1975, electric furnaces 
-.. year for the steel industry. | were used to produce ferromanganese by six 
| Electrolytic Manganese Metal.—All of companies in eight plants: Airco Alloys 

7 the manganese metal produced domestical- .Div., Airco Inc., Calvert City, Ky.; Ohio 

ly, and virtually all of that imported, was Ferro-Alloys Corp., Philo, Ohio; Roane 
electrolytic metal. Virtually all. of the metal Electric Furnace Co. (Engelhard Minerals & 

. consumed was electrolytic metal, although Chemicals Corp.), Rockwood, Tenn.; Satral- 

Table 3.—Consumption and industry stocks of manganese ore’ in the United States | 

(Short tons) 

___Consumption SOL 
1975 1976 1976 

By use: 
. Manganese alloys and metal ____.______-_----------------~ 1,440,243 1,268,531 ~—s: 1,766,524 
Pig iron andsteel ________________-_________ ee 176,167 — 148,761 142,130 
Dry cells, chemicals and miscellaneous _______.______-__.----- 202,578 198,581 346,988 

Total ________________________- ee ___ ~——1,818,983 1,600,873 2,255,642 

By Or mestic poe eee eee 75,755 81,607 179,919 
Foreign _______________ ee __ 1,748,228 ‘1,519,266 2,075,728 

otal _- -- -- -_____-_- 1,818,983 ‘1,600,873 2,255,642 

1Containing 35% or more manganese (natural).
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: Table 4.—Consumption, by end use, and industry stocks of manganese | ; 
| ferroalloys and metal in the United States in 1976 7 : 

(Short tons, gross weight) | | OO, | 

_ . dlow Manganese . eisen e atalt 

Carbon _ ~~~ «601,421: 104,428. 87,888 4,107 7,236 - 
Stainless and heat resisting _..______________ 7,230 1,905 7,137 _— . 5,838 
Hugh, <higwalloy 7777777727777 T- 71,500 | aoe rd BBB Ana 

. ; rength Ow: OY ~~ , ? Lo ’ ; eT 0. . Electric ae rrr 22222 , 187 146. 570 wT Tool ___--___________________________ samy 228 oC | Unspecified _..__.._-_.________ ‘397 827 2962 

| Total steel _______________-_________ 784,059 ” 187,018 «188,568 =~——i‘“ 4,305,268 | Cast irons _____-_ 2. i i____i______ 16,789 ‘1,296 16,006 . 4,960:>.. 184 
Superalloys — === =~ ~~ 5 249 Ww | We 816 

oys (excludes alloy steels and - a a re superalloys) ____.____.___________________ 4277 . 4,772. = 3,008.» «= sa *:«11,865 
Miscellaneous and unspecified _.___.___-_..-----. | 375  945.. 1,951 -  o-:  .1,048 

, Total consumption __________-__..----_ 155,749. 141,026 154,528. «9,412: 28,426. 

: Stocks, Dec. 31: | | a os 
~ Consumer ______=______ «169,818 20,482 23,999: / WwW 4870 | 
_.. Producer ____-_~_---------------------_ 86,918 25,765. 38,129. W188. : 

| ‘Total stocks ________-____--__________ 256281 46,247 62,128 8,066. ~-11,548 | 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and unspecified” : : 
where applicable. — eo Beg - 
. 4Virtually all electrolytic. | _— es : 

| : Table 5.—Ferromanganese and silicomanganese produced in the United States and” 
, manganese ore’ consumed in their manufacture 

. Production . ” a Co ) ) . pear ~ | 

_-:. Manganeseore' consumed... 

Year 3 | Silico yp ts of Per ton of 
mang-_ . * , er ton. erroman- 

weight _. Manganesecontent — anese Foreign? Domestic? _ferroman- . ganese and 
(short “Percent. Shorttons (ross  “Orelgn” = Yom . ganese _silicoman- : 

~  tonis) weight . : made® ganese 
| | shorttons) = made’ 4 

1972________ 800,728 78.3 627,358 153,000 1,896,483 25,620 28 2.0 1973________ 688,075 788° 588,119 184,000 1,648,806 25,912 BA” 19 1974________ 544,861 78.0 424,405 196,000 1,348,425 55,822 © 2.5 18 1975________ 575,809 78.9 454,309 143,000 1,389,300 48,011 2.4 1.9 1976________ 482,662 79.0 381,328 129,000 1,208,386 53,682 2.5 2.0 —— eee 
1Containing 35% or more manganese (natural). | . 
Includes ore used in producing silicomanganese and metal. SS 
‘Includes ore used in producing silicomanganese. 
‘Ratio of ore consumed to ferromanganese produced if silicomanganese is considered a special grade of ferroman- 

ganese. 

loy Inc. Div., Satra Corp., Steubenville, a 6-year lease agreement that provided for 
Ohio; Tenn-Tex Alloy Corp. of Houston, all production to go to Union Carbide Corp. 
Houston, Tex.; and Union Carbide Corp., U.S. shipments of ferromanganese from fur- 
Alloy, W.Va., Marietta, Ohio, and Portland, naces totaled 494,000 tons, compared with 
Oreg. Fused-salt electrolysis continued tobe 556,000 tons in 1975. 
used by Chemetals Div., Diamond Sham- The production reported in the various 
rock Corp., Kingwood, W.Va., to make low- _ tables of this chapter is net production; that 
carbon ferromanganese sold under the _ is, the quantity of ferromanganese produced 
trade name of Massive Manganese. Dou- for shipment outside the producing ferroal- 
bling of plant capacity to 17,000 short tons _loy facility. It does not include the remelt 
of product per year was completed. Tenn- material; that is, the fines, offgrade, or 
Tex Alloy Corp. of Houston, a subsidiary of other ferromanganese output of the furnace 
Sandgate Corp., continued to operate under _ that was fed back to the furnace or lost in
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the plant, and which is included in gross and Union Carbide Corp., Alloy, W.Va., 

data reported by the furnace operator. It Marietta, ‘Ohio, and Portland, Oreg. End- 

does include ferromanganese made for use use consumption of silicomanganese—that | 

in the company’s steel furnaces at the same iis, consumption outside the ferroalloy 

or-other locations. = — plants—was 17.2% that of ferromanganese, 

| ae . compared with 18.2% in 1975 and 15.9% in 

Table 6.—Manganese ore used in 1974. oe | — | 

producing : _Spiegeleisen.—The New Jersey Zinc. Co. 

| _ ferromanganese, silicomanganese, and stopped its production of spiegeleisen at 

manganese metal in the United States midyear. Production was from electric fur- 

_. in 1976, by source of ore | naces at Palmerton, Pa. me , 

ee en:t—‘<iéiCPg Iron.—A total of 368,000 short tons of 

Source . weight _- content, manganese-bearing ores containing 5% or 

| hort "ature! more manganese (natural) was consumed in 

_—_—_——__—__—_- —”_—a“a—~— the production of pig iron (or its equivalent 

Domestic! --~---------- 58,632 4 hot metal). Domestic sources supplied 

| ica ....------- 468,441 47 287,000 tons, of which 191,000 tons was 

Australia ~-------~- 123,113 69 manganiferous iron ore containing 5% to 

Cuba! _________-_- 44,351 43 10% manganese, 33,000 tons was ferrugi- 

| India —---~-----~~7~ 80,2 4 nous manganese ore containing 10% to 35% 

USSR! __._-_.--2——-*:1,787 4g manganese, and 13,000 tons was manganese 

Unidentified_----------___ 48,769 --_- ore containing 35% or more manganese 

o< Jotahe_ 22 --Lut 1,261,968 47 that was apparently obtained from GSA 

ee etock. through its program for disposal of stockpile 

pile epoeals. all, from U.S. Government surplus stock- excesses.’ Foreign sources supplied 131,000 

| : OO tons, of which 1,000 tons was manganiferous 

Silicomanganese.—Production of silico- iron ore and 130,000 tons was manganese 
manganese in the United States decreased FC containing 35% or more manganese. 

to 129,000 short tons from the 143,000 tons ,_Battery and Miscellaneous Industries. 
of 1975. This is net production produced for The Ore reported in table 3 includes that 
shipment and does not include silicoman- consumed in making synthetic manganese | 

ganese produced for use as an intermediate dioxide by both electrolytic and chemical 

in the same plant for the production of means, but it does not include consumption 

medium- or low-carbon’ ferromanganese. of the synthetic dioxide. Although some | 

Silicomanganese shipments from furnaces Synthetic dioxide is used for chemical: pur- 

were 132,000 tons, compared with 126,000 Poses, most of it is used in the manufacture | 

tons in 1975 and 192,000 tons in 1974. Six of dry-cell batteries, particularly for the 

companies used nine plants to produce sili- manganese-alkaline type, premium = or 

comanganese for shipment in 1976: Airco heavy-duty Leclanché (manganese dioxide- 

Alloys Div., Airco Inc., Calvert City, Ky., ammonium chloride-zinc) cells, and as a 

and Theodore (Mobile), Ala; Interlake Inc. blend with natural ore in ordinary Le- 

(Globe Metallurgical Div.), Beverly, Ohio; clanché cells. 

Ohio Ferro-Alloys Corp., Philo, Ohio; Roane The domestic ore and much of the foreign 

Electric Furnace Co. (Englehard Minerals& ore used for chemical and miscellaneous 

Chemicals Corp.), Rockwood, Tenn:; Tenn- purposes did not meet national stockpile 

Tex Alloy Corp. of Houston, Houston, Tex.; specification P-81-R for chemical-grade ore. 

| PRICES 

Manganese Ore.—All manganese ore tations reflect the paper’s evaluation of the 

prices are negotiated. In addition to the market. Contract prices for 1976 delivery of 

manganese content, they are dependent on metallurgical manganese ore, having a 

the chemical analysis otherwise, the physi: minimum manganese content of 47% to 

cal character, quantity offered, delivery 48%, ranged from $1.45 to $1.53 per long 

terms, fluctuating ocean freight rates, in- ton unit, c.if. U.S. ports. Because of large 

surance, inclusion or exclusion of duties if stocks in the hands of consumers and low 

applicable, needs of the buyer, and the demand, most contracts were not finalized 

general availability of ores that will fill before April. Normally they are signed in 

these particular needs. Trade journal quo- October or November of the preceding year.
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| Although spot purchases of ore were at one at yearend. Lower prices of the range, at | time a factor in the market, they were of least in the latter part of the year, were 
little consequence in 1976 and immediately reported to be for large tonnages deliver- 7 preceding years. Contracts for ore to be able through 1977; the higher prices were | delivered in 1977 had not been negotiated for smaller spot tonnages. Lower grades of _ 

| by yearend 1976. _— alloy reportedly brought even lower prices. _ 
Manganese Alloys.—The published do- ~ Manganese Metal.—In September, the mestic producer price for standard high- . - eh 1. . .e. price of standard and comparable grades of . carbon ferromanganese, having a minimum | lytj metal chi , : manganese content of 78%, was cut $15 Cectrolytic manganese metal chips, packed early in January to $425 per long ton of im Pallet boxes, increased by 4 cents to 58 

alloy, and it remained at that figure for the cents per pound, f.o.b. producer plant, for __ remainder of the year. Quotes for imported shipments of 30,000 pounds or more. The 
alloy of the same grade dropped during the bulk price continued to be 1 cent lower. 
year from a range of $390 to $415, delivered These prices prevailed for the remainder of 
in the Midwest, to $345 to $855 per long ton _ the year. | 

| | a -FOREIGNTRADE oo | 
Exports of ferromanganese totaled 6,789 valued at $7,509,928, compared with 

short tons valued at $3,461,560, compared 204,523 tons in 1975 valued at $13,886,100. | with 32,300 tons valued at $10,601,354 in Of the 1976 total, large quantities having 1975. Of the 1976 total, Canada took 3,346 relatively low average values were distrib- 
tons; Sweden, 2,076 tons; West Germany, uted as follows: Mexico, 34,000 tons; Nor- 
828 tons; Mexico, 166 tons; Venezuela, 1383 way, 22,000 tons; and Spain, 18,000 tons. For 
tons; the Dominican Republic, 121 tons; the most part, these tonnages appear to | Brazil, 44 tons; Jamaica, 20 tons; Colombia, have been metallurgical ore obtained from | 
15 tons; Bolivia and Guatemala, each 11 GSA sales of Government excess stocks. 
tons; Italy, 10 tons; Israel, 5 tons; Malaysia, Most of the remainder is believed to have 
2 tons; and Chile, 1 ton. Exports classified been imported manganese dioxide ore that — 
as manganese and ne neanese pilovs, may ding may ding have been, subjected ‘fying | 
wrought or unwrought, and waste and grinding, blen , or otherwise classii - | scrap” totaled 4,654 tons valued at in the United States. 
$3,433,918, compared with 3,256 tons valued The average grade of imported manga- | at $3,318,322 in 1975. This classification nese ore was 49% manganese in 1976, the 
includes electrolytic manganese metal and same as in 1975. Gabon supplied 41% in 
manganese-copper alloys, but it does not 1976; Brazil, 25%; Australia, 18%; and the 
include ferromanganese. Exports of ore and Republic of South Africa, 10%. There were 
concentrate containing more than 10% no importsof manganiferous ore (more than 
manganese amounted to 127,971 tons 10% but less than 35% manganese). 

Table 7.—U.S. imports' of manganese ore (35% or more Mn), by country 

1975 1976 
G Mn Mn Country weight content ane wae content alue 
tone) toma) Sands) —@hort_—Bhort sa) —_——————___—_. $$. $ ——————————itos) tors) 

Australia_-_-§- 2-2 = 171,146 86,541 $8,443 234,636 117,367 $12,048 Brazil________§ = 633,076 307,367 30,012 333,479 161,108 18,033 Congo? _-___ __ __ __ 26,572 18,286 2,238 Gabon? ___- 488,073 244,796 26,526 513,078 256,412 31,731 Moxie — ~~ --~-~~-~----~-----~--- 52,327 =. 28,171 1,724 30,831 18,485 1 ee 
South Africa, Republicof __________.____ 206,018 92,211 9,668 187,316 60,968 5,890 Zaire _______._______ 23,410 11,444 735 6,118 2,936 148 eS 2986148 

Total _______-___.-----_____ 1,574,045 765,580 «77,108 ~=—=«1,816,812 649,245 «73,627 
eee meen 

7Quantities for general imports and imports for consumption were identical. 
? Actually from Gabon. 
*In addition in 1976, Gabon imports reported as Congo were 26,572 tons (gross weight).
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Ferromanganese imports for consump-_ tons (75 cents); the Netherlands, 20 tons (31 
tion increased 28% over the record high cents) ;Ireland, 1 ton (49 cents); Brazil, 1 ton 
attained in 1974, or 35% over the 1975 (82 cents); and Greece, 1/2 ton (37 cents). 
tonnage. The Republic of South Africa, The imports from Japan, Belgium, the 
France, and Japan were the principal sup- Netherlands, Ireland, Greece, and possibly 
pliers. Silicomanganese imports for con- Brazil appear to have consisted largely, if 
sumption totaled 80,118 short tons contain- not entirely, of synthetic manganese diox- 

__ ing 53,693 tons of manganese. Sources and ide. Manganese sulfate imports totaled 50 
gross weight tonnages follow: Norway, tons, of which 40 tons was from Belgium 
31,825; Yugoslavia, 13,630; Brazil, 10,995; and 10 tons from Japan. 
Spain, 6,646; Japan, 4,981; France, 3,472; Tariffs.—Suspension of the duty on man- 
Portugal, 3,362; the Republic of South Afri- . 2.759: Mexico. 1.775: Canada. 578: Chile, "anes ore from most nations, Rate 1, was 
CB, &, fou, Mexico, 2,119, Vanada, of; © extended another 3 years (through June 30, | 
78; and Belgium, 22. Imports for consump- 1979) by Public Law 94-560. The suspended 
tion classified as unwrought manganese . : " | | 
metal, except alloys, and metal waste and tariff remained at 0.12 cent per pound of 
scrap totaled 7,082 short tons, compared contained to be 1 cox ene State rate 
with 4,378 tons in 1975. Of the 1976 total, (P04 till coplivable to ore of : 
6,181 tons were from the Republic of South he SSE and the People’s Repobrie o f 
Africa, 483 tons from Japan, and 418. tons cee . . 
from Canada. It is most probable that the China. The respective rates of duty for 
metal from Canada originated in the Repub- metal and the principal ed Howeve vernon’ 

lic of South Africa. - oys remained unchanged. However, as o 

| Imports for consumption classified as January 1, 1976, the United States accorded 
_ “manganese compounds, other” totaled duty-free treatment under the Generalized 

3,467 short tons, compared with 1,394 tons System of Preferences (GSP) to imports of | 
in 1975 and 3,086 tons in 1974. The sources, ferromanganese and silicomanganese from 
gross weights, and values per pound in 1976 developing nations. A petition of The Fer- 

_ follow: Japan, 2,796 tons (86 cents); Bel- roalloys Association to the Office of Special 

gium, 458 tons (30 cents); the United King- Representative for Trade Negotiations for . 
dom, 147 tons (4 cents); West Germany, 44 _ relief from this action was rejected. 

Table 8.—U.S. imports for consumption of ferromanganese,by country | 

TO IGSSS—<“Csi‘sSOSOSOSOS~”:~—“<~iTG 
| | G Mn Vel, G Mn 

Country | weight content eae weight content ae 

| Samy’ Goma 8nds) ons) Soma) Sands) 
Belgium-Luxembourg _______-_-__-.--~-- 3,483 2,675 $1,059 88,186 25,388 $9,834 
Brazil __________________-__----.--- 6,228 4,787 2,136 7,578 5,802 1,855 | 
Canada ___ ee 952 702 167 10,566 8,294 3,902 
Chile _-_- eee ke — ae 95 74 31 : 
France _____________.-----_-------_ 188,999 107,058 45,127. (119,762 92,556 + = 38,314 

- Germany, West ________-_____________- 827 689 730 20 “11 16 
India ee 5,977 4557 1,801 12,115 9,140 2,965 
Italy. 5 eee _ __ __ 439 351 230 
Japan _______________________._____ 78,851 56,111 27,584 «114,111 88,680 = 40,786 
Mexico ________-__.._-.------------ __ __ _ 44 33 19 
Norway ______-_____----__-__-----_-. 22,891 ——:17,871 6,728 27,710 21,775 7,594 
Portugal _____-__ 55 5 661 510 202 10,957 8,340 2,485 
South Africa, Republic of _.__..=_-__.._____ 121,456 94,885 34,304 174,188 135,599 46,686 
Spain ________-._.----------------- 9,541" 7,925 5.234 19413 15,942 8,188 
Taiwan ____.____------------------- | 11,248 8,507 3,502 5,677 4,288 1,408 
United Kingdom ____.-______.__------- 1 1 1 __ __ __ 
Yugoslavia -._----------------------- 1,102 872 811 1,543 1,204 440 

Total_._______.__.__.._.-----~- 397,212 306,650 128,381 587,409 417,483 164,698
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| | _ WORLD REVIEW : on SO 

An agreement in principle was reached formation (Banda Alta). There are reported 
by subsidiaries of Lockheed Aircraft Corp. to be other manganese beds or lenses in the 
(Lockheed Missiles & Space Co., Inc.); Banda Alta, but it is not clear as to what 
Standard Oil Co. of Indiana (Amoco Miner- _ their significance might be. The Banda Alta 
als Co.), and Royal Dutch-Shell (Billiton primary iron ore formation is some 650 to 
International Metals B.V.) for a joint ven- 1000 feet thick. All manganese ore -pro- 
ture to develop technology for mining and duction will be for export under control of 
processing deep-sea manganese nodules. It SIDERSA, with expectations for marketing 
was expected that Lockheed would be the 30,000 metric tons in 1977 to Argentina, 
operator forthe venture. _.. West Germany, or Brazil. Hand mining of 

Algeria.—Deposits. of manganese ore at small: deposits of manganese ore in the 
Guettara, estimated to have an.average Western Cordilleras’ has been responsible 

| manganese content of 45% to.50%, were for Bolivia’s production of recent years, and 
deemed to be of sufficient size by Société this production is expected to continue with 

7 Nationale de Recherche et d’Exploitation marketing also through SIDERSA. The ore 
Miniére (SONAREM) to warrant further occurs as pyrolusite filling of faults and 
investigation. Do, _.... fissuresin rhyoliticbeds. 

Australia.—Groote Eylandt Mining Co. ~ Botswana.—The manganese deposit of 
Pty. Ltd. completed its planned expansion the formerly worked Kgwakgwe mine area, 
of capacity at its Groote Eylandt, Northern south of Kanye, lies in a shale horizon with 
Territory, open pit mine to 2 million metric an upper zone, some 6 feet thick, of metal- 
tons of shipping products per year and was__lurgical ore and a lower layer consisting of _ 
giving consideration to further expansion in 4 massive accumulation of battery-grade 

the near future if market conditions permit. manganese nodules having a manganese 
The affiliated Tasmanian Electro Metallur- dioxide content greater than 70%. This 
gical Co. Pty. Ltd. (TEMCO) completed the latter material has been almost exhausted, 

| first stage of its expansion program at its but more than 200,000 metric tons of the 
Bell Bay, Tasmania, plant with the installa- metallurgical ore is estimated to remain. 
tion of a 600-ton-per-day Lurgi sintering The Otse deposit, near the southeast coast 
machine to be used for sintering Groote and associated with conglomerates and 

Eylandt fines for feed to its two furnaces chert breccias overlying shales and quartz- 
that currently produce ferromanganese and ites, was being reinvestigated. The ore ana- 
silicomanganese. A new 27-megavoltampere - lyzes approximately 40% to 47% man- 
(MVA) furnace, which will increase pro- -ganese dioxide. The deposit at the Lobatse 

duction of these alloys, was to come on- mine area is of variable grade occurring in 
stream before yearend. Any sinter excess to Shales at.the base of a quartzite horizon. It 
the company’s own requirements will be was formerly worked on both sides of the 
exported. . : : Transvaal border, and remaining reserves 

Bolivia.—The Government of Bolivia de- are thought to be small although the reef 

creed that all manganese ore and iron ore has a strike length of approximately 2 
deposits belong to the state, and that com- miles. Mining has also been done in the past 
panies operating concessions do so in accord in the same general region some 2 miles 
with guidelines to be established by Em- south of Ramotswa. The ore occurs in a 

‘ presa Siderargica Boliviana S.A. (SIDER- friable sandstone horizon associated with 

SA), the Government-owned iron and stee] quartzite, and reserves are not known. Far- 
company. Nonoperating concessions were ther north in the Chadibe and Tswapong 
canceled. SIDERSA engaged Arthur G. areas there is a manganiferous sandstone 
McKee Co., Cleveland, Ohio, to make a horizon with a thickness of 3 to 6 feet, and 

feasibility study of an integrated steel in- 8rades estimated to vary between 30% and 
dustry based on the iron-manganese deposit 60% manganese dioxide. The bed has not 
at Mutin, located about 19 miles south of been systematically explored but has a total 
Puerto Suarez, Santa Cruz, not far from the ‘Strike length of about 28 miles. 
Urucum manganese deposits of Brazil. Af- Brazil.—Shipments of Amapé manganese 
ter some drilling, it appears that the San ore by Industria e Comércio de Minerios, 

Pedrito manganese occurrence at Mutin is ————— 
a lens of limited extent, leas than 10 feet Gondor. Metale: Hepworth, and B.S. Marengwa. 
thick, at the base of the primary iron ore  Geol., v.71, January-February 1976, p. 150.
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—.. .. ... Table 9.—Manganese ore: World production by country | 

. _ (Short tons) 

oe Country? Percent 1974 1975 1976" 

North America: Mexico? ___________~_L ~~ ~~ ee 35+ 444,379 — 472,295 465,303 
South America: . 

Argentina ______________-_~__~--~~-+--_---- 25-30 28,728 34,588 "35,000 
Bolivia? -_____-_________-_-----_---------- B+ S565. 31,362 13,520 
Brazil _-_ ~~~ ee 38-50 41,971,597 42,876,527  °2,400,000 
Chile _-_______ ee 36-42 31,631 22,064 26,058 
Peru ee 27-38 1,801 1,801 2,204 

Europe: — a 
Bulgaria ___________ LL 30- 37,500 38,600 44,100 . 

- Greece ___ eee 50. 8,763 9,132 T,419 
Hungary ____-~__~_.-__~ te 30- 148,150 201,023 192,986 
Italy _-_-_-.__- eee 21 15,441 _- _- 
Portugal _____..__-_.__~ ~~~ eS sO8T-40 78 ss _- | 
USSRS ~~ 85 8,989,000 9,324,000 9,370,000 
Yugoslavia _._§..__-_~-~_-~--~-~~ =~ ee 30+ ~~ 14,641 18,657 20,944 . 

Botswana ____.____~______~--~-.~---~--_-.---. .. 30+ 9 _- _- 
Reyrt woe ee ee ee ~ 85+ 5,453 3,983 4,691 

Mo. eee 50-53 2,274,957 2,443,556 2,371,721 
Ghana ______ 30-50 275,856 450,560 343,780 
Morocco __________________---__________-_...._ 88 192,662 144,344 129,305 

- South Africa, Republic of ...__.___.-+-~---_ ~~ 30+. 5,230,886 6,359,262 6,010,079 | Zaire BE 317,172 340,090 = “172,600 

Burma .-___---~-----------~--------------- NA €310- _- _- 
China, People’s Republic of ®° __.§_-_._ »___._.__--__- ~~ 30+ 1,100,000 1,100,000 1,100,000 
India® . 2 = Le 10-54 T1 656,000 1,688,000 1,862,000 
Indonesia _ _ ._. — — . -» _- ~ _ ~~ -~----~-~---~-+----+-+-+- AT + 19,882 15,082 9,678 
Iran? ~~ eee 33+ 33,100 39,700 44,100 
Japan ___ ee 27-45 183,621 174,089 156,244 

. Korea, Republic of (South) ~.__..-.---.-------~--- 40 2,323 * 3,483 1,524 
Pakistan _____________-------------------~ © 3 8 85 5 
Philippines ~~... ~~ eee 45 - 945 ~— 11,658 
Thailan d -------~~---_-------------------- 46-50 31,930 27,463 48,290 
Turkey _________~_-~~_~__--~~-~~-= ~~~ 35+ 3,571 20,544 %22,958 

O e < ~ : . . wa : 

. Australia__-__-_____________-___ 87-58 1,677,704 1,718,992 2,374,560 
New Hebrides ______________-~.-~_-~-------- 42-44 52,151 61,279 “51,000 

Total _.._- Le NA 724,750,814 27,075,561 27,292,357 

°Estimate. Preliminary. ‘Revised. NANotavailable. a 
1In addition to the countries listed, Colombia, Cuba, and the Territory of South-West Africa may have produced 

manganese ore and/or manganiferous ore, but available information is inadequate to make reliable estimates of output 
levels. Lom prege ore not included in shi table has been reported as follows in short tons: Czechoslovakia (abomt 17% Mn’ 

—1, ,101, ; Mala’ (grade unspecified but apparently a manganiferous ferruginous ore} 
1974—93,985, 1975-—-146,947, 1976—103,741; Romania (about 22% Mn) 1974--155,000, 1975—155,000, 1976—155,000; the 
Republic of South Africa (15-30% Mn, in addition to material listed in table) 1974—98,769, 1975—123,131, 19T6—56,1T8; 
Turkey (under 35% Mn, in addition to material listed in table) 1974—1,550, 1975—16,846, 1976—NA. 

sEstimated on the basis of reported contained manganese. a 

“Figures are the sum of: 1) sales of direct shipping manganese ore, and 2) production of beneficiated ore, both as 
reported in the 1975 and 1976 editions of Anuario Ninesal Brasileiro. 

5Source: The National Economy of the U.S.S.R., Central Statistical Administration, Moscow. Grade represents the 
annual averages obtained from reported metal contents of the gross weights shown in the table. 

- SOf total 1973 output, 64% graded below 35% Mn and 36% exceeded that grade. Comparable production breakdowns 
for 1974-1976 are not available, but 71% of total 1974 exports of 1,140,453 short tons were below 35% Mn. 

TReported as if data are for calendar years, but may actually represent output for Iranian calendar years begimning 
March 21 of the year stated. 

®May include some ore under 35% Mn (see footnote 1). 

S.A. (COMI) were 1,047,000 metric tons, In April, a new company, Urucum Min- 
including 149,300 tons of pellets, in 1976 eragaéo S.A., was formed to mine the Uru- 
compared with 1,254,055 metric tons, ine cum manganese ore deposit near the Boliv- 
cluding 100,509 tons of pellets, in 1975. The ian border in the Corumba area of the State 
1976 shipments were loaded out to export of Mato Grosso. The Government-owned 

and domestic markets in 59 vessel cargoes, Cia. Vale do Rio Doce S.A. (CVRD), the 

with those for export going to 15 countries State-owned Cia. Matogrossense de Min- 
besides the United States: Argentina, Bel- ©T@S@° (METAMAT), and the privately 

. | Chile. C . owned Cia. Vale do Paraupeba (Alcindo gium, Canada, e, Czechoslovakia, Eng- e . a 
Vieira group), each held one-third interest. 

land, France, Germany, Greece, Italy, Ja- The ore was previously mined by SOBRA: 
pan, the Netherlands, Norway, Romania, P y min y 

e 3 e e ee 

and Spain.* Domestic sales in 1976 were — sgyinings’ Mining Review. V. 66, No. 11, Mar. 12, 1977, 
approximately 120,000 tons. p. 21.



oo 808 _ MINERALS YEARBOOK, 1976 ee a | 

MIL, a company in whicn United States 44% interest; Gabonese interests, either 
| Steel Corp. had a substantial interest, but principally or entirely as the Government, 

there has been no mining since 1972. Before held 10% or 11%; and the remainder was 
the deposits can be fully developed, prob- held by the French Government’s mining 
lems of transportation and of high alkali exploration company (BRGM), the French — 
and high phosphorus content must be over: mining group Mokta, and interests of the 
come. Output was expected to be for both Banque de Paris et des Pays-Bas (PARI a 
domestic consumption and export with B AS) N . ge veces eae | mining to start before yearend. _ } - Negotiations were conducted with the | 

Cia. Paulista de Ferro-Ligas, a ferroalloy Congolese transportation authorities tovim- 
producer headquartered in Séo Paulo, was Prove the Congo-Ocean Railway’s portion of | 
readying a new plant at Corumba for pro- the present route that the ore must take for 

: duction of ferromanganese from Urucum ¢XPort; that is, via the Congolese port of 
| ore by mid-1977. The plant will use two 4- Point Noire. In the meantime, work began | 
- MVA furnaces in a two-step process ex- on construction of the Transgabon Railroad, _— 

| pected to solve the high-phosphorus, high- expected to reach Moanda by the end of » | 
| alkali problem, while producing 24,000 met- 1980. This will provide an all-Gabon route, | 

| ric tons per year of high-carbon ferroman- permitting exports of 4 to 4.5 million tons 
| ganese and silicomanganese. Approximate- per year by this route alone by the late | 

g half of the production will be for export. 1980’s via Gabon ports near Libreville. So- 
: vompany plans also propose two similar ¢igté Gabonaise de Ferro-Alliages (SOGA- 
7 eae ad nesta went at Mone FERRO) was formed with the objective of 

Amapé, by the end of 1977. The annual COnS™uCUnE a Manganese Ferroalloy Plant 
capacity of this plant would be 24,000 tons, near & oanca, Cepen ent on comp. etion of 
also. : the railroad and expansion of the present 

| In June, Construtora Alcindo Vieira— ydroelectric installation at Poubara. by 
CONVAP S.A. (CONVAP), a Brazilian con- construction of a large new dam, Grand : 
tracting company, together with META- Poubara. Feasibility studies were underway 
MAT formed a new company, Cia. Mato- for both the dam and the ferromanganese | 
grossense de Ferro-Ligas (FERMAT), with projects, with thinking for the latter in | 
plans to install five 20-MVA furnaces terms of a plant to produce 85,000 tons of 
by 1982 in a new plant at Trés Lagoas, near ferromanganese and 50,000 tons of silico- | 
the Jupia hydroelectric plant northwest of manganese per year. COMILOG held a 15% 
S&o Paulo at the eastern boundary of the interest in SOGAFERRO; Japanese inter- 
state of Mato Grosso. Plans called for the ests 25% (Okura Trading, Nippon Kokan 

first two furnaces to begin production of K.K., and Nippon Denko K.K.); Union Car- 
high-carbon ferromanganese and silicoman- hide Corp, 10%; and the Gabon Govern- _ 
someatiC consurantion ore te lt fering vor ment, 10%; the remainder was divided 

Research was conducted in 1976 on the best. 2028 French (Aciers de Paris), Norwegian 
metall to use on the iron-rich, high- (Elkem), Belgian (SADACEM), and Italian 
alkali Uwe um ore ? (Tassara) firms. In addition to being export- 

France.—Société Francaise d’Electro- ed, Moanda's battery ore is consumed local- 
métallurgie (SOFREM), a subsidiary of ly in the dry-cell plant of SOGAPIL, which 
Pechiney Ugine Kuhlmann, brought on- produces 6 million dry cells annually for the 

stream new capacity for production of low- Gabon market and for export. Another 
or medium-carbon ferromanganese, in the company, SOGADEMA, has been formed by 
amount of 12,000 metric tons per year, at its COMILOG, or affiliates, together with 
St. Beron plant in southeastern France (Sa- United States and Belgian interests, to use 
voie). This brought SOFREM’s total pro- manganese derivatives in the manufacture 
ductive capacity for manganese ferroalloys of glass and pharmaceutical products in the 
to 60,000 tons per year. Moanda area.‘ Battery- and chemical-grade 
Gabon.—All of the metallurgical man- ore produced in 1976 totaled 65,000 metric 

ganese ore produced at Moanda by Cie. tons. This ore is obtained by selective min- 
Miniére de l’Ogooué (COMILOG) was for ing; it is not a separate ore body. The 
mport On the 1 Nees States 1 ae deposit is essentially horizontal, and man- 

O» apan (oe es T- . . many and the United Kingdom were other ganese carbonates underlie the oxide ore. 

major customers. United States Steel Corp. ‘ ws 
was COMILOG’s principal shareholder with Develowaent Prose. 185. No, Cl Sent 2 wep oe
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- Ghana.—Both ‘battery-grade and met- or industrial licenses for its manufacture at 
allurgical-grade oxide ore continued to annual capacities ranging from 1,000 to 

_ be produced. Nationalization of manganese 4,000 tons, but it was doubted that any of | 
mining operations was completed in 1975, these proposals could contribute to supply , 
and mining continued by Ghana National within the next 3 or 4 years. | 

_ Manganese Corp. Manganese exports in _ The average pit head price for manganese 
1976 were approximately 350,000 tons, of ore produced in 1976 was $8.07 per metric 

_ which roughly 150,000 tons was carbonate ton, compared with $7.61 in 1975. In Feb- 
ore and 200,000 tons was oxide, mostly mary 1976, 182 mines reported production. 
metallurgical, ore. Battery ore exports all ntr vinces Manganese _ Ltd. 
went to the United Kingdom. Carbonate ore continued to hold 49% interest in Man- 

BSS ene aoe ee ae ee and Ireland, and to electric furnace ferro- remaining owners rn- 
manganese plants in Norway, Portugal, and ment of India and the State governments of 
elsewhere, where it was used to make up Maharashtra and Madhya Pradesh. Devel- | 
about 15% of the charge to the furnaces. It Opments suggested that -MOIL would be- | 

ee nee et ee eer d wi e next o years. Reserves o : ’ 
carbonate ore, a grayish mixed carbonate, Maharashtra, it operated five mines in 

‘rere estimated from drilling to amount to Maharashtra and three in Madyha Pre: 20 million tons averaging 30% manganese. 30 a eo one ater e Balag nal thine 
| Greece.—Exports of pyrolusite in 197 5 miles no eas 0 ; Das with t bree 

were Lt metre o,f hich 1.00 tna. oe mrganey mine in Tne with Sars | ent to West ay and 300 to yent to ’ eves, | | 
other sctigttion =e . ™ “aes 600-foot shaft, annually producing approx- | 

| Hungary.—Reserves of oxide ore occur in imately 75,000 tons of ore. Only about 55% 
the Urkat area. Carbonate ore reserves are Of the manganese contained in the deposit is 
located at Urkat, Eger, and Demjen, but recovered sat ne concentrate shipped, but it 
production of this ore was very limited for f as been es ht i oa thal add) 75 milling 
lack of technology to use it economically.* aciities ment improve this fo | 7 6 to 
Ore produced in 1975 averaged about 27.8% 856 vemang anese was | od in the bine + fur 
manganese content. __ ae | ° hese was used in 1 - India.—During the period 1968 through aces of the Pareapar Bhilai and Bokaro 
1974, 88.5% of the manganese dioxide con- F het tal produced: th Oe ate Pt th 
sumed in India was for the manufacture of Ro x le ol Pr tuced; i ‘ 50: Kil at the , 
dry-cell batteries, 8.5% went to the chemi- per ton & plant was nearly + ograms 

co ny, 16% pants 9% 1 gles nena All manganese or produce foundry, and ceramic industries. A total of 3 70/8 came from West Java or Central 
16,600 metric tons was consumed in 1974, of which was i. do, caticall or - ty aa ie 
which 2,240 tons was electrolytic man- Japan omestically Or expo | 

ganese dioxide. Preliminary P roduction fig: Ireland.—The electrolytic manganese totaled 1 70e eee Goxide ore in 1975 dioxide plant of Miteui Denman dreland) 
f 'M ah ashtra d the remain de Ltd. started production in February and by 

from Orisea imo rts 0 f A300 tons i the mid-July was operating at 70% of its capaci- 
fret half f i975. or fr Gabon. F € ty of 12,000 tons per year. The Irish Govern- 

yan came from \adon. or ment has a 5% equity interest in the plant batteries, the imported ore is usually blend- with the balance held by Mitsui Mining & 
ed with the domestic ores, and supply of the Smelting Co., Ltd, Tokyo, and Mitecr ee 
latter of suitable character was a problem. Ltd Tokyo. All producti on will be for 

The only producer of electrolytic (syn- export 7 so 
thetic) manganese dioxide in 1976 was Elec- ‘ | 
trolytic Manganese Co., Division of Union ‘Mining Journal (London). 1976 Mining Annual Review. 

Carbide India Ltd, vhana,, sean ashtra, Sune 197 enon Indian Bureau of Mines ‘ with licensed capacity of 2, tons an ’ Dioxide—A Market S "Market production in 1974, 1973, and 1972 of 2,229, Survey MS Satugut 1916, 8 am * ee 
1,479, and 1,600 tons, respectively. Four > B. 5 Manganese e Trelan 
other firms have received letters of intent ioe ea Am. Metal Market, v. 83, No. 189, daly 16,
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Italy.—Mining of manganese ore ended in iron, are used in the electrolytic production 
| 1975 with exhaustion of Italsider’s Gam- of the metal. Consequently, some changes. © 

batesa mine in Genoa Province. were necessary in order to adapt to this ore. 
~ Japan.—Production of ferromanganese in The resulting Delta flow. sheet has four 

1976 was 632,000 metric tons; silicoman- main components: 1), Reduction of the man- 

| ganese, 373,000 tons; electrolytic man- ganese in the ore from valence 4 to valence 

| ganese metal, 6,752 tons; and synthetic. 2 to make it readily soluble in sulfuric acid; 

manganese dioxide, 32,540 tons. The man- 2) reverse leaching in spent sulfuric acid 

ganese ore produced in 1976 had.an average electrolyte to minimize solution of iron; 3) 
| manganese content of 27.3%, except for 17 purification of the leach solution; and 4). 

tons of dioxide ore having a manganese €lectrolysis of the purine? solution. Electro- 
7 dioxide content of 65%. _ mo lytic manganese’ metal production’s overall 

Mexico.—In September, Cia. Minera ficiency is 68%, compared with 98% for. 
Autlan S.A. de C.V., brought the first of its copper, The Slectvolytie vain to pe the 
manganese ferroalloy furnaces onstream at “OWeSt cost electrolytic manganese Meta" 
its new plant at Tamos.in the municipal producers, but recent and projected electric. 

district of Panuco, State of Veracruz, 12 power oe conn goauee ae ee as Ne 
. . . er costs constitute approximately 40%. of 

M Morocco. The manganese ore produced total production costs. Because use of the 
in 1975 was chemical-grade ore or concen- argon-oxygen Process for the production of 
trate with an average manganese dioxide stainless steel allo ws the use of high-carbon 

| content of 83% ~ ferromanganese instead of the electrolytic 

New Hebrides.—Manganese ore (concen- metal normally used in production of stain: 
trate) produced and exported in 1975 had a. les steel, and use of this process is growing, seta teed pe tent the outlook for growth in demand for 
of 40 um oh an te were esti vated to electrolytic manganese metal has shifted to _ 

: ° 2 +48 € exports were estima an expanding use in aluminum resulting 
Feet Production, bf fern from growing popularity of the all-alu- 

OBL. Ot -—-Production 0 076 and 831,000 minum beverage can, containing 1% to 
was 54,000' metric tons in 1976 and 331,0 1.2% manganese, and to the high-strength 
tons in 1975; silicomanganese production iow-alloy steels used in high-rise buildings 
was 173,000 and 200,000 tons, respectively ‘and in large-diameter pipe lines for Arctic 
Peru.—The manganese ore produced in areas.* South Africa’s production capacity 

1975 had a manganese content of 37.5%. for electrolytic manganese metal at the end 
That produced in 1974 averaged 36.2% man- of 1976 was 35,000 metric tons, divided 
ganese (previously reported provisionally a8 equally between the twocompanies. == 

31% manganese). | Northern Cape Province ores are of four 
Philippines.—An average manganese general types: 1) In the Western and East- 

content of 44% to 45% was reported for the ern Belts of the Postmasburg field, brecci- 

manganese ore produced in 1976. ated unconsolidated ore and replacement 
Portugal.—Manganiferous iron ore pro- bodies associated with dolomite karst topog- 

duced in 1976 totaled 17,870 metric tons raphy; 2) in the Western Belt of the Post- 
averaging 40.7% iron and 8.5% manganese. masburg field, replacement of Gamagara 

South Africa, Republic of.—Production shale closely associated with dolomite; 3) at 
of electrolytic manganese metal in 1976 was Rooinekke, replacement and surface enrich- 
32.750 metric tons, almost equally divided ment of banded iron formation and flag- 
between Delta Manganese (Pty.) Ltd. (DEL- stone in the uppermost succession of the 
TA) at 16,500 tons and Electrolytic Metal Dolomite Series; and 4) in the Kalahari 
Corp. (Pty.) Ltd. (EMCOR) at 16,250 tons. (Kuruman) field, syngenetic deposits, with 

Manganese-bearing effluents from the pro- three horizons of manganese oxides in band- 

cessing of uranium ores were originally ed iron formation near its base, the iron 

used as the raw material for South Africa’s formation overlying Ongeluk lava and con- 

electrolytic manganese metal industry. taining a band of calcareous dolomite in its 

However, because of cobalticyanide impuri- upper portion. Low-grade metamorphism 
ties and other problems peculiar to use of has transformed the manganese wr. 
this manganese source, it was decided in ences of the Postmasburg an ari 
1968 to use ore from northern Cape Pro- SA Muime ‘neering Journal. §.A,’s Electrolyt 
vince in spite of its high iron content of 10% 4," - Mining & Engineering Journa oa No, tioe. 
to 12%. Normally low-iron ores, 1% to 2% March S77 aa BO orld Leader. V. 88, No. 4226,
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fields into hard, compact ores consisting. ginous ‘manganese ore containing 15% to. 
mainly of braunite and bixbyite with minor. 30% manganese and 20% to 35% iron was 
quantities of hausmannite, jacobsite, tedor- 51,000 tons in 1976 and 112,000 tons.in 1975. . 

okite, manganite, etc. ® . .... , . oeal sales of the various grades of ore in 
Marble Lime & Associated Industries, 1976 and’ 1975: follow (1975 in parentheses): | 

Ltd. was reported to have sold its Gopani Metallurgical ore—30% to 40% manganese, 

manganese mine for approximately 1,135,000. (1,013,000); 40% to 45%, 60,000. 
$138,000 to Rand Corp.’° —apparently Rand (34,000); 45% to 48%, 460,000 (517,000); over . 
London Manganese Mines (Pty.) Ltd; a 48%; 20,000 (ero); chemical ore— 35% to. : 
subsidiary of Rand London Corp. The Gopa- 65% manganese dioxide, 82,000. (78,000); 
ni mine, located near Zeerust, Transvaal, is. 65% to 75%, 3,000 (9,000). Local sales of 
an underground producer of -battery. grade ferruginous. ore were zero in both years. : 
(plus 65% manganese dioxide) and. ura-: Similarly, exports for the 2 years follow:) — 

nium-grade (plus 40% manganese -diox- Metallurgical ore—30% to 40% manganese, | 
ide) ore. ‘It has a long-term contract: to 2:015,000 : (2,076,000); 40% to 45%, 51,000 . 
supply uranium-grade ore to the Rossing: (70,000); 45%: to. 48%, 1,258,000 (1,174,000); 
Uranium: operation ‘in the Territory of over 48%, 123,000 (82,000); chemical ore— | 
South-West Africa’. (Namibia). Anglo 35% to 65% manganese dioxide,.zero both 
American Corp. of South Africa Ltd. began Years; 65% to 75%, estimated. 215 (1,000), : 
development of.an uriderground manganese ferruginous ... ore—estimated | 295,000 
ore mine at the Middleplaats deposit north- (288,000). on hie et tee 
west of Kurunian. Substantial reserves av- Spain.—Approximately 60% of the labor. 
eraging 38% manganese were indicated, force at Hidro Nitro Espafiola’s ferroman- 

together with a large tonnage of lower Sanese Plant at Monzon ‘went on strike 
grade material that might be recoverable, December 17 over pay rates.” In 1970, the. | 
The ore lies approximately 1,300 feet’‘below COMPany produced 32,000 metric tons of | 
the surface. ‘It was planned to produce ferromanganese and 36,000 tons of silico- 

annually, by mechanical methods, 900,000 manganese. Production in 1975 was 29,000 
metric tons of ‘metailurgical-grade ore and » Th i ie respecuve y f b tte d 
200,000 tons of lower grade ferruginous dre. NAN ANG. een on eae ida) in | 

" Highveld Steel and Vanadium Corp., Ltd, ™anganese ore (75% manganese dioxide) in 
a subsidiary of Anglo-American Corp. of 1976 was 3,000. metric tons, while exports: 
South Africa Ltd., in July acquired a 65% were 1,000 tons. Chemical ore production 

equity interest in Transalloys (Pty.) Ltd. a (7% manganese dioxide and up) was 130° 
manganese ferroalloy producer with a plant tons with DO Oe a nan | 
adjacent a ee Y see plant. auir- ganese content from 46% to 50%: exports 

saratting fi aces for cilcomanganess ay vere tons, compared with 23,000 tons 

two mele nace jor medium car} re U.S.S.R.—The contract for the previously 

. anganese. ‘\n Hional large § “proposed large-new high-carbon ferroman- 
ing furnace for production | of silicoman- ganese plant.was awarded to Japan’s Ta- 

_—«ganese was under constriction witt Tove nahe Kakoki over the bids of United States, 
. | nid-1977. Transalloys orwegian,. and West German firms. Six 

an important supper fo Highvel’ os wer fully sealed 75,000-kilovoltampere furnaces 
porter. increasing power were will have shell diameters.in excess of 15 

adversely affecting its competitive position meters; each will use three 2-meter elec- 
in word markets, although its sales were trodes.» The 1976 delivered price of $34.25 
a as satisfactory for the last half of per metric ton for ferruginous manga- 

. 1B ng taini 98 . 

Production of the various grades of ore in nese ore con % to 29% manga 
1976 ane a ow in ee tons 50% m ot amme theck x, E. CI, and : J. g. Taljaardt. Manganese 

parentneses): etallurgicai ore—_ o n. in Mune urces of the Nepublic u ica, 

40% manganese, 3,358,000 (8,872,000); 40% Survey, Depertm saat ot Mice Republic of South Africa, 
to 45%, 209,000 (233,000); 45% to A8%, * Tohdetal Bulletin (London) No. 6153, Dee. 21, 1976, p. 26. 
1,517,000 (1,379,000); over 48%, 270,000 — s1¢fetal Bulletin (London). No. 6159, Jan. 18, 1977, p. 25. 
(199,000); chemical ore—35% to 65% man- 1pMetal Bulletin (London). No. 6188, Apr 19, 1977, p 25. 
ganese dioxide, 95,000 (79,000) tons; 65% to | tor Fertoman Tanabe viet or 
75%, 3,000 (7,000) tons. Production of ferru- + 33'Ne 122, June 2, 1076, p.2 eee Not Maree
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| nese was agreed to by Soyuzpromexport agricultural yields have been obtained for a 
and Japan’s Nippon Kokan for 1977 deliv- variety of crops than were had before 

| ery of 100,000 metric tons with buyer’s mining. a a Se 
option for an additional 50,000 tons.* = = United. Kingdom.—In 1975, 85,000 metric. 

-_ The Ordzhonikidze Complex (Kombinat) tons of ferromanganese ‘and 100 tons of _ 
in the Nikopol’ basin of the Ukraine, pro- spiegeleisen were produced, compared with 
ducing approximately 4.3 million tons of 83,000 and 8,000 tons, respectively, in 1974. __ | 
concentrated shipping products per year, | Yugoslavia.—Production of ferroman- 
has seven open pits, three beneficiating ganese in 1974, 1978, and 1972 was 23,000, 

_ plants, and one sintering plant. Roughly 19,000, and 19,000 metric tons, respectively; 
55% to 60% of the concentrates were used similarly, silicomanganese production. was 
in the U.'S.S.R., and the remainder was 17,000, 12,000, and 15,000 tons. The only 
exported to other East European countries. . producer was Tvornica Elektroda I Ferole- 
The ore occurs as a gently south-dipping gura,in Croatia. oo | 

| sedimentary bed up to 10 feet thick— | Zaire——The Kisenge deposits in south- 
carbonates on the south grading into oxides western Shaba are almost vertical lenticu- 
on the north—lying under 160 to 260 feet of lar deposits.of:- primary, very hard man- 
overburden consisting of rich black topsoil. ganese carbonate ore, having a manganese 

| above layers of clay, loess, sands, shells, and content of 30%, oxidized to the enriched, 
, in some places limestone. Large bucket- also very hard, oxide ores analyzing up to ~ 

| wheel excavators in conjunction with exten- 57% manganese. Although the tonnages of _ 
sive systems of portable and fixed conveyors carbonate ore mined have been small, con- 

| | remove the overburden, stacking the re- sideration was being given to their greater 
a spective materials in separate piles for utilization. There were four open pits— — 

subsequent blending in the reclamation op- Kisenge, Kamata Principale, Kamata Rive 
erations. Average thickness of the ore Gauche, and Kapolo—aligned along an east- 

| mined in the north pit in 1973 was 6 feet;ra- west axis over a distance of 10 kilometers. _ 
| tio of overburden to ore was 27 cubic yards Extraction of the ore has required the — 

| per ton. The ore has an average manganese removal of twice as much overburden, by 
content of 25% and is all beneficiated totwo volume, as ore. Bucyrus-Erie shovels and — 
products for shipment: First class, with a Euclid trucks, working one shift per day, 
manganese content of 45% to 50%, for the annually send 500,000 tons of oxide ore to — 

: production of manganese ferroalloys; and the washing plant where the ore is crushed,. _ 
second class, containing 35% to 38% man- washed free of clay and talc, sized into two 
ganese, for use in iron blast furnaces. Heavy fractions by screening or elutriation, and 
media and flotation methods are employed, the fines further classified into two 
and 80% of the manganese in the ore is fractions.° _ : 
recovered. The tailings, which contain 20% Although no manganese ore was shipped 

7 _. manganese, are saved, and plans call for in 1976 owing to continued closure of the 
their later recovery in an electrolytic man-- Benguela Railroad since August 1975, 
ganese metal plant to be built before 1980. Zaire’s only manganese producer, Société 

| The land is reclaimed, not to its original Miniére de Kisenge (SMK), continued to 
contour but improved for present and fu- mine and stockpile the ore at Kisenge, 
ture agricultural, recreational, and aesthet- operating by means of a monthly subsidy 
ic needs. This involves the management of from the Government of Zaire. The stock- 
some 260 million cubic yards of displaced pile was estimated to contain approximate- 
material per year. With the aid of agrono- ly 550,000 tons of ore by yearend, roughly 
mists and much research since 1962, better representing 2 years of production. 

| TECHNOLOGY 

The Bureau of Mines extended its re- The Panel on Manganese Recovery Tech- 
search on manganese-copper damping al- nology of the Committee on Technical 

loys from the cast alloys to powder metal- oT 
lurgy consolidations. Damping capacity was is mictal Cabumbeshi, Zaire) exploitation du man- 
enhanced, and potential savings in material ése au Zaire. Feb. 5, 1975, pp. 2-4. From Bulletin No. 9, 
and labor were suggested. Strength and faa ts Gu Portefeuille, Lubumbashi, Zaire, 
ductility were considerably lower, however, olman, J. L., and L. A. Neumeier. Proc. 5th Internat. 
than for com ble cast alloys.** Powder Met. Conf., Chicago, Ill., June 27-July 3, 1976, pp.
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_ Aspects of Critical and Strategic Materials, In a discussion of the past, present, and 
National Materials Advisory Board, Na- future role of manganese in the production : 

_ tional Research Council/National Academy of steel, it was concluded that the declining 
of Sciences, assessed the present technology ‘use of manganese as a desulfurizer and 
for recovering and processing manganese deoxidant, as a result of improvements in oo 
from domestically available resources. It steelmaking techniques, was being coun- so 
concluded that the two land-based domestic tered by a growing realization of the impor- 
resources best suited for development on a vane. o manganese as an alloying element 
significant scale were the Cuyuna deposits 1 lsell!. | Co 

_ of Minnesota and the Aroostook deposits of Tete, oor on Stee! de cammercialty an 
Maine; also, that the deep-sea nodule de nt y \Orp., ‘ | 
its, particularly some in the Pacific Ocean, available its patented 18-18 Plus stainless _ 
were a very important potential source of Steel, containing approximately 18% man- | 
manganese and that the lower grade Atlan. 88N°S¢ and 18% chromium. Yield strength 

. . twice that of Type 304 stainless, and tic Ocean deposits of the Blake Plateau * . istance is similar to that of 
might be considered to be domestically Corrosion res ce 18 Sunilar nat 0 | 
available. The most feasible manganese re- Type 316 in most applications. Prices 

" , ‘dered to be th approximated those of Type 316 products?! _ 
covery P im carbamnats conside d ° Continuous production of “Massive Man- 

Far diowide sanct (high reese and tne Su’ ganese” is accomplished by Chemetals Div, 
ur dioxide roast (high-temperature differ- Diamond Shamrock Corp., by its patented 

_ ential sulfatization) process. In both cases,  fused-salt electrolytic process. The product | - however, Questions concerning perform- i, in lump form, and the regular grade | 
ance, cost, and environmental impact Te typically analyzes 98% manganese, 6% | 

main to be resolved” even though extensive iron, 0.14% carbon, 0.15% silicon, 0.16% 
_ development work has been done in the phosphorus, and 0.02% sulfur; the high- | 

past at scales of 200 and of 2 tons of ore per purity grade analyzes 98% manganese, a 
_ day, respectively.?” : oo, 1.8% iron, 0.12% carbon, 0.06% silicon, 8 

_ Factors to be considered in the selection 0.01% phosphorus, and 0.02% sulfur. The 
of a suitable mine site for recovery of ocean reduction cell used resembles that used to | 

- floor manganese nodules follow: Nodule produce aluminum by the Hall process. 
'. population—the percentage of the sea floor - Feed typically consists of manganous oxide | 

covered by visible nodules; nodule in the form of a reduced ore, fluorspar 
concentration—the weight per unit area, a (CaF:), and calcium oxide (lime), with CaF, 7 
function of population, size, shape, and making up at least 50% by weight of the 

_ specific gravity; nodule assay—many pub- fused electrolyte. The operating tempera- a 
lished analyses are too high because the ture is approximately 1,300° C, and the melt - 
barren core was not included in the mate- is removed by tapping in much the same 
rial analyzed; bathymetry—water depth; to. Manner as an open hearth melting furnace 
pography of the sea floor; geotechnic data— _is tapped.?? 

| bearing strength of the floor; environment- oT .... 

al data; and ecological requirements."  q...ch Council Netonal Asntoor of Sano Men Re 
Although the nodules typically lie only on Recovery Technology. NMAB $23, 1976, a Pp. and Ocean | 
the surface, some nodule layers are buried a .lapno, wW.  ax an 
few centimeters in the sediments. These pp. 1682 ee Min. Cone. Sov ° No °, May 1978, 
sediments in great part are quite weak, but qi'Fuht,D, WA Qualtatve Consideration of Sone they can change quickly to firm. A difficult | AIME Meeting, Denver, Colo, September 1-3, 1976, v. 1, 
decision to be made for the nodule- PPseneafor ges, C. D., W. E. Duckworth, and T. F. J. N. collecting machinery and operation is the Ryan. Manganese in Ferrous Metallurgy. The Manganese 

tradeoff between velocity and collecting Ore Neulisur Sunn Par) BY pp ne width; 3 kilometers per hour and a width able V. 8 No. 149, July 80, 1976, p.3. The Production of 
greater than 10 meters are a _ likely e tot) one whe counce. ihe Production 
optimum.” Las Voges, Nev, Februmy 2-96 1016 Tope ME |
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OO Mercury 

BF, . By Harold J. Drake’ | 

US. mine production of mercury in 1976 § World production in 1976 totaled 243,987 | 
totaled 23,133 flasks? valued at an estimated flasks, compared with 252,429 flasks in 

$2.8 million.. Production was reported from 1975. Producers in Italy, Spain, and the ~~ 
‘seven mines, five in California and two in U.S.S.R. reportedly discontinued sales of 
Nevada. Production tripled for the second mercury in 1976; concomitantly, Italian and 

_ consecutive year, primarily because output Mexican producers sharply curtailed or 
at the new McDermitt mine in Nevada completely shut down mercury mining op- 
nearly reached design capacity. . erations. Canadian mining operations, sus- 

Secondary production continued to pended in 1975, did not reopen in 1976. An 
decline and totaled 3,363 flasks including international association of mercury pro- 
520 flasks sold by the General Services ducers reportedly met intermittently dur- 
Administration (GSA). a | ing 1976. 
Consumption rose 28% to 64,870 flasks. Legislation and Government Pro- 

The advance was led by sharply increased grams.—The Government, through the Of- 
demand for use in electrical apparatus, fice of Minerals Exploration, U.S. Geologi- 

_ which was accompanied by increases in cal Survey, is authorized to loan up to 75% 
demand for use in catalysts, chlorine and of approved costs for mercury exploration, 
caustic soda production, industrial and con- but no new funds were available for con- 
‘trol instruments, and mildew-proofing tracts in 1976. GSA offered for sale 500 
paints. Declines were reported for dental flasks of mercury monthly during 1976 but | 
preparations and pharmaceuticals. _ sold only 520 flasks. — oe 7 

Producer, consumer, and dealer stocks _ In December 1975, an administrative law 

continued to rise and by yearend totaled judge for the Environmental Protection 
81,734 flasks, a level 24% above that at Agency (EPA) ruled that phenylmercurials 
yearend 1975. Producer stocks nearly could be used in latex paint products and 
doubled, while consumer and dealer stocks certain other products but not in oil-based 
roseabout7%. #8 © paints. The ruling ended nearly 4 years of 

Prices declined through the first 8 administrative proceedings, including hear- 

months of 1976, but rose thereafter and ings, which began when EPA attempted to 
finished the year at $135 per flask in New cancel registrations of all biocides contain- 
York and $103 per flask in London. The img mercury but met legal challenges 
monthly average flask price in New York from biocide producers. EPA placed a ban 
was $121.25, compared with $158.12 in 1975. on all mercury-containing biocides. Pesti- 
Comparable figures for London were $91.97 ide producers again challenged the ban 
and $130.11, respectively. and EPA postponed the ban first to June 30, 

Exports and reexports totaled 513 flasks, 1976, and then to November 30. A final 

compared with 494 flasks in 1975. Imports Settlement was reached in August which 
_ for consumption increased slightly to 44,415 Provided for the use of mercury in water- 

flasks, a level that accounted for 68% of the based paints and other coatings and the 
U.S. market for mercury. Algeria, Italy, temporary use of mercury biocides to treat 
Yugoslavia, Spain, and the ‘oot ee Repub- ~Phpadoel ectentist, svision of Nonferrous Metals 

lic of China were the principal sources of oy nysical Division t onferro ) 
imported mercury. pound fat. ut this refers to the 76- 

- 815
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summer golf turf diseases and certain farm | Congress took no action on authorizing — | 
seeds until August 31, 1978, or whenever the release of surplus mercury in the stra- _ 
the equivalent of 2 years production of the tegic stockpile. At yearend, the stockpile 

| latter biocides is attained. Use of mercury- contained 191,407 flasks. GSA established 
based biocides on winter golf turf diseases new goal of 54,004 flasks, leaving 137,403 — 
under strictly controlled conditions was also flasksavailablefordisposal. = = | 
allowed by EPA. | an 

Table 1.—Salient mercury statistics | - : a - - oe 

~ 1972 1978 ~«1974 1975 196 

United States: ne a 
Producing mines _______.._.__._-____ 87 24 12 713 4d 
Production _____...._.._____ flasks. _ 7,349 2,227 2,189° 7,866 28,188 

Value ___._.___._._____thousands__ $1,604 $687 $617 —«-- "$1,165... «$2,806 
| Exports _.. Ll  flaska_ 400 842 466. 389. > 501 

erp ents ~~~ ~~~ =~ —— = —— -d-— — — 563 ee we 
~~ Forconsumption__________.do.___ 28,884 46,026 «52,180, 48,865 44415 

| _ General _- do 29,179 46,076 - 52,102 44472 © 48964 © 
Stocks, Dec. 31 ......._________do.___ 15,708 - 17,946. 19,877. _-- .25,549 “BL 134 

_. Consumption _________________do ___ 52,907 54,2838 59,479 . 50,888 . 64,870 - 

weep NOW York average eek ——"~==2> gah ARS | ERLOO SRE LIS 
Production ______.....---__ flaska.. 278,968 "268,265 "257,477. *252,429 «248,987 

___ Price: London, average per flask ______.--- $208.01 $278.54 $267.94 $180.11 $01.97 

an DOMESTICPRODUCTION = i a ts 

Production of primary mercury totaled The average grade of all ore processed in | 
23,133 flasks in 1976 compared with 7,366 1976, including ore processed at concentra- _ 
flasks in 1975. Only six mercury mines tors, increased to 9.5 pounds of mercury per 
reported production: the Oat Hill, the Aet- ton. The increase in the grade of ore was 
na, the New Almaden, the Knoxville, and accounted for by the McDermitt mine. =. 

. the Manhattan-One Shot in California, and §_ Production of secondary mercury, exclu- 
- the McDermitt in Nevada. Byproduct mer- sive of GSA sales, amounted to 2,843 flasks, 

cury was produced at a gold mine in Neva- 62% below that of 1975. Most of the decline 
da. The sharply increased output of primary in secondary production was due to the low 
mercury was accounted for by the new price of mercury, which made it cheaper to 
McDermitt mine in Nevada. Startup prob- buy mercury by the flask than to process _ 
lems at the mine’s ore-processing facilities scrap into usable mercury. Major sources of 
were resolved by the end of 1975, and full- secondary mercury were industrial and con- — 
scale production was achieved throughout trol instruments, batteries, sludges, and 
most of 1976. | dental amalgams. a | 

Table 2.—Mercury produced in the - 
United States, by State 

Pro- 2 
Year and State duc Fissks (thon 

mires sands) 

1975 | : 
: California _____~__~_ Fig 878 $139 

Nevada and New York __ 4 6,488 ¥1,026 

Total ___--.--. "18 7,866 "1,165 | 
1976 

California and Nevada __ 7 23,183 2,806 

"Revised. 
1Mercury mines only. 
2Value calculated at average New York price.



| ss MERCURY ‘817 

, Table 3.—Mercury ore treated and _ _ Table 4.—Production of secondary 
a mercury produced in the United States’ ss mercury in the United States | 

. . Ore treated . Dot: Pounds ; Ind trial ~ GA... 

oe Yeer (short tons) Flasks per ton Year production releases Total 

wees OR as 26,251 2101 6.1 a 6,940 2358 8,208 | oo | 44 ---- ee , ; 
1975 ~ 2 warts 6508 68 1976 .____ 28438 520, ~—-—Cts«é8, 868 {ie 185,108 28,042 95 

__ IRixeludes mercury produced from old surface | : dumps, and placers, and apa broronee,° oe | 

a _ CONSUMPTION AND USES — | a 
, Consumption, reversing a decline in 1975, from 445 flasks in 1975 to 60 flasks in 1976. 

resumed the upward trend of recent years Of the 64,870 flasks consumed in 1976, 
- and increased OF the soni ihe oe erie 18% consisted of primary mercury, 19% 

64,870 flasks. O yor uses, _ was redistilled mercu , and 3% was secon- 
_ apparatus rose 62% to 27,498 flasks, and — dary mercury. Primary mercury was used _mildew-proofing paint rose 18% to 7,845 | as as | . . an throughout the whole range of applications, flasks. Use in the production of chlorine and hil istilled mercury wa, “ys . 

caustic soda rose 5% to 16,054 flasks, and iy ered “cal me an as ped primar 
_ugse in industrial and control instruments ‘Y ™ electrical apparatus, in and, 

_, rose 10% to 5,067 flasks. Other unspecified Control instruments, and dental prepar- | uses, in the aggregate, rose 66% to 2,909 ations. Secondary mercury was used mainly 
flasks. Other major changes were dental in industrial and control instruments, 

_ preparations, down 15%; and catalysts, up electrical apparatus, dental preparations, 
51%. Use in pharmaceuticals fell sharply, and catalysts. : 

| Se Table 5.—Mercury consumed in the United States, by use 
. (Flasks) 

— Use 1972 1978 1974 1975 1976 ES NE 18S 19 ~ ; ] 
Atnalgamation ~7__~27777272777727772=TTaa-- 80 oar Catalysts... 800 673 —s-1,298 8388 1,264 Dental preparations _______.-.------2---__-_____- 2,988. 2.679 «= «3024 «=Ss«a2.840 ~—=«1'990 Eni rcscidiwavadauicon a ie a i a General laboratory use _________._____________.___ 594 G5S8Cti«TCG 335 595 Industrial and control instruments a------------------- 6,541,155 6,202 04,5985 ,067 

Antifouling __.___.____ 2 32 32 6 —_ __ Mildew proofing ————~--~-----------------=-- 8,190 7,571 6807 6928 7,845 
| Pharmecedtcgls ete ---------------=-------- gk gga (ataOC«‘aS Other® ______- 42589182452 ~=—si1,750 2,909 

Total known uses -...._____________________ 52,885 54,187 58,417 50,084 «68,900 
Total unknown uses __ ~~ 22 96 1,062 804 970 

| Grand total ___..______---.----------.-... 52,907 54,288 59,479 50,888 64,870 OOO Eee 
‘Includes fungicides and bactericides for industrial purposes. 
"Includes mercury used for installation and expansion of chlorine and caustic soda plants.
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, Table 6.—Mercury consumed in the United States in 1976 

Primary _Redistilled Secondary. — Total 

Agricalture’___._--------------------------- Poe 97 
Catalysts ________-------------------------- | 987 i3900°ti‘<‘x 1,264 | 
Dental preparations _—_ ~~ --~----------~----------- - 648 1,231 116 1,990 

Electrical apparatus __ ___---------------------- 19,546 7,527 425 27,498 
Electrolytic preparation of chlorine and caustic soda — ~~ ~~~ 16,049 —- | 16,054 

General laboratory use ——~-~--~------------------- _ 420 165 10 595 

Industrial and control instruments __.—...-----~~---- Baie 2,265 630 oes 

Paint: Mildew-proofing __-—~.-.----------------- 1,845 | _- -- 1,845. 
Pharmaceuticals _..—-._--------~--------------- . 60 Ww — 60 

| Other ____-------------------------------, 2,281 672 17 2,920 

Total known uses _________.__----..------ 50,560 12,040 1,800  — 68,900 

Total unkown uses _.-—-~.-_--.----------------- $6 - 899 585 - - 90 

Grand total ..._.....--..----~---------- 50,596 12,489 1,885 64,870 

W Withheld to avoid disclosing individual company confidential data; included in “Other.” - 

1Includes fungicides and bactericides for industrial purposes. | 
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Figure 1.—Trends in production, consumption, and price of mercury.
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Table 7.—Stocks of mercury, December 31 

Ho, - Year “Producer © ‘and Total a 
. Be co! os dealer we 

ggg ad 11,587 © 15,708 as So IIBLU LLL 987 sid —Ss«*7'946 ace Be - 194 LL 4,100 15,777 19,877 | a 1975 LTT 4858 20,691 25,549 7 So oe 1976 _- 9494. ~ 22,240 $1,784 7 

SOCKS | oe 

- Stocks of mercury at yearend 1976 totaled 9,494 flasks at yearend 1976. The increase 
31,734 flasks, compared with 25,549 flasks in producer stocks was accompanied by an 
at yearend 1975. Producer stocks were up increase of 1,549 flasks to 22,240 flasks held 
sharply from 4,858 flasks at yearend 1975to by consumers and dealers. | : 

| Ce PRICES 

__ Prices. of primary mercury rose in the London price was $80 to $85 per flask, 
early part of 1976 but fell back during the compared with $104 to $110 per flask at 

middle months before resuming the rise in — yearend 1976. The average annual London | 
September. On January 8, 1976, the New price was $91.97 per flask in 1976, compared 
York price of mercury was $116 to $122 per —. _ The mat! 

: i? im with $130.10 per flask in:1975. The national flask, compared with $132 to $135 per flask re SAP . ; hee 90° . . _and international price increases late in on December 28, 1976. The average monthly : aa ya 
New York price was $121.25 per flask in 1976 were attributed to the reported dis- 
1976, compared with $158.12 per flask in Continuance of mercury sales by Italy, | 
1975. The London price showed similar Spain, and the U.S.S.R. and to reduction in 
fluctuations. At the beginning of 1976 the output by producers in Mexico. — 

Table 8.—Average monthly prices of mercury at New York and London 

: Perf) 
1975 1976 | 

| New York? London? New York! London? 

January ___-.~~~_~_-_- $221.86 $188.75 $117.00 $81.88 February ____--_-___--_- ___ lll 22511 - 194.69 124.72 94.51 March ____._------ 195.48 170.00 128.22 99.06 April -~---------+-------___--_____- 162.73 141.75 127.91 99.68 | Y --------------- ll. 159.57. 187.06 113.50 82.00 
June _____-- 152.38 _ 127.50 109.05 82.50 July _-__---_-_ er 188.78 114.69 108.18 88.25 August _---______ 188.95 114.67 108.18 88.25 September _.. 2 185.48. 11169 © 12248 © 9 87.75 October _.-__---+---- 129.59. = = 108.07 182.25 100.28 November _-__ 120.82 84.08 - 181.42  . 101.67 
December wee eee ne ee 117.28 78.28 182.18 ‘108.38 

- Average —- 158.12 180.10. 121.25 91.97 

1Metals Week, New York. . 
*Metal Bulletin, London; reported in terms of U.S. dollars. | | |
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: | FOREIGN TRADE ; oe a 

Exports of mercury totaled 501 flasks in Canada. The People’s Republic of China - 

valued at $306,000, compared with 339 in 1976 became a significant exporter of 

flasks valued at $152,000 in 1975. Reexports mercury to the United States when its 

totaled 12 flasks valued at $6,000 in 1976. shipments reached 4,353 flasks valued at 

Imports for consumption increased 1% $360,000. Shipments from Mexico, another 

in quantity but declined 48% in value to major source of imported mercury in past — 

44,415 flasks valued at $4.3 million. The years, continued to decline and reached 

average unit value for the year was $97.38 1,719 flasks valued at $137,000 in 1976. 

per flask, compared with $173.24 per flask Imports from the principal supplying na- 

| in 1975. The share of the U.S. market for tions in the Western Hemisphere (Canada, 

mercury supplied by foreign countries Mexico, Peru, and the Philippines) in the 

amounted to 68%. ce - aggregate, continued to decline, and totaled 

Italy continued to raise exports to the 4,872 flasks in 1976 compared with 16,129 

_ United States, and recorded a 79% increase flasks in 1975. Conversely, imports from the 

a in 1976 to 18,172 flasks valued at $1.2 other principal suppliers (Algeria, Italy, 

million to become the largest foreign sup- Spain, and Yugoslavia) in the aggregate, . 

| plier of mercury. Imports from Algeria, the rose during this time from 21,832 flasks in - 

: next largest supplier, rose 10% to 10,248 1974 to 25,547 flasks in 1975 and. 34,983 _ 

flasks valued at $1.1 million, while imports flasks in 1976. | re . 

_ from Yugoslavia, the third largest source, = The US. rate of duty on mercury imports | 

rose 55% to 6,739 flasks valued at $658,000. during 1976 was 12.5 cents per pound ($9.50 

| | _ Imports from Spain rose 5% to 4,824 flasks _ per flask) with the duty on waste and scrap 

| valued at $461,000. Imports from Canada, suspended until June 30, 1978. This rate — 

, which in past years accounted for the lar- applied to imports from market economy 

gest share of imports, fell drastically to countries. The statutory rate of 25 cents per — 

2,858 flasks valued at $249,000 as a result of pound ($19 per flask) applied to centrally 

the cessation of mercury-mining operations controlled economy countries. = == —~™S 

_ Table 9.—U.S. exports and reexports of | 
| | mercury : 

: Year eae , nine | | 

ss gands) sands) 

1974. 466 — §270 -- _— 
1975__ 339 152 155 $68 
1976_____ 501 306 12 6 

WORLD REVIEW 

World production of primary mercury these stocks were believed to be exhausted. 

declined 3% to 243,987 flasks in 1976. China, People’s Republic of.—Production 

Although demand increased during 1976, of mercury was estimated to total 26,000 

large inventories throughout the world flasks in 1976. In addition to sharply in- 

acted to reduce production and to moderate creased exports of mercury to the United 

the upward movement of prices late in the States, significant quantities were reported- 

year. An international organization of mer- ly exported to European countries. 

cury producers reportedly met intermittent- Italy.—Mine production of mercury total- 

ly during 1976 mainly to review the mercu- ed 22,278 flasks, compared with 31,677 

ry situation and try to bolster prices. flasks in 1975. Italy’s nonferrous metal 

Canada.—Canadian mining operations, agency, Ente Gestione Azienda Minerali 

suspended because of low prices in 1975, did Metallurgiche, reportedly closed its mercu- 

not reopen in 1976. Exports of inventory ry mining operations and halted sales of the 

mercury continued in 1976, but by yearend metal during 1976 because of low prices.
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Table 10.—U.S.. imports for consumption’ of mercury, by country | 

1974 1976 i976 
Country 1, Val Val Val 

| “Flask (thousands) -Flask® thousands) -Flask® (thousands) 
Algeria _..-..-----_______ 10,449 5848 9 1,561 10, 1,110 | 
Canada Se 16,972 aoe 12st "tao a5 $ 249 | 
China, People’s om we oe oe owe oe ~——~ ~ 4,353 

Finland _-.-22----- 15 5 "85 6 __ on 

Hong Kong. .-._~--~~~~~ _- oe _- a 200 8 
Italy —------------------- 845 212 7,840 1,595 — 18,172 1,244 | 

Mexico _~~~~~~27777777772 10,597 2,880 218 $442 1,719 187 
Netherlands _______________ __ “a a1 : 68 io oe 
Peru... --_________ 1276 333 1,025 207 300 64 

| Srp pPines TOT TTT Tests 6298 Lene 4,576 963 4.504 i - 
Sweden __________________ _- Le 5 8 “4 yy 
Switzerland _______________ 4 7 __ _- __ _- | 

qarkey —— ~~ --------~--- et ped 88 i -- -- 
USSR or __ _. «490 101 —_ __ 
Yugoslavia. 4,245 1,158 4,386 «627 6,789 658 | | 

| Total _.__....__.._____ 52,180 18,948 48,865 7,599 44,415 4,325 : 

1General imports: In 1974, 52,102 flasks ($18,858,288), Italy 705 flasks ($178,675) and Y ia 4,307 flasks 

ste a DUE, are Make 28, ny 1 Hake gL. Uo nls ae Youle P 8 ic : ? 9 ru 'y A : , : flanks ($1,251,980), and China (People’s | Republic ob 4,258 flasks ($358,559), mn 

OO | Table 11.—Mercury: World production, by country | | | 

— Country 1974 1975 1976” | | 
Algeria. 5 «4, 000 28,000 31,000 : 
Australia. 20 6 °6 
Canada. ee 14,000 12,000 _. 

Chine, ‘People’s Republic of ~~~ ~~~ 7777777777777 7 777777777 ; 26,000 “26,000 - 26,000 
Colombia. 2222222222222 22222222 ag "@) nae 
Czechoslovakia _ ~~~ = 6,641 ®6,000 £6,000 | : | 
Finland... ee 188 309 388 
Germany, West ___._._-...-----. T3365 3,191 °3,200 
Ireland 2... 715 428 __ 
Italy...» 5 - ee 25,991 81,677 22,278 

Peru___________.____-_-_--=.-----.--...-.--_-_~. T3250 1,530 _- 
Philippines cee em a mm ee r 812 es ©44 000 

Tunisia ___ DDL LILI IIIT (4) “Q) ae | 
Turkey __~_-.-~~----- +2 ee 78,838 _—~*§,421 ©4,445 

USSR.°___ 54,000 55,000 56,000. 
United States _. 2,189 7,366 23,188 
Yugoslavia... 15,888 16,941 - 12,508 

Total. ~~. FQ57,477 252,429 248,987 
i 

1Revised to none. 

Spain.—Production of mercury totaled U.S.S.R.—Production of mercury was 
44,000 flasks, compared with 44,010 flasks estimated to total 56,000 flasks. Because of 
in 1975. Spanish producers reportedly dis- low prices, Soviet suppliers reportedly 
continued sales of mercury during 1976 withdrew from the international market in 
because of low prices. . 1976.
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_... Table 12.—Mercury: Exports from Italy, Spain, and Yugoslavia, by country 

Destinations tly Spain Ygoalavin 
— 1974 197% 1976 1974 1975 1976 1974 1975 1976. | 

Australia____-_-____- _- oe NA 232 609 9 ee 
Austria________---_- 40 1,441 NA _- 29 174 100 ae ee 

, Belgium-Luxembourg -_-- 2 75,511 NA 87  —-1,078 _- __ _- _ 
Canada__._..------.* 280 _- NA  _ 788 174 174 ee 
Colombia . .._-.------ -- 8 NA 435 -- ——- oe a 

Egypt .------------- 1 Th NA 145 _- 435. _- ne 
land-______-_---- _- __ NA __ __ 7 __ _- 

‘France ___---------~ 3,015 _ 78,684 NA. 1,566 609 928 _- ae 
Germany, East _____.-~ 4,808 12,129 NA —— oe -- mee 
Germany, West _......_ 1,991 5,980 13,668 6,295 — 1,682 580 _- __ Le 
Greece _____-------- _- 4 NA YL _- —— 2-0 oe 

: Hungary _.__-------- 200 __ NA _.  -¥%4 174. 200 = Le 
India __.___-------- __ 8,508 8699 9,254 2879 3,091 ae ke Ll 
Iraq __-----~~------- -- -— NA 609 _— 145 ye -- ee 

 Japan___.---.------ 39 -- -_- NA 696 435 899° mee ee 
Netherlands __________ 400 78,064 5,782 667 319 125 __ ne 
Poland _..._.------- =~ 600 699 2,002 877 522 _- -e ee 
Portugal ____________- 114 50. NA 08. « 8T. BL woo ak 

- Romania __-_---.---- _- _. 2,687 _. 72,080 4,082 -- _= _- 

South Africa, Republic of — — 520 45 NAD 667 = 485 81200 -- Re 
- Sweden----- ee 302 NA 1,595  __ 1,892 ~ O° OL 

Switzerland___-__---- 90 _.. ‘NA . 667 a. OB 
Taiwan __——.._-_---- - 100 —_ NA. ~ 98. -- ee ea 
United Kingdom -__-_-- 4800 5,801 3,742 "5,367 8,718 28500° -_ =~ . -- 
‘United States ___.._._.__ "1,678 6642 . NA 6266 ‘4,264 4,564 8,152 8402 8,402 
Other countries and oe 

| | undistributed_..._..___ 650 829 10,735 ‘667 ("850 1,848 "1,009 _- _- 

Total________-_ "18,178 . 749,467 40,907 99,190. 18,826. 23,265 9,511 8,402 8,402 

"Revised. NA Not available. | an . 

—  FECHNOLOGY re 

Scientists at the Federal Bureau of Mines. diaphragm cells that also produce chlorine 

| Reno Metallurgy Research Center con- and caustic soda‘ The new membrane, | 

ducted an investigation of improved pro- made from perfluorsulfonic acid resin, lasts 

cesses for recovering mercury from cinna- much longer than the asbestos membranes 

bar ores.? The research was conducted on currently in use and produces a more con- 
eight different mercury ores ranging in centrated caustic soda containing less salt 
grade from 0.7 pound to 18 pounds of and chlorine containing no hydrogen. A 

mercury per ton of ore and demonstrated Patent was issued for treating roaster gases 
that cinnabar ores were amenable to hy- With sulfuric acid and potassium thiocya- 
drometallurgical recovery by an electroox- nate and treating the condensate solutions 

idation procedure that recovered 88% to with sodium sulfide to precipitate mercury 
96% of the mercury at a considerable sav- metal.” | : 

ings in energy consumption. : — ; | 

A study of ‘energy use patterns in the Recovery of Mer B. J. Scheiner, ‘and Re dhctrooeid. 
production of mercury and other metals ation, at . ac fon Plant Amenability Tests. BuMines RI 

wom conduc fr he Darn of Mines cis ate, e report de energy consumption in i2 and Nonmetallic sEINg. . . 6 - Data and Fi Low-Pri 
each operation in the production of mercury Commodities) Bubfines Open File Rept, 117076, 1978, 

i > availab ti | metal and concluded that total consumption PP ae Taker ae or Itation diese Perk, M i. 

of energy per ton of metallic mercury Twin Cities, Minn., Rolla, Mo, Boulder. City, Nev. Reno, 
amounted to 395 million Btu. ev., Albany, Oreg., and Salt Lake City, Utah; at the 

. . | Central Library, U'S. Interior, Wash- 
A new mercury monitor to determine the _ ington, DC; sad from Re tonal Technica Information 

occupational exposure of workers to mercu- Ser Ame Springfie , & Con ys Journal. New M 

ry was developed at the National Bureau of Monitor Is Highly | Sensitive. Vv 60, No. 34, Feb. 2, 1976, p. 

Standards, US. Department of Commerce.’ SChemical Week. New Membranes Cut Chlor-Alkali 

The monitor is extremely sensitive, port- Costs. V. 118, No. 12, Mar. 24, 1976, pp. 33-86. iAR 
: : A. de la MF. Tallante able, easy to use, inexpensive, and reusable. gfe, (assigned to fuedre, MF Tallante an cientié 

Use of mercury cells to produce chlorine _ icuy Tecnicu ‘Juan de la Cierva Del Consefo Superior de 
may decline further as the result of the ye Ca oe a crous Anhydride a 
development of new membranes for use in _ tracting Mercury. U'S. Pat. 3,914,254, Aug. 10, 1976.



OS - By Stanley K. Haines' = | | 

Production of sheet mica was limited toa mica dropped 45%, led by a 61% decline in 
small quantity of handpicked muscovite imports of waste and scrap mica. 
from North Carolina. Domestic production Legislation and Government Pro- 
of scrap and flake mica decreased 6% in srams.—The Defense Materials Inventory 
quantity while sales of ground mica in- stockpile goals for sheet mica were revised 
creased 4%. - | in October. The goals for all forms except 

Consumption of block and film mica con- muscovite film were increas ed. The new : 
tinued to decline reaching 534,229 pounds goals are given in table 2. Shipments of 
im ecline reaching 904,ccv pounds,a excess mica by the General Services Admin- 
drop of 14%. Mica | splittings consumption istration (GSA) amounted to 3 319,348 

_ rebounded to 5,025,152 pounds. Exports of pounds. oe 
all forms of mica increased 40% in quantity WW 
and 2% in value. Imports of all forms of —= *Physical scientist, Division of Nonmetallic Minerals. 

Table 1.—Salient mica statistics 

: 1972 1973 1974 1975. ~—*1976 

United States: _ . 
Sold or used by producers: - . 

~ Sheet mica _..._._....—-~ thousand pounds._ —_ 14 30 20 5 5 . 
Value ______________._ thousands. ~ $7 $15 $10 $3 $3 . 

_ Scrap and flake mica __—_-— thousand short tons__ 148 153 137 135 127 
. Value. _____~— _thousands__ $4,353 $6,082 $5,475 $5,219 $5,686 
Ground mica _____——_-_ thousand short tons__ 130 187 117 115 120 

Value ___._..__._.__------~~thousands__ $8,844 $9,464 $10,171 "$9,381 $10,226 
Consumption, block and film __ _ . thousand pounds_ — 1,207 1,265 — 974 623 5a4 

Value _________________~~_thousands__ $2,026 $2,106 $2,015 $1,608 $1413 
Consumption, splittings _____~—-— thousand pounds__ 4,324 5,178 6,186 4,746 5025 

Value __________.__.._.._—-_thousands. $1,771 $1,715 -$2,801 $2,634 $3,226 
Exports_.......—...—~-- thousand short tons__ 7 8 9 6 8 
Imports for consumption ____.__.-...~ do___~ 5 6 7. 8 5 

World production_—__._.—_~—~- thousand pounds__ 510,185 525,709  °515,916 499,464 471,082 . 

Table 2.—Defense Materials Inventory for sheet mica as of December 31, 1976 

(Pounds) — 

) Stockpile Total Total Balanceof = gad in 
Category : goal inventory excess au pel on 1976 

Muscovite block, Stained or better__..__.-__-- 6,188,000 5,108,138 _- __ __ 
Muscovite film, Ist and 2d qualities _______ ~~ - 90,000 1,329,960. 1,289,960 62,187 19,814 
Muscovite splittings __....._.__---------~— 12,681,000 22,542,341 9,911,341 3,482,466 1,186,078 
Phlogopite block ____--_.------------- 206,064 127,778 —— _- _— 
Phlogopite splittings ___..__._-__-_-------- $32,000 3,047,953 2,115,953 2,097,958 357,975 

823 Y 
/ |
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: | | DOMESTIC PRODUCTION > : 

- Sheet Mica.—A small quantity of sheet Leading producers. of scrap and flake 
mica was produced and sold locally in North mica were Harris Mining Co., Spruce Pine, _ 
Carolina. Oxford Feldspar Co., West Paris, N.C.; Western Mica Co., Div. of United _ 
Maine, produced and stockpiled sheet mica States Gypsum Co., Chicago, Ill.; Mineral | 

| in 1976. The sheet mica in both areas was Industrial Commodities of America, Inc., _ 
: generally of low quality and grade, and. was Santa Fe, N.Mex.; The Feldspar Corp., | 

not mined as the primary product of the Spruce Pine, N.C.; and Kings Mountain : 
producing company. —s_—> Mica Co., Inc., Kings Mountain, N.C. Oo 

| Scrap and Flake.—North Carolina re- |§ Ground Mica.—Sales of ground mica in- _ 
| tained its position as the leading producing creased 4% in quantity and 9% in value 

State with 55% of the total U.S. production over the revised 1975. totals. Dry-ground 
of 127,312 short tons. The value of the mica was 89% of the total, with wet-ground 

| North Carolina mica was $3,793,295 or 67% mica representing the remaining 11%. Both —s 
of the national total. The remaining 45% of wet- and dry-ground mica production in- 

| scrap and flake mica output came from creased in quantity and value. Seventeen 
Alabama, Arizona, Connecticut, Georgia, companies, operating a total of 19 plants, © 

| New Mexico, Pennsylvania, and South Car- processed scrap and flake mica. Fourteen of 
olina. Scrap and flake mica was produced — these plants produced dry-ground mica, 3 
from the beneficiation of pegmatite ores, produced wet-ground mica, and 2 produced 

| clays, weathered pegmatites, and schists. | __ wet- and dry-ground mica. | 

| ' Table 3.—Mica sold or used by producers in the United States _ oe | a 

Uncut punch and | , . Year and State neut. femica than punch and Total sheet mica Scrap and flake mica! 

Pounds Value Pounds Value Pounds Value Short Value . 

1972__._______--_ 14,280 $7,140 -. «14,280 87,140 «147,883 $4,853,818 
1973. _- _. 30,000 = $15,000 30,000 §=s:15,000 = —:153,327 6,081,893 
1974__ __ _. 20,000 °10,000 + ©20,000 = °10,000 +~=—s—:136,966 5,474,636 : 
1975____-__.____. Le __ °5,000 °2500 °5,000 ©2500 134,582 5,219,461 

1976: . ae i — 

North Carolina ____ _- __  °%,000 °2,500  °5,000 ©2500 70,213 3,798,295 
Other States? _____ oe __ _- __ _- _ 57,099 1,898,109 

Total _.______- __ --  °%5,000 °2,500 = °5,000-°2,500 = 127,812 5,686, 404 

Estimate. | | 
- 1ncludes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of feldspar and 

kaolin beneficiation. 
2Includes Alabama, Arizona, Connecticut, Georgia, New Mexico, Pennsylvania, and South Carolina. 

Table 4.—Ground mica sold or used by producers in the United States, by method of 
grinding? 

Dry-ground Wet-ground Total? 

Year Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 

1972_-_.-..-_----------_ 104,625 $5,500 25,649 $3,343 180,274 $8,844 
1978_____________-._____ 120,762 6,469 15,739 2,995 136,501 9,464 
1974____________________ 101,455 6,335 15,908 3,836 117,363 10,171 
1975 Lee 104,157 ™6,551 11,244 2,829 115,401 ™9 381 
1976_________.__.-_-_____ 106,855 7,120 13,197 3,107 119,552 10,226 

Revised. 
1Domestic and some imported scrap. 
2Data may not add to totals shown because of independent rounding.



| MICA | 825 
| Leading producers of ground mica were Mica Co., Inc., Micaville, N.C.; and Mineral : 

Harris Mining Co., Spruce Pine, N.C.; Unit- Industrial Commodities of America, Inc., oe 
ed States Gypsum Co., Chicago, Ill; Deneen Santa Fe, N.Mex. | - / a 

- GONSUMPTIONANDUSES ts” 
Sheet Mica—Consumption of block and had three consuming plants, New Jersey _ 

film mica dropped for the third consecutive had two, while Massachusetts, New York, a 
year. Fabrication of block and film mica Ohio, Pennsylvania, and Virginia had one Oo 
(muscovite and phlogopite) declined 14% to planteach,  __ ee - 

_ 534,229 pounds. Of the total consumption, — Phlogopite block consumption increased  _ | 
90% was muscovite block, 8% was phlogo- from 28,512 pounds in 1975 to 43865 

Pte nee Gpesnesiam mica), and 2% was pounds. Phlogopite was consumed by eight | 
Vacuum tubes required 66% of the total Somborne Mine orn an febteating Stabe 

muscovite block fabricated. The remaining | Se . sy ee oe | 
: aed in. : Consumption of mica splittings (musco- . fabricated block was used in gage glass and vite and o ite) j 1 6% 

diaphragms (8%) and capacitors and others total Te : dai TOE ie sane ony - 

mica was in greatest demand and accounted Pounds. India and the Malagasy Republic 
for 63% of consumption; lower than ‘UpPplied the bulk of the splittings consumed = 
Stained, 35%; and Good Stained or better, “omestically. Splittings were fabricated into a 
8 - } cane various built-up mica products by 10 compa- | 

- Muscovite film consumption increased nies with 11 plants in 8 States. Five plants 
from-7,243 pounds in 1975 to 10,266 pounds. located in Ohio, New York, and New  _ 

. The film was consumed primarily in the Hampshire consumed 3.9 million pounds of | a 
fabrication of capacitors. Ones splittings, or 79% of total consumption. Oo 
Muscovite block and film were consumed — Built-Up Mica.—This mica-based product , 

by 10 companies in 7 States. North Carolina was made in various forms, primarily for Oo 

_. Table 5.—Fabrication of muscovite ruby and nonruby block and film mica and a 
.. phlogopite block mica, by quality and end-product use in the United States in 1976 — 

Variety, form, - , | - Gage - . - 

— aalty Capes ties Other Total ME Onker Total SM 

Good Stained or better __ 990 5892 1888 8720 2590 1113 2633 12,353 
Stained ___________ 203 (230020 38384 268607 1884 30,557 32441 301.048 _ 
Lower than Stained’ ___ ~— __79,156_16,836__ 95,992__—10,700 60,005 70705166697 

| Total__----------__1,198__ 315,068 57,058 378319 15,104 91,675 106,779 480,098 — 

Eiret quality y -------- 2390 3,100 46 «5,586 __ _- _. 8536 , 
cond : aa 3,219 . -- 186 3,405 -- -- -- 3,405 

Other quality ___.-~__- 1,225 -- -- 1,325 -- -- -- 1,325 

Total. ._.._._.__- 6,984 3,100 232 10,266 —- ee -- 10,266 | 

Block and film: } oo 
Good Stained or better?_. 3380 8992 1884 14,256 2520 1118 3633 1738 ~~ : 
Stained* ____.______- 3,422 230,020 38,570 272,012 1884 30,557 32,441 304,453 
Lower than Stained _ _ __ 1825 79,156 16,886 97,317 10,700 60,005 70,705 «168,022 

Total__.____-_--- 8127 318,168 57,290 383,585 =» 15,104 91,675 106,779 490,364 

qualities) _________- -- 200 358 558 -- 43307 48,307 43,865 

‘Includes punch mica. 
"Includes first- and second-quality film. 
"Includes other-quality film.
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"use as electrical insulating material. Mold- nectady, N.Y.; U.S. Samica Corp., Rutland, 

| ing plate, segment plate, heater plate, and Vt.; Kirkwood Acim Paper Co., Hempstead, 
other uses registered gains in production. N.Y.; Essex Group, United Technologies 

| Segment plate was the form in greatest (Corp., New Market, N.H.; and Corona Films 
demand, with 33% of the total, ;followed:by 340) wee team, } . . : . Inc:, West Townsend, Mass. 
molding plate with 28% and tape with 17%. Ground Mica. ound mica sales i 

Reconstituted, Mica (Mica Paper).—Five _ Ground Mica-—Grouné mica sales on 
| companies, consumed 4,227,427 pounds of creased * %o above the re 18e 1 1975 level of 

scrap mica to produce 2,715,158 pounds of 115,401 short tons. The principal end uses 
| mica paper in 1976. The manufacturing were joint cement (44%), paint (18%), roof- 

| companies were General Electric Co., Sche- ing (4%), and rubber (4%). a 

| Table 6.—Fabrication of muscovite ruby and nonruby block and film mica in the United 
OO _ States in 1976,by qualityandgrade 

| rn oes "Pounds) | | 
- og _ ‘ : eee aw . Lor - : cae ‘ “ nt 4 ° . ‘ . 

OR aie a NO | eo ] 
_. . «+. Form, variety,and quality. =, __ and ‘No.5°° No.51/2: No.6 Other? = Total — 

pe fy ove i, . tN PE owt ~ larger oy a! oe — . . : 

| "Good Stained or better _. 2. -2__-_---) 2,997 980. 294, 6,517 _.- . 10,788 
Stained _____________-_-_----_ 10,465 ~ 104,817 62,767° 86,767 «2,108» «:266,919 

Lower than Stained- 22 =~ -L____ | 6,542 11,122 16,426 67,080 35,920 137,090 

7 Metal --- 2-222 --------__ "20,004 116,869 79,487 160,864 38,028 «414,747 

| -Nonruby;, 7 a oe 
: Good Stained or better ____.._.------~ | 1202 = = 123° ~~ 200 -- 1,615 

Stained 2122-2 7 25,729 3,948 2,052 2405. © 2. .°: 84,129. 
_ Lower than Stained. 22---22---2---_, 4,572: 10 __.: 8150. 21,875 29,607 

Totals, 2a elle eles 81,598 4,076 © > 2,052 =. 6,755 21,875 (65,351. 
: ee 

Film: . 

RUDY ret alit | 800 779 415 2,425 4,479 MaAhty. 2 ee ee : ND, Bh. . -—— * 

Second quality 2-277 2T77TTTTTZZD 08 980 | 10025 ~~ + 2,408 
Other quality a a 1,325 = «1,825 

| | otal - ee 903 —«:1,709 1,575 —«-2,700 1,325 8,212 

Noruby; ne | 
‘First quality oe _- “17 «620 420 _- 1,057 

_ Second quality ____..-_.-_----+--- a -- 997. ~— le 997 
’ Other quality ~22---.----------- — an —— _- -- -- 

, L Total _.________ 2 ee --. . Tt. (1,617 420. — 2,054 
ee eee rere eee ee rere ree ere eee ee eee S 

1Figures for block mica include all smaller than No. 6 grade and “punch” mica. sO 

| Table 7.—Consumption and stocks of mica splittings in the United States, by source 
. , : (Thousand pounds and thousand dollars) _. . 

ence cence ene 

a . India Malagasy Total? 

/ Quantity Value Quantity Value Quantity | Value 

Consumption: , 
os 

1972 ___.______________ ee 4,245 1,658 | 79 113 4,324 1,771 
1973 ________________---------- 5,063 1,606 115 109 5,178 1,715 
1974 _____ 6,026 2,673 160 128 6,186 2,801 
1975 ____________ ee 4,625 2,529 _ 120 104 4,746 2,634 
1976 ___--___ 4,903 3,084 - 122 142 5,025 3,226 

Stocks Dec.31: -  — 
1972 _____-__________---------- » 1,728 NA 86 NA 1,809 NA 
1978 ___ =e 1,246 NA - 55 NA 1,301 NA 
1974 _________ 3,170 NA 87 NA 3,257 NA 
1975 ____-_____________--------- 3,465 NA T44 NA 3.510 NA 
1976 _-_ 3,166 NA 124 NA 3,290 NA 
nnn 

NA Not available. 
1Data may not add to totals shown because of independent rounding.
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Table 8.—Built-up mica’ sold or used in the United States, by product 

. | a (Thousand pounds and thousand dollars) 

ace oS San Oo : 1975 1976 | 

_ | Product | —$—$—$— 
SG oo - Quantity Value Quantity Value 

Molding plate ___._____---------------------------- 2790 ger «3,038 
Segment plate ______-----------------------------7-7- 

1,557 3,605 °:.1,620 =. 4,063 

Heater plate______-_i+_-+-------+------------------ 
155 — 428 . 179 - 256 

Flexible (cold) _____.------------------------------- 
705 1,724 — 588 — 1,612 

Tape Be oe eee eee eee i eee 930 3,467  — 819 3,344 

Other .___-.____---~-------------------+--------7- 
253 1,075. ~.- 829 1,165 

“Total? _ 2-21 ----2------------------------ 487 _18,088 4915. 18,474 

_AConsists of alternate layers of binder and irregularly arranged and partly overlapped splittings. . 

_ 2Data may not add to totals shown because of independent rounding. | | | | 

Table 9.—Ground mica sold or used by producers in the United States, by use 

| i ee 1976 | 

Ba a Short tons —_(¢housands) Short tons (thousands) 

Roofing ____---.---- ------+¥ 2 -=#------- 10,406 Tg464 5,011 $219 

Rubber _______-=----------=+<-+-<--------7- 
4,336 936 4,680 1,010 

Paint .____----------------------------- 22,298 2,657 21,224 2.362 
Jointcément —.....-_-_------------------- 43,507 1,841 52,799 3,851 

Other uses’ _____--~----------------------- 734,854 73485 35,838 - 2.784 

* otal? ____--------------2----------- "501 9,381 119,552 —._:10,226 | 

Includes mica used for agricultural products, molded electric insulation, annealing, plastics, welding rods, well 

drilling, textile and decorative coating, wallpaper, and brick. 

~ Data may not add to totals shown because of independent rounding. oo 

| Oo STOCKS Oo - 

_ Yearend. stocks of sheet “mica were 3.7 film. This information was obtained by 

million pounds. Of. this total 88.6% was direct canvass of consumers of sheet mica. 

splittings, 11.2% was block, and 0.2% was | a 

| 7 PRICES 
; 

‘The average value of muscovite sheet in Table 10.—Price of dry- or wet-ground | 

1976, based on consumption data, follows: ‘mica in the United States in 1976: 

Block, $2.68 per pound; film, $4.33 per § ————"ca» 
: ane 

Cents 

pound; and splittings, $0.64 per pound. The | per 

average value of phlogopite sheet mica, also a 

based on consumption data, follows: Phlog-  pyry.ground: 

opite block, $1.89 per pound, and phlogopite Joint. cement, 100 mesh __-—------ o 

splittings, $0.87 per. porn’. | iflek Roofing, 20 to 80 mesh _______--_- 2.53.5 

- The average value of scrap an emica Wet-ground: 
ne Paint or 1 825mesh __._._--- _ 11.75-18 

produced during 1976 was $44.67 per ton. Fo arr eee llltle CEB 

Prices for wet- and dry-ground mica quoted Wall paper ------------------ 12-18 

in the Chemical Marketing Reporter essen- 1In bags at works, carlots, unless otherwise noted. 

tially remained at 1975 levels. . 2Freight allowed east of the Mississippi River. 

Source: Chemical Marketing Reporter. V. 210, No. 26, 

| Dec. 27, 1976.
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oe : FOREIGN TRADE On | 

: Exports of all forms of unmanufactured in 1975. The average value indicates that 
mica increased 32%, from 10,977,353 most of the material exported was ground 
pounds in 1975 to 14,449,150 pounds. Cana- mica, but.there was a large enough quantity. ~ 
da led the increase with a jump of 96% to of the more expensive sheet mica to raise _ 
6,660,106 pounds and an average value of the average value. ne 
slightly over 7 cents per pound indicating Imports of all classes of mica declined 
that the vast majority of the mica exported from 16,651,263 pounds in 1975 to 9,195,508 
was ground. West Germany was the second pounds in 1976. The largest changes were in 
leading country of destination for the ex- the waste and scrap category with adrop of _ 
ports, followed by Japan, France, and 61% to 4,212,574 pounds and splittings with 
Guatemala. The overall average value of a decrease of 55%. India was the leading. 

- the exported mica was 24 cents per pound in source country with 60% of total imports 
_ 1976 as compared with 28.7 cents per pound with Brazil second with 20% of the total. | 

Table 11.—U.S. exports of mica and manufactures of mica in 1976, by country — - 

7 . ve = Mica, including block, : ~ a 7 
film, splittings, waste, _. . Manufactured 

: : | - Quantity ue tity. ue : 
oe | | (pounds) -— {thou Pounds) (tho 

entina _-________________________-_---_---_ ss -87369s—(‘i‘iHNC(<ttid ICCC 
Atelier 222222 14,600 5 56,383 OB . 
Bahrain ~____________-_- 2 eee Le 1,719 oe 
Belgium-Luxembourg ~_______-_-__-_--~=---------- 24,195 2 240 ‘4 
Brazil ________ ee 37,295 13 116,668 © 451 
Canada ____________-_ iL L___ | 6,660,106 =—_—-_..499 261,978 1,020 
Chile __-__ 2400. 7 ATA 3. 
Colombia ____________-____ ~~ eee 280,078 51 702 2—S—tié‘@C'“ 
CostaRica -_____________- ue 7,486 1 2 1 
Denmark _._ ~~~. ee — -_- 4,721 21 oo 
Dominican Republic _~________._ oe _— _— 1,473 8 
Ecuador ~~~ eee 18118 38 —_ — 

Egypt —~-- ee ee 402,000 59 ae oe - 
Salvador 2 ee 273,229 . 14 21,286 23 (Ce 

Finland _-_-_-_-_-_-_ 46,195 - 13 . ee | 
France _______-. ~~ eee 616,276. . 87 3,194 62 
Germany, West __________________~~~ 667,914 = 129 — mee 
Ghana’ _~__ Le 20,000 1. ee 
Greece _____ Le 13,500 2 1,027 3 , 
Guatemala __________________ ee 599,500 100 __ __ 

: Hong Kong ~-----------------------~----------- oroc, on , -- -- 

Iran’ 377,000 48 792 5 
' Tsrael] ~~~ eee 302,126 63 290 2 

Italy _____________ eee 463,510 86 35,658 173 
Jamaica —~._____ ~~ eee ' 122,200 13 1;970 5 
Japan ____~_~_~_ ee 640,724 857 369 7 
Korea, Republicof .~.__.-._____---_-___----------- 24,116 29 ne _— 
Malaysia ________________.__~_-____- ee 56,400 9 __ _ 
Mexico ____.________________-----_--_____--_- 127,062 - 88 94,210 299 
Netherlands ____________.--.~~----------~-.----- 215,500 22 193 — § 
Norway _______-~------------~-~---------------- 39,608 2 1,072 7 
Panama ____________~_ ~~~ ee 43,850 6 16,899 15 
Peru ______~___~--~------~-~----~----~--~--~------- 69,080 9 6,624 33 
Poland _______-_---_------------------------- __ _. 1,598,911 863 
Philippines ~_~________~~__-----_~-_~ ~~~ 29,000 5 _- -- 
SaudiArabia ______________-_____-__---__---___ 315,324 245 10,124 25 
Singapore ___________-__-____----------------- 455,028. 103 1,138 3 
South Africa, Republicof ~.._.-.._-...-._-_---.------- —_ —_ 23,480 66 
Spain ____________________ ee 58,748 12 87,744 218 
Sweden ___________-~~_~_~___ et 44,000 7 902 7 
Taiwan __________--_--~ ~~ 25,131 28 1,400 8 
Tanzania _________----~~~-~~ ~~~ 12,000 2 -- -- 
United Arab Emirates ___~.~.---.~___-__--_-------____ 448,800 73 232 3 
United Kingdom _______-----________________ uu 186,235 258 2,380 4 
Veneuela ___________------_--_______-_______- 388,978 56 69,112 107 
Yugoslavia ___________-------________ i ie __ __ 2,829 18 
Other _________________u eee 178,251 116 41,429 121 

Total _.______-_-__-_-________L- iL JLL ii = 14,449,150 $8,477 2,481,151 $3,776
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Table 12.—U.S. imports for consumption of mica, by kind and country | 

Unmanufactured 

Waste and scrap Block mi Other 
Year Se - Block mica _———$—$—$—$—————— ______. 

 andcountry ——Fhlogopite Other _Muscovite Other, nec. 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 

. tity (thou- tity (thou- tity (thou- tity (thou- tity (thou- 
(pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) CO — 

1974 2 oe _. 6,633,773 $193 582,832 $724 49,920 $21 160,638 $202 
1975 ~~ _- ~— 10,672,125 356 247,681 507 1,084 138 655,727 176 . —————— tO OX X=aX=«X—X—a\«__="""_zi*** * = *_>_>=_=>__—_—- 
1976: = . 

Afghanistan _ _- -- -- _— _ __ 538 8 Lk 
Brazil ____ -- _— 641,338 ~ 31 ~~ 279,803 392 998 3 926,854 124 
Canada __._ — — _- m- Le _- — _- 86,170 8 
France ____ -- -- _- _- _- _- ~~ oe 7,640 8 
India _____ 2,836 $3 3,568,400 171 57,171 236 1,169 9 267,885 70 
Japan... -- -- _- _- 146 2 -- -- -- _- 
Malagasy Re- . . 

public _._ -— _- — _— 9,369 15 _- _- 6,061 22 
South Africa, , 

Republic of -- -~ -- _- 743 15 —_ _- 8,800 1 
Tanzania ___ -- -- _- _- 576 11 662 6 15 1 

_ . United King- 
dom _____ -- -- -- -- 20 4 73 11 -— _- nes st enerenstpyeen~vorerasaennneeonn, 

Total...  —s--2,886 .3 4,209,738 202 . 347,828 675 3,440 32 1,303,425 234 
_——— eeeaq=Qa==e——X—Kxee__wlw_ 

4 Manufactured 7 

Loe oe, Not cut or stamped Cut or stamped 
| _ _. Splittings not over 0.0006 inch = Not over 0.0006 inch Over 0.0006 inch 

| ' - in thickness - in thickness in thickness 
. Quan- Value Quan- Value Quan- Value Quan- Value | 

tity (thou- tity (thou- tity (thou- _ tity (thou- 
. (pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) 

Le 

1974 __.______ 4,970,618 $1,318 75,739 $37 122,934$ 2,056. 151,603 $265 
1975 _______. 3,790,511 — 911 3,751 8 30,344 350 59,096 127 i 

TS Sas si iif bananas 

1976: 
Canada ____ 174,645 9 _- _- 5,700 8 2,451 15 
Haiti __.__ -- _- _- _- 1,603 29 _- —_ 

. India __.__- 1,850,480 411 100 1 66,177 731 105,051 212 
Japan === ks -- -- ae -_- -- 200 1 
fa08 — a Re. --= -- _- _- 90 1 -- — - alagasy . 

public ___ 185,848 141 -- -- -- -- 11 (7) 
Netherlands _ -- -- _- _- -- _- 4 1 
Taiwan ____ _- -- -- _~ / 449 16 _— _— 

- . United . King- | 
dom _____ -- -- -- — 394 4 82 4 

— 

Total ___ 1,710,973 561 100 1 74,413 789 107,799 233 —— 
NR a Es ee SSS rv eS iss Sn iS SSD 

Mica plates and Ground or , Articles not especially 
built-up mica pulverized provided for of mica 

. Quan- Value Quan- Value Quan- Value 
tity (thou- tity (thou- tity (thou- 

(pounds) sands) (pounds) sands) (pounds) sands) | ep 

1974 _-_ 906,110 $951 223,686$ 16 102,832 $285 
1976 ~.--____ 973,638 1,255 201,996 22 15,310 262 

SSS Set iS eh spss sisi i ssn 

1976: 
Belgium- 
Luxembourg 781,180 1,064 -- -- _- __ 

Canada ____ 22,275 88 447,872 31 2,600 16 
France ____ -- -- 98,376 17 331 1 
Germany, 

West ____ 8,787 20 -- _- 4,414 11 
~ India ~____ 33,469 86 -- _- 29,593 212 

Italy _____- ~- -- -- -- 30 1 
Japan _____ 2,024 5 -- -- 296 6 
Mexico ____ 145 2 -- -- -_ _- 
Netherlands _ -- == -- -- 143 21 
Peru _____- 60 8 -- _- -- _- 
Switzerland - -- -- 606 (*) _- ~- 

dom _____ 818 3 _- -- 1,937 17 
LL Ss veh vEnspepennnsssy ep uner 

Total ___ 848,758 1,276 546,854 48 39,344 285 
nmr rrr eee eS ra Sar sarees iiss setseesvetosp 

1Less than 1/2 unit.
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Table 13.—U.S. exports and imports of mica | Oo 

: . - (Thousand pounds andthousanddollars). | 
AS 

Exports Imports for consumption 

— oO (all 
Year classes) —_ and punch . Scrap _— Manufactured 

“ ~ Quantity Value Quantity Value Quantity Value Quantity Value 

1974_____ ee 17,897 6,515 798 947 6,634 198 6,554 4,928 
1975 _§_-_-____-_-----— . 12,110 7,104 904 696 — 10,672 ' 356. 5,075 = 2,935 

1976______ 16,930 7,253 1,655 941 4,213 205 3,328 3,193 

| . WORLD REVIEW | es 

World production of all forms of mica countries. The United States remained the 

declined 6% from 1975 to 1976. India was world leader in production of scrap: and 

the world leader for production of sheet flake mica(for ground mica). ~~ : 

mica. Brazil and the Malagasy Republic India.—The Government of India re- 

were other major sheet mica producing mained firm in their recommendation re- 

- | | | Table 14.—Mica: World production, by country .. | 

. (Thousand pounds) — — 

| Country? : | 5 1974 1975 1976” 

Argentina: _ | oo 

Sheet _____._____--i-------------------------------- . 939 948. £990 

Waste, scrap, etc. _________-_-----------------++--------- 6,109: 6,393 &6,600 

Brail? __§_ =e -  - - - - - + - = = 5,761 2,425 €2,400 

- Colombia® ___._________L--_----------+-----------+------- 
90 ~ 90 90 

Egypt____________.---_~---~--4-----------=------------ 216 £220 . ©2900 

France®________------------~-------------=---+--------- 8,800 8,800 8,800 

India: ee | : 
, Exports: . oe 

Block?________________---___--------------------- F2,119 1,241 £1,800 
Splittingst _____.__----_--------------------------- 14,282 ~—s-7,628 ~~. ..:©8,800 

Scrap®_________-----~-------=--------------------- 61,970 26,389 33,000 

. Domestic consumption, all classes® ___________----------+------ - 23,810 ¥44,000 22,000 . 

Total® ________________------------------------ 102,181 79,258 - 65,600 
Korea, Republic of (sericite)_ ____.____------------------------- 5,952 *6,600. —s«*211,715 

Malagasy Republic (phlogopite): 7 i 

Block _________------------------------------------- 333 218. 15 

Splittings. ._ _ . __.-------------------------~----------- . 1,215 981 ~' 187 

Scrap _______-_--__-.--~-----~----------------------- 340 __ 26 
Mexico ___________-__----------~---+~--------------------- 3,861... «1,867 2,873 

- Mozambique (including scrap) ~____---------------------------- T1878  —- 11,984 ©2,000 

Nepal________-__-_----___------------------------------ 9 9 10 
Norway (including scrap) __-___~------------~----------------- 9,167 16,435 ©13,000 

Peru_______ —__-_-~-.-~-~--+-+--~--+--- -- = - - - - - - - - - -  - 9 &10 £90 

South Africa, Republic of: 
Sheet _____________--_--_----~-------~----------------- 6 6 __ 

Scrap ________--__----------------------------------- 5,944 ~ 5,536 5,247 

Sri Lanka (scrap) __ -___----------------------------------- 397 5,482 302 

Sudan___________-------------------------------------) 551 “550 1,213 

Tanzania, sheet______.__--_-------------------------------- _ 20 13 15 

U.SS.R. (all grades)®_____--------------------~--------------- 90,000 92,000 95,000 

United States: 
Sheet_____________-__-_--_----_--------------------- 20 5 5 
Scrap and flake _____________------------------~--------- 273,932 270,600 254,624 

Yugoslavia___________-------_-------------------------- 192 190 . £180 

Total________________---_--------------------- "515,916 499,464 471,082 
a 

‘Estimate. Preliminary. "Revised. 
In addition to the countries listed, the People’s Republic of China, Romania, Southern Rhodesia, the Territory of 

South-West Africa and Sweden are known to produce mica, but available information is inadequate to make reliable 

estimates of output levels. 
*Exports. . 
3Includes micanite and other built up mica. 
‘Includes condensed film, washer and disks. 
‘Includes sheet, strips, and powder. . 

‘Less than 1/2 unit.
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quiring 40% of all orders to be placed Germany also contracted for a large supply 
through the Government’s Mica Trading of sheet mica from India. 
Co. (MITCO), with the remaining 60% to be Malagasy Republic.—Mica (phlogopite) 
placed with traditional suppliers. MITCO mining operations were shut down in Jan- 
concluded agreements with the U.S.S.R. for uary 1976 owing to lack of demand for 
the supply of sheet mica in 1976. The phlogopite block and splittings. The 1,023 
U.S.S.R. was to receive about 35% of India’s tons of mica exported was from stockpiles. 
total mica exports on a value basis. East Mining is expected to resume in mid-1977. 

TECHNOLOGY 

The U.S. Bureau of Mines research sta- conventional beneficiation techniques. A oe 
tion in Tuscaloosa, Ala., successfully con- sample containing 7% mica was screened 

ducted preliminary tests to air classify mica and then air classified to recover the mica. 

from a mica mill tailings dump. The micain This process resulted in a 72% mica concen- 

these samples did not respond adequately to _ trate. |



: : . . > : 3 sos : ‘s oe Me 

- : 5 rs ae : yy wt



| | John T. Kummer! 

. _ World output of molybdenum increased Legislation and Government  Pro- 
about 8% over that of 1975, but was exceed- grams.—During 1976, the General Services 
ed by demand. The result was some tight- Administration (GSA) sold 130,151 pounds 
ness in the molybdenum market, especially of excess molybdenum contained in mo- 
during the second half of 1976, and a draw- lybdenum disulfide, and asa result, no 

down of producer stocks. In the United uncommitted molybdenum materials re- 
States, mine production increased approx- mained in the Government stockpile. The 

| imate % while oral industry stocks wied revised stockpile goals announced in Octo- 
reduced almost %. ough repo ber 1976 by the Federal Preparedness Agen- | 
domestic consumption of molybdenum cy (FPA) of GSA did not include molybde- 
products was down slightly, apparent de- . . : } 
mand increased 8.6% to almost 60 million 2U™ materials. Shipments from the stock- 7 

pounds. Reduced availability of some mo- Pile during the year totaled 1,594,378 | 
lybdenum materials was reported during pounds of excess molybdenum, including 

the latter part of 1976. The price of mo- 1,263,831 pounds in molybdenum disulfide, | 
| lybdenum concentrate and other primary 257,851 pounds in ferromolybdenum, and | 

products was increased three times during 12,696 pounds in molybdenum oxide. GSA 
1976, on each occasion by 8% to 10%. These reported an inventory of 22,231 pounds of | 
increases were attributed to higher opera- molybdenum in ferromolybdenum at year- 
ting costs, large capital expenditures, and end 1976. 

| the increased demand for molybdenum = —~ — 
| materials during the year. 1Physical scientist, Division of Ferrous Metals. | 

| | : Table 1.—Salient molybdenum statistics 

| (Thousand pounds of contained molybdenum and thousand dollars) 

1972 1978 1974 1975 1976 | 

Uni : | | | | 
ned Stee 

Production ____________________________ 112,188 115,859 «112,011. 105,980 ~—-:113,233 
Shipments ______________________-_____ 102,197 185,097 118,163. 105,170 114,527 

MN. ceeseeseneeneeneeneeeseereeiiar’ Mie 0 Mitr Marty Mia 
Imports for consumption-___________-_-_____ "385 "458 "155 2.567 2,098 

prin ene Dee, BI: Mine and plant________________ 45,243 21,998 = 18,659 ~—_ 10,680 9,390 
ucts: 

Production -_____-------__--__-_______ 64,841 85,046 88,509 87,501 —-83,970 
Shipments ______________________-_____ 75,588 108,687 «114,799 + 89,789 = 99,144 
Consumption - ~~~ ---~-~~~--------~- 45,558 57,049 68,476 51,7438 50,448 
Stocks, Dec. 31: Producers ___..___....-__---- 28,898 22,387 16,078 22,863 _—s- 118,210 

World: Production _________------------------- 174,813 180,088 185,568 176,713 191,287 | 

"Revised. 

833
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DOMESTIC PRODUCTION | 

Reported domestic mine output of mo- years, the twe major byproduct producers 
lybdenum increased by 7.3 million pounds, were the Sierrita mine of the Duval Corp., a 
or 6.8% over that of 1975. Production from subsidiary of Pennzoil Co., and the Utah 
primary molybdenum ores totaled 75.2 mil- copper mine of Kennecott Copper Corp. | 
lion pounds, 6.4% higher than in 1975. Both firms operate other open pit copper 

_ Production from byproduct molybdenum mines which produced byproduct molybde- 
| sources, which are predominantly copper num; together with AMAX Inc., and Moly- 

porphyry ores, totaled 38 million pounds, corp Inc., the four corporations accounted 
7.8% higher than in 1975. The amount of for almost 94% of domestic production. 
molybdenum produced as a byproduct of Other producers of byproduct molybdenum 

| tungsten and uranium mining operations is included Magma Copper Co., Cyprus Mines 
normally small and decreased slightly in Corp., and Anamax Mining Co., all of which 
1976. . | | operate surface copper mines located. in 
Molybdenum ores were mined in Colora- Arizona. Mining, concentrating, and smelt- 

do at the Climax and Henderson mines, ing activity at Kennecott’s Nevada Mines 
both owned by AMAX Inc., and in New division near McGill was suspended during 
Mexico at the Questa mine, owned by Moly- 1976 because of escalating costs and envi- 
corp Inc. A record production of nearly 61 ronmental mandates. Late in the year, Ken- 
million pounds of molybdenum was at- necott announced plans to reopen the cop- 
tained by underground and open pit oper- per mine and concentrator during 1977. 
ations at the Climax mine. Production of The startup of operations at AMAX’s 
molybdenite (MoS.) concentrate began in Henderson mine near Empire, Colo., was 

| August 1976 at the Henderson mine; output the most significant development in the ex- 
: of molybdenum totaled 3 million pounds in pansion of molybdenum production capaci- 

1976 and is scheduled to be approximately ty during the year. The Henderson orebody 
20 million. pounds in 1977. Production of was discovered in 1964, and construction of 
molybdenum at the Questa mine also mining, milling, concentrating, and haulage 

_ reached a new high of 11.5 million pounds. facilities has been in progress over a 10-year 
Byproduct molybdenum was produced period. Designed capacity of 50 million 

from 14 mines, 12 of which were low-grade pounds of molybdenum per year is projected 
copper porphyry deposits. As in previous for 1980, by which time capital expenditures 

Table 2.—Production, shipments, and stocks of molybdenum products 
: in the United States 

(Thousand pounds of contained molybdenum) 

—19T 9TE 1975 1G 1975196 
Molybdic Metal Ammonium 
oxides?! powder molybdate 

Received from other producers__.___._.....-----_ 8194 6,541 9 16 837 923 
Gross production during year _______________~ ~~ 94,175 90,884 73,412 4,461 3,456 2,457 
Used to make other products listed here _.._..._____ 24,032 25,141 459 622 1,508 1,506 
Net production ______________-_----------- 70,143 65,743 2,953 3,889 ~—Ss:1,948 951 
Shipments _________________________-____ 1,747 77,300 3,147, «4,045 2,074Ss-2,878 
Producer stocks, Dec. 31 ___ -__--------~-------___17,180__10,003_ 4738 448,847 752 

molthate Other? Total 

Received from other producers _____—._ __._________ 4} 48 20 = 48 9,101 7,571 
Gross production during year __________________ 1,196 —:1,183'-—s-11,408 += 12,406 »=—-113,642 111,341 
Used to make other products listed here ____________ 127 1 15 101 =. 26,141 3-27, 371 
Net production ____________--------------- 1,069 1,182 11,888 + 12,305 87,501 83,970 
Shipments ______________________________ 1,054. —s-1,279|— 11,767 = 14,142 = 89,789 +=—-99,144 
Producer stocks, Dec. 31_____________.-_______ 170 71 3,743 1,986 22,863 13,210 

1Includes technical and purified molybdic oxide and briquets. 
2Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, molybdic acid, 

molybdenum metal, pellets, molybdenum pentachloride, and molybdenum hexacarbonyl.
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& Chemical Corp., a subsidiary of Rio Tinto- that exploratory drilling at the Bagdad 
Zinc Corp., Ltd. The ore body was reported deposit encountered additional mineraliza- 
to have a potential size of 100 million short tion but that further work would be neces- 
tons grading 0.20% to 0.35% molybdenite. sary to determine its economic importance. 
Mineralization is at or near the surface and Proven reserves at the Bagdad mine totaled _. 
thus amenable to open pit mining. Cost of 300 million tons of copper-molybdenum ore 

, | construction of an open pit mine, concen- attheendof1976. . | | 

trating plant, and other*support facilities During 1976, Cyprus Mines Corp. began 
was initially estimated at $250 million. Up negotiations on a joint-venture agreement _ 

| to 1,000 would be employed during con-. to develop and operate its molybdenum 
struction, and about 500 workers would be prospect at Thompson Creek in central 
required once full-time operation was. Idaho. Exploratory and other developmen-. 

| reached. According to the company, about 3 tal work will continue on the prospect into. 
years of further exploration and other stud- 1977. Should the project reach the pro- | 
ies would be necessary before a decision to duction stage, Cyprus would become the 

_ mine could be made. — operator ofthe mine. on 
: Expansion of mining and concentrating The construction of new mining and mil- 

| capacity continued at the open pit copper ling facilities progressed on schedule at the __ 
- mine near Bagdad, Ariz., operated by Cy- Sierrita mine, operated by the Duval Corp., | 

prus Bagdad Copper Co., a subsidiary of south of Tucson, Ariz. The major facets of 
Cyprus Mines Corp. A 5,800 ton-per-day the expansion program included con-— 
concentrator has been producing copper struction of a crusher building to house two 
and molybdenum concentrates at the mine. new gyratory crushers, a 2.8-mile ore con-. 
The new concentrator, expected to begin veyor system, and a 1.5-mile waste conveyor 

| operating during the latter half of 1977, system. Completion of the construction pro- 
would have the capacity to process 40,000 gram was scheduled for April 1977, at a | 
tons per day. Future production of bypro- total cost reported to be $30.6 million. The 
duct molybdenum could exceed 1.2 million Sierrita open pit copper mine is a major 

- pounds per year. The company reported producer of byproduct molybdenum. — . 

| CONSUMPTION AND USES ne 

The quantity of molybdenum in concen- ty in obtaining certain molybdenum mate- 
trate consumed by roasting to produce rials. 

| technical-grade molybdic oxide decreased The decrease in reported consumption of 
by 5.1 million pounds and was 5.6% less molybdenum was predominantly due to re- _ 
than in 1975. Some molybdenum concen- duced usage of molybdic oxide and , 
trate was purified to lubrication-grade mo- ferromolybdenum in steel production. For 
lybdenum disulfide, and a small amount ll categories of steel output, molybdenum 
was added directly to iron and steel fur- consumption decreased 3.5 million pounds, 
naces. Molybdic oxide, the primary form of or 9.3%, compared with that of 1975. The 
molybdenum produced at conversion plants, only steel category in which molybdenum 
was consumed directly in end-use applica- use increased was that of tool steels. The © 
tions or converted to other molybdenum steel industry accounted for 67% of the 
materials such as ferromolybdenum, molyb- total molybdenum consumed domestically 
dates, or metal powder. in 1976, down from 72% in 1975. : 

Total reported end-use consumption of Aside from steels, consumption of molyb- 
molybdenum materials decreased 1.3 mil- denum increased in most of its other end- 
lion pounds, 2.5% below that of 1975 and use applications. Compared with 1975, con- 
20.5% below the record high established in sumption of molybdenum in metal mill 
1974, On the other hand, apparent domestic products increased 60% to 3.3 million 

consumption increased to 59.8 million pounds; in superalloys, 17% to 2.7 million 
pounds, 8.6% higher than that of 1975. pounds; and in chemical and ceramic uses, 
According to most industry accounts, 24% to 4.2 million pounds. Use of molybde- 
worldwide demand was strong relative to num in the production of cast irons in- 
1975, and some consumers reported difficul- creased marginally.
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Table 3.—Consumption of molybdenum materials, by end use in 1976 
. (Thousand pounds of contained molybdenum) 

Ammo- Oth 
. Ferro- nium er . 

; Molybdic and molyb- 
| End use oxides mnoly b sodium denum Total 

: enum molyb- _ materials? 
7 a date | | | 

Steel: ° | a 
Carbon _______ 1,512 _ 299 — 49 1,860 
Stainless and heat resisting _.......______ 4,915 1,256 __ 168 6,339 
Fullalloy ~~... 18,795 . 1,837 _- 107 20,239 
 High-strength low-alloy ________________ 1956 366 __ 10 2,332 
Electric... 115 4 __ Po 119 
Pool ~-- 2,261 757 __ 19 - 3,087 

Castirons __.-_______ ees ts=ST*B’Y 8,358 _. 142 4,281 
Superalloys ________________________ 1,222 290 __ 1,219 2,731 
Alloys (excludes steels and superalloys): - 

. Welding and alloy hard-facing rods 
and materials ~___________________ _- 348 _- 63 411 

Other alloys® ___....__._____________ 98 575 _- 90 163 
Mill products made from metal powder —_________ -- _— — 3,285 3,285 
Chemical and ceramic uses: 

Pigments _~______~__~_~__ ~~ ee 660 _— 599 © 7 1,266 
Catalysts ..._..__._.-.___L__ LiL 1,528 > 320 _. 1,843 
Other ____________-_-_ 8 2 34 959 1,105 

Miscellaneous and unspecified _____....____-_ 226 118 58 435 837 

Total _.__________--_ ee 34,149 | 8,785 1,011 6,553 50,448 
Consumer stocks, Dec. 31 ..___--..___----_- 6,958 1,501 | 183 1,235 9,877 

Includes calcium molybdate. - 
2Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 

molybdenum metal, pellets, and other molybdenum materials. 
3Includes magnetic and nonferrous alloys. oo | 

. a STOCKS | | 

| Total industry stocks of molybdenum level in about 10 years. Stocks of molybde- | 
_ decreased significantly during 1976 re- num in concentrate at mines and plants | 

flecting heightened worldwide demand. At also decreased, from. 10.7 to 9.4 million 
yearend, stocks of molybdenum totaled 32.5 Pounds ouring the y fm hens trend mn con- , 

milion pounds, or about 20% lss than at mer inventories. of molybdenum, wasn the close of 1975. Especially marked wasthe “"«°PP° » FIsing 
d in stocks of molybd | tained i million pounds by the close of 1976. The 
rop ins of molyodenum contained in increase in consumer inventories reflected 

products at conversion plants. During the the growth in demand for ‘molybdenum | 
year, inventories of molybdenum at conver- during the year and, according to some | 
sion plants decreased from 22.9 million accounts, a degree of hedge buying in antic- 
pounds to 13.2 million pounds, the lowest ipation of later price increases. 

| PRICES | 

During 1976, the quoted prices for mo- cost of expanding productive capacity, and _ 

lybdenum concentrate and other molybde- increasing demand were cited as factors in 
num products were increased three times, ee A ori es of trod At yearend, . ne. pub- 

on each occasion by 8% to 10%. The price of ‘!82€¢ Prices of products per pound of con- ; . : tained molybdenum were as follows: 
molybdenum per pound contained in con- | 

centrate began the year at $2.62, and was Climax concentrate _......__. $3.45 
raised to $2.90 in March, to $3.20 in August, Byproduct concentrate ________ 3.25-3.45 

: . . Climax oxide/cans ___________ 3.82 and to $3.45 in December. The weighted Dealer oxide ________-_______ 4.10-4.20 
average price for the year was $2.94 per K2 omde/cane ow 375 

tain . Hig Ferromolybdenum/Climax lump __ 4.43 
pound . of con ed molybdenum her Ferromolybdenum/Climax powder _ 4.49 
operating expenses, the need to recover the Ferromolybdenum/dealer export __ 4.60-4.75
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| FOREIGN TRADE | | 

-Exports.—Exports of molybdenum in con- ports was $2.32 per pound of contained 

| centrate and oxide totaled 62.5 million molybdenum, eo below the aver- 

pounds, compared with 62.6 million pounds age omestic price of $2.94. 

in 1975. However, because of the higher Other molybdenum materials imported 

) average prices during the year, the value of included ferromerypdenum aie Ad, 

| exports increased to $183.5 million, 15% Pounds of molybdenum valued ab oat,0"* 

higher than in 1975. Foreign shipments of also supplied exclusively by Canada. 

concentrate and oxide represented 55% of Wrought moly bdenum metal with a gross 

domestic production during the year. As in weight of 63,500 pounds and valued at 

1975, the Netherlands, Japan, West Ger- $705,274 was imported from seven coun- 

| many, and Belgium-Luxembourg were the tries. Aus Sete ae of the wrowgnt 

major countries of destination, receiving ? : , > 

- 87% of the oxide and concentrate exported. Germany supplied unwrought metal, con- 
Exports of ferromolybdenum amounted to taining 72,608 pounds of molybdenum and 

3.6 million pounds, 60% greater than in valued at $138,700. Waste and scrap con- 

1975 J th N therlands d Indi taining 297,554 pounds of molybdenum val- 

. Japan, the Netherlands, and ‘ndla ued at $1,183,037 were imported from sev- 

| received 49% of the ferromolybdenum ex- on countries. The Netherlands, West Ger- 

ported. The total value of ferromoly bdenum many, Austria, and Australia were the 
exported was $9.4 million, almost twice that major suppliers.. Imported material in 

of 1975. | | | | which the chief value was molybdenum 
Other exports of molybdenum products came from Canada and Japan and contain- 

| and their value were metal and alloys in ed 34,083 pounds of molybdenum valued at 
crude form and scrap, $390,000; wire, $3.7 $70,570. | 

million; powder, $136,000; and semifabricat- Imports of molybdenum orange totaled 

ed forms, $1.6 million. The total value of 665,821 pounds (gross weight), valued at 

these exports did not vary appreciably from $599,273. Canada was the origin of 89% of 

that of 1975; however, their combined gross the molybdenum orange. Unspecified com- 

, weight decreased 19% to 775,000 pounds.'. pounds and mixtures in which the chief 

Imports.—Molybdenum materials im- value was molybdenum were imported from 

ported during 1976 included concentrate, eight countries and contained 27,858 pounds 

ferromolybdenum, metal products, and o molybdenum valued a 508, 1. Italy, 

chemicals. Since the United States is self- est Germany, and Canada were the major 

| sufficient in molybdenum materials, the Sources of these materials. Bo 

| quantity of these imports was only a minor . a | | 

| component of domestic supply. Molybde- Table 4.—Molybdenum reported by pro- 

num concentrate, the major form of import- ducers as shipments for export from the 

ed molybdenum and received only from sy | nited States 

Canada, continued at the relatively high (Thousand pounds of contained molybdenum) 

level of 1975 compared with previous years. ———————5— "935, 1076 

During 1976, the molybdenum contained in Oe 

concentrate imports totaled 2,092,623 Molybdeniteconcentrate _....__ 36,618 30,935 

pounds with a value of $4.8 million. The Mipiic onde acces 2772. ieta “Be 
average declared value of concentrate im-_—_§_ —————_——""
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Table 5.—U.S. exports of molybdenum ore and concentrates (including roasted 
. concentrates), by country 

. oo (Thousand pounds of contained molybdenum and thousand dollars) 

~ - 1975 1976 
Country — 

Quantity Value Quantity Value 
RRR RRR Re ae RS SS SSS sss SSS SSS SPSS SSS . 

Argentina _____~____ 45 95 165 615 
Australia_ =~ LLL __ __ 39 154 

| Austria _- ~~~ eee eee 87 247 87 259 
Belgium-Luxembourg ___________.-____--------_.___-_ 11,156 28,820 6,871 21,210 
Brazil ____-..-.__.--_--+--~----__--_---- ee 950 2,507 241 161 ° 
Canada ______- 1,157 2,717 373 856 
France ____________ ee 820 2,265 396 1,169 
Germany: 7 

Baste 2 eee __ __ 11 69 
West ~ tee ee LL 6,398 14,746 8,049 21,245 

India ____~______2.--~~-- eet 167 462 461 1,465 
Italy_____ 5 ee LLe 109 294 43 110 
Japan __ 2 Le 9,217 25,107 11,748 35,401 
Korea, Republic of ____...._../_-___~__-__ eee 1 4 48 72 
Mexico ____--____--_-____------~~--2 ee 1,492 2,642 881 2,076 
Netherlands ____.____. 2-2 ee 26,131 67,645 27,987 85,102 
New Zealand. _§__§_§_.~______ 22 ek 11 28 “3 14 
Philippines 2... 22 2 2 LL 15 41 a | 2 
South Africa, Republic of _..____....---.-.~__-_~__________ 159 377 75 198 
Spain. 2 LL 93 152 102 196 
Sweden ____ Le 1,852 4,427 2,748 7,173 
Switzerland __ =~ Le 145 373 | 442 1,223 
United Kingdom ____~______~___~~ ~~ Le 2,520 6,264 1,096 2,702 
Venezuela _____}__-_- 717 359 599 1,437 
Other ____ {2 ee Tg ¥20 8 27 

Total _.__ ~~~ LL 62,611 159,592 62,474 483,536 a 

: Table 6.—U.S. exports of molybdenum products 
te -(Thousand pounds, gross weight, and thousand dollars) 

os - 1975 , , 1976 
Product and country ———— OO 

. Quantity Value Quantity Value 

Ferromolybdenum:? 
Argentina ___§____-_~ ~~ ~~ Le 76 216 213 616 
Australia. ~~~ ew ee 240 538 177 393 
Belgium-Luxembourg __________________--_-- _-_-_ _- _- 121 482 
Brazil... - .- 3 5 14 36 

. Canada ___ = 5 ee 594 929 284 6T4 
Colombia __ ~~~ ~~ ee 16 33. 171 41 
India _________2 2 ee 114 - 264 369 999 
Italy. ~~ ee 214 487 _- _- 
Japan __ =~ eee 445 1,090 871 1,921 
Mexico _____.~______~_~ ee 161 420 _- _- 
Netherlands _____§_§___.____________~__ eee 52 122 519 1,438 
Peru_____~_~ 4 16 _- _- 
Philippines ___________~__ Le _— -- 7 16 
South Africa, Republic of _.. = 2/5 /§ -§ 5 75 eee 127 301 261 T23 
Spain __ 22 ee 22 52 255 $58 
Sweden _____- - § ee 95 214 289 720 
Switzerland ________________ Le -- _— 110 340 
Taiwan ________~_ 11 23 7 16 
Turkey __________________ 24 17 _- _- 
United Kingdom wee ee ee 43 71 80 169 
Other ___ ~~ ~~~ Le _-— _- 2 5 

Total _______________ Le 2,241 4,798 3,596 9,447 

Metal and alloys in crude form and scrap: 
Canada __ ______-~_____~ ~~~ ee 18 4 _— — 
France ____~~~--_----~----~------~-~-~~--~------~---- -- — 1 2 

Germany, West ________________--_-_-----__~____ 56 187 116 144 
Japan ______--__~-~_-~~~_-~_--~-~~ ~~ ee 76 221 35 144 
Mexico _______--_--------~~-----~---~------------ 20 67 10 10 
South Africa, Republic of _...~ ~~~ Le 48 88 _- _- 
Switzerland ___________~_~_~_-~~____-~_-~-~-~~--__- 51 89 _- _- 
United Kingdom _________________~ ~~~ 44 185 59 78 
Other __________________-_----_ ~~~ 4 17 2 12 

Total ________---~~___ ue 317 858 223 390 

See footnotes at end of table.
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Table 6.—U.S. exports of molybdenum products —Continued | 

(Thousand pounds, gross weight, and thousand dollars) : a 2 

. a $1975. 1976 oe 

Product and country ———— “ 
oo _ Quantity... Value. Quantity Value : 

Wire: oO oo oo . . 

Argentina ___________-_----------------------- 2 33 5 67 

Australia. $$ 5 _-§_- _-_- eee eee 6 65 11 84 

Belgium-Luxembourg _ ~~ ——--~-~-~------------------' 9 66 14 110 

_ Brazil... ---------+--------------------- | 15 . 237 aT - 440 . 

- Canada ____§______ ee ee 51. 508 58 502 

France ______________--~-~------~-~--+----~---+--+-- 619. 202 «84. 333. 

-. Germany, West ________---+--------------------- TT - 623 | 38 820 

India ~_________2-_~-~---~_ ~~ +--+ ee (?) - =  & 2 ‘17 . 

_ Israel] eee - - +--+ -- 7 440-0 0°~« Lk oe, 

Italy____.______-----_--------------------=+-- - 6 BO. W 188 

Japan _______-_ - -- -- =~ ~~~ ~~~ ------ ~~ --- = 35. 274° ss - 434 

Mexico __.______._-_____---~-------~---+--------- 6 143. «39 15 

Netherlands______________~__-_----=----------~ #5. 185 . __ a 

: Philippines _______.__-__----------------------- @-»= 10 «= ® 4 

Singapore __________--__-----------~----------- 4 8 §‘“8: °° 256. 

Spain Woe eee eee 12 83 “14-18 : 

nited Kingdom __________---------------------- 122 ©, 28 i 0 28> 

Other _____________~_~___-__ eee ‘4 47 A ee 56 

Total _.._-__-___________--_-------------+----- | 270 ~=+—«a, 863 (iC 4B 8,672 

Powder: . ee eo 

Australia. __-_______________--------------- ?) Bo Op 
Canada ________________~ ~~~ ----+-+--+--+---+--- 4 28 2 UB 

- Germany, West _________------------------------ | 14 51 4 16. 

Italy... -- -_-----41------------------------- 2 12 _- we 

Japan _._______---~-------------------------- (7) 2 5 13 

Mexico ____._-------------------------------- 2 9 6 37 

Spain ___._...------------------------------- @) 7 __ _ 
Sweden ______._______-----_------------------ 28 157 5 30 

Switzerland _____.___-__-------~---------------- A 4 _- __ 

United Kingdom _________----------------------- 5. 14 (). 2° 

Other ____________-------------~--+------------ 2 ™ 2 16 

Total _._______-______-----_------+---------- 60 296 25 . 1386 

Semifabricated forms, n.e.c.: 
Australia_________-__.------------------------ 1 12 . 7 28 

Belgium-Luxembourg ~~ __------------------------- ?) 8 (?) 11 

Brazil... 75» § 5 5 ee eee 2. 26 Ct 2. 22 

Canada ______________ ___ +--+ ++ 19 198 6 75 

France __________________~---~-~---+-+-+-+~------- 18 150 -10 O18 

‘Germany, West ________.___-_-----------+--------- 28 208 29° 420 
Honduras _____________~__=--2/-_--+--+-+-+------+-- 79 38 — - oe 

. India ~~ ~~~ Lee 9 36 _— ee 

Italy. __________-_-------------------------- 3 61 2 27 

Japan. _______--_------~--------+---------- 5 65. 18 329 

Korea, Republic of _________-_-----~-------------- _— ae 2 35 

Mexico ___________=_~_---~~--~--+-+------------ 67 158 2 26 

Netherlands _______________-_------------------ 6 134 4 92 

South Africa, Republic of ________--_----~------------- 28 . 234 5 48 

Sweden ___________--_------------------------- (7) 37 (7) 8 

Taiwan _________-____.__------~-~---------------- (*) 1 16 8 

United Kingdom ________------------------------ 42 374 14 179 

Other ____________.-------------------------- 5 - 50 7 ~ 103 . 

Total _.____________---------~+------~-------- 312 1,790 184 1,584 

a 

1Ferromolybdenum contains about 60% to 65% molybdenum. 

2Less than 1/2 unit. 
|
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| | Table 7.—US. import duties | | _ 7 | 

Item ~ Article : : Rate of duty, Jan. 1, 1977" a a 

601.383 Molybdenum ore ne 12 cents per pound on molybdenum content. - : a | . 
603.40 Material in chief value molybdenum —-__-_-_-_ 10 cents per pound on:molybdenum content — ny . 

re co plus 3% ad valorem. we Bs . 
607.40 | Ferromolybdenum 2a ++ Do. | 

oO m: : - - 
628.70 Wasteandscrap _________________ 10.5% ad valorem.” Ce - . 

. 628.72 Unwrought ___~_____---------~-- 10 cents per ‘pound on molybdenum content . - | 
| ot plus 3% ad valorem. — — an 

628.74 M Wrought hones To 12.5% ad valorem. Oe Looe 7 
n ° o 

- —- 417.28 ° "ammonium molybdate Jee Le 10 cents per pound on molybdenum content — . 

418.26 Calcium molybdate. ie valorem. . | | 
419.60 Molybdenum compounds _-._-----.. Do. | 
420.22 __ Potassium mol bdate ae ee Do. 2 . 
421.10 . . Sodium molybdate _--~-- +++ +--+ Do. So . oe a 
423.88 Mixtures of inorganic compounds, | . - 

_. Chief value molybdenum ___.------- Do. . : 
473.18 Molybdenum orange ___-—~=-----—--- 5% ad valorem. . a 

1Not applicable to countries that have centrally controlled economies. ee . 
- 2Duty on waste and scrap temporarily suspended. __ oo. 

a - World production of molybdenum was Although no estimate of the deposit’s size | 
_ estimated at 191.3 million pounds, or about was given, preliminary tests indicated a | 

_ 14.6 million pounds higher than that of possible ore grade of 1% molybdenum or _ 

1975. On a worldwide basis, about half the higher. _ ee 
molybdenum produced was as a byproduct, | Canada.—Craigmont Mines, Ltd., began 
chiefly. from copper mining operations. 4? exploratory drilling program on the 
Among market economy countries, the Carmi molybdenum property located in — 
United States, Canada, and Chile continued ‘Southern British Columbia. Drilling com- 
as the major producers of molybdenum. menced soon after Craigmont optioned the 

_ Although mine production of molybdenum property pre voor eon the peo net, | 
in the U.S.S.R. must be estimated, it was fay. Previous arising rope 
the major producer among central economy 84 outlined two mineralized zones with a | 

tutng iT %. Ranahli : total reserve estimated at 40 million tons of — countries. The People’s Republic of China ) ding 0.15% j ite. Both zo: 
was probably a significant producer of mo. OTe 8rading ©.09 7% mo ybdenite. Z0DCS 

en . . , were undefined laterally and to depth. The . 
lybdenum also, but it has been omitted from drilling uw: . , ; 

. oe illing undertaken by Craigmont later in 
the table of world production due to lack of the vear resulted in the finding of addition- 
data on which to base a reliable estimate of al ow alized ” Consid g ble furth 

its mine output. | exploration was planned in order to define . , ) rat in 

An gentina.—If undertaken, development more fully the extent and grade of the | 
of the El Pachén copper-molybdenum de- deposits. : 
posit would take at least.4 years with initial Noranda Mines Ltd.. announced that an __ 

production in 1981. An estimated $750 mil- additional $900,000 would be spent on dril- 
i eeded to finance the develop}; 1 | pet lion would be n a q yr ling and other development work in order to 

ment, according to its Owner. ee evaluate the possibility of open pit mining 

Aguilar, S.A., a subsidiary of St. Joe Miner- at its Boss Mountain molybdenum mine 
als Corp. Exploratory work completed as of near Hendrix Lake, British Columbia. Ac- 
mid-1976 established about 860 million tons cording to Noranda, the property appeared 

of ore, grading 0.59% copper and 0.016% to have the potential to support a 20,000- 
molybdenum. Facilities for extracting mo- ton-per-day milling operation of low-grade 
lybdenum would be included in the mining surface material. The company stated that 
comree The Brazil Go , a pilot plant stage of ore | testing might be 

razil.— ihe razilian vernment necessary to confirm metallurgi dings. 
announced the discovery of a molybdenum Higher grade ore, which was being worked 
deposit in the northern territory of Rorai- by underground methods, was reported to 
ma. The discovery was the first significant be sufficient to sustain current operations 
deposit of molybdenum found in Brazil. until the end of 1977.
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a - The Noranda Exploration Co., Ltd., was consisted of a preproduction stripping pro- 
| given an option to explore the Ruby Creek gram, construction of crusher and concen- 

_ molybdenum prospect in northern British trator plants, and operation of a 100 ton- 
_ Columbia by Adanac Mining and Explo- per-day pilot plant to test mill design cir- 

ration, Ltd. The property had been explored cuitry. Various methods of molybdenum re- 
: previously by Climax Molybdenum Corp. of covery were studied in the pilot plant. 

British Columbia, Ltd. The Ruby Creek When operational, the concentrator willini- 
property is reported to contain about 104 tially treat about 80,000 tons of ore per day. | 
million tons of ore grading 0.16% molybde- Papua New Guinea.—A consortium was 

: nite Se | formed by Broken Hill Pty. Co. Ltd., of 
| Midas Resources, Ltd., obtained an option Australia with the Government of Papua _ 

on 10 copper-molybdenum claims in Powell New Guinea and mining interests from the 
Township, near Matachewan, Ontario. United States and West Germany to under- 

. Mineralization was reported to be intermit- take a feasibility study of the Ok Tedi 
: tently exposed over a distance of approxi- copper deposit. Drilling completed by mid- 

mately 500 feet in length. The company 1976 established an orebody of at least 275 
planned to conduct exploration and survey million tons with an average of 0.85% 
work ontheclaims. copper, 0.012% molybdenum, and some gold 

, Chile.—It was announced that financing values. The study should take about 2 years, 
of a new molybdenum conversion plant and if mine development is warranted, pro- 
would be provided by the Chilean Copper duction may be possibleby 1988. = sits 
Workers Federation, the Inter-American Molybdenum mineralization was report- _ 

: _ Development Bank, and Chile’s Central ed by Triako Mines N.L. at the Yandera — 
Bank. The plant will have facilities for copper prospect. Exploratory drilling com- 

_ converting molybdenum concentrate to mo- pleted in early 1976 outlined indicated re- 
lybdic oxide and ferromolybdenum. After serves of 124 million tons and inferred 

. the plant becomes operational, exports of reserves of 214 million tons grading 0.42% 
the higher priced oxide and ferro- copper and about 0.02% molybdenum, with 
molybdenum will be increased, thus gener- gold and silver values. Additional mineral- | 
ating additional foreign exchange revenue ization was found but had not been ade- 
for Chile. os - | quately explored for reserve calculations. 

Iran.—Development of the SarCheshmeh The company and its associates, Buka Min- 
copper-molybdenum porphyry deposit in erals N.L. and a Kennecott Copper Corp. 
south-central Iran continued, but scheduled unit, were evaluating exploration data in 
initial production has been delayed, possi- consideration of further exploratory work: 
bly to late 1977. Reasons cited for the delay Peru.—Production of concentrates began _ 
include late deliveries of necessary equip- in July 1976. at the Cuajone : copper- | 
ment, setbacks in worker training pro- molybdenum mine operated by Southern 
grams, and a considerable increase in capi- Peru Copper Corp. (SPCC). Full production 
tal cost of the project to over $1 billion from capacity of 170,000 tons of copper in concen- 
an original estimate of $430 million. The trate per year was nearly reached by year- 
mining facility will include a molybdenum _ end. The open pit mine site, concentrator, 
recovery plant and a smelter to produce and auxiliary facilities required 6 years of 
blister copper at an initial rate of about development work at an approximate cost 
160,000 tons per year. Expected output of of $730 million. The Caujone project is a 
molybdenum has not yet been reported. joint venture of SPCC, a consortium of U.S. 
However, reserves are presently estimated mining companies, and Billiton N.V., a 
to total about 470 million tons of ore with subsidiary of the Royal Dutch / Shell 
an average grade of 1.12% copper and Group. Billiton’s equity is about 11.5% of 
0.03% molybdenum. the total investment. The mine is located at 

Mexico.—Startup of milling and concen- an elevation of about 12,000 feet within 15 
trating operations at the La Caridad copper- miles of SPCC’s previously operating Toque- 
molybdenum porphyry deposit was sched- pala open pit copper-molybdenum mine. A 
uled for late 1977. The mine, located in the _ rail line connects the two mines and runs to 
State of Sonora about 200 miles northeast of the southern coastal town of Ilo where the 
Hermosillo, is operated by Mexicana de company’s newly enlarged smelter is locat- 
Cobre S.A., a company owned by the Mexi- ed. The Cuajone orebody contains reserves 
can Government and private Mexican in- of 470 million tons of ore with approximate- 
terests. Work at the mine site during 1976 ly 1% copper and 0.03% molybdenum.
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oo Table 8.—Molybdenum: World mine production by country | | | 
oe . (Thousand pounds contained molybdenum) . a a 

a a ne 

Australia® ________ eee BB 25 
Canada (shipments) -._________ LC 30,736 28,719 . .. 31,780 
Chile _---_-______ 21,466 20,042 24,028 
Japan __-_____ 235 ~° $809:  *330 
Korea, Republic of ______.~~ es eee 166 166 264 
Mexico __________~ ee 95, 87 35 
Peru ________________-- eee 1,484 .- 1,485° . 992 
Portugal __ =~ 2 2 eC oF). Be 
USSR& _____ eee -------_--_-_ 19,400 20,000 20,600 
United States -__-_-___-__-_-__------------ itil 112,011 105,980 113,233 

Total _-__-__------------+---------------------- 185,568, 176,718 ‘191,287 

Estimate. Preliminary. "Revised. ~ | = rs a | | 
1In addition to the countries listed; Bulgaria, North Korea, Nigeria, the People’s Republic of China, and Romania are | 

believed to produce molybdenum, but information is inadequate to make reliable estimates of output levels. _ | 
_ "Less than 1/2 unit. a, | ue - ae 

os  ECHNOLOGY | 

| During 197 6, research programs in gener-. property in Arizona owned by the Duval 
al were directed towards improved meth- Corp. Steam injection prior to and during’ 
ods of molybdenum recovery at ore con- flotation resulted in a higher grade of mo- 
centrating facilities and new end-use ap- lybdenum in rougher concentrate and 
plications for molybdenum materials. = =—s greater copper rejection. oe co 

Bureau of Mines investigators described Bureau of Mines researchers were also. 
an electrooxidation process to recovery mo- engaged in a project to decrease the mo- 
lybdenum and rhenium from offgrade lybdenum content of waste waters from.ore- : 
concentrates.? The process consisted of dis- processing: operations at the ‘Questa mine 

solution of metal values by electrooxidation, owned by: Molycorp Inc. An ion exchange 
liquid-solid separation by thickening, acidi- technique which reduced the molybdenum 
fication and chlorate ion removal by sulfur concentration in waste water from 4 ppm to 
dioxide treatment, solvent extraction to 9.3 ppm was developed. A technique which 
concentrate the molybdenum and rhenium, involved coprecipitation of molybdenum 
separation of | the two metals by carbon with ferric hydroxide was also evaluated. 

adsorption, and metal recovery by crystalli: The results of numerous metallurgical | 
zation. An offgrade molybdenite concen- studies. of molybdenum-containing steels 
trate containing about 36% molybdenum and alloys were published during the year. 
and 1,330 parts per million (ppm) of rhe A standard constructional steel (SAE 4135), 

nium was used to test the process. Ex- modified by increasing. the molybdenum 
traction of about 99% of both metals was Content and.adding columbium, was tested 
obtained by electrooxidation with an energy for the effects of various production var- 
consumption of 13.7 kilowatt-hours per iables on its. mechanical properties and 
pound of molybdenum extracted. After sep- ‘Sulfide stress cracking (SSC). resistance.* 
_aration of the two metals using a carbon Steels with high strength and high SSC 
adsorption column, the final recovery of resistance, such as this modified SAE 4135, 

molybdenum and rhenium was 96% to 98%. are required for casing, tubing, and tool 
Pilot-scale demonstration of the electro- joints used in the drilling of and production 

oxidation process was: successfully com- from deep oil and gas wells where hydrogen 
pleted during the year at the Nevada Mines Sulfide or sour gas 1s encountered. Among 
Division of Kennecott Copper Corp. near the conclusions reached by the cited study 
McGill, Nev. Extraction of 94% to 98% were that the SSC resistance of the modi- 

of molybdenum and rhenium was routinely “Sgchener BJ R r Lindst and D. L. Pool 

achieved from offgrade concentrates Pro- prtraction and Recovery of Molybdenum and Rhenium 
duced by the concentrator at the mine site. From N Molybdenite Concentrates by Flectrooridation: Pro- . 

* . , * Cess mo on. BuMines . . . 

A steam injection method for flotation ““sgropner, P. J., D. L. Sponseller, and D. E. Dieaburg. The 
separation of molybdenum from copper sul- Effects of Processing Variables on Mechanical Properties 

fide concentrate developed by the Bureau of $a4sulide Siren Cracking Heiianes of SAE 464 Sel 
Mines was tested at the Mineral Park Eng. for Ind., v.98, No. 2, May 1976, pp. 708-716.
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fied steel was clearly greater than that of monocarbide as a potential substitute for 

unmodified SAE 4130 steel and that this tungsten carbide in cutting tools and high- 

| advantage in SSC resistance increased with speed steels, and the recycling of molybde- 

| greater hardness and yield strength of the num catalysts used in petroleum refining. 

steel. . | | : US. patents granted during 1976 that 

| A group of highly alloyed, austenitic dealt with the processing of molybdenum - | 

stainless materials were examined for their materials included ones for purification of : 

| applicability. in the high-pressure, high- technical-grade molybdenum oxide by mix- 

temperature, and corrosive environments ing with sulfuric acid, roasting, and leach- 
| encountered in deep gas wells.‘ The study ing with ammonium hydroxide;* for the 

identified certain of these materials which extrac a molybeenum values from an 

performed. well on. tests for sulfide stress Ore leach solution with an organic so vent;? _ 

cracking, chloride stress corrosion cracking, for the separation of tungsten and molybde- 

: pitting, crevice corrosion, and general num from an alkaline leach solution;’° for 

weight-loss corrosion performance in the the production of molybdenum trioxide by 

| absence of a corrosion inhibitor. The inert roasting molybdenite concentrate in arecir- = 
alloys that exhibited high resistance in all culating fluidized bed reactor;"' for the pur- 
of the tests contained 7% to 15% molybde-_ ification of molybdenum oxide by reroasting 

| num in addition to 55% to 70% nickel plus and formation of soluble molybdates; for 

cobalt and 15% to 20% chromium. the production of molybdenum metal by — 
| The corrosion-resistant properties and ap- | direct dissociation of molybdenite;?* for the : 

plications of ferritic stainless steels, several. carbonyl Saree of molybdenum and a 

of which contain molybdenum as a vital other metal values trom low-grade ore, ILl- | 

alloying element, were reviewed 5 Several of ter cake, or mine tailings;** for the recovery 

the newer ferritic stainless steels, contain- of molybdenum from a leach solution con- | 

| ing 1% to 4% molybdenum, combine re- taining tungsten by oxidation of molybdic 

| sistance to chloride stress corrosion crack- acid ions and the precipitation as molybde- 

— ing with better weldability than established num sulfide;* for the purification of mo- 

Oo ferritic grades. The production of these lybdenite concentrate by treatment with 

steels has become possible with the develop- }Y drofluoric and sulfuric acids;'* for the 

ment of new production processes such as extraction of molybdenum from mo- 

argon-oxygen  decarburization (AOD), “7” I 

electron-beam melting, and vacuum in- Hi ns Me Mintoriale for Dood, Corrosion Testing of 

d duction melting. , ronments. J. Petrol. Technol., June 1976, pp. 698-704. _— 

“The use of soluble molybdates as corro-  ,,, Lul#,B. A. Fersitic Stainless Some 2 duly 1976 pp. 
sion inhibitors in cooling water systems was 2429. 
described.‘ When used at low concentration w, Rhitaille. D. Ry and J. G. Bile Moe are, 

: levels with other soluble corrosion inhibi- _ pp.'77-80. a 

tors, molybdate-containing formulations», Lilom, FA Molyhistes as Coroion tits in th 
were shown to be effective in both low- and _ pp. 268-266. A ; RA no ved | MAX 

. , , M. A., LA. to 
high-hardness water systems and to be cost ,..) "Purification of Technical Grade Molybdenum Oxide. 
competitive with established water treat- US. Pat. 3,982,580, Jan. 13, 1976. 

ments. The very low toxicity of soluble .,P#%0m.5i., "sf "awodenun’ Values. US" Pat 
molybdates makes their usage desirable 3,938,971, Jan. 20 1976. a | 

from an environmental standpoint. ingham, A. I. (assigned to Warman Equipment 

The addition of soluble molybdate was Together ina ion tun ie Pat. Ooo bas Feb igte 

also found to retard corrosion of SAE 1010 comi i komirsky, I A. A. P. Watkinson, and J. Ki Brime: 

Sten ae EN eae tpste Bins bet Sua Mar ete ride and sulfate.’ Electrochemi tests be r. US. Pat. 3,941,867, Mar. 2, 1910. 
2Ronzio, R. A., R. C. Ziegler, F. N. Oberg, and R. S. 

Ter eo ee ae SSN as ee 
vior and mechanism of the molybda mT Bot © Concentra ei to AMA 5946, May 18, 1976. 

. Le eye ,D.O. AMAX Inc.). Production of 
ion as a corrosion inhibitor. Molybdenum Metal. US. Pat 3966159, June 29 1976. 

- Other areas that experienced consider- 14Bakker, L. (assigned in part to J. P. Meyers). Carbonyl 

able technological interest during the year Extraction of Molybdenum. U.S. Pat. 3,966,886, June 29, 

included the use of purified molybdenum — ‘Onozaki, S.,S. Nemoto, and T. Hazeyama (assigned to 

disulfide as an additive in oils and greases, Nits Mining Co, Lie Bern Sno US Pat 
the application of molybdenum compounds 3,968,484, July 13, 1976. . ned 

as flame retardants and smoke suppres- 4, AMAX inc). Purification of Molybdenite Concentrate 
sants, the development of molybdenum US. Pat. 3,991,156, Nov. 9, 1976.
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__ lybdenite concentrate by reaction under metals.** | | | 
pressure with nitric acid to form molybdic ———————— | 

* 4.37 di : 17Mollerstedt, B. O. P., and K. E. Backius (assigned to 
acid; for the direct production of molybde- Molyscand A. B. ). Hydrometallurgical Extraction of Mo- 
num or other metal powders from oxides or lyb denum From Molybdenite. U.S. Pat. 4,000,244, Dec. 28, 
roasted sulfide ores by processing in an arc 18Fey, M. G., and E. A. Dancy (assigned to Westinghouse 
heated plasma gas;’* and for an induced __ Electric Corp). Direct Production of Molybdenum, Tung- 

o ge . . sten, Columbium, or Tantalum Powder in an Arc Heated 
_ polarization method to locate and indentify Plasma Gas. U'S. Pat. 3,989,511, Nov. 2, 1976. 

; ; ; _ | Zonge, K. L. Induced Polarization Method for Locating 
underground disseminated deposits of sul and Identifying Major Features of Underground Dissemi- 
fide ores of molybdenum and other nated Deposits. U.S. Pat. 3,967,190, June 29, 1976. |
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By Gordon W. Koelling' and Leonard L. Fanelli? | 

Marketed production of natural gas in persistence of considerably lower than nor- | 
the United States declined 0.8% to 20.0 mal temperatures in most of the country 
trillion cubic feet (Tcf) in 1976.2 Although east of the Rocky Mountains from October 
this was the third consecutive annual through yearend. Residential and commer- | 
decrease in production, the rate of decline cial use of natural gas increased 2.6% and 
was considerably less than that registered 5.0%, respectively, and consumption by the 
during the 2 previous years. _ industrial sector, the largest user, declined 

Total consumption of natural gas (includ- slightly. The electric utilities sector regis- | 
ing extraction loss) increased 1.9% to 20.8 tereda2.2% decline... | ° 
Tcf during 1976 in conjunction with the | Ca - : 

Table 1.—Salient statistics of natural gas in the United States 

_ «STR 1973 "1974 1975 1976 

Supply: os " . | 
_ Marketed production’ _million cubic feet._ 22,581,698 22,647,549 21,600,522 20,108,661 —«:19, 952,488 

. Withdrawn from storage __._..._do____ __ 1,757,218 —-1,582,820 1,700,546 1,759,565° —«:1,921,017 
‘Imports. 2 tL _do--__ = «21,019,496. 1,082,901 959,284 953,008  --- 963,768 

‘Total ~--------------=--de.-_- 25,308,412 25,213,270 24,260,352 22,821,284 . 22,837,228 

Disposition: . | CO 
nsumption ___.....______-do..._ 28,009,445 22,965,914 22,110,628 20,409,875 20,800,582 

Exports_ 4 _._____________do____ 78,013 77,169 76,789 72,675 64,711 
Stored ____________._____do.___ 1,892,952 —-:1,974,824 —-1, 784,209 2,103,619 _ —_ 1,755,690 

_ _ Adjustments? -_ ________-___do___- 328,002 195,863 288,731 — 235,065 216,240 

- Total ---__1_---______-do____ 25,808,412 25,213,270 24,260,352 22,821,284 22,887,298 

Value at-wellhead: . | | | 
Total ___________. thousand dollars__ 4,180,462 4,894,072 6,578,402 —- 8,945,062 —«:11,571,776 
Average - cents per thousand cubic feet. 186 21.6 30.4 445 | 58.0 

a Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quantities vented 

a" "Includes transmission losses, changes in aboveground storage and gas unaccounted for. . . 

. NOTE.—Domestic 1 roduction as used in the Bureau publication “Minerals and Materials/ monthl survey” represents 
marketed production fess the shrinkage (extraction loss) resulting from the extraction of natural gas liquids. 

Proved reserves of natural gas declined § The average wellhead value of natural | 
5.3% from 228.2 Tcf at yearend 1975 to 216.0 gas increased 30.3% to 58.0 cents per thou- 
Tcf by yearend 1976 as annual discoveries sand cubic feet (Mcf) in 1976. During the 
failed to equal production for the eighth same year the average retail price for gas 
time in the last 9 years. Extensions to delivered to consumers rose 22.8% to 146.5 
known fields during 1976 totaled 5.3 Tcf, cents per Mcf. | 
and new reservoir discoveries in old fields ss 
and new field discoveries accounted for 3.4 1Mineral Specialist, Division of Petroleum and Natural 

Tcf. Revisions of previous reserve estimates Gee we Statistician, Division of Fuele Data. 

and changes in underground storage result- All gas volumes in this chapter are on a pressure base 
ed in a net reduction of 1.4 Tcf. of 14.78 peia at 60° F. 

847
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| Exports of 65 billion cubic feet (Bcf) in national base rate from its previous level of 
1976 were 11.0% less than in 1975. Almost $0.52 per Mcf to $1.42 per Mcf for sales of 

| 77.0% of total 1976 exports was shipped natural gas from wells commenced on or 

| om NGS 4° Japan as liquefied natural after January 1, 1975, with an automatic — 
gas . The remaining exports, which quarterly escalation of $0.01 per Mcf begin- 

7 were transported by pipeline, were almost ning October 1, 1976. A ceiling for natural — 
equally divided between Canada and Mexi- gas from wells commenced during 1978 and | 

’ _ . was set a Jo per », with a 9U. 

Natural gas imports increased 1.1% to jer annum escalator. Natural gas from > 

shipped in te Almost a viet’ LNG wells commenced prior to January 1, 1973, 

| . . ° 7 was to be allowed to rise from the previous 

ental 10 fe ‘Algeria totaled APProxi- evel of $0.29 per Mcf to $0.52 per Mcf when 
: a “a "contracts expire by their own terms. oo 

7 : Mee no imports were received from _ Leasing of public lands for the explora- 

: Efforts to supplement natural gas. sup- tion and development of natural gas (and 

| , plies through the manufacture of synthetic crude oil) resources continued under the 

| natural gas (SNG) from liquid fuels for authority of various public land acts. In 

- peakshaving purposes continued. Twelve 1976, the Federal Government leased a total 

SNG plants were operational and one was of 1.3 million acres in the Gulf of Mexico, 

under construction as of yearend 1976. .—«-«- Gulf of Alaska, and Mid-Atlantic Outer 

Seven pilot projects for. the development Continental Shelf Areas. for bonus bids 
and testing of processes for the production aggregating $23billion. == 

of high-Btu gas from coal were operational _ The Office of Pipeline Safety (OPS), which . 
at yearend 1976. An additional four projects is responsible for safety regulation of natu 

| involving the production of low-Btu gas ral gas pipelines, reported that the total 

from coal were also operational or under number of pipeline failures in 1976, and the — 

| construction, and both government and in- fatalities resulting from these failures, were — 

| dustry were engaged in research involving the highest since it began reporting these _ 

the output of low-Btu gas from in situ coal data pursuant to the Natural Gas Pipeline . 

gasification. The Bureau of Mines contin- Safety Act of 1968. Pipeline failures during 

ued its experiment in gathering methane 1976 were 15% higher than in 1975, and 

from a West Virginia coal deposit, and in fatalities resulting from these failures 
‘November 1976 entered into a cooperative jumped from 14 to 63. Damage by outside 

agreement for testing the use of hydraulic forces was the cause of 55.6% of total 
fracturing to ctimaunete meen recovery failures in 1976 (table 2). a 

from a Pennsylvania coalbed prior tO Federal gas pipeline safety standards, 

mining. During 1976, several gasification contained in 49 CFR Part 192 of Title 49 of 
projects, invowne biomass conversion were the Code of Federal Regulations, were 

_ alsounder development. amended during 1976 to update existing 
Research programs involving fracturing referenced documents, provide protection 
techniques to stimulate flow from econom- 5). #04 cast iron pipelines, cl ify re- 

ically submarginal gas reservoirs were con- . ts f i pe ? jants 

tinued during 1976. Most of this activity ‘rements for operator emergenty Pane. 
was in Colorado, Wyoming, Utah, and establish new performance standar ds for 

Texas, but several projects involved efforts joint ‘sealing methods for cast iron pipe, 

to fracture reservoirs in the Upper Devon- provide more appropriate bending require- 
ian Shales of the eastern United States. ments for steel pipe, and delineate the 

During 1976, a Government-industry con- safety regulations for offshore gas pipelines. 

tract was signed for the investigation of Notices of proposed rulemakings were 

methane-saturated gulf coast salt water issued with respect to modified corrosion 

aquifers. control requirements for small isolated 

The Federal Power Commission (FPC) metal fillings in plastic pipelines, modified 

regulates the sale, transportation, and price bending requirements, and occupational 

of gas moved in interstate commerce. Dur- safety and health requirements for pipeline 

ing 1976, the FPC increased the uniform personnel.
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Bn DOMESTIC PRODUCTION its ae 

Gross withdrawals of natural gas; includ- ed 1.1% in 1976 to 17.2 Tef and gas with- | 
ing marketed production, gas returned to drawals from oil wells increased 0.8% to 3.8 

_ the formation for pressure maintenance, Tef. Increased gross withdrawals were reg- 
_ and that vented or flared; totaled 20.9Tcfin istered by 20 of the 31 producing States, but 
1976, only 0.8% less than in 1975. Marketed the quantities involved in most cases were . 
production, which totaled 20.0 Tcf in 1976, or ) . 

. _ small. The largest gain, 121 Bcf, was in 
was also only 0.8% less than during 1975. : . 

ms ed ge -. wae Oklahoma. Gross production in Texas, the 
Gas used for repressuring and quantities ~, : . 
vented and flared in 1976 totaled 0.9 Tcf and /@rgest producing State, declined 4.0%. 
0.1 Tcf, respectively, approximately the Most of the total marketed natural gas 

same as in 1975. Data on gross withdrawals Production was from Texas and Louisiana. 
and disposition of natural gas appear in Marketed production data for leading pro- ) 
table 3. a ducing States are shown in the following 
Gross withdrawals from gas wells declin- tabulation: _ oe 

- ae maton ge, a 
cs | | "Gch (Pereent) production | 

 ewag one 7,192 3.9 _ 36.0 | 
Louisiana ___________.__--.----------------------- 7,007 -1.2 35.1 
Oklahoma _________________ ee -- “1727 4-76 8.7 
New Mexico _____.-______-------~---~-~~------------ 1,231 $1.2 6.2 
‘Kansas _._..__-__---------------~--~----+-~ +--+ - +--+ 829 _ =-18 —. 42. 
California ~-----~-----------------=-------4------- Bey | +118 18 

, Others 8227777 TTTTTTIITITIIIII I 1,288 $41 © 6.4 | 

Total +--+ ----- +--+ 19,952 08 100.0 , 

. Gas well completions (table 4) increased part of the State were partially responsible | 
19.9% to 9,085 in 1976. Approximately for increased activity. 
37.6% of the total net increase was account- | Completions of exploratory wells (table 5) | 
ed for by Ohio, where most of the wells in 1976 increased 19.7% to 1,402. Texas 

completed were shallow and self-help drill. accounted for 49.4% of these completions. 
ing (drilling by gas consumers on their own Data in gas well completions include 

. condensate wells. The latter are wells that property) was also an important factor. ; 
Another 29.4% of the total net growth was produce from high-pressure natural gas 
avistered i Lo ae the bulk of TeServoirs, some of which contain consider- 

registe in Louisiana, were ited fror, able quantities of liquid hydrocarbons in 
the increase in completions resulted from the pentanes and heavier range described 
in-fill drilling on closer spacing in the generically as “condensate.” 

northern part of the State in response to - The number of gas condensate wells pro- 
rising intrastate gas prices. In Texas, which * ducing at yearend 1976 totaled 137,448 
accounted for 20.0% of the total increase, (table 6). This was an increase-of*4.0% over 
continuing development of the Laredo field the 1975 yearend total and 13.4% more than 
and exploratory and development drilling the number of wells producing at yearend 
in the Ozana-Sonora area in the southwest 1972. 

| CONSUMPTION AND USES 

Consumption (wet) of natural gas in 1976 fuel, and 4.1% was accounted for by ex- 
totaled 20.8 Tcf, 1.9% higher than in 1975 _ traction losses (shrinkage) at gas-processing 
(table 7). Gas delivered to consumers in- plants. | 
creased 1.2% to 17.8 Tcf during 1976 when Residential use increased 2.6% in 1976 to 
it accounted for 85.4% of total consumption. 5,051 Bcf when it accounted for 28.4% of the 
Of the remainder, 7.9% was used as lease total deliveries to consumers (table 8). In- 
and plant fuel, 2.6% was used for pipeline creases in residential use occurred in all
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census regions except the Pacific and West Manufacturers of acetylene, carbon black, 
North Central. | and hydrogen were also significant con- 

. _ The total number of residential consum- _sumers of natural gas for raw material use, 

| ers declined slightly during 1976. Data on collectively accounting for an additional 
the number of residential customers by 75 Bef. Producers of hydrogen cyanide, car- 
census regions for the years 1966, 1975, and hon disulfide, chloroform, methy] chloride, _ 

| 1976 are as follows: methylene chloride, and carbon tetrachlo- 
. SO ride accounted for most of the remain- 

BC Residential consumers ing consumption of gas as a raw material. 
. Census regions (thousands) Use of gas by electric utilities continued 

966 19751976 to. decline in 1976 when consumption by this 
| New England - —- ~~~ 1,582 1,626 1,556 sector oer 2.2% to 3,078 Bcf. Decreases 

Middle Atlantic_..--- 7,490 1,594 7512 occurred in all regions except New England, 
West North Central 222 | 3001 oeeT | aie West South Central, and Pacific, which reg- 
South Atlantic a7 3.008 3597 $208 istered relatively small volume gains. 
WestSouth Central _.. 4,081 4,698 4923. The continued shortage of natural gas 

Mounain --------- B88 Bars &a0a SUPPlies during 1976 forced many gas 
Total “e084 41516 41,238 distribution companies to deny service to 
ee ete” )~Ssnew customers and to curtail supplies to 

| some existing users (tables 10-14). FPC re- 
| The use of gas by the commercial sector ported that net curtailments of firm deliv- 

increased 5.0% to 2,383 Bcf in 1976 despitea ery commitments of the major interstate 
1.6% decline in the number of customers. pipeline companies for the year April 1976 
This sector accounted for 13.4% of total through March 1977 totaled 3,380 Bcf, a 

deliveries to consumers. deficiency of 23.0%. Net interruptible cur- 
| The industrial sector remained the  tailments for the same period were reported 

largest user of natural gas, accounting for + 475 Bef, a deficiency of 70.9%. Firm 
39.2% of 1976 deliveries to consumers. Total uy tailments for the year ending March 

| tion by this sector declined onl . | 
consump y . ¥Y 1977 were 20.7% higher than those for the 
slightly to 6,967 Bcf during the year. Most of recedi riod and interruvtibl rtail 

the gas used by industry was consumed as P ts 8 8 90% mm ptrdle cu : 

fuel with petroleum refineries, which used Th eile rE , 
19 Bcf, comprising the largest fuel-con- — - 3© MUCABE ield and gathering, trans- 
suming industrial sector. Other important ™ission, and distribution pipelines in serv- 

| industrial users of gas for fuel included the ice at the end of 1976 was up only 0.8% from 
primary metal, nonmetalic, paper, and food that of the previous year. Data on. the 
products sectors. | Nation’s natural gas pipeline network are 

The principal non-fuel use of gas involved _ as follows, in thousands of miles: - 
the petrochemicals industry. This sector's I Oo 

use of gas as a feedstock in 1976 accounted —————— 

for 8.7% of total industrial use and 3.4% of }§<—————___“**__7t_05NE 
all U.S. natural gas consumption. Of the 607 Field and 61 ) 6 . es 8 

Bef of natural gas used by the petrochemi- gathering —-~-- ++ 

cals industry as a raw material in 1976, Detabution 222 169.8 rd 6482 sao 1 
nearly 435 Bef went into production of , ae 

ammonia. The second largest use, nearly 75 __ Total ~~~ ~~~ ~ 1862 9429S TE 

Bcf, was used for production of methanol. "Revised. 

| RESERVES 

Discoveries of natural gas failed to equal Net additions, before production, to 

production during 8 of the last 9 years, and proved reserves reported in 1976 aggregated 

proved reserves declined 26% during the almost 7.4 Tcf, approximately 31% less than 

period. In 1975, the quantity of gas discover- in 1975. Almost 53% of net additions to 

ed was considerably less than that produced _ reserves in 1976 were offshore in the Gulf of 

and proved reserves dropped 5.3% from Mexico. Extensions to known fields ac- 

2282 Tcf at yearend 1975 to 216.0 Tcf by counted for the largest addition to reserves, 

yearend 1976 according to the Committee 5.3 Tcf, approximately 52% of which were 

on Natural Gas Reserves of the American in Texas and Louisiana (including offshore). 

Gas Association (AGA). About 59% of the 2.0 Tcf total for new
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850 | _ MINERALS YEARBOOK, 1976 / a 

| reservoir discoveries in old fields were in respectively. Reserves in Texas dropped 6.4 
, Louisiana. New field discoveries totaled Tcf, or 9.0%, and those in Louisiana declin- 

approximately 1.4 Tcf, over 68% of which ed3.8 Tcf, or 6.2%. Ce Pt 
was accounted for by Texas and Louisiana. Natural gas reserves committed to inter-. 

. On the negative side, revisions of previous state pipelines declined during 1976 for the 
| ss: egserve estimates resulted in a net re- ninth consecutive year. | 

| duction of 1.2 Tcf, and there was a net = Dedicated domestic reserves dropped 8% 
reduction in underground storage of about in 1976, and domestic gas produced and 

: 0.2 Tcf. Details on proved reserves of natu- purchased by interstate pipelines declined: 
_ ral gas in the United States are shown in approximately 5% from the 1975 total of 

- table 16. | 12.0 Tcf to 11.4 Tcf in 1976. The reserve- 
| There were some net increases during production ratio for interstate reserves 

| | 1976 in the reserves of natural gas in 11 dropped from 8.9 at, yearend 1975 to 8.6 by 
- States. However, significant increases yearend 1976. Additional data are shown in — 

. _ occurred only in Montana and New Mexico _ the following tabulations: | oe! 
where reserves rose 0.18 Tcf and 0.16 Tcf, a - , Tg 

| oe | Preliminary summary of domestic natural gas reserves,. , a 
7 _— interstate natural gas pipeline companies. re 

| - | . (Billion cubic feet at 14.73 psia and 60° F) ee a 

Total dedicated gas reserves as of December 31, 1975 ween ne ee 106,816 
, - Revisions and additions during 1976 _.._________________2-__- eee eee 84 

. Gas reserves as of December 31, 1975 and changes during 1976 _____._______-_-------------. 109,680 
Ges produced during 1976_______----_- eee 11,361 

_ Total dedicated gas reserves as of December 31,1976 _____._-__-_---------------------- 98,269 

| - Yearend domestic reserves, production and purchases of | a 
, interstate natural gas pipeline companies — | 

| _  @illion cubic feet at 14.73 psia and 60°F) Lo 

i a ae . suy supply Total . 
companies companies - 

: Number of companies __________-_----------------------- 26 82 58 

Gas reserves at yearend: | oe 
Company-owned _________-_-_-__ 10,247 558 10,805: 

. Independent producer contracts ---------------------------____ 86,111 1,858 857,464 

fe 96,358 1,911 98,269 
Percent of total __.___.______-_-----~--------..---- 98.1 1.9 -- 

Annual production and purchases: | 
Company-owned __ = LLL 616 52 668. 
Independent producer contracts -~----------------------~---___ 10,495 19810, 698 

Total... ee 11,111 250 11,361 
Percent of total _._.__________-~_ Le 97.8 2.2 ~— 

STORAGE 

The practice of storing natural gas, pri- total quantity of natural gas stored in 
marily near market areas, dates back to underground reservoirs in the U.S. has 
1916. The purpose of this storage program is expanded steadily since 1960, except during 
to help meet peak demand during the win- 1972 when inventories at yearend matched 
ter months when the capacities of long- those of the preceding year, and in 1976 
distance transmission systems are inade- when colder than normal weather in the 
quate and, hence, total demand carnaot be eastern two-thirds of the country resulted 
met directly from producing areas. The ina net drawdown of about 161 Bcf.
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1955 1960 ~—«*«1965 Per) 4. _ 
: 65 =.  ~=—+1970 1975 1980 | 

Source: AGA. | | 

e rT 
. . 

. . 

gure 2.—Trends in annual additions to natural gas reserves. — | 

By the end of 1976 there were 380 under- vania where 61 former oil and gas fields 
2 e 

. 
. 

rs 580 storage reservoirs with a capacity of were in use. West Virginia and Michigan 
,580 Bef in use (table 17). An estimated had 38 and 37 reservoirs i i Irs In use, respective- 

3 
e e 

four-fifths of the total were depleted oil and _ ly, and Illinois followed closely with 34. 
s e 

gas fields, and most of the remainder were Total quantities of injected natural gas in 
e of the aquifer type. A few salt caverns and underground storage at the beginning of 

an abandoned coal mine were also in use. v6 ere 4,400 Bef (table 18). During the 

Underground reservoirs were located main- veanbe of senuary, F ebruary, March, No- 
. . mber, and Dece 

ly in the midwestern and northeastern U.S. 1.626 Bef took jac ra total drawdown of 

where demand during the peak winter during th place, while net injections 

months is heaviest and markets are remote 1.46 The g months totaled only 
. 465 Bcf. The resultant net drawd wdown 0 

m their sources of supply. The greatest 161 Bef reduced yearend stock levels to 
concentrati eve 

ration of reservoirs was in Pennsyl- 4,239 Bcf.
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| Deliveries Gas in storage (yearend) | 
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. Af Data for 1975 and subsequent périods was derived froma joint ae . a * . - an Co 
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Figure 3.—Trends in total natural gas deliveries to consumers, and quantities of injected 
7 gas in underground storage (yearend). —— ‘ 

In addition to supplies of natural gas in markets or import terminals. | 

underground storage, smaller quantities are The following tabulation summarizes 

stored aboveground in liquefied form near LNG storage data: | 

* 
. 

. . 7 : i * . , 

on * as . Number 

Facility Status Capanty it 
| : plants 

Peak shaving __________._-_____. | Operational _________-_------- 58.7 «4 
Do ______~~----------~--+-- Under construction eo ee a2 : oe 

Large satellite _- _________------ Operational _____-____----=----~ ee 
Do ___-_-~-------+--+-+--~~+- Under construction ____.____~-_--- 1.5 1 

Small satellite ________--------- Operational ___.______-------- 0.2 . 31 

Import-receiving terminals ___—_-_-—-—- Do _~_______-__--_~-----+- 11.2 3 

Do ___~~-~_-----~-~--+-+-~-~-~ Under construction ___.~._------~-= 10.2 : 3 

Total __-_-_______--_--~-~-+----~-~- Operational oe eee a4 110 
Do ____~_~_~--~-~-~---+----~~- nder construction ________-_--~-~-- . 

een Ss tS 

In general, peakshaving facilities have bilities while satellite facilities have only 

both liquefaction and regasification capa- regasification equipment.
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te . .  MALUEAND PRICE 

Total wellhead value of marketed natural gate except for Los Angeles and San Fran- 
- gas production increased 29.4% to $11,572 cisco where distributors purchase gas at the 

million in 1976, despite a 0.8% decline in California-Oregon and California-Arizona 
production volume (table 19). This occurred State lines. . 
as a result of a 30.3% increase in average Retail prices.—The average retail price 
wellhead value to 58 cents per Mcf. Texas for natural gas delivered to all classes of 
and Louisiana accounted for 48.7% and consumers increased 22.8% above -1975 
8.5%, respectively, of the $2,627 million levels to 146.5 cents per Mcf in 1976. The 
increase in total value during 1976. . largest average increase was in the indus- _ 

Wholesale prices.—Average. wholesale trial sector where retail prices increased 
’ prices for natural gas in the 14 large metro- 28.6% to an average 124.0 cents per Mcf. 

politan areas for which FPC collects such Residential users paid an average 197.8 
data rose significantly between July'1, 1975 cents per Mef in 1976 and the average price 
and July 1, 1976. Increases for individual to: commercial consumers was 169.3 cents 
metropolitan areas ranged from 7.5% to per Mcf. Retail costs to electric utilities 
52.2%, and the median price rise was averaged 98 cents per Mcf. | | 
19.0%. Excluding the Los Angeles area § Monthly data, collected by the Bureau of 
average price of 82.09 cents per Mcf,which Labor Statistics on the average price of 
was actually the price at the California residential heating gas in 20 standard 
State line, the lowest wholesale price re- metropolitan areas, indicate. an average 
ported as of July 1,;1976 was 89.69 cents per increase of 19.4% in such costs between 
Mcf in the Chicago. area. The‘highest aver- January 1976 and January 1977. Increases 
age price reported was 185.31 cents per Mcf for individual areas ranged from 5.3% in 
in the Boston area. oe 4 Philadelphia to 43.9% in Cincinatti. The 

A ‘T-year historical seriesof average largest price increases occurred where _ 
wholesale natural‘gas prices in the 14 large prices have generally been lower, thus the 
metropolitan aréas is shown in table 20. The disparity in prices between the 20 selected 
wholesale ‘prices for gas in-those cities listed metropolitan areas narrowed significantly 
are based on the effective FPC gas tariffs.In in 1976. A historical summary of average 
cities served by more’:than one pipeline, residential heating gas prices in. 20 stand- 
prices are based “‘6n. weighted average ard metropolitan statistical areas appears 
charges. Prices reflect:deliveries at the city intable2l. -. oe 

_ es ss FOREIGNTRADE | ca 

Exports of natural gas totaled 64.7 Bef in exit point for most of these shipments. 
1976, a decline of 11.0%°from 1975. Of the Natural gas exports via pipeline to Mexico 
total 1976:volume, 76.9% was shipped from continued to decline from 9.5 Bcf in 1975 to 
Port. Nikiski,;.Alaska to Japan as LNG. 1.4 Bcf in 1976.:Comparisons of exports in 
Exports via pipeline to Canada and Mexico 1975 and 1976 are shown in table 23. 
were almost equally divided with Canada Pipeline imports of natural gas from Can- 
receiving 50.3% of the total deliveries. ada totaled 953.6. Bef in 1976, an increase of 
_The LNG exported to Japan in. 1976 0.6%. These imports were valued at $1,652 

totaled 49.8 Bcf valued at $83 million com- million, compared with $1,147 in 1975. This. 
pared with 53.0 Bef valued at $73 million in large increase in value resulted from the 
1975. Since no receiving terminals exist on continuing rapid increase in the average 
the U.S. west coast and there were no U.S. price of gas from 55.35 cents per Mcf in 1974 
flag LNG tankers capable of transporting to 121.03 per Mcf in 1975 and 173.27 Mcf in 
LNG from Alaska to the east coast, all 1976. Nine companies imported Canadian | 
Alaskan LNG was exported. Federal Mari- gas in 1976.. 
time law requires. U.S. flag ships for all | For the second consecutive year since 
interstate seaborne trade. Statisticson LNG 1955 there were no imports of natural gas 
exports for 1976 are shown in table 22. from Mexico. Data on pipeline natural gas 

Exports via pipeline to Canada in 1976 imports are shown in table 24. 
totaled 7.5 Bcf compared with 10.2 Bcf in Imports of LNG totaled 10.2 Bcf during 
1975, a decline of 26.6%. Detroit was the 1976, more than double the 1975 total of 4.9
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Bef. These imports, shipped from Algeria to to construct a receiving terminal with sto- _ 
Everett, Mass., the U.S. receiving point, rage and regasification facilities near Lake __ 
were valued at $7.9 million. There were no Charles, La., at an estimated cost of $164.3 
LNG imports from Canada in 1976. LNG million.  ©=§ =. ©. fo ° 
import data are summarized in table 25. Another project awaiting approval was. . . 

_ The El Paso Algeria Corp.’s 25-year con- that of Tenneco Corp. to import LNG from _ 
tract with Société Nationale pour la Re-. Algeria to the U:S. via Canada. This 20-year. - 
cherche, la Production, le Transport, la contract calls for the delivery of the equiva- —_ 
Transformation et la Commercialisation des lent of 397 Bcf of natural gas per year to St. 
Hydrocarbures (SONATRACH), the. Al- Johns, New Brunswick, Canada. After 
gerian National Oil and Gas Co., which has _regasification, 280 Bef of gas per year would. 

| been approved by FPC, calls for the delivery enter the U.S. by pipeline and the remain- __ 
_ of LNG. equivalent to about 1-Bef per day. der would be used in Canada. This: would 

| This LNG will be transported from Al- involve the construction.of.a pipeline, at an ~ 
| geria in a fleet of 9 tankers, owned and_ estimated cost of $546.4 million, consisting _. 

: _ operated by El Paso. Each tanker will carry of about 391 miles of 30-inch line from the 
the equivalent of 2.6 Bcf of natural gas. Maine-New Brunswick border to Albany; | 
Three of these ships, which were built in N.Y. and 107 miles of 30-inch line extending | 
France, were completed..as of the end:of from there to Tennessee Gas Pipeline Co.'s 

_ 1996, and the remaining six were in-various main transmission line near Milford,Pa. .. 
stages of construction in U.S. shipyards. An application was filed with FPC by . 
Deliveries to Cove. Point, Md. and Elba Pacific Indonesia LNG Co. to import LNG |. 
Island, Ga. are expected to begin in.1978. equivalent to. about 539 MMcfof gas perday 

The receiving terminal at Cove Point, from Indonesia for a 20-year: period. West- 
_ Md., which is jointly owned by Columbia ern LNG Terminal Co. requested:approval 

LNG Corp. and Consolidated System LNG to construct and operate an LNG receiving _ 
Co., will handle.a quantity of LNG equiva- terminal near Oxnard, Calif..to handle 

_ lent to 650 million cubic feet (MMcf) of gas __ these imports. | eB 
per day when completed in 1977. Columbia. El Paso Eastern Co. requested approval to | 
will receive 300 MMcf and Consolidated 350 import LNG from Algeria to a terminal in 
MMcf per day. After regasification of the Matagorda Bay on the Texas Guif Coast. 
LNG at Cove Point, the gas will be shipped This 20-year contract with SONATRACH 
by an 87-mile, 36-inch pipeline, completed calls for: the delivery. of 1.Bcf per day of 
in 1976, to a compressor station at Loudoun, LNG, scheduled to begin in 1984. The LNG _—T 
Va, and then to transmission, distribution would be shipped by a fleet of 12 cryogenic 
and storage facilities. . tankers, with El Paso Atlantic Co. providing 

Construction of the receiving terminal on 6 of the ships and the remaining 6 to be 
Elba Island near Savannah, Ga., owned by provided by SONATRACH. After regasifica- 
Southern Energy Co., was about 80% com- tion of the LNG, 65% would be sold to El 
plete at yearend 1976 and is scheduled for Paso Natural Gas Co. and 35% to United © 

completion in 1977. Southern will receive Gas Pipe Line Co. El Paso would construct a 
350 MMcf of gas per day from FE] Paso. terminal and 463 miles of pipeline to exist- 

Other proposed LNG projects were await- ing pipeline systems at an estimated total 
ing FPC approval. Among these, was that cost of $720 million. The proposed pipeline 
filed by Trunkline Gas Co. to import the would connect with El Paso’s Waha gas 
equivalent of 168 Bcf of natural gas per year plant in Reeves County, Tex., and would 
from Algeria, over a 20-year period, begin- intersect with United’s existing line near 
ning in 1980. Trunkline requested approval Victoria, Tex. oe 

WORLD REVIEW | . 

World marketed production of natural facilities, and marketed production during 
gas totaled 49.4 Tcf in 1976 (table 26), an the year increased 10% to 370.8 Bef. Almost 
increase of 1.9 Tcf or 3.96% from that in all marketed natural gas production was 
1975. The United States was the largest exported as LNG. 
producer, accounting for 40.4% of the total. Early in 1976, SONATRACH issued a 
Algeria.—SONATRACH expanded its contract valued at $480 million to the C. 

natural gas production and processing Itoh Commercial Group and Japan Gasoline
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Co., Ltd., to install gas processing units at venture agreements with several companies 
Hassi R’Mel gasfield rated at 3,860 MMcf to explore for natural gas off Canada’s east | 
per day that will have the capacity to coast. The joint ventures included an $18 . 
produce 300,000 barrels per day (bpd) of million project with Shell Canada Ltd. and 
condensate and 95,000 bpd of liquefied Shell Explorer Ltd. to drill four wells; a $3 : 
petroleum gas (LPG). million project with Mobil Oil Canada Ltd. 

Construction of SONATRACH’s Arzew to drill a well near Banquereau Bank;anda tits | 
No. 1 gas liquefaction plant continued $3 million project with Francana Oil and | 
during 1976. Deliveries of LNG from this Gas Ltd., Murphy Oil Co., Ltd., and Soquip, 
plant for export to the United States were the Quebec Governmental oil and gas con- 
expected to commence early in 1978. cern, to drill a well offshore Sydney, Nova 7 

During 1976 SONATRACH finalized Scotia. — os | : - 
_ plans to construct two LNG plants at Other offshore exploration programs | | 

Bettioua, near Arzew on Algeria’s western included that initiated by Dome Petroleum oe 
coast. Both facilities were scheduled to be- Ltd. to drill several wells in the Beaufort Co 
gin operations in 1979. One of the plants, to Sea offshore the Mackenzie Delta. Eastcan re 
be built by Foster Wheeler Corp., will have Exploration Ltd. planned to use drillships ot 
the capacity to liquefy up to 1.5 Bcf of gas and a semisubmersible rig to explore for oo , 
per day for export. The Algerians con- natural gas on the Labrador Shelf. a oo 

_ tracted Pullman Inc. to design and buildthe Gulf Oil Canada Ltd. and Mobil Oil | a 
other plant at Bettioua with six liquefaction Canada Ltd. tested a development well in | 7 
units, each with a capacity to liquefy in the Parsons Lake Field, Mackenzie Delta, at | Oo 
excess of 150 MMcf of gas per day for export up to 20.5 MMcf per day, and Eastcan | 
to Europe and the United States. | _ Exploration Ltd. tested a discovery well on . ok 

Société d’Etudes du Gazoduc de la Medi- the Labrador Shelf some 700 miles northof = —_. 
terranee Occidentale (SEGAMO), an organ- St. Johns, Newfoundland, at 9.83 MMcf per its | 
ization owned by Algeria, France, and day. Other significant new gas wells tested 
Spain, examined possible routes for a long- during 1976 included: Husky Oil Ltd., near | 
distance, natural gas pipeline to deliver Chatham, Ontario, 16.5 MMcf per day; Pan- 
Algerian gas across the Mediterranean Sea arctic Oils Ltd., two discoveries off Melville | 
to Europe and contracted Williams Com- Island in the Arctic Islands, one at.6.5 and — 
panies to prepare a study of the seafloor the other at 6.8 MMcf per day; and Shell 
between Algeria and Spain. The projected Canada Ltd., 90 miles northwest of Calgary, 
1,550-mile gasoline crossing the Mediterra- Alberta, up to 12.7 MMcf perday. _ | | 
nean Sea between Algeria and Italy and Several natural gas pipeline projects were | 
passing through Tunisia was reportedly completed or in the planning stage during ae 
cancelled at yearend 1976, when Tunisia 1976. Alberta Gas.Trunk Line, Ltd. com- 
rejected its permission to build the trunk pleted over 500 miles of various-diameter 
line across its territory. _ lines and announced plans to construct 134 

Canada.—Marketed production of natu- miles of large-diameter lines. TransCanada | 
ral gas in Canada which ranked fourth in Pipe Lines Ltd. planned the addition of | 
total world output, totaled 3.067 Tcf in 1976, about 70 miles of loop lines to its gas 
a decrease of 0.7% from that of 1975. Most pipelines system in Central Canada. Alber- 
of this production was from the Province of ta Oil Sands Pipeline Ltd. planned to build : 
Alberta, although significant quantities a 170 mile, 16-inch pipeline to transport gas 
were also produced in British Columbia. to the Syncrude Ltd. tar sands extraction | 
Exports of natural gas to the United States plant, and West Coast Transmission Co. | 
totaled 954 Bcf in 1976, up 0.6% from 1975. approved a 4-year program to lay over 440 

The Canadian Petroleum Association esti- miles of natural gas gathering lines in | 
mated natural gas reserves at 58.3 Tcf as of western Canada. An 87-mile pipeline is to 
yearend 1976, an increase of 1.3 Tcf from be constructed in British Columbia from the 
yearend 1975. Exploratory drilling for natu- Grizzly gasfield to a proposed sulfur- 
ral gas continued at a'high level in western scrubbing plant near Chetwynd. | 
Canada, but continued to decline in the Competing projects were under consider- 
Arctic region during 1976. The decrease in ation to move natural gas by pipeline from 
Arctic activity was due in part to the northern producing areas to markets in the 
uncertainty of Government energy policies southern Provinces. Two proposals called 
and extremely high operating costs. for the construction of large-diameter inter- 

Petro-Canada Ltd. the newly-formed national gas pipeline’s through Canada 
national oil and gas entity, signed joint from the Alaskan border to existing pipe- 

a
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lines in Alberta and British Columbia. in the States of Chiapas and Tabasco in 

| Either of these trunklines would be used to southern Mexico to process large quantities 
deliver Alaskan gas to consumers in the of sour gas from the recently discovered 
lower 48 States and eventually, to move gas Reforma fields. Units rated at a total ca- 
from Canada’s Mackenzie Delta to markets pacity of 600 MMcf per day were under 
in the lower Provinces. _ , -. .  gonstruction or operating at Cactus in 1976, 

| Another plan under consideration called and more units will be added during 1977 to 
for the construction of a domestic gas.line, increase the capacity there to 1 Bcf per day. 
costing about $3 billion, from the Mackenzie Production from the promising Reforma 
Delta to existing facilities in Alberta. fields was expected to raise Mexico’s total 
_ Indonesia.—Expanded production and _ gas output considerably within the next few 

po processing facilities resulted in Indonesia’s years, and significant volumes may become 
total marketed production of natural gas available for export, possibly to the United 
increasing by nearly 54% to 1264 Bcf in States... |... . 

: 1976, three times greater than the country’s Netherlands.—Natural gas reserves fell 
output 2 years earlier. Atlantic Richfield by 3% to 83.9 Tcf at yearend 1976, the first — 
Co.. completed the construction of an decline since the discovery of the prolific 
offshore natural gas processing plant in the Groningen Field in 1959. Total reserves 
Ardjuna Field, in the Java Sea near Jakar- included offshore North Sea fields 13.2 Tef, 
ta, Jaya, that will produce up.to 20,000 bpd Groningen 62 Tcf, and other onshore fields 

| of liquefied petroleum gas and supply the 8.7 Tcf. Marketed production of natural gas 

residue gas to onshore industries at the rate in the Netherlands increased by 7.1% to a 
of about 200 MMcf per day. A 150-mile gas record 3.4.Tcf during 1976, and the country 
pipeline was being laid from the plant toa maintained its position as the world’s third 
steel mill at Cilegon and to a fertilizer plant largest producer ofnaturalgas. =| | 
atCeribon. =  .__— a Norway.—As of yearend 1976, numerous 
_ Two LNG plants and export terminals projects were underway or completed in 
were under construction. by Pertamina, the Norway’s sector of the North Sea to trans- — 
Government-owned oil and gas entity, one port natural gas to markets on the Euro- 
at Badak Field near Balikpapan, Kaliman- pean continent. Deliveries of natural gas 

| tan, and the other at Aceh Field, North from the offshore Ekofisk Field to Emder, 
Sumatra. Shipments of Indonesian LNG West Germany, via a 274-mile pipeline com- 
will be made from these. facilities to Japan pleted in 1976, were scheduled to begin in 
and possibly, the United States. The Kali- 1977. Natural gas will be ‘piped from the 
mantan plant, which was scheduled to:be- Emden terminal to consumers in Belgium, 

| gin operations in 1977, will be capable of France, Netherlands, and West Germany. 
processing about. 5,700 bpd of natural gas Norway and the United Kingdom signed 
liquids from associated gas and will have an agreement for the joint development of 
the capacity to liquefy about 550 MMcf of _ the Frigg gasfield in the N orth Sea, and the 
natural gas per day. The Sumatra plant, Norwegian Government initiated a study on 
which will be capable of liquefying about 1 the feasibility of gas pipeline construction 

| Bef of natural gas per day, was scheduled from offshore fields to markets in Norway. 
for completion in 1978. - United Kingdom.—Developments in the 
Mexico.—Marketed production of natural North Sea dominated the natural gas in- 

gas by the Government-owned oil and natu- dustry in the United Kingdom during 1976, 
ral gas entity, Petréleos Mexicanos, S.A. and the country maintained its position as 
(Pemex) totaled 577.9 Bcf in 1976,a decrease the third largest producer of marketed 
of 1% from that in 1975. Large quantities of natural gas in Europe. Eleven gas compress- 
the gas produced contained hydrogen sul- ing and processing units were under con- 
fide and required treatment prior to deliv- struction at Brent Field to compress gas 
ery to the market. Half of the gas was initially for reinjection and later to process 
produced in association with the production _ the gas to be piped to shore installations. A 
of crude oil, and the remainder was non- $40 million, 200,000 ton, concrete gas treat- 

associated natural gas. Nearly 70% of the ment platform was installed at Frigg Field, 
output came from fields in southern Mexico, and construction teams laid twin 31-inch, 

22% from northern fields, and 8% from 217-mile gas pipelines from the field to St. 
fields in the Poza Rica area near the Gulf of Fergus, Scotland. A new gas well in the 
Mexico midway between the two major Morecambe Field of the Irish Sea tested 
producing areas. 10-15 MMcf per day. 
Extensive facilities were being developed Gas discoveries in the North Sea during
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1976 included a well near Brae Field, which confirmation well completed in 1976 flowed 
tested 12 MMcf per day, one near Beryl 35.3 MMcf per day. - 
Field, which tested 23.7 MMcf per day, and Several thousand miles of natural gas 
one near Bacton, England, which tested 18 pipelines were built during 1976, with more 
MMcf per day. than 4,000 miles of lines scheduled to be 

At yearend 1976, the Government was constructed in 1977. Construction was com- 
studying a proposal to construct approxi- pleted during 1976 on nearly half of the 
mately 840 miles of gas gathering linesfrom 1,680-mile, large-diameter, natural gas 
producing fields in the North Sea to Peter- trunk lines from the Orenburg Field near 
head, Scotland. __ _.._. ‘the Caspian Sea to Uzhgorod, on the border / 
U.S.S.R.—The U.S.S.R. was second to the with Czechoslovakia. Scheduled for comple- 

United States accounting for 23% of world tion during 1978, the line will have a design 
production. Its 1976 marketed production of capacity to transport 2.7 Bef per day of 
‘natural gas reached a record 11.3 Tcf, up natural gas to several European countries. 
11% from 1975 and more than 50% above The looping of a 600-mile section of the 
that produced 5 years earlier. Most of the gas pipeline from the giant Vuktyloskoye 
Soviet output came from the Ukraine, gasfield, north of Ukhta and near the Arctic 
Turkmenistan and western Siberia. Circle, to Torzhok, in European Russia be- | 

Construction was completed during 1976 tween Leningrade and Moscow at Torzhok 
at the Orenburg gas processing complex, was completed in 1976. The line connects 
one of the largest in the world. Approxi- with international gas lines serving Czech- : 
mately 1.9 Bcf per day of gas from nearby oslovakia and Poland. 
fields will be processed for the removal of | At yearend 1976, a major natural gas 
natural gas liquids and sulfur, and then trunk line was under construction in west- 

‘piped to consumers in the U.S.S.R. and ern Siberia from the huge Urengoiskoye 
_ other European countries. | - Field to Nadym. Projects remained in the 

Plans were finalized for the development planning stage to construct long-distance 
of the Golitsyna gasfield in the Black Sea, gas pipelines to Japan from Sakhalin Island 
about 43 miles west of the Tarkhankut. A and from near Yakutsk, in eastern Siberia. 

TECHNOLOGY 

Government and industry activities in the construction of two commercial high- 
the development of technology designed to Btuplants. — 
increase gas supplies continued in 1976. Research involving the production of low- : 
These efforts involved several techniques to Btu gas by in situ gasification of coal seams 
produce gaseous fuel from coal, the gasifica- was in progress. During 1976, the Laramie 
tion of petroleum liquids, the recovery of Energy Research Center conducted experi- 
gas from low permeability formations and ments near Hanna, Wyo., which produced 
methane saturated aquifers, and the pro- low-Btu gas of uniform quality over sustain- 
duction of gas from biomass. | _ed periods. A consortium of three Texas 

Research involving the gasification of electric utilities, Texas Utilities Ser- 
mined coal to produce high-Btu gas was vices, Inc., initiated tests involving the in 
expanded during 1976 as the total number situ gasification of lignite using technology 
of pilot plants in operation was increased to developed in the Soviet Union. 
seven by the completion of four new facili- A Bureau of Mines demonstration project 
ties. In addition, two pilot projects involving continued to gather methane from an op- 
the production of low-Btu gas from coal erating coal mine near Bula, W. Va. Deliv- 
were operational, one was being modified, eries of small quantities of methane from 

another was under construction, and two this project to Consolidated Gas Supply 
were in the design stage as of yearend 1976. Corp. occurred during 1976. The Bureau 
The Energy Research and Development Ad- also signed a contract with Emerald Mine 
ministration (ERDA) initiated negotiations Corp. involving a pre-production methane 
during the year with private firms for the gathering project at a coal mine in Green 
design of high-Btu and low-Btu coal gasifica- County, Pa. The goal of both these projects 
tion demonstration projects, and private was the development of techniques which 
interests filed applications with the FPC for would provide additional natural gas sup-
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| plies for distribution, and also reduce coal- During 1976, a Government-industry con- 
mining hazards. tract was signed for the investigation of — 

| SNG plants, using naphtha and natural methane-saturated Gulf coast salt water — 
gas liquids as feedstocks, continued to pro- aquifers. A previous study by the U.S. _ 

_vide supplemental gas supplies, primarily Geological Survey indicated that these aqui- 
7 during the winter months. As of yearend fers in onshore reservoirs alone may con- 

1976, 12 SNG plants were in operation and1 tain up to 24,000 Tcf of methane. an 
was under construction. A program to encourage the development 

Research has also focused on fracturing of techniques from the conversion of renew- __ 
techniques that stimulate flow from eco- able biomass resources into methane by 
nomically submarginal gas reservoirs. Dur- biochemical, thermochemical, and photo- 
ing 1976, a total of nine fracturing projects chemical processes was initiated by ERDA 
were in progress in Wyoming, Colorado, in 1976. Several resource inventory and 
Utah, and Texas, and five projects were technology assessment contracts were _ 
underway in the Appalachian area. Several awarded universities and other private re- _ 

| of the latter projects involved fracturing of search organizations. In addition, a contract _ 
the Upper Devonian gas shales which un- was awarded for the construction of a pilot — 
derlie about 12 eastern States, including plant to test the technical and economic 
those that comprise the major northeastern _ feasibility of converting garbage to methane. 
markets. | : using anaerobic digesters. | | : 

7 Table 2.—Gas pipeline failures reported during 1975-76 | - 7 

a Total number Fatalities Injuries - 
System and cause of failures Employees Non-employees Employees §_ Non-employees : 

me 1975 1976 4975 «1976 1975 1976 1975 1976 1975 1976 

Distribution: | a Corrosion — —————___—_ 94 118 0 __ __ 1 1 6 8 23 88 
ores outside 744 659 8 __ 2 5 (16 7 16 119 108 

Construction defect or 
material failure _..__ 78 W5 8 _- _- 27 1 20 25 81 Other causes. __ 63 1440 __ 1 2 6 15 22 24 36 

Total__..._.._.. 979 1,086 __ 3 8 50 29 «66 191 253 

Transmission and 7 

| "Corrosion —— == 44 115 3 _- 1 _ 2 LL 4 _ 
eons Py outside 237 219 _- _- 8 a- Le 5 5 
Construction defect or 
material failure _.___ 88 180 1 1 _ _ 5 6 LL 2 

Other causes_________ 25 29 1 1 ae -- 1 22 — 12 ae ee 
Total___..______ 394 548 5 2 1 8 8 28 9 19 EE DD 
Grand total_______ 1,373 1,579 5 5 9 58 3794 200 = «-2T2 ee Se SRO 

Source: Office of Pipeline Safety, Department of Transportation.
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Table 3.—Gross withdrawals and disposition of natural gas in the United States 
(Million cubic feet at 14.73 psia) 

re 
Gross withdrawals Disposition. 

State From From Marketed Re Vented — 
gas oil Total? pro- pres- and 

| wells wells duction VTE flared? 
a Ey 

1975 
Alabama __.._.__._.__----~------ 33,660 5,261 38,921 37,814 -— 1,107 

Alaska _.~________.--.-~--~---- 138,153 115,074 253,227 160,270 82,556 10,401 

Arizona... ee 4 251 255 208 -- 47 

Arkansas. 2 5 91,270 30,248 121,518 116,237 3,963 1,318 

California ______...._-_.-.-~---- 173,499 194,154 367,653 318,308 47,808 1,537 

Colorado __ 130,743 43,402 174,145 171,629 _— 2,516 

Florida ___...__---~------------ -- 44,383 44,383 44,383 —_ _- 

Mhinois _______----------------- 1,440 (°) 1,440 1,440 _- _- 
Indiana_____§_.. _- __---..-------- 346 (°) 346 346 -- _- 
Kansas ____________----------+-- 705,746 140,418 846,164 843,625 1,693 846 
Kentucky ~.....___-.----------- 60,511 (°) 60,511 60,511 -- 
Louisana___§_..9._____-.----..---— 6,455,690 786,718 7,242,408 17,090,645 126,304 25,459 

Maryland ___..____-_.-------+---- 93 _- 93 93 _— —_ 

Michigan. .___...._----~-~---- 71,907 31,994 103,901 102,113 176 1,612 

Mississippi _________------------- 74,367 18,133 92,500 74,345 6,293 11,862 
Missouri _. _. ___.. ._.-_-------~--- 30 (°) 30 30 -— _- 
Montana ____._ ~~ ~~ -- 41,474 3,073 44,547 40,734 611 3,202 

Nebraska______._______--------- 1,605 2,358 3,963 2,565 _— 1,398 

New Mexico ____.__.-..-~--------+ 915,370 311,880 1,227,200 1,217,430 8,128 1,642 
New York __________.--~.--~---- 7,628 (*) 7,628 7,628 _- — 
North Dakota _________..--------+- 287 26,654 26,941 24,786 _— 2,155 
Ohio_ _ ____.._.._-------~------- 85,810 ro) 85,810 84,960 850 _- . 
Oklahoma ___. -_-._.-§ -_---_-------~ 1,412,687 308,061 1,720,698 1,605,410 83,486 31,802 
Pennsylvania ____..._._.___-------- 84,772 & 84,772 84,676 - __ 96 
South Dakota _...______...------+- 39 @) 39 _— 35. 4 

Tennessee ______.____.-_------+-- 27 585 612 27 _- 585 

Texas_______.__________..___-. 6,468,095 1,525,678 7,988,773 7,485,764 471,714 31,295 

Utah ___. 19,001 58,606 77,607 55,354 20,447 1,806 

Virginia ___..__....-----------+- 6,723 _- 6,723 6,723 _— _- 
West Virginia ___..___.-_.--------- 154,484 ) 154,484 154,484 _— _- 
Wyoming. ___.___..------------- 249,882 76,356 326,238 316,123 6,892 3,223 

Total__________________.-~— 11,380,293 . 3,723,237 21,108,530 20,108,661 860,956 133,913 
————oOOO—T—T—T—T—T—T—T—T—T—T—T———————— 

1976 
Alabama ____.____--------~---=-- 37,832 5,768 43,600 41,427 1,085 1,088 

Alaska ~~ 142,944 126,167 269,111 166,072 96,485 6,554 

Arizona__.._~__----~~.~—------+- 3 291 294 262 _— 32 

Arkansas______.___.--_~---_------ 91,166 29,981 121,147 109,533 10,387 1,227 

California _______._..--_..------ 174,417 253,163 427,640 354,334 72,018 1,288 

Colorado ___——--___-_------------- 134,110 51,918 186,028 183,972 220 1,836 

Florida __ 9 _$_-.-_____.---~~----- _- 46,513 46,513 43,165 2,511 837 
Illinois _.___._____.-----~----~---- 1,556 (8) 1,556 1,556 —_ _- 
Indiana__ ~~ ___.____-_-----+----- 192 (°) 192 192 _- _- 
Kansas __.____.. ___ ~~ --_------- 704,197 127,467 831,664 829,170 1,663. 831 
Kentucky _____._____-.--------- 66,137 () 66,137 66,137 _— —_ 
Louisiana ___._§_-.__..-____------—— 6,865,774 777,266 17,148,040 17,006,596 104,977 31,467 

Maryland _____.-_----~~-------- 15 _- 75 75 _- __ 

Michigan... ____._.._------------ 81,628 40,003 121,631 119,262 327 2,042 

Mississippi... ________------------ 13,188 16,776 89,914 70,762 5,553 13,599 
Missouri _______...___-_-__..---_- 29 () 29 29 —_ _- 
Montana _______..~_____~-~------- 41,685 3,412 45,097 42,563 464 2,070 

Nebraska. _ _ _. __________-_.----~- 899 2,409 3,308 2,511 _- 197 

New Mexico ______________.--.--- $39,491 300,161 1,239,652 1,230,976 7,157 1,519 
New York _________-~----------- 9,235 (°) 9,235 9,235 _- _- 
North Dakota . __----------------- 285 33,922 34,207 31,470 __ 2,737 

Ohio. ______--.----~----------- 89,780 ) 89,780 88,891 889 _. 

Oklahoma ____________--_------- 1,491,165 $51,024 1,842,189 1,726,513 85,479 30,197 

Pennsylvania ___ ~~ —-~—----------- 89,485 (>) 89,485 89,386 _- 99 
South Dakota _______.------------ 52 () 52 __ 47 5 

Tennessee __ __..__.~___—-------- 47 485 532 47 146 339 

Texas._________________________ 6,213,395 1,452,537 7,665,932 7,191,859 443,671 30,402 

Utah _________-_~- +e 18,927 59,719 78,646 57,416 20,182 1,048 

Virginia ___--~----------------- 6,937 -- 6,937 6,937 _— -- 

West Virginia ____---------------~-- 153,322 () 153,322 153,322 _— _- 

Wyoming. ____-_---------------- 262,692 74,141 336,833 328,768 6,149 1,916 

Total.______________----—~— 11,190,655 3,758,128 20,943,778 19,952,438 859,410 131,930 
en 

1Marketed production plus quantities used in repressuring and vented and flared. 
Partly estimated; includes direct losses on producing properties and residue blown to the air. 
SNot reported separately, included under “Gross withdrawals from gas wells.” 
Source: Figures on reports from State agencies.
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Table 4.—Gas and oil well completions in the United States, by State, 1971-76 
eee 

State _ Gas completions! Oil completions” 
. 1971 1972 1973 1974 1975 1976 1971 1972 1973 1974 1975 1976 ———— eee se EE eS 

Alabama __________ 6 9 10 16 26 36 8 13 18 16 20 29 
Alaska ___________ 1 - 2 3 4 4 1 27 12 20 27 44 50 
Arizona ___________ 2 #1 1 — __ -2 ULL 5 _— 3 __ _- 
Arkansas __________ 29 39 40 41 23 45 127 96 91 99 147 217 

| California _________ 60 62 65 69 46 76 1,459 1,045 879 1,567 1,854 1,833 
Colorado __________ 148 124 148 #201 £4300 += 178 154 300 228 218 328 415 
Florida ~__________ _- _- _- _— _- —_ 8 65 24 9 15 11 
Illinois ~~. ~~ _____ 16 18 13 11 5 12 252 255 240 357 460 759 
Indiana _____§______ 2 5 8 21 17 23 81 92 67 136 145 =191 
Kansas ___________ 112 368 384 389 488 540 1,099 880 592 989 1,094 1,473 
Kentucky _________ 185 166 157 127 123 ~=©=©151 244 230 =. 158 195 304 381 ————S $$ OTE 

EEN SSS pS es iPS? 

Louisiana: . . 
‘North __________ 237 451 269 458 413 808 390 291 234 326 402 454 
South __________ 200 234 284 190 220 211 398 375 =. 387 283. ~+=«33873'——séié«a298 
Offshore _______ 184 1838 = 2831S ss«141 Ss «182-289 258 253 287 216 181 200 — OE EE 

Total Louisiana _ 621 818 784 789 815 1,258 1,046 919 858 825 956 948 
- Maryland ___ ~_____ a —- __ _— __ 2\ __ a _- _- _— -— 

Michigan __________ 33 34 41 52 33 64 81 87 73 116 169 ~=6118 
Mississippi _________ 13 13 28 26 31 44° 175 87 70 67 83 108 

_ Missouri ___~_______ 1 __ __ 2 1 7 6 —- — 7 6. 6. 
Montana __________ 33 125 128 145 279 190 45 83 46 60 100 —s«éO#941 
Nebraska __________ 1 2 _— 5 1 2 47 48 33 40 74 87. 
New Mexico ________ 186 238 498 468 517 350 401 502 280 350 437 402 
New York _________ 7 22 27 98 236 355 83 96 97 153 142 133 . 
North Dakota _______ 1 _- __ —_ —_ __ 49 23 40 42 69 93 
Ohio _____________ 608 721 940 1,050 555 1,121 391 426 393 567 550 640° 
Oklahoma _________ 2388 341 589 744 638 790 1,174 1,025 898 1,149 1,748 1,991 
Pennsylvania _______ 199 297 484 468 640 565 394 534 = 525 671 691 651 
South Dakota _______ -- _— — __ _— _~ 2 4 5 1 5 4 
Tennessee _________ 23 9 10 12 38 =: 38 57 14 24 61 46 AT ~ 
Texas _-__________ 810 943 1,475 1,843 2,135 2,443 3,880 3,968 3,686 4,402 6,074 5,779 ~ 
Utah ___________ 6s «18 25 12 19 8 30 73 104 118 110 62 
Virginia __________ _- 18 7 55 26 7 —_ -- _— —_ 20° Le 
West Virginia _______ 496 488 514 556 556 699 133 84 72 121 120 124 
Wyoming __________ 43 52 61 40 78 80 405 345 381 418 620 ~~ 416 EO 

Grand total ____ 3,830 4,928 6,335 7,289 7,580 9,085 11,858 11,306 9,902 12,784 16,408 17,059 eee” * 
Includes multiple completion wells that produce gas from all zones. 

; 2Includes multiple completion wells that produce gas from one or more zones but oil from at least one zone. 

Source: American Petroleum Institute. Quarterly Review of Drilling Statistics for the United States, Annual 
Summaries 1971 to 1976, inclusive.
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Table 5.—Exploratory wells drilled in the United States, by State, 1971-76 

State Gas completions! Oil completions? 

1971 1972 1973 1974 1975 1976 1971 1972 1973 1974 1975 1976 

Alabama ____________-_ 2 6 5 4 8 15 3 2 4 5 4 £6 
Alaska ______-__-__-~- _- 1 1 3 3 _— 1 ae 2 2 6 — 
Arizona ____________-~_ 1 1 1 _- —_ _— _- _- — _- _- _- 
Arkansas ________-_--~- 2 1 2 2 1 1 9 26T 4 8 9 9. 
California __._______-_ 5B 9 WU 1602S sd? 18 21 17 17 28 36 29 
Colorado ________-__-. 27 29 29 26 19 33 29 71 38 25 37 28 
Florida ____________-_ _- _- _- _- _- _- _— 2 3 2 — _- 
Iinois ~~. =. .- 4 2 1 . 3 _- _— 24 20 22 25 29 40 
Indiana _____________~_ 1 3 3 6 5 8 14 11 11 18 15 25 
Kansas _____________. 14 26 40 33 37 46 131 117 98 98 115 132 
Kentucky __________-~~_ 12 18 16 20 21 37 23 30 18 24 58 54 
Louisiana ____________ 72 719 54 61 . 82 71 43 24 22 24 30 28 
Michigan ___________-__ 13 21 31 34 17 36 26 34 38 50 55 29 
Mississippi ______.___—~ 3 4 15 6 £545 14 13 9 13 23 23° «29 
Missouri _______-__~--~ _- _- _- 1 1 1 _- _- _- _- we ne 
Montana _____________ 16 29 28 35 44 36 4 15 10 10 14 22 
Nebraska ___________—_ — _- — 3 1 2 7 10 7 13 17 27 
New Mexico _________-_ 7 27 © 25 48 36 37 6 14 9 8 26 17 
New York __________-_ _ 3 3 3 19 9 20 _- 1 2 =; 1 LL 
North Dakota ________--— _- _- _- _- _- _— 8 7 4 11. 14 20 
Ohio ___-______-_-_- 7 24 31 «117 87 118 _- 2 _- 20 10 22 
Oklahoma __________—~_ 27 «55 69 61 52 65 42 37 35 51 59 70 
Pennsylvania ___..___._--. | 3 20 Al 42 46 30 1 3 3 11 “Ul 10 
South Dakota _-_-..-2~- ~~~ ee a 2 _— 4 _- 4 _— 
Tennessee _________—~_ 14 7 8 11 30 34 16 4 6 17 13 17 
Texas ______________- 172 188 410 562 571 +692 186 179 207 «+278 «3811 386 
Utah _______-_____-_ . 4 2 13 4 #6 3 8 22 4 4 #7 2 
Virginia ~_______-_--_ . _- —- . 2 5 2 _- _- _- e- oe ODL 
West Virginia _________~ 18 35 39 538. 42 63 1 1 4 5 3 5 
Wyoming _______-_--_-~- 10 16 16 19 29 22 33 45 34 54 63 4l 

Total __... 2. ____ 437 601 . 900 ..1,194 1,171 1,402 651 684 619 814 972 1,047 - 
nn 

- Includes multiple completion wells that produce gas from all zones. - 
2Includes multiple completion wells that produce gas from one or more zones but oil from at least one zone. 

Source: American Petroleum Institute. Quarterly Review of Drilling Statistics for the United States, Annual 
Summaries 1971 to 1976, inclusive. .
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Table 6.—Producing gas and condensate wells in the United States’ _ 

| _ “Dec 81, Dec.31,.  Dec.3i, Dec. 31, Dec. 31, 
| PAD district and State 1972 1973. 1974 1975 1976 

| District 1: a 
Maryland ___.-_______________ 16 15 15 15 14 
New York _.-___ ~~~ _______ 650 789 700 900 1,400 
Pennsylvania __.______.________ 16,600 16,600 17,128 17,300 17,500 
Virginia _._______.___________ 130 178 ‘174 186 180 
West Virginia__________________ 21,324 21,400 21,450 21,700 22,100. 

Total..___________________ 38,720 38,982 39,462 40,101 41,194 

District 2: : | | . 
Mlinois _._--_--_/ -__-_________ 31 36 37 41 34 
Indiana______________._______ 87 106 474 478 =>——i(it«éB 
Kansas..-_-_-__.____________ 8,621 8,785 8,800 8,865 9,330 
Kentucky _.________________._ 7,099 7,224 7,307 7,386 7,505 
Michigan..__________________-_ 1,317 1,145 508 209 214 

- Migsouri________________ 3 | 2 3 3 3 
Nebraska__________________.__ 29 29 | 25 | 19 47 
North Dakota__________________ 21 44 34 18 34 
Ohio._______________________ 8,680 9,406 10,038 10,382 11,509 
Oklahoma ___._________________ 8457 8868 9,401 9,769 10,436 
South Dakota________._________ 5 10 20 20 20 
Tennessee _.._.__-__.___-_--._- 45 . 6 13 5. 7 

Total. 34,345. 35,661 36,655 37,195 =: 39,672 

District 3: } | 
Alabama ____ ~~ 15 15 34 45 ~ 66 
Arkansas_.___________________ 1,041 876 1,172 1,128 1,223 
Louisiana ___________________- 9,456 10,551 711,148 T11,359 11,370 
Mississippi. __________________ 252 250 989 248 257 
New Mexico_._________________ 9,679 9,711. 9,915 10,352 10,674 
Texas. 23,373 23,805 24,646 26,184 27,162 

Total..___________________ 43,816 45,208 47,154 749316  —-451,852 

District 4: , ba. 
Colorado _____________-_.______- 934 1,050 T1039 T1380 1,500 
Montana_____________________ 1,116 1118 ‘1,450 1,285 1,490 
Utah ________________.. 200 158 114 O11 71 
Wyoming-—._.~__.._-------~-- 887 850 900 950 990 

Total. _...._..__-_____-__- 3,137 3.176 T3 508 TZ 886 4,051 

District 5: . rs 

Alaska _-__.____________.____ 50 52 52 61 50 
Arizona______________________ 4 4 1 1 1 
California __._________________ 1,086 1,095 1,142 1,585 | 1,128 

Total. _-_____________.____ 1,140 1,151 1,195 1,647 1,174 

Total United States____________ 121,158 124,178 T127,969 139.095 137,448 

"Revised. 
1Based on State reports, State estimates, and World Oil magazine.
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NATURAL GAS 871 

Table 9.—Production of natural gas liquids at natural gas processing plants, natural gas 
processed and extraction loss in 1975 and 1976 
(Million cubic feet at 14.73 psia at 60° F unless otherwise stated) 

| - 1975 —_ 1976 

‘Total Total 
natural natural . 

| | “liguids liguids qui qui ae _ 
State and Natural Extrac- and Natural | Extrac tion loss tion loss 

ethene preenesed Ghrink- RAPP essed Ghrink- _ Pp uc- p pro- proc . ‘ . 

tion age) duction age) 
(thou- (thou- _ - 

sand sand 
barrels) barrels) . 

Alabama and Mississippi ________________ 875 29,694 1,261 845 25,517 ‘1,181 
Alaska, Montana, Utah. 22222222222 3,948 156,208 5,734 4,280 149,865 6,022 
Arkansas_____-________.__________ 603 17,918 899 ‘611 -- 20,370 - 823 . 
California ________________________ 9,328 213,079 15,221 8,777 216,667 14,125 
Colorado __________________-_______ 6,563 136,090 9,620 8409. 175,624 11,944 
Florida, Pennsylvania, West Virginia______ __ 12.977 765,597 18,496 15,644 854,064 22,210 
Illinois and Kentucky _________________ 12,047 322,398 18,239 11,556 305,441 °° 17,708 
Kansas___________________~_______ 29858 1,367,949 42,763 30,201 1,389,850 — 40;975 
Louisiana ______.________--_______ 185522 5,881,487 189,541 118,779 5,749,788. 172,584 
Michigan. ____-§____________~-_____ 2,004 79,154 2,879 4,719 --151,818 < 6,665 
Nebraska, North Dakota, South Dakota ______ 1,910 34,463 2717 > 1,799 > 85,851 + 2,680 . 
New Mexico_______________-__-___- 39408 1,037,160 56,109 42,144 1,066,104 61,778 
Oklahoma ________________-_______ 40,475 1,033,003 60,008 42,514 1,072,992 52,087 
Texas___________._______-__.=.-_-_ 291470 6,509,182 435,571° 287,092  6,253;159 : 428,635 
Wyoming-_______________________- 8.970 215,104 18,224 9,725 251,846 14,669 : 

Total United States.__________--_ 595958 17,748,426 872,282 587,045 17,717,951 854,086 
semen ge en te i
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Table 10.—Comparison of actual and projected firm deliveries , 
| for heating season November through March 

(Million cubic feet) 

een 

Actual | Projected 
November 1976- November 1977- Change 
March 1977 March 1978 

LL A CS Are i SED 

Alabama-Tennessee Natural GasCo ___________ 11,445 ~ 10,440 -1,005 
Algonquin Gas Transmission Co ~~ $$ 81,774 82,911 1,137 
Ar Louisiana Gas Co 148,704 152,985 4,231 
BluefieldGasCo ~_~.-____________ 832 833 1 
Caprock PipelineCo _____________._______ 241 425 184 

_ Cities Service Gas Co... ____ 204,517 208,810 4,293 
‘Colorado Interstate GasCo __.______________ 182,816 192,433 9,617 
Columbia Gas Transmission Corp ______.______ 636,799 658,180 16,381 . 
Commercial Pipeline Co., Inc _-_._-___§________ 289 289 __ 
Consolidated Gas Supply Corp mene eee 350,253 321,752. ~28,501 
East Tennessee Natural Gas meee ee 30,141 . 30,790 649 
Eastern Shore Natural GasCo _______________ 1,813 1,784 : -29 
El Paso Natural GasCo ~~ = 453,175 392,276 -60,899 
Florida Gas Transmission Co _. $$ _________ 23,100 . 20,911 _ 2,189 

_ Granite State Gas Transmission, Inc ___________ 2,098 2,132 — 34 
Great Lakes Gas Transmission Co ______________ 36,830 36,723 -107 
Inter-City Minnesota Pipelines, Ltd _.._._______ 3,597 3,464 -133 
Kansas-Nebraska Natural Gas Co., Inc _.._______ 42,020 43,477 1,457 
Kentucky-West Virginia Gas Co wie eee ee 10,160 12,848 2,688 
Lawrenceburg Gas ission Corp __________ 1,488 1,488 a 
Louisiana-Nevada TransitCo __________.___ 1,553 1,610 57 
McCullock InterstateGasCorp __ .._.-______ 1,558 1,358 -195 
Michigan Wisconsin Pipe LineCo _-___.__.______ 415,769 409,488 -6,281 
Mid LouisianaGasCo ~~~ 13,942 13,253 ~689 
Midwestern Gas TransmissionCo _____________ 129,227 119,750 -9,477 
Mississippi River Transmission Corp ___________ 132,590 131,158 -1,432 
Montana-Dakota UtilitiesCo _..-_.___§__ 25,086 25,833 747 

_-.. National Fuel Gas Supply Corp _____________. 132,158 122,434 ~9,724 
Natural Gas Pipeline Co. of America _..________ 486,260 . 473,703 -12,557 
‘North Penn Gas Co 2 16,536 15,424 -1,112 
Northern Natural GasCo __________________ 355,951 340,213 -15,738 
Northwest Pipeline Corp __.._§_____________ 189,690 201,733 12,043 
Pacific Gas Transmission Co ________________ 158,882 153,839 ~5,043 
Panhandle Eastern Pipeline Co wee eee 277,171 272,460 -4,711 
South Georgia Nat GasCo __________ 7,136 8,137 1,001 
South Texas Natural Gas GatheringCo _________ 12,841 9,415 ~3,426 
Southern Natural GasCo __________________ 258,030 257,141 -889 
Tennessee Gas PipelineCo _________________ 471,212 432,100 -39,112 
Tennessee Natural Gas Lines, Inc _____________ 9,512 ——- 18,388 3,876 
Texas Eastern Transmission Corp _________.____ 358,604 391,484 32,880 - 
Texas Gas Pipe Line Corp _.________________ 1,057 816 -241 
Texas Gas Transmission Corp _______________ _ 273,847 270,017 -8,830 
Transcontinental Gas Pipe Line Corp _. 311,509 322,189 10,680 
Transwestern Pipeline Co ~.________________ 99,884 85,490 ~14,394 
Trunkline GasCo _._________________ 161,463 159,249 -2,214 
United Gas Pipe LineCo ~________________ 389,833 365,202 ~24,631 
Valley Gas Transmission, Inc —~.~____.________ 2,959 2,360 -599 
West Texas Gathering Co __________________ 37,652 24,615 -13,037 
Western Gas InterstateCo _________________ 3,044 3,804 760 

Western Transmission Corp ________________ 870 793 -17 ce 
_ Total ~--__-_-_ 6,957,913 6,798,357 -159,556 

Pipeline to Pipeline Transactions _.___________ 1,242,414 1,252,745 10,331 

Net total _.--_-__.___ = 5,715,499 5,545,612 -169,887 ence rea ee 

Source: Federal Power Commission.
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- Table 11.—Comparison of actual firm requirements and firm curtailments for year April 
1976 through March 1977 with projections for year April 1977 through March 1978 

(Million cubic feet) 

Total for year Total for year 
| April 1976-March 1977 April 1977-March 1978 

Actual Projected 

.. Per- : Per- Firm Volume Firm Cur- 
7 require- cur- cent require- tail- cent 

| ments tailed tailed ments ment tailed 

Alabama-Tennesse Natural Gas Co __ ~~~ 29,758 2,793 9.39 31,969 6,137 19.20 
Algonquin Gas Transmission Co _.__._...__---- 151,292 12,678 8.38 148,126 4,790 3.35 
Ar Louisiana Gas Co... ___.__.---—- 517,169 207,403 40.10 530,555 227,606 42.90 
BluefieldGasCo _____._._.._-.~-~--~--- 1,218 _- -- ~ 1,160 -- -- 
Caprock Pipeline Co ___.___.-~-~-------- 860 —_ -- - 196 ne -- 
Cities Service Gas Co... ..______..-..----- 577,127 156,108 27.05 — 589,793 170,968 $28.99 
Colorado Interstate Gas Co ____.____-_.--~--- 352,686 | _ -~ 362,935 -_— = =e _ 
Columbia Gas Transmission Corp _.___.__----~ 1,419,987 325,851 22.91 1,447,526 408,656 28.23 
Commercial Pipeline Co., Inc . _...__-----~-- 398 —— _— * 398 oe -- 
Consolidated Gas Supply Corp — wo eee 745,931 108,331 14.52 691,165 92,473 138,38 

_ East Tennessee Natural GasCo _____~._---~-~-~ 81,290 24,874 29.98 81,290 24,374 29.98 
Eastern Shore Natural Gas Co ___._.------~-~-~- 6,708 2,461 36.72 6385 , 3,200 50.12 
E] Paso Natural GasCo __________-_--.--_ 1,898,096 281,928 20.17 1,422,184 454,202 31.94 
Florida Gas Transmission Co _______--~-~~-~- 40,528 ° .  _- — 38,697 ee 
Granite State Gas Transmission, Inc ______--_~ $3,682 = __ _- 3,717 -- _- 
Great Lakes Gas Transmission Co __.—.-.—-~ ~~ 88,888 a _- 88,741 k == 
Inter-City Minnesota Pipelines, Ltd ___-_____~_~ 7,440 _- _- 7,026 oe _- 
Kansas-Nebraska Natural Gas Co., Inc ______-_~- 91,955 _- -- . 89,927 . ° —- oo 
Kentucky-West Virginia Gas Co ________-_~~-- 24,753 So -— 30,137 _- e 
Lawrenceburg Gas Transmiss ion Corp __~.-——-—~ 5,523 1,980 35.85 5,528 1,980 35.85 
Louisiana-Nevada TransitCo .__...-----~-~-~ _ 3,911 339 8.67 4,626 135 =: 15.89 
McCulloch InterstateGas Corp —..___..----- 4,642 _- _- 3,711 a. -- 
Michigan Wisconsin Pipe Line Co _______-~_-~- 860,598 90,8387 10.56 885,945 102,079 12.21 
Mid Louisiana GasCo ___..._..._-------- 32,007 7,631 23.84 31,365 6,624 21.12 
Midwestern Gas Transmission Co __..---~-~-~- 347,391 37,455 10.78 349,497 52,344 14.98 
Mississippi River Transmission Corp = _ ~~~ 226,277 583 0.26 220,709 | a -- 
Montana-Dakota Utilities Co_...._.-------- 37,657 mee 40,158 one _- 
National Fuel Gas Supply Corp __.-_-------~- 219,331 11,157 5.09 228,821 31;486 13.76 
Natural Gas Pipeline Co of America __.____---— 1,214,068 247,872 20.42 1,216,631 281,448 23.13 
North Penn Gas Co__ ~~. -_..-.~------ 27,782 _— ae 26,860 . _— _- 
Northern Natural Gas Co ______..__-~_~--~~- 823,441 98,121 11.92 $855,974 . 174,323 20.37 
Northwest Pipeline Corp —...2-...-------~- 425,935 26,678 6.26 441,122 — 10,429 2.36 
Pacific Gas TransmissionCo _._____.~-_-.-~- 374,613 -— —_ 333,662 _— _- 
Panhandle Eastern Pipeline Co -__-~ ~~~ 733,806 191,184 26.05 729,476 188,669 25.18 
South Georgia Nat Gas Co _____-_---_-_-_ 12,665 124 0.98 14,960 - 372 °2.49 
South Texas Natural-Gas Gathering Co ~~ ~~~ - 30,648 oe 24,165 -—- oe 
Southern Natural Gas Co ___. -...--__~---- 659,235 127,772 19.38 305,180 48,039 15.74 
Tennessee Gas PipelineCo __...___-_-_----~ 1,817,191 214,061 9:16.25. =: 1,317,092 =. 261,587 =—_-:19.86 
Tennessee Natural Gas Lines, Inc ___..__._--~- 31,956 5,822 16.65 34,506 9,192 26.64 
Texas Eastern Transmission Corp _____..___--~ 1,021,804 255,690 25.02 1,017,762 154,753 15.21 

- ‘Texas Gas Pipe Line Corp ______.__~----~--~- 2,402 _- _—- 1,996 _— -- 
Texas Gas Transmission Corp ____..._..---—- 775,617 219,650 28.32 771,162 225,261 29.21 
Transcontinental Gas Pipe Line Corp____._.__.— 1,072,557 468,058 43.17 1,093,798 544,103 49.74 
Transwestern Pipeline Co ____ _..___.._-_---- 366,690 117,741 32.11 366,671 141,733 38.65 
Trunkline Gas Co. __ /..- - . -----------~-- 594,820 222,150 37.35 598,217. 189,737 31.98 
United Gas Pipe LineCo _..______-___---— 1,601,167 773,984 48.34 1,605,928 806,342 50.21 
Valley Gas Tranmission, Inc woe eee ee 7,252 __ _. 6,011 _— -- 
West Texas Gathering Co ____________-.--- 92,457 _- _- 64,652 ee 
Western Gas InterstateCo ___._...--.---~-- 7,553 370 4.90 11,299 400 3.54 
Western Transmission Corp —~______~.-~---—- 1,937 __ __ 1,916 _— _- 

Total __-________________________. 18,472,689 4,285,181 22.93 18,121,922 4,618,992 25.49 
Net Requirements ___.__.___.__.__-.--. 14,705,118 XxX XX 14,302,000 XX XX 
Net Curtailments ____._§._____..___------ XX 3,379,672 XX XX 3,800,488 XX 
Net Curtailments as a percent of 

net requirements ______...~._--------- xXx XX 22.98 xx XX 26.57 

_ XX Not applicable. 

Source: Federal Power Commission. . |



874 MINERALS YEARBOOK, 1976 

Table 12.—Comparison of actual and firm requirements and firm curtailments 
| _... for heating season November 1976 through March 1977 with projections 

| 7 for year November 1977 through March 1978 

(Million cubic feet) 
————— 

oo og Heating season Heating season 
ae - - November 1976-March 1977 November 1977-March 1978 

co Actual . Projected 

, mr Per- : Per- - Firm Volume Firm 
a er cent . Cur- cent 

- re eS require- ee cur- require- tailment cur- 
Oo . ments tailed tailed .. Memts tailed 

Alabama-Tennessee Natural | a 
 GasCo ek 14,017 2,572 18.35 16,126 5,686 35.26 

Algonquin Gas Transmission Co ___ 91,160 ._. 9,386 — 10.30 87,701 . 4,790 5.46 
Arkansas Louisiana Gas Co ______ 254,595 105,891 41.59 248,999 96,064 . 38.58 
Bluefield Gas Co. _._-§_.______ 832 — ae —- 833 eee ak 
Caprock Pipeline Co -__________ 241 — _~ _- 425 |. ae _- 
Cities Service Gas Co __________ 310,116 ~. 105,599 34.05 303,541 94,731 31.21 
Colorado Interstate GasCo ______ 182,816 _-. _- 192,433 = _- 
Columbia Gas Transmission Corp __ 832,867 196,068 23.54 848,246 195,066 23.00 
Commercial Pipeline Co., Inc. ____ -- 289 . _— _- . 289 we 
Consolidated Gas Supply Corp ---- . 395,552 . 45,299 11.45 359,023 37,271 10.38 
East Tennessee Natural GasCo ___ 40,577 | 10,436 25.72 41,508 10,718 | 25.82 
Eastern Shore Natural Gas Co ____ 3,455 1,642 47.53 3,456. . ~«..1,672 ~—Ss—«. 48.88 
El Paso Natural GasCo ________ 597,100 - 148,925 24.10 608,062 215,786 35.49 
Florida Gas Transmission Co ..__ __ 23,100 -__ _— 20,911 ... . eee 
Granite StateGas _ oe es | 
Transmission, Inc _.....~____ 2,098 oe 2,132 mee 

Great Lakes Gas Transmission Co __ 36,830 : _- oe 36,723 —- oe 
Inter-City Minnesota Pipelines, | - . - 

Lid _-_- «8,597 -_~ ~- 3,464 _- i 
Kansas-Nebraska Natural Gas _ . 

- Co,Inc 2 42,020 — _- 43,477 -- —_ 
Kentucky-West virginia Gas Co ___ 10,160 _ _- _ 12,848 _- _ 
Lawrenceburg Gas mis- . So ; 
sion Corp, wae eee 2,298 810 35.25 - 2,298 810 35.25 

- Louisiana-Nevada TransitCo ____ 1,870 317 16.95 2,172 562 25.87 
McCulloch Interstate Gas Corp ___ 1,553 _. _- 1,358 ee oe 
Michigan Wisconsin Pipe Line Co __ 458,124 - 42,355 9.25 451,953 - 42465 940 
Mid Louisiana GasCo _~________ 17,521 3,579 20.43 16,225 2,972 - 18.32 
Midwestern Gas Transmission Co __ 149,454 20,227 13.53 150,556. 30,806 20.46 
Mississippi River Transmission | 

Corp ____-~-_-~-_____ 133,173 583 0.44 131,158 . — oe 
Montana-Dakota Utilities Co _____ 25,086 __ _- 25,833 ee _— 
National Fuel Gas Supply Corp ___ - 143,315 . 11,157 7.78 142,191 19,757 13.89 
Natural Gas Pipeline Co. of . 

America __.__~__~_~________ 517,343 31,083 6.01 22,525 48,822 9.34 
North Penn Gas Co _ 5 5 16,536 _- _— 15,424. _— -- 
Northern Natural Gas Co _______ _ 415,167 59,216 14.26 405,155. 64,942 . 16.03 
Northwest Pipeline Corp _______ 215,195 25,505 11.85 211,238 9,505 4.50 
Pacific Gas Transmission Co ____. 158,882. __ __ 153,839 __ — 
Panhandle Eastern Pipeline Co ___ 355,846 78,675 22.11 352,818 80,358 | 22.78 
South Georgia Natural Gas Co ____ 7,257 121 1.67 .. 8,819 182 2.19 
South Texas Natural Gas 
Gathering Co ____~_______ 12,841 _— _- 9,415 __ _- 

Southern Natural Gas Co _______ 302,712 44,682 14.76 305,180 48,039 15.74 - 
Tennessee Gas PipelineCo ______ 572,514 | 101,302 17.69 569,694 137,594 24.15 
Tennessee Natural Gas Lines, Inc _ _ 12,359 2,847 23.04 19,514 6,126 31.39 
Texas Eastern Transmission Corp __ 451,576 92,972 20.59 451,853 60,369 13.36 
Texas Gas Pipe Line Corp _______ 1,057 —_ _- 816 _- a 
Texas Gas Transmission Corp ____ 357,252 83,405 23.35 353,419 83,402 23.60 
Transcontinental Gas Pipe 

LineCorp __-____-_______ 506,093 194,584 38.45 537,889 215,700 40.10 
Transwestern Pipeline Co ________ 151,444 51,560 34.05 151,446 65,956 43.55 
Trunkline Gas Co _._§_________ 248,137 86,674 34.93 247,543 88,294 35.67 
United Gas Pipe LineCo _______ 706,265 316,432 44.80 705,223 340,021 48.21 
Valley Gas Transmission,Inc ____ 2,959 _- _- 2,360 — _- 
West Texas Gathering Co _______ 37,652 __ _- 24,615 __ _- 
Western Gas InterstateCo ______ 3,414 370 10.84 4,204 400 9.51 
Western Transmission Corp —_____ 870 _- _- 793 _- _- a kn oar 

Total ~.2 2 L 8,827,187 1,869,274 21.18 8,807,223 2,008,866 22.81 
Net Requirements ___________ 7,242,763 XX XX 7,204,682 XX XX 
Net Curtailments ____________ XX 1,527,264 XX xXx 1,659,070 XX 
Net curtailments as a percent of 

net requirements ___________ XX XX 21.09 xX xx 23.03 
ee ea 

XX Not applicable. 

Source: Federal Power Commission.
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Table 13.—Comparison of actual interruptible sales and curtailments for year April 1976 
through March 1977 with projected requirements and deficiencies for year April 1977 

7 through March 1978 _ ee 
| (Million cubic feet) : 

. - Actual-year Projected-year | 
- April 1976-March 1977 April 1977-March 1978 

Inter- Inter- 

ruptie Volume Percent; yypible Volume Percent require- : : uire- : : 
ment tailed tailed ment tailed tailed 

Alabama-Tennessee NaturalGasCo __.____ _ 10,898 9,991 91.68 10,768 10,768 +~—- 100.00 
Algonquin Gas Transmission Co ____ ~~ __~— 14,432 14,432 100.00 11,2382, 11,2382 100.00 

Arkaneas Louisiana Gas Co... 2222 8,331 8,331 100.00 -- 
Bluefield GasCo ~.______.-_-__---- 144 _- _- 119 an 
Colorado Interstate Gas Co ____.__~_~~- 36,209 3,655 10.09 23,644 4,565 19.31 
East Tennessee Natural GasCo ________ 21,424 18,927 88.35 21,987 20,603 $93.71 
Eastern Shore Natural Gas Co __-__._-_-~ © 1,470 1,286 87.48 1,472 1,472 ~=‘100.00 
Florida Gas Transmission Co __ — —_~————_—-~ 118,817 67,700 56.98 126,982 49,260 38.79 
Granite State Gas Transmission, Inc _____-~ 502 202 40.24 455. 246 54.07 
Kansas-Nebraska Natural Gas Co., Inc — ~~ — — 33,358 | 9,150 27.43 32,905 18,220 40.18 
Louisiana-Nevada TransitCo ~______~~- 502 _. —- 78  #+°© 8 100.00 
Mid Louisiana Gas Co ______._-------- 1,296 1,296 100.00 1,278 1,278 — 100.00 
Mississippi River Transmission Corp — ~~~ _~— 49,420 42,934 86.88 57,898  ~. 45,086 T1.87 
Montana-Dakota Utilities Co __________~-- 20,898 841 4.02 24,540 °° 6,882 28.04 
Natural Gas Pipeline Co. of America __ ~~ ~~ 21 _- _- ‘15 — 
Northern Natural Gas Co __ ~____------ 470 -- _- _— TO 
‘Northwest Pipeline Corp ________--~--~- 7,054 6,748 95.66 8,668 6,767 78.07 
Panhandle Eastern PipelineCo ~____~_--~- 64,085 81,591 49.30 54,457 —s_-25,331 46.52 
South Georgia Natural Gas Co _____-___~_ 20,281 ~° 10,426 51.41 19,590 — 12,243 62.50 
Southern Natural Gas Co _________--~~--~ 285,693 . | 263,242 92.14 262,046 241,499 92.16 
Tennessee Natural Gas Lines, Inc _ — ~~ _ ~~ — 4,054 2,677 66.03 3,740 ' 3,740 100.00 
Texas Gas Transmission Corp —__—-___—~_~_— 4,075 4,075 100.00 4,080 4,076 99.90 
Transwestern Pipeline Co ________--~--- 811 -- _- 811 - ml -— 

‘Total __-__-__________________ 704,245 497,504 70.64 666,760 458,341 68.74 
Net requirements and net — . 

curtailments. (p--- ee 668,618 474,214 70.92 643,662 443,344 «68.88 

Source: Federal Power Commission. a |
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: , Table 14.—Comparison of actual interruptible sales and curtailments for heating season 
November through March 1977 with projected requirements and deficiencies for year 

oo | April 1977 through March 1978 a 
| . _ (Million cubic feet) - 

a oo , oe — . _. .. . Actual-year Projected-year | 
an a . November 1976-March 1977 November 1977-Mare hi97s8 

. - a oe Inter- Inter- - - . ruptible Volume Percent ruptible Volume Percent | 

| a | | mone tailed =—sttailed «= TOU tailed ~_— tailed 

_-—. Alabama-Tennessee Natural GasCo ______ 2,608  —s«: 1,922 73.70 2,479 «2,479. «100.00 
_ Algonquin Gas Transmission Co - — - — ~~ ~~~ -- ee -- --. _- -_- 
2 _... Ar Louisiana Gas Co... - -- ne -- -- -- -- . 

_.. Bluefield Gas Co. ~~ 2 Le 38 ee -— 12 -- —_ 
Co, Colorado InterstateGasCo ..-_........ 5,757 ———(is«8, 584 62.26 5,298 4,565 86.17 =: 

os _ . . Bast Tennessee Natural GasCo ~________ 7,485 - 7,071 94.47°° ~—- 8,169 8,124 99.45 | 
oO * Eastern Shore Natural Gas Co ____.____- ~ 309 - 806 99.03 — 310 310 100.00 

es _°°- Florida Gas Transmission Co ~~... 45,713 28,461 - 62.26 . 49,942 - 22,182 44.42 — 
:5 " ° . Granite State Gas Transmission, Inc _..... .. . 180° 151 83.89. 180 160 88.89 _- 
3 9" " Kansges-Nebraska Natural GasCo.,Inc_.-.-. _ 18,987 5,495 —--39.48 14,340 8,195 57.15 ° 

.: = = Louisiana-Nevada Transit Co. = ___ 151 __ _. 82 - 32 =100.00 
5. = Miid LouisianaGasCo 202222 si 587 100.00  —«s_—s«i529 529 100.00. 

Mississippi River Transmission Corp _ _— __ — 19,192 18,902 98.49 23,940 23,940 100.00 : 
; -..  Montana-Dakota UtilitiesCo.........- 10,895 673 6.18 — 12,540 3,108 24.79 

oo ‘Natural Gas Pipeline Co. of America _..... 8 ee -- 7 -- -- 
oo ‘Northern Natural Gas Co __ 2 426 _. -— _- -— -— 

, ‘Northwest Pipeline Corp _-..2 ~~~ __ 6,452 6,412 99.38 —- 7,997. 6,743 84.32 
ae Panhandle Eastern 1 Pipeline Co .----..-. . 23,613 14,150 59.93. 24,272 13,266 54:66 

oo ae South Georgia Nat GasCo _-.2 7,037 4,568 64.91 5,973 4,774 79.93 — 
: _ Southern Natural Gas Co _-__.. ~-_____ 164,726 162,356 - 98.56 - 150,866 148,934 98.72 
- ~*. ~ / : Tennessee Natural Gas Lines; Inc _...._._- . 1,440 1,060 73.61 1,349 1,349 100.00 | 
- Texas Gas Transmission Corp —...._.. 1,223 1,223 100.00 1,227 1,224 99.76 . 

Do Transwestern PipelineCo__.._.....--._. = 282. -- — 282 -- _- 

ss Botal LL 812,009 256,871 82.33 309,744 249,914  _— 80.68 
. Net requirements and net . 

e, . curtailments -....--..-----.---- 301,990 247,328 81.90 300,249 240,555 80.12 

/ | _ Source: Federal Power Commission. | | | oe OF _
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Table 17.—Underground storage capacity, — 
by State, December 31,1976. | 

, Total ; 

Number capacity 
State of reser- (billion 

voirs cubic 
. feet) 

Arkansas _ .— _ —_ ——-___~-~- 6 54.4 
California ._______-_-- 8 399.7 
Colorado ____~-----~--- 4 52.7 . 
Illinois __.-.--_~----~~- 34 786.8 
Indiana ___. ______~-- 28 . 81.2 
Towa _______--~------ 9 213.0 
Kansas _____._-~---- 18 172.5 . 

Kentucky ~~ ___----~-- 24 ~  213:1 
Louisiana ______----~- 7 381.9 © 
‘Maryland _.~-----~-~-- 1- 62.0 
Michigan _______---~~- 37 862.9 
Minnesota _______—--- 2 9.9 
Mississippi __— ~~ ——--- 4 108.0 
Missouri ~__~..-___---— 2 31.0 
Montana _________~--~ 5 - 196.8 
Nebraska ______------ 2 -— 938.1 
New Mexico __.___----- | 2 459 
New York ~________-_- . 19. 181.0 
Ohio ______.-------- - 23 603.0 — 
Oklahoma __...----- 11 ‘ 308.7 — . 
Pennsylvania ._____~~~- 61 — * $29.3 , 
Texas __________--~- 21 311.2 
Utah __._____~----- 3 — 1498 
Washington _________~_ 1 34.4 © 
West Virginia ________~- 38 438.7 
Wyoming ____.--__--- 7 - 108.7 | 

Total U.S. _..--.--- 380 6,579.7 

- Table 18.—Underground storage of natural gas in the U.S. and monthly stock changes 
during 1976 | : | | 

(Billion cubic feet) 

i 

| Begin’ addi With Net —_Ending 
ctocka tions drawals change _ stocks 

January ____________-~__-_~--------------- 4,400 21 - 576 -555 3,845 

April -._-___ eee 3,520 177 - 69 108 3,628 
Ma y ~~ eee ee 3,628 261 «834 227 3,855 
June ____________ eee 3,855 317. 28 289 4,144 
July. ++ 4,144 290 9 281 4,425 
August _._________.----__--__----~-~--+------ 4,425 317 - 14 303 4,728 
September _____________---_-------~---------- 4,728 268 21 247 4,975 
October. -___ . -_ __- --_--- ~~~ +--+ 4,975 133 123 . 10 4,985 
November _______- _-_-__--_~~-~__~~-~---~-~-~-----+ 4,985 41 292 ~251 4,734 
December ________-----~--~---------~-¥4------- - 4,734 22 517 -495 4,239 
i 

1Injected gas only, natural gas in underground reservoirs is excluded.
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Table 19.—Quantity and value of marketed production of natural gas in the United States 

a 1975 . 1976 a 

Quantity - Value Average Quantity — Value Average 
State (million (thou- — wellhead . Gnillion (thou- wellhead 

. cubic sand (cents cubic sand (cents | 
| feet) dollars) | per Mcf) feet) dollars) per Mcf) 

Alabama __._________ . 87,814 32,898 87.0 41,427 40,806 98.5 
Alaska _____________ 160,270 48,402 30.2 166,072 64,602 38.9 
Arizona __ ~~~ ~~~. __ * 208 58 28.0 262 74 28.2 
Arkansas ________.__. 116,237 40,334 34.7 109,533 58,052. 53.0 
California .~..________ - 318,308 - 222,816 70.0 354,334 333,074 94.0 
Colorado _______-__-~~ 171,629 44,624 26.0 183,972 88,307 48.0 
Florida ___-__________ 44,383 . 43,185 «97.8 43,165 42,388 98.2 
Illinois ~_-___________ | 1,440 1,008 - 70.0 1,556 1,533 98.5 
Indiana __ ~~~ ____ 346 135 39.0 192 100 52.0 
Kansas _____________ 843,625 ~ 145,103 17.2 829,170 348,251 42.0 
Kentucky _~__________ 60,511 32,676 64.0 66,137 36,375 ~  -§5.0 
Louisiana —~____..____ . 7,090,645 2,999,179 42.3 7,006,596 3,223,084 46.0 
Maryland ___._______ 98 25 27.0 15 - 24 32.3 
Michigan _____.______ 102,113 — 64,740 | 63.4 119,262 106,739 89.5 
Mississippi __________~ 74,345 36,875 «49.6 70,762 50,241 71.0 
Missouri ___.§_______ 80 10 34.0 29 10 34.5 
Montana ___—_§_______~_ * 40,734 17,638 43.3. 42,563 18,941 44.5 
Nebraska... 2,565 1,388 54.1 2,511 1,288 ~ §138 
New Mexico __________ .._ 1,217,430 493,059 40.5 1,230,976 695,501 56.5 
New York __________-_ 7,628 5,645 FAO 9,235 10,436 113.0 
North Dakota _________ 24,786 6,701 23.0 31,470 10,699 ~- 34.0 
Ohio________ ~~. 84,960: 59,982 —.. 706 88,891 90,491 . 101.8 
Oklahoma __________~_ 1,605,410 513,731 32.0 1,726,513 866,710 - §0.2 
Pennsylvania _________ 84,676 57,156 67.5 89,386 61,229 68.5 
Tennessee __________~— 27 12 43.0 47 24 71.0 
Texas ______._______ 7,485,764 3,885,112 51.9 7,191,859 5,163,755 71.8 
Utah __-_______ 5,354 _ 26,570 48.0. 57,416 28,995 50.5 
Virginia ___________~_ 6,723 3,462 15 6,937 7,908 114.0 
West Virginia ______... =~.» 154,484 . 57,005 36.9 153,322 87,394 57,0 
Wyoming =-_____._____- 316,123 106,533 33.7 328,768 = 134,795 41.0 

Total ________-~ 20,108,661 8,945,062 - 44.5 ~— 19,952,488 11,571,776 58.0 

Marketed production of natural gas represents gross withdrawals less gas used for repressuring and quantities vented 

Source: Figures based on reports received from State agencies. Co 

Table 20.—Average wholesale prices for 14 large cities and adjacent areas 
(Cents per Mcf) 

Standard metropolitan July 1, July 1, July 1, July 1, July 1, July 1, July 1, 
statistical area 1970 1971 1972! 1973 1974! 19751 19761 

Baltimore ___________~-_----~- 43.98 52.60 53.22 54.51 65.21 96.40 108.34 
Boston ___________~--~___--- 65.76 76.17 16.73 83.61 114.10 133.14 185.31 
Chi ~ oe eee 31.93 36.04 36.65 44.76 55.66 72.68 89.69 
Cleveland poe eee ee 44.64 49.09 52.90 52.14 62.72 73.72 92.77 
Detroit ___________---___---- 39.91 41.48 47.34 51.21 58.51 82.14 107.34 
Los Angeles?_______.-___..-_--- 34.63 38.78 40.74 42.25 50.53 74.57 ° 82.09 
Minneapolis-St. Paul __________--~+- 36.80 42.59 45.14 52.03 55.67 67.93 92.34 
Newark (and New Jersey suburbs of 
New York) ._________-~__--~- 43.45 47.18 53.61 56.91 77.02 97.84 116.88 

New York __________--_-__--- 42.51 45.98 51.93 54.17 71.64 93.78 112.98 
Philadelphia __________--__----- 43.42 46.90 53.28 56.64 76.53 95.80 117.25 
Pittsburgh _________---------- 43.44 49.78 49.26 48.24 65.07 75.30 93.65 
St. Louis (Missouri portion only) — —— — ~~ 37.26 47.62 49.37 53.96 61.18 90.28 98.81 
San Fransico-Oakland? ______-__-_-. 33.67 35.17 36.52 39.24 49.01 94.27 127.04 
Washington, D.C _______-------- 51.06 61.64 60.29 59.74 71.60 103.51 118.11 

ee en 

1Reflects contingent rates in effect subject to subsequent reduction and refunds as of July 1, of year indicated. 
2Deliveries are not at city gates. Distributors must transport from State lines (California-Oregon and California- 

Arizona). 

Source: Federal Power Commission. 
|
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— _. Table 21.—Average price of residential heating gas by area 1969-77 
| (Dollars per 10therms) | 

rere err nen mn i i GA A TOS aN - 

. . Jan-. Jan- Jan- Jan-  Jan- Jan- dJan- dan- Jan- 
Standard metropolitan 

atatistical area 1 197)S«CdSTL:«C‘édTSCOC«*ASTS«C«*dTSsC1STHSOC1S7B CLOT 

Atlanta... 2.22 (0.824 0.824 0.824 1009 1107 1117 1218 1411 ~ = 1.658 
_ Baltimore __.__~___.-----~-~- 1.265 1.3382 - 1.327 1.513 1.5138 1.564 2.017 . 2.409 2.544 
Boston ______________.__._ 1486 1.499 1.568 1802 1814 2.103 2538 3.155 3.548 
Buffalo _________.----~--+-- 905 .932 1.028 1.218 1.223 1.461 1.854 1.947 2.577 
Chicago-Northwest Indiana — — — - — — 895 965 1021 1.110 #11380 1207 1482 1628 2150 | 
Cincinnati ...___...------~- 152 199 812 943 974 992 1828 1555 2.237 
Cleveland __....__-------- 132 - 747 .858 896 .938 928 1.229 1405 1.710 
Dallas___.._..._---------- 155 847  —.849 .863 890 .888 914 1512 2.045 
Detroit _..._____-__------~- 850 .866 873 958 998 1155 1350 1869 2.271 
Houston __.____---------- 871 875 .928 957 1000 1042 1499 2229 2.821 
Kansas City _..____..------ .609 681 .669 WNT 120 =|. «771 929 1.053 1.449 
Milwaukee ___.....-------~ 1.101 1247 1.272 1.350 391 1446 1575 2.157 2.602 

_ Minneapolis-St. Paul _ ___..---~ 851 877 © 913 998 1073 1119 1354 1489 1.646 
New York-Northeast New Jersey _. 1.299 1820 1363 1568 1660 1887 22938 3015 3.510 

Philadelphia___._._._.___.--_. 1.880 1881 1430 1459 1581 1714 2009 2380 2.506 
Pitteburgh _.__..---------- 845. 880 970 1018 1064 1144 1418 1607 1874 
St. Louis _._-__-~.~.------ 842 916 979 1098 1097 1173 1454 1654 1878 
San Francisco-Oakland —_~~-— ~~ .610 622 t4° 162 840 920 1.291 1.580 1.657 

- Seatile ____.___________.. 1.150. 1159 1.159 1.249 1270. 1.580 1886 2421 2.634 
Washington, D.C _.__.___.-..-. 1815. 1862 1360 1505 1569 1599 2149 2482 3.060 

Average ..------------- 844. 874 920. 1.010. 1047 1188 1879 1.948 2.819 
. Naa a saa - . - 

Source: Bureau of Labor Statistics, Monthly release, ‘Retail Prices and Indexes of Fuels and Electricity” table 7; U.S. 
. average table 2. | . 

| ‘Table 22.—Liquefied natural gas (LNG) exports, in 1976* | a 

Oo Phillips Marathon Total 
oe Petroleum Co. Oil Co. Exports 

Volume shipped: 
Barrels ______.._____....__-~.~~42 US. gallons_~ 10,036,251. 4,229,586 14,265,837 
Ncf equivalent at 14.73 psia ~.-_____------------ 34,998,822 14,780,647 49,779,469 

vain Btu per cubic feet _________.-----~------ 1,010 1,010 1,010 

ue: | oo, - 
Total dollars___.______.-------------------- 58,645,046 24,779,113 83,424,159 
Average price _______.___------~-~- cents per Mcf 167.56 167.65 167.59 

er na ES 
SS Se 

. 1A]l shipments were to Japan from Port Nakiski, Alaska. . a . 

. Source: Federal Power Commission.
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: NATURAL GAS QQ7 

| _ Table 25.—Liquefied natural gas. | 
(LNG)imports, 19762 | 

Volume received: . a oe 
a 42-gallon barrels __.__§_§_§__._. 2 2,917,505 

ce Mcf equivalent at 14.73 psia _______ — 10,155,340 
Average Btu per cubic foot ____-____ 1,062.7 

~~ Value: “ oe - 
Total dollars___________ 2 ____ 7,856,713 : 
Average price cents per Mcf ________ 77.37 

= 141] shipments were from Algeria to the Distrigas Corp. 
as terminal at Everett, Mass. Als : me "P 

Source: Federal Power Commission. 

| Table 26.—Natural gas: World production by country 
a (Million cubic feet) oe 

. 1974 © 1975 1976. 

Country! * Gross Marketed Gross Marketed Gross Marketed 
. produc- _ produc- _ produc- - produc- produc-  produc- 

. | , tion? tion?  =—__tiion? tion® tion? tion’ 

North America and - . mo 
Caribbean Islands: os eae | Barbados ____.._~~-~- “90 85 “125° = «120 “158-152 
Canada __._._______ 3,497,225 3,045,506 3,506,128 — 3,089,531 €3,563,760 3,067,353 
Cuba __________ €930 671 £1220 . 888 ©1220 eggs, 
Mexico _... __~.~__--—-~ 744,673 560,911 — 786,469 -” §83,885 771,785 577,934 
Trinidad and Tobago _ _ _ — 128,294 68,457 126,490 62,990 137,959 78,559 
United States ________ 22,849,793 21,600,522 21,103,530 20,108,661 20,943;778. 19,952,438 

South ‘America: ae - Doe : ; 
Argentina _________~ 332,839 255,748 ~. 362,860 (271,689 «© 414,592 ©259,000 
Bolivia __.________-. 144,128 -  — _— 60,539 187,297 60,092 . 158,952 61,766 
Brazil ____ ~~ 52,540 17,587 57,871 - *°24,720 ©. — 57,704 - ©19,330 . 
Chile 2..2----_---- £248,687 | 127,503 -*250,624 120,277 *248,382 141,858 
Colombia ___-_ ~~~» 116,634 © 65,792 120,754 — = 65,905 117,924 66,715 

- Ecuador ____~~_-__-~ 11,159 ©1000 10,559 «=. ~~ 1,100. - 10,186 1,100 
Peru______-------~ 69,848 ™31,809 _ 67,037 ©35,000. - ©67,000 ©35,000 

E Venezuela __________ 1,639,511 =~ =: 475,969 1,342,234: ~ - 450,295 - 1,311,892 - 479,807 
urope: : 
Albania® we ee eee 57,170 ~~ -- 7,170 57,190 7,190 57,190 7,190 
Austria® _~_- _~§_______ 77,930 ) 18,957 *. 83,305 79,869 ~- 15,721 - 69,093 
Belgium? ___________ 52,246 "2,246 - 51,816 1,816 51,211 1,211 
Bulgaria __________~ 56,357 . 6,357 — 53,906 3,906 © 53.900 €3,900 
Czechoslovakia® _ ___ 534,482 84,482 532,807 32,807 ' 533,098 33,098 
Denmark® __________ 1,084 (°) 1,992 | () 1,648 (8) 
France ___________ _ 392,697 269,414 410,249 259,844 369,319 250,450 
Germany, East ______— 5273,052 273,052 5256,780 256,780 © 5980,000 ©280,000 
Germany, West® ______ 134,787 713,202 645,445 639,414 665,537 658,050 
Hungary ___._____-_-— 5180,139 180,139 5183,000 9183,000 5214,840 9214,840 
Italy .....__-.----~- 5540,363 _  §40,363 5514,252 514,252  — 5552,336 552,336 
Netherlands _____~ ~~~ 2,956,707 2,956,671 53,208,428 3,208,428 53,436,171 3,436,171 
Norway® __________- 19,700  & 106,800 ®) ~°— 157,945 (8) 
Poland®_ $$ _- 5202,670 202,670 5210,580 210,580 _ 5236,513 236,513 
Romania _____.-~.-— 1,074,973 1,011,513 1,176,185 1,131,770 §  ©1,095,000 1,053,574 
Spain _.___--..--~-- 535 35 539 39 541 41 
USS.Ro-.-.---.--  °9,700,000 9,201,299 °10,760,000 10,205,890 11,950,000 11,335,955 
United Kingdom®_____. 51,230,039 1,230,089 51,278,986 1,273,936 51,316,358 1,316,358 
Yugoslavia ____.._ ~~ 551,100 51,100 554,843 54,843 561,094 61,094 

Africa: 
Algeria _____~.~~--- 700,251 198,502 739,874 336,628 863,051 350,778 
Angola® __________- 37,500 2,400 35,000 2,300 22,000 2,000 
Congo (Brazzaville) __ —_- 23,000 664 14,000 591 “13,000 533 
Egypt _._---------- 49,700 F €1500 50,600 1,606 72,000 13,432 
Gabon _..-_--~---+--- 62,507 22,4985 . 60,458 9,252 64,488 5,962 
Libya _.-____------- 425,363 $345,199 489,035 9382,633 “620,000 9505,527 
Morocco _.——-~—~---~ 2,841 2,084 2,501 2,000 1,730 1,500 
Nigeria __-___---~-~- 1,017,774 14,255 658,839 16,094 ©764,000 ©18,500 
Rwanda _______-.-- 535 35 _- -- 56 6 
Tunisia ___...___--- *7,600 7,098 F €19,400 7,497 15,891 1,554 

Asia: 
Afghanistan ____ ~~~ 5113,006 113,006 105,944 98,881 ©96,000 89,805 
Bahrain __.-__--_~- 100,010 68,255 101,546 73,343 107,464 76,931 
Bangledesh _______~~ 17,241 11,223 533,000 33,000 © 535,000 €35,000 
Brunei ___________-— 243,811 176,820 268,390 214,394 341,343 298,829 
Burma”! ____._______ e] 1,000 ©4900 9,700 5,600 8,500 5,400 

China, People’s 
Republic of ee eee ee 1,400,000 1,200,000 1,600,000 1,400,000 1,800,000 1,600,000 

India ______________ 67,733 25,320 81,576 35,244. 85,108 53,784 

See footnotes at end of table.
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Table 26.—Natural gas: World production by country —Continued 

, (Million cubic feet) 

a 

; 1974 1975 . 1976” 

. Country! Gross . Marketed Gross . Marketed Gross Marketed 
_ produc- . produc- .-.. produc- | produc- produc- produc- 

. - tion? tion® ~~ tion? - tion® tion? tion? | . 

Asia: —Continued . 

Indonesia _____._-~~~ 202,423 ~ ©40,000 222,227 82,224 312,368 . 126,426 
Iran _. -.-.-------- 1,766,721 787,360 1,603,384 771,057 . 1,776,225 793,739 
Iraq _.--~-------~-- 329,237 941,988 368,648 - 58,410 368,921 °58,403 
Israel _...-_--_--~--- 52,327 2,327 52,105 2,105 52,055 2,055 . 

| Japan® _________-.- 102,000 100,540 ©88,000 86,026 90,000 88,046 
Kuwait?# _.___._.--- 466,939 186,894 382,367 183,792 395,775 197,120 
Malaysia (Sarawak)"® _ _ _ ©73,000 ¥ €17,000 F 88.000 F €20,000 104,728 22,611 
Oman -_------------ | F &36,000 €1,500 * 42,000 ©1700 45,000 2,000 
Pakistan _..._..___--- ~ 5175,000 .--—--:—«175,000 5164,101 164,101 . —5183,635 183,635 

Qatar ___-__------- 181,905 945,909 192,005 978,010 167,038 | 952,124 

Saudi Arabial? _______ 1,670,729 —- ©219,000 1,335,312 ©200,000 1,667,904 ©240,000 . 

Syria ___.-..------ ©40,000 6,356 ®58,000 7,396 €61,000 7,800 

Taiwan ________---- 86,084 55,372 55,604 . 54,702 66,638 65,014 

Turkey" woe ee eee 4,900 «2450 =i 00—( st:s«, 800 5,200 2,600 
United Arab Emirates: ae — 

_ Abu Dhabi ~~~ --- 460,995 942,377 432,002 938,493 503,000 © 940,000 

- -Dubai®_. ~~ 101,000 ~ - 19,000 102,000. 20,000 127,600 20,000 

_ _Sharjah® ___----- 9,000 x) 15,000 a) 15,000 & 

Australia _...._.---- 5159,339 159,339 5177,491 177,491 5209,383 209,383 

_ NewZealand --------. 10,647 10,594 °11,500 11,442 32,000 30,945 

Total _..._.-- "57,449,350 T47,178,520 56,418,460 47,517,174 59,300,715 49,459,213 

€Rsimate. Preliminary. "Revised. NANotavailable. | — 

1In addition to the countries listed, Thailand and Zaire produce crude oil and presumably produce natural gas, but 

available information is inadequate to estimate output levels. ee — 

. 2Comprises all marketed production (see footnote 3) plus gas vented, flared, reinjected for reprocessing or for storage, 

and used to drive gas turbines (without being burned). . so 

“Comprises all gas collected and utilized as a fuel or as a chemical industry raw material as well as that used for gas 

lift in fields, including gas used in oilfields and/or gasfields as a fuel by producers, even though it is not actually sold. 

4Gas vented or flared is apparently not included; difference between gross production and marketed production is the 

amount reinjected into reservoirs. . . . 
5Groes production not reported; marketed output had been reported in lieu of estimating gross output because the 

quantity vented, flared or reinjected is believed to be small. . 
€Includes output from coal mines as follows in million cubic feet: Austria: 1974—71; 1975—70 (estimate); 1976—NA; 

Czechoslovakia: 1974—10,806; 1975—10,500 (estimate); 1976—-NA; West Germany: 1974—17,940; 1975—16,000 (estimate), 

1976—NA; Poland: 1974—17,451; 1975—7,400 (estimate), 1976—NA; the United Kingdom: 1974—3,991; 1975—3,300 

(estimate); 1976—NA; Japan: 1974—9,747; 1975—9,500 (estimate); 1976—NA. 
7Total production obtained from coal mines. a 
®No marketed production reported; there probably was some small field use in Denmark, Norway and Sharjah, and in 

Norway there was extraction of natural gas liquids in each year 1974-1976, but available information is inadequate to 

estimate output levels. 
*Includes gas reinjected to reservoirs, if any. 
10Rycludes gas used for gas lift. 
11Data are for year ending June 30 of that stated. 
12Includes 1/2 of production reported for the former Kuwait-Saudi Arabia Neutral Zone. 
12The Sabah region of Malaysia also reports crude oil production, and thus presumably produces some natural gas, but 

available information is inadequate to estimate gross output levels, and no data are available to indicate whether or not 

any part of groes output is classified as marketed.



- Natural Gas Liquids 
By Thomas G. Clarke! and Leonard L. Fanelli? | | 

Domestic production of natural gas liq- of NGL to pass through increases in product | 
uids (NGL) from gas processing plants in and distribution costs to consumers. In 
1976 was 587 million barrels, 8.9 million general, the May 15, 1973, selling price was 
barrels, or 1.5%, less than in 1975. This used as a reference base price to which _ 
fourth consecutive annual decline in pro- allowable cost increases were added to de- 

duction was attributed to a decline in the termine lawful prices. Another change | 

availability of supplies of natural gas andto eliminated certain inherent inequities re- a 
the decreased liquids content of the gas garding price adjustments by certain classes 7 
processed. The volume of natural gas pro- of sellers. | — | 

cessed during the year totaled 17.72 trillion — Pyegidential Proclamation 4412, issued | 
cubic feet, compared with 17.75 trillion January 3, 1976, removed all fees on im- —_— 
cubic feet in 1975. The total domestic appar- _ ported NGL products except for naphtha | 

ent demand for NGL rose to 656.8 million gerived from natural gas. The import rate 

barrels in 1976, after a 3-year decline from for naphtha varied from 0.25 cents to 0.5 
the alltime ‘high of 700 million barrels cents per gallon, depending on the country 
recorded in 1972. os of origin. on : 

_ The total value of NGL production in- Natural gas liquids are extracted from | 
creased to $3.28 billion in 1976 from $2.77 tural t g: ‘ng plants. The 

billion in 1975. This represented an increase lighte ri oh othone and lin P fied " t no. ; 

___ in the average unit value to $5.59 from $4.65 0) r vses (LPG—butane ) ae y pe Oo 

per barrel in 1975. The 1976 increase in tane isobutane and mixed { aces) remain in a 
value was the result of actions taken under li >’ d state "l q 5 when ee 

the Government’s pricing and allocation ® 4U¢ state only under pressure or when 

_ program administered by the Federal Ener- “oe - 

gy Administration (FEA). A 1976 amend- g,Miner#l specialist, Division of Petroleum and Natural 
ment to FEA regulations permitted sellers "Survey statistician, Division of Fuels Data. a 

Table 1.—Salient statistics of natural gas liquids in the United States. a a 

. (Thousand barrels, unless otherwise noted) | | 

1972 1978 1974 1975 (1976 , 

Prd Ne eee eee 100,691 108,220 117,791- 122,945 188,654 | 
LPG _____________---------------- 344.045 388818 380,155 321,141 308,712 . 
Natural gasoline _____---------------- 156,450 155,880 144,129 180,065 129,282 | 
Other! ___________-_-------------- 37,030 81,510 24,028 —-21,807 20,397 

Total production ____.-.------------ 638,216 634,423 616,098 595,958 587,045 

Imports ______----------------------+ 63,829 "87,346 77,385 67,699 71,844 
Exports ______----------------------- 11,469 ¥9,955 F9,038 ¥9,488 8,998 
Apparent domestic demand — — barrel 2772 700,851 “697 117 “669,040 “644, 186 656,845 

Alfaunks at plants, toruunals and refineries ~~~ 2a. 84.248 98,940 114,295 7124978 —9117,829 
er ree NL 

ae 

"Revised. 
1Includes isopentane, plant condensate, finished gasoline, special naphtha, distillate fuel oil, kerosine, and 

miscellaneous. 
2Includes 93,595,000 barrels in underground storage. 
SIncludes 81,768,000 barrels in underground storage. . 
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PETROLEUM ADMINISTRATION FOR DEFENSE (PAD) DISTRICTS 

Y Wasy, / | . | 

OnEG mo, 5 MONT. N. DAK. \ (MINN. 2k ME. 
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| Figure 1.—Map of PAD districts. - oo 

cooled. N atural gasoline and plant. conden- that process natural gas. Plant condensate — 
sate remain liquid at atmospheric pressure is included with NGL; field: condensate is 
and may be run to fractionators for the included with crude oil data presented in 

| _ production of. naphtha, jet fuel, kerosine, the petroleum chapter. Ethane and lique- 
distillate fuel. oil, and other finished pro- fied gases recovered from crude oil refinery 
ducts. _-  @perations (such as ethane, butane, and 

| _ Data presented in this chapter were com- propane) are classified as liquefied refinery 
piled from reports of natural gasoline .gases (LRG) and are reported as refined 
plants, cycling plants, and fractionators petroleum products. , | 

- | _ DOMESTICPRODUCTION 

Production of NGL at natural gas process- improved NGL plant thermodynamic effi- 
ing plants decreased to 587 million barrels ciency. LPG comprised 52% of total 1976 
in 1976, 8.9 million barrels less than in 1975. _NGL production, while natural gasoline, 
The output of ethane continued to increase condensate, and other products accounted 
for the eighth consecutive year, but pro- for the remaining 25% of production. A 
duction decreased in other NGL product tabulation indicating quantities and per- 
categories. The rise in ethane production to centage change in production of the various 
about 23% of total NGL output was com- NGL product categories between 1975 and 
mensurate with increasing demand for eth- 1976 follows: 
ane as a petrochemical feedstock, and
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sand Percent 
barrels 

Ethane _____________________-_---- 2+ ----------- +10,709 $8.70 ) 
LPG: 

Propane ______________---------------------------------------  —10,959 -5.46 
Other________________________- = ue ---------~. 6,470 -5.37 

Natural gasoline and isopentane _________-------~----------------+------- -1,072 -0.08 

Other natural gas liquids ____________-__---------+------------+-------___-1,121 
6.21 

Total ____________--_-----------------+---------------------- _~8918 -1.5 

800 , , , | 

600K — | , | 

® | Total - - 

= a : \ LP-gases & ethane 
oa - 

Lo 

c 400 | ”7 | 

Oo 7 | 
om o 
— . of 
— 7 
oo =: 

oP 

? 

= | or : 

200 | ~-7” Natural gasoline & isopentane 

oo | \ 

roseennsenneannennnsnssneen erent _ Other products _ 

0 C—O | 

1955 1960 | 1965 1970 1975 1980 

. Figure 2.—Production of natural gas liquids in the United States. 

At yearend 1976, the number of gas pro- Mexico and Wyoming, 4.5% each; and 

cessing plants in operation totaled 763, others, 15%. Gas processing plant capacity 

compared with 754 a year earlier.® Plants remained almost constant at 72,610 million 

were located in 23 States and were owned cubic feet (MMcf) per day, a decline of only 

and/or operated by about 180. companies. 0.1% from that of 1975. During 1976 the gas 

Production from gas processing plants was throughput nearly maintained the level of 

accounted for by Texas, 46%; Louisiana, 1975, declining only 0.4%, from 48,626 — 

14%; Oklahoma, 11%; California, 5%; New MMcf per day to 48,410 MMcf per day. 

RESERVES 

The American Gas Association Commit- million barrels from that of 1975. This 

tee on Natural Gas Reserves estimated increase ended 8 consecutive years of 

proved recoverable reserves of NGL in the decreasing reserves. New field and reservoir 

United States on December 31, 1976, were ———__— 

6,402 million barrels, an increase of 134.1 SOil and Gas Journal. V. 77, No. 28, July 11, 1977, p. 74.



"9% 7. - i 3 * 4 H 
892 IN EaEt. : od nal pong Sa GU 

7 . et ot Ow eee eae e solalefolefeteteletereteletetetstetetatatatetelatatetetetetetetatetatetsetetetetatatetatetetetetetetetstats waren e ee a a ae ate send ena a ate neta nanate te tete®, vere eaten ee ee eee we be ete neers setatetatatetatateretatatatatatotatetatatetetetatetrtatete totais epeaeceerosereresaceteca tetera’: 

se etelale’ setetetatetaletatetatatats tel atele eter etee, ore", ° Henao e” are eta tane tere ate vene ete ete eta e te we sectesatctetotetetetetetetetetetetetemeteererweaepee. 
On actatatatatatet ste eetetetetetetet ieee aternereeteeneatenees regtetetehetetgeeege 

ate eee ee tet ett te FO Ome eee oe eesecereceasanricel ere cerereretatereretere arate sateretatatatetetetetatateteteremsatetetehet re smeenesneteeresrrereeeeecoeeraretenenasecatereretecseareretetetes 
Saerateteratetitererassteretetatatetateteteteteteretete’ 

sunlit INE iiiiiininieinssniisies erelatelacetetssoteteteleteretefateleceterets . sctlelecetaletetecatetetetereteterstateteretetateetatatetete’ ceteetstatetatastetetsteceteteteeres Ded srere stores steretstateteteteetbranalstaranetetetctatsneacstetetet sty eae ete eran ete 

SEE peresrec tt teicher terete eS ee cece cece cca ses easteeceeccitereeae orseacatalatetetetatanetetetetaterstereten SSIS ESTSTUEEEEESI TEE ESSE aaa eae eae cette OIE STEER 
terete ee Ea Leresesetaeaseeereceneetereeeeceeeegeneeebete acalateleteteletetatetetetatatatatetstetetateteetatinitetstetrestenseiesesenenetonssereret 

OE EEESEIIIISI EET ase eeserernatgeceneseleteretotaterereratetetetetetereretetates * So tetets te a ore ae ete tene a tere! *e “ate a a ate eels eaten eter ee tnt, *,*. 0.9. ¢. 6.0.8.8 9 6 0 8 0 08 "etate ees "8%e 

se 
ea ee 

ee eee 

ES 

a ener nena eee enema eatetetetaterecerenetetet 
steeeatitetatstetetitreretetatnttetettetetataretare® ” erent at ete eo at ee oreo te ete”, a evens ee te teint. 9.9.8 & 0 0 8 8 Oe 0 6 ee 8 6 es we oooctetatetetetetetetetetetetetetemet eet etetetetatetstetstetatatstetetatetetetetatetetetstetstitets setatatetatateten SLE SEEEEISTS SSE eed * aretetetetereteteteretetetetetetetsretstets sbreracetetetatetetetetetatetatarstoteteteratetetatetetetets® erate eo en a ee oie ee eae ere”, corere tate ererereraretere brea sce etete ate pratets iste leten st etetatets ‘ete area tote 

TEER EE SSS ceae eaten etaneenetnereteanreeaareatiente otatatetetateretatererecatareretatetcretenetetobeteretetanetstatatecetatetstetanenecesetersmeeetacemneseererenensseterenetetststetet 
see 

eee ee 
ISIE IESE EIT eter etasece otatoretatatedatatatetatetetatatetatetstateretsnetststerste erotetehatate?adatatetetatetetetetatatetatetatetstehetsy orate ete te ere ene erate en eretete nnn a tre ate nna ee ate! erate eee 

TEES SESS ececeeeneneaieneenreteeteareemesreneenesemesreete eeenreete pene nemeemenseney Me rare rt traerererate ese a eetete ste wteteteretetaretetetenane ats etetetets 

SUSE EES 
cone etetetetetetatetaeete ee tetrelOreets Orarereran eet eteeeee ea tseete teeta ererec teaser ele ona gana ave a win teretateretatetatatetatetetetetetetatetatetetahetete e' ot aratete’ 

SSSI TE ence ocatetetererets atatatatetetaterataleetatetetetetataetstatatetetstatetstatetetetatstetatetetet 
Tienes te eesereemenetnes ots retere tate tet erele state serereceretetetetdtetetetenetatetststatetety 

SESE EE ete sotetatecaterersretetatatatetetetetatatatetetatetetstatatel acstatarctasatetatatataretetatateteteretatetataitetatatatetstetatecstaretsretatetacatacsnserersncssescaretateretetetete 
‘et eta tana’ 

Ee 
iar ene 

eee 
nme eee eas sepecscncets SE ee ee 

ee 

rreTrasiararetetatetatetetetetetatetatetetetaceteteteteterene 
ete tetetetetetetetetetetetetetetetetete We 'e ea were t ate ere eee a ete ea ate ere ete ene a ete ate ates ote een 0 086 nd eee ee a te ete betes neato cetoletelelodeteleteteterecetereteseseassenceenpaspeenatctateteteetatenete? TEESE ETE SSS oro scesesegslevacecscocaceresererereternserereracarprara tate etatatatavereteteetevene  oteteretetstetetatetebetctete "nate na state e%e 

[REESE u Ee 
Sree etesseaeseet ieee eeesesatenecpepecucecnteeeessetaeeeatosematstesneteneretets 

OLS EUT isles eleseleleleleletegetetereteceseteterateranelorsterereceseretecstateterere:ecetetateretatererates 
ere arate SSIES 

cae eae cetacean tac caetacreece srotatateiatetatatetatatatatatetersertecesreneorererseatets 
atatatatataharetstetatetetetetatstatatatstete’ eee ee ac eceteterotete . SRR OA OTM I NS ON Sa a at aa a at OR Se 

sSoTtageneleleseeceleselece Tatetetete rose tateratacorerererereteneretetecagerseateresereteresereteersteretereteteratetetetetat 

“SISSIES SESS LESS rela anceeeastcnatatesetonatatetetotetesetonessesces 

celereleleeteteteteretetetetetetetetateteteacetatetetetetetetesetatetetetatetetetetenatetetstetetetetets 
Fore ate eerste nate” C r TEETER SSSI ESSE aces itecaeeeheseccca ees sisiecate 

aT SIS SERIE Lee ee alecatatelecocereeresenenccenesesenesegentenpensesnenetenapenenstetenereceteteratateteteretetes 

i. . é slereceteretaretstoretatereteretatateteteteteratatetetetarstatetstetetatenstabetetacnesetsriestsertesmncecseneestiesteaerenestotetet 

sretanatetitatatatetetatataetateteteteeecreneetanesseasetrenerarmeateteralenerereteteteleteceratetetatetetetetetetets 
etetenete® 4 = . scratatedasaratatetateretatetanecateneratareratetstateeataritersensetsoneretbecraerseatareteretetetetetatetetatat 

sence etait Seluecsetisleleleleleetatatetateteteretatatncetetecerereereterstens 
ateteceteratetetetetetstatetetetetetaters aero ate eters” 4 t 

I eatetatetetatatetatetetetetatetetetetehetstetetetrmecetrarerens 
eee es ee 

reer e a teeretetete eta ata rotate ane tetatatetetatatstetetetstete: etetotatatetatetetetatatatetetetetetetetatatetetetstreererasete 
r | aeeasieearatatatetetatatatatatatetatetatatetatatatatstatatstatetetsteteteteceeseetsnsnestererererenererscacen 

satatanareteterst 

Toate tena ane anne eh 8 oo 8 ae et oso 6 8 8 be ore ete ane ee 0 a ore es Ore we ene es ewe eee ek f . Fao ecostatetatetetattetetatetet te teeee res oyanceaeaes TIES EE Soros 

. stasetelosstanitaaratenstatansceenesessarsenertenstesseacoriaareaneantersdatersssteseretereretesstetarersteretecetstetstatatste 

a y Ne P SSE EEISSTISSISIESSIPEPDSTEISEI ST aro eeeeeseeteetetaeenoapeate ncecetceceeeeteneeasetansngnsneees 

ceserecesretareteretoretatereretatetateteteretetnteteteteteterctetetateteteratetetenetetetetstiteretetatete 
oe, “e ‘enw tet a”, i P asec rene erererareleterelererelereretoeretetetetere® sgocatitecetetesetesecoastorerstesessteretosetenonetenetetotateteretoneteranes EES Ieloieseseteteneseteneneeetetetiee aratetatatetatateetatetatetatateletetete rs : ats . ‘4 Fee MTT EHO we eR ee * vata erete rere eta ete ere rate eects tates ene ta et etate tate tetetstetete! 

ered ns teteleteloteveleteteloteletereneceneasncressassmnesenenesestberssnsctenenensrenstacetetatetepetetetaterstats 
oe otetete! arolefetelorotetelatetateretetoretetosereteterececereterete’ seseeetereeeee SCE TEGIEIECEEDEIGALSTADALe Serene ater ene cere eee cece rece ereree “ree Se vieteteleele’ateleleteta’e stat eletet eee? OOO 

wos nana etatetetetetete eter tater e sate cere breletecath eo etateterntatets' 

saeceatecetatatetetetetettetelatatetetete sate atatetet eet ene oS asaseceeeceteteteleeleteleletetelebeletelaetetbeten ISESEEEE Seaton ete ateleetetetet ete teeta te one 
wameta erate etenataterute erate anatera era a tetera etete raetetatetahetateretetatetatatetateretatecctstatetetetatetatetatatetetetstatstety 

. 
coenetac et etetetete tate etetatetetats 

te oo aca reececeseceerareeteertateteestetserereseseesen P : IEEE etter teaeccaateet ete 
elelafadatitatiteteteretsteteteterases * : / q . 7 ooo ra tate ete ere ere eee tte ee eee ate tee ° Pn a ie. oe van on eta eran ere erate urete pee sete erate are atetiretetetetetatatete: 
WEEE SSS 

atseeee! eet tateeeteee sratetatete® othe d +8 of oe oe te ema tweet eee e orotate ere erate nin she ee state 

eae aerate Oe 8 8 8 ee 8 7 5 ¢ a ee @ ee ee La Bs ee’ e'e 5 oa anote tee ota tate ere etete eat enehetetetateta tate enoceneseceerstennaseenee See 2 5 cee . lake?” seean eve retec eer orerere er erare tera etre ee a a eee oar ete a ater e bt ete tenes 

areteteteletetetetateteteretetetatetate 
a*o oe! - . retetetobateteretereteterenetatetesatetetetes areleteieuieteeeeieeee 

she lareletetetetetetetateletetetatetete z . “8 , EE cee TEE sini ° : : : : ° ater e tetera ota retere te ereretere nee a ee eretete ot ene nae 

aeete re terete: aces etetececere oesceses? 
P p *eetetetetetetetetet solelelelelelelelevelaleteleteletetetetetetetetetatererereterorsracatetaretersn 

cece eaeeeceses SESE peer 
- OA . iy orotate te ae ree eect te tetet eee etees 

acetetarevetevetetetetetetoretstetetets Le eee ee. el selelelelecefelefeleleletetetinnets ssristiriecsttine : 
oo area ratte a a eee terete ener er ete Pe Oe ee ee ey 7 m Neg erate ea ceca eeea ese ata tececete setenasiertcsatetats 

ean e es ae ote ee ee", Hat ete ee ete arene eters te a ete s ‘ee es 04 0 2 6 °°, ta ee state ate ete ey _ . otetetatereratetetetareten satetetstatatatel ot seteteneraensratenettes arere sortaeatatet = oe ce 

ssa tatericstasatesssreneasatasgeenerrenesenenecsneassetencseseestassensenetetetecatesetetetersteteteterstenes 
on’ 

Be eae ence eee ee 

Defatatereniratieccce ce leccnrsececeltacinseseatetsteeresetetateererteorereanescoreneeereerenarecerenates 
SESE 

celal lelcleletelatatetetatetetetetatatetatetetetet tet tte re neerenetene nett ranereeerteesseeeteaeter eG Rie REN SEs 
celeretetentcieisielel ales alec ecerececegeseteteneseseceststecesstatacaneteteneereccresnsececntetetetetateagy 

So 
co letelettatalecereretatetetetatetetatetetetettetetstetetet teste rerereersrererereratasereretecersceagl 

CREST 
retatate totasetectatetetetatatatettetetetatatatetetetetetetrersenneseeseteereratetenstendrererere® 

Saar 
oeereetetaehelshateerhetes tretarerenereleretenatetatetetetetetetetete woseletereteresererere® 

Soreiiiuiuauasennenenaeeeeeneemee Soot: 
Taleleleleeesrertate tatetatatatatatetstenetetatateteteteterstrnreterensertersrerererseerensereag 

CE aac eee aee oeaananen 
Saleleleteletelecetatatateteretatetetetetetatettatetetetetlertetsteteerereeseerarneererecacer erste 

IORI Seen 
selelefeterratatecntetetatetetetetetatatetstetstatensecectietecarercterereracsrererarsrerseaees 

GOSS een . 
snttaterietatetetatetatatetatetetetetsteteteterateeretectraenerecerecenacenetetatetsteser 

Dene 
seeeeceetatetstetanescatereteteteretetatatatelotetetetetatatetetets oreeererecerec ere ae q osateitestesnneecrasheeesseteeneoeseneteetenteenet Se 
sotteracatteretatetataretetetetatatat eta tetene tate rten rere eterateecnsertenrererenenet sro 

SE eae 
Soteteletetatatetateteteteteteratetstetetetetetettisetesre reer erenerseeterersrerecereres cag . “aca 
eatatatetctatetetetetetetetatatatatatatattttt et etaentanenennenenenenenerenenenenans 

Soni ecenasonanenennnaa 
wae ate a ee ere ee ene eran ct to 2.8.% 8 8b Oo 8 6 ee Bee orate ee ene eae 

F 
wssssatesiesenecnactecnstarssasatansestonansmseerereeensaceeerenereatee 

seotecrenee ; SE EET eae otitis : Basch wtatatresheeterereretaleteteteteterenstareretatete ares raleretetetatetatet ete 

ceaecareceletetneceteretatetetetetetatatereretetetatetetetetetetetanateteteteestetetets 
of 

GEE EEE Soest «TIED centric tetatetetetecag . 
. 

Pye ecenaterere cote 6 ee oe ete elena hie abr ere on are ete eet ene 

seleleletetteteteteteteteteretatetetetotetetatetetetetstatatetsrette 
tt ere eeEe r 

a 
riasiernentesieetepueenetaniesseeatenesatioeteoeeneretereeees 

. / 

steteteetetetacatetetetetetetatetetetetetetatatantet etter re nerneeeetrecscerenate 
Se 

TESS MSrac ale leceleleleceleleletes elelaleteleleletetetetetetereteteteterereres 
OSES oar 

seerelecatetatatateteretatatatatetetstetetetetete rt rtetreseneresteececeraterenen cz Scoorneaane oan MS - 
SeL ees contitaeiseacecectaececelerelerscelerocaleceteterereroratonecetececereeteeghe 

se DOSES eee 
eatctctatentatecetatetatetetatetatatatatatetetatetrteteeeeteneeenenenetetenenetengl 

SEES teen 
qeterecanisingsToaminieleleleletetetelelelofeleteretatateretetatatsteretetetere’ 

niin ameseee 
seeleetatatastatatetatatatetatatetetetetetatsmsenssetercrenetetenetetetetes 

j SR rent 
slelelesedtesaeceiecetel egeleleleneleletetetatetetereratarateteteteteretete! 

soiree ueeeeamiees 
necectesattaeetatettatetetetetet tele eter rrteeerceeetsceeeteretetatel 

; eons 
soassedelenielectiecegeceelerelolelesererstetatetelaleretererareteratetete’ 

Coe 
 oareretareretetetetetetate tetera etetetatetetetatatetetetetetetetste eg 

sersectas siptatioesettiactenseneeeetetente . 
etree . os . eeneen ower eee eeee tes ease 

srcsecececeansecnsees ‘ sceleledeleirlsletaieseenetetele 

"etetate eieerenete erate eterere terete ete elena tate telate otetetetetets - 
. 

orsuteltreaunticetetaetesasteaeetenereseneetesetenentete 
/ 

eae ee oro ene”. * +. wae", 7000 8* *., ae eters”, 7." a eee” 

Pave te ee ee ee °° Oo « ve ata nte eater se ete eo ete ste. eter et” 

rreseetetatstatetecetetetetateteta tet ee tenet erences ; ' 
Se Soares 

veetetetatatatetatetetatetatatatetetetetetetetreeticetiertrerenenenetatetagh q : Snes Se 
water a ete ene eee eee ete ene ete te AA aa e% ee 'e o*e' At oe [ "ff 

posccetatatatarterateterateteteteterstete’ oceania esetecszoree 

: seeatecatantetetetctatetetetetetatetetetenrtetetectenerererererereteghe: . . . ; SE 
cfeeeterecetetetereceTereseretetetatetare oetatatetetetateatetetets ; 

SESS 
eaten neat e tO Ole eee a erento pate eee: 

= , 

Hoel tet te tate e ets te tete eis sete ta! 3 rere eae . 

.. wrote eet ene tete® 7.4.9 6 & © Ph ee 8 6 8 G Is 

Mate? ate et ene te ete everett ata anette * 

SEES : : : 
j 

eee e tetera terete”: oe eater ate wes 

eatatetatenstetatetetetetebetetetatetetetetertrmenerereranctatatete 7 . ) 
SOS E EES 

create le tenettetetetetetetetetetatetaln neta anetecetet eens s! 
SOEEOEES oes ceeuuemee 

a eerereesesierecetetat aa etetatetpteteteteteetatetetstetetetete 
SOS 

wpepatetetetar ener e tet etereteretatatareteeteteteteretematetat state! ; SO eect 
aoa teterate ete terereteteraeterstetatpretateteretete a atetetstets 

SOEUR eee 
cee cereleceltererereraretetetetetetetareretetatetetetatetatetetets 

Serie 
cca na re patalete erateterareteteteteteterets etetetatetetstatetetets 

Sincuuinuannnnannneenennasmeets 
orator eter ansren ere letetateteretetatareteretetatatctetatstatetatete ; 

DEORE 
cetera tavelelerereratetetecete ntate le atetetatetetatetatatetate 

sooauiinuaaaaunnneeeeeeees 
oeaceestatrtreeecererete atptaterete le ereretetetetc iets ote tats ~~ r 

eiuuauusamnnmnenneemeeeee 
aia seletatsetereTetetetereteteteteteterncetatatatetatcteetetets : 

SCOR 
weeteteteteletateretetet tet el etetetereretotetetetetetetstetets! F 

SS sees 
art etetateleteteTetatetaretevetetetetetecate states retaretets ; 

See - 
spec esererensrece ereratetetetete tata e pre etetntatare atetetets 

Soe eerucunomanets . 

. ssceeetatemeatatatatatatecetetatetetetatitetetceresatacnerene 
. e j : ieaiinteeeeioens SoS 

Shrines 
, r e e¢e. : ntatatstatetatetetetatetatetetetetetstetetetetatetetetetetee ee : 

see eretetetteteteratatetoretetetetet acetate eters ete et ete oie: 
shennan SESS 

apatetatatelerelerenesetetetetevereteleeetetate etatetatats : SSE seerettesetitat cisasatetateteet statetateteteteneeseenseege 
a a q ‘ ! 5 ooo eee ease reser eonea wees eat ees ec 

artet erate eta a terete ta aera atatet seat atetetetet ere 
: Se 

wea et enet ern et ater otatatotetetatetetetereretetstetetetatetstd 
a : Seite ec aeeannesm 

apevetataceletetereretetet ete etetetetocetetetatetetetetatate 
‘ e Jueuuhueeaunumnnnnenemee 

sien ec eretettetererererateleretetetetele ate atetetetetetete : | : : eiuuineeenesees See: 
cate eta rere teta ta era ater ate taetety ere etate te tatsiete 

H ¢ . 
SE eet . 

wToteretarereretetereratatetetnreretetaleretaretetatetswetate 
Soc 

cepeteleleleletesetetateretetetetetetatetetetatateretetete® 
SaaS 

SSSR 
: tetatatatatetetstetetateetetetetstatatetatetetecrtecetetne: : 

eee ett ete erase tate ere retete ae ete ee nie atetets 
* 

sieieitansterreeetetaetee < siete 

aeretateteleretereretate eeeteteretetetoetatetetatetatets 
Ee eos 

wren etete te atetereretete ate etetate eater atetetetetets 
. Soe 

oeleteleletleraeceletererelelelateterelaetaterereratere 
’ , Se . 

sosecececorerestcestatersteceretetataretetetetereretates 
a ES stareteteretetatetarateretetstotetatetatetaterateratenetes 

y I~, 7 : "i ’ Para re arnt at ee ete tere tote a ore ere etetatetetetetets 

wre etatetatetetatereleletesote tetera etetenetatetetetets 
; SE 

eeesetereceeretetate terete tet etetetetatetetetataterenete 
' Fr Se . 

wrerateterelatetecatat eter etntetetetetetereretatetetetete 
: . SE 

ameter eras eta eteteteveteetetetetereotetatetetatete 
Soo nus cea Sicoeoeenaea , 

saeleleteleleeleleleleleletetacetetetateleteratetetetetere 
} SCORED 

ereceatetatetatatatatetetatetetetetecerenteceretaterates 
pneu 

wcetesetecetatetaretetetete tetera etatetete teats ete: 
SUE 

eoeceeerelerecees al eceteratetetefotererstatetstetereret 
-E eee 

areca etete tee tarete atevereceteeretetetenatate state ated F Se 
areseraneseistalegareleteteletetetetetetetatateretcrateres 

Denes 
arate teat tetotetetetetetetetoelateretetetetetetets 

EEE 
eee tecedetertetetotaceterataletetetatelovetereterererster 

Dee 
wratetet at erelenar erat eteteteteteteteterereretetetetetats 

: See . 
anata tate tatetatetatate rete terere ntetstetetetetatetetete 

pO Pe Soe 
treletet erates etetetateterete tote tetelet aa tatetatete’e oh 

PEI occa 
orepeteteteuleserecerececereteteleteteteleteteteteretete 

RoataaanenaR aaa Sa 
EE 

a niecoreteteteteterececoceceserorerorerececetatarscorererste® 

rotator eraraene re sere te ere ete a eta e atone et etatate . ; y EE 
eeecectettatstatetetetetetatrtenatseneserersteratereceten 

See 
sre setedeleleleleleteletetetetes etateteratelatatoreneretes : ’ 

pocinnuaummnunnneeaeenaes 
seceeteeceneleneareratatetetnecenerenensterereterenetell. ' . 

ee 
Meleeeletaiedete teeta Tolerate otetetatateteteteteteraren a 4 - : 

jounhiuuassessssseeenmmenns 
reece dececaniecetalelele trates olereleteteteteretetotetere Et : . ’ SOE 
SSS recerettnettntncntrectnecc 

, : 
" . praraten acetate ete ete ewe tere later ates a a eteta ety 

eeesenearatatatatatatateetatetetateteterrtetceeeneneenete : : 
Eouiineaua suena 

trelatelelelereletatetetereretatatatetetoteteretel “ , : SO 
oreea cece reteatecaleleleletetetetatetotererereraterereten 

; eiunuuuannunnueseseinnen 

. ceredeceteleceteceleleteleserecetetetetetefataterstateren 
. SE 

erenetesedeteletealateteretetetetetatetetetatetatererateres 
Societe SASSI iretetarstoratieatsistaetisstarsterstetah 

, 
ro Eg @ & erate evere terete a tere a ete ee ete ats ete e ene anats 

, SETI isiiscecoeinnnnnnncd 
° . . : ‘ " ee ee ee oe ae eee oe eee eer eeerenege 

seceeteceleleleleleteteeloreteleteloleteteteretetetereret 
Coe 

Preraereceretesecegeeseectasrtcererereretoreraceretocateras ; 
SORE | 

vieleleteleleieleloleleteteletetetetatetetetetacererereceteren , . 
SS 

esecetepeceteteseseletetecoteteteteratatacatetateterererete : ; 
prhigeutenuunnmunenennamaaunts 

lrececeteleteleretesetetetelareretatetetetetetetatatetererores { . Pa 
ceeleleleteleonieiatetetereetetatetetetatetetetetererearen J ' : uoetinnecsuenenneneeen 
repeterelelaieleletedeteteletetetotetatetetetetareretateraten ; e 

Coe 
osenearatecatetetetatatatetseteteteeeeetemntrareneenecen eres / 

Pion euneemacs 
sreleleleteleielaleloteteeleleteteteteTeretatetetatatetererateh 

ORES pecan 
aeececereerettetetetetateerecteteesteronrereracererereres 

Pi raiiuaunenuannaueueenncnnans 
seceterececeeteseetacalerereretelatetetetateteretateratarate® 

cae eeocceanaes 
reeeestectastatatetatatetetatetatrestet teeeereateereeteececen 

SERRE eee 
veelageleteieratetetetet aleteteteletetetetaterarererereteraces 

Piauunnnneneenaeenaeeeumen 
SSS 

a 
oe te ee ee eee ee eee eeee 4 ane at ete : : : : . siete } r 

370 ~.* « . vee GC 

ce eecerere cece reatetatatetahrtettrtetetetesreceeererbrerenenes . : Eee een osedecddnraineeetetetesssstenaneeteeetenenetetetetetenetenets ; P Eg - 
atetahetatetstetetateteratetetetatetetstatetetettettetstteteteeses : 

sce ceferedelst eleleceleleteletetatetetetetetetatatetatarerer erated . P : SIAR ooaec oar 
crectatetatctstatetatetstetatetatsteteteeeerenertrerenesareranenas : f 

panniaitiuniuaceeceausssasauean 
ceretereedelelerereteceretelerereteteleretetetateratatererateteras ’ } : re , fooinniienneannneaeenueaeane 
aresagerecersecererecereraresecereteterstatetererststetarererateres 

fi an een 
selaefelelenstetereteleresetareleteteteteteretorateracererarersas 

SO cn 
oesneatatetantateetatetetet stent emenetetereenereceerereresasen 

inuiunnuuaeaaaueecuuummumeeena 
sresaneleletelelerereserecegereerecereteleterorerereretareteratarstent 

Seber nent Sneeee 
SEIS etsieimieneienenennieteistenenetens 

7 
 atateta tetera ec eretat arene el arb er eran atari ete etenatatetatetetetety 

crete decetelsleleleteleenstereteteretetetetetetatetetetetetetarerere : 
SOR . 

weet atatetahstatatetetetetetatetetetatetetete wnererelatetete reteset on A t 
fea aint 

wratatitatateletehetatatetetetatetatetstetetstetetetetet 
heme treetetetees pe a A i 

ataterateestopepeconinetsrsnstssetsetanienceeieataentaeneiesesenmnicenties OSSD Da CeDe elise iteaeeeeseneretenetenetetente 
: aitataavatatatateratetstetatetetatetetatetetetetistetee cetera snes 

setatetalettetetatatatetetetatatetatetetetetetstetstetrteteteteeetetrneen 
} fect 

EESTI Siete atatatatatareterereterecete : : 
Patera tee ate a ate gb a ee net ete terete ate: en ere ete ere ete eter ete! 

Teseleleleceletecececerereceresecereretecerecetersteretaterstetetsreretered | f : Sean aun 
watatetatetatatetatetetatetetateteetatedetetetstetetetrtetetetet tetetshes : ; 

Fee STEEL eaeteteeeteiesieteteceteisttececetensns 
fereatatebatatetateteTetetatetetatatetsatatetetetetetreetetetsesneaeenelnreen 

oS ER IEaiitesetntetisesetnetesaneietereateteteet te 
aeatatatetetetetetatetatatatetatetetetetatetetatatetet et retetene tree etree 

ESTE teeneciteniniasice SEEN enn: 
: 

Maton e at ete a tate te? *.%. 9.8 foe Oe Pew ‘aM ote ener s one ete are teretn' 

STEELE ace rctisisesasareneresesasaten 
aeesecerareresacetetor acecereleretetotaretatateratacss Sareceletetereteretet / 

seledelel ele lele erator rete eicttetecacatatatatatetatanaterererereteterares 
[oe Saas 

[Eee 

eetatetatetatetatetaetetatetetatstetetrereeererenasetatatece: Wot ete ate eM arene e 
Ieee 

Benoa eto ee ote ete ned ene een nee one nnnee otenetenere 
Jaci iehinieiniieiineetiann inners 

vateratetecetaretetatatetetetstetetetstatetetetetstebatetatetetecetinrtettetteiertes 
“sesieeseceeeeteteneisitiaetteseseaeieesesenenetesesteteteeenteceteteenete 

: ateeteretetetetetatstoteratavotatetetetatatetetatetetetetanatatetetstatetstetatestetete 
. 

WLASSTDCSISISSIeootatetetetetezesesssesssszerstntermetenenesenspeneteseteneteretenet 
* voter tetera eterno re ar aty wate terest eens atetateete! "ote ete aera erate ee ete es 

“SSIES aaah eesesatisesasatecesitatetetesesegetenetetetenetesera 
- Foote etter eter eter et nt 8.9.8.8 0.6.6 6 8 ee wee 6 . arate te ete ete ene ete ene 

wTeletedatatettatetstetecateteretete etererete toretatatatesesererererererteeceaseecerecereran 
Oe Silastic a reletattetaetatetatatetetetetetetstetstetenstetstiteere Orereceserererecere erersacery le ereem 

sm 2ST Ieee eaaaetnaaseatneereetesneeeteteseeeteterees ssesdelacsaetinecasaenesesesstessssassoeeoesoaneeteeetepene epee eeneneeeeetes perce 
aeatatetatatetatetetetetetatetetatat rete ete eeehatatrmestacenstaseeas eeeeta te tetetetetatetetetetete 

ef eee eee et eee eee eee eS ener ere a pe oe ee ee ee ce be De eter e terete e's 
Meese ratele! cole letedesetejeresereceteteteteteteteteteteteteteretatetetet SESE 

SEES Eee aretaterecntatetetetateretateretetets negetatetetetetetetate 
eet et etet ete ane” at oe ee eee ewe ewe tee ew we ee 8 ee « or ote a tetera et ete 

ee eae Fa tatete ete te eta es siete eet ‘ea eee eee ewes bee . . ere ee oe 
meetetetatetetetetetetetetstacetetetate oats * nas etatare reel eatacatetateteratatetes : = : 

selatesetetetteretatecateretatetetetetatetatetatetetetetetetetatets satataterororetetaresereceretetatoresecetacaress em Meant ti a eo EE NESS issn se 2 = . slot oteretet ete . tstetetatetatetetete! Sater ete. oe tetera na nt 8.8 4 8 8 6 6 wo be 8 ee « . . ooo arena ane er ere tn ate erat ave ete: 

“SESE See arolosecoterereresetetetereretet ete erereteratetetatetetetatete * or by ete tater te tnt *.9.% Oo Pee ROC ee Hw ere a ret eta ee ntetere a 

IRE isiiestes totatateroreretecesersteretovetereteterenersteretetecereseteseterstersrenerereiens 
oISSOTET Haste rasldecediesitesetele fete etitasilelateteretessteterstateteteteteseraretetptatetetetetatetetetataretetetaranstares 

“setateselatetitetateratetetetetetetetetenetetetetestoteteterstetetetatetetatetetetatetetaratetstatetstetatetetetetetecetetstetetas 
Om w LISTS SEES aetna nceeeeoeaetesesesaeseteedeb ae eestor acotassmatessectsescensmsPanseseneneeeeess 

Jenne eee nee me ee emo erence era eee ne eee SOLENT EES Ennead alee edtele lated eteteete eter edetstedietediebeteneaeseseneasoeasansarssetatetatet SIE CES EI ane clea ere teereseesoneteceteetatetatasesotasetanatscertecgeat een “wearer eee ra ere terete ele te te fete. Cote erence ee ee 8 tbe le eee lere arene etete eretetntatetatete 
viednasasaenereneneonas TES 

ote’ a carereceretaterececereratacstorenstetates recereteteretetevececesen 
sieht 

e tetas « era « 8% ot enete ate” ewer eeotene 

"heel oe ° terete ee ets beta ete of 

atetetetetotetetetetetetete 
ree Soo 

etereteteteteterats etere er etetets: 
Suceeeunueee 

soiecetiene 
— ; stetegatecatesiroscsiececeneinsslese, 

wte'e oe ew ose eae Perera eta tet . 
' a Se Soe 

rican , ; . . ‘ or atenetare a ater ee ere as ete at ata” 

wrateeetatanatetetatatetatetetetetetees 
~~ . : 

- . " 
. P , a cree cecacecerecerecscececerereresecorera 

terete a aera e a ee wa ee eee q 4 i 7 . F ~ . =a: . : 7 / a eledeteletetecetelite seseasacenate 

Harare te ee ntert ee eee ete ene” ” he a a a Bs @ i. . RS i re - » d eoettetate tea tetatetete ae ver aratete eee Rooters , : ~ : , " ne ete are a ate ee ere ee eae ewe 
| THERESE: . 

*s *enatatetatetatate tee tetetetatatetet tatebreetrermeressreetn: 
rienintienserteserers . : 

. ICC NW, pare a ere ee es a eee Ole eee. — setae tet 

Po ete te anne ata tete eee e eee! 
ocelelecereTeteteletanatatetetatetaterela etatatatatetetotetetatetetetatatetatate: ateretenetaraterateteteteretetetenst on srctetaretatetatetetetetesetereterererelateterererscerete® 

/ 

sretotatetetateleretetereteretetetitet SEER Saati acetate alte a cate aaa ade aaa et cece 

secopecececerulere erecerosererornrere nents ateceretarete tena tetetetetetetstattetetetetetetatetatetetatetetetsereeetete! 
watetetetetet ete retatatatetetatetetetetetatatatatetatetetetetetetstete 

sec oreteraracerecetatatetereceretatalécetorere erereretere erutpierarerecneotheare” asarecaterereceretererel eter ecerete” 

of ew te oe wea eee ee eae . . oe * Poet e’ rareren ear e er ene eet eee ete eretetetetetete rete: ee et aatetete erate ete tee ee a bie e' ere et ateteetetetete tate: . totatetereteteteterereteres . atatetaeerattatetetetete! 

WISTS crenata ecrecees ene eee ieee ececcnaiehaettaarecetrcaeiceeisiees eta tatatatetetetatetetetetetetetetenatetetetatetetetetetsteheteheeeteelseweeeee 
vosererereletntaTeresereterervtetares oisettatetetete! 

Sa 

eretatatatetetatateteteererererearateratee state a et atete ne 0° IR eta eee 
un eee 

weeeeneacctatrtatateteeererereteratateratoa te tetatetatatatetstetanetetstrte SSSLSCEIEEsriseseietetasetet razesasteeresnsrssananamseneeecessterereeecesss SEES ieisisatetetitetesetereneteseneteeenenettesat Saeeeene Rae RRR SS 
stecatetererstitetateterstetesetaeataretonesatecsrenescasstecneterenecetetatetatetaretenaterarscateeamstensesenenecersonieanrecensterstevetatetetetetetetetster 

CEES ce ian rarer nt 
sfodetoselocerctecetetetetecepecetetatateretateratersteseesesosescnnnesesecaretetetorateratetateratetaessenstonstetaseesnnsaensterecessserstasetaretatetetetetatate” 

SETI ITELEeaetsitaceseesisizeteteceseaeesaaeneseeannesetaneseteseasetesenesspnenesenaeneneteneseceteresseeeeeeete cata tatete taste teteteweece crete etecnreraletatatetatenatetetetetetetetet * OSSD cee eacaee etecwseneesesnarsesenesesseeneessssarsessvaenenenneesenemeeeeenemacteeenmeseoesesetenesenenet 
atasatatatetstatetatitotetataletetatetoretatetetetetate! 

sas ee 
eee ee ne cee reser eee 

nlatetatetetsatetateratetetetatetotonstanetatacscatecnescesaneceenstenecetetetetetenetenateteretaretatecaseeteetacmtacseneresterstenereteretetettetetotetetates 
EEE aetucuenenianntnreaincreteetenneeienornenceetneneen 

sesasleasisetirtatatatatatatetatetatatetatetattetettecatenneresersreretetetetetate SIEELSSelisiusienetatetesesesesesesesenesetesetonenppoteeorataaseatocarstetsssssmataranssansnasnceenencgceegensnecenenenstere 
Beecohontieayiassaaneaeeeseeeeaneemeaaaenenes cotetececocersrereteratotetetntetetater erate a na etetetetatete® eee SEIS Se entiation anemone en iennannieaneoeniene 

separa eae eee nee areas enc cee eee ee ere SE 
serereresecetesestatatetatetstetetetetetstenceraranetetatettetatetetetetetstetstets 

nissstutesefituseesesetatetsererstanateisarapnneeseoteanetetorssesenspnsseaenteeneneeeseaaneeesenneegsemeneteeseneteteeneneceteenenetetensneteteesenst 
seteaecntatetatetataetetototineeeeseattatitetatses 

atetatetetetatatetatetetetetsteerereeerareeatetnetatetatetatetsta netstat etets rset eetet ete scene a ene ata onset arate state etetetatatetetetetetate! ocerecectatatatetehetetetetetehabetetatetetetetetete hate denserereccrenecersrenonetasen sassetedadetotocecwzmreserteerermnereseanreteeconenee 
cece ate ca tat tetetetl teste ecetatetatatetetatate tate tatetetetete state tte SOE ei catenin nein einen 
sete tatetatatetetetrereet terete ete a teteratare atetstetetetete? *o%e tate te”, easotatotetatatatetatetaterstaretatetatetstetstetetatecrtocreaceraceeeeeeemetenenebenet 

onebetereteneteetetetetstetstetetal stabasatolaretorasetetetetanstetateteravetetanstetetetatetetsPatenstacetatetaretstatatecatanscetetate 
ctetatetatetetetatetetatetetatetstaretreeeeteease etateratetetateteatetstatetetetes DORE och nent uuenrrneeregeaerreeerseeesemmeemeeee 

ratatetateratstelatetatetetatstatetasataneeatctanterteonsestaerstenetaretareterstaratatatatsbetanseamstareereretesesenmmeneneneteteretetetetetetatatetetstetst 

ore SISTER Se cc oe ote sleletelete: 

cecetatatecetetetetetetateteletatetetetetetnratar raters ater et ete! vette” . sfereretanecatarecetetatatetetatetetatorstatetstatenstacamtectensratensenceenesedecectetetetateratatetetetetetateteteretetatetetetat 
oretereseterelererererererateteteterecerereturetstaretetetarcrecersrarsrecer 

seestitatateten 

a etetata tata lacatetatetetehenetescererenaratatatetecatateta atetatetetetetatetetete Siianiisiaesiemasesemeeetis eases tesserae 
eee 

Sa 

. 
srilafololedaietederatetatefatetoratenateratetatersseerssesescsecntecstesstefetetenetotetaratenatecetetansessnteesconsssnteseascosceceteretetetetetetetataseterstetsn 

soratatatatatereteterateratetetetetatetatetatetetetaterstenstatetetetatetatel 
sbetetersteretatetatetatatatetetetetatetetetetetetetst 

cerafecocececeretetereteteteleteteterenerereteta ne atecetetetetete! SEIS SS Seca ececetepenetsenereneneeaepesseae eter ateeesnenosnereneteaorstenstensnens . 

saeeceateegtetete tet sererererorereteteteteteretatetatetetetetetecetatetete? « receconestetete encore ote erenete rere tee atetatete te atatetetetetntatetete Cy erate eee eae tena ete beret ete otatete’ 
“PETERS ee tata teteeeitesasannneeanasaeseeeesesesetatetebegsetesasanecoescaceesanananneneecrepetenegnateteesennatatetetenetecerseeaeseeceeeees 

: 
oDededareaecoiseecelecelecerelelelereleteteleleretatatereretatatetetetatstetetatetstetattstetetiesesnseererneeren 

ater ate ta ete anette ate! teeta a arate et tte etelettt tenet ete : 

2. oo. . 6 . 

igure e . 

~ ° ene. 
: : hi a } rese es « 

i veri ion o- Cant rv : 

i i at earen ; ‘ 

° 
' / 

. 

’ es e 

7 e 
. ’ . . 

pian ili y Pp g 
- e 

i 

as e 

s a 

on ° ° > 
.



| NATURAL GAS LIQUIDS | 893 

Product 1975 1976 Genet, 

Propane ___________---__--_----------- eee 83,926 4510 44-149 

Butane: Te , 

Isobutane _——-------------------------~---------------- 35,760 32,200 -10.0 
Normal butane _____________-~ ~~~ eee 35,056 42,179 +20.3 
Other butane _____________________ lle i18,647) 14,482 46.1 

Total butane ___-_-_~--------------------------------- 94,463 88,861 +5.2 
Butane-propane mixtures _________.~.-.__-_---~ ~~~ 1,273 1,889 + 48.4 
Natural gasoline _____________---_____ __ ___ ___ LLL = 184,087 —- 182,320 -1.3 
Isopentane __._._._____-~.~~-~----~---~----~--~~--~ ~~~ ----- —_ _- -- 
Plant condensate ___....___-___--------------~-~-~----------- 35,570 37,871 +6.5 

Grand total ___..-___--------------------------------~ 259,319 265,451 +24 

_ Total domestic demand for liquefied gases utilized for the production of petrochemi- 
and ethane at gas processing plants and cals, primarily ethylene. According to the 
refineries in 1976, as indicated in table 11, U.S. International Trade Commission, total 

_ was 513.97 million barrels, up about 5.7% production of ethylene from ethane was 22 
from a demand of 486.45 million barrels in pillion pounds in 1976, up almost 6% from 

1975. NGL processing plants supplied 3882 the 20.5 billion pounds produced in 1975. 
million barrels, or 7m or Se teacher, ihe Sales of ethane and LPG in 1976 were 

. . 26.0 billion gallons, an increase of 1.4 billion 
| Ne noeare: 8%, and for fuel at refineries, gallons from the 1975 output. Propane 

The highest domestic demand was for #ccounted for 51.7% of the sales and ethane 
propane (including propylene) which Was 21.5%. The chemical industry was the 

_ accounted for 303.84 million barrels, or 59% largest user, accounting for 37.2% of total 
of the total. Ethane (including ethylene) sales. Residential and commercial use was 
demand was 182.71 million barrels, about 28.2% of sales, and 15.4% was used in 
26% of the total. All of the ethane was gasoline production. | , 

| | - $1OCKS ts | 

Yearend stocks of NGL and ethane at* were down 5.96 million barrels to 112.26 
plants, terminals, and refineries were million barrels, and refinery stocks fell 0.99 : 
117.33 million barrels compared with million barrels to 5.07 million barrels. Eth- 
124.28 million barrels in 1975. Included in ane stocks at plants and terminals increas- 
the 1976 total were 81.77 million barrels in ed 6.6 million barrels during 1976, and 
underground storage. The decrease in natural gasoline stocks were up 0.1 million 
stocks reflected cooler than normal temper- barrels. However, propane stocks at plants 
atures during the fall and early winter, and terminals declined 6.6 million barrels; 
especially in the eastern half of the United butane, 5.3 million barrels; and condensate, 
States. Total stocks at plants and terminals 0.2 million barrels. | 

PRICES AND VALUE 

The average unit value of NGL pro LPG and ethane accounted for about 70% of 
duction at natural gas processing plants total NGL value in 1976. A tabulation of 
was $5.59 in 1976, an increase of 20% from average values, from 1972-76, in dollars per 
1975. Total value of NGL was $3.28 billion barrel, follows: 
in 1976, compared with $2.77 billion in 1975.
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| 
1972 1973 1974 1975 1976 

LPG andethane _.___________________-_-_--eeueee ee 91206442426 26 
Natural gasoline and isopentane —__-—--__~---------------- 3.06 3.51 6.59 5.81 6.65 
Plantcondensate_______________________.______-_--. 389 394 652 5.47 = 5.69 
Finished gasoline and naphtha ___ _ ____ __ __ -_-_------------- 4.66 4.29 7.97 7.76 9.99 
Other! __. e+ +--+ 2.58 3.25 5.39 5.35 1.52 

Total (average) ________-------------------------- 228 298 501 465 5.59 

1Includes kerosine, distillate fuel oil, and miscellaneous products. 2 ; 

Natural gas liquids continued to be sub- and distribution costs permitted by FEA. 
ject to FEA mandatory allocation and price Propane price data for six widely separated 
controls, and the rise in prices in 1976 was domestic areas are presented in table 17. . 

due primarily to a passthrough of product | 

| an FOREIGN TRADE oe os | 

Net imports of NGL increased 8% to 62.9 Venezuela was the source of 12% of LPG : 

million barrels in 1976 from 58.2 million imports and the remaining plant conden- 

, barrels in 1975. Gross imports, consisting of sate. Countries supplying more than 100,000 

LPG and plant condensate, increased 6% barrels of LPG imports in 1976 were Alge- 

from 67.7 million barrels in 1975 to 71.8 ria, Australia, France, the Hawaiian Trade 

million barrels in 1976. Imports of LPG Zone, Kuwait, Saudi Arabia, and the United 
: increased 16%, but receipts of plant conden- Kingdom. 

sate declined 9.5%. The increase in LPG — Exports of NGL decreased 5% to 9.0 
Sa ie associated with ne decnane - million barrels in 1976, compared with 9.5 

ov aNCL ole omestic natural gas supply ition barrels in 1975. Small quantities of 
or NGL plants and colder than normal NGL shipped to nume countries 

temperatures in the fall and early winter, b 99% e ft : ) nu ¢ NGL UNITTES, 

especially in the eastern half of the country. ut 99% of the exports o went to 
The decrease in imports of plant condensate Mexico and Canada. Mexico, traditionally 

resulted from a shift to a higher proportion the largest recipient of U.S. LPG exports, 

of lighter fractions, especially propane, in received 97% of the total volume, comprised 

the feedstocks shipped from Canada to mainly of butane-propane mixtures, and 2% 
synthetic natural gas plants in Michigan °of the exports were dispatched to Canadian 

andOhio. | | consumers. Total NGL exports consisted of 

Canada supplied 74% of LPG imports and butane, 2.8%; propane, 23.6%; and butane- 

99% of plant condensate receipts in 1976. propane mixtures, 73.6%. 

| WORLD REVIEW | | 

In 1976 the United States and Canada nal. The Abqaiq plant was designed with a 

continued as the world’s largest producers gas processing capacity of 320 MMcf per day 

of NGL, with a combined total of 692 from gas-cil separator plants in the Ghawar 

million barrels, about 66% of total world and Abgaiq fields. Production of 140,000 

production. Of growing importance in the _ barrels per day (bpd) of NGL will be piped to 

world export trade was the increased pro- Ra’s at Tannurah for export. The second 

duction from the Middle Eastern area, phase of the $1 billion Aramco expansion 

mainly Iran, Kuwait, and Saudi Arabia, will be at Berri-Al Jubayl several miles 

which produced a combined estimated total north of the Ra’s at Tannurah terminal. 

of 99.6 million barrels in 1976, compared Production capacity will be 600 MMcf per 

with 80.1 million barrels in 1975. day with an NGL recovery of 70,000 bpd, a 

The Government of Saudi Arabia and the smaller yield than at Abqaiq because of the 

Arabian American Oil Co.(Aramco) comple- lower NGL content of Berri-Al Jubayl gas. 

ted the first phase of construction of several Northern Natural Gas Co. and Shell In- 

| NGL processing centers, including a com- ternational Gas, Ltd. negotiated a contract 

pression center at Abqaiq and a treatment valued at $1 billion for the sale of LPG to be 

and a fractionation plant at Ra’s at Tan- produced from the North Sea over a 10-year 

nurah, Saudi Arabia’s main export termi- period. This may be the first long-term LPG
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contract negotiated around future price in- lion cubic feet of gas per day when comple- 
dices: The periodic adjustments are to be ted in 1977. Gas from the Pazanam Dome 
based upon the prices of Arabian light field, located near Agha Jari in Southern 
crude, the. U.S. Wholesale Price Index, and _ Iran, will be utilized in the new processing : 
the U.N. Index for Exports of Manufactured centers. The residue gas from each of these 
Goods from Industrial Countries. Deliveries centers will be reinjected into separate 

are scheduled to start after January 1, 1979, oilfields located nearby. _ oO . 

to one of five U.S. east or gulf coast ports. Combustion Engineering, Inc. and Mit- 

About 3 million barr els of LPG are to be subishi Heavy Industries, Ltd. of Japan are 

barrels during the second, and 7.9 million Arabian Gulf for the Qatar Gas Co. Lid ’ : rabi ulf for the Qa as Co., . 

barrels annuals a the remaingr of the The platforms, for the $170 million NGL 
ontract period. The wo pro- or DT} . : 

duced from the Shell United Kingdom, Lid. "¢gi enn’ yun Nrshoan end Bul te ie 
share of the Brent and other British North field areas, in offshore Qatar. Living quar- | 

Sea fields. Construction of an extraction ters and production modules, including sep- 
Sa en cosine, Scotland, is planned for aration, compressor, cooling, and dehydra- . 

The world’s first open sea offshore NGL Feld “Compl one ee onaject or naa 

plant was completed and went onstream at 164 for mid-1979 } 

midyear in the Ardjuna field area of the The Kuwait Oil Co recently awar d ed a 

Java Sea, northeast of Jakarta, Indonesia. t | t to Kelloge Inte ti y al Corp. f , 

The Ardjuna field is operated by the Atlan- the rac ' oti 088 f soather! vP een 
tic Richfield Co. under a production agree-  ¢ “ilities, ruction ted oon will bes te hed: | 

ment with Pertamina, the Indonesian State. 0 on , assoc so ge tere located in the’ 
owned petroleum agency. | rom gat ering centers oca in t ©. 

Pemex, the Mexican Government-owned main field areas of Kuwait, and the gases 

petroleum agency, continued construction and field conden aates will re transportes to. | 

in 1976 on a large gas processing plant Mina al Ahmadi, a port on the Persian Gulf, : 

complex at Tabasco, in southern Mexico. for final processing in a LPG plant. The’ 

When completed in’ 1978, it will have a SID Of tT 300 barrels. of propane, 
Tee aca Ot ae feodatock wrll be 55,000 barrels of butane, and 41,000 barrels 
processed for maximum ethane and other of natural gasoline. Completion of the facili- . 

liquids-by a turboexpansion process. Three ties was scheduled for 1978. — - 

gas-sweetening facilities were put onstream_ . Work continued on a large NGL process- 

during the year, each with a rated through- ing center for sour gas and condensate in 
put capacity of 400 MMcf of gas per day. the Or enburg gasfield on the Ural River in» | 

The desulfurized sweet gas from these facili south-central U.SS.R. Reportedly, the sec- 
ties is processed through two 500-MMcf-per- ond of 10 plants planned for the complex 

day turboexpanders for NGL extraction. was onstream at the beginning of 1976. The 
A subsidiary of the Fluor Corp. was extraction process separates the sour gas" 

granted a contract for the design, engineer- and condensate, dehydrates the sour gas, 

ing, and construction of two identical NGL and prepares it for final low-temperature 

processing centers in Iran. The total project separation of the NGL. Each plant will have 

will be valued at $300 million, and each extraction units capable of a throughput of 

plant will be capable of processing 1.5 bil- 840 MMcf of gas per day. 

TECHNOLOGY 

During 1976, Halliburton Resource Man- more efficient than from a conventional 

agement, Inc. began operating a newly de- field processing unit. 

signed, low temperature NGL field recovery Elf Aquitane of France, announced a new 

unit which extracts LPG and condensate hydrocracking process for the production of 

from natural gas feedstocks at rates sub- propane from butane feedstocks that uti- 

stantially larger than conventional plants. lizes a zealite catalyst which reacts with 

The unit operates most efficiently at low butane to induce hydrogenation. The pro- 

pressures, by utilizing a vortex tube, that pane yield is about 90% of the butane 

delivers more refrigeration with less pres- feedstock, and the production of paraffins, 

sure drop than a unit using a choke. Recov- methane, and ethane byproducts is also 

ery rates from a gas stream are thus minimized by use of this process.
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Table 4.—Production of natural gas liquids at natural gas processing plants, and natural 
gas processed in the United States by State, in 1975-76 | 

(Million cubic feet at 14.73 psia at 60° F unless otherwise stated) 

LS LL LT DL aa Se a SSSA SSS ap Sf SS Shs US SSS eS pp sh Ss SSSA 

| Total 
natural N al 

gas liqui: atur: 
State End ethane gas 

production processed 
oo me (thousand 
. oo barrels) 

1975: 
Arkansas __________~-___.~-~ ~~~ ee 603 17,918 
California ______________i__ ~~~ ee 9,328 213,079 
Colorado ___________-___-__~~~~_~ ~~ eee 6,563 136,090 
Florida, Pennsylvania, West Virginia __ __._§________.______-_____ ~~ 12,977 765,597 
Illinois and Kentucky __.____-_-~__-~__ ee ee 12,047 322,393 
Kansas ____________-____ ee 29,858 1,367,949 
Louisiana _~______________ Le 135,522 5,831,487 
Michigan _____________~___~__-__ ee 2,004 79,154 
Mississippi and Alabama _______________~_____ ~~ ee 875 29,694 
Montana, Utah, Alaska _.______~___.~_ ~~ ee . 8,948 156,203 
Nebraska, North Dakota, South Dakota _____._________.--_-_-___-_ 1,910 34,463 | 
New Mexico _____________~__~_~____ Le 39,408 1,037,160 
Oklahoma _____~________ Lt 40,475 1,033,003 
Texas __-_ ~~ __ Le 291,470 6,509,132 
Wyoming _____________u-_ eee 8,970 215,104 

Total _____ ee ee 595,958. 17,748,426 

1976: a mo . 

Arkansas ___ ~~~ Le 611 20,370 
California _________~___ eee 8,777 216,667 
Colorado _________~-__-~___---_~-_-~ ~~~ eee 8,409 175,624 
Florida, Pennsylvania, West Virginia ____§___.______-_--__---__--_ 15,644 854,064 
Illinois and Kentucky ~____________-~-__---_--------~-------~ 11,556 305,441 
Kansas _____§____ ee? 30,201 1,389,850 
Louisiana _____________ ee eee ee 118,779 5,749,788 
Michigan ____§_§__§____-__~_-i-_ eee 4,719 151,318 
Mississippi and Alabama _.__/§__§_..$_.-________-~_-~-~_1—__-~-~-_---- 845 25,517 
Montana, Utah, Alaska _.____________-__----~__~_-~--~-~--~--- +. 4,230 149,865 
Nebraska, North Dakota, South Dakota ____. ~___ 2 ~__-__--____--_) 1,799 35,351 
New Mexico ___________.-_____ ~__-__-__ ae 42,144 1,066,104 
Oklahoma __________~__~_~__~__ eee eee 42,514 1,072,992 
Texas ~.__ __ eee 287,092 6,253,159 
Wyoming ____________-__-___--__-_--~-~--~--_-~-~-~----~---+----- 9,725 251,846 

Total __-.________-~__ ee 587,045 17,717,951
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_ ‘Table 7.—Production of natural gasoline by vapor pressure and PAD district 
| S . in the United States, in 1976 a | | 

(Thousand barrels) 

Reid vapor pressure | District District District Distri ct Dierict Total 

12 pounds andless .~____~_____________ 351 6,193 58,471 1,924 - 827 ~ 67,266 
Over 12 pounds including 14 pounds _~_______ 507 5,755 18,632 1,882 342 ~~ 27,118 
Over 14 pounds including 18 pounds __________.. 6 2,302 5,583 .- 361 248 8,500 
Over 18 pounds including 22 pounds ________ — 10 300 1,148 24. ~~ «635 ~ 2,117 
Over 22 pounds including 26 pounds ________ 17 2,602 6,585 — ‘441 645 —. 10,350 
Over 26 pounds _______.~~_~______-___ 845 3,159 6,092 1,164 2,671 13,931 

Total ~--- 4s -L-- + -+---s--- 1,796 20,311 96,511 . 5,796 4,868 129,282 

Table 8.—Comparison of 1975 and 1976 natural gas liquids production and value 

om, - Dollarsper - - Thousand barrels Thousand dollars a t pe : 

Per- — Per- ~ Per- 
1975 © 1976 — cent ~ 1975 1976 cent 1975 1976 cent 

Ss change — : change change 

LPG andethane ______ 444,086 437,366 -1.5 1,893,890 2,298,647 +21.4 4.26 5.26 +23.5 
Natural gasoline and . - 
isopentane __.______. 133,824 182,752 0.8 777,637 882,718 +13.5 5.81 6.65 +145 

Plant condensate ___~—— _ 15,626: 14,700 § -5.9 85,492 83,590 -2.2 5.47 569. +44.0 
Finshed gasoline and pe = | | 
naphtha __.._ ___._____ 1,084 966 ~=—s -10.9_—. 8,411 9,650 +147 ~~ 7.76 9.99 +28.7 

Other products __.____. 1,338 1,261 -5.8 7,158 9,484 +32.5 5.35 7.52°° +40.6 

. Total or average __ 595,958 587,045 -1.5 2,772,588 3,284,089 +18.4 4.65 5.59 +202 

- Table 9.—Estimated proved recoverable reserves of natural gas liquids _ 
| in the United States, by State | | 

| | : (Thousand barrels) : | oe 

: | oo Changes in reserves. Réserves as of Dec. 31, 1976 
' Reserves New 

; : f New Total va 

State  -Dee.31, _Exten- —_—Revi- field "eer natural Non As60 
. 1975 sions. _sions OV- a. gas : : 

| | | | eres —SCOV-iguids! «lated ~—_ dissolved 

Alabama ___________-_ 251,348 -35,930 81,485 ee — 241,144 237,012 4,132 
Alaska ___~____~__--- 2,521 407,970 - — -- 409,718 -- 409,718 
 Arkansas_____._____. 3,852 4,458 _- _- __ 7,279 3,520 3,759 
California? ___________ 107,502 1,651 3,886 _- 85 104,395 2,118 102,277 
Colorado _________-_- 61,749 14,730 1,330 _- _- 68,956 50,787 18,169 
Florida ____________— 45,682 -1,522 -— _- _— 37,422 -- 37,422 
Kansas .__-_________-_ 417,029 -10,081 7,349 493 98 388,078 378,902 9,176 
Kentucky __________-_ 42,681 92 1,525 45 46 41,132 41,132 _- 
Louisiana? *__________ 1,717,700 61,728 21,464 3,636 22,800 1,622,834 1,359,678 263,156 
Michigan _________—_~_ 20,633 3,252 -- 848 _- 22,397 5,081 17,316 
Mississippi______-_-_. 15,170 1,732 — ‘1,248 603 18 13771 9118 4.658 
Montana ____________ 3,318 2,000 -- a — 4,697 2,966 1,731 
Nebraska. ___________ 821 _- _- -- __ 627 238 389 
New Mexico _________-— 368,563 56,237 7,826 91 57 394,098 . 292,781 101,317 
North Dakota _________ 50,011 900 _- _- _- 49,090 _- 49,090 
Oklahoma ______-___-— 299,155 -2,893 19,218 3,467 474 279,795 177,645 102,150 
Pe Ivania _________ 515 ~- _— _- — 446 446 _- 
Texas? ~~ 2,660,668 113,477 55,053 11,026 17,682 2,527 ,837 1,178,612 1,349,225 
Utah ___________-__-_ 49,367 -2,872 — _— — 42,488 486 42,002 
West Virginia _________ 82,463 —_ 6,444 151 118 83,833 83,833 —_ 
Wyoming. _______-__~_ 67,082 3,075 1,794 100 — 61,930 33,373 28,557 

Total 
United States__.____ 6,267,830 614,856 158,572 20,460 41,378 6,401,967 3,857,728 2,544,239 

Gulf of Mexico* ________ 811,344 80,926 15,127 4,079 17,681 852,954 758,659 94,295 

1 American Gas Association data based on preliminary net production. 
Includes offshore. 
5Reported quantities include reserves estimated from same reservoirs considered natural gas bearing based on 

electrical logs, core data, and other available engineering and geological data. 
“Included with Louisiana and Texas. 

Source: American Gas Association.
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Table 11.—Production, stocks, and demand of liquefied gases and ethane at 
gas processing plants and refineries, in 1976 | 

| (Thousand barrels) 

eee rrr ener ere ener rrrrrreene rere eer eee Te 

. _— Butane- 
| Ethane Propane Butane —Ss propane Isobutane Total 

Production: rs oo a 
At gas processing plants _______-- 183,654 189,614 81,370 2,557 30,171 437,366 
At refineries: 

For fuel use _. _____.-.---- -- 65,055 © 14,411 4,757 -— 84,223 . 
For chemical use _ . —__..——~—- 5,639 25,646 5,630 7190 2,640 40,345 

Total _.._________--- 139,293 280,315 101,411 8,104 $2,811 561,984 
Net change in stocks: 

Liquefied petroleum gases: 
At gas processing plants .___ ~~ +6,586 -6,582 -4,548 +46 -1,356 -5,854 . 
At refineries _..._.____-_-- _- +203 .. -1,402 _ ll 613 = -1,813 

Liquefied refinery gases: 
For fuel use __ ______----_-- -- -1,676 +397 +107 --  -1,172 
For chemical use ___ ~~. .—~-—- -- +16 (84 +2 +2 -14 

Imports ________------~------ _- 24,768 22,668 ee _- 417,436 
. Exports ___.__-..----------~-- _- . 4,766 4,227 -- -— 8,993 

Used at refineries... __-__~-- a 4,517 56,661 1,889 32,198 95,260 
ne rr a TD 

Domestic demand: 
At gas processing plants ________- 127,068 211,478 49,100 623 _— 388,216 

At refineries: 
For fuel use __.______--_-~- —_ 66,731 14,014 4,650 _— 85,395 
For chemical use _ _ ~~~ ~-—-- 5,639 25,630 5,664 788 2,585 40,359 

Total _._.-_--_---~-- 132,707 303,839 68,778 6,061 2,585 513,970 
A vse 

Yearend stocks: 
Liquefied petroleum gases: 

At gas processing plants ____-__ 13,600 69,442 16,450 — 918 6,307 106,717 

: Li At refineries eee eee ee — 295 923 13 1,158 2,389 

efied refine : 
For fuel use Oe + -- 3,851 2,917 172 -- 6,940 — 

For chemical use ____..-—--- -- 216 13 2 18 249 

Total _.._-_______---_ | 13,600 73,804 20,303 1,105 7,483 116,295 

ne EERE 

Table 12.—Sales of liquefied petroleum gases and ethane in the United States, 1972-76 

. (Thousand gallons) — 
epee tas SSS 

1972 1973 1974 1975 1976 
i 

Forexport __...-.-_--------- 481,698 418,152 379,596 398,496 377,706 

For use in gasoline production __ ~~~ 3,578,106 3,369,282 3,369,114 3,765,804 4,000,260 

Forall other uses__.___.------ 21,833,700 22,199,048 21,538,692 20,430,690 21,586,740 

United States total_...._._._. 25,893,504 25,986,482 25,287,402 24,594,990 25,964,706 
TTT 

B : 
y Rhene eee ee ee 4,460,442 5,016,606 5,232,444 5,231,016 5,573,694 

Propane _..___---------- 18,847,948 13,494,198 13,158,599 12,483,548 13,414,507 

Butane ________.-------- 2,404,659 2,710,600 2,415,333 T2,095,376 2,071,198 

Butane-propane 
mixtures__.__.__.----~-- 1,120,651 977,644 732,316 670,750 527,341 

By principal uses: . 
Residential and 

commercial _._.__------- 8,253,340 7,845,991 7,231,035 7,019,989 7,313,023 

Internal-combustion ~~ -—----- 1,479,190 1,409,302 1,309,750 1,162,396 1,169,766 

Industrial?_____..__------- 1,124,263 1,094,898 1,069,319 T1,081,929 1,051,753 

Utility gas __. ___-_-------- 302,481 344,436 356,848 402,752 445,947 

Chemical? __________----- 10,858,858 10,977,239 10,654,038 9,403,057 9,658,488 

Miscellaneous® __.._--~---- 315,568 527,182 917,702 T1 360,567 1,947,763 
OU 

"Revised. 
Includes refinery fuel. 
‘Includes synthetic rubber. 
‘Includes secondary recovery of petroleum, agriculture uses, and use as substitute natural gas feedstock.
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‘ Table 14.—-Refinery input of LPG, by product and PAD district — | 

— (Thousand barrels) © 

| | ) PAD district ; 

n | I II IV | Vv States 

, 1974 . we — 
Propane __..~___________--_-- -- _- 3,442 10 13 3,465 — 
Normal butane _______________. 233 12,137 13,573 361 2,806 29,110 
Isobutane ___________________ 36 11,685 15,927 865 2,316 ‘30,829 
Other butanes_____.~_-__________ 73 7,276 3,089 1,928 1,489 13,855 
Butane-propane mix ____________-_ 34 61 . 1,932 443 488 ~ "2,958 

Total LPG ______________ 876 31,159 37,963 3,607 7,112 80,217 

| 1975 oe - | 
Propane ____________~_~ ~~~ 1 _- 3,823 20 82 "3,926 
Normal butane ____.....--_____ 91 13,192 17,989 316 3,468 35,056 
Isobutane __________-_-_-__--~-- 29 13,027 19,933 932 ~ 1,839: - 35,760 
Other butanes___________-.-_.. 43 7,266 2,368 2,014 1,956 - 18,647 
Butane-propane mix __.___-----~—- -- . 48 ..  : 870 . 868. . 2. 1,273 

Total LPG _______.--__-_ 164 33,5838 44,988 3685 «7,847 —=—s« 89,662 

1976 | 
Propane ______~-~_____---_~--- -- 54 4,455 3 5 4,517 
Normal butane ___.—~~-_-—.----- ll .ssd444,575 24,125 164 2,704 42,179 
Isobutane _________________-_ ° 51° | +14,198 * 15;938 173 1,803 - 32,193 
Other butanes__ _________~~--~- 134. 1,622 1,251 2,594 2,881 14,482 
Butane-propane mix — ____------~-- -- 77 1,634 136 42 1,889 

Total LPG ______________ 196 36,526 47,403 4,200 6,935 —«-95,260 

Table 15.—Liquefied refinery gases and ethane produced at refineries for fuel 
and chemical use, in 1976 

(Thousand barrels) - 

«Bane 
= States and PAD districts Ethane Propane Butane propane Total 

ae . . mixture . 

District I: | ~ 7 | a 
New Jersey ___.~~_-___-------~-~~-+-- 27 5,550 1,176 _- 6,753 
Pennsylvania _____._--_----------~ -- 7,185 = 1,186 3 . 8,324 

Other Statest ____________-_____-- __- 3,514 919 175 4,608 
“Total District] _-..-------------___ 7 ~—— 16,249 3,281 17819, 685 

District II: | | | | oo | an 
Illinois ~~~ _~___~-~-~_-____--_---+-+- -- 10,444 99 _— . + 10,543 

~~ Indiana 2. ~~~ ee _- 438 — 201 __ 639 
Kansas ~________-----_--~------- 464 3,292 336 80 4,172 
Kentucky ~_____------~-------~--- A 676 -- _- 676 
Michigan _______________-__-_____ _— 1,851. 1 384 1,736 
Ohio ____ — - ee oe 5,748 — 56 __ ~ 6,804 
Oklahoma _.___________=_------- ao 3486. 57 147 3,690 
Other States? ____________________ __ 2,608 .252 .. _- 2,860 

“Total District II ________-_-____- 464 28,043 1,002 611 30,120 

District III: 
Alabama and Mississippi ~———---~-~---~~- -- 1,843 1,192 897 3,932 
Arkansas ____________~—~--~-~-~---_~ — 289 45 _- 334 

Louisiana: 
Gulf _~_-___-__-.~~-__-~---~~--+-~-- 971 9,289 1,757 2,299 14,316 
Inland ____________________-- _- 68 311 35 414 

Total Louisiana _____.____~~—-~ 971 9,357 2,068 2,334 14,730 
New Mexico _______-------------- -- 192 -- 336 528 

Texas: 
Gulf ~.-_____--------~------ 3,457 19,863 9,147 443 32,910 
Inland _______-__--___--____- 215 2,758 739 92 3,804 

Total Texas __.______..--_-~-- 3,672 22,621 9,886 535 36,714 

Total District II _._______---- 4,643 34,302 13,191 4,102 56,238 

See footnotes at end of table.
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- .  ‘Pable 15.—Liquefied refinery gases and ethane produced at refineries for fuel oe 
ce and chemical use, in 1976 —Continued _ - a : 

o rr a, - . (Thousand barrels) . — oe a 

ee States and PAD districts _ Ethane. _—— Propane Butane propane Total - 

8 Digteiet IVE OS - 7 
Re - - - @elorado _.=------------ eee ee Ctti<ié‘i2D 169 . -- 808 

oo. Montana “eee eeeee ee 495 136 233 654 
oo Utah Lio eee eee eee-- re 761 9 ... 841 | 

a, Wyoming --=---------=----------_ TT 

oS otal District IV Lee 1,552 554 60. -—— iia 
District VL --------+-----------__.__ 05 10,555 4,708 596 16,359 | 

oe Total United States __.--_-------- 5,639» 90,701  *22681 5547 124,568 ~ 

Oe Includes Delaware, New York, Virginia, and West Virginia. | | . 7 
*Includes Minnesota, Missouri, Nebraska, North Dakota, Tenneesee, and Wisconsin. es 

—,-*Inchudes 2,640,000 barrels of isobutane used for petrochemical feedstocks. | a ee —— 

able 16.—Stocks of natural gas liquids and ethane in the United States _ 
. | (Thousand barrels) | 

7 | $$$ aasss0989090 hep — Other 

. : . oo - LP gases and Natural gasoline finished 
oo, co | ethane | and dress products and Total 

. | a | Pons . at. Total 

- Date: onto plants atre- = Grand 
BT At At ] At - and finers total 

ee eS. plants Atre ~~ plants Atre- plants Atre ‘erm —les . a 
a we a . "and. (finer-- and ~~ finer-- and finer- | nals a 

fe ae -.. termi: ies termi- = ies ttermi- = ies — 7 a 

7 1972. 74,859 38077 3,984 1,418 995 510 79,288 5,005 84,248 
: 1973_.._____--_____. 88,109 2813 5,075 1,085 922 986 94,106 4,834 98,940 | 

1974___.._________ 102,518 4,093 5,218 1,262 641 563 108377 5918 114,295 
oe : 91 1915 ~~ ------------ 112571 4202 . 4,908 1,314 740 548 118214 6,064 124,278 

Jan 81 ke 98,062 3,702 5,073 1,585 572 506 108,707 5,743 109,450 : 
. , Feb. 29 -______.---- 94920 3,878 5,199 1,297 571 782 100,690 5,957 106,647 | 
on Mar. 31 _~______--.- 98725 3,793 . 5,874 1,928 588 1,075 104,687 6,796 1114838 | 

~ App gg DUTT UU 104,000 8,671 «= 5,808 =—:1,746 647 1,416 109,955 6,833 116,788 — 
es May 31 TT TUTTI TTT L 110,958 4,808 «= «5,588 «1,796 562 1,222 «117,048 +«=7,821 «(124,369 = 

— .. June80__~ =~ «118,460 4,969 = 5,499 1,968) 585 883 124544 7,815 182359 . 
-  Julygi [ITD TUT 125,584 «5,816 = 5,560 = 1,555 540 966 131,684 7,887 189,521 

oo Aug. $2 DD UU 129,958 5,810 5,774 1,781 594 990 136,321 8,031. 144,352 
Sept.30___.__._--__ 188,247 5,050 5,879 1,712 521 1,182 189,647 7,894 147,541 | 
Oct.31 ____________ 181,241 4,100 5,487 =: 1,820 511 949 137,239 6,869 144,108 . 
Nov. 80 [IDET UU 122,597 8,744 5,502 2,168 578 -940 128,677 6,847 185,524 

. | Dec. 31 ___-.__.--_-- 106,717 2,889 5,031 1,618 508 1,066 112,256 5,073 1117,329 0 ~ 

a *Includes 81,768,000 barrels in underground storage. .
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Table 18.—LPG' and plant condensate imported into the United States, by country 

~ (Thousand barrels) 
EY 

| | " 7 1974 1975 1976 

| LPG: - | | | 
y country: 

Algeria __________---------=------=--+--------- @) 891 2,336 
Angola ________._--__--_--~---~----+--~--~------- ; —- 5 —_ 
Australia ______. ~~ 2 ee _- __ 618 
Belgium _________--_--------~~----~------------ -- 4 _- 

Brunei_______________~-_----~-~---~-+--~---+------- —_ 23 12 
Canada ____-________-_------+---------------- 30,384 30,295 35,189 

' France_________-_-_-------------------------- @) "442 104 
GazaStrip _.._.-___---_----------~------------- -- 26 _— 
Hawaii Trade Zone ________-_-__~-----------~-~-~---- 6 79 375 
Indonesia ____________._--_-~~----_-~-_---~-+------- 32 62 8 
Iran ___________ ee eee ee ett 13 88 34 
Kuwait ~~~ Lee e+ _- 946 372 
Malaysia __._____-___----.---2.-.-------------—so@ an __ 
Mexico ___-___-___----_------~----~----------- -— _- 16 

Netherlands __________-__----~-----~------------ 276 _- -- 
Netherlands Antilles ___________.---_~~-~--~-------+-- |. 575 27 _— 
Nigeria ____._____---+--------~--------------- 55 71 __ 

; Oman _______~_ Le ee 16 31 4 

Saudi Arabia _.______-.-___--____-_-------------- 1,836 3,028 2,317 
Singapore _ _____------------------------------- 35 40 _- 

United Kingdom __ ~ ___.-- -------------~--~--------- ; 84 4 127 

Venezuela ____________-~L___ UL Lee ee 11,634 4,965 5,924 

Yemen _________ = ee os 1 —s _- 

Total _._______-________-_____------------- 44,971 40,727 47,436 

ByPADdistrict: 7 CO 
District] _._.-_______{_____--__---~----+-_--+-+-+- ~ §958 . 6,716 6,066 

. District I] _~§_§_-______-.-----------~--+~-~-~---------- 19,304 . 17,894 21,938 

- District WI ~.-_-~______-_-----~------------------ 9,566 5,386 - 6,773 

District IV ~___~.----_=--+--+-+-+-+ +--+ - - - - - = + + + - 5,535 - 5,706 5,888 

District V _--_----------~--------~-------------, . 4,608 5,025 6,771 

| Plant condensate: - es 

: . Canada ____._____ ee te 31,840 26,972 | 24,190 

Venezuela __.—_------------~---~--------------+--- - 524 -- 218 

Total... _-___---_------------ =e --- 82,864 26,972 24,408 

| Total LPG and plant condensate ~ eee ee 17,335 67,699 71,844 

‘Includes LRG. 7 ne | . 
?Less than 1/2 unit. | 

Source: Imports of condensate as reported to the Bureau of Mines, other data are compiled from the U.S Department of 
Commerce, Bureau-oftheCensus. = = ~~ | -



NATURAL GAS LIQUIDS 91] 

Table 19.—LPG' exported from the United States, by country 

- . (Thousand barrels) . 

1975 1976 

Country ow Butane Butane 
Butane Propane propane Total . Butane Propane propane Total 

mixtures mixtures 

Algeria _.____- 166 (*) _- 166 _- 1 _- 1 : 
Argentina ____ ~~ -- _— -- -- 9) ?) — ) 
Australia ._____ 5 (?) 1 6 oo 4 1 5 
Bahamas _ ______ _- 1 __ 1 (?) 3 -- 83 
Canada ________ 10 9 23 42 38 87 62 187 
Chile _________ _- — _— _— _- 1 1 
Denmark ______— __ (?) —_ . ?) __ __ 1 . 1 
Dominican 
Republic ______ __ __ _- __ (?) _- _- ?) 

Greece ________ —_ _- _- _- (7) _- _- (?) 
Guatemala ____ __ _— 3 3 6 —_ 1 4 a) 
Guyana________ __ __ —_ _- _- () -- () 
Honduras ___.__ __ _- _- _- -- (7) -_  @ . 
Hong Kong__ __ __ __ __ _- _- () _- (*) (7) 
Israel _. 2 __ 2 _— 2 ?) ~— 1 a | 
Italy. .-..__-_- -- _- (7) a) -- 2 (7) 2 
Jamaica ______-_ _- () _- o>  #& _- _- ) 
Japan _________ __ (7) 1 | 1 _- _- _- _- 
Jordon ________ _- _- —_ ee (?) ie (?) 
Kuwait ________ _- —_ -- _- ——— _- A (7) 
Libya _._______ __ _- __ _- _- (?) -- ) 
Mexico ________ 351 2,126 6,711 9,188 215 2,012 6,519 8,746 
Netherlands _ _ —— _— __ (7) : _- (?) __ 1 -- 1 
Netherlands’ . — 

Antilles _____ _ _— _-. __ __ (7) __ __ - 
New Zealand __ ~~ __ __ _- m- 0 ee (?) -- ~~ @ : 
Panama _______ __ _- __ __ (?) (7) a () 
Peru__________ __ (?) 3 3 1 _- (?) 1 
Philippines _____ __ __ __ _- _ _- (?) > @ 
Puerto Rico _____ 1 1. 4 6 . 1 3 2 2. 
Samoa ______-- _- _- _- -- _- ) -- ) 
Saudi Arabia —__~— _- -- -_— _- oe _- 4 4 
South Africa, “ “ 

Republic of _ — —— a 20 _- 2 1 (?) @ 1 
Spain _________ a @) — . @ _- __ eo | 
Thailand _____ ~~ oe __ ee - ?) _- (*) 
Trinidad ___.__ _ __ -_~ _- -- ee Po ) ) 
Turk Islands _ _ _ — — _- -- -- -_- _- 1 _— 1 
Venezuela ______ __ () 1 1  & 1 QA 1 . 
Virgin Islands____ 51 i 7 59 a 1 i 2 
Other ___.—___- -- 5 -- 5 -- 1 _— ae | 

Total _.--___ 584 2,150 | 6,754 9,488 256 2,118 6,619 8,993 

1Data includes LRG. . 
? Less than 1/2 unit. a 

Source: U.S. Department of Commerce, Bureau of the Census.
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- pe - Table 20.—Natural gas plant liquids: _ 
. (Thousand 42-gallon 

: 1974 : 

. Natural 
. Country! . . 

try Propane Butane Subtotal gasoline Total Propane 

a me po ‘other 

North America: 
Canada ____________ $3,035 T2775 54,810 59,504 114,314 34,232 
Mexico? ___________ NA NA 23,484 4,932 28,416 NA 
Trinidad and Tobago _ — —_ _- __ _- ~&57 °57 _- 
United States ________ 206,539 123,616 330,155 285,943 616,098 200,573 

South America: 
Argentina ~ aan eee 1,433 1,525 2,958 476 3,434 1,539 
Bolivia _....-..~-~- - NA NA 65 78 143 NA 
Brazil? _~..___.-.--- -_— -- -- 1,699 1,699 _. 
Chile? __-___________ 1,834 1,208 3,037 1,962 4,999 1,780 
Colombia __..___--~- 1,268 718 1,986 1,338 3,324 2,811 
Ecuador __..---~--~. NA NA 63 109 172 NA. 
|) 210 . 5 215 453 668 _ NA 
Venezuela? ..._____~ NA NA 21,521 9,075 30,596 NA 

Europe: 
Austria __.___.-.--- __ __ _. ©2900 £220 _ 

Czechoslovakia ~..—~~- NA NA NA 29 29 ‘NA 
France ..__.------- T1814 T1,922 T3,736 ™3,989 T7675 1,651 
Germany, West ____ ~~~ NA NA 58 76 134 NA 
Hungary __._--~---- NA NA T1,032 751 ¥1,788 NA 
Italy _.-._--------- -- -- -- 615 615 — 
Netherlands aoe eee ee -- -_—- -— 1,074 1,074 -- 
Poland ___..--.~---- NA NA 46 390 436 NA 

. Romania® ____.._.~- NA NA NA 3,900 3,900 ' NA 

U.S.S.R.°? ~~ NA NA NA . NA 83,000 NA 

bo United Kingdom _ ~~ ~~— NA NA NA. 3,059 8,059 NA 

_. Yugoslavia ..-------~- NA NA 577 129 706 NA | 

Algeria® ? __________ NA NA 700 11,400 12,100 -NA 

Libya ___.--_~----- 335 1,888 2,223 4,119 6,342 NA 
Tunisia _____.-.__-- -- -- -- -- -- -- 

‘Afghanistan® | NA NA NA NA 15 NA 
Brunei _.__~----~-~- 155 31 186 2,514 2,700 1382 
Burma _.---_------ NA NA NA NA “10 _— 

} Indonesia® __.._____- NA NA 12 38 50 NA 
Iran _.--_~~-~----- NA NA ©7,400 5,700 *13,100 3,290 

IraqQ® ~--------~---- NA NA NA NA 2,300 - NA. 

Japan ...__.------- NA NA 172 41 213 NA 
Kuwait ______.-_-~-- NA _ NA ©14,500 F C5 650 re20,150 -- - NA 
Pakistan _._._..-.--- | NA NA NA 30 30 NA 

Qatar’ wee eee -- -- -- 20 20 NA 
udi Arabia __ ~~ NA NA €37,800 ©11,700 ©49,500 NA 

Taiwan ____-.-----~~ 381 258 639 194 ~ 833 —- 353 

Oceania: 
Australia® _..-__.-_- NA NA 14,000 3,300 17,300 NA 

New Zealand ~__ ~~ --~- 13 12 25 NA 25 NA 

Total® _._.____-_- 247,017 152,958 521,400 424,514 F1,031,289 246,361 
een SS SS SS EE —— 

_ Rgtimate. Preliminary. "Revised. NA Not available. 
ln addition to the countries listed, the People’s Republic of China may also produce natural gas liquids, but 

information is inadequate to make reliable estimates of output levels. Every effort has been made to include in this table 

only those natural gas liquids produced by natural gas processing plants, and to exclude natural | gas liquids obtained from 

field treatment facilities including wellhead separators, because the latter are normally blended with crude oil and thus 

are in statistics on crude oil output. In some cases, however, sources do not clearly “Specify whether data presented 

represent only output of natural gas s processing plants or if they include field output. us, some of the figures in this 

table may include Feld condensate. Where this appears to be the case, the country been so footnoted, but it may also 

be true in the case of other countries. 
*May include field condensate. 
‘Total of listed figures only, and as such represents an incomplete total, due to the fact that in the case of some 

countries, only total of butane and propane or o ly total natural gas plant liquids are reported in sources, and insufficient 

data are available to estimate the distribution of the totals by individual type. Summation of totals of propane and butane 
thus does not equal the reported natural gas plant liquid total.
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World production by country | 
__ barrels) 

ASL SSS SSSA eS SSS SSS si SSS iS 

| oO 1975 1976” 

. Natural Natural 

Butane Subtotal gasoline Total Propane Butane Subtotal gasoline Total 

other other i 

22,411 56,648 55,468 112,106 34,016 22,451 56,467 48,516 104,988 
NA 26,897 5,768 22,665 NA NA 6,441 21,718 34,154 

120,568 $21,141 274,817 595,958 189,614 114,098 308,712 288,338 587,045 | 

1,687 3,226 472 3,698 1,802 2,010 3,812 €475 4,287 
NA 144 86 230 NA NA 217 48 °260 
__ __ 1,931 1,931 __ __ __ ©2000 ©2000 | 

1,205 2,985 1,696 4,681 1,755 1,132 2,887 1,604 . 4,491 
134 3,545 1,324 4,869 8,041 666 3,707 1,094 4,801 
NA 53 189 192 NA NA €50 128 178 
NA NA NA 664 NA NA NA NA 660- 
NA 18,904 10,131 29,035 9,270 8,251 17,521 7,544 25,065 

_. _. 182 182 __ __ Oo 191 191 
NA NA 29 29 NA NA NA 30 €30 

1,847 3,498 4,042 7,540 1,618 - 1,782 3,395 3,956 7,351 
NA 46 38 84 NA NA NA NA 90 
NA 846 1,299 2,145 NA NA NA NA ©2500 
__ __ 408 408 __ __ __ 405 405 
__ __ 1,463 1,468 __ __ __ 1,668 1,663 
NA 58 285 343 NA NA NA NA 400 , 
NA NA T3990 T3 990 NA NA NA NA 3,900 
NA NA NA 90,000 NA NA NA NA 100,000 
NA NA NA 1,691 NA NA NA — NA 3,658 7 
NA 622 134 156 NA NA ©626 ©147 e773 

| NA 188 17,100 17,900 NA NA NA NA 18,000 
NA NA NA £6,000 NA NA NA NA “7,000 

NA NA NA 15 __ __ __ 9 9 
di 143 2,963 3,106 141 3 144 4,604 4,748 
_ __ 11 11 NA NA NA NA £10 
NA 12 38 50 NA NA NA NA 70 

8,705 6,995 5,081 12,026 3,170 3,678 6,848 5,288 12,126 
NA NA NA 2,600 NA NA 1,687 955 2.642 

. NA 222 87 259 NA NA 298 37 330 
| NA 12,876 4,582 — 17,408 7,711 6,882 14,548 5,805 19,848 

NA NA NA regs NA NA NA NA _ °39 . 
NA 1,600 900 2500 NA NA NA NA 2,800 
NA 39 400 €11,300 50,700 NA NA NA NA __ 67,628 
205 558 176 734 391 238 629 214 843 

NA NA NA 19,300 NA NA NA NA 22.700 
| NA NA 34 34 NA NA 52 34 86 

152,373 501,202 405,880 1,027,389 252,524 161,136 423,026 395,388 1,047,812
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: _ ByJohnD.Corrick!* 

There was a gradual improvement in Similar price increases were announced for — 
demand for nickel during 1976; however, domestically and foreign produced ferro- | 
the supply of nickel proved more than nickel at about. the same time. Near year- 
adequate, as newly developing projects end, most major ‘nickel producers were | 
gathered momentum in Australia, the Phil- offering class II products at prices reduced 

Ippines, , Botswana, and the United States. from those announced in October’ on’ firm 
At yearend, nickel remained in over supply, orders for delivery during the first quarter | 
and some major producers were cutting of 1977.” ne De 

back production or continuing to. operate World trade in nickel picked up during | 
below capacity. sncumption increased 11% 1276 if line with the gradual increase in 
+1:1976 over that of 1975. hx increased tocks of d@mand. Imports of nickel ‘into the United 
se) OER PNY OF 20 195 DOWEVET, SLOCKS OF States in 1976 increased 17% compared 
consumer-held nickel remained at a rela- —~.. 4o-- . or Peers 

. a ae : with 1975 imports. Leading suppliers of tively high level. A surge in consumer-held _.. kel to the United States. in d din 
stocks in the second half of the year could ord ee C adi Bote eS) °N escene the 
be attributed to nickel purchases being OFC®T were eoubls wy Cel orway, | 3 
made in advance of price increases.. Ferro- Dominican Repu lic, New Ca edonia, an 
nickel increased its share of the total U.S. thePhilippiness 
market in 1976 at the expense of pure _ Legislation” and | Government Pro- 

unwrought nickel and recovered that share srams.— During 1976 a bill was passed and 
of the market that was lost in 1975. The signed into law closing the Glacier Bay 
pattern of nickel consumption remained National Monument in Alaska to new min- 
essentially unchanged in 1976 from that of ing claims and effectively placing all: exist- 
previous years. _ : “- Ing mining ‘claims under tight regulations, 

The price of pure nickel was increased by tobe administered by the U.S. Department 
21 cents per pound on October 1; however, of theInterior. — a at 
the old price of $2.20 per pound prevailed —— Ss es 
until 1977 for major consumers of nickel. 1Physical scientist, Division of Ferrous Metals. ~ - 

Table 1.—Salient nickel statistics _ a 
(Short.tons, contained nickel) 

1972—~CO*~“«~*UT:C“‘CC#C«CUOTA”~O#«dTS:«~=~*«ASTG 

United States: — a | : : Cs re 
Mine production! -___________.._-__.* 16,864 18,272 16,618 16,987' 16,469 
Plant production: . _ . 

Primary _____________________ 15,731 (13895 14,098 14,343 13,869 
Secondary ______ 35,926 32,629 20,930 17,880 13.273 

Exports (gross weight) _________________ 21,671 22,070 . 30,442 30,121 47,561 
Imports for consumption __...__________ 178,978 190,418 220,655 160,507 188,147 
Consumption _____.-______________ 159,286 197,728 208,409 . 146,495 162,927 
Stocks, Dec. 31: Consumer ______________ 26,260 28,759 45,291 35,485 31,596 
Price__________.____-_ cents per pound__ _—133-158 153 153-201 201-220 220 

World: Mine production ____________------- 673,817 782,588 "849,257 867,948 —«- 886,387 

1Mine shipments. 

915
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oo DOMESTIC PRODUCTION 

a Domestic production of nickel was on the acres on Red Mountain in northern Califor- 

~ increase as output at the AMAX Inc. nickel nia and staked mining claims on another 

a - refinery at Port Nickel, La., continued. to 3,400 acres under the control of the US. 

- | rise. According to the company’s annual Bureau of Land Management. 
report, nickel production reached 20,000 International N ickel, Inc., formed a new 

a _ short tons in 1976, or 50% of capacity. The wholly-owned subsidiary, The International _ 

a one domestic mine, operated by Hanna Metals Reclamation ©? ” ne. (ametco), fe 
a . 7 Mining ‘Co. at Riddle, Oreg., produced — convert specialty steelmaking waste int 

a 16,469 tons of nickel from laterite ore, as Co™mercially useful metals. The facility is 
measured by mine shipments. Nickel re- * be located at Ellwood City, Pa., 85 miles 

 Boyered: t the Hann 'P iter. id byoro northwest of Pittsburgh, Pa., and will be 

oe covered at the Manna smelter and bypro within the U.S. Steel Corp.’s. industrial 
OO duct nickel salts and metals produced at ork. The reclamation unit, to be completed 

Oo copper and other metal refineries amounted. by mid-1978, will have a capacity to process _ 

| | to 13,869 tons; part of the byproduct origina- 40,000 tons per year of specialty steel mill 
: : ted from scrap. Exploration for nickel in waste. Flue dust, grinding swarf, and mill 

_ . 1976 took place in the Katahdin massive scale will be processed into a_nickel- 

| | sulfide deposit in Maine, Glacier Bay Na- chromium stainless steel remelt alloy. The 
| tional Monument in southern Alaska, the wastes currently are being discarded as 

. _ Precambrian rocks of Wyoming, Montana, _ landfill. | | 

-. and Colorado, the Duluth gabbro of Minne- Universal Oil Product Co.’s (UOP) Tucson 

| | gota, and Red Mountain in California near Technical Development Center completed 
| the Oregon border. Officials of AMAX Ex- its pilot plant for treating lateritic ores in 
OS ploration, Inc. reported that work on its — 1976. The pilot plant has a nominal capacity 

. Minnamax project to evaluate copper-nickel of 5 tons of ore feed per day. Reportedly, © 

a mineralization near Babbitt, Minn., was aried and _ Ore. ‘1 ee received, crushed: | 
7 _ progressing satisfactorily. In March 1976, a ari h and & wrod, reductively roasted, an al 

| contract for sinking a 14-foot-diameter shaft | eae produce various commerct 

a . to 1,710 feet was awarded to Centennial nickel products. | | 
: Development Co. A headframe was erected os | i 
— _ during the summer and shaft sinking be- Table 2.—Primary nickel produced in the 

| - gan. By December the shaft had reached  —§ ~™ cS 
a - 670 feet and the contractor was averaging | (Short tons, contained nickel) 

10 feet per day. After the shaft iscompleted, ~~" j972_ i973~«:1974-«1975~=«1976 
_. planned underground development work =O 

would determine the continuity of the  Byproductof 
copper-nickel mineralization and the min- refining _-_ 2,505 958 873) | . 

ing and environmental parameters. A pomestic 14,343 "18,869 
20,000 ton bulk sample would be mined for ore ____- 18,226 12,937 18,220 

oO concentrating and metallurgical tests. Han- 1Combined a . 

na Mining Co. reportedly acquired 5,000 data ined to conceal individual company confidential 

| CONSUMPTION AND USES 

The slower than anticipated recovery in Ferronickel increased its share of the 
demand for nickel during 1976 resulted in total U.S. nickel market in 1976 at the 
consumers delaying purchases of nickel expense of pure unwrought nickel and re- 
while working off high levels of stocks. covered that share of the market that was 
Stocks reached a yearly low of 42 million lost in 1975. Pure unwrought nickel ac- 
pounds at the end of June, then increased counted for 64% of the total nickel consu- 
during the remainder of 1976 to a yearend med in 1976, compared with 68% in 1975. 

: level of 63 million pounds. The second-half and 59% in 1974. Most of the pure nickel 

surge in consumer-held stocks could be was consumed in the production of nickel 
attributed to nickel purchases being made wrought products and nickel alloys, and in 
in advance of price increases. | _ electroplating. Ferronickel accounted for



: _ Pable 3.—Nickel recovered from nonferrous scrap processed in the United States, 
OS _ by kind of serap and ferm ef recevery . . ee 

oe a | _ Ghort tons, contained nickel) a 

| Kind of scrap 195 196 ~~~~—sRormofrecovery=~=“‘i 

Newscrap:, ag metar oo age eR 
Nickel-base _.._..______ 3,128 1,691 Innickel-basealloys _..._____ 2,623. 2,470 a 
Copper-base__._..--...... 5,222 - 4,189 . Incopper-base-alloys ~._.______ 7,032 6565 BS 
Aluminum-base _._______ 1,251 1498 In aluminum-basealloys_........ L318 $1478... 

a oe - In ferrousandhigh- 205 BBB 
mda a | 7 |. temperaturealioys? oo 

Nickel-base _.._________ 7,825 ——«.:-5, 872 Total... i) «17,880 18278, 
Copper-base:_ 5 2 375. 45 . 7 oe Co a 
Aluminum-base ________ 84 107 og BO mo - 

Grand total__-__------ 17,880 18278 Sn re 

19% of the total nickel consumed in 1976 of 1975. The pattern of nickel consumption _ 
compared with 17% in 1975 and 22% in in 1976 was as follows: 30% instainlessand = 
1974. Principal consumption of ferronickel heat-resisting steels, 20% in other nickel = =__ . 

_ Was in stainless and alloy steels. — . and nickel alloys, 18% in electroplating, = = 
Domestic nickel consumption increased 12% in alloy steel, and 6% in superalloys. 2 

_ by nearly 11% in 1976 compared with that Do re Oe 

‘Fable 4.—Stecks and consumption of new and old nickel scrap in the United States in _ re 

| . Gross weight, short tons) | —— 

Class. of consumer and ‘Stocks, . Consumption. Stocks, Po | 7 begin: ———— dof oo 
| type of scrap of year~ Receipts Now Old ‘Total = ‘year - : 

Smelters and:refiners: | | 7 , oo SS oF 
Nickel and nickel alloys _____ 8 ti‘«‘ié«iCSCVON 1899 4,014 - 5918 599 , ‘ 
Nickel copper metal _ — _ — — — —_ 260 1,377 666 660 1,326.°.  . 311 —- oe 
Nickel silver? __________ 699 - 2,896. 359. 2,553: - 2,912 OB 
Cupronickel? _— 90 147 _  ° 18 113 —ts«éK a 
Nickel residues ______.._--~ 34 Ww Ww Ww WW We 

Total_________-.__--- 380 s«7, 76 _ 2,565, 4,674 7,239 «90 fo 

Nickel and nickel alloys _____ 64 1,962 902 831 1,733 298 - mo 
Nickel copper metal _ ___ — ___ 13 26 | -- 216. 276 | - oF 
Nickel silver? __ ___________ 3,095.  —«- 19,148. 19,254 24 19,278 2,965 — 

. Cupronickel?._ ~~ 5 1,833 14,303 14,537 ee 14,537 1,599 ; 
Nickel residues ____._______ 116 455. «40 428 468. 1038 

-‘Total_______-_-_----- "193 2,713 942 1,585 2,477 429. | 

Grand total: | 
Nickel and nickel alloys _____ "150. 8354 - 2801 4,845 7,646 892 
Nickel copper metal _________ 273 1,673 666 936 1,602 _ 844 . 
Nickel silver?__§_________ 3,794 22,044 19,613 2,577 22,190 3,648 _ 
Cupronickel! _.._________ 1,923 14,450 14,587 173 «214,710 1,663 - 
Nickel residues” _________ 150 455 40 428 468 108 | 

Total. >» "573 "10,482 3,507 6,209 9,716 1,889 

"Revised. W Withheld to avoid-disclosing individual company confidential data; included in nickel and nickel alloys. 
1 Excluded from totals because it is copper-base-scrap, although containing considerable nickel.
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. Table 5.—Nickel (exclusive of scrap) consumed in the United States, by form | 

| “(Short tons, contained nickel) = 
. 

fae a . we 

—.... Fom.ti<(CSststi‘(Sts—s TN 198 1974 1975 1976 

Metal —_ - - 5 110,422 121,821 - 128,996 © 99,693 104,374 

Ferronickel ~___~____--_-~--~----~----+---- . 22,806 36,371 45,661 25,325 31,210 

Oxide powder and oxide sinter ______._--~---~ 19,315 33,257 33,617 16,630 22,198 

Salts! ~. = 2 ee 3,939 3,668 2,026 1,751 _ 2,437 

Other ___________ ~~ en eee 2,804 2,606 _ 3,109 3,096 .: 2,708 

: Total_____________-_--_--= == + 159,286 197,728 208,409 146,495 162,927 
en aa aa ne “ “og 

1Metallic nickel salts consumed by plating industry are estimated. 7 oo 

Table 6.—U.S.consumption of nickel (exclusive of scrap) in 1976, by use and form 

- (Short tons, contained nickel) - . . 

a 
Commer- fee Nickel 

cially — . F oN; kel sulfate Othe. a 

Use 4 un-. ..._ nickel oxide other . forms Total 
wrought , ~ nickel 

nickel salts 

-. Stainless and heat-resisting -..___... -- 18,564 21,503 18,387 —__- 214. ~ # 48,618 

Alloys (excludes stainless) __-_..._-- 5,535 7,394 5,988 © __ 261... =: 19,128 
Superalloys _______--.--~--------- 8,686 175 16 - -- 236 9,113 

Nickel-copper and coppér-nickel alloys __—— ~~ 7;166 10 Ble. Ll. 148°. ° - 7,850 

, Permanent magnet alloys... _-_..---_-_---- . 4319 1,401 10 — oe 5,790 

| Other nickel and nickel alloys _.___..__-- | 29,992 344 1,701 15 ~ AT6 32,528 

Castirons —~_______-___~~----~------ 2,022. ° . 382 507 1 1,096 : 4,008 

Electroplating! _____-______-------- 26,783 _- 15 1,871 16 28,685 

Chemicals and chemical uses _ .__ — __ ———_~ 1,787 __ 352 463 __ 2,602 

Other uses? ~=-------~------------- 4,520 1 236 87 266 5,110 

‘Total reported by companies re oo Pr 
canvassed and estimated _._____~_ 104,374 31,210 22,198 2,437 2,708 162,927 

ent th Pe Se At SS
 

en 

| 1Based on monthly estimated sales to platers. 
. includes batteries, ceramics, and other alloys containing nickel. _ - . 

| ; — Table 7.—Nickel (exclusive of scrap) in | 

y 7 -.. consumer stocks in the United States, | | | 
| byform | 

. | (Short tons, contained nickel) 

| Form "1974 ~=~—«1975F «1976 

oe Metal___________ 25,862 19,702 18,346 | 
Ferronickel __——__~_ 11,511 11,210 6,839 

7 Oxide powder and . 
. oxide sinter ______ 6,189 3,378 5,259 

Salts __________/-. 457 564 498 
- Other _____~___~-~ 1,272 631 654 

, : Total_______ . 45,291 35,485 —-31,596 

PPreliminary. ‘Revised.
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Table 8.—Consumption, stocks, receipts, shipments and/or sales 
| of secondary nickel in 1976, by use | | 

i (Short tons, contained nickel) 

: | _ Shipments Stocks, 
Use Receipts Consumption or end of 

| _ oo | - sales year 

Steel (stainless and heat-resisting and alloy).._.__.__-.. 35,259 35,102 1,523 3,155 
Nonferrous alloys (super, nickel-copper and 7 
: copper-nickel, permanent magnet, and oe 

other nickel) “__..§_-9_-___ ~~~ eee 3,362 3,319 1 579 
Foundry (cast irons) ___..________--_.-~--_-~- 480 479 _- 44 
Chemicals (catalysts, ceramics, plating salts, and. 

other chemical uses)... .._-__.~--__--_---~--- 22 26 -- —  § 

Tend eaumated Puce convene’ 39,123 38,926 1,524 3,783 

The price of pure nickel was increased to first quarter of 1977. The price of foreign 
$2.41 per pound effective October 1; how- produced ferronickel was reflected in N. C. 
ever, the old price of $2.20 per pound Trading Co.’s price increases effective Octo- 
prevailed until 1977 for the major consum- _ ber 1. The new prices, f.o.b. Baltimore, Md., 
ers of nickel. : , | follow: FN4, $2.35 per pound of nickel con- 

_ The price of domestically produced ferro- tent; FNC, $2.37 per pound of nickel con- 
nickel was increased from $2.16 per pound tent; and FN8, $2.39 per pound of nickel 
of contained nickel to $2.34 per pound effec- content. Near yearend. most major nickel | 
tive October 1. Late in November, Hanna producers were offering class IT products at 
announced an allowance of 8 cents per prices reduced from those announced in | 
pound on its price for ferronickel, applica- October on firm orders for delivery during 
ble to all firm orders for delivery during the _ the first quarter of 1977. | 

- — , FOREIGN TRADE | | | . 

The gross weight of U.S. exports of nickel, The ascension of Botswana and the Philip- 
nickel alloys, and nickel catalysts was 58% pines as notable supply sources of nickel for 
more in 1976 than in 1975. Exports of the United States was directly related to 
unwrought nickel in 1976 more than dou- their newly developed nickel industries. 
bled over that exportedin 1975. — These five countries accounted for 88% of 

Canada remained the principal supplier the total nickel imported in 1976. Imports 
of nickel to the United States in 1976, and (based on contained nickel) of ferronickel 
accounted for 58% of the total. The next decreased from 13% of the total imports in 
most important sources of imported nickel, 1975 to 9% in 1976, while unwrought nickel 
in decreasing order of magnitude, were decreased from 67% in 1975 to 59% in 1976. 
Botswana, Norway, the Dominican Repub- The total of all forms imported for consump- 
lic, New Caledonia, and the Philippines. tion in 1976 was 17% more than in 1975.
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Table 9.—U.S. exports of nickel and nickel alloy products, by class Ss 

| | | 194 1975 1976 : 

Class - so Quan- Value Quan- ~ Value Quan- Value , 

Oo , (ghort (thou- Ghert _ tthou- (short (thou- — | tons) sands) tons) sands) tons) sands) . 

Unwrought ee ee 3,174 $11,522 6,676 $25,281 .14,948 $67,226 _ 
Bars, , angles, shapes, and a Doe 

sections _.._--§____________ ____ Le 3,852 21,290 3,400 22,132 . 2519 — 15,634 
Plates, sheets, and strip ___....._..____ _. 8,524 49,857 5,808 44,402 4,397 37,631 
Anodes __ Le 543 2,066 275 940  ~— 31 1,598 
Wire ____________ Le 1,117 6,056 - 679 4,769 - ‘769 5,253 
Powder and flakes __. 2 $22 ~________ 571 6,037 429 4,575 . -. 488 6,150 
Foil ... ~~ LLL 19 56 26 54 = «AT 89 
Catalysts _______.2 2 Le 3,477 9,143 . 3,536 13,7138  § 4,442 - 16,282 
Tubes, pipes, blanks, and fittings . co 

therefor, and hollow bars_____._.__.___._ 2,903 17,226 2,333 15,791 - 8,702 . 24,497 
Waste and scrap ___________________ 6,262 10,245 6,959 9,645 15,948 19,635 

Total_.-..-_______--._____ 30,442 133,498 30,121 . 141,302 47,561 193,995 

_ Table 10.—U.S. imports for consumption of nickel products, by class Oo 

| Oe | 7 1974 1975 | 1976. | 
Class Quantity Value Quantity Value Quantity = Value | 

- “ ' (short (thou- (short (thou- (short (thou- 
. tons) sands) tons) sands) tons) -. sands) 

a EE 1,135 $47 «6,706. $341 
Unwrought ____ = ~~ 137,314 450,342 107,084 406,894 111,255 456,398 
Oxide and oxide sinter ___________.. 6,449 15,081 —~—«6,0638. «15,172 5,932 21,948 
Slurry! _...--....--.--_.__.__ | 42,999 96,959  — 23,991 ~ 63,522. 33,280 98,178 
Bars, plates, sheets, and anodes _______ 342 1,665 TH517 |. 3,272. 776 2)~—sC«4, 83°72 
Rods and wire _______~_~_________ 696 3,722, 960 . 5,804 | 1,774. 9,896 
Shapes, sections, and angles ________~ 7 46 10 81 5 16 
Pipes, tubes, and fittings ___________ 339 2,066 265 1,961 668 6,064 
Powder ___--__~____ ~~ ee 9,316 33,344 9,749 39,328 10,046 44,687 
Flakes __-_____ 2 55 201 23 85 135 580 
Waste andscrap _.______________ 3,699 | 8,545 — 2,353 5,864 2,359 4,827 
Ferronickel __ ~~... 102,480.  ~— 87,255 65,046 67,813 55,721 72,161 

Total (gross weight) __________ 303,708 699,228 ¥216,196 609,843 228,657 719,468 
Nickel content (estimated)? __________ 220,655 XX 160,507 XX =: 1188, 147 xx 

"Revised. XX Not applicable. | | | - | 
. Nickel-containing material in slurry, or any form derived from ore by chemical, physical, or any other means, and 

requiring further processing to recover nickel or other metals. — . . . 
imated from gross weight of primary nickel products. . ae
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| ae WORLD REVIEW : a 

Australia.—Western Mining Corp. Ltd. financial performance today has been the 
increased production and purchases of nick-. result of rising Australian labor costs and 
el by about 9% to 47,837 tons. The increase world fuel prices. A further restructuring of 

: was mainly due to the Windarra operation Greenvale’s finances was announced late in © 
building up to full production. Enlargement 1976. Interest payments on the company’s 
of the Kalgoorlie smelter to 35,000 tons of debts were scheduled to resume during the 
nickel annually was completed during the first quarter of 1977, but capital repayment 
year. The Kwinana refinery capacity was has been deferred until 1979. Overall oper- 

| increased to 30,000 tons of refined metal ating capacity for 1976 was given as 80% to 
amually. The ammonia plant at the refi- 90%. | oo | | nery was completed. According to a com- — At yearend 1976, the Premier of Western 

| pany spokesman, sales of nickel in all forms Australia and the joint owners in the 
during 1976 were 39,381 tons, a slight in- Agnew nickel project, Western Selcast Pty. 
crease from the 38,600 tons sold in 1975. Ltd. and Mount Isa Mines Ltd., announced Poseidon Ltd., which shares a 50% interest the completion of arrangements that will 

| in the Windarra nickel mine and concentra-_ enable the project to proceed toward pro- 
tor with Western’ Mining, experienced uction. The facilities at Agnew will have 
financial problems during 1976 and was ®@2 initial annual capacity. to produce 10,000 placed in receivership in October. Collapse 0S of nickel concentrate. Production is 
of the company was the result of increasing expected to begin in late 1978. The nena 

| costs and a depressed nickel demand that oot ee feih eorne ee ange arate 
restrained prices. At yearend, the future of Mi ve "Co “ae veltes no t K l es tie, 

_ Poseidon was untertain. The Australian | S ken foe W ster Mi a tated that 
Industrial Development Corp. (AIDC), -to tie ‘two , tn es) th "Age s t a | which Poseidon owed some $25 million, had “°° ,"W0 Partners in the «Agnew venture 
stated that it would take an equity interest WOU!d advance a substantial part of the 
in the venture if no satisfactory sale could funds needed for expanding the capa city 0 rt be made. It appear ed that AIDC would the Kalgoorlie smelter. The expansion will 
continue . to put money into the Windarra enable the smelter to smelt up to 110,000 

| project to insure that a future buyer for tons per year of concentrate from . the | Poseidon’s sh would be taki y Agnew mine, beginning in 1979. Initially 
Oteldon 8 Snare . Wo! , ng over a mining will take place in the higher grade 

viable company. Windarra’s proved and shoot; 1A, which contains about 2.2 million 
__ probable reserves were estimated at nearly tons of ore assaying 3.5% to 5% nickel. 10 million tons of nickel sulfide ore avera- Australian geologists reported the discov- 

ging 1.49% nickel. i, ery of a large deposit of manganese nodules 
Although still experiencing some prob- Gy, the ocean floor 300 miles west of the lems in mid-1976, the Greenvale metallurgi- Australian coast in an area known as the 

| cal plant at Yabulu in Queensland, WaS Gcott Plateau. Reportedly, the deposit 
approaching designed capacity. The Green- covers about 230,000 square miles. The nod- 
vale mine and plant generated a cash flow ules are somewhat lower in grade than the 
in 1976. The company was able to obtain nodules from areas of the central Pacific. this position only by virtue of debt re- The combined nickel and cobalt values 
structuring and supplemental financing range from 0.32% to 1.44% and average 
arranged in mid-1975. Freeport Minerals 1.19%. The nodules are found at a depth of 
Co., a partner in the project, reported that approximately 16,000 feet. The attractive 
output of nickel, in the form of nickel oxide, feature of the Australian deposit is its close 
amounted to nearly 10 million pounds du- proximity to Fremantle, the shipping port 
ring the third quarter, or about 86% of for the State capital of Perth. 
capacity. The reason for not reaching ca- Botswana.—During the year, progress 
pacity was the shutdown of the ammonia was made toward overcoming process and 
plant for its annual inspection during technical problems that have plagued the 
August. The output of nickel and cobalt in Selebi-Pikwe copper-nickel project for the 
mixed sulfides amounted to 1,239,000 and past 4 years. During the first 6 months of 
490,000 pounds, respectively, or about 69% 1976, copper-nickel matte production rose to 
of capacity. These sulfides were exported to 16,766 tons from 7 ,088 tons in the compar- 
Japan for refining. Reportedly, the poor able period of 1975. At the end of 1976,
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| Table 12.—Nickel: World mine production! by country . 
- (Short tons, contained nickel) . 

Country 1974 1975 1976” 

Albania® ___ = 5 eee eee 6,600 6,600 6,600 
Australia (content of concentrate) ___________--_---------~- ™50,685 83,548 91,652 
Botswana ___________________~~_~___ ee 13,042 18,314 13,866 
Brazil (content of ore) _-___ ___________-_-__----._____-_ T3898 3,516 3,400 
Burma (content of speiss) _.__________-_-___--_-_--_--- 24 21 26 
Canada? ____ > § eee 296,600 266,957 289,348 
Cuba (content of oxide and sulfide)®______________________- 37,400 40,300 40,800 
Dominican Republic ______________-_----------------- ~™33,620 29,652 26,896 
Finland: 
Content of concentrate _______________~__-_-__-___~- 6,352 5,957 &6,830 
Content of nickel sulfate _~.___________._~_-________-- 205 228 209 

Germany, East®_ $2 2 5 ee 2,400 _ -F2,800 2,800 
Greece (recoverable content of ore?__§ $$ ___________________ 31,440 . 31,014 30,380 
Indonesia (content of ore)®> _____§_______________-_______ 723,251 21,193 19,600 
Mexico (content of ore). __.___§____./-_-__---------------- 28 55 ' 62 
Morocco (content of nickel ore and cobalt ore). _____________-~- 550 550 550 
New Caledonia (recoverable)* ___________________-_______ 148,333 146,767 117,506 
Norway (content of concentrate) __ ____._________---__----—- F591 335 ©660 
Philippines __-________________--~-~-~-_~________ 359 10,472 20,723 | 
Poland (content of ore)® ________-:_____-~______________ _ 2,200 T2800 2,800 
Rhodesia, Southern (content of concentrate)® _________________ 12,700 11,000 16,500 
South Africa, Republic of _.._.______..-._-_-._-._--- 24,361 22,877 _ 24,660 
U.S.S.R. (content of ore)® __-__§_____________ Le T138,000 T146,000 154,000 . 
United States (content of ore shipped) _____.______1_.---_--~ 16,618 16,987 16,469 

Total. _____-_---_--_-------~-~-----+---------- ™849,257 867,943 886,337 

€Estimate. Preliminary. ‘Revised. 
1Insofar as possible, this table represents mine production of nickel, where data relates to some more highly processed 

form, the figures given have been used in lieu of unreported actual mine output to provide some indication of the 
magnitude of mine output, and are so noted parenthetically following the country name. — 

Refined nickel and nickel content of oxides and salts produced, plus recoverable nickel in exported matte and speiss. 
-3Includes a small amount of cobalt not reported separately. 
*Nickel-cobalt content of metallurgical plant products, plus recoverable nickel-cobalt in exported ores. 

: Table 13.—Nickel: World smelter production, by country | 

(Short tons, contained nickel) 

Country” . 1974 1975 1976? 

Australia___§__§_~_~§__~ eee 22,000 37,500 52,900 
Botswana ___________________~~~--~-~-~--~-++-+-~-+-~-- . 2,899 7,099 “13,000 
Brazil? ~-_-§_-§ >§ »§ 5 5 ee ee 2,636 2,513 2,200 
Canada® _______ eee ¥220,352 196,211 193,676 
Cuba€ 3_ ee ¥16,400 20,000 22,000 
Czechoslovakia®_____________-____---~------------- 900 900 1,000 
Dominican Republict _~___._._____-_-____________ ee 34,400 33,100 28,219 
Finland. _ ~~ /§ » /5 5 ee 7,115 7,214 8,404 
France ____________~_-_-_-~-~~_-~-~~-~---~--~--------§: 79,592 11,968 11,354 
Germany, East®____§_§_ ~~ ee 2,400 F2,900 2,800 
Germany, West ________________________-~-~___--_--~-_ 161 134 143 
Greece _____ ee 16,600 16,343 18,131 
Japan ________-~_-----~--_~_--------~---------- 115,296 85,980 102,956 
Mexico ________~_____-—___~~ 28 55 62 
New Caledonia®__. _§____->_/»____________ ee 774,263 78,339 68,245 | 
Norway___________~-~___~~~-~~ ee 47,646 40,847 36,028 
Philippines ~___._ ~~ _________~__ — 10,322 15,763 
Poland®___§_ =» -- 2 ee eee 2,200 2,800 2,800 
Rhodesia, Southern€ _________________ ~~ ___ ee 11,000 ™10,000 11,000 
South Africa, Republic of _._ 9.9... ~~ i 18,700 11,000 16,500 
United Kingdom _____._~________-_-_-------~---_---- 39,400 41,116 36,514 
USS.R___-_-_-----------+----------+-+--+---+-+-+--+--- F160,000 ™168,000 176,000 
United States: 
Byproduct of metal refinery __________--____~---~---- 873 

614,343 613,869 
Recovery from domesticore ____________-_------------ 13,220 

Total_______--__-__---------~-------------- ™818,081 798,684 833,564 

°Estimate. Preliminary. "Revised. 
1Refined nickel plus nickel content of ferronickel produced from concentrates unless otherwise specified. 
2In addition to the countries listed, North Korea is believed to produce metallic nickel and/or ferronickel, but 

information is inadequate for formulation of reliable estimates of output levels. 
3Includes nickel content of nickel oxide and nickel fonte in addition to metallic nickel and ferronickel. 
“Nickel content of ferronickel only (no refined nickel is produced). 
5Includes nickel content of metallurgical products exported. 
SIndividual figures for byproduct of metal refinery and recovery from domestic ore are withheld as company 

confidential information. ,
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production was running at 70% of capacity; ties were still awaiting the results of a 
full production was expected early in 1977. prefeasibility study, which may be com- 
A scheduled shutdown for furnace mainte- pleted by mid-1977. Results of this study — 

| nance, planned for mid-1976, was postponed and prevailing estimates of the market. 
until April 1977, as the plant continued to situation concerning the current and future | 

: operate satisfactorily. oe consumption of nickel should provide inter- 
| Brazil.—Brazil has significant deposits of ested companies with a basis for deciding _ 

lateritic nickel. Most of the deposits are whether to involve themselves financially 
located in central Goias, where total re- in the development effort. Any project in 

_ Serves are estimated in excess of 200 million Burundi would involve mining, metallurgi- 
tons of ore containing 1.5% nickel. One cal processing, electric power supply, and 

project was under development in 1976, two complete infrastructure development. Cost _ 
others were in various stages of evaluation, of the project could approach $750 million 
and three others were in advanced explor- by completion. a oe - 

ation stages. Construction was well under- = Canada.—Mine production of nickel in 
way on a $35 million first stage project of Canada in 1976 amounted to 289,348 tons, 

| Cia. Niquel Tocantins. This was scheduled compared with 266,957 tons produced in | 
: for startup in 1978. P roduction will be in 1975, Canada remained the leading produ-. 

the form of 5,000 tons per year of electroly- cor of nickel in the world and accounted for. _ 
tic nickel; an additional 5,000-ton-per-year 39 ¢% of the total world mine production. _ 

oe, capacity is to be installed approximately 2 The principal producers of nickel in Canada 
years later. Nickel carbonate is to be pro- were INCO, Falconbridge International | 
duced at the plant, located near the mine tq | and Sherritt Gordon Mines Ltd. Late ~ 

| site at Niquelandia. The nickel carbonate in 1975, the provincial government of On- 
eine bailt Ee 0 Pun electrolyt ic plant tario granted the mining industry a tax 

-Baminco Mineracdoe Sidertrgia S.A. (BA- relief cr wee a’ 8 and ” million ‘per 

MINCO), a joint venture between INCO, oat “NCCT Lie terns ene new ones 
Ltd. and a West German consortium that “0% Companies will be permitted to deduct 
includes several steel companies and Me- foreign processing costs for tax purposes for 
tallgesellschaft A.G., was in the final stages a period of oy cars: from the da te the initial 
of evaluating a nickel project located at dune a on foreign processing was intro- 

- Barro Alto, approximately 85 miles north- ~ : . aye 
: west of Brasilia. The project would have a INCO mined a total of 19.8 million tons of 

- capacity of 55,000 tons per year of ferronick- ore having an average nickel content of 
el containing about 22,000 tons of nickel. 1.41% in 1976, compared with 21.2 million 
Total investment in the project was esti- %S having an average nickel content of 
mated at $300 million. Production could 1.40% in 1975. Nickel production by INCO 
start as soon as 1980. The other project i 1976 was reported to be 231,000 tons, 
being evaluated was that of Empresa de compared with 229,500 tons in 1975. Nickel 
Desenvolvimento de Recursos Minerais Production was somewhat less than ex- 

(CODEMIN) near Niquelandia. If de el- ected as a result of two work stoppages at 
oped, the project would produce 10,600 tons Thompson, totaling 14 days. The stoppages 
per year of electrolytic nickel at an invest- were in protest of the Anti-Inflation Board’s 

ment of $140 million. rollback of wage increases granted under a 

Mineradora Montita Ltd. was exploring a collective bargaining agreement signed on 
deposit at Jussara during 1976. Companhia February 25, 1976. INCO reported proven — 
de Pesquisas de Recursos Minerais (CPRM), reserves in Canada of 412 million tons, 
a federally owned minerals exploration containing 6.8 million tons of nickel and 4.4 

company, was exploring two nickel deposits million tons of copper. The company opera- 
during 1976. Reportedly, if exploration re- ted 15 mines during 1976, 12 in Ontario and 
sults appear to justify a project, CPRM will 3 in Manitoba. Three mines were being 
ask for public bids for development of the maintained on a standby basis, two in 
properties. The two deposits being explored Ontario and one in Manitoba. Mine develop- 
are located at Montes Carlos de Goids and ment work continued during 1976 on the 
Jussara. Levack East and the Clarabelle open pit 
Burundi.—Speculation persisted during extension. The Levack East mine is schedul- 

1976 as to the size of nickel discoveries in ed to begin production in 1983, while the 
Burundi. At yearend, most interested par- Clarabelle, an extension of a mine that
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previously had been in production, was program at the Strathcona mill was comple- 
expected to be working again by 1978. The ted, raising the capacity to 8,500 tons per 

- Victoria mine resumed production in April day. Work on the Fraser No. 1 shaft, which : 
1976. The small Kirkwood mine ceased was halted on August 21, 1975, was resumed | 
production in March 1976 upon depletion of in August 1976. At yearend, the shaft was | 
minable ore. Planning was completed at approximately 5,000 feet below the collar, | 
yearend on the construction of a $27 million and plans were underway for sinking a 
ventilation system for the 75-year-old ventilation shaft. The $95 million Smelter 
Creighton mine. At the Manitoba Division, Environmental Improvement Program at 

development work continued on the three the Sudbury operations was restarted in 
operating mines, Birchtree, Pipe, and August. At yearend, erection of steel for the 
Thompson. Construction on a new rolling new smelter building was essentially com- 

- mill in the Sudbury district of Ontario was pleted, the building was 50% closed in, and 
started in March 1976 and was about 70% erection of vessels for the associated acid 
complete by yearend. The mill is scheduled plant was 50% finished. Expenditures on 
to be in production by mid-1977. The rolling this project at the end of 1976 totaled 

_. mill will direct-roll metal powders into nick- $31,751,000. The construction program is to 
el and cupronickel alloy strip for primary be completed by the spring of 1978. Falco | 
‘use as coinage. INCO’s investment in the reported ore reserves as being 5,694,000 tons 

_ mill will be about $29 million. During 1976, lower than at the end of 1975; however, 
_INCO opened two water treatment plants in there was a small increase in the grade. 
‘the Sudbury area. The two plants were Reportedly, the loss of marginal ore from : 
constructed at a cost of $6 million as part of reserves reflected increased production — 
a new tailings disposal facility which will costs which were not offset by a correspon- 
cost a reported $36 million. The combined ding increase in the price of metals. Ore , 
capacity of the two treatment plants was reserves in 1976 were reported as 83,405,000 : 

_-reported as 67 million gallons per day. tons grading 1.46% nickel (1,214,000 tons of 
Reportedly, INCO’s Ontario division uses nickel) compared with 89,099,000 tons grad- 
recycled water for 87% of its requirements. ing of 1.43% nickel (1,279,000 tons of nickel) 
Company officials reported that nickel in- in 1975. The Dumbarton mine in the Bird 
ventories at yearend were equivalent toa 5 River area of eastern Manitoba, 50% owned 
to 6 months’ supply, compared with a nor- by Falco, was closed down in 1976. The | 
mal level of 2 to 3 months’ supply. — underground operations were shut down | 

Falco and Sherritt Gordon remained the several years ago, but the underground 
~ number 2 and 3 producers, respectively, of crushing facilities at the mine were used to 

. nickel in Canada in 1976. Falco continued a reduce ore from the open pit nearby. Ore 
- curtailment of nickel production through- already mined was expected to be cleaned 
out 1976 at its Sudbury. operations. The up by mid-1976. Some 600,000 tons of ore 
East, Onaping, Fecunis,, and Longvack had been mined from the pit, averaging | 
South mines, the Fecunis mill,.and one of 1.17% nickel and 0.2% copper. Reportedly, 

- two smelter blast furnaces remained idle Falco was exploring another nickel-copper 
throughout 1976. At yearend, work was occurrence some 8 miles northeast of the 
started to reactivate the Longvack South Dumbarton mine site. 
mine. Ore deliveries to treatment plants Sherritt Gordon announced the planned 
from Falco’s mines in the Sudbury area shutdown of the Farley nickel-copper mine 
amounted to-3,219,000 tons in 1976, compa- at Lynn Lake, Manitoba. Salvage work at 
red with 3,041,000 tons in 1975. The Mani- the mine was estimated to require 6 

bridge mine in Manitoba produced 208,000 months. The mill and surface plant were to 
tons, compared with 189,000 tons the pre- be put on standby so that they could be 
vious year. However, this. mine will be reactivated if a new discovery was made 
closed during the first half of 1977 as the ore within an economic distance of Lynn Lake. 
reserves become exhausted. The newly The major reason for the mine’s unprofit- 
opened Lockerby property had reached 40% ability was that the tonnage and grade of 
of capacity at yearend 1976. Falco’s smelter ore were too low to generate sufficient 
operated one blast furnace and two conver- revenues to cover escalating operating 
ters throughout the year. Oxygen enrich- costs. The Farley mine had been operating 
ment of the blast air was started in Feb- since 1953 but recently was operating at 
ruary in order to increase the throughput of about 1,200 tons per day, or one-third of its 
the one furnace operation. The expansion rated capacity. The closure will have some
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impact on the firm’s Fort Saskatchewan _— Production, as measured by sales and 
nickel refinery, since concentrate from the _ deliveries and reported by the three princi- 

| mine would have provided about 15% ofthe pal Canadian producers in 1276, follow: 
| refinery’s feed for the next few years. _ 

Company . operation eoande 

The International Nickel Co. of Canada, Ltd. ____________________ __ Delivery_________ 409,830 
Falconbridge Nickel Mines, Ltd. ._-____§_-_.~~______________ Le do 83,615 
Sherritt Gordon Mines, Ltd. ___________________~___ Le Sales___________ 22,454 

Teck Corp. reported a new nickel-copper Nicquel Colombiano S.A., a subsidiary of 
discovery 35 miles northwest of Timmins, Conicol Ltd., a Delaware corporation con- 
Ontario. Members of the exploration syndi- trolled by Hanna, and the Chevron Corp. 
cate, each with a third working interest, (20%) would control the remainder. Capital 
were Teck Corp., Metallgesellschaft Canada costs for the project are estimated at $300 
Ltd., and Domik Exploration Ltd. of Japan. million. =. | 
Thus far, nickel content of core samples has Cuba.—Construction and renovation of — 
ranged from 0.6% to 2.8% with about 0.5% Cuba’s Moa Bay and Nicaro nickel plants 

_ copper. An unusual find was announced in were underway in 1976. Current plans call- 
the Key Lake: area of northern Saskatche- ed for increasing the combined capacities of 
wan by Uranerz Exploration and Mining the two existing plants from 40,000 tons per 

- , Co., then a subsidiary of Uraniz-Bergbau year to 51,000. tons by 1980. Phase 2 would - 
- GmbH of West Germany, Inexco Oil Co., raise Cuba’s nickel capacity to about 

_ Houston, Tex., and Saskatchewan Mining 117,000 tons per year by 1985 with the 
Development Corp., a provincial crown cor- addition of two new 33,000-ton plants. The 
poration. The ore body, which has been addition of one or two more plants by 1990 
sampre with over " + 3¢ holes, ne could raise the nickel production capacity of 
Oo nk Teen dee v0s an Cuba to 165,000 tons. Reportedly, both 

| 15 % for oth nerals eS a “a as fis. ded. phases 1 and 2 were underway during 1976. 
4 © tor minerals have been recorded. Phase 2 includes the construction of a — 

mine and mill are presently under con- 33 990.ton-per-year __nickel-cobalt oxide 
| sideration but will have to comply with the Je tatP ote Gorda. about 2 mil at f. 

yet-to-be defined Provincial government re- Moa B | vA . le a, vod. 1 es ld be | 
quirements. . oa Bay. A simular s plant wou. 

During the year, Boliden A.B. of Stock- uilt 5 miles east of Moa Bay. Completion of 

holm, Sweden, showed its faith in the Great the ‘Punta Gorda facility 18 expected by 
Lakes nickel project by acquiring the larg- 1982-83 and the second facility by 1985. 
est single share in the company. Boliden Cubaniquel 18 currently selling 70% of the 
bought an additional 22% of the shares in Nicaro oxide and sinter output to market 
Great Lakes Nickel from the Canadian the Mon Bong the Datance ane all of 
investment firm of 246057 Investments Ltd. te Moa Bay sulfide output go mecon 
Boliden expects to maintain the project on a Pee oii were reported to be 

| standby basis until world demand and PUldinga oot dam on the boa liver 
prices of nickel are right for its develop- @Sure a steadier source of water for the 
ment. plants. Each new plant was expected to 

Colombia.—The prospects for the 50- employ about 5,000 mine and plant workers. 

million-pound-per-year nickel project at The plants will use the same ammonium 
Cerro Matoso starting up by 1980, appear to carbonate leaching process as used in the 
depend upon the world demand for nickel] 32-year-old Nicaro plant, with some techno- 
improving during the next few years. Pilot logical improvements. Recovery rates are 
plant studies conducted at Riddle, Oreg., by expected to be more than 80%, compared 

| Hanna have demonstrated the feasibility of with 76% at Nicaro. 
using a rotary-kiln electric furnace process Dominican Republic.—Falconbridge Do- 
to produce ferronickel. Hanna is to be the minicana, C. por A., shipped 28,236 tons of 
manager and a co-owner of the nickel pro- contained nickel in 1976, compared with 
ject for 25 years. A new Colombian corpor- 26,164 tons in 1975. The plant continued to 
ation, Econiquel, would hold a one-third operate satisfactorily, although at a reduced 
interest in the project, while Compania de _ rate because of depressed nickel markets.
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Metal output was about 10% below that of expertise in smelting lateritic ores on a 
1975. This allowed product inventoriestobe largescale. . | 
reduced to an acceptable level. Ore reserves Indonesia.—Construction of stage 1 of the 
at the end of 1976, on an undiluted in situ _Jateritic nickel project of P. T. International 
basis, were reported to be 72,500,000 tons Nickel Indonesia, a majority-owned INCO 
grading 1.65% nickel. Improvements in ore subsidiary, was completed at Soroako on the 
reserves over those of 1975 resulted from island of Sulawesi at yearend 1976. Nickel | | 
development drilling programs on the maj- matte was scheduled for shipment during | | 
or ore bodies, which included ore below the the summer of 1977. Production of the stage | 
orginal eee Ae care et Métallur. 2, Unit was planned to be 17,500 tons of | : 

; iat “1, :._, Nickel in the form of matte. Stage 2 of the gique de Larymna S.A. (LARCO) obtained, ™°%®. 7 ' ; ; 
in March 1976, Government approval for a Pe ee " © cons ruenon . two 

$50 million improvement and expansion of a itiona P TOCESS Ines and a Aydroe ectric 
its facilities during the next 3 years. The aan on sone completed at yearend 
expansio uld i 3 . ° 7 , pacity from the present 15,000 tona to 270-1916. Scheduled for production in 1978, the 
00 tons of nickel per year and would double S©CONC Stage will increase nickel production 
mine output. LARCO was also planning a © 50,000 tons per year. The capital costs for 
subsequent $170 million investment to the entire project, including a third 55 
establish a second plant which will further M™egawatt-generating unit at the Larona — 
increase the company’s annual nickel pro- River hydroelectric plant, were reported as . 
duction to 40,000 tons. Under the second $850 million. Total electrical capacity will | 
stage of development, a completely new thenbe 165 megawatts. _ 
ferronickel plant on the island of Euboea — P. T. Aneka Tambang’s (ANEKA) newly | 
is planned. Mine output will be increased to constructed ferronickel smelter began pro- oe 
2 million tons per year. Completion of the duction in March 1976. Japanese buyers 
second stage is currently forecast for 48 agreed to purchase only a quarter of the | 
months after the first stage of the program output, contrary to earlier expectations | 
is completed. oe that they would take all of it. The smelter 

oe Guatemala.—Construction of facilities for will utilize ores that fall below export grade, | 
a lateritic nickel Project near eee. Izabal, thus prolonging the life of the mine for an 7 

_ In eastern \uatemala by Exploraciones y indefinite period. The ferronickel will con- 
Explotaciones | Mineras vabal, ak Mi, ‘ain 20% to 25% nickel and cobalt. The 
nearly Yo complete at yearend - “in- smelter is capable of producing either a — . 
ing began in 1976, and the ore was stored relatively expensive low-carbon ferronickel, 
for trial runs during the spring of 1977. which is difficult to produce; or a high- 

one dqunter eee van the plant carbon product, for which buyers are harder. 
: »€ om Ee to find. The plant cost $54.8 million and can 

14,000 tons of nickel in matte in early 1978, PYOC#SS 350,000 tons per year of low-grade 
The estimated cost of the project remained ateritic ore 4.000 ? 42 50 t ° of nickel 

at $224 million. Financing arrangements containing ? to 4, . tons of nickel. | 
were made during 1976 and were approved Operation of the Pp lant will guarantee the 
by the Guatemalan authorities. INCO is the Survival of the nickel mines on Pomalaa, 
majority shareholder and operator of the because the plant is based on using the 
project;.the government and Hanna also lower grade ore that is not exportable. 
own shares in the company. Basic Resources Officials of ANEKA were holding discus- 
International S.A. was considering develop- ‘ions at yearend 1976 with the Japanese in 
ing nickel properties it holds in Guatemala. n attempt to conclude a contract for ferro- 

One of Basic’s properties was adjacent to nickel imports during 1977. . 
INCO’s Lake Izabal property. According to A third project, P. T. Pacific Nikkel In- 
company officials, discussions were held donesia, has the designed potential of pro- 
during 1976 on the possibility of developing ducing 49,900 tons of metallic nickel an- 
a 30,000 ton-per-year operation in the coun- nually, and the firm reportedly was making 
try. The company stated a need for a part- steady progress toward assembling finan- 
nership with a major nickel producer with cing for the project. .
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The Japanese-owned Indonesian Nickel unless the nickel was further refined. Nick- 
Development Company (INDECO), with a_ el matte imported from Canada and Austra- | 

| Contract of Work on Gebe Island, informed lia during the year contained about 25% 
7 Indonesian authorities that its findings do sulfur and therefore definitely required re- 

not show that a mining project there would fining. Consequently, no import duty would 
be viable under economic conditions as they be applied under the regulations. However, _ 

| existed in 1976. | SF the matte from Soroako, Indonesia, contai- 
_ At mid-1976, the Mining Department of ae only T% mi 8% SoS pe uses | 

Indonesia announced that no further directly in making steel. Thus, the 13% 
ss foreign investment would be permitted for tariff would be appucape to. me ow sultur 

nickel mining in Indonesia. | matte, unless it was further refined. -— — 
| Japan._The Nikko Nickel Cobalt Smelt- New  Caledonia.—Production of nickel 

ing Co., Ltd., established in September 1975, ore in New Caledonia in 1976 was 127% less _ 
began commercial production of metallic than that produced in 1975 and totaled 6.5 
cobalt and nickel at Hitachi, Ibaragi Pre- Mullion tons. Nickel smelter production 

fecture, in 1976. The facilities are capable of decreased 13% in 1976 from that of 1975 
producing 3,300 tons of nickel and 1,320 and totaled 68,245 tons. Ferronickel pro- | 

tons of metallic cobalt per year. The firm Oia decreased nearly 25% and totaled 
became the third 1 t | : _ ; ons, while matte production increas- _ 

| lic nickel in Japan. Bcitoey Matel Mining ed 30% over that of 1975. Exports of nickel” 
Co., Ltd., began commercial production of Fe: ‘© Japan increased 9% in 1976 :com- — 

| nickel and cobalt.at its Besshi plant, Ehime pare’. with exports in he retecting 4 
| Prefecture, in 1976. The feed for the plant SU8ht ImPr>vement oe ne en ve mon 

. . wedi. | or nickel during 1976. Exported ore aver- 
was from mixed sulfides imported from : 

Marinduque Mining and Industrial Corp. in aged 2.88% nickel plus cobalt. po 
| the Philippines. Plant capacity was repor- During 1976, Société Métallurgique Le ted as 2.770 tons of nickel and 1:760 tons of Nickel (SLN) played host to worldwide cus- 

, ” >’ ~~~ tomers, Government officials, and journal- 
cobalt t Pmt y otic - Both oe cet use 4 ists at the SLN facilities in New Caledonia — 

| cobalt nd Nickel £ ae the or aoa and explained the firm’s new projects and. 

— Shi aK ake ce ‘Ltd the mixed sulfides. ans for meeting future demand for nickel. _ 
| voducer ako Co., L .. the second largest SIN had a capacity in 1976 to produce 

producer of electrolytic nickel in Japan about 70,000 tons of nickel per year in the 
(30% owned by INCO), announced plans in form of ferronickel and matte. SLN is to 
1976 to build a new nickel electrolytic plant begin a $230 million expansion in 1977 that — 

(capacity to be 11,000 tons), and a nickel i) eventually increase capacity of the 
sulfate plant (capacity of 1,100 tons contain- Doniambo smelter to about 110,000 million 

| ed nickel) at its Date plant in Hokkaido by tons. Ore production is to increase to about 
the end of 1978. The company will close its 1 3 million tons per year at Konaona and 2.2 
Shimura plant (present capacity 8,000 tons jjillion tons per year at Nepoui. The im- 

of electrolytic nickel). en provements at Doniambo will include ore 
In March 1976, four Japanese ferronickel preparation and calcination facilities. In 

producers completed a $2 million, 2-year addition to the New Caledonian improve- 
joint study on the production of ferronickel ments, the company will construct a new 

from laterites. The process includes pelletiz- nickel refinery in the Sandouville-LeHarve 
ation of lateritic ore, followed by heating of industrial complex of France to produce 
the pellets in an annular vertical kiln prior 15,000 tons per year of high-purity nickel 
to smelting to recover nickel. Although cathodes. Marketing of the high-purity 
applicable to low-grade garnierite ore, the nickel was scheduled for mid-1978. 
process has not been used in Japan. How- —_— Development of the large lateritic nickel 

ever, Face Naas planned to constrict a deposits on the north side of New Caledonia 
erronickel plant at Niigata, capable of (Poum and Tiebaghi deposits) moved for- 
producing 19,800 tons per year by 1978; the ward during 1976 when Patino N.V. of the 
plant would have the largest electric fur- Netherlands agreed to sell to the French 
nace (60,000-kilovolt-amperes) in Japan. Re- state-owned Bureau de Recherches Géolog- 
portedly, the company has invited the other iques et Miniéres (BRGM) 90% of its share 
four ferronickel producers to join in the in Compagnie Francaise d’Entreprises 

Prthe J Go t d tis en CORREMAED. COPREMMI was e Japanese vernment imposed a_ tissements , was 
13% tariff on metallic nickel imports, to undertake the development of the
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deposits. Tentative plans called for the 1975. A new converter at Bindura was 
development of a 33,000- to 44,000-ton-per- brought into operation in February 1976, 
year mining and metallurgy complex. The and the entire expanded refinery was com- 
site would be at Koumac. Originally, BRGM wmissioned in mid-April. However, a slag , 
was to complete previous studies begun by runaway occured a week after the furnace | 
COFREMMI. Under BRGM’s new ap- was commissioned. The slag penetrated the | 
proach, the firm will decide the final com- main power station and caused a fire and 

bination of possible processes, as subm’tted subsequent loss of electrical power to the 

by companies interested in the project, tobe entire smelter complex. Ore grade from the 
used in conjunction with its own continuing Shangani mine north of Bulawayo was run- 
studies. Reportedly, Amax and Péchiney ning less than originally expected due to 

_ Ugine Kuhlmann were interested in the oxidation in the upper levels of the orebody. 
deposits. INCO, which holds an option on:a_ The ore is currently being mined by open 
major share of the southeastern Goro depo- pit techniques. However, an incline is being : 
sits, reported it currently had no plans to sunk to exploit ore reserves below the level 

_ join the study phase being conducted on the at which the open pit method is. no longer 
_ northern deposits. — - economic. At yearend, Rhonickel requested 

| Japanese smelter operators were able to permission to borrow an additional R$9 | 
secure a 3-month delay on a nickel ore price million to finance increased stocks of nickel. 
increase from SLN in October 1976. | _ South Africa, Republic of.—Nickel oc- 

Philippines.—Marinduque Mining and _ curs with platinum in the Merensky Reef of 
_ Industrial Corp. was still experiencing op- the central Transvaal and is recovered by 

'. erating difficulties with its refinery on No- refining a nickel-copper matte at an approx- | 
noc Island during 1976. The refinery was imate ratio of 1 ton of nickel to 55 ounces of _ 
shut down from February 16 until March 14 platinum metal, indicating about 0.2% nick- | 
because of leaks in the waste-heat boiler of el per ton of ore. The two major producers : 
the gas plant. Other problem areas were in . were Rustenburg Platinum Mines Ltd. and | 

- the reliability of services such as power, Impala Platinum Ltd. A conservative esti- 
steam, hydrogen, and carbon dioxide gases; mate of nickel reserves in the Merensky | 
the training of personnel; roaster availabil- Reef suggests a total of 200 million tons of 

__ ity; materials and parts availability; the ore containing 400,000 tons of nickel. Addi- | 
first-stage leach circuit cooling capacity; tional nickel is believed to be present in the 
and excessive consumption of ammonia. Bushveld Igneous Complex and specifically | 

-. However, average operating capacity for the Vlakfontein deposit west of Pilanes- 
the first 9 months of 1976 was 48%. From burg. _ | 
November 14 through December 17, Marin- Growth of nickel production in South | 

_ duque shut the plant down for the purpose Africa has been erratic owing primarily to 
of installing a new boiler and for annual its direct dependence upon platinum pro- 
maintenance. — Bo, duction. In 1975 22,800 tons of nickel was 

A joint nickel mining project between Rio produced, compared with 24,200 tons in 
Tuba Mining Corp. and Pacific Metals Co. of 1976. Data through September 1976 indica- 
Japan, on the island of Palawan, was to be ted that for 1976, 3,750 tons of nickel would 
brought onstream late in 1976. Shipments _ be sold locally and 18,250 tons exported. — 
of ore to Japan were to begin in January U.S.S.R.—Reportedly, equipment deliver- 
1977. About 350,000 tons was to be shipped ies from Finland for the nickel smelter and | 
in 1977 and 500,000 tons in 1978. The ore’ sulfur plant at Norilsk began during the 
would grade 2.2% nickel. summer of 1976. Nine tons of engineering 

| Rhodesia, Southern.—A $24.7 million ex- material were delivered by truck to Lenin- 

pansion program by Rhodesia Nickel Corp. grad between March and April of 1976. 
(Rhonickel) was completed in 1976. The Specialty equipment would not be delivered : 
Epoch mine started operations in January until the summer of 1978. The smelter will 
1976, and the electric smelting furnace at have a capacity to handle 550,000 tons of 
Bindura was commissioned in November _ nickel concentrate per year. 

TECHNOLOGY 

Bureau of Mines scientists reported re- metallurgical process. The process _per- 
search results on the recovery of nickel, _- 

cobalt, and copper from domestic laterites.* —ag;emens, R. E., and J. D. Corrick. Process for Recovery 
The report described recent progress by of Nickel, Cobalt and Copper From Domestic Laterites. 
Bureau of Mines scientists on their hydro- Min. Cong. J., v. 63, No. 1, January 1977, pp. 29-34.
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mits a high metal recovery (about 90%), new alloy appear to be in the aerospace- 
relatively low energy requirements (for re- industry as bushings and bearings. Their 
duction, about 90 million Btu per ton of greatest potential lies in alloys used to _ 
nickel recovered from laterite containing. withstand the combined effect of corrosion 

| _ 1% nickel; and for electrowinning, 9.6 to and high mechanical demands. Other ap- 
13.6 million Btu per ton of nickel) selectiv- plications include aircraft landing gear — 

ity of metals of interest, no polluting dis- components, hydraulic -cylinder linkage 
charges, efficiency of reagent utilization, bushings for utility trucks used for: tree 
and recovery of high-purity metals. The trimmings, valves for pumps used to inject 

| process is also applicable to a variety of Corrosives into rock strata to enhance oil 
nickel-, cobalt-, copper-, and zinc-bearing flow, and safety tools and machines used in 

oxide and sulfide ores and _ secondary explosive environments (tools made of this | 

| sources. Two Bureau of Mines investigative alloy are sparkless). Huntington Alloys, 
reports on Raney nickel were published Inc., developed four new alloys for use by 
during 1976. The first report dealt with | the aerospace industry.* Two of the alloys, 

investigation of the powder metallurgy of Inconel MA754 and Inconel MA9S6E, are _ 
| Raney nickel.* Factors studied included the based on the new technology of mechanical 

typical angular particle shape in con: alloying. A third alloy, 903, combines high 
| junction with aluminum present in a eu- strength and a low, constant coefficient of 

tectic phase, its effect in facilitating the ¢*Pansion. The fourth alloy, Inconel 617, 
interlocking of particles, and the subse- Combines high-temperature strengt h and 
quent excellent green strength after com- oxidation-carburization resistance. .Accord- . 

paction. The effect of compacting pressure 128 toa company spokesman, the new alloys — 
on density and porosity was studied over a will enable designers to achieve weight 
range of 37.5 to 207 meganewtons per reductions and longer life in critical aero- 

square meter. Also studied was the effect of Space components. The alloy s will probably 
sintering in an inert atmosphere over the - find use in jet engines and the space shuttle. 

range of 575° to 850° C. A second Bureau ‘nother alloy introduced “by Hunt 
report described the method employed to ington, IN-939, is said to more than double 

prepare | support ed Ran ey nickel c atalysts the life of turbine blades used in industrial 

___y dip coating. The studies were done in Potted to permit the use of cheaper, less , support of research to develop methanation Ofi af a oT d th di cheaper, tj 
catalysts for converting synthesis gas de *° tc. The . , ane thus fs uce opera me 
rived from coal to synthetic natural gas. nick Lb © ad vanaere ° on which bo ro 

Scientists at four Bureau of Mines re- nickel-based Casting alloys, in which Doron 
search centers continued to carry out replaced carbon, were described, along with 

nickel-related research during 1976 Re- the production oe wrougnt superalloys, mew 
ee ‘ ' “"S . market, and their nuclear and chemical- 

search Progr tenti ince studies *. ccter- petrochemical applications.* The effect of 
od; 1€ po f ni ‘L Ib v aoplyine avanced 2% cobalt, 1% nickel, and 1% chromium on 

predation of nickel by APpvig advanced the hotroled microsiractare and proper , ties of a bainitic steel containing 0. 
nickel-copper sulfide resources. Other areas manganese, 1% silicon, 0.75% molybdenum, 

of interest included nickel and cobalt recov- and 0.003% boron was described The re- 

ery from Missouri lead ores (from both suits showed that nickel did not appear to 
ey Bercentrates and mae and influence the microstructure, when added 
rosses), the recovery of nickel, cobalt, cop- i 

per, and manganese from ocean nodules, —_ 0’Hare, S. A., W. L. O’Brien, R. B. Worthington, and J. 
and processing of the Duluth gabbro nickel- E. Mauser. Powder Metallurgy of Raney Nickel. BuMines 
copper sulfide ores. The development of new “‘Oden, L. L., PE. Sanker, and J. H. Russell. Preparing 
nickel alloys and the discovery of possible Supported Raney Nickel Catalysts by Dip Coating. Bu- 
new substitutes for nickel were also being 5Metal Progress "Strong Copper Alloy Subs for Beryl 
investigated. lium Copper. M7 per es PP. ne & Develove F 

; . 0 

A new high-strength, copper-based alloy Nickel Alloys to Meet Needs of Agronpace Industry. V. 82, 
containing nickel was developed by the No. 212, Oct. 28, 1976, p. 7. 
Ampco-Pittsburgh Corp.’ The alloy, con- pa etallurgia and Metal F orming. New High Tempera- 

? r . V. 43, wf, » Pp. : 

taining nickel, aluminum, and bronze, re- *Molloy, W. J., and D. R. Green. Development Pro- 

portedly had greater tensile strength than se eT te ne eee and Metal Forming, 
other commercial copper alloys except for ®Mangonon, P. L. Effect of Alloying Elements on the 
the high-beryllium-content coppers such as Microstructure and, Froperties of a Hot-Rolled, Low- 
CA825 (2% Be). Present applications of the v. 7A, ‘No. 9, 1976,. Dp. 13891400...
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alone, but in combination with chromium, developments.'* Because of the very high 
it enhanced the formation of the lower temperatures surrounding the combustion 
bainitic structure. chamber, nickel-based alloys were being 

| Yardney Electric Corp. stated that it was employed and evaluated. 
looking into development of a nickel-zinc What may be a significant technological - 
battery for use in passenger cars.'*° The development occurred with the patenting of 
company hoped to expand the battery’s a process for beneficiating low-grade later- 
range and acceleration capabilities with no ites by a combination of segregation and 
increase in weight. Reportedly, the nickel- either magnetic separation or froth 
zinc battery had nearly double the energy flotation.5 The process requires that a mix- 
density of a comparable lead-acid battery. ture of ground ore, calcium carbonate, cal- 
Other companies exploring the potential of cium sulfate, and coke be sprayed with a 
nickel-zinc batteries were General Motors solution of sodium chloride, the wet mass 
Corp. and the National Aeronautics and pelletized, and the pellets roasted for 90 
Space Administration’s Lewis Research minutes at a temperature not exceeding , 

_ Center in Cleveland.1! Raney nickel has  1,050° C. This converts the nickel to a 
been used asa catalyst for hydrogen magnetic state. The roasted pellets are 
electrodes in alkaline hydrogen-oxygen fuel ground in a water medium, and the suspen- 

cells. Recent studies have shown that a_ sion is separated magnetically or by froth 
_. titanium-containing Raney nickel was ca- flotation to obtain a nickel-rich concentrate. 

pable of significantly increasing the rate of A high level of industrial activity from 
anodic hydrogen conversion in these fuel previous years was again evident from the - 
cells.12 The report described the properties large number of patents issued during 1976. . 
of the catalyst powder, the effect of particle The patents ranged from mining through 
diameter, and the behavior of electrodes beneficiation to extractive metallurgy (both 

_- under load. Electrode kinetic parameters pyro- and hydrometallurgy). . 
were determined for hydrogen and oxygen 9 ——__ | 
evolution at 80°, 150°, 208°, and 264° C on 10Smith, A. Yardney Expects U.S. $$ for Nickel-Zinc 
nickel electrodes in 50 weight-percent potas- ery Am. Metal Market, v. 83, No. 120, June 18, 1976, 

sium hydroxide (KOH) solutions.** The re- "Industrial Research. Battery Research Charges For- 

sults indicated that significant reductions wand, J8,Ne dS Dente OP 
in cell voltage for water electrolysis can be Containing Raney Nickel Catalyst for Hydrogen 

_ obtained at higher operating temperatures, Electrodes in Alkavine Fuel Cell Systems. J. Electrochem. 
-. and that at temperatures of about 150° Cit “SSyfites, M.H.,G. Kissel, P. WT. Lu, and 8. Srinivasan. . 

should be possible to approach 100% energy Biel of Temperate on talon Hotions oe Nick 
_ efficiency. —. Electrodes in Alkaline Solutions. J. Electrochem. Soc., v. 

Ford Motor Co. was exploring the deve- 123, No. 3, March 1976, pp. 332-336. - 
lopment of the Stirling engine for use in Aute pine eo tron mee Engine: Solution to the Us. 
powering its future cars. Reportedly, the 1976, pp. 588. A. (ase: ‘ed to Financial Mining . Ind 
materials and technology of the Stirling |. & Shipping coeenss. Pat. 4.002, 463. Jenaary IL, 
engine were outgrowths of Ford’s turbine 1977, 8 pp.
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—— OS By Russell J. Foster? a - 

: Domestic production of fixed nitrogen in up 8%; imports increased 9%. Domestic | 
1976 was 13.9 million tons, an increase of consumption, including net imports of | 
2% over that of the previous year. Elemen- 136,000 tons, rose 7%. Consumption of elem- : 

_tal nitrogen production rose 15% to 10.5 ental nitrogen was considered equal to pro- 
million tons. Exports of fixed nitrogen were duction. : " 

en Pe . - Table 1.—Salient nitrogen statistics | | | 
| a (Thousand short tons of contained nitrogen) : a 

Co a Se | | 1972 1973 1974 1975-1976? Oo 

United States: a | - oo | 
: __ Production as ammonia? _~_______-_____.---... 12,616 12,641 13,061 ~ 18,617 18,863 

' "Production as elemental nitrogen ? ~_____________ 7,011 ¥8,229 78.814 9,142 10,503 oe 
‘:. Exports of nitrogen compounds ® _____~__________ 1,310 1,506 999 1,235 1,278 . 

' Imports for consumption of nitrogen compounds ® ____ _ 947 967 1,154 1,296 1,414 ° 
Consumption * _______-._________-~___-___ 712,298 "12,720 "12,987 12,896 13,858 

_. World: Production ® ____.-______--.---------- 47,398 51,500 53,400 54,600 56,900 

- Preliminary. "Revised. 7 : . —_ - — . 
1 Anhydrous ammonia and coke oven ammonium compounds. 

ce 2Converted from reported volume (at 70°F and 1 atmosphere pressure) at 27,605.cubic feet per short ton. . 
_ . 3Estimated, excludes elemental nitrogen. oo, . 

oS “Includes producers’ stock change in synthetic anhydrous ammonia and coke oven ammonium compounds; excludes 
elemental nitrogen. " . . 

| Legislation ‘and Government Pro- A committee of the National Research - 
_ grams.—After evaluating data submitted Council Assembly of Life Sciences was stud- 

by nitrogen fertilizer producers, the Envi- ying ammonia for its possible effects on | 
_ ronmental Protection Agency (EPA) amend- __ public health. Major sources of ammonia in 

ed its effluent guidelines and standards for the atmosphere are natural processes, such 

the fertilizer industry to allow limited dis- as decomposition of organic matter and the 
charges of nitric acid by manufacturers. release of ammonia from fertilizers. Like 
The amended regulation set limitations in some other natural constituents of the 
terms of pH, ammonia and nitrate in pro. atmosphere, ammonia appears hazardous 
cess waste water based upon data from all only at high concentrations.‘ 
identified sources of discharge, and required 9—————— 

e 1 e . ° . eos . . 

pH control over noncontact cooling water. annveical scientist, Division of Nonmetallic Minerals. 
° nvironmental Protection Agency. Fertilizer Manu- 

The need for a separate regulation for facturing Point Source Category. Federal Register, v. 41, 
. special discharges or for leaks and spills No. 11, an. 16, 1976, pp. 2386-2388. Point Source Categ 

a ———. Fertilizer Manufacturing Point Source O- 
was deemed unnecessary.? EPA also propos: ,, Federal Register, v. 41, No. 188, July 16, 1976, pp. 
ed amendments to the effluent guidelines 29429-29432, Marketing Reoorte a Being Gi 

. emi arketing Reporter. Ammonia Being Given 
and standards for urea and ammonium (9.25 Took by NRC for Effects on Health. V. 209, No. 3, 
nitrate.® Jan. 19, 1976, pp. 3, 44. 
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oe DOMESTIC PRODUCTION . 7 | 

Domestic production of fixed nitrogen, eliminate the high energy requirement for 

primarily as anhydrous ammonia, increas- reforming the more traditional natural gas 

| ed 2% in 1976 to 13.9 million tons. Pro- feedstock.?° SO oo, 

| duction of elemental nitrogen rose 15% to Construction of a second ammonia plant 

10.5 million tons. ne for Agrico Chemical Co. was begun by ~ 

The Federal Power Commission (FPC) Pullman Kellogg at Verdigris, Okla. The 

established new ceiling prices for interstate new 1,150-ton-per-day plant was scheduled | 

natural gas, effective at the beginning of onstream in 1977 adjacent to a recently 

1976. The price of old gas, defined as gas completed fertilizer complex." a 

flowing in interstate pipelines prior to Jan- American Cyanamid Co. will complete a 

uary 1, 1973, was initially permitted to rise new 245,000-ton-per-year ammonia plant at 

to 28.5 cents per 1,000 cubic feet, and on its Fortier, La., complex by mid-1979. The __ 

July 1, to 29.5 cents per 1,000 cubic feet. The addition will bring capacity to 625,000 tons | 

ceiling price for new gas, that is, gas discov- per year.” _ a oo, / - 

ered or committed to interstate commerce A 68,000-ton-per-year ammonia plant was 

: after January 1, 1975, was increased by 1 brought onstream by N-Ren Corp. at Carls- 

cent to 52 cents per 1,000 cubic feet.» A bad, N.M., and a 90,000-ton-per-year unit 

second round of rate adjustments occurred was started up at Taft, La., by Occidental 

in late July, as FPC raised the ceiling price Agricultural Chemical Co. Expansion of . © 

7 of new gas to $1.42 per 1,000 cubic feet with ammonia capacity by six other producers at 

: | a 4cent annual escalation allowance. Gas existing plants totaled approximately 184,- 

discovered or committed to the interstate 900 tons per year.’ : oo. 

| market after January 1, 1973, and before © Chevron Chemical Co. awarded a design | 

: January 1, 1975, was permitted to go up to contract to C & I/Girdler, Inc. for asecond. 

| $1.01 per 1,000 cubic feet, and old gas could +ammonium nitrate plant to be built at its 

- increase to 52 cents per 1,000 cubic feet as Kennewick, Wash., facility, increasing total 
contracts expired. The FPC rulings were capacity from 100,000 tons per year to- 

upheld by a three-judge panel of the District 233,000 tons per year.'* Oe | 

of Columbia Court of Appeals on the condi- Farmland Industries, Inc. brought a | 

tion that contracts include a refund 70,000-ton-per-year urea plant and an. | 

provision.” - | 80,000 -ton-per year 7 emnormm nate aioe 

Canada announced a two-stage price in- onstream a . ge, lowa, an ge , 

crease of approximately 20% for natural City, Kans., respectively. oe 

gas exported to the United States. The first Existing urea capacity was increased by 

rise was implemented on September 1, 1976, over 400,000 tons per year at the facilities of 

lifting prices by 20 cents to $1.80 per 1,000 four producers. Ammonium nitrate capaci- 

cubic feet. The second increase became y 0000 plants was expanded by nearly 

effective at yearend.® ,000 tons per year, including the first 

The National Weather Service forecasted commercial implementation of a pan gran- 

colder-than-normal temperatures for the ulation process by N-Ren Corp. at Pryor, 

winter of 1976-77. A severe winter would <= | 
: Chemical Marketing Re . FPC Raises Its Ceili 

necessitate greater demand for natural gas, Nithral Gas Prices. V. 309 No.1. Jan.$ 1976, p.4.. 
from residential users, and curtail supplies = ¢___. Gas Price Tripled by FPC; Move Stayed by 

to industrial customers served by interstate Appeals Court. V. 210, No. 5, Aug. 2, 1976, pp. 3, 14. 

pipelines. This could force shifts, where aug 16, 1916 pe a eS Gas Price Is Upheld. V. 210, No. 7, 

possible, to costlier alternate fuels, and also y 09N Canada Plans Increase in Its Natural Gas Price. 

result m record losses of ammonia *Chemical & Engineering News. Cold Winter May Drive 

production.® Up Plant Fuel Costs. V. 54, No. 51, Dec. 13, 1976, pp. 12, 14. 

Georgia Pacific Corp. awarded a contract ¢,, Cem Man SN Ns lo Sop OOD 
to Pullman Kellogs for constructioy of a oy wChemical Week. ‘Agrico To Get a Second Ammonia 

575-ton-per-day ammonia plant at Plaque- Unit at vere ies eee te Aameia Uni 
: : ae Chemical Mark Reporter. Am U ine, La. Completion million sia ee ea Ps NOTE Bes 69% 

fa il " ine Ted for late hen Bape 3 amid facility was schedu or la .Bypro P3 |. | 

duet hydrogen from the company’s adjacent, thority. World Fertliger Capac. "Ammonia, Urea, Am: 
methanol and chlor-alkall plants wl monium Nitrate. Oct. 17, 1977. 

combined with nitrogen for ammonia pro- vy. sy namical f Engine Checkoff. New Plants. 

duction. Utilization of the hydrogen will 15Work cited in footnote 13.
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| Okla.'6, a The Pace Companies will engineer and 
The modernization and expansion of ni- construct three air separation plants with a 

tric acid output at Kaiser Agricultural combined value of $70 million for Big Three , 
aie vo : Savannah, ia. complex was Industries, Inc. we Plants, at Taduemine 

with the commissioning of a new . an annelview, Tex., will have com- 
165,000-ton-per-year unit.” Mississippi Che- bined capacity of 4,200 tons per day gaseous | 
mical Corp. commissioned a 300,000-ton-per- nitrogen, 1,950 tons per day gaseous oxygen, 

"Sercle n,Sldtoaigoges prac yu ioe and i , - Sold - fc oxygen, an tons per day liquid argon. . 
rant at ereules, Calit. to Valley N eeen The same liquid nitrogen and oxygen ca- | 

Crumicl Ca sd te 300100tcmpentonr yi be, aed fan exiting ge ao NS. ee LOn-Per- plant at Bayport, Tex. All three. projects | 
ammonia plant and downstream urea and were scheduled onstream by fall 1977. Big 
Tex. to Swi Mt eg tumont, Three also announced plans to build an air 

ex., to Swift Chemical Co.” separation plant at Etiwanda, Calif., to So 
Air Products & Chemicals, Inc. began supply liquid nitrogen, oxygen, and argon | 

production of liquid nitrogen, oxygen, and for the industrial gas market of southern 
argon at two new 300-ton-per-day facilities California, and oxygen for _ steel | 
at LaSalle, Ill., and Conyers, Ga.2! Air production.” 

froducts planned to pring awe. at P oe Liquid Air, Inc., announced plans to add 
Oke | nd be 1977 iG hore. N e Tr, nearly 400 tons per day of liquid nitrogen, 

a., In tate ig ff, and \sreensvoro, AN.\., 1n oxygen, and argon capacity at their Union 
1978, and will increase the liquid industrial City, Calif, and Houston, Tex., plants. The 

gases capacity of its plant at El Segundo, $8 million project was scheduled for comple- 
Calif., to 600 tons per day by mid-1978.72 The tion in late 1977.28 | | 
company also announced the construction so 
of a new unit at its LaPorte, Tex., chemical 16Work cited in footnote 13. | 

complex by 1979 to pipe 2,100 tons per day rig namical Week. Fertile Field for Fertilizer Savings. V. 

of nitrogen and oxygen to Syngas Co. of YiNitrogen. New Plants and Projects. No. 101, 
Deer Park, Tex., and provide 350 tons per May/June 1976, p. 13. 
day of liquid nitrogen, oxygen, and argon ber/Doonx New. Plants and Projects. Nu. 104, Novem- 

. ge r ember , p. I4. 

for sale in the Houston area.” In addition, 19Chemical Marketing Reporter. Hercules Closes Sale of 
Air Products arranged to deliver 300 tons of Nitrogen, Products Unit With Fertilizer Company. V. 210, 
nitrogen and 250 tons of oxygen per day 9,» Oct. 11, 1976, pp. 7, 27. | 

eqs : Work cited in footnote 13. 
from a new facility to E. I. duP ont de 21Chemical Marketing Reporter. Air Products Starts Up _ 
Nemours & Co.’s projected titanium dioxide New Gas Plant in Ilinois. V. 209, No. 3, Jan. 19, 1976, pp. 

| Pye DeLisle, Miss., beginning in early 1 ———. Liquid Gas Plant in Ga. Running for Air Pro- 
. . ucts. V. » No. 5, Aug. 2, » pp. f, 19. ; 

Union Carbide Corp. planned to construct ier tir Products 5 ee 4225 Plant in Oklaho- 
an air separation plant at Fife, Wash. 0a Nea Products Slates Industrial Gas Plants. V. 
Scheduled for completion in 1978, the new , No. 24, June 14, 1976, p. 4. 
facility will produce 260 tons of liquid nitro- Syne 119 No. 8 Sept 29 1976. pip ply Gas for | 
gen, oxygen, and argon daily to ineet grow- _ Chemical & Engineering News. Checkoff. New Con- 
° ° ° TT struction. V. 54, No. 43, . 18, » p. 19. 
ing demand in the Pacific Northwest.” The 25Chemical Marketing Reporter. Union Carbide Plan- 
company brought onstream at Burns Har- ning Tacoma Liquid Gas Plant. V. 209, No. 12, Mar. 22, 

bor , Ind., the largest single-train air Separ- 26” Union Carbide Starts Indiana Oxygen Facility. 
ation unit ever built. High purity gas- vy. 210, No. 13, Sept. 27, 1976, pp. 4, 77. 
eous nitrogen and argon will be produced in y “ay ngmical & Engineering News. Checkoff. New Plants. 

addition to 2,000 tons per day of oxygen for “ss” Gheckoff. New Plants, V. 54, No. 29, July 12, 
nearby steelmakers.”* 1976, p. 12.
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| | - | - Table 2.—Nitrogen production in the United States i ee 

So oo = (Thousand short tons of contained nitrogen) os a 

| z “3 B : oe _ 1972 1973. «1974 1975 1976? . 

. - Anhydrous ammonia, synthetic plants ! 2476 = -12,508 12,939 13,504 13,748 | 

Ammonium compounds, coking plants: I . a 

Ammonia liquor ~_~~--------~------------ .% 11 6. 6 5 4 

~ Ammonium sulfate ____-—------------------ 7129 127 116 108s 

Ammonium phosphates ——._----------------- = _(?) (2): (2) | (7) (2). 

- “Potal | 82 -------- 12,616 12,641 °18,061 13,617 18,863 
‘Elemental nitrogen! ~_____-__2-.---22--------- |. 7,011 78,229 T8814 ~ 9,142 10,503 

PPreliminary. "Revised. | oo cee : : . 

1Current Industrial Reports, U.S. Department of Commerce, Bureau of the Census. . 

| "Included with ammonium sulfate to avoid disclosing individual company confidential data: - , 

. Oe _ Table 3.—Major nitrogen compounds — 
| oo | a produced in the United States. | o nee 

. - Oo ; _ (Thousand short tons, gross weight) mo | oo 

. os : . . . oo , : 

- +. Compound ' 1975 . 1976". | ; 

ae = -. Aerylonitrile _...-:-------= _ 607 19 co 
. =. Ammonium nitrate ___.---__~ 17,088° ' 7,186 _ 

| . - Ammonium sulfate? _.____---- 2,617 2,582 
. . . Ammonium phosphates ______.- 17,620. ~ 8,988 _ . 

= _.  Nitricacid —..--_---------~ 17,527 - 7892 0° os 

. Urea ____-_------------- 3,565 _ 3,928 - 

- PPreliminary. vel . we 
1 Uncludes ammonium sulfate from coking plants. : oo 

: : a Sources: Bureau of the Census and International Trade | 
Commission. eS | 

Table 4.—Domestic producers of urea _ oe 

(Thousand short tons per year of urea) __ ; 

| Company. . Location _ Capacity 

Agrico Chemical Co. - Williams __._-_----------- _ lytheville,Ark -.._._-_--------- 340 
Do____2______ ee ee Donaldsonville,La _~_~__._-~_----~-~-~+- 200 

Do___________-2  ~_-~---_-----------~  Verdigris, Okla ~_.-------------- 250 

Agway,Inc ______----------------------- Olean, N.Y 2. ~~ -_----------~----- 63 

Air Products & Chemicals, Inc___________._.---- © PaceJunction, Fla ~-~~-------~---- 23 

Allied Chemical Corp _____------------------ LaPlatte, Nebr ____.______--------- 125 

Do___________ eee ~=«0 Geismar, La __~_---~------------ 230 

Do______________-=_-_-------------~ © South Point, Ohio __-_~~~~--------- 125 

American Cyanamid Co _______-~--~----------- Fortier, La ~._-__------~--------- 145 

Atlas Chemical Industries, Inc _~-_-__----------- Joplin, Mo ______-_---~---~----- 70 

Beker Industries, Inc ________.__-__--------- | Carlsbad, N.Mex ____--~~--------- 175 

Borden Chemical Co_______-_.______--------  Geismar,La ~__~-~---~--------- 215 

CF Industries, Inc _______-----~------~------- Donaldsonville,La ~~ .__-_--------- 375 

Do____________-_----~--~----------- Fremont, Nebr ______._---------~- 20 

Collier Carbon & Chemical Corp ~_~__~-—--------- Kenai, Alaska _~___________-~--~+-~- 340 

Do___________-_--~--~- +--+ +--+ -------- Brea, Calif ~_-________-----+---+-- 120 

Columbia Nitrogen Corp _____-_-------------- Augusta,Ga ____________------- 30 

E. I. duPont de Nemours & Co ______.___--------- _ Belle, W.Va ---~--------------- 60 

Farmers Chemical Association - CF Industries,Inc _.__._._  Tunis,N.C _~__-____------------, 165 

Do___________-_------~ + ----------- = Tyner, Tenn ~___-_---~----------- . 45 

Farmland Industries, Inc _.__-_---~------------- Fort Dodge, lowa __.___.------~--- 70 

Do___________---------------------- Lawrence, Kans ______.__-_------- 266 

Gardinier,Inc ____-----~------------------ Helena, Ark ___________-_------- 15 

Goodpasture, Inc ______-------------------- Dimmitt, Tex ________-----~------ 24 

W.R.Grace&Co_____________--------------  Woodstock,Tenn -___~----------- 350 

Hawkeye Chemical Co __.------------------- Clinton, Iowa __________~---~----- 61 

Hercules, Inc ______---------------------- Hercules, Calif _.__.______------- 45 

Do___________---~------+------------- Louisiana, Mo ________~_-------- 95 

Kaiser Agricultural ChemicalsCo __-~~-----~----- Savannah,Ga ___________-------- 132 

Mississippi Chemical Corp __—----------------- Yazoo City, Miss ________--------- 153 

Nipak, Inc __ _____----------------------- Pryor, Okla ________------------ 180 

Do______________--~- +--+ +--+ ---- --- --- Kerens, Tex ________-_----~----- 86
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. . Table 4.—Domestic producers of urea —Continued , 

. . : . (Thousand short tons per year of urea) 

7 *. Company Location Capacity 

--.N- Ren Corp. (Cherokee Nitrogen, Inc.) __---------- Pryor, Okla____-----------_~--- 27 
N - Ren Corp. (Farmers National Chemical Co.)_ _ — — —-— - Plainview, Tex ________---~----~--- 45 

N - Ren Corp. (St. Paul Ammonia Products Co.).___.-.. East Dubuque, Ill ___--~-_-------- 85 

Olin Corp'____._____------_--------------  LakeCharles,La ~_-----~--------- 160 
Phillips Pacific Chemical Co ___.___-_-_---------- | Kennewick, Wash -_—-_----------- 43 

Phillips Petroleum Co __ =~ _-.-_.--_------------ | Beatrice, Nebr ______.----------- 56 

Premier Petrochemical Co ______-_-------------. Pasadena,Tex ~—~~----~----------- 103 

Reichhold Chemicals, Inc __ ._. _ _.------------- St. Helens, Oreg ___.--_---------- 132 

J.R.SimplotCo _______-_--_--------------- Pocatello, Idaho ______.----------+ 18 

Swift Chemical Co _____________------------  Beaumont,Tex ~-_~------~------- 49 

Tennessee Valley Authority _._.___.___._-------- | MuscleShoals, Ala ___.--~--_~----- 66 

Terra Chemicals International, Inc _._..__-__------- Port Neal,lowa _-_.+-----~------- 170 

Triad Chemical Co ___________--------------- Donaldsonville,La .~.___.-----~---~- 420 

USS. Agri - Chemicals, Inc _ L_)~—SsCChlerokee, Ala ~_-__~_+---~------- 25 . 

Valley Nitrogen Producers, Inc ___.—--_---------- El Centro, Calif ._____------~----- 155 

| Do... eee ~~ Helm, Calif --  ----------------- 29 
Vistron Corp ______------+--------------- Lima, Ohio’ _______.------------ 238 

Wycon Chemical Co woe en ee Cheyenne, Wyo ____-__~---------- 50 

|  Potal e+ + oe : 6,524 , 

. ”~ Source: World Fertilizer Capacity, Urea. (Distribution Economics Section, Tennessee Valley Authority, Muscle Shoals, 

| Ala., Oct. 17, 1977). . 7 SO | : 

a CONSUMPTION AND USES: 

- Consumption of fixed nitrogen in the The primary use of fixed nitrogen was in 

United States reached 13.9 million tons in fertilizers, which accounted for approxi- 

1976, an increase of 7%. Excellent spring mately three-fourths of production. Other 

_ weather and low prices created strong “ uses included explosives, resins, fibers, plas- 

a mand or Oe eee ae fertilizers. het tics, and animal feeds. The two principal 

or otner ni rogen-containing chemicais, uses of elemental nitrogen were as a gas to | 
such as acrylonitrile, increased also, re- lude urge air from such industrial 

-flecting the economic recovery from the exclude or purge alr 
slump in 1975. Elemental nitrogen con- processes as steelmaking, electronics, chem- 

sumption is assumed to be equal to pro- — ical manufacture, and glassmaking, and as 

duction, since no statistics are collected on a liquid to provide low temperatures in food 

stocks, and international trade is negligible. processing and scientific applications. 

| | PRICES 

_ Spot market prices for anhydrous ammo- as pipeline gas was $11.78 per ton in 1976, 

nia were well below list at the beginning of an increase of 6%. The price of elemental 

the year because of buyer resistance and bulk liquid nitrogen dropped 1% to $57.49 

growing inventories. Published list prices of per ton.% Airco, Inc., Air Products & Chemi- 

agriculturalgrade urea and diammonium cals, Inc, and Union Carbide Corp. 
phosphate were lowered substantially dur- announced price increases of 4% to 10% for 

ing the year. Prices paid by U.S. farmersfor liquid, bulk, and compressed nitrogen and 
all nitrogenous fertilizers in 1976 cont- other industrial gases effective November 

-nued to decrease from the peak attainedin and December 1976.% 

early 1975. The cost of anhydrous ammonia, US. Eoonomi hn Service, Department of Agri 
. . .S. Economic Researc rvice, Department of Agri- 

ammonium nitrate, and urea at the farm culture. 1977 Fertilizer Situation, January 1977, pp. 8-9. 

level dropped an average of 29% from April SBureau of the Census, U.S. Department of Commerce. , 
1975 to April 1976.29 Industrial Gases. Current Industrial Reports, August 1977. 

Pp . . 31Chemical Week. Air Products Follows Gas Price In- 
The average price of elemental nitrogen creases. V. 119, No. 21, Nov. 24, 1976, p. 31.
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Table 5.—Price quotations for major nitrogen compounds in 1976 

(Per short ton) 

- Compound Oo - January December ——— ee YRC 

Ammonium nitrate, domestic, fertilizer-grade, , 
33.5% nitrogen, bulk, delivered ___._____-_____________________ -$91-$115 ©. $91-$115 

Ammonium sulfate, standard-grade, commercial, . i ey 
bulk, f.o.b. works_- - =§ =§ 2 ee 60 ~~ 60 

Anhydrous ammonia, fertilizer, wholesale, tanks, . 
delivered east of Rockies, except east coast —..§ -._._-§_____________________ |. 180-190. 180-190 

Aqueous ammonia, 29.4% NHs, anhydrous basis, co — 
tanks, freight equalized east of Rockies __________._________-_________.—-:165-180 . 165-180 

Sodium nitrate, domestic, agricultural, bulk, o oe 
carlots, fo.b. works ~_~____~_ ee 139 - 139 
Bags, carlots, f.o.b. works _______________= 130 150 

Sodium nitrate, imported, commercial, bulk, car- . . 
lots, f.0.b. Atlantic and Gulf warehouses___.__§_»__ 9 --_-§-_-_-__ 112. - 118 

100-pound bags, carlot, same basis___ 2. ~--__-__~__ 124. 130 
Sodium nitrate, imported, agricultural, bulk, = oe | / 

__ carlots, Atlantic and Gulf warehouses ____-_§_§__________________ + _ . _- 100 
Urea: . . 

Industrial, 46% nitrogen, bulk, 50-ton carlots, . 
delivered East ____§_._§__ ~~ 160-175. 160-175 

Agricultural, 46% nitrogen, bulk, same basis ________________________._ 160-175 130-140 
' Agricultural, 45% nitrogen, bulk, 50-ton car- . 

lots, delivered East ~___~ 2 2 2 160-175 120-130 
Diammonium phosphate, fertilizer grade, 18-46-0, . . 
bulk, carlots, f.o.b. Florida works _______..-__--+----------__ iL _ 135°. 110-125. 
ee pe eer ep 

Source: Chemical Marketing Reporter. . 

Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 

. (Thousand short tons and thousand dollars) =. Sg 

. 1975 1976 

Compounds. , Gross Nitrogen, - Gross. Nitrogen 
. | _ weight content® Value weight content® Value | 

. EXPORTS ; 
Industrial chemicals: Anhydrous ammonia and oe . 

chemical grade aqua (ammonia content)____ - ™82 "67 713,005 133 109 11,167 
Fertilizer materials: 

Ammonium nitrate _______________ 46 15 6,141 12 4 1,444 
. Ammonium phosphates _____________ T2 685 ™483 "575,268 2;823 508 309,192 

Ammonium sulfate___§_~§ ~~ _ F726 T150 48,297 644 133 20,066 
Anhydrous ammonia and aqua (ammonia . 

content) ______ 271 222 49,657 307 252 29,205 
Nitrogenous chemical materials n.e.c ___ _ 43 13 73,975 19 6 2,635 
Sodium nitrate __________________ 2 (4) 164 2 (4) 183 
Urea ~_-_-_ 557 253 "122,908 532 242 45,241 
Mixed chemical fertilizers ___________ 324 32 40,695 242 24 30,284 
ne 

Total_________________ 4,736 1,285 860,110 4,714 1,278 449,417 
eee 

IMPORTS 
Industrial chemicals: Ammonium nitrate ___ _ 3 1 451 3 1 356 
Fertilizer materials: . 

Ammonium nitrate __~__~§_§__________ 245 82 24,881 312 105 24,146 
Ammonium nitrate-limestone mixtures ___ 66 14 8,971 29 6 1,489 
Diammonium phosphates ____________ 92 16 14,112 142 26 18,642 
Other ammonium phosphates _________ 211 38 36,528 - - 13 8,294 
Ammonium sulfate___ ~~ _~§________ 219 45 21,357 566 117 23,549 
Calcium cyanamide or lime nitrogen __ __ _ 57 12 338 38 8 447 
Calcium nitrate____§_§_____________ _ 95 15 7,099 64 10 3,875 
Nitrogen solutions ________________ 117 35 11,666 302 91 21,797 
Anhydrous ammonia_______________ 807 662 123,932 730 599 70,836 
Potassium nitrate or saltpeter, crude _____ 36 4 7,016 14 2 2,297 
Potassium nitrate, sodium nitrate mixtures _ 25 4 4,388 40 6 5,345 
Sodium nitrate __-_____~§___________ 139 22 19,100 103 16 8,143 
Urea __________ 654 298 87,899 842 383 84,674 
Nitrogenous fertilizers n.s.p.f 0. ~~~ ____ 134 27 14,407 100 20 9,246 
Mixed chemical fertilizers .~__________ 213 21 33,389 112 11 13,728 

Total__________ 3,113 1,296 415,534 3,467 1,414 296,814 
eee 

*Estimate. Revised. 
1Less than 1/2 unit.
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Increased U.S. exports of ammonia.and_ resulted in a 9% gain for fixed nitrogen 

ammonium phosphates offset the reduced imports. In terms of nitrogen content, the 

export levels of other nitrogenous fertiliz' United States was a net importer of fixed 
ers, as exports of contained nitrogen rose nitrogen for the third consecutive year. Net 

3%. Substantial gains in imported urea, imports amounted to 136,000 tons of nu- 

ammonium sulfate, and nitrogen solutions trient, compared with 61,000 tons in 1975. 

. BF ‘WORLD REVIEW 7 | 

Large expansions of ammonia capacity Cameroon.—Ste. Cameroonaise des En- | 

have been scheduled in eastern Europe, the grais started up.a 55,000-ton-per-year am- | 

U.S.S.R., and a number of developing coun- monium sulfate plant and a 30,000-ton-per- 

tries. Implementation of these projects year complex fertilizer plant at Douala.* 

could make inroads into the markets of Canada.—Canadian' Fertilizers Ltd. : | 

traditional exporters of nitrogenous fertiliz. brought the first of two 396,000-ton-per-year _ 
ers. In addition, many importing nations ammonia plants and a 495,000-ton-per-year | 

have moved closer to self-sufficiency. Produ- urea unit onstream at Medicine Hat, Alber- 
cers in Japan and western Europe lowered ta, in the summer of 1976. Although the | 

their output because of reductions in do- company announced in December that it oe 

mestic purchases and exports. France and had deferred the remainder of the project, — oe 

West, Germany voiced disapproval of an financing has since been completed and 7 
influx of certain low-priced, nitrogenous construction was scheduled to proceed. The | | 

fertilizers from eastern Europe. World fer- second plant was scheduled to come on- 

tilizer prices have declined sharply from the stream in 1977. Production from both am- , 
levels attained in spring 1975. - monia plants will be used for direct applica- 

Albania.—A new urea plant with a ca- tion and conversion to granular urea. The 

pacity of 40,000 tons per year of contained material will be earmarked for consump- 

nitrogen was completed at Fieri? tion in Canada and the United States.*° 

_ Belgium.—Ste. Carbochimique, S.A.com- — Pan Canadian Petroleum Ltd. announced 

missioned a new 236,000-ton-per-year nitric at yearend that it will not proceed with an | 
acid plant at Tertre in September.** ammonia plant at Brooks, Alberta. Pan | 

Brazil.—Pullman Kellogg was awarded a Canadian’s partner in the venture, Tyler 
contract by Petrobras for the technology: Corp., of Dallas, Tex., withdrew several 

and design engineering of two 1,070-ton-per- months before. Sherritt Gordon Mines has 

day ammonia plants to be built at Laranjei- also decided to shelve plans to expand its | 

ras and Norte.Fluminense. The plants will ammonia-urea complex at Fort Saskatche- 
be associated with two 1,200-ton-per-day wan, Alberta." , 

urea units of Mitsui Toatsu technology.* A Genstar Chemical Co. commissioned a | 

West German consortium received a con- $9.5 million expansion of its nitric acid and 
tract for the construction of a 1,320-ton-per- _. 7 

day ammonia plant and a 1,650-ton-per-day ——*2Nitrogen. New Plants and Projects. No. 103, Septem- 
urea unit at Araucaria. The facility will ber, October 1976, p- 13. ran 

utilize heavy petroleum fractions as feed- —stmyronean Chemical News. Kellogg Wins Brazilian 
stock, and was scheduled for startup in Ammonia Plant. V. 29, No. 767, Dec. 31, 1976, p. 20. 

1978, Similar complexes were being planned 44, Nittogen., New Plants and Projects. No. 200, 
at Paulinia and Aracaja.** The two 1,100- son hemical Age, Kellogg Ammonia Contract. V. 113, No. 
ton-per-day ammonia plants under con- 92, Nov. 19, 1976, p. 16. oo 

struction at Camacari were scheduled to nuary/February 1916, p10. and Projects. No. 99, Ja- 

come onstream at yearend 1977.5 | Work cited in footnote 18. a 

Bulgaria—A 200,000-ton-per-year ammo in Alberta Second To Be Running orev. 208, Ne TS, 
nia plant and a , n-per-year ammo- June 21, 1976, pp. 7, 27. 

nium sulfate unit, both designed and con- Nearopean Chem. Be New Projects. In Brief. V. 30, 

structed by Humphreys & Glasgow Ltd., 4°Fertilizer International. In ‘Brief. No. 80, February 

started up at the Povelianovo Chemical "iP can Chemical News. Alberta Plants Shelved. V. 
Combine at Varna.*7 29, No. 767, Dec. 31, 1976, p. 21.
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with daily capacities of 990 tons of ammonia Korea by Western -contractors. Annual 
and 1,700 tons of urea were scheduled plant capacities were listed as 272,000 tons 
onstream in 1978 at Bhatinda and of ammonia and 400,000 tons of urea.© . 

Panipat:5* | Pes Korea, Republic of.—Air Products & Che- 
- Indonesia.—Kellogg Overseas Corp. was micals, Inc., received a $20 million contract a 
named managing director for a grass-roots, for design and construction of two 850-ton- 
ammonia-urea facility at Cikampek, West per-day nitrogen, oxygen, argon plants for 

_ Java. The complex will consist of a 1,100- the Pohang Iron & Steel Co. Both plants : 
ton-per-day ammonia plant and a 1,900-ton- were scheduled for completion in late — 
per-day urea unit. A major portion of the 1978.6 Yong-Nam Chemical Co. Ltd. com- | | 

- $200 million project will be financed by the pleted an expansion project at its Ulsan 
Government of Iran. Plans to build the complex. Total capacities were increased to | 
world’s first floating fertilizer plant near more than 110,000 tons per year of ammo- 

_. gasfields off the coast of Kalimantan Pro- nia and 132,000 tons per year of urea.®’ 
vince have been scrapped. A new plan calls © Libya.—Libyan National Oil awarded a 

- for locating the plant on ‘land, with daily contract to Foster Wheeler Italiana for the | 
capacities of 1,650 tons of ammonia and construction of the country’s. first urea 
1,100 tons of urea. The future of a proposed plant at Marsa el Brega by 1979. Ammonia | 

- ammonia-urea facility at Aceh, North Su- feedstock for the 1,100-ton- per-day unit will — a 
matra, is uncertain. As the country’s urea be supplied by National Oil’s adjacent plant 

_ capacity climbs beyond 2 million tons per which was due onstream in 1977. _ | 
_year, an exportable surplus should become . Mexico.—Guanos y Fertilizantes S.A. / 

- available®® -. . planned to construct two new urea plants. a 
_. Tran.—Construction of a new fertilizer One of the units will be built at Coatzacoal- aa 

’ complex using natural gas feedstock began cos with a capacity of 495,000 tons per year, a 
_-. at Shiraz for the Iran Fertilizer Co..The and the other will be located near Salaman- 

facilities were scheduled onstream in 1978 ca with a capacity of 330,000 tons per year. 
and will have annual capacities: of 359,000 The new production has been designated for oe 

_ tons of ammonia, 248,000 tons of nutrient as both domestic consumption and export mar- ; 7 
urea, 76,000 tons of nutrient as ammonium. kets, since completion of the plants should 

nitrate, and 218,000 tons of nitric acid. - result in self-sufficiency for the country in 
- Traq.—The expansion at the Basrah fer- nitrogenous fertilizers.°* | | 

 tilizer complex was completed by Mitsubi- _ Poland.—Creusot-Loire Enterprises of 
_ shi Heavy Industries. The plant has'a daily France has contracted for the'installation of | | 

capacity of 880 tons of ammonia.and 1,480 a fertilizer complex at Police. The complex a 
_ tons of urea. By 1982 ammonia capacity is will comprise two 825-ton-per-day ammonia — 

+ scheduled to reach 1.5 million:tons per year. Sooo i= _ oe - 
At that point, Iraq’s ammonia production oso nomial pee vere Ammonia Study. V. 118, No. 2979 — 

- could account for about one-third of the — **Chemical Marketing Reporter. Indonesia Fertilizer | 
: Middle East total.® | os - ar Job To Be Run by Kellogg; First Such Unit on Java. V. 209, - 

- Ttaly.—Breda'Cantiere Navale shipyards ‘Chemical ‘Week. Indonesia Aims at Fertilizer Self- | 

received a contract from Sudimport, the “EE "Canadian Potash Wili Be “Competitive.” V. 119, | 
foreign trade organization of the U.S.S.R., No. 13, pp. 26-27: oo 

_ to build three ammonia tankers. Page 15 of work cited in footnote 18. 

Japan.—A 91,000-ton-per-year nitric acid pa,qit ean Chamical, News, lraq Ammonia/Urea Ex . plant ‘was completed by Mitsubishi Heavy prettilizer international. Traq at the Center of Middle 

Industries at Kurosaki. Japanese urea ex- ““t2chemical Age. Italy To Build Soviet Ships V. 113, No. 
ports declined sharply in 1976. As a result, 2990, Nov. 5, 1976, p.6. i 

ammonia and urea production have been  saputSpean ‘Chemical News dapan Wants Fertilizer 
running well below capacity. The industry, Aids. V. 29,No. 752, Sept. 10, 1976, p. 6. 

which is heavily dependent upon exports, paittby Unde in North Korea V. 210, No. 1m Oct. 1976 
urged the Government to offer tied loans _p. 5. products Awarded Cs , 
and fertilizer supply arrangements as part ———. Air ucts Awa ntract for Gas Unit. 

of its economic aid program for, Southeast V eames 13 oF ae ead. eocnete 37. 
Asian countries. | “TEuropean Chemical News. I Foster Wheeler Wins Liby- 

Korea, North.—A_ $64 million complex  e8Chemical Marketing Reporter. Guanomex in Expan- 
was completed by West German and Aus- sion of Fertilizers, Parathion. V. 209, No. 2, Jan. 12, 1976, 

trian contractors at Nam Hung, the first Fertilizer International. Changing Roles in Mexico. No. 
large-scale chemical facility built in North 90, December 1976, p. 6.
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plants, one 1,320-ton-per-day urea unit and ver three urea production lines, each with a 
mixed fertilizer facilities, with a projected capacity of 177,000 tons: per year. Destina- 

startup. date of late 1979.7 Krupp Chemie- tions are Grodno, Dneprodzherzhinsk, and 

anlagen of West Germany gained acontract Cherkassy in 1977-78. New ammonium — 

: for the construction of two coal gasification nitrate facilities came onstream at Berezni- 
plants at a coal-based chemicals complex _ ki, increasing downstream product capacity 
planned for Katowice. The complex will by 110,000 tons per year of contained nitro- 

| include a 550,000-ton-per-year ammonia gen. Installed anhydrous ammonia capacity _ 
plant and an 880,000-ton-per-year urea _ at the Severodonetsk complex reached 1.4 
unit.” - _ million tons with the completion of another 

Qatar.—Qatar Fertilizer Co. awarded a 495,000-ton-per-y ear plant. A new urea 

contract for the construction of a 1,000-ton- Plant was commissioned at Salavat bringing 
per-day ammonia plant at Umm Said, to be total urea capacity there to 540,000 tons per 

associated with a 1,100-ton-per-day urea Year. o: 

plant. The complex was scheduled onstream The first specific contract under the 1973 
in 1978.27 r | . fertilizer agreement between Occidental Pe- 

Spain—Union Explosivos Rio Tinto troleum (xP. ane the Usa BS signed 

commenced production. at a 990-ton-per-day mos j “the U S SR bo cum, i 0 on 

ammonia plant at Huelva. The plant. uses ih 3 By hk tone of nee y ove al 0. 
naphtha as feedstock.”* Local opposition to Wit es vod best nin in 1978 The vom nen _ 
the construction of an ammonia plant by as been aseictin : ee Soviets in the con. 

: the fertilizer group Sefanitro at Bilbao led 2. ction of am 8 nin pipeline and port 

authorities to revoke the construction per: facilities and arranging for new ammonia 
a mit. Site preparation and equipment pro- plants in the Soviet Union. Occidental is 

curement for the plant were well advanced scheduled to deliver superphosphoric acid . 

at the she Sef ere OF ¢ seeking to form 4 to the U.S.S.R. and receive ammonia, urea, - 

oe Parmers id, wit deat ° site ™ companies and potash, Separate contracts still remain 

, | 8 wou Creuse tloire. "Er ‘te prises of to be signed for the other components of the 
yria.—Creusot-Loire nterpr apreement.2 _ ae 

France was awarded a turnkey contract by United Kingdom.—British Oxygen Corp. 

Unichem for a refinery and fertilizer com- announced plans to expand production of 

| | plex at Homs. Naphtha from the. refinery industrial gases at its Brinsworth site near 

| will be used as feedstock for a 363,000-ton- Rotherham. The new unit will produce 132 _ 

per-year ammonia plant with adownstream tons of nitrogen, 132 tons of oxygen, and 5 

400,000-ton-per-year urea unit. tons of argon daily. Construction was sched- __ 
| Turkey.—Kellogg International Corp. uled to start in January 1977 with an — 

was awarded a contract by Azot Sanayii for onstream target date of early 1979.%° The 
a 314,000-ton-per-year enema plant 2 Secretary of State for Scotland granted 

Gemlik. Part of the output from this — HH | ge 

_ naphtha-fed plant was slated for use in a t "Chemical Marketing Reporter. Fertilizer Plants Slated : 

new 172,000-ton-per-year ammonium ni- “Tip aii tb town: Li : Bl °. ‘j Bani oct N PNG 95 

trate unit.”* Friedrich Uhde GmbH received Julyl%6p100 
a contract for construction of an 82,500-ton- 99, european Chemical. News. New Projects. In Brief. V. 

: . > * ’ . ’ ? Pp. 1. me : 

per-year ammonium sulfate plant and other no Chemical Age. Ammonia Plant Starts in Spain. V. 113, 

units at Bandirma by late 1978.77 No. e904, OPh. ot, 1910) B. 70. , vo, 
. . E Ch: 1 News. Sef: N Dec 

U.S.S.R.—Toyo Engineering Corp. of Ja- on Joint Ammonia Project. V. 29, No. 755, Oct. 1, 1976, p. 
pan reached agreement with the U.S.S.R. to *SPage 13 of work cited in footnote 37 

supply five more 1,500-ton- par day ammo "Page 14 of work cited in footnote 35, 
nia plants using Pullman Kellogg technolo- Ce European. Chemical News. Uhde Wins Two Fertilizer 

: . tracts in Turkey. V. 29, No. 751, Sept. 3, 1976, p. 46. 
gy at Kiev, Minsk, Kharkov, Moscow, and ““srertilizer International. Four More Ammonia Plants 
Perm. These plants are in addition to the for the USSR. No. 79, January 1976, p. 1. oo i . 

deal concluded in 1975 for four identical —y Ghemncal Marketing Reporter, Kellogg Ammonia Unit 
, plants.”* Montedison of Italy contracted Agerertilizer International. Plant & Project News. No. 86, 

with Techmashimport to furnish two 1,650-  “"Séwork cited in footnote 18. | 
ton-per-day urea plants at Kemerovo and Page 16 of work cited in footnote 35. 

Berezniki. Ammonia feedstocks will come Dee f agie pe Oxy Signs Soviet Pact. V. 119, No. 22, 

from plants being constructed at the sites.”° European Chemical sNews. Oxy Signs First USSR. 
° A _ Vv. » INO. , Oy » p. 4. 

pearnmaet Foreign Trade vo nt or Chemical Age. Gas Expansion. V. 113, No. ‘2992, Nov. 
zechoslovakia agr construct and deli- 19, 1976, p. 4.
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approval for a Scandinavian chemicals Zambia.—Nitrogen Chemicals of Zambia 
group, Scanitro, to construct a 350,000-ton- was expanding its nitrogenous fertilizer 
per-year ammonia plant at Peterhead, Scot- complex at Kafue. The new coal-based am- 
land. The $100 million facility will utilize monia plant will have a capacity of 85,000 

_ natural gas feedstock from the North Sea. tons per year, and was due onstream by 
The plan must still receive the approval of July 1977.8 

- local authorities. Scottish Agricultural In- | 

dustries has contracted for an 88,000-ton- 84Chemical Marketing Reporter. Scanitro Gets Okay for 
per-year prilled ammonium nitrate plant at Ammonia Project. V. 209, No. 14, Apr. 5, 1976, pp. 5, 16. 

Leith. The plant was scheduled onstream in No vee Oat 1, 1916p. news - CIB Fertilizer Order. V. 29, : 
1978.5 | 85Page 12 of work cited in footnote 37. - | | 

Table 7.—Fertilizer nitrogen compounds: World production and consumption for years 
- ended June 30, by country oe | 

CO (Thousand short tons of contained nitrogen) - 

: | =: Production Consumption 
Country ————e ee Ole eT 

| oe 1973-74 1974-75 1975-76” 1973-74 1974-75 1975-76” | 

North America: F 
Canada _____-_--_------_ 885  &987 1,010 565 €586. 619 
Costa Rica® _~____~___» ____ a 30 33 . 88 137 F137 137 
Cuba _____ 22 51 90 1144 ==: 1158 1172 
Dominican Republic ____~ ~~~ _— _- _- 45 51 45 

- El Salvador® ~~ = 2 - 8 8 , 6 15 69 a 
~ * Guatemala® === 3 6 6 38 46 88 

Jamaica® _________-_-_-~ 3 3 3 112 | 114 | 110 | 
Mexico __-__~____~~---- 7 414 517 640 ™580 721 918 

‘ Netherlands Antilles® _______ 4 23 q __ __ __ 
Nicaragua® ____________- __ __ a 39 24 18 
Panama ___.~____1___-_ ae _- ae 13 15 15 
Trinidad and Tobago® __.____ 74. 100 63 1g 16 15 

' United States (includes —- . 
Puerto Rico)._______-___. 10,095 9,341 10,210 9,146 8,608 10,345 

South America: : . : — 
Argentina __._____.-_-__. 32 €28 20 48 °46 31 
Brazil! ____________=__- 126 166 TT 383 429 452 
Chile! ____________._____ 118 125 127 65. 57 43 
Colombia? ______________ 95 €99 110 170 ©140 144 
Ecuador® _______________ 2 2 2°. 32 — -TQ9 22 : 
Peru_______~_____ 23 22 39 89 125 90 
Venezuela® 2 ____________ 7 53 55 45 64 1 

Europe: 7 
Albania® ? ~________-_--_- 40 40 40 40 40 40 
Austria. LLC _ 254 249 261 146 138 134 
Belgium-Luxembourg __—-—— —— 721 107 673 198 204 201 
Bulgariat________-_-___- 572 . 654 741 362 363 419 
Czechoslovakia _______ ~~ -- 1456 1533 1579 455 AT2 563 
Denmark? ______________ 70 90 88 402 331 374 
Finland ________-~_------~- 269 278° 223 228 250 220 
France ________~-___-~-~- 1,810 1,867 1,493 2,021 1,714 1,883 
Germany, East? ___________ 453 481 594 134 740 TAT 
Germany, West ________-~-~- 1,624 1,735 1,388 1,213 1,324 1,354 
Greece ___________-L__- 290 | 291 318 269 277 3038 | 
Hungary? ~e eee eee 468 &459 499 543 608 591 
Iceland? ________-~_--~=- 11 8 10 16 15 16 
Ireland =. _-_______--- 104 ©107 110 144 147 - 168 
Italy ___.___----------- ©) ,245 1,247 1,102 741 741 798 
Netherlands ________----~- 1,824 1,395 1,271 ©454 480 499 
Norway________________ 490 430 393 94, 106 108 
Poland!________________ 1,505 1,607 1,689 1,184 1,260 1,349 
Portugal® ______.___---- 181 211 224 141 140 155 
Romania! ___.____------ 941 1,080 1,424 487 540 869 

‘Gpaint __-_______ 841 €796 909 808 787 841 
Sweden ________------- 197 194 187 4990 4959 4283 
Switzerland _______~----~- 29 32 33 46 42 "AT 
USSR! ++ *7,947 8,605 9,331 "6,861 7,381 8,110 
United Kingdom* woe eee 833 1,099 1,163 964 1,022 1,151 
Yugoslavia® ______------- 386 409 394 374 388 396 

Africa: 
Algeria® ______________- 57 87 67 1108 F179 169 
Egypt ____________----- 156 ©1110 1166 5395 © 5397 ©457 
Ivory Coast! _______----~-- 5 1 5 9 9 12 
Kenya _____----------- _- _- __ 22 21 23 

Mauritius® _________----- _- 1 4 12 10 dl 

Morocco! ___________---- 16 "12 21 &69 €68 10 
Mozambique _ ____—------- &9 3 3 “10 4 4 
Nigeria ________-_------- _- _- _- °5 15 38
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- Table 7.—Fertilizer nitrogen compounds: World production and consumption for years. 
a ended June 30, by country —Continued. sis. rs 

. oe oe . (Thousand short tons of contained nitrogen) =. . ones 

. : Production = ~». Consumption : . - 
Country - ce 

1973-74 1974-75. . .1975-76P | 1973-74 . 1974-15 (1975-769 

o Africa: —Continued . - — we 

Rhodesia, Southern® ___ ___ _ _ 66 ~— 72 17T TTT. $3 
Senegal _______---__---_. 10 6 10 8 “210 q1 
South Africa, Republic of? _ _ __ - 288. ~~ -F &299 *” 331 ©255 254. 314 - 

ne Sudan ___~~~_2 +--+ - -- _— — " 60 66 105s 
oo oy Tanzania! ______________ 2 - 4 . 4 - 12 15 1602 
” Tunisia _______________-_ __ __ __. 21 26 ~ 20 

Zambia __ ~~ -~___-_.--- a 8 6 — &96 . e€4Q €46 

: Asia: : an 2 
Afghanistan _________~--_. — ee 21 43 20 OAT BL 
Bangladesh ___ ~~ ~___-__~- 143. 36 144 140 91 166 
Burma ___.~___-__--~---- > T41 48 . §2 40 42. 39 
China, People’s Republic of ___ ——-2,830 ~° 3,207 — 3,404 4,191 4,256; 4,765 

a India ~_-__ ~~ 1,157 1,308... 1,662 . 2,016 1,947 2,239 — 
Indonesia® ______2______- 94 183 © 229 386 380 377 

: _ Tran ~~~ eee 144 144 1389 -=~—si 24 208 214 
: Trag ~~ eee  8l «86 27 22 . 30 28 

Israel _. 2 2 Le | 35 a's) 50 “38 36°. 40 
Japan -.-_~___. ~~ __-- . ©2,357 - ©2,580 1,716 905 761 703. 

- Korea, North® +__§_§_§ 2 __=_ - 265 276. 287. 269 278 ~~ si 9 
- Korea, Republic of! ___ ________ 493 566 596 453 493 ~~ 516 

ae Kuwait ___§_9_9___ ~~ ____- 320. 304 285 Be oo 
Lebanon? ___-§_-§_-_§_________ __ __ 1 43 0s QI Do re 

' » Malaysia _..-_________--- 751 © 741. 737. “124-0 BTM 
_ Pakistan _-- ________---- 331 348 349 9364 9B ABT 

. - Philippines’ eee eee 59 59° 63 167 196 14. 
Qatar® _____-__ 15 61 96 =- a . 
Saudi Arabia ____________ 67 egg 110 4. Be BO 

- SriLanka _~_____~-+----- __ __ __ 66 2 « ©8265. 42 . 
: Syria ~~~ --____-------- 10 14 26 37 40 =. 46. | 

~Taiwan® _~__§_§ = 247 200 234 285 153 = 256°. we 
| Thailand ______._____--- 1g 17 5 CéG 88 87 

: Turkey! _..________u ~~ 149 ' 161 189° 474 312. - 499 
: Vietnam, Socialist Republic of — — __ _- -o oe ©147 184° 0°... 225° 

Oceania: Australia® .~__._____~ 217 218 198 194 196 182 
Other. . Se 

North and Central America® _ _ _ _- eee - 32 27 - 30 
| ~ South America’® _________ _- ae _- 34 , 32 28 | 

_ Africal? ~~ _- a _ - 98 . 93 -100 
Asial?__ __ a Pe, 39 26 - 44 
Oceanial® _~________-___- _. —_ — - 46 34. 23 

World Total ________—_ T44,578 46,722 48,366 42,677 42,527 = 47,782 oO 
a pee Sis ss ers Ss PS SSS SAAN 

Estimate. Preliminary. "Revised. . 
1Calendar year referring to the first part of the split year. . - 

Fertilizer year: August to July. 
3Fertilizer year: June to May. oo 

“Including quantities used for forest fertilization. | 

5Fertilizer year: November to October. . 
6United States Bureau of Mines estimate based on United Nations estimate for People’s Republic of China and Taiwan 

(reported as a single figure) less the British Sulphur Corp. Ltd. reported figure for Taiwan alone. a 
Data for West Malaysia only. . 

-  8Source: The British Sulphur Corp. Ltd. Statistical Supplement No. 14, November-December 1976, p. 14. . 
y ®Includes Barbados, Belize, Guadeloupe, Haiti, Honduras, Martinique, St. Kitts-Nevis-Anguilla, St. Lucia, and St. 

incent. 
’ a 

10Includes Bolivia, Guyana, Paraguay, Surinam, and Uruguay. | 

11Includes Angola, Benin, Botswana, Burundi, Central African Empire, Chad, Congo, Equatorial Guinea, Ethiopia, 
Gambia, Ghana, Guinea, Liberia, Libya, Malagasy Republic, Malawi, Mali, Niger, Reunion, Rwanda, Sierra Leone, 
Somalia, Swaziland, Togo, Uganda, United Republic of Cameroon, Upper Volta, and Zaire. 

12Includes Cyprus, Jordan, Khmer Republic, Laos, Mongolia, Nepal, and Singapore. 
13Includes Fiji Islands, New Zealand, and Papua New Guinea. 

Source: Statistical Office of the United Nations, Statistical Yearbook, 1976 (New York, 1977, pp. 288-289, 584-586) unless 

otherwise specified. 

TECHNOLOGY 

Higher energy costs and the rising de- the efficiency and amount of natural nitro- 

mand for fertilizer have underscored the gen fixation, introducing the process into 

need for basic research into ways to in- plants in which it does not normally occur, 

crease nitrogen availability to agricultural and finding a low-energy industrial route 

plants. Research has focused on increasing that could replace the present energy-
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- intensive process for making ammonia.** pump exhaust gas into ammonia, which | 

A 5-year, $1.3 million United Nations could be applied in the irrigation water. The 

research program to investigate natural process involves the reaction of carbon mon- | 

nitrogen fixation will be implemented by oxide and water to form hydrogen, which | 

the International Rice Research Institute in reacts with nitric oxide to form ammonia.*® 

the Philippines, in collaboration with Corn- A:new waste treatment plant due on- | 

~ ell University and Boyce Thompson Insti- stream in early 1978 at North Lake Tahoe, : 

tute in the United States. The new project Calif., will incorporate an ammonia remo- 

will study rates of nitrogen fixation, the © val and recovery process to produce a 40% 

role of bacteria, and environmental ammonium sulfate solution. Ammonium 

- factors.87 a jons are absorbed in beds of the mineral 

_ The Dow Chemical Co. brought onstream Clinoptilolite, which are regenerated by a 
a facility to produce nitrapyrin, a nitrifica. concentrated sodium chloride solution. The | 

tion inhibitor for use with anhydrous am- ammonium sulfate solution will be suitable - 

monia, urea, and ammoniacal-type fertiliz- ir appication by farmers or or See | 

ers. The product stabilizes the fertilizers by fertilizer manu acturers. Sale of the 

through its activity on specific bacteria that fertilizer material should cut operating ex- 

are responsible for rapid conversion of am- Penses of the plant by 60% compared with 

- monium nitrogen in soil. The result is that other tertiary treatment methods. How- | 

more ammonium nitrogen is available for ever, the ee one the process amounts _ 

use by plant life and less is lost to nitrite 0 (0'7 Of the Cost OF Ee enuire system.” — | 

and nitrate conversion and potential leach- Ate repore oon the a ational poeante and : 

A high-priority project of the Tennessee numerical model tiles are having te : 

Valley Authority (TVA) is reducing the at nitrogen 1 are havi ittle oo 

fertilizer gusts dependences on natural effect on the earth’s ozone layer. The a- 
gas as the hydrogen source for ammonia mount of fertilizer currently used adds only 

production. Accordingly, a prototype coal about.2 million tons of nitrous oxide to the 

gasification plant under development is ¢Stimated 1.4 billion tons already in the Oo 

fcheduled to be in operation in 2 to 3 atmosphere. The study concluded that if 
years.®® en or nitrogen fertilizer use increased 6% annual- —_ 

| TV A’s new pipe-cross reactor process for ly een year 2000 nen iveled Oe ons | 
| — - . - would decrease somewhere between 1% an 

tre ntos the weed for natural gas to dry 10% umite that reco 
the final product. Chemical heat produced ver arreacted am ynibvan d urea can be a 

by the reactants in the pipe-cross reactor is } was | : 

Cully suficent to completely dry the Sted Sxning ee  acandares, 
anular material. Elimination of dryi ar 7 a“ me 

equipment would also significantly reduce The stripping process recovers unreacted 
the cost of plants using the process.° : materials in the vapor phase at synthesis 

The Danish fi Haldor To soe intro. Pressure and condenses them before they | 

duced an improved design of i ie ammonia are returned to the reactor, thus cutting | 

synthesis converter with a heat exchanger —_— seq, afe, G. M. Keeping the World’s Breadbasket Full. 
between the two radial flow catalyst beds. Chem. Week, v. 118, No. 6, Feb. 11, 1976, pp. 28-38. 

The new design provides ammonia conver- , Skinner, K. J; Nitrogen Blxation. Chem. & Eng. News, v. 
? o. > o “Ry 9 le . . 

sion of 22% instead of 16%.*! , 7 87Chemical Week. UN Study Seeks Nitrogen Fixation 

A device that vaporizes fuel oil and thus “SEC; ical Marketing Reporter. Dow Starts Up Facility 
will permit ammonia plant operators to use for Nitrogen Stabilizer. V. 210, No. 19, Nov. 8, 1976, p. 28. 

iqui i i ineeri . TVA Fertilizer Deve 
Haut enors has been ne ed by Allied lopments Move Along. V. bt No. 43, Oct. 18, 1976, pp. 34. 

Chemical Corp. The new system permits Chemical Marketing Reporter. TVA Fertilizer Process 

: . . Cuts Natural Gas Use: V. 209, No. 23, June 7, 1976, p. 12. 
firing oil, gas, or any mixture of the two in "chemical & Engineering News, Concentrates Fechno- 

isti 1 akin i . V. 54, No. 14, Apr. 5, »p. 14. 

existing burners, without making extensive °§i.,,-mmical Week. Allied Method Enables Natural Gas 
modifications te piping.” from the exhaust Burners To Use Liquid Fuels. V. 119, No. 3, July 21, 1976, 

Production of ammonia "rom bl ox eh P 93_____ Stationary-Engine Exhaust Is Source of Fertil- 
gas of a stationary engine is possible with @ iver. V. 118, No. 9, Mar. 3, 1976, p. 27. 
new patented process developed by the In- j avers Converting Sewage Into Savings. V. 118, No. 2, 

° . an. ’ > Pp. . 

stitute of Gas Technology. The major poten- Chemical & Engineering News. Concentrates. Science. 

tial application is in converting irrigation _ V. 54, No. 18, Apr. 26, 1976, p. 16.
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energy costs by up to 15% and increasing with the tail gas and is adsorbed preferen- 
yields.% a ene 8 tially along with nitrogen oxide molecules. 

Gulf Oil Chemicals Co: has developed a . They react to form nitrogen and water, 
_ eatalytic process designed to'be retrofitted which are then desorbed.” a : 

to existing nitric acid plants. Nitrogen ox- ——H- | PR 
. ides in the stack gas are selectively reduced *$Chemical Week. Urea Makers Can Strip Away Waste _ using an aluminosilicate, molecular-sieve Bee Oe Ont ee ei BIO, PP 33-24 Out NOX’ 

| catalyst. In operation, ammonia is mixed  V. 119, No. 4, July 28, 1976, p.33. | |



_ Peat 
| By Donald P. Mickelsen’ | | 

U.S. peat production was up sharply in Commercial sales of peat also rose sharp- 
1976 to 969,459 tons, 26% over 1975 pro- ly, increasing to 947 ,462 tons, 27% above : 

duction. This was principally due to an sales in 1975. The average value per ton of 
increase in the number of operations pro- peat sold, f.o.b. plant, increased from $16.49 - 
ducing over 25,000 short tons annually. The in 1975, to $18.04 in 1976; raising the total | 
number of active operations, however, value of peat sold by 39% to $17.1 million. | 
decreased by seven, with several existing Imports increased about 16% in 1976 and 
and planned operations being prevented provided about 26% of the peat available for 
from producing since they were unable to consumption in the United States. Canada 
‘obtain environmental permits. Production provided 97% of the peat imported. 
in 1976 increased in eight States, with the Estimated world production remained at 
largest production gains occurring in Penn- 223 million tons, about 95% of which was in 

_ sylvania, Indiana, and Michigan. 7 the U.S.S.R. a 

| | | Table 1.—Salient peat statistics : 

SNE 
United States: | 

Number of operations__ __ _______~------.------~---+-- . 98 . 102 109 102 
Production ___________----________-_-~_-_8short tons__ 634,508 781,004 += 771,716 969,459 | 
Commercial sales __________________-________do____ | 620,583 705,995 745,686 947,462 
Value _______________________________ thousands... $7,547 $10,989 12,294 $17,096 

Average per ton_ ___. _____.______-_---------------- $12.16 $15.56 $16.49 $18.04 
Imports _____________________________ short tons__ 328,501 326,530» 290,358 338,051 
Available for consumption! _________________-___do____ 944,084 1,082,525 1,035,994 1,285,513 

| World: Production ____________________ thousand short tons__ 220,145 220,509 228,960 222,856 

1Commercial sales plus imports. 

DOMESTIC PRODUCTION 

Peat is broadly classified in the United 1975, owing to greatly increased output by 
States as moss peat, reed-sedge peat, and several existing operations. Of the total 
humus, according to the type of plant mat- peat production in 1976, 46% was reed- 
ter from which it is formed and the degree sedge peat, 32% was humus, and 22% was 
of decomposition. Moss peat is a type that moss peat. 
has been formed principally from sphag- Peat was produced in 21 States in 1976. 
num, hypnum, and/or other mosses; reed- Michigan remained the largest producer, 
sedge peat originated mainly from reeds, with 31% of the Nation’s output. The next 
sedges, and other swamp plants; and humus four largest producing States were Indiana, 
peat is too decomposed for easy identifica- Pennsylvania, Illinois, and Florida. 
tion of its biological origin. Active operations in the United States 

The 198,000-ton increase in 1976 pro- decreased from 109 to 102, but the average 
duction resulted from a larger output of output per plant increased greatly from 
humus peat in Pennsylvania and Indiana. ——-~__ 
Humus production was 92% greater than in 1Mineral specialist, Division of Coal. 

947
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| 7,080 tons in 1975 to 9,505 tons in 1976. Over bog is unstable, roads are built across the 
_ three-fourths of the operations, however, bog to provide a firm surface for trucks to 
had outputs below the average with only 32 travel on. The use of special wide-track 8 
plants producing more than 5,000 tons. The treads enables other machinery to operate 

| increase in average output, as well as the upon the bog surface. | ee , 
| increase in the total U.S. peat production, - Various harvesting techniques are em- | 

| can be attributed to the er owth in the ployed at domestic peat operations. Gener- 
number and size of operations producing ally, the peat is harvested by first loosen- 
over 25,000 tons annually. These producers "ing the top layer of the bog to a depth of 

increased rom ave 63 ae eet 1 ie approximately one-half inch with a disk, | 
| or sduced. or 63% of the total pea spe: or aed harrow. oe posers peat 7 

. . . is then scraped into piles alongside the 
reduction methods used in the United jo,4s with bulldozers and loaded into _ States varied with the size and conditions of ,~°,. |. ea 7 on | 

. trucks with front-end loaders. Other pro- the bog being worked..Almost all peat was ~ ductic ethods include the use of vacuum 
harvested using conventional earthmoving — he c esters phods ‘bl ve the hi ; 7m 

| and excavating machinery, or modified con- @rvesters, Snow-b owing machines, rag: - 
| ventional machinery. Power shovels, lines, and dredges. . d for | 1 b a 

| bulldozers, and front-end loaders were used Peat is usually processe tor sale by air 
in drained bogs; draglines, clam shells, and tying, shredding, screening, and in a few 

| dredges were used in submerged deposits. instances, by _ artificial drying. Processing - 
Peat bogs are generally covered with equipment consists of a variety of screens, 

water, tree trunks, limbs, and other debris Shredders, grinders, hammer mills, and gas- 
and must be properly cleared and drained and oil-fired dryers. a a 

a before harvesting. In most instances, the In 1976, 36% of the peat was sold as — 
a bog is drained by constructing a series of produced with no processing other than air 
a feeder ditches and collecting canals so that drying. About 63% of the peat was shredded _ 

the prevailing water table can be lowered before sale, and only 1% was subjected to ——- 
_ and controlled. Since the surface of a peat thermal drying. | 

| 1,200 -——_— ~ . : 

1,000} a oe 

za . 

O 800 , | a — 

- - . 

O PRODUCTION 
x | | 
“” 600 , | 0 | 
> | | | 

<q . 
—" 

5 400 | 

1960 1965 1970 1975 1980 

Figure 1.—Production and imports of peat in the United States.



a ‘PEAT a 949 

, Table 2.—Peat produced in the United States in 1976, by kind | | 

oe a , (Short tons). re | 7 oo 

Kind | Unprepared ‘Kiln- - Shredded Total | 
: | mpre Shredded dried - and ° oe, | | only _kiln-dried _ , 

Moss _____-_---- 69,362 144479 __ 1,500 215,341 = 
Reed-sedge __________________= 165,486 -277,794 __ 1,500 444,730 
Humus ________2_____=-___________ 118,004 188,343 687 2,854 309,388 - 

Total _...__________-__--------- |. 352,802 610,616. 687 5,354: 969,459 : 

Table 3.—Production and commercial sales of peat in the United States in 1976, by State - 

| i Prod- Commercial — 

. . _ - ctive  uction “Quantity — - ue . 
SO State plants (short | Quantity Se 

, o tons) tons) Total Average 
fb | -vons)/ (thousands) _—iper ton 

Colorado ___ 2 9 33,201 33,201 $238 $7.18 : 
Florida _-_ eT 82,652 78,814 1,287 16.33 
Illinois _. = 4 84,662 87,087 763 8.76 oe 
Indiana_________.__________________ 14° 145,661. 144,261 1,716 11.89 
Maine__-__ 4 4,781 4,708 -198————s«8386.67 
Maryland __________________________ 1 2,891 2,804 Ww Ww : 
Michigan___________________________ ss -'16 300,103 300,050 3,714 12.38 
Minnesota __________________________ 4 26,429 26,429 1,504 56.98 
New Jersey _______________________ = 4 26,298 — 21,776 568 26.07 | 
New York ____- ______________ - 5B 84,075 32,181 684. «ss: 21.25 
Ohio_______- Ci e998 121 40.30 
South Carolina _______________________ 1 15,015 15,015 W W 
Washington _________________.----2-. = 5 14,060 14,060 103 7.29 
Wisconsin _______=__________________ od 9,742 10.598. W W , 
Other States! _______-________________ 18 186,694 173,980 6,226 35.79 

Total = _____-_ si (969,459 = 947,462 «17,096 18.04 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” oe 
“Includes California, Georgia, Iowa, Massachusetts, Montana, North Dakota, Pennsylvania, and values indicated by _ . 

| sym | | : | : 

| _. Table 4.—Relative size of peat operations in the United States 

- 1915 | 1976 | oo 
Active plants Production — Active plants Production 

Size Percent Percent Percent Percent Num- ‘rent Short ORY Num. TORY Short = * OND | 

| Under 500 tons _________ 22 20.2 3,597 0.5 23 22.5 3,398 0.4 
500 to 999 tons __________ 11 10.0 7,629 1.0 15 14.7 11,460 1.2 
1,000 to 4,999 tons _______ 44 40.4 111,507 14.5 32 31.4 83,336 8.6 
5,000 to 14,999 tons _______ 18 16.5 153,558 19.9 16 15.7 135,614 14.0 
15,000 to 24,999 tons ______ 9 8.3 176,825 22.9. 7 6.9 128,342 13.2 
Over 25,000tons ________ 5 4.6 318,600 41.2 9 8.8 607,314 62.6 

Total _-__________ 109 100.0 771,716 100.0 102 100.0 969,459 100.0 

CONSUMPTION AND USES | 

The amount of peat available for con- but 86% of total commercial sales reported 
sumption in 1976 increased 24% over that by producers were for general soil improve- 
in 1975. This was principally due to substan- ment. Among the principal markets for this 
tial increases in commercial sales of peat peat were nurseries and greenhouses, which 
and peat imports. used peat as a mulch and as a medium for 

Peat was used for a variety of purposes, growing plants and shrubs; landscape
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gardeners and contractors, who used peat Package sizes varied greatly, but most 
for building and maintaining lawns and producers used 40-pound bags. Smaller bags 
golf-course greens and for transplanting have been used increasingly in the past | 
trees and shrubs; and garden, hardware, several years for marketing both peat and 

: and variety stores, which sold peat to potting soils. Five-, ten-, and twenty-pound 
homeowners for mulching and improving bags of each have been commonly produced 

| lawn and garden soils. The remaining 14% for household use. About 51% of the pack- 
of the peat was sold principally for use in — aged peat sold in 1976 was of the reed-sedge 

_ potting soils, a market that has grown type, 38% was humus, and 11% was moss 
greatly in the past few years along with the _ peat. a | 

7 household plant industry. Other uses for. States leading in sales of packaged peat in 
peat were for packing flowers and shrubs 1976 were Michigan, Pennsylvania, Indi- 

| for shipment, and for mushroom beds, ana, and Illinois, in order of volume. To- 

earthworm culture, seed inoculant, and gether, these States reported 84% of the 
mixed fertilizers. About 69% of the peat total sales of packaged peat. Michigan, the 
sold commercially by producers was pack- largest producer, had 39% of the total sales. 
aged, and this accounted for over 76% of | Of the bulk peat sold in 1976, 62% was 
the total value of sales. This was a 59% in- reportedly sold for general soil improve- 
crease over packaged sales in 1975 and isa ment. The remainder was sold mainly for 

| continuation of the industry trend in the use in potting soils, for packing flowers and 
| past several years toward wider distribution shrubs, and in mixed fertilizers. States lead- 

and marketing, facilitated by the use of ing in sales of bulk peat were Florida, 
- polyethylene bags. | Indiana, and Michigan, in order of volume. 

; Table 5.—Commercial sales of peat in the United States in 1976, by kind and use 

. . Moss _ _ Reed-sedge Humus 

Use wa Quantity Value Quantity Value Quantity Value . 
. ~ (short (thou- (short (thou- (short (thou- 

| | | | tons) sands) tons) | sands) tons) sands) 

Bulk: . - | | | 
Soilimprovement ____.___ 64,844 $694 80,481 $1,114. 36,535 $390 

Other uses_-.---------- 79,867 1,045 20,551 52298728 
Total _.-__.._______ 144,211 1,739 101,032 1,636 46,258 643 

Packaged: - 
ilimprovement ________ 51,454 2,009 329,921 3,959 252,078 6,628 

Other uses__ = 14,352 356 7,823 820 883 49 

Total... 65,806 2,365 337,744 4,041 252,411 6,672 | 

Total 
Soil improvement ________ 116,298 2,708 410,402 5,078 288,613 7,018 

| Other uses --.---------~ 98,719 1,40) 28874 OA 10,056 802 
Grand total _________ 210,017 4,104 438,776 5,677 298,669 7,315 

Table 6.—Commercial sales of peat in the United States in 1976, by use 

In bulk In packages Total 

ti Val ti Val Val 
Use thet. (thou- Chee? (thou- Ctheet (thou. 

tons) sands) tons) sands) tons) sands) 

Soil improvement _______________ 181,860 $2,198 633,453 $12,591 815,313 $14,789 
Seed inoculant ________________ 175 2 __ __ 175 2 
Packing flowers, 

shrubsete __________________ 25,679 356 4,548 64 - 30,227 420 
Pottingsoils _.____.___________ 47,260 898 12,325 265 59,585 1,163 
Mushroom beds ________________ 2,831 61 __ __ 2,831 61 
Earthworm culture __-____________ 4,919 59 9 ?) 4,928 59 
Mixed fertilizers _______________ 20,232 188 __ __ 20,232 188 
Other ~.-—.~—-~-~-~-~--------_ 8545256 5626 15B 417A 

Total _-__________________ 291,501 4,018 655,961 —-:18,078 947,462 17,096 

1Less than 1/2 unit.
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+ PRICES AND SPECIFICATIONS sits | 

| Prices of peat at individual operations not report the value of peat sold, the sales 
varied greatly in 1976, with the price de-. value was estimated based on the average | 
pending many upon the ind of Peat sold value of a similar type of peat sold within 

_ the amount of processing, and whether the the State. - | 

peat was sold in bulk or package form. Imported peat had a total value of $29.5 
lant for ail rest ed value Per LOL million in 1976. This value was 24% greater 

? "> than in 1975, the average value per ton 
| up from $16.49 in 1975. Most of the increase increased from $82.17 to SAT 24. Pe 

for. aries . see vith ai eens Although the average value per ton of 
| Pea 2 aecn Min: ta imported peat was four times that of do- 

‘Price increases occurring in Munnesota, -mestically produced packaged peat, these 
Ohio, Massachusetts, Pennsylvania, and 1 srabl . 
lowa. : } values were not comparable because im- 

The average value of-bulk peat increased ported peat was less dense and of higher 
. nar -.a, quality than domestic peat. Each 100 15% to $13.78 per ton. Packaged prices . eget 
decreased 1% to $19.94, probably owing to Pounds of a typical air-dried imported peat 
competition in the marketplace. Increased ™easured approximately 12 bushels, : 
sales at higher prices by producers in Flori: Whereas the same weight of a typical do- 
da, Michigan, and Indiana contributed to ™estic peat measured only 3 or 4 bushels. _ 
the higher average price of bulk peat. The ‘The imported product was usually sold on 
unit value of packaged peat was influenced a volume rather than a weight basis. A few a 
mainly by packaged sales in Pennsylvania, domestic operations, in the northern lati- 

_ Michigan, Minnesota, and Indiana. _ tudes, produced peat with properties simi- 

In a few instances, when producers did lar to those of the imported kind. | 

oO _- FOREIGNTRADE =e 7 | 

The quantity of peat imported into the per long ton levied on poultry and stable 
United States in 1976 totaled 338,000 short grade peat from countries with centrally | 
tons. ais fonnage was me greater nan controlled economies, there was no tariff on 

at impo in and represen a peat. Z 
recovery from the previous year’s depressed Foreign . I us Y' peat entered the United States 
aie tnporte, Mest er uke es virin im through 28 customs districts in 1976, but 
ports of peat were supplied by Europe. 89% of me fot B smnped through ve 
European shipments to the United States CUStoms districts of Buffalo, N.Y., Detroit, 
increased 20% in 1976, in contrast toa 48% Mich., Ogdensburg, N.Y., Pembina, N.Dak., 
decrease in 1975. | _ Portland, Maine, St. Albans, Vt., and Seat- 

Imported peat was classified according to tle, Wash. The largest quantity, 94,000 tons, | 
use, either as poultry and stable grade or as was shipped through the Ogdensburg 
fertilizer grade. Except for a duty of $0.50 district. : 

Table 7.—U.S. imports for consumption of peat moss, by grade and country 

Poultry- and Fertilizer- 
stable-zrade rade . Total 

Country tity Value Quantity Value Quantity Val 
Panered (thou- (short (thou- (ahort™ (thou- 
tons) sands) tons) sands) tons) sands) 

1975 
Canada ________-_ 6,243 $455 276,947 $22,858 283,190 $23,318 
Denmark ______~_--______--__---__---_- q (4) __ __ 7 () 
Germany, West _______________________ 337 26 6,567 512 6,904 538 
Guatemala __________~_________ Le 1 3 -- -- 1 3 

exico ~~ _— -- 

Netherlands _____..__________________ 10 1 _— _- 10 1 
United Kingdom ______________________ _- __ 218 1 218 1 

Total ____________-_ 6,626 488 283,732 23,371 290,358 28,859 

See footnotes at end of table.
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oo Table 7.—U.S. imports for consumption of peat moss, by grade and country —Continued 

. _ Poultry- and Fertilizer- Weed eRe 

oe oe _ stable-grade. - grade 0i(‘(é‘aééléC tC 

Po Country — Oe Quantity . Value -Quantity Value Quantity Value’ 
a “(short =. (thou- (short. (thou- = (short. . (thou- | 

| SO tons) sands) tons) sands) ‘tons) ~—s sands) 

. | | 1976 SO me, cn - | 
Canada __-_ sé 01 507 324,334 28,305 329,346 28,812 | 

. . Chile -- ~~~ ett—(‘<‘<‘é SS ~§h .. 8B... A _ 94. 9 
China, Peoples Republic of ______....----. . ~ 17 1. me ee —1T. 1 

| Finland_______________-------------°. ek 3 95 (8 56 | 
Germany, West __________~------------ - §80 39 7,868 — 576 -8,398 615. 
Ireland" -___2_______------2-- Boa 2 1. 22 Lo 
Netherlands_________________---_---__- $1 Le Bog] 

- Norway. -~---_~---_------+--------~ eee 13 ~~ 86.0 ae 18. 36 
Sweden ___ 2 eee -- _— 16 4% 6: 7 . 
Switzerland ______ = ~~~ _- ae 1 1 ~~ 1 

. USSR __________.-_.________------ __ 93 2 23 20 
United Kingdom. ~_ -__~ -_____~ ~~~ ~~. _e -__ 8 2 |. BB 2) 

. Total _-- ue 5,618 553 332,483 28,939 338,051 29,492 

. 1Less than 1/2 unit. . mo , | Se . | 

: = _ Table 8.—U.S. imports for consumption of peat moss in 1976, by gradeand —s_ 
_ | oo customs district a a 

. , - . “ " Poultry-and —-—Ss- Frertilizer- = po 
| oo -  stablegrade . grade == s—Ci~*éC Hd 

Customs district =. Quantity Value. Quantity Value Quantity Value | 
oo co (short (thou- _ (short (thou-. (short = (thou- 

: 7 . tons) . sands) = tons) © sands) tons) sands) ; 

Baltimore, Md __~_____~_~.-------_---- -— _- 488 $42 488 $42 
Boston, Mass _______________ ee _— _— 82 - 6 —: 82 6 
Buffalo, N.Y ~_____~_~-~-----.2--------~ 107 $7 33,190 . 3,114 33,297 3,121 

Charleston, N.C _________.-~~~.~~------ _— _- 57 85 ‘5T 5 
Detroit, Mich _________~~_----~__-_---- 641 52 37,187 3,226 37,828. 3,278 
Duluth, Minn ____________-~-~~-__~_ =. -- -- 12,174 1,299 . 12,174: ~—-:1,299 
Great Falls, Mont... --_____—---_-.--_ | _— a 17,377 1,331 - 17,3877 1,881 
Honolulu, Hawaii_____________--.. ~~. 17 1 _- -- 17 1 
Houston, Tex __~___=__----~----------- 50 3 280 20 330. —-—i(‘ié‘é 
Los Angeles, Calif _..__-_____..~_-_--_- a _-; 600 °&&858 . 600 58 
Miami, Fla __§_$__~ ~~ _~_~_ ee 169 ll -. 438 - 82 607 43 . 
Milwaukee, Wis _______~_~_________ 2 _- __ 17 1 “17 1 | 
Mobile, Ala ____.___~____-~--~-_-----~- a _- 1,282 80 1,282 ' 80 
New Orleans, La ________________-~---- _- _. . 889 72 889 72. 
New York, N.Y ~..--________.~~---_-~-~ 29 4 417 31 446 35 
Nogales, Ariz _~___________-~__-_~--_---- _- __ 24 3 24 3 
Norfolk, Va ~_.~_________--_-~---~~--~- 3 - 1. 584 36 587 37 

Ogdensburg, N-Y one ee” 22 — 2 94,096 7,448 94,118 7,450 
Pembina, N. Dak _______~~________-_---~ 762 101 27,018 2,888 27,780 2,989 
Philadelphia, Pa oe ee 44 4 138 11 182 15 
Portland, Maine ____________~____~~~~~- 3,503 346 31,016 2,699 34,519 3,045 
St. Albans, Vt ____.__________~~~--_--~ | _- _— 29,483 ~ 2,308 29,483 2,308 
St. Louis, Mo __________________~-__-- 6 1 8 1 14 2 
San Francisco, Calif _.._...__.__._.-_----~ 149 11 52 5 201 16 
San Juan, P.R 2 -_~___ ~~ _- -~— 1,271 96 ~—s-:i11,271 96 

. Savannah,Ga _________________--_--_~- 37 2 _— _- 37 2 
Seattle, Wash ________________-------- 61 6 42,848 4,030 42,909 4,036 
Tampa, Fla ~~~ ________ ee 18 1 1,417 97 1,435 98 

Total ___-____________ 5,618 553 332,433 28,939 338,051 29,492
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Table 9.—Peat moss imported for consumption from Canada and. West Germany in 1976, | 
7 7 by grade and customs district 

| | Canada . West Germany 

. | Poultry- and —  Fertilizer- Poultry- and Fertilizer- 
Customs . stable-grade. grade stable-grade grade - 

_— district Quantity Value Quantity Value Quantity Value Quantity Value . 
(short = (thou- (short (thou- (short (thou- (short (thou- | 

. _ tons) = sands) . tons) _—_ sands) tons) sands) tons) sands) 

Baltimore, Md —____-___- - eee _- _- “468 $35 
. Boston, Mass __________ _- oe —_ _- _- -- 82 6 
Buffalo, N.Y ___-____=__ 107 $7 38,177 ~~ $3,078 _- _- eek | 
Charleston, N.C _________ _- -— _. _- -- -- 8 | 5 
Detroit, Mich __________ 641 52 —-87,183 3,226 _- __ __ __ 
Duluth, Minn ___~______ a _— 12,174 1,299 _— __ _- _- . 
Great Falls, Mont ___ .. _ __ ok 7,877 13381 2 __ __ __ _. 
Houston, Tex __._______ a. Fe _- — 50 $3 280 20 . . 
Los Angeles, Calif ~______ --.. we ~— _- _— ek 600 58 
Miami, Fla __________-_ __ __ — _ 169 11 438 32 
Milwaukee, Wisc _.____._ _.. -_- _- 17 1 -— -_- -- _- 
Mobile, Ala ___________ --- _-: _- -— -- -- 1,282. ~ 80 
New Orleans, La ..______ =e) 11 2 oe _- 878 © 70 

: New York, N.Y _________ ee _ __ 29 4 322 - 26 
Nogales, Ariz __________ _- ae 24 3 _- a ee 
Norfolk, Va ~____~-_~___ —=- — _— oe _- -- $84 36 | 

Ogdensburg, N-Y oo 92 2 = 94,096 7,448 __ __ we | 
Pembina, N.Dak _______— 762 101 27,018 2,888 _- _- me a 

- Philadelphia, Pa ________ -- oe __ _. 44 4 128 £#4x° 
Portland, Maine ________ 3,447 341 30,961 .—- 2,693 ak _- _- oe 
‘St. Albans, Vt ~.-_______ ee _. 29,463 2,307 __ _ eee a 
“St. Louis,Mo __________ 6 1 8 1 __ -_ Be 
San Francisco, Calif ______ eek __ __ 149 11. 52 5 
San Juan, P.R _~_________ we — _- _- Oo _ 1,271 . 96 
Savannah,Ga ________ eek __ a 37 2 ee | 

| Seattle, Wash __________ 27. 3 42,825  — 4,028 34 8. Lk kn | 
Tampa, Fla _-_ 2. _ __ eee 18 1. 1416 | 96 

Total ___________- 5,012 -50T «324,834 28,805 530 39 7,868 576 

WORLD REVIEW — OO 

World production of peat in 1976 was Virtually all of Ireland’s production was 
_ estimated at 223 million tons, practically fuel peat used for generating electric power | 
the same as in 1975. and for heating households. A small a- | 

The U.S.S.R. was by far the largest peat mount of agricultural peat was produced, 
_ producer, with an estimated 95% of world principally for export. | : 

production. According to published U.S.S.R. West Germany was the third ranking 
figures, 145 million tons of peat was pro- country with 2.7 million tons, about the 
duced for agricultural use, and an estimated same output as in 1975. Most of this pro- 
66 million tons was used for fuel. Agricul- duction was for agricultural use, with only 
tural peat was used for general soil im- 10% consumedasafuel. _ 
provement and the manufacture of fertili- | Other producers, in order of tonnage, 
zers, and fuel peat was used for generating were the United States, the Netherlands, 
electric power and for industrial and dom- Canada, and Finland. The combined output 
estic heating. | | of these countries was about 1% of the 
_ Ireland ranked second in world peat pro- world total. Although the United States was 
duction with an estimated 6.3 million tons, fourth in world production, it produced less 
a 18% reduction from the 1975 output. than 0.5% of the world total. |
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ot Dable 10.—Peat: World production, by country  —© SS 

_ + (Thousand short tons) a | : 

— 7 ~ ” . | Country! : oars ” ; | 1974 1975 1976" 

| | Argentina —-9 == T1] 10 11 
Australia —__________-_-------1---~-------~------s---- ro - 3 g ey 

. Canada, agricultural use _____-§________________---_- LiL 407 398 397 
. Denmark, fuel? ..-_-________~______ ee . 35 39 48 

Agricultural use® _-__._-__._____________~_____ T101 T1392 159. 
Fuel _. eee - 128 220 —s«sé2888 

France, agricultural use® _~___ = 5 5 ee 175 175 ———~«*22:88 
Germany, West: - , 

: Agricultural use _~______-______ 2,062 2419 2,898 
Fuel _--- ee 206» 250 263 

. Hungary, agricultural use® ___§____§_-»§_-»_~>_~_ 12°" 42 80 
Ireland: . a : oo ae 

| Agricultural use _~____________________________ - 82 ~ 44 18 
~ Fuel _- 2 Lee 4,693 7,579 6,225 

. Israel, agricultural use® __________________ LL 22 22 22 
; Japan® ___ 80 " 80 12 

. Korea, Republic of, agricultural use® ____.__~._ 2 ee eee 4 oe 4 
Netherlands® ___________-____________ 440 440 450 
Norway: a 

_ + Agricultural use® ~~ $$ »§ -§ 5 5 5 5 ee ee 62 66 66 
. Fuel® oe 1 ol 1 

- Poland: : : on a 
Agricultural use® _-§_-_-§_-§_-_-_ e 40 40 40 
Fuel _-- = 5 5 5 

Spain _-__ ee 29 38 39 
_ Sweden: . : 

. Agricultural use ~~~ ~~~ ee 81 84° | &g5 
| Fuel 2 40 - 87 885 

U.S.S.R.: . a al . 
Agricultural use® ~~ = = LLL 145,000 = 145,000 © :145,000 
Fuel® oe ™66,000 T66,000 66,000 

United States, agricultural use ___—_____.--------+------------ 731 12 969 

"Total ee 920,509 223,960 222,856 
Fuel peat included in total _____________________=____ ee 71,108 74,131 72,810 © 

Estimate. Preliminary. ‘Revised. ~=8o~ © 0 . 0 *¥# | a 
1In addition to the countries listed, Austria, Iceland and Italy produce negligible quanties of fuel peat, and East 

Germany is a major producer, but output is not officially reported and available information :is inadequate for 
formulation of estimates of output levels. — - - 

. ao ~. TECHNOLOGY _ 

Research conducted by the Department of mus peat reserve on its land near Roper, 
Chemistry, University of Cincinnati, in- N .C., could fuel a 1,600-megawatt power- 

vestigated the possible use of peat as a plant for 35 years. First Colony purchased 
lightweight and inexpensive substitute for $300,000 worth of harvesting equipment 
the XAD-2 polystyrene beads presently from the U.S.S.R. to assist in harvesting the 
being used in shipboard filter cartridges.2 peat and planned to produce crops on the 
These cartridges contain a filter agent reclaimed land. There were, reportedly, en- 
which removes the oil from bilge water vironmental and political problems yet to 
before it is discharged into waterways, in be solved before the feasibility of the project 

order to meet pollution laws. The filter could be evaluated. | 7 
materials coalesce the oil so that it can be The Institute of Gas Technology, Chicago, 
separated by gravity. It was found that the [Ill., continued an Experimental Program 
coalescence capabilities of dried Irish peat for the Development of Peat Gasification for 

| and_ sulfuric-acid-treated Michigan peat the Minnesota Gas Co. under contract with 

when tested in distilled and synthetic sea- the U.S. Department of Energy.*. The first 
water were comparable to that of the XAD- Phase of the program consisted of deter- 
2 beads. Further research was required. Womith EF o EF and HB. Mark Je. The Use of Modified 

: ° mith, E.F. B. , or. e Use o i 
First Colony Farms, Inc., a large agricul- poms of Peat as an Oil Coalescer. J. Environ. Sci. Health, 

tural corporation, has been investigating  v. A-11, Nov. 12, 1976, pp. 727-734. 
peat as a source of fuel for electric-power Vie ee es eee ote a” N.C.). Peat Bogs May 
generation.? Assisted by studies conducted ‘US. Energy Research and Development Agency. Ex- 

by Ebasco, a private utilities consulting Perimental program for the Development of eat Gasifica, 
_ . tion. Fossil Ene Rept. FE-2469-8, Supp. Rept. 1, April 

firm, First Colony estimated that the hu- 1977. rey up ppm °
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mining the chemical and physical charac- another 27% of this energy could be re- 
teristics of the different types of peat. It was covered in the chemical byproducts. | 
found that reed-sedge peat had the most An economic evaluation was projected 
consistent content of nitrogen, oxygen, sul- based on an extrapolated Hygas plant de- | 
fur, and ash. The second phase investigated sign using reed-sedge peat. It was estimated 
the gasification reactivity of peat using a that investment in an 80-billion-Btu-per- 
series of thermobalance tests. It was found day, peat-to-gas conversion plant would to- 
that although peat is two to four times as_ tal $219 million. The production cost of the 
‘reactive as bituminous coal, the carbon-to- gas was estimated to be $2.14 per million 

_ gas conversion efficiency was lower because Btu over a 20-year period, assuming a 90% : : 
of the low calorific value of peat and also steam factor and a delivered price of $5 per 
because of production of liquid chemical ton for peat. The major byproduct would be 
byproducts. It was demonstrated that about about 1 barrel of chemical byproducts, most- | 
43% of the energy value in peat could be ly benzene, naphthalene, and phenols, per 
recovered in a high-Btu gas stream and that 10,000 standard cubic feet of gas. |
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a By A. C. Meisinger: Oe 7 

Crude perlite production by the domestic 19.5% over the previous record value in a 
industry in 1976 was the second highest on 1975. ce _ | 
record for the quantity mined (727,000 tons) _ Domestic perlite expanders | set alltime 
and for the quantity sold or used (553,000 highs in output of expanded perlite in 1976. 
tons) by crude ore producers for expanding. The quantity produced was 438,000 tons : 
Value of crude perlite output was $9.4 compare aan tre previous high ol aay | | 
million, or 29% greater than the previous ‘0S 2 » an © quantity sold or use a ‘record high set in 1975. New Mexico conti was 432,000 tons compared with the pre- | 

- ed: te he the saaig lite-producing VOUS high of 421,000 tons in 1972. The value 
_ ued to be the major perlite-producing ¢,¢ expanded perlite sold or used was anew —__ | 

_ State with 86% of the total crude ore mined record of $41.0 million, compared with the 
_ and established a record 481,368 tons sold or Jd record of $34.3 million in 1975. Com- 

_ used from five mines, compared with the bined output of several new expanding 
previous high of 480,024 tons in 1974. plants contributed to the 1976 record total 

_ Average value of crude perlite sold or output. Illinois and Texas were the leading 
_ used was $17 per ton or an increase of expanded perlite-producing States. 

‘Table 1.—Crude and expanded perlite produced and sold or used by producers in the 
a a United States 

. - (Thousand short tons and thousand dollars) _ . 

. | Crude perlite Expanded perlite 

y | Sold lent to mek Total Sold or used ear : ; an make : ~ or 

- cnined ———— _expanded material ded material sold and produced Quantity Value 
Quantity Value Quantity Value § used 

a-Si 
SS . 

1972 ________ 649 224 2,540 $21 3,691 545 427 421 28,397 1978 759 238 2,771 306 2,819 544 424 418 28,005 1974 676 275 3,544 280 3,480 555 423 419 — 30,808 1975 706 239 3,407 273 3,874 512 401 394 34,258 1976 _____ 727 288 4,908 265 . 4,489 553 438 432 41,017 SS S$.:s x 

DOMESTIC PRODUCTION 

The quantity of crude perlite produced by der of production. The quantity of crude 
11 companies at 12 mines in 6 States in 1976 _ perlite ore sold or used in New Mexico was a 
was 727,000 tons, or 3% greater than that in record high of 481,368 tons. 
1975. New Mexico, with five mining oper- Crude perlite sold or ib od 
ations, continued to be the principal source pe y pr ucers 
of crude perlite in the United States. New ‘totaled 553,000 tons valued at $9.4 million 
Mexico produced 86% of the mined ore in compared with 512,000 tons valued at $7.3 

1976, followed by Arizona, California, Colo- —HH—— 
rado, N evada, and Idaho in descending or- 'Industry economist, Division of Nonmetallic Minerals. 

957
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million in 1975. The increase of 8% in The quantity of expanded perlite pro- 

quantity over that of 1975 was attributed in duced at 74 plants in 32 States totaled a re- 

part to the opening in 1976 of the new cord high of 438,000 tons, or 9% more than 

-- mining and processing facilities of Grefco, that produced at 69 plants in 29 States in 

| | Inc., at Socorro, N.Mex. The increase of | 1975, The quantity (482,345 tons) and value 

29% in value over that of 1975 established a ($41 million) of expanded perlite sold or — 
| new record in total sales value of crude used. were alltime highs and represented 

_ perlite to expanding plants. bo increases of 10% in quantity. and 20% in 

| Producers of crude perlite during the vane compared wits we Hewes. der of 

year were Filters International, Inc., Har- a ded lite in od escen 1976 er 

borlite Corp., and Guzman Construction Co. “xpan perlite production in v0 were 
| +n Arizona’ American Perli te Corp. in C ali. Illinois, Texas, Kentucky, Mississippi, Colo- | 

: : fornia: P ? lite Products 1 , Col do: rado, Pennsylvania, California, New Jersey, 

ornia; Persolite Products, inc. in Volorado; and Florida. California and Texas each had 
_ Oneida Perlite Corp. in Idaho; Delamar- seven producing plants, followed by Illinois, 

| Mackie Perlite and United States Gypsum Indiana, and Pennsylvania with five each. 
Co. in Nevada; and Grefeo, Inc., Johns- New expanding plants in operation in 1976 
Manville Sales Corp., Silbrico Corp., and were located in California, Pennsylvania, 

: United States Gypsum Co., all with oper- Texas, Utah, Virginia, West Virginia, and 

ations in New Mexico. : Wyoming. Be oe 

| | Table 2.—Expanded perlite produced and sold or used by producers in the United States - 

| oe | 1975 : oe 1916 - 

| State pros Quam- yay Average pro  Quan- yai,, Average 

Oo duced (HO, thou Value dug NY, thou 
sy So tons) tons) sands) ton tons) tons) - sands) ton. 

California ___________ 25,009 24,300 $2,695 $110.91 28,050 27,359 $8,282 $119.97 
Florida _.__________-_ 21,286 21,344 1,431 67.06 23,784 28,611 1,552 65.73 
Indiana ________.____ | 15,499 15,144 1,122 74.08 15,171 —‘15,102 1,228 81.28 
Kansas ____________- 800 831 123 147.96 991 932 140 150.00 
Missouri ____________ 5,400 5,392 658 122.08 5,700 5,644 689 122.08 
New York _-_________ _ 5,871 5,229 664 12698 6,776 6,715 878 130.68 
Ohio_________.-____ 11,997 11,941 996 83.39 11,714 11,703 952 81.34 

. Pennsylvania _________ 33,698 38,343 2,619 78.55 38,085 33,122 2,707 81.74 © 
Texas _____________-_ 39,777 38,577 2,580 66.87 38,073 37,830 3,857 101.97 
Other States! _________ 242,442 287,870 21,370 89.84 274,745 270,327 25,782 95.19 . 

Total __._____--. 401,274 393,971 34,258 + «86.96 438,089 432,345 41,017 94.87 
LS eee ° . = . 

Includes Colorado, Georgia, Idaho, Illinois, lowa, Kentucky, Loyisiana, Maine, Maryland, Massachusetts, Michigan, 

Mississippi, Nebraska (1975), Nevada, New Hampshire, New Jersey, North Carolina (1976), Oregon, Tennessee, Utah, 

Virginia (1976), West Virginia (1976), Wisconsin, and Wyoming (1976). ~ | 

CONSUMPTION AND USES | 

Domestic consumption of expanded per- use declined from 8% to 6%; concrete aggte- 

lite increased 10% in quantity over that of gate, from 8% to 7%; and formed products, 

1975 and was an alltime high of 432,345 

tons. A Pero Soe eso entbag order of Table 3.—End use of expanded perlite 

quantity sold or used, the principal uses for Percent) 

expanded perlite in 1976 were roof insu- Use 1975 1976 

lation board, filter aids, acoustical tile, hor- 40, aig 21 21 

ticultural aggregate, concrete aggregate, Plaster aggregate ____________ 8 6 

and plaster aggregate. Expanded perlite [Ortuiudemresste 2-2-8 5 
sold or used for filter aids, acoustical tile, Low-temperature insulation —_-_-_ 1 2 

and insulation board combined, accounted Masonry and cavity fill insulation - - : 3 
for 291,000 tons or 67% of the total quantity Formed products __-_—-___---- 39 ro 

and 57% of the total value of sales in 1976, Other!_-----------------> 
Compared with 1975, plaster aggregate ‘Includes insulation board.
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from 11% to 10% of total consumption. End- compared with 31,200 tons in 1975. Low- 
use categories that remained unchanged in temperature insulation and various other 
1976 were filter aid (21%), masonry and uses increased modestly in 1976. The 
cavity fill insulation (8%), and fillers (1%). “Other” uses category included (other than 
Expanded perlite used as horticultural insulation board and acoustical tile) such 
aggregates continued to increase in popu- items as pipe insulation, foundry applica- 
larity (from 5% in 1973 to 9% in 1976) and _ tions, paint texturizers, oil absorbent, fines, 
accounted for nearly 36,900 tons in 1976 and specialty products. 

: Oo os PRICES | 

Processed (crushed, cleaned, and sized) Expanded perlite sold or used, according 

crude perlite was sold by producers to to expanders, was valued at $94.87 per ton 
expanders at an average price of $17.04 per compared with $86.96 per ton in 1975. | 

_ ton, or an increase of $2.78 per ton over that Average values for expanded perlite by 
in 1975. Crude perlite used by producers in States ranged from $40 to $167 per ton, 
their own expanding plants was valued at ed with the 1975 raz £ $36 to $186 
$16.94 per ton, or an increase of $2.75 per compared with the : ) Tange 0 : $ 
ton compared with that in 1975. The weight- Per ton. Average prices per end use in 197 6 | 
ed average price of crude processed perlite ranged from $37 per ton for acoustical tile — 
was $16.99 per ton, or an increase of $2.77 to $240 per ton for low-temperature insu- 
per ton over that of 1975. lation. | | - | : 

| ~ WORLD REVIEW | | 

Greece.—Preliminary figures for crude Mexico.— Production of crude perlite 
and processed perlite (for export) in 1976 from Mexican operations in 1976 totaled 
indicated a significant increase over 1975 16,000 tons, or 5,000 tons under the 1975 
production. Production of perlite in Greece output. 

for the 1974-76 period is given in the follow- Philippines.—Crude perlite produced in 
ing table, in short tons: 1976 increased substantially, from 733 tons — 

| : , in 1975 to 1,818 tons. | | 
Grefco, Inc., Los Angeles, Calif., in asso- : 

4974-4975. -4o7g?—=Cé«‘ Cation. with local Philippine interests, 
n= «Started construction of a filter aid plant — 
Crude ore -_-----_ "234,800 177,500 259,800 near Legaspi, Albay, on the Island of Luzon. 

(for export) ______ 125,900 124,700 ‘181,400 ‘The expanding plant, scheduled to be in 
ooo operation by mid-1977, will help to supply 

"Preliminary. "Revised. perlite filter aid demand in the Philippines 
and certain market areas of the Far East. 

General Enterprises Sarides, S.A. (for- | South Africa, Republic of.—The perlite 
merly L. K. Sarides Mining Enterprises) of mining operation of Pratley Perlite Mining 
Piraeous, commenced construction of anew Co. (Pty.) Ltd. went on stream at yearend. 
perlite processing plant on Milos. Crude ore The deposit is on the Nxwala Estate, Zulu- 
from the company’s open pit mine will be land. The crude ore will be transported to a 
processed in the plant and classified into processing plant at Krugersdorp. 
three grades ranging from 0.5 millimeter to A joint venture between Grefco, Inc., Los 
2.5 millimeters in size. The company has Angeles, and Chemical Holdings, Ltd. of 
also started improvements in the docking Sandton, Transvaal, to construct a filter 
facilities at the port of Adamas for handling aid plant at  Olifantsfontein near 
larger shipments of perlite for export. Johannesburg, was announced by Grefco.
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Reflecting a moderate recovery in the caMine! specialist, Division of Petroleum and Natural 

_ economy coupled with an unusually severe sphysical scientist, Division of Petroleum and Natural 
winter, domestic demand® for petroleum Gas. | 

_ products in 1976 increased sharply over ‘Statistical assistant, Division of Fuels Data. 
1975 and exceeded the previous high of 1973 __“Certain terms as used in this chapter are more or less 

. ° . . unique to the petroleum industry. Principal terms and 
by a slight margin. Sharp gains occurred IM their meanings are: Total demand.—A derived figure 
the demand for residual fuel oil and distil- _ representing total new supply I plus decreases or minus 

. . : increases in re use tnere are su 

late fuel oil and moderate gains occurred nN consumers’ stocks that are not reported to the Bureau of 
motor gasoline demand, as a result, overall Mines, this figure varies considerably from consumption 
domestic demand rose 6.9% to 17.5 million as reported by the Federal Highway Administration of the 

11 partmen 0) anspo 10n); mestic mand.—10 

barrels per day (bpd) from 16.3 million bpd demand less exports; New supply of all oils.—The sum of 
in 1975. Production of crude oil, lease con- crude oil production plus production of natural gas liquids, 
densate, and natural gas liquids continued plus benzo (coke oven) used for motor fuel, hydrogen, and 

. ° : : other hydrocarbons plus i rts i t: 
to decline making it necessary to increase petroleum products; Transfers.-Cru ‘de oil conveyed to 
imports of crude oil and refined products  fuel-cil stocks without processing, or reclassification of 
significantly to have an adequate supply to products from one product category to another; All oils.— 

Crude petroleum, natural gas liquids, and their deriva- | 
meet demand. tives; Exports—lIncludes shipments to US. territories 
TMineral Industr «ons «es possessions, and free trade zones; ZImports.—Includ 
leum and Noe Gos ialist (petroleum), Division of Petro- receipts from US. territories, possess ions, and free trade 

zones. 
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Figure 1.—Supply and demand of all oils in the United States. : 

New supply consists of domestic pro- oil in 1976, which is about 1 million bpd 
duction of crude oil, lease condensate, natu- greater than in 1975. Foreign crude oil 
ral gas plant liquids, and imports of crude accounted for 39% of refinery input (table 
oil and petroleum products. In 1976, imports 18) compared with 33% in 1975. About 23% 

- supplied 42% of requirements compared of the imported crude oil originated in 
with 37% in 1975. Imports of crude oil Saudi Arabia in 1976 compared with 17% in 
averaged nearly 5.3 million bpd in 1976, a 1975. | : 
28.8% increase over the 4.1 million bpd Construction of the 800-mile-long Trans- 
average in 1975. Imports of products, such Alaska Pipeline was nearing completion. 
as increased receipts of residual fuel oil, Oil was scheduled to start moving south- 
more than offset declines in the imports of ward in late June 1977, filling the pipeline 
motor gasoline, jet fuels, and distillate fuel at about 300,000 bpd. Regular tanker load- 

oil with a net result of an overall increase of ings were expected to begin about mid- 
3% in 1976. August 1977. 

Refineries processed 4.9 billion barrels of
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| Table 1.—Salient statistics of crude petroleum, refined products, and natural gas liquids | 
in the United States 7 

(Thousand 42-gallon barrels unless otherwise indicated) . 

| 1972 1973 1974 1975 1976? | 

Crude petroleum: | 
Domestic production (including ; 

lease condensate) _____________ 3,455,368 3,360,903 3,202,585 3,056,779 . 2,976,180 
World production _-------______ 18,600,745 —- 20,367,981  —- 20,537,727 19,497,604 21,187,147 

USS. proportion _____— percent__— 19 17 16 16 14 
Exports! __________________ 187 697 1,074 2,146 2,941 
Imports? ___________________ 811,135 1,183,996 1,269,155 1,498,181 1,935,142 
Stocks, end of year ________.____ 246,395 242,478 265,020 271,354 - 285,471 . 

. Runs tostills © ________________ 4,280,863 4,537,254 4,428,726 4,541,426 4,910,240 
Value of domestic product at : 

wells: 
Total.__.________ thousands. $11,706,510 $13,057,905 $21,580,549 $28,116,059 $24,229,540 
Average per barrel _____..___ $3.39 $3.89 $6.74 $7.56 $8.14 

Total producing oil wells Dec. 31 ____~— 508,443 497,378 497,631 _ §00,333 499,236 
Total oil wells completed during . 

year (successful wells) _________~ 11,306 9,902 12,784 16,408 17,059 
Refined products: 

Exports! ___________________ 81,202 83,716 79,417 74,282 78,658 
’ Imports (including unfinished oils __. 

and plant condensate)®. ________~ 924,179 1,099,497 961,792 712,154 734,787 
Stocks, end of year ____________- 712,584 765,829 808,626 861,601 826,339 
Completed refineries, end of year ____ 277 284 290 287 291 
Daily crude-cil capacity __________ 13,775 14,489 15,169 15,428 16,610 

Natural gas liquids: . 7 
Production ________________-_ 638,216 634,423 616,098 595,958 587,045 

ance endof year _____________ 79,238 94,106 108,377 118,214 112,256 | 
ous: ; : , 

‘Total disposition of primary supply ___ 6,076,346 6,406,613 6,163,519 6,038,842 6,471,002 
Exports ___________-.________ 81,389 84,413 80,491 76,428 81,599 
Total domestic demand for 

products (including crude-oil 
losses) ___ 5,994,957 6,322,200 6,083,028 5,962,414 —«6, 389,403 ° 

 *P Preliminary (except for crude production and value). | | . 
1U.S. Department of Commerce data. 
2Reported to the Bureau of Mines. 
3U.S. Department of Commerce,. Oil Import Administration and Federal Energy Administration data, except for 

unfinished oils and plant condensate which are Bureau of Mines data. 
*Stocks of refined products also include stocks of unfinished oils, natural gasoline, plant condensate and isopentane. 

The Federal Government offered 536 that offset producing. tracts) in the Gulf of 
tracts of land for lease on the Outer Conti- Mexico. The bids received and the parties — 
nental Shelf (OCS), during 1976. Much of it bidding on the drainage sale tracts, reflect 
(475 tracts) was in unexplored areas off the continued interest in the Gulf of Mexico 
Alaska, the Atlantic States, and the Gulf of as a mature oil and gas producing province, 
Mexico. One of the OCS sales was a drain- as shown in the following tabulation: 
age sale (the sale of unleased tracts of land : 

| | | | Total | 
. Offered Leased . high-bid 

Offshore location - Date I acce ted . 

Tracts Acreage Tracts Acreage milion 
SS . dollars 

Gulf of Mexico. ________.__.__—Feb.18  ~___~--- 132 . 688,063 34 161,286 $175 . 
Gulf of Alaska. ____________ _~—Apr.18 ~~ __-~--- 189 1,008,500 81 432,214 572 
Atlantic coast ____.___________Aug.17 ___---- 154 876,722 101 574,998 1,135 
Gulf of Mexico. _________..-.—Nov.16 ~__-_-~- 61 347,274 48 273,364 318 

Total _. ee Lee 586  —-2,920,558 264 1,441,757 $2,200 

Subsequently, the OCS sale of August 17, Atlantic coast. On April 25, 1977, the appeal 
1976 located off the Atlantic coast was was heard by the US. Court of Appeals. The 
declared void by a Federal Judge of the Appelate Court reversed the decision, 
U. S. District Court. The Secretary of the ruling that the Department of the Interior 
Department of the Interior asked the Jus- environmental studies fully met all legal 
tice Department to appeal the decision on requirements. 
rescinding the sale of drilling rights off the
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Figure 2.—Production of crude petroleum in the United States, | | 
by principal producing States. 

| CRUDE PETROLEUM 

PRODUCTION other oil-producing States. Likewise, pro- 

. a . duction increased in 13 oil-producing States, 
In 1976, production of crude oil, including of which the most significant were, in mil- 

lease condensate, continued the 6-year ,. es . . 
. lions of barrels, Michigan, 6.0, California, 

downtrend that began in 1970, but at a 88 Florida. 26. Ark 2.0. North Dak 
more moderate rate. In 1976, production . 1 3 2 Al b r a3. A » ANO ae 

totaled 2,976.2 million barrels which was ‘ 1, and Alabama, 1.3. A net increase 0 | 
80.6 million barrels or 2.6% below that of °%.8 million barrels in California reflected 

| 1975. In 1975, however, production was the opening of Elk Hills Naval Petroleum 
145.8 million barrels or 4.6% below the 1974 Reserve (NPR) No. 1 for exploration and 
level (table 1). development. Production in the East Cen- 

The largest declines in 1976 occurred in tral area of California, where NPR No. 1 is 

Louisiana, (44.3 million barrels) and Texas, located, increased 18.4 million barrels in 
(32.4 million barrels). These two States 1976 and more than offset the 14.6 million 
accounted for 95.2% of the decline, and barrel decrease in other parts of the State. 

there. were declines of varying degrees in 17 Other changes are shown in table 6.
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| | Figure 3.—Wells drilled for oil and natural gas in the United States, by quarter. | 

Oo - DRILLING ACTIVITY development well drilling to expand the 
pee . - | _ rate of production from the reservoir by — 

- le re Tee ree and an aed increasing the number of producing wells. oe 
Sta ie ‘ 18.621 "dre hol drill ad Lhe lease holder must sell that amount of | 
(excl dir - yy ' ati cavhi r il base production control oil at the lower tier 

| core ‘tes te). "This compared favo ably with price. Any production above the control | 

activities in 1975 when 16,408 oil wells and _'°¥¢! May be sold’ at the upper tier price. 
| 7,080 .gas wells were completed and 13,247 _ review OF signiticant petro‘eum pro- 

dry holes were drilled (table 8) ? ducing States showed that most States had 

Total wells drilled relating to oil and gas increases in the number of rigs working. | 

, exploration and production in 1976 were Texas, the most active State, averaged 654 
41,455 totaling 185,344,695 feet. This was 88 working during the year, up by nine 
2,858 more wells than the 39,097 wells and Units from 1975. Louisiana had an average 
178,505,507 footage drilled in 1975. The of 242 rigs working during 1976, an increase 

Hughes Tool Co. rig count reported a f two units. oo, oe 
decline in the number of active rigs in . Other major States with higher activity 
operation; 1,808 during 1976 compared with included California, Mississippi, and Okla- 

| 1,828 in 1975. homa. The major States that showed 
In early 1976 the decline in drilling rig declines in activity were Colorado, Kansas, 

activity was greater than the usual seasonal Michigan, New Mexico, Utah, and Wyo- 
decline. The Federal Government removed ing. oo, oo, 
crude oil produced from stripper well leases _ Deep drilling is an indication of interest 
from price controls. A new classification of in a region to confirm hydrocarbon deposits, 
new oil as the amount of oil produced from and stratigraphic test wells are drilled to 
the lease less the property’s base production obtain core samples and to accurately meas- 
control level of oil produced in 1975, encour- ure the subsurface for the petroleum poten- 
aged infill drilling. This resulted in the tial. During 1976 deep drilling regional 
second half of 1976 rig activity rising to an records were set; in the Texas Panhandle a 
average of 1,916 drilling rigs in operation, well was drilled to 24,482 feet, Louisiana 

| compared with the 1,707 average operating interests drilled a dry hole to 24,220 feet, 
in the first half of the year. Infill drilling is and in Wyoming a well was drilled to 22,431
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feet. The first well drilled offshore Mas- Louisiana, and Oklahoma, account for 88% 
sachusetts, the “Cost G-2” was drilled to of the United States proved reserves; these 
16,070 feet as a stratigraphic test. This well five States had a net reduction in proved 
indicated the possibility of hydrocarbon reserves of 1.6 billion barrels. With this 
generation from source beds that are continued decline in proved reserves forthe 
present and abundant. Reservoir rocks past 7 years, America has become depen- 
throughout most of the geologic section dent on foreign crude oil and petroleum 

| have low permeability and porosity that products to meet the U.S. demand for petro-. 
range from 30% at the shallower depths to jeym and hydrocarbon products. In 1976, 

10% at the deeper depths. - about 41% of domestic requirements was. 
ss RESERVES supplied from net imports of crude oil and 

| | petroleum products from foreign coun-. 

| Based on the report of the Committee on _ tries. | | a 
Reserves of the American Petroleum Insti- es | 

, tute (API) proved reserves of crude oil as of CRUDE SUPPLY | 

December 31, 1976, were estimated at 30.9 | . : oo. 
billion barrels. Included in the reserve esti- Total receipts of crude oil at refineries in 
mates are quantities of all liquids defined as 1976 were 4,920 million barrels, or 13.4 

~ erude oil, which geological and engineering million bpd, an increase of 1.4 million bpd. 

data demonstrate with reasonable certainty Foreign receipts from overseas sources to- 
to be recoverable under existing economic taled 1.9 billion barrels, or nearly 5.3 mil- 

and operating conditions. Reserves at year- lion bpd, of which 72% originated from the | 
end 1976 were 1.7 billion barrels less than Middle East and Africa. The Canadian Gov- 

| at yearend 1975, and continued the down- ernment continued to phase out its oil 
| trend that began in 1971. Annual: esti- exports to the United States, while Mexico 

| mates by the API showed additions to re- supplied the United States with 86,000 bpd 
serves from new field discoveries, new reser- in 1976, or 15,000. bpd more than in 1975. | 
voir discoveries, and extensions of old fields | oo 

totaled 1.1 billion barrels. Domestic pro- CRUDE OIL CONSUMPTION . 
duction of 2.8 billion barrels accounted for ; . _ 
the 1.7-billion-barrel reduction in proved Oil refineries processed 4.9 billion barrels 

: reserves (table 12). (13.4 million bpd), of which 61% was do- 
The net change in proved reserves was mestic crude oil and lease condensate and 

positive for Indiana, Michigan, Nebraska, 39% originated in foreign countries. Based 

Ohio, Pennsylvania, and Tennessee, ac- on operable refinery capacity at yearend 

: counting for 1% of the proved reserves of 55 1976, refineries operated at 81% of distilla- 
million barrels being added. The major tion capacity of 16.4 million barrels per 
producing States, Alaska, Texas, California, calendar day. SO 

| REFINING | | 

Operable refinery capacity in the United Expansion projects were planned or under- 
States at yearend 1976 amounted to 16.4 way at numerous plants, and the largest 
million bpd, up 10% from yearend 1975. refinery to be built in the United States in 
Refinery output averaged 13.4 million bpd one phase was under construction at Cary- 
during 1976, with motor gasoline account- ville, La. The first units of that facility were 

ing for nearly one-half of the production. started up during the fourth quarter of 
Output of refined products from U.S. refin- 1976, and the remaining construction pro- 
eries accounted for only 80% of total de- jects at the 200,000-bpd refinery were sched- 
mand for refined petroleum products in uled to be completed early in 1977. 
1976, with the remainder supplied by im- The Standard Oil Co. of California, Shell 
ported products. About 50% of the residual Oil Co., Standard Oil Co. (Indiana), Exxon 
fuel oil demand was met from domestic Corp., and Texaco are the predominant 
refinery output. refiners in the United States. Exxon’s 

At yearend 1976, 291 petroleum refineries 510,000-bpd plant at Baton Rouge, La., was 

were dispersed across the country, with half the largest in the country, and a 250,000- 
of the operating capacity located in three bpd expansion to Exxon’s Baytown, Tex., 
States; California, Louisiana, and Texas. plant under construction during 1976 and
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scheduled for completion in 1977, will one grade of 91 RON unleaded gasoline. — 
expand that refinery to 640,000 bpd exceed- During 1976, tetraethyl lead was being 
ed only by the Abadan refinery in Iran. phased out as the dominant motor gasoline 

octane booster, because the EPA considers . | 
SUPPLY AND DEMAND the emissions from engines burning leaded 

- fuels a health hazard. As a substitute for 
Demand for petroleum products in 1976 tetraeth . 

eaae . yl lead as an octane booster, do- | 
averaged 1 63 million boa 6 Oye the mestic refiners used methylcyclopenta- | | 

supply needed to meet this demand was ery by the Eth. inearbon'y vee | Pr 
derived in 1976 from production of crude oil quantities of YN ecden ‘0 Pro : ‘gasoline. , 
and lease condensate averaging 8.1 million Meanwhile, the EPA and domestic auto- 

ope Plier bed of aatoply Te supple. mobile manufacturers are OO - 

mented with crude oil imports of 5.3 million More " than three-fourths of the motor | ; 

Pe ompared with 49 few bp Pinmee gasoline sold in the United States during 
lion b ch bo . 67 0 00 bod high 1976 contained tetraethyl lead additives, - 
ion bpd, which was about 67, pdhigher byt sales of unleaded fuels continued an 
ae fe. A a cap in S76. of 477,000 bpd upward trend. According to Ethyl Corp., 
ie © supply gap in sales of unleaded motor gasoline accounted 

for 17% of the total motor gasoline sales in oo 
MOTOR GASOLINE January 1976, rose to 20% in June, and _ 

As a result of a moderate recovery in the further increased to 23% in December. 7 
economy, demand for motor gasoline in During the year, the EPA issued regula- 

1976 aggregated about 2.6 billion barrels or tions amending the schedule for phasing | - 
7 million bpd, a 4% increase over 1975 down the lead content in motor gasolines | 
(table 23). The Federal Highway Admini- that requires refiners to meet average lead 

stration (FHA) of the Department of Trans-. levels of 0.8 gram per gallon on January 1, 
portation compiles data on motor gasoline 1978, and 0.5 gram per gallon on October 1, 
use based on motor fuel tax reports filed 1979. The Government revised the schedule 

with the States. Also, the FHA calculates im an effort to avoid possible shortages in 
data for highway and nonhighway use. The %4S0line supplies in 1977-78, while refiners : 
estimate of total usage 1976 averaged installed. the processing units necessary to 

7,133,000 bpd, or 4.9% above that of 1975, Produce unleaded fuel.° | | 
Restrictions on motor gasoline by the 

Federal Energy Administration (FEA) un- AVIATION FUELS | 
der the Energy Policy and Conservation Act Demand for aviation gasoline in 1976 

ed tned in At orce and effect in totaled nearly 18.4 million barrels or about 
and carried over in oe 5% less than in 1975 (table 25). From a peak 

Except for one premium gasoline market- of 38.1 million barrels in 1958, demand for | 
ed primarily on the eal coast an the aviation gasoline had shrunk to 13.3 million 
south, all motor gasolines conta ead barrels by yearend 1976. Most of this re- : 
alkyl antiknock compounds until 1970 to duction reflects the transition from the use 

increase octane quality pu wan the agita- of piston driven engines to the jet turbine : 
ion again: ne use of lead growing in types. | 
intensity in 1971, automobile manufactur- — Aviation Gasoline—Aviation gasoline, 
ers in the United States began to build one of the most complex fuels produced, is 
engines designed to operate on gasolines of subject to process control under ASTM- | 
OND Use Rese arct oren e Numer Specification D910. In addition, there are 

-. Uniea and lowleaa gasolines other aviation gasoline specifications suc 
were introduced to supplement the conven- as the U.S. Department of Defense (military 
tional and well established gasolines such specifications) and the British Ministry of 
as premium and regular grades. _._ Defense (D Eng RD specifications). 

Since many motor vehicles in the United = Jet Fuels.—The specification for aviation 
States, beginning with the 1975 model year, turbine fuels, ASTM D-1655, outlines re- 
were equipped with catalytic converters, quirements for three types of fuel: Jet A, a 
the Environmental Protection Agency 40°C freeze point kerosine used within the 
(EPA) required most service stations, begin- ——___ : 
ning in July 1974, to offer for sale at least 6Qi] and Gas Journal. V. 74, No. 40, Oct. 4, 1976, p. 62.
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Figure 4.—Production, domestic demand, stocks, and exports of gasoline 
: | in the United States. 

United States; Jet A-1, a 50° C freeze point the airlines. According to the Energy and 
kerosine which is the standard grade used Fuels Committee of the Air Transport Asso- 
for international flights; and Jet B, a wide-__ ciation (ATA), airlines have reduced the 
cut gasoline grade which at the present average number of flights by about 900 per 
time is only in limited civil use. day compared with 1973. At the same time, 
Demand for kerosine-type jet fuel in 1976 ATA estimated U.S. scheduled airlines in 

averaged 789,000 bpd, which was slightly 1976 carried 223 million passengers, a 
below the 1975 levels. Demand reached a 10.4% increase over the 1973 level. Over the 
peak of 842,000 bpd in 1973, and the subse- same interval, kerosine-type jet fuel de- 
quent reduction in fuel use reflects the mand was 6.3% below that of 1973, as 
impact of economies of operation adopted by _ estimated by the Bureau of Mines.
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Still another significant development was Demand for plant propane rose 5.7% in , 
the expansion in production by refineries in 1976 to 830,200 bpd. Production at gas- | 
the United States that resulted ina marked processing plants in 1976 declined 5.5% and 

7 reduction in imports. From a peak of by yearend 1976 there was an 8.4% re- | : 
176,000 bpd in 1973, imports have been ina duction in stocks to 69.7 million barrels _. 

downtrend. By 1976, imports shrunk to from 76.1 million barrels at the end of 1975. : 
61,000 bpd or 65.3% below the 176,000 bpd a Oo, 
imported in 1973. | KEROSINE 
Naphtha-type jet fuel is used primarily by oe : - 

the military. In 1976, demand totaled 72.7 _ The unusually severe weather east of the . 
million barrels or 5% less than 1975. Mississippi River, particularly, helped lift 

: - Although FEA removed the allocation demand for kerosine in 1976 to 61.9 million 
| and price controls on naphtha-type jet fuels, barrels, an increase of 169,200 bpd or 6.1%. 

controls on kerosine-type jet fuels and avia- Most of the increase in supply needs WAS 
tion gasoline remained in effect in 1976 and met by imports and drawdowns on inven- 
carried over into 1977. | tories. There was no noticable increase in : 
oe a | refinery production of kerosine, but imports : 
LIQUEFIED GASES, ETHANE, AND ETHYLENE tripled and stocks at yearend 1976 were 

. down 19.6% to 12.5 million barrels from the 
| Liquefied gases are derived from two 45.6 million barrels of a year earlier (table | 

| sources; those produced at refineries are 30) Nearly 80% of the domestic demand for 
called liquefied refinery gases to distinguish ,erogine (including range oil) is for space | 
them from liquefied petroleum gases obtain- heating. } mo — , 
ed by processing natural gas. The liquefied | Se _ 
petroleum gases (LPG) are all paraffins _ - DISTILLATE FUEL OIL | | So 

: (propane, butane, and isobutane) and the | a | 
standard specification is ASTM D-1835. The Specifications for fuel oil are established 
liquefied refinery gases (LRG) also contain by the ASTM Committee D-2 on Petroleum | 
paraffins but may also contain unsaturated Products and Lubricants. The specification 

| hydrocarbons; such as the olefins (pro- designation is ASTM D-396. =_—> 
pylene, butylene, ethylene, etc.). The paraf-. An extremely severe winter coupled with 

_ fins may be used as fuel (including as a a mild recovery in general business resulted __ : 
| _ blend with motor gasoline) or as feedstocks in a 9.8% increase in distillate demand in 

at petrochemical plants; the olefins are used 1976, to 3.13 million bpd from 2.85 million 
primarily as petrochemical feedstocks. = _—s bpd in 1975. Demand for distillate for heat- 

| _. Demand for ethane (including ethylene) ing rose about 3% to 1.38 million bpd from : 
rose 6.3% to 362,600 bpd in 1976 from 1.34 million bpd in 1975. Severe and pro- 
341,200 bpd in 1975. Ethane is used primari- Jonged cold weather in the Midwest and on 

__ ly to make ethylene, a building block for the eastern seaboard as far south as Florida 
petrochemicals. _ | boosted distillate demand sharply as re- 
_ Domestic demand for LPG and LRG in flected in the rise in the number of degree | 
1976, excluding that blended into other days. A degree day is defined as a unit of | 

products at refineries or terminals, increas- mean temperature representing 1° of differ- | 
ed 5.1% and exceeded 1 million bpd com- ence from a standard temperature of 65°F 
pared with 991,500 bpd in 1975. Propane used in calculating fuel consumption. If the 
accounted for 79.7% of liquefied gas de- mean temperature was 50°F then the cal- 
mand in 1976, but if refinery propane and ylation would be 15 degree days (65°- 
propylene is deducted from deme.d, the 59°—15°), 

percentage shrinks to 577,800 bpd or 55.57%. Distillate oil heating degree days for the 
Propane was in strong demand during the period July through December 1976 were 

heating season because of the impact of 99, above normal and 35% above the level 
severe winter weather and a moderate re- for the same period of 1975. Distillate oil 
covery in the economy. As a result, with heating degree days by PAD districts for the 
production wm and dorpand up stock of period July though December 1976 were a yearend, which was 84% below 1975, In follows: PAD district I, 2,223.3 or 22% above 

1976, the decrease in the production of 7Data are available for 1976 in the following Bureau of 
propane and other natural gas liquids re- Mines Mineral Industry Surveys: Natural gas, Monthly; 

| flected the decline in natural gas pro- Natural ex Linuids Monthly and Petrigin Satenent 
duction.’ : Yearbook 1976 Chapter on Natural Gas Liquids.
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normal; PAD district II, 3,142.9 or 25% 48% of demand, other feedstocks accounted 
_ above normal; PAD district IIT 1,384.3 or for 40.6%, and still gas used for chemical ‘or 

49% above normal; PAD district IV, 2,608.2 rubber manufacture, accounted for 11.4%. 
| or 2% below normal; and PAD district V,. Special Naphthas.—Special: naphthas in- 

. 1,487.50r15% belownormal.  — cludes all finished products within the gaso- 
| : - Se | _. -. line range that are specially refined to a 

RESIDUAL FUEL OIL specified flash point and boiling range for 
_ a . use as paint thinners, cleaners, and sol- 

Reflecting | needs accompanying a severe vents. The special naphtha category also 
7 winter and a quickening in business activ- includes commercial hexane conforming 

ity, demand for residual fuel oil rose 13.5% with ASTM specification D-1886 and clean- 
in 1976 to 2.79 million bpd from 2.46 million ing solvent conforming to ASTM specifica- | 
bpd in 1975. The winter was the coldest in tion D-484. Benezene, toluene, and xylene 

_.__- years. Most of the excess in degree days are considered in the special naphtha classi- 
occurred in the final quarter of 1976 andin fication when they are blended into special 
January 1977. : naphtha stocks. Production in 1976 increas- 

The use of residual fuel oil by utilities eq 19% to 89,200 bpd compared with 74,900 

| rose sharply in 1976: as the cold weather bpd in 1975. Exports in 1976 were double 
stimulated electric usage for heating. In- those of 1975, and domestic demand increas- 
creased demand for residual fuel oil also ed 9.5% in 1976. 7 _ 
resulted from the movement of electricity Lubricants.—Demand for lubricants, af- 
generated from oil to normal coal gener- ter declining sharply in 1974-75, arrested 
ating areas with coal delivery problems. the downtrend and increased 10.8% in 1976 
The shortage of hydropower is another con- to 152,273 bpd from 137,450 bpd in 1975. 
tributing factor to increasing the demand Exports in 1976 increased 4.2%. The 1976 
for heavy fuel oil such as No. 5 and No. 6. production of 61.8 million barrels is 8.9 

, 7 Domestic production of residual fuel oil million barrels below 1974 (table 36). 
increased 11.4% in 1976 to 1.38 million bpd § There are 43 refineries in the United | 

: from 1.24 million bpd in 1975. From a 30- States with a finished lubricant manufac- : 

year low of 706,000 bpd in 1970, production turing capacity of 226,900 bpd, according to 
has been increasing steadily, and in 1976 a survey. made by the National Petroleum 
established a new high. Nearly one-half of Refiners Association. If the 168,861 bpd of 
the 1976 production. or 676,000 bpd was production is equated against indicated ca- | 
residual fuel oil of 1% or less sulfur content. pacity of 226,900 bpd, lubricant manufac- _ 
In 1971, only 39% of production was 1% or _ turing facilities operated at 74.4% of capaci- 
less. 7 | | ty in 1976. | 

Imports in 1976 averaged 1.4 million bpd, | Waxes.—As a result of the pickup in 
a 14.3% increase over 1975. Some 658,000 economic activity, demand for waxes in 
bpd or 48.6% of imports were received into 1976 increased 18.7% to 7.2 million barrels. 
the States of Delaware, Maryland, New (19,700 bpd) from 6.1 million barrels (16,600 
Jersey, Pennsylvania, and New York. bpd) in 1975. There are 24 refineries in the 

About 472,000 bpd of imports had a sulfur United States with a finished wax capacity 
content ranging from 0 to one-half (0.50%), of 18,153 barrels per calendar day. In addi- 
and 262,000 bpd were destined for New tion, these refineries and eight others have 
York. unfinished wax capacity of 12,089 bpd. 

Although production and imports were During 1976, production of wax increased 
up 13.2%, an increase in demand resulted 23.7% to 7.0 million barrels of which fully- 

in a moderate reduction in stocks to 72.3 efined crystalline wax accounted for 45%; 
million barrels by the end of 1976 compared ther crystalline accounted for 42%, and 
with 74.1 million barrels at yearend 1975. _-—“ Microcrystalline waxes accounted for 13%. 

Wax is primarily a byproduct of lubri- 
OTHER PRODUCTS cating oil manufacturing or at least of wax 

| bearing crudes. Wax is found in varying 
Petrochemical Feedstocks.—Some 164.4 amounts in crude oils. Paraffin base crudes 

million barrels of petrochemical feedstocks and mixed base crudes, for example, contain 

were produced by refineries in 1976, a both paraffins and naphthenes, they usual- 
34.6% increase over the 1975 levels. Like- ly have a greater wax content than aromat- 
wise, demand in 1976 rose 30.9% to 152.9 ic base crudes, and the type of wax recover- 

million barrels or 417,639 bpd. Naphtha- ed depends on the type of crude being 
400° (less than 400° end point) accounted for refined. To improve the low-temperature
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pour point property of lubricating oils, the exported to foreign countries, and Japau 
lubricant fraction ‘of the crude is dewaxed andthe Netherlands purchased more than | 
and the byproduct from dewaxing is refined half. There are three main outlets for mar- 
to obtain a finished wax. There are three ketable petroleum cokes; the domestic de- 
broad classes of waxes: microcrystalline, mand for raw coke as fuel, for calcined coke 
fully-refined crystalline, and other crystal- for the manufacture of carbon products 
line (table 37). _ , such as electrodes and anodes, both baked 

Microcrystalline waxes are derived from and gravitized; for aluminum metallurgy, _ 
the high-boiling lubricating oil fractions, for brushes for electric motors and genera- 
and the other types are obtained from the tors; and for specialties such as rings, seals 
intermediate boiling range lubricating oil and bearings, electronic, nuclear, and mis- 
fractions. Also, oil content is another char- sile and jet propulsion parts. Coke can be 
acteristic. Fully-refined crystalline wax has gravitized by subjecting it to. very high 
an oil content of less than 0.5%. Microcrys- temperatures, and some refiners have. de- 

talline waxes, because of their smaller veloped premium automotive lubricating 
crystal structure, have a greater affinity for oils containing graphite made from petro- : 
oil than the crystalline type, and they are leum coke. In 1976, total demand for mar- : 
used extensively where there is a demand _ ketable petroleum coke was 64,632,000 bar- 
for tacky or ductile waxes such as for rels. Of this, exports totaled 37,778,000 bar- 
treating impregnating, coating, and filling rels and domestic demand accounted for the 

_ electrical. apparatus; and as a telephone remaining 26,854,000 barrels. These data 
cable filing compound. | exclude 62,237,000 barrels of catalyst coke. 

Packaging provides the largest market Asphalt and Road Oil.—A tapering off in 
for the crystalline waxes; important ap- the nationwide highway construction pro- : 
plications are hot melt coatings for frozen gram, and a tightening in highway mainte- 
food overwraps, pouches, bags and enve- nance budgets of States, municipalities, and 
lopes; for coatings and impregnants for other political subdivisions affected demand | 

_ corrugated containers and folding cartons; adversely for asphalt and asphaltic prod- 
and as coatings for paper cups. Nonpack- ucts between 1973 and 1976. However, the 
aging uses are: Candles; crayons; floor, fur- decline curve appears to be flattening out; | 
niture, shoe, and automobile polishes; and overall sales in 1976 of petroleum asphalt : 
cosmetics, pharmaceuticals, printing inks, for consumption was less than 1% below the oe 

explosives, carbon paper, and adhesives. - 1975 level, whereas in 1975 sales were 

; Petroleum Coke.—Petroleum coke is re- 11.4% below the volumes sold in 1974. | | 
ported by the Bureau of Mines as catalyst | Sales of asphalt paving products in 1976 
coke and marketable coke. Catalyst coke is were 21.5 million short tons or only about | 
a noncommercial coke; it cannot be recover- 118,000 short tons below 1975. Petroleum 
ed.commercially because it forms on the asphalt roofing product sales of 4,792,000 
catalyst during the catalytic cracking of the short tons in 1976 were a nominal 11,177 
charging stock in a refinery cracking unit. short tons less than in 1975. Likewise in 
This carbon is burned off the catalyst in the 1976, similar small declines of 65,820 short 

regenerator section of a cracking unit, and tons occurred in sales of other products such 
the coke is used as a refinery fuel without as asphalts and fluxes. 
ever being seen. However, production of Production of asphalt declined 3% in 1976 
catalyst coke is shown to complete a supply to 25.4 million short tons from 26.2 million 
and demand balance for coke. oe in 1975, but with imports lower and demand 

Production of both catalyst coke and down only about 1% it was necessary to 
marketable petroleum coke aggregated drawdown on inventories. As a result, 
130,145,000 barrels in 1976 or 1% above the stocks at yearend 1976 were 3.5 million 
1975 volumes. About 52% of output was_ short tons or 15.0% below the 1975 yearend 
marketable coke and production in 1976 levels. 
was 2% above 1975. Exports in 1976 were Road oil is a liquid asphalt of the slow- 
only nominally higher than in 1975 (table curing type and is classified by the ASTM as 
38). - D-2026. Road oils may be derived from a 

Only about one-third of exports is cal- blend of asphalt and oil which remain in a 
cined coke and five countries, West Ger- fractionator after the lighter ends such as 
many, Japan, the Netherlands, Norway, naphtha, gasoline, kerosine, etc., are drawn 

and Canada, accounted for 47% of the 12. off after straightrun distillation. Road oils, 

million plus barrels exported. In the raw or may be obtained, also, by blending asphalt 
green coke category, 25 million barrels were cement with an oily fraction. In addition,
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there are two other types of liquid asphalt duced in 1975. Production of absorption oils 
‘materials known as ‘cutback asphalts.” decreased 8.3%, but the production of © 

se The rapid-curing type (ASTM D-2028).is “other products” which includes SNG feed- 
_ blended with naphtha and gasoline. The stocks, more than doubled from 11.1 million __ 

_ medium-curing type (ASTM. D-2027) is in 1975 to 25.4 million in 19762 | 
blended with a lower vapor pressure mate- = Unfinished Oils.—Unfinished oils are oils —_- 

_ Yrialsuch as kerosine. _ -. . that have been partly refined and will:-be __ 
“Still Gas.—Still gas is a mixture of further processed by refiners. Examples 

extremely low-temperature boiling hydro- are: Naphtha, a light unfinished oil that is 
| carfons produced ane re vetinery fat consumed primarily in the refinery itself to 

it and may be used as relinery fuel produce gasoline. About 90% of all naphtha 
_ and/or as a petrochemical feedstock. Dur- ise is in gasoline. Smaller amounts are used 

ing 1976, there were 180.7 million barrels in the production of aromatics such as 
_ used as fuel, a 3% increase from the 175.4 }oncene. toluene, and xylenes. Also, small 

million bares consume in 1975. rons ica amounts are used in the production of | 
, tion of still gas, as a petrochemic yg | a me we 

feedstock, increased 11% in 1976 to 17.4 specialty products such as hexane ane ee. | 
| million barrels from 15.7 million barrels in od ition ce ente ane used as petro. . 

1975. Sn 7 mre ae ae 
Miscellaneous Finished Oils.—The petro- chemicals and synthetic gas feedstock. Gas 

leum industry produces a variety of miscel- oil, an unfinished oil, is heavier than naph- _ 
) laneous products that are sold directly to tha and its major use is in the refinery to — 

consumers or in bulk to specialty companies ™ake middle distillate fuels (No. 294) andin 
that package and distribute them under the production of commercial jet fuel. Also. 

various trade names. Included in this cate- Small amounts are used in the production of 
gory would be absorption oils, specialty oils lubricants . and process oils. . Aromatic 

such as hydraulic, insulating and medicinal gas oil, another unfinished oil, is a heavy _- 
| oils, rust preventives, sand-frac, spray oils, residual oil corived rom patalytic cracking - 

and others. Also, synthetic natural gas of heavier ous for naphtha production. it 
| | (SNG) feedstock is included in this group- principal use is. as carbon black feedstock. 

| ing. Production of miscellaneous finished The rerun (net of unfinished oils) represents 
oils in 1976 was about 47.2 million barrels, the receipts of domestic or foreign oil plus 
46.5% over the 32.2 million barrels pro- or minus changes in stocks (table 18). | . 

| | | a TRANSPORTATION AND DISTRIBUTION | oo 

| - INTERDISTRICT MOVEMENTS | Refinery receipts of crude oil carried by 
| a / _.,  tarikers and barges totaled 1,758 million 

A vast transportation system consisting arrels or 4.8 million bpd in 1976. Some _ 
of pipelines, tankers, and barges and to a 34.6% of receipts by water was of foreign 
lesser degree, tank cars and tank trucks, origin in 1976; in 1975 receipts were 78.3%. 
move crude oil to refineries for processing [n 1972, foreign receipts accounted for 
into petroleum products. During 1976, re- 51.9%. A 5-year series of recipts is shown in 
fineries received 62.7% of their crude oil table 43, and interdistrict movements by 

requirements by means of pipelines. Water tanker and barge is provided in tables 44-45. 
transport, both tanker and barge, accounted Domestic demand for petroleum products 
for 35.7% and tank cars and trucks ac- averaged 17.5 million bpd in 1976, a 6.9% 
counted for the remaining 1.6% (table 43). increase over the 16.3 million bpd used in 

Data collected on receipts of domestic and 1975. Demand in 1976 is broken down into 
foreign crude petroleum at refineries in the PAD districts in table 14, and the 17 States 
United States show receipts from local pro- comprising PAD district I accounted for 
duction (intrastate), receipts from other 36.9% of domestic product demand. Foreign 
States (interstate), and receipts of imported crude oil accounted for 89% of refinery 
crude. These data, by method of transpor- output in district 1. Of the remaining 11%, 
tation, indicate the final receipts by water, some hoe isew primarily 
pipeline, tank car, and truck. Receipts of ‘rom distri e 44). 
domestic crude by water usually are moved ——————__ 
by pipeline from the point of production to Prod ee Nat ee cate Minecal Industry 
the point of water shipment. Survey, April 1977, released September 1977, p.27.
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| There was a 47.7% increase in 1976 in the The Canadian crude oil export phase out 
volume of foreign crude run by gulf coast is having a drastic impact on “Northern 
refineries in district III. As a result, the Tier” refineries (those located in Washing- 
volume of domestic crude run shrank to ton, Montana, North Dakota, and Minneso- 

69.2% from the 77.5% run in 1975 (table 20). ta). This is discussed in another section of 
_ However, gulf coast refineries continued to this chapter. oo 

dominate, accounting for 42.6% of crude oil It is anticipated that the west coast will : | 
input to refineries in the entire United be unable to use all the oil available in PAD 
States. | district V. This is understandable because 

| A large part of refined product output by Alaskan North Slope (ANS) oil is expected 
district III refineries is transported to other to be moving south through the ‘Trans- 7 
PAD districts and the interdistrict move. Alaska pipeline to Valdez for tanker trans- 
ment by tanker and barge of crude oil and port and become available for PAD district | ‘major products, such as gasoline, jet fuel, V by mid-1977. The pipeline is 800 miles | 
distillate fuel oil, residual fuel oil, and other ong. Oil flow was at a rate of about 1.1 | 
products such as lubricating oil, wax, and ‘Miles per hour so that the pipeline will be 
asphalt is shown in table 45. The magnitude _ filled slowly at a rate of about 300,000 bpd. 
of the tanker and barge movements of Providing there are no major complications, 
petroleum products from the gulf coast to Oi! will arrive at the Valdez terminal by 

the east coast in 1976 is indicated in table bout the end of July 1977. Also, as a result | 
45. The transportation of gasoline, jet fuels, Of extensive drilling and development be- a 
kerosine, distillate fuel oil and natural gas Payal = in nee oil p eA rom we | | 

_ liquids by pipelines between PAD districts ill er eum reserve ( 1 tlio Dia rel: - 
is shown in table 46. During 1976, 16 OO 14.79 another source for oil ove. 
million bpd or 69% of the motor gasoline Per Month, and another source for oil over | 

we ee Te . the longer term is the offshore fields in the | output of refineries in district III was ship- Santa Barbara Ch 1. Both industry and 
ped to district I compared with 1.5 million Gov a Varbara weianne!. porn industry an 

. . . overnment estimates indicate that west 
eee is . 6% hel at cuton t anon owe coast refineries will be unable to absorb 
il w as U sed n dist ct lin 1976, mm custrict ANS production; therefore a sizeable sur- | 

Refined products produced " t refineri plus could develop by 1978, providing that 
. _ Products produced at retineries Alaskan crude is not priced insuch manner ~. 

_in PAD district V in 1976 represented 88% as to result in a shut-in of California pro- 
of the domestic product demand for that duction | 
district. Domestic crude oil, produced pri- Although PAD district V could be a 

marily in California, supplied 50% of refi- surplus area, there are crude oil deficient 
nery input and of the 50% of oil imported, areas east of the Rocky Mountains in the 
43% originated in Indonesia and 36% came Northern Tier States, the Midwest, midcon- 
from the Middle East, one-half of which tinent, and the gulf coast. 

came from Saudi Arabia. Canada, formerly Two pipelines have been proposed to over- 

an important supplier of crude oil for re- ¢ome these deficiencies. The first is the | 
fineries in the Puget Sound area of Wash- Long Beach to Midland, Tex., pipeline pro- 
ington State, continues to phase out crude posed by Sohio. Transportation Co. (Sohio). 

oil exports to the United States, as a result This line would run from a tanker unload- | 
of actions taken by the Canadian National ing facility in the Port of Long Beach, Calif., 

Energy Board (CNEB) in 1973. Imports of across Southern California, Arizona, and 
crude oil from Canada into district V in New Mexico to Midland, Tex., and it would 
1976 averaged 87,000 bpd compared with require about 250 miles of new pipeline and 
163,000 bpd in 1975. the conversion of a natural gas pipeline in 
Under the original CNEB formula, crude California. In addition, about 670 miles of 

oil exports to the United States would have existing natural gas pipeline, owned by the 
been phased out by the end of 1981. But El Paso Natural Gas Co. (EPN G), would be 
with the Sarnia-Montreal pipeline becom- leased to Sohio and converted to transport 7 
ing operational Canadian crude oil exports crude oil eastward to Midland, Tex. From 
to the United States except for heavy oil, the Midland area, an extensive crude oil 
will phase out by the late seventies. The distribution system running north, east, 
Federal Government has indicated that for and south is already in place aggregating a 
the next 5 years heavy oil production in capacity of some 2 million bpd. Work on the 
excess of Canada’s needs will be licensed for Sohio project awaits the approval of the 
export. State of California.
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Figure 5.—Maps of Petroleum Administration for Defense (PAD) districts and Bureau of 
Mines refining districts. 

Concern over the potential decrease in air The Northern Tier pipeline proposal 
quality in the Los Angeles, Calif. basin is would transport Alaskan oil by means of a 
the largest stumbling block to granting the 1,570-mile line from Port Angeles, Wash., to 

permits needed to start work on this Clearbrook, Minn. The pipeline route from 

' - project. Port Angeles would skirt the Olympic Na-
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tional Park and pass through the Coeur’ was 1,831 million short tons in 1975. Of this, 

d’ Alene area of Idaho. In Montana, the 48.02% was transported by pipelines, 22.0- 

route would run southeast to the Helena 6% by water carriers, 28.42% by motor 
area, eastward into North Dakota, and onto carriers, and 1.5% by railroads. The overall. | 
Clearbrook, Minn. The proposed route has Volumes transported in 1975 were about 1% | 
been selected for environmental accepta- below that of 1974. Petroleum products | 

bility. Also, more than one-fourth of the 2ccounted for two-thirds of "the volume | 
route would be over railroad rights-of-way.  ‘ransportedin 1975. | 

Refineries in the six States which make Product pipelines transport only the light : 
: up the Northern Tier have a. crude oil products such as gasoline » light fuel oils, . 

throughput of about 840,000 bpd. Through. eating oils, LPG, kerosine, and jet fuel. | 
. a ° - These lines transported 424.7 million short 

put of Washington refineries account for tong or 34.8% of the total. Motor carriers 
285,000 bpd, and more than 200,000 bpd is transported some 444.4 million short tons or 
S000 td is i stad te Washington ve 36.4% of the petroleum products carried. In. 

UU is 1mpo W aS. on re- terms of billions of ton miles, the total 
fineries from Canada. Canadian oil import- aggregated was 846.7 billion, of which 

ed in the other five States averaged about 59.9% was transported by pipelines, 35% by 
280,000 bpd in 1976, and Minnesota account- water carriers, 3.26% by motor carriers, 
ed for one-half of that volume. and 1.66% by railroads. Total crude petro- 

7 _... Jeum carried in domestic transportation, in 
PIPELINES . billions of ton miles was 331.5 in 1975; | 

Crude oil pipelines delivered 3,086 million Pipelines account oom and water 
barrels or 8,431,000 bpd to refineries in Deepwater Ports.—A tanker voyage from | 
1976, a slight increase from the 8,384,000 the Middle East to the U.S. east coast 

bpd in 1975 (table 43). Petroleum product involves a 24,000-mile round trip, and many 
pipelines delivered 3,662.1 million barrels, tankers in use today are very large crude | 
or an average of 10,005,737 bpd in 1976, carriers (VLCC’s), and virtually all of these 
compared with 3,272.2 million. barrels, or ships are unable to enter ports with depths | 
8,965,000 bpd in 1975. Transportation by under 75 feet. At present, there are no US. | 
pipeline of petroleum products between ports capable of accommodating VLCC’s oO 
PAD districts is shown in table 46. Trans- With capacities greater than 200,000 dead- 

portation and stocks in lines and working Weight tons (dwt). The deepest ports in the 
tanks is available in table 47: tariff rates ’ United States are on the west coast and | 
are shown in table 48. | they can handle tankers up to 150,000 dwt. 

Pipeline Costs.—The Trans-Alaska pipe Most harbors in the United States are 
line was a major contributor to rising pipe- an +0 anips OON capacities ranging 
line construction costs. Reasons for higher Th 2000 to 70,000 dwt. . 

| e Deepwater Port Act of 1974, signed 
cost can be traced to new stronger stress by the President in January 1975, provided 
level codes requiring stronger pipe to meet f. licensing and regulation of. deepwater 
more demanding specifications. The more ports. The Secretary of Transportation is. 

expensive grades of steel and inspection cost empowered to grant licenses for ownership, 
are borne by the contractor and the com- construction, and operation of deepwater- 
pany. Other items such as pumping units, port facilities. At the same time, a Governor 
both motor- and engine-driven power units, of an adjacent State could veto the project. _ 
increased in cost during 1976. Actual con- Two corporations, formed by groups of 
struction and major cost items were up in companies, proposed to construct two such 
1976. The increase of the past 2 years, 1974 ports: One 31 miles off the Louisiana coast 
through 1975 was 22.9%, but between 1975 at Grand Isle in water over 100 feet deep in 
and 1976, the increase was only 5% accord- the Gulf of Mexico, and the other off the 

ing to the construction cost index of the Texas coast. In the Louisiana Offshore Oil 
Interstate Commerce Commission. Port LOOr ine aoe ooe rion, proposes to 

: store impo oil in the Clovelly salt dome 

RAIL, TANK TRUCK, BARGE, AND TANKERS near Gallian®. “ellite Proposed storage 
capacity o is expected 

The annual study of the Association of Oil about 56 million barrels of oil. The second 
Pipelines estimated that the total tonnage deepwater terminal (Seadock) is to be con- 
of crude oil and petroleum products carried structed off the upper Texas gulf coast
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_ south of Freeport. The storage facilities for In addition to these offshore’ deepwater _ 
Seadock would be located 5 miles inland ports, the Port of Corpus Christi expects to 
and would consist of 28.tanks with a storage bring into being the first onshore super-. _ 

| _ capacity of 22.5 million barrels. __ | tanker facility to the Gulf of Mexico. The 
oe Oil off-loaded at such terminals would be U.S. Army Corps of Engineers is now com- — 

an transported by pipeline to shore thereby pleting work on an environmental impact _ 
| reducing thé need to transfer oil cargoes study of the proposed facility. a oe 

- | from VLCC’s to smaller vessels for trans- “ ee ee aE | 
port to conventional terminals or refineries. __ -.. ,TANKERRATES | 

_ Both applications are being considered by pee | eo: 
| the Department of Transportation (DOT), | Tanker charter rates, after reaching a 

, the agency authorized to issue licenses to Peak late in 1973, have been in a down-  _ 
build and operate deepwater terminals. If trend. From $2.02 per barrel, charters in : 
the permits are granted by mid-1977, the December 1973 for 34° crude oil for Large 

| two terminals were expected to be online by Range 2 tankers (from 80,000 to 159,999 
1980. Unlike LOOP, however, Seadock has dwt) by November 1975 dropped to $1.26 per 
run into difficulties. Four large partici- barrel, for cargoes destined from Ras Tanu- 

| pating oil companies have withdrawn from ra to New York by way of.the Cape of Good — 
this project as the license provisions involv- Hope, rates firmed up during the severe. 
ing proposals by DOT, the antitrust division 1975-76 winter, but at the end of 1976 the 

: of.the Department of Justice, and the Fed- rate per barrel had declined to $1.18. Char- 
eral Trade Commission are considered tobe ters, same destination, for vessels of 16,000 _ 

_ too stringent and too restrictive. | _ to 24,999 dwt, which are classified as “gen- 
| ~ Meanwhile, the Texas Legislature has eral purpose” tankers, dropped over the 

enacted superport legislation that would same interval from $3.23 per barrel to $2.90 
| enable the State of Texas to establish a per barrel. By the end of 1976, the rate for | 

| terminal for large tankers off the Texas the smaller tankers, however, had rebound- 
: coast in the event the remaining Seadock ed to $3.12 per barrel. Ss 

project participants decide against obtain- An oversaturation in tanker supply, par- __ 
| ing a license. Under the bill, the State ticularly the larger tankers, has weakened _ 

| would finance the deepwater port by is- tanker rates. oa | 
- suance of revenue bonds. | 

| | | STOCKS oO 

Stocks of crude oil, natural gas liquids |§ As a result of very heavy drawdown of 
and refined products have been expanding petroleum products such as distillate fuel 
after reaching a low point of 866.9 million oil and residual fuel oil, stocks of products | 
barrels in February 1973. Crude oil stocks, at yearend 1976 were 707.7 million barrels, 
which were 242.5 million barrels at yearend 40.1 million barrels or 5.4% below the | 
1973, had climbed to 285.5 million by year- December 1975 levels. However, stocks of 

~end 1976, a 438-million-barrel or 17.7% dif- crude oil and lease condensate at yearend 
ference. Stocks of refined products reflect 1976 were 285.5 million barrels or 5.2% 
the impact from the lack of natural gasand higher than at yearend 1975 (table 50). 
the substitution of fuel oils and liquefied Thus, continuing the growth from the 7- 
petroleum gases for fuels. As a result, stocks year low point of 235.4 million barrels at the 
at yearend 1976 were well below a year’ end of February 1973. 
earlier (table 49). | | 

STRATEGIC PETROLEUM RESERVES AND STORAGE SITES 

The Strategic Petroleum Reserve plan phase of the SPR, referred to as the Early 
has been setup to reduce the impact of an Storage Reserve (ESR), 150 million barrels 
interruption of imports, if one occurs, such of oil are to be stored by 1978, and storage 
as the Arab Oil Embargo of 1973-74. Con- will start initially at 40,000 to 50,000 bpd. Of 
gress enacted legislation to establish a_ the different storage sites picked, the one’s 
Stragegic Petroleum Reserve (SPR) in Title to be used for the ESR are; Bryan Mound in 
I, Part B of the Energy Policy and Conserva- Brazoria County, Tex.; West Hackberry in 
tion Act of 1975 (EPCA), Public Law 94-168. | Cameron Parish, La.; and Bayou Choctaw in 

Strategic Storage.—Under the initial Iberville Parish, La.
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Under the EPCA, the FEA is directed to The storage facilities sought are existing 
pick eight sites for the SPR program. With solution-mined salt dome cavities because of 

_ the three sites previously listed, the other the relative low cost of bulk storage for 
five sites are Cote Blanche Island mine, St. petroleum and the extreme geological sta- 
Mary’s Parish, La.; Weeks Island mine, _ bility of the rock salt masses. , 

_ Jberia Parish, La.; Kleer salt mine, Van FEA had asked for a 500-million-barrel 

Zandt County, Tex.; Central Rock mine, storage plan, but the President suggested 

Fayette County, Ky.; and Ironton mine, that the reserve storage capacity be doubled _ 
Lawrence County, Ohio. to 1 billion barrels. | 

. | a PRICES | 

Crude Oil.—The actual domestic average The price-regulating function of CLC was | | 
_ price of crude oil in the United States rose absorbed by the FEA in 1974. Between 

from $7.87 per barrel in February 1976, to January and December 1974, the price per 
$8.62 or a 9.5% increase according to the barrel rose 13% from $9.82 to $11.08. The | 
FEA. Prior to February 1976, the domestic price of old, or controlled, oil rose nearly : 
crude petroleum wellhead price represented 359% from $3.90 per barrel in August 1973 to 

_ an estimate of the average of posted prices. $5.08 (revised) in December. Subsequently, 
After February 1976, however, the wellhead the FEA revised its calculations and the 

price represents an average of first-sale price of old oil was reduced from $5.25 per 
Prices. , a barrel to $5.03 per barrel. The following | 
The average value of domestic crude oil at tabulations show prices per barrel at the 

the wellhead, which was $3.39 per barrel Mm wellhead for old and new crude petroleum 
1971-72, increased to $3.89 in 1978, $6.74 in | } . 7 
1974, $7.56 in 1975, and $8.18 in 1976. These {0% the last month of each quarter in . 
. cas? . con 1975. April 1977 prices are shown to illus- 
increases, which began in 1973, were the t . } | 

: - trate the impact of EPCA after January | result of an effort by the Cost of Living 1976. D tic crude petroleum prices 
Council (CLC) to stimulate domestic crude |", have ‘1 abe 2 bo role 1975 "eS per 
oil production. On August 17, 1973, the CLC 8?re! have climbed trom a average 
enacted a two-tier pricing system under Price of $7.67 to a 1976 average price of 
phase 4 oil regulation. The system released $8.14 or 6%. | 7 
from ceiling prices “new oil” (oil produced 
above 1972 levels) and made an adjustment 9 ~—S—STTT.. Do | 

_ for the remainder of current production. Old . New  mestic | 
The price of new oil produced, which had = ——————___COE 

_ not been covered by the price ceiling, rose 1974: | | | 
steadily to market levels. The ceiling price Average ---------___ 5.08 10.13 6.87 7 
for domestic crude was about $1 per barrel 1975. 
below the world price at the time phase 4 March ~--------- 5.08 ha rat 

rules were issued on August 17,1973. Since  September----____ 5.041246 775 
then, however, world prices have increased December __~~-~~-~- 5.03 12.95 7.93 
sharply and so have prices for upper tier Average_______ 5.08 12.08 767 
domestic oil. a 

Lower Upper Strip- Domes- 
| tier tier per average 

1976: 
March_______________________---__ ee 5.07 11.39 __ 7.19 
June_____~ ee 5.15 11.60 -- 7.99 
September ___________________~_~~ ~~~ 5.17 11.65 13.21 8.39 

December -- - ~ -- ---~--~-~~-----------~--------------___ 171164 18.80 8.62 
1977 eee ~ oo nono nr nnn ncnnncncnc ncn cnn ncnne 5.13 11.69 13.29 8.18 

January___________________-___-_-- + e- 5.17 11.44 13.27 8.50 
April. 5 eee 5.15 10.97 13.28 8.40
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Se Figure 6.—Posted prices of selected grades of crude petroleum. | - | 

7 The FEA revised the designations used in denced in the tabulation for refiner’s acqui- 
pricing. The “old oil’’ title changed to “low- _ sition costs. — | | 
er tier’ and stripper well produced oil was The following tabulation shows refiner’s 

released from price controls. “Upper tier” @cquisition cost per barrel for imported oil, 
| refers to the same oil as the former desig- domestic oil, and a composite of both as 

nation “new oil.” | maintained by FEA: | 

Crude oil imports supplied about 30% of oo. 
crude oil requirements in 1976, and with , : Do- - Im Com- — 
prices climbing the refiners acquisition _ esti ported posite 

costs have followed suit. This cost to the 1974: . | | 
refiner is the average of domestic and im- Average moon nnnn TIT 
ported crude costs and represents the am- 1975: - h a gas 13.98 | 99 : 
ount of crude cost which the FEA permits June -—-- TTTTTT a8 1416 10.38 

refiners to pass on to their customers. December 2222228681481 1098 
A composite of refiner’s acquisition costs ae 

of imported and domestic crude was $3.85 Average ----~-_ 8.39 18.938 10.88 
per barrel in May 1973, had climbed by 1976: h a48 1861 4d 

December 1976 to $11.32 per barrel, nearly June __22 on 8.60 13.48 10.88 

a threefold increase. The rise was due pri = ember ~------ 9s ITLL 
marily to the increase in the cost of im- ewe” 
ported oil. The refiner’s acquisition cost for Average ------__ 8.84 13.48 10.89 
imported oil rose from $3.92 per barrel in 1977: 
May 1973 to $13.71 per barrel by December pry ---- 7 7 ose bE if 
1976. That trend continues upward as evi ———————————————_-
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| Entitlements.—Subsequent to adoption of EPCA permitted adjustments in the first— 
_ the two-tier pricing system, in November sale price of domestic crude to take into 

1974 FEA initiated the entitlements system account the impact of inflation and as a | 
under the Old Oil Allocation Program (CFR production incentive. For example, if cur- 

_ 211.67). Every refiner had to have an enti- rent production from a property exceeds 
_tlement to Pees a barrel of old crude on 1972 base production control levels (BPCL) 
as a percentage Of. crude processed for the property, the excess production qual- 
(that is, the total runs to stills) of old oil, jifies under the new regulations as upper 
imported oil, and domestic exempted oil. tier crude oil. In 1976, however, the FEA 
The price of an entitlement fixed by FEA, is clamped ceilings on crude prices and the 

_ defined as the exact differential as reported freeze continued into 1977. The impact of 
for the month between the weighted aver- this freeze in 1976, is shown in table 55. 
“age delivered Cost Ber barrel to refiners of _Data on prices of selected crude oils and 
both imported crude oll and stripper crude oducts are given in tables 56-57. 
oil, and the weighted average delivered cost. In the United States, gasoline outweighs 
per barrel to refiners of old oil, less 21 cents. 41) other products in terms. of volume pro- 
Each month, FEA calculated the amount of . | . | 

4 duced and relative importance in the refi- 
old oil produced as a percentage of total nery mix. Prices of gasoline have continued 
crude oil processed. If, for example, the old d al ‘th risi ude oil ori 
oil ratio was 40% and a refiner’s old oil The ax ong Wl statin crude f vlan. 
ratio was 60%, this refiner would have to “de easel; se (inch ai oe tux ce “h regular | 
buy entitlements equal to 20% at prices set ee ade 1606 ine (inclu allo es) Dee saber 

_ by FEA from those refiners with less than '70™ 44.20 cents per gation tee on Denon 
40%. An entitlement purchased at $5.00 1, 1978, to 53.15 cents per gallon on Decem- 
would entitle the: purchaser to process 1 ber 1, 1974, to 59.42 cents per gallon on 

barrel of old oil at about $5.03 per barrel, .so December 1, 1975, and to 60.61 cents per 
that the effective cost would be about $10.08 8allon on December 1, 1976, according to 

_ per barrel for the 20% over the old oil ratio. Platt's Oil Price Handbook and Oilmanac, 
The Energy Policy and Conservation Act 1976 edition. oe 

(EPCA) amended the Emergency Petroleum _ Shown in the following tabulation Gn 
Allocation Act of 1973 (EPAA) by adding a dollars per 100 gallons) are some compari- 
new section that setforth a “new” crude oil] sons in selected cities of prices of No. 2 

| pricing policy, which required the President home-heating oil between the 1972 yearend 
to adopt implementary regulations designed and January 1977. These intervals indicate 

to result in the maximum weighted average the impact of the pass-through policy on 

. first-sale price during the month of Febru- retail prices. Between January 1974 and 

ary 1976 of $7.66 per barrel, as stipulatedin January 1977 the U.S. average rose 38% 
the EPCA. In subsequent months, the from $32.89 to $45.42 per 100 gallons. 

- Standard metropolitan - December January January January January 
statistical area 1972 1974 1975 1976 1977 

‘US. average ea $19.72 $32.89 $37.84 $41.46 - $45.42 

Bakes BR BR Ee RR M ww ° . ° . . 

Chicago and Northwestern Indiana _____—_-~- 18.65 31.66 33.96 43.73 43.54 

waukee _. ~~ e . . . . 

Minneapolis - St.Paul ___.___________-- 18.06 34.74 35.72 40.13 44.91 
New York and Northeastern New Jersey _—---~- 20.40 36.90 40.04 34.82 47.71 
Philadelphia ____________-__--_-__-- 19.23 31.30 37.96 43.52 45.08 
St.Louis _____________-____--__---- 19.49 33.72 37.91 40.98 | 44.62 
Washington, D.C ____________-__--__- 19.78 33.30 40.82 41.99 47.09 
Seattle ______________--___------- 22.17 33.50 38.20 44.98 47.32 

Q | |
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Figure 7.—Quarterly prices of Bunker “C” and No. 2 distillate fuel at New York Harbor, 
No. | range oil at Chicago district, and regular-grade gasoline at refineries in Oklahoma, 

| by quarter. 

Residual Fuel Oil Prices.—The price of The average price per barrel for 0.3% sulfur 
Bunker “C” fuel oil at New York Harbor No. 6 fuel oil high pour in the New York 
has been in an uptrend since 1972; from Harbor cargo market since 1972 follows: 

$3.45 per barrel at yearend 1972, to $5.42 
per barrel by December 1973. By December | 
1976, the price was $11.85 per barrel. The ig gg. ggg 
trend of Bunker “C” prices for 1968-76, 1913 @-~~~~~777T7T2To Too ia 16.48 
inclusive, is shown in figure 7. 1975 «dB 

Unlike the use of Bunker “C” fuel, use of 1916--------------------------- 1249 
| No. 6 residual fuel oil is restricted to 0.8% 

sulfur in many communities along the east- The price at yearend 1976 was $14.35 per 
ern seaboard, New York City is an example. _ barrel for No. 6 high pour, 0.3% sulfur.
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| | | FOREIGN TRADE | cs | 

_ Exports.—Exports, which comprise only was landed in 1976 in PAD district V for use 

1.8% of total demand, totaled 81.6 million by west coast refineries. About one-third of 

barrels in 1976 or an average of 223,000 bpd. all crude oil imports or nearly 1.8 million 

This is an increase of 6.5% over 1975 when bpd was received at gulf coast portsin PAD | 

exports averaged 209,000 bpd. Virtually all district Ill, and more than one-half of that — 

of the 2.9 million barrels of crude exported crude oil was obtained from two countries; 

was destined for Canada and Puerto Rico. 542,600 bpd originated in Nigeria and 
In the products category, some 78.7 million another 456,400 bpd were imported from | 

| barrels or 215,000 bpd were exported and Saudi Arabia. Nearly 138,000 bpd were 

petroleum coke accounted for 46% of petro- obtained from Algeria and imports from 

leum exports. Coke, which is a surplus ian “0 Nb district III averaged about 

commodity in the United States, is sent , 7 
primarily to Japan, the Netherlands, West Even more important to crude supply are | 

=. Germany, and Canada where it is used imports of foreign crude into PAD district I. | | 

extensively in the metallurgical industries During 1976, imports of crude averaged 1.4 

' of these countries. an othe: a *  eaport to vefinedt ee AD 
Lubricants from: the United State of the crude ol 1mpo refineries 1 

shipped to virtually every country through. «istrict I in 1976. More than one-half of 
| out the world, and in 1976 there were.9.5 imports came from Saudi Arabia and Nige- 

| million barrels exported from the United ™®. Algeria and Venezuela supplied an- 

© States. Lubricant exports from the United © other 20% a the SEE nig | ed 2 

= States, however, have been in a downtrend Imports of petroleum products averag 

i because new — refineries constructed in — te bp ané residual ae accounted | | 

: ‘foreign countries included facilities for the 10 be - tt Pe “ts near Y ed. V 0 Ones | 

: manufacture of lubricating oils and greases; lied’ of product hird f . Venezuela | 
h hrink in th k od. Supplie nearly one-third of the residual | 
ence, a shrinkage in the market for pr 

sees trom the United States In 1967, for {el _oil imported into district I, and the 
| example, ex | rts for lubric an ts raged Virgin Islands and the Netherlands Antilles 

Te a he fubricants averaged combined imports supplied another 36%. 
. oe 6 bpd compared ‘with 25,943 bpd in torts of residual fuel oil were received in 

| E " rts of tr she ical | feedstocks _. district I from 37 countries of origin in 1976 

- 1976 = ° th for ETA 4.000 b is iN and reflects the rising demand which ac- 

13.7% ef shi nts. : to : fe ”. arreis OF companied the severe winter weather in the 

| ‘1% of shipments: to foreign countries. Widwest and the Northeast. Also, the lack 

Included in this category are carbon black of natural gas triggered increased use of 

| feedstock oil, naphtha of less than 400° F fuel oils as a substitute fuel in 1976. | 

end point, and many other unfinished hy- = Some 49 million barrels of distillate fuel 
| drocarbons suitable for petrochemical ma- i] averaging 134,000 bpd were imported 

nufacture. Exports of liquefied gases totaled into district I, and 62% of this volume was 
nearly 9,000,000 barrels and were shipped received from the Virgin Islands. Likewise, 

_ primarily to Mexico from Texas by truck of the 146,190 bpd of motor gasoline import- 
transports. ed into district I, 60% came from the Virgin 

| Imports.—Reflecting an increase in re- [glands and another 29% came from Puerto 
fining activity, imports of crude oil in 1976 Rico. 

: rose 29.2% to 1.9 billion barrels or nearly In the aggregate, imports of both crude oil 

5.3 million bpd. In the products category, and products averaged 7,395,000 bpd in 

imports were lower for most products ex- 1976. Of this volume 6,111,000 bpd was | 

cept Kerosine, residual fuel, rm 400 bed and received from all Organization of Petroleum 

propane. increase 0 ’ in Exporting Countries (OPEC) sources, and 

residual a oil imports more than offset 3,323,000 bpd was received from OPEC Mid- 

sharp reductions in imports of gasoline and ‘dle East and North Africa as indicated in 

declines in imports of distillate fuel oil and figure 8. It should be noted, however, that 

jet juel. Saudi Arabia supplied more than not all of these imports were received di- 

1.9 million bpd or 23% of crude imports, and rectly from OPEC. For example, in the 

Nigeria followed with about 1 million bpd or petroleum products group some 1,050,000 

19%. Indonesian oil ranked third with bpd of petroleum products were derived 

536,000 bpd or 10%, and most of this oil from OPEC crude processed in refineries
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located primarily in the Virgin Islands and Production of oil has been declining in 
| in Puerto Rico. Only 515,000 bpd of products the United States. since 1970, creating a 

were recovered directly from OPEC coun- dwindling domestic supply. Meanwhile, de- 
tries. 2) a _. mand continues to trend upward; hence, the 

| The OPEC consists of 13 countries, 6 of need for greater imports. In 1976, imports | 
these are in the Middle East: Iran, Iraq, equaled 41% of.demand, whereas in 1970 
Kuwait, Qatar, Saudi Arabia, and the Uni- when crude. production peaked, imports 
ted Arab Emirates. Africa includes four accounted for only 24%. Furthermore, prod- 
countries: Algeria, Gabon, Libya, and Nige- ucts made up more than one-half (57.9%), of | 
ria. Ecuador and Venezuela constitute the total imports and residual fuel oil account- 
two countries in South America, and In-_ ed for 77% of the products segment. 7 
donesia in Asiacompletesthe group. —s_ . | _ 7
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WORLD REVIEW 

OPEC, which accounts for 90% of all took advantage of the comparatively cheap- 
crude oil in international trade, established _ er prices still in effect before the announced 
the price of Arabian marker crude at $12.38 price increases of January 1, 1977. 
per barrel as the posted price® and $11.51 The U.S.S.R. maintained its leading posi- 
per barrel as the sales price in October 1975. tion among world producers accounting for 
These prices remained unchanged through 10.4 million bpd, followed by Saudi Arabia 
yearend 1976. At the OPEC ministerial with its share of Neutral Zone production | 

ren eon December, Pi fe Janae * averaging a total of 8.6 million bpd, and the ~ 

1g a8 407 were proposed tor January 1, United States with production averaging 8.1 _ 
1977; however, Saudi Arabia, which cur- million bpd. For additional production fig- - 

rently produces about one-third of allOPEC ures on a country-by-country basis refer to 
output directed its influence in favor of table 62. - 

price moderation. The Saudi Arabian Gov- — More than half of the world output was 
ernment declared its motive in adopting a derived from the 13-member States of OPEC 
faith re ck poney Bs primarily an an of producing a combined average of 30.8 mil- | 

| al 1 2 bhe | ivi ° the Arepils oli lion bpd, for calendar year 1976 and surging 
son fli t in resolving e arabssrae’! to an average of 34.3 million bpd for the 
“The . ge “ month of December, preceding the price 

e December OPEC meeting was finally ..~ fth | 
concluded with the adoption of a two-tier  Combir ed © od vion f OPEC 
structure of oil prices effective January 1, N omibinec Pr ed 97 1 n ‘lion bod. - 
1977. Eleven members of OPEC increased Nations averaged 27.1 million bpd an in- 
the price of marker crude by $1.19 per Crease of 0.9 million bpd over 1975. While 

barrel or 10.3%, while Saudi Arabia andthe ™uch of this increase in production was | 
United Arab Emirates -raised the price of attributed to output from the U.S.S.R., pro- 
marker crude by $0.58 per barrel or 5%. duction from the | North Sea averaged over 
Prior to this dispute, Saudi Arabia, as -0.5 million bpd in 1976, about 300,000 bpd 

flexible producer, was able to. minimize Over 1975 levels. By 1977, North Sea pro- 
competition among OPEC members. When | duction should increase by approximately 1 
demand for OPEC crude was weak in-the . million bpd over 1975 output leading the 
recession of 1974-75, Saudi Arabia made non-OPEC world. in production growth by 
major cutbacks in oil production with the volume. - = so 
objective of preserving the cartel and main- Crude Oil Movements.—Crude oil consti- 

taining high price levels. With revenue tutes about 80% of all Western European 
requirements far below receipts, the Nation petroleum imports, re O° apanese petro- 
could tolerate reduced exports. By the adop- leum imports, and 75% of petroleum im- 
tion of the lower tier price level, Saudi ports of the United States. Crude oil move- 
Arabia had reversed its role. Saudi Arabia ments to these major markets totaled near- 
announced plans to increase production and ly 22 million bpd in 1976. Nearly 60% of 
force the upper tier producers to cutback these imports were obtained from the Mid- 
production in face of their market disadvan- dle East. Excluding intra-European ship- 

tage. The longevity of the two-tier pricing ments, Western European total crude im- 
structure is subject to the supply-demand ports averaged 12.1 million bpd with the 
outlook for OPEC oil in 1977 as well as the Middle East supplying 71% or 8.6 million 

_ frequently shifting political climate. bpd. The Middle East supplied 79% of 
Production.—World crude oil and field J. apanese crude imports or more than 3.6 

condensate production averaged 57.9 mil- million bpd. United States crude petroleum 
lion bpd, a record level surpassing the imports approached 5.3 million bpd, about 
previous high recorded in 1974 by 1.6 mil- 350, or near 1.9 million bpd was supplied by 

lion bpd, and surpassing output in the deep the Middle East. Saudi Arabia supplied 
recession year of 1975 by 4.5 million bpd. more than 1.2 million bpd. Other major U.S. 
duction averaged only 56 of toe ‘ppd Sat crude suppliers were Nigeria with 1 million 

surged to an average of 61.3 million bpd in PP¢ 44 Indonesia at 0.5 million bpd. 
the last quarter. Increased demand at year- —sprice used for calculating producing companies’ tax 
end was prompted by stockpiling as buyers and royalty payments on equity oil.
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Figure 11.—World daily petroleum demand, 1976. 

Transportation.—With the exclusion of newly commissioned tanker capacity, 13.5 
nearly 46 million dwt in combined carriers, million dwt was in the range of over 200,000 
the world tanker fleet totaled 321 million dwt and up to 285,000 dwt, while 14 million 

dwt at yearend 1976 representing a net dwt was in the range of 285,000 dwt and 
: increase, after losses, scrappings, and con- over. 

versions, of 29 million dwt over the previous Voyages from the Middle East occupied 
year. Over 31% of the world tanker tonnage 178% of the oceangoing fleet. Voyages from 
sails under the Liberian flag followed by the Middle East to Europe alone occupied 
registries in Japan and the United King- 41% of the total oceangoing fleet,. while 
dom, which account for 10% and 7%. Tank- voyages between the Middle East and Japan 
ers over 200,000 dwt and up to 285,000-dwt occupied 11%, and voyages between : the 
capacity constitute 43% of the total tanker Middle East and the United States occupied 
fleet. Since the closure of the Suez Canal in 9%. Movements on the Mediterranean Sea 
1967, most of theenew tankers under con- were reduced when Iraq discontinued ex- 
struction were in this capacity range. In ports from Banias and Tripoli in April. The 
1976, however, of the 40.4 million dwt of Saudi Arabian crude exports through the
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Tapline terminal at Sidon had been discon- million bpd, and capacity utilization is esti- 
tinued in 1975 and were not renewed during mated at 90%. Japan, where refining ca- 
1976. Movement through the Suez Canal in pacity totals 5.5 million bpd, operated at 
1976 was limited to laden tankers of no 80% capacity. Refining capacity in the 
more than 70,000 dwt. Laden tankers trans- Western Hemisphere totaled 26 million bpd. 
iting the Suez Canal totaled an estimated 35 Nearly 16 million bpd refining capacity is in 
million dwt in 1976. Tankers return- the United States, over 2 million bpd in 
ing to the Persian Gulf in ballast totaled an Canada, and nearly 1.5 million bpd in Ven- | 
estimated 100 million dwt in 1976. ezuela; refineries operated at 85%, 80%, 

Two new Middle Eastern pipelines should and 60% capacity, respectively. 
be operational in 1977; the Sumed pipeline Consumption.—World petroleum  con- 
connecting the Gulf of Suez with the Medi- sumption increased by an estimated 4.9 
terranean Sea and the Iraq-Turkey pipeline million bpd, raising total consumption to 
connecting the Iraq oilfields to the Mediter- 57.9 million bpd in 1976. Consumption lev- : 
ranean outlet of Dortyal. When these pipe- els in major industrial areas increased as 
lines are operational, Mediterranean tan- the various economies adjusted to the petro- 
ker traffic will significantly increase. In leum price burden. Western European con- 
1977 the Trans-Alaska pipeline will be op- sumption increased by 127,000 bpd to 12.2 : 
erational increasing tanker activity along million bpd, and the United States increas- 
the North American west coast and through ed by 940,000 bpd to 17.4 million bpd. 
the Panama Canal. Australia.—Restrictions on foreign in- 

Five United States west coast ports can vestments and a price ceiling of less than 
accomodate tankers of 100,000 dwt or bet- $3.00 per barrel on Australian crude result- 

ter. The largest of these is at Ferndale, ed in a sharp decline in exploratory and 
Wash., accomodating tankers up to 150,000 development drilling. In 1972, a total of 139 | 
dwt. Most United States gulf coast and east’ exploratory and development wells were 
coast ports, while serving the more heavily drilled. By 1976 drilling activity was re- 
populated areas of the United States, can duced to 19 exploration wells and 14 devel- 
only accomodate tankers of 50,000 dwt or opment wells; consequently, crude reserves 
less. Without lightering and transshipment had dropped to 1.4 billion barrels, about 
facilities, importers could not benefit from 50% the 1972 reserve level. The Australian 

the economic advantages realized in using Government has reassessed its program and 
very large crude carriers for long distance a more favorable investment climate is | | 
hauls. Transshipment terminals, operating expected. 
at Curacao and at the Grand Bahamas Australian crude production averaged 
Island, were joined in 1976 by the new 417,000 bpd, the bulk of which was derived 

Bonaire terminal in the Netherlands Antil- from the Esso-Broken Hill Pty, Ltd. oper- 
les. The construction of two superports off ations in Bass Strait where output from the 
the gulf coast of the United States was Kingfish, Halibut, and Barracouta fields 
under consideration in 1976. totaled an average of 385,000 bpd. Two new 

Refining Capacity.—Total world crude fields were under development in this area. 
oil refining capacity was estimated at 75.2 The Mackerel field, with crude reserves of 
million bpd by yearend 1976 representing a 200 million barrels, was scheduled to enter 
3.4 million bpd increase over 1975 levels. production in 1977; production at full de- | 
About 0.9 million bpd of new capacity is velopment was estimated at 70,000 bpd. The 
attributed to the United States, almost 0.4 Tuna field, with crude oil reserves of 40 
million bpd to the People’s Republic of million barrels and natural gas reserves of 
China, about 0.3 million bpd to the U.S.S.R., 500 billion cubic feet, was scheduled for 
and over 0.2 million bpd for both France production in 1978. It was reported that at 
and Italy. The Eastern Hemisphere, with full development, the field should produce 
major refining centers in the Common Mar- 23,000 bpd. 

ket, in the U.S.S.R., and in Japan, account- France.—Domestic production averaged 
ed for 65% of total world refining capacity 21,000 bpd accounting for about 1% of 
or 49.2 million bpd. Most Eastern Hemi- France’s petroleum consumption require- 
sphere refineries operated well below ca- ment. 
pacity. In the Common Market, where re- Offshore exploration in the Mer d’ Iroise 
fining capacity totaled 17.3 million bpd, proved promising, but further activity in 
crude oil and blendstock throughput repre- this area has been suspended pending a 
sented only 60% of capacity. Refining ca- decision by the International Arbitration 
pacity of the U.S.S.R. is estimated at 9.5 Tribunal as to the median line between the
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French Mer d’ Iroise and the British Celtic The new contract terms increased the Gov- 
Sea. ernments income by $640 million in 1976, 

In January 1976 the French Government _ but at the same time reduced the operators 
approved the merger of State-owned Enter- cash flow. As a result, exploration and 
prise de Recherches et d’Activités Pétro- development activity dropped significantly 
lierés (ERAP) and Société National des by yearend. During 1976 there were 142 
Petroles d’Aquitaine. The new company is exploratory well completions, a decline of 
registered as Société Nationale Elf-Aqui- 22% from 1975. Total footage drilled was 
taine (SNEA).. 748,285 representing a 31% decline from 

| In mid-1976 Port Autonome du Havre 1975. In spite of reduced drilling activity, 43 
opened its superport facilities at Antifer new oil and gas wells were discovered for a 
about: 15 miles north of Le Havre. Antifer success ratio of 1.3. Development drilling 
can accomodate tankers of 550,000-dwt ca- footage was reported at 1,549,699, also an 

| pacity and can be made to accomodate appreciable drop from 1975 levels. Reduced 
tankers of 1,000,000-dwt capacity when the exploration and development activity will 
need arises. Tankers calling at Antifer off- probably continue in 1977, but a reversal 

load petroleum for French consumption or might be anticipated by 1978, asthe Indone- - 
use the facilities to transfer the petroleum sia Government announced that contract: 
to smaller tankers for delivery to other modifications allowing for exploration in- 
European ports of more limited tanker ca- centives would be forthcoming in 1977. 
pacity. | Indonesian crude oil production averaged 

India.—Production from the Bombay over 1.5 million bpd, representing a 15% 
High offshore structure averaged 17,000 bpd increase over the 1975 level. The adjust- 
for calendar year 1976 raising India’s crude ment of Indonesian crude prices to more 
petroleum production to an average of competitive levels contributed signficantly 

| 177,000 bpd for the year. By yearend, how- to increased demand and the consequent 
ever, output from Bombay High approached increased production. Companies from the 
35,000 bpd, by yearend 1977 output should United States accounted for 85% of total 
reach 80,000 bpd, and at full development in production. Affiliates of Texaco, Inc. and 

1979, the field should average 200,000 bpd. Standard Oil of California alone accounted 
The Bombay High structure contains for 56% of total production. 
proved reserves of 1.5 billion barrels or half Productive capacity of Indonesian fields 
of India’s total proven crude petroleum approximated 1.75 million bpd in 1976, but. 
reserve of 3 billion barrels. should increase to 1.8 million bpd in 1977 

The Indian Oil and Natural Gas Commis- when additional capacity becomes available 
sion (ONGC) has reached agreement on the from Cia. Francaise des Pétroles and Atlan-. 
acquisition of the Caltex Oil Refining Co. tic Richfield Co. operations in East Kali- 
and the marketing firm, Caltex (India) Ltd. mantan, from Phillips Petroleum Co. oper- 

for $14.6 million. Government policy favors ations in Irian Jaya, from Independent 
discouraging foreign equity. The Caltex American Petroleum Co. operations in the 
acquisition followed similar actions by Java Sea, and from Pertamina and Caltex 

ONGC in recent years with holdings of Esso Pacific Indonesia operations in Sumatra. 
Eastern Inc., Royal Dutch/Shell, and Crude petroleum exports were revitalized 

Burmah Oil Co., Ltd. in 1976 averaging well over 1.2 million bpd. 
Indonesia.—Liquidity problems of the Japanese and U.S. markets absorbed 43% 

State oil and natural gas company, Pertami- and 41%, respectively, of all Indonesian 
na, prompted the Government to seek a_ crude petroleum exports. Eight refineries 
source for rapid cash receipt. One avenue with a combined capacity of 523,000 bpd are 
was the renegotiation of long-standing con- owned and operated by Pertamina, inclu- 
tracts with foreign oil companies. General- ding the 100,000-bpd-capacity Cilacap refin- 
ly, the existing production sharing con-_ ery inaugurated in August 1976. Indonesia’s 
tracts designated 40% of production for only other refinery is the 4,000-bpd-capacity 
investment recovery, 20% for delivery to refinery at Cepu operated by the Oil and 
Pertamina refineries at 20 cents above pro- Gas Academy (Lemigos). Overall refinery 
duction cost, and divided the remaining output in 1976 averaged 310,650 bpd. This 
production 65%/35% in favor of Pertamina. includes 83,000 bpd processed by two Singa- 
Revised contracts were signed in midyear pore refineries under special arrangements 
and were retroactive to January 1, 1976. with Pertamina. Petroleum product exports 
The new contracts essentially directed 89% averaged 100,000 bpd. Product exports were 
of foreign company income to Pertamina. almost entirely residual fuel processed
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from Minas Sumatran crude for direct- years. In line with increased domestic cou- | 
burning power generation in Japan. sumption, the domestic refining capacity 

Iran.—The petroleum industry is dedica- will be raised from 750,000 bpd in 1976 to 

__ ted to sustaining high production levels for 980,000 bpd in 1977, and to 1,450,000 bpd in 
- . as long a period as possible, and to maximiz- 1981. Additional refinery capacity will em- | 

ing ultimate recovery by reservoir pressure Phasize production of middle distillates as 
maintenance. The goals were reinforced in this e oup ebresents 55% of Iran’s con- 
1976 as the initial phase of the $2.5 billion, SUMption pattern. 
13,000. million-cuble-foot-per-day gas rein- construction of pre Sr 0d0 bpd capacity 
sacti | : | abriz refinery continued on sc e an 
Injection wells were drilled inthe Haft Ke] completion was anticipated by April 1977. | 
field where 400 MMcf per day of gas was Ae ee Ty will Process crude roma the 
injected. The gas was transported through a pulon 1n northwes OA-§ . ae wo og. Iran. In December 1977 ground breaking 

‘inch pipeline connecting six wells in the ceremonies launched construction of a , 
Naft Safid field to the Haft Kel field. By 200,000-bpd-capacity refinery at Isfahan 

yearend gas injection also commenced at me first of two 100,000-bpd-capacity distil. 
Gachsaran and Agha Jari, Dome and asso- lation columns and supporting units will be 
ciated gas from the Pozanan field was the operational in the spring of 1978, and the 
supply source for gas injection programs in second will be operational in the fall of the 
the Gachsaran and Aga Jari fields. A gas game year. The Abadan refinery was under 
injection project was scheduled for the Pars expansion raising capacity from 450,000 bpd 
field in 1977, gas was to be delivered by an to 600,000 bpd by 1977. A 300,000-bpd refin- 
extension of the Haft Kel 24-inch pipeline. ery is planned for completion by 1981. The | 

Crude oil production for 1976 averaged location of this refinery has not yet been 
5.9 million bpd; however, near capacity announced. | 

peak production levels were reached in the Iraq.—Production averaged 2,415,000 bpd : 
fourth quarter when output averaged 6.6 for calendar year 1976; however, output in 
million bpd. Demand for crude registered a the last quarter surged averaging 3 million 
sharp rise at yearend as buyers attempted bpd in December. The bulk of crude output 
to stockpile as much crude as feasible in was derived from the Kirkuk complex fol- 
view of the announced January 1977 price lowed by production from the Rumaila and — 
increase. More than 90% of Iran’s output Zubair fields. Three new fields, the Buzur- 
comes from the Khuzestan fields in south. gan, the Abu Ghirab, and the Fauqi, were 
west Iran owned by the National Iranian pnder ¢ devempment in 1976. vnese vials are | 
Oil Co. (NIOC) and operated by the Oil /ocated in southern Iraq near the Iranian 
Services Co. (OSCO). Among the larger border. The Buzurgan and Abu Ghirab 
fields in this area are the Marun field fields entered production in October with 
where production averaged 1,340,000 bpd in Crude oil averaging 23° API gravity and 
1976, the Ahwaz field where production 3.7% sulfur. At yearend a commercial dis- | 

averaged 930,000 bpd, the Agha Jari field Sovery was announced near Al Qurnah. The 
where production averaged 850,000 bpd, and POW tHe f 9 pill NY be. n, ie Prod hetion 
the Gachsaran field where production aver- vacity i ° ti ted : t 350,000 be ueton Car 
aged 620,000 bpd. Production from the last PAyity,18 estimated at 350,000 § Pepe te over 

two fields reportedly would be appreciably transit fees and over prices on crude deliv- 
increased in 1977 as a result of the gas ered to the Syrian Homs refinery, Iraq 
injection progr am. . suspended shipments through pipeline from 

Of total Iranian crude production, at least Northern Iraq across Syria to the Mediter- 
400,000 bpd was derived from offshore wells. ranean terminals of Banias and Tripoli. 

NIOC has 50% interest in all offshore oil Crude petroleum output was rerouted | 
production. Companies producing in Trani- through a newly constructed 410-mile pipe- 
an waters are Lavan Petroleum Co., Irani- ine connecting the northern fields with Fao 
an Marine International Oil Co. , Iran Pan on the Gulf of Basrah. At Fao two subma- 
American Oil Co. and Société Irano-Itali- rine pipelines of 48-inch-diameter run a 
enne des Pétroles. length of 25 miles to four offshore loading | 

Crude exports averaged 5.2 million bpdin berths. Still another outlet for Iraqi crude 
1976. About 600,000 bpd was refined in Iran exports should be available in 1977, when 
for domestic consumption. Iran’s petroleum the 610-mile pipeline connecting Iraq fields 
consumption growth rate was anticipated to to the Port of Dortyol, Turkey is opera- 
be about 16% to 18% yearly for the next 5 __ tional.
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_ During 1976, two major discoveries on the Future expansion to a. 12-million-bpd ca- 

Norwegian Continental Shelf were an- pacityis programed. | 
nounced; Mobil Oil Co. announced a discov- At the December OPEC ministerial meet- 

ery in bloc 33/9 near Statfjord and Contin- ing, Saudi Arabia together with Abu Dhabi 

ental Oil Co. announced a discovery in bloc rejected the 10% price increase adopted by 

7/12 near Cod. | 11 other members of OPEC and launched a 

Statoil, the Norwegian State oil company two-tier price system by adopting a 5% 
is at least a 50% partner in all petroleum price increase effective January 1, 1977. At 

exploration and development activity. On the same time Saudi Arabia announced its : 

January 1, 1976, a State petroleum distribu- intention to increase production capacity 

tion company was formed under Norsk Olje from the 1976 level of nearly. 12 million bpd 

(NOROL), following the Norwegian Govern- to 16 million bpd by 1982... oe 

ment purchase of Norsk Braendselolje, _ U.S.S.R.—Production of crude oil and 

Norske OK, and Norsk Hydro A/S. | field condensate averaged 10.4 million bpd, 

Saudi Arabia.—The long pending take- maintaining the Nation’s lead in world 

over of the sole producing company in Saudi production of liquid hydrocarbons. The 

Arabia, the Arabian American Oil Co. (Ar- Urals-Volga region, which includes the ma- 

amco), had not materialized by yearend. jor producing areas of Tataria, Bashkiriya, 

Among the points still under negotiation and = Kuibyshev, accounted for nearly 4.5 | 

were the details of the management con- million bpd. Production from Western Sibe- 
tract. | ria followed with a reported output of 3.6 

Aramco reported the discovery of three million bpd. The largest field in Western 

new fields in 1976, located at Hasbah, Sha- Siberia is Samotlor where output from more 

rar, and Suban. Aramco’s net addition to than 1,000 producing wells totaled an aver- 

reserves at yearend were 2.3 billion barrels age of 2.2 million bpd in 1976. Soviet sources 

proved and 1.7 billion barrels probable. report the anticipated peak production of — 

Aramco reported proved reserves at year- Samotlor at 2.7 million bpd in 1977 revising : 

end at 110.2 billion barrels, and probable various earlier projections, while pro- 

reserves at 177.5 billion barrels. These fig- duction at. Samotlor rises to peak levels, 

ures are for Saudi Arabian reserves'and do development activity in Western Siberia = 

not include about 3 billion barrels of the continues: The following fields entered pro- 

Saudi Arabian share from the Neutral duction in. 1976: Kholmogorskoye, Severo- 

Zone. The Government of Saudi Arabia has Vareganskoye, Lokoskovskoye, Yuzhno Ba- | 

issued a less conservative estimate of lyskoye, Severo Pokurskoye, and Yuzhno 

proved reserves at 151.4 billion barrels. .  Surgutskoye. Soviet production goals for 

Crude oil production from Saudi Arabia Western Siberian fields are set at 6 million 

and from that Nation’s share of Neutral bpd by 1980, or nearly half of total Soviet : 

Zone production averaged nearly 8.6 million projected output forthat year. __ | 

bpd in 1976, a 21% increase over the 1975 Offshore production in the Soviet Union 

average. Peak production level was achiev- totaled 220,000 bpd of crude oil and field 

ed at 9.4 million bpd for the month of condensate, falling well below the 1976 
November as buyers accelerated crude oil planned goal. All Soviet offshore production 

purchases before the January price hike. is derived from Caspian Sea deposits, the 

More than half of Saudi Arabia’s 1976 largest of which is the Baku Archipelago, 

production was derived from the giant Gha- which accounted for 100,000 bpd or nearly 

war field which averaged 5.2 million bpd. half of the offshore output, followed by the 

Pressure maintenance techniques applied Neftianye Kamni field, which yielded about 

at Ghawar are the injection of saline aqui- 70,000 bpd. , 

fer water in the northern, eastern, and Offshore drilling activity has been 

western perimeters, and the reinjection of hampered by the lack of mobile drilling 

gas in the northern dome. A massive seawa- units often resulting in the time-consuming 

ter supply project is under construction to and costly construction of fixed platforms 

reduce dependence on aquifer water for for wildcat drilling. The Soviet Union's 

pressure maintenance. The seawater will be mobile offshore drilling capability is limited 

collected just south of Dhahran and trans- to four jack-up rigs. The Apsheron rig is 

ported via a 65-mile long pipeline. The only capable of drilling in shallow waters 

initial phase of the seawater pressure not exceeding 50-foot depths with a total 

maintenance program will be in operation drilling depth capability of 5,900 feet. The 

by 1978, when 4.2 million bpd of treated Azerbaijan rig can operate in water depths 

seawater will be available for injection. up to 66 feet with total drilling depth at
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10,000 feet. Recent additions to the Soviet Occidental Petroleum (UK), Ltd.; Getty Oil 
mobile rig fleet are the Netherlands built International (England), Ltd.; Allied Chemi- 

ozar jack-up rig and the Soviet-built cal (Great Britian), Ltd. and Thomson 
Baku jack-up rig; both rigs are capable of North Sea, Ltd., came onstream in Decem- 

| operating in 200 feet of water with a max- ber. Production from the Piper field is 
7 ‘Imum drilling depth of 20,000 feet. ‘© During anticipated at 250,000 bpd by yearend 1977. _ 

the 1976-80 5-year plan, the Soviet Union (Combined U.K. production from the North 
: intends to increase its mobile rig fleet to12. geg averaged 230,000 bpd in 1976. This 

ne we © Conpinn wen includes output from the five fields which 
; sne | lan Nea. entered production in 1976 as well as output 

Offshore production goals for 1980 have from the Argyll and Forties fields which 
| 7,000 bet Senward trom ened bpd to have been onstream since 1975. By yearend 

| were re rted "on the East Bank ‘of the 1976, daily production from these seven 7 Caspiar ioe ( ~ . fields in the North Sea was averaging 
pian near the Cheleken Peninsula, 500,000 barrels. The rate of producti | 

the Magyshlak Peninsula, and the Buzochi ©’ Fa ee ahaa Oma 
| Peninsula. The development of these fields, Sh0uld continue to climb through 1977 rea. 

: Lae ‘Latin felde.a<d ap. Ching a daily average well in excess of 
as well as several shut-in fields, and the 800.000 barrel bout half of the UK. 

. construction of adequate pipeline facilities (1 motion requirement, Two additional 
| , have been incorporated in the Soviet Un- fields nist! Send the ‘cl 0 adamion 

| ion’s long-range plans which anticipate Cas- “© ds; Thistle and the Claymore, were 
| pian Sea production at 440,000 bpd in 1985. Scheduled to come onstream late in 1977. 

Soviet sources report refining capacity at . Other significant developments in 1976 
9.5 million bpd. Total exports of crude include the conclusion of agreements on 

| petroleum and refined products averaged 3 State participation which in effect gave the 
‘million bpd. More than half of the petro- British National Oil Co. the right to buy 
leum exports or 1.7 million bpd were deliv- early 1.3 million bpd by 1980 at the pre- 
ered to other centrally controlled econom- _Vailing price, and the discovery of 12 new oil 
ies, while shipments to Western Europe and 2 gasfields bringing total discoveries to 

| averaged nearly 1 million bpd. . 73 since offshore exploration began in 1964. 
United Kingdom.—Five new fields came Venezuela.—Nationalization of the petro- 

onstream in the United Kingdom’s section leum industry was in effect as of January 1, 
of the North Sea during 1976. The Auk 1976, and compensation to foreign com- 

ce field, owned by Shell U.K., Ltd. and Esso panies and subsidiaries was $1.1 billion. The 
Petroleum Co., Ltd., entered production in transfer involved 5.4 million acres of con- 
February. Production at full development is cession holdings over 18 billion barrels of 

RIAA Rs nk ene ot re own y Mo roducing No a, ; wells, 1.5 million in refining capacity, 
ica Expioration te moras Eastern over 6,000 miles of pipelines, as well as 

, Ltd.; and the British Gas Corp.,came _ tankers, terminals, and other facilities. 
onstream in June. Production at full devel-  Petréleos de Venezuela (Petroven) is the 
opment is estimated at 100,000 bpd by 1978. State holding company for 14 new operating 
ae Gantrose | field, bee ty pe British companies. Production averaged 2.2 million 

rp.; oco U.K. Fretroleum, +» bpd, and oil sales were reported at $8.84 
Amerada Lap oration, Ltd.; and Texas East- billion. The Venezuelan Treasury’s share of 

Production at full development is estimated net sales he ‘the oil industry was Sore mai 
at 60,000 bpd by 1978. The Brent field, lion in 1976 and scheduled to increase to 

leum Co., Ltd., entered production in No- " 
vember. Production at full development will 1079; : :; lo Ri 
be 450,000 bpd. The Piper field, owned by 1980 V. Ta Nati Men 1d 19th ag he Mobile Rigs by
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: | |  JECHNOLOGY | ce 

During 1976, technological development The U.S. Energy Research and Develop- 
in production, refining, transportation, ment Administration (ERDA)* and private | 
storage, and marketing have contributed to companies tested downhole engines (electri- 
the efficient use of energy. The decrease in cal motors or turbines) to drive the drill bit. 
the time used in drilling the well helped to The method tested was an electrical motor 
advance production. Refineries are using for offshore directional drilling. The down- 
new procedures and processes to refine less hole and surface electronic package was 

_ desirable oil into desired products; some built to combine directional control with : 
products in demand, like gasoline, are being _ the ability to sense downhole parameters in | 
extended by adding methanol. Heat energy _realtime so drilling procedures change as 
is being contained as tanks, which store downhole conditions change. These at- 
petroleum, are being insulated to prevent tempts to improve the speed and accuracy | 
heat loss. A fuel oil additive to improve of drilling by putting the drill-turning mo- 
combustion and reduce pollution is being tor near the drill bit instead of imparting : 
marketed. The private individual can buy motion to the entire string of drill pipe is 
an oil filter with additives for the oil to done.as an economic basis."* 
increase the effectiveness of the oil. Stratapax is a polycrystalline. diamond 

Domestic production is dependent on the blank for drill bits, which is supplied by 
addition of new producing wells. The new General Electric Co. to drill bit fabricators. 
technological developments allow these Blanks made of Stratapax have proved 
wells to be drilled fast and in deep water in higher impact and abrasion resistant for 
the Outer Continental Shelf. longer bit life. The high abrasion resistance 
Computer assisted drilling technology is _ is due to the polycrystalline structure which 

being developed by Baroid Research to pro’ has no cleavage planes but many tiny, | 
vide the drilling rig operator with comput- randomly oriented crystals bonded to each 
erized well control. Applied drilling ‘tech- other. The drill bits made with Stratapax 
nology (ADT) service by Baroid is designed blanks can double the penetration rates of 
to help operators drill wells with optimum conventional bits in soft and medium-hard 
efficiency and minimum -hazards, through  stratas, but drilling problems in hard or 
accurate formation pressure control. The abrasive formations have not been solved." 
data recorded are utilized for normalized Exxon Corp. installed a production and 
drilling rates, total mud and mud weight drilling platform in the Hondo field. The 
available, continuous gas in mud, pump platform, set in 850 feet of water off Califor- 
pressure, casing pressure, mud viscosity, nia, has a total height of 945 feet, is in the 
and normalized shale density for variations Santa Yves unit with plans to drill 28 

in mineral composition. With these observa- development wells to a depth of 11,000 feet. 
tions mud properties can be established to Estimated production in 1978 from this field 
control formation pressure during trips, jigs 60,000 barrels of oil daily and 77 million 
prevent gas kicks and their control, while cubic feet of gas daily from three platforms. 
not exceeding the fracture gradient causing © Numerous technological advancements 
loss circulation problems. Functions moni- were realized in refining during 1976. Gulf 
tored by nondigital instrumentation and jj. Corp. and Mobil Oil Corp. developed 
manually monitored include formation den- technology which they claim would permit 
sity, penetration rate, formation drill abil- refiners to produce larger amounts of gaso- 

ity, cost per foot, lagged mud temperature line and middle distillates from crude oil by 
and resistivity, and formation pore pres; means of hydrotreating and fluid catalytic 
sure. cracking."® 

Computerized drilling permits optimiza- § Chevron Research Co. developed a process 
tion of the drilling process through rapid for catalytically reforming naphthas into 
data acquisition and analysis. Drilling costs _ ss 
are minimized by optimum bit weight and UNL Industries, ine. Applied Drilling Technology Unite; 

rotary speed for best bearing load and tooth BaygdPeoleum Services February 1076 pls. wear. Hydraulics are continuously optimi- on Oct. 1, 1977. 
zed by computer to determine slip veloci- 1$Qil Daily. Downhole Motors. No. 6,308, Jan. 7, 1977, p. 

ties, critical velocities, equivalent circulat- ® “4____. GE. Getting Into Oil Patch Business. No. 
ing density, pressure drops, and hydraulic 6,284, Jan. 2, 1976, pp.1-2. 
horsepower for best hole cleanout and mud py. samo Cone on Inporte: Mo. Gish rly 29 GoTo 
circulation." 1-2.
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motor gasoline blending stocks and aromat- §_In West Germany, an automobile fuel of 
ie chemicals. A bimetallic catalyst utilizes 85% gasoline and 15% methanol has been 
platinum and rhenium on alumina and _ tested. 

results in lower fouling rates and lower _ Energy efficiency is being extended to the _ 
catalyst costs. 3 loped by M bil oO tank farms at refineries by application of 

| new process develo y Nobu Vu insulation to petroleum storage tanks. Sev-— 
core i Abra Lene Sn % Mgh eral domestic companies gained experience 

| q yy gasonne } Bie Pp during the year in applying glass, polyure- 
of methanol through a pilot reactor using a : . 
zeolite catalyst. The company states that thane, and other foam insulation to petro- 
oe ySt Pany . leum storage tanks. It is reported that a 

the yield can be boosted to 90% of the input “~~. t . alized 
by using a secondary process. Mobil re- *!8nificant energy savings was realized on 
searchers estimated the production cost of heated tanks at which foam insulation had 
gasoline from coal-derived methanol is 5 been installed. oo 
cents per gallon.'* | . Two new products now available to the 

_ Advanced air emissions and water control public and industry are a time release 
systems, installed at the Amoco Oil Co.’s additive system to fortify an automobile’s 

_ petroleum refinery at Texas City, Tex., engine lubricating oil, and a fuel oil addi- 
resulted in a reduction in pollution from the tive to improve combustion and reduce 
plant. Electrostatic precipitators on the cat- visible smoke pollution. | 
alytic cracking units contributed to a 92% Monroe Auto Equipment Co. developed a 

- drop in particulate emissions from the re- time-release additive system packaged with 
finery over a 2-year period. The plant’s an oil filter that would extend the life of 
storm and waste Water processing system automobile engine lubricating oils. While 
pollutan ts dischars od from the re finery: ¢ 11 Monroe’s new filter cleans the oil, antioxi- 

In France, a new technique called hydro- avert are vole Beene ana Vv ecosity me 
pyrolysis was developed for cracking gas oil ~~" . _ . 
and naphtha feedstocks at high tempera- ow “nem teal Cor ° began marketing 2 
tures and pressures to produce large yields [¢W *©N¢ of combustion Catalysts, solvents, 

| of ethylene.** dispersants, and water-emulsifying agents 

use in petroleum refining during the year. Use of the product reportedly improves 
Nitto Chemical Industry Co., Ltd. of Japan combustion resulting in reduced fuel con- 
and Standard Oil Co. of Ohio (Sohio) an- sumption, reduced corrosion and slag de- 
nounced a new catalyst for Sohio’s acrylo- posits in boilers, and reduces noxious and 
nitrile process. : visible smoke pollution.?! 

7 NATIVE ASPHALT _ ) 

Bituminous Limestone, Sandstone, and 16031 and Gas Journal. Methanol-to-Gasoline Process 

Gilsonite.— Natural rock asphalt and lime- Adyances. V 74, No. 10, Mar. 8, 1976, p. 36. Design to 

stone rock asphalt were produced in Alaba- pest Technology Currently Available, Gets Most Sophist 
ma, Missouri, and Texas, and were used for cated Water Control No. 6,060, Jan. 14, Oi, BP. 56 bin 

. ° e e e Mil eerin, ews. ° 

roadbuilding material. Gilsonite was pro- New High-Yield Process V. 54 No. 45 Nov. 1, 1976, p18. 
i . i i ily. Foam Tan tion Subject of Many 

naive sephalts and related bitumens in MANO .SHi Mac iL We cumewe Bh ___—. ive Frac. e NCW rs 

“+1 Unique Feature. No. 6,095, Mar. 5, 1976, p.3. 
1976 was 2,011,500 short tons with a value 2ifmergy User News. Drew: Oil Additive Cuts Fuel Use 
of $17,647,000. 5%. V.1, No. 12, Dec. 20, 1976, p. 9.
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Table 2.—Supply, demand, and stocks of all oils in the United States 
(Thousand barrels) _—_- 

——«ditem”~=<“—s*~‘“‘“‘“‘=i=‘=;=;é‘;é‘«wNZS'C*;‘zTS!™”~*”~*~«*dTA'”C*«“‘CTN’”:;#O#~!#«*NOTIOP CO 

Domestic production: | | | : . | 
Crude oil ____________________.__ -.— 3,293,399 3,206,012 3,056,936 2,922,654 2,845,955 
Lease condensate ___________.~._______ 161,969 © 154,891 145,649 134,125 180,225 

I Natural gas plant liquids ________________ 638,216 634,423 616,098 595,958 587,045 
mports: . 

Crude oil ____________---_~~---____- 811,135 1,183,996 1,269,158 1,498,181 1,935,142 
Unfinished oils _____________________~- 45,705 50,161 44,228 12,985 - 11,735 
Plant condensate __________._____-____ 31,428 39,344 32,364 26,972 24,408 
Refined products _____________________ 847,046 1,009,992 885,200 672,197 698,644 Le 

Other hydrocarbons and hydrogen refinery 
input ___-------------------------- 10,118 10,716 13,057 13,779 18,949 

Total new supply __________________ 5,889,016 6,289,585 6,062,687 5,876,851 6,247,108 
Crude oil unaccounted for? ____§_/§_§_/§__________ +10,201 +918 "9,084 +6,048 + 28,079 
Processing gain _____________________-__ 142,161 165,488 175,255 167,782 174,675 - 

Total supply _____________________ 5,991,378 6,455,941 6,228,858 6,050,681 «6,449,857 
Change in stocks, all oi] ____________-_-_-_-- -84,968 +49,328. +65,339 +11,839 -21,145 

E Total disposition of primary supply _______ 6,076,346 6,406,613 6,168,519 6,038,842 . 6,471,002 
xports: ; 
Crude oi] ___________-~~-__--~-------- 187 697 1,074 2,146 2,941 
Refined products _______--_--~.~__-_-- 81,202 83,716 79,417 74,282 78,658 

Crude losses _______________~-~~___---- 4,641 4,897. 4,789 4,899 5,265 

Domestic demand for products: . oO - " 
Gasoline: , 

Motor gasoline _________.________.. 2,833,778 2,436,156 2,386,177 2,436,229 2,553,834 
Aviation gasoline ________-----_=--- 16,925 16,531 16,215 14,067 13,362 

Total gasoline ___________________ 2,850,708 2,452,687 2,402,892 2,450,296 2,567,196 

Naphtha-type ______.___.-_______- 88,495 79,220 81,171 76,543 72,713 
Kerosine-type ~—----------~------- 293,995 307,407 281,429 288,747 288,645 : 

Total jet fuel ___._________________ 382,490 386,627 362,600 365,290 / 361,358 
Ethane (including ethylene) _____________~- 106,201 119,443 124,582 124,548 132,707 
Liquefied gases _~__-__._____________--- 413,649 409,318 388,503 361,897 § 381,263 
Kerosine —_ $$$ -- - _- -___~~.-___--_- 85,852 78,915 64,352 57,990 61,920 
Distillate fuel oil _..._._._.___-_-_--------- 1,066,110 —-1,128,714 =1,075,916 ~— 1,040,571 1,145,645 
Residual fuel oi] _.._._._._____________--. 925,647 1,030,177 963,216 898,572 1,019,588 
Petrochemical feedstocks* _______________ 123,697 129,929 132,468 116,773 152,856 
Special naphthas ____________________- 81,866 32,230 31,976 - 27,490 30,109 
Lubricants ______§____.______________ 52,813 59,171 56,670 50,169 55,732 : 

_ Wax _-____ Le *§,409 6,941 6,801 6,076 7,210 
Coke ~~~ ee 88,276 — 95,156 87,056 90,048 89,091 
Asphalt ____§_§_______________ 163,788 182,602 168,733 147,384 146,763 
Roadoil] ~_-__________~_____ ee 7,538 7,832 6,881 5,453 3,647 
Still gas for fuel _._..§_.-._____________ --_- 170,993 176,758 175,724 175,351 180,666 
Miscellaneous products _______.._____-_- 15,284 18,934 24,263 32,674 47,464 
Plant condensate ____________________- _- 1,869 6,106 6,933 923 

Total domesticdemand _____________ 5,990,816 6,317,308 6,078,289 5,957,515 «6,884,138 

Stocks of all oils: , - 
Crude oil and lease condensate _._~_.~ ~~~ _ 246,395 242,478 265,020 271,354 285,471 
Unfinished oils _~_.__._______________-~ 94,761 99,154 106,031 106,352 110,488 
Natural gasoline’ ____________________- 4,802 6,160 6,480 6,217 6,649 
Refined products _____________-___-.-- 611,748 658,840 695,045 747,867 707,723 
Plant condensate wee ee 1,273 1,675 1,070 1,165 1,479 

Total ___-_____--------+--------- 958,979 1,008,307 1,073,646 1,132,955 1,111,810 

PPreliminary (except for crude oil and lease condensate production). 
1). S. Department of the Interior data for crude oil, unfinished oils, and plant condensate; U. S. Department of 

Commerce and Federal Energy Administration data for all other imports. Imports of crude oil include some Athabasca ydroc ns. ; 

2Represents the difference between total disposition and the indicated demand for crude petroleum. 
3U. S. Department of Commerce data. 
“Produced at petroleum refineries. Demand for ethane and liquefied gases used for petrochemical feedstocks are 

excluded. Demand data for these products for petrochemical feedstocks are included under the items “Ethane” and 
“Liquefied Gases.’’ 

5Includes isopentane.
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| CRUDE PETROLEUM AND PETROLEUM PRODUCTS 1001 

Table 4.—Supply, demand, and stocks of all oils in 1976, by PAD district. 

(Thousand barrels) 
en 

. PAD District . Total 

United | 1 rt mW IV Total Vv States 
eee rrr 

Domestic production: 
Crude oil and lease 
condensate _.2___ - 50,858 327,958 1,967,029 240,259 2,586,099 390,081 2,976,180 

Natural gas plant 
liquids ~~. ~______ 15,644 90,789 449,471 21,595 577,499 9,546 587,045 . 

Receipts from other a 
districts _.__.______ 1,225,330 957,560 101,122 38,957 7,558 59,419 a 

Imports: a eo, a 
Natural gasolineand —~——_. . : . 

plant condensate ____ 2,237 14,066 218 5,624 22,145 2,263 24,408 
Crude oil __ ~~~ ___ 517,840 366,107 651,511 19,878 1,555,336 379,806. 1,935,142 
Unfinished oils ______ 7721 16 3,750 _— 11,487 = —-_-248 11,735 
Refined products _____ 615,001 - 34,336 13,382 5,888 668,607 30,087 = 698,644 

Other hydrocarbons and . a 
‘hydrogen refinery input _ 1,015 712 8,609 151 10,487 3,462 13,949 

. Total new supply ____ 2,435,646 1,791,539 3,195,092 327,352 5,439,218 874,862 6,247,103 
Crude oil unaccounted for_- 1,045 34,350 6,015 1,760 43,170 -15,091 -— 28,079 | 
Processing gain .._____.. 25,374 56,713 57,161 3,668 142,916 31,759 174,675 

Total supply ______ 2,462,065 1,882,602 3,258,268 382,780 5,625,304 891,530 6,449,857 | 
Change in stocks, all oils? _ _ -13,944 -28,840 +25,397 +665 16,722  -4,428 -21,145 | 

Total disposition of 3 ; mo te, 
Ex supply _._______ 2,476,009 1,911,442 . 3,282,871 332,115 5,642,026 895,953. 6,471,002 

Crude oil _____.____ 304 2,226 411 _- 2,941 _- 2,941 
Refined products _____ 5,250 3,351 42,917 69 51,587 27,074 78,661 : 

Shipments to other . 
districts ~.__._______ _ 114,136 121,884 1,996,223 137,587 - 59,419 7,558 _— 

Crude oil losses? _______ 442 1,282 3,000 120 4,844 421 5,265 

. Domestic demand for . 
products: _ . 
Gasoline: © . . - 

Motor gasoline — ____ 872,817 878,271 345,728 83,039 2,179,855 373,979 2,553,834 
Aviation gasoline _—_ 2,766 3,684 3,134 777 10,361 3,001 13,362 

Total gasoline ____ 875,583 881,955 348,862 83,816 2,190,216 . 376,980 2,567,196 

Jet fuel: . 
Naphtha-type _ _____ 19,205 18,443 14,597 3,052 50,297 22,416 72,713 
Kerosine-type _ _ _ ___ 113,082 . 54,827 26,634 9,811 204,354 84,291 288,645 

Total jet fuel _____ 132,287 68,270 41,231 12,863 254,651 106,707 361,358 
Ethane (including 

ethylene) ________ 5,203 16,321 108,147 2,531 132,202 505 132,707 
Liquefied gases ______ 71,295 137,611 135,064 16,437 360,407 20,856 381,263 

_ Kerosine ____~______ 29,651 17,829 10,582 717 58,779 3,141 61,920 
Distilldte fuel oi] _____ 509,485 360,981 131,975 41,624 1,044,065 101,580 1,145,645 
Residual fuel oi] _ ___ _ _ 608,487 106,974 125,730 14,836 856,027 163,561 1,019,588 
Petrochemical 

feedstocks ________ 11,401 11,902 124,212 1,009 148,524 4,382 152,856 
Special naphthas _____ 8,413 10,109 8,373 108 27,003 3,103 30,106 
Lubricants _________ 22,075 12,917 — 14,431 798 50,221 5,511 55,732 
Wax ___ 1,928 1,368 2,852 175 6,323 887 7,210 
Coke ~~ __________ 12,123 34,109 25,451 3,036 74,719 14,372 89,091 
Asphalt ___________ 36,248 55,735 22,750 11,268 126,001 20,762 146,763 
Road oil ~.________ -- 2,607 211 438 3,256 391 3,647 
Still gas for fuel ______ 21,214 45,882 73,425 4,474 144,995 35,671 180,666 
Plant condensate __—__ — 923 _- -- 923 _- 923 
Miscellaneous 

products ________ 10,484 17,206 17,024 209 44,923 2,541 47,464 
—— ne 

Total domestic 
demand ________ 2,355,877 1,782,699 1,190,320 194,339 5,523,235 860,900 6,384,135 

———————— ————— ee 
Stocks for all oils: 

Crude oil and lease 
condensate _______ 15,255 83,074 128,931 16,598 243,858 41,613 285,471 

Unfinished oils ______ 15,731 23,738 41,906 2,645 84,020 26,468 110,488 
Natural gasoline and 

plant condensate _ — _ _ 22 2,717 5,182 155 8,076 52 8,128 
Refined products ____ — 203,969 184,411 229,999 17,971 636,350 71,373 107,723 i a La 

Total _._________ 234,977 293,940 406,018 37,369 972,304 139,506 1,111,810 
ee ne ee 

1Minus sign represents withdrawal from stocks, which is added to total disposition; plus sign represents stocks 
increase, which is subtracted from total disposition. 

2Estimated for individual districts I through IV.
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Table 5.—Supply and disposition of crude petroleum (including lease condensate) 
| in the United States 7 

| : | (Thousand barrels) a 

i 
. Supply and disposition 1972 1973 1974 1975 1976" 

Supply: oe | . . 
Production wee eee ee eee 3,455,368 3,360,903 3,202,585 3,056,779 2,976,180 
Imports* ee eee 811,185 1,183,996 1,269,155 1,498,181 1,935,142 

Total new supply _..__-____---------- 4,266,508 4,544,899 4,471,740 4,554,960 4,911,822 
— Stocks changes:? . 

Domestic crude _..____.----~-~---~----- -17,064 ~9,964 +13,758 +2,849 -146 
Foreign crude ____-...-------~+------ +3,811 +6,047 +8,784 +3,485 + 14,263 

Crude oil unaccounted for? ___.. -__...------ +10,201 +918 -9,084 +6,048 +28,079 

Disposition by use: - | | " 
uns of domestic crude _.___..-_-----~--- 3,473,880 | 3,359,946 3,168,596 3,047,014 2,989,129 

- Runs of foreign crude __....-./---------- 806,983 1,177,308: 1,260,130 — 1,494,412 1,921,111 
Exports* _.__________-~------------ 187 697 1,074 2,146 2,941 
Transfers: - - 

Distillate _...-.- 0... -2-___..-.-  . 944 ... 760 714 587 540 
- Residual ~..~____~_ 2 --_-~-----_-~-~- 3,322 6,126 - 4,751 5,616 6,298 

| Losses. _ -- -----+~--~--~-----~---+- 4,641 4,897 4,789 4,899 _ 5,265 

Total disposition by use woe eee 4,289,957 4,549,784 4,440,114 4,554,674 4,925,284 

| : PPreliminary (except for crude petroleum production). . ., 
1Bureau of Minesdata. ~= © : oS 
2Minus represents withdrawal from stock; plus represents stock increase. 
3Represents the difference between supply and indicated demand for crude petroleum. 
“US. Department of Commerce data. | | :
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CRUDE PETROLEUM AND PETROLEUM PRODUCTS 1007 | 

: Table 7.—Percentage of total U.S. crude petroleum produced, by State 

. State . 1972 1973 1974 1975 1976 

Texas________ eee Ti CDA 4000S 4000 
Louisiana ______________~____ ee 25.8 24.7 23.0 21.3 20.4 

_ California ~.0 22222 eee 10.0 10.0 10.1 10.5 11.0 
Oklahoma _______.___________-__-~__ ~~~ ee 6.0 5.7 O55 5.38 5.4 
Wyoming __________________-~ ee 4.0 42 4.4 4.4 4.5 
New Mexico ____._______. ~~ -L ee 3.2 3.0 3.1 3.1 3.1 
Alaska ~.2__ ee 2.1 2.2 2.2 2.3 2.1 
Kansas ____ ee 21 2.0 1.9 19 . 2.0 
Mississippi ___ .__________.-_-______-.~--___-.-__--- 1.8 1.7 1.6 1.5 1.5 
Utah ____ ee 8 1.0 1.2 1.4 1.2 
Colorado ___._______-__-. ~~ eee eee ti(‘<ié«‘ SD 1.1 1.2 1.2 1.3 ~ 
Florida _.0 0220 5 1.0 11 1.4 1.5 
Montana ______~_~ 2 1.0 1.0 1.1 1.1 1.1 
Mlinois ~~~ 5 ee 1.0 . 9 39 9 9 
North Dakota _______ Le 6 6 6 1 7 
Michigan __ 222-2 > ee 4 A 6 8 1.0 
Arkansas 5 5 ee 5 5 5 5 6 
Alabama _____~__~_ ~~ 3 3 A A 5 
Ohio___ ee 3 3 3 3 3 

Other States __. eee 1.0 9 9 1.0 9 

Total 2 2 LLL ___- = 100.0 100.0 100.0 += 100.0: 100.0 

Table 8.—Well completions in the United States, by quarter’ | - 

| | | lst = nd 8rd 4th __—s_—scfotal 
| . quarter quarter § quarter quarter Number Percent | 

1975: a | 
Oi] 3,742 3,525 4,012 5,129 16,408 44.0 
Gas*__ 1,782 1,469 1,984 2,345 7,580 20.4 
Dry _..--_~--- 3,035 2,971 3,183 4,058 13,247 35.6 —— 

| Total. 2222 Le 8,559 1,965 «9,179 11,532 37,235 | 100.0 

1976: . - 
Oil _---_.--_______-_ ~~ 4,496 4,282 4,073 4,208 17,059 42.9 . 
Gas?___ 2,266 2,061 | 2,380 2,378 9,085 22.8 
Dry ___---_-_-~--------- 3,465 3,211 3,196 3,749 13,621 34.3 . 

Total. ~~ LLL 10,227 = -9,554 9,649 10,335 39,765 100.0 

1Excludes service wells. Data by quarters adjusted to agree with annual totals. | 
2Includes condensate wells. 

Source: American Petroleum Institute.
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| | Table 9.—Well completions in the United States, by State and district! | 

. . State . d dist ch . 1975 a So (1976 a 
and distri eee OO. O OD 

° Oil Gas? _ Dry Total Oil Gas?  +#&£Dry Total 

Alabama __ ~~~ 20 26 . 64 110 29 36 68 183 
Alaska ___ 2 44 A 15 63 50 — Ll. Wl: 62 

| Arizona... ae 2 2 —- ae ee en 
Arkansas ~~ ~~~ _____ - 147 23 151 321 217 45. 168 - ~ 430 
California _____________ 1,854 . 46 304 2,204 1,833 76 289 - 2,198 
Colorado ______._____.__ ... 328 300 563 1,191 415 178 . 454 1,047 
Florida ______.~-_______ 15 _- . $1 . 46 ll __ 19... 30 

. Georgia. ___-_----_____ _— 3 3 __ a 4 OA 
Idaho __~~---~_~-i2_____ — __ 1 1. -— _— 2.55 2 
Illinois ~ 2 2 e ~ 460 5 491 956 © 159 12 542. 1,813 

. Indiana_ ~~ 145 17. 211 373 191. 23 271 ~°—s«485 " 
Towa... oe __ — _- _- — _— oO 
Kansas __ ~~~ ___ 1,094 488 . 1,527 3,059 1,478 . 540 1,694 3,707 | 
Kentucky __~~_________ 304 | 123 491 918 381 151 541." 1,073 

Louisiana: ms 
North ______-_______ - 402 413 413 1,228 454 808 454 1,716 
South. __.__ | 373 220 569 1,162 - 294 211. 5385-. 1,040 
Offshore _____._.___— 181 182 283 646 200 239 230 669 

~ Total Louisiana —__—__ 956 ss 815 1,265 3,036 948 1,258 1,219° 3,425 
. Maryland _____________ __ __ 1 1 __ 2 _— 2 

Michigan__ _~$_-9__________ 169 33 314 516 118 64 316 498 | 
‘Mississippi... _$_.___..____ 83 31 337 451 108 44 315 467 
Missouri ___.—____..__- 6. 1... 15 22 a 4 10 23 
Montana____.~2-~----2- 100 279 * ~~ 581 ~ 910 — 941 190: 391 672 
Nebraska. 2. 14 1 -. 263... . 388 81 2 233. 322 ° 
Nevada 2-5 5 -§ 5 _- __ 4 _ 4 _- __ 47 q 

. _ New Mexico: 7 | oo . a a, | 
/ West __-____________ 71 357 72 500 39 236 73 353 
: East $2 366 160 187 =~—s 718 363 114 158 ~=—-—s« 680 

. Total New Mexico____ 437 517°. 259 1,213 402 — 850 231 983 
po NewYork ___. 142 236 -- 16 394 . 188 © 855 67. 555 

. North Carolina -__-__-___ Le -_- 2 a -_- _- —= _- 
North Dakota —. .. ____.~- 69 ~__.._._ 188 207 93 DO 141 234 
Ohio. Le C-Cti‘ié«éi CD - §55 "115 1,220 640 1,121 158 1,919 
Oklahoma ______~______ 1,743 638 1,265 3,646 1,991 790 1,435 4,216 
‘Oregon ~~ __ __ _- _- __ __ __ oo 

. Pennsylvania ______._____ 691 640 68 1,399 651 565 46 1,262 
; South Dakota ~~ om) _— 19 24 - 4 _— 28 32 
* Tennessee __ 2 46 38 119 203 47 38 130 215 

Texas: 
District 01 ~. ~~ 2 499. 109 217 825 681 149 237 1,067 
District 02 ~~ ____ 108 323 347 778 101 327 323 751 
District 038 ~._._.._____ 378 213 392 983 246 283 446 975 
District 04 ~-§_-§_-§_~_____ 187 409 385 981 154 471 387 1,012 
District 05 ~~. ~~ 40 25 91 156 61 45 71 177 
District 06 ~___§-§_-_____ 152 70 148 370 162 104 124 390 
District O7B ~_________ 570 227 686 1,483 541 261 759 1,561 
District O7C ~_-._-_____ _ 516 293 314 1,123 422 300 363 1,085 
District 08 ~-._-________ 1,493 150 201 1,844 1,427 147 267 1,841 
District 088A ~_________ 931 16 243 1,190 687 38 248 973 
District 09 ~.____._-_- 982 84 528 1,594 1,061 124 648 — 1,833 
District 10 __._._______ _ 218 204 165 587 233 179 107 519 
Offshore ______--___— —_ 12 160 172 3 15 208 226 

Total Texas. ______ 6,074 2,135 3,877 12,086 5,779 2,443 4,188 12,410 
Utah __-_~_~_ 110 19 65 194 62 8 51 121 
Virginia __________---- 2 26 8 36 __ 7 4 11 
Washington ____________ _- —_ —_ —_ —_ —_ 3 3 
West Virginia ___________ 120 556 115 791 124 699 85 908 
Wyoming. ____.____-_ ~~ 620 78 565 1,263 416 80 470 966 
Gulf of Mexico, northern’ _ _ _ _ __ __ 32 32 —_ __ 30 30 

Total United States _ __ 16,408 7,580 13,247 37,235 17,059 9,085 13,621 39,765 

1Excludes service wells. 
2Includes condensate wells. 
3Gulf of Mexico, northern is a new area designated by the Bureau of Land Management for federally controlled Outer 

Continental Shelf (OCS) waters not previously mapped or leased. The area covers the Gulf of Mexico OSC waters off the 
States of Texas, Louisiana, Mississippi, Alabama, and Florida. 

Source American Petroleum Institute.
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Table 10.—Producing oil wells in the United States and average production 
/ per well per day, by State 

eee 
: 1975 1976 

a . Approxim- Average Approxim- Average - 
- State number of production number of production 

: per well . per well 
oil wells r day oil wells r day 

7 — Peear® — Garrelsy Piguet = Garrel) - an 

Alabama ______________________ 608 62.1 633 64.8 
Alaska _____ ~~ 205 947.2 - 181 _.. , 897.5 
Arizona_ ~~ 2 28 - 65.7 27 -. > §1.6 
Arkansas_ ~~ — ~~ 2» 5 7,308 6.1 7,529 69 

California: OS CO 
South _- ~~ 8,758 38.1 9,230 * 33.2 
Central coastal _.-___=____ ~ 6,108 33.0 5,910 31.8 

- East central _.§ 29 5 > 2 2 26,095 13.4 27,325: 14.4 
-- North ~~~ 68 19.4 69. 16.6 

Total or average California. ____.§~§_-_________ 41,029 217 42,534 21.3 
Colorado _ 2,450 45.1 2,827 40.4 
Florida __ =~ Le 143 822.4 . 148 849.5 
‘THinois ~~ 28,373 3.0 23,527. 3.1 
Indiana___~§_~_~ => 4,798 2.8 4,891 2.6 
Kansas __ = 41,945 3.9 42,240 3.8 
Kentucky __-_________________e 13,905 1.5 13,970 1.5 

Louisiana: =~ : | Gulf coast _____-__.--__--_----2-_------ 212,585 132.4 12,564 128.7 
-Northern_—__~-------~--~-----------.--. > 715,199 6.7 13,710 7.2 

Total or average Louisiana___________________ 227,784 64.0 26,274 61.4 
Michigan. _ ~~ 2 ~§ 5 ee 3,655 17.0 3,770 22.4 
Mississippi_________-~..- 2 22,237 ~ 56.9 2,212 56.6 
Montana ______ ~~ 3,247 28.3 8,309 . 27.4 
Nebraska_________--~__--.--------__-_--_ Le 1,190 14.5 1291.  —s-: 18.6 

New Mexico: FS . 
- Southeastern _.-_-__________ . 12,625 19.5 12,808 18.5 

Northwestern _________.---.---- ~~ 1,090 16.8 1,131 14.8 

‘Total or average New Mexico _________________ (18,715 19.3. 13,939 182 
New York _._____-________________ 24975 0.5 5,100. 0.5 
North Dakota __._-$_-_-_§_-§_-___________ ' 1,994 32.2 1,568 - 33.3 a 
Ohio. 16,611 1.6 16,761 1.6 
Oklahoma __ ~~ - 91,576 6.2 72,543 6.1 
Pennsylvania ___ $$ 2) 5 Lt 32,095 0.3 28,805 03 
South Dakota ____... 2 5 38 37.5 43 30.2 
Tennessee _._ > Le 172 11.5 215 8.4 

Texas: . 
District 01 ~~ 5 5 5 ee 10,546 4.8 11,138 5.4 
District 02 ~~» 5 4,544 41.2 4,381 40.7 
District 08 ~~~ 9,564 47.2 9,223 47.4 

- District 04 ~~ 7,097 17.2 6,170 17.2 
District 05 ~~ 22 5 5 2,573 21.6 2,543 20.6 
District 06, except East Texas _._______________ 4,961 44.6 5,017 42.1 

- East Texas__._ § 2 12,902 14.5 12,612 14.5 
District O7B ~~ $$ 5 2 ee 10,336 9.4 10,629 8.7 
District O7C ~.- $5 ee . 7,564 14.3 8,023 13.2 
District 08 .-.-.§_~§ $$ 36,337 19.0 35,969 19.0 
District 8A ~_-________-.__---__L eee. * 18,116 56.9 18,089 54.1 
District 099 ~.._-§ ~~» 5 5 24,419 4.3 24,928 4.1 
District 10 ~.. > 5 Le 11,644 4.9 11,824 4.8 

Total or average Texas _.___________________ 160,608 20.9 160,546 20.2 
Utah __-___ 1,323 96.6 1,188 974.7 
West Virginia _____.__._____.----_-__-----_- 213,750 0.5 13,800 0.5 Wyoming-________ ~~ 29 450 41.1 9,052 39.6 

Other States: . 
Missouri __ ~~ $$ ~~~ __ 163 1.0 173 1.0 
Nevada. ____~§ ~~~ 6 42.0 12 43.4 
Virginia _-__ ~~ 5 q 1.6 7 1.2 
Total or average ____§_____~§__~______ 176 2.8 192 3.1 

Total or average United States ________________ 500,333 16.8 499,110 16.3 
ee 

1Based on the average number of wells during the year. 
2Estimated by Bureau of Mines; all other data for producing oil wells furnished by State agencies.
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. Table 11.—Production and reserves of crude petroleum in leading fields in the 
2 United States. 

(Thousand barrels) 

. Production 
, Total . 

Field? 7 State a since Retamated 
1975 1976 discovery* 

Wasson ____. ~~~... Texas ____________ 93,763 91,226 1,064,112 444,464 
KellySnyder ________~-_-_--__- ~--.d0 ~~ 72,706 67,844 900,345 449,655 

| East Texas __-_____.-__-__.-__.. —~--do ~~ __ 68,731 67,094 4,877,540 1,622,460 
Wilmington ____..__-.-__-~-._-- California __..-___  _ 65,623 60,200 1,807,539 610,000 
Slaughter wee eee eee) Texas ~~ ee 46,250 43,689 685,354 314,111 
Hawkins _...--_.-----..--__ do Lt 40,750 40,446 616,893 455,107 
Midway Sunset __...-_..-_----.-~ California _________~- 37,080 38,317 1,303,042 380,000 
Jay .____.____..--_.-___.__._. Florida ~_..-_~____ 33,825 35,937 145,145 197,855 
McArthur River _._._._._...___._. Alaska_..________- 41,182 35,174 $29,391 173,000 
Sho-Vel-Tum _.__._._.._..____.___ Oklahoma _____-___ | 32,600 31,465 = 1,066,521 233,479 
Eugene Island Block 880__...._.._.___. Louisiana ___..____~_ 27,903 31,192 99,583 131,659 
Kern River _.._...--._._._._.__-. | California. ....___- 27,712 30,555 692,876 760,000 
Hastings, East and West ._..._._._... Texas ___.______-_- 27,936 27,512 558,439 197,764 
Yates __ 2 Ld Le 18,093 27,476 651,015 948,987 

Seminole All... -2--____ edo -L ee 28,929 26,514 269,790 189,210 
Webster _-___-__ ~~~. eee OL do 25,075 25,158 463,191 175,767 
Tom O’Connor 2-22 ee LL do WL ee 24,770 24,996 546,176 153,824 
Bay Marchand Block 2_._._....._.__.. Louisiana ___ ~~ __ 22,416 21,914 473,864 176,136 
Conroe ~~ Sté«‘CTT'@xtngu3 © Cee ee 21,375 21,091 583,125 _ 153,875 
Rangely —----- ee -----— ~=390—@ Colorado ~~~ 20,481 20,656 554,765 158,512 
Spra rry Trend _____________... Texas ____.___-_.. 18,611 18,108 416,352 93,648 

est Delta Block 30 __..._________- Louisiana __________ 17,731 16,768 346,961 103,039 
Greater Altamont-Bluebell _.._..__ —_ Utah _____ Le 22,115 16,382 85,595 308,618 
Cowden, South (Foster, Johnson) _._.__. Texas _._._-_.____ _ 16,010 16,290 331,913 68,087 
Levelland _..---..-_____-- edo 13,830 15,767 262,105 92,895 
Goldsmith All _.-..... 2 _.-_--- ~-—do ~_-__ ~~ _- 16,475 15,705 610,838 164,162 
Cowden North... -----.-_~ -—--.do____ ~____- 16,479 15,666 308,965 132,855 
Empire Abo _..___________..... NewMexico _______- 15,225 15,804 141,700 58,300 
Van and Van Shallow _.___________ Texas _______.____ 15,978 15,251 450,613 99,387 
Huntington Beach __.._.._______. California___._..____ 17,284 .14,991 955,955 120,000 
Grand Isle Block 48_....__._._.___. Louisiana _._.______~_ 17,592 14,781 196,042 ~ 174,030 
Thompson All _....-.___..._.-__.. Texas ~._________- 15,294 138,340 398,705 101,295 
McElroy woe eee dO ee 12,114 13,078 429,078 252,922 
San Ardo____- ~~. .--_____.._ California. _.__._____ 18,828 13,040 301,093 150,000 
WestRanch _..-_..-__.___.___. Texas _____-_ _.__. 13,834 12,637 297,883 70,117 
Caillou Island _....._._........_.. Louisiana _.._.._____ 14,035 12,479 543,412 178,486 

. Oregon Basin __._________..____ ©: Wyoming ___._____ 11,805 12,445 265,302 112,871 
Dos Cuadras _...2.--_.-___-__.. California... ___ 18,697 12,284 128,205 93,000 
Salt Creek -...-_-_-..___.___.__. Texas _.__...___-__ 11,726 12,234 150,623 79,377 
Vacuum —~.__~__________.___._.. | NewMexico _____-__. 12,519 11,822 299,327 100,673 
Elk Hills _._.__.-__..._________.  California__________ 708 11,250 295,800 1,000,000 
Cogdell Area. ~~ Texas _.. ~~ _-_ 13,163 11,174 212,255 107,745 
Panhandle __.§_-§____._ ~~ ue ~~--do ~_ 11,470 11,163 1,306,218 108,782 
Belridge South ___..______.___..  California_._.._____ 9,347 10,997 215,096 - 110,000 
Ventura __-___-__ LL do Le 11,286 10,841 815,474 86,000 

‘ South Pass Block 24 _.._____._____ Louisiana __________ 12,868 10,746 395,090 94,910 
South Pass Block 61 -.-_-.__-_.-_-_-__~ Le doe 3,619 9,918 20,925 81,193 
West Delta Block 58 ~~~. ~~~ Le do - ee 9,026 9,636 56,753 143,247 
Sooner Trend _......______..... Oklahoma ______-_- 9,140 9,550 218,104 45,896 
Middle Ground Shoal ____.._..___. Alaska_____._-___- 8,584 8,983 105,316 80,000 
Bell Creek _......___.__..__.__. Montana ___._____- 8,615 8,753 86,248 30,236 
Fairway wee eee ee Texas _.__.-__- 11,214 8,675 143,592 69,345 
Grand Isle Block 16_._...._._.._____. Louisiana __________ 11,377 8,200 230,629 119,371 
Greater Aneth __._____.-_.--___. Utah_ .________-_- 8,302 8,177 276,702 39,379 
West Delta Block 78 ......._...._. Louisiana _________~_ 8,268 8,035 144,522 130,478 
Antonlrish ~..-_-___.-______.____ Texas ____________ 7,416 1,831 88,974 25,865 
Swanson River _.__~ ~~~ _______ Alaska_ ~~~ _____ 8,676 7,736 170,835 52,000 
Fullerton All _..-___.__.._.____... Texas _________-__ 7,127 = 7,442 252,986 138,431 
Eilk Basin (Wyoming and Montana) __._._. Wyoming _________~_ 8,007 7,407 464,160 79,240 
Ship Shoal Block 208 _..._..._.._._. Louisiana __________ 8,361 17,378 108,245 116,755 
Howard Glasscock _.....-..._-___. Texas _.__________ 6,979 7,300 324,432 66,568 
South Pass Block 65 _..__._...__.___. Louisiana _...______ 8,471 7,114 61,778 128,222 
Salt Creek _..___.--_--...-__.. | Wyoming __________ 9,839 17,041 559,407 60,144 

1Fields under 7 million barrels not shown for current year. 
Includes revisions, if any. 

Source: Oil and Gas Journal. All figures are preliminary.



| CRUDE PETROLEUM AND PETROLEUM PRODUCTS 1011 

Table 12.—Estimates of proved crude oil reserves in the United States on December 31, 
by State? 

. (Million barrels) 

_—”sCs State S:”:~=<“Cs~s‘SCSC*;*;”:*CNGS!”!”*#*~*dCTS:!*#*#*#~«*UTAS~*~“«éCOTNSSCSt*C*<“C«éaTS | | 

Eastern States: | 
Illinois ~~~ ~~ > LLL 175 152 160 161 155 
Indiana _________~____~___ 29 27 24 22 22 
Kentucky —~_~___________________ 48 40 37 39 38 
Michigan _____~____~_2 62 72 82 93 139 
New York _~____________________ 9 8 11 10 9 
Ohio____~_~_~_~_~ LL 127 125 124 121 125 
Pennsylvania ______§___._~_~_~_~_~_ ~~ ae 37 40 60 48 51 
West Virginia _______________~___________ 34 32 32 32 30 

Total ~~ LLL 521 . 496 520 526 - §69 

Central and southern States: . — —— ee i 
Alabama __— ~_~§_§_~_~_~__~______ 57 54 69 61 53 
Arkansas ___ __§_§_§_§_$_____________ Le 113 106 106 96 93 
Florida _-_____~_~_~_~_~_~____ 208 184 303 263 250 
Kansas ___ > LLL 453 401 395 364 362 
Louisiana? __________~_________________ 5,029 4,517 4,227 3,827 3,471 
Mississippi ________._-~---~—~~---___i-__ 318 291 261 231 "214 
Nebraska ~9_§_§_§____~-~ ~~~ ~~~ Le 31 28 27 28 31 
New Mexico ______________~_____ 583 648 625 588 536 
North Dakota ... ~~ -_2 ~~~ ee . 166 179 173 158 150 
Oklahoma ____________~~.- ~~~ ee 1,303 1,271 1,232 1,240 ~ 1,187 
Texas? 12,144 11,757 —«:11,002 ~—=—10,080 9,226 

Total _-_--_~_~________ LL 20,400 19,491 18,420 16,9386 15,573 

Mountain States: - : . - oe . | 
Colorado _______—~___________~___ ee 326 305 289 276 252 
Montana ______§_~_~$_-_ Le 241 219 207 164 153 
Utah ________ LL - 244 264 251 208 183 
Wyoming _________________-__________- 950 917 903 877 828 | 

Total_____________________________ 1,761 ° ‘1,705 1,650 1,525 1,416 

Alaska __~ ~~~ eee 10,096 10,112 10,094 10,037 9,786 

California? ________.________________-__ 8,554 3,488 3,557 3,648 3,590 

| Total! ~~» Le 13,650 13,600 13,651 13,685 13,376 
Other States? ________________________ Le 7 8 9 10 8. 

Total United States ~---- +--+ =e +--+ 86,839 35,800 84,250 32,682  — 30,942 . 

1¥rom reports of Committee of Petroleum Rese rves, American Petroleum Institute. Included are estima tir ted quantities 
known reservoirs under existing economic and operating conditions. , 

2Includes offshore reserves. . 
3Includes Arizona, Missouri, Nevada, South Dakota, Tennessee, and Virginia.
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Table 13.—Refinery receipts of domestic 
. . (Thousand 

eee ea 

Total : Interstate 

on receipts atrae D . . 0 ntra- ri 
Location of refineries domes- state dis— — 
receiving crude oil tic receipts trict I, Iil., Ky., Nebr. 

crude Total Ind, Kans. Ohio, N.Dak Okla. - Total 
oil Mich. Tenn. S.Dak. a 

em neeenee CC CC LE LS OL SOT CTAS 

District I: oo. 

Oars are 2,060 448 | ' ang ~~. ’ -- -_~— oe -- — — -— 
. Florida, Georgia, : . 

Virginia ———’—_—___ 812 20 ee __ 
New Jersey _________ 9,864 _— 1,373 —_ -- — __ __ __ 
New York __________ —__ 17,530 __ — 3,853 _— a __ 311 4,164 
Pennsylvania: . 

East ~_-_________ 9,238 __ 149 _- __ _- __ __ __ 
West ______ 15,909 3,278 1,041 1,405 775 6,226 _— 959 9,865 

West Virginia ________ 6,061 2,476 — __ __ 3,585 - oe __ 3,585 

Total. _-________ 61,474 5,774 3,011 5,258. T15 9,811 _- 1,270 17,114 

District I: | Te 
Ilinois _______.____ 243,892 15,369 247 _— 719 __ 1,853 20,944 23,516 
Indiana ~..____..___ 141,545 1,838 255 2,924 3,987 809 6,024 16,644 30,388 
Kansas ____________ 129,010 54,877. . __ __ __ __ 794 21,321 22,115 
Kentucky and 
Tennessee _________ 39,221 3,526 4,547 7,251 __ 611 _- 61 7,923 

Michigan ___________ 34,327 22,123 _- 87 __ __ _- _ 87 
Minnesota and 
Wisconsin _________ 26,884 -- __ __ __ __ 7,097 1,976 9,073 

Missouri and 
Nebraska _~__~______ 32,058 . 66 __ ee le a 72 1,227 - 1,299 

' - North Dakota ________ 15,647. 14,362 __ ee ee a __ __ __ 
Ohio: . 

East _-_________ 6,908 64 _- 671 __ _- __ __ - 671 
West _._________ 120,693 85 303 10,599 __ ee —— 10,599 - 

Oklahoma ____._____ 165,083 116,512 oo _. 1,736 __ _- __ 1,736 

Total ___________ 955,268 228,322 5,352 21,5382 6,442 1,420 15,840 . 62,173 107,407 

. District II: . . 
‘Alabama —___~________ 26,883 3,062 16,252 _— __ 485 _- __ — 485 
Arkansas ____§_§______ 20,065 14,403 __ __ __ _ __ oe oe 
Louisiana ____.______ 465,607 364,405 — 15,988 __ — __ __ 1 1 
Mississippi ____._____ 55,925 15,695 368 _— __ __ _- _- __ 
New Mexico _________ 29,892 29,332 __ a __ mle __ __ 
Texas _____________ 851,712 727,736 2,921 _. 1,230 __ _- 7,214 8,444 

Total _._._______~_ 1,450,084 1,154,633 35,529 . _. 1,280 485 _— 7,215 8,930 

District IV: 
Colorado ___________ 17,982 7,526 _— __ __ __ __ __ _- 
Montana ___________ 27,134 10,067 _. __ a __ 5 __ 5 
Utah _____________ 44,848 18,419 - __ __ __ __ _. __ 
Wyoming ___________ 53,159 51,816 __ __ a _- _— __ _— 

Total ___________ 148,123 87,828 _— — _- __ 5 __ 5 

District V: 
California _____._____ 352,743 308,538 _- — _ — _- a __ 
Other States _________ 27,123 19,804 _— _— _ _ _- — _— 

Total _.._______. 379,866 328,342 _- a __ __ __ __ __ 

Total United ae 
States _________ 2,989,815 1,804,898 144,892 26,790 8,447 11,716 15,845 70,658 133,456 

Daily average _____ 8,169 4,931 123 73 23 32 43 193 364 
nl 

1Florida, 43,786; New York, 1,028; West Virginia, 78. 
2Alaska, 42,654; California, 2,336; Nevada, 123; Arizona, 45.
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crude oil in 1976, by State and PAD district 

barrels) , . 

ESAS SS sh 

receipts from 
a en 

District I District IV . Total —_———— pis inter- 
Ala., N trict V _state 
Ark., La. Mex Tex. Total Colo. Mont. Utah Wyo. Total total receipts 
Miss. ) 
SS Ernst sinew 

__ __ _- 1,612 1,612 _- __ __ _— _- -- 2,060 

705 87 __ —_ 792 __ __ __ __ __ __ ‘192 
__ 1,586 _. 6905 8,491 _- __ _- __ _- _ 9,864 
__ 6,154 _. 7,060 18,214 __ __ __ 152 152 _- 17,530 

193 526 _-. 8370 9,089 _- — _- __ __ __ 9,238 
_- 911 __ 904 1,815 __ 368 ___ 42 410 __ 12,631 
__ __ __ __ __ __ — _ __ __. _. 3,585 089 

898 9,264 _. 24,851 35,013 _. . 868 _- 194 562 __ 55,700 a OW ——— ll ee———_ —— 

| 2,953 38,633 25,688 116,201 188,475 1,089 7,713 1,086 11,397 21,285 _. 228,528 
~__ 14,6383 12,195 58,885 85,6638 630 =—- 7,422 _. 15,849 23,901 __ 140,207 
__ 672 _. 28,898 29,570 3515 935 53 17,945 22,448 __  _. 74,183 

212 16,942 _. 5,187 22,341 _- __ __ 884 884 __ _ 85,695 
__ 8,847 __ 198 3,540 __ __ __ 8,577 8,577 _- 12,204 

-- 100  __ 15,682 15,782 _. 2,029 __ -- 2029 __ 26,884 

__ _. 2,404 26,065 28,469 15 1,268: — 941 2,224 __ 31,992 
__ _- _- __ __ __ 1,285 ~. Le 1,285 __ 1,285 7 

_.- 4,891 __ 1,764 = - 6,155 a __ __ 18 18 _- 6,844 
4,106 43,928 1,765 55,878 105,677 __ 225 __ 8,804 4,029 __ 120,608 

oe 44 1,766 43,959 45,769 311 _- 155 _ 1,066 __ 48,571 —— Eee EL 

| 7,271 122,690 48,818 352,662 526,441 5,560 20,877 1,894 59,415 87,746 _. 726,946 cl cc hc Sth es) ih ch did —leeee——««=<=={_£_z—x—x—<_—_——_————————————— 

7,085 __ __ _- .- 7,085 _- _- _- __ _- _- 23,822 | 
__ 956 _. 4,706 5,662 _- __ __ __ __ __ 5,662 

11,586 __ _. 13,627 85,2138 __ __ __ __ __ __ 101,202 
__ 39,862 __ ~__ 39,862 __ - _- __ __ 40,230 

. 1 __ __ _- 1 265 __ 257 __. «22 37 560 
15,505 77,770 13,599 __ 106,874 1,486 _. 8,251 __. 4,937 __ 123,976 Oe ONG II 

34,177 118,588 13,599 178,338 244,697 1,751 _. 8,508 __ ‘5,259 37 295,452 — OOF 80, 208 EEE 

_- __ __ __ __ _- 83 3,037 7,336 10,456 _. 10,456 
__ __ __ __ __ _- __ _. 17,062 17,062 __ 17,067 
_- __ _- 91 91 18,512 __ _. 17,818 26,330 8 26,429 
__ __ __ __ _. 1,214 26 103 __ 1,343 __ 1,343 ei 

_. __ _- 91 91 19,726 109 3,140 32,216 55,191 8 55,295 Et EEO EDO aaaaaaeeee—E—E—EeeT—T—=z===z=zzz=z=—=aeeeEe oo 

_- __ __ _— __ 140 _. 5,792 _. 5,982 38,273 44,205 
__ __ __ __ __ _- 1 478 __ 479 ~—-6,840 7,319 oe ee LY 

_- __ __ _- __ 140 1 6,270 _. 6,411 45,118 51,524 ENO et aaaaaaaoaoaoaoaoaoaoaoooaoooooooooooNooeemmmmomoeE™ETETETETEEE 

42,346 250,542 57,417 455,987 806,242 27,177 21,855 14,812 91,825 155,169 245,158 1,184,917 
116 685 157 1,246 2,204 74 58 40 251 423 123 3,238 

eee
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Table 14.--Supply, demand, and stocks change of refined products, in 1976 
(Thousand barrels per day) 

| _ ‘PAD district = United 
- —— oT Il Ill IV LIV V States 

Supply: . . . 
Retin nery output — — — ~~~ ~~ TT 1,700 3,757 5,832 459 11,748 2,166 13,914 
Natural gas liquids output ______-___~ 43. 248 1,228 58 1,577 27 1,604 
Unfinished oil reruns. .__--_--_--__ -45 “1 41-7 “12 -8 20 
Other hydrocarbons and crude 

. transfers. .§_-________1 = _-= 3 4 29 1 37 20 57 
Receipts from other districts: 

District _.________________ __ 197 a __ __ __ 
District T2292 12 _— 127 64 ae __ _— 
District TI ~..-______________ 3,131 701 one ‘11 -- 76 _- 
District IV _______________-- a 26 8 _— -- 68 _— 

District V__._______-_-__-_-___- _. 2 8 20 __ _ 
Imports.______________-__-_---_ 1707 182 48 32 1919 89 2,008 

Total new supply ____..___.-__.. 6,611 5,064 7,315 636 15,289 2,438 a 17,563 
| Stock change!___________________-87 -19 +25 +43.  -88 -8 -96 

Total supply ________________ 6,648 5143 7,290 633 15,877 2,446 17,659 
Exports... -§ - -§ / - 5 5 ee 14 9 118 __ 141 74. _ 215 
Shipments to other districts: : 

isrictI___________-_______ __ 2 3181 __ __ __ __ | 
District 0 ~~~ ee Le 197 __ 701 &# 26 _— — _- 
District TI... _. _______-_-_-_- __ 127 _- 8 _- 2 _- 
District IV ____=_.1-._____.-.___- __ 64 °° Le _— 18 _- 
District V ~._-___________=____- — Hn 76 68 . 144 a _- 

Domestic product demand ___________~_ 6,437 4,871 3,253 531 15,092 2,352 17,444 

1Plus sign represents a stock increase, which is subtracted from total new supply; minus sign represents a stocks 
' decrease, which is added to total new supply:
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Table 16.—Supply and distribution of crude oil, in 1976 
(Thousand barrels per day) — 

. PAD district United 

. I I Il IV HIV V States 

Crude oil supply: . 
Domestic production including 

lease condensate _____._._.-.____-_~- 139 896 5,374 657 7,066 1,066 8,182 
Receipts from other districts: 

District] _..-_______..------_-—- _- 15 100 -- -~ -- -— 
District I] ....-_____.-----.-~---- 47 _- 24 —- -— -- -— 
District WI ~.~_-_-..____.---_------ 96 1,438 —- -- -- _- -— 
District IV ~_____....---_---.--- 1 240 15 -- -- 17 -- 
District V _____.____-_-_-...------- —_ _— _— -- -- -- _- 

Imports _____—-------------------- 1,415 1,000 1,780 54 4,249 1,038 5,287 

Total new supply _.____.________-- 1698 3,589 7,293 711 = =11,315 2,121 13,419 
Stocks change? ___..-_______..._.---..._ -2 __ +44 LL +42 © -4 +38 

Total supply ______._____.-__---- 1,700 . 3,589 7,249 711 11,273 2,125 13,381 
Crude oil distribution: 

Crude runs to stills _____....-.---_---- 1586 3,600 5,717 441 11,844 2,072 13,416 
Transfers to products _~-________.-----~- -- 2 6 1 9 10 19 
Shipments to other districts: . 

DistrictI ~._____.---_.----=---- _- 47 96 1 -- -- -- 
District I ~._.__.-.------------- 15 —-- 1,488 240 _- -- _— 
District TI ~....______----_------ 100 24 -- 15 -- -- -- 
District IV ~.___.__-_--~-------- — —_ — -- _- -- -- 
District V___.-__-_.-----.~----- _- _— _- 17 17 -- ~= 

Exports ______.-..-__-_---------~-~-- 1 6 to LL 8 -- 8 
Losses __._. . ~~~ ~~ ~~ - + 1 4 8 -- £8’ 1 14 
Crude oil unaccounted for ___.....-_----- 3 94 17 4 118 -42 76 

TT 

1Plus sign represents a stock increase, which is subtracted from total supply; minus sign represents a stock decrease, 
which is added to total new supply.
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Table 18.—Input and output of petroleum products at refineries in the United States 
(Thousand barrels) 

1972 1973 1974 1975 1976” 

INPUT | | 
Crude petroleum: 
Domestic ___________ i Le 3,473,880 3,359,946 3,168,596 3,047,014 2,989,129 
Foreignt' _._~_____________________ 806,983 1,177,308 1,260,130 1,494,412 1,921,111 

Total crude petroleum oe eee 4,280,863 4,537,254 4,428,726 4,541,426 4,910,240 
Unfinished oils rerun (net) ~___~__________ +51,518 + 45,768 +37,351 +12,664 +7,599 

Total crude and unfinished 
oilsrerun _________ 4,332,381 4,583,022 4,466,077 4,554,090 4,917,839 

Natural gas liquids: - 
Liquefied petroleum gases ____~_§_§__§_____ 85,193 80,221 80,217 89,662 95,260 
Natural gasoline ~~ ___~_~___ 164,062 160,350 147,603 134,087 132,320 
Plant condensate ___________________ 53,190 56,911 44,596 35,570 37,871 

Total natural gas liquids ____________ 302,445 297,482 272,416 259,319 265,451 
Other hydrocarbons and hydrogen? _________ 10,118 10,716 18,057 18,779 13,949 

OUTPUT . 
Gasoline: 
Motor gasoline? _~____ 2,298,775 2,382,418 2,320,488 2,378,960 2,502,711 
Aviation gasoline ~.~_~________________ 16,993 16,413 15,895 13,718 13,332 

Total gasoline® _______-___ 2,315,768 2,398,831 2,336,383 2,392,678 2,516,043 

Jet fuel: 
Naphtha-type® _.. - -§- -§ 5 5 76,565 65,997 71,175 65,620 68,472 
Kerosine-type ~____________________ 233,464 247,692 233,889 252,361 267,374 

Total jet fuel® _-§_~§_§__§__-_-_-________ 310,029 313,689 305,064 317,981 335,846 
Ethane (including ethylene) _~____________ 9,197 9,194 6,330. 4,055 5,639 

Liquefied refinery gas: 
Forfuel use ____$_.$_._________._. ____- 84,514 89,570 81,561 80,514 84,223 
Forchemical use ~__~_~_____________ __ 36,668 38,062 35,433 28,819 34,706 

. ' Total liquefied refinery gas ___________ 121,182 127,632 116,994 109,333 118,929 
Kerosine® _~__§ >_> 5 5 Le 79,027 79,422 56,646 55,495 55,591 
Distillate fuel oil? —. 2 »5 > 5 ee 962,405 1,029,343 973,764 968,436 1,070,032 
Residual fuel oil _. ________._____.____ 292,519 354,597 390,491 450,957 503,953 

, Petrochemical feedstocks: 
Stillgas _-____________ 14,678 12,428 14,375 15,723 17,448 
Naphtha-400° _~__ 2 57,027 57,155 62,568 54,770 80,093 
Other _~_________~-__-_--__------ 52,321 62,981 57,821 51,694 66,879 

Total petrochemical feedstocks ________ 124,026 132,564 134,764 . 122,187 164,420 
Special naphthas® ___________________ 32,096 32,873 33,362 27,200 32,618 
Lubricants ___ ~~~ 65,349 68,742 70,694 56,221 61,803 
Wax (280 pounds = 1 barrel) _____________ 6,148 6,768 6,929 5,665 7,008 
Coke (1 short ton = 5.0 barrels) ~___~______ 119,765 132,290 123,746 129,241 130,145 
Asphalt (1 short ton = 5.5barrels) ~~ ~______ 155,294 167,884 164,237 143,957 139,706 
Roadoil ~~~ ~____ Le 7,943 7,326 7,162 4,944 3,240 
Still gas for fuel ~~ ~~» ee 170,993 176,758 175,724 175,351 180,666 
Miscellaneous® ~~ ee 15,364 18,795 24,515 31,269 46,275 
Processing gain (-) or loss(+) ~~~ -_______ _ -142,161 -165,488 -175,255 -167,782 -174,675 

PPreliminary. | 
Includes some Athabasca hydrocarbons. 
"Other hydrocarbons and hydrogen” is defined as including all hydrogen, process natural gas, tar sand bitumen, 

gilsonite, shale oil, and other naturally occurring hydrocarbon mixtures consumed as raw materials in the production of 
inished products. 

3Production at gas-processing plants shown as direct transfers and omitted from the input and output at refineries.
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Table 19.—Percentage yields of refined petroleum products from crude oil in 
| the United States? | 

Finished products 1972 1973 1974 1975 1976° 

Gasoline __________________________ DK 4S 
Jet fuel _.__-__ 5 ee 1.2 6.8 6.8 7.0 6.8 
Ethane (including ethylene) _.___§__-~_~ 9 ee 2 2 l Al 
Liquefied gases _____________---_-..-----~__~----__... . 28 2.8 2.6 2.4 2.4 
Kerosine ______________-~__-~~__-~__-- + e 1.8 1.7 13 1.2 1.1 
Distillate fuel oil _-____________________ 22.2 22.5 21.8 21.3 21.8 . 
Residual fuel oil. _-_______________________ 6.8 14 8.7 9.9 10.3 
Petrochemical feedstocks ________§_________~__~___ 2.9 2.9 3.0 2.7 3.3 
Special naphthas _____ $9 »> 5 1 4 8 6 4 
Lubricants ____________________________ “15 1.5 1.6 1.2 1.3 
Wax___________ J 2 2 1 i 
Coke _________________ 2.8 2.9. 2.8 2.8 2.6 
Asphalt $= 3.6 3.6 3.7 3.2 2.8 
Road oil ~_-__~_~_~__ LL 2 2 2 1 __ 
Still gas. = = 3.9 3.9 3.9 3.9 3.7 
Miscellaneous _________§___~ ~~ LLL A A 5 7 1.0 

_ Shortage __~___ ~~ LL -3.3 -3.6 -3.9 -3.7 -3.5 

Total __________-__------------------------- 100.0 100.0 100.0 = 100.0 —-100.0 

PPreliminary. 
10ther unfinished oils added to crude in computing yields.
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| Table 21.—Input and output at refineries 

| (Thousand 

me ner 
A 

District I CO strict 
Item East Appa- . Appa- Ind., Minn., Okla., 

, lachian Total lachian Ill., Wisc., Kans., Total 
No.l. No.2 etc. etc. etc. 

Input 1975 | 
Crude petroleum: - 

Domestic _________------ 31,968 28,677 60,645 8,304 600,205 23,065 331,051 962,625 - 

Foreign! ____________-.~ 424,287 28,871 453,158 12,593 195,369 63,932 ~—11,033 282,927 

Total crude petroleum _____ 456,255 57,548 513,803 20,897 795,574 86,997 342,084 1,245,552 

Unfinished oils rerun (net) ____-- 19,055 295 19,350 474 -1,754 -48 -341 -1,699 

Total crude and 
unfinished oilsrerun _____ 475,310 57,843 583,158 21,871 793,820 86,949 341,743 1,243,883 

LL A LL 

Natural gas liquids: . 

Liquefied petroleum gases _ ~~ ~_ 93 71 164 793 17,318 3,182 12,240 33,533 

Natural gasoline ___-__—~-~- 214 —_ 214 _- 4,922 3,085 11,896 19,903 

Plant condensate ______----~_ 131 2,909 3,040 — 7,844 2,611 560 ~—:11,015 

Total natural gas liquids __—— 438 2,980 3,418 793 80,084 8878 24,696 64,451 

Other hydrocarbons and : 

hydrogen _~____-_-------- 994 — 994 _- 766 14 212 992 

ee 

Output 1975 
Gasoline: . 

Motor gasoline? ___________ 225,079 22,943 248,022 12,506 459,883 52,260 207,435 732,084 

Aviation gasoline ___—__—-~-~- . 110 6 116 © _- 1,460 _- 366 1,826 

Total gasoline? ________._ 225,189 22,949 248,188 12,506 461,343 52,260 207,801 733,910 

Jet fuel: 
Naphtha-type ________---- 1,922 522 2,444 -— 6,762 1,257 6,064 14,083 

Kerosine-type _.__.___------ 18,099 527 =: 18,626 _- 36,6389 1,804 9,263 47,706 

Total jet fuel _.._..__----- 15,021 1,049 16,070 _- 48,401 3,061 15,327 61,789 

Ethane (including ethylene) _ ~~~ - 40 _. 40 _- 0 oe 352 352 

TT EEETE——=S_===S———— ee 

Liquefied gases: 
For fuel use _________---- 10,396 964 11,360 377 15,190 1,977 6,034 23,578 

For chemical use ______~--- 3,992 44 4,036 _- 2,960 -- 635 3,595 

Total liquefied gases_._____- 14,388 1,008 15,396 377 18,150 =—-1,977 6,669 27,173 

Kerosine? _________------- 3,501 1,688 5,139 626 11,810 234 1,035 - 18,705 

Distillate fuel oil?____________ 105,603 15,361 120,964 5,242 168,313 22,906 88,376 284,837 

: Residual fuel oil __._.__.___._--- 61,962 6,272 68,234 1,700 50,723 6,852 10,415 69,690 

Petrochemical feedstocks: 
Still gas________-------- |. 586 174 760 -- 1,302 59 _- 1,361 

Naphtha-400° _______----- 5,602 _- 5,602 _- 2,865 _- 663 3,528 

Other _________-------- 207 229 436 -- 1,694 _- 141 1,835 

Total petrochemical . | 
feedstock ~ eee ee 6,395 403 6,798 _- 5,861 59 804 6,724 

Special naphthas? _______---- 163 142 305 150 3,689 _- 2,170 6,009 
EET 

Lubricants: 
Bright stock ______------- 582 1,414 1,996 -- 171 —_ 508 679 

Neutral _________-_------ 2,092 2,654 4,746 _- 2,193 _- 2,583 4,776 

Other grades ____-_------ 2,701 283 2,984 _- 1,293 _- 1,639 2,932 

Total lube oil _____------ 5,375 4,351 9,726 _- 3,657 _- 4,730 8,387 

a TFTTF"FEFTE—e—T—e———T—E———T—ETE—E>=——=—=E=>EeeeeeS—e——————_— 

Wax (280 pounds= lbarrel): 
Microcrystalline _____----- 39 137 176 __ —_ _- 193 193 

Crystalline-fully refined _ — — —_- 304 26 330 _- 209 _- 200 409 

Crystalline-other ____------ _- 397 397 _- 99 _- 592 691 

Total wax ______-_----- 343 560 903 _- 308 __ 985 1,293 

Coke (1 short ton=5.0 barrels) ____ 138,306 257 13,563 253 23,996 3,059 11,606 38,914 

Asphalt (1 short ton=5.5 barrels) __ 26,695 1,886 28,581 1,401 29,864 5,120 13,619 50,004 

Road oil ______-_--------- _- —_ _- _- 2,432 83 509 3,024 

Still gas for fuel _.____._------ 18,623 1,674 20,197 441 82,089 2,594 12,344 47,418 

Miscellaneous ____—~—------- 2,177 3,538 5,715 47 5,039 106 984 6,176 

Processing gain (-) or loss(+) ___.- -22,039 -265 -22,304 -579 -35,965 -2,470 -11,075 -50,079 

See footnotes at end of table.
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in the United States, by PAD district 

barrels) 

: District II DistrictIV  Distric V 

| Ark., La. (Other United 
Texas Texas La. oa (West ta: inland guif guif -silland,_« WN. Mex. ~— Total Rocky comat) States 

etc. Mt.) 

152,375 152,994 498,068 55,908 29,039 1,488,379 139,003 396,362 3,047,014 
5,258 299,739 125,781 671 __ 431,449 16,392 310,486 . 1,494,412 

157,633 1,052,783 628,849 56,574 29,039 1,919,328 155,395 706,848 4,541,426 , 
, 2,474 -21,501 12,317 - $80 -2753 -9,133 3,181 _ 935 12,664 | 

| 160,107 1,031,282 636,166 56,904 26,286 1,910,695 158,576 107,783 4,554,090 

6,134 14,720 22,514 1,092 523 44,983 3,635 1,347 89,662 
15,397 71,170 16,055 2,159 841 105,622 2.132 6,216 134,087 

100 6,644 - 1,000 3,519 115 11,378 7,403 2,734 .. 35,570 

21,631 92,584 39,569 6,770 — 1,479 161,983 13,170 16,297 259,319 

220 2,525 4,328 509 138 7,595 366 3,882 13,779 

93,422 528,867 — 331,607 23,148 9,909 986,953 83,766 $28,135 2,378,960 
2,047 - 4,054 1,926 __ __ 8,027 429 3,320 13,718 

| 95,469 582,921 333,533 23,148 9,909 994,980 84,195 331,455 2,392,678 

6,028 8,647 7,338 1,618 2,257 25,883 4,267 18,9438 | 65,620 
7,371 58,024 59,374 1 837 119,807 4,730 66,492 . 252,361 

13,394 61,671 77,712 1,619 2,294 145,690 8,997 85,435 . 317,981 
80 2,609 634 __ __ 3,323 __ 340 4,055 

3,224 18,701 12,263 1,040 — 555 30,783 1,935 12,858 -—- 80,514 
345 15,108 2,678 154 51 18,336 141 2,711 28.819 

3,569 28,809 14,941 —«:1,194 606 49,119 © 2,076 15,579 109,333 
1,102 21,219 8,227 632 1,475 32.655 1,016 2,980 55,495 

31,690 — 239,224 142,120 12,145 6,749 431,928 46,382 84,325 968,436 
11,597 90,259 46,508 10,744 4,851 168,959 13,030 136,044 450,957 

298 10,987 159 oo 54 12,098 935 574 15,723 
5,434 34,680 1,582 271 __ 41,917 __ 3,728 54,770 

: 3,228 23,249 21,635 233 __ 48,345 __ 1,078 51,694 

8,955 68,866 23,976 504 54 102,355 935 5,375 122,187 
994 14,210 134 1,730 __ 17,068 65 3,753 27,200 

__ 2,040 498 __ __ 2,538 - 35 1,299 6,547 . 
__ 8,529 5,131 719 __ 14,379 281 2,332 26,514 | 
__ 13,958 766 1,169 __ 15,888 19 1,337 23,160 

__ — 24,522 6,395 1,888 __ 32,805 335 4,968 56,221 

48 127 33 355 __ 563 __ __ 932 
__ 557 638 __ __ 1,195 41 368 2,338 
__ 951 52 __ __ 1,003 __ 304 2.395 

48 1,685 123 355 __ 2,761 41 667 5,665 
3,387 23,365 13,445 703 200 41,100 3,639 32,025 129,241 
6,659 7,439 11,083 8,124 931 34,236 9,759 21,377 148,957 
22 443 __ __ __ 465 413 1,042 4,944 

5,795 34,024 29,555 1,496 677 71,547 4,931 31,158 175,351 
1,359 8,387 7,309 418 __ 17,478 35 1,870 31,269 

~2,162 -83,312  -25,232 -517 32 -61,191 -3,737 -30,471 -167,782 ee eee
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| Table 21.—Input and output at refineries 

. (Thousand 

ce, - - District I District II 

. Item " Appa- Appa- Ind, Minn. Okla., 
) East Jachian Total lachian Il, Wisc, Kans, _—Total 

No.1 No.2 etc. etc. etc. 

| Input 1976? | | 
Crude petroleum: 

Domestic _..____._-__...-- 22,502 39,665 —_ 62,167 6,926 580,138 42,748 325,801 955,608 
Foreign’ _._____________ 495,544 22,518 518,062 15,824 256,455 51,264 38,444 361,987 

Total crude petroleum eee 518,046 62,183 580,229 22,750 836,588 94,012 364,245 1,317,595 
Unfinished oils rerun (net) ___.._ +16,468 +188 +16,656 -188 ~344 +7 +1,039 +514 

| Total crude and» _ . 
unfinished oils rerun _.____ 534,514 62,371 596,885 22,562 836,244 94,019 365,284 1,318,109 | 

Natural gas liquids: | . 
Liquefied petroleum gases ____ 21 175 196 1,402 18,463 3,441 13,220 36,526 

' Natural gasoline _.._______ _- 11 11 _. 4856 1,117 12,009 17,982 
Plant condensate ______.___ — 2,313 2,313 151 18,072 1,792 240 15,255 

Total natural gas liquids ____ 21 2,499 2,520 1,558 86,891 6,350 25,469 69,763 
Other hydrocarbons —___—_—_ --~ 1,015 _- 1,015 - __ 428 _- 284 712 | 

Output 1976” . . 
Gasoline: 

Motor gasoline? _____._____ 252,506 25,550 278,056 14,337 475,917 49,990 220,791 761,035 
Aviation gasoline .... 22... 161 -- 161 — 1,342 _- 447 1,789 

Total gasoline? __________ 252,667 25,550 278,217 14,837 477,259 49,990 221,238 762,824 

Jet fuel: . ~ 
Naphtha-type ________._.. | 3,181 541 . 3,722 — —- 6,511 1,095 6,255 13,861. 
Kerosine-type _.....__---. 14,686 913 15,549 _- 36,165 2,078 8,572 46,815 

_ Totaljetfuel _._._______. 11,817 1,454 19,271 a 42,676 3,173 14,827 60,676 
Ethane (including ethylene) _—_~— - 27 -- 27 _- -— -- 464 464 

Liquefied gases: 
For fuel use -.__..___.__. 12,532 1,556 14,088 _- 16,352 2,841 7,120 25,813 
For chemical use _____ ~~~ 5,570 —- 5,570 400 2,795 -_— 648 3,843 

Total liquefied gases_...._. 18,102 1,556 19,658 400 19,147 2,841 7,768 29,656 
Kerosine? ____.._____----- 3,335 1,642 4,977 800 11,425 255 765 18,245 
Distillate fuel oil?__......_.___ 129,005 16,015 145,020 5,434 182,154 25,540 96,758 309,886 
Residual fuel oil _...._......~ 61,669 5,977 67,646 1,704 61,698 6,202 15,650 85,254 

Petrochemical feedstocks: 
Still gas. -._.--_-_------- 758 38 796 -- 2,915 -- _- 2,915 
Naphtha-400° ____..---_-- 7,021 _- 7,021 -- 4,408 44 998 5,450 

a Other ___._ ___.--------- 152 _- 152 _- 2,337 _— 268 2,605 

Total petrochemical 
feedstock ~e ee 7,931 38 7,969 _- 9,660 44 1,266 10,970 

Special naphthas*? _______-_-_~_ 99 264 363 128 3,774 _- 2,802 6,704 

Lubricants: 
Bright stock _._____----~- 790 1,502 2,292 _— 296 -- 661 957 
Neutral _______.-_-__---- 2,448 2,860 5,308 -- 2,648 _- 2,976 5,624 
Other grades ~___~____~--~ 3,005 268 3,273 _- 1,411 — 1,661 3,072 

Total lube oil _._______--~ 6,243 4,630 10,873 -- 4,355 -- 5,298 9,653 

Wax (280 pounds= lbarrel): 
Microcrystalline _____~-~-- 31 157 188 -- _- -- 78 78 
Crystalline-fully refined _ — ~~~ 241 31 272 _~ 167 -- 283 450 
Crystalline-other ________~_~- 119 440 559 _- 87 __ 107 794 

Total wax ________-----~ 391 628 1,019 _- 254 __ 1,068 1,322 
Coke (1 short ton=5.0 barrels) ____ 13,638 423 «14,061 268 24,325 3,276 10,587 38,456 
Asphalt (1 short ton=5.5 barrels) __ 27,729 1,519 29,248 1,368 30,275 6,784 13,178 51,605 
Roadoil __.___--_-------~-- -- — -- _- 1,900 —_ 335 2,235 
Still gas for fuel _.___-_-__-_---~ 19,285 1,929 21,214 179 30,281 1,458 13,964 45,882 

_ Miscellaneous products* _ _ _ _- —__ 2,344 3,887 6,231 28 15,158 134 1,145 16,465 

Processing gain (-) or loss(+)__... -24,782 ~642 -25,374 -§31 -41,278 +1,172 -16,076 -56,713 
a 

'ncludes Athabasca hydrocarbons. 
*Production at gas processing plants shown as direct transfers and omitted from input and output at refineries.
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in the United States, by PAD district —Continued | | 
barrels) | 

A AT Se eS 

District IIT DistrictIV Distric V 
SS Ss shi Ess ei Ss el SUS . . 

Ark., La. (Other United Texas Texas La. a” (West inland guif guif inland, N.Mex. Total Rocky coast) States 
etc. Mt.) 

LL SSS es rs orassrervesnnesevssnensateneeerenenesigsapere 

158,809 692,710 506,082 61,020 29,724 1,448,345 142,955 380,054 2,989,129 
10,148 442,785 190,500 731 -- 644,164 18,629 378,269 1,921,111 

ee eee SSeS SSS SSS rs PSU Se SSS issn PSNNGnnros> 

168,957 1,135,495 696,582 61,751 29,724 2,092,509 161,584 758,323 4,910,240 : 44,415 ~22,576 +6144 -95 -2960  '-15,072 +2753 42:748 +7,599 

173,372 1,112,919 702,726 61,656 26,764 2,077,437 164,337 761,071 4,917,839 
SE eS SSS resent 

SSS 

6,682 17,399 21,696 1,095 531 47,403 _ 4,200 6,935 95,260 ; 
15,308 . 75,074 13,668 1,630 1,022 106,702 1,645 5,980 132,320 

98 5,172 1,366 4,222 71 11,529 6,056 2,718 37,871 $e Scr Sti hiss SSS ies PrN. ume 

22,088 98,245 36,730 6,947 1,624 175,734 11,901 15,633 265,451 
135 2,983 5,084 487 _- 8,609 151 3,462 13,949 
SS. rs si phish i TUF USPST PUSS ammumemats -— SD 

101,170 541,251 349,999 25,388 9,650 1,027,458 86,074 350,088 — 2,502,711 
1,806 4,046 1,992 -- -- 7,844 506 3,032 13,332 

A csp Sis SS sss amma 

102,976 545,297 351,991 25,388 9,650 1,035,302 86,580 353,120 2,516,043 
TT SSS pS si Sh SSS SSS ish ss sips SSS 

Ree er eee ee SS SS SSS SSS Ss yh sss SSS Sh ls ps SES FSSSPUPI 

6,890 | 9,339 7,324 1,553 2,482 27,588 . 4,328 18,973 68,472 
7,563 57,641 64,046 144 165 129,559 5,410 70,041 | 267,374 

EE 

14,453 66,980 — 71,370 1,697 2,647 157,147 9,738 89,014 335,846 
215 3,457 941 -- -- 4,643 -- 505 5,639 

LA AS SPSS SSS srt shia 
er rs SSS aS os vs i FSi isp NSdewunsEnctewemmmmsmnnee 

2,961 12,400 12,940 859 357 29,525 2,088 12,709 84,223 
620 17,053 4,021 205 171 22,070 78 3,145 34,706 

SS Sh eS Ss Sos SSS Sei PFU VUSSGNSO enema 

3,589 29,453 16,961 1,064 528 51,595 2,166 15,854 118,929 
649 21,803 9,054 570 1,468 33,534 601 3,234 55,591 

88,407 259,082 156,138 14,997 6,830 475,454 47,395 92,277 1,070,032 
9,264 104,746 51,650 9,210 5,440 186,310 14,436 150,307 —- 503,953 

ee TS SS Sa Fs sep chun 
— UW EEO 

254 10,381 935 169 _- 11,739 1,014 984 17,448 
5,086 52,539 7,708 11 -- 65,344 -- 2,278 80,093 
3,137 29,475 28,757 262 -- 61,631 -- 2,491 66,879 
ens eS rr hl  SSSSSSSSS SS i n ESS? 

8,477 92,395 37,400 442 -- 138,714 1,014 5,753 164,420 
1,611 17,246 1,155 2,257 -- 22,269 107 3,175 32,618 

Asa 
AS SSS SS sss eps eS snntsusunsnstntusnea 

-- 2,444 451 _- _- 2,895 45 527 6,716 
-- 9,308 6,009 809 -- 16,126 318 3,322 30,698 

— 98 14,289 931 1,123 _- 16,421 22 1,601 24,389 
Renn rnnnnnneeee rere reer cere Re eS SSS ao SS SS SSS SS ls us eS 

78 26,041 7,891 1,982 _. 85,442 885 5,450 61,803 
een Ren RR RR RR nn nnn nee ee ere ree eS. SSR SUS ses SSS SSS SSSA 

eee ree 

73 171 31 353 -- 628 -- _. 894 
-- 749 1,044 -- — 1,793 98 574 3,187 
-- 1,078 48 -- -- 1,126 -- 448 2,927 

enn nne ern n renner rcee reece ee ST SSG eS 

73 1,998 1,123 353 _- 3,547 98 1,022 7,008 
3,104 22,833 14,683 699 194 41,513 29,03 33,212 130,145 
6,096 6,391 6,705 8,853 830 38,875 9,645 20,333 139,706 

1 197 -- 12 _- 210 429 _ 866 3,240 
6,100 39,105 25,953 1,721 546 73,425 4,474 35,671 180,666 
960 9,795 9,715 391 -- 20,861 86 2,632 46,275 

Ca a aT A Se RSS SSS vs SS SiS pv 

-~458 ~32,752 -23,720 486 +255 -57,161 -3,668 -31,759 -174,675 
renee ey
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Table 22.—Salient statistics of the major refined petroleum products | 
in the United States _ 

(Thousand barrels) — | 

Product . . 1978 1974 1975 1976” 

Isopentane: | a _ 
Production __________-~~___ ~~~ ~~~ _____ 5,828 3,794 3,759 _ 8,470 
Stocks at plants ________________.__- ~~ __ 32 16 6 5 

| Used at refineries __________________________ 5,895 3,810 3,769 3,471 
Natural gasoline: - 

| Production ____./_-____~- ~_____~_ ' 155,880 144,129 130,065 = © 129,282 

Stocks, end of year: . . 
At plants __._____~_ ~~~ 5,043 5,202 4,897 5,026 
-Atrefineries __.__ ~~ __~__ ee 1,085 1,262 1,314 1,618 

Total stocks _________________ Le 6,128 6,464 6,211 6,644 
Used at refineries ___ 9 _~§ ~~ LLL 154,455 143,793 130,318.  . 128,849 

Plant condensate: 
Production _______. ~~ ee 19,838 17,738 15,626 - 14,700 

Stocks, end of year: 
. Atplants ~~ ~~. ~~~ Le 739 507 617 413 

At refineries ___________-__-____-.___-- 936 —: 563 548 1,066 

Total stocks ~~. _9_§_ =~ LLL 1,675 1,070 . 1,165 1,479 
Imports ______-~____ 39,344 32,364 26,972 24,408 
Used at refineries __._.________2_ 56,911 44,596 35,570 37,871 

. Domestic demand ________-____-_---.-___---- — 1,869 6,106. . 6,933 923 

Finished gasoline: . 
Production: 

_ Atrefineries ~~~ ~~~ Le 2,398,831 2,336,383 2,392,678 2,516,043 
At gas-processing plants ______ ~~) 3,029 1,084 ~~ — 959 946 

Total gasoline production _____§___________ 2,401,860 2,337,467 2,393,637 2,516,989 

. Stocks, end of year: . | Z 
Atrefineries _.___________~__ 213,334 221,817 237,949 | 234,227 
Atplants ~__--_-_-__-------~~--------- —- 83 64 / 53 45 

Total stocks ___-._______ o_o 213,417 221,881. 238,002 234,272 
Imports ____-____~___ 48,759 74,402 67,249 47,774 
Exports _________-_~~___ 1,664 1,013 850 1,297 
Domestic demand ~~ ____-_-~---_---~--------- 2,452,687 2,402,392 2,450,296 2,567,196 

Motor gasoline: a 
Production: 

At refineries ~~~ ~~~ LL 2,382,418 2,320,488 2,378,960 | 2,502,711 
At gas-processing plants ________________ 3,029 1,084 959 946 

Total motor gasoline production _______ __ 2,385,447 2,321,572 2,379,919 2,503,657 

Stocks, end of year: | 
At refineries ~_~____§______ 209,395 218,346 234,925 231,387 
At gas-processing plants ________________ 83 64 53 45 

Total motor gasoline stocks ____________ 209,478 218,410 234,978 - 231,432 
Imports ______________ 48,759 74,402 67,249 47,774 
Exports ________________ ee 1,466 865 744 1,143 
Domesticdemand __________________ 2,436,156 2,386,177 2,436,229 2,553,834 

Aviation gasoline: 
Production ___________ ie 16,413 15,895 13,718 13,332 
Stocks, endof year ~~ ~~ _____ 3,939 3,471 3,024 2,840 
Exports __-____________ 198 148 106 154 
Domesticdemand _____§_§__________~_____ 16,531 16,215 14,067 13,362 

Jet fuel: 
Production _________~_______~ 313,689 305,064 317,981 335,846 
Stocks, end of year ________________ ee 28,544 29,435 30,380 32,085 
Imports __-_- ~~ LLL 17,557 59,396 48,523 27,983 
Exports ________ ~~~ ~__ Le 1,568 969 610 766 
Domestic demand _________~_______ ~~ 386,627 362,600 365,290 361,358 

Naphtha-type: 
Production at refineries ________~___________ 65,997 71,175 65,620 68,472 
Stocks at refineries, end of year ______._§________ 5,599 5,529 5,222 6,495 
Imports _____~________ ~~ ~~ 13,315 10,006 10,339 5,514 
Exports _______________~~~_______ 640 80 _- _- 
Domesticdemand _______________________ 79,220 81,171 76,543 72,713 

Kerosine-type: 
Production ~.~_~_~_________ 247,692 233,889 252,361 267,374 
Stocks,endofyear ______________________ 22,945 23,906 25,158 25,590 
Imports ______ ~~~ Le 64,242 49,390 38,184 22,469 
Exports ____________ Le 928 889 610 766 
Domesticdemand __________~_____________ 307,407 281,429 288,747 288,645 

See footnotes at end of table.
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Table 22.—Salient statistics of the major refined petroleum products 
in the United States —Continued 

(Thousand barrels) 
—_—--—————— eee 

Product 1973 1974 1975 1976” ee 

Ethane (including ethylene): . Production: 
At gas-processing plants ______________ > 108,220 117,791 122,945 133,654 At refineries _-.._____________. 9,194 6,330 4,055 5,639 a oe? 

Total production ____________._____ | 117,414 124,121 127,000 139,293 Stocks at plants,endofyear ___________________ 5,028 4,562 29,014. 113,600 
—_—_—_——=====[_=——=ECEH=DR—E—=___— Domestic demand: , 

Plantethane _____________________ 110,249 118,252 120,493 © 127,068 Refinery ethane and/orethylene ______________ 9,194 6,330 _,. 4,055 5,639 — OY 
Total domesticdemand _________________ 119,443 124,582 — 124,548 132,707 ee NE ; —————————————  ——_ Liquefied gases: 

Production: 
At gas-processing plants(LPG) ________________ 338,813 330,155 321,141 303,712 

————————————————_—_——*_**<**k"== At refineries (LRG): 
For fueluse _..-_-____ = 89,570 81,561 80,514 84,223 For chemical use _____________________ 38,062 35,433 28,819 34,706 

. Total production at refineries ___ ~--- Le 127,632 116,994 109,333 118,929 re 
Total production ~________________ 466,445 447,149 430,474 422,641 ee en e==oee™ 

Stocks, end of year: 
LPG stocks: 

Atplants ~_-________ 83,086 97,956 105,557 93,117 Atrefineries .~..._-.______ 2,813 4,093 4,202 2,389 ee 
. Total LPG stocks _._.______________ 85,899 102,049 109,759 95,506 UN 

—_— nn 
LRG Stocks: . 

- For fueluse _.-_______________ 7,403 | 5,757 | 8,112 6,940 For chemical use __..__§__________ 316 174 263 249 a 
Total LRG stocks _-_________________ 7,719 5,931 8,375 7,189 OY 

Total stocks ________________ 93,618 107,980 1118,184 1102,695 Imports ___-___~-__~_~ 48,002 44,971 40,727 47,436 Exports __-________-_ i 9,955 9,038 9,488 . 8,993 LPG used at refineries _.____________ 80,221 80,217 89,662 95,260 OY 
SS SS SS pease SVSA : . Domestic demand: 

LPG for fuel and chemical use _~______________ 281,624 269,721 255,008 261,148 LRG for fuel use _.-._-. == = 89,654 83,207 78,159 85,395 LRG for chemical use __________________ 38,040 35,575 28,730 34,720 EY 
Total domesticdemand _________________ 409,318 388,503 361,897 381,263 ee ee peeenne ——lTlT—£_£_[_£_==={z{=z=z_Z_ZZZZ” Propane (including propylene): . Production: 
At gas-processing plants ________________ 212,886 206,539 200,573 189,614 DE 

LLL ae Te SS ee ASLAN . At refineries: 
For fuel use __-_§_§- =~» 5 = 73,531 62,298 63,385 65,055 For chemical use ___________________ 25,329 25,155 — 21,876 25,646 0070 

Total production at refineries _______ 98,860 87,453 85,261 90,701 —— —<—_—_—=—=—=—=—=—==_=[======__= 
Total production ~.._.______________ 311,746 293,992 285,834 280,315 YD 

———————==S[=—_[_!_[=====_=_*_—Xk_=—C=C=—=S>=> 
Stocks, end of year: 

Plant propane stocks: 
Atplants _~._~____________ 59,704 64,713 76,024 69,442 At refineries _.-_______________ 357 97 92 295 a ed 

Total plant propane stocks ____________ 60,061 64,810 76,116 69,737 CO OE eeOOOllTeeelTlTllTleeeee 
Refinery propane and/or propylene stocks: 
For fuel use ~~ ee 4,399 3,684 5,527 3,851 For chemical use ___________________ 187 112 200 216 ee 

Total refinery propane and/or propylene stocks 4,586 3,796 5,727 4,067 SE =_—— _______—_—_—"!_—— 
Total stocks ~____~_~_________ 64,647 68,606 81,843 73,804 

See footnotes at end of table. 

/
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Table 22.—Salient statistics of the major refined petroleum products 
in the United States —Continued 

(Thousand barrels) 

gerne ee 
Product — 1973 1974 1975 1976? 

Liquefied gases: —Continued | | 
Propane (including propylene): —Continued 

Imports ______.-_-_-------- ee 25,791 21,464 22,058 24,168 
Exports ~~___-______~--~---_~~-_-_---- 5,500 4,971 4,852 4,766 
Plant propane used at refineries _.._______-__-- 2,755 3,465 3,926 4,510 

Domestic demand: 
Plant propane _____________---~----- 218,770 214,818 202,547 211,485 

Refinery propane and/or propylene: . 
For fuel use __ $$$ __ -_-_______---_--_- 74,091 63,013 61,542 66,731 

_ Forchemicaluse ~.___-.------------ (25,885 25,230 21,788 25,630 

Total refinery propane and/or propylene 
-. domesticdemand _________--_---- 99,426 88,243 83,330 92,361 

Total domesticdemand _~_.____~_-—.-~ 318,196 303,061 285,877 303,846 

Butane (including butylene): | | | | 
Production: 

At gas-processing plants ~___.___._____~- - 88,766 87,171 85,018 81,370 

At refineries: | 
For fuel use _.- .. -/ ___-__ ~~ ______-_-- - 13,036 13,598 12,751 14,411 
For chemical use _~__...._____-_----- 6,666 6,442 4,673 5,630 

Total production at refineries — ~~~ ~ 19,702 20,040 17,424 20,041 

_ Total production ~_~..--_-_--------~-+ 108,468 107,211 102,442 101,411 

Stocks, end of year: vo / - | 
Plant butane stocks: 

At plants _~____._____-_-_-~-----+---- 15,289 20,992 20,998 16,450 
At refineries __________-__--~-~-~--_--~ 1,369 2,212 - 2,325 923 

| Total refinery butane and/or butylene stocks _ 2,487 2,053 2,567 2,930 

Total stocks __________.___------- 19,145 25,257 25,890 20,303 
Exports ~._____.-.__--_---_-~~-------- 4,455 4,067 4,636 4,227 
Imports _______________-~---------~-~+- 22,211 23,507 18,669 22,668 
‘Plant butane used at refineries ~.._______-----~ 39,327 45,599 48,576 56,721 
Domestic demand: 

| Plant butane _~___________-~-~--~-~_-- 62,351 54,466 50,356 49,040 

Refinery butane and/or butylene: , 
' For fuel use __-_-__/_-_-______---___---- 12,726 14,055 12,245 14,014 

For chemical use _~________~---_-~--_-—- 6,665 6,419 4,665 5,664 

Total refinery butane and/or butylene ___-~— 19,391 20,474 16,910 19,678 

. Total domesticdemand ___._____----~-~- 81,742 74,940 67,266 68,718 

Butane-propane mixture: , 
Production: 

At gas-processing plants _.______-~----~--~- 3,509 3,027 2,673 2,557 

At refineries: . 
For fuel use ___-_§________----_-_-_---- 3,008 5,665 4,378 4,757 
For chemical use _~_______-__~--~----- 3,491 655 51 790 

Total production at refineries ~~ _____ ~~~ 6,494 6,320 4,429 5,547 

Total production ______------------ 10,003 9,347 7,102 8,104 

Stocks, end of year: 
Plant butane-propane mixture: 

At plants __________-______-_------ 826 1,565 872 918 
At refineries ~._-__________-______-- 128 26 14 13 

Total plant butane-propane 
mixture stocks _________________-_ 954 1591 886 931 

See footnotes at end of table.
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Table 22.—Salient statistics of the major refined petroleum products : 
in the United States —Continued 

(Thousand barrels) 

Product 1973 1974, = 1975 1976” 

Liquefied gases: —Continued 
Butane-propane mixture: —Continued 

_ Stocks, end of year: —Continued - 

Refinery butane-propane mixture: . 
For fuel use ___§ 2 LL 533 59 65 172 
For chemical use _~.~___________------ 3 1 -- 2 

Total refinery butane-propane 
mixture stacks ne 536 60 65 174 

Total stocks _...._____..-._.__.--.. 1490 1651. 951 1,105 
Plant butane-propane mixture used at 

refineries __ ~~ > 5 LLL 3,027 1,953 1,273 _ 1,889 

Domestic demand: 7 
Plant butane-propane mixture ~___________ 503 437 2,105 623 

Refinery butane-propane mixture: | 
For fuel use __ ~~ > -§ 2 5 2,837 6,139 4,372 4,650 
For chemical use _~______~___________ 3,490 657 52 188 

Total refinery butane-propane | 
mixture ~_. ~~~ ___~_____ 6,327 6,796 _ 4,424 5,438 

Total domesticdemand ______________ 6,830 7,233 6,529 | 6061 — 

Isobutane: . 
Production: 

At gas-processing plants ~_~______________ 33,652 _ 383,418 32,877 30,171 
Atrefineries ~~ ~_~__________________e 2,576 3,181 2,219 2,640 

Total production ~_~________________ 36,228 36,599 35,096 32,811 

Stocks, end of year: re 
Plant isobutane: 

At plants ~~~ ~~~ 7,267 10,686 7,663 6,307 
At refineries ___._ 2 959 1,758 1,771 1,158 

Total plant isobutane stocks ___________ 8,226 12,444 9,434  - 7,465 
Refinery isobutane _~__________________ 110 22 16 18 

Total stocks _~._-__________________ 8,336 ~ 12,466 9,450 7,483 
Plant isobutane used at refineries _ ~~ _§______ 35,112 29,200 35,887 32,140 
Domestic demand: Refinery isobutane | . 

for chemical use ____ $$$ _~> 5 2,550 3,269 2,225 2,638 

Kerosine (including range oil): Te 
Production: 

Atrefineries ~.________~ ~~ ee 79,422 56,646 55,495 55,591 
At gas-processing plants _________. 704 245 178 149 

Total production _____________________ 80,126 56,891 55,673 55,740 

Stocks, end of year: 
Atrefineries ______§-_-~____~_--~ ~~~ Le 20,985 15,252 15,556 12,507 
At gas-processing plants wane ee +--+ 37 17 15 7 

Total stocks ________..~.-____-_-.i___ 21,022 15,269 15,571 12,514 
Imports _________~_~___~_ 785 1,744 1,073 3,163 
Exports ____~~~_____ ~~ ee 85 36 52 40 
Domestic demand ___.______..._____-___-___ 78,915 64,352 57,990 61,920 

Distillate fuel oil: 
Production: . 

Atrefineries ~~~ > Le 1,029,343 973,764 968,436 1,070,032 
At gas-processing plants ______§_§_______.i___ 835 261 214 177 

Total production _..___________~-_____ 1,030,178 974,025 968,650 1,070,209 
Crude used directly as distillate ~_-___.____________ 760 174 587 540 

Stocks, end of year: CT 
At refineries ____.._____-.~-_----.--_--- 2196,421 2200,029 2208,787 185,948 
At plants ______________ Le 40 39 46 38 

Total stocks ____~__..~_____~_~_______ 196,461 200,068 208,833 185,986 

See footnotes at end of table.
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Table 22.—Salient statistics of the major refined petroleum products 
in the United States —Continued : 

(Thousand barrels) 

Product 1973 1974 1975 1976” 

Distillate fuel oil: —Continued 

Imports ____ 2 143,149 105,579 56,678 52,470 
Exports _.._-___________________- ee 3,231 855 267 421 
Domestic demand ____________~_~______ ee 1,128,714: 1,075,916 1,040,571 = 1,145,645 

Residual fuel oil: 
Production _.___~_~_ 2 tk 354,597 390,491 450,957 503,953 
Crude used directly as residual ...2.-....-____-_-- 6,126 4,751 5,616 6,298 
Stocks, endof year _....._____.~-___-_-----~- 53,480 - 59,694 74,126 72,344 
Imports _.-_..-______-__-_..--_-~--------- 3676,225 $579,157 3446,528 3511,765 
Exports ___________-_-L-__~-_-_-__------ 8,507 4,969 5,342 4,210 
Domestic demand ___ ~~ 1,030,177 963,216 898,572 1,019,588 

Petrochemical feedstocks (excluding LRG):* 
Production ~~~ ~~ ~~~ 132,564 134,764 122,187 164,420 
Stocks, end of year ~~~ ~~ 2,387 3,486 2,924 4,714 
Imports _________ 3,825 4,364 2,061 1,370 
Exports _.__-._._--___--~------~_----~.--- 6,839 5,561 8,037 11,144 

Domestic demand: 
Still gas ~~ 12,428 14,375 15,723 17,448 
Naphtha-400°) __~__ ee 56,822 61,879 53,512 73,297 
Other ~~~ ~~ 60,679 56,214 47,538 62,111 

Total domesticdemand ________.____-___- 129,929 132,468. ‘116,773 152,856 

Special naphthas: ; 
Production: 

At refineries __-. $$. LLL 32,873 33,362 — 27,200 - 32,618 
At gas-processing plants ______________-__.- 210 175 125 20 

Total production _._~_-___ ~~ _-________- 33,083 33,537 27,325 32,638 

Stocks, end of year: a 
At refineries ~~. ~~~ 4,514 5,716 4,373 4,441 

: Atplants _________________~-_-_-~~_.- 7 4 4 _- 

Total stocks ~~ ~~~ > 4,521 5,720 4,377 4,441 
Imports __-__- ee 88 938 43 45 
Exports _._._-_________________ Le 1,652 1,300 1,221 2,510 
Domestic demand __ ~~~ 5 ee 32,230 31,976 27,490 30,109 

Lubricants: 
Production __. 2-2-2 ee 68,742 70,694 56,221 61,803 
Stocks, end of year ~________ 12,186 16,060 14,337 12,274 
Imports _-_-_ 2,091 1,786 1,335 1,361 

Exports: 
Grease -_____§____ Le 251 277 265 261 
Oil ~~ Le 12,496 11,659 8,846 9,234 

Total exports _~_____~______________ 12,747 11,936 9,111 9,495 
Domestic demand __ ~~~ ~~~ Le 59,171 56,670 50,169 55,732 

Wax (1 barrel = 280 pounds): 
Production __. 2 6,768 6,929 5,665 7,008 
Stocks, end of year ~~ 990 1,195 861 686 
Imports _.. ~~~ Le 1,067 956 684 652 
Exports ~~ 965 879 607 625 
Domestic demand _____§____ ~~ 6,941 6,801 6,076 7,210 

Coke (5 barrels = 1 short ton): 
Production: 

Marketable coke _________._____--~______ 67,527 63,950 66,500 67,908 
Catalyst coke ________------------------ 64,763 59,796 62,741 62,237 

Total production _.._______-~-------- ~~ 132,290 123,746 129,241 130,145 
Stocks, end of year __________.------~~-~--.-_ 9,974 5,420 7,360 10,686 
Exports _________~_-_____-~~-~--~ ee 34,976 41,244 37,253 37,778 
Domestic demand ______§______-_--~-~---~--___ 95,156 87,056 90,048 89,091 

Asphalt (5.5 barrels = 1 short ton): 
Production ___________~__~-~~-~-_~ ~~~ 167,884 164,237 143,957 139,706 
Stocks, end of year ______.____---~----~~-___ 15,024 21,370 22,794 19,375 
Imports __________ ~~ ee 8,444 11,252 4,956 3,905 
Exports _-_- ~~ Le 340 410 320 267 > 
Domestic demand ________.~_~__________~______ 182,602 168,733 147,384 146,763 

Road oil: 
Production _._- ~~~ __ 7,326 7,162 4,944 3,240 
Stocks, end of year .~___________---_--..-_____ 799 1,080 571 164 
Domestic demand ______________~_~___________ 7,832 6,881 5,453 3,647 

See footnotes at end of table.
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- Table 22.—Salient statistics of the major refined petroleum products 
in the United States —Continued 

(Thousand barrels) 

Product a 1973 1974 1975 "1976? 

Still gas for fuel: ~ 
Production __________~_1 176,758 175,724 175,351 180,666 

Miscellaneous products: 
Production: . - 

At refineries ____§_-____~____ ee 18,795 - 24,515 31,269 46,275 
At gas-processing plants _______._~_________ - 1,066 731 946 ~ 985 

Total production __________________ --- 19,861 25,246 32,215 47,210 

Stocks, end of year: . 
At refineries __ 22 ~~~ LL 1,378 1,815 2,578 1,932 
At plants ~~ _~___________ 16 10 5 - &§ 

Total stocks ________________-___ 1,394 1,825 2,583 1,987 
Imports _________ ~~ Le -- _ 655 2,340 720 
Exports ___ ~~ _-_- ee 1,187 1,207 1,124 1,112 
Domestic demand ____ $$ ______~_~_~_~_______ 18,934 24,263 32,674 47,464 . 
Unfinished oils (net): - . 
Input (+) Output (-) ~.-__.._______~_______ +45,768 +37,351 + 12,664 +7,599 
Stocks, end of year ~~ ~___________ ~~ __ 99,154 106,031 106,352 110,488 

. Imports ___~__~-_-_ LL 50,161 44,228 12,985 11,735 

PPreliminary. : 
1Includes underground stocks at plants and refineries in thousand barrels. At plants: Ethane, 1975, 5,549; 1976, 11,180; 

propane, 1975, 68,765; 1976, 50,560; butane, 1975, 17,778; 1976, 12,100; butane-propane mixture, 1975, 162; 1976, 159; and 
isobutane, 1975, 6,891; 1976, 5,054. At refineries, (includes LRG): Fropane, 1975, 4,822; 1976, 3,014; butane, 1975, 2,417; — 
1976, 2,260; butane-propane mixtures, 1975, 1; 1976, less than 1; and isobutane, 1975, 628; 1976, 103. 

2Includes No.4 fuel oil, in thousand barrels: 1973, 3,499; 1974, 4,116; 1975, 5,035; 1976, 4,821. 
“Includes foreign crude oil to be burned as fuel, in thousand barrels: 1973, 19,105; 1974, 7,508; 1975, 13,559; 1976, 5,553. 
“Produced at petroleum refineries. Data for LRG petrochemical feedstocks are included with those for “Liquefied 

gases.” ; . . 
Note: “Stocks at refineries” include stocks at refineries and bulk terminals operated by refining and products pipeline 

companies including pipeline fill, and stocks at independent bulk terminals. “Stocks at plants” include stocks at plants 
and terminals operated by natural gas processing companies and natural gas liquids stocks at terminals of pipeline 
companies, including pipeline fill.
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| Table 23.—Production (refinery output) and consumption of motor gasoline in the 
| _ United States, by State : | 

. (Thousand barreis) 

pe ee nnn regu 
1974 1975 1976 

State Produc- Consump- Produc- § Consump- Produc- Consump- 
tion tion! tion tion? tion tion? 

ie 

Alabama ____________ 528 44,349 736 45,672 1,725 48,307 
Alaska ~~ _~________--__ (??) 3,883 (7) 4,613 (7) 5,099 
Arizona __ -_- _ 27,328 © 1 28,380 3 29,784 
Arkansas _ 2 § 5 5 7,443 27,433 7,156 28,230 7,440 29,928 
California ____ ~~~. 2262,402 235,428 2265,086 243,256 2982571 255,897 
Colorado _____~ ~~~ 8,420 30,999 9,324 32,350 9,669 — 33,635 
Connecticut ____-_---__.__- — 31,602 _— 32,180 ~~ . 83,171 
Delaware __________._______ (°) 7,059 2) 7,209 (°) 7,512 
District of Columbia ______.___ oe — 6,725 _- 5,805 _- 5,600 
Florida _._--___~.______-___ -— 100,124 _— 103,467 _~— 107,322 
Georgia __ ~~. ___ ___ 8 65,229 — 66,030  &) 69,371 
Hawaii __-_-__ @) 6,615 @) 6,899 (2) 7,234 
Idaho _2 ~~ ~~~ _— 10,900 ——" 11,487 -- 12,396 
Illinois 22 22 LL 214,648 119,637 214,872 121,127 220,317 127,483 
Indiana __§____ ~~ ~______ ue 80,022 65,216 79,000 65,781 84,869 66,292 
Towa. —_ 39,215 =_ 39,451 -- 42,541 
Kansas _________~__. + #100,222 31,646 £106,302 32,852 4109,143 34,971 
Kentucky ~_______________ 529,197 39,919 534,623 41,513 535,550 43,821 
Louisiana ~~~ =~ ~________ 280,733 . 41,818 296,641 43,894 310,211 47,415 
Maine. ___ 2 _— 12,382 _— 12,762 -- 13,510 
Maryland _________-______ _ 42,606 a. 43,926 _ 45,580 
Massachusetts... ___ —_—  +54,689 __ 55,083 _- 57,114 
Michigan __ ~~~ ~~~ _____ 19,543 108,694 19,404 110,244 21,230 116,331 
Minnesota _____~~____ 34,959 48,431 38,381. 49,180 34,567 51,215 

. Mississippi ______....._____ 48,746 28,461 50,222 28,299 56,011 29,661 ; 
Missouri __________.-__=_- (4) 62,586 4 63,541 (*) 66,717 
Montana ____ 27,069 - 10,667 _ 27,048 10,829 ' 28,189 ~ 11,902: 
Nebraska... --.-____-._ (4) 20,674 (4) 20,975 (4) 22,378 
Nevada _____-_.__________ oe 9,110 (7) 9,750 - 10,334 
New Hampshire __.________— _- | 9,299. a 9,603 ~— 10,138 
New Jersey _______________ 89,760 _ 15,588 85,321 78,132 _ 91,1386 80,891 
New Mexico _______________ 9,820 16,275 9,909. . 16,868 9,650 18,116 
New York ____________=___ 14,749 142,806 13,458 142,504 ~ 15,482 147,630 

: North Carolina _____________ (8) 67,150 (8) 68,206 () 71,735 
North Dakota ____._-________ 713,678 9,793 713,879 10,317 715,423 10,779 
Ohio__-__ ~~~ 117,540 119,193 124,490 121,315 128,288 125,571 
Oklahoma ________________ 99,516 39,893 101,133 41,505 111,648 43,625 
Oregon _______~_ —_— 28,278 _— 29,158 _- 30,897 
Pennsylvania _____.________ $138,363 114,616 3136,996 109,489 3160,689 119,191 
Rhode lsland _._____~______ -~ 8,851 _- 9,240 _— 8,982 
South Carolina _~_.__________ _— 34,682 - -- 35,862 —- 38,084 
South Dakota __-____________ -- 10,868 — _- 11,915 -- 11,278 
Tennessee __ 2 (5) 51,948 (5) 54,632 (5) 57,344 
Texas _-.-_-~~ 603,365 169,030 622,289 177,697 642,421 190,661 
Utah ________ 21,031 14,677 22,335 15,403 23,472 16,191 
Vermont meee — 5,603 -- 5,720 _— 6,074 
Virgina __ 2 5 613,170 58,130 612,247 59,803 610,749 63,392 
Washington ae eee Le 60,086 39,689 63,048. 41,239 67,514 44,099 
West Virginia —~----~---~~ (8) 18,248 (°) 19,346 (8) 20,727 
Wisconsin _~____________-_- (7) 51,084 ) 52,319 (7) 54,740 
Wyoming ___§_~_____________ 25,478 7,011 25,059 7,596 24,744 8,172 

Total Le 2,320,488 2,425,137 2,378,960 2,482,654 2,502,711 2,610,838 
nner eee er SS SSS 

1Source: Federal Highway Administration. 
2Alaska, Hawaii, and Nevada included with California. 
’Delaware and Georgia included with Pennsylvania. 
“Nebraska and Missouri included with Kansas. 
5Tennessee included with Kentucky. 
€North Carolina and West Virginia included with Virginia. 
7Wisconsin included with North Dakota.
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Table 25.—Salient statistics of aviation gasoline in the United States, by month and 
refining district 

(Thousand barrels) . 

oo 1975 | 1976? 
os Stocks, | Domes- Stocks, Domes- 

Produc- Exports endof tic _ Produc- Exports endof tic 
, period demand period demand 

Month: 
January ______________ 1,110 - 9 3,602 978 718 10 2,869 863 
February______________ 910 4 3,462 1,046 850 26 2,856 837 

, March _______________ 923 3 3,345 1,037 1,030 39 2,796 1,051 
| April --_--_-__-_________ 884 5 3,048 1,176 880 14 2,552 1,110 

May ___-_______________ 1,107 8 3,081 1,116 977 4 2,437 1,088 
June ________________ 1,052 11 2,859 1,213 1,402 5 2,335 1,499 
July _-§_-- 1330 9 . 2,987 1,443 1,372 8 2,483 1,216 
August _-_____________ 1,482 6 2,863 1,350 1,603 14 2,601 1,471 
September ___________---- 1,264 5 2,757 1,365 1,388 22 2,815 1,152. 
October. --__________ 1,524 10. + ~=2,922 1,349 —«- 1,040 4 2,716 1,135 
November _____________ 1,294 5 3,140 1,071 1,064 4 2,751 1,025 
December _____________ 838 31 3,024 928 1,008. 4 2,840 915 

Total.___..________ 13,718 106 3,024 14,067 13,332 154 2,840 13,362 

Refining district: Oo } a 
East coast _____________ 110) 398 ). 161 447 

| 27 3,210 19 2,766 
Appalachian No.1 ~~ __ 6 45 __ 50 
Appalachian No. 2 ~~ ee __ 1 _- 2 
Indiana, Illinois, Kentucky, etc 1,460 [. 691 1,342 . 565 

a 3,570 _— 3,684 
Minnesota, Wisconsin, etc__ _ _ __ . 102 __ 75 
Oklahoma, Kansas, ete _____ 366 126 447 156 
Texas inland__ __________ 2,047 238 1,806 127 \ - 
Texas gulf coast __________ 4,054 431 4,046 7. 365 
Louisiana gulf coast _______ 1,926 402 1,992 449 

23 8,287 81 3,134 
Arkansas, Louisiana inland, etc - __ oo 7 __ 11 
New Mexico ____~_______. > __/ 14 _— \ 11 
Rocky Mountain _________ 429 __ 40 599 506 __ 56 1717 
West coast _.___________ 3,320 56 534 3,401 3,032 5A 526 3,001 

‘Total. --___._______ 18,718 106 3,024 14,067 13,332 154 2,840 18,362
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Table 26.—Shipments of aviation fuel to PAD distr. “ts 
(Thousand barrels) | 

. District District District District District United 
Product and use I i IV V States 

1975 | | 
Aviation gasoline: 

For commercial use: 
Airlines ________~ ~~ ~__----~-- 372 102 68 18 277 837 
Factory ..._____--~~-----~---- 34 61 21 —_ 34 . 150 
General aviation ____.._____--_-- 2,502 2,723 1,703 514 2,013 9,455 

Total. _~_§________ ee 2,908 _ 2,886 1,792 532 2,324 10,442 
For military use... -...___------- 618 570 831 81 1,342 3,442 

' Jet fuel: . 

For commercial use: . . . 
Kerosine-type: 

Airlines ~_~____~_-__---~---~ 97,184 50,185 22,310 7,083 70,848 247,610 
Factory _____.-_.---------- 1,088 339 309 3 417 2,156 
General aviation ____..-_.---—- 3,865 3,175 2,568 - 352 1,413 11,373 

Total __._________--__-_- 102,137 58,699 25,187 7,488 12,678 261,139 | 

Naphtha-type: | | 
Airlines ~_____.__~--.---- 5 126 — ~ 110 36 32 809 
Factory __._.__--------+-=+- 40 164 — -- 25 229 
General aviation ____-_.~~---—- 23 61 2 4 667 760 

Total _._________-_______- 68 351 =: 48 124 1,298 

Total for commercial use — — — — — — 102,205 54,050 25,299 7,481 738,402 262,437 

For military use: 
JP-4i§_ 13,511 14,114 | 14,440 3,291 19,411 64,767 . 

JP-53 2 9,673 ‘117 1476 LL 37,455 18,721 
Other. ___________L___u--_--- 106 9 222 -- 3,182 3,519 

Total. _-___________-_-_.--- 28,290 14,240 ~° 16,138 3,291 30,048 87,007 

For nonaviation use? ______________-- 3,705 7124 198 4 307 4,938 

1976 
Aviation gasoline: 

For commercial use: 
Airlines __~_§_§_§________.—----- 340 135 49 14 262 800 . , 

Factory ___.._-_~------------ 30 41 27 __ 21 119 

General aviation _________—_-_--- 2,658 3,071 1,824 597 . 2,152 10,302 

Total____________-__------- 3,028 3,247 1,900 611 2,435 11,221 | 
For military use. .___.._.--------- 333 335 601 57 626 1,952 ee 

Jet fuel: 
For commercial use: 

Kerosine-type: 
Airlines ~_~_____~____-_-_-- 96,755 49,927 21,590 8,906 70,303 247,481 

‘ Factory _......_--.-------- 818 437 332 6 627 2,220 
General aviation _______~.-~--~ 4,109 3,190 3,557 647 1,894 13,397 

Total ____-_-_______---~-- 101,682 58,554 25,479 9,559 12,824 263,098 
ec tel si SAD 

Naphtha-type: 
Airlines _~_~ ~~ _~_____~------ 46 __ __ __ 96 142 
Factory __.____.~_---------- 233 87 23 _- 5 348 
General aviation ____.__.__~-~- 78 202 3 6 318 607 

Total _.__________-_.--- 357 289 26 6 419 1,097 

Total for commercial use — — — — — — 102,039 58,843 25,505 9,565 73,243 264,195 

See footnotes at end of table. 

/
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Table 26.—Shipments of aviation fuel to PAD districts —Continued 
(Thousand barrels) 

District _ District District District — District United | Product and use | I Of mu wv States 
1976 —Continued / . . 

Jet fuel: —Continued . 

-. For military use: | 
. P45 «16,020 13,166 13,663 3,205 20,341 — 66,395 

OPS ___ ‘7,800 871 "933 -- 7,268 16,3872 
. Other___- ~~ LL 56 76 168 _- 2,976 3,276 

Total. _---.-_.----__________ 23,876 13,613 14,764 3,205 = 30,585 86,043 
For nonaviation use*_ == == 3,514 © "8638 110 4 394 4,885 

‘Excludes direct imports by the military of naphtha-type jet into: P.A.D. I, 8,721,000 barrels; P.A.D. V, 1,506,000. 
barrels. Also excludes direct imports by the military of kerosine-type jet into: P.A.D. I, 100,000 barrels; P.A.D. V, 44,000 

2Includes 3,175,000 barrels sold to electric utilities, and 1,768,000 barrels sold as jet-grade kerosine. 
SExcludes direct imports by the military of naphtha-type jet fuel into: P.A.D. I, 3,424,000 barrels; P.A.D. V, 1,795,000 

barrels. Also excludes direct imports by the military of kerosine-type jet into: P.A.D. V, 904,000 barrels. 
“Includes 4,284,000 barrels sold to electric utilities, and 651,000 barrels sold as jet-grade kerosine. . 

Definitions of terms used in this table: 
Aviation gasoline—Any fuel in the gasoline boiling range for use in a piston-type aviation engine. 
Jet fuel—Any fuel for use in an aviation turbine engine. 
Airline—Sales to U.S. certified-air carriers, including air freight carriers, and international air carriers (if delivery 

. is made in the United States), and to such other air carriers as supplemental or 
non-scheduled carriers, air taxi, etc. © me 
Factory—Direct sales to airframe and engine manufacturers. Does not include aviation fuels supplied to these 

accounts for the Defense Fuel Supply Center(DFSC). ss . 
General aviation—All nonmilitary sales which are not classified as airline or factory. Primarily made up of sales 

to distributors and airport dealers. = 
Military—Sales to Defense Fuel Supply Center and to other military agencies of the Government. 
Nonaviation—Sales for use in turbine engines other than aviation turbine engines. Sales to electric utilities 

are included in this category.
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Table 31.—Sales of distillate fuel oil‘ in the United States in 1972-76, by use 

(Million barrels) | 

| Use ~~ 1972 1973. 1974 1975 +1976 

Heating? _.- = __-____ 543.3 536.9 493.2 488.4 544.3 
Industrial (excluding oil-company use) __-_________.— 60.4 67.3 64.0 64.0 79.5 
Oil-company use __________ 134 . 149 13.8 - 18.6 13.5 
Electric utility companies _______________----~- 68.3 77.9 84.7 368.4 460.5 
Railroads__§__§_§_~9______~____ Le 97.0 102.8 103.0 ~ 93.2 99.9 
Vessels 22.2 268 | 248 26.1 27.0 
Military _______________ 20.2 19.6 17.8 18.0 17.6 
On-highway diesel __-______ 189.1 221.4 221.0 217.9 242.8 
Of highway diesel eee . 50.2 55.5 48.7 49.0 54.4 
Allother __________-_______---L He 10.8 11.9 10.1 10.1 11.4 

| Total _-_________.___--______ Le 1,0749 1,135.0 1,081.1 - 1,043.7 1,150.9 

Includes diesel fuel. 
Includes range oil. | 
5Includes 19.7 million barrels of distillate No. 2, 2.5 million barrels of distillate No. 4 fuel oil used at steam-electric 

plants, and 3.2 million barrels of kerosine-type jet fuel used by electric utility companies. . 
“Includes 22.4 million barrels of distillate No. 2, 2.2 million barrels of distillate No. 4 fuel oil used at steam-electric 

plants, and 4.2 million barrels of kerosine-type jet fuel used by electric utility companies. |
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CRUDE PETROLEUM AND PETROLEUM PRODUCTS | 1059 

Table 39.—Statistical summary of petroleum asphalt and road oil 

(Thousand short tons)! | 

| | 1972 1973 1974 1975 1976" 

Petroleum asphalt: . 
Production __..._.~______-~~____---_-- 28,235 -. 30,524 29,861 26,174 25,401 
Imports (including natural) ______________-_ 1,684 1,535 2,046 - 901. 710 
Exports ___._________-. ~-__-__-__--- 61 62 74 58 49 
Stocks, end of period _...§_-_/_/_~./_-__ 3,934 2,731 3,885 4,144 3,522 
Apparent domestic consumption —____ ~~~ ___ 29,779 33,200 30,679 26,797 26,684 

Petroleum asphalt shipments: 
Paving ________ ~~ ee 24,305 27,041 24,642 21,593 21,475 . 
Roofing ~._____________-_-_-_-_-__--- 5,347 5,677 4,815 4,803 - 4,792 
All other ____~. ~~~ ee 1,469 1,615 1,578 1,099 1,033 

Total __________________e 31,121 34,333 31,035 27,495 27,300 
Road oil: 

Production _________.~____-__-____-_-_ 1,444 1,332 1,302 899 589 
Stocks, end of period __ ______.___.___-_..--_-- 237 145 196 104 30 
Apparent domestic consumption ~__________-_ 1,371 1,424 1,251 991 663 
Road oil shipments ~----~--------------- 1,371 1,424 1,251 991 663 

PPreliminary. | | 
1Conversion factor: 5.5 barrels = 1 short ton. So - 

‘
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Table 41.—Salient statistics of road oil in the United States, by month and refining 
| | district : 

(Short tons)? . 

7 1975 . ~ 1976” | 

Produc- . Stocks, Domestic Produc- Stocks, Domestic 
tion period demand tion period demand | 

Month: 
January ___________-__ 75,273 228,727 42,909 8,546 103,273 9,091 
February _.______—-_____- 41,636 261,273 9,091 20,909 112,364 11,818 
March _____--__-_-----~. 47,818 291,273 ~~ 17,818 23,455 127,273 8,546 

April eee ee 48,000 304,727 34,546 75,818 187,455 15,636 
Y ~~~ ee 74,000 303,455 15,273 39,455 161,818 65,091 

June ~_~_______~_______. 160,727 338,000 126,182 73,636 169,091 66,364 
July _.._______-__--_-. 111,818 151,636 298,182 101,818 158,182 112,727 
August __-___ ~~ 100,364 131,273 120,727 96,727 124,545 130,364 . 
September __________-_-— 69,273 124,909 75,636 60,545 114,545 70,545 
October... -__ i. 54,000 122,182 56,727 32,000 69,636 76,909 
November ____.~-—-____- 72,909 108,545 86,546 14,727 38,545 45,818 
December _._____-_-~-—--- 43,091 103,818 47,818 41,455 29,818 50,182 | 

Total _..._.--------~- 898,909 103,818 991,455 589,091 29,818 663,091 

Refining district: ) | oo 
East coast’ ~.__.—-__----- — — " -— —_~ 

1,636 ' eo 
Appalachian No.1 _~___.--_-— _- _- a — 
Appalachian No.2 ~-------- _- _- \ - —_ —_ 
Indiana, Illinois, Kentucky, ete _— 442,182 65,818 ‘ 523,091 345,455 17,636 l 474,000 
Minnesota, Wisconsin, etc _ — — — — 15,091 _— f -- -_— - 
Oklahoma, Kansas, etc _____~— 92,545 21,091 . . 60,909 1,637 f 
Texas inland __ _ _-________-— 4,000 _- 182 = ; 
Texas gulf coast _._._.._.-_-— 80,545 -— 35,818 | _— 
Louisiana gulf coast eee e eee -— _— 84,182 -- — 38,364 
Arkansas, Louisiana inland, ete — —_ 364 2,182 182 

_ New Mexico ________.--_- _- —_ -- _- 
Rocky Mountain ____~__~~- 75,091 10,909 67,455 78,000 2,727 79,636 
West coast _____.-________ 189,455 - 5,636 315,091 66,545 7,686 71,091 . 

Total __._-___--.--___- 898,909 103,818 991,455 589,091 29,818 663,091 . 

PPreliminary. a | 
1Conversion factor: 5.5 barrels = 1 short ton. . 

Table 42.—Production of miscellaneous finished oils at refineries and natural gas | 
processing plants in the United States in 1976 by refining district and class 

(Thousand barrels) 

Spec- Petro- | . 
rar Absorp- _ Petro- : . Other 

District tion latum iat chemi- products? Total 

East coast ~_______ ~~~ -— 46 788 1,309 201 2,344 , 
Appalachian No.1 ~____..---_-_-~~~------~- -— 206 129 _. 3,552 3,887 
Appalachian No. 2 oe eee ee -- _— 26 2 -~ 28 
Indiana, Illinois, Kentucky, ete ~.-___....----- q 35 320 955 13,848 15,165 
Minnesota, Wisconsin, North 

Dakota, South Dakota ______________-.--- _. _- __ 134 __ 134 
Oklahoma, Kansas,ete _~__________.----_--- 129 99 496 — 5388 1,262 
Texas inland _________~_-_____~-~__~-__--~- 569 _. 706 _— 259 1,534 
Texas guif coast _.._______-___----------- 76 921 929 3,995 3,945 9,866 
Louisiana gulf coast wee ee 129 _- 302 6,949 2,464 9,844 
Arkansas, Louisiana inland,ete ~~ ____.._.---~- 37 -- 107 119 165 428 
Rocky Mountain, New Mexico ________-.-----~- -- _- 4 54 28 86 
West coast ______________~-_~-~---_-.-- 19 16 1,179 1,048 370 2,682 

Total: 
1976 _________u ie 966 1,323 4,986 14,565 25,370 47,210 
1976 ~-_-__-__ ee 1,054 947 5,918 13,189 11,107 32,215 

1Specialty oils include: Hydraulic, 222; insulating, 274; medicinal, 251; rust preventatives, 2; sand-frac, 702; spray oils, 
284; and other, 3,251. 

#Includes SNG feedstock.
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_ able 43.—Receipts of domestic and foreign crude petroleum at refineries in. 
| the United States | : 

(Million barrels) — 

Method of transportation 1972 1973 1974 (1975 1976? 

By water: _ - 
Intrastate __._______________________ 155.4 148.9 130.4 134.9 123.8 
Interstate ~_______________ 2 Lee 298.5 249.8 211.5 170.2 146.8 
Foreign _______-_______--___ ee 490.5 1715.3 896.1 1,100.9 1,487.4 

Total by water ______________________ 9444 1,174.0 1,288.0 1,406.0 1,758.0 

| By pipeline: . | , . 
trastate __________________________ 1,832.0 1,796.9 1,692.5 1,641.0 1,622.7 

Interstate __________________________ 1,131.8 1,108.1 1,061.4 1,021.5 1,020.1 
Foreign __________-=_________ 317.8 408.7 370.7 397.5 443.0 

Total by pipeline _____________________ 3,281.6 3,813.7  3,1246 3,060.0 3,085.8 

By. tank cars and trucks: . . 
Intrastate _~________.________________ ATS 45.7 51.7 56.5 58.4 
Interstate 2 5.7 12.4 22.0 23.7 18.0 
Foreign __———---------------------- _- oe -- -- a 

Total by tank cars and trucks ~____________ 58.2 58.1 13.7 80.2 16.4 — 

: Grandtotal ________________________ 4,279.2 45458 44863  4,5462 . 4,920.2 

| PPreliminary. |
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- CRUDE PETROLEUM AND PETROLEUM PRODUCTS 107. 3 . 

Table 48.—Pipeline tariff rates for crude petroleum and petroleum products, J anuary 1 

(Cents per barrel) . . 

a eel 

. Origin Destination 1976 1977 _ 

Crude oil: 
West Texas —..___~____----~------ Houston, Tex_____..___--------- 28 30 

Do ___~__~~-~-~-~--~~----~-_---- East Chicago, Ind _________~--~~- 39 42 
Do ________ eee Wood River, Il_._-_.-__..--—---~- 39 . 42 

Oklahoma __._.~__.--~-----~-~---- Chicago, Il] _._.-._-_-------~-+-- 29 34 
Do ___-___~-----~--~-+--~--~---- Wood River, TH]________-----.--~-- 21 25 

Eastern Wyoming ____~_..-__---~---~- Chicago, Ill ________.------~---- 38 42 
Do ~~~ ____ ee Wood River, Il]. -.._-____-~------ 35 39 

Refined products: 
, Houston Tex ___ ~__ ._-__--_---.---- Atlanta, Ga. __.-___-------_—-- 58 59 “ 

Do ___W~~-_~~-~----- + + New York, N.Y __.------------- 52 52 
Tulsa,Okla ~_...______._______-.. Minneapolis, Minn __~~--~----~--- 85 89 Le 
Salt Lake City, Utah __..___.------~- Spokane, Wash __.__~-------~--- 52 54 7 
Philadelphia,Pa _~______._-_------~- Rochester, N.Y____.__-__-----~--- 50 60 _ ft nlladelpnia, 08 ~~~ rr eee 

Source: Interstate Commerce Commission. | 

Table 49.—Stocks of crude petroleum, natural gas liquids, and refined products in the 
- United States at yearend 

| (Thousand barrels) | 

. 1972 1973. 1974 1975 1976 

Crude petroleum: | . 

. At refineries_________--~-~------ 10,327 76,971 83,214 86,761 95,574 

Pipeline and tank farm ________ ~~~ 162,476 152,533 168,944 172,610 171,709 

Producers _______~--+~~~-~~---- 13,592 12,974 12,862 _ 11,983 18,188 

Total crude petroleum .._______-~- 246,395 242,478 265,020 271,354 285,471 

Unfinished oils ____.._._._-_-------- 94,761 99,154 106,031 106,352 110,488 
Natural gasoline’_____.__.-_.------- 4,302 ._—-.—« 6 160 6,480 6,217 6,649 
Plant condensate ______..-~-------~- 1,273 1,675 - 1,070 1,165 1,479 
Refined products ____..___-_------+- 611,748 658,840 695,045 747,867 707,723 

a Grand total __._-___.-----~---- 958,979 | 1,008,307 1,073,646 1,132,955 1,111,810 

1Includesisopentane. | . . | |
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| Table 54.—Value of crude petroleum at wells in the United States, by State 

| 1975 1976 | 
. | Average Average | State Total value Total value 

at wells value at wells value 
7 . (thousands) berrel (thousands) berrel . 

Alabama. ~~~ $136,541 $10.13 $155,437 $10.57 
Alaska _. 22 364,630 5.22 318,789 5.03 
Arizona. ~~ ~~~ 3,332 5.25. 2,124 5.25 
Arkansas. ~~ 2 2 5 = 143,336 8.88 174,636 9.65 
California ~.. ~~~ 1,943,048 6.03 2,005,577 6.15 
Colorado _- ~~~ 365,654 9.60 376,273 9.65 

: Florida ~~~ 22 490,258 - ARTI. / 499,573 11.24 
Illinois ~~ 2 2 273,182 10.48 267,449 10.18 
Indiana. ~~ 2 2 48,821 10.54 50,421 10.89 

- Kansas__ $9 _~§__ 561,508 9.50 557,783 9.50 
Kentucky wee ee ee 84,520 11.19 85,454 11.42 

: Louisiana: ee | 
' Guifcoast --. ~~ 4,358,452 — 7.10 4,275,314 7.52 

_ Northern... ~~~ 253,427 6.79 281,447 . 7.36 

Total or average Louisiana _______ 4,611,879 7.09 4,556,761. 751 | 
Michigan. __§_§____~_~___~___~________ 262,352 10.74 329,637 — 914 
Mississippi__..$.§ $$$ -§_-§_-§_-§__________ 310,346 6.66 328,957 7.14 
Montana______________________ 257,169 7.83 276,419 8.42 
Nebraska. __-§_-§_-§_§_-§_-___~§§_____ 55,133 9.01 55,551 8.99 

New Mexico: . . 
Southeastern __________________ 134,204 - $3.29 761,397 8.84 
Northwestern ____..------------ 53.869 8.29 53,022 8.84 

Total or average New Mexico______ 788,073 8.29 814,419 8.84 
New York _________ ~~~ _________ 10,693 12.22 - 10,397 12.25 
North Dakota ___§_§________________ - 149,705 7.32 170,411 1.84 
Ohio. LL 113,917 11.89 117,655 11.77 
Oklahoma _____ ~~~ = 1,389,164 8.52 1,484,197 9.19 ‘ 
Pennsylvania __-__§_§_ 22 39,647 : 12.15 36,700 12,16 
South Dakota __.~_~§_______________ 5,996 12.70 | 5,519 12.35 
Tennessee _____ 7,849 11.51 © 8,203 13.72 

Texas: 
Gulf coast ____________________ 1,866,358 7.96 - 
East Texas field... -§.__________ 533,269 V3 
West Texas ___-____. _-_______ 4,925,842 TAT 140,217,702 18.59 
Panhandle________#% ._._____ 159,887 7:16 
Rest of State___._~_~_~_____ 1,851,214 7.76 

Total or average Texas____._._____ 9,336,570 7.64 10,217,702 8.59 
Utah __-_______ 348,131 8.23 318,911 9.30 
West Virginia. ___________________ 29,712 11.99 30,227 12.00 
Wyoming... _§_-_ ~~~ 983,785 7.24 971,235 1.24 
Other States? __-__________________ 1,108 6.33 2,323 11.22 

Total or average United States________ 23,116,059 7.56 24,229,540 8.14 
SSS PST SSP SSS SSS Ss OT SS SSS sis sf Ur en SSS 

1Not individually available for 1976. 

2Missouri, Nevada and Virginia.
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Table 55.—Posted price per barrel of petroleum at wells in the United States : 
in 1976, by grade, with date of price change’ : 7 | ce 

(Dollars) 
oe 

eer PP SS SS SSS SS 
. 

Grade | January March April May pm g | 

Pennsylvania grade: 7 
Bradford and Allegheny districts ___ 6.83 6.83 (11.12) 6.83 (11.19) 6.93 (11.26) 6.96 (11.32) 
Southwest Pennsylvania ___—___~- 6.12 6.12 (10.60) 6.12 (10.67) 6.22 (11.74) 6.25 (11.80) - 

Corning grade ~---- 5.17 5.17 (10.97) §.17 (11.04) §.12 (11.11) §.15 (11.17) eo 

Western Kentucky ________-_---- 5.20 5.20 5.26 (11.22) §.26 (11.11) §.33 (11.55) . -_ oo 

Indiana-Hllinois ___...____----~~-- 5.20 5.20 5.26 (11.42) §.30 (11.49) 5.35 (11.55) co, 

Coldwater, Mich ~.____...-_--~-~- 5.00 5.02 5.08 (11.67) 5.12 (11.74) 5.15 (11.80) . , co, 

Oklahoma-Kansas: 
34°-34.9° API_________-.----- 5.11 | §.14(11.50 -— -- -_— 

36°-36.9° API____-______----~-- 5.15 5.18 (11.80) —_— -- . — 

Texas, Panhandle (Carson, Gray, - oo 

Hutchinson, Wheeler Counties), . . oo 

35°-35.9° API ~.-.-_.-__.--_--- 5.10 .  §.18 5.18 (11.69) 5.20 (11.74) -§.28 (11.80) . 

West Texas, 30°-30.9° API (sweet) _____ 5.11 5.14 (11.50) 5.21 (12.07) © 5.18 (12.07) 5.24 (12.10) . 

Lea County, New Mexico, a . ‘ . 

* 30°-30.9°API (sour) __.-___._---~- 5.00 §.03 (11.15) 5.06 (11.22) 5.10 (11.29) 5.15 (11.35) ° | 

South Texas, Mirando, 24°-24.9° API _~_ 5.30 5.33 (11.80) 5.26 (11.67) 5.30 (11.84) 5.35 (11.90) a 

Fast Texas ______.___.---+----+ 5.20 5.20 5.26 (11.67) -§.30 (11.74) §.33 (11.80). 

Conroe, Texas _.____-__-~~----- 5.30 5.30 §.36 (11.77) 5.40 (11.84) 5.43 (11.90) , . 

‘exas: 
30°-30.9° API___..__.-_..--_-- 5.05 5.08 -~ _- : _- 7 

20°-20.9° API__. __~-_~_.-__---- 4.95 4,98 — -— -- os -- . 

Louisiana, 30°-30.9° API _.._-__-_--- §.15 5.18 (11.40) _- ae _. 7 

Caddo-Pine Island, La., North, oe 

36°-36.9° API _.__-__--------- 5.04 5.07 (11.32) 5.10 (11.39) 5.14 (10.46) 5.17 (11.52) 

Bay Marchand, La., South, 
36°-36.9° API _____.____------~-- 5.27 5.27 5.83 (11.59) 5.37 (11.66) §.40(11.72) . 

Alaska Cook inlet . . . 

36°-39° API ______-_-~----~--~- 4.71 4.71 4.77 (10.43) 4.87 (10.50) 4.84 (10:56) . , 

Magnolia Smackover, Limestone, 
Arkansas, 31°-31.9° API ________-_- 4.84 4.74 4.80 (10.99) 4.84 (11.06) 4.87 (11.12) - 

Elk Basin, Wyo. (including 
Montana), 30°30.9° APT ~._-_____-- 4.88 4.88 4.94 (11.87)  11.98(11.44) | 5.01 (11.50) . 

California: 
Coalinga, 32°-32.9° API _____---- 6.01 5.15 (10.09) 5.18 (10.16) 5.22 (10.23) 5.25 (10.29) 
Kettlemen Hills, 37°-87.9° API ____-_ * §.26 5.34 (10.54) 5.37 (10.61) 5.41 (10.68) 5.44 (10.74) . 

Midway Sunset, 19°-19.9° API ____— 4.28 4.38 (9.60) . 4.41 (9.67) 4,45 (9.74) 4.48 (8.01) 
Wilmington, 24°-24.9° API _____~_- 4.63 — 4.73 (9.80) 4.76 (9.87) 4,80(9.94) _ 4.83 (10.00) 

ee 

1The lower value figures (at the left) are lower level prices. The higher numbers in (parenthesis) are the corresponding 

upper level prices. . | 

Prices were frozen at June 1976 levels by the Federal Energy Administration. : 

Table 56.—Wholesale price index for crude 
_ petroleum 

(1967 = 100) . 

Month 1972 1973 1974 1975 1976 

January —__—_ 1182 114.7 178.4 228.1 263.2 
February ————-_ 118.2 114.7 201.7 2286 2423 
March ____ ~~ 1182 1149 201.7 230.2 242.4 

April —------ 113.2 117.1 201.7 282.2 245.3 
y -------- 118.2 122.0 201.7 2842 246.1 

June ______- 1182 125.8 201.7 256.0 247.8 
July _______- 118.2 125.8 2244 250.4 2543 
August ______ 114.7 125.8 225.2 256.1 254.3 
September - —__ — 1147 183.38 225.4 256.1 2543 
October __ ~~ - 114.7 1383.38 226.2 257.8 264.4 
November _——— 1147 189.38 231.0 261.0 264.4 
December ____ 114.7 146.2 228.0 2626 264.4 

Average __ 1188 126.0 211.8 245.6 253.6 

Source: Bureau of Labor Statistics, U.S. Department of 
Labor.
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Table 62.—-Crude petroleum: World production by country 

: (Thousand 42-gallon barrels) _ 

. Country - 1974. 1975 1976" 

North America: . - 
Barbados _. 2 2-2 LL 48 123 110. 

. Canada ~~ 616,532 520,666 488,680 
Cuba® _ Le 115 115 715 
Mexicot _.-_--__ 238,271 294,254 327,285 
Trinidad and Tobago _.______§_§_-_-______ 68,131 78,613 77,673 

. United States! _.. 3,202,585 8,052,048 2,971,686 | 
South America: oo . 

Argentina wee eee 151,110 144,364 145,561 
Bolivia 22-222 Le 16,603 14,732 14,856 
Brazil _. 2. LL - 64,751 62,766 61,026 
Chile ~-_- 10,055 8,946 - 8,872 
Colombia _-__ $22 Le 60,867 57,259 53,376 
Ecuador ___~__~_ LL _ 63,678 58,753 68,463 
Peru... Le 28,069 26,384 27,9386 

. Venezuela _-_- ~~ LL 1,086,332 856,364 839,737 

bania 2 2 Le 15,045 15,012 ©15,012 
Austria 2 2 15,609 14,205 13,466 . 
Bulgaria ~~ 2 2 LL 1,095. 913 730 
Czechoslovakia ~..-~~9_~__~_ 2 1,085 1,017 — &949 
Denmark ___ 2 . 689 1,327. 1,492 
France ~~ 7,863 7,460 7,710 
Germany, East®_.§_§_§_- = 2 2,500 2,500 © 2,500 
Germany, West 9 2. 44,718 41,470 39,902 
Hungary _.-~2 2 15,237 15,306 16,343 
Italy 2 LL 6,956 6,743 7,558 
Netherlands .____§ 9. --_-_ > 10,227 9,676 10,5388 = 
Norway 2 12,707 68,900 101,900 — 
Poland ~~ Le 4,080 4,103 3,376 
Romania ______~ LL 107,964 108,739 - 109,559 

Spain 22 ee L 14,384 14,822 11,552 . 
. USS.RI 3,373,650 3,608,850 3,822,000 | 

United Kingdom ___~_______.-.-~____-~-~-~__-~--_---- 3,289 8,000 189.006 
Yugoslavia ~~ 2 5 LLC; 25,613 27,347 28,739 - 

Africa: 
Algeria __.___ 368,139 - 350,753 383,816 

. Angola _-_ LLL 61,392 57,943 36,764 © 
Congo _____ ~~ ee 22,434 18,460 14,274 
Egypt _.._--__-.----------__-~---_---- +--+ 253,715 284,348 120,180 
Gabon 73,548 81,948 - 82,042 | 
Libya _. 2 Le 555,291 551,150 704,011 
Morocco ~~ LLL j91 171 35° 
Nigeria .. 29-222 LL 823,347 651,890 756,064 

, Tunisia ~~ LLL 31,841 34,567 28,600 
Zaire 20 Le _— 25 9,075. 

Asia: 
Bahrain ~~ ~~ _~_~___ 24,597 20,805 21,288 
Brunei ~~ LL 70,338 65,932 74,424 
Burma ____ 2 LLL 7,581 6,700 8,183 
China, People’s Republic of€ ~~. 2 ~~ 474,500 571,590 645,897 
India ~2  LLL 55,733 61,611 64,632 
Indonesia___~ ~~ ee LLL 501,838 477,055 550,319 
Tran ~ 2 2 Le 2,197,901 1,952,650 2,168,237 
Iraq . 2 LL 720,729 825,521 884,036 
Israel® ~~ Le 236,500 297,345 268 
Japan. 2 Le 4,936 4,378 4,241 
Kuwait® ~ _-§_§_ = 929,678 761,634 785,834 
Malaysia: 
Sabah __________ 2 LL _- _- 18,143 

Sarawak __~ LLL 29,537 35,774 42,404 
Oman ___ ~~ LL 106,046 124,600 133,795 
Pakistan ~~ Le 2,923 2,190 2,562 
Qatar _________-----_--~~-______~ ~~ ee 189,348 159,482 181,644 
Saudi Arabia? __ 2 LLL 3,095,640 2,582,549 3,139,722 
Syrian Arab Republic _~......--___----~ ~~ LL 45,352 65,930 69,685 
Taiwan _._ ~~~ 1,321 1,351 1,555 
Thailand? _~__________ ~~ Le 42 ©42 57 
qurkey - oe eee ee ee 24,555 22,167 18,585 
United Arab Emirates: 
Abu Dhabi___ _-__~-___-~-~_~-~-~~~ ee 516,110 511,730 584,225 
Dubai _~______~ ~~~ Le 100,375 92,710 114,849 
Sharjah _________~__-~~_~__ ~~ __ 13,870 13,540 

Oceania: 
Australia. _________-----~--~--~ ~~ 140,396 149,873 152,522 
New Zealand! ___________~~~_____ ~~ ee 1,385 1,423 3,776 

Total. ~. _.. _-__-___~---~-~---eLL 20,537,727 19,497,604 21,187,147 

“Estimate. Preliminary. 
Includes lease condensate. 
2Estimates of Israeli production from Sinai peninsula oil fields included with Israel rather than with Egypt. 
3Data for Kuwait and Saudi Arabia include those countries’ share from the Kuwait-Saudi Arabia Partitioned Zone.



Phosphate Rock | 
By W. F. Stowasser! | | 

The average unit value of marketable . Estimated world production of phosphate | 
phosphate rock decreased from $22.99 per rock in 1976 was 117.9 million short tons, - 

_ ton, fio.b. plant in 1975 to $19.28 per ton, about the same as the 118.3 million short 
_ f.o.b. plant in 1976. Although the apparent tons produced in 1975. os 

consumption in 1976 was similar to that of Although Morocco acquired the phos- | 
1975, international trade remained de phate mines in the Spanish Sahara in 1975, 
pressed and international prices declined, production from the Bu Craa mine was not | 

' continuing the trend established in 1975. a factor in world supply in 1976. The con- _ 
International prices were not published in veyor belt was damaged and truck trans- 
1976. Prices were established by negotiation Portation from the mine to the port of El oO 
in a highly competitive market and declined Aaiun limited operations. It is estimated | . 
throughout the year. = | that Morocco exported from 15.5 to 16.0 | 

It became apparent that in the United million short tons of phosphate rock in | States and in the world phosphate rock was 1976, an improvement over the 14.5 million : 
in more than adequate supply. Stocks in all Short tons exported in 1975. | | 
producing countries increased, particularly Legislation and Government  Pro- 7 
in the uncontrolled and competitive indus- grams.—Environmental regulations en- . 
try in the United States. Although exports acted bon he pave nee a entcant of phosphate rook declined from 1978 leven imac onthe phosphate ndurtey The 
eee ate fertilizer P roducers of 1969 requires that a Federal agency | 

. ntinued, as they did in prepare an Environmental Impact State- 
1975, to export phosphate interm ediates ment (EIS) prior to taking any action that - and concentrated phosphate fertilizer. affects the environment such as granting 
The price of phosphoric acid, triple super- f ‘cht mini ts or leasi 
hosphate, and diammonium phosphate in Pre'erence right mining permits or leasing Phosp ? ammonium phosp land for mining and processing purposes. It the export market reached levels of $450 is common practice for the company re- 

per ton, $350 per ton, and $400 per ton, Guesting a permit to furnish all the inform- 
respectively ? fob. US. gulf ports in. 1974. ation as a draft EIS. This is a major expense 
Prices declined sharply in 1975 and, by mid- fg phosphate company and will require 2 1976, the export price of phosphoric acid to 4 years to produce, to pass through a 
was down to the order of $175 per ton, triple -ayiew process, and to obtain approval. | 
superphosphate declined to $80 per ton, and During this time, the changing costs and 
diammonium phosphate sold for about $100 selling prices in the marketplace can reduce 
per ton, f.o.b. gulf ports. Integrated fertili- the economic incentives for the company to 
zer producing firms in the United States proceed with a mine and plant. This ap- 
exported at these price levels into Western pears to be the situation that has developed 
Europe and Asian markets. Fertilizer pro- during the past several years. Changing 
ducers in Western Europe and Japan were economics and shifts in the supply and 
frequently unable to compete with imported demand for phosphate rock have made it 
products from countries with a raw mate- likely that firms that initiated applications 
rial base because both phosphate rock im- for permits to mine phosphate rock on 
port costs as well as energy costs weremuch 
greater than pre-1974 costs. 1Physical scientist, Division of Nonmetallic Minerals. 
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| Table 1.—Salient phosphate rock statistics _ | 
(Thousand short tons and thousand dollars) 

OO 

TTA 1H 
United States: . . 

"Mine production oo ee 126,651 139,718 155,847 —s-:187,516 170,097 
Marketable production ___________— 40,881 42,137 45,686 48,816 49,241 

Value __________-_---------. $207,910 $238,667 $501,429 $1,122,184 $949,365 

Average per ton __.~-_---___ $5.09 $5.66 «=»—»—s«$10,98 «= $22.99 $19.28 
Sold or used by producers — = —~-_------ | 43,755 45,048 © 48,435— 46,439 44,677 

Value _._______-_------~---- $223,005 $254,846 $529,141 $1,052,995 $857,189 

Average perton ______-~--- $5.10 $5.66 $10.92 $22.67 $19.19 

Exports. _____---------------- 14,275 13,875 13,897 712,272 10,400 
: P20s content ______---_------ 4,673 4,502 4,468 3,955 - 3,382 

Value ________-_---------- $75,376 -$82,983- "$194,015 $429,222 $272,823 
im we Per on, ---~----~~~ $5.28 $5.98 $18.96 “934.98 $26.28 : 

po r ~~ ee , . 

Value _________----------~- $1,416 $1,288 $8,999 $1,604 $2,234 
| “Average perton _____.__---_ $25.75 $19.82 $49.45 T$43.88 $43.59 

Consumption, apparent ?__________- 29,535 31,2388 34,720 34,203 ' 34,328 
World: Production —______----------— 99,287 108,823 121,240 118,254 117,898 | 

 lBureau of the Censusdata. . Oo a 

2Measured by sold or used, plus imports, minus exports. SN, oe Cs 

public or private land 2 or 3 years ago would in 1976. The delay in permitting new mines 

not proceed if the permits were granted. _ in central Florida was further extended 

Applications to mine phosphate rock in when, in May, President ‘Ford ordered the 

the Los Padres National Forest of Califor- Council on Environmental Quality to pre- 

7 nia, the Caribou National Forest in Idaho, pare an EIS on central Florida that estab- 

| and the Osceola National Forest in north- lished a moratorium on new mine develop- 

ern Florida, that have been pending for ment in area. es ee 

| many years were not granted in 1976. A _ Because of rapid population growth in 
task force under the direction of the U.S. Florida, high ver demane from ad -water 
Geological Survey completed an EIS on {8 and incustries, laling Broan vee 

- developing phosphate resources in south- levels, and :deterioration of: water quality, 

| eastern Idaho. A final EIS on mining phos- the State has developed. one of the most 

phate rock in the Los Padres National comprehensive sets of laws and regulations 

| aj: to control development of resources. Regu- 

| stuly to determine the effects of potential latory power is distributed between local 
phosphate mines in the Osceola National Tye practical effect of this State legislation 
Forest nd the aquifers mand ° aoupely is that. the phosphate industry must deal 

logical sninin units was star in 197 é Tn with a complex set: of governmental regu- 

nae tarted Se lations, including the Florida State Com- 

North Carolina, the Corps of Engineers has prehensive Planning Act of 1972 and the 
delayed North Carolina Phosphate Corp. 8 Florida Environmental Land and Water 

plans to develop a new mine and plant in Management Act of 1972. Policies affecting 
order to study the issuance of dredge and surface mining are established by these 

fill permits for South Creek, a tributary of Acts. To strengthen the powers of local gov- 

the Pamlico River. ernments, the Local Government Com- 

In central Florida, phosphate rock was prehensive Planning Act of 1975 requires 
mined prior to 1976 only in Polk County. municipalities and counties to prepare and 

Two mines were permitted to be- con- adopt plans to guide development. The 

structed in Hillsborough County and one of Florida Water Resources Act of 1972 estab- 
these was near completion at the end of lished State and regional programs to 
1976. Development of Regional Impact manage water resources and related land 
(DRI statements, similar documents to EIS, resources, including issuing permits for 
were submitted for mines in Manatee and_ water used in mining. Florida has 67 coun- 

Hardee Counties, permits were not granted ties and several hundred municipalities. By
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statutory authority, the local level of gov- types of land use control devices, and most 
ernment can be a decisive factor in in- have some type of planning and regulation. 
fluencing the use of land and resources. Analysis of local government involvement 
Some counties have little or no land plan- is discussed in a Geological Survey open file | 
ning programs, some have adopted many _report.? ae 

| DOMESTIC PRODUCTION 7 

Marketable phosphate rock production were started in 1975 and that stockpiled 
was 49,241,000 tons, an increase of 425,000 concentrate feed for processing in 1976. 
tons or 1% over that of 1975. The value of | Agrico Chemical Co.; Borden, Inc.; Brew- 
the marketable rock was $949,365,000,.a ster Phosphates; Florida Agglite Corp.; Gar- 
decrease of 15.4% from that of 1975. The dinier, Inc.; W. R. Grace & Co.; Internation- | 
average grade of ore mined in the United al Minerals © epamical GorPs 6 ‘ Min 
States was 11.8% P.0s, and the average er rp.; Mobil Oil Corp.; Occiden 
grade of marketable rock was 30.7% P20, rotroeum Corp. Swift Agricultural Chemt- 
about the same as that of 1975. The average rp.; and U.S.S. Agri-Chemicals, Inc., - 
weight recovery of concentrate and rock produced marketable phosphate rock from 
marketable as mined was 28.9%, an in- the Bone Valley Formation in central Flori- | 

provement over the 26.0% weight recovery da and a similar matrix in northern Flori- 
in 1975. The average P.0; recovery was da. Howard Phosphate Co. anys Co.; 

75.4% in 1976, considerably more than the roncals J hosphate 070. aes fon ane. | 
64% in 1975. In the United States, Florida : ” rOCK, a waste trom 
and North Carolina produced 41,554,000 0noperating hard rock mines, in central 7 
tons (84.4%) of the total marketable phos an North Carolina | Texasgu If Ine in- : 
eet ee. 6 Lon agian toes — creased mining capacity with the addition 
duced 1.801.000 tons (3.7% ) of a 30-inch electric hydraulic. dredge to 

Florida ‘an d No rth Cc ar olina.—Produc- strip the top 40 feet. of overburden from the | 

tion of marketable phosphate rock was [rola vols rasher, and flotation plant 
One ete tons, an increase of 2.1% over capacity was increased to 5 million tons per | 

at of 1975. The value of marketable rock ear of product if overated in a single float . 
was $867,092,000, a decrease of $183,260,000 or Ne Gaming Phosphate Corp | 
noe less than that of ra hate _ jointly owned by Agrico Chemical Co. and | 

_ phe average grade Of phosphate ore Kennecott Copper Corp., continued permit- | 
mined was 11% Pals, somewhat less than ting procedures. All permits were issued 
the average grade of 11.8% P.0; ore mined except for a dredge and fill permit from the 
in 1975. The average grade of marketable Corps of Engineers to deepen South Creek 

rock was 31.3% POs, the same as the to prepare for barge traffic from the plant 
average grade produced in 1975. | to Morehead City, the deepwater port on 

The average weight recovery of concen- pgmlico Sound. | | 

trates and rock marketable as mined was _[y northern Florida, Occidental Chemical 
26.4%, an improvement over the average (Co, a division of Occidental Petroleum 
weight recovery of 23.4% in 1975. The Corp,. opened the Swift Creek mine in early 
average P30; recovery was 75%, a signifi: 1976, and after a temporary shutdown in 
cant increase over the P.0; recovery of . - 

62.2% achieved in 1975. The improvement gyimhott E, A: An Analysis a Selected Laws and 
in weight and P.0; recovery was attributed Nource M Programs in Surface Mini Gone 
to normal operations in 1976 of mines that eereureey Open we Henn 16648 1976. 0. .. Geologi
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| midyear, finally closed the mine at yearend and P.0; recovery was811%. —_- 
as demand declined for phosphate rock. _ Beker Industries Corp., Monsanto Co., 

7 _ Occidental continued to operate the nearby J.R. Simplot Co., and Stauffer Chemical Co. 
| Suwanee River mine. - +... mined and processed phosphate rock in 

. In central Florida, Agrico Chemical Co. Idaho. In Montana, Cominco American, 
| _ completed the first full year of operating Inc., recovered phosphate rock from under- 

the Fort Green mine and closed the Palmet- ground mines near Garrision. Stauffer 
to mine because reserves were exhausted. Chemical Co. mined phosphate rock in Wyo- 
Construction continued on Brewster Phos- ming and in two areas in Utah. Jon-T 

‘phates’ Fort Lonesome mine and Borden, Phosphates, Inc. mined some phosphate 
| Inc.'s Big Four mine in Hillsborough Coun- rock in Van Buren County, Ark. Meramec 

| - ty. The Fort Lonesome mine is scheduled to Mining Co., Sullivan, Mo., recovered apatite 
_ start producing in early 1977, and the Big concentrate from Pea Ridge iron ore mine _ 
Four mine is planned to replace the Tenoroc _ tailings. | nn 7 | 

_ mine in Polk County that is scheduled to be During the year, Beker Industries Corp.’s  _ 
| * phased out in late 1977 or early 1978 as this _Maybie Canyon mine and fertilizer complex 

reserve is depleted. C.F. Industries, Inc. at Conda, Idaho, was closed when demand 
: purchased 19,555 acres of land in Hardee for fertilizer in the Western States declined _ 

* County for $101,547,592. The firm plans to in June of 1976. Jon-T Phosphates, Inc. also 
* initially produce 2 million tons per year of suspended production indefinitely when de- _ 

| - phosphate rock for its chemical plants at mand for phosphate rock slumped. A draft 
_ Bartow and Plant City, Fla. Farmland In- EIS, “Development of Phosphate Resources| 

| , dustries purchased about 7,000 acres in in Southeastern Idaho,” prepared jointly by 
_ Hardee County for $33.3 million. Plans are the U.S. Department of the Interior and the 

: _ to mine the reserve in the 1980’s. Freeport U.S. Department of Agriculture, presented 
: Phosphate Mining Co. announced a lease an analysis of the broad cumulative impacts 
' agreement with Limestone Land Co. to of existing and proposed phosphate resource _ 
:. mine 6,200 acres in Hardee County. W.R. development in southeastern Idaho, as well — 

Grace completed construction of a new as an analysis of specific applications pend- 
 beneficiation plant near Bradley Junction, ing before the Federal Government. The 

Fla. The Hooker Prairie deposit will be final EIS had not been issued by the close of 
mined and treated at this new plant. In the year. No new mines were developed in 
addition to the noted land acquisitions, the Western States in 1976. 

| _ Gardinier, Inc.; Mississippi Chemical Co; | Tennessee.—Production of marketable — 
~ Mobil Chemical Co.; United States Steel phosphate rock was 1,801,000 tons, a de- 
* Corp. and. International Minerals & Chemi- . crease of 490,000 tons or 21.4% less than 

| cal Corp., all purchased substantial acres of reported in 1975. The value of the market- 
* phosphate land in Hardee County. able rock decreased from $28,803,000 in 
» Western States.—Production of market- 1975 to $14,527,000 in 1976, a decrease of 

able phosphate rock was 5,886,000 tons, 49.6%. 
' similar to the 5,825,000 tons produced in The average grade of mined ore was 
. 1975. | 20.4% P20s, the average weight recovery of 
: The value of marketable rock decreased concentrates was 54.1%, and the recovery of 

to $67,746,000, 27.2% less than the value in P.0; was 68.1%. A small quantity of phos- 
1975. The average grade of mined phos- phate rock was used in electric furnaces 

' phate ore was 22.3% P.0;s. The average without beneficiation. The average grade of 
- grade of mined phosphate rock used with- phosphate rock that was beneficiated and 
- out beneficiation was 26.2% P.0;. The aver- used directly was 25.8% P.0s. 

age grade of beneficiated rock was 31.8% Hooker Chemical Co.; M.C. West, Inc.; 
P.0;. The average grade of all marketable Monsanto Industrial Chemicals Co.; and 
rock was 28.1% P.0;. Of the total phosphate Stauffer Chemical Co., mined and processed 
rock produced in the Western States, 65.9% phosphate rock in Tennessee for reduction 
was used directly and the balance, 34.1%, in electric furnaces to elemental phospho- 
was beneficiated product. The weight recov- rus. The Tennessee Valley Authority closed 
ery of the combined beneficiated concen- its phosphate mines in Tennessee and its 
trates and rock used as mined was 64.6% _ electric furnaces at Muscle Shoals, Ala.
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Figure 1.—Phosphate rock (sold or used), apparent consumption, and exports. . : ee 

Table 2.—Production of phosphate rock in the United States, by State | . Oo ms 

. (Thousand short tons and thousand dollars) oe 

Mine production Mine Precio" = pudation ‘Marketable production, | 
Rock content Rock content Rock orient Rock —ggr'tene Value = 

1975: - ae | ne 
Floridaand __ / 7 | - | 

North Carolina ___ 178,761 —-20,498 28 6 40,671 12,748 40,699 12,754 1,000,352 
Tennessee ______ 4,052 808 283 67 2,008 520 2,291 588 28,808 
Western States!__. 9,702 2,182 _ 3,188 834 2687 852 5,825 1,686 93,029 — 

Total? _.____ 187,516 28,488 3,449 907 45,366 14,121 48,816 15,028 1,122,184 

1976: : vy 
Florida and a . | 
NorthCarolina ___ 157,646 ~—-17,,341 29 6 41,525 12,995 41,554 13,001 867,092 | 

Tennessee ______ 3,382 681 50 12 —‘1,751 452 1,801 464 14,527 
Western States! ___ 9,118 2,087 3877 1,014 2,009 638 5,886 1,652 67,746 

Total? _.____ 170,097 20,060 3,956 1,082 45,285 14,085 49,241 15,118 949,865 

1Includes Arkansas, California, Idaho, Missouri, Montana, Utah, and Wyoming. 
*Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND USES 

Apparent consumption of marketable 1976, 76.7% was consumed domestically and 
phosphate rock, defined as the quantity sold 23.3% was exported. 
or used plus imports minus exports, increas- The consumption pattern as reported by 
ed only 125,000 tons to 34,328,000 tons in producers is shown in table 3. Of the total 
1976. According to producers’ reports, the sold or used, including both domestic and 
quantity of phosphate rock sold or used in export markets, the distribution pattern in 
1976 was 44,677,000 tons, a considerable 1976 for the domestic segment was wet- 
reduction from the 46,439,000 tons sold or process phosphoric acid 58.3%, normal su- 
used in 1975. Of the total sold or used in perphosphate 2.6%, triple superphosphate
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3.4%, defluorinated rock 0.7%, direct ape oO 
plications 0.1%, elemental phosphorus 1 _Distribution (percent) 

11.1%, and ferrophosphorus. 0.5%, for a Grade, percent BPI." content 1974 1975 1976 
: oe total of 76.7% or 34,277,000 tons. : 

| _ The percent distribution by grade of mar- Smo -------------> 104884 
| __ ketable phosphate rock consumed in the 6 to) = 7277777777777 t12 55.0 | 60.2 

oe United States and sold in the export market 72to74~--- gg 77 
‘in 1976 is compared with the distribution Over74--------------- 94 T4728 

- _ patterns in 1974 and 1975 in the following 11.0% BPL (bone phosphate of lime or tricalcium 
_ tabulation: | phosphate) = 0.458% P20s. - 

| a rm - Western States.—The quantity of market- 
a Grade, tBPL* content. —oittibution (percent) able phosphate rock sold or used decreased 

a e174 19751976 from 6,124,140 tons in 1975 to 5,376,922 tons 
sthan60____._.._... 56 94 7g in 1976. Of the total sold or used in 1976, 

a Cie 66---===== == aaa mS 147 146 86.6% was consumed in the United States 
oe bod) Sa laeeiabaietanatetaienannenar yey 4 “and 13.4% was exported. Se 

10 terz---------------  }?2 19% = -33-—«Of that consumed in the United States, 
_ - Over74___------------ 78 60 61 expressed as a percent of the total sold or 

| : «ales used from the Western States, 1,718,768 11.0% BPL hosphate of lim cal ALES, 1,020, 
. phosphate) = 0.458% Pde phate of lime or tieatoum tons (32.0%) was used for wet-process phos- 

| 7 . ee phoric acid, 41,000 tons (0.8%) was used for 

__ Florida and North Carolina.—The quan- normal supérphosphaté, 53,000 tons (1.0%) 
| ‘tity’ of phosphate rock sold or used de- was used for triple superphosphate, 6,000 

: creased from 37,921,272 tons in 1975 to tons (0.1%) was used for direct applications, 
| _ 37,392,197 tons in 1976..Of the total sold or 92754299 tons (51.2%) was used to produce 

Ss : used in 1976, 74.1% was consumed domes- elemental phosphorus, and 85,185 tons 

| tically and 25.9% was exported. Of that (1.6%) was collected in ferrophosphorus. _ 
_ consumed domestically, 24,311,000 tons The percent distribution by grade of mar- 

(87.8%) was used to produce wet-process ketable rock sold or used from the Western 
phosphoric acid, 1,141,000 tons (4.1%) for States in 1974, 1975, and 1976 is shown in 

7 normal: superphosphate, 1,450,000 tons the following tabulation: | 
| (5.2%) for triple superphosphate, 319,000 — : | 

: tons (1.2%) for defluorinated rock, 38,000 ————____ 
| = tons (0.1%) for direct applications, and Grade, percent BPL' content. —DitTibution (Percent) 

| 451,000 tons (1.6%) for elemental phos- 1974 1975 1976 
phorus and ferrophosphorus. ~~. 

/ The percent distribution by grade of the 6066. --2-7777777 BS) sass 
marketable rock sold or used from Florida {6 to70--------------- 238 25.9 2B. 

_ and North Carolina in 1974, 1975, and 1976 72to74_-- 899 158 
is shown in the following tabulation. Ex- Over?4--------------- 04 -- -~ 

ports are included in this distribution pat- —_— 1.9% BPL (bone phosphate of lime or tricalcium 
tern: phosphate) = 0.458% P20s.
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' - Tennessee.—The quantity of marketable. 1974, 1975, and 1976 is compared in the | 
phosphate rock sold or used declined from following tabulation: | : 
2,393,000 tons in 1975 to 1,908,000 tons in , eo | 

_ 1976, All of the rock was-used in electric ————__________ Distribution (percent) 
. furnaces to produce’ elemental phosphorus Grade, percent BPL’ content “io7) «19751976 

_ and industrial chemicals. Most of the ele —@ ——_ 
mental phosphorus was converted into Jewthan60------------ ]97 809 qa 
phosphoric acid, the base for sodium and 66-70 __________-----_ 47 1.6 1.1 

calcium phosphates and anhydrous deriva. {974 -77777777777777 
tives. " - - — Over 74____-_____----- _— — _— 

| The percent distribution by grade of mar- 1; 9, ppt, (bone phosphate of lime or tricalcium 
ketable ‘rock sold or used in Tennessee in _ phosphate) = 0.458% P2Os. 

- Table 3.—Phosphate rock sold or used by producers in the United States, by use = : 

ne a (Thousand'short tons) ee 

a 1975. SOSOSCS~™S 1976 a | 

ea 
Wet process phosphoric acid __.______-— 25,548 9 °°. 4,891 - 26,030. 8,019 
Normal superphosphate ________._____ 1017: 315. 1,182 368 
Triple superphosphate - —— ——~-------- 1,627 5385 1,503 487 
Defluorinated rock _~._§______~______ 172 59 319 106 

| Direct applications ___..2..._.____ 7185 *39 44 . 9 . 
| Elemental phosphorus_.-....-..---.. .. 5418 =. ss TUAML ss, 978 1,298 

Ferrophosphorus 4 i~-- 5-2 ---+--t F255 GE . — 220 © 57 

Total Me | 34,167 7 . . 10,315 . . , 34,277 : 10,345 | 

Exports__________-_ 12,272 | 3,955 10,400 3,332 | 

|  Grandtotal_---------- ea. 46,489 14,270 44,677 13,677 | 

| Data may not add to totals shown because of independent rounding.  .- 

_ Table 4.—Phosphate rock sold or used by producers in the United States, by grade and — | 
. Te _. State in 1976 7 So, | . 

Se a an (Thousand short tons and thousand dollars) " mote oe 

a | . Florida and NorthCarolina’ ~ “© “Tennessee - 
Grade, percent BPL' content Pos P20 

| Rock co nten t Value Rock conten t Value 

Below60 ________-_ 83 ias(itié«i KC C*«iC«TG 342 9,573 
60to66 5,006 1,489 - 110,587 WwW Ww WwW 
66to70 22,528 6,930 428,951 Ww Ww Ww : | 
WtoT2 22 4,188 ' 1,361 86,793 __ a : 
Wto74__-_ WwW W Ww __ __ __ 
Plus74 ~~~ ~~~ WwW 4 Ww oo _- -- 

Total? ___________________ _ 87,892 11,658 775,096 1908 494 15,326 
a | _ Western States Total United States | 

4 P20 Pas | . Rock content Value Rock content Value 

Below60 ..-________-______-__ 2,080 504 16,168 3,489 867 _—« 2,585 
60 to 66 ~. Mf WwW 4 6,510 1,861 126,604 
66to70 Ww Ww WwW 24,079 7,408 461,216 
70 to72 ee __ __ __ 4,188 1,361 86,793 
12toT4 ~~ Le Mf Ww WwW WwW WwW WwW 
Plus74 ~-- ~~ ee __ __ __ Ww WwW Ww 

Total? ~-_-____-__ 5,377 1,525 66,767 44,677 13,677 857,189 

W Withheld to avoid disclosing individual company confidential data, included in total. 
1Bone phosphate of lime, Cas(P04)2. 
7Data may not add to totals shown because of independent rounding.
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: ~ Table 5.—Phosphate rock sold or used by producers, by useand State 
oe s+“ (Bhousand short tons) ar Ss, 

| 5 | North Carolina Tennessee «Western States = UnitedStates sw 
a P20s Pes Poss tf P05 

Rock content RPK content Rock content = ROE. content 

:  Agricultural..-______. 26,897 8169 __ __ 2,097 670 28,494. . 8888 ~~” 
Industrial _._________ 890 115 2,898 617 =. 2,890 1745 «=««5678 ATT 

Total____._....... 26,787 8,284. 2,898 617 4,987 1415 34,167. 10,815 
Exports ?______-.__-_-.. 1,185 | 3610  _. + 1187 345 © 12272 “3955 

Total! ___.________ 87,921 11,894 2,393 = G17_—s«G124._ 4,760 46,489 14270. 

- 1976 | : TO 

: Agricultural...-______ 27,259 412k __ 1,820 (578. 29,079 8990 ~~ 
, Industrial _.________. 451 ~—s«-'182.s—s«a908)s 494 2.889 7295198855 

: Total_____________ 27,710 ss 8,544——«i1,908 494 4,659 1,308 84,277 10,845 
: Exports? ____.____---_- 9682 8114 i. uL 718 217 10,400 8,882. . 

- ; Total! ____________ 87,802 11,658 «=«1,908 «Ss 494) s5B77s«1,525 44,677 «18,677 

1Data may not add to totals shown because of independent rounding. . ee — oe 
__ Exports reported to Bureau of Mines by companies. | | oo, 2 cS : 

| ‘Table 6.—Florida phosphate rock sold or used by producers, bytype " 
. ne | (Thousand short tons and thousand dollars) — he 

cas Be Landpebbleeé - Soft rock © Total®, 
, y Value — . Value _ Value > = 

7 ear P23 Aver. Pols ~~ ~~*SAver- Poids ~ Aver 
oe i Rock content Total ng . Rock content Total Aver Rock content Total ae se 

: - perton ee _perton.— - perton fy 

: 1972___ 36,918 11,863 188,205 $510 21. 4 121 $587 36984 11,868 188,326 $5.10 
1973___ 36,894 11,716 205,328 ——‘5.57 2 4° 4154 7.00 36,916 11,720 205,482 5.57 _ 

- -: 1974 39,879 12,547 486,587 1095 . 41° 8 571 18.93 39,920 12,555 487,158 1095 — 
1975___ 37,893 11,888 926,813 2446 28 6 508 17.96 37,921 11,894 927,316 2445 
(1976___ 387,360 11,652 774,517 —-20.78 32 7 580 1812 37,392 11,658 775,096 20.73 

| “lIncludes North Carolina. ; | . | oo 
2Data may not add to totals shown because of independent rounding.’ os 

_ Table 7.—Tennessee phosphate rock sold or used by producers os 
. (Thousand short tons and thousand dollars) os . - 

. P.0 Value 
Year Rock 20s ey tent : Average conten Total per ton 

1972 = ee 2,240 587 11,188 $4.99 
19738______ 2,665 699 18,812 5.18 

| 1974__- 2,607 708 20,594 7.90 
1975 2,393 617 29,921 12.50 
1976_____.____ 1,908 494 15,326 8.08
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| Stocks of marketable phosphate rock in In Florida and North Carolina, stocks 
the United States increased from 9,946,045 increased from 8,533,323 tons at the begin- 
tons at the beginning of the year to ning of the year to 13,296,312 tons at year- . 
15,181,760 tons at yearend. At the end of end. In Tennessee, stocks declined from 
1976, inventories reported were larger than 307,364 tons to 280,567 tons during the year. 
in prior years. It was the second consecutive Stocks in the Western States increased from | 
year of a significant increase in inventory 1,105,358 tons to 1,604,881 tons during the 
levelss eC | - year... coe 

| | PRICES a 7 

The prices of phosphate rock sold in marketable rock sold in Tennessee declined , 
either the domestic or export markets were from $12.50 per ton in 1975 to $8.08 per ton | 

~ not published. The selling price, negotiated. in 1976. 
between the producer and consumer, is not § The average unit value of phosphate rock — | 
public information. Although some .pro- exported from the United States decreased 

-. . ducers publish price lists, contractual prices. from $34.98 per ton in 1975 to $26.23 per ton a 
_ are not required to follow published prices: in 1976, a 25% decrease. The unit value oi 
An indication of domestic price levels for marketable rock exported from Florida and | 

+ phosphate rock was published in the Chemi- North Carolina decreased from $36.57 per 
- cal Marketing Reporter. Table 8 shows ton in 1975 to $26.34 per ton in 1976. The 
prices for Florida land-pebble phosphate unit value of phosphate rock exported from 
-rockattheendof1976. . the Western States increased from $19.32 | 
_. A similar price tabulation was not avail- per ton in 1975 to $24.84 per ton in 1976. 

able for phosphate rock produced in other Tennessee rock was not exported. 
parts of the country. Phosphate rock in . The Phosphate Rock Export Association | 
‘Tennessee is normally used in local electric _ published an export price schedule effective 

- furnaces as isa large part of the production January 1, 1976. This schedule is shown in . 

from the Western States. Some phosphate table 9. Although the Phosphate Rock Ex- | 

rock from the Western States enters the . port Association did not publish new price 
| merchant rock market but not in quantities schedules during the year, price reductions 

comparable with those from Florida. Most were made in April and December 1976. 
of the production in North Carolina is Estimates of the price schedules are also = 
captively consumed by Texasgulf, Inc. and shown in table 9. Price estimates are aver- Se 

converted into higher value products. _ ages as each contract is independently nego- 
The producing companies report the tiated between buyer and seller and adjust- 

grade and value* of marketable phosphate ments for factors other than grade are 
rock semiannually to the Bureau of Mines. normal. — —_ | 
The average 1976 unit value of marketable Early in 1976, the Office Cherifien des 
rock reported by producers, and estimated if | Phosphates of Morocco published phosphate 
unspecified, was $19.28 per ton f.o.b plant, rock price schedules that were to be ef- 
16.1% less than the $22.99 per ton value fective as of January 1976. These are shown 
reported in 1975. The average unit value of in table 10. International phosphate rock , 
land-pebble rock reported sold or used in Price erosion that began in 1975 continued | 

the domestic and export market from Flori- into 1976 and, as the year progressed, Mo- 
da and North Carolina decreased from Yroccan export prices declined to the esti- 
$24.46 per ton in 1975 to $20.73 per ton in mated levels shown in table 10 atyearend. - 
1976. The average value of all marketable At the end of 1976, international demand 

rock sold or used from Florida and North for phosphate rock was weak and a further 
Carolina, including soft rock was also $20.73 decline in prices appeared certain early in 
per ton. In the Western States, the unit 1977. 
value of marketable rock sold or used —Syalue, if eold, net ling price fo. plant, or, if used, 
decreased from $15.64 per ton in 1975 to value, if gold, net selling price I.0.b. plant, or, , 
$12.42 per ton in 1976. The unit value of oped price; that is cost plus overhead andprofit,
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Table 8.—Prices of Florida land - pebble © - Table 9.—Phosphate Rock Export | : 
phosphate rock, washed, dried, unground, Association price schedule, per metric ton, 

in bulk, carload lots, f.o.b. mine unground, f.o.b. vessel Tampa Range or | 

73to75 _-____-___________._. $34.00-$87.00 ~ _ Ce 
70t072 wo 30.00-°82.00 ae ----=--- © MT $44“: Bee 
66 to68 ~~ 24,00- 26.00 te nme aen - pa - i a. 

it: SO  * 
| 11.0% BPL (bone phosphate of lime or tricalcium ° -------- 30 30 __ 2 

Phosphate)— 0.458% P20s. | a 11.0% BPL (bone phosphate of lime or tricalcium 
. - phosphate)— id P20s. to tax 

: i i Lo cen! Tr metric ton severance tax. 
3, iol omc Marketing Reporter, v. 211, No. 1, Jan. | tox ti ted price plus 55 cents per metric ton severance 

| a | _ Table 10.—Moroccan phosphate rock == 
: —  ** export prices, per metric ton, f.a.s. Safior =" EE 

Fo | Grade Poteet January oe tote r a < - 

i | 11% 2 2 $5150 0° $41.00 = Ce ee 
: 15% oe > ‘48.50 . Lk 7 . 37:00 + / Boy a . an 8, 

| a 10%) LETT - 46.00... 82.00 SO a eR 
. Oo Youssoufia;.... . mo be a ba 

a 0 errr 
: - a _4Plus 55 cents per metric ton loading charge... oo Lo 7 7 | - - _ : . _ 

_ . _ 71.0% BPL (bone phosphate of lime or tricalcium SO 
| ,  Bhowphate)= 0.458% Pas 

| - — BOREIGNTRADE i 

Phosphate rock - producers / “reported ~The ‘average calculated unit value of ex- 
. 10,400,000 tons were exported in 1976, a ported phosphate rock in 1976 was $26.28 

| decline of 15.3% from the 12,272,000 tons per ton, a significant reduction from the 
exported in 1975. Of the total exported in comparable value of $34.98 per ton calcu- 

| 1976, 93.1% was shipped from Florida and _ lated from reported tons and value in 1975. . 
North Carolina and 6.9% originated in the The United States imported 51,000 tons of 
Western States. Exports of phosphate rock phosphate rock in 1976, soniewhat’ more 
from Florida declined, phosphate rock ex- than the 37,000 tons imported in 1975. The 
ports from North Carolina are either small unit values in 1976 and 1975 were $43.59 
tonnages or not a factor in this market, and and $43.83 per ton, respectively. Most of the 
exports from the Western States declined phosphate rock was imported from the 
36.8% compared with exports in 1975. — Netherlands Antilles. | oe |
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Table 11.—U.S. exports of phosphate rock, by country 
(Thousand short tons and thousand dollars) : 

ae 1975 a 1976 
oO ‘Destination | —_—_——$—$—$—$—$—<——<—<———————— 

. ___ Quantity Value Quantity —_Value : 

Florida phosphate rock: -* 
- Austria ~~ 2 28 144 107. 4,178 . 
Belgium-Luxembourg ~~... _.__._._..~------- 709 29,641 827 - ~ 26,610 
Brazil] _..._-.-_-__.__~ ~~~ ee 561 24,270 AL 825,655 | 
Canada _____ ee 2,623 67,367 1,970 ~ . ° 415566 . 
Chile __-______ 29 1,878 oe ee Be 
Colombia ___________.--_--------~----- 48 2,200 18 FM S8I3 . 
Costa Rica ~~ _- _— 12 325 ° 
Ecuador _____.._~_~ ~~~ ~~ 16 709 22 “2 04 
El Salvador _.~_.~._______.-_ ~__-_----- 5 217 12 1. 426 Oo 
France ________ ee 572 19,133 589 -- 16,480 Cs 

Rast __..._._____.____._. 2 _. 8 18. eee Uy | 

West __________-_____ ee -  §89 20,136 | 558 14,085 
India ~_-_______~__-_ Le 249 - 9,655 261 | - $1,218 
Tran 2 ee 415 23,614 305 11: 9,849 
Ireland _____ ~~~ ee —_ , —_ 25. -.. 656 . 
Italy__§_____--______-~-_-- eee 228 8,540 105. + 3,157 Oo 
Japan 1,842 . 80,721... 1,516 . © 63331. 
Korea, Republic of _________..-_--~--..- ~~ 670 30,538 .- 763.  .. 80,059 
Mexico ________.~--~-_-~-~_~~~-~--~-~~_-- 1,047 _ , 40,141 . _ 434 . _ 42378 ; 
Netherlands _____________.-___~-_.~__-_ 575 18,822 758 £9,852 
Norway _________.—---~--~---~-~------~--- 83 2,837 61 2,104 . 
Peru_____ > ee 11 495 6 _ «184 
Philippines wee ee eee ee 144 1,232 84 - 2,950 oe | 
Poland _______~_-______~~-~~-~~---~-~~- 466 19,662 210 2 6,828 
Portugal __-__ -_-______~--____-~-~.~-~-_-- __ —_ 4... 429 
Romania __________.--~-_-~~~-~~------_ 144 6,216 169... | 4,926 
Spain _____________ ee 52 1,188 18 424 
Sweden ~~ 5 ee 69 2,987 113 3876 _ 
Switzerland _______._~______-.~----_.--- _- -- | 26 -  .. 871 . 
Taiwan ____________ ee 16 863 —— «60 1,727 
United Kingdom ___~_____________~------_ 129 6,673 181 -§,416 . 
Other ______~~__~__-_~_-~ ee 1 45 2 «489 

Total _-__-________~____ 11,821 424,924 9,935 300,052 | 

Other phosphate rock:! wove tis Baila 
Argentina _________ ~~~ ee 5 - 100~—«. _- At eg . 
Belgium-Luxembourg __~____.~____~----~---- _- _- 12 . . 1314 
Brazil __._____~_~_~_____ eC 13 .. 444 71. 23068 
Canada ___________. ~~~ ee 930 21,247 748 . -.18,402 

_ Costa Rica __~___ ee 11. 697 J SED ea PP 

' Dominican Republic ___~.________...------- (?*) 2. ee nti 
El Salvador _____-_________~_-_---___-_~- 6 383 we ee BE : 
France __________~-~--------~~~-~---~-- 3 50 35 ss. + 620 mo 
Germany, West _________-------------~--- 16 278 88 - 1,568 
Tran ____ eee 68 4,096 - - & ws 10 me 
Japan _-__.~--_--+-----=------------- : 6 195 - oe ot 
Mexico __~__________~___-~-~-~-_-_-~_-- ) 4 @ «= .° 8 
Netherlands _____________._-_---------~ | 223 8,483 -386 - ° . 1,647 
Peru ee ?) 20 _. _ 
Poland ___________ ee -- _~ 32 804 
Romania ________~______~.~-~--~--~-~--~_- _- _- 64 1,845 
Taiwan ______.—~~______~~-~_~-~____-~_--+- 3 600 -_- —- 
Venezuela __________~-_-___-~-_~~_~~-_--~- ) 2 (?*) 5 
Other _.__-_______ ~~~ 1 28 3 72 

Total _..___________ ee 1,285 36,629 1,084 27,358 

Grand total _.._.._________________-~-_- 12,606 461,553 11,019 327,410 

1Includes colloidal and sintered matrix, Tennessee, Idaho, Montana, and soft phosphate rock. 
2Less than 1/2 unit.
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| | | . Table 12.—U.S. exports of superphosphates, by country | 

- SN . (Thousand short tons and thousand dollars) ; 

os | : 7 tion 1975 1976 

OE - a ae Quantity Value Quantity Value . 

“ Algeria ~~ ~~ -- _- 45 2,959. 
. Argentina ___ ee 5 1,700 ; 4 . 352 

. ... », Belgium-Luxembourg _.. 2.222 ------.__-______ 16 1,814 36 2,760 
- Brazil ~~~. ee 377 55,707 407 — 80,365 

— Canada ee 69 5,410 56 4,928 
o . - Chile 2 67 19,406 92 7,466 
a Colombia ___=..---.----~-------~ 2 13. Ct 2,855 5 579 

Costa Rica ~~ LL 2 - §25 9 803 
Fg Denmark _ . . ..—-------.-.-------~.~-------- -- _- 25 1,790 

BO Dominican Republic .._.. 22022022 LL 2 813 . 21 | 2,138 
—* Beuador 2 en  eee ee (4) 4 () 1 

El Salvador _-. ~~~ ee _— -- 1 91 
| France a eee "73 7 248 141 12,072 

ee . - Bast oe 2 ee  LLe 6 122 4 413 
CO West 2 40 4,488 107 9,941 

~ Guyana __ 2 ee eee 6 1,300 1 179 
. ~ Hong Kong__ eile () 10 @) 14 

ae : Hungary _....-.--..----------_------------ 59. 6,989 147 13,638 
oo ‘, _ Indoesia__.2 2 Le 99 26,595 a -- 
ne : Traq__-_-------------=--- eee 11 3,200 -- ae 

es Ireland ____~—~___..-_ +e -- a aT 1,906 
- Oo Italy 2 Le 29 2,994 35 2,787 

Be Jamaica __.. 2 3 447 2 154 
. . Japan — ee 18 2,986 44 8,064 

a Korea, Republic of _... ~~ ~_-___-____________ 44 16,121 @) 1 
so Mexico ___ ~~~ -- - 5 316 1 60 

So Netherlands ____ 2222 — -- 6 410 
NewZealand ~~ () 12 ?) 4 

. , Niger ee ne ee ee ae ee eee wee eee ee ~-—— -— 1 58 

Panama __._______-~~_~--_-~-~~_ ee -- -- - 2 289 
: ot li alata 12 3,206 —— —— 

Poland — === 22DIITTITIIIIIIIII III 85 8,684 “3 378 
co . ingapore ~~~ Lk -- -- 

South Africa, Republic of - ~~~ -—" "TTL TIT TIIIIII IIe a aa F Looe 
_ Span. ee 

* Srilanka _______. ~~~ 8 2,051 _- _- 
- Taiwan Le 3 391 2 189 

: - Thailand... 2-2 am -- 2 127 
_ United Kingdom _._____.----____---..------ 12 1,177 4 404 
Venezuela _. LL 13 3,080 1 215 
Yugoslavia... Le _- -- 43 4,069 

. Other Le 6 1,601 3 504 

oa . Total ~~ ~~ ¥1,166 192,898 1,334 110,835 

1Less than 1/2 unit.
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Table 13.—U.S. exports of ammonium phosphates,by country == = = = © 

. 19754 OTE eo a . 

. Quantity § Value Quantity § Value os 

Afghanistan ___ ~~~ 26 7,056 20. . » 2,328 i Ls 
Algeria ____.~ _- _. 15... 1,827. . a . 
Argentina ______.~-__ 9... 2,964 oo SE 3° 4,162 . 

Belgium Luxembourg ~_~~~~~77777777777~7777=77 @ 48 we wie umM- ween ee . : . 4 vot : “od 

Bolivia _----2 2 4 284  & oe Bd oo 
Brazil... 2 462 74,924 . BIT. -- 86,564 .. ts 
Canada __________ ee 92 12,811. 125. (13,849 a 
Chile ____ ee 37 - 12,229 | . 46 BC 
Colombia ___ 2 . 6. 1,358 7) oe 
Costa Rica __ 2 19 5,156 22 2,648 . 
Dominican Republic 22222 5 5 5 5 5 eee 22 . 3,931 WH . + 1646 0 02- | 
Ecuador ___ 20 6,993 -— Ce 
El Salvador _._~ ~~ . 17 ~——si«s«*S +8083 4 50586 - © 
Ethiopia __. 2-2-2 57 == s«10,469 8... 412... =: a 
France ____~..--~- 161 28,188 267 _ $2,282. — 
Germany, West _..__._______________ -— oo 3 . + 902. 
Guatemala .___.__-__..-.--_--_--~_ ee @) —« 86 2... .. 824 ©. 
India ~~~ 559 159,326 me ge a 
Indonesia____.....-.-.-- ~~ 88 22,975 eas 
Tran ~~ ee 141 46,986 BS 250 a 
Ireland ___ ~~... ~— _- 13 1,280 
Italy____-.-.-- 326 51,335 . 425 49,805 
Ivory Coast. ______-_. ~~ -— _— Fo 98 
Japan ____ 2 62 10,919 155 =—sé«T,168 Bo 
Kenya ee Yt 1,455 , ae ; -< i 

i HoH ee ee ee 23 4,520 ae ee coe 
fa _ Le ee -- . FB . TTS oo 7 

Mauritania ________.---_-___ — oe 3... . 858 7 oo 
Mexico ____.___-___-___~_- 33 6,540 A 2 Se 
New Zealand ___________~_ B 2,168 16 3,892 
Nicaragua _. ~~~ I 233 BR AB o 
Pakistan ____ 22 LL , 6 854 23 8 8=—- 34,928 — od 
Panama _______ ~~ @ 1 oe ee oo. 
Peru_______ ~~~ 36 «11,082 _- oe o 
Philippines _-__-____---_-__~_ Le 11 4,128 oe ee So 

. - Portugal _. ~~~ 16 2,988 _ § 879i sis ee 
South Africa, Republic of ...-_..2220 22-2 -- Ce 7 788 OT 
Spain __. 2 22 3,332 39 3,733 me 
Taiwan $22 2 me __ 1% L677 | . a 
Thailand ___-_~ ~~~ 50 10,115 1Z 18906 . Turkey ———-_-- ~~ I LIILLIILLILIII I aa Be MB nited Kingdom ________-... ~~~ 22777 = | ae  ggse . 
Uruguay __- ~~ 2 4,437 55 . 5,124 
yictnam, South - .-—-—~~~-~----------~--------- 13 —«80T3 a oR . lavia_______ 227 ~ ened : 12295 . 

Other _______-_- ee 15 3109 4 ~ 566 

Total __-__- ~~ 2,422 532,274 2,406 269,855 . : 

f *Beginning January 1, 1975, ammonium phosphates became diammonium phosphates and ammonium phosphate - 
ertilizers. . 
?|_ée than 1/2 unit. : 7
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| a | Table 14.—U.S.: exports of-mixed chemical fertilizers, by country 

| oo '. ‘(Thousand short tons and thousand dollars) 

OO We 1975 1976 
aca ite tae cota ee Destination ~- took ——_—-or—r- OOo 

me Sg ok arias oo cre Quantity Value Quantity Value 

“Austria 9 2 LL -_— -- 2 - . 147 . 
. \Baliamas _-_ ~_-_-_-_----_-.---------------- _ -- 6 792 

| . ‘Belgium-Luxembourg _——.- ~___----------------- a 12 . . .20 1,718 
| | Bracil- = 7 1,131 15 2,047 | 
La - "Gawada__ 179 10,424 85 10,239 

oe @olombia ——__ _ 5 5-5 - +--+ + 45 12,177 (2) 136 
a Costa Rica 2 Lee -ee-----e 5 768 @) 19 

go ‘Dominican Republic woe eb ee ee et 8 1,373 6 867 
. Ecuador ____._-____--_2----~------~--~-------- — _- 3 277 

‘El Salvador ___~_~-~-__-2-----_-~~~-----------~-+ 4 560 12 - 1,826 
| ‘France ___________--_____.____-_____--___- 1 100 6 —° . 692 

_ Germany, West ___________-----~------------+- 4 1,780 8 2,332 
Ghana ________ = --2-=_-- +i - _- _- 11 1,197 

- Greece ____% -_____-2L ~-__--~--------------- (4) 124 (4) -- +492 
oe Guatemala_%_ = = ee 9 1,795: 9 1,279 

: —. Haly DTT TTT uu 1,266 (3) 16 
‘Japan __-_ =~ --_4-----+----------------- 4 284 @) 188 

. . ‘New Zealand* - -------~'-7-~-~---------7------ 0 7B 3 330 
. Jicaragua — =~ ee eee 

. ‘Panama __—~___ eee 12 2,252 a) 699 
Sweden____--_-_----__ = —_ 17 1,418 
“Thailand ______-___-_---____--------_-____- ‘9 1,448 24 2,189 
United Kingdom ______ z) 51 1 118 

. (Vietnam, South ___________--_--_------+-------- 6 634 1 93 
: ‘Other _.___ =. _-_-___- +--+ 15 3,722 7 1,832 

So: “Total _-- ee 324 40,695 242 30,284 

oe “ MLesws than 1/2 unit. foe 7 | | 

- _ Table 15.—U:S. exports of elemental phosphorus, by country 

mon Destination Quantity Value Quantity Value 
moe, (short tons) (thousands) (shorttons) (thousands) 

: ‘Argentina __- =e 600 $1,121 __ __ 
ma Australia. 2 ee 683 941 249 $311 

Belgium-Luxembourg _____ 9 _-_______----_----+~- 141 70 303 — _ 154 
Brazil ____________ ooo ee 65 65 3,353 3,470 

. ‘Canada___ 2 = 1,638 1,095 4,935 4,761 
| Chile = 22 45 3 4 

Denmark _____. ~~ 128 ote 221 — 239 

France _________-____-__--_------~------_- __ _— 12 5 
Germany, West ______________-_-----~-~-~---~--- 149 170 _— __ 
India __._ ee Le 441 661 a —_-— 

Israel ___ _ 5 eee * 26 11 55 24 
Italy__________~~-_____~__-_ +e 112 193 45 45 
Japan _____-________~ ~~~ ee 3,792 3,263 5,526 6,313 
Malaysia ___________._____~-_-----------~-+-~- 110 149 _— __ 
Mexico _______________~~-~--~ ee 26,086 25,836 14,232 14,993 
Netherlands ________/ -_______-__-_-~~~~~__~___-~ _- _- 44 20 
Switzerland _________________u ee __ _. 16 7 
United Kingdom ________~____~-----~-~~-~-~------- 1,393 2,217 35 36 
Other _______________ eee TE 7] 9 8 

Total _.__________ eee 35,845 36,659 29,038 30,387 

Revised.
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Table 16.—U.S. imports for consumption of phosphate rock and phosphatic materials 

(Thousand short tons and thousand dollars) _ | oo 

Fertilizer 1975 - 1976 

Quantity _ Value Quantity Value 

Phosphates, crude and apatite _____________________ 87 1,604 Bl 2,234 | 
Phosphatic fertilizers and fertilizer materials ___._________ _ 147 26,970 - 47 ~ 6,631 
Ammonium phosphates, used as fertilizers _...__________. . 303 50,622 212 26,936 | 
Bone ash, bone dust, bone meal and bones ground, 
crude or steamed. _-§_- $5 8 1,108 oe 689 

Dicalcium phosphate __ ------------------------- @) 46 1 177 
Basicslag ~____.-__._-___----_------------- @) 0 1 _- ae 
Manures including guano ____.____~_~.~________...__ 3 43 (4) 17 
Phosphorus _.__________._ ~~ 1 1,615 1 1,604 

_ Phosphoric acid __________-----------~--------- 1 - 981 () 149 

1Less than 1/2 unit. 

ae WORLD REVIEW a | 

Phosphate rock producing countries have at Duchess and Ardmore are of immediate 
developed beneficiation systems for their interest. and Queensland Phosphate Ltd., a | 
particular type of phosphate deposits to wholly-owned subsidiary of BH South Ltd. 
raise the P.0; content of the concentrate to mined direct shipping ores from _ the 

_ levels acceptable for production of phos- Duchess deposit. The central reserves of the | 
phoric acid and conversion into fertilizer Lady Annie and Lady Jane deposits are 
end products. Dried concentrates were ex- north of Mount Isa, and further north are 
ported from producing countries to support smaller reserves of Highland Plains, Bab- 
fertilizer industries in areas that do not bling Brooke Hill, Mount O’Conner, Mount | 
have phosphate deposits of commercial val- Jennifer, Phantom Hills, and Riversleigh. _ 
ue: This pattern of production and distribu- With completion of the 42-mile railroad | 
tion appeared to be changing as producing extension to the Duchess deposit, shipments 

companies and countries were increasingly from the mine to Townsville were expected . 
processing the concentrates into phosphoric to attain a rate of 1 million tons per year in 
acid, which can be exported, or utilizing the 1976 and 2 million tons per year by 1978. It 
phosphoric acid to produce monoammo- is not likely that the Lady Annie or Lady 
nium phosphate, diammonium phosphates, J ane deposits will be developed until the 

or granular mixed fertilizers for export. The ¢arly or mid-1980's.* 
vertical integration of phosphate rock pro- Brazil.—Industrial production of phos- 
ducers, as typified in the United States, was Phate rock is presently limited to the Serra- 
expanding into other phosphate producing 24 S.A. de Mineracao installation at the : 

countries. Tunisia was the first North Afri: Jacupiranga mine and the Camig plant 
can country to produce phosphoric acid at Close to Araxdé. Only at the Jacupiranga | 
Gabes. Other producers that have tradi- mine, 250,000 tons per year, is a concentrate 
tionally exported phosphate rock planned to Suitable for production of phosphoric acid : 
establish -fertilizer plants; these included Produced. From the Barreiro mine in Araxa 
Algeria, Morocco, Jordan, and the Republic rock is ground for direct application, 40,000 
of South Africa. It now appears that the tons per year, and the balance, 30,000 tons : 
past practice of processing phosphate rock Per year, is sold for reduction in an electric 
into fertilizer close to the consuming mar- furnace. The following new projects were 

ket in industrialized countries is changing reported by World Mining.© From the 
to increased vertical integration of the in- Arax4-Barreiro mine, Arafertil-Araxé S.A. 
dustry in the countries with a raw material Fertilizantes e Productos Quimicos has a 
base. lease and plans to produce 550,000 tons per 

Australia.—BH South Ltd., has outlined year of 34% P20 concentrates that will be 
phosphate reserves in northwest Queens used in an integrated acid and fertilizer 
land totaling over 2 billion tons of phos- Plant. Production is scheduled for 1977. The 

phate ror win “ts ve alt I aaa rs ‘industrial Mir ustrial Minerals. No. 105, June 1976, pp. 26, 31 
content. [he deposits are ail located in the SAhi 9) Dee Dhnan! teu World Mi 

Georgian Basin. The southern most deposits __v. 30,1 Ne. Februsty rane tea, Industry. World Min.,
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: | -Catalaéo-Metago mine owned by Metais de = Israel.—Negev Phosphate Co. Ltd. was : 
_ Goias S.A. is planning to produce from granted a loan from the Export Import 

400,000 to 600,000 tons of 34% P.0s concen- Bank of the United States to assist in 
trate per year starting in 1978. From the. financing the expansion of the phosphate 

7 | Tapira-Valep mine, Cia. Vale do Rio Para- mine and beneficiation plant at Nahal Zin. 
naiba S.A. intends to produce 1,000,000 tons . Production will be doubled to 2 million tons 

- per year of 36% P.0s concentrate. It is per yearofconcentrates.° | 
| - scheduled to start producing in 1978. Pree | Jordan.—The Jordanian Phosphate 
: liminary plans are being made by Serrana mines plan to increase phosphate rock pro- — 

| to develop the Ipanema deposit and others duction to about 5 million tons per year by 
are investigating the potential at Patos de expansion of the El-Hassa mine and by 
Minas and the northern. Pernambuco de- Opening anew mineatAl-Sheidieh == 

a posit. | | oo | Mexico.—Press reports that began in. 

| Canada.—In August 1975, International on é describing the discovery a 2 Phoe a 
Minerals & Chemical Corp. (Canada) Ltd. Pnate rock reserve in the baja Orma - 

| reported a phosphate deposit in a carbona- Peninsula of Mexico, have continued — 
- tite complex in Cargill Township, Ontario. through 1976. The most recent report indi- _ 

| Drilling and trenching programs were con- cated the rental ‘lon fe te non tons. 
- ducted in 1976 to define the orebody. experimental plot plant 1s scheduled 

_ - Egypt.—Phosphate rock “production has ‘Start in 1977 to process rock from the Baja 

a declined from about 1.6 million tons in 1968 Peninsula deposit. ‘fien des Ph 
| to 559,000 tons in 1974 as the ore deposits at _Morocco.—The Office Cherifien des Phos- 

| Kusair and Sofaga on the Red Sea were eae has plans to develop 8 wed n of sort 
- depleted. A new phosphate mine and plant Phosphate rock mines, Plants, and new port. 

| | started in February 1976 at Hamrawein and ante rock pane ee Waubd obperhats 
| was expected to raise production to pre-1968 : : | 

| levels.$ Another major event was the com- The Khourtbes mines are located on the _ | 

rgancie crocessing. stay “hiv vine hoe Oulad Abdoun Plateau, between Khouribga 

_ phates from the Abu Tartur deposits in the 2nd Oued Zem. The two principal open Pit 
| | south-central part of Egypt west of the Nile : oar . og. 

| River. The d t. althoush large. contains, 2°™ Pe pit mine, Recette IV, located | 

7 unfortunately, high concentrations of iron, between Sidi Daoui and Mera el Arech, is 
alumi 3 ? lay. and unl ed > being developed. About 30% of Khouribga’s 

© devel an ‘to limi ‘te the Proc hlera production was from underground mines. A 

are deve oped > emma ese problem new drying plant, similar to the Beni Idir 
materials the viability of the deposit re- drying plant, was under construction -at 

| ” Gre. mm come: Institute of Geological and Oued Zem and will treat the production — 
| © TEECE.— ENE anstt ted or Meo eal ho from Recette IV. 

| Mineral Research located commercial phos- = ‘The Youssoufia underground mines are 
phate rock deposits at eas Norn located on the Ganntour plateau. Approx- 

| reece. The deposit is located abou imately 70% of the ore was from under- 
mes north-northwest of joanne and pre- round mines and 30% was recovered from _ 

: liminary investigations indicate the reserve surface contour mines. Plans to continue 
ae area Oe on ore that can mining the white ore above the water table 

upgra: PLUS OU Fas. will continue; however, _ increasi 
India.—India's first phosphate benefi- quantity of black ore, unoxidized and rela 

ciation plant at Udaipur went onstream. ively high in hydrocarbon content, from 

The plant is designed to process about 660 below the water table will be mined in the 
tons per day of 20% P,0; ore to a product future. The black ore will be calcined in 
grading 34% P20s. The concentrates will be fluid bed reactors. The first reactor is sched- 
used to produce phosphoric acid and  yled to operate for a full year in 1977. 
superphosphates.® 

Iraq.—Plans to exploit the phosphate SU. S. Embassy, Cairo, Egypt. Industrial Outlook 
rock deposits at Akashat have been made. Report Minerals. State Department Airgram A-13, Jan. 
Work on the mine to produce 3.7 million ‘u. s. Embassy, Athens Greece. State Department 
tons per year of phosphate rock started in Airgram 13031, Dec. 9, 1976. , 
1976. Concurrently, an associated fertilizer ig aneingering & Mining Journal. V. 177, No. 4, April 
complex reportedly will be constructed. ipnemical Engineering. V. 83, No. 4, Feb. 16, 1976, p. 43. 
Both the mine and initial fertilizer complex 11 po ustrial Minerals: No 106, duly 19786, p. 52. 
are scheduled to start up in mid-1980.° 12Tndustrial Minerals, No. 110, November 1976, p. 42.
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A new mine, Benguerir, is scheduled to Triomf Fertilizer’s phosphoric acid plant at | 
start production in 1978 or 1979. Initial Richards Bay went into full production at — 

production will be 2.9 million tons per year. the end of the year. The capacity is 750,000 

Ultimately, the mine is expected to produce _ tons per year of acid.’* _ - 
- from 10 to 12 million tons per year. The ore § Spanish Sahara.—It was reported in © 

from this open pit will be shipped about 56 midyear that the Office Cherifien des Phos- | 

miles to a beneficiation plant, located on the Phates made the decision to move phos- ~ 
hill behind the chemical plant, Maroc Phos- Phate rock from the Bu Craa mine to the | 
phore II, near the port of Safi. Salt water port of E] Aaiun by trucks after the 62-mile-_ 
will be used to wash the ore. The grade will long conveyor belt was damaged by guerilla 
be increased from 64% bone phosphate of attacks. The tonnage moved by trucks was | 
lime (BPL) to 67% BPL with reductions in 20t reported. It was not clear if this effort to | 
iron, aluminum, and magnesium oxide con- ePlace stocks at El Aaiun was continued 
tent before it is used to produce phosphoric for the balance of the year. With only a 
acid. moderate demand for phosphate rock in 

| , . od | | , Morocco was able to ship phospha 
ee eet i oe ee et ee eo the Tock from Casablanca and Safi to meet the 

_ shipping bottlenecks that have developed at Commitments for Bu Craa phosphate rock. 
Casablanca and Safi. These bottlenecks are Sy ria.—From a production level of 20,000 
expected to worsen as production from new tons in 1971, Syria produced 857,000 tons in : 
mines increases in the next decades. A 1975, but short of the Government s goal of 

_ beneficiation plant is planned at Jorf Lasfar | vroduce at tone ey 1980, Syri i" Done per | 

to treat ore mined at Sidi Hajjaj in the early year. Production was from three plants 
‘ | | with a combined capacity of 2 million tons | 

: Pakistan.—The Hazara phosphate . de- per year. All are located near, Palmyra in | 
posits situated near Abbotabad were drilled Contral Syria. Concentrates are trucked to 
and mapped by a British company in 1976. the port of Tartous and this will continue | 
The survey, expected to be completed in nti] a railway is completed in 1978."* | 
1978, will cover an area of 60 square miles. Tunisia.—The capacity of Tunisian phos- 

An appraisal of these deposits will be com- phate mines is projected to increase from a 
pleted before the design, construction, and evel of 4 million tons per year in 1977 to 6.3 
training programs for mines and plants are million tons per year in 1980, and 7 million 
initiated.’ | tons per year in 1981. Most of the additional | 

_- _ Peru.—According to a press release pub- production to achieve the planned increases 
lished in Lima on December 17, 1976, Mine- will come from the underground Sehib mine | 

_ ro Perdé and the National Institute of In- and Kef Schfair, an open pit mine. Some : | 

dustry in Spain, through the Empresa Na- additional capacity will be created by 
| cional Adaro de Investigaciones Mineras mechanization of mining systems in the | 

S.A. (ENANDINSA) signed an agreement underground mines of Metloui, M’Dilla, | 
for the exploitation of the Bayovar phos- Redeyef, M’rata, Moulares, and Kalaa Djer- 
phate deposit. ENANDINSA will finance da. : 
and perform the feasibility study over a 10- U.S.S.R.—To meet the demand forecast in 
month period. When the study is completed, 1980 for chemical fertilizers and mineral 
a mining company will be formed with feed supplements, the U.S.S.R. plans to 

- Minero Pera on a 49% to 51% basis to increase production of phosphorus bearing 
develop the deposit. The Spanish will fi- raw materials according to an article by L. 
nance the project. The initial production Kostandov, the Minister of Chemical In- 
will be 850,000 tons per year of concen- dustry of the Soviet Union, published in the 
trates. A construction schedule of from 3to weekly paper, Economicheskaya Gazeta, in | 
4 years is contemplated."* January 1976. Information about the supply 

South Africa, Republic of.—The Phos- of phosphate rock in the U.S.S.R. is meager, 

phate Development Corp. Ltd. (Foskon), however, from available information, it ap- 

commissioned two phosphoric acid facilities Pears that the Soviet Union will find it 
which will use phosphate rock from the imcreasingly difficult to meet its own phos- 
Phalaborwa deposits. The Federale Kuns- “WSMinine Journal, V. 287, No. 7360, Sevt. 10. 1976, p. 186 
mis phosphoric acid plant, an extension of MUS Srcbasey, Lima, Peru, State Department, Air. 
the Bosveld Kunsmis fertilizer complex, gram A182, Dee. 21, 1976. 118, February 1977, p. 12 

started producing in late 1976. The plant iqundustrial » NO. Pio, cebruary fyi np. i’ 

capacity is 300,000 tons per year of acid. The Airgram, Ne 5 June 16 1976" oT ne DePariment
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oo | _ Table 17.— Phosphate rock: World production, by country 
- oo . (Thousand short tons) . 

. Country’ 1974 1975 1976” 
ee rrr ene 

North America: . . 
United States _____ ~~ 45,686 - 48,816 - 49,241 

_ Mexico ____-______ ee 214 311 247 
_ Netherlands Antilles________.---_.-__~______ ~~ 118 90 59 

South America: 
_ Argentina (guano) ___________-_-__-_____--_-----__ (*) 1 ey 

- Brazil _.--_______-.---___--------i---~--~----_- 361 448 ©540 
hile (Guano) woe ee ee ee ee 21 15 . 18 
Colombia _________-__---_---------- = NW 14 °17 

. Peru_ ~~~ (°) () _- 
Euvee Woe ee Le 156 128 88 

France ___-______~ ~~~ ee 21 20 ©20 
Germany, West — --__._----__------~-_--~--------- . 94 90 94 
USS.R&*_ 2 24,800 26,600 26,700 

Algeria ~- 2 ee *870 770 550 
Eeypt a 559 . 445 434 

orocco _~_~_______ 21,739 14,934 17,258 
. Rhodesia, Southern® —. -§_-§_ $$) 5 5 140 -¥140 140 

‘Senegal: , oo : oo, ee 

Aluminum phosphate _______________.~--.-______ 447 222 229 
Calcium phosphate ___. = 5 = = 1,628 1,764 1,754 

Seychelles Islands (guano)® ______... -»_-_-§_-_-__-__ © . 8 req 6 
South Africa, Republic of€ ~~». 5 5 5 5 ee eee 71,564 1,815 1,876 
Spanish Sahara _____-___.~__-___~_ ee 72,535 3,042 190 
Togo___-_-$_-_ 2,835 1,279 2,214 

_ Tunisia __.-~.---_-____-_-__--- Le 4,200 3,845 8,639 
Uganda® __________ 17 17 17 

Asia: ‘ . 
1 

China, People’s Republic of€ ___.___._-___________________ 3,300 3,700 8,700 
Christmas Island Undian Ocean) -~— ~~~ ~~=>>7=>~=2==2=22 . 1,945 1,534 1,138 

a Apatite _.~____ LLL 13 33 42 
, Phosphate rock a T478 473 676 

Israel ____--____~_ ~~ ee 1,131 972 704 
Jordan ______________-__ 763 1,226 1,876 
Korea, North (apatite)® _..§____________ LC; 440 500 500 
Philippines: 
Guano. 15 139 2 
Phosphate rock _.. ~~ LL 29 6 13 

; Syrian Arab Republic _- ___-________________ Le 664 945 563 
Vietnam® ___ 1,300 1,500 1,700 

Australia___._.~_~__.__ ~~ Le 2 154 360 
Nauru Island _________._---___ Le 2,522 1,690 832 
Ocean Island ___.____-_- ~~ 619 569 460 

Total______-~_____--_---_- ++ 121,240 118,254 117,898 

Mn addition to the countries listed, Belgium, Indonesia, and Tanzania may have continued to produce phosphate rock, 
and South West Africa produced guano, but output is not officially reported and available information is inadequate for 
formulation of reliable estimates of output levels. 

2Less than 1/2 unit. 
5Revised to none. 
“Estimate by International Superphosphate Manufacturer’s Association on the basis of a marketable product 

averaging 34.8% P2os; differs with data reported in the U.S.S.R. chapter of Volume III of the Minerals Yearbook which 
are reported in terms of two products of differing grade. 

Exports. 
Local sales and exports of phosphate concentrate and direct-sale ore.



‘PHOSPHATE ROCK: = 919 

phate rock demands. Production from the lion tons were produced from the Kara _ 
Kola Apatite Combine, an 86% BPL rock, Tau phosphate mines in 1975 and if the - 

was equally divided between domestic and U.S.S.R.’s. goal of meeting a demand of 37 . 

export markets. Exports reached a peak of million tons in 1980 is to be realized, Kara 
about 7. ion tons in , and declin an nhc ta minea will have to nro | 
in 1974 and 1975. The production target for 124, BhosPhale mines wi ave ee the 
the Kola Apatite Combine was about 16.9 yo), concentrates that.are high-grade and 
million tons and, if achieved, was an in- h axceptic ally 1 aa qd rn 
crease of 4.4 million tons more than was ave exceptionally ‘Ow Iron an magnesium 
produced in 1970. The target for 1980 is Oxide analysis, Kara Tau mines supply a 
about 20 million tons, an increase of 3.0 low-grade phosphate rock, 28% P,0;, that = | 
million tons over that of 1975. Other sources Contains 2.2% Mg0 and 1.5%'Fe.05. The low- _ 
of phosphate rock will be required to satisfy grade and undesirable’ impurities aré es- 
the demands of the fertilizer industry in pecially troublesome ‘when phosphoric acid 

the U.S.S.R. It was estimated that 9.7 mil- is produced and fertilizers manufactured. — | 

| TECHNOLOGY . potuee ge pe . 

The Albany Metallurgy Research Center unbeneficiated land-pebble matrix by di- 
of the Federal Bureau of Mines, Albany, gesting with sulfuric acid continued. The 
Org., conducted programs to improve the objective was to minimize phosphate losses 

recovery of phosphate and byproducts such and produce a waste product that could be : 
as fluorine, vanadium, and chromium from easily used in land reclamation programs 
phosphate deposits in the Western States. and that would not require the impound- | 
Operating companies in the Western States ment procedures needed to hold waste | 
furnished samples to the Center and these slimes from Florida washing plants. During | 

- were char acterized for potential benefi- the year, filtration rates of matrix-derived 
ciation procedures. The samples from nine phosphoric acid and gypsum residue were | 
locations varied in composition and were progressively improved and approached in- — 

characterized as low-grade, carbonaceous, qustry filtration rates normal for acid pro- | 

and weathered; weathered carbonaceous qyced from phosphate concentrates. Exces- | | 

phosphate shale, partially weathered with ive aluminum content of matrix-derived | 

interbedded limestone; a pelletal phosphate  hosphoric acid was lowered to levels nor- 

in aw eathe red siliceous matrix; and a hard mally found in commercial acid by liquid- 

partially liberated, high Ca0 and Mg0 con- liquid extraction with octyl phenyl phospho- 

tent, with carbon ranging from 4% to 14%. ric acid. It was found that iron was concur- : | 
A beneficiation process was selected for rently redu ced " 
each sample to obtain an indication of the The study to determine the effects of | 

concentrate grade and recovery from the t additi to high-crade attapulgite 
selected process. The processes ranged from reagent additions to nigh-grade attapuigt 
scrubbing and sizing to calcining, grinding, slime from the Florida phosphate field was 

and flotation. A 60-pound-per-hour flotation continued at the Tuscaloosa, Ala. Metallur- 
circuit was set up to develop a combination 2Y Research Center. Organic, inorganic, and 
carbonate-silica flotation process. Methods commercial reagents were tested. The vis- 
to improve the liberation of phosphate °Sity, conductivity, and pH of the reagent 
minerals from unweathered phosphate slime mixtures were measured at different 
bearing rock were studied. These included reagent concentrations. After adjustment to 

preliminary studies of the effect of leaching different pH levels, the mixtures were 
and attrition grinding prior to flotation. centrifuged to simulate a 30-day settling 
~The Center also produced feed-grade test. The results of these tests were not 
monocalcium phosphate from Western encouraging as the dewatering rates did not 

phosphate concentrates, determined that significantly improve. One reagent, poly- 
fluorine retention in triple superphosphate ethylene oxide, was superior when used to 
was affected by the iron and aluminum flocculate and dewater high-grade attapul- 
levels in phosphoric acid, and separated gite and montmorillonite slimes as well as 

vanadium from Western phosphate slime Florida phosphate plant slimes. Favorable 

tailings by selective leaching. results were obtained from tests to develop 

Studies to determine the feasibility of a continuous process to dewater slimes 
producing phosphoric acid from Florida using polyethylene oxide. A phosphate
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_ slime of 5% solids and the flocculant solu- cedure to evaluate the effect of reagents on 
Oo tion were combined in.a launder, addition- the settling behavior and mineral composi- 

ally mixed in a low pressure cyclone-type _ tion of slimes. Investigations on static filtra- | 
| : apparatus and fed to a rotating trommel. tion, wicking, and compaction systems to | 

The flocculated material dewatered rapidly, dewater phosphate slimes were continued 
_ forming rolls and balls as the material with emphasis on movement of slimes 
moved down the trommel. The trommel was throughastationaryscreen barrier. —_— 

. equipped with a 10-mesh screen to separate Characterization studies of the phos- 
: the water from the agglomerates that were phate-bearing Hawthorn Formation lime- 
oe 25% to 30% solids. At slime feed rates of 1.5 stone continued at the Tuscaloosa Center in 

and 3.0 liters per minute, reagent consump- cooperation with the Florida State Bureau 
, | tion was approximately 1 and 2 kilograms of Geology. Beneficiation studies of grab 

| per metric ton respectively. Successful con- samples that contained at least 5% POs 
| tinuous dewatering treatment depends on were made by grinding, scrubbing, and : 

: adequately mixing reagent and slimes and desliming prior to flotation. Acceptable | 
_ then immediately separating released wa- phosphate-grade and recoveries were ob- 

| ter from the dewatered solid fraction. . tained on some samples with single-stage 
. The Center developed a filtration pro- flotation after dolomite removal.
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Platinum-Group Metals 
By W. C. Butterman? a 

| World mine production of platinum-group In the United States, mine production 
metals increased 4% in 1976 compared with dropped 68% compared with that of 1975, to , 

that of 1975, to 6 million troy ounces. Asin 6,116 troy ounces; refinery production, de- 
past years, three countries accounted for Tived almost entirely from secondary mate- | 
99% of the entire output - the Republic of Tials, and including both toll and nontoll 
South Africa, the U.S.S.R., and Canada. metal, decreased 16%, to 1.09 million troy 

World demand for platinum-group metals lion tre Impo rts increased rage ova es 
partially recovered from the depressed level 05. ak ounces, wile “Sole s , ' la: r 

f 1975, owing largely to increased demand _- mulion troy ounces. Sales of metal an 
° h U ted S h metal products to industry increased 22% 
in the United States, where apparent con- over those of 1975, to 1.6 million troy 
sumption including industry stock changes ounces, and industry stocks rose 28%, to:1.1 

rose 24%, to 2.1 million troy ounces. Con- milliontroy ounces. a 
sumption in Japan remained at about the __s—S a 
1975 level of 1.9 million troy ounces. 1Physical scientist, Division of Nonferrous Metals. | 

Table1.—Salient platinum-group metals! statistics — | 

(Troy ounces) oS . | 

| ) ‘1972 1973 i974 ~«i19T5 1976 

United States: : | | 
Mine production? _.________.____ 17,112 — 19,980 12,657 ~~ —«:18,920 6,116 7 

Value___________________ $1,267,298 $2,103,704 $1,932,203 — $2,280,200 $464,527 

Refinery production: 
New metal ________________ 15,380 19,916 13,284 16,571 7,101 

| Secondary metal ____________ 255,641 265,901 325,216 270,101 215,355 
Toll-refined metal _.__________ 1,861,623 —_1,039,189 1,088,022 1,016,968 869,664 

Total refined metal ____.____ _ 1,682,644 1,325,006 1,426,472 1,303,640 1,092,120 
Exports (except manufactured goods) __ 538,994 627,526 835,754 659,885 512,407 
Imports for consumption _________~_ 1,892,184 2,504,181 3,251,311 1,820,284 2,667,059 
Stocks Dec. 31: Refiner, importer, dealer 930,853 1,033,124 1,121,806 849,210 1,085,703 
Consumption (sales) _._______---- 1,562,245 1,833,901 1,981,010 "1,308,717 1,603,077 

World: Production ____....__------- 4,269,990 5,232,149  _°5,769,289 —-*5,713,660 5,991,720 

TRevised. 
1The platinum group comprises six metals: Platinum, palladium, iridium, osmium, rhodium, and ruthenium. 
2Recovered from platinum placers and as byproducts of copper refining. 

Legislation and Government Pro- ounces of platinum, 2,450,000 ounces of | 
grams.— In 1976, as in previous years, US. palladium, and 97,761 ounces of iridium) 

Government inventories of platinum, palla- W&re several times larger than the pre- 
dium, and iridium remained unchanged. All October goals, and substantially larger than 

three metals were in excess of stockpile the inventories. , . 
al blished jn 1973. In October. th U.S. motor vehicle emissions standards, 

goals established in 1973. In October, the a5 provided for in the Clean Air Act of 1970, 
Federal Preparedness Agency published have a direct bearing on the amounts of 
revised goals for stockpiled platinum-group platinum-group metals used as emissions- 
metals. The new goals (1,314,000 troy control catalysts, and even on the combina- 

1121
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_ tions of metals used; for example, rhodium emission standards. Congress adjourned in 

may displace palladium in the catalysts if early October without having amended the 
more stringent emissions standards require Clean Air Act; as the matter stood at 
the use of so-called three-way catalytic con- yearend 1978 model automobiles will be 
verters. Thus, the platinum metals industry required to meet emission standards consid- 
followed with interest the months-long de- erably more stringent than those set for the 
bate in the U.S. Congress about future 1977 models. 

| Table 2.—U.S. Government inventory of platinum-group metals, December 31, 1976 
(Troy ounces) . 

| . ° ] Platinum “Palladium Iridium 

| National stockpile ______________-_-----_- 1402,646 2507,314 317,002 
Supplemental stockpile -+-4-----~----------~----- 49,999 747,680 | _- 

Total = ee 452,645 1,254,994 17,002 

Includes 18,043 troy ounces nonstockpile-grade material. oe ; | 
*Includes 2,204 troy ounces nonstockpile-grade material. : 
Includes 12 troy ounces nonstockpile-grade material. . 

| a _ DOMESTIC PRODUCTION | . 

Domestic mine production of platinum- averaged 0.48 to 0.46 troy ounce of platinum 
group metals, largely a byproduct of copper plus palladium per ton, with 0.15% copper 
mining, decreased 68% in 1976, to 6,116 plus nickel. The platinum-to-palladium ra- 
ounces. The Goodnews Bay Mining Co. plac- tig in samples was 1 to 3.5. 

| ac onan mine ed Alaska, the one U.S. refinery production, including toll- 
: Pa epost mined principaily tor the refined metal, fell 16%, to 1.09 million troy 
plat. -group metals, was shut down ear- . 7 z : : ounces; 98% of this was secondary metal. ly in the year. The Johns-Manville Corp. Second tal refined toll basi 
studied the feasibility of mining its claims ‘©C°R@ary meta! relined on a nontol! basis 
in the Beartooth Mountains of southern fell 20%, to 215,355 ounces; toll-refined 

Montana, but at yearend had not announc- secondary metal dropped 14% to 859,432 
ed whether mine development would pro- Ounces. Refined primary metal totaled 
ceed. Grade of ore in the mineralized hori- 17,333 ounces, most of which was of domes- 
zon, which had been traced over 24 miles, _ tic origin.
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| Table 3.—Platinum-group metals refined in the United States 

(Troy ounces) 

Year Platinum Palladium Iridium Osmium Rhodium FRuthen- — qotq) 
, PRIMARY MBTAL — — — — - 

Nontoll-refined: 
1972________________ 3,708 10,836 594 173 62 = 7 15,380 
1978 _______L________ 5,560 13,121 957 176 88. s«d4 19,916 
1974______ 4,108 8,634 381 72 38 6 13,234 
1975. 5,292 10,968 236 44 28 3 16,571 
1976________________ 2,748 4,025 244 45 35 4 7,101 

Toll-refined: . - | - 
1972________________ 54,778 23,752 1,751 “111 3,354 478 84,219 
1973 __-______ 32,883 3,972 1,158 102 381 70 38,566 
1974__ == 16,293 2,784 742 96 185 7 20;107 
1975 ___ _-____________ 14,619 - 2,002 378 sd 164 1 17,174 
1976____________=___ 8,676 1,063 355 39 "95 4 10,232 
SECONDARY METAL } : " 

Nontoll-refined: , 
1972. 75,942 162,718 4,398 149 11,390 1,049 255,641 
1973 ~~ = 94,884 150,019 6,785 20 11,561 2,632 265,901 
1974 2 95,999 213,416 3,494 6 11,127 1,174 325,216 : 
1975 ________________ 108,628 149,552 —-2,300 44 13,683 899 270,101 
1976-2 sli: 64,901 134,747 3,921 10 8,058 3,718 215,355 

Toll-refined: © " 
1972________________ 187,697 431,248 = 7,717 1,520 44,065 5,157 1,277,404 
1978 581,005 373,396 8,395 1,292 36,865 4,670 1,000,623 
1974________________ 654,156 365,779 3,465 1,447 36,196 6,872 1,067,915 
1975 ~~ ~——d 41,90 383,501 10,424 1,263 43,187 19,539 999,794 
1976 _-_____.-.------ 494,069 311,000 6,507 1,429 34,085 12,892 859,432 | 

Total primary refined _______ 11,424 5,088 599 84 130 8 17,333 
Total secondary refined ____.. 558,970 445,747 10,428 1,439 42,093 16,110 1,074,787 | 

| Grand total refined ____ 570,894 «450,885 «11,027. «1,523 «= 42,228 ‘16,118 1,092,120 

CONSUMPTION AND USES 

7 Sales of platinum-group metals to domes- purchaser of platinum-group metals, 
tic industries increased 22% over those of accounting for 42% of total sales. It was 
1975, to 1.6 million troy ounces. Sales of five followed, in order of importance, by the 

of the six metals increased by the following electrical industry (18%), the chemical in- _ 
percentages: Platinum, 22%; palladium, dustry (15%), the dental-medical industry 
21%; iridium, 11%; rhodium, 11%; and (10%), the petroleum refining industry 
ruthenium, 100%. Osmium sales declined (4%), and other industries (11%). Platinum 

26%. Of particular importance were sales of sales comprised 53% of total sales, followed 
, platinum and palladium to the automotive by palladium (41%), rhodium (3%), ruthe- 

industry for use in emission-control cata- nium (3%), iridium (less than 1%), and os- 
lysts; these were nearly double the 1975 mium (less than 1%). 
level, owing partly to an increase in auto- The uses of the platinum-group metals in 
mobile production and partly to the deple- 1976 were related to their outstanding cata- 
tion of the large inventories of platinum lytic properties, refractoriness, and resist- 
and palladium held by the automobile man- ance to chemical corrosion. The patterns of 
ufacturers in early 1975. The automotive usage of the two principal metals, shown in 
industry accounted for more than 50% of figure 1, were similar to the patterns of | 
platinum sales, and more than 25% of recent years, except that catalyst use of 
palladium sales; thus, for the third consecu- palladium displaced electrical use as the 
tive year, it was the largest domestic most important end use of that metal.



, _ Table 4.—Platin : = n Un S um-group 3 metals’ sold t : 3 o consuming uming industri - : in i | lustries i 

ear and i — mium : Rhodium tal 

— _ : ! ited State 

| try Platinum Pallad - 

1972 7 — 54 

. = ium ridium Osmi : — —_ iu hodi al 

313 Saas 545,299 = 876 - = 
TTTT -———— a3 ) as 658,538 1,012, 4 30 29 $ 2 

19 - 943,6 pratt . 2 

75: 
689 886 2778 82 063 13 a1 

: ’ 

| 22,7 L 6 

Automotive o 000 = = : 
Chemical ___ 

, 
El $ a - = 65,15 ‘981010 

. ntal and medical __ 148,813 12915 
: 

trical - ed 813 | | om 
De | ical __ 17, L1f970 59 med 17,097 2° | 

| Glass __ ---- , 114,970 a7 4 

Jew a eats . : 7 
elry and decorative | 33 i688 “8 : 

| : : : : id 5 370,000 

etroleum ative 22 2026 z : 

3 = - 3 . 315,658 

Miscellaneous _____ gt rss : : i : : | —---- 988 TL.75 401 __ 1932 us 2 

| . 21,318 943 ° | : 
| 587 __ ; : 

z , ae | | 1082 1 56,307 

1 -ToH 69 va 5 - : : 8,553 ; z . : , 541,54 sae “ft 
SSS hh PSSA SSD 

: 39 113,444 

. 

| utomotiv = = : 
Chemical © ttrt - : : 

tive - __ 480,965 — 

Dental and medical __ 83 58 129 os 
) 3,560 - D == 3, 128,229 351 | 3 me 2 , 1,35 
cal woot ; 139,279 "333 é 25 

_ Jewelry and dec 9 . 07 welry and decorative aL p98 : : 

: : ic 5 675,852 

Petroleum rative 23, 1 5 : ‘ 

: i : 238,265 

Miscellaneous _____ : 9 es - : 

: oe . ie - ; 29,7 67,314 

Loe , 7,291 305 Bt | 
6,246 | | e m. . 26,76 38 “3 "ol : 3 

| 
tal ___ ___ 46,246 __ 26,766 

- | 
a 

: 851,105 as a , , 657,062 | — ; 3 

| : i 458 66,790 

mpri -, = = = z 

2Revi primary and 
— : Comprises in ry nontoll refined ry : — ; 8 secondary metal : —— : Ss. 

‘prererepcetremis 

eee Mec ee oo  .  ~Cs SS - — 
Se BN ree Dante nace 

fener eceacienteciontesatsia 

Su casomaae ee ie $ ee eae Sonera ca gasnarensnents 

| 

ee ee eee 
ee 

ee suerte 
| 

RSE Es aes Senta SO 
a eT en Le ee ee a eee egpasconecconscane 

z Ee PTR oat ene na Rene Saar Sauna caoaaaians inate Poe ioanernn Seer 

a 
is 

Ce ee oe 
ee 

ee La 
set ee 

once Seats 
ences 

ee point 
a se Sen nena ar 

Se 
sae 

oo 
ee 

onan 
Rr eanennenoncre 

i ee ee 
tite se ieee 

Sau er meua naan 
. 

 =—Sse 
eee 

oe 
S 

LS 
ne 

ee si ea
e 

Meno 
a Pe 

ana ee dreamers 
Sees 

ne Seco ems 

ee me 

Pe ar ee ee He eee 
Serra iesarmants eee 

LL eae ees _ 
_—=S—sese 

Si nee 
ree een eos Lae 

RPE aeee breast 
ae ee ER 

hee ae SSS a 
 . _ . _ 

a 
_ 

|. _ 
a 

sree me: Se 
eee se 

ee ees EERE RSEE RIE 

7 - - 
_. 

See ne Serna eae rene poise 8
 

rE ea oo eee poaaret: cane 

ee ROS 
ee ee ae si oentenN® 

asa SES 
se rere aii ae 

EO SN ee ees: 
ee oo 

a _ _ 
/ 

| 

eae 
SO ee 

om 
ees Re 

ee se greene RE Es 
se ane Sy ecaenaeenee 

eee 
ee 

oo 
: 

ee 
en 

Ss 
aaa ee 

LER ee 

es 
ee 

Cs - 
: 

ee ae as 
CS 

ee 
‘ ee 

ee oe 

Cs. 
oe 

ay 
ee Sg 

ee eee: see Eee ea aie 
i= 

ee 

teen apa seein 
oe 

paamaniran See
 

Ee eee reer 
ee eS eae ee esas oe 

SS sea 
Be 

oe 

oF 
ae enter 

ero eae aa 
cena Ses Oe 

eee 
- 

: 
| 

eee 
PGE 

tee RSS Re 
een es 

ee ee 
 . _ 

ees ee 
ee Se oy 

Oo 
So tisnaes att a aaa 

_ 

spite aero ge ncaa Saree 

steric erica 
a morn pacar cet Bee ose Pn einne meena 

Perarenannare 
es oe 

: o 
. 

ee ES och eee See ES ee eee 

a4 a 

oe es ee ene as ee z ee eer se nen aera ee Re 

pee 
Seng 

2 ae ce 
> i 

a 
_ 2 : 

SS Bi RS SR 

eee es se ses 
Bee 

gene: Be 

one ee 
eee aging ps 

Ra OES 

i 

i ~#~«., . 
Ce  . 

eer oe 
sonar 

eg 

8 

Crore 
See fe 

oa 
Pe ers 

eco fe ae 

ae Seer Ee 

fo 

Bion Sei 
es ey 

eee 
nae oe 

Seinen re ene 
. 

eee 
cee BBO 

Oo 
\ _ 

_ 

orrosion- 
4 ther SO 8 / 

p : 

oe oe Ee eran cee 

rattan Senate canes pare nner, 

oo 
. 

Oe 
PEER 

: 

ee 
eee ae x Sere 

eg resistance 

 . 
| 

NO 
. 

ee ey 

ae ey 
6 

~ 

ee 
CR 

pe aS 

aoche 
pec esoeewnic 

ieee 

o 

co nae 
spanner 

Shane 
pre 

8 ee 

eg 

S 

See Sa 
ll 

Sy 
: 

\ . 
/ 

His See 

Magenta Rima 

\ / 
a 

| 
7e 

ND 

Co : : 
: _ 

eee anne ary ees ae 

Si Sa Sy 

. 

SE eed 

es See 

Bee tReet 

Se aes 
. 

eee 
Se ne 

SR ree aie 

ae 

\ 
| 

- L . 

a 

: 
/ ee eee eee 

Se 

Ee . | Electrical 

= [ Corrosi 

| 

_ eo 

| sion- 

_ 

cs 

; 

eae 
. 

es ae 

ease auscenc ya 
10 

a 

caren 

eee SESE 
ars 

- o 7 
atalysts 

od resistance 

Co . 

eee 
eRe 

soe 

See 
aie 

se 
ee 

ee 
23 

> 

oe 8 

71% 
ae 

( 

See 
ce 

: 

ee 

ee 
a 

ae 

oe 
Cata 

ae 

See seeheuneraeoane na 

portend 

| 
| S 

: ee 
anes 

Beene 

eh 
era 

oe 
ee 

48  -. 

es 
Eee lita aareiers sae 

atime see 

oo arene 
eee 

Co = a es 
peace 3 , 

Soa 

aoe Daan ager a 

Eee eee eee See areanee 

eae 

. : 

ee 
> : 

SNe See eee 

fees 
Electri 

: 

Dares 
RE 

fe ES: 

ctric 

ene sae 
ee 

— 
Ee 

fee ers 

a 

fi OI 

See ee me 

fees 

pe ee Ree 

| > 

{ 
2 

gee ee ee 

foe 
3% 

8 ; 

4 
, 

_ . 

Eee ue 
Sen Sane 

SE Soares Poona 
ee 

_ 

ees seer ses 

JES 
ae See eee ne 

_ _ 

Lo 
5 

— 

ee 
oe 

4 Le 

{ 

— 
> 

MELEE 
Es soem 

fis ee eee ee fee 

8 8 oe Heer 

Merete seas 
es Sennen Se, 

Fone 
ee es ea a 

_ 

- 

iL—sSC 

fe 
ee 

See = ——r—eM 
oe -. 

: 7 
es ee 

meee 
= ERE 

oo 
See 

fs 
se ae 

ee 

ey ll — ee ——esese 
= : , S 

ee 
ee 

A 

a 

_ 
8 

ee ees 
sean Riieernote 

Baa Re sy iasrcicee sree 
haces rae Diente 

ce 

ree sgtiansee 
beens 

eee eenceeneoe Bees 

ee Se 
:  — —rrs—e 

ee ae 

ese 

_— 
. 

ii. 
 —— :  .  . 

ae 

Sere 
ee 

 =—r—s—ee 

— 
_ 

Ss 
——r—“____ 

Le 

Ue eee 
— 

—r—i‘“C_i—O_ 

mee Ls 

— 

: 
Ea es ——rt—“‘—O 

: —— 

2 

SEES sauce 
anes Ses sersaant as aucune 

penne 

Eeeoeee 
es inner oaenosenees 

Decker ipegcroennegtaae 
Seeman Se 

See 
=< 

_ | - 

Hepa: 
see 

OO 

oe — 
_ _ / 

Se 

= 

ss 1) 
Bees 

eee 

: ee ph ar memes 
eee 

r 

See eae i eeecmeeva 
soo 

ee 

eet pmneante 
Sonera ee 

- 
, troy ounces 

=—=— 
a —rr—“_E 

Se 

a 
= —rr—O—Or 

SERS 

ee oe . 

 -. 

S 

ee ne 

See Rn 
eee ope 

ee 

Se SOR aa Sere 
eas een SSE. 

. 7 —
 

: sees 
esnsssees 

ee sree os 
SC 

Sec ee Ree pipe acu
ra 

ee 

- 

= =—eEehmem 

STE Nee 
ee 

ee 
nea 

ron 

_ 
- 

Seer 
Seaaeeaemanes 

SE Sees 
Se renee 

Rina ea 

Se 
ce ee UP ER eee urns 

Fenner 
ikioe annie Saeco aa 

ee 
0 

ES Eee 
ee ee er Sa eecarnetn 

Pees 

ee 

' ' 
_ 

eaters, 

 .. 

nen: 

roy ° 

ee 
See Sienee 

a 
 # #}3}»}3§}§=—C 

SaaS Re 

ee . 
unce 

oe 
ee eS Eee 

Se 
See Ee eae Sree ren Pa enon eocrae 

—_ 
gee 

. . _ 

OSES a 
—rt—“_O_e 

 —r—“—_—_i—isés 
eS 

.. 
- 

a 

- oe 

sate 

es 

—r—“—SsSM 

——— 
- _ 

. _ 

EH a RE errata 
i #@#37+7CsCft 

es ee — 
| _ 

oe 
ae Sees 

ieee 
reece aenanennaaaee 

snare 
See 

Se ee eee 
Siena 

enuneenee 
arene 

eee 

— 

~~ 
: 

i 
r——_— ee 

| ; 
eee 

Oo 
e 

s ee 

ee 

a 

Be 
ee 

Figu _ num and palladium in 1976 e



oo ) PLATINUM © 1125 

| _ $TOCKS 

| Stocks of platinum-group metals held by _ partial industry stocks, since the Bureau of | 
refiners, importers, and dealers increased Mines does not collect inventory data from 
28% in 1976 compared with those of 1975. end users of the platinum-group metals, 
Rhodium stocks fell 11% and osmium stocks some of whom may hold sizable inventories. 
fell 30%, but stocks of the other four metals In addition, there were the Government | 

increased, as follows: Platinum (27%); Pal- stockpiles of platinum, palladium, and 
ladium (37%); iridium (11%); ruthenium iridium. 

(5%). It should be noted that these are | 

| Table 5.—Refiner, importer, and dealer stocks of platinum-group metals in the United 
| States, December 31! 

Year Platinum Palladium = Iridium = Osmium = Rhodium =—-Ruthen- Total 

| 1972____________ 426,611 405,798 14,987 82 56,967 26,413 930,853 
19738 __-____ 446,522 493,078 14,813 327 51,504 26,880 1,033,124 
1974____________ 582,675 478,210 18,159 869 55,791 36,102 1,121,806 
1975____________ 420,770 335,621 18,276 627 58,847 20,069 849,210 
1976 2 536,318 459,765 20,318 439 47,769 21,094 1,085,703 

1Includes metal in depositories of the New York Mercantile Exchange; on Dec. 30, 1976, this comprised 172,100 troy 
ounces of platinum and 20,500 troy ounces of palladium. . 

| PRICES : | 

| The producers’ price for platinum was gan the year far below producers’ prices, 
quoted at the beginning of the year at $155 began to rise in the second quarter and 

| per troy ounce, was raised to $165 in June, were above producers’ prices in the third 
to $170 in July, and then lowered to $162 at quarter before falling below producers’ 
the beginning of November. The producers’ prices again in the fourth quarter. Dealers’ 
palladium price began the year at $50 per prices for ruthenium and osmium remain- 
troy ounce, was lowered to $40 in April, ed, as in recent years, below producers’ 

: raised to $45 in May, and to $55 in June. prices all year. Average prices for the year, | 
wae ears 00 pe at the beginning ot the calculated at the low ends of the ranges of 
year Ww er troy ounce, and Ww kl blished by Metals Week, : increased to $350 at the beginning of July, Ping 
and to $400 on July 20. The iridium price " | 
went from $400 per troy ounce to $300 at 
the beginning of April. Producers’ ruthe- Producer Dealer 
nium and osmium prices remained (per troy er troy 
unchanged throughout the year at $60 and ——————————— 
$200 per troy ounce, respectively. Platinum —_—_~ ~~~ $161.73 $153.38 

Dealers’ prices for platinum and palla- fridium ~7_~~~2 325.00 271.09 
i i ? pri - Osmium ________ 200.00 129.42 dium remained below producers prices, ex- Osmium —-—---~- 200.00 tO ee 

cept for a few weeks near midyear. Dealers’ Ruthenium ______ 60.00 36.55 
prices for rhodium and iridium, which bee — ——————————_______
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. | FOREIGN TRADE | | 

Exports of unwrought and semimanu- 47% of the imports directly and originated a : 
factured platinum-group metals decreased substantial part of the 17% of imports that 
22% in 1976, to 512,407 troy ounces; about came from the United Kingdom; and the 
225,000 troy ounces of this, or 44%, was U.S.S.R., which supplied 24% of the imports | 
platinum. Valued at $53 million, exports directly and an unknown additional quant- : | 
went mainly to the United Kingdom (26%), ity via European countries. Imports of each 
Japan (23%), and West Germany (15%). metal were estimated as follows: — 

Imports, on the other hand, increased 7 7 , : 

| 47% in 1976, to 2.7 million troy ounces, nen 
valued at $292 million. Of total imports, troy ounces _ 
including estimates of metal in composite — 

import classes, 44% was platinum and 48% papawes “77777777777 1284 
was palladium. Compared with 1975 levels, Iridium _______________-_--- 31 | 

Platinum imports increased 16% and palla- Rhodium Woe 14 
dium imports nearly doubled. The principal Ruthenium -____~-__~~_-_~-- 89 
sources of platinum-group imports were the Total _........... 2,667 
Republic of South Africa, which supplied ——————_-
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PLATINUM , 1131. : 

Table 8.—Imports of platinum-group metals, in 1976, by source : 

| (Percent of total imports) 

—— Plat; —~—SOPallas~—~*«*drid-—=S=*=<CS~S SSR Ruth 
| Source num dium dium mium dium nium Total 

South Africa, Republic of ___ _ __ 60 35 40 22 87 57 47 
U.S.S.R. --  --- 12 37 10 oo 22 11 24 : 
United Kingdom __-________ 18 15 7 27 21 17 
Japan __-_______-________ 1 (4) 6 a (7) ) 1 
Other ______-------_--_- 9 WB «WW 7 14 11 11 : 

1Less than 1/2 unit. : 

| WORLD REVIEW | | | | 

World mine production of the platinum- tial part of its osmium. Except for small : 
group metals increased about 4% in 1976,to quantities of osmiridium recovered as | 
6 million troy ounces: The U.S.S.R. mined a byproduct of gold mining, all of the 
2.8 million troy ounces and the Republic of platinum-group metals were mined as prin- 
South Africa mined 2.7 million troy ounces; cipal products from several mines in the | 
together they accounted for 92% of world Merensky Reef, an extensive horizon in 
output. Canada mined 430,000 troy ounces, Transvaal Province containing more than 

_ or 7% of the world total. The United States half of the world’s resources of platinum- 
and ‘Six other countries accounted for the group metals. Estimated production of the | 

US. me 1% Ot word production. b four companies that mined the Reef are as 
- U.S. mine production, largely as a bypro- = foliows: Rustenburg Platinum Mines, Ltd., 

Ce eee ee eee ee oei900 hee, 1,550,000 troy ounces; Impala Platinum, 
ounces in 1976, compared with 18,920 troy tia 1,000,000 troy ounces; Western Plati- 
ounces in 1975. The output of Colombia's num, Ltd., 130,000 troy ounces; Atok Plati- 
river placers was 26,000 troy ounces, and num Mines Pty “Ltd. 30.000 troy ounces 

small guantties of patinumgroup meta The two largest companies deceased. po . : piac 6 ; duction in early 1975, to adjust to a sluggish 
pia, and as byproducts of copper and nickel . : 
mining in Javan. Finland. the Philippines market in that year, but by about mid-1976, 
and Anat rali P ° ° | Ppines, both companies began to increase pro- 

Canada.—Canadian output of platinum- duction. As a re sult, South African Pro- | 
group metals increased 8%, to 430,000 troy duction in 1976 was modestly higher than in 

ounces. The metals were byproducts of the proce ing year. SSR. produced 
nickel-copper mining in Ontario and Mani- US.S.R.—! ie Sth. produced an esti: 
toba, and were produced by Inco, Ltd., and mated 2.8 million troy ounces of platinum- 
Falconbridge Nickel Mines, Ltd. Texasgulf, 8roup metals in 1976, accounting for 31% of 
Inc., after considerable exploratory drilling, the world’s platinum, 66% of its palladium, 
dropped its option on the Lac des Iles 34% of its rhodium, 55% of its iridium, and 
platinum-group metals prospect near Thun- 44% of its ruthenium. A small fraction of : 

der Bay, Ontario. However, drilling was the metal came from gold-platinum placer 
resumed late in the year by the owner of the deposits in the central Urals, but most was 
property, Boston Bay Mines, Ltd.? a byproduct of nickel-copper mining in the 

South Africa, The Republic of.—The Re- Norilsk-Talnakh region of northwestern 

public of South Africa produced 2.7 million Siberia, and the Petsamo-Monchegorsk re- 
troy ounces of platinum-group metals in gion of the Kola Peninsula. 
1976, including about 61% of the worlds ——————— 
newly-mined platinum, 27% of its palla- bette jNorthern Miner. Deep Hole for Boston Bay at 

dium, 58% of its rhodium, 35% of its iri- ee Tesnaculf Drouping Its Boston Bay Ootion, V. 62 
dium, 46% of its ruthenium, and a substan- No.2, Mar. 25, 1976, ae n Bay Option. V. 62,
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| Table 9.—Platinum-group metals: World production by country’ 

- (Troy ounces) - 

Country 19740 1975 1976" 

- Australia: a | | - . 
| Palladium, metal content, from nickel ore® ~~. ____.—-____ 860 - 1,400 1,500 

Platinum, metal content, from nickel ore® _._- -./__ ___-______ 260 430 470 
Canada: Platinum-group metals from nickel ore ____________-_~- 384,618 399,218 429,999 
Colombia: Placer platinum ____._.--___---_-_-~---------- 21,094 22,114 . 26,000 
Ethiopia: Placer platinum _____—___________-_--------~-- 230 162 £200 
Finland: Platinum-group metals from copper ore® ______________ 650 600 640 
Japan‘: 

Palladium from nickel and copper ores ___.. .._-______----~- 11,104 13,915 18,089 
. Platinum from nickel and copper ores ~~ .______~-----~- 4,101 5,486 8,706 

Philippines: 
Palladium from nickel/cobalt ores ~~_______-_--_--___~--~-~- 2,815 © 836 -- 
Platinum from nickel/cobalt ores ~~ _~9____.___..--__--~ 1,350 579 __ 

‘ South Africa, Republic of: Platinum group metals 
; from platinum ores® ?______§_§_-§_-_/_» ee ¥2.830,000 2,600,000 2,700,000 

_  U.S.S.R.: Placer platinum and platinum-group metals - . me 
. recovered from nickel/copper ores® ______§____1______---- 2,500,000 2,650,000. 2,800,000 

United States: Placer platinum and platinum-group = oe 
metals from gold and copper ores -~--------+-+------------ 12,657 18,920 6,116 

|  Totalt —-ee--------- "5,769,289 5,718,660 5,991,720 

- ©Egtimate. Preliminary. Revised. , : : 
1&xcludes metal refined in Norway and the United Kingdom derived from Canadian and South African ores. . 
2 Japanese figures exclude metal recovered from Philippine ores. . 
3Includes osmiridium from gold ores estimated at 2,500 troy ounces annually. _ 

. Total excludes metal refined in West Germany and which is believed to be derived from imported ores. Production is. 
as follows in troy ounces: 1974—4,115; 1975—3,601; 1976—2,283. : . 

7 | _ TECHNOLOGY . 

| Research continued on automotive in an economic, uninterrupted fashion was : 
emission-control devices in 1976, although reported by UOP Inc. In UOP’s Continuous 
on asmaller scale than in previous years, it Platforming system, small quantities of cat- 
appeared that the U.S. Congress would alyst are removed from the reactor, reacti- 
amend the automotive emissions standards. vated, and returned to the reactor in an 

| The new standards were expected to result essentially continuous manner. Continuous 
in the use of the three-way converter, which platformers have been in operation since 
employs a platinum-rhodium catalyst to act 1971, and by 1976, six units were onstream. 

| simultaneously on carbon monoxide, un- Several dozen more were in various stages 
burned hydrocarbons, and nitrogen oxides. of design and construction.® 

The major domestic and foreign automobile Certain water-insoluble organic ruthe- 
companies tested various models of the nium complexes were found to be effective, 
three-way converter, and limited numbers on a laboratory scale, in splitting water 
were installed on production cars sold in through a photoinduced electron-transfer 
California. Much of the research was aimed mechanism. The work was of considerable 

at reducing the rhodium content of the interest as a potential means of using solar 
catalyst; unless the rhodium-platinum ratio energy to produce a highly desirable fuel, 

in the catalyst could be brought down tothe hydrogen. The reaction was believed to be 
rhodium-platinum ratio in South African truly catalytic, with an overall efficiency 
ores, it would be difficult to obtain enough somewhere between 10% and 50%.‘ 
rhodium to equip all American cars with Platinum metal catalysts, designed to 

three-way converters. ; support the thermal combustion of a vari- 
Higher numbers of automobiles equipped ety of fuels, such as low-Btu gas, were 

with catalytic converters necessitate the announced. They were considered to be of 
increased production of unleaded gasoline. potential use in transportation, home heat- 
This requires the achievement of higher ing, power generation, and other stationary 
unleaced (clear) octane numbers, a process and mobile applications. 
in which catalytic reforming plays an im- Printed thermocouples, formed by apply- 

portant part. However, yield of gasoline and ing newly developed precious metal inks 
octane rating are inversely related in re- 

forming. Operating at low pressures lessens —_—spohiitzer, E.C. Continuous Platforming. Platinum Me- 
the dropoff in yield, but it also increases the tals Rev., v. 20, No. 1, January 1976, Bp. 26. Compl 

: : emi ngineering News. Ruthenium Complexes 
coking rate of the catalyst. One solution to 4iq Fydrogen Process. V. 54, No. 23, May 31, 1976, pp. 17- 
the problem of maintaining catalyst activity 21.
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to ceramic substrates, were developed. ducing flames or organic impurities can 
The gold-palladium:platinum-palladium lead to rapid destruction of the platinum | 
thermocouples are usable in air up to 850°C, metal and refractory material. The studies 
and are similar to Chromel:Alumel wire yielded thermodynamic data on the re- - 
thermocouples in electromotive force out- duction reactions, and suggested the possi- 
put. They were said to be rugged, to give bility of brazing other metals to refractory 

: rapid response, and to have excellent long- oxides by use of a platinum-containing braz- | 
term stability. Continued development of ing alloy.” 
other temperature-measuring devices re- | The unmanned Viking lander that rea- / 
sulted in new rhodium-iridium thermocou- ched Mars in July contained a small gas _ 
ples that are accurate to 2100°C; in other chromatograph/mass spectrometer for | 
thermocouple alloys of platinum, palla- analyzing the gases emitted by pyrolyzed 
dium, iridium, and gold, designed to replace samples of Martian soil. An important com- 

7 base metal thermocouples in the tempera- ponent of the instrument was a unique © - 
_ ture ranges up to 120°C; and in a new electrolytic pump used to remove the hy- | 

rhodium versus 0.5% iron resistance ther- drogen carrier gas from the sample gases | 
mometer wire which extends the measure- before their entry into the spectrometer. 
ment of cryogenic temperatures down to The pump was essentially an electrolytic 
0.35°K.5 cell consisting of palladium-silver alloy tub- | 

The platinum-rhodium gauzes that cata- ing immersed in molten sodium hydroxide | 
_ lyze the oxidation of ammonia to nitric acid electrolyte. Hydrogen was ionized in the 

in modern nitric acid plants ordinarily re- anodic coil, after which it diffused through : 
main in service several months. Occasional- the palladium-silver wall into the electro- Os 
ly, however, a gauze pack becomes inactive yte, and flowed to the cathodic coil, where, | 
prematurely, and cannot be reactivated by after reduction, it diffused into the tubing 

cleaning in solvents or acid. A study of and was discharged to the atmosphere as | 
normal and inactive gauzes by scanning Molecular hydrogen.* : oo : 
electron microscopy and X-ray diffraction, The rate at which sputtered coatings of 
reported in 1976, showed that the surfaces the platinum metals may be satisfactorily 
of inactive gauzes were covered with crys- deposited reportedly was increased more | 
talline rhodium oxide. It was inferred, from than an order of magnitude by the inven- 
earlier work, that gauzes become passivated tion of a new system that employs a mag- | 
by a rhodium oxide layer when, because of €tic field to trap secondary electrons emit- 

| error in temperature control or calibration, ted from the target. The entrapment in- - 
they are operated below design tempera- CTeases the sputtering rate by preventing | — 

ture.® : secondary electrons from bombarding, and. | 
An account was published of experimen- thus: heating, the substrate. At the same 

| tal studies confirming that reduction of ‘me, it uses the secondary electrons to 
refractory metal oxides by carbon monox- ¢™hance ionization in the sputtering gas.° oo 
ide, hydrogen, carbon, and organic vapors is ~ SAmerican Me tel Market. Plats V. 88. No. 178. 
promoted by the presence of platinum. Sept. 10,1976, pp.1022 =O 
group metals, especially platinum and pal- Spencer, F., and W. Hohmann. Rhodium-Platinum 

ladium. These reactions are of importance $5" hee eo Metals Rev., v. 
in industrial situations where platinum | ‘Ott, D., and C. Raub. The affinity of the Platinum 
metals and refractory oxides are in close Nes guy ie ous Platinum Metals Rev., v. 20, 
proximity or physical contact at high *Platinum Metals Review. The Viking Mission to Mars. 

temperatures; Under these circumstances, Vizt,Ne dur 86. Soap) UI" ® UO 
accidental or temporary exposure to re- Platinum Metals. V. 20, No. 3, July 1976, pp. 94-95.
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By Richard H. Singleton! 

Apparent consumption of potash in the muriate that was converted to sulfate, com- 
_ United States increased 20% in 1976 to 6.15 prised 16% of total U.S. production on a 
million tons of K.0 equivalent. The increas- K.,O basis, compared with 15% in 1975. The 
ed demand was met primarily by a 21% average 1976 price, based. on actual sales, 
increase in imports, to 4.59 million tons of for sulfate of potash was about 9% higher | 
K,0, 97% of which came from Canada. than the 1975 price. / 
Domestic production continued to decline, Total sales of potash to U.S. customers by | 
decreasing 4% in 1976 to 2.40 million tons North American producers increased 24% 
and producers’ inventories decreased by to about 6.0 million tons of K.O. Sales of 
0.10 million tons to 0.52 million tons of KO. granular. grade increased 38% to 1.64 mil- 

_ Sales by domestic producers increased 19% lion tons, sales of coarse grade increased — 
in volume to 2.5 million tons of K.0 and 8% 25% to 2.27 million tons, and sales of - 
in value to $203 million. Exports increased standard grade increased only 10% to 1.17 
21% to 0.95 million tons. oo million tons. - 

U.S. consumption was stimulated by price Modest capacity expansions by three pro- 
reductions which occurred during the sum-_ ducers and a contraction of capacity by one 
mer months. The average 1976 price for producer in the Carlsbad, N. Mex., area 
domestic potash, f.o.b. mine, based on actual were reported. One mine in the Carlsbad 
sales, was about 10% lower than in 1975. —_ 

Sulfates of potash, including purchased 1Physical scientist, Division of Nonmetallic Minerals. 

Table 1.—Salient statistics on potash | 

(Thousand short tons and thousand dollars) 

° : Item 1972 1978 1974 1975 ~ 1976 | 

United States . . . 
Production. ~.-_-.________.------- 4,738 . _ 4,684 4,716 | 4,577 _ 4,416 

" KaO equivalent ___________----~ 2,659 2,603 2,552 2,501 2,400 
Sales by producers _ _________~------ - 4,653 5,174 4,708 3,819 4,600 

K20 equivalent ___________----- 2,618 2,865 . 2,545 2,094 2,500 
Value at plant? _.______._.______ $104,680 $123,738 . $158,607 $187,857. $202,635 | 
Average value per ton __________-~- $22.50 $23.92 $33.69 $49.19 $44.05 

Exports? _____.___.-___--------- 1,353 1,579 1,415 1,419 1,670 
K20 equivalent ~~ eee eee 764 889 187 T7719 945 
Value’___________________--- $45,858 $57,997 $66,175 $92,701 $91,887 

Imports for consumption?_ _________~-- 4,979 6,046 7,245 6,271 7,578 
K20 equivalent _____-------__-- 2,961 3,587 4,326 *3.797 4,594 
Value*______________________ $119,666 $145,693 $236,747 $267,248 $344,229 

Apparent consumption’ __________---- 8,279 9,641 10,538 8,671 10,508 
K20 equivalent ___________----_- 4,815 5,563 6,084 5,112 6,149 

Yearend producers’ stocks, 
K20 equivalent ___________--__- 468 206 212 619 519 

World production, marketable, 
KO equivalent ___________---_- 20,841 23,310 ™26,228 27,352 26,876 | 

eee 

1F.o.b. mine. 
2Excludes potassium chemicals and mixed fertilizers. 
3F.a.s. U.S. port. 
“U.S. customs value. 
5Measured by sales plus imports minus exports. 
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area was opened and another was closed. whereas exports to the United States in- 
Two producers announced increases in syl- creased to 4.44 million tons. Domestic con- 
vite ore reserves, both in zone 1 of the sumption in Canada increased to approxi- 

| car spa depoane Two eeanon ean mately 0.27 million tons. The government of — 
_ exploratory ing in Montana and North the Province of Saskatchewan began acqui- 
Deicke, and 2 oeanery evetuenon in sition of the Province’s potash industry by 

, ion mining at dep Oo ha : : } 
| 7,000 to 9,000 feet was technically feasible. Ror er Caraga Atemaical of to other 

. A USS. potash producer began explorato mi a ayy . Vv. po prod es ploratory mine-mill units was completed, and apprai- 
drilling in Utah with an intent of solution . ) mining at depths of around 6,000 feet. sal of a third began. The government’s 

Five US P od ae . announced intention was to acquire control 
.S. producers were indicted by the , . 

U.S. Department of Justice for allegedly 01°17 01 Saskatchewan 8 potash maustry 
restricting potash trade and production and y - Litigation continued im Saskat- 
fixing prices. The trial was scheduled to chewan courts regarding the legality of the 
begin in January 1977. : ) Province s reserve tax and other Provincial 

| | Exploratory drillings were made in the es. . 
Carlsbad area to evaluate mineral resources World production of potash decreased 2% 
in the region of a potential salt-bed reposi- 1° 26.9 million tons of KO equivalent. 

a tory for nuclear reactor wastes. An. eco- Production decreases in North America and 
nomicengineering analysis was begun in i? Western Europe were not quite counter- 

_ late 1976 by the Federal Bureau of Mines to acted by production increases in Eastern 
- determine whether the repository would Europe. Producers’ inventories remained — 

significantly reduce reserves of potash in high in much of Western Europe because 
oe the area. demand was lower than anticipated. 

- Potash production in Canada, all muriate, | The Bureau of Mines continued potash 
-_- decreased to 5.51 million tons and produ-_ beneficiation experiments aimed primarily 

, cers’ inventories also decreased. Overseas at improving potash recoveries from high- 

exports: decreased to 0.99 million tons  claysylvite ores. . | 

7 DOMESTIC PRODUCTION | 

U.S. production of marketable potash from brines from the Great Salt Lake; and 
salts decreased 4% to 2.40 million tons of Kaiser Aluminum & Chemical Corp., treat- 

K.O equivalent. Sulfates of potash, inclu- ing near-surface brines near Wendover. In 
ding purchased muriate that was converted California, potash continued to be produced 
to sulfate, comprised 16% of total pro- from Searles Lake brines by the Kerr- 
duction compared with 15% in 1975. Pro- McGee Chemical Corp. 
duction of standard-grade muriate decreas- AMAX Chemical Corp. undertook capital 

: ed 8% to 0.99 million tons of K,0, whereas programs at its New Mexico facility to 
output of coarse grade increased 10%. Pro- somewhat expand ore reserves and increase 
duction of granular grade remained con- production capacity. | : 
stant. . . . | . Duval Corp. opened its North mine in 

In New Mexico, the source of 83% of US. New Mexico in March and thereby planned 
production in 1976, nine underground to | total ‘ate producti . 

mines were operated near Carlsbad by increase muriate production capacr 
AMAX Chemical Corp., Duval Corp. (two Y 0 210,000 tons of K.0 equivalent by late 

Cos Se ona nical Corp, Micsie Great Salt Lake Minerals & Chemicals 

sippi Chemical Corp., National Potash Co. Corp. developed a proprietary process for 
(two mines), and Potash Co. of America. The converting purchased muriate of potash 
average K,O content of ores mined in New nto sulfate of potash; this was one of the 
Mexico declined to 14.8% in 1976 from Steps taken to reduce dependency of output 

15.2% in 1975. These ores had contained an 0n Utah weather. Wet weather, which had 
average of 17.5% K.0 in 1966. diluted brine in the Great Salt Lake and in 

Three companies produced potash in the solar evaporation ponds, abated in 1976. 

Utah: Texasgulf, Inc., working an old room- A unique commercial flotation process for 

and-pillar mine near Moab by solution mi- concentrating schoenite, prior to conversion 

ning; Great Salt Lake Minerals & Chemi- to sulfate of potash, went onstream in 

cals Corp., producing potassium sulfate January 1976.
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| Table 3.—Production and sales of potash in New Mexico 

(Thousand short tons and thousand dollars) 

| Potash ore? 

Marketable potash 

Period Production Sold or used 

, G K20 G K20 G Keo : 
| weight equival weight equival- weight equixlent Value? 

a 1975: | 
January-June __________- 9,156 1,402 2,037 1,079 1,603 846 73 988 

July-December ----------_ 8,653 1,298 1,817 1,002 1618908 6,634 
Total._____________ _ 17,809 2,700 8,854 2,081 3,221 1,749 150,622 

| 1976: | Te 
January-June ____§_______ 8,583 1,289 1,876 1,005 2,069 1,098 92,744 

July-December ---------- 8,725" L271 1,884 98418208852, 610 
Total.________.____ _ 11,808 2,560 3,710 1,989 3,889 2,083 165,354 

| 1Sylvinite and langbeinite. . 
| 2F.o.b. mine. 

- Table 4.—Salient statistics on sulfates of potash '? 

(Thousand short tons of KO equivalent) 

- a “Trem 1972 +1973. ~+~+41974.~C*«~A‘STSC*«C‘STO 

7 Production_____________-_-----___------------ 325 376 394 386 381 
Sales by producers ______________--_---~-------- 293 399 387 316 371 

| Exports. _§_________________________------- 101 153 129 114 124 
Imports. >_> 5 5 5 eee +e 31 34 27 39 33 
Apparent consumption _____________--~----~------ 223 280 285 241 280 

: Yearend producers’ stocks __________------------- 81 40 29 90 81 

1Potassium sulfate plus potassium magnesium sulfate; source: Potash Institute, Atlanta, Ga. 
- 2Includes sulfate of potassium produced by conversion of purchased muriate of potassium. 

International Minerals & Chemical Corp. of K.0O equivalent. Sylvinite ore from the 
ee leased acreage in northern Montana where Lea County mine, which had been opened in 

| - gupposed deposits of potash may have 1974, was leaner than that from the Eddy 
solution-mining potential. County mine. | 

Kaiser Chemicals announced construc- The potash reserve in Potash Co. of 
tion by 1979 of an 8,000-acre, $3 million America’s New Mexico mine was increased 

7 solar evaporation system to replace the old by about one-half to 5.5 million tons of K,0 
| system at Wendover, Utah. The new system equivalent, all as muriate. The increase 

| was scheduled to operate until 1995. resulted largely from planned use of secon- 

| Mississippi Chemical Corp. began mod- dary mining techniques and newly defined 

ernization and expansion of its flotation ore body limits. The new reserve estimate 

plant in New Mexico during late summer. allowed planned mining of this rich (25% 
The plant was closed approximately 4 K:O) deposit to be extended into the late 
months during the second half of 1976 and 1980s. : 
remained closed at yearend. Planned an- Texasgulf, Inc., determined that the re- 
nual capacity of the renovated plant was maining reserve in its Cane Creek mine in 
approximately 180,000 tons of K:O equiva- Utah is sufficient to allow potash recovery 

lent. The product, all muriate of potash, was by solution mining for about 10 years at 

to be used exclusively to manufacture ferti- Current rates of removal. Solution mining 

lizer mixtures made in captive plants and experimentation continued in new wells 
marketed by Mississippi Chemical Corp. near Moab. A substantial resource of potash 

National Potash Co. closed its Eddy Coun- was indicated by the U.S. Geological 
ty mine near Carlsbad in November when Survey? in the Paradox Basin in Utah. The 

recovery of all available ore was completed. deposit occurs over a depth range of 5,000 to 
All future mining and milling was to be Ge RDA Potential T ‘or Potash Solut 

. : ite, R. J. ti t i 
done at the Lea County mine site at a re- Mining in Cycle 13, ‘Paradox Member, Near Moab, Utah. 
duced annual capacity of near 240,000 tons US. Geol. Survey Open-File Rept. 76-755, 1976, 5 pp.
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_ PRODUCTION —— | 

Figure 1.—Marketable production, apparent consumption, exports, and imports of 
: potash measured in K,O equivalent. , | 

6,500 feet and has potential as a solution- Leasing of Federal land near Carlsbad | | 
mining target. | was renewed at mid-1976 after a 2-year 

_ An indictment was filed on June 29 by moratorium caused by environmental consi- 
* the Antitrust Division of the U.S. Depart- derations. = | 

-. ment of Justice in U.S. District Court, Exploratory drilling began on a southern 
Northern District of Illinois, charging five extension of the Williston basin, in the 
U.S. producers with restricting trade by Montana-North Dakota area near the Sas- 
curbing U.S, production and stabilizing U.S. katchewan border, by two parties, Kalium 
prices at noncompetitive levels and conspi- Chemicals, a division of PPG Industries, 
ring to coordinate U.S. and Canadian pro- Inc., and Farmers Potash Co., a combine of 
duction and prices for potash; they were Burlington Northern, Inc, and C. F. Indust- 
also indicted for coordinating exports of ries, Inc. Land Jeasing had begun in 1975. 
potash from the United States and imports Five holes had been drilled by yearend at a 
of offshore potash into the United States. cost of. about $3 million in Burke and 
The case related to the prorationing system Bottineau Counties in North Dakota and in 
enforced by the Provincial government on Daniels and Sheridan Counties in Montana. 
the potash industry in Saskatchewan, Cana- Preliminary data indicated that solution 
da, from 1970 to 1974 and covered only that mining is technically feasible at depths of 
period of time. The criminal trial was sched- 7,000 to 9,000 feet. Engineering evaluations 
uled to begin in January 1977. The potential for commercial development were expected 
fine was $50,000 per producer. The States of to be completed in 1977. Local lignite would 

Illinois and Connecticut and some 30 other be used for this energy-intensive operation. 
potash users filed class-action civil suits, Immediate construction of pilot wells and 
mostly in the same Illinois court, seeking mills was indicated, the main scheduling 

damages from the potash producers for the deterrent being local environmental con- 
higher prices paid for potash during siderations. Unit size for a commercial 
prorationing. solution-mining operation would be about 1
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| Table 6.—Sales of North American potash | | 
| to U.S. customers, by type and grade 

| _ (Short tons of K,O equivalent) | 

oO | : 1975. 1976. 7 a oe 

| : | Agricultural: : | - 7 | | | 
. Muriate of potash: BT So 

7 Standard _________ 1,065,094. 1,174,355 | - | 
. Coarse___________ 1,810,745 - 2,270,698 — | 

. Granular ______~_- 1,186,748 . 1,642,338 © 
Soluble ____._..___ 298,325 396,980 | 

: | Sulfate of potash _______ 113,896 128,386 
Potassium magnesium sul-. - 

| fate______--._._-- 84,570 115,324 

| | Total__.__-_-____ 4,559,878 _ 5,728,031 | 

=. oe . Nonagricultural: OT oe . 
, _ Muriate__________ 197,284 186,604 / 

z Soluble muriate — — ~~~ 67,522 89,917 

| __~ Sulfate of potash “-=—— 327835588 | a Oo 
a Total ________- 268,084 280,079 = Se 

, a Grand total _____ 4,827,462 6,008,110 | | : : 

| . . Source: Potash Institute, Atlanta,Ga. - oo . ee : 

million tons of K.0 equivalent at a capital halite bed at a depth of about one-half mile | 
| cost of about $300 million. Estimated re- if the area was determined to be geological- . 

sources were sufficient to satisfy U.S. de- ly, ecologically, and economically suitable. — | 
mand for centuries. __ Two potash-mining leases would be affected. 

___ Exploratory drilling was completed for tp Jate 1976, the Federal Bureau of Mines | 
evaluating potash resources; mm @ 2.6- began an engineering-economic study to : 
square-mile area 35 miles east of Carlsbad, determine the potential potash 

| N. Mex. This area had. been selected bythe | etermine the potential! po TESETVES : 
U.S. Energy Research and Development that would be removed by construction of | 

Administration (ERDA) as the prime candi- WIPP. The Bureau's reserve estimate, ba- 
_ date for its nuclear Waste Isolation Pilot sed on 21 exploratory holes drilled for | 

Plant (WIPP) project. Storage would be ERDA and on previous drillings, was ex- | 

realized by about 1983 in a 2,000-foot-thick pected during 1977. | | a 

CONSUMPTION AND USES oe a 

Apparent domestic consumption of pot- - ate of potash for agricultural purposes fol- | 

ash increased 20% to 6.15 million tons of low: Standard grade, up 10% to 1.17 million 
: K.O equivalent; approximately 95% of this tons K:0, coarse grade, up 25% to 2.27 

was used in the fertilizer industry andthe million tons K.O, granular grade, up 38% to | 

balance in chemicals manufacture, mainly 1.64 million tons K.O; and soluble grade, up 

in production of caustic potash. Consump- 33% to 0.40 million tons K.O, according to | 

tion was stimulated by price reductions the Potash Institute. 
| during the summer. Apparent consumption of potassium sul- 

The north-central States of Illinois, Indi- fate and potassium magnesium sulfate com- | 

ana, Iowa, Ohio, Minnesota, and Wisconsin bined increased 16% to 0.28 million tons of 

purchased 52% of all agricultural potash, K,0, according to the Potash Institute. : 

compared with 53% in 1975. ' However, 1975 apparent consumption had 

Total sales in the United States of muri- dropped 15% compared with that of 1974. 

| STOCKS 

Domestic producers’ inventories decreas- the year. These stockpiles had increased in 

ed during 1976 by 0.10 million tons to 0.52 1975 by 0.41 million tons. Producers’ inven- 

million tons of KO equivalent; most of this _ tories of sulfates of potash decreased 10% in 

decrease occurred during the first half of 1976 to 0.08 million tons of K.0.
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PRICES | 

so Domestic prices for muriate of potash below the 1975 average. The price of stand- 
decreased significantly below the 1975 ard muriate was particularly depressed be- 
highs, particularly during the latter half of cause of lack of demand in the domestic 

| , 1976, when the average price for the three market. Sulfate of potash prices continued 
a common grades of muriate dropped to toclimb significantly. 

$59.93 per ton of K.O equivalent, or 21% 

: | Table 7 —Bulk prices of US. potash, by type and grade? | 
| _ (US. cents per unit K:0) | . 

Oe oo gg tga, 
| a anuary June — July-December January-June July-December, 

 Muriate, 60% Ko mine . | 
mum: eo, oo. : wo 

| Standard ________- 34.60 - 52.65. 16.23 76.97 69.21 55.82 
| Coarse __________ 8792 53.37 75.05 76.19 = ~—«-70.60 62.99 

Granular ____-_ _ __ 38.81. 51.27 9298 == TAD 74.41 64.41 
All muriate 2 ______ 36.39 52.50 7519: . . 16.56 70.80 -§9,98 

Sulfate, 50% K20 minimum 82.68 © 110.79 163.39 - 181.63 : 3177.00 3224.02 

1 Average prices based on actual sales, f.o.b. mine. _ - , Se | es 
_2Excluding soluble and chemical muriates. a oO Co 
5 Average price includes price of sulfate produced by conversion of purchased muriate. = Oo a 

-- FOREIGNTRADE Ce 

Total U.S. exports® of potash increased largest importer of U.S. sulfates of potash: 
21% to 0.95 million tons.of KO equivalent. Potash imports, 97% from Canada, in- 
Areas receiving these exports were Latin creased 21% to 4.59 million tons of K.0 
America, 55%, Oceania, 21%, Asia, 17%, equivalent. Muriate of potash comprised 
and other, mainly Western Europe, 7%. 99% of these imports. Israel remained the 
Exports of sulfates of potash increased 9% second-place supplier, providing nearly 2% 
to 0.12 million tons of K,O. Exports of of U.S. imports in 1976. Imports from cen- 
potash to Brazil, the main recipient coun-  trally controlled economy countries more 

| try, increased 34% to 0.38 million tons of than doubled but remained below 0.03 mil- 
| K,0. New Zealand became the second jion tons of K.O. | 

largest importer of U.S. potash; exports to : : | 

that country app roximately doubled to 0.16 3Salient U:S. trade data includes only muriate, sulfate, 
million tons of K,0. Japan remained the _ nitrate, and potassium magnesium sulfate. .
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| its WORLD REVIEW 

Potash production in 1976 continued to million tons, equaling about 40% of 1976 - 

rise in Eastern Europe, although at aslower production. Areas receiving these exports - 
rate than in previous years, and continued were other Eastern European countries, 

: to decrease in the Western World. Eastern 66%; Western Europe, 20%; Asia, 8%; and | 
European production increased 5% to 12.6 Latin America, 6%. Eastern European ex- 

. million tons of K.O equivalent; production ports to Latin America increased 85% to 
7 in Western Europe, including Israel and the 0.33 million tons. | 
_ People’s Republic of the Congo,‘ and North Total exports from Western European a | 

America decreased 8% and 7% to 5.8 and primary-producing countries, which includ- | 

7.9 million tons of K.O, respectively. ed, in order of production volume, West : 
The apportionment of world production Germany, France, Israel, Spain, the Peo- ) 

was Eastern Europe, 47%, North America, ple’s Republic of the Congo, and Italy, 

29%, Western Europe, including Israel and decreased 3% to 2.08 million tons of KO. 

the People’s Republic of the Congo, 22%, Areas receiving these exports were Western 
and others, mainly the People’s Republic of Europe, 58%; Asia, 15%; Africa, 13%; Latin 
China, 2%. The U.S.S.R. and Canada con- America, 9%; North America, 5%; and 
tinued as the first and second largest produ- Eastern Europe,2%. _ | | 

cers, with 34% and 21% of the world’s 1976 A new trade organization, Austria, Kali- 

output, respectively. | Export GmbH based in Vienna, was formed 
The only significant capacity increases to administer export trade by West Ger- | 

during 1976 were in Eastern Europe, partic: many, France and the People’s Republic of 
ularly in the U.S.S.R. where export markets the Congo, Israel, and the United Kingdom. | 

including Western markets were sought. Total overseas exports from North Ameri- | 

- The only significant expansion that ca decreased 10% to 1.90 inillion tons. Areas 

~ occurred in Western Europe in the 1970’s receiving these exports were Asia, mainly ve 
- was the construction of the Boulby mine in Japan, 46%; Latin America, mainly Brazil, 

the United Kingdom which was expected to 36%; Oceania, 18%; Western Europe, 4%; _ 7 

produce at about one-half capacity in 1977, and others, 1%. _ 

- yeported capacity was 0.55 million short | Total world shipments to nonproducing 
tons of KO per year. a oo nations decreased 2% to 8.54 million tons; 

Each of the three major potash-producing receiving areas were, in order of volume, 

world blocs, North America, Western Eu- Eastern Europe, mainly Poland and Hun- 

rope, and Eastern Europe, remained self. gary, 39%; Western Europe, mainly Bel- 

sufficient in potash. North American net sium and the United Kingdom, 21%; Asia, 

export decreased 3% in 1976 to 1.76 million mainly Japan and India, 19%; Latin Ameri- 
- tons of K.O. Net export from Eastern Eu- ©; mainly Brazil, 14%; Africa, mainly the 

rope increased 2% to 1.71 million tons. West Republic of South Africa, 4%; and Oceania, 
European net imports increased 4% to 0.13 3%. Major suppliers were East Germany 
million tons in 1976. Approximately 60% of and the U.S.S.R. to Eastern Europe; Cana- 
world consumption was in producing coun- 4a, East Germany, the U.S.S.R., West Ger- 

tries. Total world demand increased about many, the United States, and Israel, in 
10% to approximately 26 million tons of order of volume, to Asia; and the United 

KO indicating a cessation of the previous States, East Germany, Canada, the U.S.S.R. 
rapid buildup of producers’ inventories. and West Germany, in order of volume, to 

An anticipated increase in Western Eu. Latin America. Imports into Brazil, the 

ropean consumption in 1976 was not realiz- market-economy world’s largest nonpro- 

ed, partly because of a drought; consequent- ducing importer, increased 46% to 0.83 
ly, producers’ inventories remained high. million tons. Imports into Japan, the second 

Combined exports in 1976 of the two —————— 

Bastern European producers, the USSR. _,,,lsel,and the Reools, Republic of the Congo are 
and East Germany, remained at about 5.1 _ trading block.
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| largest nonproducing importer in the 9% to approximately 0.27 million tons of , 
| market-economy world, decreased 29% in K;O. Imports, mostly sulfates of potash | 

us 1976 to 0.70 million tons of K.0. Large user from the United States, remained at about 
| inventories were reported in Asia. _ 7 19,000 tons of K.O. a | 

| Total 1976 exports of potassium sulfates International Minerals & Chemical Corp. | 
from Western European producing coun- (Canada). closed their K-2 mine at Ester- 

| tries increased 4% to 0.56 million tons of hazy in January for an indefinite period; 
K.O. Of this, 50% was shipped to nonpro- however, it was reopened in September 
ducing Western European countries. East because of the improved market. A new 

| Germany, the only other sulfates exporter heavy-media circuit was put onstream in 
except for the United States, increased September. Effective total annual capacity 
sulfate exports by about 50% to approxi- at Esterhazy was increased 16% to about 2.7 

: mately 0.10 million tons of K.0. Of this, million tons of KO by yearend. | 

- about 80% was shipped to Eastern Eu- — Sylvite of Canada, Ltd. purchased a third 
ropean countries. Oo Marietta continuous miner in 1976. Alwin- | 

Brazil.—A consortium of government and ga] Potash of Canada, Ltd. ordered anew _—CT 

private concerns was formed to undertake € continuous miner; the firm’s facility was 
feasibility study and build a pilot plant to shut down for part of 1976 because of major 
exploit the carnallite and sylvinite deposits storm damage. Several facilities added more. 
in the Sergipe Basin. Reserves and re- compaction presses for conversion of stan- 
sources of potash in Brazil were estimated dard-grade muriate into coarser fertilizer- 
to be 60 million and 300. million tons of K.0 blending grades. Many producers stated 

equivalent, respectively. _.. that further capacity expansions were inhi-. 
Brazilian consumption of potash increas- bited by the high level of Provincial tax- 

ed 40% in 1976 to 0.78 million short tons of ation, which, combined with Federal taxes,  - 

K,0, all of which was imported. - prevented realization of a reasonable return 
- Canada.—Production remained at little oy their investment. Provincial taxes alone _ 

more than 50% of capacity during the first averaged about $20 per ton of K.O for 
.6 months because of lagging U.S.demand at Saskatchewan fiscal year 1976. me | 

_ the farm level, lower overseas sales, and The government of the Province of 

high producers’ inventories.’ Substantial Saskatchewan began acquisition of the 
price cuts during the summer increased Pprovince’s potash industry by the purchase 
sales greatly in the second half of the year. in October of Duval Corp. of Canada’s mine 

_ However, total 1976 production decreased nq mill near Saskatchewan. Legislation 
8% to 5.51 million tons. Producers’ invento- enabling expropriation had been passed by _ 

ries decreased by only 0.21 million tons to the Saskatchewan government in January, 
0.88 million tons of K20 equivalent; of this, although the government reportedly plann- 

of was standar d ‘a ade oar OF ae ed to acquire the properties by negotiation. 
| lion to expo fl decreased d % i Near yearend the government announced 

mittion tons retlecting . ecreased € plans to expand its newly acquired facility, 
mand and increased competition abroad. j..,amed Cory Limited, by 25% to an annu- 

hearer these exper’: coe 1976 al capacity of about 0.9 million tons of K.O; 
others maainly Goeania i % 6, an@ this included procurement of a new contin- 

Exports to the United States increased uous miner. The Potash Corp. of Saskat- 

271% to 4.44 million tons of K.0. Domestic 5Data on Canadian production, inventory, and overseas 
consumption in Canada increased by about _ exports were supplied by the Potash Institute, Atlanta, Ga. 

Table 12.—Salient statistics on Canadian potash 
(Short tons of KO equivalent) | 

1S 
Produttion_________________________-- eee 5,991,840 5,506,996 
Sales to North American customers ____________-~---~~-------~~---~-----~- 3,758,986 4,715,840 
Exports 

United States ________________________ eee +- 3,507,920 4,441,541 
Overseas _____________ ee eee 1,353,742 986,580 

Inventory at yearend ________________~__----~-~-------~----~------- 1,090,963 880,754 
Domestic consumption ____________-~_--_------~-~----------~----~-+---- 251,066 274,299 

Source: Potash Institute, Atlanta, Ga.
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chewan, the government-owned operator of | The Saskatchewan Court of Queen’s 
government-acquired mines, completed Bench had ruled in May 1975 that the | 
appraisal of two more mines, owned by pprorationing legislation enacted by the 
Sylvite of Canada, Ltd., and Alwinsal Pot- Saskatchewan government in 1969 was un- 
ash of Canada, Ltd., respectively, and nego- constitutional. The suit had been filed by 
tiations for acquisition of the Sylvite facility Central Canada Potash Ltd., later joined by 
were progressing by yearend. Government the Attorney General of Canada. After this. 
appraisal of Central Canada Potash Ltd.’s ruling, most producers withheld payment of 
mine was begun, and plans for appraisal of the prorationing fee, $1.20 per ton. How- 
the Allan mine owned by A.P.M. Operators ever, the Saskatchewan Court of Appeal a 
Ltd. were announced at yearend. A Sas- overturned this ruling on January 11, 1977, 
katchewan government representative declaring that the prorationing legislation 
announced that acquisition of 50% or more’ was constitutional. Central Canada Potash | 
of the Saskatchewan potash industry would Ltd. then filed an appeal on January 20, 

| be completed by 1979. The main sales office 1977, with the Supreme Court of Canada. 
of the Potash Corp. of Saskatchewan was Promising potash exploration continued 
established in Atlanta, Ga., and the gov- in New Brunswick, Canada. Drilling by | ; 
ernment-owned firm became a member of International Minerals & Chemical Corp. 
the Potash Institute. outlined a rich sylvinite deposit averaging , 

Kalium Chemicals Ltd., Amax Chemical 29% K.O in a 70-foot-thick bed within a 2- 
Corp., and Potash Co. of America Ltd. square-mile area near Salt Springs in Kings | 
withdrew their membership from Canpotex County. Ten holes were drilled in 1976. On 

- _Ltd., the Canadian export association. The the basis of seven holes that intersected the 
Potash Corp. of Saskatchewan joined Can- deposit, bed thickness and grade were found 
potex. — a to be variable. The bed was located on one 

Nine potash producers filed, in May 1976, side of an anticline, and faulting was indi- | | 
an action in the Court of Queen’s Bench in cated. Bed depth ranged from 2,000 to 3,400 
Regina, alleging breach of contract by the feet. The bed was underlain with a thick 
Saskatchewan government in connection deposit of 98% halite. The intent was to 
with the reserve tax and prorationing fees. combine halite and potash mining at the 

_ Under an agreement signed in 1960, the same location. Exploratory drilling was ex- 

government had agreed not to increase pected to continue throughout most of 1977. 

royalties. or royalty-like charges fora period The company had been licensed by the 

of 21 years. Both this suit and those filed by Province of New Brunswick to explore a 77- | : 

industry in 1975, maintaining that the re- square-mile area. | | 

serves tax and the prorationing fee are The Potash Co. of America continued 

unconstitutional, were pending at yearend. exploration of a sylvinite potash deposit 

Industry claimed that the heavy tax struc- near Sussex, Kings County, New Bruns- 

ture was excessive and prohibited expan- wick. Exploratory drilling was terminated 

sion. The Provincial government refused to in August; nearly 30 exploratory holes had 

modify the tax structure and continued to been drilled over a 3-year period. This 

recommend expansion. The Canadian Pot- deposit was found to be folded and to 

ash Producers’ Association pledged to con- contain, reportedly, some carnallite. The 

tinue to seek tax reform. company notified the New Brunswick gov- 

The Supreme Court of Canada ruled on ernment in October that they would submit 

October 5, 1976, that, in the event the a plan for commercial development within 1 

reserves tax and the prorationing fee were year. | 

declared ultra vires, producers could reco- The Province of New Brunswick passed 

ver all back reserve taxes paid to the legislation in late 1976 fixing the royalty on 

Saskatchewan government. That govern- mineral products at 6.5% of the average 

ment had legislated that retroactive taxes world market price for the first 15 years of 

did not have to be returned to the produ- plantproduction. © | 

cers; subsequently, 11 potash producers had It appeared that commercial development 

filed suit alleging that enactment of this of the New Brunswick deposits is téchnical- 

legislation exceeded the power of the Prov- _ ly feasible although overall production costs 

ince. As a result of the Supreme Court would likely be higher than in Saskatche- 

decision, most of the reserve taxes that had wan. An indicated advantage was that the 

been withheld by the producers were re- New Brunswick deposits are near an Atlan- 

linquished to the government. tic port.
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to | 7 a | | | Table 13.—World 
(Thousand short tons 

oe ee - : a Source 

Oo Importing areas ‘Canada France? - Germany, Germany, Israel 7 — | : West East Srae’ 
. . 1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 

es South Africa, Republic of __..____ 1 2 8 6 6 48 ._-_  __ LL 24 
| Other 2 BK 11 

| - - Yotal Africa ______________ 10 20 182 121 68 582 12 3 _- 35 | 

. oo Asian oe . - | 
So oss. oe... Chine 2 Lee - ++ 90 LL ee ee _... 16 21 ee ee 
SO  Indig DDT T IIIT TTT T TTI 8298 T2185 _ 
Se Sapam 22 eee) 42S 9 31 = 125 52 29 23 =: 100 34 
~ os. Kores,South ~-_.-_---------- 298 =: 1108 _- __ _- a ~ Le _- __ 

DO Malaysia ___ 2. ---_-------- 52 50 18 _- 1 _- -- _- — 44 
eo _. ° Philippines ~~. .----L_-_-_- 26. 27 _- _- 2 1 _- - ee 1 
ee Paiwan Lo oe + 37. 100 Le 11 _- _- -- +e _- 
+ — . Other __._-------------+--- 24 28 14. 22 24 21 31 44 1 __ 

otal Asia. 22 ------------ 1,088 164158188171 198 223101 79 

ns Latin America: oe | 
Brag ele G42 8 BT aT TCT 8k 19 
Saba DIT ITT IIIT T ITT Be BB 

Me Mexico _____-__------------ -- _- -- _- _- _- _- _- _- _- 
, Other __._----------------- 44 21 2 2 23 12 _- 16 _. 2 

a ‘Total Latin America _....-.-. 173 163 2438786128, 

ee North America: OC no | 
pe Canada _ = ee XX XX _- _. _- _- _- _- ee 

United States DDL ILI LL _ 3508 4442 290 80 IT 53 

oo - ‘Total North America _.._----- 3,508 4442 29 __ 30-22 =17 82 «58 

. Australia __ 9... -_~------- 62 59 -- _- 2 1 -- _- -~- — 
a _NewZealand __.-..---------- 31 -- _- _- 1 2 _- _- _- _- 

Total Oceania ____._..-_--- 93 59 Lk 3 B.-L. Lek __ 

| . Western Europe: — 
Austria ____.._--_-~-------+2+ -- _- 9 5 22 45 80 66 — _- 
Belgium ___.._.__.--------- _- — 56 60 108 46 44 7 __ 11 
France ___________---_----- _- -~- XX XxX 8 13 11 25 85 _- 
Ireland ____________.-__---- _- _- 34 38 19 46 28 47 1 18 
Maly —n55 7777 TTT 11 21 43 62 6 6 34 38 85 70 
Netherlands ________.___----- _- _- 26 29 27 42 29 35 18 20 

. Scandinavia _.=._...-.------- _- _ 56 5 208 199 128 93 22 24 
SO United Kingdom __-_--.._----- 6 8 49 38 119. 83 113 169 __ 46 

Other ____9____-~--~-__------ 23 -- 97 75 12 14 42 719 10 — 

| Total Western Europe ______.. 40 29 370 312 529 494 509 559 221 189 

_ Eastern Europe: 
Czechoslovakia __.-.___------- -- _- _- -- 13 _— 543-582 _— — 

' Hungary __.-----------------  .~-  -- 2  _. 19 8 7195 295 _- _- 
Poland _______------------- -- -- _- _- 8 14 612 506 — _— 
Yugoslavia _____._.___-_----- -- _- -- _- 6 6 106 = 123 _- _- 
Other ___.______-__-------- _- _- 2 5 19 3 °»=«69 74 __ _ 

Total Eastern Europe ___-—---- _- -- 4 5 65 31 1,525 1,530 __ __ 

Worldtotal _______________ 4,862 5,429 600 524 975 859 2384 2536 404 377 
er en TE 

XX Not applicable. 
IData on U.S. and Canadian exports supplied by the Potash Institute; data on exports from other countries supplied by 

the International Phosphate Industry Association (ISMA, Ltd.), Paris, France. 
2Includes Congolese exports. 
3Excludes Belgian exports to avoid double counting. 
*Source country breakdown incomplete for 1975. 
5Includes imports from the United States only. 
® Scandinavian imports from France, West Germany, and Israel taken from Phosphorus and Potassium, No. 85, 

October/November 1976, published by the British Sulphur Corp., Ltd. 
7Hungarian imports from East Germany taken from Phosphorus and Potassium, No. 87, January/February 1977.
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tradein potash’ — | ne ne | Oo | 
of K,0 equivalent) oo . . 

countries | ay — 

Italy Spain. Bhited USSR. Belgium Total 3 | 

1975-1976 1975-1976 1975 1976. 1975 1976 1975 1976 1973 1974 1975 1976 | 

— 1. .. 18 3 8 .. _. 16 4 186 201 4202 173 
31 2 380 @ .. -. =. _. 10 16 94. 140 130 130 

31 29 30 40 3 3 -.  L-. 2 20, ° 280 341 #332 303 ° 
oe 

ee a a 8D 160 106 21 | 
ee 7 3 431 463 231 328 

- Le 8 2 9 106 191 138 2 27 822 948 986 696 
2 38 -. > 2 Bb 2 Le LL ee 149 206 822 121 
ae 55 67 BB 113 

, So BB 41 68 51 47 
a tle lo. oe 74 118 99 101 , 
— 5 -. 2 10 2 51 37 _- 3 170 155 155 159 

12 «8 8 2 203 161 249 173 . 23 30 1,781 2,185 2,033 1,586 

2 -.  _. 12 82 BTC (te RL B:~*”:C«*SiBS (TORS 828 | 
ee 3 93 1228 ~=—-:132 143 
- a0 BB 560C 81 

4 5 2 7 59 8B .  -. 12 Le 197 2352134 148 | 

6 5 2 40 411 520 56° MM -. 8. 858 1,121  *905 1,200 

a 885 5980 9 
oe 6 __ 16 XX XX 8 .. 6 2B 3,770 4,367 3,702 4,539 

_ 6 _. 1 2 19 386 _. 16 18 3,795 4,395 3,722 4,558 | , 

ee ee 5 BT ee, 112 (138 | 109 97 
- oD  K BT 219-175 123 15 

Le Le 120198 6d ke 331 313 232.272 , 
ne STS A PS SS 7 ID 

eB KH a 230 166 2152 
- Le 6 15 5 6 105 108 XX XX 992 768 324 253 
ee US 256 . 204 147 58 

| - 5 9 18 8 .. -. Le 3 135 114 #119 161 
XX XX 2 8 -. _. 6 35 __ 2 209 228 247 240 
-- ue 2 7 _. _. 2 40 2 29 170 210 4160 «173 
~. L oAi  dBessdT™88 4 587 513 6585 499 
- e 6 48 4 4 6 79 __ 8 355 442 #415 480 
1b Ww 283 4 .. -. -.  _.: 55 2 126 186 212 221 

15 es 
15 12 48 165 27 £41. 530 436 121 180 3,001 2895 42,375 2,237 

rer A SS SS 

eS ( : 538 521 «762 701 
so TD BL 42k 347 397 597 545 
so 81,2140 7 1,503 1,481 1,751 1,734 

ee (  ( Se 229 314 158 202 
to. - oe ee Le 66 105 103 91 157 187 

ere eee ST SS 
EE 

1 -. 2 2. ee ee 1,830 1808 _- 7 2,720 2,804 3,425 3,369 
rrr SS SS 

LK . 

65 60 88 263 784 937 2,717 2540 186 258 12,766 14,054 13,024 —-13,525 
er nes SSS SSS See 

ne



1154 . MINERALS YEARBOOK, 1976 | 

| | e| 8883/8 SSR S[[ SVSSS] S]] Ss] So aa leases 

e| 2887/8 Hae] s|] as8e°] 8] sal silo ae-sees | 

| | 3 | oT | | — 
El.| Sa8"| sl] see] ail aeees] |] Rn] Bile secease 

| | | le} S88°) 81] Se] B]] Sesaq] Bl] RB] Ble Rn izass 
| R | 

| soiile rraft uff eric tf ~ rap apr ott tera 
= aes iN a pio Pip tip ob rma 

. i Seriyay Ss scapes rap lp Git 
= : 

| ale eta iP SBM) BP SM RS Sy) SP SE Pits 

“ ey ET | 
: SE}o) iii a] S89] i) ee jem] all state piri it 

. - . - : 

sz lel je} Opa mee tiene ered iiiisia. 

. e3| is Heise Im if a Nt l if eo Ai ube tt bia 
3 Q =| L tf SF]. im yf - tad raft Po orraeam™oua 

Se] fee} Cy rey sel i eriii 
~~ £et ler ~~ 9 . . ; 

23 alg Pea ah rap tebey aap eins 
=| [alt] q a 

2 - : . . : 

SE] fee] cis dall sispall ereidell iafally aspera: 
w= 

2 Ey" , 
3 Sle| imeclall sista] c= i-lall ig}alle sens is: 
= ae 

silat. 

| Se] FSR SYR Pei ay spi ge is iss 
= 

1't!t ot Iie ot ee ee | I | | I re ee ee | 
tetdtdsb ft ne tirtd ot 1 | I | Pi’ dted 

1 tt)t oof frit Pt bttr ot ' J ! | rit ft veel 
i rir Pirtie oo tt | I i'tpdrets 
1ttetoot tieboool Pritrdtt 4 1 | I 1 ' td ttl 

igi foottE Eo tttdh gti gf TEER 
i ee ee ee 
6 1'mt 4 Eid ost 1tirrr @ Io 1 ttbtdt tet 

tigt 4 ee prairie §& 11 § I i 
a | Pid rrrrit & to 1 tt tttet#t 

5 re tei gg tlitl & tg B ttre 
ef] ele Bis ais eee Pi 
_ | ‘E'S mM sg — a8 | {92 | oS lo! ® Iss 8S > 

jpegs © gfe © Sgkeds © <22 © ahead eae 
° "S330 S © CUS) $2585 s88S g86525 §65 GdSAlSz2 

< < 4 Z =



POTASH | 1155 

28/3|] Bas IO] S118 oo 

25/@|| sagasr| 5/18 | 

SB] a] sess pool w]e 

28] 8|| S°S |S] 8/2 | | © 

Life ritatap athe 
pay Perro apps 

iif Perris abfes | 
it prrtdrep wpe 

iy op otra ane ; 

| tif ot Probert tp tite € 
ito ee ee ee Ws & 

— | ee 
| 2 

OOS riebitptyep ge | 

— ssfall sae selalls| sg 

i) x|] imogmelsiig} § 
a 3 | | 

aajs}} imi ialis! £ | | 
£ 
8 . 

2a)aj) ase ic alg] & 
as 

IS fie tiifpe 3% 
13] & bro ott 8 ge | 

23 : 

BS | mE ST ort r re tp tye a: | Soe 
° 

Au “@ , 

proof Prrrareo oboe 33 . 
rtoo4 Prrertow od >, Be 
prot Prtrttog ot Lia | 
pb Prrrre ow 34 

ref ttti tt pot) gg | 
eB otitiit B if BS a rpg offittt gil 33 
rt Prrade 1] 3g 
i. &£ privat § 1} ¢ 82 

ie gill g glaee 
(1B Ee iiigi @ S|a5k : 
ar. £2 ‘gai & 5 a8 

i, 2 dibeae, 2 2/333 
£ E'S 980) 2 ase «gs jontoes wae



1156 | MINERALS YEARBOOK, 1976 

| Congo, People’s Republic of the.— Pro- increase in order to penetrate the U.S. | 
duction of potash from sylvinite beds con- market. Potassium sulfate comprised only 
tinued to become increasingly less competi- 2% of production. Projected 1980 potash 

- tive and profitable because of technical and production was about 4.0 million tons. | 
political problems. The beds were folded |= Germany, West—The 1975 downtrend in 
and irregular in thickness. Production fell West German potash production continued 
by approximately 10% in 1976 to about 0.28 into 1976 because of continuing low demand | 
million tons of K.0 equivalent. Compagnie in Western Europe. Production, 14% as sul-— 
des Potasses du Congo was searching for fates and the balance as muriate, decreased 
new investors to develop the extensive and 8% to 2.24 million tons of K,0 equivalent. 
potentially more profitable Congolese car- Fifty-six percent of the muriate produced 
nallite deposits. The French Government was premium 60% K2O material; the bal- 
attempted, without success, to disengage ance contained less than 60% K.O. Potash 
itself from the Congolese potash production producers’ stocks were controlled and held 

: industry in 1976. at a near normal level. Domestic consump- 
| France.—The 1975 downtrend in French tion increased 6% to 1.28 million tons of | 

| potash production continued into 1976 be- K.O; 10% was used in the chemical and 
cause of high French inventories and con- related industries, and the balance was used 
tinuing low demand in Western Europe. for agricultural purposes. Exports, 24% of 
Production decreased 16% to 1.77 million which was sulfates, decreased 138% to 0.86 
tons of K.O equivalent. Producers’ invento- million tons of K.O; the export breakdown 
ries decreased 14% to 0.33 million tons of by world area was 58% to Western Europe, 
K.O. However, an encouraging revival in 20% to Asia, 10% to Latin America, and 
the domestic market occurred near year- 12% to other. | 
end. | Kali und Saltz G.m.b.H., the major produ- 

| Combined exports from France and the cer in West Germany, drilled one borehole 
People’s Republic of the Congo, 60% of on the northern shore of Steinhuder Meer, 
which went to Western Europe, decreased west of Hannover, with the view of exploit- 

: 13% to 0.52 million tons of K,0. ing the potash deposit there. | 
An agreement to control discharge by the The Ronnenberg mine near Hannover, 

_ Alsatian potash industry of byproduct salt with a reported annual capacity of 150,000 
into the Rhine River was reached by tons of KO, was closed permanently be- | 
France, West Germany, Luxembourg, the cause of flooding. : 

| Netherlands, and Switzerland. Discharge Israel.—Exports, the main outlet for Is- 
from the French mines was to be limited raeli potash, continued to decline, decreas- 

immediately to 180 kilograms of chloride ing 7% in 1976 to 0.38 million tons of K.0 
ion per second, and this pollution was to be equivalent. Producers’ inventories contin- 
reduced, in three stages, by nearly 50% over ued to increase despite a decrease in pro- 
a 6-year period. The cost of the first stage, duction late in 1976. Total potash pro- 
about $25 million, was to be borne mainly duction, all muriate, decreased 2% to 0.75 
by the Netherlands, France, and West Ger- million tons of K.0 in 1976 after having 

many. increased 15% in 1975. 
The Bollwiller mine, smallest of the four Haifa Chemicals completed an expansion 

French potash mines, was closed in 1976. of its plant in Haifa, which produced a pure 
Germany, East— Production and exports grade of potassium nitrate from potassium 

of potash continued to increase moderately; chloride. The new capacity was reportedly 
production increased 5% to about 3.5 mil- 240,000 tons per year, equivalent to approx- 
lion tons of K.0 equivalent, and total ex- imately 110,000 tons of K.O per year. Most 
ports increased 6% to 2.54 million tons of of this increased production was destined 
K.O. Export distribution was 60% to East- for export. 
ern Europe, mostly Poland and Czechoslo- Italy.—Italy continued to rely on imports 
vakia, 22% to Western Europe, 9% to Asia, for most of its potash supply. Net imports 
and the balance to Latin America. Exports increased 18% to 0.18 million short tons of 
to Latin America increased 80%, compared K:2O equivalent. Potash production decreas- 

with that of 1975. About 4%, on a KO basis, ed 8% to 0.15 million tons. 
of the total exports was sulfate of potash. Laos.—Before being evicted from Laos, 

Muriate grade had improved since 1970 so__the U.S. Agency for International Develop- 
that three-quarters of 1975 production was ment outlined a sylvinite bed 10 to 15 feet 
60% K.O quality. It was realized that pro- thick in a deposit along the Mekong River 
duction of coarser grades of muriate must flats near Vientiane. The depth of the bed



ranged from 300 to 1,400 feet. Reservesand ly because of overestimated demand in the . 

resources were estimated to be 21 and 44. U.S.S.R. grainbelt. Reported exports for ee 
million short tons of K,0 equivalent, re- 1976 decreased 7% to 2.54 million tons of 
spectively. | K.O. Export distribution was 71% to East- | 
Peru.—The Government of Peru was re- ern Europe, mostly Poland, 17% to Western . 

portedly undertaking pilot plant tests for Europe, 7% to Asia, and 5% to other areas. 
| extraction of potassium chloride from brine Although 28% of potash production was | 

deposits in the western half of the Sechura_ exported, additional foreign markets were 

Desert. Estimated reserves were reported to being sought, particularly where U.S.S.R. 
: be about 10 million tons of K.0 equivalent. potash could be exchanged for phosphate 

, ee Spanish potas orrcsine 14% to fertilizers. Major facility expansions were 

a > 0 underway in the Uralkali Combine. Two 
0.58 million tons of K.0 equivalent or near complexes, Berezniki 4 and Novosolikamsk, 

full capacity. About one-sixth of this pro- h with j . . 
duction was potassium sulfates. Exports each with a namep ate capacity of 3.2 mil- 

63% to Western Europe, about tripled to lion short tons KO, were scheduled to go 

0.26 million tons of K,O. ? P onstream by the end of 1977 and 1978, | 

| Thailand.—A 145-foot-thick bed of high- respectively. Production forecast for 1980 | 
| we . es was repo near 13 million tons o | 

grade caralite was outlined in nerthea Qietocan 
significant quantities of sylvinite had been e U.S.S.R. was reportedly procuring 16 / 

located, although its presence was inferred. on et compacting eto with oon for - 

The Thailand Department of Mineral Re- Pacity © ut 1 million tons of A2v, for. 
sources partially completed " program for conversion of standard muriate into granu- — a 

exploration drilling. Outside investment lar muriate of potash to enhance its salabil- ee 

was sought for commercial development of 1Y in Western markets. Granular,muriate | 

these resources. Total reserves and re- was being offere Ve international mar- 

sources of potash in Thailand were esti- ket by the end of 19/0. | 

mated to be 60 million and 10 billion tons of | Longwall mining was used in some of the 
K,0 equivalent, respectively. mines in the Starobinsk deposit at Sol- | 

- U.S.8.R.—Both production and exports of igorsk. Mineral recovery in this rich sylvi- 

potash reportedly increased sharply over nite deposit was increased, as a result of | 

the period 1970 to 1975; annual increases this longwalling, from 45% to 70%, and the 

averaged 16% for production and 14% for average K,0 content of the ore was increas- 

exports. Production increases were below ed from 26% to 36% K;0. 

target in 1976; producton rose only 4% to _—A pilot solution-mining plant began oper- 

9.1 million tons of K.O equivalent, reported- ation at Gaurdak in Turkmenistan. | 

TECHNOLOGY : 

Research continued by the Federal Bu- a selective flocculation-flotation procedure 

reau of Mines and industry on removal of should be an improvement over standard 7 

insoluble slimes from high-clay Carlsbad mechanical desliming techniques; potash 

sylvinite ores prior to froth flotation of loss in the clay-slime tailings was decreased 

muriate of potash from halite. Bureau stu- significantly. | 

dies indicated that removal of insolubles by
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Table 15.—Marketable potash: World production by country , 
. a (Thousand short tons, of K.O equivalent) 

| | } Country! 1974 1975 1976? 
a eS SSS SS Sr i foes serene saa 

Ce ~ Canada -___ 6,041 - §,992 5,510 
Chile _-_________ 14 13 16 
China, People’s Republic of 7? ____________---__-___ = _____ 420 440 500 
Congo —_-__=__- +2 7314 305 280 
France _______------_--_--~---~-----~-------_-_- 72,296 2,116 1,768 
Germany, East ________§ $e 3,157 3,328 3,484 
Germany, West ___________~______ 2,888 2,450 2,244 
Israel __-___- 5 ee 669 767 750 Italy. 169 160 147 
Spain —-- 2 ee 436 506 577 

nited Kingdom ~_-___________-___~_-L- ~~ ee 12 17 50 
USS.Ro_ ee 7,260 8,757 9,150 
United States ________________ Le 2,552 2,501 2,400 

. | Total. ~~~ LL 726,228 27,352 26,876 

°Estimate. Preliminary. ‘Revised. | : 
ion addition to the countries listed, Australia produced small, unreported quantities of marketable potash in 1974, 

, an . . . 
2Data for goat ending June 30 as reported in the British Sulphur Corp., Ltd., Statistical Supplement No. 14, November- 

December, 1976, London, pp. 18-19. -



Pumice ic Cinde umice and Volcanic Cinder 

By A. C. Meisinger* 

A record high quantity of 4.18 million rials for road construction and concrete 

tons of pumiceous materials (pumice, pum- aggregate and admixtures comprised 79% 

icite, volcanic cinder, and scoria) was pro- of U.S. consumption (excluding imports) 

duced in the United States in 1976. Value of - compared with 84% in 1975. 

production was $10.5 million, the second Exports of domestic pumice and pumicite 

highest value on record, compared with declined for the third consecutive year, but : 

$11.2 million in 1975. More crude material - only 19% in quantity compared with 57% in 

was sold or used at a lower unit value per 1975. The principal export destination was | 

ton to partially account for the 7% decrease Canada (53%), followed by West Germany | 

in total value compared with that of 1975. and Israel. | . oe oe 

Three States— Arizona, California, and Imports of pumice in 1976, primarily from 

Oregon— accounted for 64% of the total Italy and Greece, totaled 81,401 tons, the : 

US. production of pumiceous materials. lowest figure since 1962, and represented a 

California led all producing States with 95 44% decrease compared with 1975 imports. 

active operations. Volcanic cinder, includ- Pumice imported for use in manufacturing 

ing scoria, comprised 78% of the domestic concrete masonry products’ decreased 

output of pumiceous materials in 1976, and 46% and was the primary factor for the 

was produced in 10 of the 11 producing -overall decline in U.S. imports for the | 

States. Combined use of pumiceous mate- second consecutive year. | : 

-_DOMESTIC PRODUCTION . . Os - 

Production of pumiceous materials in iceous‘ materials, compared with 80% in 

1976 totaled 4.13 million tons valued at 1975. =~ oo 
$10.5 million, compared with 3.89 million | Domestic output in 1976 came from 93 

tons valued at $11.2 million in 1975. The individuals,’ firms, and governmental — 
record high quantity in 1976 (previous rec- agencies producing from 259 operations in 

ord high was 3.94 million tons in 1974) was 11 States, compared with 91 producers and 
attributed to increased production of pum- 267 operations in 11 States in 1975. Califor- 
ice and pumicite (15% over that of 1975) nia led all the producing States in number 

and a record high of 3.2 million tons of of active operations with 95, followed by 
volcanic cinder mined. Oregon with 68, and Arizona with 40. The 

Although total production of pumiceous combined output of pumiceous materials 

materials increased 6% in quantity over (primarily volcanic cinder) in Arizona, Cali- 
that of 1975, the value declined nearly 7% fornia, and Oregon in 1976 was 2.6 million : 

from the record high value of $11.2 million tons, or 64% of the national total. Other 
established in 1975. The decrease in total States with significant output levels of 
value was due, in part, to an increase in use pumiceous materials were Hawaii, Nevada, | 
of crude pumiceous materials at a lower and New Mexico. Volcanic cinder, including 

unit price per ton and a subsequent scoria, was produced in 10 of the 11 States 
decrease in prepared material at a lower and in American Samoa. 

unit price. Volcanic cinder and scoria com- —-——_____ 

prised 78% of the domestic output of pum- Industry economist, Division of Nonmetallic Minerals. 
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Table 1.—Pumice, pumicite, and volcanic cinder sold or used in the United States! | 
_ oe (Thousand short tons and thousand dollars) 

| a Year. . Pumice and pumicite Volcanic cinder Total 
| RGAE Sa . Quantity Value Quantity Value Quantity Value 

1972__-_- 790 1,878 3,023 4,661 3,813 6,539 1978___ 824 3,612 3,118 5,269 3,937 8,881 1974__- 873 8,669 3,064 5,452 3,937 9,121 1975 - ~ 790 3,493 3,102 7,710 3,892 11,208 1976 - 906 3,830 3,228 6,636 4,134 10,466 

1Values f.0.b. mine or mill. . 

| Table 2.—Pumice, pumicite, and volcanic cinder sold or used by producers in the United 
| a | States, by State o | | 

, | oo Pe, (Thousand short tons and thousand dollars) _ | | 

ta 
a pet eee | Quantity Value Quantity Value 

Arizona __ = 856 1,294 802 - 1,240 California ~_________ 348 2,762 705 3,245 FRawaii -_ 2 318 912 - 330 636 Idaho an ee ill 187 . WwW W Montana w+ ee _- -- 5 8 Nevada _-_____~ 2 WwW sf , 388 163 _ . NewMexico _______ 397 1280 -—s 486 1,560 Oklahoma woo en en 1 WwW 1 Ww | Oregon ~as--- + 1,470 8,987 1,125 2,311 | Utah —_-___. ee 23 164 264 _ Other States? ~---------------------------------_ 874 808 128-439 
Total ~—-_- ee 8892 11,208 4,184 10,466 American Samoa ~---2----------- 2-5 ee ae Oe 15 47 30 

W Withheld to avoid disclosing individual company confidential data. Included with “Other States.” 
Colorado, Idaho (1976), Kansas (197 5),,Nevada (1975), and Oklahoma (value only). . 

| re CONSUMPTION AND USES | 

The combined use of domestic pumiceous from 19,000 tons in 1975 to 29,000 tons in 
materials for road construction .iand 1976, or 53%; that used in landscaping, 
concrete admixtures and aggregates 84%; in concrete admixtures and aggre- 
accounted for 79% of U.S. consumption gates, 12%; and in “Other uses”, 83%. 
compared with 84% in 1975. End uses for Although railroad ballast use remained 
the remaining 21% were railroad ballast steady at 310,000 tons in 1976, road con- 
(8%), landscaping (7 Yo), and other uses in- struction use decreased 7%. Of the total 
cluding abrasives (6%). Pumiceous mate- domestic quantity of pumiceous materials 
rials used as roofing granules accounted for used for road construction, surfacing, and 
38% of the total quantity and 49% of the repair, 49% was used by the U.S. Forest 
total value of “Other uses” shown in table 3. Service for road maintenance in National 

| The quantity of pumiceous materials used Forests in Arizona, California, New Mexico, 
for various abrasive applications increased and Oregon.
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Figure 1.—Pumice and volcanic cinder sold and used by producers in the United States, 
| by use. 

| Table 3.—Pumice, pumicite, and volcanic cinder sold and used by producers in the United , 
States, by use. . | 

| (Thousand short tons and thousand dollars) | | | 
tt tenses erpetenspnstenrnenenenvarresenisnetenuanee 

U | 1975 1976 | 
se LL LLL ASSESS Sf a 

Quantity Value Quantity Value eee CN att CV ate 

Abrasives (includes cleaning and scouring compounds) _________ 19 578 29 706 
Concrete admixture and concrete aggregate _._____________ 1,158 3,322 1,293 3,397 
Landscaping __.____._/_____ 164 1,257 302 1,340 
Railroad ballast wane 310 455 310 422 
Road construction (includes ice control 
and maintenance) _____________-__-___-_~__________-_ 2,121 4,582 1,980 3,119 

Other usest ___ F120 F1,008 220 1,482 

Total __-_____-_____-_---------- 3,892 711,208 4,184 10,466 
$$ eee eee 

Includes absorbents, heat-or-cold insulating medium, roofing granules, soil conditioners, and miscellaneous uses. 
? Data do not add to total shown because of independent rounding. 

PRICES 

The weighted average value of pumiceous materials in all major uses were lower in 
materials produced domestically in 1976 1976 compared with those of 1975. The 
was $2.53 per ton, a 12% decrease compared average price of pumiceous materials used 
with that of 1975. The average value for for abrasives (including cleaning and scou- 
crude material declined from $1.31 per ton ring compounds) was $24.34 per ton, a $6.08 
to $1.20 per ton, and that for prepared decrease; for concrete aggregate and admix- 
material declined from $4.36 per ton to tures, $2.63, a $0.24 decrease; for landscap- 
$4.15 per ton. ing, $4.44, a $3.22 decrease; for railroad 

Average prices per ton for pumiceous ballast, $1.36, an $0.11 decrease; for road
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construction material, $1.58, a $0.58 at yearend were as follows for domestic 

decrease; and for other uses, $6.74, a $1.66 grades, bagged in 1-ton lots: Fine, $0.0765 to 
decrease. , $0.1140 per pound; medium, $0.1160 per 

peconding to trade Pu cations: 1976 hound; and coarse, $0.094 per pound. Prices ' 
prices lor pumice remained unchanged COM- = fom the same source for imported (Italian) 
pared with 1975. Quoted pricesin American .. . . 
Paint and Coatings Journal at yearend, per silk-screened pumice, bagged in 1-ton lots, 
pound, bagged f.o.b. New York or Chicago, Were a8 follows: Fine, $138 per ton; medium, 

were $0.0445 to $0.08 for powdered pumice, $150 per ton; and coarse, $140 per ton. The 
and $0.0665 to $0.09 for lump pumice. Quot- price of imported small-lump and large- 
ed prices in Chemical Marketing Reporter lump pumice was quoted at $275 per ton. 

FOREIGN TRADE | : 

| Exports of pumice materials continued to pumice imported, each increased in quan- 

decline from the record high set in 1973 tity compared with those of 1975, but that 
(3,095 tons). Compared with those of 1975, imported for use in the manufacture of 

exports decreased 19% in quantity and 74% concrete masonry products declined 46%, 
in value. Exports totaled 1,011 tons in 1976, offsetting the gains shown in quantity for 
and went primarily to Canada (53%), West the other import classes. Italy and Greece 

Germany (27%), and Israel (16%). continued to be the major import sources. 

A substantial decrease in the quantity of : 
| pumice imports for the second straight year Table 4.—U.S. exports of pumice 

resulted in the lowest amount (81,401 tons) ue i  —-——_—— 

| imported since 1962 (86,504 tons). Compared Sear Quantity vate, 
| with that of 1975, the quantity of pumice _ tons) suse 

imports, excluding manufactured, ns.pf, i973 3,095 $765 
decreased 44%, although the value increas- p74 _-------------- 2,911 121 

ed 9%. Imports of crude or unmanufactured 9777777777] 1011 "O11 
pumice and wholly or partly manufactured 9 ———-—--7-7NYNYT 

/ Table 5.—U.S. imports for consumption of pumice, by class and country 

| ss ged in the manufacture _Manu- Crud Wholl: | 
count unmanufactured Line bask sled of creda factured 

wey Quantity Value Quantity Value Quantity Value Value 
(short (thou- (short (thou- (short (thou- (thou- 

_ tons) sands) tons) sands) _tons)___sands)_—__sands) 

1975: : : : 
Canada _______ _- _- 120 $7 __ _- $3 
Greece _______ _— __ _- _- 131,998 $298 __ 
Italy_._______ 3,260 $77 555 43 9,425 32 9 
Mexico ______-_ __ __ __ __ 22 (7) 58 

Other’ a----- sr 

Total _______ 3,260 ri 675 50 141,445 330 76 

1976: 
Austria ______~_ _- _- _- -- _- —_ 7 
Canada_______ 229 46 __ __ __ __ 10 
China, People’s 
Republic of — —— _- _- _- _- — __ 10 

Greece _______ __ __ 1 (*) 25,794 46 1 
Italy.________ 3,115 102 1,108 86 51,154 217 19 
Netherlands _ _ _ _ _- _- _- _- _- _- 9 

Othe® ------- ee 
Total _______ 3,344 148 1,109 86 76,948 263 70 

1 Austria, Japan, the United Kingdom, and Taiwan. 
2Less than 1/2 unit. 
3Japan, Mexico, the United Kingdom, Taiwan, and West Germany.
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- Pumice stone, TSUS No. 519.05, for use in No. 519.14, crude or crushed, valued over 
concrete products, continued to be admitted $15 per ton, 0.04 cent per pound; TSUS No. 
into the United States duty-free. Duty rates 519.31, in grains or ground, pulverized or 
(unchanged from 1975) for other pumice refined, 0.17 cent per pound; and TSUS No. 
products at yearend were as follows: TSUS 519.98, millstones, abrasive wheels, and ab- 
No. 519.11, crude or crushed, valued not rasive articles, n.s.p.f., and 523.61 articles, : 
over $15 per ton, 0.02 cent per pound; TSUS _n.s.p.f., 7% ad valorem. 

WORLD REVIEW : 

Portugal.—A | geological survey on the United Kingdom.—A significant increase 
Island of Sao Miguel in the Azores has in imports of pumice by the United King- 
indicated approximately 10 million tons of dom from Italy, Greece, and West Germany 
pumice located on the mountainous south- was achieved in 1976 to meet the growing : 
ern slopes of a volcanic crater near the demand for pumiceous construction mate- 7 
village of Sete Cidades. Plans were repor- rial. Pumice imports increased 145% (about | 
tedly underway for commercial develop. 307,000 tons) compared with those of 1975. : 
ment of the deposits. Italy and Greece supplied nearly 97%. 

Table 6.—Pumice and related volcanic materials: World production by country 

. (Thousand short tons) . | 

Country! _ | 1974 1975 1976” 

Argentina? _._§_§_-§_- 73 15 75 
Austria:Pozzolan ~~~ 5 20 14 13 . 
Cape Verde Islands: Pozzolan® ___________________________ 17 17 17 
Chile: Pozzolan ______§_~___ = 163 F e165 109 
Costa Rica® ____ ee 2 2 1 oe 
Dominica: Pumice and volcanic ash ____________________________ 20 117 ©120 
Egypt ____-_-__-____~____----_-- eee oy) &@) €() 
France: 

Pumice® _~__________________ ee TQ (*) —_ 
Pozzolan and lapilli ~~~ ___________~___ Le T8387 759 791 

. Germany, West: 
Pumice (marketable) _.__._§_-______________________ 2,316 2,111 2,553 
Pozolan ________-~___- €220 144 © 109 

Greece: . 
Pumice _____________~___ T517 580 402 
Pozolan ____________ 905 946 935 

Guadeloupe: Pozzolan —~_____§_-§_-_-- --_-___ 193 220 ©220 
Guatemala: Volcanic ash (for cement) __________________________ °35 17 26 
Iceland? ___________ 8 4 2 
Italy: 
Pumice and pumiceous lapilli —~_~_~..~.~_-9_-9_____~_______________ 980 ©1100 *1,100 
Pozolan __________________-~-__--- ee 6,224 F €6,600 “6,600 . 

Martinique: Pumice _____________________ 73 86 £90 
New Zealand ________~______ 78 42 55 
Spain’ ~~ 212 ' 1538 ©154 

nited States (sold or used by producers): 
Pumice and pumicite _~____________~_~___ 873 790 906 
Voleaniccinder? _______§____ 3,091 3,117 3,275 

Total ___________ eee T16,919 17,059 17,558 $$ 
“Estimate. Preliminary. ‘Revised. 
*Pumice is also produced in Iran, Japan, Mexico, Turkey, and the U.S.S.R. (sizable quantity), but data on production 

are not available. 
*Unspecified volcanic materials produced mainly for usein construction products. 
SLess than 1/2 unit. 
“Revised to none. 
5Exports. 
®Includes Canary Islands. 
7Includes American Samoa.
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R arth Mi are-Earth Minerals and 
Metals 

| By Martha L. Kahn’ | | 

Production of rare-earth oxide (REO) con- the year. — | . 
tained in bastndsite and monazite concen- U.S. exports of rare earths increased in | 
trates decreased about 13% in 1976; how- 1976, but total REO imported decreased 
ever, apparent domestic consumption of from the 1975 level. Monazite was imported 
rare earths in most industries increased. from Malaysia; compounds and metals were | 
The overall end-use consumption pattern imported mostly from Australia, Austria, 
remained similar to that of 1975. Petroleum Brazil, France, Japan, West Germany, and 7 

catalysts continued to be the major consu- the United Kingdom; and yttrium concen- 
mer, with metallurgical applications. sec- trate was imported mostly from Canada. | 
ond. The ceramic and glass industries were Legislation and - Government  Pro- 
also major consumers. - a grams.—At yearend 1976, a total of 7,174. 

Molycorp, Inc., and the Davison Div. of short tons REO equivalent was held in the | - 

W. R. Grace & Co. continued to be the major General Services Administration (GSA) 
processors of rare earths. Production of stockpile. Disposals for the year totaled 55_ 
rare-earth compounds and metals was ade- tons REO equivalent. Government stocks of 
quate to meet market demand. There wasa_ yttrium oxide (Y20;3) remained unchanged 
slight increase in industrial stocks during at 237 pounds. - . | 

| DOMESTIC PRODUCTION | | 7 | | 

Concentrate.—Domestic production of Corp., recovered monazite as a byproduct of 
REO in bastndsite and monazite concen- mining a beach sand deposit for titanium 
trates decreased about 13% in 1976 from minerals and zircon, near Green Cove 
the 1975 level. Bastnasite continued to be Springs, Fla. During 1976, monazite pro- 
the major source of rare earths; the remain- duction increased substantially. _ | 
der, less than 10%, was produced from The only other domestic producer of mon- | 
monazite. : azite was Humphreys Mining Co. Again 

According to Molycorp’s annual report, monazite was recovered as a byproduct of 
its Mountain Pass, Calif., operation pro- heavy-mineral beach sand mining. The 
duced 14,500 short.tons of REO contained in dredging operation was located near Hil- 
bastndsite concentrate during 1976; 1975 liard, Fla., and the titanium concentrates 

production was 16,500 tons. were trucked to the company dry plant at 
Titanium Enterprises, owned jointly by — : 

American Cyanamid Co. and Union Camp 1Physical scientist, Division of Nonferrous Metals. 
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| Folkston, Ga.; for processing. Monazite pro- the mill began processing material in Jan- 
duction decreased in 1976 from the 1975 uary 1976. A lanthanum concentrate dryer 
level, due to the mining of titanium sands of at the chemical plant also became fully 
lower monazite content. operational in early 1976. The new capacity 

Significant concentrations of rare earths, of the mill and chemical plant was 60 

associated with uranium and thorium in million and 30 million pounds, respectively, 
the mineral allanite were discovered? on — of rare-earth oxide. - 
Seward Peninsula in Western Alaska by a — Producers of high-purity rare-earth ox- 
U.S. Geological Survey field party. Samples ides and compounds were Molycorp; W. R. 
of the mineralized rock, which was associa- Grace & Co.; the Research Chemicals Div. of 
ted with alkaline dikes in a 100-square-mile Nucor Corp., Phoenix, Ariz; Atomergic 
area contained over 2% rare-earth ele- Chemetals Corp., Plainview, N.Y.; and 

ments. Transelco Inc., Penn Yan, N.Y. 
Buttes Gas and Oil Co. continued feasibil- Mischmetal production increased about 

ity and pilot-plant studies of its southwest- 23% in 1976 from the 1975 level. Misch- 
ern Colorado titanium prospect. The ore metal shipments from primary producers 
mineral, perovskite, contained significant also increased. Three domestic companies 

amounts of rare-earth elements that could that produced mischmetal during 1976 were 

be recovered. Kerr-McGee Chemical Corp. as follows: Ronson Metals Corp., Newark, 
reported 74,000 tons of indicated recover- N.J.; Reactive Metals and Alloys Corp., 

| able monazite contained in its heavy- (REMACOR), West Pittsburgh, Pa. and 
mineral sand deposit in Benton County, Rare Earth Metals Co. of America, 

Tenn. (REMCOA), owned jointly by Aluminum Co. 
Compounds and Metals.—In 1976, there of America and Molycorp., Arnold, Pa. 

oe were two major processors and producers of REMCOA produced mischmetal from its 

| rare-earth compounds, Molycorp and the 125-ton-per-year demonstration unit at the 
Davison Div. of W. R. Grace & Co., Chatta- beginning of the year. : 

| nooga, Tenn. Molycorp, with processing Rare-earth ferrosilicon alloys were pro- 

| plants at Mountain Pass, Calif., Louviers, duced by three companies: Foote Mineral 

Colo., and York, Pa., continued to be the Co., Exton, Pa.; Ohio Ferro-Alloys Corp., 

principal domestic producer. Molycorp’s Canton, Ohio; and Union Carbide Corp., 
| sales increased significantly to $27.2 mil- Alloy, W. Va. 

lion, compared with $18.9 million in 1975.* Nucor was the major producer of high- 
| | A 3-year program to expand mill and purity rare-earth metals, and Molycorp was 

- chemical-plant production capacities at the predominate producer of yttrium com- : 
| Mountain Pass was completed at yearend pounds. The yttrium was processed from 

1975. The new 200-ton-per-day bastndsite yttrium rare-earth concentrates imported 
thickening, filtering, and drying section at from Canada. 

, CONSUMPTION AND USES 

Domestic rare-earth processors consumed neous, including electrical, arc carbons, and 

an estimated 14,200 tons of REO contained research 8%. High-purity rare earth and 
in raw materials in 1976. Consumption of yttrium oxides and metals represented less 
bastnasite decreased about 17%; however, than 2% of the total weight of shipments; 
consumption of monazite increased more however, such materials comprised a much 
than 100%. Shipments of rare earth and larger proportion of the value of total ship- 
yttrium products from primary processing ments. : 
plants to domestic end-use consumers were Domestic yttrium processors consumed 

about 9,700 tons contained REO, valued at an estimated 120 tons of Y.0; contained in 
about $37 million. — raw materials in 1976, compared with 95 

The approximate distribution of rare tons in 1975. This increase was attributed to 
earth and yttrium consumption by end use, 

based on information supplied by primary pc Miller, T. P.,R. L. Elliot, W. I. Finch, and R. A. Brooks. 
processors and certain consumers, was as iminary Report on Uranium, Thorium an 
follows: Petroleum cracking catalysts, 43%; Say Onan ile Rent. 16710; Sept 3 5 ee Geol. 
metallurgical, including nodular iron and "Engineering and Mining Journal. International Di- 
steel, other alloys and mischmetal, 35%; [ove'Y. 9 Noto Marla, 1076, a enopment High- 
ceramics and glass, 14%; and miscella- 4Molycorp Inc. 1976 Annual Report, p. 5.
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greater demand by manufacturers of color wave filters and control devices, as simula- 
television phosphors. ted diamonds, and, when doped with neody- 

The use of rare-earth zeolites in cracking mium or erbium, in lasers. Minor quantities 

catalysts to increase gasoline yields from of gadolinium-gallium garnets (GGG) in 
petroleum feedstocks continued to be the thin-film, magnetic-bubble memory systems 
single largest use of rare earths. Metallurgi- were used in communication and computer 
cal usage of rare-earth elements, mostly as systems, including a 100-million-bit-capac- 

additives to ductile iron and steel, was ity data recorder being built by the Autone- | 
stable. Rare-earth elements are added to tics Division of Rockwell International, and 
high-strength low-alloy (HSLA) steels in a recorded message machine at one of 
mischmetal or rare-earth silicides. = Michigan Bell Telephone Co.’s_ Detroit | 

The production of lighter and striker switching offices. 
flints continued to be a major consumer of _ Significant quantities of rare-earth oxides 
mischmetal. Other rare-earth alloys and and fluorides were used in carbon-arc 
metals were used in the production of high- lamps, which emit a high-intensity white 
temperature alloys and superalloys. light used in searchlights and the motion 

The. glass industry continued to be a _ picture industry. 
major consumer of rare-earth compounds, The consumption of rare-earth-cobalt al- 
particularly cerium oxide. The established loys in permanent magnets continued to 
uses of cerium oxide are as an abrasive for expand. These high-energy magnets, which 
polishing glass; an additive in eyeglasses, are two to three times more powerful than 

television tubes, and camera lenses; and as conventional permanent magnets, are used : 
a decolorizing agent in refining clear glass. mainly in small electric motors and genera- 
Other rare-earth oxides of praseodymium, tors, electric wrist watches, and electronic _ | | 
erbium, holmium, and neodymium, were tubes. Samarium and rare-earth alloys were 
used as colorants in glass. Lanthanum oxide predominately combined with cobalt for | 
was used to improve the refractive quality magnet production. A new use of rare 
of camera lenses. earths in 1976 was as phosphors in fluores- 

The use of rare earths in X-ray phosphors cent lamps, which emit white light made up | 
increased in 1976. Terbium-activated gado- of only three narrow spectral bands (blue, 
linium or lanthanum oxysulfide phosphors green, and red). The blue phosphor is stron- 
were used to intensify X-ray screen images. tium chlorapatite-europium, and the red 
Because of the effectiveness of these phos- phosphor is yttrium oxide-europium. The 
phors, they allowed speedup of X-ray film new lamps were reported to offer about 30% 
exposure, which reduced patient X-ray do- more light output, greater brightness and | 
sages by as much as 80%. visual clarity, and better color rendition 

Yttrium and europium oxide were consu-_ than other fluorescent lamps.® It was esti- | 
med as key constituents of the red phosphor mated * that if this new lamp were to 
in color television tubes. capture only 10% of the fluorescent bulb 

Synthetic garnets composed of yttrium- market, it would create a demand for high- 
aluminum (YAG), yttrium-iron (YIG), purity rare-earth oxides roughly equivalent 
gadolinium-aluminum (GAG), and gado- to that of the color television industry. 
linium-iron (GIG). were used as micro- 

STOCKS | : 

Stocks of rare earths in all forms, heldby held by 10 companies increased about 6% 
15 rare-earth producing, processing, or con- during 1976. Mischmetal stocks increased 
suming companies increased slightly during about 16% during 1976. Stocks of high- 
1976. purity metals held by three companies 

At yearend 1976, bastnasite concentrate decreased about 46% in 1976. 
stocks held by the principal producer and 
three other chemical processors increased _ , 
by about 18% compared with the levels at 5Cannon, J. G . Rare Earths -’76 Was Slow; Pickup Seen 

the beginning of the year. Monazite stocks for, "TT. Eng. & Min. J., v. 178, No. 3, March 1977, pp. 183- 

decreased 35% during the year. Stocks of °The Value Line Investment Survey. Arnold Bernhard 
compounds and mixtures of rare earths &Co.,Inc. Pt. 3, 4th ed., Jan. 28, 1977, p. 587.
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| | | - : PRICES oe | 

| Prices for domestic monazite increased truckload or carload lots. | 
| about 25% during 1976. The average de- Prices of rare-earth compounds and met- 

| _ Clared value of imported monazite, all from als remained at about the 1975 level. Most 
Malaysia, decreased slightly to $205 per prices of rare-earth products were nego- 

| Short ton from ; $207 per short ton in 1975. tiable if purchased in large quantities. A 
The average price per metric ton of Austra- sampling of quoted prices at yearend of 
lian monazite (minimum 60% REO plus rare-earth compounds, per pound f.o.b. 

| ThO;) as quoted in Metal Bulletin (London) plant were as follows: Lanthanum-rare- 
remained constant during 7976 at $077) 2 earth hydrate, 75% REO, $0.75; rare-earth 
$A tein US t d I aed of Austraban chloride, 46% REO, $0.55; rare-earth carbo- _ 
monazite in U.0. dollars decreased about ate 65% REO, $1.30; and cerium fluoride, 
17% in December 1976 because of the deva- 62% REO, $1.55 : 
luation of Australian currency. Quoted =“, 7° 7) , | , 

. : . was - Prices quoted in the American Metal 
prices for Malaysian xenotime concentrate Market for 1 d ingots in 50- to 100 

containing a minimum of 25% YO; remain- ar d 1 or ° 97%, didve ‘Ss in d oo 
ed at the 1975 level of $2 to $3 per pound Pound lots of 97% didymium and cerlum- 
cif. - free mischmetal were $ 15 and $12, re- 

Prices for unleached, leached, and calcin- spectively, f.o.b. plant. Mischmetal, 99.87%, 

a ed bastnisite containing 55% to 60%, 68% Was quoted at $3.45 per pound same basis. 
to 72%, and 85% to 90% REO, respectively, Quoted prices, in dollars per pound, of rare- 

__were increased by yearend from 45, 50, and earth metals for magnet use remained at 
mo 60 cents, respectively, to 50, 58, and 68 cents the 1975 level: Cerium, $18; lanthanum, » 

| per pound REO, respectively, f.o.b. Moun- $27.50; praseodymium, $62.50; and sama- 
- tain Pass or Nipton, Calif, in 100-pound rium, $75 (all 99% purity and in 10- to 100- 

paper bags or 55-gallon steel drums in pound amounts). | 

| Table 1.—Prices of high-purity rare-earth oxides, salts, and metals in 1976 ! 
(Dollars per pound) 

. Element . Oxide? Salts? Metal* 

Cerium __________________________ ee 6.50 12.00 50.00 
Dysproium ______________________ 2 ____ Lee 40.00 27.00 130.00 
Erbium_________________________-= ee 45.00 27.00 160.00 

- Europium _________ 515.00 225.00 3,000.00 
Gadolinium ________________________ ee 50.00 26.00 220.00 
Holmium_________________________- ee 120.00 80.00 300.00 
Lanthanum ______________ ee 5.00 12.00 50.00 
Lutetium __________________________ =e 2,000.00 1,100.00 6,000.00 
Neodymium ________________________~~ =e 18.00 12.00 110.00 
Praseodymium ______________________-_____-_ 32.00 16.00 170.00 
Samarium ._________________________ 32.00 16.00 155.00 
Terblum _____________________________ 350.00 175.00 845.00 
Thulium _____________ ee 1,000.00 550.00 2,600.00 
Ytterbum _____________________________ Le ~~” 85.00 70.00 240.00 
Yttrium ~________________ ee 30.00 15.00 150.00 

1Research Chemicals, Nucor Corp., f.o.b. Phoenix, Ariz. For large quantities, prices may be negotiable. Other 
producers may have different prices on some items. 

2Minimum 99.9% purity, more than 1 pound. 
3Minimum 99.9% purity, more than 1 pound; includes chlorides, nitrates, sulfates, oxalates, and acetates. 
4Minimum 1 pound, ingot form. 

FOREIGN TRADE 

Exports of bastnasite concentrates con- valued at $334,973. The average unit value 
tained about 2,700 tons of REO, according to was $2.80 per pound. Shipments of com- 
Molycorp, the sole producer. Exports of pounds and mixtures of rare-earth metals, 
ferrocerium and other pyrophoric alloys to including yttrium and scandium, went to 33 
the Republic of Korea, Canada, and 28 other cou.itries. Japan and West Germany receiv- 
countries increased 19% to 119,792 pounds’ ed about 56% of the 631,593 pounds, valued
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at $5,015,239. This was a 57% decrease in were general imports of rare-earth metals, / 

shipments from 1975. scandium, and yttrium from the U.S.S.R. 
Monazite imports (table 2 all from Ma- totaling 4,483 pounds valued at $141,132. 
aysia, decreased to 2, tons with an Imports of ferrocerium and other pyro- 

_ average unit value of $205 per ton. Imports phoric alloys increased 19% to 40,259 
a cerium — oxide, predominately 1 nom pounds valued at $166,978. Japan supplied 
$6718 7 ne. to si poun we u x 79% of the total valued at $118,824, follow- | 

valued at $5 216 in 1975 The average unit ed by France with 14% valued at $33,589. value was $8 95 per un d. Imports of ce- Other suppliers were the United Kingdom, 
rium chlori de fron West Germany totaled India, Austria, and Switzerland. Imports of 

4,409 pounds, with an average unit price of rare-earth metals ane ay s, Predominave’y | 
72 cents per pound. Imports of other cerium 9 (7°™ ustralia and Brazil, increased 123% 
compounds, predominately from France, to- to 43,509 pounds valued at $70,612. The 
taled 13,055 pounds valued at $57,178. The Verage unit value decreased from $5.73 per 
unit value ranged from $3.93 (France) to pound in 1975 to $1.62 per pound in 1976 
$154.69 (West Germany) per pound. owing to increased mischmetal imports : 

Rare-earth metals, scandium, and yt- from Australia. Imports of other rare-earth- 
trium imports for consumption totaled:74 metal alloys, entirely from West Germany, 
pounds valued at $9,131. In addition, there totaled 1,044 pounds valued at $3,387. | 

Table 2.—U.S. imports for consumption of monazite - | 

> 1972 1973 1974 } - 1975 ——-:1976 

Country ouane Value or Value quan Value quan Value quan | Value 

hort Sands) hort ts) hort ands) | hort Sands) GHOTE sands) 
ms) ns _ tons ns ns 

Malaysia _.__._. 894 $89 1,991 $244 984 $154 2,462 *$508 2,108 «$481 
Thailand ______ _- _ 110 ° }& 10 336 47 = "108 T24 _- —_ 

Total _-____ 894 89 2,101 254 ~—«1,820 201 2,565 532° 2,108 431 
REO content® ___ 492 XX 1,156 XX 726 XX 1411 XX = 1157 XX 

Estimate. "Revised. XX Not applicable. oo | 

: Table 3.—U.S. imports for consumption of rare-earth metals? / 

— IESC“‘“CO!é™CO™*”*”*”*#4NSTS”~”~”~~C::CSNSSSC“‘(‘ ‘CCOC;”W 
Country ———_ 

Pounds Value Pounds Value _Pounds _Value 
Ge , West _.. 641 27,827 491 . $22,592 _- _- 
Mexico”... 2222220 112 $ 2,331: __ ; __ __ __ 
USSR. ~__-_-__ 7,185 157,957 2,659 58,336 _ __ 
United Kingdom _________=__ | 4 5,285 57 6,890 74 $9,131 

Total________._.____ 8,542 193,350 3,207 87,818 74 9,131 

1Including scandium and yttrium. | | 

WORLD REVIEW 

The major world sources of rare earths mainly from monozite. Many countries had 
were bastnasite, which accounted for about limited rare-earth-processing capacity; 
68% of world mine production in 1976, and however, only five countries—France, the 

monazite. Separated compounds and metals United Kingdom, Japan, U.S.S.R., and the 
of lanthanum through europium were de United States—produced a full range of 
rived mainly from bastnasite. Separated rare-earth compounds and metals in com- 
compounds and metals of the other rare- mercial quantities. 
earth elements and yttrium were derived
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. 7 | Oo | | 
- . + Pable 4.—Monazite concentrates: World production, by country 

. a (Short tons) | 

. Country! 7 1974 . 1975 1976” 

: Australia______________-_----+------2--+-------___- 3948 = 4 968)~—Stsé‘<«~*té«*SS~CON'G 
Brazil ___________2__--------------+------_-----_- - 1,318 T €7 600 ®1,600 
Indie®________-- eee 3,300 3,300 3,300 
Korea, Republic of®____________-_-------------+------- | 10 10 10 
Malaysia? ______________u_2_ sii 1,965 3,621 2,071 

_ Nigeria_____..---____--_~_-_------~_-__-- eee eee eee sid r e920 20 
Sri Lanka __________~_ ee 6 res 1 

_ Thailand __~____________--~___------4 + _--e 486 405 "400 
United States _____________ eee WwW OW Ww 
Zaire _________- eee 261 _ 328 265 

| _. Total. eee 11,801 14,257 12,683 | 7 aa nn 
“Estimate. Preliminary. . ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
nn addition to the countries listed, Indonesia and North Korea may produce monazite, but information is inadequate 

to make reliable estimates of output levels. Ss . 
Exports. 

Australia.—According to the Rutile & production of monazite by member compa- 
Zircon Development Assoc., Ltd., the 1976 nies was as follows, in tons: | 

| State : 1974 1975 1976 

New South Wales ——- ~~ -------------~--------- Lot - 1.207 1,089 
eensiangd —__. LL LL LL 

Western Australia _____________1____-_- 2,550. 3,252 3,698 

Total __._-_____-~----______---- eee 3,651 6,114 5,014 

Mary Kathleen Uranium, Ltd., continued mining, contained about as much REO as 
ry ° 

work on a pilot plant to recover rare earths Y2Qs. : | 7 
from uranium processing operations.’ | Germany, West.—Th. Goldschmidt AG of 
Metals Exploration Ltd. and Alliance Oil Essen increased its capacity to produce 
Development Australia NL announced the powder form rare-earth cobalt alloys to 50 
discovery of mineral sands containing tons per year. ’ The alloys were for use in 

800,000 tons of heavy minerals at Cataby, Permanent magnets. 
about 90 miles north of Perth.‘ The heavy — India.—About 500,000 tons of monazite 
minerals contain about 1.5% monazite. As- Was estimated to occur in a 1-mile belt in 
sociated Minerals Consolidated Ltd. and Coastal sands in the Ganjam and Puri 

Western Titanium Ltd., announced merger districts, Orissa ptate. 
plans. The two companies produced 2,095 eparation of byproduct monazite, by 
tons of byproduct monazite in 1976.9 West- electromagnetic and electrostatic mineral 

ralian Sands Ltd., a producer of byproduct %©P@F ation techniques, from ilmenite depo- 
. ee oe -. sits in the Chavara beach sands of Kerala, monazite, resumed full-scale mining oper- d id ‘on by K . 

ations at Yoganup.’®° The mine and treat- oral un aM wera y Kerala Min- 
° . er n a 4 

ment plant had been on a care and mainte- sa etals 
nance level due to low demand for ilmenite. 7Mining Journal. Progress at MKU. V. 286, No. 7334, 

Canada.—Denison Mines, Ltd., reported Mar. 12, 1976, p. 201. | 

production of 58,000 pounds of yttrium ox- 7353 ues 1OTerp Ge ee at Cataby. V. 287, No. 
ide contained in yttrium-rare-earth concen- Industrial Minerals. RTZ Reshuffle. V. 110, November 

trate in 1976; all Pp roduction was exported. Toe pean Chemical News. Newsbriefs. V. 29, No. 752, 
This was a 25% decline in production from Sept. 10, 1976, p. 28. 
that in 1975 and was mainly a result of —_,,pemison Mines Kimited tovo Annual Report, p. 5. 
labor problems during 1976. Since the start Iowa State University (Ames, Iowa). Expands Magnet 
of operations 17 years ago, a total of 702,000 gto Rare-Earth Inf. Center News, v. 11, No. 4, Dec. 
pounds of yttrium oxide has been pro- 13Engineering & Mining Journal. India: Monazite Sand. 

~ duced.* The yt trium-rare-earth concen- va Mineoals & betel BP iew. Karala’s New Plant. V. 2, 
trate, which is a byproduct of uranium No.5, December 1976, p. 26.
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Table 5.—Rare-earth consumption in Japan | 
| | a (Short tons) | : 

7 ~ | 1975 1976 197° 

Y20s3: Television phosphors Wo 15 - 32 26 
Eu2O3: do. LLL LL 39 2 1.6 

La2Os: , 

Optical glass ___-______________ ee | 65 180 180 
Ceramic capacitors ~~ ~_____~_~__ 55 90 85. 

CeOs: _— 
Decolorizing _______________-_____---___- 100 200 180 
Polishing _______.________-_-_-_________ 590 : 670 650 

Mischmetal: | . a 

Lighter flints _._...._.__________--------_ 130 135 45 
Iron and steel -._-§_-§ -§_-§_____ 180 290 250 

Rare-earth fluorides: 
Arcearbon __.~___§____~~ ~~~ 60 80 80 
Iron and steel _ _______----~---~-~----------__ 70 8 

Total. 1,266 1,739 1,658 

© Estimate. | | | 
- Source: Japan Metal Journal. Demand Prospects of Rare-Earths. V. 7, No. 16, April 18, 1977, p. 7. | 7 

Japan.—In. 1976, rare-earth demand in- took place on November 11, 1976. MAREC 
creased significantly over that of 1975, planned to produce about 130 tons of a 50% 
owing mainly to increased demand for color yttrium concentrate per year. | 
television sets and transceivers.* The Uni- § South Africa, Republic of.—The propos- 
ted States provided about one-fourth of the ¢@d heavy mineral operation north of 
total Japanese imports of rare-earth metals Richards Bay on the east coast by two : 
and compounds. Rare-earth consumption in Bav Iron Tisand (Pty.) — and Richards 
Japan for 1975, 1976, and the estimated be d led to = tana (Pty.) Fj ” vial 
demand for 1977 is given in table 5. SO eee te eed ee 
a . -_ arrangements were completed. The propos- 

| Malaysia.—Malaysian Rare Earth Corp. ~ . oe 
MAREC ‘oint ‘vent f Mitsubishi ed mining area will be approximately 11 

: (MARE( ) @ joint venture OF MUISUDIS miles long and 2 miles wide. Monazite could 
_ Chemical Industries Ltd., of Japan and Beh he recovered as a byproduct of rutile and 

Minerals Sendirian Berhad of Ipoh, Perak Jircon mining. | 
, State, Malaysia, in 1976 became the first Yemen.—Hunting Geology & Geophysics 

chemical company in Malaysia to upgrade Ltd., was investigating heavy minerals in 
locally produced zenotime.’* The plant’s beach sands as part of a larger study being . 
trial run and commissioning occurred in performed for the Government.” A 2-year 
November, and the first overseas shipment program was anticipated. 

oo | TECHNOLOGY 

Research continued on rare-earth X-ray was found to be an inexpensive material 
screen film systems.’* Compared with sys- that was not poisoned by tetraethyl lead or 
tems that do not contain rare-earth elem- lead dibromide or ethylene dibromide, and 
ents, rare-earth systems were upto 13 times _ retained its catalytic activity after exposure 
faster, resulted in less patient exposure,and to high-temperature surges simulating 
improved operational parameters. Rare- backfire. 
earth magnet research continued in areas §—WH——___ 

as diverse as magnets in dentures to keep ee oePan Metal eogumal Demand | Prospects of Rare | 
. ‘ . Vv. i, INO. 1d, r. 18, ’ le . teeth in place, and the use of high-speed 1Energy and Mineral Reso eR arch Institute, 

(about 190 miles per hour) magnetically Iowa State University (Ames, Iowa). Who is . . . .The Rare 
levitated vehicles, which have been built Earth Industry? ,Rare-Earth Inf. Center News, v. 

° , No. 2, June 1, 1977, p. 3. 
and tested an West Germany and J apen." so Engineering & Mining Journal. V. 3, No. 11, Apr. 8, 
Magnetic rings with zero friction an - p. 6. | 

the use of rare-earth-cobalt magnets in pyal tin’ of Ras Karte Secon Fila Combinations 
ironless armature torque motors were also Radiology, v. 121, No. 2, November 1976, pp. 465-471. 
tudied *Simpson, P. A. New and Unusual Devices Using Rare 

s . Earth-Cobalt Permanent Magnets. Proc. 12th Rare-Earth 
Research continued on the development Reg, Conf., Vail, Colo., July 18-22, 1976, 6pp. iwF 

of a rare-earth auto-emission-control cata- ,.)°*Eilroicrant Auto Exhaust Catalvets, CHEM. 
lyst that tolerates leaded gasoline.” LaCoOs TECH, v. 6, No. 6, June 1976, pp. 369-371. vets.
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A relatively inexpensive crystalline alloy, alloying metals are combined in a high- 
containing lanthanum, neodymium, praseo- energy ball mill in a nitrogen or inert gas 

_ dymium, and nickel was found to be capable _ atmosphere, with no lubricant. Mechanical 
of adsorbing six atoms of hydrogen per alloying has led to the development of an 
molecule. It was suggested that such hydro- alloy that combines the moderate-temper- - 
gen adsorbers could be used in solar heating ature properties of nickel-base alloys with | 

| and cooling of homes, leveling peak-load the high-temperature properties of nickel . 
demands at electric utility companies, for strengthened by a dispersion of very small 
advanced compressor and nonpolluting en- __ particles of thorium or yttrium oxide. _ ne 

- gine design, safer hydrogen storage at Mechanically alloyed nickel-20 weight-. | 
petrochemical, synthetic fuel, and chem- percent chromium alloys containing dis- . 
ical-processing plants, and in offgas purif- persed Y.0; and/or LazO; were compared | 
ication systems.?! _ with a commercial alloy anda mechanically  — 

. _ Research on rare-earth lasers continued alloyed material not containing rare-earth 
in 1976, with emphasis on nuclear fusion elements.*! It was found that lessthan0.1% 
applications.?? The largest neodymium glass La2O; or Y.0; improved the oxidation resist- _ | 
laser in the world was being built. It was to ance of the nickel-chromium matrix com- 

| contain 1,000 liters of rare-earth-doped pared with the commercial alloy. The rare- | 
material.2* The University of Rochester’s earth-doped alloys also exhibited better — 
Laboratory for Laser Energetics launched a __ scale adhesion. | oo ot 
5-year, $46.5 million program to build and Crucibles made with yttrium oxide were _ 
test a 10-Kilojoule neodymium glass laser found to successfully contain new titanium | 

7 system, which will have a peak power of 20 alloys with minimal interaction between — 
to 40 terawatts.24* KMS Fusion continued the crucible and the molten titanium.*2? The 

, the only laser fusion research effort by a crucibles, with compositions Y.0:-15%Ti 
private company and planned toexpandthe and Y:.0; with a Y.0;-K2SiO; face coat, 
power of its neodymium glass laser system resulted in typical casting contamination 
in 1977 to 4 or 5terawatts.  . levels of 0.2%-0.49% oxygen and 0.2%-0.5% 

, The U.S. Air Force manufactured rods as yttrium. These crucible. materials. could be 
long as 4 inches of anisotropic yttrium used in the development of a low-cost- 
aluminate doped with neodymium.** These investment casting process for producing Oe 

rods are potential replacements for neo- titaniumalloys. 7" | 
dymium-doped yttrium-aluminum-garnet The use of the rare-earth ions Ho**, — 
(YAG) in solid-state lasers. “Mun A M sal Powder 8 sad . 

‘Two rare-earth laser devices were on the ari, A. New Metal Powder Stores Hydrogen for 
Industrial Research list of 100 top products le May2aWiPptl nN 
of 1976.26 One of the top products was a new Chemical and Engineering News. Strides Made in 

laser ion-host system, consisting of lantha- }aser Fusion Research. v. a No. 18, March 1976, pp. 21- 
num beryllate single crystals doped with _ *Energy and Mineral Resources Research Institute, 

neodymium, which had advantages over  ['nhoratoyy Rare Bach loser Reach Bae Boh tat 
conventional YAG doped with neodymium. Center News, v. 12, No, June 1, 1977, P. 1. fal Laser Fu 

The other laser device was an yttrium sion Project Launched. V. 54, No. IL, Mar. 15, 1976. p. 7. - 
lithium fluoride crystal doped with hol- — Mid Atlantic Electronics. New Optical Electronic 
mium used as a pulsed or continuous source Meferial. V2 September October 10D aera 4 Winners. V. 
of 2-micron laser radiation. 18, No. 10, October 1976, pp. 32, 64-65. 

A patent was issued for the extraction of ee tallurgic Pee Frevce) Societe e rancaise 
columbium, rare earths, and thorium from ment of Pyrochlore Concentrates. US. Pat. 3,947,542, Dec. 
pyrochlore.?? A patent was issued #* fora 7% 2804 vstein B. C, and D. B. Macaulay (assigned to 
method of purifying an atmosphere con- Energy Research and Development Administration), Me. 
taining carbon monoxide by passage thod of Removing Garbon Monoxide From Gases. US. Pat. 

through a catalyst bed of terbium oxide, in "29Enerzy and Mineral Resources Research Institute, 
which the carbon monoxide is oxidized to _lowa State University Ames, lowa). Dynamite Applica- 
carbon dioxide. The use of a rare-earth 1976p. 4 EE NONE eM INO IEE 
catalyst to convert nitrogen and sulfur com- Ne eenjamin, 2: S. Mechanical Alloying. Sci. Am., v. 234, 

pounds, created during the dosposal of “‘imichels, H. tT’ The Effect of Dispersed Reactive Metal 
dynamite-manufacturing wastes, to oxides Oxides on the Oxidation Resistance of Nickel -20 Wt Pct. 
was under consideration.” rap as a Met. Trans., v. 7A, No. 3, March 1976, 

A new alloying method, mechanical alloy- ' wEnergy and Mineral Resources Research Institute, 
in , in whi h owa niversity es, Lowa). ria 

a , Was “iscuseed.*” The bece metal and Alloys. RareEarth Inf. Center News, v. 12, No. 1, Mar. 1,
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_ Er*+, Tm*+, and Yb** in anti-Stokes phosp- on a number of projects: The use of rare- | | 
- hors was studied.2* Anti-Stokes phos- earth oxides as additives in high-temper- 
phors, or up-converters, adsorb infrared ature ceramics, determining optimum com- | 
photons and combine their energies in mul- position and conditions required to fabri- | 
tiples of two or three to emit new photons in cate mischmetal-cobalt magnets, improving 
the visible or ultraviolet region. These anti- methods of production of rare-earth silicide, 

| Stokes phosphors could be used for large and the use of rare-earth transition metal 
area displays in place of conventional light- catalysts for methanation of CO and H: | 
emitting diodes. during synthetic natural gas production 

A psoriasis treatment using a dysprosium and for liquid-phase catalytic reactions. 
gas-discharge lamp was developed.** The —HW~~—— | | oe 
treatment reportedly avoided the risk of 33Garlick, G. F. J. Infrared to Visible Light Conversion. 
toxic side effects sometimes associated with a orary Paes Alsing tient cP ermatology and / | 
oral treatment. a Physical Chemistry, Uppsala Univ., Uppsala, Sweden). 

| Rare-earth research continued at Bureau Jreatiyent PE rat tore teskholad. No se, | 
of Mines metallurgy research laboratories 1976, pp. 383-390. | |
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~~ Rhenium © a eo , enium | | 

| | By Larry J. Alverson! a Lo | 

- Domestic mine production of rhenium reached a record high of approximately 
increased , substantially in 1976, yet the 4,000 pounds, as prices for both metal pow- 

industry was still operating 70% below full ger and compounds continued to decline. 
capacity level, or at about 80% of the Bimetallic platinum-rhenium catalysts used | 
average production level of the past several amerallc pla inum-r enum catalysts use 
years. Consumption increased 38% over i” Petroleum refining continued to be the 
that of 1975 to a record 8,300 pounds. major use for rhenium, accounting for _ 
Imports of ammonium perrhenate also about 90% of consumption. — 7 : 

| Table 1.—Salient rhenium statistics | , 
. os (Pounds of contained rhenium) _ | , 

, 1972 1978 1974 1975 1976 

Mine production® _-§_-____»_»_§_»____~___ ee 6,100 7,000 5,000 2,000 4,400 
Consumption® ________________2 Le 4,800 4,400 4,500 6,000 - 8,300 
Imports (metal and scrap) _____§_-§_~§_§_§__ ~~~ 168 1,487 40 -: 59 82 
Imports (ammonium perrhenate) _____________--- 1,921 €3,040 . °8,287 | °966 = § 4,047 
Stocks, Dec. 31© 5 13,000 20,000 24,000 «21,000 21,200 

_ "Estimate. : oO a 

DOMESTIC PRODUCTION | , Co - 

| Production of rhenium, as a byproduct of _ by a fire in late 1975, was not. resumed until 
molybdenite (MoS.) from various sources, the spring of 1976. In prior years, Molycorp, 
increased in 1976 to 4,400 pounds contained Inc., produced ammonium perrhenate from 
in ammonium perrhenate (NH.ReO,) from byproduct MoS, concentrate from western 
2,000 pounds in 1975. Shattuck Chemical [JS porphyry copper ores. However, in 

Co., a subsidiary of Engelhard Minerals & 1976 the rhenium production facility at 
Chemicals Corp., was the leading producer washington, Pa., was inactive. Kennecott 
‘in the United States. Shattuck processed Copper Corp.’s recovery operation at Gar- 
MoS, concentrate from the United States «13 titan remained closed during the 
and Canada at its Denver, Colo., molybde- led, » remained clo Curing .' © 
nite roasting facility. Rhenium was recov. ©: although a subsidiary, Cleveland Re- 
ered as ammonium perrhenate, from which ‘{tactory Metals, remained active in the 
the company made a variety of rhenium 0°mestic and international rhenium mar- 
products. ket, operating primarily from accumulated 
M&R Refractory Metals, Inc. at its stocks. 

Winslow, N.J. plant, produced ammonium The United States operated at about 30% 
perrhenate for Engelhard Minerals & of rhenium mine production capacity (by- 
Chemicals Corp., and for Utah Internation- product) in 1976. 
al, Inc. (UD on a toll (contract) conversion = —H~_ 

basis. Production at the plant, halted 1Industry economist, Division of Ferrous Metals. 
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: - os _ CONSUMPTION AND USES | | 

Estimated 1976 consumption of rhenium vices, vacuum tube and flashbulb filaments, 
was about 8,300 pounds, an increase of 388% heating elements, metallic coatings, electro- | 

| _ from that of 1975. Increased usage took magnets, and high-temperature alloys in 
| | _ place in all sectors of the market, with the research and development work. | | 

| largest percentage increase in the flashbulb |§ A new method for dating the universe 
area. However, bimetallic platinum- was disclosed during the year; it is based on | 

| rhenium catalysts used in petroleum refin- the decay of the radioactive isotope rhe- 
| ing represented about 90% of total rhenium nium 187 to the stable isotope osmium 187. , 

consumption. types of b: talli : talytie Use of this rhenium-osmium “clock” was 
e three types of bimetallic catalytic proposed to be theoretically sounder than | 

reformers, semiregenerative units account- the other principal nuclear dating tech- _ 
ed for 49.4% of reforming capacity com- nique which is based on radioactive decay of 
pared with 38.6% in 1975 and 27.6% in uranium to thorium. One reason is that the 

rte eae ace ae of ci cy, , sased in t& | ion years, is subst onger | 
| of 1975. However, the combined capacity of generally accepted age of the universe. 

| all three types was at an all-time high of Therefore, calculations should be less sus- _ 
- over 60% of total U.S. reforming capacity, ceptible to errors from uncertainties in 

an increase of about 20% over that of 1975. details of the stellar processes involvedthan 

Platinum-rhenium’s share of total bimetal- they would be using the shorter lived 
lic catalyst capacity was about 65% to 75%, uranium-thorium decay process.” | 
or about 40% to 45% of total domestic The most widely used tungsten-rhenium | 

US refiners are focusing on catalytic re (WRe) thermocouple alloy combinations — co, ». : re- are W versus W-26% Re, W-5% versus 
forming and other octane improvement pro- W-.26% Re, and W-3% Re versus W-25% Re. 

| ceases to cope with rising demand for un- Because of the inherent brittleness of unal- 
eli Frosed and the tetraethyl lead loyed tungsten, the W versus W-26% Re 

asin hasedown. . . _ thermocouple wire is more difficult to han- 
The excellent activity and yield stability die than the other two. The average electro- 

lye rede ores amity for amare oepem motive force of W-3% Re versus W-25% Re 
et CCESSIL - is slightly less t that of ' -26 | 

sive cyclic or continuous reforming. The and clightly enews enat a Of Wor re 

a ctalycte eras ot these tial bus evel versus W-26% Re. The ductility of W-3% Re 
semiregenerative Rheniforming at a pres- senetor that of unalloved fe ate mu 

This of mee pounds Fe ne is an inch, Bage. three combinations can be used to 2,760°C 

achieved by other commercial cyclic and 2 h¥drogen or inert gas atmospheres and in 
continuous ‘reformers using bimetallic cata- under o: ane undere? rapid d oration 

lysts and is much lower than pressures used "Research continued on rhenium’s use in 
wn catalyse with monometallic plati- pickel-base high-temperature alloys. Rhe- 

: " . . . nium was used in some cobalt-base alloys 

forming catalyeta took ‘place during th, high-temperature space application " . | . and in some nickel-base alloys in je 
2.000 se OO terete ee smaver ae yneries engine turbine blades. The cobalt-base alloy 

, aie per sit y- _. contains 2% rhenium, and the nickel-base 
The remaining 8% of estimated domestic alloy contains 0.5% rhenium 

rhenium consumption was used in X-ray oy 60: ° . 
tubes and targets, high-temperature ther- - . , 
mocouples, electrical contacts, electronic de- at one Ene V. 54, fo. 9 uly iD igieep se
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, PRICES oe | | 

Prices paid for rhenium metal powder, However, the general trend of prices con- | 
perrhenic acid, and ammonium perrhenate tinued downward, as it has in the past 
during the year reportedly were below those several years, reflecting the inactivity in | 
quoted in most domestic trade journals. The new petroleum refinery construction. 
price for metal powder ranged from $500 to Prices quoted by Cannon-Muskegon 

__ $650 per pound, dependent upon grade and Corp., for W-Re thermocouple wire, ranging 
quantity. The prices for perrhenic acid and . °°.” . | 
ammonium perrhenate, both of which are in size from .003 inch to .020 inch, were 

compounds of rhenium, ranged from less $3.50 to $21.00 per double foot of W versus 
than $400 to more than $600 per pound. W-26% Re. Prices for W-5% Re versus 

Some buyers paid prices outside these W-26% Re were $5.00 to $30.00 per double 
ranges, depending on their own situations. foot for similar sizes. 

FOREIGN TRADE , 

Imports for consumption of ammonium The duty on imports of ammonium 
perrhenate increased sharply during the perrhenate from market economy countries 

year to a record high of 4,047 pounds of was 4% ad valorem, while the duty on that | 
contained rhenium valued at $1,407,000. All from the central economy countries was | 
the material came from Chile and West 25% ad valorem. The import duty on rhe- 

Germany. The Chilean material was nium metal from market economy countries 
witherawn from bonded warehouses, while yemained at the January 1, 1972, rates of | 
the West German material was directly 50 od valorem for unwrought rhenium 
imported imports increased partly i al metal and 9% ad valorem for wrought 
sponse to increased demand trom nearly ¢ rhenium metal. Wrought metal items are, | 
sectors of the rhenium market. h ldom j rted to the United 

Imports for consumption of rhenium met- States. Th - ty h t nl d 

al and waste and scrap increased to 8&2 tes. e duty on wroug an 
pounds from 59 pounds in 1975. This re unwrought rhenium metal from central 
mains insignificant compared with the rec. ©Conomy countries remained unchanged at 
ord high of 1,437 pounds in 1973. However, 45% and 25% ad valorem, respectively. The | 
the disparity has been more than accounted rhenium content of imported molybdenite 
for by increased ammonium perrhenate im- concentrate was not taxed. The duty on 

ports, which have a more favorable duty rhenium waste and scrap was suspended 
status and are more easily obtained. indefinitely in 1975. 

Table 2.—U.S. imports for consumption of rhenjum metal (including scrap), by country 

. (Gross weight, pounds) 

1972 1973 1974 1975 1976 

Country ra Value oe Value quan Value wan Value cra Value 

Austria_______ _- _- _- _- _ _- 1 00 _. _- 
Belgium 8 

Luxembourg —_ _— _- 110 $74,500 — _- 28 11,136 17 = $8,687 
France ______— 25 $23,796 -- -— -- -- -- -- _- _— 
Germany, West__ 148 101,955 1,116 782,497 40 $27,784 30 15,760 65 29,060 
Netherlands_.----- ATT = 

Total ___.._ 168 125,751 1,487 1,004,676 40 21,734 59 —s- 277,196 82 37,747
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a Table 3.—U.S. imports for consumption of ammonium perrhenate, by country? 
| 7 (Rhenium content) 

; 19720 . 1978 1974 1975 1976 
Country Quan- Value Quan- Value Quan- Value Quan- Value Quan-. Value 

Ds tity (thou- tity (thou- tity (thou- tity (thou- tity (thou- 
(pounds) sands) (pounds) sands) (pounds) sarids) (pounds) sands) (pounds) sands) 

Chile _______ 76 $45 — 1,282 $449 __ __ 1,280 $606 
Germany, West _ 845 1,054 1,450 $1,918 1,520 ‘1,185 401 $165 2,767 801 
Sweden ______ 1,000 1,189 1,590 1,916 535 171 565 277 __ __ 

, Total _____ 1,921 2,288 3,040 3,829 3,287 1,805 966 442 4,047 1,407 

1Years 1972 through 1975 are estimated. . 

WORLD REVIEW ae 

: World production of rhenium totaled The firm Molibdenos y Metales, S.A. 
14,200 pounds, compared with a total world (MOLYMET) was created at the end of 1975. 
potential capacity of 27,300 pounds, ac- It will be responsible for producing and 
cording to a report in the German trade marketing molybdenum and rhenium pro- 
journal Handelsblatt. Western European ducts, which were formerly handled by 
production reportedly was 3,300 pounds Carburo y Metalurgia S.A. (Carbomet), a 
from a capacity of 5,700 pounds. rhenium producer since 1971. 

Porphyry copper deposits in Canada, Germany, West.—Western Europe’s 
Chile, Peru, and the United States were the newest petroleum refinery, near Wilhelm- 

major worldwide sources of rhenium. Rhe- shaven, came onstream in December 1975. 
nium recovery facilities outside the United The refinery, owned by Mobil Oil AG, uti- 
States exist in Chile, Belgium, Bulgaria, lizes a catalytic reformer of Mobil design. It 
East and West Germany, France, Sweden, is a semiregenerative unit employing a 
the United Kingdom, andthe US.S.R. | platinum-rhenium catalyst, designed to op- 

Canada.—All Canadian rhenium pro-_ erate under the most severe conditions for 6 
duction was by UI’s Island Copper mine on months before regeneration. Several other 
Vancouver Island, British Columbia. In bimetallic catalyst reforming units in Ger- 
1976, shipments of molybdenite concentrate many were scheduled for completion in 
to the. United States and Europe 1977 and 1978. One such unit of Oberr- 
totaled about 2,400 tons containing approx- heinische Mineralélwerke GmbH, located 

| imately 4,500 pounds of rhenium. Compa- at Karlsruhe, will employ a 16,000 barrel- | 

- nies in the United States and Europe toll- per-day (b/d) Platformer to make lead-free 
processed the MoS. concentrate for UI and gasoline. 
returned the rhenium as ammonium United Kingdom.—Small amounts of 
perrhenate and perrhenic acid for subse- residues containing rhenium were recover- 
quent sale. The mine has one of the richest ed from roasting molybdenite concentrates 
concentrations of rhenium in the world. by three companies: Murex, Ltd., at Rein- 

Chile.—Production of rhenium in Chilein ham, Essex; High Speed Steel Alloys Ltd. at 
1976 totaled 3,000 pounds contained in 4,350 Widnes; and Minworth Metals Ltd., at 

pounds of ammonium perrhenate. Expan- Stowmarket. The residues were processed 
sion of molybdenum output, and hence rhe-_ for rhenium recovery by Johnson Mathey 
nium production capability, continued dur- and Co., and New Metals & Chemicals Ltd. 

ing the year. A new molybdenum plant at U.S.S.R.—The first Soviet rhenium recov- 
Saladillo was being built in 1976 to extract ery operation was put onstream in 1948 at 
molybdenum from the Government-owned the Balkhash plant in Kazakhstan. Rhe- 
Andina copper mine’s copper-molybdenum nium was recovered from solutions derived 
ore. The rhenium content averages 350 from liquors used to leach low-grade mo- 
parts per million (ppm) in the molybdenite lybdenite concentrate. The liquors were 
concentrate. upgraded by evaporation, and metal was
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recovered from solution by cementation molybdenite concentrate have been devel- 
with metallic iron. Presently, the same oped. The dusts average between 200 and 
plant treats flue dusts of copper, lead, and 700 ppm rhenium and require hydrometal- 
zinc smelters as well as solutions from  lurgical treatment to recover the rhenium. 
molybdenite leaching. The plant employs One source of rhenium is the Dzhezkaz- 
up-to-date technology for the recovery of gan porphyry copper mine where the rhe- 
rhenium. nium concentration ranges from 10 to 100 

Since porphyry copper deposits are not ppm. It is highest in the bornite minerali- 
abundant in the USSR, the Soviets rely ona zation and falls to about 40 ppm in chal- 
number of sources for rhenium supply. copyrite and sphalerite mineralization. | 
Therefore, a number of processes that re’ Galena mineralization contains about 20 
cover rhenium from flue dust of various ppm rhenium. The oxidized cap contains 
nonferrous metal smelters as well as from only 0.04 ppm rhenium.’ 

TECHNOLOGY 

The Bureau of Mines demonstrated an enthalpy measurements alone were deter- 
electrooxidation-solvent extraction-carbon mined for pure Re.O,(s,]).* | 
adsorption process for recovering molyb- Activated sintering was shown by Soviet 
denum and rhenium from low-grade molyb- scientists in 1976 to be synonymous with 
denite concentrate at a commercial opera- “activated alloying” as applied to the pow- 
tion. The equipment used was a prototype der metallurgy of molybdenum- and | 
of a commercial size, 125-kilovoltampere, tungsten-base alloys. Thus, the use of small 
41-electrode cell operating at 1,000 amperes. additions of palladium or nickel to powder 7 
The flow sequence consisted of dissolution mixtures of tungsten and rhenium or | 

of metal values by electrooxidation, liquid- tungsten and chromium effectively pro- 
solid separation by thickening and filtering, moted alloying during sintering for 1 to 2 
acidification, and chlorate ion removal by hours at 1200° to 1250° C. 
sulfur dioxide treatment. This was followed A patent was issued for the recovery of 
by concentration of molybdenum and rhe- +henium from molybdenite or copper sul- 
nium by solvent extraction, separation of fide ore roaster gases. Dust-free roaster gas . 

molybdenum and rhenium by carbon ad- was wet-filtered, and the rhenium-bearing 
sorption, and metal value recovery by crys- jiquor was recycled to upgrade the rhenium 
tallization. The rhenium was recovered aS concentration. The rhenium-bearing liquor 
ammonium perrhenate. The electrooxi- fom the first scrubbing step was added to , 

_ dation process in the pilot plant resulted in the second scrubbing step, and the excess 
dissolution of 99.1% of the rhenium with an accumulated liquor was drawn off for con- | 

energy consumption of 13.7 kilowatt-hours entional processing for extraction of the 
per pound of molybdenum extracted. rhenium values. 

The Bureau published results of a study " 

on the thermodynamic Pp roperties of high- SSutulov, A. Molybdenum and Rhenium, 1778-1977. 
purity rhenium oxides. Prior to this invest- University of Concepcién, Concepcion, Chile, 1976, pp. 224. 

igation, high-temperature enthalpy or, Sttener BJ. RE. Linetrom, and DL Foo) 
Gibbs energy of formation data were not From Molybdenite Concentrates by Electrooxidation: Pro- 
available for the three stable oxides of cess Demonstration. BuMines RI 8145, 1976, 12 pp. | 

rhenium - ReO,(s), ReOx(s), and ResO-(8,l). _propertics of Rhenion Oxides $ te 1100 be Bontnee hi 
The temperature range of the heat capacity 8199, 1976, 15 pp. 
measurements was 5° to 310°K for ReOs:, Fre a Produced in the Renitine of boom 
and 8° to 309°K for ReOs. High-temperature Copper Sulfide Ore. Canadian Pat. 986,722, Apr. 6, 1976.
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| By Russell J. Foster! 

Salt production in the United States rose cost $7.5 to $8.0 billion to design, construct, 

5% in 1976 to 48,801,000 tons. The amount fill, and maintain through 1982. Under- 

of salt sold or used by domestic producers ground storage will minimize cost and envi- 

was up 8%, mostly owing to greater ronmental problems while maximizing se- 

chlorine-caustic soda production and in- curity. Existing caverns are available and 

creased use of salt on highways. Solar, rock, new ones can be formed efficiently. Six of 

and brine salt exhibited the most substan- eight candidate sites for storage of the 

tial gains. Prices of all forms of salt reserve are salt deposits in Louisiana and 

advanced. The largest price increases oc- Texas. Rock salt has several characteristics 

curred in evaporated salt. Imports reached that make it attractive for cavern con- 

a record 4.4 million tons. . struction and storage. When relatively 

Legislation and Government Pro- pure, it is generally impervious to liquid 

grams.—The Energy Policy and Conserva- and gas, has high compression strength, : 

tion Act of 1975 authorized the creation ofa exhibits plasticity to seal incipient | 
strategic petroleum reserve consistent with fractures, and can easily be solution-mined. 

a plan developed by the Federal Energy — The feasibility of using salt caverns for 

Administration (FEA). In 1976 FEA submit. storage has been previously demonstrated 
ted for Congressional approval a plan that in Europe and the United States. __ 
called for the storage of 500 million barrels Returning to its original position, the 

of crude oil by December 1982 in under- Federal Government announced plans to 

ground salt domes, salt mines, or rock dispose of radioactive wastes by storing 

caverns, which are readily accessible to them in stable geologic formations, such as 

tankers or major crude oil pipelines, or salt deposits, under the continental] United 

both. Capacity for storing approximately States. The Energy Research and Develop- 
240 million barrels will be developed for an ment Administration proposed to construct 

early storage reserve, and FEA will en- TPhoslonl eclentist, Division of Nonmetallic Minerals 

deavor to fill this capacity to 150 million oFederal Energy A duinistrati on tratevic Peteole 

barrels by December 1978. The reserve will Reserve. The Plans in Brief, December 1976, 23 pp. mum 

: Table 1.—Salient salt statistics 
(Thousand short tons and thousand dollars) _ 

Ee 

199TH 
United States: 

Production! ________---------------- 44,010 44,298 46,423 41,710 43,801 
Sold or used by producers! ________------- 45,022 43,910 46,536 41,030 44,191 

Value _-.____.--______-____---~ $296,772 $306,103 $360,763 $368,063 = $430,959 
Exports ____---_-------------------- 869 609 521 1,332 1,007 

Value __________--------------- $5,544 $4,400 $4,276 $9,070 $10,326 
Imports forconsumption _-—-—--~--~------- 3,463 3,207 3,358 3,215 4,352 

Value __________--------------- $11,979 $12,554 $14,428 $15,272 $23,476 
Consumption, apparent ______.---------- 47,616 46,508 49,373 42,913 47,536 

World: Production .___-.._.--------__--- 161,350 170,483 183,236 "178,432 183,252 
__ World: Production - ~------~-7-7-7~7=7=7= Eee 

"Revised. 
1Excluding Puerto Rico: 29,000 short tons (1972-74), and an estimated 27,000 short tons (1975-76). 
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a waste isolation pilot plant in the bedded be to test and demonstrate the operational 
salt and potash of southeastern New Mexi- and technical principles of a permanent 
co. The main purpose of the facility would _repository.® 

DOMESTIC PRODUCTION 

The amount of salt sold or used by do §$ The water in the Great Salt Lake con- | 
mestic producers increased nearly 8% in tinued to rise in 1976, reaching its highest 
1976. Solar salt showed the largest gain, level in 50 years. To prevent further dam- 
11%. Rock salt and salt in brine were also age to dikes around salt operations and 
up significantly. In 1976, 55 salt-producing other lakeshore industries, the Great Salt 
companies operated 99 plants in 16 States Lake Division of Utah’s Department of 
and Puerto Rico. Twelve of the companies Natural Resources was considering a propo- 
produced over 1 million tons each, account- 81 to pump a large amount of the water to a 
ing for 87% of U.S. salt production. The five nearby desert area, creating a new lake.* 
leading States in the amount of salt sold or The final phase of 9 years of litigation 

| used follow: concluded in June 1976, when the USS. 
| : | | | Supreme Court ruled that Utah also held 

title to all relict shorelands of the Great 
| - State Percent Salt Lake, thus granting total ownership of 

——______________" "the lake and its mineral content to the 
Louisiana ________-_____-_-__ 30 State. The shorelands had been covered by 
| ee alae aaa aaa 22 water at the time of Utah’s statehood, but 
Ohio. 11 became exposed when the shorelines re- 
Michigan -----------.--------_____10  ¢eded. Morton Salt Co. had been the largest 

Total ______________---- 88 single private landowner of lakeshore prior . 
a ————— — to the decision. | 

In March 1976, Morton Salt Co. 
| The percentage of salt sold or used by announced the closing of its salt mine at 

domestic producers in 1976 by type follow: Seneca Lake, N.Y., owing to high operating 

costs and an oversupply of rock salt in the 
Percent market area.‘ Cargill, Inc., acquired major- 

Saltinbrine..........iD ity ownership in Watkins Salt Co., an evap- 

Mined rock salt ____-§______._______ 35 oOrated salt producer located at Watkins 

Solar-evaporated salt’ 7~~7_2222272 277 q Glen, N.Y.” 
Grainer or open-pan salt _____________ 1 

STOCKS 

Total salt stocks at yearend 1976 as re- SChemical and Engineering News. Nuclear Wastes to Be 
ported by procucers amounted 28 sow, Stored Underground. V. 54, No. 21, May 1, 1976, p. “ Sof 
lion tons, or 5% of production. er 0 reet Journal. Government Ponders How e- 

was in the form of rock salt and 35% was ie ae ta Nuclear Waste. V. 188, No. 17, July 26, 
solar salt. Solar salt had the greatest share ‘Engineering and Mining Journal. Utah Seeks Solution 
of its production in stocks, 46%. Rock salt {¢ Great Salt Lake Water Level. V. 177, No. 8, August 
stocks were 8% of production, and the “Chemical Week. Brine Users Need More Than a Pinch of 
amounts of open-pan and vacuum-pan salt Salt. V. 118, No. 26, June 30, 1976, P. 29. the US. Utah. V 
production in stocks were 3% and 2%, iq. No.8 August 1976,p. Bl. canine ae 
respectively. Brine inventory at yearend Bauman, J. State May Net Billions From Lake. Deseret 
was small. News, July 12, 1976, p. B-1. 

®Wall Street Journal. Morton-Norwich to Post Net Loss 
in June 30 Year. V. 187, No. 56, Mar. 22, 1976, p. 10. 

"Cargill, Inc. News Release. Dec. 29, 1976.
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CONSUMPTION AND USES | 

A resurgent U.S. chemical industry in- the manufacture of chemicals. 
creased its consumption of salt in 1976. The Weather conditions across the nation ne- 
amount of salt sold or used by domestic cessitated a large increase in the use of salt 
producers for the production of chlorine- on highways. Most other categories of dis- 
caustic soda rose 2 million tons. Synthetic tribution also showed gains over 1975, par- 
soda ash production consumed less salt ticularly the textile, metals, oil, and pulp 
because of reduced capacity, but salt usage and paper industries. The only area besides 
in the syntheses of other chemicals was up. soda ash production in which salt consump- 
Nearly 59% of all salt sold or used by tion dropped notably was the rubber indus- 
domestic producers was raw material for try. 

Table 2.—Salt sold or used by producers in the United States, '! by method of recovery _ 
(Thousand short tons and thousand dollars) 

a 
4975 1976 

Recovery method ——$—$—$ 
. Quantity Value Quantity Value 

Evaporated: 
Bulk: 

Open pans orgrainers _~_______-_~-—-----~--~-- ey) 22,626 536 27,694 
Vacuum pans ____________-_--_-~-~-~--~---~---- 2,801 120,465 2,908 147,037 
Solar ___________--______--------------- 1,583 19,009 1,752 25,156 

Pressed blocks ______________-_--------------- 436 17,808 412 18,401 

| Total? __________-__----------------- 5,845 179,908 5,607 218,288 | 

Rock: 
Bulk_____________________-__----------+-- 14,200 104,179 15,592 121,875 
Pressed blocks __ _________-------------~------- 84 3,733 76 3,807 

Total? __________________-__--------- 14,283 107,912 15,668 125,682 
Salt in brine (sold or used as such) _____________-------- 21,401 80,243 22,917 86,989 

Grand total? ______________------------ 41,030 368,063 44,191 430,959 
ee 

1Excludes Puerto Rico. 
2Data may not add to totals shown because of independent rounding. 

Table 3.—Salt sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 

a 
State 1975 1976 

Quantity Value Quantity Value ch 

Kansas! _____________________--------------- 1,446 31,214 1,310 35,291 
Louisiana ~_______~____-__-_----+-~--~-~-_~--------- 12,166 77,116 13,491 91,952 

Michigan _______._-____----------------------- 4,020 68,353 4,219 79,740 

New Mexico ______________-_------~-----+----~--+-+ 147 1,048 WwW WwW 

New York ____________---------+--~-+-~--~-------- 5,978 57,344 6,495 66,441 : 

Ohio______________________---_------------- 5,083 54,651 5,052 66,332 
Texas ______________-_~_--~----+-~-+-~+-~+-+--------- 8,560 42,119 9,718 48,875 

Utah __________________-_------------------ 631 7,717 705 10,090 
West Virginia __________-_--------------------- 972 4,671 1,118 Ww 

Other States? ________________----------------- 2,026 23,830 2,083 32,239 

Total® __________________--_------------- 41,080 368,063 44,191 480,959 
Puerto Rico® ___________-_-_------------------- 27 639 27 639 
ne 

°Estimate. ; 
W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1Quantity and value of brine included with “Other States.” 
2Includes Alabama, Arizona, California, Colorado, Kansas (brine only), Nevada, North Dakota, Oklahoma, and items 

indicated by symbol W. 
SData may not add to totals shown because of independent rounding.
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Table 4.—Evaporated salt sold or used by producers in the United States | 

, (Thousand short tons and thousand dollars) 

. : 1975 1976 
State — 

| a Quantity Value Quantity . Value 

Kansas _-_-_______________ 771 26,274 785 30,795 | 
Louisiana ~____~_~_~_~_~__~_ Le 275 15,112 297 19,014 
Michigan ____-____~-~_~-~-~__________ Lee 1,185 50,351 1,190 60,641 
NewYork ____________~___ LLL 579 24,595 - 617 29,780 
Utah _______ eee 590 7,508 - 673 9,848 
Other States? we en we ee e+ 1,945 56,067 2,046 68,210 

: Total? = ee 5,345 179,908 5,607 —«- 218,288 
Puerto Rico _-_-__________________ ee 27 639 27 689 

Estimate. 
1Includes Arizona, California, Nevada, New Mexico, North Dakota, Ohio, Oklahoma, and Texas. 
*Data may not add to totals shown because of independent rounding. 

Table 5.—Rock salt sold by producers in 
| the United States 

(Thousand short tons and thousand dollars) . 

"Year ~SQuantity—=~=s«walue | 

| : -  4972________________ ° 14,484 91,041 
| 1978 _ 9 12,347 78,544 

1974 __§_ 14,835 108,692 
. 1975 ____ Le 14,283 107,912 

| 1976________________ 15,668 125,682 

Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 
(Thousand short tons and thousand dollars) 

Yy . From evaporated salt From rock salt - Total 
ear ee Onn a2 en nnn — a ep, 

Quantity Value Quantity Value Quantity Value 

1972 ________ 376 10,927 66 2,138 442 13,065 
19738 _______________ ue 451 14,508 72 2,551 523 17,059 
1974 ____ ee 440 15,888 82 3,308 522 19,196 
1975 ___-__ __ 436 17,808 84 3,733 520 21,541 
1976 _____.----------------- 412 18,401 76 3,807 1487 22,208 

1Data do not add to total shown because of independent rounding. 

Table 7.—Distribution of salt sold or used by producers in the United States, . 
by use . 

(Thousand short tons) 

1975 1976 
Consumer or use Evap, Rock Brine Total? © EV8P, Rock = Brine Total! 

Chlorine _______-____-__--- 234 2,211 16,508 18,952 280 2,256 18,411 20,947 
Sodaash ______--~--------- () (?) 4,492 4,492 WwW W 4,060 4,061 
All other chemicals__—__------- W 553 W 1,021 WwW 623 W = i14158 
Textile and dyeing ______-__--- 109 WwW Ww 180 130 73 _- 204 
Meatpackers, tanners, and 

casing manufacturers ____—_—-- 241 338 _- 579 246 332 _- 578 
Dairy _________---_---_--- 63 5 __ 68 68 6 __ 74 
Canning ___________------- 165 W Ww 259 161 96 (2) 257 
Baking ____________------- W Ww __ 125 WwW WwW __ 126 
Flour processors (including 
cereal) —§_____________--- 79 21 (?) 101 17 21 () 98 

Other food processing _ ____-_--- 572 WwW WwW 611 602 33 (?) 635 
Feed dealers__________--_---- 858 452 _. 1,810 893 439 __ 1,832 
Feed mixers __________--~---- 270 283 _- 552 296 296 (7) 593 
Metals __________--------- W 229 Ww 265 39 303 (?) 342 
Rubber _______------------ W 11 WwW 127 W 9 WwW 108 
Oil________________-____- 75 81 105 261 92 89 132 312 
Paperand pulp ______________ Ww 113 W 172 WwW 148 WwW 213 

See footnotes at end of table.
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| Table 7.—Distribution of salt sold or used by producers in the United States, 

by use —Continued 

(Thousand short tons) . 
en , 

a 1975 1976 . 

Consumer or use 
—_ - 

Evap, Rock Brine Total’ EV@P, Rock = Brine Total! 

Water softener manufacturers 
and service companies _..__.__- —_- 282 Ww WwW 586 294 Ww WwW 580 . 

. Grocery stores______--------- 786 205 _- 991 784 214 -- 998. 

Highway use. = ee WwW 7,439 Ww 7,680 . W 8,707 W _ 8,930 . 

US. Government _-_—--------- 24 95 (?) 119 27 AT (?) 74 

Distributors (brokers, whole- 
salers, etc.) ____.---__--~-~--- 255 552 ae 807 328 576 _- 904 

Miscellaneous® ____-_------~-- 1,391 1,482 601 41,924 1,333 1,365 548 41,910 

Total! __.____-_-______. 35,403 514,071 521,706 41,180 55,651 = *15,633 523,151  °44,435 

en 

W Withheld to avoid disclosing individual company confidential data; included with “Miscellaneous.” . 

1Data may not add to totals shown because of independent rounding. 
2Less than 1/2 unit; included with “Miscellaneous.” | | 

3Includes withheld figures and some exports and consumption in overseas areas administered by the United States. 

4Incomplete totals; withheld totals are included with total for each specific use. . 

5Differs from totals shown in tables 2, 4, and 5 because of changes in inventory. 

6Differs from totals shown in tables 1, 2, and 3 because of changes in inventory. 

Table 8.—Distribution (shipments) of evaporated and rock salt in the United States, 

| by destination 

(Thousand short tons) . 

1975 1976 . . 

. Destination Evaporated Rock Evaporated Rock 

Domestic Imported Domestic Imported Domestic Imported Domestic Imported 

Alabama __——----- 51 — 388 — 50 — 457 (4) 

Alaska ___.--~--~-- Ww = _- _- WwW _- _- __ 

Arizona __—.—---~- 34 7 4 _- Ww. WwW Ww _- 

Arkansas __ — —_ -- ~~ 24 _- 81 _- 25 © _- 99 — 

California ____~--- 881 141° Ww (*) 947 Ww WwW — 

Colorado __.------ © 135 | _- 25 -- 151 -- Ww _- 

Connecticut ___--~- 15 Ww Ww (4) -— 417 WwW Ww (7) 

Delaware ______--~- 5 5 133 WwW 5 16 Ww __ 

District of | 
Columbia .____~-- W (1) Ww Ww 2 WwW WwW __ 

Florida ___.-----~- 56 ) 145 _- 58 WwW 136 — __ 

Georgia ____------ 60 _- 229 _- 66 W 2422 ~—ti«Y 

Hawaii _.___----- Ww (*) _- -- WwW (#) _- _- 

Idaho _____~----- 62 _- 3 _- 59 -- Ww — 

Illinois ._____---- 358 Ww 1,051 W 364 (7) 1,059 Ww 

Indiana ______---~- 149 1 532 38 153 (*) 640 WwW 

Iowa_______----- 177 (?) 389 WwW 181 (7) 276 (7) 

Kansas ____~----- 101 _- 228 _- 100 _— 196 _- 

Kentucky ~~ ~----~- 47 W 465 (7) 43 (*) 576 (7) 

Louisiana __~_---- 49 _- 436 -- 54 _- Ww _— 

Maine__.____---- 9 W Ww Ww 9 2) Ww W 

Maryland ____~-~- AT 111 57 WwW 38 61 WwW (*) 

Massachusetts _ — _ — — — 37 Ww 495 WwW 39 Ww 428 WwW 

Michigan _ ———~———-- 198 ) Ww 430 191 9) WwW 569 

Minnesota —__—_—_~-- 153 ) 415 WwW 168 WwW 326 W 

Mississippi — — — — -- ~~ 23 _- 95 _- 23 _- 110 _- 

Missouri _——-——---~- 108 _- 317 _- 110 _- 345 _- 

Montana ~~ -----~-- 59 _- 1 -- 56 _- 2 -- 

Nebraska — _ _- ----- 110 _- 104 _- 107 _- 85 _— 

Nevada ____—--~--- 40 1 WwW _- 52 Ww Ww _— 

New Hampshire -_--- Ww (*) 154 WwW Ww (7) Ww WwW 

New Jersey __----~- 122 WwW 472 WwW 135 118 608 (7) 

New Mexico __~—-~—-- 27 -- 66 _- 51 _- 27 W 

New York __~_---- 295 38 1,571 Ww 305 74 1,898 W 

North Carolina _ ~~~ - 94 (4) 133 (1) 114 Ww Ww (7) 

North Dakota __---- Ww _- 7 (*) WwW __ 6 (7) 

Ohio____--+----- 353 1 1,261 WwW 368 _- 1,687 WwW 

Oklahoma —------- 45 _- 67 _- 50 -- 67 _- 

Oregon ____------ 25 192 (*) _- 48 WwW Ww __ 

Pennsylvania — ~~~ -- 169 69 956 WwW 176 68 1,116 WwW 

Rhode Island —-~----- Ww Ww WwW WwW 12 Ww WwW _- 

South Carolina _~~--- 43 _- 13 -- 49 -- 15 (7) 

South Dakota ——--—-~- 60 _- 45 _- 60 _- 34 — 

See footnotes at end of table.
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Table 8.—Distribution (shipments) of evaporated and rock salt in the United States, 
by destination —Continued | : 

(Thousand short tons) 

meee enn LL SCS Sr Syed isp PFS NP 

1975 — . 1976 ~ 

. Destination Evaporated Rock Evaporated Rock» 

Domestic Imported Domestic Imported Domestic Imported Domestic Imported OO we _mported _ Vomestic —_ tmported 

: Tennessee ________ 120 (3) W a) 118 __ 656 ) 
Texas ___________ 152 __ 394 __ 204 __ 277 __ 
Utah ___________ 175 _- WwW — 195 _— Ww __ 
Vermont _________ 5 ar) 166 _- WwW () 242 (4) 
Virginia _________ 80 14 130 (eo) 89 49 - 431 (?) 
Washington _______ 60 610 (7) _- 65 107 (7) _- 
West Virginia ______ 19 WwW 180 (1) | 20 © WwW 243 (2) 
Wisconsin _-______ | 185 W 576 WwW 192 Ww 547 WwW 
Wyoming ________ 31 _— . WwW __ 35 -_ WwW __ 
 Other?__________ 852 188 "2,286 620 298 589 —s- 8,102 822 

Total ? ___ 45,403 51,378 14,071 51,088 | 45,651 51,632 £15,633 51,391 | 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
1Less than 1/2 unit. J : 
2Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some shipments to 

unspecified destinations, and States indicated by symbol W. . 
*Data may not add to totals shown because of independent rounding. 
‘Differs from totals in tables 2, 4, and 5 because of changes in inventory. 
‘Differs from totals in tables 1, 11, 12, and 13 because of incomplete data on the distribution of imported salt. 

| PRICES | | 

The following salt prices were quoted at The weighted average price increase for — 
yearend 1976 in Chemical Marketing Re- all salt was 5%. Open-pan salt displayed the 

porter:® largest rise in price, 20%. The smallest 
: increase occurred in brine at slightly more 

Per 100 pounds than 1%. 

Sel : ted 00-pound $199 In October 1976 four major salt compa- 
bags carlots or trucklote, nies, Cargill Inc., Diamond Crystal Salt Co., — 
works ; Salt, chemical-grade, same 9.03 International Salt Co., and Morton Salt Co., 

basis i med: 135 announced price increases ranging from 8% 
Salt, rock, medium coarse, to 12% for rock and evaporated salt, ef- 
Salt, rock, extra coarse, 1.40 fective in late 1976 and early 1977. In- 

same basis oe . 
 ————_ creased costs of energy, labor, packaging, 

oe and distribution were the factors cited.® 
The average values of different classes of _ , | 

salt in bulk, f.o.b. works, as reported by 8Chemical Marketing Reporter. Current Prices of 

producers follow: Chemicals and Related Materials. V. 210, No. 26, Dec. 27, 
1976, p. 39. 

*Wall Street Journal. Two More Processors Set Price 
Per ton Increases on Salt of at Least 8%. V. 188, No. 82, Oct. 26, 

—.— _~—s:1976,, p. 40. 
1975 1976 

Evaporated: 
Open pans or grainers____.___. $438.02 $51.67 
Vacuum pans ______________ 48.01 50.56 
Solar ___________________ 1201 14.36 

Pressed blocks, allsources ________ 41.42 45.51 
Rock salt, bulk _..____________ 7.84 7.82 
Salt inbrine.-_-__-____________ 3.95 3.80
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FOREIGN TRADE 

In 1976 exports of salt from the United pal foreign source of salt for the United 
States declined 24%, to 1 million tons. States with 38% of the total. The Bahamas 
Canada received 95% of exported U.S. salt. | provided 32% and Mexico 16% of salt im- 

The United States imported a record 44 ports. Net imports of salt claimed 7% of 
million tons of salt, an increase of 35%. apparent consumption. | 
Canada regained its position as the princi- 

Table 9.—Salt shipped to the Commonwealth of Puerto Rico and overseas areas 
administered by the United States | 

Area Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 

American Samoa __ ~~ —----~-~------~~---------- 210 $17 1213 1$11 
Puerto Rico ________-~--~-_---~~-~-------~---- 19,375 2,261 17,106 2,197 
Virgin Islands — _ - ~~~ ----------------------- 2219 26 398 22 

1Effective August 1976, data on shipments from the United States to American Samoa were no longer compiled by the 
Bureau of the Census owing to elimination of the requirement for filing export declarations for such shipments. The 1976 
figure, therefore, reflects only the months January through July. 

2 Adjusted by the Bureau of Mines. 

Table 10.—U:S. exports of salt, by country | : a 

(Thousand short tons and thousand dollars) . 

ee eee eee eee ee eee ee eee  — —————__——_—_—_—_—=<=« 

pS Destinati - | 1975 | 1976 | 

tnanon Quantity Value. Quantity ‘Value 
eee eee eee eee ee err eeeer eer eee eee reer 

Australia... _______.--------------------- (3) 11 1 9 
Bahamas ____________---------------------- 2 117 2 137 
Belgium-Luxembourg _-_——---------------------- 0) 4 (?) 14 
Canada ____________--___~__~~ ~~~ 1,315 7,584 958 7,918 
Costa Rica ______________________----------- 1 34 1 60 
Denmark __-_________---------------------- (7) 23 (4) 29 
France --___________-___ +--+ +--+ (2) 25 Q) 3 
Haiti _-_________________---~------------- (2) 20 (3) 25 
Honduras ________________-----------~------ (7) 17 () ~ 10 
Jamaica ___________________--------------- (1) 9 1 29 
Japan __________-___--_------------------- (7) 33 (7) 23 
Kuwait ________________----_---+-------~--- () 26 (#) 40 
Mexico __________________-~--~---~--+-+-+---+- 3 189 12 287 
Netherlands Antilles____-._._______-------------- 1 93 1 133 
New Zealand _____________~--~-----~-~-+----~--- 1 63 1 47 
Panama ________________-_---------------+- 1 24 (4) 49 
Peru__________________-__------~---------+- Q) 7 (2) 8 
Philippines _____________--~---------------- 1 11 (3) 3 
Saudi Arabia ______._____-------~--~-~-~-------- 1 206 5 863 
South Africa, Republic of __. .__-_-_---------------- (7) 10 __ _. 
Sweden ________________---_-----~-------+-+-- (?) 22 (4) 20 
Trinidad and Tobago___________----__---------- 2 176 (2) 17 : 
Trust Territory of the 

Pacific Islands ____________----__~---------- (*) 28 (7) 14 
United Arab Emirates _______________----------- 1 102 3 279 
United Kingdom ________-_-----------~------- (*) 63 20 73 
Other _____________-~---~--------~-+-+-~-----~--- 3 173 2 236 

Total ____________-_______--------------- 1,382 9,070 1,007 10,326 
an en 

1Less than 1/2 unit. .
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| Table 11.—U.S. imports for consumption of salt, by country 

(Thousand short tons and thousand dollars) 

. 1975 197 
. Country — —$ $$$ es 

- Quantity Value ‘Quantity Value SEEEEEEEEIreemereneeeememeneee eee A OR 

Bahamas ____________________ ee 1,141 5,054 1,897 6,295 
Canada ___-__________~-----------~------- 1873 14,718 1,654 9,980 
Chile __-_.2 22 Le 28 139 146 667 
Germany, West _________-______--~--__-------- (?) 120 1 144 
Mexico __________~_____ Le 1,042 4,554 686 4,139 
Netherlands __________-____-_-___~---___---- 3g 336 (?) (?) 
Netherlands Antilles.__-_-_~- ~~~ ~~~ ‘123 596 151 802 
Norway __----_____--_---~~- ~~~ ------- _- . -- 20: 117 
Spain — ooo 09-77-77 - ee -- 252 1,134 

nited Kingdom ________________ Le (?) 1 24 68 
Other. ____-___ = Le 4(2) T59 591 5130 

Total _--_____ Le 3,215 15,272 4,352 23,476 
et ssh he esses Sen nce 

Revised. 
1Includes salt brine through San Francisco customs district, 12 short tons ($449). 
2Less than 1/2 unit. - 
Includes salt brine through Baltimore customs district, 11 short tons ($720). 
“Includes salt brine from Denmark through Cleveland customs district, 3 short tons ($2,247). — 
5Includes salt brine from Denmark through Cleveland customs district, 10 short tons ($10,829); from Japan through 

Chicago customs district, 11 short tons ($730). . 

| Table 12.—U.S. imports for consumption of salt, by class 

(Thousand short tons and thousand dollars) 

| . a In bags, sacks, barrels Bulk 
othe ckages : 

Year me . oF (dutinbio (dutiable) 

. | 7 | Quantity Value Quantity Value | 

1974 ____ 28 746 13,330 113,682 
— 19T§ —- eee 10 580 23,205 214,692 

1976 _-________------~--~--~---------- 19 691 34,333 322,774 

Includes salt brine from West Germany through Baltimore customs district, 8,800 short tons ($4,926). 
Includes salt brine from Canada through San Francisco customs district, 12 short tons ($449); from Denmark through 

gene customs district, 3 short tons ($2,247); from the Netherlands through Baltimore customs district, 11 short tons 

SIncludes salt brine from Denmark through Cleveland customs district, 10 short tons ($10,829); from Japan through 
Chicago customs district , 11 short tons ($730). . 

Table 13.—U.S. imports for consumption of salt, by customs district 
(Thousand short tons and thousand dollars) 

oi 1975 1976 
Customs district _———— 

Quantity Value Quantity Value 

Baltimore, Md__________-_____-_ ~~~_____ Le 197 886 240 1,087 
Boston, Mass ____________________~_~________ ee 204 914 261 1,101 
Buffalo, N.Y -_______________~_____~-~_~_~______- 64 316 51 281 
Chicago, Ill. $$ _________~_-_--~_~____~ ~~~ 32 118 155 905 
Cleveland, Ohio________.--____--~_______________ 65 321 64 374 
Detroit, Mich ____.. ... -- -__________~~-__--_~_____ 312 1,736 861 4,964 
Duluth, Minn ______~_______-_~~_~~--~-~~ ~~~ 120 621 162 1,106 
Houston, Tex __________--~---~-~_--~~_-~--------~__- (4) 104 (4) 126 
Los Angeles, Calif ___._________~___.______~_______ 173 757 145 696 
Milwaukee, Wis_____.____--_~-~~_~~_~___~___ Le 234 1,205 340 2,073 
New Orleans, La _________.---~~-~~~___~__ ~~ Lee 10 84 9 70 
New York City __________-------~-~_______________ 234 1,202 182 1,055 
Norfolk, Va _____-__->___ ~~ ~~ ~~ LL __ __ 25 124 
Ogdensburg, N.Y ________----------~--_______-__-- 24 120 14 81 
Philadelphia, Pa ___________---~-~-~--_~____________ () 3 (2) 2 
Portland, Me ____________-~-~----~_~__~______ 193 906 287 1,431 
Portland, Oreg __________-------~-~~____________- 432 1,957 411 2,216 
Providence, R.I ~.-_-_________~__ ~~~ LLL 23 116 49 197 
St. Albans, Vt__- ~~ _-_ Le 2 108 3 113 

See footnotes at end of table.
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Table 13.—U.S. imports for consumption of salt, by customs district —Continued 
. (Thousand short tons and thousand dollars) 

) 1975 ) 
Customs district a ae 

Quantity Value Quantity Value 

San Juan, P.R__-~__ Le 185 746 315 1,261 
Savannah, Ga_____§ ~~~ 209 866 260 1,093 
Seattle, Wash ________ ~__ LL 428 1,847 498 3,000 
Tampa,Fla __________________________-_-_- e 33 133 __ —_ 
Wilmington, N.C _______~__~__ ee 41 203 20 117 
Other ee () 3 (4) 3 

Total _-______________ ue 3,215 15,272 4,352 23,476 . 

1Less than 1/2 unit. | 

| | Table 14.—U.S. imports for consumption _ 
of salt, by use as reported | | 

by salt producers : 

(Thousand short tons) | 

: Use 1975 1976 | | 

Government (highway us) ______ 1,160. _—‘1,268 
Chemical industry ~__________ 710. 962 
Water-conditioning service _ 

companies _..__._.._._..____. °° ~= 319 140 
| | Other ___________________ 277 659 7 | 

; Total!’ ~__-___-_ 2,466 3,024 

’ 1 Disagreement with totals in tables 1, 11, 12, and 13 is . 
because of incomplete data on the uses of imported salt. 

WORLD REVIEW - 

World salt production in 1976 was esti- 

mated at 183 million tons. Distribution of eo Percent 
. . : United States ____________ Lee 24 the production by continent follows: People’s Repubiic of China” 2222222277 3 

United i iagdom”=>>22222TITII TT 5 , nl Om —~ ~~ eee 

or Germany, est -.____---_-_----- 4 
on Trance ~~ ~~ ~~~ ee eee 

tons Percent Poland ~~. ~~~. ~~ 3 
SC éAustralia ee 3 

Europe _______________ 66.9 37 Canada --~__--_--~~-_-~-~~--~--- 3 
North America __________ 57.6 31 Mexico __-__-------~-----~---- 3 
Asia_________________ 44.8 25 India -__~---------~~---~------ 3 
Oceania ______________ 5.9 3 Romania _-________--_--------- 3 
South America __________ 5.9 3 o_O 
Africa, _____- 2.2 1 | 

ae Algeria.—A contract was awarded to 
oo. . . osel of Mi hnical an 

The 12 principal salt-producing nations, Teen . ilan, Italy, for a tec d 
. economic feasibility study of a 500,000-ton- which together accounted for 81% of the per-year solar salt operation.*° 

world’s salt, are as follows: . 

10Kuropean Chemical News. Tecnosel Wins Algerian 
Solar Salt Study. V. 29, No. 761, Nov. 12, 1976, p. 48.
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Australia.—In March, following Japanese _ salt operation with a production capacity of 
acceptance of a 40% increase in the price of 550,000 tons per year was completed near 
Mexican salt, the Australian Government Bandar Shahpur. About 80% of the salt was 
raised the minimum price for salt exports to slated for use in chlorine-caustic soda plants 

Japan by 33%. An interim increase of 24% of a planned petrochemical complex. The 
had been agreed upon at the beginning of vn nant? salt was designated for sale with- 

1 , a ° -. 

ne da.—Soq | th n-owned Qu Italy.—Montedison and the Sicilian Min- 
anave.— solo. 1 crown-own © ing Board, which runs all the rock salt 

bec mining exploration company, an- mines in Sicily through a subsidiary, have 
nounced plans to produce 1 million tons of ctablished Soc. Salitaliana to coordinate 
salt per year by 1980 from deposits on the mining from all sources and improve the 
Magdalen Islands in the Gulf of St. Law- efficiency of domestic and foreign rock salt 
rence. In addition to mine development marketing. Montedison has a 990,000-ton- 
work, construction of a $20 million port for per-year salt operation at Ciro Marina." 

| - shipping the salt to the mainland was ‘Libya.—A West German group headed by 

scheduled. Initially, total salt production Salzgitter Industriebau announced plans to 
has been designated for deicing the roads of construct a $540 million petrochemical com- 
Quebec.” | plex for the Libyan Government at Abu 

International Minerals & Chemical Corp. Rammas'. The EO aL unit, scheduled ° 

(Canada) Ltd. signed an agreement with the * oo twine I chloride plan t 9 myan sa 

Government of New Brunswick to explore Mexico. Th e  Mexic an Government 

and develop a potash and salt prospect ina announced its intention to increase its 25% 
77-square-mile area near Salt Springs. The share to a majority holding in Exportadora 
initial exploration work could lead to de- de Sal, the salt-mining complex 75% owned 

velopment of a mine and plant by 1982, in by Mitsubishi of Japan. The Government’s 
which case the agreement would commit effort to obtain more control over its raw 
the company to produce and market a min- material resources followed a long-running 
imum tonnage within a specified time and dispute with Japan over salt prices, which 
to pay provincial royalties on the products.** culminated in the temporary suspension of 

Germany, West.—Salzgewinnungsgesell- Mitsubishi's salt-mining activities in 1975. 

schaft of Westfalen began drilling for brine Most of the production of the ala Califor, 
in the Gronau area near the German-Dutch the United S ta tes. ween ene tior of ‘the | 
border. Plans call for the drilling of 15 new “Oy DES 7 vanione , 

, . . salt operation, coupled with a projected 
holes by 1978. The brine will be pumped. . J A008. ve P increase in production to 7.7 million tons 
through a pipeline to electrolysis plants at per year, was intended to place more em- 

Rheinberg and Marl." | phasis on domestic consumption.” 
Greece.—Bertzeletos & Bros. and the _ 

Dutch firm Akzo Zout Chemie Nederland pons chemical Age. Australia Fixes Salt Price. V. 112, No. 
‘A. ’ Tr. dy » p. 5. 

BV have formed a joint venture called “Engineering and Mining Journal. In Canada. Quebec. 
Greek Salt for the purification, drying, and Vit, 0.9 September 1976, p. on ‘se. No. 111 
packaging of solar salt. The new facility, pesnbei96ép 10 otash Show Promise. No. 111, 

i i 13Chemical Marketing Reporter. Potash Pact Is Signed 
near Soussaki on the Gulf of Corinth, was by IMC and Canadians. V. 209, No. 4, Jan. 26, 1976, pa 

, scheduled to go onstream in October 1976 14Industrial Minerals. Company News and Mineral 
with a production of 24,000 tons per year's Notes. No. 109, October 1976, 6. ve No. 111, December 

Hellenic Industrial and Mining Invest- 1976, p. 13. — oe 
ment Co. was investigating the possible Chemical Engineering. CPT News Briefs. V. 83, No. 19, 
expansion and modernization of the solar Page 58 of work cited in footnote 15. 
salt works at Messolonghi in western Noe usteial Feb 196 ee, News and Mineral 
Greece. An increase in capacity from the Chemical Age. Massive Salt Farm in Iran Will Supply 

present 110,000 tons to 550,000 tons would aa ent ee eee BoB 
cover the requirements of a proposed No omic, Week. Libya Slates New Complex. V. 119, 
chlorine-caustic soda plant near Kavala, 4 industrial Minerals. Salt Nationalized. No. 107, 

anda soda ash facility at Messolonghi.’° — ‘Chemical Age. Mexico to Take Control of Mitsubishi Salt 
Iran.—The construction of a $10 million Mine. V. 112, No. 2969, June 11, 1976, p. 11.
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Table 15.—Salt: World production, by country 

(Thousand short tons) 

_ Country’ 1974 1975 1976" 

. North America: 
Bahamas ___-___.~___~_ 1,132 1,359 1,644 
Canada ___-_-__ ~~ Le 6,004 5,683 5,750 
Costa Rica _-.~ _-_ ~~ _-__ LLLLe 15 17 22 

Dominican Republic®e ~__.__________________________ 44 44 44 
El Salvador ___~_______ 2 LLL 29 25 e905 
Guatemala _____§ $22 LLL 10 10 e19 
Honduras ____________ €35 34 e394 -- 
Martinique® _________________ ee 180 180 180 
Mexico ____.____________~~-----~------ ee 6,071 5,902 5,061 
Netherlands Antilles® _-_________________________u__ 530 530 530 
Nicaragua _______.~__~ ~~~ 11 13 16 
Panama ____________ Le 25 13 14 
United States, including Puerto Rico: 
Rock salt. ~. $$ _-__ Le 14,835 14,283 15,668 
Other salt: 

United States __________ Le 31,701 26,747 28,523 
Puerto Rico. ________________L i ieee 29 €07 eo7 

South America: 
Argentina ______..--_____-~-------------------- 1,054 1,268 “1,323 
Brazil ___.________--~--~-~--~-~-~-+~-~--~----~-------~-~- 1,711 2,365 ©2425 
Chile _____________--~~-~~~-~-~-+ ~~ 264 330 472 
Colombia: 
Rock salt_____------------------~------------- 203 204 €907 
Other salt _____________-____---~ ~~~ __ ee 761 817 °778 

Peru® _______________ Le 327 890 835 
Venezuela _______~___~~-~_~~__~_ Le 246 320 °331 

Europe: . 
- Albania® ___§_-§_-§__-§_-§_-_ 5 LL 55 55 55 
Austria: 
Rock salt_ 9-9. ~~ Le (?) 1 1 
Other salt __________------~______------~_~-~--- ™598 509 634 

Bulgaria ___________----------~_-_ -----~-------- 143 98 “110 | 
Czechoslovakia _________.~____-_______ Lee T251 ©250 ©250 : 
Denmark _____________~_~__~__~_ LL 466 269 385 
France: . . 
Rock salt and brine salt ___._-. ___-_-_________ 5,723 4,862 5,495 
Marine salt _______-~____________ LLL 1,190 1,242 1,577 

Germany, East _______________-_____~-~-__-~__----__ 2,577 2,677 ©2,646 
Germany, West (marketable): 
Rock salt. =~ 5 p55 7,697 - §,929 7,363 
Marine salt and other ____§_____________ ~~ ee 4,782 4,340 899 

Greece _________ i Le 15 63 154 
Italy: 
Rock salt and brine salt __§__§_~_9 ~~ LL 4,416 3,518 3,759 
Marine salt _. > 5 5 5 LL 979 1,345 664 

Malta _______________________ reo reo () 
Netherlands _________________ ~~~ ee 3,734 2,965 3,336 
Poland: 
Rock salt. $5 2) 5 ee 1,549 1,744 1,821 
Other salt _.._-_-___________ ~~ ee eee 3,622 3,885 4,209 

Portugal: 
Rock salt. ~. eee T341 325 334 
Marine salt ____________-~-~~~_ ee 246 234 ©2438 

Romania ______________ Le 4,324 4,223 4,641 
Spain: 
Rock salt® ~-____§__________ Le 1,791 2,021 ©2,094 
Marine salt and other evaporated* _____________________ 697 1,431 1,433 

Switzerland ____________--___--~-~-~-_~--___~~-----+- T330 261 343 
USS.R®© ~~ Le 14,771 F15,102 15,432 
United Kingdom: 
Rock salt. ~_._._____---_____-~-~-~-_--_-------~----- 1,091 992 &992 
Other salt ____ _-___ Lee 8,191 7,579 7,716 

Yugoslavia: 
Rock salt. _________.~-~. ~~~ ee 103 86 °76 
Other salt __.__ ________ ~~ ee 249 239 ©2438 

See footnotes at end of table.
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Table 15.—Salt: World production, by country —Continued - 

(Thousand short tons) _ 

Country? ra - 1974 1975 - 4976? 

Algeria __________--~---+---------------------- 4154 138 165 
Angola® ____________---_---------------------- 110 110 110 
Dahomey __________.--__----------------------- T6 6 eg 

Egypt — — — — ~~ = a nnn 549 551 530 
Ethiopia: oO 
Rock salt $$ ________~_____u--__-_ ~~ +--+ 11 11 eq. 

Marine salt _____________.-__~___------_~-+---~---- 134 84 - @g4 

Ghana® ___________________~-------- +--+ ++ ---- = 57 57 BT 

Kenya ______--__--1--+----------------------- 33 6 16 

Libya _______-_-__---_-----~-------+------------- 11 11 *11 
Malagasy Republic ____________-----~--------------- r e99 29 30 

Mali® _-_________________ +--+ 6 6 . 6 

Mauritania®______________________-_-1---------- | 1 1 1 
Mauritius ___________------~-~----=+------------- on: 6 &6 

Morocco ____________----_____---~---+~-- +--+ -+---- 40 46 €46 

Mozambique _______._---___-_-------~------------- T34 35 €31 

Niger® _.________--__------------------------- 2 1 1 

Senegal ____________--------------------------- 165 146 156 

é Somali Republic® ____________.--------------+------ 2 2 2 
South Africa, Republic of _.________------------------ 243 291 247 

South-West Africa, Territory of: 
Marine salt ________________---------~--------=+- 230 Fr €931 ©231 

Sudan _________------~------------------------- 55 73 OTT 

Tanzania _______________.---_-------~------------ 38 49 24 

Togo__.____~--------------------------------- F2 3 (?) 

Tunisia _._______._______~-------~---~-------+---- 327 463 317 

Uganda® _______--___--------~------~------------ 3 3 3 

Asia: . 
Afghanistan? __________------------------------- 56 67 77 

Bangladesh _______-___---------~-~---------------- 187 827 615 

Burma ________---_-----------------~---------- 7136 139 140 
. China, People’s Republic of _____-_-_----------------- 28,000 33,000 33,069 

Cyprus _----- 4 4 4 

India ~-_________---------~-~-------------------- 5,812 3,672 4,938 

Indonesia____._________---~----_---+-----~---------- 17 57 ORT 

Iran’ _~_______________ eee + 440 440 772 

IragQ® ~._____--__----------------------------- "71 71 71 

Israel] _________________-_-~--_-~-~-+--~-+---+~------ 126 129 95 

Japan ____________------------------~---------- 1,229 1,177 1,125 

Jordan ___________~__~-_~__~_~-~_ ~~ ~~~ ~~ - --- - -- + Tog , 18 28 

Khmer Republic® ______.____--_------------------+---- 33 ™33 33 

Korea, North® ___________-------_----------------- 600 1) 600 
Korea, Republic of _. _.____-_-__--------------------- 633 733 762 

Kuwait __________________~ ~~~ 14 20 20 

Laos__ ~~ ee + 11 req °11 

Lebanon®__________________-_-_.------~---------- 39 39 39 

Mongolia® ____________------------------------- 12 12 12 
Pakistan: 7 
Rock salt... ___-_---_--_---------------------- 419 446 460 

Other salt _. .___________-_----_---~--~---------- 148 140 156 

Philippines __________-------------------------- 236 78 225 

Ryukyu Islands® __________-_--------------------- 7 rq 7 

SriLanka _____________~_---__----~-~-~------------ 133 131 155 

Syrian Arab Republic ______------------------------ 44 36 60 

Taiwan _____________-_--~----------+-~-~------+----- 406 296 548 

Thailand® ____________-___-------------+-------- 180 180 180 

Turkey ____.-____------------------------------ 1,007 816 87 

Vietnam® ______________--------------~--+--+----- 385 385 385 

Yemen, People’s Democratic Republic of __.._.____-------- 83 83 83 

Oceania: 
Australiae __ ___________--__-----------~--------- 5,162 5,574 5,897 

New Zealand ________--_--~-_----~----------------- 60 44 47 

Total ________-_---------------------------- 183,236 178,432 183,252 
NINO ca 

€Estimate. Preliminary. "Revised. 
awalt is produced in many other countries, but quantities are relatively insignificant or reliable production data is not 

available. 
2Less than 1/2 unit. 
3Series revised to include byproduct output from potash works, not previously included. 

4Includes an average annual production in the Canary Islands of about 13,000 short tons of marine salt. 

5Year beginning March 21 of that stated. 
6Quantity shown is for 12 months ending June 30th of the year stated.
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Saudi Arabia.—After a review of the Yemen Arab Republic.—The U.S.S.R. 
country’s second 5-year industrial develop- agreed to purchase Yemeni rock salt, part 
ment plan, the Saudi Arabian Government of which will be considered repayment of 
canceled Japanese contracts for two sea- Soviet loans. With aid from Kuwait, the 
water desalination plants at Jidda and Al _ capacity of the As-Salif saltworks has been 
Jubayl.#* expanded to 500,000 tons per year.” 

| TECHNOLOGY | 

Researchers at the University of Dela- and techniques for desalting seawater.?’ | 
ware College of Marine Studies have heen aw scale preventive chemical additives 
studying plan at thrive in saline so1 that have undergone successful testing in 

determine which are edible, their nutrition- high-temperature multistage flash distilla- 
al value, and the extent of irene they tion units were presented at the 5th Inter- oo 

require. Many experts have noted that salt national Symposium on Fresh Water from 
marsh production exceeds that of cultivated the Sea. The established method of avoiding 
land, and coastal waters and marshes donot calcium carbonate and magnesium hydrox- 

require the fertilization and energy that ide scale on heat transfer surfaces of sea- 
must go into cultivating most land.** Scien- water distillation plants has been by acid 
tists at the University of California, Davis, dosing with sulfuric acid. However, this , 

have beet cneee ate an tiort fo ine measure. can ise cause corrosion damage. 
; o avoid acid, man ants have n de- 

tolerate salty environments. They have signed for low-temperature, chemical- 
a aos to create, (rough re oon and additive-dosed operation. However, the low- 

| reeding, crop plants Una’ can wn in er operating temperature results in re- | 
sou irrigatet wen brackish or salt weer duced output compared with an acid-dosed 
taken directly from the ocean or other pjant. The new additives, therefore, com- 
sources. The use of water from saline bine the dual benefits of high-temperature, 
fend int core on agr iculturally useless scale-free operation without acid.?* 
a I opr the ‘te t con ‘al The Agricultural Research Service of the 

n /apan te : d ‘alination 1 lant was U.S. Department of Agriculture conducted 
commissioned b Oh te ‘Ensineerin "Devel. experiments in which hides were preserved 

tal . had be g1 d Mok b for as long as 28 days using acetic acid and 
opmental work na en undertaken ©Y sodium sulfite in place of salt. The re- | 
Envirogenics Co., a subsidiary of US. Aero- searchers estimated that if U.S. leather 
Jet General vorp. ee caned mates is below processors used acid-sulfite curing on all 
300 parts per million (ppm).2* hides stored less than 28 days, salt usage for 

Imperial Chemical Industries Australia Gomestic hide production could decline by = 
Ltd. started up the first full-size plant using 9 
a desalting process developed by them and ~5,. , 
Australia’s Commonwealth Scientific and no, tah Cont iste. News. Technology Briefs. V. 29, 
Industrial Research Organization. The pro- 22Industrial Minerals. Company News and Mineral 
cess features ion-exchange resins that NOMock Products Baltwater Crops Solution to Food 
adsorb salts at a relatively low temperature Shortages? V. 79 No. 12, December 1976, p. 19. 
of 20° to 30°C and that can be regenerated ‘Rush, D. W.. J. D. Norlyn, and E. Epstein Salt- 
by washing with 90°C water. This method pee i978 opera & Crops and Soils, v. 29, No. 15, 
avoids the cost and environmental concerns *5European Chemical News. In Brief. V. 29, No. 756, Oct. 
of acid or alkali regeneration. Although it ® feo Engineering. Sirotherm Desslting Plant 
does not handle seawater, the system can Starts Up in Australia vi 83, No. 1, Mar. 29, 1976, P67. 

accept brackish streams of upto 3.000 Pm fi ent un aicgs Ho V0, No 
‘ndustrial use.26 ier Chemica Engineering. Companies. V. 83, No. 19, Sept. 

The ey Department a Interior's _inBuropean Chemical News. Chemical Additives, Prove 

awarded an $85,000 contract to Gulf South AOR a at muon Cat 
Research Institute to develop new materials _Leather Process. V. 210, No. 18, Nov. 1, 1976, p. 4.
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By James R. Evans! 

In 1976, a total of 885 million tons of sand Environmental Factors.—Environmen- 

and gravel was reported sold or used in the tal and reclamation factors continued to be 
United States. The f.o.b. value was $1.774 of major concern to the sand and gravel 
nie Or these heehee bein sand industry throughout the United States. 

and gravel was muon tons, with a Guidelines for limitations on existing 
value of $1.604 billion, and industrial sand | . 
and gr. avel was 30 million tons, with a value 1Physical scientist, Division of Nonmetallic Minerals. 
of $170 million. | | | 

| Table 1.—Sand and gravel sold or used in the United States’ 
(Thousand short tons and thousand dollars) | 

1972 1973 1974 195. ~—~*~*«~«~aTS 

Sold or used: | | 
Construction: 

Processed: 
Sand: 
Quantity ~o-- ee 330,384 346,996 . 322,607 265,404 418,495 

a « alue oe 418,050 472,292 490,718 448,583 654,389 
ravel: _ . . -_ 

Guantity woe 461,925 510,031 404,411 353,652 436,747 
_ Value. 607,263 706,329 683,408 634,931 949,405 

vaproesoat id and gravel: . . . 
- Quantity _.-_-_______ 92,485 97,627 148,558 143,097 (*) 
Value _______-__---_-_ 63,002 70,684 ; 104,205 106,827 — 

Total construction:® pt 
Quantity _- ee 884,794 954,654 875,576 762,153 855,242 

. alue ______~___- 1,088,315 1,249,305 = 1,278,331 1,190,341 1,603,794 

Industrial: 
Sand: 

Quantity ~o---e e 29,530 28,974 28,024 26,723 29,669 
alue ~______________ 112,386 110,065 135,357 146,982 169,127 

Gravel: ° 
Quantity ~ eee _- _- 1,046 560 245 
alue__--_-_-------- Le a 3,342 2,996 _ 1,109 

Total Industrial:* 
Quantity - oe eee 29,530 28,974 29,070 27,283 29,914 

alue ~_______-__-~ 112,386 110,065 138,699 . 149,978 170,236 

Total:® . 
Quantity - ------- 914,324 983,629 904,646 _ 789,436 885,156 
alue ___________- 1,200,701 1,359,370 1,417,030 1,340,319 1,774,030 

Exports: 
Quantity _________------- 1,821 | 1,744 2,256 3,219 3,692 
Valuef __._____________ 7,178 8,597 11,664 15,047 19,516 

Imports: 
Quantity _______.-------- 761 800 394 374 353 
Value® ____________-_-__ 1,379 1,576 839 177 909 

a 

1Puerto Rico excluded from all sand and gravel statistics. 
2Processed and unprocessed are no longer separated. 
SData may not add to totals shown because of independent rounding. 
‘F a.s. (free alongside ship). 
5Customs import value. 
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sources of wastewater discharges from sand lions of tons of sand and gravel and has 
and gravel operations into navigable water made Alaska the second largest producer in 
of the United States were published by the ‘the United States from 1974 through 1976. 
Environmental Protection Agency (EPA)in Future similar projects in Alaska may re- 
the Federal Register of June 10, 1976. These suit in a continuing large demand for Alas- | 
limitations are to be achieved by industry 1.29. sand and gravel 
by July 1, 1977. Those who had existing A new Michigan State law signed April 1 
permits from EPA, or from a State agency 1976. will : . signed “pri 
whose program was approved by EPA, could ~°.” require mining companies to ob- 
continue under the conditions of that per- #1 permits to mine dune sand within 1.5 
mit until it expired. The 1977 limitations Miles of the lakeshore of Lake Michigan. In — 
are defined as those achievable through 2ddition, an advance mining plan must be 
_application of the Best Practicable Control filed and land must be reclaimed after 
Technology currently available (BPT). . _ mining is complete. There are 6 mining | 

Possible environmental effects of sand companies working in at least 10 areas that 
and gravel mining in arctic and subarctic will be affected by the new law. A royalty of | 
streams in Alaska were analyzed by Wood- 1 cent per ton must be paid by companies in 
ward-Clyde and Associates for the U.S. Fish order to finance the legislation. _ 

| and Wildlife Service. Thirty-one mining River Rock Products Co.’s asphalt plant 
sites were examined in order to determine area, Fresno, Calif., won the 1976 first place 
whether any relationship exists between Feological Award given by the National 
sand and gravel extraction, the geomorphic Asphalt P t Association. This cl , 
characteristics of stream channels, and wa- pnait Pavement & lation. 1Nis clean 
ter quality and biological characteristics of operation is on a 20-acre site that includes a 

the streams. The report, when completed in three-hole golf course, lawns, landscaped 
1978, will be of great interest because of the drives, groves of more than 300 trees, flower 

increasing importance of sand and gravel in borders, and a lake. Extensive ongoing 
Alaska. Construction of the Trans-Alaska maintenance is required to maintain the 

| pipeline has resulted in the use of mil- beauty of the site. | 

DOMESTIC PRODUCTION | 

The Pacific geographic region led the materials were extracted from 7,396 depos- 
Nation in construction sand and gravel _ its; industrial materials, from 127; and both 

tonnage with 207 million, 24% of the na- construction and industrial materials, from 

tional total (Figure 2, and tables 2 and 3). 76. Most of the tonnage came from deposits 
Next was the East North Central geograph- producing construction sand and gravel. 
ic region with 169 million tons, followed by More specifically, most of the tonnage came 
the West North Central geographic region from deposits with sales and use levels over 
with 101 million tons. In industrial sand 200,000 tons (Table 11). Of the 7,396 con- 
and gravel, the East North Central geo- struction sand deposits, only 1,023 were 
graphic region led the Nation with 12.5 over the 200,000-ton level, but they accoun- 
million tons; 42% of the national total, and _ ted for 62% of the total tonnage. 
three times the tonnage of the second-place There were 6,162 sand and gravel process- 
Middle Atlantic geographic region. ing plants reported in operation. Of these, 

On a State basis, California led the Na- 5,593 plants were associated with extraction 
tion in construction sand and gravel sold or areas on land, and 569 plants were associa- 
used, and in f.o.b. value (Table 4). Next, in ted with dredging operations. 

order, were Alaska, Texas, Michigan, and Most of the sand and gravel tonnages 

Ohio. Collectively, these five States made reported to the Bureau of Mines is that sold 

up about 35% of the national total tonnage. or used and not necessarily produced. Some 
The four leading States for industrial sand companies produced more than they sold on 
and gravel, in order, were Michigan, Illi- the market, or sold to themselves as a user. 

nois, New Jersey, and California. Their Other companies, because of stockpiles, sold 

combined tonnage made up about 50% of or used more than they produced. Over a 

the national total. period of a few years most companies’ pro- 

Sales and use of sand and gravel were duction would match their material sold or 

reported from 7,599 deposits. Construction used.
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Figure 1.—Sand and gravel, quantity sold or used and value in the United States. | 

CONSUMPTION AND USES | | 

The U.S. consumption of construction 7, which is based on data from table 6, | 

sand and gravel was equivalent to salesor shows a percentage breakdown by major 

use and was 855,242,000 tons, nearly 97% of use categories by geographic region. It aids 

all sand and gravel consumption. Of this in quickly determining the relative propor- — 
total, about 33% went into concrete aggre- tions of construction sand and gravel sold or 

gates for use in residential and nonresiden- used by major use category and geographic 

tial buildings, and engineered construction €810N. 7 a, 
such as highways, bridges, dams, water- Table 8 shows the major use categories 

works, and airports. About 9% went into for construction sand and gravel and ton- 
concrete products such as cement blocks, nages sold or used. The top 10 States in this 

bricks, and pipe; 15% into asphaltic con- cargeory are aS in onan vans 

crete aggregates and other bituminous mix- 74 208: 7, 4 BTL: Mi hican 12.0 7. 
tures, and 24% into roadbases and cover- 7400, 2OXAaS, B0,0fd; snichigan, “!? 
. . . . Ohio, 37,790; Illinois, 34,300; Minnesota, 
ings for construction and repair of highways UW: . ; 
and roads. Nearly 16% went into fills and 33,486; Wisconsin, 29,630; New York, 27,725, 

39; Jo to th ar'y *° fied (Table 5) and Indiana, 25,518. These States made up 
Tabl 6 h ve the } svat te a f 52% of the total national consumption. 

able 0 Shows the use pattern tor con- Consumption of industrial sand and gra- 
struction sand and gr avel by geographic yo) in the United States was 29,914,000 tons. 

| region in the United States. The data indi- Tye. top six States in this category are as 

cates great differences between use catego- follows, in thousand tons sold or used: 
ries and between certain geographic re- Michigan, 5,336; Illinois, 4,484; New Jersey, 
gions. For example, the Pacific geographic 2,819; California, 1,827; and Texas and Okla- 
region leads the Nation in total construc- homa tied with 1,277 each. These States 

tion sand and gravel, but the East North made up 57% of the total national consump- 
Central geographic region leads the Pacific tion. Table 10 shows the major use catego- 
in tons of concrete aggregates and concrete ries for industrial sand and gravel. The 

products sold or used. The Pacific geograph- three main uses (glassmaking, molding 

ic region, however, leads the Nation in tons sand, and metal manufacture) accounted for 

of roadbases and coverings and fill. Table 69% of the national total.
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PRICES 

For purposes of this chapter, price means and for the United States are given in table 
f.o.b. value of sand and gravel at the first 9. A significant difference in values between 
point of sale or self-use. This value does not States and geographic regions as well as 

_ reflect any needed transportation from the between major use categories is evident. 
plant, yard, or deposit to the consumer. It Concrete products and concrete aggregates 

does, however, reflect those transportation generally have the highest value per ton, at 
costs needed to bring sand and gravel to the $2.11 and $2.08 tively. Asphalti 
first point of sale or self-use by a company. " n " TESPeChivery: Phat - 

Based on this canvass, the national value concrete aggregates are close behind at 
per ton of construction sand was $1.56; $1.97; roadbases and coverings and fill fol- 
gravel, $2.17; and sand and gravel $1.88. low at $1.69 and $1.58, respectively. 

Industrial sand was $5.70; gravel, $4.39; and Values per ton for industrial sand and 

sand and gravel, $5.69. For all sand and gravel were significantly higher than con- : 
gravel the national value per ton was $2.00. struction sand and gravel values: unground 

Values per ton for major use categories sand for glass, $5.72; metallurgical sand, 

for construction sand and gravel by State $3.43; and foundry sand, $4.86 (table 10). | 

FOREIGN TRADE : 

Gravel, construction sand, and industrial trial sand were imported to the United 
sand were exported from the United States States in 1976. The pattern was nearly the | 

in 1976. As in 1975, nearly all of the mate- same as for 1975, with Canada and Austra- 
rials went to Canada, with most of the lia the main import countries. Total ton- 
remainder to Mexico and France. nage of imports of construction sand and 

ey oe LO 731 Cf oe short oP gravel was down about 11% from the 1975 
valued at $1,098, .a.s.), compared wi and; re : 

537,290 tons and $868,821 (fas) in 1975: ever and industrial sand was up about 997% 
91% went to Canada, 1% to Mexico, and the Construction sand and gravel imports 

remainder to 15 other countries. Con- tota1ed 292,112 tons valued at $424,764 (cus- 
struction sand exports were 558,733 tons toms import value) and $624,377 (cif. val 

valued at $1,336,721 (f.a.s.), compared with ‘mS \mport value en 00 EAGLE VBE 
510,859 tons and $1,111,410 (fas.) in 1975: Ue). Slightly less than 99% of these imports 
97% went to Canada, 2% to Mexico, andthe C#me¢ from Canada, 0.65% from West Ger- 

: remainder to 27 other countries. Industrial ™#@PY: and the remainder from other coun- 

sand exports were 2,533,475 tons valued at tries. - - 
$17,079,590 (£.a.s.), compared with’2,171,109 ‘Industrial sand imports totaled 60,670 
tons and $13,071,346 (f.as.) in 1975: 68% tons, valued at $483,522 (customs import 
went to Canada, 23% to France, 12% to value) and $1,042,531 (c.if. value). Almost 

Mexico, and the remainder to 62 other 97% of these imports came from Australia, 

countries. 2.3% from Canada, and the remainder from 

Construction sand and gravel and indus- six other countries. 

WORLD REVIEW | | 

Nearly all countries in the world use or The report was prepared because of the 

produce sand and gravel of some kind. crucial confrontation between the planning 

However, specific data for most countriesis units of government and those in the in- 

not available. The United States, Canada, dustry who supply aggregates for con- 

the U.S.S.R., People’s Republic of China, struction. It was reported that in the south- 

Mexico, Australia, France, West Germany, east of England, where there is great con- 

and the United Kingdom each consume cern for the environment, the sand and 

more than 100 million tons annually. Proba- gravel industry has only about 15 years of 

bly the United States is the leading produ- —-——___— 

cer and consumer. 2Advisory Committee on Aggregates, Aggregates: The 

An important report on aggregates in the Mu, Aeat, Prarent yin, aie" el a 
United Kingdom was published in 1976.7 1976, p. 118.
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life. Six important aspects of the problem ania, the Middle and Far East, and Africa.‘ 
with which the report dealt are as follows: In Europe, the main deposits of silica 
(1) Extension of rail facilities for transpor- sand are the Mol District of Belgium and 
tation of aggregates, (2) the possibility of the Fontainebleau region of France. West 
restoring high-quality land, (3) reduction of Germany and the Netherlands are also 

| constraints on marine dredging for sand important silica-sand-producing countries. © 
and gravel, (4) more use of lightweight All of these countries export silica sand, 

| aee eS ang and other waste mate which goes almost entirely to nee nenine : 
rials, e possibility of mining under- European countries. Lump silica for silicon 
ground for aggregates, and (6) the creation and ferrosilicon production largely comes 
of super quarries in granite rocks in the from Italy, Yugoslavia, Spain, and Portugal. | 
northern part of the United Kingdom for These countries provide almost all of the 
production of aggregates to be shipped by needs of other European countries with the 
sea to the southeast of England. exception of France. | | 

A two-part perspective article on silica In North America, there is extensive 
| and silica sands was published in 1976. cross trading between the United States 

Production, consumption, and trade of silica _ and Canada of both silica sand and lump 
| in the United Kingdom, Europe, and Scan-_ silica. Australia is self-sufficient in silica 

dinavia were discussed in Part 1.2In Part 2, products and largely supplies the extensive 
the same subject matter was treated for South-East Asian market, particulary Ja- 
North and South America, Canada, Oce- pan. 

| a TECHNOLOGY : , 

-. During 1976 many reports were published plant will also be built onsite. Stringent 
concerning construction sand and gravel environmental controls are required, and 
and industrial sand and gravel extraction the use permit has 22 separate operating 
and processing, and the use of waste mate- conditions. Before construction begins, a 15- 

rial for aggregates. A brief description of  foot-high earth berm planted with trees will 
some of the more significant publications pe puilt to screen the sand and gravel 

olow. . | | operation. 
Construction Sand and Gravel.—A map —_—_ Columbia Sand and Gravel, a subsidiary 

showing the sand an¢ Oo, el and stone of Columbia Consolidated Corp., Tucson, 
| one areas 1n at ax unty »V ie anc  Ariz., opened a new sand and gravel pit.* A 

their relation to geologic rock units was newly built plant, rated at 400 tons per hour 
prepared by the U.S. Geological Survey.5 ar | 
Th ailability of truction materials °” the dry circuit and 350 tons per hour on 

¢ avallabry OF constru é the wet circuit, produces pea gravel, road- 
and the urgency for local and regional , 

' : . bases, concrete sand, mortar sand, and 
planning to insure adequate future needs is bl . . 

. ock sand. Another Arizona company, Ari- 
described in a short text on the map sheet. 

. eae . zona Sand and Rock, opened a new oper- 
Another similiar map published by the US. ti the Salt Bi (ary bed) 
Geological Survey contained information Mews .Th te <1 ‘dfs th “ and 
concerning sand and gravel and other min- “*°54-" +e Site 1s leased trom the Fima an 
erals in Prince Georges County, Md.* ne. 

Lone Star Industries, Inc., started con- su ndustrial Trade Part 1 May 1976, pp.3182 on 
struction on its new $12 million sand and Nh asPet Silica: World Production, Consumption and 
gravel facility at Rancho Cordova, Sacra- SProclich, A. J. Map Showine Mi ' 

mento County, Calif’ The deposit is in the alas Gxnty, Ya Avallahilyand Planning fr Fator ; j i i . US. . Surve n File ma , . 
Hood P lain e the ity in F . O. ks ‘Lone ®Hack, J. T. Map Showing Mineral Resources, Prince 
ormer nearby faculty in Pair Va > Georges County, Md. U.S. Geol. Survey map MF-768-A, 
Star mines rows of old gold dredge tailings. 1968. 
About 45 million tons or a 30-year supply is oars oe ee OT ad on Sand-Gravel Plant. 
avenane. The processing Plant will be able "Levine, S. Columbia Consolidated Readies New Sand 
to produce a complete spectrum of con- and Gravel Plant for ts concrete Operations. Pit an 

struction aggregates. A concrete ready-mix “Robertson, JL. Dry River Bed Yields Raw Material. 
plant and an asphaltic concrete hot-mix Rock Products, March 1976, pp. 95-97.
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Maricopa Indian Tribes. A new 500-ton-per- Division’s new Tulsa, Okla., plant is now 
hour plant supplies material to the adjacent operating with a second line. The two lines 
concrete ready-mix and hot-mix asphalt can produce about 1 million square feet of 
plants. Knox County Sand and Gravel Co., architectural and auto glass daily. Employ- 
Vincennes, Ind., built a 400-ton-per-hour ment is 720 and the workers come from a 

processing plant to replace its old smaller 100-mile radius.’¢ 
capacity plant.’° Ample reserves and an $$ Many foundries are now using reclaimed 
increasing demand indicated that the new sand because transportation and/or pur- 
plant was necessary. The new plant can chase prices of new sand have risen 
deliver two gravel gradations and four sand __ significantly.17 Cost saving can be signifi- 
gradations. Gifford-Hill and Co. put a new cant since reclaimed sand makes better | 
dredging system into operation that has molds and cores and because grain size is 
resulted in greater production and less more consistent, grains are rounder than 
pump maintenance costs.’! The deposit and for new sand, and many contaminants are 
plant are near Eagle Lake, Tex., along the removed. Consistent high-quality sand is 
banks of the Colorado River. The new sys- provided for by reclamation, resulting in 
tem involves the use of two dredges, oneas optimum binder use and production of a 
a digging dredge and the other a nearshore high-quality casting. | 
booster dredge to dig and transport mate- Waste Materials.—The Transportation 
rial to the dewatering plant at about 475 Research Board published the results of a 
tons per hour. This operation, which is the comprehensive survey of the technical and 
company’s largest, produces about 1.8 mil- economic potential for employing waste | _ 
lion tons of sand and gravel per year. Owl materials in aggregates used in highway 
Rock Co.’s Star operation near Anaheim, construction and maintenance.’* There | 
Calif., has been beset with raw-material- were two main objectives of the survey: (1) 
gathering problems.'? A new wheel loader- to inventory types, sources, and quantities | 
conveyor combination, however, has solved of solid wastes potentially suitable for pro- 
the problems. Coherent conglomerate of duction of aggregates, and (2) to assess 
tertiary age is blasted and moved down a_ prospects for the practical use of such 
steep slope by two track dozers and a_ aggregates in highways, particularly when : 
backhoe equipped with a chisel instead of a conventional aggregates are in short sup- 
bucket. Material has not moved properly _ ply. 
downslope to the loading hopper. Therefore, a new fusion process has been developed 
it was necessary to excavate a bench about in which municipal refuse is incinerated 
one-third of the way down slope from the into highway paving material.** The Refuse 
mining area. Three 100-foot portable con- Residue Fusion Process is a five-step oper- 
veyors were set up on the bench to haul ation that starts with screening, includes | 
material across the bench to a dropoff point firing at 1,800°F, and finally involves crush- 
where it is then transferred to the delivery ing and sizing to produce a product called 
conveyor to the crushing plant. A 10-cubic- eco-rock (ecologically sound, economical to 

_ yard wheel loader feeds the portable con- ———— 
veyor system by dumping into a hopper. Herod, B. C. Indiana Operation Rebuilt With Best of 

Resurfacing of the five-lane upper deck of Oe ms. Fit Tal Drelvee Provider High Pre 
the San Francisco-Oakland Bay Bridge was duction, Low Maintenance. Rock Products, V. 79, No.8, 

accomplished by using a special 3/4-inch- ‘pit and Quarry. Wheel Loader/Conveyor Combination 
‘thick layer of epoxy asphalt containing Solves Ovi Rock's Material Gathering Problems. V.68, No. 

aggregate composed of a very hard meta- “ispngineering News Record. Bridge Overlay Has Special 
morphosed sandstone.'’* The mixture pro- AntiSkid Aggregates. V. 19, No. 6, Oct 1976, P a 
vides a surface with increased skid-resist- oo) cae Acne ten ae emy of 
ance and durability that traffic wear does Absorbing Moonbrates, feascpor’ Res. Record 595, 1976, 
not polish. P. oe. . sigimrngntrvatrererblbey pei ul ata Me the Transportation arc ard. One  Supbases. portation hesee » Nat. Academy 
had eight papers dealing with asphalts, ofS 73 pp. - Nat. Cooperative Highway Res. Program Rept. 
aggregates, mixes, and _ stress-absorbing tho use 2 Daily World. Ford Glass Plant Running Around 

membranes." The other report deals with 17g mith, K J Foundry Sand Reclamation Techniques. 
procedures and criteria for setting density Foundry Management and Technol. Nov. 1976, pp. debe 
standards to control compaction during con- tia) Repizcernents for Highway Ageresates Transport: 
struction of granular base and subbase ation Research Board, Nat. Academy of Sciences. Nat. 

courses. CS ee ee ceo tv 
Industrial Sand and Gravel.—Ford Glass 68, No. 12,1976. pp. 100101 ‘V.
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produce). Twenty-seven tons (before crush- for replacement pavements in an experi- 
ing) of eco-rock was produced in a pilot mental program.” About 15,000 tons of 
plant in 1976. The product is reported to rubble was processed to produce 5,500 tons 
have excellent skid resistance. It will be of coarse crushed material that met speci- 
tested for this and other properties in a fications for paving about 2 miles of ap- 
wearing coarse at a site yet to be deter- proaches to two replacement bridges on 

| mined by the U.S. Department of Trans- U.S. 75 south of Rock Rapids. Problems 
portation. _ experienced were the peeling off of the 

The San Diego Division of California’s asphalt overlay to eliminate bituminous 
Department of Transportation is substitu- material from rubble, control of fines in 
ting freeway sweepings for sand used in rubble, traffic control, setting up detours 
maintenance work and saving $2.50 per around the work areas, and scheduling for 

cubic yard in the process.2” By 1975 500 an independent contractor to haul off the 
cubic yards had been processed and plans broken pavement. 
are to increase output to 3,000 cubic yards §——____— | 

per year in the greater San Diego area. hed eet noting News, Record. Freeway puceping Recy- 
c nto Pay . Vv. , No. 11, Mare , p. 12. 

In northwestern Iowa rubble from old 21Highway and Heavy Construction. Concrete Pavement 
concrete pavement was used as aggregate Recycled. V. 119, No. 9, Sept. 1976, pp. 30-31. 

Table 2.—Sand and gravel sold or used in the United States in 1976, by geographic region 

OS (Thousand short tons and thousand dollars) 

ree a 
 ——— 

oo, Construction ' Industrial Total? 
Geographic Region LLL ee 

Quantity Value Quantity Value Quantity Value 
ee Le 

New England oo ee 44,199 74,946 147 963 44,346 75,909 
Middle Atlantic__________._-_-------- 55,301 . 123,489 4,038 27,693 59,339 . 151,182 
East North Central_________-_------ 169,305 271,291 ~—:12,521 58,569 181,826 329,859 

| West North Central ________-------- 100,621 144,560 1,757 10,904 102,378 += 155,468 
South Atlantic ___________-------- 61,440 118,218 3,841 22,942 65,281 141,160 
East South Central. ________-------- 42,979 75,204 1,342 6,583 44,321 81,787 
West South Central _.________------ 92,225 181,425 3,419 23,741 95,647 205,169 
Mountain ______-_-___----------- 82,465 149,338 814 6,029 83,275 155,367 

Pacific ___—___—__-------------____206,710___ 465,825 2,082 12,811 208,742 478,186 
Totall_________.»__----------- 855,242 1,603,794 29,914 170,286 885,156 1,774,030 

eerie 
| 1Data may not add to totals shown because of independent rounding.
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Table 3.—Percent of sand and gravel sold or used in the United States in 1976, by | 
geographic region . 

: . / Co . e 

Geographic Region _—__SAnstruction __ ____Industrial 
Quantity Value Quantity Value 

New England aoe eee ee 5 5 1 1 
Middle Atlantic... 6. 8 13 16 
East North Central. ____§_§__§__ ee 20 17 42 / 34 . 
West North Central ___________ 2 eee 12 — 9 6 6 
South Atlantic ~~~ ~~ Le 7 ! q 13 13 
East South Central ______.______.~-___~--_--_--___-_- 5 5 4 4 
West South Central ___________ === lla 11 11 11 14 
Mountain __-~__-_---~-~~----------------------- 10 9 3 4 
Pacific _.._-_________.---~------~-~-~--~ ~~~ +--+ 24 29 7 8 

Total _____..-_- ee 100 100 100 100 

Table 4.—Sand and gravel sold or used, in the United States in 1976, by State 
(Thousand short tons and thousand dollars) 

State Construction Industrial Total? 

Quantity Value Quantity Value 

Alabama _____.—--__.----------- 11,624 19,683 399 1,250 12,023 20,933 
Alaska... ~~ 5 5 ~~ 74,208 204,738 _— _— 74,208 204,738 
Arizona__ ~~. —----~.------~--~-- 18,131 40,184 WwW WwW WwW Ww 
Arkansas_ — .__.____./----------~-- 14,736 25,848 Ww WwW WwW WwW 
California _.______.-___----~~-~- $4,765 190,918 1,827 11,354 96,592 202,272 
Colorado ._______--------~----~-~~~- 20,160 32,900 Ww WwW WwW WwW 
Connecticut __.—_____.~-----~-----~~- 6,414 12,978 -- -- 6,414 12,978 

, Delaware_________.~~---~~~----~- - 1,117 1,829 = —_ 4,117 1,829 
Florida ___.-___-_-~-___~-~---_~~- 12,914 17,750 290 1,414 13,204 19,164 
Georgia_____.____.-----_---~---~-- 4,520 6,484 315 1,903 4,835 8,387 
Hawaii ____—~ ~§_-___.~_-____-~------ 573 1,634 -- _- 573 1,634 
Idaho ____ ~_-_-___~____~-~-~------ 6,549 11,504 WwW WwW WwW WwW 
Illinois _. -.§ -. / --_-_ ~~ 34,300 61,759 4,484 25,393 33,784 87,152 
Indiana____~§_-___—~-~i-_-----~--~~- 25,518 44,348 366 1,173 25,884 45,521 
Towa____~___-~-~-~-~---+--.----~+-+ 15,206 26,277 WwW WwW WwW WwW 
Kansas ____§_____~----.~----~--~~- ~ 12,291 14,940 WwW WwW WwW WwW 
Kentucky ~_____~_--_-_----~~----- 9,111 14,989 43 282 9,154 15,271 
Louisiana _~_~_~ ~~~ —~_____~_~----~-~--~- 22,161 49,109 367 2,184 22,528 51,293 
Maine. ~_____~.--__-___-~-----~~--- 10,312 13,950 WwW WwW WwW WwW 
Maryland ____~-_-___-_-~-----~-~-~-- 12,942 31,914 —_ _— 12,942 31,914 
Massachusetts___________~___ 16,000 29,046 84 620 16,084 29,666 
Michigan________---~---------~~- 42,067 58,257 5,336 20,198 47,403 78,455 
Minnesota _____._____.---------~- 33,486 44,503 Ww WwW WwW WwW 
Mississippi. _____.____._-_-_-~------ 12,033 20,394 WwW WwW Ww Ww 
Missouri ____~.~___~.____~------- 14,474 20,954 901 5,596 15,375 26,550 
Montana________-_---_-----_-__- 4,786 7,336 __ __ 4786 —*',336 
Nebraska_ _.—__.__-------------- 14,230 21,483 Ww WwW Ww Ww 

Nevada______.__--~--_---------- 9,116 16,519 555 3,587 9,671 20,106 
New Hampshire —____---~--~.------ 6,180 10,409 Ww Ww WwW Ww 
New Jersey ___—-_----~---------- 9,601 20,309 2,819 19,130 12,420 39,439 
New Mexico ________-_----------- 7,702 16,671 -- _- 7,702 16,671 
New York ________---~-~----~----- 27,725 55,326 156 806 27,881 56,132 
North Carolina ___~__.—-__-_-----~--+-+ 8,309 14,344 740 3,943 9,049 18,287 
North Dakota _________--------~-+- 5,171 8,345 -- -- 5,171 8,345 
Ohio. _______.~--~--~----~-+-----+ 37,790 71,176 1,086 5,554 38,876 76,730 
Oklahoma ______-__.------------ 8,760 11,975 1,277 7,075 10,037 19,050 
Oregon ___..______--~----------- 17,554 33,473 Ww Ww WwW WwW 
Pennsylvania _________---~---~----- 17,975 47,854 1,063 7,157 19,038 55,611 
Rhode Island _____.~--_-~----------- 2,914 4,805 Ww Ww Ww Ww 
South Carolina _______-------+----- 7,110 11,802 TT7 5,352 7,887 17,154 
South Dakota ________------------ 5,763 8,057 _- _- 5,763 8,057 
Tennessee __________~----------- 10,211 20,188 885 4,991 11,096 25,129 
Texas _________~___---.~--------- 46,571 94,496 1,277 8,721 47,848 103,217 
Utah _________-~---~-~ +--+ ++ +--+ 10,547 13,442 WwW WwW WwW WwW 
Vermont _________..—-----~------ 2,379 3,758 Ww WwW Ww Ww 

Virginia _______--_------_------ 10,191 23,089 WwW Ww Ww Ww 
Washington ________------------- 19,610 34,562 203 1,455 19,813 36,017 
West Virginia _____.-_------------ 4,337 11,006 Ww WwW WwW Ww 
Wisconsin _________-_--~--------~~- 29,630 35,750 1,249 6,251 30,879 42,001 
Wyoming___..__---------------- 5,470 10,782 _- _- 5,470 10,782 

Total! ~.._.________--------- 855,242 1,603,794 29,914 170,236 885,156 1,774,030 
i nnn UE EEEE EERIE EIEEEEE EIEEIEEEEE eee 

W Withheld to avoid disclosing individual company confidential data; included in “Total.” 
1Data may not add to totals shown because of independent rounding.
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Table 5.—Construction sand and gravel sold or used in the United States, by use | 

| _ (Thousand short tons and thousand dollars) . - 

| 19 6 
. Quantity Value -Quantity . Value 7 

Concrete aggregate (residential, | | ee oe . 
- nonresidential, highways,bridges, oo, . , 

dams, waterworks, airports, etc.) ____..______------ 271,953 562,118 _ 279,088 579,781 
Concrete products (cement blocks, . . a a os 

bricks, pipe, etc.) _.._______.-____----~-------+- 61,295 125,711 | 78,059 164,540. 
Asphaltic concrete aggregateand — . . . 

other bituminous mixtures ____________--~--~----~- 115,494 | 222,887 127,576 _ 251,210 
Roadbase and coverings _________--_-~-_------~-~- 187,474 232,542 © 208,563 . 352,970 - 
Fill ~-.-._--__---__~-~--~-~-1-----~-=-------- . 104,781. ~ 91,122 136,854 _ 216,463 : 
Other uses __ -§_- _- _-_ _______ 21,154 31,989 25,102 . 38,831 

. Total! _--______-____-___-______-___-__ = s'762,158 «1,190,341 855,242 =—:1,608,794 

1Data may not add to totals shown because of independent rounding. | : - . =
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Table 9.—Value per ton for construction sand and gravel sold or used in the United 
States in 1976, by State and by use 

esate 
Concrete 

(residential, Concrete asphaltic ) 
nonresidential, vcem ent concrete Roadbase Overall 

State highways, blocks and other and Fill Other uses average 
bridges, bricks bituminous coverings for all uses 
dams, . mixtures 

waterworks, pipe, etc.) ‘ 
airports, etc.) 

Alabama — _ ~~~ -—- $1.94  —-_ $1.82 $2.35 $1.02 $1.37 $1.31 $1.69 
Alaska ..--~---- 4.60 4.39 4.99 2.78 2.70 2.30 2.76 

Arizona _ . — .—--- 2.72 3.08 2.21 1.84 1.64 1.22 2.22 . 
Arkansas — — . ———~ 2.18 2.19 2.30 1.08 1.26 8.25 1.75 
California ....—- 2.08 2.10 2.19 1.82 1.85 2.58 2.01 
Colorado ....--- 2.09 2.76 (1.58 1.29 1.89 1.60 1.68 
Connecticut — ~~ 2.76 2.20 2.30 1.80 1.29 2.21 2.02 
Delaware — ——.-—- 3.27 2.80 2.89 1.21 1.19 80 1.69 

Florida __....-- 1.48 1.46 2.01 1.47 89 1.30 1.37 

Georgia __....—- 1.44 2.27 2.80 1.03 18 1.56 1.48 

Hawaii _-.-----~- 3.25 5.74 5.94 2.69 1.84 2.08 2.86 

Idaho __-...--- 2.43 2.31 1.82 1.41 1.20 1.82 1.76 

Illinois _.....-- 1.91 1.88 1.74 1.85 1.48 1.58 1.80 
Indiana... .——-~: 1.87 1.77 1.89 1.62 1.28 1.40 1.74 

Iowa..__..---- 2.14 2.08 1.85 1.10 1.27 1.44 1.78 

Kansas __...-—- 1.87 1.26 1.35 .99 1.14 .99 1.22 
Kentucky —.-.—- 1.58 1.45 1.90 1.45 1.39 1.83 1.64 

Louisiana ~~~ 2.48 2.55 2.57 1.97 1.25 1.21 2.22 

Maine. ——~..--~~ 1.31 3.48 1.98 12 1.20 1.06 1,85 

Maryland ~.---~- 2.74 2.68 2.51 2.16 1.72 2.27 2.47 

Massachusetts _ — — — 2.30 2.21 2.05 1.48 1.21 2.05 - 1.82 

Michigan — — — — ~~~ 1.74 1.57 1.60 1.07 14 1.09 1.88 
Minnesota ~~ -~- 1.87 1.86 1.24 1.09 82 .94 1.88 

_ Mississippi..---- 1.92 2.35 1.88 1.88 1.14 47 1.69 
Missouri —.—.——- 1.70 1.72 1.79 1.52 .96 1.74 1.45 
Montana - ~~~ -- 2.46 2.54 2.00 1.18 93 1.42 1.58 

Nebraska. . ~~~ 1.64 1.64 1.65 146. = 1.10 .92 161 
Nevada ..-.-~-- 2.06 1.64 2.22 1.47 1.11 3.46 1.81 

New Hampshire -- 2.31 2.02 1.98 1.11 1.20 1.47 1.68 

New Jersey —.- ~~ 2.46 2.11 2.10 1.59 1.04 3.47 2.12 

- New Mexico __ ~~~ 2.39 3.62 2.56 1.65 1.57 .90 2.16 
New York ___-_-- ~ 2.69 2.38 2.50 1.48 1.21 1.15 2.00 
North Carolina ~~~ 2.07 1,84 1.81 1.49 90 98 1.78 
North Dakota ~~ ~~ 2.70 2.98 1.55 1.18 1,01 88 1.61 
Ohio. ....-.---- 2.02 2.05 1.99 1.80 1.85 1.17 1.88 
Oklahoma ~~ ~~ ~~ 1.61 1.87 2.10 1.08 83 63 1.37 

Oregon .._---~- 2.01 2.27 2.07 1.94 1.51 1.80 1.91 

Pennsylvania -— . —- 2.69 2.78 3.15 2.09 2.42 1.48 2.66 
Rhode Island ~~ ~~ 1.97 1.68 2.20 1.28 1.22 2.17 1.65 

South Carolina ——— 2.08 2.27 2.08 92 15 88 1.66 
South Dakota ~~ _- 1.90 2.12 1.84 1.18 .69 1.51 1.40 

Tennessee ._._~-— 2.06 2.43 2.01 1.70 1.30 — 2.51 1.97 

Texas _._.---- 2.22 2.80 2.28 1.89 1.18 2.40 2.08 

Utah _.------ 1.56 1.79 1.50 1.10 15 1.38 1.27 

Vermont ...----~ 1.89 2.08 2.20 1.05 87 1.28 1.58 

Virginia .._.--- 2.55 2.66 2.08 2.80 1.17 1.77 2.27 

Washington __--- 2.14 2.08 2.19 1.44 1.19 2.04 1.76 

West Virginia _ ~~~ 2.26 8.14 2.09 52 2.14 6.04 2.54 

Wisconsin —.—--~- 1.46 1.61 1.21 1.12 71 1.14 1.21 

Wyoming — . ----- 2.54 8.20 1.88 1.61 1.72 1.78 1.97 

Total _.__-- 2.08 2.11 1.97 1.69 1.58 1.55 1.88 
eer ens nn a ec SE SS nnn
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Table 10.—Industrial sand and gravel sold or used in the United States, by use 

| (Thousand short tons and thousand dollars) 

1975 1976 
Use Sa ——e oor 

| - Quantity Value pee, Quantity Value mee 
—— eee 

Unground sand: . 
olding ~_____________ 6,455 32,371 $5.01 6,896 37,264 $5.40 

Glass __.__________________ 10,211 54,703 5.36 11,467 65,551 5.72 
Blast ~~~ ~_~______ 1,371 11,812 8.62. 1,498 9,946 6.64 
Grinding and polishing __________ 87 299 3.44 76 304 400 
Fire or furnace ~~ ~__~__________ 210 1,251 5.96 301 1,164 3.87 
Engine _~______~____________ 686 2,624 3.83 752 2,315 3.08 
Filtration ~~ ~~ ~____~_________ 191 1,381 7.23 183 1,060 5.79 
Metallurgical __-___§_-_§___§______ 1,548 4,572 2.95 2,146 7,365 3.43 
Oil (Hydrafac) ____ ~~~ _§_______ 371 4,279 11.53 660 4,759 = 7.21 
Other _-_~___________ 2,601 12,983 4.99 2,251 14,480 6.41 

Total _-_________ 23,731 126,275 5.32 26,230 144,159 5.50 

: Ground sand: 
Filler ~02 2 Le 123 2,474 20.11 185 2,001 10.82 
Chemical _-_________________ 115 869 7.56 . 40 611 15.28 
Enamel ___ $$ _-§______ WwW WwW WwW 43 739 17.19 
Abrasives __________________ 375 3,616 9.64 250 2,925 ~~ 11.70 
Foundry ________-__________ 1,554 6,467 4.16 1,741 8,455 4.86 
Glass __~___~_~ ~~ __ 535 _ 8,463 6.47 878 6,294 7.17 
Pottery, porcelain, tile __.________ 85 1,173 13.80 136 1,850 13.60 
Other _____________________ 206 2,646 12.84 168 2,094 12.46 

| Total __-_________ 2,992 20,707 6.92 3,440 24,968 17.26 

Gravel: . 
Metallurgical ___-_-____________ 448 2,180 4.87 134 577 4,31 
Other ___________ ~~ 112 816 7.29 110 582. 4.84 

Total __-._-____________ 560 2,996 — 6.85 245 1,109 4.53 

Grandtotal’ ____________-__ 27,288 149,978. ~=—Ss«5.50-S=*«AS~C«éTO4«DBGSC*«*i*CD 

| W Withheld to avoid disclosing individual company confidential data; included with “Other.”’ 
1Data may not add to totals shown because of independent rounding. .



SAND AND GRAVEL 1211 

| : - QIAO SMOAMON1! © | 
= ASGHHAOTE ASTON] oO 
oO 26 

15 8 
=i Ay 
3S 3g 
& 1D Ob a etto sin coor-oo] 4 . 

=| 3 SOSANDDOMHSDHHONH| io 
S12] 2 IDE IDMAG OS™ coco) at 
& 3 SEEZ malo et ans x . 

3 So 
oO E n 

, ¢ 
— 

a 

S , 

3 Er IQAMAIGOSMNAYMIOSOS}] S | 
S £ WOO BAN Hiss! oS 
3 9.3 ett et ested eS S 

© 
~ go . . 

m 8 2 ® 

813} % . m= 

8 NWOMOANMAAHMO!] © 
a ke a teste ” ~ . 

& 

Dm 3 

2 a 
mn 
° 
A. HAQOARAMOWIS 1H] © 
a 2 AYORBSHSxTaS ISA] oO 
= o 8 sa a NTS 

2) 131 ° 
3 z ¢ . 

@ 
bb 2 SISERMOIONME Iw] © | 45 
7 OYIE DOANHY ico | co | 

Slaupa}l VNSSREtTNGNN Sel] & 
a nloaeed SANA AA Hfos | x 

G2 g | 3 Sig Bas | , a ® 
& m - a . 

a ~ . 3 

m 13 IQAQOOAROAQ ION] oO] g 
faa i =} ~ OSGNALAOBMMHAON | O81 SO oe =I = AAs S13 
Gm =| Su 8 - 3 
on oS a 
oo] ® oO 
o Qi A & 

—  & g| | 2 | 
™ WOMOHWMANINN Ina} oe | ® 
o a a AAA SS Sioa 
mM vo td 

. = 2 Ei 

sa i 3 = 
= 7 S 
e = 

_— 

mM : : . S 

= MOSHI MENMOINR! o| Z 
3 = SHGAGMoisdsasaine| S|] §F 
D 9 4 wt est et md S oe 

Q. 
Comm . qo . 

3S a, 5 3 a 
Px 

m2 9S Ss . 
do a . 

sy 6 MMDMODOANDBDOOEWAN] & =z. OE DWAMAL SNCS! ob 
° By]. WRBARSSSAANMIOS| B! Fe oo SISUTE a] SrosSaitnscHnssns| a] as 
dv MISES] AVAGO AAMAN RO! oD Og 

4 ci fags me rt © 339 

5 |z . a2 
bua 

| |e Bk 
= is Armeaqgnagwarqyggr| of os 

S » B15 Ob is Aa eias 
= Sc Oates oS 3 Q 

@ 5 3% 8 “I go 
~— Sua 3S a 3 5 
<= al a ES 
= 8 ‘s 

BAD AGODA SKA S! BS 
a be NOSDNOMDSOOWVIENS Silos 

| 8 PQA a) = 5 7 
& Neteded e 23 

3 3 Re o = 
38 

: ae a 
,rr_audbttt treet ! Pw 
pitret tt airurtes \ a 
prtrtrtttretrrad i| 338 
prttt ttre brads '| B83 
pritrttbrrerdee i 39 
retuedbd tt tpt ut \ gz 
Prptrerebtrtortrteet | 

orm} ~~? 2 pit rrebrtttree i} 2s 
ar VIM MAARMAMRMA GF ee 
gm PHADPARAAAGH F Eo 
2'9 SRRAARAARAAARS | gE 

BBBBARHBWS 
as GRARRADARAAAA S so 

ABR AN 69 WO DE WO a a ¥ £ 

FogsS8SS8sssse s 3g 
ares esesess e 
Ss sssssss a S 
S$S5SS8SS8Ss fa 
LoS SSSSSSSSS 

S2SSSS5SESSS 
GesSSssssssse



| 1212 - MINERALS YEARBOOK, 1976 

| | - .) N | 1M let | leo e 100 169 Hen ste [> 1 1 lett lee ; 
: § td \ It toot Potent st 

| o | | | a | | 

| Be] gy | o iree? mee lengegeg jpegs is | ismse ig 
v4 Oo | 
c & a 

: 8 fret HOOMD ES | Let ON | Ietedengte For tt eta 1a | fet lett lone e132 3 1 oo4 I Pio. etet pr bad moo yy | | 

| ¢ : a SAKRBR“WAHVEARG SP LSASSSVOMW ANNO TI grgy 

| s 5 OS | . elg | 2 | 
3 ‘ pa| “Usdsec | |r wt 8 Ot mk OOD 4 OO Ot Ot AG Pt ed Em et O19 tH 60 OD 

n iets | | 
Oy | 285 Elsietge) = Bl Se 
BS6 | | 

| 2 i : “ASSERT [LA SSGHS SPSaReIRRR AS ERseRe 

| 5 21s | 
Ze 2 _ 

7 | als : E BO BERIH~ RA“ HSESISSRSARRASRBERSSZSASNR 

LB 

S| %, | S8agguesusonggusaseceygenegesescaegs 
e| ii 
= 

8 Pre rr tert tbt eet bettrtr rat tp rere trrrarraags 

‘g PHETTT Litter ttttttd dd tt terttrrtaeeed | z a | @ Pre Pe b rea be etd rete tar tate tbat data 
= Pree ee beer ett bitrate rte eta ett td 
~ Prbrrre eee tt bb tr trtrt terri rt ttt eet 
2 sO 
> Pibrrd pee t ttt rr rt re tert ttre et tirtrraagd 

Prrrt rrr tr rt t tt ree t tet tte eet atte | 
E en 

pire tert ttt ebb rrr tartar rere eer eret et iag 
Ss Ts ee ee 

ee 
& ee ee 

pebd treet errr rere r getter tte atta 
.~ Pride trrrrterbtt rrr rrr ett titrate tetas 

PEEP Ed PP tbe te bt rbd bette eee tag 
e Te 

Prtt bret re trtidtt rrp rtrrtr tear area ttt egg 
ont Pritt rrr ett bet rtrtrrtrrr rir ae atti aa 
o Pei rrrrr rte rt ttrrrrrr ett rtrd etter tetra 
bs Pir tdtrdr ret tet tet ttt ed ete reretrrned 
S g OO 

E é Pir tt rid rt tater td ted ted ed ted tee ead 
3 ee 

a Pid rtd t ree ttre tte ted ted treed red 
[ se 

s PEE EEE EEEEEEE EEE EERE EEE EEE 
ee 

e Prrr re bed ttt bt ppt att eet tate tt 
= Prbetd rr ete bbb bb be bet tet 

s PTT ECP terre tert er tar ed eed ere ed eee 
Sa Pri pre bp bbb bbb rt treet tabbed 

Pharr rr etree bbb tt beatae teeta 
Peer rrr tbe r tet tt bit tee eet tet te tte 
Pitr rr dt t ete bb ibe re ae tet tee 

SETUCGSEECUOSECOUUEPOCUEEEE: BEET PEE 
ede hag te te ge 

1 19.8 2.2 Ma it te Ig 2eSe. g ! 2 He ig 

HN eal cues sib ESS CALGaae 2 cds Coesgececs lEESESE 2s



— SAND AND GRAVEL 1218 

Nieves ICU Ives bet | 5 

7 Br MP RBUBCORVSrYo! © 
9, 

ws o STN tt 9 S ND rt ot ‘a ie . . | 

BRooNenegmeee| eo | 

| g 
| BESAARERAVS LS S| 3 | 

| ta | 8 

3 
| |& | 

BARBRA SSSSSALR : 

| | . | 

| rtlddttttttr ee 4, # 
: til td t bPobed t tt tebe 4 

ttt tt dobebt bt bt debt py 
EERE iT & 

taetaddtd ti ttdi treo 

| ttt d td rattretrr TPS 
Prrtdd td tt ttttapo4 , 

rrr titittetar i & | 
Etttt dt t bPbhtueadtue t ° " 
tird’ttt tt bt tute ! 3 
ttedb!t tt bbe beaded ded 4 
{ttt dt db dttvpebtt uo | & 

Pht tttttaettette tLe | 
Ptr ttrddrrataae tts 
rttttttrtraaryt td & 

| pyr eter rrr rrr eg 
1 tet ty bet db teopeadet 4 
f't tat dt ttopdetadero4 
t'd’pbtetd tt trate 4 

HEEL 4 
tedeoteu dt ttttt tue I 5 

ritddtttrtrtrd tte 
Prrrrrbt rb treet rt typ 
trtiotpdbtt ttt t to bet | in 

rittttrrrttttre tp 
Prrrttrrrrrraraa '| g 
}ttttt bd ttpdtua l a 
rd dt bet tdeopev bt pa 4 
fitrrtrtrtrruvte tf 
tt’ tt tt )eoyt tb be td ot 
ttt t ’_ettd tides i 

eSgilHiiliie iT 
(SmGS pr rit ios ir ot 
gases i) 1ges 3 
ifa5a] | Bg eg, q| 5 
piss lich bag és ane 
S9SsSsa . “ 

Esegsecsereeee



1214 MINERALS YEARBOOK, 1976 

bo ~ OMNASTAYO x | 

a a x 
a Z| | 4 Z. 

cS. 

+ |ES| = | “28Q885°3) 8 
& 8 S wt v= = 

S |zz| 2 | 

z zg | itagsasce| sg | 
8 3S = 

S — 

Be | & 
° 
a 

) 2 BoOSSSooOND| a 
>, 5 ANA rtedet] oD 

. a e - 
* © 

. 

ej. | 2 
ae 1.2 
= 12 |. pal S8SI°°R SH] 2 | 
& fea ° a . N 

m | 5. gee | 
G Saag 

3 28 a, ra 

n +E ~.8 | 

, ENMOwWAMAOD] 1 : ; 

3S [3| |g | B8ES4°288] & | ¥ 
= q 3 ° a 

a IA, S 

2ie]32 : 2 
& R ONASOHMOOE-O] 

< (> | a|2 | S8BBSRRR5| S| S 
m oy § N 8 

~~ 2 

= s | | 1s 
& a E 

| 8 graegeser|s| 3 
= ee) DID SON! i g 

_ 33 | ae ~ 13 | | 
m ge . 2 

| 2 Z° q 

¢ 3 
=" p’tbtaivrerda { o . 
- rerrtaitara ot & . 

5 ritiiterr tpg 
: itihi tt ig i 14 i 
= Prat ata td 

| g Pith itt 
e biverrers 4 

1 pyr \ 
; Ss rrttaddteue i} 3S 

. ame ptttrtavadrs 1 3 
2 prtrrrdee i] g 

oS ee 
SD py rrrerree a 

! 
= PPP bt bd i| & 
& Pt tarred { g 
Ss prrrreeud ! S 

ported 
= perry re | 

prided rho 
s s Pretdbbadebtao 8 

. ritperbrre 4 
s 2 ee 

titbtattua 1| 2 

7 piper rit ig 
£ ritarrrrere vf & 
= brrrrrret fs 

s Me tttrrrrt tf 8 
Zz rrideprerert ot § 

| rttprttittet of 
. prirrearad tf & 

es rtetrdbteda i 2 
wa prrtrtddi td { 

Y Pbtoobri bot i| 3 
— i rt 
2 TEE SE i| a 

& 'gegoee i! || § 
ZEsEss | | 2 
Saas 6S | = | UO 
mek bused! 8] § 
Lg Set ORs ° 

segssgese | - 
ZSOF Pas Say



SAND AND GRAVEL 1215 

Table 14.—Transportation of sand and gravel to site of first sale or use in the United 
States 

ne 
perp 

1975 1976 

Method Thousand Percent Thousand Percent 
short tons of total short tons of total eee OM Fons OT total Sort tons OF total 

Truck _~______________ ee 682,874 86 164,856 86 
Rail _--_-_-_____ 38,944 5 39,023 4 
Waterway ________________ 30,315 4 33,177 4 
Not shipped, used at site________________ ee 31,107 4 35,221 4 
Unspecified ~o- ee 6,196 1 12,880 2 

Total! 9 __- =e 789,436 100 885,156 100 
EEE EEC 

1Data may not add to totals shown because of independent rounding. .
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ilicon 

By Frederick J. Schottman? 

Production and consumption of most sili- mained well below capacity. 
con materials increased in 1976 over the Domestic producers continued con- . 

depressed levels of 1975, and silicon metal struction programs intended to increase 
production reached record high levels. Sup- capacity and to meet environmental pro- 
plies were adequate, and while ferrosilicon tect} . ts. Foreign producers 
prices were raised at midyear, silicon metal jon requirements. foreign producers 
prices were unchanged, despite rising pro- Were also adding new capacity, much of it 
duction costs. The relatively strong U.S. located in countries which had not previous- | 

market attracted increased imports of ferro- ly been major producers of silicon mate- 
silicon as worldwide industrial activity re- rials. 

| | DOMESTIC PRODUCTION | 

Production of silicon materials followed er alloys included are calcium-silicon, 
the general improvement in economic activ- silicon-manganese-zirconium, and = rare- 
ity. Particularly large increases were made earth silicides. | 
for silicon metal and miscellaneous silicon Except for silicon metal stocks, which 
alloys. | increased 34%, producers’ stocks were little 

Overall, production of ferrosilicon in- changed from the beginning of the year. 
| creased over the levels of 1975, but did not Several new plants and modernization 

match those of 1973 and 1974. Production of projects were completed or under con- 
25% to 55% ferrosilicon was up 13% and. struction during the year. The new con- 
shipments were up 29%. Shipments of 56% struction included both addition to capacity 
to 95% ferrosilicon increased 20%, but pro- and replacement of obsolescent furnaces by 
duction increased only slightly. However, a more efficient and environmentally cleaner 
significant portion of the production of 56% modern furnaces. : 
to 95% ferrosilicon in 1975 had gone into Ohio Ferro-Alloys Corp. completed a new 
building up stocks, while 1976 production silicon metal plant at Montgomery, Ala. 
was more in balance with shipments. Since The plant has three 20-megawatt (MW) fur- 
1974, there was a shift from high-silicon- naces with a capacity of 36,000 tons per year 
content ferrosilicon by domestic producers. (tpy). A new 24-MW ferrosilicon furnace 
On the basis of silicon content, about two- was completed by Airco, Inc., at its Niag- | 
fifths of ferrosilicon alloys produced in 1974 ara Falls, N.Y., plant. The Addy, Wash., 
were in the 56% to 95% class, compared plant of Northwest Alloys, Inc., a subsidiary 
with about one-fourth in 1976. : of Aluminum Co. of America, began limited 

Production and shipments of silicon met- production in 1976. The plant is designed 
al reached the highest levels ever with for a capacity of 16,000 tpy of silicon metal 
increases of 37% and 47%, respectively. and 24,000 tpy of magnesium. The magne- 
Miscellaneous alloys showed increases of sium is produced using ferrosilicon smelted 
15% in production and 28% in shipments. at the plant. A new ferrosilicon plant with a 
About three-fourths of the material in this ———_ 
class is magnesium ferrosilicon. Among oth- 1Physical scientist, Division of Ferrous Metals. 

1217
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40-MW furnace was under construction by increase in capacity of 50% to 75,000 tpy of 
Tennessee Alloys Co. (TAC) at Bridgeport, 50% ferrosilicon. 
Ala., with startup planned in 1977. The In May 1976, the U.S. Environmental 
project is a joint venture between Interna- Protection Agency issued standards of per- | 

; tional Minerals & Chemical Corp., with a formance for air pollution control systems 
75% interest, and Allegheny Ludlum Steel for ferroalloy submerged arc furnaces, con- | 
Corp. The new furnace will replace the structed or modified since October 1974. 

| three furnaces in the old TAC plant at The standards set limits on the emission of 

Bridgeport and will result in a net _ particulates and carbon monoxide. 

Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, 
and silicon metal in 1976 

| " (Short tons, gross weight except as noted) 

. Silicon content, Exoducers- . P Shi Producers’ 
t TO- p- s aso 

Alloy . —eerre Dec. 31, duction ments Dec. 31, 
Range Typical 1975° a 1976 

Silvery pigiron ________________ 5-24 18 Ww Ww W W 
Ferrosilicon (includes briquets) —__—__ 25-55 48 57,505 524,486 - 485,926 54,417 

Do _______~___ 6-95 75 27,097 128,552 120,329 27,528 
Silicon metal ~~~ ~~~ ~__ 96-99 98 13,884 141,617 131,067 18,564 
Miscellaneous silicon alloys (ex- 

cluding silicomanganese)' ________ 32-65 -- ~. 119,984 90,119 83,233 17,256 

"Revised. |W Withheld to.avoid disclosing individual company confidential data. | 
Includes “Other silicon alloys and products” shown separately in previous years. | . . 

Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1976 | 

| Producer Plant location Product 

Airco, Inc., Airco Alloys Div ~~~ ~~ ________~__ ee Calvert City, Ky _____ FeSi. 
Do _____e ee Niagara Falls, NY ~~~ Do. 

Alabama Alloy Co.,Inc ~_..._..____~~________-____ Bessemer, Ala _____~_ Do. 
- Aluminum Co. of America, 

Northwest Alloys,Inc ______..________~_________-_ Addy, Wash _______ Do. 
Chromasco, Ltd. 
Chromium Mining & Smelting Corp. Div... ~______ Woodstock, Tenn ____ Do. 

. Engelhard Minerals & Chemicals Corp., Philipp Bros. Div. 
Roane Electric Furnace Co ~_~__~__~_§________________ Rockwood, Tenn _____ Do. 

Foote Mineral Co., Ferroalloys Div ~~... ~~~ ~___ Le Graham, W.Va _____ Do. 
Do _______ Le Keokuk, Iowa ______ Silvery pig iron. 

Hanna Mining Co., 
Hanna Nickel Smelting Co _____§.~______~_____ LL Riddle, Oreg _______ FeSi. 
Silicon Division __ __$_$________________________ Wenatchee, Wash ___ _ FeSi, Si. 

Interlake, Inc., Globe Metallurgical Div _~________________ Beverly,Ohio ______ Do. 
Do _~___ ~~ Selma, Ala _.______ Si. 

International Minerals & Chemical Corp., Industrial 
Minerals Div. 

Tennessee Alloys Co __________.~_________ Le Bridgeport, Ala _____ FeSi. 
Tennessee Metallurgical Corp ____________________ Kimball, Tenn ______ Do. 

Kawecki Berylco Industries, Inc. 
National Metallurgical Div ________________-_______ Springfield, Oreg ____ Si. 

Ohio Ferro-AlloysCorp ___________~..~__~__________ Brilliant, Ohio ______ FeSi, Si. 
Do ______________~-~_ +e Montgomery, Ala ____ Si. 
Do _____ Le Philo, Ohio ________ FeSi. 
Do _~______ Le Powhatan, Ohio _____ Si. : 

Reynolds MetalsCo _______-_~_ ~~~ ee Sheffield, Ala ______ Do. 
Union Carbide Corp., Metals Div _____________________ Alloy, W.Va _______ FeSi, Si. 

Do __________ Le Ashtabula, Ohio _____ FeSi. 
Do _________ Le Marietta, Ohio __ ____ Do. 
Do ________ Le Portland, Oreg ______ Do. 
Do _____ Le Sheffield, Ala ______ Do. . 

CONSUMPTION AND USES 

Reported consumption of silicon mate- duction trends for end uses such as cast iron 
rials increased in 1976, compared with 1975 and aluminum castings. 
use. The increase followed closely the pro- Consumption of 25% to 55% ferrosilicon
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Table 3.—Consumption, by major end use, and stocks of silicon alloys and metal 
in the United Statesin 1976 

(Short tons, gross weight except as noted) 

| Miscel- 
Silicon content, Silvery F icon! Silicon _laneous | 

percent pig iron errosilicon metal silicon Total 
End use alloys? silicon | 3 

Range.______ 524 2555 §670 71-80 81-95 96-99 content” 
Typical______ 18 48 65 76 85 98 — -58 

Steel: | . 
Carbon ___________ 3,072 84,689 6,146 34,211 273 250 6,728 75,554 | 
Stainless and heat- 

resisting ________-~ (4) ~—-:11,049 57 «14,539 49 174 347 —- 16,805 
Full alloy _________ 327 ~=—-29,600 518 9,707 267 = 1,321 955 24,057 
High-strength low- 

alloy _-___-_-_-- (*) 7,905 __ 2,081 108 (4) 647 5,843 
Electric ______-__- __ 140 (*) 28,888 _- we) -—- 11,842 
Tool ~_---------- _- 2,292 (4) 756 (4) 461 (4) 2,127 
Unspecified ________ 2,861 1,469 35 538s 8 76 94 1,795 

Total steel ______ 6,260 137,094 6,756 85,215 720 2,282 8,771 144,028 | 
Castirons _.__._._.______ 41,266 284,905 3,752 32,678 2,067 29 92,102 202,659 
Superalloys _~__..__._- 2 296 _— 4 86 67 1 285 
Alloys (excluding alloy 

steels and superalloys) ___ 620 6,126 6 369 277 57,278 412 59,942 
Silicones ~_~_~_~~~_____ _ oe __ __ — _. 41,229 _—  . 40,404 
Miscellaneous and unspec- . 

ified _.__._________ 2,562 2,089 1 429 __ 2,546 5,245 7,328 

| Total _________ 50,710 380,510 «10,515 Ss -118,695 = 8,150 108,431 106,531 454,641 
Percent of 1975 ___ 73 119 138 98 104 141 118 117 
Total silicon . 

content? ______ 9,128 182,644 6,834 90,208 2,677 101,362 61,788 XX 
Consumers’ stocks, 

Dec. 31,1976 ___ 5,855 31,804 762 16,892 573 10,147 7,952 44,660 

XX Not applicable. . 
1Includes briquets. 
2Includes magnesium-ferrosilicon and other silicon alloys. 
3Estimated based on typical percent content. 
“Included with “Unspecified.” . . 

increased 19% while that of 71% to 80% aluminum base alloys) and in silicones in- 
ferrosilicon, the other major grade, decreas- creased 37% and 57%, respectively. Sili- 
ed slightly. Consumption of 56% to 70% and _ cones accounted for about two-fifths of the 
81% to 95% ferrosilicon increased in 1976, total. An important, but relatively low ton- 
but these grades remained a small part of nage, application for silicon metal is as the 
the total ferrosilicon used. Since 1974, the raw material for the production of semicon- 
data indicate a change away from the useof ductor silicon. This material is the basis for 
the higher grades of ferrosilicon toward the most semiconductor devices now produced. 
use of the 25% to 55% grade. . Advances in electronic device technology 

Cast iron remained the largest end use for . reduced the amount of silicon required to 
ferrosilicon in 1976, and accounted for most perform a function, but these same ad- 
of the reported increase in consumption. vances opened up new uses. Applications 
Steel, the other major end use, showed little expanded rapidly, both in new products and_.. 
change. | | ‘as. replacements for mechanical and 

Silicon metal consumption increased electromechanical systems. 
41%. For the two major end uses, which Yearend consumer stocks for all classes of 

together accounted for over nine-tenths of materials were little changed from the be- 
the total, consumption in alloys (principally ginning of the year. 

PRICES 

Prices for silicon materials were relativee and new production capacity came on- 
ly steady in 1976. Supplies were adequate as stream. 
demand recovered moderately from 1975 Domestic producers raised ferrosilicon
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prices in June. On the basis of contained after declining steeply in 1975, and rose to 
silicon, the price of 50% ferrosilicon was 30 to 31.5 cents per pound at yearend. 

| raised 2 cents to 34.5 cents per pound, and Prices for domestic silicon metal were 
. the price of 75% ferrosilicon was raised 0.5 unchanged during the year at 42.25 and 46.4 

| cent to 37.0 cents per pound for standard cents per pound for the 1% and the 0.35% | 
| _ grades, f.0.b. shipping point. The f.o.b. ware- maximum iron grades, respectively. Quoted 

house price of imported 75% ferrosilicon, as prices for imported silicon metal declined 
quoted in Metals Week, bottomed out at 28 from 42.5-44.5 cents per pound to 40-41 cents 

| to 30.5 cents per pound early in the year, perpound. | | | 

| FOREIGN TRADE — | 

Exports of ferrosilicon were down 68% in sources of imported silicon metal, with 35%, 
quantity and 51% in value from 1975. Ap- 33%, and 22% of the total, respectively. 
proximately 68% of the exports were to West Germany and Japan supplied nearly : 
Canada which received 8,498 tons. Other all of the imported high-purity semicon- 

, major recipient nations were Brazil, with ductor grade silicon, which is included in 
1,849 tons, and Mexico, with 563 tons. the over 99.7% silicon import class. | 

Ferrosilicon imports increased by 40% in Ferrosilicon containing 60% to 80% sili- 
quantity on a gross weight basis but con and silicon metal with 99.0% to 99.7% 

| decreased 5% in value. The quantity of 8% silicon were among the materials from cer- - 
to 60% ferrosilicon doubled, with the in- tain developing countries granted duty-free 
crease coming from Canada, which provided entry to the United States under the Gen- 
84% of the imports in 1976. Imports of 60% eralized System of Preferences (GSP) start- 
to 80% ferrosilicon rose 23% in quantity. ing January 1, 1976. During the year, the 

| Norway continued to supply the largest Office of the Special Representative for 
portion with 40% of the total. Other major Trade Negotiations rejected a petition from 
suppliers were France (9%), India (9%), the the Ferroalloys Association that the treat- 

| Republic of South Africa (8%), Yugoslavia ment of ferroalloys under GSP be modified. 
(8%), and Brazil (8%). Japan, which in : 
earlier years had been an important source | oe 
of both 8% to 60% and 60% to 80% ferrosili- con, shipped lower amounts to the United Table 4.—U.S. exports of ferrosilicon 

States in 1976. Shipments of 60% to 80% Quantity Value 

| ferrosilicon to the United States from Tai- | Year (short (thot. 
| wan and Canada also decreased significant- —————-——__—__—_—_———————————"""—— 

ly. 1974 6,575 $3,338 

As in 1975, Norway, the Republic of South jg 277777777777777- ibais. TD 
Africa, and Yugoslavia were the major ———————————————————"—"""" 

Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, | 
by grade and country 

} 1975 1976 

Grade and country (ret toe) Value eee Value 
——————— +(thou- —————— _§ (thov- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 

Ferrosilicon: 
Over 8% but not over 60% silicon: 
Belgium-Luxembourg __._.____~- 64 29 $56 _- _- -- 
Canada ______-_-__-_---___- 6,291 1,866 1,105 26,477 11,474 —-$7,201 
Chile____.-__.---------_--- __ _ __ 150 70 41 
France_______._-__------___ 2,863 1,450 2,211 2,114 1,039 1,820 
Germany, West ......._.__-_____ 284 154 528 736 406 1,411 
Italy _-..__.----_-----____- 38 18 14 19 8 10 
Japan _________--_------~_- 4,318 2,027 4,021 1,113 557 814 
Norway ______--------.-___- 1,451 634 1,059 966 429 571 
United Kingdom---------------_ 200 Ger; 

Total ___.._------------__- 15,329 6,182 9,010 31,575 18,988 11,368 

See footnotes at end of table. ‘
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country —Continued | 

1975 1976 

: Quantity Quantity 
Grade and country (short tons) Value (short tons) Value 

————————— (tho —————————_ (thou- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 

Ferrosilic son Contes 7777 CON 

Over 60% but not over 80% silicon: _ 
Argentina ......--.--------- _- _- — 55 41 $21 

Australia _..-._._-._-.----~-- .- _— a 55 34 20 

Belgium-Luxembourg -—~-~-.---- _— _. _. 1,571 1,219 668 

Brazil) _.....-_-_-....-.--.-- 842 256 $287 —— 5,081 8,844 1,806 

Canada ____.-___-_.---~-.~-- 5,980 4,584 8,407 8,234 2,429 1,694 

Chile... ~~ _- _- _- 997 . 168 828 

France... .-.-.-~--~----- 2,415 1,540 2,195 6,266 4,311 4,065 

Germany, West __.--.--~------ 362 2389 444 1,689 1,214 1,422 

India... .~-~---- 1,098 824 1,145 5,708 4,168 2,070 

Japan _......----.---------- 4,675 8,557 4,155 2,049 1,564 863 

Korea, Republic of .~.....-.--.--- - 298 225 269 ele _- 

Netherlands _..__._.--.--~-~-~- 585. 418 328 _— _—_ ee : 

Norway _....------~-------- 27,689 20,685 13,188 26,197 19,742 10,488 : 

Portugal _.....—--~----------+ 549 415 276 2,205 1,667 615 

South Africa, Republic of .....--.-- 176 188 154 §,552 4,068 1,688 

Spain _....---------------- 661 520 761 _- -. _- 

Sweden _...__....-.-~~------ 4,519 8,889 1,857 _- _- _- 

Taiwan .......---~--------- 8,964 2,976 2,780 145 110 - 62 

Thailand _.._._._...--.---~-- 83 61 55 _— ao a 

Yugoslavia ....-_----.------- 630 488 759 5,406 4,069 2,209 

Total _....--....-.-~----~- 54,026 40,265 $2,000 66,205 49,288 28,014 . 

Over 80% but not over 90% silicon: 
Canada ___..._-__..-~-~-~---~-+ 88 71 52 22 19 18 , 

Chile... 22 eee _- -- mo 6 5 1 

Japan _..-_...------~------ 221 183 267 _- _- -- 

Portugal ......------------- 56 50 490 _— _— _— 

Taiwan _...-....-.-.~-~-~-+-- _- _- _- 110 89 92 

United Kingdom... _-.-...----- 278 232 249 ~— -- 

Vietnam, South __......------- - 182 146 126 _- _- _- 

Yugoslavia ..........-.------ _- _— —_ 22 19 11 

 Motal --- +e 825 682 764 160 182 117 

Over 90% silicon: 
Canada __...~-~-.--- _-- _- -~- 77 73 50 

France... -_-.....-~----.- 40 39 25 -- — -- 

Netherlands ...__.--....---.- 217 197 151 _- -- oe 

Norway _...--—--.-.--------- _- _— _- — 28 21 15 

South Africa, Republicof ...-.---- | -- -- -_- 254 234 84 

Total .....--------------- 257 236 176 854 828 149 

Grand total .........-.----- 70,487 47,365 41,950 98,294 68,681 39,648 

Ss Sassy 

Silicon metal: 
Over 969% but not over 99% silicon:? . 

Canada ______..-..-.--.---- _. _- _. 809 (?) 252 

France. _.....~------------- _— -- _- 66 (?) ~ 46 

Korea, Republicof .../...-.----- __ __ __ 58 (2) 29 

Norway —...—--------------- —_ _- -- 2,825 (?) 1,966 

South Africa, Republic of ..------- _. _- _- 2,798 (?) 1,778 

Switzerland ~...------------- _- _- _- 41 () 28 

United Kingdom... ......-.-.~-- _— _. __ 1 (3) 18 

Yugoslavia ------------------ 

Total _..---~--~----------- ~- -- _- 8,257 (?) 5,588 

CR nn EA CC aS 

Over 99% but not over 99.7% silicon: 
Canada __._____--.-~.------- a _— -- 288 286 196 - 

France. ._...-...-.~~-------- —_ = _ 110 109 72 

Norway ~~~ Republigof 2227272 1,816 1,298 1,080 552 545 442 

South Africa, Republic of .....---- 1,878 1,846 1,158 869 865 240 

Yugoslavia ..._._.-.-..------- 516 510 472 -- _- _- 

Total _..._.--.-..-~------ 8,710 8,654 2,705 — 1,269 1,255 950 

nance SS eS LA 

See footnotes at end of table.
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7 Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
| by grade and country —Continued 

| 1975 1976 

tit tit 
Grade and country or, Value eat Value 

— OO -.)— sO (thouw- —_— ——————— ——_(thou- 
Gross Silicon sands) Gross Silicon sands) 

. weight content weight content 
Silicon metal Continued 

Over 99.7% silicon: , , | 
Belgium-Luxembourg __________~_ 3) 2) $13 () (°) $44 

| Canada ——~_---------------- 9) 9) 2 19 . 19 16 
ZeECNOSI1OV. Q@ ~~ ee LLL --— -— -; -- 

Denmark __________________~_ 2) 2) _ 184 1 ‘4 407 _ Germany, West _--- = === 30 30 2,054 65. 65 3,689 
Italy _--__-____~-~-_--____. 1 1 43 () (°) 17 © Japan ———— i 6 BB 19 19 1,045 
Switzerland —_~_~~~__7~~~7 777 i 1 270 Tt _ 
United Kingdom_______________ (3) 2) 16 (3) (3) 2 

Total _-- = 198 198 3,886 104 104 5,220 

. Grand total ______-__________ 3,908 3,852 6,591 9,680 (?) 11,703 

1New category effective January 1, 1976. 
. 2Content data not available. 

. SLess than 1/2 unit. . 

WORLD REVIEW 

Australia.—A new 45-million-volt-ampere ferrosilicon and 25,000 tpy of silicon metal. 
: (MVA) ferrosilicon furnace was commis- Iceland.—Elkem-Spigerverket A/S took 

sioned by the Tasmanian Electrometallurgi- over Union Carbide Corp.’s former interest 
a re ny oo (T EMCO), 8 eapaary of in Icelandic Alloys Ltd. The Icelandic Gov- 
nace “Tocat od at Bell Bay Tasmania has 2 ernment holds 55% interest in the com- 
capacity of 28.000 tpy of 75% ° ferro. Pany- Startup of the first furnace at the 
silicon. | ferrosilicon plant under construction in 

Brazil.—Several companies are planning 1976 is expected in 1978, with a second 
or installing additional ferrosilicon capacity furnace due later. | 
totaling about 110,000 tpy. The companies Japan.—A 19,000 tpy ferrosilicon furnace 
include Alcan Aluminio do Brasil S.A.,Cia. was started at the Wakagawa plant of 
Paulista de Ferro-Ligas, Cia. Brasileira Car- J apan Metals and Chemicals Co. Ltd., giv- 

ee Sa ieee SA, on ing the company a capacity of 72,000 tpy. 

(Liasa), and Productos Metalurgicos ae Co ee ublic ee Indus- Sampaio Lara Ltda. tria - Ltd. began testing the furnace at 

Canada.—Production began at the Becan- 8 new silicon metal plant. 
cour, Quebec, plant of SKW Electro- Venezuela.—Hornos Electricos de Vene- 
Metallurgy Canada Ltd. The plant includes zuela S.A. (HEVEN SA) installed two new 

a 30-MW furnace and two 20-MW furnaces, furnaces to raise its capacity to 12,000 tpy of 
and has a capacity of 25,000 tpy of 75% ferrosilicon.
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ilver 
By Harold J. Drake! | | 

Domestic mine production of silver in Private stocks of silver at yearend totaled 
1976 totaled 34.3 million ounces,? a level of 146.4 million ounces, down 11.9 million 
2% below that of 1975. The decline in ounces from 1975. Government stocks, at 
output was mainly attributed to a labor 186.8 million ounces, were down 1.7 million | 

strike that shut down the Sunshine mine in Ounces from the preceding year. Industrial 
Idaho for most of the year and the closure of Stocks fell 4 million ounces to 30.6 million 
several mines in Nevada. Refinery output Ounces and trading stocks at various com- 
in 1976 from domestic and foreign ores, modity trading centers fell 8.4 million 
coins, and old scrap totaled 104.6 million ounces to 115.8 million ounces. Treasury 

: vaae bullion stocks in the Bureau of the Mint 
ounces compared with 111.2 million ounces 39.7 milli t d. a level 
in 1975. Most of the decline occurred in ere en eee ae eae OTE im . ° only slightly below that of yearend 1975. 
output of silver from foreign ores and con- Silver available to defense contractors from | 
centrates and old scrap other than coins. jhe Department of Defense stocks totaled 

Imports totaled 88.4 million ounces and 7.6 million ounces at yearend. These stocks 
exports totaled 14.6 million ounces. The consisted of fine silver recovered from old | 
excess of imports over exports was 73.8 scrap items collected mostly from various 
million ounces compared with 57.8 million U.S. military services branches. The total | 

ounces in 1975. The general decline in the amount of silver in the national stockpile : 
price of silver that began in the second half remained at 139.5 million ounces, the same 

of 1975 was halted on January 26, 1976, as at yearend 1975. On October 1, 1976, the , 

when the average daily price per ounce Federal Preparedness Agency of the Gene- 
reached 381.5 cents, the low for the year. ral Services Administration (GSA) issued | 
The high for the year, 510.0 cents, was new goals with the goal for silver set at zero. 

reached on July 6 with the price declining As a result, the 139.5 million ounces in the | 
thereafter. The average daily price was stockpile ‘was surplus but congressional ap- 

424.0 cents on January 5, 437.5 on Decen- proval for disposal had not been given by 
ber 30, and 435.4 cents for the year. The y earend 1976. : 

average monthly price followed an upward Trading volume on the New York Com- 
trend from 406 cents per ounce in Janua modity Exchange (COMEX) was 18.5 billion to 48] cents P June but decli Ty ounces in 1976 compared with 14.5 billion 

‘ol cents per ounce in dune bul declineé® = gunces in 1975. Trading volume on the 
rapidly thereafter and remained near 485 Chicago Board of Trade (CBT) totaled 10.1 

cents per ounce for the rest ofthe year. ——pillion ounces compared with 9.8 billion 
. Industrial consumption totaled 170.6 mil- oynces in 1975. COMEX warehouse stocks 

lion ounces, an increase of 8% over that of at the end of 1976 stood at 54.8 million 
1975. An additional 1.3 million ounces waS ounces compared with 85.7 million ounces 

used in coinage. Significant increases were at yearend 1975. CBT stocks at yearend 
recorded for electroplated ware, photo- 1976 were 61.0 million ounces compared 
graphic materials, mirrors, contacts and with 38.5 million ounces at yearend 1975. 

conductors, catalysts, and coins, medallions, Legislation and Government  Pro- 

and commemorative objects. Significant grams.—Legislation was introduced in Con- 
declines were recorded for sterling ware, ——~———_ 

jewelry, brazing alloys and solders, and  “Phavicelsintie, Dvkionat Nonferrous Metal 
batteries. troy ounce. 
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| gress, but not enacted, to authorize the various Federal agencies. The Bureauofthe 
disposal of approximately 118 million Mint struck the last of the 45 million 40% . 

-_ ounces of excess silver in the national stock- silver Bicentennial coins ordered by Con- 
pile. During 1976, GSA offered and sold by gress. — | 
bid 696,205 ounces of silver reclaimed by | , 

- | Table 1.—Salient silver statistics a 

| 1972 1978 1974 1975 1976 

United States: , - | 
Mine production _...._. thousand troy ounces_ . 37,233 87,484 33,762 34,938 34,828 

alue...........-...... thousands__ $62,787 «$95,883 += $159,018 $154,424 $149,328 
Ore (ary and siliceous) produced: . 

. Gold ore... _..___.. thousand short tons. __ 1,579 3,817 2,088 2,251 1,998 
. Gold-silver ore. 22 do 178 124 65 137 1,027 
Silver ore... 2-2 dow 564 698 698 782, “794 

Percentage derived from: oe . —_ 
Dry and siliceousores .~..20 220222 2 81. 80 80 85 82 
Base-metalores .......--..---=-_- 69 = ~—-70 70 6 6 © 

Refinery production}__.__ thousand troy ounces. _ 88,366 36,494 $2,368 38,078 34,859 
| Exports? 2-2-8 dow 29,657 11,215 18,390 $2,626 14,596 

: Imports, general?__._.........-...__ do____ 65,406 180,681 188,896 90,422 88,957 
| Stocks Dec. 31: | | 

 ‘Treasury®__ = million troy ounces._ 46 45 44 Al 40 
Co Industry’ ~~... thousand troy ounces_ — 152,255 180,111 186,548 158,299 146,428 

nsumption: : 

Industry andthearts.........._..do.__. 151,668 § 196,886 | 176,027 157,650 —-170,559 . 
Coinage... doo 2,284 920 1,017 2,740 1,816 

Ww Price® - - - - ooo... per troy ounce_ $1.685 $2.558 $4.708 $4.420 $4,348 
oria: , 

_ Production. ..._...-.-- thousand troy ounces... 801,510 +=. 807,974 *292,184 =. 297,882 304,899 
| Consumption®; : 

| Industry and the arts...._.....-.. do... 888,900 471,800 417,400 865,800 —395,000 
: | Coinage . ..--.-------------- do_-__ 88,400  _*29,200 727,700 29,200 27,000 

: 1From domestic ores. 
2Excludes coinage. 
Excludes silver in silver dollars. | | 
“Includes silver in COMEX warehouses and silver registered in Chicago Board of Trade. 

7 5 Average New York price - Source: Handy & Harman. 
_ ®Market economies only - Source: Handy & Harman. | 

| oo DOMESTIC PRODUCTION | 

Domestic mine production of recoverable 22% decrease in output from other old 
. silver decreased slightly to 34.3 million scrap, and therefore. the amount of silver 

ounces equivalent to 20% of U.S.demandin extracted from old scrap declined only 2% 
1976. Idaho accounted for 34% of the out- to 50.2 million ounces. Production of new 
put, Arizona 22%, and Colorado 12%. Mis- scrap, 58.1 million ounces, was 5% above 
souri, Montana, Utah, New Mexico, and _ that of 1975. 
Nevada, in the aggregate, accounted for The 25 leading silver producers (table 3) 
30% and eight other States accounted for accounted for 81% of domestic production. 
the remainder. About 39% of the silver Six of the leading producers mined silver 
came from copper mining operations, 30% ores while most of the remainder mined 
from silver ore, 14% from lead ore, and 18% copper, lead, and zinc ores. Twelve of the 
from complex copper-lead-zinc ores. The leading mines produced in excess of 1 mil- 
remainder came from ores of gold, gold- lion ounces during 1976. 
silver, zinc, and from old tailings. The largest silver mining district in the 

Refinery output of marketable silver to- United States, Coeur d'Alene, Idaho, was 
taled 104.6 million ounces, 52% of which reviewed in detail.* Major subjects of the 
came from concentrates and ores, both review were the complex geology of the area 
foreign and domestic, with the remainder and mining and metallurgical methods at 
coming from old scrap. Recovery from do- the principal silver mines. Another report 
mestic ores and concentrates rose about 4%, detailed the efficient mining operations at 
whereas recovery from imported ores and the Black Pine silver mine near Philips- 

concentrates continued to decline dropping “Ges RA 4'T Li Wdaho’s Coeur d’ Alene District 
by 26%. Production of silver from coins set ete Record Production. Min, Eng. v.28, No.7 
more than doubled which nearly offset a July 1976, pp. 49-64. ee AB ENO
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Figure 1.—Silver production in the United States and Idaho and price per ounce. 

burgh, Montana.‘ The Black Pine mine DMI’s Sherman mine in Colorado produced | 
produced 800 tons per day of ore with aper 53,514 tons of ore averaging 24.51 ounces of 
ton grade of 7.2 ounces of silver, 0.01 ounce silver per ton. Other mines contributing to 
of gold, and about 11 pounds of copper. DMI’s increased output were the Galena 
ASARCO Inc. reported that production of and Coeur mines in Idaho in which DMI has 

silver totaled 3.42 million ounces from its interests. 
Galena mine, 0.67 million ounces from its Earth Resources Co. (ERC) continued con- 
share of the Coeur mine, and 0.22 million struction of the De Lamar silver mine in 

ounces from the Park City mines ASARCO Idaho which was expected to be in operation 

continued to evaluate the Troy project, a by April 1977." Exploration by ERC during 

copper-silver deposit in Montana, with a 1976 more than doubled reserves thereby 

potential annual output of 4.2 million extending the estimated life of the mine 

ounces of silver. The new Coeur mine went from 10 years to more than 20 years. 
onstream in June and by yearend was §_Hecla Mining Co., Wallace, Idaho, report- 
operating at its design capacity of 2.2 mil- ed a 1-million-ounce decline in production 

lion ounces of silver per year. Also in June, to 8.2 million ounces of silver in metallic 

the company brought into commercial pro- concentrates in 1976.* The sharp decline in 

duction a new copper refinery at Amarillo, ——_———— ; 
; i alli White, L. Tracklees Mining on a Small Scale: Inspir- 

Tex., with an annual capacity of 60 million 1 3'Biack Pine Silver Mine Eng. Min. J., v. 177, No. 9, 
_ troy ounces of silver. September 1976, pp. 98-100. 

Day Mines Inc. (DMI), Wallace, Idaho, Dey Mines ne. 181 fpnual } Report. 82 PP. 

reported a sharp increase in silver Pro- "garth Resources Co. 1976 Annual Report. 25 pp. 
duction to 1.95 million ounces in 1976.° ®Hecla Mining Co. 1976 Annual Report. 28 pp.
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production resulted from a nearby yearlong came from the Bunker Hill mine in Idaho, 
strike at the Sunshine mine which reduced which at yearend, contained 2.3 million tons 

considerably its output and, consequently, of proven ore averaging 1.4 ounces per ton. 
| Hecla’s share of that output. Hecla’s Lucky An additional 0.78 million tons of the same 

Friday mine accounted for 82% of Hecla’s grade was classed as probable ore. Bunker 
output, the company’s share of the Sun- Hill’s interest in the Star mine consisted of 
shine Unit area for 10% and, its share of (51 million tons of proven ore and 0.19 
the Star-Morning Unit area, for 7%. The  willion tons of probable ore, both of which 
remainder came as Hecla’s share of the averaged 4.0 ounces of silver per ton. Exp- 
output from the Lakeshore mine. The loration at the compan ed C t 
Lucky Friday mine produced 2.64 million . . pany-own rescen 

. lted in the discovery of a new area 
ounces of silver from 186,520 tons of ore for of sil res Sas ry o . 
an average recovery of 14.16 ounces per ton. of silver mineralization, the size of which 

| Tonnage was higher but grade was lower in had not been delineated by yearend. 
1976 than in 1975. Hecla’s share of the | Homestake Mining Co., reported silver 
Sunshine Unit area totaled 0.31 million production from its Bulldog mine in Colora- 
ounces from 13,447 tons of ore averaging do totaled 1.6 million ounces in 1976, up 

23.05 ounces of silver per ton. slightly compared with 1975.!° The average 

Production of silver by The Bunker Hill grade of the 117,783 tons of ore mined in 
Co., Kellog, Idaho, a subsidiary of Gulf 1976 was 18.1 ounces per ton. Ore reserves 

Resources & Chemical Corp., rose 12% to of all types at yearend were 791,375 tons 

7.79 million ounces.® Most of the silver averaging 19.9 ounces of silver per ton. 

| CONSUMPTION AND USES 

Industrial consumption of silver rose 8% 18% to 11.2 million ounces; jewelry, down 
to 170.6 million ounces in 1976. An addition- 14% to 11 million ounces; and batteries, 
al 1.3 million ounces was used for coinage down 18% to 3.5 million ounces. 
purposes, a level half that of 1975. Use in Certain applications appear to have excel- 

photographic materials, which accounted Jent potential for an increased rate of 
for one-third of consumption in 1976, rose growth in demand. The use of silver in solar 
21% to 55.5 million ounces. Use in contacts energy applications was expanding. In this 

and conductors, the second largest use cate- pplication, pure metallic silver is used in 
! gory, rose 19% to 32.3 million ounces, mirrors for collecting and concentrating the 

whereas, the third I sargest use, Sterne sun’s rays which are then focused on boilers 
ware, declined 16%. In the aggregate, t se or other receivers used to generate electri- 
three uses accounted for 63% of total in- _.. . . . . 
dustrial consumption in 1976. Use of silver city. Use of silver to purify ‘water Is gr Owing 
in catalysts continued to increase and re- because it can effectively control bacteria 

corded a 40% gain to 12.3 million ounces. and other organisms found in water. Major 
Use in electroplated ware rose 9% to 9.5 applications includes swimming pool filters 

million ounces and use in coins, medallions, and filters that purify drinking water. Sil- 

and commemorative objects rose 15% to 8.2 Ver is being used to prevent buildup of static 

million ounces. Use in mirrors rose 47% to electricity in carpets and other types of 
46 million ounces and use in dental and woven material. In such applications silver 

medical supplies rose 29% to 1.9 million is precipitated on a fiber which is eventual- 

ounces. Declines in consumption were re-_ ly included with other fibers used to make 

corded for brazing alloys and solders, down _ the antistatic product. 

STOCKS 

Total accountable stocks at yearend were to 54.8 million ounces while CBT stocks rose 

333.2 million ounces. These consisted of 30.6 22.5 million ounces to 61.0 million ounces. 

million ounces in industry stocks, 39.7 mil- Compared with total stocks at yearend 1975, 
lion ounces in Treasury stocks, 7 6 million 4 decrease of 14.1 million ounces was reg- 
ounces in Department of Defense stocks, istered in 1976. 
139.5 million ounces in the strategic stock- 

pie, as tecitaed vaults, COMEX ware | Galt Resources & Chemical Corp. 1976 Annual Report. 

house stocks decreased 30.9 million ounces {Homestake Mining Co. 1976 Annual Report. 35 pp.
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| ' Figure 2.—Silver consumption in the United States, 1976. . : 

The price of silver fluctuated somewhat cents per troy ounce in January, rose to 
during 1976, rising in the first half then 481.2 in June and 477.9 in July, and then 
falling rather rapidly for the next few declined sharply to 423.7 cents in August. A 
months. The price then rose slightly and slight increase was then recorded in the 
remained fairly steady for the remainder of final months to about 435.0. The average 
the year. The average daily price in cents monthly price for the year was 435.4 cents 
per ounce of silver, as quoted by Handy and __ per troy ounce compared with 441.8 cents in 

Harman, New York, began the year at 1975. 
416.5, reached a low of 381.5 on January 26, Prices on the London Metal Exchange 

a high of 510.0 on July 6, and finished the ranged from a low of 389.5 cents per ounce 

year at 437.5 on December 30. The gain in to a high of 507.6 cents per ounce (U.S. 

the average daily price in 1976 was 21.0 equivalent). The average for 1976 was 434.9 

cents. The average monthly price was 406.3 cents.
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| Trading volume on the COMEX was 18.5 ing volume was 10.1 billion ounces, againof __ 
. billion ounces during 1976, an increase of 0.3 billion ounces over that in 1975. _ 

| 4,0 billion ounces over 1975. The CBT trad- 

: _ : | | FOREIGN TRADE a | | 

Exports of silver fell 55% to 14.6 million was not enough to offset a 21% decrease in 
| - ounces. Refined bullion, which accounted imports of ore and concentrates to 16.7 
a for 52% of total exports, totaled 7.6 million million ounces, a 40% decrease in imports _ 

ounces, a level one third that of et ax of waste and sweepings to 3.3 million 
ports ol waste, scrap, and sweepings declin- ounces, and a 45% decrease in imports of 
ed 31% to 6.8 million ounces which was  doré and precipitates to 1.2 million ounces. 

| equivalent to 47% of total exports. Ore and = The principal source for imported silver 
: | concentrates, the remainder of the exports, in 1976 was Canada which supplied 40.6 

totaled 0.16 million ounces. Japan, the prin- million ounces equivalent to 46% of total 
cipal foreign market in 1976 for exported imports. Mexico supplied 18.4 million 

material Rachiy ep “elehiee Luxe ounces or 21% of total imports, Peru 11.8 | 
ema 7 eg, ..q Million ounces or 18%, and the United 

bourg, a 1%; Talwar io Spain, 8%; sand Kingdom 6.0 million ounces or 7%. Hondu- 
| | ° . : ras, India, Japan, and Yugoslavia, in the | ning 9% went to about 10 countries. Bullion aggregate, supplied 9.1 million ounces or 

was shipped mainly to Japan, with signifi- ae ee 
cantly smaller amounts to Canada, Taiwan, 10% sapplied Den nunber of ou a 

Gnd Brasil. Woate:, er Piadom Belen including Australia, Chile, Territory of 
Luxembourg, Japan, Spain, and Switzer- South-West Africa, Italy, and the Philip» 
land others. pines. - 
“Importa of silver totaled 88.4 million Most of the bullion imported in 1976 came 

| ounces compared with 90.4 million ounces from Canada, Mexico, Peru, and the United 

in 1975, Refined bullion accounted for 76% Kingdom. Ore and concentrates came main- 
| of total imports; ore and concentrates, 19%; ly from Canada, Australia, Honduras, Mexi- 

waste and sweepings, 4%; and doré and_ co, Peru, Philippines, and South-West Afri- 
precipitates the remainder. A 9% increase ca. Canada accounted for most of the im- 
in imports of bullion to 67.2 million ounces _ ports of waste and sweepings. |
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Figure 3.—Net exports or imports of silver, 1960-76. 

a - WORLD REVIEW | 

World mine production of silver in 1976, Phelps Dodge Corp., to develop the Wood- 

including centrally planned economy coun- lawn lead-zinc-copper-silver deposits in New 

tries, increased 2% to 305.0 million ounces. South Wales. The deposit contained about | 

The United States, Canada, Mexico, and 11 million tons of proven reserves contain- 
Peru accounted for 50% of world output. © ing about 22 million ounces of silver in 
World consumption of silver in 1976 for addition to other metals. An open pit mine | 

industrial and coinage uses, exclusive of was planned to be operational in about 2 

centrally planned economy countries, total- years. The agreement calls for continued | 
ed 422.0 million ounces compared with 394.5 exploration around the Woodlawn ore body, — 
million ounces in 1975.1 A 19% increase in particularly of sulfide occurrences similar 
industrial use, which accounted for 94% of to the main deposit. Western Selcast (Pty.) 
total use in 1976, was more than enough to Ltd. and MIM Holdings Ltd. continued to | 
offeet an 8% decrease in use of silver in explore the massive sulfide zone at their 
coinage. Total consumption by market eco- Teutonic Bore property in Western Austra- | 
nomy countries exceeded newly mined sup- Jia. By yearend, several million tons of ore 
ply by 178.0 million ounces according to containing as yet unknown quantities of 

Handy & Harman estimates. Secondary silver, copper, and zinc had been outlined. __ | 
production supplied 40% of the difference, Diamond drilling of the deposit and metal- 
outflow from Indian stocks, 81%; demone- jurgical testing of the ore were continuing. 
tized coin, 28%; and U.S. and foreign Gov- Aquitaine Australia Minerals Pty. Ltd. and 
ernment stocks the remainder. West Ger- Serem Australia Pty. Ltd. continued to — 

many was reported to have supplied an explore a major silver, lead, and zinc pros- 
unusually high 28 million ounces of silver pect near the town of Kunununa, in West- 

in 1976 reclaimed from official coins that on Australia. : 

had been retrieved by that Government. Canada.—Mine production of silver in 

Australia.—Production of silver rose 7% 1976 increased 3% to 40.9 million ounces. 

to 25.1 million ounces. An agreement was 
reached between Australian Mining \1Gfandy & H . The Sil Market, 1976. 61st 

Smelting Ltd., St. Joe Minerals Corp., and Annual Review, 1976, 23 pp.
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Production of silver at the Kidd Creek mine Dominican Republic.—Rosario Domini- 
| of Texasgulf Canada Ltd. totaled 10.4 mil- cana, S.A. a subsidiary of Rosario Resources 

| lion ounces, about 13% above that of 1975.12 Corp., operated its new Pueblo Viejo base 
At yearend, the mine contained a 205- metal mine near capacity in 1976.** Pro- 
million-ounce silver reserve above the 2,800- duction of doré bullion included 907,318 
foot level. Exploration below this level con- ounces of silver and 413,739 ounces of gold. 
tinued to find ore so that the ultimate depth Reserves of oxide ore totaled 25.8 million 
of the deposit had not been delineated at tons containing 18 million ounces of silver 
yearend. Texasgulf Inc. continued diamond and 3 million ounces of gold. A sulfide ore — 
drilling its large base metal sulfide deposits reserve contained 19.5 million ounces of 
at Izok Lake and Hood River, Northwest silver and 2.6 million ounces of gold. At 
Territories. At yearend, the exploration has yearend, a satisfactory metallurgical pro- 
delineated ore reserves containing 25 mil- cess to treat the sulfide ore had not been 

, lion ounces of silver at Izok Lake and about developed. 
, 1.0 million ounces at Hood River. Further Honduras.—Production of silver in 1976 

drilling was planned to determine the ex- atthe El Mochito mine of Rosario Resources 
: tent of the deposits. Corp. totaled 3.2 million ounces. Ore re- 

Mine production of silver by United Keno serves decreased during the year to 6.2 
Hill Mines, Ltd. declined 19% to 2.4 million million tons containing 31.7 million ounces 
ounces.!* Ore reserves declined from 208,000 of silver and 12,340 ounces of gold, in 
tons averaging 37 ounces of silver per ton to addition to lead, zinc, and copper. 
182,000 tons averaging 43 ounces per ton. Japan.—Production (primary and secon- 
Silver production at the Sturgeon Lake dary) and consumption of silver in 1976 
mine, a joint venture between Sturgeon totaled 37.9 million ounces and 57.0 million 
Lake Mines, Ltd. and Falconbridge Copper ounces, respectively. The supply deficiency 

| Ltd., was 1.1 million ounces, a level only was made up by imports of bullion and 
slightly above that of 1975.4 Reserves at stock withdrawals. The principal uses were 
yearend 1976 totaled 1.4 million tons aver- photography (which accounted for 45% of 

| aging 5.47 ounces of silver per ton. total consumption), contacts and conductors 
Noranda Mines Ltd. reported silver pro- (12%), fabricated products (10%), and braz- 

| duction from the No. 12 and No. 6 mines of _ ing alloys (8%). 
Brunswick Mining & Smelting Corp., Ltd. Mexico.—Mine production of silver in 

| totaling 3.0 million ounces in 1976 com- 1976 totaled 42.6 million ounces. The exten- 
| pared with 4.4 million ounces in 1975.5 sive expansion of silver mines and plants of 

Reserves at both mines at yearend totaled recent years did not result in the sharply 

about 100 million tons containing 300 mil- increased output expected in 1976. How- 
lion ounces of silver. Noranda Mines Ltd. ever, production was still expected to in- 
has a 64.1% interest in Brunswick Mining crease by about 20 million ounces by the 
& Smelting Corp. Ltd. Noranda’s Geco Div. end of 1978. | 

- reported production of 1.6 million ounces of | Lacana Mining Corp., formed in 1975 
silver in 1976 from an ore reserve that through the merger of Lacanex Mining Co. 
contained .41.0 million ounces at yearend. Ltd., Pure Silver Mines Ltd., and Tormex 
Production of silver by Mattagami Lake Mining Developers Ltd., completed its first 
Mines Ltd. and Mattabi Mines Ltd. totaled full year of operation in 1976.17 The com- 
2.5 million ounces in 1976. Ore reserves of pany has a 30% interest in Las Torres 
the two mines totaled 26.1 million ounces at silver-gold mining complex in Guanajuato 
yearend 1976. Noranda Mines Ltd. has op- and a 40% interest in La Encantada silver- 
erating interests in these mines. lead mine in Coahuila. It also has mining 

Canex Placer Ltd., a subsidiary of Placer operations outside Mexico. Silver pro- 
Development Ltd., was planning a mine- duction at Las Torres complex in 1976 
mill complex to exploit the Sam Goosley totaled 4.1 million ounces from an ore 
silver-gold-copper property located at Hous- reserve that at yearend 1976 contained 46 
ton, British Columbia. The property was million ounces of silver. When operating at 

estimated to contain 43.5 million tons of ore full capacity, annual production at Las 
containing 2.78 ounces of silver per ton. The “Whosassulf kx 1976 Annual Report, 48 
Ruth Vermont silver-lead-zinc mine near Boe ne. I nual teport. ae Pp. 
Golden, British Columbia, began operating 0p Nickel Mines, Ltd. 1976 Annual Report. 

at near capacity from an ore reserve that Page 36 of reference cited in footnote 13. 
contained an estimated 4 million ounces of 1 ee ee ere anna Report eee, pp. 
silver. 17Lacana Mining Corp. 1976 Annual Report. 22 pp.
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Torres should total 7.2 million ounces of tobe about 30 million ounces. 
silver. Silver production at the Encantado Nicaragua.—Rosario Mining of Nicara- 
mine in 1976 totaled 1 million ounces. At gua, Inc., a subsidiary of Rosario Resources 
yearend, silver reserves totaled 38 million Corp. continued to explore the area around 

ounces. Annual production at the La Encan- the Rosita mine and a large low-grade 
tada mine is expected to be 3.2 million deposit of silver and gold in the Coco River 
ounces when operated at full capacity. area.” Mine and reserve development took 

Expansion of the Huautla silver-lead precedence over production and as a resulJt 
mine in Morelos by Rosario Mexico, S.A. de the mill at Rosita was not operated in 1976. 

C.V. continued in 1976.18 Completion of the Peru.—Mine production of silver in 1976 
new crushing plant, which will increase the totaled 35.6 million ounces compared with 

production rate from 140 tons of ore to 300 37.5 million ounces in the preceding year. 
tons per day, was delayed until early in Partial financing for the planned expansion 
1977. Silver production in 1976 totaled of the mining industry was extended to 
546,817 ounces. At yearend, silver reserves Empresa Minera del ‘Centro del Peru, a 

stood at 8.0 million ounces. wholly-owned subsidiary of Minero Peru, 

Placer Development Ltd. Canada, contin- the Government-owned mining enterprise. 
‘ued to study its Real de Angeles silver Under the plan, the Cabriza copper-silver 
property in Zacatecas. Diamond drilling in mine will expand annual output from 0.7 
prior years outlined a deposit containing 48 million tons of ore to 3.5 million tons of ore 
million tons of ore averaging 2.5 million’ containing approximately 1.3 million 
ounces of silver per ton. Plans in 1976 called ounces of silver. The Cuajone copper project | 
for an open pit mine capable of producing 6 began operating in late November 1976 
million ounces of silver per year to be in full with a rated mill capacity of 45,000 tons per 
production in 1979. day from a deposit grading 1% copper. In 

Production of silver at the Real del Monte addition to primary copper, significant 
mine, Hildago, was 4.0 million ounces in quantities of byproduct silver will be pro- 
1976.1° Reserves were estimated at yearend duced. 

TECHNOLOGY : 

Researchers at the Bureau of Mines Reno, calcareous tailing. Results of the tests were 
Nev. Metallurgy Research Center continued inconclusive. | | 
studies to develop economic methods for A rockburst monitoring system developed 
recovering silver and associated metals by the Bureau of Mines to warn of impend- 
from low-grade or refractory ores. Much of ing outbursts of rock was ready for commer- 
the research dealt with heap leaching, acti- cial use.2? The sensing elements of the 
vated carbon gold-silver recovery methods, monitoring system are geophones, extreme- 
and elevated-temperature pressurized strip- ly sensitive microphone-like instruments 
ping of gold and silver loaded carbon. Pre- for detecting vibrations in rock. Strategical- 
liminary chemical refining tests were con- ly arrayed groups of geophones are linked 
ducted on a silver sulfide precipitate to to a computer that has been programed to 
determine the feasibility of producing pure pinpoint the origin of small-scale displace- 

silver by a leaching-electrowinnning se- ments, or microseismic events, that create 
quence. Research on the selective ex- minute noises the intensity and frequency 
traction of silver and copper from a complex of which can signal dangerously high stress. 
sulfide concentrate from an antimony leach The monitoring system identifies zones 
plant was continued. The concentrate was where high stresses, that cause dangerous 
treated with an alkali sulfation roast follow- 
ed by a sulfuric acid leach that resulted in —®Page 9 of reference cited in footnote 16. 
the extraction of 99.5% of the silver and ° ree aeineering and Mining Journal. New Silver Discov- 
99.7% of the copper. Refractory oxide silver 177, No. 9, September 1976, pp. 35-38. 
ore was subjected to beneficiation tests to op ABE 11 and 14 of reference cited in footnote 16. 
produce a silver-enriched limonite product Techdnwe for taigntom ane We Duvall. Microseiamic 
for an acid-brine leach and a separate Structures. BuMines Bull. 665, 1974, 65 pp.



1232 | MINERALS YEARBOOK, 1976 

rockbursts, can be relieved by detonating silver adsorbed as a cyanide complex on : 
explosive charges in strategic locations. activated charcoal.** Loaded charcoal is 
Such controlled blasts help prevent the treated with sodium carbonate or potassium 

| rockbursts. A rockburst monitoring system carbonate and then washed with deionized 

| designed by the Bureau of Mines isin use at or softened water to dissolve the silver. 
ASARCO’s Galena silver mine near Wal- Silver was removed from some ores using a 
lace, Idaho, and similar systems have been flame formed by reacting hydrogen and 

| installed in the Lucky Friday silver mine chlorine, which volatilized the silver. The 
and the Star silver mine both of which are metal was then recovered by condensation 

| adjacent to the Galena mine. and leaching.?¢ _ 
A study of energy use patterns in the a 

production of silver was published.”? The 22Battelle Columbus Laboratories. Energy Use Patterns 

report detailed energy consumption in each in Metallurgical and Nonmetallic Mineral } Processing 
° * : ‘etl - - Energy Data an owsheets, Low-Priorit 

| operation in the production of metallic sil- Commodities). BuMines Open File Rept. 117(1)76, 1976, 
ver and concluded that total consumption of pp. 174181; available for consultation, at the puree of 

1° at ines libraries in Tuscaloosa, Ala., ege Park, Md., 
energy per ton of metallic silver amounted  pyinCities, Minn, Rolla, Mo. Boulder City, Nev., Reno, 

toe binien Bm i d bl techn Libre » of Natural Reso Sa Daccrtateit of the Interior, nnovative drilling and blasting techni- ‘brary of Natur urces, Department of the Interior, 
= Washington, D.C.; and from National Technical Inform- 

ques were developed at Texasgulf Canada, - ation Service, Springfield, Va., PB 261 150/AS. : 
Ltd’s, Kidd Creek base metal mine near — Blakey, P.N.,T.R. Yu, and D. O. Tansey. Kidd Creek's 
Timmins, Ontario. The underground oper- Wnavarive ie op Sub level Stoping. Min. Eng., v. 28, 

| ation utilizes a unique sublevel open stope 2<The Silver Institute. New Silver Technology. 1976, 287 
method developed using large diameter P;, 7 

: . ° Davidson, R. J. Metal, Particularily Gold, Recove: 
blastholes bored with rotary drills. From Absorbed Cyanide Complexes. U.S. Pat. 3,970,737, 

Worldwide research on silver technology July 20, 1976. 7 
was reviewed.” 7 Oliver, R. E., and G. McGuire (assigned to Matthey 

. . . Rustenburg Refiners (Pty.) Ltd.). Treatment of Material 

| A method was developed for recovering With Hydrogen Chloride. U.S. Pat. 3,998,926, Dec. 31, 1976. 

Table 2.-Mine Production of recoverable 
silver in the United States, by month 

(Thousand troy ounces) 

Month 1975 1976 

. January ....-.-.-------- 8,048 2,909 
February .....---~--~---- 2,708 2,948 
March _______.-_------- 2,920 8,078 : 
April __.._.------------ 3,018 28381 
May .. 222222222222 2777 2,904 2,574 
June _.__.__.---------. 2,998 2,913 
July .-----_-.--------- 2,805 2,622 
August .-.___---------.- 2,842 3,089 
September ________.------ 2,867 2,962 

| October______----------- 8,016 2,828 
November __.._..-------- 2,743 2,855 
December _.___---------- 3,079 2,775 

Total........------ 34,988 134,828 

1Data do not add to total shown because of independent 
rounding.
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Table 3.—Twenty-five leading silver-producing mines in the United States in 1976, 
in order of output 

Rank . Mine County and State Operator Source of silver 

1 Galena _._..... Shoshone, Idaho __ _— ASARCO Inc. _...-------- Silver ore. 
2 . Berkeley Pit _._.__ Silver Bow, Mont —— The Anaconda Company - — ~~. — Copper ore. 
3 Lucky Friday... | Shoshone, Idaho .~ —_ Hecla Mining Co... .- Lead ore. 
4 Coeur ~_....--.. do. -- ASARCO Inc. _...--.----- Silver ore. 
5 Utah Copper --.. Salt Lake, Utah ___ Kennecott Copper Corp ___... Copper ore. 
6 Bulldog Mountain. $$ Mineral,Colo —__ ~~ Homestake ining Co ------- Silver ore. 
7 Bunker Hill _.._. Shoshone,Idaho.... The Bunker HillCo____-----  Lead-zincore. 
8 Buick _._.._.. Iron, Mo__. ~~~ Amax Lead Co. of Missouri ~~ — — Lead ore. 
9 . Sunshine ___._.. Shoshone, Idaho __ _~_ Sunshine Mining Co ____...- Silver ore. 
10 Twin Buttes _._.. Pima, Ariz ___-_.-~ Anamax Mining Co we eee eee Copper ore. 
11 Sierrita __...... —...do__._._._.... | Duval Sierrita Corp_..____-- Do. | 
12 Sherman Tunnel — Lake,Colo ._____- Day Mines, Inc___...._-..- Silver ore. . 
18 Pima__....._. Pima, Ariz _.___-~- Cyprus Fima Mining Co eee Copper ore. 
14 Star Unit _..... Shoshone, Idaho -- ~~ he Bunker Hill Co. and Hecla Lead-zinc ore. 

Mining eee ee ee ee 

15 Morenci_...... Greenlee, Ariz __. ~~ Phelps Dodge Corp _..._---~- Copper ore. 
16 Magma ____..— _ Pinal, Ariz ____-__~_ Magma Copper Co-—- ------~- Do. 
17 Ontario _...._. Summit, Utah _.__~_ Park City Ventures __ ~~ Lead-zinc ore. 
18 Tyrone _._._. . Grant, N. Mex ___.. Phelps Dodge Corp we eee eee Copper ore. 
19 Trixie _._...._._. Utah, Utah. -__~ Kennecott Copper Corp —.._~- Gold-silver ore. 
20 Idarado _____.. Ouray and San Miguel, Idarado MiningCo ~._... ~~~ Copper-lead-zinc 

0. ore. 
21 San Manuel ___-— _ Pinal, Ariz ______- Magma Copper Co___._-_--- Copper ore. 
22 Magmont _.._.-— Iron, Mo__..__-_ ~~ Cominco American, Inc ~——--—- Lend ore. 
23 Mission _...... Pima, Ariz ___-__- ASARCO Inc _. ~~ -------- Copper ore. 
24 CopperCanyon .. Lander, Nev __-_-- Duval Corp . .. . ._---------- _ Do. 
25 . Crescent _..... Shoshone, Idaho _~ ~~ The Bunker Hill Co__.__-_-- Silver ore. 

een
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Table 4.—Silver produced in the United States, in 1976, by State, type of mine, and class 
of ore, yielding silver, in terms of recoverable metal 
re eer 

Placer a 

(troy Gold ore - Gold-silver ore Silver ore 
State one a a, Troy a, ‘Troy 

oO Short Short Short : ounces ounces ounces 
silver) _ tons of silver tons of silver tons of silver 
ee tir le cited 

Alaska ______________ 1,808 463 112 -- — __ —_ 
Arizona ____§_~_______ -- Ww W WwW W 53,152 164,323 
California ~___________ 163 5,526 1,279 2,229 15,657 50 389 

; Colorado _____________ — 36,317 4,643 589 8,970 196,061 2,699,952 
Idaho __________~___-_ oe 91 91 72 689 466,762  _—-_ 6 885,167 
Michigan _____________ _— _— -_- _- _- _- _- 
Missouri _____________ _- _- _- _- _— _— _- 
Montana _____________ _— 3,711 1,588 5,121 27,409 68,122 309,226 
Nevada ______________ 100 228,998 47,927 W W 9,237 119,874 
New Mexico _____._._____ __ 10,455 2,458 3,776 10,311 128 1,859 
New York ____________ -- _- _- -- -- _- -- 
South Dakota __________ -- 1,658,132 58,117 _- -- _- _- 
Other States’ -____-____ -- 49,081 124,948 1,014,738 598,922 244 6,595 _— OD 

Total _._______ 2,071 1,992,774 | 241,163 1,026,521 661,958 793,756 10,187,385 i ne no OD 

Percent of total . 
silver ________ (?) _. 1 ae 2 __ 30 

Lode 

Copper ore Lead ore Zinc ore 

Troy Troy . Troy Short Short Short 
ounces ounces ounces 

tons of silver tons of silver tons of silver 

\ Alaska ___________ _- —_ 78 1,345 _— _— 
! Arizona___________ 173,325,593 7,276,850 213 336 __ — 

California _...~_____ -- _— _— _— Ww WwW 
Colorado __________ _- -- 206 382 178,945 108,650 
Idaho ____________ W Ww 187,733 2,592,878 Ww Ww 
Michigan. _________ 3,801,271 310,837 —_ _— _— _- 
Missouri __________ —_ __ 8,657,845 2,277,013 _- —_ 
Montana __________ 16,780,787 2,935,682 488 4,326 Ww Ww 
Nevada ___________ 3,057,651 486,325 __ _- W Ww 
New Mexico ________ 25,015,712 765,800 Ww WwW W WwW 
New York _________ a -- _- _- 1,112,553 49,199 
South Dakota _______ — — — _- __ _— 
Other States? _______ 29,707,680 1,778,751 3,771 42,865 695,913 147,836 

Total ______ 251,688,694 13,554,245 8,850,334 4,919,145 1,987,411 305,685 

. Percent of total 
silver _____ __ 39 — 14 _- 1 

Lode 

Copper-lead, lead-zinc, 
copper-zinc, and Old tailings, etc. Total® 

copper-lead-zinc ores 

Troy Troy Troy 
Short ounces Short ounces Short ounces 

of silver of silver of silver 

Alaska _._________ _- _- _- —_ 541 - 3,265 
Arizona___________ 91,378 33,763 40,985 15,098 174,451,346 7,615,112 
California _________ _- _ Ww Ww 10,101 57,265 
Colorado _____.~___ 882,466 1,260,574 _- — 1,294,584 4,083,171 
Idaho ____________ 1,132,543 2,025,916 _- _- 1,959,630 11,561,421 
Michigan. _________ _- -- _- _- 3,801,271 310,837 
Missouri _________~- _- -- _- _- 8,657,845 2,277,013 
Montana _________-_ _— —- Ww Ww 16,858,301 3,278,629 
Nevada ___________ 77,450 99,830 —- _- 3,382,711 783,892 
New Mexico ________ _- — _- _- 25,161,206 891,932 
New York _________ _- _- _- — 1,112,553 49,199 
South Dakota _______ -- -- —_ — 1,658,132 58,117 
Other States! _______ 2,956,945 990,163 37 431,234 33,173,073 3,358,377 

Total ______ 5,140,782 4,410,246 41,022 46,332 271,521,294 34,328,230 

Percent of total 
silver ____ _- 13 __ (?) __ 100 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 
1Includes Illinois, Maine, Tennessee, Utah, Virginia, Washington, and States indicated by symbol W. 
2Less than 1/2 unit. 
3Data may not add to State totals because of items withheld to avoid disclosing individual company confidential data. 
“Includes byproduct silver recovered from tungsten ore in California and fluorspar in Illinois.
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Table 5.—Mine production of recoverable silver in the United States, by State 
es (Troy ounces). 7 

1972 . 1978 1974 1975 1976 

Alaska ________________--- 288 828 547 W 3,265 
Arizona_____._.---.-.----— | 6,652,800 = 7,199,251 6,355,528 6,285,854 7,615,112  — 

California _....-----.------ . 175,467 55,897 41,894 79,757 57,265 . 

Colorado ____.---.--------+-+ 3,663,832 3,598,209 2,783,978 3,366,000 4,083,171 

Idaho .__..~-~--------+.---- 14,250,725 18,619,824 12,435,701 13,868,133 11,561,421 

Maine________._-_-------- 16,251 - — WwW . WwW Ww Ww 

Michigan __—~_.----_---------+ 785,100 850,273 642,944 632,336 310,837 

i 1,971,530 2,057,732 2,387,250 2,525,042  — 2,277,018 

Montana ..____----.------- 3,825,052 4,849,869 8,512,161 2,616,626 3,278,629 

Nevada ____...-—----------- 595,351 628,660 872,248 1,608,735 783,892 . 

New Mexico . .__.----------- 1,016,880 1,111,269: 1,194,800 792,050. 891,932 

New York ____-------------+ 25,070 54,345 64,463 56,047 49,199 

Oregon __.—_-___----------.~ 2,252 1,282 8,925 W ae 

South Dakota ____..--------- 99,992 71,9389 62,474 67,669 58,117 

Tennessee — eee ee ee eee 83,466 , 73,104 20,053 53,752 77,890 . 

Utah ________-__--------- 4,299,604 3,619,038 3,207,923 2,821,730 3,134,021 . 

. Other States _ _ ___-.--------- 269,262 197,050 170,990 163,851 146,466 . 

Total.--______----____ _ 87,282,922 87,488,570 «88,761,874 «84,987,582 84,828,280 

W Withheld to avoid disclosing individual company confidential data; included in “Other States.” . 

| - Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1976, | | 

_ by State and method of recovery, in terms of recoverable metal/ | 
qr ac lS Sf PSS SS ———_—KG@e 

- m " 7 ” " aT a 7 7 . — — ee a. _—_ . ae . 

| votes Ore and old tailings to mills oO 

Total a Crude ore, . 

oo ore,old " Recoverable . Concentrates old tailings, — 

etc. | ecoverabie me to smelters* 

- short tons? 3 . | 
a - tons) — _ Amalga- -Cyani- —-—~ Concen- | Thou- _. 

mation —_ dation _ trates Troy sand . Troy 

- . (troy (troy .—«.-«s«(short'~=—s ounces short _ ounces 

. co ounces) ounces) ' tons) | tons tli 

Alaska 1 1 __ __ 7 112 () 1,345 
Arizona_____-_~~ £195,242 “194,900 ee 125,000 3,277,536 17,309,435 342 — 180,677 

California ___.___ 10 10 625 —_ 2,492 54,124 ¢) — 2,353 

~ Colorado __—__~~- 1,295 1,294 838 15,116 152,025 4,038,654 1 28,563 . 

Idaho _____..--. _ 1,960 1,959 7 _- 170,756 11,553,973 1 7,441 

Michigan ___—__—— 3,801 3,801 -- _— 143,236 310,837 _- _. 

Missouri _————— ~~ 8,658 8,658 _- _- 882,820 2,277,013 _- _- 

Montana __—————- 16,884 16,788 357 -- 838,063 2,940,859 96 337,413 

Nevada__.____-— £513,753 ‘518,712 35 156,569 201,133 615,855 41 11,833 

New Mexico__._.___ 425,189 425,106 = + 1417 788,429 877,185 83 18,330 

New York _______ 1,239 1,239. -- _— 187,949 49,199 _- -- . 

South Dakota ——_—- 1,658 1,658 _- 58117 =k _- _- — 

Tennessee _— —.___ 5,159 5,159 -- ue 222,815 77,890 —_ —- 

Utah ___-__-__- 30,058 29,9387 _- _— 723,182 2,667,767 116 466,254 

Other States® _____ 1,128 1,128 _- 51,156 81,032 92,139 2) 8,171 

Total ____ 306,030 $05,350 1,862 407,375 17,120,925 32,864,542 680 1,052,380 

er 

1Includes some nonsilver-bearing ore not separable. 

2Fxcludes tonnages of fluorspar, tungsten, and uranium ores from which silver was recovered as a byproduct. 

3Less than 1/2 unit. 
“Includes ore from which silver was recovered by heap leaching. . 

5Includes ore from which silver was recovered by vat leaching. 
| ®Includes Dlinois, Maine, Virginia, and Washington.
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Table 7.—-Silver produced at amalgamation and cyanidation mills in the United States | 
. he and percentage of silver recoverable from allsources $= St 

. Bullion and precipi- —_. Silver recoverable from 
. | | | tates recoverable - ~~ allsources 

- Year __.___ {troy ounces) (percent) = . 

- : SS . : Amalga- Cyani- Amalga- —— Cyani- wd Diana. : 
| - mation dation mation — dation | Smelting’ = Placers 

1972 __. 2,490 99,992. 0.01 0.27 99.72 > (3) 1978 22 8,536 260,846: 01 ~ 70 99.29 — 4 
1974 eee ----- 2467s 885,909 sO 99-- 99.00 . @) 
1975 .-.--------_----------- 2,298 420077 | O01 1.20 98.79 | @) a 1976 __. eee 1,862 407,875 @ 119° 98.80.01 

-1Crude ores and concentrates. i = | : | *Leas than 0.005%. | | | . | : SO . 

rable 8.—Silver produced at refineries in Table 9.—U.S. consumption of silver, 
"the United States, by source ts _ by end use oe 

| (Thousand troy ounces) | . - - (Thousand troy ounces) 

mn ‘Source 1975° 1976  Finaluse? 19751976 

Co: ¢ trates and oe Electroplated ware... 2...  —_ 8,717 «9,584 , 
‘Dometic. ------_ $8,078 «84,59 “Sterling ware _--"-7“TIT agit 19,8b 
Foreign. .~......-.---- 27,004 19,994 ‘Jewelry... _-_-___. = - , 10, | 

ats mnote sass Emme ae = AE 1 _. , , ntal and medical supplies _... _—_1, 1 
TORR monn nnn nnn OS __ ASE Mirrors === —------ 15062 | 

, | razing alloys and solders _.._.. . 18,582. ; 
a Old scrap: | Electrical and electronic products: 

One --nn---n-------- 1008 15,085 "Batteries ------ 4,258 8,490 
ee a Bes reacts and conductors ---- 2121t 32,328 

| arings _....-__--...--- 
| Total! -_-_--------___51,107__ 50,226 Catalysts —————-— =" TI TTT 8785 12,267 

Total net production... 111,185 104,578 +" memorative objects ...-.--. 7,186 8,240 
New Scrap-_------------___ 50,520 58,084 Miscellaneous? __._____--- 281 824 

Grand total_..--.--- 161,705. 157,662 total net industrial oe 
ee eee “consumption ..._._-_--~ 9157,650 § 170,559 

|  FRevised. : oe Coinage. ...._.._.-.--.-. 2,740 1,815 
1Data may not add to total shown because of indepen- | es 

dent rounding. Total consumption._.__-.-. *160,390 171,874 

| 1E:nd use as reported by converters of refined silver. | 
. "Includes silver-bearing copper, silver-bearing lead an- 

odes, ceramics, paints, etc. 
SData do not add to total shown because of independent 

oe rounding. . 

Table 10.—Value of silver exported from | 
and imported into the United States oe 

(Thousand dollars) 

. a Year Exports Imports 

1974.0 Le 81,651 623,794 
1976 > ~~ ee 147,567 394,536 
1976_ 2 61,435 378,061
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. | Table 11.—U.S. exports of silver in 1976, by country. | | 

| | (Thousand troy ounces and thousand dollars) - 

- Ore and _ Waste and Refined 
Country concentrates _ sweepings - bullion . 

Quantity Value —- Quantity Value Quantity Value 
RN aaa a eS eae RSS Aca a STs S Se A si ERS Sra SUS ESS a ST RSA . 

Argentina ~~~. 22 -- —_ = —- 75 . 816 
Belgium-Luxembourg manne eee 40 120 1,515 6,261 ee -- 
Brazil fe ee cee oe ae a ee ~ = ~_— wien —_— 350 . 1,560 
Canada _.~ 2 -- 30 127 145 329 662 8,193 
France ___~-~~.-.--.2- ue 41 175 10 42 -- -- 
Germany, West -._-.---2----- 14 61 169 695 4 15 
India ~~~ ~~~ ee ~- -- —- ~— 8 - 41 
Japan _.. 22 _- -- 1,875 5,831 5,710 24,058 
Korea, Republic of .~..0000-.-_-_ _- ~- _ _ 16 74 
Mexico _..-.-_......---~---- -- -- 169 665 —- -- : 
Spain -...2 _- -- 244 714 122 549 
Sweden _.. 2-2 -- -- 72 341 -- -- 
Switzerland _......--.-----.--2 32 98 231 978 15 86 
Taiwan _............-------- -- -- -- -- 600 2,548 
Tanzania __..-._...-~-------- oe -- 19 85 -—_ -- 
United Kingdom _....---------- (3). 1 2,894 12,825 29 126 
Venezuela _._.--~.~-~-~~------ ne -- -- -- q 39 
Other -_---~----------~------ a= -- ) 1 a: 11 

Total _..-..-...-.-.----~ | ‘157 582 6,843 _ 28,267 1,596 32,586 

1Less than 1/2 unit... fo Oo | : , 

| -.. Table 12.—U.S. general imports of silver in 1976, by country ae 

OO | | (Thousand troy ounces. and thousand dollars) | - 

Ore and Waste and _ Doré and ~ Refined. 
Country concentrates  sweepings : precipitates bullion 

- Quantity Value Quantity Value © Quantity Value Quantity . Value . a 

Argentina ___._-_- -- a — -- 82 . 185 3: 13 
Australia... -.-.~ 848 3,514 | (4) 1 -- a ae -- 
Bolivia _...._-._. 49 250 -__— -- — 4. aa am 
Brazil ...-..-.... -- —_— 65 240 -- <= -- | _- 
Canada ..___.-._. 9,058 88,788 2,767 11,768 187 800 28,559. 121,558 
Chile _...-_..~-- 37 147 -+ -= 199 816 386 1,741 - 
Colombia ._....... 48 - 197 -- a -- —_ -- -- 

~~ Denmark... -. 82 831s -- -- -- —- -- | —- 
Ecuador ._.. ~~ -- -- -- -- ——— -- 96 403 
France __....--.- --. -- 60 257 -- -- 24 98 
Guatemala __...... 2 8 -- -- ee --— -- . 
Honduras _....-~- 2,018 8,561 -- -- -- -- 217 676 oo 
Hong Kong - ~~ —---- -- -- 45 196 -- a -- _- 
India -._....---.- -- -- 20 90 16 70 1,086 4,866 . 
Italy_..--.------~ -- -- 3 9 _- -_- 288 1,241 
Japan ._..._...--- -- -- — ~~ 718 3,056 2,158 9,008 
Korea, 

Republic of __._ -- -- -- __ 16 78 82 180 
Mexico _....-..-- 797 8,071 — 250 1,014 “6 2 17,871 75,657 
Netherlands ~~ — ~~ .-— -- -- 4 9 -- _- -- -- 
New Guinea _._.._- 14 64 Oo oe -- -- -- -- 
New Zealand ..~-_-. -- _- 2 4 -- ~- -- -- 
Nicaragua _..._.~- 64 268 -- a 12 49 1 4 
Norway .._....---. 8 35 -- ~- _- -- -- -- 
Panama _....---- -- -- 1 4 -- -- 2 8 
Peru__._...----- 8,252 18,128 “- -- -- -- 8,077 85,104 
Phili pines a 810 1,825 -- -- _- _- _ -- 
South. est Africa, Ter- 

ritory of ....---- 184 579 ~- -- -- -- -- —_ 
Trinidad and Tobago — _ -- -- 2 6 -- -- _.. _ 
United Kingdom - ~~. -- -- 25 98 16 79 5,998 28,389 

yne772 = et (it mt TD nga 1,688 avia...--.-- -- ~~ -- -- -- -- ' , 
Other __.-------~- -- -- 5 14 -- -- 1 12 

Total... 16,716 70,206 3,256 18,784 1,198 5,089 67,187 289,082 

1Less than 1/2 unit.
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| Table 13.—Silver: World production’ by country — : 

_ (Thousand troy ounces) 

. Country” co 1974 | 1975 1976” 

North and Central America: | . 
Canada ___________-_______ ee = - - - + 42,810 39,695 40,887 

CostaRica __________----------------------------------- 3 *~3 tsi 

| ‘Dominican Republic _______-------------------------------- © = 109 «ss 907 

. El Salvador ___________________-~-~--_--+-+-+---+------------ 168. 176 166 

Guatemala____________________--_------+----+------------ 
a 3 2 

Haiti®f_ _§___ Le . . 20 20 20 

_ Honduras We ee ee ee ee en ee 3,661. . 3,802 2,964 

Mexico ___________________-__-~--+---------------------- 37,546 38,029 42,640 

Nicaragua __________-------_--------------------------- 270 ~2«—s 824 204 

United States ___________-__+_--------------------------- 33,762 34,938 :. . 34,328 

South America: - 
Argentina _________--------------------~--------------- 7101 2,283 1,750 

- Bolivia ______________-__.--_-----------------=-------- £5,885 5,470,091 

Brazil _...._______------------------------+------------ "527 235 250 | 

Chile __________--_----------------------------------- ™6,673. -— 6,263 7,287 

. Colombia® _______________________---------------------- 80 _ 88 106 

Ecuador _____________-_-------------=------------------- _ 85 3T°CB2 

. - Peru___________-------------------------------------- 
734,881 37,527  — 35,579 

Europe: | me " me Son 

Bulgaria® ~_______------------------------------------- ~ 800 800 1,000 

Czechoslovakia®______.._____~._.__-----------------------=--. 
1,300 71,200  —:1,300 

Finland______________-_--_-_--------------------------- 
810 144 © 113 

France _______.____-_~_-~ ~~ === --------------- —-*1,690 1,502 2,806 

. Germany, East® __________-------------------------------- 3,000 T2100 1,600 

Germany, West _________--------------------------------- 1,235 1,079 *1,060 ° 

Greece®____ Le - - - - - - - - - - - - -- = - = ---- 575 | 480 ATT 

Greenland? _________________1--+-----+-=-=---*---=---=- . 390 380 375 

Hungary _________----------------------+-------"-5---7-7 © 164 67 °70 

| _ Treland® (Le en ee ee ee eee 1,980 1,384 925 

| Italy’ _____________-~---_-_-------------=+------+----= © 1808 1157 1,543 

| Poland®____________-------_------------=-------------- 5,800 "7,400 8,000 

Portugal De ee ee ee een eee eee. 24. 25 | -23 ~~ 

| Romania® __________-------_---------------+---=------- 1,100 1,500 1,300 

“Gpain _______-___-----------------------+-4----------7 
4,099 3,447. 3,107 

Sweden ______________~------------------+=------------- 4,545 4,515 “4,700 

U.SS.R°5___._ ee - - - - - - = - = --- --- 42,000 43,000 44,000 

Yugoslavia_______-------------------------------------- 
4,702 5,412 4,631. 

Africa: 
Algeria®. ___. -__ > 2. ------------------------------------ F130 120 150 

‘\ Kenya eee +--+ --------- 20 —_ _— 

Mauritania ______________-~----------------------------- 31 ©26 32 

Morocco ________--_-_--------------------------------7-- 3,064 2,894 2,300 

Rhodesia, Southern® ___________---------------------------- 156 156 103 

South Africa, Republic of _____-_-------~----------------------- 2,699 3,084 2,821 

. South-West Africa, Territory of? __.___-------------------------- ¥1,904 1,823 . °1,400 

Tanzania __.___________----~---------------------------- 
(8) (8) (8) 

Tunisia _________-__-_---~--------~---------------------- 
136 292 252 

Zaire _____ eee ee ee 1,649 2,291 2,472 

Zambia® ___________-----------+----------------------- © F1,100 “1,000 1,065 

Asia: 
Burma _____________-_-_-_----------------------------- 122 775 211 

China, People’s Republic of€ ______---_--+---------------------- |. 800 800 . 800 

India®_ Le - - - - - - - - - - = - - - 147 83 102 

Indonesia____.____-------------~----------------------- *1,138 1,083 1,086 

Japan __________---------------------~---------------7- 
7,314 8,733 9,299 

Korea, North® __________--------------------------------- 
700 T1600 1,600 

Korea, Republic of ___._-_----------------+----------------- 71,307 1,494 1,838 

Philippines ______---_-----------------~----------------- 1,734 1,620 1,481 

Taiwan ________-_--_----------------------------------7- 
33 6 1,000 

Oceania: 
Australia___§____-____----------------------------------- 21,539 23,449 25,097 

Fiji _.__.._------------------------------------------ 27 26 20 

New Zealand ________--_-------------------------------- 
2 e9 1 

Papua New Guinea _____--_-------------------~-------------- 71,493 1,384 1,841 

Total__________------------------------------------ T292,184 297,882 304,899 

nn 

€Estimate. Preliminary. ‘Revised. 
1Recoverable content of ores and concentrates produced unless otherwise noted. 

217 addition to the countries listed Ghana, Thailand, and Turkey produce silver, but information is inadequate to 

make reliable estimates of output levels. 

3Revised to none. 
4TIncludes production by the State mining company (COMIBOL) plus the exports of medium and small (private sector) 

mines. 
5Smelter and/or refinery production. 
6Qutput by Inyati mine only. 
7Data include estimate of silver production from Klein Aub Koper Maatskappy Ltd. copper mines. 

8Less than 1/2 unit. 
®Refined silver and silver contained in blister copper and refinery muds.



—  Slag—lIron and Steel 

By James R. Evans! 

Combined sales and usage of iron and $79.7 million— the highest total sales value 
 gteel slags in 1976, at 32.6 million tons, ever recorded. 
remained fairly constant compared to those During 1976 Vulcan Materials Co. placed 
of 1975. Total sales value, however, showed an air-cooled iron blast-furnace slag plant 
about a 10% increase from that of 1975 to onstream in the Chicago area. 

DOMESTIC PRODUCTION 

Iron slags sold or used in 1976 totaled 26.0 (table 3). There are an undetermined num- 
million tons, a slight increase from that of ber of smaller plants in the United States 
1975 and near the level of 1970 (fig. 1 and 2). that are not shown in table 3. The geograph- 
The total sales value for 1976, however, . distribution of slag plants by State is 
reached $70.0 million—the highest ever ree 5HOwn in figure v. 
corded. The quantity and sales value of iron Iron blast-furnace slags were processed in 
slags by major process type are shown in 14 States (table 2). Ohio and Pennsylvania 
table 1. accounted for 00% Wee aearany and 

sone ennsylvania plus ois, Indiana, an 
Steel slags sold or used in 1976 totaled Michigan accounted for 69% of the domestic 

| only 6.6 million tons, the lowest in 7 years. total, 
The total sales value, however, of $9.7. About 70% of iron slag products in the : 
million exceeded the 1975 value by $0.8 United States were shipped to markets by 

million. truck. Rail shipments composed 26%, and 
Slags of all types were processed at 101 waterway shipments, 4% (table 3). Data for 

major iron and steel furnace slag plants shipments of steel slags were not available. 

CONSUMPTION AND USES 

Because there were no imports and neg- amount of steel slag has been returned to 
ligible exports of iron slag products in 1976, the blast furnaces as part of the charge. 
production or processing essentially equaled This is done to recover metallic iron. Also, | 
consumption in the United States. Asin the steel slags cannot be used for all purposes 
past, nearly all of the slag consumed in the for which iron slags are used. 
United States was in the construction in- Air-cooled iron blast-furnace slag contin- 
dustry. ued to be the most important slag product 

Iron slag is a waste or byproduct of pig in terms of both-tons processed and range of 
iron production, and the amount of iron applications. Locally, they are competitive 
slag available each year is controlled by the with natural aggregates such as crushed 
production of pig iron. It appears that stone and sand and gravel. This type of slag 
nearly all of the iron slag products made shows excellent bonding characteristics 
from newly processed material are consum- when mixed with portland cement to make 
ed in the marketplace each year. Steel concrete. It also shows high stability when 
slags are less available for marketing bee —  ____ 
cause each year since 1972 an increasing Physical scientist, Division of Nonmetallic Minerals. 

1239
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Figure 1.—Quantity and value of iron and steel slags sold or used in the United States.
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Figure 2.—Location and number of major iron and steel furnace slag plants 
in the United States.
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Table 2.—Iron blast-furnace slags sold or used in the United States, by State’ 
a BS _ (Thousand short tons and thousand dollars) | | 

| se  YearandState === | _Screened and air-cooled ___Allltypes__ 
. a an Quantity Value Quantity Value 

te 1975 : — 
Ohio. ee 4,088 10,487 - 5,864 18,848 : 
Pennsylvania _________________----L----_______ 4281 11,042  —Ss_- 6,184 17,399 Oe 
Illinois, Indiana, Michigan ______________-_-_-_-_____ 6,046 14,464 5,540 18,688 | 
Other States? ________-___-_---_-~------------- 7,206 16,449 8,236 19,270 

Total ____.---___-__---------------------- 21,616 52,442 25,824 «68, 655 
a 1978" | Oe 
Ohio _____ nee ---------- “5,082 18,967 5,792 16,526 
Pennsylvania ________________--_-_-_~_- --- 5,088 14,905 6,075 17,862 
Illinois, Indiana, Michigan _______-_.---_---_--.-_-_ ‘5,171 13,979 6,157 17,821 
Other States®: _____-_____--------------+-------- 7,006 16,106 7,985 18,248 | 

Total = eee aee------ 281258, 957 26,009 «69,952 

1Value based on selling price at plant. | _ | - : 
"Includes Alabama, California, Colorado, Kentucky, Maryland, New York, Texas, Utah, and Weet Virginia. 

Source: National Slag Association, = - Fo, 

used in asphaltic concretes and high skid consumption in 1976 was down from that of 
resistance when used in bituminous road 1975. . - = | . . 
surfacing. Consumption was up slightly © Nearly all of the expanded iron-blast 
from that of 1975 to 22.9 million tons. The furnace slag goes into aggregates for | 

the same as those in 1975. _ slag is lightweight and shows high fire 
Granulated iron-blast furnace slag con- Tesistance and low shrinkage properties, 

sumption was down slightly from 1975 to 1.6 Which makes it very desirable for light- 
Senne +. os mal ‘» weight concrete blocks. Consumption for : million tons (table 6). The major use of nail : | 

| mee -_ . . this use was up about 300,000 tons from that 
granulated slag was in ighway Con” of 1975 to 1.4 million tons 
struction; consumption was up out Steel sla - . 
Orn | ays ags are used mainly for unconfin- 

_ 250,000 tons from that of 1975 to 1.2 million 44 bases, fill, and highway shoulders (table 
_ tons. Because granulated slag shows natu- 7) Because steel slags can exhibit uncon- 

ral hy draulic properties, its main use 18 N trolled expansion, a result of hydration of | 
highway construction as bases, subbases, free lime, and marked variations in chemi- 
and fill. When compacted damp, this type of cal composition and physical properties, 
slag will slowly set into a hard dense mass uses for steel slags are limited. Aging for a 
and assure little overall settlement to pave- period of at least 6 months has proved 
ment or other overlays. Uses other than in useful in controlling expansion. In 1976 
highway construction were minor but do total consumption was down about 700,000 | 
show, except for agricultural liming, that tons from that of 1975 to 6.6 million tons.
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Table 4.—Shipments of iron slag in the United States, by method of transportation _ 

oe | a ST - 1976 Se 
, Method of transportation - ‘Phousand Percentof Thousand Percent of. 

| oe | | shorttons total © shorttons total -_—» 

Rel _--. iti 6648 - 26 
Truck _________-____----__----_------------- _, 18,142 72 18,240 10 

| Waterway ——_—— ~~ 2 LILLLLIIILITILIIIIIIILol 068 - 4 1121 4 
| . Total _.----- ll 5,824 10026, 009 100: 

| Table 5.—Air-cooled iron blast-furnace slag sold or used in the United States, by use’ | 

| OO (Thousand short tons and thousand dollars) _ | 

| 1975 1976 } : 
| Use . Screened Unscreened Screened _ Unscreened 

— Quantity Value Quantity Value Quantity Value Quantity Value 

| Aggregate in— | | : 
cement concrete | 

construction ~~... _~ 1,620 4,572 — -- -- 1,928 ~ 5,788 -- -- 
. Bituminous construction . . 

(all types) -_.----.---~- 3396 8911 OL _. :° 4,060 11,388 —_ -- 
Highway and airport oe 

construction? _........_.. 10,504 25,516 589 847 10,188 27,883 546 809 
Manufacture of concrete . 

block __. __-____________ 343 =: 11,007 -— -- 298 921 -- —— 
Railroad ballast _. 2... 4,029 1,490 6 18 3,790 7,715 -- -- 

- Fevirw lee —------------- 589 =: 11,848 -- -— 758 (2,286 -— -- 

Cover material ___._______ 22 #107 -.  _L 208 745 _- _- 

itera Og OS UU OB OOS , um __ _- _- -~ _- 
Agricultural liming _______ 2 3 -- _- 61 208 -— -_- 

Other uses Haleg, liming ----——~ 866 1,955 81 84 1,046 2,564 4l | 47 

Total _.._-_-_________ 21,616 52,442 626 944 22,312 658,957 587 856 

1Value based on selling price at plant. | | | | | 
*Other than in portland cement concrete and bituminous construction. : 

Source: National Slag Association. | | . 

Table 6.—Granulated and expanded iron blast-furnace slags sold or used in the United 
| | States, by use? | | 

(Thousand short tons and thousand dollars) 

— 1975 1976 ~ 

Use Granulated Expanded Granulated Expanded 
Quantity Value Quantity Value Quantity Value Quantity Value 

Highway construction and fill 
(road, etc.) _. ~~ 959 2,032 —— -- 1,199 2,332 — _- 

Agriculture slag, liming — - - - - 52 129 _— -- 59 168 -- -- 
ufacture of cement 

(alltypes) _____-_____--_ 228 1,201 - 87 (884 oe 
Lightweight concrete _______- -- -= 162 841 -- -- 9 47 
Aggregate for concrete-block 

manufacture __.________~- 230 429 1,092 4,976 125 454 1,398 6,382 
Other uses _____________-~-~ 311 544 48 117 148 241 85 181 

Total ___.____------~-- 1,780 4,335 1,802 5,934 1,618 3,529 1,492 6,610 

!Value based on selling price at plant. 
Source: National Slag Association. :
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| Table 7.—Steel slag sold or used in the United States, by use’? a 
| (Thousand short tons and thousand dollars) : 

| 3 195 STB 
*” Quantity Value “Quantity Value 

Pavedarea base. ---222z2zzzzzz22z277277772 itt Gs 
Miscellaneous base or fill _.._______________.__ 1,947 2,233 1,412 2,081 Bituminous mixes _...__________________________ 280 313 858 510 
Agricultural _ 2 ~§_-_-_---_------ oo -- -- -- Other uses ------- 2-9 LLL TILL TIlIllll DT. 876 

Total -..- 7,802 8965 6,588 9,728 

‘Excludes tonnage returned to furnace for charge material. 
*Value based on selling price at plant. . . 7 

Source: National Slag Association. | | 

PRICES | a 

Average selling prices of slags at the Extreme higher prices in the use categories 7 
| plant for all major uses were higher 0 1976. indicate that some users required demand- __ 

€ average prices given in eo were ing specifications, which necessitated more 
derived from the total values and quantities . } . 
shown in tables 5, 6, and 7. Data given in ‘#8 normal processing. In some geographic 
the range column of table 8 reflect the reas overall construction as well as other 

| highest and lowest known selling prices of costs are higher, resulting in higher prices 
material that went into the use categories. for processed materials. | 

| FOREIGN TRADE | 

There were no known imports of slags in from the Buffalo, N .Y., and Detroit, Mich., 
1976. Approximately 46,000 tons of iron areas. : | 
blast-furnace slag were exported to Canada | | 

a a WORLD REVIEW 

The steel industry in Japan generated Kokan, began a study on the possibility of 
about 40 million tons of slag in 1976, which using slag in cement and/or concrete aggre- 
created environmental and disposal gates. The study should be completed in 
problems.? Nihon Cement Co. and the seco- 1977. 
nd ranked steel ‘producer in Japan, Nippon 

TECHNOLOGY 

Fourteen technical papers on slag were tions of the minus 200-mesh portion of the 
presented in the October 1976 at the Inter- ground pelletized slag showed cementing 
national Slag Conference at Mons, France. properties, and a satisfactory base mix of 
A wide variety of subject matter was trea- 70% crusher run slag and 30% ground 
ted, including blast furnace slags in vitroce- pellets was developed. It was reported that 
ramics, steel slag application in highway ground pelletized blast furnace slag can 
construction, relation between strength of offer, in many cases, a viable alternative to 
slag cement and properties of slag, and the use of asphaltic or portland cements, 
studies of ferroalloy slags. with an attendant saving in energy. 

Laboratory studies on the use of fine ss 

grained, self-cementing pelletized blast fur- Rock Products. Newscope. V.79, No. 6, 1976, p. 18. 
nace slag in stabilized base construction Stee: J. Re cS. Kim, and R. P. Coteworth, Base 
were conducted at McMaster University, evel V. 4 ta ee numnace Slag. ing and 
Hamilton, Ontario, Canada.* The finer por- Materials 1976, pp. 94100, Srican Society for ”
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By Russell J. Foster? | | | 

The general economic upturn in 1976 Natural soda ash production increased 21%, 
prompted increased production in the but output of synthetic material decreased 
chemical, glass, and pulp and paper indus- 16%. One Solvay soda ash plant closed in 
tries, resulting in greater consumption of 1976, but a new natural facility came on- 
sodium compounds compared with the  stream,.and two other producers of natural 

amounts used in 1975. The quantity and ash were in the process of adding capacity. 
value of sodium compounds and metallic Production of both natural and synthetic 
sodium produced in 1976 follow: sodium sulfate remained virtually unchang- 

| ed. One producer of natural sodium sulfate 
ee FFT” :_~s had an expansion under construction. Ex- Prod Val | 

Ghousand (thousand ports of soda ash reached 9% of production. 
_ ss Bhorttons) dollars) = Net sodium sulfate imports totaled 17% of 

Soda ash _____________ 5,216  -259,253 apparent consumption. | 
Sodium sulfate _.______- 663 - 92,655- , a 
Metallic sodium ________~ 146 71,754 | a 

DOMESTIC PRODUCTION st” | 

The total amount of soda ash produced in ral material claimed 69% of total pro- 
1976 was 7,560,000 tons, a 6% increase over duction. Table 2 illustrates the continuing 
that of 1975. Production of natural soda ash trend away from Solvay, toward natural 

derived from trona or brine increased 21%, 
but synthetic ash declined 16%. The natu- 1Physical scientist, Division of Nonmetallic Minerals. 

Table 1.—Manufactured and natural sodium carbonates produced in the United States 

(Thousand short tons and thousand dollars) 
a 

Manufactured soda ash Natural sodi Total 

Year (ammonia-enda carbonates" quantity 

1972 _________ e+e 4,305 3,218 71,689 7,528 
1978 __________ 3,818 3,722 94,385 7,585 
1974 __._- eee 3,507 4,059 187,486 1,566 
1975 _-______-____ ee 2,802 4,328 182,620 7,180 
1976_________ 2,344 5,216 259,258 7,560 
ie 

1Current Industrial Reports, Inorganic Chemicals, U.S. Bureau of the Census. 
Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finished light and dense soda ash. 
*Soda ash and trona (sesquicarbonate). 

1251
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: - Table 2.—Source of U.S. soda ash by process, 1967-76 _ | oe 
_ (Thousand short tons) | 

| Solvay ; ~ Natural . , . ~ 7 

- Year | Production of total Production Percent 

1967 _---____-- 4,849 13.7 1,726 26.3 
1968 __-. 4,596 69.2 - 2,048 30.8 
1969 ______ 4,540 64.5 2495 35.5 | 
1970 _-._ 4,398 62.1 2,678 37.9 
WM LLL 4,298 60.0 2,865 40.0 | 
1972 4,305 «87.2 | 3,218 42.8 
1978 ___-.______.__---_- tsi BIB 50.6. 3,722 49.4 
1974_ 3,507 : 46.4 4,059 53.6 
1975 __-- 2,802 39.3 4,328 60.7 

| 1976 _-- 2844 80 5,216 69.0 

| Diamond Shamrock closed its 800,000-ton- The boilers of the new facility were design- 
per-year synthetic oe eee Paines- ed to burn solid, gaseous, or liquid fuels.® 
ville, Ohio, at yearend . Only three Total production of sodium sulfate in 1976 
synthetic plants with a total capacity of was 1,232,000 tons. Production of both natu- | 

7 about 2 million tons remain in the United al and byproduct material was essentially 
| | States Allied paemical Bovis at we & unchanged from that of the previous year. | 

dott Mick. and PPG duos a Con, an- Nearly 54% of the total sodium sulfate was 
| Cr . ‘i Tex? ——— ries at Lorpus the natural compound, produced by three _ 

| Texasgulf , Inc., became the fifth producer nia. Texan operating ive BP — mm Caen 
of natural soda ash in the United States cal’ Corp. ane. » Kerr-Met ‘l ° sodium, 
when its 1-million-ton-per-year operation rp. was increasing natur um 

| came onstream at Granger, Wyo., in Octo- Sulfate capacity by 150,000 tons per year at 
_ ber 1976. The capacity of the $150 million, Trona, Calif., with startup slated for Feb- 

| coal-fired facility reportedly can be doubled ruary, 1978.’ ; | 
with a minimum of inconvenience.® | cea | 

The completion of a 750,000-ton-per-year | “Chemical and Engineering News. Another Big Synthet- 
expansion proj ect at yearen d 197 5 brought p. Soda Ash Plant Will Close. V. 54, No. 25, June 14, 1976, 

the capacity of FMC Corp.’s natural soda 3 Chemical Week. Bowing Out of Soda Ash. V. 118, No. 24, 
ash plant in Wyoming up to 2.5 million tons June 16, 1976, p. 21. . 

° SChemical Marketing Re . Texasgulf Starts Output 
per year he capacity of ite Wyse ee one of Soda Ash in Wyoming. V_ 210, No. 16 Oct, 11, 1976 pp. 

by 200,000 tons per year. Completion was wa oy Me Soda Ash Facility Completed at Green 

scheduled for early 1977.5 Construction con- SChemical Week. In Alkali Battle, "Five Bet on the 
tinued on the expansion of Kerr-McGee Underdog V. 119, No. 18, Nov. 3, 1976, pp. 14-15. 
Chemical Corp.’ t ona, emical Marketing Reporter. Kerr-McGee Tops Out 

Calif, The project will raise the capacity to SiaaonSkreraper V2 Ne 6 Aug 107,097, 25, ° emic ee. err-. JO: 

1.3 million tons per year by February, 1978. Expansion. V. 117, No. 10, Sept. 3, 1975 p. 9. , . 

Table 3.—Sodium sulfate produced in the United States' 
(Thousand short tons and thousand dollars) 

Manufactured and natural? Natural only 

Year Lower . 
. High Total . 

oom oriecs) Purity quantity Quantity Value 
: 1972_______________ 526 801 1,827 701 11,896 

1978_______________--_--------_--_- 530 ™908 1,438 672 11,597 
1974. 565 783 1,348 684 16,411 
1975 431 796 1,227 667 27,667 
1976. =e 466 766 1,232 663 32,655 

"Revised. 
141] quantities converted to 100% NazSOg basis. 
2Current Industrial Reports, Inorganic Chemicals, U.S. Bureau of the Census. 
5Includes Glauber’s salt.
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Metallic sodium production increased sodium over the past 10 years. | 
about 1% to 145,863 tons. Table 4 shows the A list of U.S. producers of natural sodium 
production and price trends of metallic compounds and metallic sodium follows: 7 

- reese ne ee 
SS 

Product andcompany Plant location Source of sodium 

Kerr-McGee Chemical Corp _....._.._.. Trona,Calif _._._.__-___._-.. Drylake brine. 

FMC Corp =~ ------~--~-=---- wreendo. ttt. Cé 
Stauffer nemical Co ~e eee Grant? Wig 77777777777 Do. . 
exasgulf, I ee ee eee ranger, @ ~~ WW 5 : 

Sodan MeGos Ch ical | Tro catit Dry lake bri 
rr-MeGee Chemical Corp -----------  WygmeeGig 777777777 OD 

Ozark-MahoningCo _._.__.._.___._.--. Brownfield, Tex _....._._.__. Subterranean brine. | . 

De igi 7 REE E 77 - oo Do. 
Great Salt Lake Minerals & en, Utah ___.____....  Saltlakebrine. ~— 

Chemical Corp. . : 
Metallic sodium: . 

E. LduPontde Nemours&Co ..___.__.._ NiagaraFalls,N.Y ___----- Salt._ 

Do ee TTT TII Tra 227 Houston, Tex ~~ Do. 
| R.M.L,Inc _______----_--_______ Ashtabula, Ohio ________-- Do. | | 

| Table 4.—Production and price of metallic = =« | CO 
| sodium in the United States, 1967-76 8 ee : 

— Production = Price . 

Year (short (cents per | anh . 
tons) pound) ee ee 

| 1967_______________ 164,528 15.36 Sp | 
1968_______________ 156,391 47 °° Foe | 
1969__ 164,685 184 6 2. | 

, 1970____. 171,251 15.94 aoe | 
1971_______________ 153,075 © 16.26 Se a 
1972_____ 160,504 16.98 _ oe : 
1978_______________ 176,908 17.48 | > 
1974_____ 178,174 17.89 
1975_______ 144,188 © 20.70 | , 

| 1976_______________ 145,863 ©2460 | 

, = Estimate. "Revised. ss BO | 

CONSUMPTION ANDUSES =... | 

Estimated industrial demand for sodaash  flecting recovery from the 1975 economic 
° ‘3 tab 8 slump. Total production of chemicals and 

and sodium sulfate is tabulated below related products increased. Greater demand 
_ for chlorine made coproduct caustic soda 
increasingly available to compete with soda 

ind __Percentofdemand —_ ash in certain processes. a 
ustry Soda Sodium The glass industry exhibited growth in all 

eS major areas— containers, fibers, and es- 

Pulp and paper __-_.----~- 7 70 . pecially flat glass. Production of pulp, pa- : 

Detergents 277777777777 a7 3 per, and board products rose 9% to 14%. 
Chemicals === ~~~--~----- 25 _. Increased demand for gasoline antiknock 

r treatment ——-————-—— =; additives contributed to a 1% increase in Other and exports _________ 12 10 
———— metallic sodium production. 

Apparent consumption of sodium carbon- opened Marketing Reporter. Sodium Sulfate. V. 207, 
ate and sodium sulfate rose in 1976, re- Soe Soda Ash, V. 308, No. 8, Aug. 25, 1975, p. 9.
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Oo "PRICES © | a 

The prices of natural soda ash and natu- reported by producers were as follows: 
| ral sodium sulfate, f.o.b. mine or plant, as | 

} Value, dollars a eT change, 
| : CO 1975 1976 2= en 

nL 

Bulk sodaash _____~____~_--2 ee 42 49.70 +18 
Bulk sodium sulfate .___.__.--_______2__ 4148 | 49.25 +19 

 Yearend prices of metallic sodium ical Marketing Reporter follow: | 
and sodium compounds quoted by Chem- 7 

. | | 1975? 1976 

SET NEn! pepee hae ae works | | to $57.00 -71.00 $57.00 -71.00 Light bulk: carlos works nn ~~ 777777777777" 51.00 -64.00 7.00 -64.00 
Dense, paper bags, carlots, works ~-------_-______do____ 57.00 -71.00 57.00 -71.00 Dense, carlots, works _...._______________do____ 47.00 -49.00 47.00 -49.00 

ST te (00% foto. grade | lots d 60.00 65.00 70.00 -72.00 Ta > Car: woe GOL . Ne . -(G. 
Technical detersent, reson ered Bae ee ~~ do____ 55.00 55.00 
Domestic salt cake, bulk, works?_~ =§ -§___§_.________do____ 60.00 60.00 
National Formulary (N.F. XID, drums __________ per pound__ 235 235 , Metallicsodium: : 

| Fused lots 18000 ne is and more, work 7277777777 4-77 265- 36 265- 2 . junds and more, works__________. do____ . . . . 
Bulk, tank, works. de 925 225 

| 1Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 208, No. 26, Dec. 29, 197 5; V. 210, No. 26, Dec. 27, 1976. : } | 2Fast of Mississippi River. 

FOREIGN TRADE | | 

| In 1976 U.S. exports of soda ash reached rial came from Canada, and 44% was ship- : 
645,000 tons, or 9% of total production, and ped from Belgium. Sodium sulfate exports 
imports were negligible. More than 36% of totaled 57,000 tons, or 5% of production. 
the ©xpo rted soda ash went to other coun-_ The principal destinations for exported so- tries in North America, 30% to South ,. . America, 23% to Asia and Oceania, and dium sulfate were Oceania, 57%, and Cana- 
11% to Africa. Oo _ da, 33%. The total value of exported sodium 

Imports of sodium sulfate amounted to compounds exceeded the value of imports 
316,000 tons. Half of the imported mate- by over $37 million. 

| ' Table 5.—U.S. exports of sodium carbonate 
and sodium sulfate 

| (Thousand short tons and thousand dollars) 

Year carbonate sulfate 

Qean- Value oo Value 

1974 _____ 564 34,156 51 3,250 
1975 _____ 529 "45,822 TT 6,144 

| 1976 _____ 645 49,781 57 3,636 

Revised.
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Table 6.—U.S. imports for consumption of sodium sulfate . 

(Thousand short tons and thousand dollars) 
i 

| Year . Crude (salt cake)* Anhydrous Total! | 

Quantity Value Quantity Value Quantity Value . 

1974_______-_-________ ee a7 ~=—«-7,162 98 3,220 875 10,382 | | 
1975 ___-________ ee 208 8,305 82 4,319 285 12,624 
1976______ 214 10,360 102 5,751 316 16,111 
ieee 

1Includes Glauber’s salt as follows: 1974, 1,270 short tons ($29,166); 1975 and 1976, none. 

| Table 7.—U.S. imports for consumption of 
sodium carbonate and bicarbonate in 1976 

_ (Thousand short tons and thousand dollars) : 

| _ Quantity Value . 

: Soda ash ___.-...-----+-~ () 2 . 

Sodium bicarbonate — —— ~~~ 2 153 | - 

Total _.-_.--___-___ 2 155 | | | 

_ 1 Less than 1/2 unit. | a 

| WORLD REVIEW | 

World production of soda ash and sodium India.—By 1979-80 India expects to in- | , 

sulfate, by country, is listed in tables 8 and crease production of soda ash to nearly 1.2 
9. Only 22% of the world’s soda ash was million tons per year. This will be accom- 

derived from natural sources in 1976, and plished by commissioning three new units 
the United States produced 98% of that at Tarapore, Haldia and Tuticorin, and the 

quantity. The five top-ranking nations in expansion of two existing plants at Mitha- 
the production of soda ash were the United pur and Porbandar." | 

States, the lau West Germany, ~ United Kingdom.—Imperial Chemical In- 
Natural sodium sulfate provided 50% of dustries, Ltd., allotted a total of $30 million | 

) . over the next 2 years to modernize its 
the world’s supply, and the United States . . : 

. synthetic soda ash complex in Cheshire. An 
and Canada combined produced 56% of the rr 
natural material. The top five sodium sul- ©*tra 8,000 tons of capacity 1s scheduled, | 
fate producing countries in the world were which would bring ICI Mond Div.’s soda ash 

the United States, the U.S.S.R. Canada, Capacity in the United Kingdom to about 
Japan, and Spain. 1,925,000 tons per year.” 

Bulgaria.—Plans were announced for in- adastsin Bi vals. Co News & aN | 

creasing the capacity of the mineral fertiliz- ustrial Minerals. Company News & Mineral Notes. 

- er and soda ash plant at Devnya.® No, 110, Ne Caepeny Neve de Mineral Notes. No. 101, 

Colombia.—The state-owned Cia. Colom- February, 1976, p. 50. . 
biana de Alcalis revealed plans for a $12 ork cited in footnote 9. ICI Spends $20 Million 

ech hoductive fac 8 ten Per year on Soda Ash Facilities. 7. 210, No. 20, Nov. 16, 1976, pp. 8, 
soda ies. .
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| Table 8.—Sodium carbonate: World production by country 

(Thousand short tons) 

Country! - 1974 1975 - 1976” 

Natural: , 
= Chad __-_ 6 6 &6 

| Kenya -_.__-______-_-_-_~------ 7172 101 127 | United States ___________----- 4,059 4,328 5,216 

Total ___ ~~~ 4,287 4,485 5,349 

: Manufactured®: 
. Albania® __.- 23 23 23 

. Belgium ----~--------~--~~+~--- + ee 444 386 ©4380 Brazil ~-._-________ ~~ ee 140 140 150 
Bulgaria ~---- =~ + + eee 707 1,090 1,090 . 

. Ghile® ____ 11 9 10 
| Colombia® ________ 745 45 55 Ceechoslovakia —_-____---___ ee T1834 — 188 ©138 

Denmark? ___ ~~ 1 1 1 France _____~_.---- 2-2 71,724 1,409 1,451 
Germany, East _~_________._ 886 902 €910 
Germany, West __.--_____-- 1,605 1,377 1,508 Greece -______- ) —& °1 

wee 7 
Japan __ = 1,463 1,239 1,197 Korea, Republicof _~._....-. 2-2 107 140 171 Mexico ______- 444 450 €450 . _ Netherlands ____._~_-_-__~2- 326 244 299 
Norway —~—~---~~-_~~-_ 28 21 €23 
Pakistan ________~ 89 87 70 

_ Poland --_---__-___- ~~ ee “187 Tes “795 
Romania -~----~---- +--+ 890 _ 164 ~ ©3830 
Spain ______--_ 581 «dB °535 

_ Sweden® ______ 1 1. 1 . USSR _--.- a as 5,172 &5 235 
United States wee ee ee 3,507 2,802 2,344 
Yugoslavia ~~ ___ 157 - 162 151 

Total _----- 20,495 19,358 19,370 

~~ ‘In addition to the countries listed, a number of nations are either known or believed to have produced sodium 
carbonate, but production is unreported, and available general information is inadequate for the formulation of reliable 
estimates of output levels. Se 

*Production for sale only; excludes output consumed by producers. | 
*Lees than 1/2 unit. |
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Table 9.—Sodium sulfate: World production by country 
(Thousand short tons) 

| Country! | 1974 1975 1976 

Natural: . —_ 
Argentina ___...__-____-_------~-----~-----~-~-~--~----- T42 43 C44 
Canada __________ e+ 708 621 540 

Mexico _____________-__-----_-~-------—2--------=- 163 331 251 
Spain Bee eee ene ene 142 162 *154 

CY ee ee ee ee ee , 

USSRES wee 310 330 350 
United States ___________ ee eee 684 667 663 

Total ________1_--___--------------------------- T2148 2,174 2,141 

Manufactured: 
- Chilef eee ™34 25 31 

France ______________-_-------------------+------+-- T181 162 148 

Greece fT TTT ih 2 a | 

Italy 2 TTT IIT TIT I | 115 110 117 
Japan _____________ +--+ -- 418 324 345 
Portugal _________-_--.---------------------------+- "55 BT 54. 

| United States® ________________________ 66460 569 

Total ____________------------------------------ 2,412 2,187 2180 | 

Estimate. Preliminary. "Revised. _ | 

wai tn unten e h Pons Ra ing, Peer, oma ce aie ie 
commodity, but production f figures are not reported and available general information is inadequate for tie formulation 

re e estimates of ou . 

“Natural mine output, excluding byproduct output from the nitrate industry, which is reported separately under 
man actured. 

<Gonjectural estimates based on 1968 information on natural sodium sulfate and general economic conditions. 
yproduct of nitrate industry. Ss - 

; SQuantities of manufactured sodium sulfate credited to Spain are reported in official sources in such a way as to 
Perera y are in addition to the quantities reported as mined (reported in this table under natural), but some 

*Derived figure; data presented are the difference between reported total sodium sulfate production (natural and | 
manufactured, undifferentiated) and reported natural sodium sulfate production (reported under natural in this table). 

. TECHNOLOGY | 

The need for conservation of energy re- alumina, and oil from deposits containing : 
sources has prompted increased funding for oil shale, nahcolite, and dawsonite in Colo- 
battery systems that weigh less and store rado’s Piceance Basin.. The modular plant 
more energy than present models, and that separates nahcolite from the shale by 

Ee  cenine arene {lity dierence end recrvers lb we . of a circular-grate retort. Dawsonite an 
batteries currently under development is any remaining. nahcolite are dissolved in 

the molten fodium-sulfur sym, ie alkali to yield a solution of sodium alumi- 

metal operat from a supply of maten mae and sodium carbons, lumina Wy 
sulfur by a solid electrolyte that conducts into cell e al .. Sodi ? bonate 
sodium ions. The system has a very high . grad auromne. um carbon 
energy density and operates at 300° to is recovered using triple-effect evaporation 
350°C. What makes the sodium-sulfur bat- and centrifugation. Spent shale is returned 

teries attractive for electric vehicles is + the mine.™* 
their low potential cost and lower oper- ~~~ ; 
ating temperatures than competitive 119, eomical Werk ae Batteries Are in the Running. V. 
lithium versions."* itpngineering ‘and Mining Journal. This Month in 

The Superior Oil Co. reportedly has per- Mining. News Briefs. V. 177, No.7, July 1976, p. 125. 
fected a multimineral process to extract ,,C>emical and Engineering Hews. Prognosis onan 

- soda ash, nahcolite (sodium bicarbonate), 2% + 8B, Now 2, Jan. 10, 197%, pp. 27
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: By Avery H. Reed! | 

The stone industry leveled off and opera- Classification.—The Bureau of Mines | 

ted at about the same rate as in 1975. classifies stone into two categories (crushed 

Output of dimension stone was 1.40 million and dimension) and into nine kinds (gra- 

tons valued at $104.4 million, 27% below nite, limestone, marble, marl, sandstone, 

1974 production. Output of crushed stone shell, slate, traprock, and miscellaneous). 

was 900 million tons valued at $2.12 billion, The category classifications are not exact; 

15% below the 1973 record production. some crushed stone may be in large pieces, 

Stone was produced in every State except such as riprap, and some dimension stone 

Delaware and North Dakota. There were may be in small pieces, such as art objects | 

2,188 companies, operating 5,665 quarries. °F carvings. The dimension stone industry is 

Average output per company was 412,000 concerned with cutting or shaping stone to 

tons. Average output per quarry was 4 certain ‘size, and waste or scrap from : 

159,000 tons. More than half the stone was Processing dimension stone may be a part of 

produced at quarries producing more than the crushed stone industry. ; 

500,000 tons each. Most of the stone was Classification by kind is also difficult. 
hauled by truck.. | Granite may include metamorphic gneisses 

Leading stone producers were Vulcan or syenites. Limestone may be pure calcium 

Materials Co., 86 quarries, Martin Marietta carbonate, but may be bituminous, dolomit- 
Corp. 112 quarries; United States Steel ic, or siliceous. Marble may include any 

Corp., 14 quarries; Medusa Corp., 50 quar- calcareous rock that will polish. Marl may | 

ries; Koppers Co., 45 quarries; Lone ‘Star range from low to high in shale or clay | 

Industries, Inc., 24 quarries; U.S. Forest content. Sandstone may be calcareous, | 
Service, 534 quarries; General amics quartz or quartzite, silt, or conglomerate. : 

Co 7 harvies: Ashlan d Oil rod n 34 Miscellaneous stone includes aa, lava, 

quarries Se d the Flintkot Co.. 20 quarries schist, and any other stone not included in 

With 926 quarries, these 10 operators the aforementioned categories. 

accounted for 24% of the total production of ‘Supervisory physical scientist, Division of Nonmetallic 

stone. Minerals. : 

Table 1.—Salient stone statistics in the United States 

(Thousand short tons and thousand dollars) 
nn EY 77 

TS 

Sold or used by producers: 
. 

- Dimension stone _____--------------- 1,490 1,582 1,915 1,403 1,400 

Value __________--------------- $90,763 $85,999 $100,318 $98,586 $104,400 

Crushed stone _____---------------- 918,983 1,058,541 1,041,600 “899,990 900,260 

Value ____.____.__-------—---—-- $1,581,580 $1,904,464 $2,085,800 "$2,021,700 $2,116,600 

Total stone __.____-------------- 920,423 11,060,124 1,043,515 “901,390 901,660 

an” ~--------------------- eter 3 068 Te ES “$2,120,800 erry rtd 

Bxports (value) aWalue) 222llozazlllt.«|«4BM86 $4678 $51,681 $46,137 $46,211 
a then an ne IRE 

TRevised. 
Data may not add to totals shown because of independent rounding. 
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Figure 1.—Value of dimension stone sold or used by producers in the United States, by 
kind. 

The Bureau of Mines generally accepts The Bureau of Mines canvass of dimen- 
the classification reported by producers. sion stone does not include processors of 

Deposits of unconsolidated materials, in- purchased rough stone. All producers are 
cluding beach sands, are generally classified Covered; if the producer sells rough stone " 
as sand and gravel, regardless of chemical % PrOCessor, 1 1s tabulated as rough stone; 
ontent. However, many deposits of stone the producer processes finished stone, only 

content. ly soft and be ‘ned with. ‘he finished stone is tabulated, and the are relative y soft and may be min d with- ough stone is deducted. 
out blasting. Natural sand deposits are Capacity figures and stocks are not avail- 
classified as sand and gravel, but manu- able. Inventories on hand at quarries and 
factured sand (stone sand) is classified as plants are estimated at about 1 month’s 
stone. supply, or 100 million tons.
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- DOMESTICPRODUCTION  —it : | | 

Dimension Stone.—Dimension stone was Crushed Stone.—Crushed stone was pro- 
produced at 450 quarries in 44 States. Lead- duced at 5,214 quarries, in every State , 
ing States were Indiana, Georgia, Vermont, except Delaware and North Dakota. Lead- : 
Ohio, and Massachusetts, which accounted ing States were Pennsylvania, Illinois, Tex- 
for 56% of the total output of dimension as, Missouri, and Ohio, which accounted for 

stone. Of the total production, 41% was 30% of the total output of crushed stone. Of 
granite, 30% was limestone, 19% was sand- the total production, 74% was limestone, | 
stone, 4% was slate, 4% was marble, and 11% was granite, 8% was traprock, 3% was 

2% was miscellaneous stone. Leading com- sandstone, 2% was miscellaneous stone, and | 
panies were Coggins Granite Industries, 2% was shell. There were 1,936 companies, 
Inc., and Rock of Ages Corp. There were 303 and average output per company was 

- companies, and average output per com- 465,000 tons valued at $1.09 million. Total : 
pany was 4,600 tons valued at $345,000. output of crushed stone was about the same 

Total output of dimension stone was about as in 1975, 900 million tons valued at $2.12 
the same as in 1975, 1.40 million tons valued billion. Leading companies were Vulcan 
at $104.4 million. | Materials Co. and Martin Marietta Corp. _ | 

1,400 -— , —— , — — | a 

1,200 } | | t | 

| TOTAL | 
| : PRODUCTION. 7 : | 

1,000 | OS . ee i | 

z TM on ee | O Co eee onite ares Sree a 

= 600 2.06 ASS SS eS eee | 

0 Sg Se = = ee ee ee 

1955 1960 1965 1970 1975 1980 

Figure 2.—Crushed stone sold or used by producers in the United States, by kind.
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| Table 2.—Dimension stone sold or used by producers in the United States, by State 

. 1975 1976 

| State Short Cubic  — falue Short Cubic = ae 
' | tons feet sands) tons feet sands) 

Alabama ____________-~~-~-__- 27,395 351,630 $2,753 17,267 221,420 $2,234 
Arizona ________-__~----+---- 4,734 64,647 148 © 5,423 68,165 95 
Arkansas ___.~ -_-_______~-~-~~- 4,784 59,800 159 WwW WwW WwW 
California ~.____________-~---~- 10,759 130,120 490 12,626 150,630 804 

. Colorado __..-__________~---~- 5,338 68,153 167 5,904 75,178 198 
Connecticut ______________-__- 9,175 - 107,770 224 9143 108,800 215 
Georgia ______-_---~-~-~-~~--~- 249,700 2,546,100 12,345 224,680 2,872,400 13,411 

. Hawaii ~~ ~~~ 10,154 107,300 102 Ww WwW WwW 
Idaho ___ ~~ ~~ -~-~____________-_ 2,393 29,731 190 WwW if WwW 
Illinois ~_.-~_~________________ 3,479 40,929 79 4,108 48,329 | 103 
Indiana ___-_________~~._~-__- 254,040 3,444,500 11,004 263,240 3,594,100 12,787 

. Iowa __.~__-~-____~~~_______- 13,075 153,840 409 Ww Ww WwW 
Kansas _______~_ ~~~ 16,910 235,240 676 Ww WwW Ww 
Maine _____. -______________- WwW WwW Ww 264 . 8,100 13 
Maryland —~_______~___-_--~_--- 23,353 296,080 612 25,560 323,670 669 
Massachusetts _.______________- 64,980 781,580 5,096 81,865 984,190 5,352 
Michigan _._~____.__________--~- 7,357 90,989 138 7,559 93,089 129 
Minnesota _____________-~__.-- 42,765 510,040 10,058 36,997 441,060 9,819 
Missouri _________.~-________ 4,221 51,540 1,006 4,084 49,994 915 
Montana ___.~_~____~---_---~-_ + Ww WwW WwW 4,374 52,312 152 

- NewHampshire _____________~_- 65,029 744,610 4,957 62,600 710,280 5,273 
New Mexico _______________-__- 9,592 23,708 85 13,699 175,090 105 
New York _______________~--- 34,524 371,630 2,178 27,492 291,160 2,211 
North Carolina ______._.__-___-- 46,937 532,860 3,502 37,606 432,310 3,830 
Ohio LLL SCt~‘itsiéSG« GL 1,178,600 3,030 87,286 1,181,900 2,936 
Oklahoma ___ ~~ _~_~_______-_--- 20,508 238,330 1,007 9,635 111,010 709 
Oregon _.--~-_----~_-------- 1,546 18,187 101 1,376 . 16,187 97 
Pennsylvania _______~__-_-----~- 71,231 564,480 4,849 65,112 780,445 4,639 
South Carolina _________.---_-- 9,364 113,550 495 16,858 204,340 900 
South Dakota ~._.____._---_---~- — 41,705 442,480 10,268 36,569 409,200 10,653 
Tennessee ______________-~-_-- 15,538 187,060 1,998 19,474 232,570 2,328 

- Texas __-_____1--__--~-------- 20,782 275,040 2,162 14,609 203,020 1,836 
Utah _~_______ 3,958 50,291 251 6,699 85,815 328 
Vermont ___________~-~_-_---- 120,214 1,064,600 10,935 121,240 1,280,500 11,481 
Virginia _._________---~-+----- 14,265 70,964 . 2,146 10,547 119,590 1,758 
Washington _____________-_~--~- 4,425 55,097 326 5,208 64,836 417 
Wisconsin ________~~____-~~--- 69,248 836,460 4,119 71,764 866,440 4,591 
Wyoming ______.-_--_-~-----~- 1,904 19,923 50 2,174 25,812 63 
Other States? -._______._______ 11,384 108,140 472 87,337 1,100,700 3,288 

Total? __________________ 1,402,900 15,986,000 98,586 1,400,400 16,950,000 104,400 
io Puerto Rico ___.___~-_---~~--- 141,460 1,886,200 907 157,240 2,094,800 1,515 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
Mncludes Florida, Nevada, New Jersey, Rhode Island, West Virginia, and States indicated by symbol W. 

. 2Data may not add to totals shown because of independent rounding.
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Table 3.—Crushed stone sold or used by producers in the United States, by State 

(Thousand short tons and thousand dollars) 

1975 1976 
State — 

Quantity Value Quantity Value 

Alabama ________ ~~ ee 22,225 58,762 23,815 63,195 
Alaska ___________=____-- ee 8,877 26,649 6,727 20,092 
Arizona ____._______~_~~._-~--~-~~~~_-----_-_-_ 3,399 10,882 4,142 13,826 
Arkansas ____ ~~ _-_- ~~~ Le 17,414 38,637 17,701 39,713 
California ~.._______~_________-__-~_-________.—.—s 3,141 72,251 32,364 74,548 
Colorado ____.~~____~ ~~~ ee 5,309 10,773 5,293 12,357 
Connecticut ~.____. ~~ Le 7,323 19,893 6,007 17,383 a 

‘Florida ~._______.- ~~ ~~ Lee 39,071 73,372 38,606 74,412 
Georgia ____.___________ ee 29,834 78,812 31,630 85,395 
Hawaii ________________________-- +--+ ee 7,559 25,217 6,092 21,193 
Idaho _______ Le 3,313 8,762 3,462 9,122 
Illinois __-.--_-__~ ~~ ee 60,637 130,020 61,858 141,440 
Indiana __ 2 Le 28,693 57,846 28,187 59,418 
Iowa __. ~~ eee 30,323 73,324 30,272 75,921 
Kansas _.________..-__-___-~-~~---~------~--~---+ 15,890 35,174 16,348 38,228 
Kentucky ~___________~_~_-----~~~------~-----~ | 31,734 67,906 33,378 77,060 
Louisiana _~_ ~~ ee ~ 10,489 38,260 9,685 28,127 
Maine ____._-§__________ ee 1,253 3,741 1,443 4,596 
Maryland ____...-_--______-~~-------~-~--~----- 14,772 42,498 15,683 47,000 
Massachusetts ___________~~___-~-~-~~~---~~ ~~~ +--+ 7,105 23,584 7,855 28,150 
Michigan _________~-_-___~~~-----~------~---~-~--- 39,938 73,662 41,477 82,202 
Minnesota ____._______.~-----_~-~--~---__------ 6,812 18,244 7,530 15,948 
Mississippi ___.______.______------------------ 1,629 2,730 1,762 2,968 
Missouri ______________~---~~~---~-~~-~-__--_-- 46,984 94,529 47,542 97,412 
Montana ____________~----~-.-----------~~----- 3,130 _ 6,753 3,464 7,842 
Nebraska ___._- .. ____-_____~------~~~-------__-- 4,242 —- 10,322 4,101 11,054 
Nevada ________.____-_~~---__ ee _ 1,829 4,524 1,904 5,975 
New Hampshire _______.-_____-~----~---~------- 1,454 2,981 679 1,759 
New Jersey _______---____----_-~--~--~---~------ 11,821 42,381 11,234 89,012 . 
New Mexico __________-~___~~-- ~~ eee 2,188 4,598 1,921 4,289 
New York _____________ ~~ ______ ee 31,678 78,751 28,109 72,829 
North Carolina ______________.~--~---~--------- 28,261 65,825 30,839 78,632 
North Dakota __.____-___________-~------~~------ 30 153 _- —_ 
Ohio ______________~_ ~~ eee 46,217 105,550 42,612 104,060 
Oklahoma ________~___________ ee 20,090 35,832 19,625 36,630 
Oregon ____________-~------~------~-------~--+- 21,273 40,221 20,348 42,589 . 
Pennsylvania _______.-_____-~-----~-------~----- 60,106 144,820 63,542 161,250 
Rhode Island ___________.~-_-~~----------~---~--- 293 1,125 305 1,295 . 
South Carolina ~.__________.---_----~~--~------ 18,826 29,587 13,010 29,790 
South Dakota ___________~-----__.~-~-~---------- 2,605 5,082 3,204 6,587 
Tennessee ____.______~--_~-~~----~~-----~------ 38,423 °79,189 37,581 83,828 
Texas __-_____~____ ee 57,964 104,390 54,841 - 99,816 
Utah __________ eee 2,482 5,916 2,744 6,681 
Vermont _________-____-___~~-------~-~~ ~~~ -- 1,104 4,783 1,857 10,962 
Virginia ~.....-____--___~-------~-------~-~--~--- 35,369 82,058 36,121 89,965 
Washington ___________-----__-------~--------+- 7,915 18,428 10,218 23,614 
West Virginia ______________~---~-------+------- 10,583 24,332 9,717 24,133 
Wisconsin ____________.~___~----_--~-----~-~-~-+-- 20,497 36,037 20,667 36,747 
Wyoming ______._____-------------~---------- 2,881 7,567 2,755 7,567 

Total! ~_-_____________~-----e-- ™899,990 2,021,700 900,260 2,116,600 
American Samoa _____.—_____-~----~-----------+--- 34 146 30 156 

' Guam _____ eee 781 1,837 457 1,438 
Puerto Rico ~_________----_~-~-----~-----~--~-~---- 13,454 46,608 18,247 45,609 
Virgin Islands _..._____-_-__------~-------------- 254 1,813 279 2,050 
a 

"Revised. 
1Data may not add to totals shown because of independent rounding.
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Table 4.—Crushed stone sold or used by producers in the United States, — 
7 | . by size of operation | 

| a - . (Thousand short tons) | 

— CO 16 
Size range © ; 7 1 - oo . 

. a . - Os Quantity . Percent Opens Quantity . Percent 

Oto He 2,150 «16,352 2 2030 14588 2 
25to 50._-_______ ee 718 25,104 3 705 25,184 3 

" 50to 75.-_-_________ ~~ 382 23,274 3 320 19,747 - 2 
75 to100_-_-___-_-_______._________ 301 26;134 3 253 ~~ 21,894 2 

oO 100 to 200 624 88,053 10 668 936138 10 
200 to 300 ~_-2 ~~ ee 383 94,393 10 368 89,579 10 

- 800 to 400 ~-_-_-_ 234 80,467 9 215 73,701 8 
400 to 500 ~~ 168 74,262 8 177 78,165. 9 
500 to 600 ~_-______-__-____~_____~_ 108 59,857 7 109 — 59,908 4 
600 to 700 ~_-_____--_~____-______ 83 53,430 6 92 59,348 4 

| 700 to 800 _______2_______ Lee 64 47,387 5 65 48,807 5 
800 to 900 ee 55 = «-« 46,624 5 43 36,425 4 | 
900 plus. ~~~ ee » 7155 7264,650 - . 29 169 278,950 . 81. 

Total! _9 5425 *899,990 100 5,214 900,260 100 
. ~ = ‘ 

| TRevised. 8 : 
1Data may not add to totals shown because of independent rounding. 

| Table 5.—Crushed stone sold.or used by producers in the United States, 
| | by method of transportation | | 

| ee : - (Thousand short tons) - . 

Method - 1975 | ——:1976 

. sme eo Quantity Percent Quantity Percent . 

Truck _______________i_ + ------- 722,050 80 722,220 - 80 
. Rail _-. -_- _-__ ee 77,883 9 76,209 9 

Water_________________________ i -_-------+----- 65,115 7 63,243 7 
; Other ___________________-- e+e -------- 34,942 4 38,585 4 

Total! ____.._______________-__-_-- 899,990 100 900,260 S100 
ere Ss 

1Data may not add to totals shown because of independent rounding. 

LIMESTONE Crushed.—Crushed limestone was pro- 
| — ; ; . . duced by 1,307 companies in 46 States. 

Dimension.—Dimension limestone was leading States were Illinois, Texas, Penn- 
produced by 66 companies in 18 States. sylvania, Missouri, and Ohio, which ac- 
Leading States were Indiana, Wisconsin, counted for 38% of the total output of 
Kansas, Minnesota, and Alabama, which crushed limestone. Leading companies were 
accounted for 88% of the total output of Vulcan Materials Co. and Martin Marietta 
dimension limestone. Leading companies Corp. Total output of crushed limestone was 
were Victor Oolitic Stone Co. and Indiana about the same as in 1975, 663 million tons 

Limestone Co. Total output of dimension valued at $1.50 billion. Average production 
limestone decreased 1% to 414,000 tons per company was 507,000 tons valued at 
valued at $19.8 million. Average production $1.14 million. The States with no crushed 

per company was 6,300 tons valued at limestone output were Delaware, Louisiana, 
$300,000. New Hampshire, and North Dakota.
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Table 6.—Dimension limestone sold or used by producers in the United States, by State 

1975 1976 . 

State — Short Cubic Value Short = Cubic Blue 
(thou- le (thou- 

| tons feet sands) tons feet sands) 

California ___----------------------- 2,760 34,502 $51 3,410. 42,627 | $70 

Illinois ______---_------------------ 3,479 40,929 79  —- 4,108 48,329 103 . 

Indiana __ = _-__-___~__ ee Ww We W 258,930 3,530,000 - W 

Iowa___________._---~------~-----_-- 18,075 153,840 409 . W WwW. WwW 

Kansas __—___-------+---------~---- 16,910 235,240 676 WwW WwW - OW 

Michigan __._----~------------------- 1,692 19,906 32. ws W. Ww . 

Minnesota __________-_-------------- —_ _- _- 14,374 178,040 2,205 

Texas ________-_____--~~--_-----+--- 12,512 199,670 251 - ~~ 8,261 126,600 155 

- Utah __~-_----------------------- —_ __ eee 161 2,221. . 6 

Virginia ~.____.--_------------------ 928 10,917 W 611 7,188 18 

Washington _.--__--------~---------- 1,694 21,175 52 1,773 22,163 61 

Wisconsin ____________~---------~---- 61,944 768,240 1,503 63,815 795,900 1,750 

Other States! ________-_--------------___ 304,610 3,969,300 15,221 58,334 747,820 15,414 

Total? _______________-_-------~ 419,610 5,453,700 18,273 413,770 5,500,400 19,782 

Puerto Rico _____.____-__------------- 141,463 1,886,200 907 W _ W WwW 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” ~ 

1Includes Alabama, Arizona (1976), Colorado, Florida, Missouri, New Mexico, Ohio, Oklahoma, Rhode Island, and 

States indicated by symbol W. - ; oo - 

2Data may not add to totals shown because of independent rounding. . , 

Table 7.—Crushed limestone sold or used by producers in the United States, by State . . 

(Thousand short tons and thousand dollars) . Se 

. . . : a 
‘. . © J ~ 

. : “1975 1976 

; State ae 
. . Quantity Value §$ Quantity Value 

Alabama ________---------------------------- 20,256 . 43,900 21,615 49,718. 

Alaska ______-.-_--~-----~--------+------------ 1,821 8,730 1,950 ~ 8,859 

Arizona __________--_~----------~------------- 2,534 8,008 3,318 10,903 

Arkansas ______.~--~_--.------~------+--------- 6,339 16,596 7,189 _ 18,126 

California __________------------------------- 16,576 © 36,532 14,800 33,298 

Colorado ___________---~---------------------- 3,920 7,144 3,988 _ 9,482 

Connecticut _______-----=~.------=----+------- 175 1,310 -.. 170 1,290 . 

Florida __________--__---~------------------- 38,556. . 172,034 88,047 - 73,276 

Georgia _.______.------------------------+--- 4,996 12,152 4,094 10,293 

Hawaii ________________-_-------~--~=--------- 1,362 | «4,254 1,115 3,832 

Idaho __________________-.~--------+---------- 368 821 353 807 

Illinois ____________---_----------+---------- 60,637 130,020 61,858 141,440 

Indiana ___.______________-~-----~------------- 28,665 57,806 28,163 59,378 

lowa __________---_-_--~--~--+-~--+-----+---------- 30,323 73,324 30,272 75,921 

Kansas ____-_-________L_-~--~----~-+-+----------- 15,382 33,704 15,734 36,331 

Kentucky ~____------------------------------ WwW Ww 33,340 76,870 

Maine _____________-_-_--------+------------- © {817 2,314 900 2,623 

Maryland ___.__----------------------------- 10,587 30,546 10,699 31,689 

Michigan _.___._-_-_---------------------------- 38,642 68,669 40,214 77,296 

Minnesota __________---~----------~------------ 5,003 9,549 5,499 11,608 

Mississippi _______-_--------------------------- 1,067 1,823 WwW Ww 

Missouri _________-_---~---------------------- 45,809 § 92,0385 45,911 93,733 . 

Montana _______~-----~----------------------- 1,717 3,642 1,776 3,939 

Nebraska _____________----------------------- 4,242 10,322 4,101 11,054 

Nevada _________-_-_-_------~----------------- 1,667 4,224 1,688 5,567 

New Mexico ________----~--------------------- 1,534 3,147 1,449 ~ 3,187 

New York _______-_-~_------------------------- 29,029 70,258 25,296 63,795 

North Carolina ________-_---------------------- 3,954 10,129 4,120 10,801 

Ohio ____________~_--_---------------------- 44,940 98,358 41,229 95,063 

Oklahoma ________-_-_---~--------------------- 19,220 34,342 18,750 34,743 

Pennsylvania ______._--~--~--------------------- 46,020 109,470 48,796 124,080 

South Dakota Dee ee eee eee ee een 1,876 3,120 2,228 3,788 

Tennessee __________---_---------------------- 38,415 779,039 WwW Ww . 

Texas __________------~---------------------- 52,801 91,019 51,653 91,724 

Utah ______..-______-------+-----~------------ 1,871 4,680 2,074 5,550 

Vermont ________---------------------------- 817 4,282 1,051 9,170 

Virginia _____------------------------------- 17,850 39,650 17,788 438,684 

Washington ____.__--------------------------- 7153 1,496 1,009 1,979 

West Virginia _.____--------------------------- 10,065 22,887 8,894 21,782 

Wisconsin ________-_------------------------- 17,452 28,990 17,705 29,768 

Wyoming ____----------------~---------------- 1,826 4,378 1,616 4,093 

Other States! ________--_-_--------------------- 34,931 83,496 42,453 105,720 

Total? _________------------------------- ™664,820 1,418,700 662,880 1,496,200 

American Samoa ___~__----~--------------------- 34 146 30 156 

Guam _________-__-------------------------- 781 1,837 457 1,438 

Puerto Rico _______--------------------------- 10,127 25,984 11,951 42,191 

i 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

Includes Massachusetts, New Jersey, Oregon, Rhode Island, South Carolina, and States indicated by symbol W. 

2Data may not add to totals shown because of independent rounding.
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GRANITE | : Crushed.—Crushed granite was produced 
| Di . Di . rite | by 150 companies in 31 States. Leading 

a ced by 86 onan nies in 2 Fs anite was pro States were Georgia, North Carolina, Vir- 
Cte eee a eee ceeding ginia, South Carolina, and Arkansas, which 

| tates were Georgia (34%), Vermont, Mas- accounted for 79% of the total output of 
: sachusetts (14%), New Hampshire (11%), crushed granite. Leading producers were 

and South Dakota (6%). Leading companies Vulcan Materials Co. and Martin Marietta 
| were Coggins Granite Industries and Rock Corp. Total output of crushed granite in- 

: of Ages Corp. Total production of dimension creased 4% to 98.8 million tons valued at 
o granite decreased 5% to 574,000 tons valued $240 million. Average production per com- 

at $55.9 million. Average output per com- pany was 656,000 tons valued at $1.60 mil- 
pany was 6,700 tons valued at $650,000. lion. | | 

\ Table 8.—Dimension granite sold or used by producers in the United States, by State 

1975 1976 : 

State Short Cubic Value Short Cubic Value 
. . | (thou- (thou- | | tons feet sands) tons | feet sands) 

. een esa ES SS SSS SSS Ss Sra SSS SSSSPSSRSS\PSSSSES 

California __.________________ 5,835 TL 2Q17 $377 5,240 63,979 $589 
Connecticut _._._____._________ 4,358 45,997 160 5,424 61,123 154 

. Georgia ______ ~~ 222,330 2,205,300  _—Ss_ 8,653 195,691 2,016,900 8,241 
| | . Maine_____2 Ww W Ww 264 3,100 13 

an Massachusetts _ 2 2 2 64,980 781,580 . 5,096 81,865 - 984,190 - 5,352 
| Minnesota ___________________ 22,482 261,870 7,780 Ww W Ww 

. Missouri _____~_~_~_.___________ 1,109 12,909 247 1,519 18,169 288 
New Hampshire ___.___________ 65,029 744,610 4,957 62,600 710,280 5,273 
NorthCarolina ____________-___ 37,724 468,410 2875 30,521 380,130 3,186 

: SouthCaroling -.______-_______ 9,364 118,550 495 16,858 204,340 900 
South Dakota _.______-=_______ 41,705 442,480 10,268 36,569 409,200 10,658 
Texas _____ 6,270 75,365 1,679 6,348 76,418 — 1,681 

: Vermont ____________________ 81,177 842,970 7,025 WwW W Ww 
Washington __________=_______ 30 364 1 30 364 2 
Wisconsin ___________________ 6,692 60,420 2,593 7,421 63,793 2,820 
Other States? _-_-__ 34,538 388,700 1,837 123,880 1,332,900 16,774 © 

Total? ~2- 603,620 6,515,700 54,042 574,230 6,324,900 55,924 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1Includes Colorado, Nevada, New York, Oklahoma, Pennsylvania, Virginia, and States indicated by symbol W. 
*Data may not add to totals shown because of independent rounding. 

Table 9.—Crushed granite sold or used by producers in the United States, by State 

(Thousand short tons and thousand dollars) 
me 

1975 1976 
State ———_._ 

Quantity. Value Quantity Value 
nen enema ene amma anna 

Alaska ____________i_ ee 1,174 5,300 1,074 2,708 
Arizona ____ 5 ee 251 739 149 520 
Arkansas —- $$ 5 5 ee 6,348 12,117 _ 6,786 13,186 
California ________________ ee 4,300 10,378 5,146 13,214 
Colorado ____.___~__~ ~~ Le 928 1,929 1,134 2,489 
Georgia _________________L ee 24,072 56,077 26,838 66,980 
Idaho _._- = ee 39 100 1 3 
Maine ________________ LLL 35 93 Ww Ww 
Massachusetts _____.__________--_________ 1,012 2,422 1,266 3,989 
Minnesota __________-_____ ee 1,388 2,769 1,605 3,365 
Montana ________________ LLL 10 12 13 21 
Nevada _________- > eee 149 278 194 351 
New Mexico _______________ Le 196 474 WwW WwW 
NorthCarolina ____________________~-_~_~_________ 22,303 50,973 22,980 57,764 
Oklahoma __________ ~~ Le 35 93 — _— 
Oregon ____________ ~~ Le WwW W 90 185 
Pennsylvania _____._____~______ LL Ww WwW 494 1,357 
SouthCarolina _~____________ Le 9,948 22,529 8,600 21,243 
Texas __-________ 1 1 8 93 
Vermont ______ Le 16 31 2 5 
Virgina ~_________ 12,590 28,437 12,487 29,987 

See footnotes at end of table. 

i
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Table 9.—Crushed granite sold or used by producers in the United States, by State 
oe _  =Continued — , 

i ne (Thousand short tons and thousand dollars) 

: 1975 
| State Te 

a , 2 Quantity Value § Quantity Value 

_ Washington ____----___=---------------------- 360 780 1199 2,171 . 
Wisconsin .—-—~------------------~------------ 776 1,028. 886 1,193 

Other States? wee eee ee ee ee ee eee 8,332 20,410 7,394 18,978 

‘Total? __------------------------- 94,258 216,990 98,328 289,670 
Puerto Rico _-.___.--------------------------- 29 : 66 eH °° ° ®# 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

‘Includes Connecticut, Maryland, Michigan (1975), Missouri, New Hampshire, New Jersey, New York, Rhode Island, 
Utah, Wyoming, and States indicated by symbol W. u " 

2Data may not add to totals shown because of independent rounding. . 
‘Withheld to avoid disclosing individual company confidential data. 

| — FRAPROCK | Crushed.—Crushed traprock was pro- | 

D; . ‘duced by 298 companies in 25 States. The 
Dimension,— imension traprock was five leading States—Oregon, New Jersey, 

produced by three companies in Hawaii, Washington, Massachusetts, and Conn- 
Washington, and California. Leading com- ecticut—accounted for 59% of the total | 

panies were J. W. Glover Ltd. and Heather- output of crushed traprock. Leading pro- _ 

stone Inc. Output decreased 5% to 1,160 ducers were the U.S. Forest Service and 

tons valued at $14,300. Average production Ashland Oil Inc. Total output decreased 4% | 
per company was only 390 tons valued at to 75.2 million tons valued at $193 million. : 

$4,800. | Average production per company was 

- | 252,000 tons valued at $647,000. 

Table 10.—Crushed traprock sold or used by producers in the United States, by State | 

- (Thousand short tons and thousand dollars) I, 

1975 1976 
State 7 se ee 

. - Quantity ‘Value’ Quantity Value : 

Alaska ._.___-__---------~----~--------------- 3,119 5,763 2,402 4,802 . 

Arizona _._§_____~______----------------------- 41 62 WwW WwW 

California. ____________-------~---------------- 4,390 8,617 3,967 9,165 

Connecticut ___________--_-~-----~-------------- 6,988 17,774 5,651 15,130 

Hawaii _____________~--~-------------------- 5,967 20,265 4,809 16,781 . ; 

Idaho _____~________.-__---~----~-+------------- 2,394 4,969 2,137 4,293 

Maryland _____-----------------~------------- WwW W 2,546 7,665 

Massachusetts ____._________-------------------- 6,862 15,261 5,793 15,892 

Michigan ___.____---~---~-----~---------------- 9 17 WwW WwW 

Montana __________~__-_-_--_----------------- 1,083 2,353 1,482 3,302 

New Jersey ___.-__-------------------~+------- 8,455 29,685 8,259 27,244 . 

New Mexico _________-_-__-------------------- . _ 381 761 190 444 

New York _________-_-__-_--------------------- 1,527 5,055. - 1,662 5,623 

North Carolina _______--_--_-------------~------- 1,612 3,948 1,734 4,857 

Oregon _______ ~--~---~----------------------- 19,947 37,289 18,735 38,603 

Pennsylvania we ee ee ee ee ew ee en ee 4,011 8,776 3,412 8,074 

South ota __.___________-~----------------- —_ —_ 29 28 

Vermont __________-------------------------- Ww Ww 51 150 

Virginia ______---_--------------------------- 3,429 8,252 4,146 10,208 

Washington _______--------------------------- 5,581 12,279 6,279 14,739 

Wisconsin ______-_-__-------------------------- 1,134 3,596 1,118 3,792 . 

Other States? __________-_--------------------- 3,013 7,880 801 2,084 

Total? ____________---_------------------- 78,443 192,600 75,202 192,880 
Puerto Rico ._____-_------~-------------------- 1,222 2,862 (3) (5) 

Virgin Islands ____---_____--------------------- 218 1,490 279 2,050 
ee 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1Includes Maine, Minnesota, New Hampshire, Texas, and States indicated by symbol W. 

2Data may not add to totals shown because of independent rounding. 

SWithheld to avoid disclosing individual company confidential data.
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SANDSTONE - pany was 3,000 tons valued at $112,000. | 
Dj . D; . ds Se _ Crushed.—Crushed sandstone was pro- 
_Yimension.—Dimension sandstone was duced. by 199 companies in 38 States. Lead- 

produced by 91 companies in 27 States. ing States were Pennsylvania, Arkansas, oS 

| Leading States were Ohio, Pennsylvania, California, and Ohio, which accounted for 
: New York, Georgia, and Maryland, which 51% of the total output of crushed sand- | 

| accounted for 60% of the total output of stone. Leading producers were Ashland Oil => 
Bs dimension sandstone. Leading producers Co. and Ottawa Silica Co. Output decreased : 

| were Standard Slag Co. and Briar Hill 1% to 26.7 million tons valued at $78.5 | 
: Stone Co. Output was 272,000 tons valued at million. Average production per company —_—_—. 

$10.2 million. Average production per com- was 134,000 tons valued at $395,000. 

_ Table 11.—Dimension sandstone sold or used by producers in the United States, by State . 

| (1975 , a 

State Short Cubic dilue Short Cubic Value 
: tons feet me.) 4—Csiétons—Stt—t*éfeet (thou- | | . sands) sands) | 

Arizona______--_________--__ “4,784. 64,647 —=s—(s:s«S3'148 1579s: 22,808. : $84 
Arkansas 4,784 59,800 159 WwW. WwW , WwW 

| - California _~______- 371 5,054 nse 662 ——ti«é,T 8 18 
Colorado ___ ee, 4,946 63,440 128» 5,277 «67,658 =. = :182 
Connecticut _.________________ 4,817 61,769 - «64° «8,719 47,680 61 

| Indiana_________ Li eee W W W 4,308 - 64,620 WwW : 
Maryland ~__-__________---_--. Ww WwW . WwW 12,597 161,630. — 365 
Michigan ___.-..--~~ ~_______ 5,665 71,083 106 WwW. W Ww. 

| Missouri ____________________ 580 —ss«8, 660 OT 580 . 8,660 7 
New York... 27,970 334,160 1,539 20,649. 252,340 1,566 
Pennsylvania _________________ 30,501 390,870 865 30,630 392,690 894 
Tennessee 2 9,536 122,280 299 9,476 120,820 582 
Virginia 2 eee COTS «221,892 28 Ww W.. ws 

| Washington __________________ 2,403 30,038 255 3,059  . 38,288 393 
Wisconsin ___________________ 612. 7,800 23 528 6,746 21. | 

| Wyoming ____________________ 150 1,923 2. 223 ~=«.s«-2,859 4 
| Other States!’ _________________ 180,680 1,764,100 4,354 178,900 2,336,400 6,093 

Total? 9 __ = 229,460 3,007,000 8,001 272,190 3,531,900 10,192 
Puerto Rico __________________ oe __ a () (3) - (°) 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” . | 
So Includes Alabama, Georgia, Idaho, Minnesota, Montana, New Jersey, New Mexico, North Carolina, Ohio, Utah, West 

Virginia, and States indicated by the symbol W. 
: ; “Data may not add to totals shown because of independent rounding. 

SWithheld to avoid disclosing individual company confidential data. 

Table 12.—Crushed sandstone sold or used by producers in the United States, by State 

(Thousand short tons and thousand dollars) 7 

| 1975 1976 
| , - State $< 

a . Quantity Value. Quantity Value 

Alabama _________________~__~ ~~ 57 228 W WwW 
Alaska __________________ WwW W 336 596 
Arizona ____________ ~~ 456 1,429 509 1,603 
Arkansas ___ ~§ 5 5 ee 5,325 9,375 3,603 7,481 
California ___________________ iu 3,451 7,856 3,413 7,429 
Colorado ______—~-___-_~--_~__~_ Le 375 971 WwW ~W 
Florida ___________~________~__ LL 110 220 __ __ 
Idaho ___________-____ 482 2,736 819 3,737 
Kentucky _________----_---_----_-_-~~~-~~~_-~-~- Ww WwW 38 190 
Maine _________~___~~~~~~~___~_~___~ WwW WwW 399 1,420 
Maryland _~______________________________-_-_ sis 8B 1,387 214 1,121 
Montana _________~_____~________~ ee 262 665 191 575 
New Mexico _____________________ W Ww 234 437 
New York _~____________~_ LLL 1,112 3,360 1,126 3,324 
North Carolina _~________~ ~~ ~_______ ee Ww WwW ; 107 547 
Ohio _________________- Le 1,277 7,192 1,384 8,995 
Oregon _______________- =e 741 1,836 W W 
Pennsylvania ___________________-~_-~~-----_---~-- 4,672 13,766 5,323 14,535 
South Dakota ________._______________________- 729 1,962 948 2,771 
Tennessee ___________~___ ~~~ Ww Ww 3 8 
Texas _--_______________ ee 836 2,359 689 1,941 
Vermont ______________~~~-~~--~ ~~~ eee 29 50 10 28 
Virginia _________~_________-~------~-----~-+-+---- 828 2,182 862 2,298 

See footnotes at end of table.
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Table 12.—Crushed sandstone sold or used by producers in the United States, by State | 
Pe Bo | —Continued - | - 

| (Thousand short tons and thousand dollars) | _ 

| oo 1975 1976 
. Quantity. Value Quantity Value 

Washington ________2 == es 2,720 875s, 
West Virginia —§_-_§__2 22 517 1445 823 2,351 
Wyoming ______-___----__-~_-- ++ ee 40 89 _— __ 

Other States’. ________________-___--_---------- 4,714 15,409 - 4,818 14,574 

Total? ~-- eee, 120 17,287 26,723 78,506 | 
Virgin Islands _________.______------------------ Al 323 __ ee 

| W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
| Includes Connecticut, Georgia, Kansas, Michigan, Minnesota, Missouri, Oklahoma, Utah, Wisconsin, and States 

indicated by symbol W. pe a oy - 
“Data may not add to totals shown because.of independent rounding. . a | oe 

oo MARBLE | Marble Co. and Vermont Marble Co. Output 
eg ay. expanded 12% to 56,000 tons valued at $10.3 

' Dimension.—Dimension marble was pro million. Average output per company was duced by 15 companies in 12 States. Leading 3.700 * 1 i 58 3 000 company : 
States were Vermont, Georgia, Tennessee, °%/00 tons valued at $ 00 : 

_ Montana, and Alabama, which accounted Crushed.—Crushed marble was produced. | 
| for 87% of the total output of dimension by 20-companies in 13 States. Leading - 

marble. Leading producers were Georgia States were Alabama, Georgia, North Caro- | 

Table 13.—Dimension marble sold or used by producers in the United States, by State 

m a 7 7 Oo | 1975 | 1976 

| oo - ~ State | Short | Cubic © Value Short Cubic Value’ 
. . tons feet thou. | tons feet (thou. 

Idaho ___. == W w - Ww 893 ‘10,500 $90 , 
Tennessee. --_____________2-. . 6,002 64,778 $1,699 9,998 111,750 1,746 

. Texas _. 2. ~~ ee t*é 000 20,000 2320 2—~—*~<“‘i‘«‘CO*; _- _- 
Washington __~- 22 ny | 685 2 WwW WwW WwW 
Wyoming =~ 1,754 18,000 47 1,951 22,9538 59 : 

. Other States? 2-_-____--_------- 40,176 456,650 7,547 43,185 492,370 8,423 

2 Total? Woe eee 49,989 560,110 9,526 55,977 637,560 10,318 

Ww Withheld to avoid disclosing individual company confidential data; included with “Other States.”’ 
- Uncludes Alabama, Arizona (1976), Georgia, Missouri, Montana, New Mexico, North Carolina, Utah (1975), Vermont, . 

and States indicated by symbol W. . 
a * ®Data may not add to totals shown because of independent rounding. _ 

~ Table 14.—Crushed marble sold or used by producers in the United States, by State 

| (Thousand short tons and thousand dollars) . 

—_ : State oe - _ 1975 1976 
. | Quantity Value Quantity Value 

Alabama __ ~~ __.~~-~---_---~----~-=-~-~-~-~-+--+- 610 9,982 ._ 649 9,964 
Arizona ~~~ ~~~ WwW WwW 48 564 
Texas ___-~_~__~___ ee WwW WwW 68 684 
Vermont _______~_~__~____ ee 4 6 2 6 
Wyoming -____--------_~---------~----------- 54 1,340 63 1,574 
Other States? _____________---_----------------- 794 11,297 632 1,794 

Total? _____________ eee 1,461 . 22,626 1,456 20,586 
Puerto Rico ~~... _____~~----~--~-~---~----~-~--~-+-+-+-+ 107 523 97 518 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” . 
1Includes California, Georgia, Missouri, Nevada (1976), North Carolina, Tennessee, Virginia, Washington, and States 

indicated by symbol W. 
2Data may not add to totals shown because of independent rounding.
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lina, Texas, and Wyoming, which accounted 16% to 879,000 tons valued at $5.81 million. _ | 
for 91% of the total production of crushed Average output per company was 110,000 

marble. Leading producers were Georgia. tons valued. at $726,000. | a : 

Marble Co. and Thompson-Weinman & Co. pe pe ae | | 

Output was about the same as in 1975, 1.46 | SHELL Oo | 

million tons valued at $20.6 million. Aver-_ . | ae | : 

age production per company was 72,800 tons nies in Louisiana (68%), Texas, Alabama, 
valued at $1.03 million. Florida (4%), South Carolina, California, — 

: SLATE | and Virginia. Leading companies were 
| | ) a Radcliff Materials, Inc., and Parker Bros. & 

Dimension.—Dimension slate was pro- C0., Inc. Output declined 11% to 13.8 mil- , 
duced by 29 companies in 6 States. Leading lion tons valued at $37.4 million. Average. 

States were Pennsylvania and Vermont, production per company was 1.06 million 
which accounted for 76% of the total output ons valued at $2.88 million, = | 

7 of dimension slate. Other States were Vir- oe 
| ginia, New York, North Carolina, and Cali- CALCAREOUS MARL 

fornia. Leading companies were A. Dalley = Crushed mar! was produced by 31 compa- 
& Sons Inc. and Stoddard Slate Co., Inc. nies in 8 States. Leading States were South 

| Output decreased 6% to 58,000 tons valued Carolina, Texas, and Mississippi, which | 
, at $7.26 million. Average production per accounted for 92% of the. total output of | 

company was 2,000 tons valued at $250,000. crushed marl. Leading producers were San- 

: Crushed.—Crushed slate was produced by tee Portland Cement Co. and Giant Port- 
eight companies in Virginia, Georgia, Ar- land Cement Co. Output decreased 4%. to 

: kansas, and New York. Leading producers 3.37 million tons valued at $4.45 million. 

were Hercules Inc. and Georgia Light- Average production per company was * 

‘weight Aggregate Co. Output expanded 109,000 tons valued at $143,000. Pe | 

Table 15.—Crushed calcareous marl sold or used by producers in the United States, | 
, y State | | 

| (Thousand short tons andthousanddollars) = , | 

State | | 1975 1976 

| . me Quantity Value Quantity © Value 

Indiana _._____- eee 28 41 m4 0” 
Michigan____.________--_..-~---------------- 85 1538 66 156 

Mississippi -— =~ - ~~~ ---------~--~---~7-777-77- 561 907 WwW wi 
North Carolina __.________.~_~._--------------- 228 461 173 ts«é821 
South Carolina _.___—--..--.-._.~~-------------- _ 2,180. (2778 2884 —. 2,978 

| Virginia ______---.~-----+-------------------- w  #w 6 * 9 

Other States! __.____--~-----------------------___ #41582 T9988 

Total? _____._._._____________.---------- 3,504 4,871 " 3371 4,446 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” . 

1ncludes Maine (1976), Texas, and States indicated by symbol W. | 

2Data may not add to totals shown because of independent rounding. 

MISCELLANEOUS STONE production per company was only 1,100 tons 

. | . ae valued at $41,400. 
Dimension.—Other kinds of dimension Crushed.—Other crushed stone was pro- 

stone were produced by 22 companies in 11 duced by 84 companies in 26 States. Leading 

States. Leading States: were Maryland, States were Pennsylvania, California, 

Pennsylvania, California, and Oregon, North Carolina, Alaska, and Washington, 
which accounted for 87% of the total output which accounted for 79% of the total output 
of other dimension stone. Other States were of other crushed stone. Leading producers 

Arizona, New Mexico, Virginia, Washing- were the U.S. Forest Service and Eureka 
ton, North Carolina, and Hawaii. Leading Stone Quarry Inc. Output expanded 25% to 

producers were Stoneyhurst Quarries and 17.7 million tons valued at $41.1 million. 

Tri State Stone Co. Output declined 32% to Average production per company was 

25,000 tons valued at $911,000. Average 210,000 tons valued at $489,000.
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Table 16.—Crushed miscellaneous stone sold or used by producers in the United States, 
by State | 

(Thousand short tons and thousand dollars) 

state «AST 1976 
: Quantity Value Quantity Value ~ oo 

Alaska ________________~-___- ee 1,391 3,899 966 3,127 | 
California _________________ ee 4,409 8,693 5,021 11,107 
Colorado _______ ~~~ ee 86 128 WwW WwW 
Hawaii _-_______________________ ee 230 698 169 580 
Idaho ___________________.______. ue 30 136 152 282 
Maryland pee eee eee w w 470 1,219 

ontana —~ ~~~ Wee Le Le ~ “ 

North Carolina eee ee Ww | is 1,624 4,079 

Oklahoma — 20222 2DLIIIIIIIII IIIT w Ww 8 H6 | 
Pennsylvania ~.. 222222222222 W Ww 5,519 18,200 | 
Rhode Island ~~ __~_~_~________ eee 12 38 16 56 
Utah _____________________ ee 5T4 933 Ww Ww 
Vermont _________________-___-.__~_-_-_-_--~--~-- 76 114 742 1,602 
Virginia __________________.________-_---__- W W 214 | 432 
Washington ______________----~~--~--_--~------- WwW WwW 840 . 1,752 
Other States! __________----------------------- 7,073 15,796 1,383 2,866 

Total? ________. ee 14,169 31,000 ~—Ss«17,664 == 41,099 
Puerto Rico ___________--------~-------------- 1,969 17,172 -- _- 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” : 
1Includes Arizona, Arkansas, Kansas, Louisiana, Massachusetts, Missouri, Nevada, New Mexico, Texas (1975), 

Wisconsin, Wyoming, and States indicated by symbol W. . 7 
2Data may not add to totals shown because of independent rounding. 

—_ -~ CONSUMPTION AND USES | : : | 

Stone was consumed in every State. Di- 118,500 tons valued at $8.0 million. These 
mension stone was marketed over wide five uses accounted for 64% of the total 
areas to meet specific requirements. Crush- production of dimension stone. 
ed stone was generally marketed in a limit | Crushed.—Crushed stone was used for 

ed area, usually — the State where ae roadstone (55%), concrete (138%), cement 
uced. ougn large stockpiles may exist, (11%), and many other uses. Output of 

output during the year is considered to ,oadbase aggregate declined 12% to 191.2 

on aoe eee ension stone was used Million tons valued at $401.7 million. Pro- | 
a duction of other aggregate and roadstone 

OO oh bled ad sy monuments (2%) expanded 12% to 131.2 million tons valued 
Output of rough monum ental stone decreas- at $299.9 million. Output of concrete aggre- 

gate decreased 3% to 116.0 million tons ed 3% to 271,500 tons valued at $15.2 ed 970.6 million. S . 
million. Production of rough blocks decreas- Valued at $270.6 million. Stone used in 
ed 8% to 271,400 tons valued at $9.1 million. Cement increased 4% to 99.2 million tons 
Output of cut building stone decreased 5% valued at $177.1 million. Production of bitu- 

to 120,800 tons valued at $24 million. Pro. minous aggregate decreased 3% to 86.6 
duction of rough construction stone increas- million tons valued at $225.3 million. These 
ed 19% to 119,000 tons valued at $3.2 five uses accounted for 69% of the total 
million. Output of curbing decre 0 production of crushed stone. illion. Output of curbing decreased 4% to oduction of hed sto
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| _ Table 17.—Dimension stone sold or used by producers in the United States, by use 

| oo 1975 | "1976 

| Use Short Cubic =» Value. = Short = Cubic. «= Value (thou- uae (thou- 
| tons —sifeeett sands) tons feet sands) on 

. Rough Monumental ~_____._____- 279,960 2,815,300 $15,540 271,460 ~ 2,829,300 — $15,223 
Rough blocks ee eee ee eee 293,580 3,688,400 9,649 271,449 3,477,500 9,108 
Cut building stone ____.__..-_-__) 127,820 1,627,100 22,916 120,780 1,550,200 23,978 
Rough construction ~__.____..- __ 99,971 1,254,700 2,101 | 119,050 1,493,300 3,197 
Curbing ~_~______~_____L 122,980 1,455,000 7,787 118,470 1,896,200 8,048 
Rubble ________-_-___________ 106,820 1,226,400 1,184 113,220 1,426,300 1,339 
Sawed building stone _~___________ 89,405 1,197,200 5,421 91,387 1,214,100 5,306 
House stone veneer ___________._. 81,187 —:1,041,200 3,775 - 84,997 1,113,900 3,961 

: Dressed monumental __-_______~- 49,576 547,170 15,043 65,804 737,950. 22,031 
| Dressed flagging ~--_._.-._-_-_- WwW WwW WwW 38,687 441,000 1,730 

~ Rough flagging _.-.--.___________ 36,225 458,580 1,425 38,158 485,570 1,574 
. Dressed construction ____________- 31,231 397,560 4,826 25,563 312,070 2,078 

' Structural shapes __________-__-_~- WwW WwW Ww 10,275 117,000 _ 2,588 
Roofing slate _~__-_________--_ _ W Ww WwW 9,960 113,000 2,045 . 

_ Flooring slate _~_..~~~__________ Ww WwW WwW 6,205 66,390 1,046 
Billiard tables _. 9-22 ~~ ___ WwW WwW OW 1,772 20,000 405 . 

. Blackboards _~._______________- W W W 193 2,200 101 
Other rough stone _____________. ' 5,059 59,674 IB 6,159 76,200 . __ 
Other dressed stone _________.-_- 6,283 17,930 709 4,675 53,000 264 
Other uses _________.__--_-_- 73,306 199,850 8,135 2,082 24,830 210 . 

~ Total? ~-______________-_ . 1,402,900 15,986,000 98,586 1,400,400 16,950,000 104,400 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” : 
1Includes paving blocks, electrical fixtures, other uses, and uses indicated by symbol W. . 
2Data may not add to totals shown because of independent rounding. 

| | Table 18.—Crushed stone sold or used by producers in the United States, by use 

. (Thousand short tons and thousand dollars) 

. oe ° 1975 1976 

. Use .- - SO 
Quantity Value Quantity Value 

Roadbase aggregate ______.____.----------------- ¥214,820 T437,800 191,160 401,710 
Other aggregate and roadstone __________--~---_-_-_~-~-- 117,150 264,880 131,170 299,880 

_ Concrete aggregate __________-__-------------~--+- 119,660 261,350 116,000 270,610 
Cement ______..---_~-----_~--------~-+------= 95,506 167,200 99,208 177,080 
Bituminous aggregate _.._______.__--------------- 89,552 255,800 86,639 225,330 
Surface treatment aggregate _________----_--=-------- 52,144 119,840 54,708 131,670 
Agricultural limestone (agstone) _ ________----------~--~- 33,846 87,635 39,995 . 107,440 
Lime! _______________~--_~-~ +--+ 35,009 76,084 37,756 88,474 
Macadam aggregates ____.____________-~-----+_----- 27,955 57,977 . 27,556 61,356 
Riprap ~_________~--__-------~-----------~---- 26,310 52,568 27,075 .. 61,043 
Fluxstone ____________---~---------~---------+- 23,819 54,500 23,767 57,621 
Railroad ballast _.__..__.___----------~----------- 20,840 42,881 23,204 50,354 
Fill _----- LL eee 5,293 . - 8,080 4,933 8,656 
Stonesand _____________---~--------+-----~-~----+- 6,822 18,219 4,824 14,192 
Roofing granules __________--------------------- 4,381 11,236 4,394 11,798 
Glass __________~-~-------~----~---~----~------- 3,000 16,252 3,199 18,772 
Other fillers __________------------------------ 2,888 27,459 2,908 30,769 
Mineral food ____ ______--____-----~--------------- 1,962 11,450. 2,437 13,881 
Rock dust for coal mines ________----------~~--~------ 1,149 6,008 1,377 8,026 
Otherchemicals _~_________-~-------~------~------- 1,192 2,008 1,095 1,877 
Ferrosilicon ~________-_-___--------------------- 932 2,455 1,007 2,814 
Whiting ___________-___---------~-~-----~------ 1,014 17,050 976 19,726 
Filterstone ___.._________--------------------- 727 1,888 _ 928 2,510 
Asphalt filler _._._____------------------------ 751 3,745 832 4,478 
Refractory stone _________--__--~-~-------------- 965 6,631 175 5,045 
Sulfur dioxide removal _~_________----------~------- _- -- 655 1,496 
Terrazzo ~__________~__~---__~~-~__~~~---~_ ~~~ ~~ - 584 7,259 614 7,069 
Lightweight aggregate _________---------~---------- 510 4,107 523 4,385 
Agricultural marl _________-------~-~------------- 584 1,765 469 1,468 
Drain fields _________-_----------------------- 86. 187 323 448 
Waste products _________----------------------- 401 439 303 378 
Paper _______--_-----------+--~--------------- 135 611 136 656 
Bedding material ________-_-_-----------------+--- 161 316 135 391 
Building products __________------------------~--- 260 642 122 282 
Abrasives ~________-~--------~---~~------------+- 81 707 99 706 
Acid neutralization _______-_--------------------- 55 180 27 173 
Other uses?’ _______________-__ eee 9,446 24,291 8,929 24,049 

Total® ~_~________________-~ ~~ +--+ ™899,990 *2,0221,700 900,260 2,116,600 
ee dE EES ES nse renee 

Revised. 
1Includes dead-burned dolomite, alkalies, and sugar. 
2Includes magnesium metal (1976), porcelain, slate flour, stucco, disinfectant, carbon dioxide (1975), and other uses. 

3Data may not add to totals shown because of independent rounding.
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LIMESTONE | A study was made of the output of agri- 

Dj . . . . cultural and industrial limestone during 

imension.—Dimension limestone waS the period 1940-76. Output of stone for, | 

used for building stone (48%), as rough cement more than tripled from 34.0 million 
blocks (83%), for rubble (13%), and for other tons in 1940 to a record 106.9 million tons in | 

purposes. Output of rough blocks declined 1973. Output of stone for lime (including 
15% to 137,600 tons valued at $3.7 million. gead-burned dolomite, alkalies, and sugar) 

Production of cut building stone increased more than doubled, from 16.0 million tons 

8% to 58,700 tons valued at $8.7 million. in 1940 to a record 40.1 million tons in 1973. 
Output of house stone veneer increased 4% Output of aglime expanded more than four 

| to 57,800 tons valued at $2.3 million. Pro- times, from 8.7 million tons in 1940 to a 

duction of rubble expanded 51% to 55,400 record 39.8 million tons. Output of flux : 

tons valued at $610,000. Output of sawed stone expanded from 22.9 million tons in 

building stone declined 12% to 47,800 tons 1940 to a record 40.9 million tons in 1953; 

valued at $3.1 million. These five uses since 1953 output has declined 45% to 22.5 

accounted for 86% of the total production of million tons. Output of stone for fillers . 

dimension limestone. (whiting, asphalt filler, and other fillers) 
Crushed.—Crushed limestone was used expanded from 856,000 tons in 1940 to a 

for roadstone (50%), cement (14%), concrete record 4.8 million tons in 1962; since 1962, 

aggregate (14%), and many other purposes. output has declined 32% to 3.3 million tons. 

Output of roadbase aggregate declined 10% Output of stone for glass expanded seven 

to 136.2 million tons valued at $272.1 mil- times, from 301,000 tons in 1940 to 2.1 

lion. Production of stone for cement increas- million tons. Output of stone for mineral 

ed 6% to 93.4 million tons valued at $166.3 food expanded 16 times, from 132,000 tons 

million. Output of concrete aggregate in 1940 toa record 2.1 million tons in 1974. 

decreased 4% to 90.6 million tons valued at Output of stone used as rock dust in coal 

$203.1 million. Production of other aggre- mines expanded 14 times, from 99,000 tons 

gate and roadstone expanded 10% to 80.5 in 1940 to 1.4 million tons. Output of stone 

million tons valued at $175.9 million. Out- for other industrial and agricultural uses 

put of bituminous aggregate declined 10% expanded eight times, from 414,000 tons in 

to 52.0 million tons valued at $127.2 million. 1940 to 3.4 million tons. Total output for 

These five uses accounted for 67% of the these uses more than doubled, from 83.5 

total production of crushed limestone. million tons in 1940 to 204.8 million tons. : 

Table 19.—Dimension limestone sold or used by producers in the United States, by use 

i 1975 . 1976 

Val Val 

“= Short Gable thou Short URES how. 
TT 

Rough blocks ___.----------- 162,400 2,173,700 $4045 «187,580 —-1,864,600 $3,713 

Cut stone_________--------- 54,339 723,490 6,941 58,669 781,980 8,693 

House stone veneer_ —— —--~-—---- 55,650 732,880 2,267 57,756 763,540 2,331 

Rubble ________-_--------- 36,716 373,460 427 55,420 713,550 614 

Sawed stone _______--------- 54,467 742,200 3,416 47,830 654,300 3,109 

Rough construction —_--------- 25,203 320,630 530 23,599 305,560 601 

Rough flagging __-_---------- 16,216 207,460 301 18,384 237,610 336 

Dressed construction____------- 10,786 131,720 248 «11,768 144,320 297 

Dressed flagging ____.-------- 2,001 25,378 78 2,386 30,505 82 

Curbing ___-_------------- WwW Ww WwW 257 3,115 4 

Other rough stone __-----~----~- WwW Ww WwW 114 1,341 2 

Other dressed stone ____------- WwW WwW Ww 3 38 1 

Other uses' _________------- 1,832 22,777 20 _- __ __ 

Total? _________------- 419,610 5,458,700 18,273 413,770 5,500,400 19,782 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 

1Includes uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

r,
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Table 20.—Crushed limestone sold or used by producers in the United States, by use 
i (Thousand short tons and thousand dollars) 

rrp 

. 1975 1976 
Use -—_—_ OCC OO 

. - Quantity Value = Quantity Value —-__—_—_—_————————— att Cte 

Roadbase aggregate -_-__________________-________ "150,260 287,710 136,520 272,100 Cement _________________ 88,326 151,010 93,407 166,260 Concrete aggregate ____§_§_§_-__ = 94,305 198,640 90,575 203,140 Other aggregate androadstone ______________ =, 73,097 151,400 80,491 175,910 Bituminous aggregate __________________. 57,816 140,290 51,972 127,230 Agricultural limestone (aglime) ______________._______ 33,570 86,888 39,825 106,670 Surfacetreatment aggregate _________________ ss 38,398 88,586 38,476 94,222 Lime? ______.___.___- 34,002 72,901 36,918 86,583 Macadam aggregate __________________________ | 23,777 48,685 23,837 51,457 . Flux stone ______- ~~~ 22,756 49,707 22,508 51,936 Riprap _____________ 13,718 28,333 15,174 35,173 Railroad ballast ____-_____._____~______ 9,482 18,653 9,671 19,729 Stone sand ___________________ 4,363 11,087 3,494 9,621 Glass ________________ ee 2,021 10,207 2,119 11,961 Mineral food ____________________ ee 1,616 10,015 1,979 12,321 Other filer ~-_-_____________-_ 1,892 14,200 — 11,845 14,536 Fill ~~. -_ 2,094 2,997 1,448 2,433 Rock dust for coal mines___________________ 1,149 6,008 1,377 8,026 Other chemicals ________________________ 1,192 2,008 1,095 1,877 Ferrosilicon __________-_____ =e W WwW 914 - 2,254 Whiting __-___________ ee 744 11,537 897 18,333 Sulfur dioxide removal ___._____________________ _- _- 654 1,494 Asphaltfiller ~.-._-___.~_____~______ 658 3,277 576 2,976 Filter stone _~.~__________________ 294 721 422 1,043 Roofing granules _______________________ 278 1,046 393 1,315 Agricultural marl ---- 377 1,288 321 ~ 1,056 aste products _________________ 401 439 303 378 Drain felds -- 56 109 300 392 Terrazzo ~-__~___~____ 175 1,364 204 1,847 Paper _________ 135 611 136 656 Bedding material ___________~________________ 79 143 44 87 Refractory stone ________________________ ee 76 277 33 89 Acid neutralization __ $$ ~~~ 2 ee 55 180 27 173 Abrasives ~_______~___ =e W WwW 18 168 Building products ________________~____________ 110 209 WwW Ww 
Other uses? _~__- = 7,539 17,939 5,178 12,792 OE 

Me ™664,820 1,418,700 662,880 — 1,496,200 

"Revised. W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 
1Includes dead-burned dolomite, alkalies, and sugar. 
Includes magnesium metal (1976), stucco, disinfectant, carbon dioxide (1975), other uses, and uses indicated by symbol W. 
5Data may not add to totals shown because of independent rounding.
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| GRANITE SANDSTONE 

| Dimension.—Dimension granite was | Dimension,—Dimension sandstone was 
used for monuments (56%), curbing (21%), used for building stone (48%), other rough 

_ building stone (138%), and other purposes. stone (18%), rough blocks (12%), rubble 
Output of rough monumental stone decreas- (10%), and other purposes. Output of rough 
ed 5% to 266,500 tons valued at $14,9 construction stone decreased 3% to 50,100 
million. Production of curbing decreased tons valued at $1.1 million. Output of other 
4% to 118,000 tons valued at $8.0 million. Tough stone was 48,300 tons valued at $1.6 

| Output of dressed monumental stone “illion. Production of sawed building stone 
a | , , expanded 72% to 34,700 tons valued at $1.7 expanded 18% to 54,700 tons valued at $18.1 ai : : 

| million. Production of rough blocks declined Million. Production of rough blocks declined 
48% to 31,500 tons valued at $1.1 million. 76% to 32,500 tons valued at $550,000. | | Out ns ee Output of rubble declined 20% to 28,300 

put of cut building stone declined 24% tons 
3 tons valued at $370,000. These five uses to 29,300 tons valued at $10.3 million. These 1 . 

ve accounted for 71% of the total production of five uses accounted for 87% of the total dimension sandstone | 

production of dimension granite. “Crushed.—Crushed sandstone was used 
: .. Crushed.—Crushed granite was used for for roadstone (61%), concrete aggreate (8%), 

roadstone (63%), concrete (17%), and other and other purposes. Output of roadbase 

purposes. Output of roadbase aggregate de- ageregate increased 6% to 6.8 million tons 
clined 24% to 22.8 million tons valued at valued at $14.9 million. Production of other 

$53.0 million. Production of other aggre- aggregate and roadstone declined 13% to 
gates and roadstone expanded 48% to 17.8 49 million tons valued at $10.9 million. — 
million tons valued at $43.8 million. Output Output of bituminous aggregate expanded 
of concrete aggregates increased 8% to 17.2 31% to 3.1 million tons valued at $8.1 
million tons valued at $43.3 million. Pro- million. Production of concrete aggregate 
duction of bituminous aggregate increased increased 2% te 2.2 million tons valued at 
7% to 16.2 million tons valued at $42.8 $6.6 million. Output of riprap declined 13% 

: million. Output of railroad ballast expanded to 1.6 million tons valued at $3.8 million. 
22% to 9.1 million tons valued at $20.6 These five uses accounted for 69% of the 

_ million. These five uses accounted for 84% total production of crushed sandstone. 
of the total production of crushed granite. | : 

, MARBLE 

7 TRAPROCK Dimension.—Dimension marble was used 

, Dimension.—Dimension traprock was ‘oF rough bloexs one Seen ou 
sed f bbl. , h bl ks, d ing stone, and otner purposes. Uutput 0 | u or rubble, rough blocks, an rough rough blocks declined 10% to 23,200 tons 

construction stone . ‘ 

Crushed.—Crushed traprock was used for valued at B2.2 million. P roduction on dres- 
roadstone (77%), and other purposes. Out- d vat $3.9 milli stone tout f t bail di " 
put of other aggregates and roadstone in- ee BY Oe een eee eee eng 

| nays stone expanded 40% to 6,800 tons valued at 
creased 7% to 18.5 million tons valued at $2.8 milli Producti f h 

7 | $48.9 million. Production of roadbase aggre- ‘© muiton, froduction or rough con- 
declined 15% 16.3 milli to struction stone was 3,958 tons valued at 

| gate declin % to 16.5 million tons 9116 000. These four uses accounted for 80% 
valued at $38.7 million. Output of bitumi- or the total production of dimension marble. 
nous aggregate decreased 6% to 11.8 million Crushed.—Crushed marble was used for 
tons valued at $33.9 million. Production of fillers, terrazzo (12%), roadstone, and other 

surface treatment aggregate expanded 30% purposes. Output of stone for other fillers 
to 9.6 million tons valued at $21.8 million. expanded 22% to 920,000 tons valued at 

Output of concrete aggregate declined 25% $14.4 million. Production of terrazzo declin- 
to 5.1 million tons valued at $15.4 million. ed 27% to 170,000 tons valued at $3.6 
These five uses accounted for 82% of the million. Output of other aggregates and 
total production of crushed traprock. roadstone was 152,000 tons valued at 

$322,000. These three uses accounted for 
85% of the total production of crushed 
marble.
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Table 22.—Dimension granite sold or used by producers in the United States, by use 

1975 1976 

Use . Value . Value 

sands) sands) 

Rough monumental __________ 279,460 2,808,600 $15,530 266,480 2,769,900 $14,925 
Curbing ~_______~_____-_-_- 122,440 1,448,200 7,761 117,930 1,389,200 8,015 . 

Dressed Monumental _________ 46,379 510,240 14,103 54,726 608,160 18,143 
Rough blocks ~_______--__-—- 60,794 630,700 2,206 31,492 334,270 1,082 
Cut stone ____-__ ee 38,601 466,200 12,244 29,318 354,530 10,300 
Rough construction _~____---_-~ 6,430 77,349 193 27,510 329,980 1,016 
Rubble __________-__---_--~ 19,481 213,630 158 20,924 . 232,520 . 171 
Dressed construction ____.-_-—- 8,066. 99,636 1,085 10,794. 131,720 . 1,662 
Sawed stone _________------ 12,889 156,330 350 7,776 _ 92,770 217 
Other rough stone ______-___~~- Ww Ww WwW 2,791 28,057 94 
House stone veneer __ _ _ __.-__ ~~ 1,664 19,791 102 1,875 | 22,255 107 
Rough flagging ________-_--~-- 387 4,707 12 207 3,148 9 , 
Other dressed stone. ________-_- WwW WwW Ww. 69 692. 7 
Other uses! ______________- 7,027 80,328 298 2,345 27,734 176 

Total? ~._____________ 603,620 6,515,700 §4,042 574,230 6,324,900 55,924 
re 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” - 
1Includes paving blocks and dressed flagging and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. - 

Table 23.—Crushed granite sold or used by producers in the United States, by use 

(Thousand short tons and thousand dollars) | 

nr ee eg 
SS SSS 

1975 1976 

Quantity Value Quantity Value 

Roadbase aggregate ______________---~----------- 30,139 67,759 22,828 52,969 

Other aggregates and roadstone ________-_-_---------- 12,409 28,177 17,775 43,769 

Concrete aggregate _.._._._______-_-_-----~------------ 15,900 36,868 17,198 43,317 

Bituminous aggregates ___________---------~------ 15,113 37,913 16,225 42,759 

Railroad ballast —.._-9__-__ ~~ -_--_---.-------~------ 7,433 15,767 9,096 20,574 

Riprap _____-___--------------~---=------------ 2,457 7,031 4,283 9,989 

Surface treatment aggregate ___________------------- 4,173 9,714 3,430 7,842 

Macadam aggregate __________------------------- 2,452 4,740 1,685 3,937 

Roofing granules __._____-___------------------+-- 1,597 2,849 1,683 3,038 

Stonesand _______________-~--~--------~--~------ 1,365 8,076 723 1,764 

Terrazzo ~_________~__-----~-~---~--~-~----~------ 115 669 181 826 

Filter stone ~_________-~__~--~--------~-~---~------ 147 383 180 584 

Mineral food ____.__________-~----~-----~---+~+------ 81 433 168 T57 

Fill ~. ~~ ~~ eee 131 194 154 210 

Bedding material ______-__--_____--------------- 4 60 215 
Other uses! ___________________-~- +--+ +--+ 742 1,406 2,660 7,120 

Total? _._____________ +  -- 94,258 216,990 98,328 239,670 
rn 

1Jncludes asphalt filler and other uses. 
2Data may not add to totals shown because of independent rounding. 

Table 24.—Crushed traprock sold or used by producers in the United States, by use 

(Thousand short tons and thousand dollars) | 

rrr PP GS SS eee 

1975 1976 
Use _—<—$— 

: Quantity Value Quantity Value 
ee pee nr I SS 

Other aggregates and roadstone _____----------------- 17,258 45,818 18,462 48,879 
Roadbase aggregate _________-------------------- 19,152 43,634 16,340 38,729 

Bituminous aggregate ________--_-_----------------- 12,511 35,803 11,762 33,897 

Surface treatment aggregate _________--------------- 7,399 16,443 9,623 21,798 

Concrete aggregate __________--_------------------ 6,880 18,817 5,143 15,360 

Riprap _____-------------------------------- 7,066 11,049 4,410 8,949 

Railroad ballast _._._______-_------+-------------- 2,558 5,991 2,998 6,975 

Fill __.__________-_-----------------+------- 1,248 1,684 2,137 4,270 

Roofing granules _______-___--____-_------------- 1,650 4,677 1,763 5,185 
Macadam aggregate __________------------------- 1,180 3,398 1,573 5,050 

Filter stone ~_____-__------~------------------- 222 643 233 623 

Stonesand _______--_-------------------------- 536 2,084 158 863 

Bedding material __.____-___-------------------- 57 117 26 81 
Drain fields .~.____------------~---------------- 27 69 20 46 

Building products _______----------------------~--- Ww WwW 1 1 

See footnotes at end of table.
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Table 24.—Crushed traprock sold or used by producers in the United States, by use 
| - _ —Continued | 

| a (Thousand short tons and thousand dollars) | 

1975 1976 

oo oe Quantity Value Quantity . Value : 

Otheruses! _____ eee 699 2,376 553 «2,170 

| _ Total? ~~~ eeu _----_ = 78,4438 =———«:192,600 75,202 192,880 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” a 
1Includes asphalt filler, other fillers (1975), other uses, and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

Table 25.—Dimension sandstone sold or used by producers in the United States, by use : 
gp 

| | 1975 1976 

Use Short Cubic tee = Short. = Cubic caive 

Rough construction .~_..____-_ 51,506 654,620 $974 50,124 642,120 $1,108 
Other rough stone ~__________ Ww Ww Ww 48,263 603,290 1,563 

. Sawedstone ___________.- _- 20,186 278,530 1,208 34,688 455,700 1,725 
Rough blocks _..___._._u ~_ 43,632 589,260 868 32,473 446,610 563 
Rubble ________..-.____-_ 35,320 466,150 395 28,324 377,410 367 
Cut stone __.- -_ i k 25,835 337,050 1,750 24,827 320,280 2,039 
House stone veneer — _ — _.____—— 20,346 272,790 705 21,781 288,240 882 
Rough flagging _.._...__._-~ 19,524 245,220 1,108 19,512 244,150 1,227 
Dressed flagging ___...___-_- 8,700 107,320 414 10,040 126,550 476 
Other dressed stone _~___.______ WwW WwW Ww 582 7,196 194 
Other uses? _- = 4,412 56,086 580 1,572 20,385 45 

| Total? ~._-____________ 229,460 3,007,000 8,001 272,190 3,531,900. 10,192 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 
“Includes dressed construction, rough monumental, curbing, dressed monumental (1975), and uses indicated by 

sym . 
2Data may not add to totals shown because of independent rounding. 

Table 26.—Crushed sandstone sold or used by producers in the United States, by use 

(Thousand short tons and thousand dollars) 

. 1975 1976 
Use a a 

Quantity Value Quantity Value 

Roadbase aggregate _____.____._______~_-~-__--__- 6,401 18,914 6,798 14,940 
Other aggregate and roadstone __________~____i___ 5,588 12,515 4,886 10,862 
Bituminous aggregate _______________~_-~~~_~~---- 2,345 6,482 3,067 8,141 

“Concrete aggregate _______-_-.__-___-~-_-~-_.--_-- 2,185 6,068 2,223 6,645 
Riprap __..___-_~~~------~-~--~~-~~-~ +--+ -- 1,812 3,954 1,575 3,819 
Flux stone _________~__ ~~~ 1,063 4,793 1,259 5,685 
Surface treatment aggregate __________________--___-_ 1,392. 3,482 1,237 2,895 
Railroad ballast _..._._.__._._ ~~. ue 962 2,008 1,116 2,587 
Glass _.______~_-_-_-~~-+-+~---~~~--~~~+--~-~----- 979 6,045 1,080 6,810 
Cement ___._______-~__ ~~~ 718 1,936 757 2,186 
Refractory stone __________~__~-__-_------------- 889 6,354 741 4,956 
Stone sand ___________~---___~~-~--~-~---+------- 554 1,914 442 1,792 
Roofing granules __________-_--~-----~-----~------ 684 1,623 WwW Ww 
Macadam aggregate ___________--___-~~~---------~- 329 811 241 555 
Fill ~~. -___--_-_-_---- +--+ ee 477 919 190 285 
Other filler .~_-.________---~~--~----------------- WwW WwW 142 1,838 
Ferrosilicon .___.___-__-~-~-~-~--~~~~-------~-~--- WwW Ww 93 559 
Abrasives _~_________.~_-~-~-~-~~~~~ ~~ 61 528 81 539 
Filter stone ~__________~--~-~-~~~~~_~~___--- +e 37 78 66 198 
Terrazzo __-____-~___ ~_~— ~~~ Le 14 117 43 573 
Building products ________--~-~----~-~-----_------ 149 431 Ww WwW 
Mineral] food __________-~---~--~-~~~~__---~---~--- WwW Ww 5 17 
Bedding material _________-~-_~-~~~-~_~-~-------~_- WwW WwW 5 7 
Other uses _~_______ LLL 481 3,264 676 2,615 

Total? ~____________-----~----~__~--~----- 27,120 77,237 26,723 78,506 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 
1Includes porcelain, drain fields, other uses, and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding.
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Table 97,—Dimension marble sold or used by producers in the United States, by use 

| | | . 1975 | 1976 

| Use Short  Cubi Value = Short ~=—Cubi Value : 

| ne | 

Rough blocks __-.------- woes 25,665 281,990 $2,491 23,176 254,120 $2,207 

Dressed monumental ____-------- |  W Ww WwW 11,078 129,790 3,888 | 

Cut stone ___._---------------- 4 8ol 57,077 1,636 6,805 79,712 2,847 * | 

Rough construction __----------- WwW WwW WwW 3,958 _ 46,560 116 , 

House stone veneer __-_-~---~------ 2,853 10,244 679 WwW WwW WwW 

Rubble _.__-----------------. WwW. WwW Ww 2,505  _- 29,468 87 

Sawed stone _.____------------ 1,323 14,141 300 1,093 11,343 255 

Other usés! ________---------- 15,297 196,660 _ 4,420 7,362 86,576 916 

Total? _.--_._------------ 49,989 560,110 9,526 55,977 637,560 10,318 | 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” | : 

1{ncludes rough monumental stone (1976), dressed construction stone, dressed flagging, rough flagging, other dressed 

stone, and uses indicated by symbol W. 

2Data may not add to totals shown because of independent rounding. . 

Table 28.—Crushed marble sold or used by producers in the United States, by use | 

| (Thousand short tons and thousand dollars) | — 

| — | " 1975 1976 
Use $s 

. 
Quantity Value Quantity | Value 

Other filler ____-._------------------------7-7- > 747 ~—s«11,886 915 14,373 

Terrazzo ___-—-------
-------- 234 4,759 170 3,598 

Other aggregates and roadstone oo eee eee ee er Ww WwW 152 322 

Roofing granules ee ee eee ne eee 47 _ §13 WwW - WwW 

Stonesand .___-_------
---------- 7-7-7 Ww Ww 7 ~~ 151 

Riprap 8 ee en 
WwW WwW , 6 19 | 

Mineral food _____------------------7
 7770077777 Ww WwW 1 22 

Other uses? “PTT STTTTTITTTIITIIITTTITIIII__ 
4888968205 

Totel? __. 0 eee eee eee 1,461  —-22,626 1,456 «20,586 

-W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 

MIncludes agstone (1976), whiting, concrete aggregate, macadam aggregate (1976), surface treatment aggregate (1976), 

roadbase aggregate (1975), other uses (1975), and uses indicated by symbol W. 

2Data may not add to totals shown because of independent rounding... 

| SLATE | SHELL 

Dimension.—Dimension slate was used Crushed shell was used for roadstone, 

for flagging (44%), structural shapes (17%), cement (15%), and other purposes. Output 

roofing (17%), flooring (11%), and other of other aggregate and roadstone declined | 

purposes. Output of flagging increased 1% 21% to 4.9 million tons valued at $10.8 

to 25,500 tons valued at $1.1 million. Pro- million. Production of roadbase aggregate 

duction of structural shapes declined 15% decreased 4% to 3.4 million tons valued at 

to 10,000 tons valued at $2.4 million. Output $9.7 million. Output of shell for cement 

of roofing declined 10% to 10,000 tons val- declined 43% to 2.1 million tons valued at 

ued at $2.0 million. Production of flooring $5.9 million. These three uses accounted for 

decreased 1% to 6,200 tons valued at $1.0 75% of the total production of crushed shell. 

million. These four uses accounted for 89% 

of the total production of dimension slate. CALCAREOUS MARL 

Crushed.—Crushed slate was used for Crushed marl was used for cement (87%), 

lightweight aggregate (59%), roadstone, roadstone, agstone, and fill. Output of marl 

roofing granules, and other purposes. Total for cement increased 8% to 2.92 million 

output expanded 16% to 879,000 tons val- tons valued at $3.53 million. Total pro- 

ued at $5.81 million. duction of marl decreased 4% to 3.37 mil- 

lion tons valued at $4.45 million.



1282 . MINERALS YEARBOOK, 1976 

MISCELLANEOUS STONE Crushed.—Other crushed stone was used | Di . Other d; ‘on sto for roadstone (78%), and other purposes. - ymension.—Other dimension stone was Output of roadbase aggregate decreased 4% - used for construction, rubble (20%), and to 9.4 million tons valued at $12.8 million. other purposes. Output of rough con- Production of other aggregate and road- struction stone declined 15% to 13,800 tons stone expanded 79% to 4.4 million tons valued at $360,000. Production of rubble yalued at $9.1 million. Output of bitumi- | declined 58% to 5,000 tons valued at nous aggregate expanded 44% to 2.4 million $95,000. These two uses accounted for 75% tons valued at $7.4 million. These three uses of the total production of other dimension accounted for 69% of the total production of stone. other crushed stone. 

Table 29.—Dimension slate sold or used by producers in the United States, by use 
a | 1975 1976 eee Use Short Value Short Value tons (thousands) tons (thousands) . 

Flagging mm ee ee 25,269 $1,055 25,489 $1,141 . Structural shapes___-____ = = TTT 11,835 | 2,417 10,065 2,408 Roofing --_______-___ 11,003 2,166 9,960 2,045 Flooring wooo ee ee 6,274 969 6,205 1,046 Billiard tables ____§_§_______ = TT 1,987 457 — 1,772 405 House stone veneer____________________.___ ~~ W WwW 198 4 Blackboards ____.--____ 264 136 193 101 Electrical fixtures wee eee ee 340 56 Ww Ww Other uses? ee LL 4,961 196 4,166 107 —_———— CN 
Total? ----------- 61,933 7,453 58,048 | 7,257 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 1Includes monumental stone ( 1975), other uses, and uses indicated by symbol W. _ *Data may not add to totals shown because of independent rounding. 

Table 30.—Crushed shell sold or used by producers in the United States, by use | 
, (Thousand short tons and thousand dollars) : 

1975 1976 Use | — nr 
Quantity Value Quantity Value 

Other aggregate androadstone _________ | ~---- 6,182 22,068 4,892 10,842 Roadbase aggregate wee 3,486 11,690 3,363 9,722 Cement ~- +--+ ee 3,725 10,806 2,125 5,111 Bituminous aggregate ~-- +--+ ee 252 1,057 1,248 5,856 Lime ~----~---- 993 3,122 W W Concrete aggregate ___________ 2 10 20 W WwW Other uses ~-~----- + . 806 - 3,908 2,125 5,862 
Total? ~-------- 15,453 52,671 13,753 37,393 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” Includes surface treatment aggregate, mineral food, fill (1976), agstone, railroad ballast, riprap (1975), other uses, and uses indicated by symbol W. 
*Data may not add to totals shown because of independent rounding.
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Table 31.—Other dimension stone sold or used by producers in the United States, by use 

eer 

, 8 
Use Short Cubic Value Short Cubic Value. 

(thou- (thou- 
tons feet sands) tons feet - sands) 

Rough construction --~~~-------- 16,202 194,670 $365 13,829 168,790 $361 

Rubble ____----------------- 12,020 147,330 133 5,006. —-« 61,040 95 

Rough blocks _---------------- 979 11,364 31 WwW Ww W | 

Cut stone ___----------------- 3,694 43,265 345 1,159 13,696 99 

House stone veneer _ ~ — ~~ --------- 471 5,540 1% © oTM 8,455 31 

Rough flagging - -- ------------- 79 969 3 27 338 1 

Other uses! _-_____--_-------- 3,636 62,172 380 4,265 50,863 323 

Total? _..__-_----------- 37,081 465,310 1,277 25,003 303,180 911 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 

1Includes dressed construction stone, dressed flagging, structural shapes, other rough stone, curbing, sawed stone, and 

uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

Table 32.—Other crushed stone sold or used by producers in the United States, by use | 

(Thousand short tons and thousand dollars) 

| | U . 1975 1976 
se 

IS 
SE 

Quantity. Value Quantity Value 

Roadbase aggregate. __---------------------------
 5,571 13,460 5,359 12,818 

Other aggregate and roadstone --—-—----~------------~ 2,465 4,660 4,405 9,135 

Bituminous aggregate _____----------------------- 1,646 4,516 2,366 7,444 

Riprap __.--_--------------------- 7-7-7777 
1,211 1,942 1,628 3,095 | 

Surface treatment aggregate __------~---------------7- 
705 1,484 1,487 3,778 

Fill __..___--~---------------------0-
r 1277 2,284 833 1,290 | 

Concrete aggregate eee ee eee eee 386 908 785 1,894 : 

Railroad ballast ______---------------------
----- 389 381 303 . 435 ~~ 

Macadam aggregate __------------------" 77-7707 
218 344 217 346 

Roofing granules ____-------------
------7- 7077777 — 46 223 WwW WwW . 

Filter stone We ee eee ene eee ner 27 63 26 63 

Terrazz0 ____-__------------------- 777
7700077 46 349 17 225 

Other uses* _ oe eee eee 182 436 238 577 

Totel® 2. eee 981,000 17,664 ALIN 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 

Includes other fillers, drain fields, cement, alkalies (1975), bedding material (1975), building products (1975), other 

uses, and uses indicated by symbol W. . 

2Data may not add to totals shown because of independent rounding. 

PRICES . mo 

Values are the company-reported average age. Values included $2.10 per ton for road- 

selling prices f.o.b. quarry or plant, and do base aggregate, $2.29 for other aggregate 

not include transportation away from the and roadstone, $2.33 for concrete aggregate, 

plant. $1.78 for stone used in cement, and $2.60 for 

Unit values for dimension stone ranged bituminous aggregate. 
- 

from $11.83 per ton for rubble to $521.53 for Unit values for dimension limestone 

slate used for blackboards and averaged averaged $47.81 per ton, or $3.60 per cubic 

$74.55, an increase of 6% over the 1975 foot; crushed limestone averaged $2.26 per 

average. Values, per cubic foot, were $5.38 ton. Values for dimension granite averaged 

for rough monumental stone, $2.62 for $97.39 per ton, or $8.84 per cubic foot; 

rough blocks, $15.47 for cut building stone, crushed granite averaged $2.44 per ton. 

$2.14 for rough construction stone, and Values for dimension traprock averaged 

$5.76 for curbing, averaging $6.16 per cubic $12.31 per ton, or $1.05 per cubic foot; 

foot. 
crushed traprock averaged $2.56 per ton. 

Unit values for crushed stone ranged Values for dimension sandstone averaged 

from $1.25 per ton for waste material to $387.44, per ton or $2.89 per cubic foot; 

$20.22 for whiting and averaged $2.35 per crushed sandstone averaged $2.94 per ton. 

ton, an increase of 4% over the 1975 aver- Values for dimension marble averaged
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$184.32 per ton, or $16.18 per cubic foot; $2.72 per ton and marl for $1.32. Values for _ crushed marble averaged $14.14 per ton. miscellaneous dimension stone averaged ~ Values for dimension slate averaged $125.01 $36.45 per ton, or $3.01 per cubic foot; other | per ton, or $11.05 per cubic foot; crushed crushed stone averaged $2.33 perton. — slate averaged $6.60 per ton. Shell sold for 7 | | | 

: | | Table 33.—Unit values of stone sold or used by producers in the United States . 

. . Dimension Dimension Stone stone — Crushed stone Crushed 

. , tone, | a er oe cubis “per ton Per | cube per ton : , | = foo : oot = | 
Limestone _-.____-___________ $43.55 $3.35 $2.13 $47.81 $3.60 ($2.26 Granite________________ 89.58 8.29 2.30 97.39 "8.84 2.44 ~ Traprok ___._________________ 10.57 1.00 2.46 12.31 1.05 2.56 | Sandstone _._________________ 34.87 266 285 37.44 2.89 2.94 : _ Marble ___._.- = == 190.56 18.24 1549 =: 184.382: 16.18 14.14 Slate --___-_______u______ sé. 1100. | 6.50 125.01 11.05 6.60 Shell ________ = __ _  —-841 _. __ 2.72 Marl _____-_- __ __ 1.39 __ __ 1.32 Miscellaneous ___._____________ 34.44 2.74 2.19 36.45 — 3.01 2.33 | 

Average _-_--_-__- 70.27 6.16 2.25 14.55 6.16 2.35 

| FOREIGN TRADE | oS 
: Dimension stone was exported all over limestone from Mexico valued at $17 6,000 

the world, but mainly to Canada. Exports 82,000 tons of granite, mainly from Canada, | | included 63,000 tons of dimension limestone Mexico, Taiwan, and Italy, valued at $9.88 
valued at $1.49 million and 120,000 tons of million; 258,000 tons of marble, all from | other dimension stone valued at $2.60 mil- Italy, valued at $20.2 million; and 49,000 
lion. : tons of slate, mainly from Italy and Portu- 

Crushed stone was exported to many gal, valued at $5.88 million. | 
countries, mainly to Canada. Exports Imports of crushed stone included 3.60 
included 3.19 million tons of crushed lime- million tons of limestone, mainly from Can- | stone valued at $10.5 million and 1.2 million ada, Bahamas, and the Dominican Repub- 
tons of other crushed stone valued at $9.35 lic, valued at $9.08 million; 11,000 tons of 
million. — granite from the Republic of South Africa . Stone was imported from many countries; valued at $194,000; and 2,500 tons of marble total value of stone imported was $46.2 from Canada valued at $86,000. Total crush- 
million, about the same as in 1975. Imports ed stone imports were 3.69 million tons of dimension stone included 5,000 tons of valued at $10.1 million. 

Table 34.—U.S. exports of stone 
‘ (Thousand short tons and thousand dollars) 

Building and Crushed, ground, Other monumental stone or broken manu- 
— Year Dolomite Other Limestone Other factures 

Quantity Value (value) Quantity Value Quantity Value (value) ————. $$$ ry ate Suantity Value (value) 
1974 __-- 86 1,559 1,920 2,798 7,758 625 4,850 2,077 1975 __-- 49 1,464 2,449 3,386 9,993 896 5,848: 2376 1976 __-- 63 1,486 2,596 3,191 10,587 866 7,073 2.273 $$ lO
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Table 35.—U:S. imports for consumption of stone and whiting, by class | 

1975 1976 

Class Value Value 
Quantity (thou- Quantity (thou- 

. | sands) sands) 

Granite: . 
Monumental, paving and building stone: 

- Rough___~~_~__~________________ — cubic feet__ 243,320 $2,369 227,749 $2,234 
Dressed ~. 9 _-______-__~.______--~~ do___~_ 327,983 ~ 5,617 193,825 4,669 . 

Not manufactured and not suitable for monumental, 
paving, or building stone _________—_. _~ short tons__ 4,361 156 11,313 127 

Other, n.s.pf_o-. =~ 5 5 Le (4) 703 (4) 67 

Total ________________-._~._----------- XX 8,845 XX _ 7,097 | 

Marble, breccia, and onyx: . 
In block, rough, or squared _____.______._~ cubic feet__ 14,112. 209 17,726 ~—« 156 
Sawed or dressed, over 2 inches thick __ _________ do___~_ 361 8 710 15 
Slabs and paving tiles ____________ ~~ superficial feet_ _ 5,183,004 7,663 8,019,528 8,277 
All other manufactures __________--_-------_---~ | (4) 7,601 (4) 7,344 

Total __________--_--_----------------- XX 15,481 XX 15,792 

Travertine stone: | . 
Rough, unmanufactured __________-_-~~- cubic feet__ 4,008 19 41,268 103 
Dressed, suitable for monumental, paving, . 

and building stone ____________-___—-~-~- short tons__ 22,548 2,994 26,469 3,667 . 

Other, n.s.p.f_.._-__-_--_----------~------------ (7) 447 Q) 248 

Total _ __-_-.__-___.___--------------~----+- XX 3,460 XX 4,018 

Limestone: . 

Monumental, paving, and building stone: 
Rough_____________-_--_------ cubic feet__ 13,889 24 12,111 19 
Dressed, manufactured_ ________——-—~- short tons__ 3,863 164 580 41 

Crude, not suitable for monumental, paving, or 
building stone ____________-__------~--~ do___~ 147,262 579 104,605 492 

Other, ns.p.f__~._ 2. ~~ --§ -- -------------~----- (4) 43 ) 42 

Total ________.___-_--_-----_------~----- XX 810 XX 594 

Slate: 
Roofing... _________-_--.-----~~-~ square feet__ _- _- 13,936 4 
Other, n.s.p.f__~_._-.-__-__-------------------- (4) 6,597 (4) 5,880 

Total _________________-~_-~------------- XX 6,597 XX 5,884 

| Quartzite___________________.__- ~~~ short tons__ 122,245 804 75,404 744 | 
Stone and articles of stone, n.s.p.f.: 

Statuary and sculptures ___________-_---------- (4) 366 9) 354 

Stone, unmanufactured ___________--—-~-—- short tons__ 10,610 215 4,532 116 . 

Building stone, rough ___________---~-~- cubic feet__ 6,909 11 11,622 15 

Building stone, dressed __________._-—~~- short tons__ 783 63 1,552 146 

Other ____________------~--~--------------- (7) 2,235 () 2,816 

Total__________-___------------------- XX 2,890 XX 3,447 

Stone,chips, spall, crushed or ground: 
Marble, breccia, and onyx chips ___-_—_——_—--~ short tons__ 2,522 80 2,503 86 

Limestone, chips and spalls, crushed or 
ground___________----------------- do___- 1,616,312 2,432 1,580,391 2,376 

Stone chips and spalls, and stone crushed 
or ground, n.s.p.f________-_---------~--~-- do____ 1,371,363 2,764 1,280,573 2,746 

Slate chips and spalls, and slate crushed 
orground ___________-__------------- do__-__ 353 1 to) 1 

Total. ___________~_-----_--~---+-------~- 2,990,550 5,277 XX 5,209 

Aragonite ________-___----------------------- 492,750 512 573,580 620 ; 

Whiting: 
Whiting, dry, ground, or bolted ________—-- short tons_~_ 20,115 1,219 35,920 2,227 

Chalk, whiting, precipated _________-_------ do___~ 1,563 242 4,349 579 

Total ____________.~_-------~------------ 21,678 1,461 40,269 2,806 

Grand total _. ________-------~------------ XX 46,137 xX 46,211 
LE 

TRevised. XX Not applicable. 
1Quantity not reported.
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, WORLD REVIEW | 

| Stone occurs all over the world. Resources France.—France ranked behind Italy in 
are virtually unlimited, -but shortages of output of dimension stone. Production of 
stone vr certaia uses ome ae pone crushed stone was about 200 million tons, 
producea in the heavily industri 4%, of the world’s output. 
countries. World output of stone in 1976 was Germany, West.-Production of stone in 

| . estimated at about 5 billion tons, including West Germany was estimated at about 250 

ate From Burepe, 1 billion from Asia, million tons, 5% of the world total. 
an son On pe Italy.—Italy ranked first in output of 

| Canada.—Production of stone in 1975 was di ion stone. Output of hed sto 
97 million tons valued at $171 million, C'OnS10N Stone. Vutpul of crushed stone 
Exports of stone, mainly to the United was estimated at about 100 million tons, 2% 

States, were 1.7 million tons valued at $6.1 of the world total. . 
million. The stone was used for roadmetal __ Japan.—Japan produced about 180 mil- 
(34%), concrete aggregate (19%), asphalt lion tons of stone, 4% of the world total. 

aggregate (7%), railroad ballast (5%), and §_- U.S.S.R.—The Soviet Union ranked sec- 
many other uses. Of the total, 78% was ond behind the United States in stone pro- 
limestone and 15% was granite. Leading duction. Output was estimated at about 500 
Provinces were Quebec (55%) and Ontario million tons, 10% of the world’s supply of 
(835%). stone.



| Sulf d Pyrit 

By John E. Shelton’ | | 

There was a slight increase in sulfur fur was produced by 69 companies at 182 

prices in 1976 compared with those in 1975. operations in 32 States, with 10 companies 

The average net shipment value f.o.b. having 57 operations accounting for 75% of 

mine/plant for Frasch and recovered ele- the output. Distribution of production was 
mental sulfur increased 2% from $45.63 per Frasch sulfur 59%, recovered elemental | 

long ton in 1975 to $46.45 per ton in 1976. sulfur 29%, and the contained sulfur in 

Both export and import prices decreased. other production 12%. Production was con- 
The yearend price for Frasch sulfur was $61 centrated in Texas and Louisiana. Together, 

per ton Gulf Ports. these two States accounted for 68% of the 

Production of sulfur in all forms in 1976 total output. a 

decreased 4.9% below that of 1975. For the a 

first time in 8 years, . production . did not 1Supervisory physical scientist, Division of Nonmetallic . 

equal apparent domestic consumption. Sul- Minerals. . eS 

‘Table 1.—Salient sulfur statistics | 

(Thousand long tons, sulfur content, and thousand dollars unless otherwise noted) 

a 
| 1972 1973 1974 1975 - 1976 

United States: a 
Production: 

| Frasch_______-_-__-_--------- 7,290 7,605 7,901 7,211 6,264 

Recovered elemental _ ____----—---- 1,950 2,416 2,632 2,969 3,138 

Other forms _________---_----- 978 900 -: 886 1,079 1,305 

Total _.______-____-------- 10,218 10,921 11,419 11,259 10,707 
oo 

Shipments: ‘ 7 

Frasch____________---------- 7,613 7,438 7,898 6,077 5,860 

Recovered elemental ___—__------- 1,927 2,451 2,547 2,902 3,146 

Other forms ____-__---~-------- 978 900 886 - 1,079 1,305 

Total _______-_-~-------+---- ' 10,518 10,789 11,331 10,058 10,311 

Imports, elemental and pyrites_ __--—----- 1,188 1,222 . 2,150 1,897 1,727 

Exports, crude and refined _ —---------- . 1,852 1,776 2,663 1,852 1,270 

Consumption, apparent all forms?_ — _ — - — — - 9,854 10,235 10,818 10,603 10,768 

Stocks, Dec. 31: Producer, Frasch Se | 

and recovered elemental _—————------ 3,796 3,927 3,957 5,126 5,563 
oo 

Value: 
| . 

_ Shipments, f.o.b. mine or plant: | 

Frasch _______--~---------- $132,385 $138,578 $241,066 $304,843 $299,999 

Recovered elemental ———------- 30,060 37,873 60,599 = 104,886 — 118,322 

Other forms__ _ ——-—--------- 32,124 31,363 35,422 | 50,053 59,050 

. Total. ________-__------- 194,569 207,814 337,087 459,782 AT1,371 

Imports, elemental?_______------- $16,288 $14,871 $51,124 - $70,848 $59,494 

Exports, crude? ______---------- $32,409 $34,330 $95,516 $69,553 $60,226 

Price, elemental, dollars per long ton, 
f.o.b. mine or plant__—_—----------- $17.03 $17.84 $28.88 $45.63 $46.45 

World production: All forms (including 
pyrites) __ ___-------------------- 44,776 47 ,A37 150,345 T49,877 49,741 

Pye 
TRevised. 
1Measured by shipments, plus imports, minus exports. 
2Declared customs valuation. 
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| Figure 1.—Trends in the sulfur industry in the United States. a 

‘Shipments of sulfur in all forms to do- 9% greater than those at yearend 1975. 
mestic and export markets increased 3% The apparent domestic consumption of 
above those in 1975. Frasch and elemental sulfur in all forms increased 2% over that of 
sulfur accounted for 87% of the total ship- 1975. Sulfur for domestic consumption was 
ments of sulfur in all forms in 1976. The obtained mainly from domestic sources: 
total value of shipments f.o.b. mine/plant Frasch 43%, recovered elemental 29%, and 
was $477.4 million in 1976 as compared with sulfur in other forms 12%. The remaining 
$459.8 million in 1975, an increase of 4%. 16% of the sulfur was obtained by imports 

| Kighty-eight percent of the shipments was __ of Frasch and recovered elemental sulfur. 
for domestic consumption and 12% for ex- The United States was a net importer 
port. Shipments of sulfur in all forms in again in 1976. Exports of sulfur in all forms 
1976 were 4% less than the quantity pro- decreased 6% from 1975. Imports of sulfur 
duced. Producers’ yearend stocks of Frasch in all forms in 1976 were 9% less than in 
and recovered elemental sulfur were almost 1975.



SULFUR AND PYRITES , ~ 1289 

| _ DOMESTIC PRODUCTION Oo 

Frasch Sulfur.—Output of Frasch sulfur Production was again concentrated in the 
was 597% of the domestic production of larger low-cost mines to counteract increas- 
sulfur in all forms in 1976 compared with ing production costs. The five largest mines, 

— 64% in 1975. | with four having a production rate in excess 
In 1976, there were 12 Frasch mines, all of one-half million tons per year each, | 

in Texas and Louisiana. Producers and accounted for 82% of the total Frasch sulfur | 
mines in Louisiana were Freeport Minerals production compared with 84% in 1975. 

Co, at Garden Island Bay, Grand Isle and These mines also accounted for 48% of the. 

Grand Ecaille, and Texasgulf, Inc., at Bully total output of sulfur in all forms in 1976 
Camp. Producers and mines in Texas were compared with 54% in 1975. : 

Farmland Industries, Inc., who purchased = Producers’ shipments of Frasch sulfur 
the Atlantic Richfield Co. mine at Fort were 4% less than in 1975. Approximately | 

Stockton on November 1; Duval Corp. at 20% of the total shipments were for export | 

Culberson; Jefferson Lake Sulfur Company and 80% were for the domestic market 

at Long Point Dome; and Texasgulf, Inc.at compared with 21% and 79%, respectively, 

Boling Dome, Fannett Dome, Moss Bluff jin 1975. Because production was greater 

Dome, Spindletop Dome, and the new mine than shipments, producers’ reported stocks 
at Comanche Creek. With the opening of after inventory adjustments were 9% great- _ 

the Comanche Creek mine, capacity to pro- er than at yearend 1975. 

duce sulfur in West Texas will be more than Primarily because of the decrease in the | 

3 million tons per year.? . | . | 
, , quantity of Frasch sulfur shipped, the total 

F The Oneal operated Py | Duval ee value of shipments, f.o.b. mine, decreased 

reepo inerais Co., and lexasgull, inc., aimost 2% below that of the alltime repor- 
accounted for most of the Frasch sulfur 1,4 high of $305 million in 1975 | 

production. A relatively small portion of the uO 

output was from the other two producers 2Sulphur (London). Comanche Creek. Texasgulf's New . 

operating one mine each. Texas Mine. No. 122, January-February 1976, pp. 30-31. _ 

Table 2.—Production of sulfur and sulfur-containing raw materials by producers in the 
United States | 

(Thousand long tons) 
nn ne ne 

1973 1974 1975 1976 

Gross Sulfur Gross Sulfur Gross Sulfur Gross § Sulfur 
weight content weight content weight content weight content 

Frasch sulfur _.__._____-- 7,605 7605 7,901 7,901 7,211 7,211 6,264 6,264 
Recovered elemental sulfur_._.. 2,416 2416 2,632 2,682 2,969 2,969 3,138 3,138 
Byproduct sulfuric acid (basis - 

%) produced at copper, 
zinc, and lead plants ___._.. _1,884 600 2,001 654 2,345 767 2,881 942 

Pyrites ____.___-------- 559 212 424 162 625 237 750 286 

Other forms? ______-__--- 107 88 82 70 110 15 116 77 

Total __.______----_- XX 10,921 XX 11,419 XX 11,259 XX 10,707 
ae 
XX Not applicable. 
1Hydrogen sulfide and liquid sulfur dioxide. - 

Table 3.—Sulfur produced and shipped from Frasch mines in the United States 

(Thousand long tons and thousand dollars) 

a 

y Production Shipments 

“ar Texas Louisiana Total Quantity Value! 

1972 _____________----------- 3,155 3,534 27,290 7,613 132,385 
1973 __________------------- 4,294 3,311 7,605 7,438 138,578 
1974 ___________.-_--------- 4,593 3,308 7,901 7,898 241,066 

1975 _________-------------- 4,141 3,070 7,211 6,077. 304,843 

1976 _______--~-------~------- 3,117 2,487 6,264 5,860 299,999 

i) ~~~ 
1F.o.b. mine. 
2Data do not add to total shown because of independent rounding.
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Recovered Sulfur.—Production of recov- from the 5 leading States was 66% of the 
ered elemental sulfur, a nondiscretionary total. By source, 59% was produced by 38 

- byproduct from natural gas and petroleum companies at 79 refineries or satellite 
refinery operations, accounted for 29% of plants treating refinery gases, and 1 coking 
the total domestic production of sulfur in all operation, and 41% was produced by 24 

| forms compared with 26% in 1975. Pro- companies at 57 natural gas treatment 
duction and shipments reached an alltime _ plants. The five largest recovered elemental _ 

| high with increases of 6% and 8%, re- sulfur producers were Chevron, U:S.A.., Inc., | 
spectively, over those of 1975, indicating the Exxon Co., U.S.A., Getty Oil Co., Shell Oil 
continuing increase in importance of re- Co., and Standard Oil Co. (Indiana). Togeth- 
covered sulfur as a source of domestic sup- er, their 41 plants accounted for 53% of 
ply. This type of sulfur was produced by 51 recovered elemental sulfur production in : 
companies at 137 plants in 27 States, 2 1976. - 
plants in Puerto Rico, and 1 in the Virgin The total value of shipments of recovered | 
Islands. Most of the plants were of relative- elemental sulfur in 1976 increased 13% to 

ly small size, with only four reporting an an alltime high of almost $118 million. 
annual production exceeding 100,000 tons. The leading States in production of re- 
The 10 largest plants accounted for 37% of covered elemental sulfur were Texas, Cali- 
the output, and the combined production fornia, Florida, Mississippi, and Alabama. 

- Table 4.—Recovered sulfur produced and shipped in the United States | 

: (Thousand long tons and thousand dollars) . 

_. Production Shipments 

Year . Natural Petroleum ae ] | gas plants refineries | Total! Quantity Value? 

gma 819 1131 ‘1,950 1,927 30,060 
1978 -o-  e 1,046 1,370 2,416 2,451 37,873 
1974 1,219 1,414 2,632 2,547 60,599 

— 1975 ~----------e- 1,342 31,627 2,969 2,902 104,886 
: 1976 _- Le. 1,277 - $1,860 3,138 3,146 118,322 

1Data may not add to totals shown because of independent rounding. 
2F.0.b. plant. 
3Includes a small quantity from coking operations. 

_ Table 5.—Recovered sulfur produced and shipped in the United States, by State 

. (Thousand long tons and thousand dollars) 

GS 
State Production Shipments Production Shipments 

(quantity) Quantity Value (quantity) Quantity Value 

Alabama _________________ 205 206 8,025 206 206 9,441 
Arkansas ___ ~~ ~~ ~~~ 18 18 677 Ww Ww 4 
California ________________ 395 375 6,949 432 432 7,940 
Florida _____.»-__________- 285 285 WwW 307 308 Ww 
Illinois andIndiana __________ 203 199 6,792 220 223 7,470 
Kansas _______§___________ 10 10 291 7 7 253 
Louisiana ________________ 90 91 4,311 123 122 6,228 
Michigan and Minnesota _______ 55 55 1,977 60 58 1,867 
Mississippi ________________ 312 298 13,425 245 224 11,264 
New Jersey __________--__- 83 83 3,709 107 108 5,043 
New Mexico _______________ 28 27 974 45 45 1,480 
Ohio ____________________ 15 15 640 16 17 714 
Oklahoma _______________- 8 8 239 9 9 324 
Pennsylvania _____________- 68 68 2,551 91 91 3,876 
Texas ___________________ 801 796 29,072 872 872 34,397 
Wisconsin _______________- 1 1 10 (2) 5) 3 
Wyoming ___________.____-_ 52 39 WwW 44 51 Ww 
Other States? ______________ 339 327 25,246 352 374 28,021 

Totals ~._____________ 2,969 2,902 104,886 3,138 3,146 118,322 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1Less than 1/2 unit. 
Combined to avoid disclosing individual company confidential data; includes Colorado (1975), Delaware, Missouri, 

Montana, New York, North Dakota, Utah, Virginia, Washington, Virgin Islands, and Puerto Rico. 
3Data may not add to totals shown because of independent rounding.
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Together these States contributed 66% of in the deep Jurassic formations. Indications a 
the total 1976 output. Production in 1976 were of further increases in sulfur recovery | 
increased compared with 1975 by 9% each in future years. 
in California and Texas and 8% in Florida. Byproduct Sulfuric Acid.—Sulfur con- 
The production rate in Alabama was essen- tained in byproduct sulfuric acid produced | 
tially unchanged whereas it dropped 21% in at copper, lead, and zinc smelters and roast- __ 
Mississippi. Recovery of sulfur in Alabama, ers during 1976 was 9% of the total domes- 
Florida, and Mississippi was mainly from _ tic production of sulfur in all forms compar- 
the treatment of dry sour natural gas and ed with 7% in 1975. The total output and 
sour natural gas associated with petroleum- value reached an alltime high in 1976. In | 

Table 6.—Byproduct sulfuric acid: (sulfur content) produced in the United States. . : 
(Thousand long tons and thousand dollars) ne 7 | 

Year — : . open! ante ‘Total Value — oe 

1972 __________________------------- 295 251  —S-_-B 6 22,897 
1978 ________________ ee 318 282 600 24,175 
1974 ________ ee 373 281 654 29,370 
1975 ____________________ -- ee 521 246 767 42,956 | 
1976 __-__-__-_------------------+---- 666 _ | 276 942 46,181 

1Includes acid from foreign materials. — | . 
7Excludes acid made from pyrites concentrates. . 
3Excludes acid made from native sulfur. 

; | | | 
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Figure 2.—Trends in the production of sulfur in the United States. |



| | 1292 | _ MINERALS YEARBOOK, 1976 | 

— 1976, output was 23% higher and total drogen sulfide, and sulfur dioxide repre- 
value was 8% higher than in 1975. Bypro- sented 3% of the total production of sulfur, 
duct sulfuric acid was produced by 13 com-. unchanged from 1975. The total sulfur con- 

| panies at 24 plants in 13 States. Fourteen tent in these products was 16% more than | 
| acid plants operated in conjunction with — that of 1975, and the value of shipments was _ 

| _ copper smelters and 10 plants were acces-- 81% higher. Pyrites was produced by three _ 
: __ Sories to lead and.zinc roasting and smelt- companies at three mines in three States, _ 

| _ Ing operations. The five largest acid:plants hydrogen sulfide by three companies at four 
_ accounted for 44% of the output, and pro- plants in three States; and sulfur dioxide by : 

| duction in five States was 79% of the total. two companies at two plants in two States. | 
| The five largest producers of byproduct The three largest producers of these pro- 

_ sulfuric acid were ASARCO Incorporated, ducts were Cities Service Co., (pyrites, and 
_ Magma Copper Co., Kennecott Copper sulfur dioxide), ASARCO Incorporated (sul- 
Corp. Phelps Dodge Corp., and St. Joe fur dioxide), and Shell Oil Co. (hydrogen 

. Minerals Corp., whose 14 plants produced _ sulfide). These companies combined, at one 
| 71% of the byproduct sulfuric acid in 1976... mine and four plants, accounted for 94% of 

- Pyrites, Hydrogen Sulfide, and Sulfur the contained sulfur produced in the form of 
a _ Dioxide.— Sulfur contained in pyrites, hy- these products. . 

, Table 7.—Pyrites, hydrogen sulfide, and sulfur dioxide sold or used in the United States __ 
7 (Thousand long tons sulfur content and thousand dollars) - 

, | | _ _ Hydrogen sulfide | } 
Year Pyrites and Total Value 

- sulfur dioxide 

7 1972 _-. eee 283 149 432 9,227 . 
1978 _-_-_ 212 | 88 300 7,188 
1974 162 ~~ 9 ~~ — % 232. 6,052 
1975 = 237 15 312 7,097 | 
1976 _-_-___--__--- eel -i-e 286 17 363 12,869 

| CONSUMPTION AND USES | 

In 1976, apparent domestic consumption mental sulfur decreased 170,000 tons or 9% 

of sulfur in all forms was 10.8 million tons, below those of 1975. By source, imports of 
2% greater than in 1975. Eighty-four per- Frasch sulfur from Mexico decreased 

| cent of this consumption was from domestic 236,000 tons; while imports of recovered 
sources compared with 82% in 1975. The elemental sulfur from Canada increased 
supply sources of sulfur were domestic 39,000 tons and from other countries by 
Frasch sulfur 48% compared with 45% in almost 27,000 tons. 
1975, domestic recovered elemental sulfur The Bureau of Mines initiated a survey to 
29% compared with 27% in 1975 and com-_ collect data on the end uses of sulfur and 
bined domestic byproduct sulfuric acid, py- sulfuric acid by Standard Industrial Classi- 
rites, hydrogen sulfide, and sulfur dioxide fication (SIC) of industrial activities. 
12% compared with 10% in 1975. The re- Canvass forms were sent to producers for 
maining 16% of the sulfur was from im- data on shipments by end uses. In 1975 and 
ports of Frasch and recovered elemental 1976, 58 elemental sulfur and 77 sulfuric 
sulfur compared with 18% in 1975. acid producing companies responded to the 

The apparent sales of domestic Frasch canvass. Of the above companies 17 report- 
sulfur to domestic consumers decreased by ed shipments of both sulfur and sulfuric 
120,000 tons, or 3% below shipments in acid. 

1975. Apparent shipments of recovered el- Producers of sulfur who responded to the 
emental sulfur for domestic consumption canvass reported shipments of 10.6 million 

increased by 229,000 tons, or 8% over those long tons of sulfur in 1975 and 10.5 million 

in 1975. Reported sales of the sulfur content long tons in 1976. Of these reported ship- 
of byproduct sulfuric acid, pyrites, hydrogen ments 1.2 million tons each year were for 
sulfide, and sulfur dioxide increased 226,000 export. The largest use was 7.6 million tons 
tons or 21% above those in 1975. Total in 1975 and 7.9 million tons in 1976 for 
supplies of domestic sulfur in all forms to sulfuric acid. This represented 81% and 
the domestic market increased by 335,000 84%, respectively, of shipments for domes- 
tons. Imports of Frasch and recovered ele- tic consumption in 1975 and 1976. Other
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reported end uses for elemental sulfur were table 10. Several end uses for sulfuric acid 
industrial inorganic chemicals; synthetic such as food products, automotive, electrical | 

rubber, cellulosic fibers and other plastic equipment, rubber and metal fabrication 
products; paints and allied products, explo- were tabulated in “Unidentified” because of 
sives, industrial organic chemicals and oth- confidentiality. | 

er chemical products; petroleum refining Of the total of 2.1 million short tons in 
and petroleum and coal products; pulp and 1975 and 2.4 million short tons in 1976 of 
paper products and agricultural chemicals spent acid returned for reclaiming, 175,000 
which showed little change as a percentage tons or 9% in 1975 and 186,000 tons or 8% 

_ of total domestic uses. Some companies did jin 1976 were from the production of indust- 
a ee idenai’y shipments by ene hed Some rial organic chemicals. Petroleum refineries — 

se nontifiad sen beens of company conf accounted for 61% in 1975 and 54% in 1976 
. ae ~ of the total spent acid returned for reclaim- 

dentiality. . . ae . : 
. cays ing. The remaining reclaimed acid wasfrom 

short tons in 1975 and 836 million short Production of plastic materials, nonferrous 
tons in 1976 of 100% sulfuric acid, the metals, phosphatic fertilizers, paints and 
largest end use was for phosphatic fertiliz- allied products, other ae products, 
ers. Shipments were 19 million tons or 58% explosives Pe her ? vicult an al h eal ? 
of the total in 1975 and 19.7 million tons or 4 Osives, h er cL ural chemicals, 
59% of the total in 1976. Shipments for mer Lei 4 oon che ‘total domestic use of ) 7 
other chemical products were 2.9 million able 11 shows the i omestic. use 0 | 
tons or 9% of the total in both years. sulfur including the sl fur content of sulfu- 

| Petroleum refining and other petroleum ‘ic acid. The largest identified end use for : 
and coal production received 2 million tons sulfur (mostly as sulfuric acid) was the 49% 

of acid or 6% in each year. The petroleum fe ie an piv in oo ton, phosphatic | 
| refining industry was a net user of about fertilizers. Other uses were for other chem1- - 

700,000 tons of sulfuric acid however, since cal products, 8% each year, petroleum re- 
1.8 million tons of spent acid were returned fining and other petroleum and coal pro- 
each year for reclaiming. | ducts, 6% each year and other inorganic | 

Usage of acid for copper ore leaching chemicals, 5% each year. Sulfur used for | 
increased from 1.4 million tons in 1975 to copper ore processing (as sulfuric acid) in- | | 
1.8 million tons in 1976, 4% and 5%, re- creased 35% from 396,000 tons, 3% of the 

spectively, each year of the total shipments. total in 1975 to 533,000 tons, 5% of the total 
Shipments for other categories are shown in in 1976. Oo | | | 

Table 8.—Apparent consumption of sulfur in the United States? | | : 

(Thousand long tons) ce 

i972 ~*'1973 1974 | 1975 1976 

Frasch: | | : 
Shipments ________________--------- _ 7,618 7,438 7,898 6,077 5,860 
Imports __________._______--------- 269 302 954 967 731 
Exports — - -------~-----------------__1,852 0176 2,601 1295 198; 

Total _.______________----------- _ 6,030 5,964 . 6,251 5,749 5,398 

Recovered: 
rs 

Shipments ____________~-------~----- 1,927 2,451 2,547 2,902 8,146 
Imports _____________________------ 869 920 1,196 930 996 
Exports from the Virgin Islands ___________- _ _- 62 57 72 

Total _..__________-______--_----- _ 2,796 3,371 3,681 3,775 4,070 

ey Shipments eee 283 212 162 237 286 
Imports® ___________--_------------ 50 _- _- _- -_- 

Total __________________-_-_-___- 333 212 162 237 286 
Byproduct sulfuric acid ________----------- 546 600 654 167 942 
Other forms? ______________.----~----- 149 88 70 15 17 

Total allforms __________-__--------- 9,854 10,235 10,818 10,603 10,768 

Grid eulfur or sulfur content 
Includes consum ar aption of hydroge gen sulfide and liquid sulfur dioxide.
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| | | Table 9.—Elemental sulfur sold or used in the United States, by end use oe 

| a (Thousand long tons) | 

| SIC . . . . Use 1975 1976 

20 Food and kindred products _____________________L__------- 8 4 
26 Pulp and paper products ___________--_--~---~-uL ~~ eee 102 - 110 
282,2822, Synthetic rubber, cellulosic fibers . 
2823 and other plastic products___..§-._-________. ~~ _-~------- 129 85 
287 Agricultural chemicals _____...._.___._.~-.-_-~---------- 90 88 
28,285, Paints and allied products, explosives, industrial organic chemicals, 
2892,286 and other chemical products ___________-_-_------=------ 1129 188 
29 Petroleum refining and petroleum and , 

coal products ______------------------------------- 121 84 
281 - Other industrial chemicals _______________-__----~-------~- 231 337 
30 Rubber and miscellaneous plastic products _._._.__§___._..___--_-- - (*) 7 10 

Sulfuric acid: 7 - 
. Domestic sulfur ___.. __ _______~---_-_-____~~--~ ~~~ 6,689 7,047 

Imported sulfur ___.________--_---__-~-~---------------- 874 873 

a Total sulfuric acid ____.$_.______..--__-_--_~-____-_---- 7,563. 7,920 
Unidentified _.._--_---------------~--~--------------- 978 660 

_ Total domestic uses ___ ______--_--__--------+----------- 9,846 9,386 
. Exports ____---—-------~--~---------------+-------- 1,240 1,169 

Total en 10,586 10,555 

~ ‘Includes explosives 1975, and industrial organic chemicals 1976. - | oo . c 
2Included in Unidentified. . 

, Table 10.—Sulfuric acid sold or used in the United States, by use 

, (Thousand short tons of 100% H:SO,) on 

tit 

SIC | Use => —_Suantity__ 
. | 1975 1976 

102 Copper ores ___ _______-~-----~-~--_-------~~+---------- 1,358 - 1,829 
1094 Uranium and vanadium ore _______--.-~------------------ 302 309 
10 Other ore ___-_-____ _-___ ~~ ~~ ee ee eee 14 11 
261 Pulp mills__ _____.__-..-----------~-~---------------- 429 511 
26 Other paper products ____________--~-----~----------=--- 40 43 
285,2816 Inorganic pigments and paints and allied products _______..------- 758 600 
281 Other inorganic chemicals ___ _________~-----~--~---------- 953 783 
282,2822 Synthetic rubber and other plastic materials and synthetics _.______ ~~ 390 408 
2823 ' Cellulosic fibers including rayon ______-_.-----_---------~--- 372 359 
283 Drugs _______.---___~~---_-------~---------------- 136 127 
284 Soaps and detergents __________------.----------------- 374 393 
286 Industrial organic chemicals ___.._______----------------- 443 470 
2873 Nitrogenous fertilizers _.___.._____------~--------~------- 552 494 
2874 Phosphatic fertilizers _________-__-_------------~--------- 19,043 19,696 
2879 Pesticides _________________.~--------~----~----------- 28 18 
287 Other agricultural chemicals __________---~-------~-------- 248 305 
2892 Explosives ___._____~------------~--------~---------- 139 109 
2899 Water treating compounds wae ee 289 272 
28 Other chemical products ___...____.._------~-~-~------------ 2,947 2,895 
29,291 Petroleum refining and other petroleum and coal products ____-___~-- 2,058 2,026 
331 Steel pickling _____________------------------------- 358 325 
333 Nonferrous metals. ___________.--------~-----~--------- 39 60 
33 Other primary metals ____________---~---~~-------------- 11 11 
3691 Storage batteries/acid ___________----~--~--------------- 114 114 

Unidentified ___._..__.__..-__------------------------- 1,328 1,381 

Total domestic! ____________________---------------- 32,724 33,550 
Exports ____________-----~------------------------- 120 28 

Total ________________--__---------------------- 32,844 33,578 
i 

1Data may not add to totals shown because of independent rounding.
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Table 11.—Sulfur and sulfuric acid sold or used in the United States, by end use 

(Thousand tons sulfur content) 

Sulfuric acid Elemental . 
u va- SIC sulfur! (sulft ir equi a Total 

1975 1976 1975 1976 1975 1976 

102 Copper ores___ ~~ 2 __ — 396 533 396 533 
1094 Uranium and vanadium ores _______ -- -- 88 90 88 90 
10 Other ores __________________ -- _- 4 3 4 3 . 
20 Food and kindred products _____.—_ 3 4 _— _- 3 4 
261,26 Pulpmills and paper products __ ___ __— 102 110 137 162 239 272 
2816,285 Inorganic ‘Pigments, paints and 
2892,28,286 allied products, explosives, 

industrial organic chemicals, 
and other chemical products ____ _ _ 2129 288 221 175 2350 2963 

281 — Other inorganic chemicals_ ________ 231 337 278 228 509 565 
2822, Synthetic rubber, cellulosic 
2823,282 fibers, other plastic materials 

and synthetics. __-__-__._._____ 129 85 222 224 351 | 309 
283 Drugs ______________--_--__ _— -- 40 37 40 37 
284 Soaps and detergents _____________ _- 109 115 109 115 
286 Industrial organic chemicals __—__—_ __ a 129 137 129 137 
2873 Nitrogenous fertilizers __________ _ _— -- 161 144 161 144 
2874 Phosphatic fertilizers____________ _- — 5,552 5,741 §,552- = 55,741 
2879 Pesticides __.._.....-____-__- _- _- 8 5 8 5 
287 Other agricultural chemicals _ _— __ ~~ 90 88 72 89 162 177 
2892 Explosives __________________ _- -- 4l 32 41 32 
2899 Water treating compounds ~ one — _- 84 79 84 79 
28 Other chemical products ___ ____.-- _- -- 859 844 859 844 : 
291,29 Petroleum refining and other 

petroleum and coal products _—___ —_— 121 84 600 591 721 675 
30 Rubber and miscellaneous plastic 

products ___________------~- (°) 10 (3) (3) () 10 

331 Steel pickling _._._._._____-__- _- _— 104 95 104 95 
333 Nonferrous metals ___________~~— -- _— 11 17 11 17 
33 Other primary metals _______-__~- __ -- 3 3 3 3 
3691 Storage batteries __________-___ _- _- 33 33 33 33 

Exported sulfuric acid _..____-_-_- -- _- 35 8 35 8 

Subtotal _._._____.___-_-__- — 805 806 9,187 9,385 9,992 10,191 
Unidentified ___.____________~- 978 660 387 403 1,365 1,063 

Total _.__________--__-__- 1,783 1,466 9,574 9,788 11,3857 11,254 

1Does not include elemental sulfur used for production of sulfuric acid. 
2Includes explosives (1975), and industrial organic chemicals (1976). 
3Included in “Unidentified.” .
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Figure 3.—Trends in the consumption of sulfur in the United States. 

STOCKS — 

Producers’ stocks of Frasch plus recover- | , 
ed elemental sulfur, after inventory adjust- Table 12.—Producers’ yearend stocks 

ments, increased 9% over inventories at (Thousand long tons) 

yearend 1975. Frasch sulfur stocks increas» >=)" Racsssosed Toul 
ed 9%; whereas recovered elemental sulfur § ——=———""-_ — rrr 
stocks decreased 1%. The combined yearend 1972 _____--_- 3,665 131 3,796 

stocks amounted to approximately 7.4 ig7y7--"""~- 3744 B13 3.86 
months supply based on 1976 domestic and 1975 ________ 4,857 269 5,126 
export demands for domestically produced 1976 -------- 9287 266 5,563 
Frasch and recovered elemental sulfur. 

PRICES 

The quoted price for liquid sulfur exter- On the basis of shipments and total value 
minal Tampa, Fla., was $61 to $65 per long reported to the Bureau of Mines, the aver- 

ton at yearend 1976 compared with $65 per age value of shipments of Frasch sulfur 
ton at yearend 1975. There were price  f.o.b. mine for both domestic consumption 
decreases in other markets. and exports during 1976 rose to $51.19 per
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ton compared with $50.16 per ton in 1975 an _ positions in the limited regional markets for 

increase of 2%. The recovered elemental these products. In 1976, shipments of sulfur | 

sulfur industry was in a less favorable contained in byproduct sulfuric acid | 

marketing position to obtain full benefit of decreased $6.99 per ton of contained sulfur 
the higher sulfur prices. This market was OF 12%; whereas, the unit value for sulfur 

subject to regional competitive forces. Also, — contained in pyrites, hydrogen sulfide, and 
as a nondiscretionary byproduct there was a sulfur dioxide increased $12.70 or 56% com- 

general tendency to sell sulfur in local Paredwith1975. , 

markets. Sales were more dependent upon | 

the industrial sector of the market. Ship- Table 13.—Reported sales values of | 

ment values varied widely in different re- shipments of elemental sulfur, f.o.b. mine 

gions; lowest in the West, somewhat higher | or plant 

in the midcontinent, and near the values for (Dollars per long ton) | 

Frasch sulfur in the East and South. Over- Year. Frasch Recovered ‘Totals 

all, the reported unit shipment values f.0.b.._<§_ ee 

plant in 1976 were $87.61 per ton, up 4% igig---7-7- ies | 
from $36.14 per ton in 1975. -  1974_____-= =: 0.52 23.79 28.88 

Marketing sulfur produced in other than (2'3------- B38 Bra 43.68 
the elemental form reflected competitive § £——@——————__———_____ 

7 FOREIGN TRADE | 

The United States was a net importer of | Imports of Frasch sulfur from Mexico | 

sulfur in 1976, for the second year. Exports decreased from 967,000 tons in 1975 to 

were down 6% to less than 1.3 million tons. 731,000 tons in 1976. Imports of recovered | 

Imports in the form of elemental sulfur elemental sulfur mostly from Canada in- 

decreased 9% to 1.7 million tons. The net creased 7%. Imports from Canada totaled 

import balance in 1976 was 457,000 tons 969,000 tons and imports from Japan were 

compared with a net import of 545,000 tons 26,000 tons. The. unit value of imports of 

in 1975. — sulfur from Canada declined $4.71 to $18.30, — 

Exports from the United States were whereas imports from Mexico increased 

almost entirely in the form of Frasch sulfur. $5.50 to $56.60 in 1976. — | | 

The tonnage of crude sulfur exported in a | | 

1976 was 8% less than in 1975. Exports of Table 14.—U.S. exports of sulfur oo 

refined sulfur more than doubled. The total = = rhousand Jong tons and thousand dollars) 

value of exports declined 11% below that of | | 

1975. The reported average export value Year Crude Refined 

was $53.08 per ton in 1976 compared with -. Quantity Value Quantity Value 

$55.44 in 1975 a decrease of 4%. Belgium- | 

Luxembourg and the Netherlands received ions = rn S420 3 Last 

15% of the exports, mainly for transship- ! ---- 95,51 21 1, 

ment to other European Community Count- 1975 TTT 1188 60208 is ret 

ries. Brazil was the third largest customer, § ————————————_-]/-7_—— 

receiving 10% of the exports. Not included are iinaae yar Sa Virgin Iolani oe foreign 

in the above were exports from the Virgin 56,632 long tons ($3,172,094); 1976—71,643 long tons ($3,- 

Islands which were 72,000 tons valued at 516,220); See table 16. | 
$3.5 million in 1976.
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“ - Pable 15.—U.S. exports of crude sulfur, by country 
. - - 7 (Thousand long tons and thousand dollars) 

Destination a ee recor 8 
- oe Quantity Value Quantity - Value 

a 11 710 -- = 
Bebouee --------- ee 26 1,557 21 1,122 
Belgium-Luxembourg ________=._--_---------_------ 449 23,089 599 30,019 
Brazil __________~__-~____-~_ Le 186 11,475 118 6,539 
Canada _________________~__-_---- +e 48 1,234 58 1,813 
Chile __._______________~__~ ee 9) 1 3) 16 
Colombia _______ 2 2 ee ee 1 — 28° 1 -66 
France ___-_ -__- 2 ee Le 16 ~ : 600 _- _- 
Germany, West ________--~--___________ eee (4) 7 () 4 
Greee ~______-____~_ 2 Le 35 2,017 23 1,341 
Honduras ______~ ~~~ Le (?) 3 1 60 
Israel ~--_-_-_____--~__~_ 45 2,578 _- _- 

. ° Italy ------_--_____ ~~~ 43 2,459 -- a 
: Jamaica mw eee ee ee ee ee ee LLL 1 50 _— _- 

Mexico __________-___-~ ~~ Le 1 37 3 70 
Netherlands _______~_____. ~~~ Lk 358 19,663 283 15,249 
NewZealand ____________-___-_-----~---~~---__- 42 1,850 51 2,616 
Peru _______-__-.~ ~~ ~~ 3 183 7 379. 
South Africa, Republicof ~...______________L_~ i LL (4) 2 (*) 6 
Spain -_-~____--_~_--~__~~_~_ ee _- _- 6 266 
Thailand _________________~____-__ Le 11 670 ~- _- 
United kingdom wa +--+ - + in ate “7 ind 
ruguay ~~ -----~___-_-__ ~~ ee 

Other ______-~~~------~-~---------------------- (7) 29 5 260 

Total _._-_-_ 2 LL 1,288 69,553 1,183 60,226 

TRe . a an . . ” . 

1 Less than 1/2 unit. os - 
7Excludes exports from the Virgin Islands to foreign countries: 1975—56,632 long tons ($3,172,094); 1976—71,643 long 

| tons ($3,516,220); See table 16. | | 

Table 16.—Sulfur exported from the : Tabl 13 1 
Virgin Islands to foreign countries "ab . ve ve mpors of oer 

| (Thousand long tons and thousand dollars) 7 Hotsane Hong None eng ousane eonars 

Count 1975... +1976 Yeap = ee Flemental —_CPryrites? n ee ° ; 

"y Quantity Value Quantity Value a Quantity Value Quantity _Value 

. ; . . 1972 _____ 1,138 16,288 50 NA 
Argentina _ 10 508 — —- 1973 _____ 1,222 14,871 _- _- 
Brazil ___— 13 774 22 9387 1974 ' 2150 51,124 a ~ 

tea --- i ae 73 i (198 ----- 1897 70,848 __ __ 

Jamaica —— 3 «192 2 eg 106 ~~~ eT 
ut Tica, 1 

: Crude sulfur or sulfur content. 
Republicof UAT 050 atom Canada. 

Total 87 3,172 72 ~~. 3,516 | | . 

| Table 18.—U.S. imports of elemental sulfur, by country 
. (Thousand long tons and thousand dollars) 

Count - 1975 1976 
U. LL aS SSS SS A Ss 

mery Quantity Value Quantity Value 

Canada ________ »§ ee 930 21,398 969 17,728 
Germany, West ___________-_------------ (2) 33 ) 20 
Japan ______________ ee _- _- 26 343 
Mexico ______________~ ~_~--_~__-_-~--~- 967 49,417 731 41,378 
Other _________________ ee _- _- 1 25 

Total _._______________ 1,897 70,848 1,727 59,494 

11 ess than 1/2 unit.
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: WORLD REVIEW” a - 

World production of sulfur decreased was 97,000 tons (sulfur content) in 1975, and 
slightly in 1976. Following the pattern for about 93,000 tons in 1976. Exports in 1975 
the past several years, production of sulfur were 98,000 tons. | _ 

. in all forms continued to exceed demand. France.—Production of sulfuric acid in- 
World producers’ stocks increased more creased about 8% in 1976. | 
than 3 million tons, primarily in Canada Production of sulfur from the sour natu- 

where stocks increased about 2.5 million ral gas at the Lacq deposit has placed | 
tons. | = _ France among the major world’sulfur pro- 

Canada.—Production of sulfur in al] ducers. Annual production of 1.7 to 1.8 

forms totaled 7.2 million tons in 1976, down million tons are from reserves of recover- 
from 7.4 million tons in 1975. Recovered able sulfur estimated at 60 million tons in 

elemental sulfur produced at sour natural 1970.° oo tg | 

gas plants, refineries and tar-sand oper- _ Japan.—Capacity to produce recovered — 
ations represented 89%. Sulfur contained in elemental sulfur from imported. oil increas- 

byproduct sulfuric acid produced at nonfer- 4 from 900,000 long tons in 1971 to 1.9 : 
rous metal smelters accounted for the re- Million tons in 1975. During the same pe- | 
maining 11%. riod production increased from 305,000 tons 

In 1976, 45 sour natural gas plants, 42 in 775,000 tons. Since demand for elemental | 

Alberta, 2 in British Columbia, and 1 in ‘Sulfur is less than production, a storage 
Saskatchewan were operated with a com- problem has resulted which has created a 

bined capacity of 9.5 million tons. Pro- problem for Japanese producers who are — 

duction from smelter gases was 767,000 tons Te permitted to store sutur in pan ‘om. | 
of contained sulfur in sulfuric acid, an ching. f apanese. pr ucers have been 

increase of 12% from 1975. Smelter gases “°C nS See ate at petroleum 
will continue to increase as a source of emental sulfur recovered at petroleum = 
sulfur, likely doubling by 1985. refineries was 980,000 long tons in 1976. : 

Production of sulfur from the Province of Suiur content radian ang Py noe ores 

Alberta declined 2% to 6.3 million tons in fe qnntera wes | 

is. Shipments increased trate Of thoes -” Mexico.—Production of Frasch sulfur 
: “ nays " was 2.0 million tons in 1976 about the same. : 

fotcign ate ae nea thes the neers as in 1975. Output of recovered elemental 
eye 7 . sulfur was 95,000 tons in 1976. Oe 

Site ufo, 22 millon lone in 975, ""Pland~ npr of Pl slur omar 
LL Senne _ ket economy countries incr sligntiy 

the end of 1976 up from 16.1 million tons at about 1.6 million tons. Exports to th e rest of 

the end of 1975. — b. ol the world increased about 25% to 1.9 mil- 

a's Mo of marketed me ie. Pant lion tons, as European sulfuric acid markets 
Ww . Dece i ed. | - 
$19.24 in December 1975.4 "U.S.8.R.—Production of sulfuric acid in- 

A sulfur slating facility, with an annual creased about 8% to 19.7 million long tons. 
capacity of 1.2 million tons, was opened by . | 

Shell Canada at the Waterton gas process- 3Pearse, G. H. K., Sulphur, Canadian Mineral Survey, 
ing plant. 1976. February 1977, pp. 65-66 

The Athabasca tar sands in Alberta, Can- atberta' Canada, Summary of Monthly Statistics, Alberta 
ada, have been estimated to contain 300 Energy Resoures Industries, December 197, p. 10. Pace of 

million tons of economically exploitable re- Deva ornate. Ibs May-June 1976, pp. 833 a ° 

serves of sulfur if the tar sands are mined ‘Sulphur (London). SNPA’s Lacq Complex. No. 122, 
by open pit techniques 5 January-February 1976, pp. 35-40. _ 

_ ol Sulphur (London). The Japanese Sulphur Surplus. No. 

Cyprus.—Production of pyrite in Cyprus 126, September-October 1976, pp. 32-36. |
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| _ Table 19.—Sulfur: World production in all forms, by country and source oo 

a - | - oe | (Thousand long tons) ee 

a _ _ Country*and source? 4974 | 1975976? 

| Pyrite. - 2 ee eee 8) Lo. oe 
_ Byproduct, petroleum and natural gas. _ _-_ _ 1... ~~ = 15 10. 10. 

Bota e222 ------------- 10. 0 | 
| ‘Argentina, PEs, a a | | : 

| Native (caliche)_ = 5 ee ee 2 10 a9 
a Byproduct, all sources ____-__---_i--i-----_-------- 722 220 - 25 

. an Total. see ------------ aT - | 82 : &45 : 

| Oo ‘Australia: ne ane oe Te Ee Be 
Pyrite’ _§_- =e 1060~~O* 0 102 —_ 

Ot a ~Metallurgy®__- = eee 7188. 187 2. 4583 
| oo Petroleum. —. 1. --_--------------=--------_ 8 9 10. 

~ Total -_-__-----------------2------2++--- . F252 250° 0. 265 . 

_ Byproduct: ©. . - a 
- ' - Metallurgy ~~ 222 ne te LL 4  - 8 8 

. ..*, Petroleum and natural gas_ = ___.--2---_-./---_-------~ 15. — 17 18 
“. Spent oxide: -._---2.-+----------------- bse eee ee Pn a 5 

_ (Gypsum ~-_------- +++ = =, 260. 28 23 . 

9, Total pee eee eeeeeeee 53 “49 

| Bahamas: Byproduct, petroleum. = 222 eee” 10 5 | 
. Bahrain: Byproduct, petroleum —_ ~~ ~~ 2-1-2 ---b------- 10 24 - 10 

Belgium: Byproduct, all sources? _~_ 2. _2_-------2-4----L- ~ F219 198. ss) 
‘Bolivia®: Native® ___. - 5 ) ee 4 22 15 

- Botswana: Byproduct, metallurgy... __._.__---.1---------L-.- 6. ne _ 
Se Brazil* 1°: Byproduct, petroleum ~---+--+---+-----+-+------ Qo 19. — 25. 

|  Bogerias a — 
Pyrite? ee 29105 F105 110 
_Byproduct, all. sources® _______-------~---------------_ *138 ™140 158 | 

Total® eee mB 263 

Conga | —_ tO - io , ite. Le eee ee “ 

_ Byproduct: . . . mo 
Metallurgy _...__-____-------_------------------~ | 653 684 167 

. Natural gas__.-.________~_______- 6,840 6,469 6,102 
: . Petroleum___________-~-~-~----~-----~-+-----------. 160 170 - - 197 

| Tarsands __ ~~ ie 95 84 98 
- Total _----------------------------------- 1,772 7,417 7179 

Chile®: . : 
Native: a 
a 7 | 5 16 
Caliche. __$_. ___-___------------------+----------+- 725 16 1 

Byproduct, metallurgy. _________--_-__-_--_-------------- 23 -26 29 

Total. _______--_----------------------------- "55 47 46 

‘China, People’s Republic of: | 
Nativé®__§_-___- __. --.--___________-_-------------- 130 180 150 

Pyrite® = ™880 rg80 885 
Byproduct, all sources® ______________-_-------------- 120 120 315 

Total®. __________--------------------------- *1,130 71,130 1,350 

Colombia: | 
Native __________-_---------------~-------------- 30 30 €30 
Byproduct, petroleum and natural gas ___________________-- 3 2 2 

Total. _________--_-~------~---~--~--~-~----------- 33 32 32 

Cuba: 
Pyrite® ____________________________- eee 20 20 20 
Byproduct, petroleum® _______________--------------- 8 8 8 

Total® _-§ _--__- > _/_- ~~ eee 728 28 28 

See footnotes at end of table.
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Table 19.—Sulfur: World production in all forms, by country and source —Continued | 
| (Thousand long tons) : . no! 

7 Country! andsource? - 1974-1975 1976 a 

Cyprus" 12; Pyrite.______-________-_ eee 80 9 98 

Czechoslovakia: | oo | 
Native ___________________~---_-------------+---~ 7 10 -, 10-0 
Pyrite.______________-_________----------------- iB cs BRB | 

| Byproduct, all sources __ ___________------~----------- 17 “50. ——— &50 

2 "155 - ©1296 —°145 oe 
Denmark: Byproduct, petroleum___—_—---_----------~---+---- 5 9 10 

Ecuador: | . : Co B a ; 

Native _______________-----_-------~----------- TS (28) eg 

. Byproduct: . 
Natural gas® __-_______-=---------------------- 8 3 3. . 
Petroleum® __________________~-----_----------- | ry] 1 1 

Total®_____________________ eee ig 4 6 
Egypt* 1°: Byproduct, petroleum and natural gas ___-___._-------_ 8 4 5 

Finland: | oe ne 
- Native?# ____§__ 9 5 eee  . &) a -- 
Pyrite. ______---_--_-------~----~----~---+------- $35 F e397 °313 . 
Byproduct: - - Be 

_ “Metallurgy __-_----------------+---------+------ - b4b 341 360 a 

Petroleum® ______------------------------------ oe TNO 15 . 25 

Total® 9 eee 886 683 698 A 

France: Byproduct: . | . . a 
Natural gas'® ___ $$ _-__.2-____------------+--------- T1823 1,764 1,709 

Petroleum™®__§_________________--+----------=+---+- 7105 91 , 87 , 

Unspecified*® _______----------------------------- 140 107 : 143 oo 

| Total_________------------_----------+-------- 2,068 1,962 =: 989 | a 

Germany, East: oe | | . - 
A 57 ey 57 - 

, Byproduct sources’? _________._____~---------------- *343 349 - 864. | - 

Total’ ___________-_--_-_---- eee 400 406 421 

| Germany, West: . _ . | | 
Pyrite... _-__._____-_-_~-----_---~----------------- 211 217 229 

Byproduct: . . 

Metallurgy?® ___.___________-_------------------- _ ¥381 355 384. : 

Natural gas!®__§_. _-§_. > »§_» 5 5 5 ee - 405 378 453 . 

Petroleum!’ ______________--_-----------=------- 59 112 17 
- Unspecified ___________--__--------------------- T9298 199 | -159 os 

Total. _______------------------------------- "1,284 1,261 1,342 | 

Pyrite___________________=__-----------------+- 7103 1973 € 19105 : 
Byproduct, petroleum® ________---------------------- 8 3 — 8 

Total® _______-__-.-------------------------- "106 76 108 | 

Pyrite® _____.__-------------------------------- 3 3 3 

Byproduct, all sources _________-_-------------------- 9 9g °9 

Total® ______________------------------------ 12 12 12 

tn rite 13 19 19 
Byproduct: =~ ~~ SttC<CSsSC‘C;C‘<; Ow 
Metallurgy®____.____.-------------------------- 133 138 125 

Petroleum_____.______.----------~---—----------- &6 6 7 

Total® ___________-_----_--------------------- 152 - 168 . 1 

See footnotes at end of table.
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Table 19.—Sulfur: World production in all forms, by country and source —Continued 

a - (Thousand longtons) — 

7 SO, — Country?andsource? 1974 1975 1976" 

Indonesia’: Native ____...--------------------------- 2 4 . 8 

Iran®: - - : | . 
- Native®___ = we 20 20 20 

Byproduct, petroleum and natural gas ________.._---~------ 595 467 —siw:s«éS8'B 

Total® 2 eee -------------__ 487 418 
Iraq: Oo TO 

| Prash . ____-_---- 600 591 600 
| Byproduct petroleum and natural gas® ___________..--------- 49 T108 64 

fotal®____- ™649 699  ~—s- 664 

| Ireland: | - : } oo 
Pyrite. 2 ee Le 27 €32 €30 . 
Byproduct, all sources __. _.. ____----------------------  & __ __ 

eT OT e390 e39 
Israel: Byproduct petroleum and natural gas ~o eee 8 10 10. 

ative ~-_ ee 60 50 37 

-Pyrite® 00 eee eee 506 416 868 
Byproduct, all sources® 9°. _______--------------------- 210 225 196 

| | Wotal.-----------L-------------------------_____ "6 691 G01 

/ Japan: . 
Native __._________--_------------------------- ) A 

- Pyrite._________--____------___----------------- 616 530 463 
4 ' Byproduct: . 

Metallurgy?! -____________________-_____------- T1397 1,145 1,162 
~< Petroleum™ ________._-..---------------------- FT52 © 115 980 

Le 7 T2765 2,450 2,605 

| Korea, North: a oe 
" Pyrite® _._________---_------------------------- 240 1255 275 

Byproduct, metallurgy® . ._. ._--------------------+--- ™16 16 30 

 Motal._ eee 7256 97] 305 

Korea, Republic of: . | 
| | Pyrite.___________-____________--_----------+---- (23) (23) 3) 

Byproduct: | a 
_ Metallurgy®_______-_-----_---------------------- 15 20 22 

- Petroleum® _______----------------------------- _~ 10 2 

| Total® =. eee 15 30 47 
Kuwait: Byproduct, petroleum and natural gas _ _ — _ _ _ ____-------~+- 56 72 74 

Libya: Byproduct, petroleum and natural gas® ____-------------- 20 20 20 

Mexico: | 
Frash ____.____-__-_-_----~-~-~+~----~------------ T2222 2,041 2,021 
Byproduct: . 
Metallurgy®__________-_---_-____-__-__--------- "64 89 95 
Petroleum and natural gas__________~---------------- 726 51 14 

Total® ___.____________-------------------~--+-+-- ¥2,312 2,181 2,190 

Morocco: Pyrite __ _ _ _____-----~----------------------- 155 62 23 

Netherlands: Byproduct: . 
Metallurgy® _______------------------------------ 30 40 39 

Petroleum® ____________--~--------~--~------------- 54 65 64 

Total.._._._____________----~----------------- 84 105 103 

Netherlands Antilles: Byproduct, petroleum __—~---—-------~---- T115 86 93 

See footnotes at end of table.
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Table 19.—Sulfur: World production in all forms, by country and source —Continued | 

. (Thousand long tons) 

Country! and source? . 1974 1975 1976" 

Norway: | a | 
Pyrite__________._~__~________ ee 309 229 -&178 | 
Byproduct: 
Metallurgy®______§_-____________ eee T44 ™39 40 
Petroleum® __________________ T3 5 7 

Total. ________ ee 356 273 ©225 

Pakistan: | , . . 
Native __-__________~___ Le 2 1 2 
Byproduct, all sources ________________~~__-___-__-_-~- 12 12 12 | 

Total: -- eee "14 13 14 | 
Peru: Byproduct, all sources __________-----~-----------~-+-- 19 16 16 
Philippines: Pyrite ___________.-_____-_--_---___------- 75 74 102 

Poland?*: . ™ 
Frasch®_ 25 5 5 eee 3,600 4,258 4,272 

- Native®__§_ 428 443 541 
Byproduct: 

Metallurgy® 7% $$.» _-__-________-----___-_______--- 223 226 231 
Petroleum® *%* _____________--_------------------ 7230 25 25 

Gypsum®___________------___--~---~-------------- 52 64 64 

Total® eee --- 4,326 5,001.  —«5,128 

Portugal: . 
Pyrite________--------------------------------- 218 197 178 
Byproduct: oy 

Metallurgy ___.__-__-----------~---------------- 2 “1 . “1 
.  Petroleum____.____---------~----------~--------- 1 2. “2 

Total.______________~----_-~~-~-~--+~-~~~~-~----- 221 ©200 "181 

Rhodesia, Southern: © . 
Pyrite® eee e+ 30 30 30 
Byproduct coal and/or metallurgy® _____________--__-------- 2 20° 2. 8 

Total. .-___________________-__ eee T3990 QD 8B 

Romania: “ BF , 
Pyrite® __________ eee ™370 7370. - 870 
Byproduct, all sources® ___________.___--__-_-_------- 84 E89 | 98 . 

Total® __§_____ eee F454 T459 463 
Saudi Arabia: Byproduct, petroleum and natural gas ____________-~—~- r3 r3 3 
Singapore: Byproduct, petroleum —_____________-----~--~--+-~-- in 6 6 7 

South Africa, Republic of: | 
Pyrite___§_$__________--_-~---------------+-+------ 225 256 . 333 
Byproduct: 

Metallurgy _________________________-____------ 69 79 . 90 
Petroleum__________--__~~---------------+-+-+-+-~-+- T28 2 0.) 62 

Total________________--__------------------- F399 360 450 
South-West Africa, Territory of: Pyrite_____.____-_----------+- 4 4 4 . 

Spain: | 
Pyrite__________.--___---------------------~-~--- 1,287 1,244 1,053 
Byproduct: 

Metallurgy _________.-----------------+~------+--- 103 102... 121 
Petroleum® _______________-----+~-------------- 2 2 4 
Lignite gasification®_._._______.._-----------------~-- 1 1 1 

Total. ______.~--__~-~-__-~-+-+--+-~--+-~-------- +--+ T1393 1,349 1,179 

Sweden: 
Pyrite__._.___--------------------------------- 215 208 203 
Byproduct: 

Metallurgy ____-___---------------------------- 130 —-&193 e128 
Other _______________---------~------------- 9 13 *13 

Total. _. _-__-__--__--~---~-+---~----~-------~-+----- 354 ©8344 °344 

See footnotes at end of table.
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| Table 19:—Sulfur: World production in all forms, by country and source —Continued 

| | ae | : (Thousand long tons) | | 

. BO ~ Country? and source? — 1974 1975 1976" 

- Switzerland: Byproduct, all sources ________-~---~------------ 2 2 _ 
Syria: Byproduct, petroleum and natural gas ___.-___-__-_-___--~-- (3) 1 5 

Taiwan: | 
Native ________-_______._ ee T4 5 6 

| ) - “Pyrite_- eee 4 5 3 
_. Byproduct, all sources® ___-___------~-------~--------- 2 2 2 | 

oe — Potal®_ ee 10 aD 1 
. Thailand: Byproduct, all sources® __ _________._______---_----- 1 1 1 - 

co Trinidad and Tobago: Byproduct, petroleum* __________-___----- -*29 . 48 - 54 

So Turkey: oe _ 
: Native _._.--_-___-_-_-_-_-_-------------------- 19 19 21 

| Pyrite______.___________________--/----_---- = 35 11 39 
Byproduct, all sources _ _______------~----------------- 44 60 68 

| “ Total. ---------------------------------- T9g 90 128 

| USSR: . 
. _Native®__§_-§ 1) Lee 2,360 2,460 — 2,460 

. Pyrite® 2 2 eee 3,540 3,640 3,740 

7 Byproduct, all sources® ____.______-___------------i--- 1,870 1,970 2,070 

| Total®. eee ----------- 7,770 8,070 8,270 

| | United Kingdom: | 
- Byproduct: — , 

Metallurgy _.______--___----------------------- 58 re4g €49 

Spent oxides _______-________---------~--_--------- 4 _— _- 

. Unspecified ____________~~-~.~.-.22222-22.------ 64 72 6 
- Gypsum —__________--_------------~------------- 12 “60 “10 

| Total. -______-.----------------------------- 198 ©180 °135 

| United States: 
Frasch _____~_~_~_______ ~~ 7,901 7,211 6,264 

| Pyrite____________..---_-___------~--~-~------- 162 237 "986 
_ Byproduct: 

Metallurgy _.__.-__~---_-------------------+---- 654 767 942 

Natural gas_________------~----~------~--------- 1,211 1,342 1,277 

_ Petroleum__________--__---_-_----~-------------- 1,421 1,627 - 1,860 

Other. __________-_--- 2-2 DLL lll lo 22 iia 70 "95 77 

Total. .__. ~_______~___ 11,419 11,259 10,706 

| Uruguay: Byproduct, petroleum ________--_---------------- (23) 2 2 
. Venezuela: Byproduct, petroleum and natural gas ______---------- T107 81 89 

Yugoslavia: 
Pyrite. _.___.___-----------------------~------+--- 105 165 182 

_ Byproduct: 
Metallurgy ___________------------------------- "172 177 187 
Petroleum______________-~--_------~--~-~---------- 4 5 5 

Total. ________-------_-_-~---~----+------------- 281 347 374 
Zaire: Byproduct, metallurgy. ______.-------------------+-- 54 49 51 

- Zambia: : 
Pyrite___________-____---_---------------------- 29 7 9 
Byproduct, all sources ______-_----------------------- 44 79 90 

Total._______-------------------------------- "73 86 99 

Grand total. ___._____--------------~------------- 50,345 49,877 49,741 
Of which: 

Frasch__________-____-__-_-_-_______------- "14,323 14,096 13,157 
Native _________---__----_----~--~------------ 3,165 3,225 3,334 
Pyrite _____-___--_____-------------------- 10,220 9,950 9,905 
Byproduct: 

Coal gasification ______-_-------------------- 1 1 1 
Metallurgy ____.__------------------------ 4,715 4,612 5,017 
Natural gas______________----------------- 10,282 9,956 9,544 
Petroleum ______-~___--------~------------- 2,822 3,160 3,660 

Tar sands ___________~----~---~-~-~-~+~--------- 95 84 98 

See footnotes at end of table.
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Table 19.—Sulfur: World production in all forms, by country and source —Continued | 
(Thousand long tons) . 

Country! and source? 1974 1975 1976" 

Byproduct: —Continued 

Petroleum and natural gas, undifferentiated__________-— ™900 846 767 
Spent oxides _______________.__._.-------_- 5 _- —_ 
Unspecified sources ___ ___________-_---------- ™3,667 3,805 4,171 

Gypsum ________________---_----------_--- 150 142 © 87 

“Estimate. Preliminary. ‘Revised. : 
1In addition to the countries listed, a number of nations may produce limited quantities of sulfur, either in the 

elemental state or as a compound (chiefly H2S or SO2), as a byproduct of petroleum and natural gas operations, and/or 
metallurgical operations, but output, if any, is not quantitatively reported, and no basis is available for the formulation of 
reliable estimates of output levels. Countries not listed in the body of the table which may have byproduct sulfur recovery 
from oil refining include: Albania, Bangladesh, Brunei, Burma, Costa Rica, Guatemala, Honduras, Jamaica, Malaysia, 
Nicaragua, Paraguay, People’s Democratic Republic of Yemen, and Sri Lanka. Albania and Burma may also produce . 
byproduct sulfur from crude oil and natural. gas extractions. No complete listing of other nations which may produce 
byproduct sulfur in any form from metallurgical operations (including processing of coal for metallurgical use) can be 
compiled, but the total of such output is considered as small. Nations listed in the table which may have production from 
sources other than those listed are identified by individual footnotes. 

2The term “source” reflects both the means of collecting sulfur and the type of raw material. Sources listed include the 
following: 1) Frasch recovery; 2) native, comprising all production of elemental sulfur by traditional mining methods : 
(thereby excluding Frasch process recovery); 3) pyrite (whether or not the sulfur is recovered in the elemental form or as 
acid); 4) byproduct recovery, either as elemental sulfur or as sulfur compounds (chiefly H2S and HaSO,) from a) coal 
gasification, b) metallurgical operations including associated coal processing, c) crude oil extraction, d) natural gas 
extraction, e) petroleum refining, f) tar sand cleaning, g) processing of spent oxide from stack-gas scrubbers; and 5) 
recovery from the processing of mined gypsum. Recovery of sulfur in the form of sulfuric acid from artificial gypsum 
produced as a byproduct of phosphatic fertilizer production is excluded because to include it would result in double 
counting. It should be noted that production of Frasch sulfur, other native sulfur, pyrite derived sulfur, mined gypsum 
derived sulfur, byproduct sulfur from extraction of crude oil and natural gas, and recovery from tar sands are all credited 
to the country of origin of the extracted raw material; in contrast, byproduct recovery from metallurgical operations, — Se 
petroleum refineries, and spent oxides are credited to the nation where the recovery takes place, which in some instances 
is not the original source country of the crude product from which the sulfur is extracted. . 

3Revised to zero. 
“In addition may produce limited quantities of byproduct sulfur from natural gas. 
5Excluding sulfur content of auriferous pyrites, for which data are not available. . 

®Excluding sulfur recovered, if any, from processing copper concentrates. 
7Includes the following quantities recovered in elemental form in thousand long tons: 1974—-26; 1975—24; 1976—59. 
8In addition, may produce limited quantities of byproduct sulfur from crude oil and natural gas and/or from 

petroleum refining. 
°F xports; regarded as tantamount to production owing to minimal domestic consumption levels. 
10fn addition, may produce limited quantities of byproduct sulfur from metallurgical operations and/or coal 

processing. 
11Data represent only the sulfur content of pyrite and pyrite sands produced, and for 1975 excludes relatively. small © 

quantities of sulfur content of pyrite sands produced by Kampia Mines Ltd. from copper-zinc-iron sulfide ore; additional 
substantial quantities of sulfur are contained in copper concentrates exported for processing to metal , but are not 
reported under Cyprus because recovery of sulfur from such ores is presumably included among byproduct metallurgical . 
recovery in the nations processing such concentrates. 

12%n addition, may produce limited quantities of byproduct sulfur from oil refining. . 
18Less than 1/2 unit. . 
14Data appearing under this heading in previous editions of this table are not native sulfur, but rather are elemental 

byproduct sulfur derived from metallurgical operations and as such have been included with byproduct metallurgical 
output. 

EF lemental byproduct recovered sulfur only; sulfur recovered as SO2, H2S and/or other compounds are included 
under unspecified. 

16Comprises all byproduct sulfur recovered in the form of compounds including that, if any, recovered from petroleum 
and natural gas operations, as well as total recovery from metallurgical operations. 

17Official East German sources record the production of elemental sulfur as follows in thousand long tons: 1974—88; 
1975—84; 1976—78. Presumably the differences between these figures and quantities listed in the body of the table 
represent recovery in the form of compounds. 

18Includes only the elemental sulfur equivalent of sulfuric acid produced as a byproduct from metallurgical furnaces; 
additional output may be included under undifferentiated. 

19Figure represents pyrite concentrate production; may exclude small quantities of direct-shipping grade pyrite ores. 
2°Includes recovery from gypsum, if any. 
21Presumably includes sulfur recovered from coals processed to coke at metallurgical facilities, and excludes sulfur, if 

any, recovered by metallurgical facilities in elemental form. 
22Includes sulfur recovered in the form of acid from coal, heavy oil and other. unspecified sources, as well as sulfur, if 

any, recovered by metallurgical facilities in elemental form. 
230fficial Polish sources report the nation’s total mined elemental sulfur output annually; this figure has been divided 

between Frasch and other native sulfur on the basis of information obtained from supplementary sources. Therefore, 
although both of these number are estimates, their total is not an estimate. Estimates for production of byproduct and 
gypeum-derived sulfur are based on officially published data on sulfuric acid production and additional information from 
unofficial sources. | 

- 94Rstimates reported under the heading “Metallurgy” represent byproduct recovery in the form of compounds 

(principally sulfuric acid) from all sources (including coal and fertilizer plants); estimates reported under the heading 

“Petroleum” represent only elemental sulfur recovery from petroleum, with any recovery in the form of compounds 
included under the heading “Metallurgy.” 

25FJemental sulfur only.
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| oe Table 20.—World production of pyrites, by country | 

| _ (Gross weight; thousand long tons) 
NS eS TS i ls 

Country? 1974 _ 1975 1976" 
: a SSS St eS TE es rs i sh SSSA 

North America: \ . 
Canada ______________~_ Le F48 21 30 . 
Cuba® _-§_ 50° 50 50 
United States? ___________________ 424 625 750 

Europe: 
Bulgaria® “_=_~__§_§__________________ . F240 T240 252 
Czechoslovakia ____=-______2--__--_-_---------~--__- 291 147 —  ©187 
Finland ______~_~~______~~_~ LLL 710 707 _—S 663 . 
Germany, East®____._§_-§ > 5 Le 140 140 140 
Germany, West _________~______ 470 A485. 482 
Greece _________» F299 3162 © 3934 

_ Hungary® _____________ Le 7 7 7 
Ireland ____. ~~~ LLL 56 . 69 64 
Italy_ Le . 1,150 . 946 837 
Norway _____.------~-__-_--_----- +. 648. | 468 362 
Portugal ____-____ 503 455 410 
-Romania® ___ 22 ~~ 2 F860. 7860 860 
Spain ____~_____ Le . 2,782 2,692 2,312 
Sweden _____ LLL | 418 407 398 
U.S.S.R& oe ~ . 7,600 4,800 8,000 
Yugoslavia____ ~~ ~~ 5 5 LL 251 393 | 433 

Africa: 7 - 
Algeria ____~_-______~____-~~- 2 (4): __ _- 

‘Morocco __~__~~~~~ ~~ Le 501 201 75 
’ Rhodesia, Southern® __-____->____--_____________ 14 44 74 
South Africa, Republic of _._-§_-§_§_$___9_~______ Le 562 640 832 
South-West Africa, Territory of __-___.~_§_~_~__~__~___ Le 9 - @9 9 
Zambia _______-____-~-_~~__~_~~~-~ ee 70 19 €23 

Asia: , | 5 | 
China, People’s Republic of€ _~..._-______________ =e 2,000 2,000 2,000 

. Cyprus _________________-----~--~ ~~ ++ LI5 5202 195 
India ~_-__-___ ee 35 50 51 
Japan _____________~_~_ +--+ 4 1,265 1,079 943 

. _ Korea, North® _______________ o_o ee -  ¥600 640 690 
Korea, Republicof _.___________-_-_-~~-~---_---__- 2 2 2 
Philippines __.__§ ~~~ _§__§___ ee 162. 159 228 

. Taiwan ~~~ ~~~ Le - FULT 14 9 
Turkey ______________ ee 75 23 83 

Oceania: Australia® _____________________e LLL 221 221 218 

: Total __________---------------------------- 29.639 22,007 21,898 

“Estimate. Preliminary. ‘Revised. 
1In addition to the countries listed, Chile produces a small quantity of byproduct pyrite, but insufficient data exists for 

the formulation of reliable estimates of gross production. . 
2Sold or used by producers. . 
3May exclude small quantities of direct-shipping grade pyrite ore. 
“Revised to zero. 
5Excludes relatively small quantity of pyrite sands produced by Kampia Mines, Ltd., from copper-zinc-iron sulfide ore. 
6Excludes production of auriferous pyrites, which is not available. | 

TECHNOLOGY 

Polish sulfur deposits have been geologi- pelletize sulfur for shipment to avoid dust 
cally classified as evaporite deposits, result- loss, and reduce risk of fire or explosions. 
ing from the concentration and deposition One process involving water quenching to 
of marine salts by evaporation in shallow produce spherical pellets is being pilot test- 
bays. Most geologists consider the sulfur to ed in Canada. A process to form sulfur prills 
have been formed epigenetically, by alter- by air quenching has been developed in 
ation of sulfate rocks in the presence of Poland.’° 
bitumen.® —_____ 

Laboratory tests were made on borehole 8Slizowski, Kayimiez. The Polish Sulphur Industry. 
ples from the Mishraq sulfur d eposit to Sulphur (London), No. 122, January-February 1976, pp. 20- 

determine the effects on sulfur extraction Suir catherstone, R E,, and A. M. AlSamarzie Mishraq 
. . phur Deposit, Hydrodynamic 0 phur Ex- 

by different hy draulic parameters and to traction: Sulphur Recovery Prediction. Sulphur (London), 
determine a technique to estimate sulfur No. 124, May-June 1976, pp. 20-24. 

9 10Leszczynska, Halina. Sulphur Forming-the Polish 
recovery. . . Experience. Sulphur (London), No. 123, March-April 1976, 

A number of processes are being tried to pp. 44-46.
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Work under a cost sharing agreement sion, flexural, and tensile strength of 

with the Bureau of Mines was initiated by concretes." 
St. Joe Minerals Corp. to demonstrate the | A sulfur coating material was applied toa 

citrate process SO. removal system atacoal variety of surfaces such as concrete, earth, 

burning powerplant. A study was made to and wood. Tests indicate improved resist- 

evaluate the potential marketing of abate- ance to corrosion and damage due to winter 

ment acid and sulfur from fossil-fuel-fired temperatures.’ | 

powerplant sources." , —___——_— 
A method was demonstrated to recover 11Bucy, J. 1, J. L. Nevins, P. A. Corrigan, and A. G. 

. . Melicks. Potential Utilization of Controlled SO, Emissions 

sulfur from stack gases by scrubbing with — from Power Plants in Eastern United States. Pres. at Sixth 

ammonia liquor followed by conversion to Flue Gas Desulfurization Symposium, New Orleans, La. 
1 tal If d : fi Mar. 8-11, 1976, 52 pp. 

e emen sulfur an ammonia or 12Engineering and Mining Journal. SOz2 Cleanup: IFP 

recycling.’? Joins the System Chase. V. 177, No. 12, December 1976, p. 

Sulfur dioxide emissions at Japanese COp- _“isRosenbaum, J. B., Masami Hayashi, and G. M. Potter. 

per smelters is recovered as readily market- Sulfur Dioxide Emission Contro g in Japanese Copper 
. ° melters. ines ’ » 40 Pp. 

able products such as sulfuric acid, gypsum, 14Stack, A. V. Flue Gas Desulfurization: An Overview. 
and sodium salts." Chem. Eng. Process., v. 72, No. 8, 1976, pp 94-97. 

ulphur (London). SVDIC: A Canadian Response to 

Several processes for removal of sulfur the Sulfur Challenge. No. 122, January-February 1976, pp. 

oxides from waste gases were selected for 45,50. veal Week. Paving the Way to New Markets. V 
° ° emi eek. Paving the Way ew Markets. V. 

review and evaluation of status."* 119, No. 6, Aug. 11, 1976, p. 20. 

The substitution of sulfur for asphalt in _ Engineering News Record. Cost-Cutting Sulfur Pave- 

road paving has been tested in several mene ie nroads. V. 197, No. 14, September 30, 1976, : 

countries. Test sections constructed in roads ‘Sullivan, T. A., and W. C. McBee. Development and 
and highways have indicated use of up to Testing. or Superior Sulfur Concretes. BuMines RI 8160, 

18% sulfur in asphaltic paving provides an 97 onadian Mining Journal. SuCoat Test at Cominco. V. 
, No. 10, , p. 73. 

acceptable surface.’* . Sulphur (London). Sulphur Coatings. No. 126, 

Sulfur was added to improve compres- September-October 1976, pp. 44-45.
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Talc and Pyrophyllit 

| by Robert A. Clifton? 

The partial recovery from the economic The Johns-Manville Corp. closed both its ~ 

recession of 1975 gave rise toa 13% increase Los Angeles mill and its Warm Springs, 

in total domestic production of talc and Calif, mine. This corporation also 

pyrophyllite. Domestic production of both announced the start of production at a talc 

talc and pyrophyllite increased: world pro- mine near ‘Timmins, Ontario, Canada. 

duction of both was up 10%. Soapstone data Cyprus Industrial Minerals Co. restruc- 

is included with that of talc. tured its operations into two separate divi- 

The apparent 90% increase in value of sions, talc and clay, and named an executive 

the talc minerals sold is due more to statis. vice-president to head each. Tredmont, Inc., 

tical technique changes than to market purchased the Boren and Harvey pyrophyl- 

changes. Apparent consumption decreased 9 ———————_ 

11%. 1Physical scientist, Division of Nonmetallic Minerals. 

Table 1.—Salient talc and pyrophyllite statistics | 

(Thousand short tons and thousand dollars) . 

: | 1972 1978 1974 1975 1976 

United States: 
Mine production: 

Talc __.__------------------- Ww Ww 1,183 873 WwW 

Pyrophyllite _.---------------- Ww Ww 106 92 WwW 

7 1,107 1,247 1,289 T965 1,092 
——————————— 

Value: 
; 

Talc ______-~--------------- Ww WwW $8,022 $7,454 $9,542 

Pyrophyllite __._.-_------------- WwW Ww 1,547 1,475 360 

Total _____---------------- $7,835 $9,144 9,569 ™g.929 9,902 
oo 

Sold by producers: 
Talc _.___-------------------- 994 1,071 963 845 794 

Pyrophyllite ___---------------- 90 113 101 86 107 

Total _.__------------------- 1,084 1,184 1,064 F931 901 
—<—<————————————————— 

Value: 
Talc _.___------------------ $32,473 $30,757 $31,125 $16,496 $33,014 

Pyrophyllite __—-------*------- 1,236 1,469 1,474 1,879 934 

Total ....----------------- 38,709 32,226 32,509 —«-°117,875 33,948 

tg! _____--_------=---------- 171 180 183 158 212 

Expelue ~2l2222222.----------- 5791 $6618 SETI $6858 S.A 

Imports for consumption -------------gy.gg9 $4,658 «$3283 $171 $1,861 
Apparent consumption ~~ ------------ 942 1,027 911 796 709 

Work Production -----_------------- 5,324 5,957 6,406 5 385 5,044 

TRevised. |W Withheld to avoid disclosing individual company confidential data. 

1Excludes powders—talcum (in package), fece, and compact. 

1309.
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| lite properties in North Carolina late in of ground steatite. This represented a 30-ton 1976. oo drop in the block inventory and a static | Legislation and Government  Pro- powder inventory. The block steatite was grams.—Congress enacted Public Law 94- sold for $290 per ton. 
420 effective in September 1976, which The Office of Minerals Exploration, Geo- closed Death Valley National Monument, . to. ey logical Survey, offered to grant loans of up among others, to mineral entry and loca- . | . . : to 50% of approved exploration costs for tion, imposed a 4-year moratorium on min- ligible d its of block . b eral exploration and development, and re- © 8IDIC Ceposits of block steatite talc, ut no stricted surface disturbance to those areas /02ns for that purpose were made in 1976. where minerals had been extracted prior to The allowable depletion rates for talc, | February 29, 1976. Continued extraction Stablished by the Tax Reform Act of 1969 was limited to the average annual rate of and unchanged through 1976, were 22% on : 1973, 1974, and 1975. OO | production of block steatite talc of domestic | The General Services Administration re- origin and 14% on foreign production of the ported that the national stockpile inventory same material, which rate applied also to of tale consisted of 1,119 short tons of production of all other classes of talc from 
steatite, block or lump, and 2,916 short tons allsources. __ - 

DOMESTIC PRODUCTION a 

Tale.—Production from United States fornia and Montana; Southern Clay Pro- 
talc mines in 1976 was up over that of 1975 ducts, Inc., in Texas; R. T. Vanderbilt Co., 
but still below that of the record high Inc., in New York; and Windsor Minerals, established in 1974. The value of the mine _Inc., in Vermont. Those firms supplied 96% 

| production, however, established a new re- of the 1976 tonnage, and the combined 
cord dollar high, 19% over the 1974 high. output of about 15 smaller producers made | 

| Tale (including soapstone) was produced up the remainder. | 
at 36 mines in 12 States in 1976, with Pyrophyllite.—Pyrophyllite is a natural 
California having by far the largest number hydrous aluminum silicate whose empirical 
of active mines at 10. Mines in four States chemical formula is Al.Si,0:0(O0H)2. Because | 
produced 90% of the tonnage and 75% of of some properties similar to talc, some 
the value of talc in 1976, and the production shared markets, and a degree of substituta- 
in eight other States accounted for the rest. bility, it has long been associated with this 
The highest producing States in decreasing mineral and some of the data concerning 
order are Vermont, Montana, New York, both is obscured by the combination of the 
and Texas. Montana led all the States inthe two. The end uses of the twominerals are 
value of the talc produced. Every State, showing some divergence because of their 
with the exception of Nevada, that mined differing chemistry and high temperature 
talc had one or more mills to process the characteristics. 
ore. Pyrophyllite production in 1976 was ab-— 

The seven largest domestic producers of ove that of 1975 and established a new 
talc in 1976, listed alphabetically, were record high year. The lack of production at 
Cyprus Industrial Minerals Co., with mines _ the Interpace Corp.’s mine in California left 
in California, Montana, and Texas; Eastern North Carolina as the only State producing 
Magnesia Talc Co. in Vermont; Pfizer Inc., pyrophyllite in 1976. Four companies oper- 
Minerals, Pigments & Metals Div., in Cali- ated six mines during the year.
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Table 2.—Talc and pyrophyllite produced in the United States, by State 

(Short tons and thousand dollars) 

| a 
, State | 1975 1976 

Quantity Value Quantity Value — 

California(tal) _._------------------- 9781898 HH STL 1518 
Georgia (talc) _._______-~-.----_--------------- 27,400 82 w . Ww 

Montana (talc) ________------------------------ WwW WwW 224,153 2,960 
North Carolina! .______________________ ee 95,575 T1,605 113,754 1,087 

Texas (talc) _____..__________-_-_____-----------+- 129,626 795 199,663 1,071 

Vermont (tale) _ —_ - _- --------------------------- 230,973 1,918 252,371 1,685 

Other States? (talc) _______________________.------ _ 328,057 2,931 245,021 1,586 

Total __-____--------------------------- 964,609 ™Z.999 ‘1,092,433 9,902 

TRevised. W Withheld to avoid disclosing individual company confidential data. : 

1Talc and pyrophyllite produced. . 
w "Includes Alabama (1975), Arkansas, Georgia (1976), Montana (1975), Nevada, New York, Oregon, Virginia, and 

ashington. 

| CONSUMPTION AND USES 

The apparent domestic consumption of _ plastics, 1% in roofing, more than 5% in 

talc and pyrophyllite in 1976 decreased 11% cosmetics, 3% in insecticides, 2% in rubber, 

from that in 1975 and was just 69% of the 19% in refractories, and the remainder in | 

1973 record high. The $34 million sales other uses. | | 

value was a new record high. | The largest portion (50%) of pyrophyllite 

The 1976 end-use distribution showed was used in refractories, 20% in ceramics, 

33% of the ground talc used in ceramics, 16% in insecticides, and 14% in other uses. 

24% in paint, about 8% each in paper and | 

. 
N . 

. 
: 

. ww . 

: Table 3.—End uses for ground talc and pyrophyllite, 1976 a 

. (Short tons) | 

Use Talc Pyrophyllite Total 

Ceramics_________------------------------+---=--*+ 258,840 21,473 280,313 : 

Cosmetics! ____________--~-------------------------- 
36,788 60 36,838 . 

| Insecticides ___..___-_----------------------------- 23,268 17,100 40,368 

Paint ________._____----------------------------- 188,952, 2,149 191,101 

Paper _______-_-_~------------------------------- 60,212 __ ~ 60,212 

Plastics __._____-__---_-------------------------- 
59,767 __ 59,767 

Refractories ______-_------------------------------- 
8,717 53,334 . 62,051 

Roofing _____-_----------------------------------- 
52,471 629 53,100 . 

Rubber ____.___-___-_----------------------------- 
18,443 239 18,682 

Other uses? _________------------------------------ 86,298 ~ 12,326 98,624 

Total... ---_- ee ee eee ee 798,156 —«:107,800 901,056 

Incomplete data. Some cosmetic talc known to be included in “Other.” . 

“Includes art sculpture, asphalt filler, crayons, floor tile, foundry facings, rice polishing, stucco, and other uses not 

specifi . : 
: . .
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| | PRICES 7 —_ | 

Engineering and Mining Journal, Decem- per ton for paint-grade talcs in carload lots: ber 1976, quoted prices for domestic talc, 7 | | ground, in carload lots, f.0.b. mine or mill, California: | 
containers included, per short ton, as fol- "Fibrous, we high | | 0 

: , o nee . ; 
Semifibrots, erediama $34.00$37 

oil absorption __________ 32.00- 73.95 Vermont: Montana: Ultrafine grind, f.o.b. mill __ 70.00 98% through 825 mesh, bulk ____ ,00-$47. a | | 99.90% through 225 mea, bags’ OAT Nonfibrous, bags mil a5. 69 | Doreccemi ny 750 tay SE routes 050 New York: Water beneficiated _____ 122.00-140.00 Fin Trace retained on 325 mesh __~ 105,00 
96% through 200 mesh _______ : . © micron talcs (origin no 98 to 99.25% through 825 mech -_ "™ $8.09 specified) ~oaacosa----~---- — 68.00-111.50 100% through 325 mesh, . . . . ee Calis fluid energy ground ________ 75.00-105.00 The approximate equivalents, in dollars 
‘Standard woo 69.50 Per short ton, of the price ranges quoted in Fractionated ~------------ 87.00. 71.00 Industrial Minerals (London), December Cosmetic steatits 7777777777 1100. e200 1976, for steatite talc, cif, main European __ : Georgia: port, were as follows: | 98% through 200 mesh _______ __ 20.00 
100 trent 22) mesh — ----- 35.00 

O mesh, . N ian: . : 

fluid energy ground ________ 85.00 *Ground (ex store)______ $45.00-$47.00 
American Paint and Coatings Journal, French,imcgrousd  m_~--~~~7- F290 106.00 erican Paint and Coatings Journal, nch, : ~----------- 61. { January 3, 1977, listed the following prices Chinese STt----------- _188.00.167.00 

| | FOREIGN TRADE 

Exports.—The quantity of talc exported Imports.—The quantity of talc imported 
from the United States during 1976 exceed- for consumption continued to decline from 
ed that of 1975 by 34% and that of the the 1974 high. The 1976 imports were 87% 
previous record high year (1974) by 16%. of those in 1975 and 67% of those in 1974. 
The value of the exports exceeded that of The value of the 1976 imports, however, 
1975 by 43% and that of the previous record rose 27% over that of 1975. 
high year (1974) by 35%. | 

Mexico was the destination of 55% of the Table 4.—U.S. exports of talc, crude and 
exports at an average value of $18.21 per ground 
ton. Canada’s 19% of the exports averaged (Thousand short tons and thousand dollars) 
$64.78 per ton; Belgium’s 10%, $52.12 per —_—_— 
ton; Japan’s 6%, $54.70 per ton; and Venez- ————_*®"_____— Quantity Value 
uela’s 3%, $128.92 per ton. The remaining 1974 ----_---_-___- 183 6711 
7% went to 51 countries. The average value 1976 wort 912 9/034 
of all exports was $42.54 per ton. ee
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Table 5.—U.S. imports for consumption of talc, by class and country , 
i et 

Crude and Ground, washed, Cut and Total 
unground Pomerat sawed unmanufactured 

Year and country “Quantity Value Quantity Value Quantity Value Quantity Value’ 1 ue antit i tit, 
< _ (short (thou- (hort (thou- egntty (thou- ape Yee. 

tons) sands) tons) sands) tons) sands) tons) sands) 

1974 __.______________ 21,592 $1,095 7,857 $541 803 $597 ~—s_ «30,252 «= $2,288 

1m tralia | | ustr. meee ee -_— ~— -— -- 

Canada __.____ 3,447 76 3,283 174 Q 9 6,682 of 
France ___.________ 4,432 110 4,802 170 __ __ 9,234 280 | 

| Germany, West _______ __ __ __ __ () 1 (7) 1 
_ » Hong Kong _________~ __ __ _- _— 29 19 29 19 

Iceland _-__________ __ __ 20 2 __ __ 20 2 
Israel we eee _— -_— 34 8 _-— -_-— 34 8 

Italy ____ 6,063 476 356 + 72 __ __ 6,419 548 
Japan ~-—~—-----~-- _- __ __ _- 271 213 271 213 

_ Korea, Republicof ~~ _ ~~ me _. 559 68 127 79 686 147 
United Kingdom _____ (?) 1 __ _- _- __ ?) 1 

Total___________ 18,942 663 9,004 494 432 314 —- 28,878 1,471 

1976: | | 
Australia __________- -- _— 1 1 _— -- 1 1 
Belgium- 

| 

_ Luxembourg —___ ~~~ ee _- 17 6 _— _— 17 6 
Canada ____________ 3,840 92 2,873 162 6 3 6,719 257 
Finland ___________- _- __ 4 () _- _- 4 () 
France _.__________ __ __ 592 54 _ __ 592 54 
Hong Kong __________ __ __ _- _ 218 119 218 119 
India _____________ __ __ 22 2 3 1 25 3 
Israel __ __ 137 9 = _- 137 9 
Italy______________ 10,918 926 287 57 _ __ 11,200 983 
Japan _____________ __ __ 67 8 246 208 318 =: 216 | 
Kenya ~__._.______ (?) 1 __ _- __ __ (7) 1 
Korea, Republic of _____ 55 3 505 54 244 150 ry 
Netherlands —~--------~ “5 “7 2 1 _- _— 2 1 

United Kingdom __ ~~~ _ 88 “3 __ __ 33 3 

—  ‘Total_....--____ 14,814 1,028 4,540 357 717 481 20,071 —«1,861 

| 1Does not include talc, n.s.p.f.; 1974-$224,375; 1975-$198,090; 1976-$302,455. 
2Less than 1/2 unit. | | | ee 

| WORLD REVIEW | | 

Australia.—Roughly half of Australia’s period 1965-74 from 91,000 to 259,000 short 
talc production comes from the open pit tons. The value of these exports more than 
mine of Three Springs Talc, Pty. Ltd., near quadrupled in those years from $2.4 to $11.1 
the town of Three Springs about 211 miles million. | 
north of Perth. Drilling and blasting give a Finland.—A _ talc-magnesite deposit at 
product that has a ratio of waste and Polvijarvi, 15 miles from Outokumpu in 
substandard talc to the first grade talc of Eastern Finland, will be exploited in a joint 
about 4.5:1. The company has a 220-short- venture by Oy Lohja A. B. and Outokumpu 
ton-per-day treatment plant. Oy. The ore, 60% talc, 40% magnesite, and 
Canada.—Canadian Johns-Manville 0.18% nickel, will be processed by flotation 

Corp. brought onstream Canada’s fourth for separation of the talc and nickel constit- 

talc mining operation in July. The mine is uents. The talc plant, scheduled for August 

| located in Penhorwood Township, 45 miles 1977 startup, will be near the town of 

southwest of Timmins in Northern Ontario. Joensuu. Initial capacity is planned to be 

It will have an estimated capacity of 20,000 150,000 tons per year of micronized talc of 

to 30,000 tons per year and the ore will be 90% brightness for the Scandinavian paper 

flotation concentrated at mine-site. Drying industry. 

and milling will occur ata facility in Tim- India.—The Indian Bureau of Mines re- 

mins. : ported that of the 15 million tons of talc 

China, People’s Republic of.—China’s ex- reserves in the country, 55% are in Maha- 

ports of talc nearly tripled in the 10-year rashtra and 42% in Rajasthan. The paper
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Table 6.—Talc, soapstone, and pyrophyllite: World production by country 

(Short tons) . . . | 

_ | Country! 1974 1975 1976? 
North America: . 3 

Canada (shipments) ________________--_____________ 94,746 72,784 71,000 

South Amerigas rrr ccc ccccccne »289, 964,969 1,092,4¢ 

Argentina -___-_______-----_--_-------~--_---_-= 44,721 38,581 “38,600 
Brazil (talc and pyrophyllite) _________._______-_-______- 221,767 243,248 250,000 
Chile _-_______- eee 1,856 524 149 

| ‘Colombia - — _----------------------------------- . | $82 1,102 ©1,100 
Paraguay —-___-_-______-~__~__--__~_--~-~--_---- 276 280 154 
Peru (tale and pyrophyllite). _-__.______________________ 15,191 F€15,400 ~~ 15,400 
Uruguay ______________.---___ ee 2,287 1398 1,398 

Europe: - | 
Austria _______-____-___ ee 108,51 95,363 116,458 
Finland _.-_-___________ ~~ 141,392 136,973 163,727 
France (ground talc) ...-_-§_-________________ 328,852 _ 265,800 279,634 
Germany, West (marketable)___._______________________ 31,429 ©33,000 €33,000 
Greece (steatite)__________________----.______---_- 4,762 6460 _°6,600 
Hungary” wa --- 8 eee 17,600 17,600 17,600 | 
Italy (talc and steatite). $2. ee 170,819 158,823 169,575 
Norway. _~___ Le 124,590 115,735 110,000 
Portugal | -_------~---------------------------- 1,091 1,731 1,263 

Romania® __________________--_---------___---- 66,000 66,000 66,000 
, Spain ____________-___-__ eee 60,614 52,159 “55,000 

Sweden_______ 31,310 26,286 22,046 
USS.REe ~~ eee +--+ 450,000 460,000 485,000 
United Kingdom ____________----.---------------- 792,708 © 21,054 ©22,000 

Africa: e 
Angolay _~_____ 110 110. 110 

| Egypt - --------------------------------------- 4,345 3,055 6,213 
Ethiopia ___________ ee 3 28 €30 
South Africa, Republic of? ___________________-_----- 19,951 17,657 © 14,135 | 
Sudan _______.__----_------ +--+ 5,512 5,500 5,500 

. - Swaziland (pyrophyllite) __.._______.__________---___- 40 _— _- 
Zambia _______________________________ 152 181 117 

Asia: | 
Afghanistan? ___________________________ 3,307 6,945 9,574 
Burma ________________ ee 464 383 462 

- China, People’s Republic of€ ___________________-______ ¥330,000 300,000 330,000 
India __-_ 5 eee ™340,131 220,981 266,459 
Japan* = = 1,734,878 1,313,489 1,482,875 
Korea, North® __________________________ ee 130,000 140,000 140,000 
Korea, Republic of (talc and pyrophyllite) _.________________ 487,322 458,422 547,262 
Nepal! oe 278 571 57 

Pakistan (talc and soapstone)__________________________ 7,776 3,921 4,807 
Philippines ____________________________-_----.- 2,572 1,479 ©1,650 
Taiwan ________________________ ee 14,900 13,283 17,065 
Thailand (talc and pyrophyllite) _______._____---------_- 1,982 11,736 11,000 

Oceania: Australia ..__________________________--__-- T88 005 90,816 . &88 000 

Total___.___________________ =e ™6,405,554 5,385,458 5,948,665 

°Estimate. Preliminary. "Revised. | . 
1fn addition to the countries listed, Southern Rhodesia is believed to produce talc, but available information is 

inadequate to make reliable estimates of output levels. 
2Includes talc and wonderstone (pyrophyllite). | 
3Data are for calendar year beginning March 20 of that stated. 
‘Includes talc and pyrophyllite; in addition, pyrophyllite clay is produced as follows in short tons: 1974—466,030; 

1975—483,857; 1976—Not available. : 
5Data based on Nepalese fiscal year, beginning mid-July of year stated. . 

industry uses 53% of the domestic consump- far the biggest supplier with 53% of the 2- 
tion; insecticides and pesticides, 30%; cos- _ year total. 
metics, 5%; and ceramics, 3%. a Spain.—Spanish apparent consumption 
Japan.—The Japanese refractories in- of talc grew dramatically in 1974. Domestic 

dustry consumed 380,000 snort tons of Py"; Production, a nominal 40,000 tons per year, 
Poe Cncuding enact! iaspore) m ear rose to 61,000 tons that year and imports 

Fae ee ee ee eaten etre i> 797. doubled from 5,000 to 10,000 tons. Talc is 
until it reached 771,000 short tons in 1973, : : 

produced near Bonar in Leon Province, 
the peak year. The next 2 years saw a qd Fi vn Ge Province, and 
decline in consumption with just 558,000 round Tigueras in \erona *rovince, 
short tons used in 1975. near Fuengirola in Malaga Province. 

Japanese imports of talc were 329,603 Turkey -—Reported mineral reserves 

short tons in 1974 and 260,359 short tons in found in Eskisehir Province of Turkey in- 

1975. The People’s Republic of China was by clude 400,000 tons of talc.
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« TECHNOLOGY 

The existence at Pambula in Southeast- data for presentation to the Food and Drug 
ern Australia of a pyrophyllite deposit with Administration. 
an inferred 30 million short tons of ore | An international trade magazine? report- 
belonging to Pyrophyllite Corp. Ltd., has ed that talc filler is upgrading the proper- | 

prompted the Australian Commonwealth _ ties of engineering plastics in several areas. 
Scientific and Industrial Research Organi- Talc-filled polypropylene in new “esthetic” 
zation (CSIRO) to initiate market develop- 8 ades that overcome the former limita- | 

ment research. The CSIRO reported that tions of whitening and dull appearance are 
} . 7 . now available. They retain the desirable 

experimental pyrophyllite bricks lining roperties of higher stiffness and bette 
steel production ladles have doubled the P be 8" . , 

/ . : esistance to warping and sink marks that 

pour life for such bricks. Pyrophyllite and characterized the older talc-filled polypro- 
zircon bricks tripled the pour life. CSIRO pylene. | 
scientists say that the addition of pyrophyl- Cyprus Mines Corp. patented its process 

lite to road surfacing materials not only for separating molybdenum and talc. In this 
toughens the surface and extends the useful process the talc is depressed and higher 
life of the materials, but imparts a soft glow concentrations of molybdenum recovered. A 

to the surface, making night driving safer. high energy using oxidizing roast of the ore 

Alfred University’s Research Foundation was eliminated using the new process. 

was the recipient of a grant from Windsor § The Joseph Dixon Crucible Co. is now 

Minerals, Inc. The research covered by the Producing processed soapstone for use by 

grant is aimed at reclamation and utiliza- welders. The pressed talc soapstone, formed 
tion of talc mining waste residues. in either flat, round or square crayons, 1s 

The Cosmetic, Toiletry and Fragrance uniform without the hard spots or flaws of 

Association ann, ounced an industry-wide the natural product and is less brittle. 

review of cosmetic product ingredients. The —ayigdern Plastics International. V. 18, No. 10, October | 
multi-year project will gather health effects 1976, pp. 13-14. -
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- ~Thort | : }norium 

7 | | By Martha L. Kahn’ | | 

Thorium: was an unused coproduct of Alaska and South Dakota, as well as depos- | 

mine production during 1976, and demand its in Colorado and Tennessee that were 

for thorium was not the decisive factor in under study by mining companies to deter- | 

determining its supply. Monazite, the prin- mine economic feasibility. | 
cipal source of thorium, continued to be a No major developments occurred in the 

byproduct of titanium and tin mining and ponenergy uses of thorium, which included | 

| was recovered for its rare-earth content. fantles for incandescent lamps, hardeners 

__ Byproduct monazite Was recovered an Flori- in magnesium alloys, refractories, and 
da by Humphreys Mining Co. and Titanium lectroni d chemical lications 

Enterprises. Thorium-containing residues electronic and Chemical applications. . - 
tes : . The future prospects for thorium’s use 1n | 

remaining after extraction of rare earths : prospe ok 

| from monazite were stored for future use. nuclear fuels remained uncertain in 1976. 
Practically all thorium compounds used by The only commercial thorium-fueled, high- 

the domestic industry during 1976 came temperature, gas-cooled reactor (HTGR), lo- 

from previous company stocks or imports. cated at Fort St. Vrain, Colo., with a capaci- 

| Several occurrences of thorium of poten- ty of 330 megawatts (MW), began commer- 

tial economic significance were described in cial operation in December 1976 and was 

1976. These included new occurrences in expected to reach full power in late 1977. 

DOMESTIC PRODUCTION | | | 

Exploration.—Significant concentrations ern Colorado titanium prospect.® The ore 

of thorium, associated with uranium and mineral perovskite reportedly contains sig- 

rare-earth elements, were discovered on nificant amounts of thorium that could be 

Seward Peninsula in western Alaska.*Sam- recovered. Kerr-McGee Chemical Corp. re- 

ples of the mineralized rock, which occurs ported 74,000 short tons of indicated recov- 

along alkaline dikes in a 100-square-mile erable monazite contained in its heavy- 
area, contained as much as 1.05% thorite. mineral sands deposit in Benton County, 

Uranium- and thorium-bearing parts of the Tenn. 

Precambrian Estes Conglomerate were Mine Production.—Monazite, a thorium- 

found in Lawrence County, S. Dak.* Sam- containing rare-earth phosphate mineral, 
ples from deeply weathered surface expo- _ 

sures contained as much as 800 parts per _1physical scientist, Division of Nonferrous Metals. 
million thorium. Thorium occurrences in __2Miller, T. P., R. L. Elliott, W. I. Finch, and R. A. Brooks. 

the Upper Peninsula of Michigan and — Frelimiary Report on Uranium, aes and Rare- 
northern Wisconsin were described.* Survey Open File Rept. 76-710, 1976, 18 pp. 

A report on thorium resources of the Ra atillings’ Mining Review. Uranium Thorium Bearing 

United States in 1974 was made available to ““Txsiiiokecki, J. Uranium and Thorium Occurrences in 
the public in 1976.5 The report indicated Precambrian Rocks, Upper Peninsula of Michigan and 

that thorium reserves are in beach placers, Sete Mein hnolegeal Uni on eee Hewehton, 

and most identified resources are in veins, Mich. Dept. of Geol. and Geological Eng., 1976, 350 pp. 
carbonatites, and stream placers. P oe MH. Thorium Resources 1974. U.S. Geol. 

___ Buttes Gas and Oil Co. continued feasibil- “eg WJ International Directory Mining Activity Digest. 

ity and pilot-plant studies of its southwest- New Development Highlights. V. 2, No. 10, 1976, p. 1. 
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was produced as a byproduct of processing Refinery Production.—In 1976 there was , 
beach sands for titanium minerals in 1976. only one domestic firm, W. R. Grace & Co., 
Two mines in Florida, Humphreys Mining Davison Chemical Division, at Chattanooga, 
Co., near ‘Hilliard, and Titanium Enter- Tenn., with facilities for processing large 

prises, near Green Cove Springs, were the tonnages of monazite. Although Grace did 
ony domestic producers of od enaaite. not produce any thorium compounds rom 

umphreys Mining Co. continued to truck monazite for sale, thorium was extracte 
wet titanium concentrates from its mine in from monazite during the refining of rare- 7 
Florida to the company’s dry plant at earth elements and stored. Practically all 
Folkston, Ga. U.S. mine production of tho- thorium compounds used by the domestic 

: rium in 1976 was less than the 1975 pro- industry during 1976 came from previous 
duction. , company stocks or imports. 

Table 1.—Companies with thorium processing and fabricating capacity 

| Company . . Plant location Rt seins ted 

Atomergic Chemetals Corp —o ee Plainview, N.Y. oe Processes oxide, tal 

| Consolidated Aluminum Corp ________________._ Madison, I] __-______ Magnesium-thorium 
Controlled Castings Corp _________.____._____ _ Plainview, N.Y _______ Do. 

_ General Atomic Co —_-___ == San Diego, Calif ....._._.. | Nuclearfuels. = 
General ElectricCo ~~ ___ 2 San Jose,Calif_._...... —- Do. 

Do _______ ~~ ‘Wilmington, N.C ______ >Do 
W.R. Grace& Co __-_ Chattanooga, Tenn _____ __Processes domestic and 

- imported monazite; 
es produces oxide; 
7 . stocks 

. . . . _ of hydroxide and 
. Ds metal , 

ot er. 
Gulf United Nuclear Fuels Corp ~-----+----------- Hematite, Mo —------- - Nuclear fuels 

Hitchcock Industries, Inc ______~__~~_~~~~ 77777 South Bloomington, Magnesium-thorium | 
Kerr-McGee Chemical Corp _-___ Cimarron, Okla - ~~~ ___ Nuclear fuels 

tri 7 ee ee ee pINY. Le LL 5 

Nuclear Chemicals and Metals Corp Hoe eee Hunteville, Tenn —_ ee Do. 
Nuclear Fuels Services, Inc ____________________ Erwin, Tenn _________ Do. | 
Nuclear Materials&Equipment Corp. (NUMEC) ~-----~ Apollo, Pa pp 77777777 Do. 

—~- ee ee ee LLL urg, raw ° 

Ventron Corp.,Alfa Div _-___________ Danvers, Mass ~~~ Metallic thorium. 
Westinghouse ElectricCorp ___________________ Bloomfield, N.J .~______ Processes compounds; 

- produces metallic 
. thorium. 

Do -_________ ee Columbia, S.C __._____ Nuclear fuels. $e Os ESTs 

CONSUMPTION AND USES | | 

Based on domestic mine production, re- Nonenergy uses consumed about 35 tons 
| leases from the Government stockpile, and of Th0.. The principal application was as a 

foreign trade, the estimated apparent do- constituent in mantles for Welsbach incan- 
mestic consumption of thorium containedin descent lamps (estimated to be around 18 
Toye 9 and thorium f rropounds 1 for tons). Other nonenergy uses were as follows: 

HW was short tons ° vol tne one As a hardener in magnesium-thorium al- 
Owever, Monazite was processe mainly loys (4 tons); in refractories (4 tons); in for its rare-earth content, and the thorium electronic and chemical licati lus 

residues were stockpiled. The actual indus- th licati and a” 8PP ho tone P 
trial demand for thorium was about 45 tons °F applications and research (9 tons). 
of Th0. equivalent, based mainly on ship- _ The 330-megawatt HTGR at Fort St. 
ments from processors. This was below the prain ~~ iO began producing oe ‘of 1975 consumption level of 50 tons. The ecember 11, , and was up to oO 
decline in consumption during 1976 was _ electrical capacity by the end of 1976. The 
mainly due to low demand in energy core of the reactor contains about 22 tons 
applications. of thorium. A reload section containing
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about 3 tons of thorium was scheduled tobe Shippingport, Pa. Initial loading of about 46 

added annually. tons of thorium was expected to take place 

Development of a thorium-fueled, light- in 1977, with power production scheduled , 

water breeder reactor (LWBR) continued at for 1978. 

STOCKS | 

On December 31, 1976, the General Ser- thorium. About 149 tons of this material 

vices Administration (GSA) stockpile inven- was being utilized in research and develop- 

tory totaled 7,265,004 pounds of thorium ment. po | 

nitrate (1,680 short tons Th0. equivalent). “4. . 

On October 1, 1976, the thorium nitrate Industrial stocks of thorium at the end of 
. 1976 were less than at the end of 1975. 

stockpile goal was set at 1,800,000 pounds . - : : 

(418 short tons Th0, equivalent). Estimated industrial stocks at yearend in 

The Energy Research and Development terms of Th0. equivalent were as follows: 

Administration (ERDA) inventory as of Monazite, 98 tons; and in compounds and 

December 31, 1976, was 1,068 short tons of metal, 355 tons. 

PRICES ee | 

Prices for domestic monazite containing about 17% in December 1976 owing to the 

approximately 4% Th02 rose about 25% in devaluation of Australian currency. 

ate: The oe Se tal van “ impor’ Prices for thorium compounds varied de-_. 

ed monazite (all from aysia) decrease . . | itv. . 

‘lightly to $205 per short ton from $207 in Pending upon purity and quantity. Theron 
. nitrate, mantle grade, was quoted at $3 per 

1975. The average price per short ton of d- thori d . de. $5.80 

Australian monazite quoted in Metal Bulle- Pound; thorium oxide, Ceramic grace, $5. 

tin (London) remained constant during 1976 to $10 per pound; thorium metal in pellets, 

at A$170 to A$185. However, the price of $15 per pound; and metal powder, $65 per 

Australian monazite in U.S. dollars fell pound. | 

FOREIGN TRADE a | 

During 1976, no thorium concentrates or was minor. — 

ores were exported. Other thorium export Monazite containing about 6% thorium 

data were combined w®h those for ura- was imported from Malaysia for its rare- 

nium. Although these two elements were earth content. In 1976, imports of gas man- 

not statistically differentiated, it was believ- tles and thorium compounds decreased. 

ed that the amount of thorium exported
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WORLD REVIEW 

The predominate source of the world’s among market-economy countries. The 
thorium is monazite, a byproduct of tita- small world demand for thorium, however, 
nium and tin mining. Australia, India, Ma- is not reflected by the quantity of this 
laysia, Brazil, and the United States contin- production, since monazite is processed 
ued to be the leading monazite producers mainly for its rare-earth element content. 

: Table 3.—Monazite concentrate: World production, by country | 

. (Short tons) 

| Country! 1974 1975 1976” 

Australia._______________-________----------------- 73.943 4,968 5,016 
Brazil__________._.-------------------------+----- 1,818 T €1 600 ©1,600 
Indiae__________________ eee 3,300 3,300 3,300 
Korea, Republic of€_.._./_______---___---~--------+----- 10 10 10 
Malaysia? ____________________________------------ 1,965 3,621 2,071 
Nigeria____\________________------~-------------- 12 r e909 £20 
Sri Lanka _____________--____--_---__------------- 6 res, 1 
Thailand _________________--_--------------------- 486 405 £400 
United States ______________-__-________---_---_--- Ww W Ww 
Zaire ________ eee 261 328 265 

Total. _§_-_________--_----------------------- 11,301 14,257 12,688 

Estimate. Preliminary. "Revised. W Withheld to avoid disclosing individual company confidential data. 
1In addition to the countries listed, Indonesia and North Korea may produce monazite, but information is inadequate 

to make reliable estimates of output levels. 
2Exports. | | 

Australia.—According to the Rutile & advanced fuel technology must be developed 

Zircon Development Association, Ltd., 1976 before | the thorium cycle could be imple- 
monazite production by member companies, ™ented. . 
by state was as follows: New South Wales, Germany, West.—Construction of the 300 
1089 short tons: land. 227 short megawatt pebble-bed thorium high- 

Woy sno ns; Queensland, snort temperature reactor (THTR) at the 
tons, and Western Australia, 3,698 short amm-Uentrop station of Vereinigte 

tons. ; Elektrizitaetswerke Westfalen AG contin- | 
Metals Exploration Ltd. and Alliance Oil ued. Completion of the THTR developed by 

Development Australia NL announced the Hochtemperatur-Reaktorbau GmbH was 
discovery of mineral sands containing about reschedwed or mid- ce San Diego) h 

800,000 short tons of heavy minerals at , Tena. ctomic ©0. fs a we me 
Cataby, 9 miles north of Perth.’ The heavy 30° t0Ur brerman ane ioe TTR io The MAY: AVY developing a gas turbine HTGR. The 
minerals contain about 1.5% monazite. gas turbine powerplant would not require 

Westralian Sands Ltd., a producer of bypro- cooling water since waste heat would be re- 
duct monazite, resumed full scale mining leased to the air. 
operations at Yoganup.® The mine and India.—An estimated 500,000 tons of 

treatment plant had been on a care and ronan sands found "GC a 16 mile Pon 
. . e coas areas of Ganjam an ri 

maintanence basis due to low demand for districts in Orissa State was reported by the 

menite. Minister for Mining and Geology." 
Canada.—Research continued on a tho- 

rium cycle for the Canadian-deuterium- roettining Journal. Mineral Sands at Cataby. V. 287, No. 

uranium (CAN DU) reactor. Studies indicat- «European Chemical News. Newsbriefs. V. 29, No. 752, 

ed that thorium could probably be burned “Nuclear News. West Germany Taking the Initiative. V. 
in combination with enriched uranium or 19, No. 8, June 1976, pp. 79-87. 

plutonium in the CANDU with minor if any ped by U SBuropean Team. V- 119, No. actor Will Be Develo 
; p.l. changes. However, since the CANDU pres- 1ifngineering & Mining Journal. India: Monazite Sand. | 

ently uses only unenriched uranium, an __V. 177, No. 5, May 1976, p. 180.
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: | TECHNOLOGY 

A patent was issued for the extraction of and the HTGR steam cycle. The gas turbine 
‘columbium, rare-earths, and thorium from HTGR was of particular interest since it | 

pyrochlore.’? Thorium has never been com- would require no cooling water, could be — 
_ mercially produced from pyrochlore, which used in arid regions, and would still reach | 

is a major source of columbium. | thermal efficiencies of over 40% under 
A thorium-containing personnel neutron these conditions. 

dosimeter, to be worn as a monitoring Research on the use of thorium-fuel in a 
| device for recording radiation exposure, was GCFR nuclear power system were still un- 

developed.** When a fast neutron hits the derway by ERDA. The GCFR utilizes the 
thorium target, the fission fragments given coolant and nonnuclear component technol- 
on ar © recone on a detector on at on ogy of the conventional HTGR. GA ex- , 

periodically removed for analysis. 1niS pected the GCFR, under steady-state condi- 
new dosimeter was reportedly insensitive tO tions, would produce enough fuel for four 

| gamma rays and X-rays and relatively in- thermal reactors. 

sensitive to gent, femperature, and pam ERDA was expected to load the Shipping- 
ity compared with some conventional do- ,or¢ LWBR with thorium-conta{ning fuel in 

| simeters. The suciear Regu ratory Ke mms" 1977. Successful operation of the Shipping- 
sion ‘tio Oe son, a ‘does a ters cor port LWBR might permit conversion of 
tais mption t r ope th n 50 Nh TS Of operating or presently planned pressurized- 
thoriucn nol mor | san mimgrams ot water reactors to thorium-containing 

A 2-year occupational health study to UWB aprehe . tudy of the thori 
determine possible effects of thorium on the fu 1 "le in nsive § t y OF tne d ‘ctedt* 
human body was begun by the Argonne by. ERDA dering. 1976: re sits we uc b- 

| National Laboratory of ERDA."* The study i hed j ly 1977 In; al f if were dic 
was to involve over one hundred former /J8hed in early 197%. Initial findings indica- 

- employees of the now-closed Lindsay Light ted that the use of the thorium-fuel cycle in 

and Chemical Co., a former thorium. proc- thermal reactors would result in better 
essor. uranium utilization, and in some cases, 

| | Research continued on the thorium fuel better economic performance, as well as add 
cycle in several different reactors, including flexibility to the nuclear industry in case of 
the HTGR, LWBR, CANDU, light-water delays in development of fast-breeder 

reactor, liquid-metal fast-breeder reactor, reactors. A mixed uranium/thorium fuel 
and gas-cooled fast-breeder reactor (GCFR). cycle would have the added advantage of 
Large-scale development of any of these Permitting a “denaturing” of recycled fis- 
reactors could substantially increase the Ssile fuels, since U2ss can be diluted with 
consumption of thorium. Vass. 

General Atomic Co. (GA) developed unit _——————— 
processes and equipment for reprocessing DE tall opened P to Socicté Francaise 

HTGR fuel and designed and developed an _ pyrochlore Concentrates. US. Pat. 3 947,542, Dee. 7, 1973, 
integrated line to demonstrate the head end y SUS. Nuclear Regulatory Commission. News Releases. 
of HTGR reprocessing using unirradiated 14Chemi cal Ex, neering Pr . 
fuel materials. Trade-off studies were also Exposure To Be Studied. V 72, No. 10, October 6 ee 
made concerning the required design of _ ‘General Atomic Co. Quarterly Progress Report for the 
facilities for large-scale recycling of HTGR Sate Sane Se 191e ee py Thorium iilzation Pro 
fuels, in order to guide the development tae tee Fs R., Homan, F. 3 Assessment of the Tho- 
activities for recycling HTGR fuel.* ERDA  pevelopmeny Administration tore. Energy, Researc an 
and GA also studied the gas turbine HTGR 197,44pp ; canuey



: SO By Keith L. Harris? 7 | 

As the world economy recovered from the ed in the United States in 1976 was re- 
1975 recession, tin demand increased, re- claimed from scrap. | 

sulting in higher prices.and higher world The only primary tin smelter-refinery 
tin mine production. At the end of June, 15 operating in the United States in 1976 was 
months after initiation, export controls the Texas City, Tex., facility of Gulf Chemi- 
were removed from member producing na-_ cal & Metallurgical Co. (GCMC). The major 
tions by the International Tin Council (ITC). feed to the smelter was tin concentrate from 
The ITC price range was revised upwards a — Bolivia’s state-owned Corporacién Minera 
record three times during the year, provid- de Bolivia (COMIBOL). 8 | 
ing 19% and 20% rises in the floor and The average price of Straits (Malaysian) 
ceiling prices, respectively. Over 19,000 met- tin for New York delivery in 1976 was : 

ric tons? of the ITC buffer stock was sold 379.82 cents per pound, 40 cents above the | 
during the year in an effort to defend the 1975 level. The Bureau of Mines changed to : 
_ceiling price. OS os a composite price* in 1976, so the two : 

- U.S. consumption of primary and second- annual averages are not directly compar- 

ary tin increased 138% in 1976 to 62,928 able.: os : ot 

tons. The major uses for tin were in tin- On September 15 the U. S. Senate ratified 
plate, 33%; solder, 28%; bronze and brass, the treaty authorizing U.S. membership in 

12%; chemicals, 9%; and babbitt, 4%. Most the Fifth International Tin Agreement : 

of the Nation’s tin, in the form of slabs,. (ITA). The United States signed the Agree- 7 

bars, and ingots, was imported from Malay- —————_—— 
sia, Bolivia, and. Thailand. Less than 100 ‘Physical scientist, Division of Nonferrous Metals. 

tons of tin came from mines in Colorado and __,, Unless otherwise specified, all units are metric tons of 
New Mexico. About 18% of the tin consum- SSee price section for explanation. | 

Table 1.—Salient tin statistics 

(Metric tons) 

a 
1972 1973 1974 1975 1976 

United States: 
Production: 

Mine ______________-------- Ww WwW Ww WwW Ww 
Smelter __________~--------- 4,369 4,877 6,096 6,500 5;700 
Secondary _.____------------- 20,504 20,806 19,200 715,869 16,446 

Exports (including reexports) _______-_-- 1,152 3,461 8,550 3,596 2,338 
Imports for consumption: 

Metal________________------ 53,298 46,581 40,238 44,366 45,055 
Ore (tin content) _________------ 4,284 4,875 5,971 6,415 5,733 

Consumption: 
Primary ____________-~------- 54,360 59,075 52,439 43,620 51,767 
Secondary __._______--------- 15,952 16,763 13,341 12,180 11,161 

Prices, average cents sper pound: 
Straits tin, in New York _________- 177.47 227.56 396.27 339.82 379.82 
Straits tin, ex-works Penang _ ~~ — _ — - — 168.24 214.10 355.72 303.55 338.94 

World Production: 
Mine __________--_------------- 244,183 237,847 232,880 224,180 225,755 
Smelter _________--------------- 240,124 233,874 236,198 °230,596 228,856 

Oe ee 

TRevised. W Withheld to avoid disclosing individual company confidential data. 
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ment. on October 28, marking the first time duced in Congress to authorize additional , 
the United States had joined a metal com- _ tin disposal from the Government stockpile, : 

- modity agreement. | | but none was enacted. : ( 
: _ Legislation and Government  Pro- The depletion allowance for tin remained 

grams.— The General Services Administra- 22% for domestic deposits and 14% for  __ 
| tion (GSA) continued commercial sales of foreign deposits. ade, oO 

| tin during the year. Sales totaled 3,643 tons, | Maine and Michigan passed legislation 

| while shipments totaled 2,638 tons. The. during the year that imposed deposits on 
stockpile goal was lowered during the year disposable containers sold in those States. . 
from 41,150 tons to 33,021 tons. At yearend, Oregon and Vermont were the only other : 

| there was an excess of 173,529 tons,:of States that had similar legislation. The 
which 2,704 tons was authorized for sale legislation could decrease the use of dispos- - 

a by Congress. Several bills were intro- able tinplate cans for beverages. : | 

| oe DOMESTIC PRODUCTION —itw | 

—  BRIMARY TIN 7 _ SECONDARYTIN > | 

Mine Production.— Domestic production . The United States is the world’s largest 
of tin in 1976 was less than 100 tons. Most of producer of recycled, or secondary, tin. 

___ the year’s output came from Colorado as a Secondary tin furnishes about a quarter of 
a | byproduct or molyndenun at a Ui: Some tin the total U.S. supply each year. In 1976, 

| concentrate was produced at a placer oper- secondary tin production increased 4% 
ation in New Mexico. from the 1975 level to 16,446 tons. Of the ti 

Smelter Production.— The only domestic led in 1976. 91% wa ee all m | 
. tin smelter, GCMC, received 5,733 tons of ecycled in 1976, 91% was as an alloy 

, tin-in-concentrate from Bolivia, which Constituent of reclaimed bronzes, brasses, 
formed the base feed together with domestic S0lders, and bearing and type metals, or as 
tin concentrate and secondary tin-bearing an element in chemical compounds. Only | 
materials. Tin production was estimated at 9% of the recycled tin, mostly from new 
5,700 tons. tinplate scrap, was reclaimed as metal. 

Table 2.—Secondary tin recovered from scrap processed at detinning plants in the | 
| United States , —— 

Tinplate scrap treated__________.___________-______—_~~ metric tons__ "651,244 685,450 

Tin metal recovered in the form of— 
Metal _-_________________ ee dow 1,146 1,195 
Compounds (tin content)... ._______________~_~------_---- dos 70—§=§—§$- —§=——séh 

Total! =§ » -_-§_§ 5 eee doe 1,816 1,619 
Weight of tin compounds produced ______________-.__..~-____...__ do__ 1,344 1,348 
Average quantity of tin recovered per 

metric ton of tinplate scrap used_ _____________________ ~~ kilograms__ 72.79 2.36 
Average delivered cost of tinplate scrap _______._.___________~- per metric ton__ T$71.16 $67.26 

Revised. 
1Recovery from tinplate scrap treated only. In addition, detinners recovered 250 metric tons (368 tons in 1975) of tin as 

metal and in compounds from tin-base scrap and residues in 1976.
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| Table 3.—Tin recovered from scrap processed in the United States, by form of recovery 

| (Metric tons) 
OR 

Form of recovery 1975 1976 

Tin metal: , 
At detinning plants ________---------------------------------- 

T4513 1,445 

At other plants ___.____-----_--------------------------7-77-7--7 228 22 

Total ________------------------------ 37-3 rr "1,741 1,467 

Bronze and brass: 
From copper-base scrap _— _ - - - ---- ------------------ 7775507000007 *7,102 8,282 : 

From lead- and tin-base scrap ____-----------------------------7-7-7 42 37 

Total ___________------------------------------------- "7,144 8,319 oe 

Solder ___________--_---------------------------------77----- 
4,414 4,518 

Type metal -——----~ ~~~ ==" ~~ 7777777 _ 8TT 668 

bitt _______________-~---------------------- 
srr 569 495 

Antimonial lead _________----------------------- 
7-7 442 548 

Chemical compounds ee ee ee ee ee re 670 424 

Miscellaneous! ___________---------------------- 
7-9 12 12 

Total ____---------------------- 55 nnn 6,984 6,660 . 

Grandtotal _______-_----------------------------------- 
15,869 16,446 

Value (thousands) __~_---------------------------7777 55777 $118,886 $137,710 

"Revised. _ | : 
1ncludes foil, cable lead, and terne metal. 

. Table 4.—Shipments of metal cans’ oo | 

~ (Thousand base boxes’) oo 

1976 

Type of can 1975 1976? change 
. (percent) 

FOOD AND BEVERAGE 

Fruit and fruit juices ___ __ _----------------------------- 13,235 12,754 -3.6 

Vegetables and vegetable juices __—~----------------------~-7- 
24,490 21,895 -10.6 

Dairy-based products ___ _ _ ------------------=----------7-7 3,502 3,429 -2.1 

Soft drinks ______. ______--------~--~-------------------7- 
33,284 39,491 +18.6 

Beer_____________._------+--+-------------------7--7 
52,593 50,604 . 3.8 

Meat and poultry _____-------------------------------- 
3,185 3,342. +49 

Fish and other seafoods _______-------------------------- 
2,308 2,196 -4.9 

Coffee________-_-----_-------------------------7777 
3,523 3,549 +.7 

Lard and shortening ______ --------------------------7-7- 
2,017 2,228 +10.5 

Baby foods ______----~--------------------- 5700000007 1,427 1,619 +13.5 

Pet foods ____________------------------------777-77-7 
6,057 6,121 +1.1 

All other foods, including soups ~~ ~~ ------------------------ 14,440 13,983 -3.2 

Total _________---------------------------7-7- 
160,061 161,211 +.7 
OO 

NONFOOD . 

Oils ________--_--------------------------------7-7- 
2,306 2,465 +6.9 

Paint and varnish _______----------------------------- 5,326 5,930 +113 

Pressure packing (valve type) ——-------------------~--------- 4,814 5,086 +5.7 

All other nonfood ______------------------------------7- 
4,556 4,917 +79 

Total _______------------------------------- 
17,002 18,398 +8.2 

Grand total ______---------------------------- 
177,063 179,609 +1.4 

BY METAL 

Steel base boxes _______.___----------------------------- 
133,610 130,264 -2.5 

Short tons (thousand) _ _ _ _ _- - - ---------------------- 5,260 5,129 -2.5 

Aluminum base boxes ____—_----------------------------- 
43,453 49,345 +13.6 

Includes tinplate and aluminum cans. 
. 

2The base box, a unit commonly used in the tinplate industry, equals 31,360 square inches of plate, or 62,720 square 

inches of total surface area. 

Source: U.S. Department of Commerce. 
|
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| . Table 5.—Stocks, receipts, and consumption of new and old scrap and tin recovered 
in the United States, in 1976 A 

. 4 (Metric tons) . 

A 

Gross weight of scrap 

| _ OO OrreOoOe@@@O9m—“|s— — sX¥\x Tin recovered 

Type of scrap and . Consumption © . 
class of consumer 

Stocks . Stocks | Jan.1 Receipts ——————_—— o's) ——____-————_ 
; . . New Old Total New Old Total — 

I 

Copper-base scrap: - | | | 
qecondary smelters: . 

Auto radiators | 
(unsweated) ____ 3,696 52,515 _. 52,456 52,456 3,755 _. 2,256 2,256 

Brass, composition or , 
red __~________ 4,781 52,640 11,157 42,008 53,165 4,256 426 1,549 1,975 

Brass, low (silicon 
bronze) _______ 556 2,566 1,109 1,505 2,614 508 —_ 12 12 

Brass, yellow _____ 4,629 43,224 4,509 37,418 41,927 5,926 16 8371 387 
Bronze ___~______ 1,535 18,392 2,964 15,107 18,071 1,856 234 1,185 1,419 
Low-grade scrap and 

residues _______ 11,979 71,513 56,754 14,652 71,406 12,086 16 — 16 
Nickel silver _____ 714 2,763 324 2,475 2,799 678 3 20 23 
Railroad-car boxes _ _ 294 1,794 . __ 1,680 1,680 408 —_ 80 80 ——— ee 

Total_________ 28,184 245,407 — 76,817 167,301 - 244,118 29,473 695 5,473 6,168 ee FO HO 100 —aeeS=asa=s=S=s=amooaoaoaoaoaoaooooooaaaaaeeeee_Eeeee- 
Brass mills:* . 

Brass, low (silicon 
bronze) _______ 3,932 41,693 41,693 _— 41,693 3,652 _— _- —_ 

Brass, yellow _____ 21,669 224100 224,100 _. 224,100 23,897 117 —_ 117 
Bronze _________ 902 3,837 3,837 — 3,837 726 180 __ 180 

. Nickel silver _____ 6,558 30,655 30,655 — 30,655 _ 4,135 —_ ae _- ree 

Total_________ 33,061 300,285 300,285 _. 300,285 32,410 297 __ 297 | 
aes=ayoaoeoeoeeee—T>T—E>—>——@=KR@aQn——— 

Foundries and_ other 7 . 
Pplants:? SO 
Auto radiators - . 

(unsweated) ____ 1,098 8,888 __ 9,806 9,306 680 __ 418 418 
Brass, composition or =: 

: red 460 4,034 1,241 2,858 4,099 395 59 ~--:186 195 
Brass, low (silicon 

bronze) _______ 33 1,348 738 582 1,320 61 —_ 5 5 
Brass, yellow _____ 475 7,212 5,034. 2,267 7,301 386 __ 19 19 
Bronze Sasa 76 599 70 473 543 132 5 36 41 

; w-grade scrap an 
residues _______ 84 __ 58 — 58 26 __ __ “- 

Nickel silver _____ _— 79 __ 74 74 5 _— __ __ 
Railroad-car boxes _ _ 541 4,627 _  -8,925 3,925 1,243 __ 186 186 

Total___§______ 2,767 26,787 7,141 19,485 26,626 2,928 64 800 864 
———————————_—X<€F__V.EEEZZ={=_——/$77-_ 

Total tin from 
copper-base scrap | XxX XX XX XX XxX XX 1,056 6,273 7,329 ! 

——————_—_—_—_—_————=—==—=[==[=[==[=[=[=[=[_[__kkk;z«—»~_iq&K*&K&z&iE=~x<K—{X{X{x_{_—~—E=_—=—T>ETE_ __ ss 
Lead-base scrap: 

Smelters, refiners, and 
others: 
Babbitt_________ 140 3,144 _. 8,058 3,053 231 ~~ 415 415 
Battery lead plates_ _ 49,127 625,243 ~— 625,058 625,058 49,312 _. 863 863 
Drosses and residues 28,892 141,530 187,095 —-— 187,095 33,3827 2,648 —_ 2,648 
Solder and tinny lead 196 9,748 __ 9,603 9,603 341 __ 1,490 1,490 
Type metal ______ 2,167 18,249 _— 17,798 17,793 2,623 __ 801 801 a E 
Total_________ 80,522 797,914 137,095 655,507 792,602 85,834 2,648 3,569 6,217 OE I OY aaa eee 

Tin-base scrap: 
Smelters, refiners, and 

others: 
Babbitt_________ 27 141 — 155 155 13 _. 129 129 
Block-tin pipe ____ _ _ 5 73 _- 73 73 5 __ 73 73 
Drosses and residues 132 1,473 1,444 _- 1,444 161 789 __ 789 
Pewter _________ a 49 _- 46 46 3 __ 40 40 eden che 

Total_________ 164 1,736 1,444 274 1,718 182 789 242 1,031 
Tinplate and other scrap: 

Detinning plants ____ _- _-- 685,450 _- 685,450 _. 1,869 -- 1,869 ON OY tO 
eee S)l°: oonnm2>.[— 

Grand total _____ XX XX XX XX XX XX 6,362 10,084 16,446 
eee EES EE 

"Revised. XX Not applicable. 
1Brass-mill stocks include home scrap, and purchased-scrap consumption is assumed equal to receipts; therefore, lines 

and total in brass-mill section do not balance. 
2Omits “machine-shop scrap.”



TIN 1327 

CONSUMPTION | 

Tin consumption recovered 138% from the cellaneous alloys. The largest increases 

abnormally low level in 1975 to 62,928 tons, were recorded in the consumption of tin in 

but was still at its lowest level since 1938, solder, up 2,653 tons; tinplate, up 1,897 tons; 

excluding 1975. Primary consumption in- and chemicals, up 1,623 tons. U.S. brass 

creased 19%, while secondary consumption mills consumed 751 tons of primary tin and 

decreased 8%. Consumption was up in most 233 tons of secondary tin, compared with 

sectors, but declines were reported for 1975 levels of 481 tons and 244 tons, re- 

babbitt, terne metal, type metal, and mis- spectively. | 

\ , 
e eo e e 2 

| Table 6.—Consumption of primary and secondary tin in the United States 

(Metric tons) 
ee 

} 1972 1973 1974 1975 1976 

Stocks Jan.1! ______-__-_.___-_____-_--------- 18,855 _—-:18,787_,_:18,584 —_—20,228 19,440 
ca eS = 

Net receipts during year: 
Primary __________------------------ 55,958 60,125 . 55,382 43,188 50,031 | 

Secondary _.--_---------------------- 2,842 4,089 2,285 2,699 2,019 

Scrap ________---------------------- 14,115 13,915 12,296 10,568 10,189 

Total receipts _______-___----------- __ 72,915 78,129 69,963 56,450 62,239 : 
ea A SD 

Total available ________-__--~-------+- 91,770 96,916 88,497 76,678 81,679 
ES 

Tin consumed in manufactured products: . 

Primary _____--------------=+-------- 54,360 59,075 52,439 43,620 51,767 

Secondary _____---------------------- 15,952 16,763 13,341 12,180 11,161 

Total __________-_--~------------ 70,312 75,838 65,780 55,800 62,928 . 

Intercompany transactions in scrap — — — -----~------ 2,671 2,544 2,489 1,438 1,891 | 

Total processed ______-_~------------__ ~ 72,983 78,382 68,269 57,238 64,819 

_ Stocks Dec. 31 (total available less total processed) — - _ — — - 18,787 18,534. 20,228 19,440 16,860 

1Stocks shown exclude tin in transit or in other warehouses on January 1, as follows: 1972— 142 tons; 1973— 986 tons; 

1974— 823 tons; 1975— 70 tons; and 1976—123 tons. | 

: 
| 

Table 7.—Tin content of tinplate produced in the United States _ 

(Metric tons) 
. i / 

Tinplate Tinplate (all forms) 

waste- Tin per 

Year waste, strips, : 
cobbles, ete, Gross weight Tin content? met vlate 

gross weight — (kilograms) 
ee 

1972 ________-_--------- 455,408 | 4,269,658 21,408 5.0 

1973 __.________-------- ™473,590 4,452,779 21,608 4.9 
1974__________-------- 399,947 ™ 4,701,840 22,686 4.8 
1975 _.______---------- 336,967 ™ 4,018,285 18,869 4.7 
1976_________--------- 439,988 4,372,639 20,719 4.7 

en oa 
"Revised. 
1Includes small tonnage of secondary tin and tin acquired in chemicals.
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a Table 8.—Consumption of tin in the United States, by finished product 
(Metric tons of contained tin) 

| 1975 
Product ee Le 

. Primary Secondary Total Primary Secondary Total —— $$ eee mary Secondary total 
Alloys (miscellaneous) _ __ _____ 481 130 611 513 93 606 
Babbitt _._______________ 1,817 788 2,605 1,832 591 2,423 Bartin ____.-___________ 581 «56 637 656 102 8 
Bronze and brass _.._§$__.______ 2,626 ~ 4,929 7,555 2,860 4,796 7,656 Chemicals _....__________ 2,735 1,268 3,998 4,718 903 5,621 Collapsible tubes and foil ___ ___ 516 22 538 679 15 694 Solder. .._----__._._____ 10,669 4,406 15,075 13,506 4,222 _ 19,728 
Terne metal ______________ 267 85 352 180 9 189 Tinning_..-_____________ 1,879 17 1,896 2,284 18 2,302 
Tinplatet________________ 18,869 _- 18,869 20,766 _ 20,766 | 
Tin powder_____~._-________ 850 ne 850 1,208 _- 1,208 
Type metal__________.____ 76 189 265 66 150 216 
White metal? _____________ 1,948 269 2,217 2,098 254 2,347 Other _- 306 | 26 332 406 8 44 7 saan GC 

Total -§___-_________ 43,620 12,180 55,800 51,767 (11,161 «62,928 
eee ES CC EE tC ES 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
Includes secondary pig tin and tin acquired in chemicals. 

| 2Includes pewter, britannia metal, and jewelers’ metal. | / 

STOCKS | 

Plant stocks of pig tin declined 7% to _ temporarily dropped. Plant stocks were | 
6,856 tons, or about a month-and-a-half highest in July at 7,435 tons. Tinplate mills 
supply. As the price of tin increased during held 60% of the plant pig tin stocks at 
the year, companies cut back inventories yearend. 

a, and purchased tin when the market price | 

Table 9.—U.S. industry yearend tin stocks 
| | (Metric tons) 

ST eS esses erst ssinneesey 

1972 1973 1974 1975 1976 ——$7.. $$$ $$$ 
Plant raw materials: 

Pig tin: . 
Virgin -..-___-___--____________ 8, 288 7,658 8,784 7,090 6,613 
Secondary .____________________ 258 343 312 317 243 

In process! __________________i______ 10,246 10,533 11,132 12,033 10,004 

Total _..-- LLL ___ «18,787 18,534 20,228 19,440 16,860 

Additional pig tin: 
In transit in United States________________ 452 986 823 70 34 
Jobbers-importers _____________________ 2,763 1,153 691 2,059 1,009 
Afloat to United States ____-_-______________ 3,785 3,688 4,409 4,115 3,582 

Total __-______________________ Le 7,000 5,827 5,923 6,244 4,625 

Grand total _._____________________ 25,787 24,361 26,151 25,684 21,485 
SS 

1Tin content, including scrap. 

PRICES 

The price of tin during the year was level increases at the May, October, and 
influenced by ITC-imposed export controls, December ITC meetings; after the ITC re- 
buffer stock purchases and sales, specula- vealed that the buffer stock contained only 
tion, currency hedge buying, and a slowly 2,820 tons on June 30; during the suspen- 
increasing world demand. Definite rises in sion of buffer stock operations from June 30 
the price occurred in anticipation of price to July 7 as the Fifth ITA entered provision-
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ally into force; and on December 28 when July 8. Consumer and speculative demand 
the Bolivian Government announced it was evident during the rise, necessitating 
would not ratify the Fifth ITA. | the sale, through July, of over 17,000 tons of 

| The average annual price increased sub-___ tin from the buffer stock in an unsuccessful 
stantially from the depressed prices of 1975 defense of the ceiling price. After July, the 
as the world economy recovered from the price declined and remained in the upper 
recession. The average U.S. price of Straits sector of the ITC price range for several 
tin for New York delivery was 379.82 cents months. In November, prices began moving 
per pound, compared with 339.82 cents per upward, possibly in anticipation of a higher 
pound in 1975. The average Penang price ITC price range, which came into effect on 
for ex-works Straits tin was M$1,146.56 per December 9. The price then stabilized 
picul* (338.94 cents per pound) compared around M$1,250 per picul (870 cents per 
with M$963.79 per picul (303.55 cents per pound) until word of Bolivia’s decision not 
pound) in 1975. The average price for cash to ratify the Fifth ITA moved the price at 
tin, standard grade, on the London Metal yearend up to M$1,318 per picul (390 cents 
Exchange (LME) was £4,242.40 per metric per pound). , 
ton (347.42 cents per pound). All averages, Beginning in 1976, Metals Week, the 
except the U.S. average, were the highest source of the Bureau of Mines U.S. tin price, 
ever recorded. discontinued quoting a daily New York spot 

The Penang market started the year at price and initiated a composite price. The — 
M$957 per picul (283 cents per pound). composite price represents a replacement 
Buffer stock purchases and export controls cost to the consumer and not a spot price as 7 
were necessary to support the price until had been previously quoted with the daily 
late January when dealers, covering their New York Metals Week price. The Metals 
short positions, initiated an upward trend Week annual New York spot price for tin 
that peaked at the high for the year of was 30.5 cents less than the composite price — 
M$1,320 per picul (390 cents per pound) on in 1976. 

| | ‘Table 10.—Monthly prices of Straits tin for delivery in New York 

_ (Cents per pound) 

| 1975 1976 
Month te 

High Low Average High Low Average 

January _____________ 878.25 336.00 363.76 319.94 312.44 313.97 
February _.._____.__.__ 375.25 368.50 372.07 338.28 319.44 327.49 
March ~-_______--____. 370.25 363.25 366.04 354.79 337.17 347.20 
April _._-.._________ 362.50 345.15 354.10 361.17 346.81 355.46 
May _____________-__ 345.50 339.25 342.54 385.28 360.25 375.11 
June ___--_-_________ 847.75 334.50 342.48 401.50 369.39 389.32 
July _--________.____ 346.25 327.00 333.22 434.26 407.37 422.94 
August _______.______ 387.50 325.15 331.82 423.54 392.42 403.53 
September ____________ 383.50 314.50 322.77 403.46 388.78 396.38 
October ___________.___ 324.50 319.00 321.95 411.13 394.01 400.44 
November ____________ 381.00 313.00 324.03 417.13 397.53 407.78 
December ------------_ 307.25 800.75 308.07 489-45 410.8318 

Average _.________ 378.25 300.75 339.82 439.45 312.44 379.82 

Source: Metals Week. Beginning in 1976, prices are reported as a composite price. 

FOREIGN TRADE 

Exports of tin declined 35% from the 1975 Tin metal imports have always been the 
level to 2,338 tons, a more normal level than predominant portion of U.S. supply and 

that existing since 1973 when GSA _ 1976 was no exception. Of the 45,055 tons of 
commenced tin sales. Reexports continued tin metal imported, Malaysia supplied 60%; 
to be larger than exports, as has been the Thailand, 15%; Indonesia, 11%; and Bolivia, 
case since 1975. 4%. Imports of tin from the People’s Repub- 

Imports of tin-in-concentrate, all, from  }ic of China dropped substantially from the 
Bolivia, declined 11% as Bolivian labor 
problems caused a drop in shipments during = «gne picul = 183.38 pounds. One ringget (M$) = 
the first quarter of the year. US$0.39414 in 1976, US$0.4200 in 1975.
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Table 11.—U.S. exports and imports for consumption of tin, tinplate, and 
terneplate in various forms . | | | 

emer 

Tinplate circles, : 

_ Ingots, pigs, and bars Tinplate and terneplate strips, and cob- Tinplate 

. | bles scrap 

Year Exports Reexports Exports Imports Exports Imports .... 

Quan- Value Quan- Value Ua" - Value Quan- value @8D- Value QU82 Value 

(metric (thou- (metric (thou- (metric (thou- (metric (thou-. (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) . sands) tons). sands) ‘ tons) sands) tons) sands) 

1974 __ 6,003 $47,774 2,547 $15,700 434,806 $166,848 289,389 $98,349 15,781 $2,654 11,471 $861 | 

1975 _ _ 1,444 10,457 2,152 15,581 232,052 105,870 370,508 170,191 2,574 437 11,138 786 

1976 __ 540 2,998 1,798 138,967 333,954 181,364 282,928 108,308 15,279 1,949 10,506 596 
a 

Table 12.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds | | 

| Miscellaneous tin and manufactures Tin compounds 

ports Exports Imports 

Tinfoil, 7 Tin scrap | . 
tin powder, and other 

= . flitters, Dross, skimmings, tin-bearing 

_ Year _ metallics, scrap, residues, material, 
. oN : Quantity Value 

tin and and tin alloys, n.s.p-f. except (metric (thou- 

manufactures, tinplate tons) sands) 

. n.s.p.f. scrap | 

Value Quantity Value Value 

(thousands) (metric tons) (thousands) (thousands) 

1974 _._______ . $9,331 1,789 $1,186 $5,950 | 189 $1,316 

1975 ~_-_ ee 7,257 2,468 2,452 4,343 122 823 

1976 _.__----- 8,148 2,666 3,550 7,391 176 1,195 

US
 

Table 13.—U.S. imports for consumption of tin, by country 

er ee SSS SKS 

. 1975 . 1976 

Country Quantity ~ Value - Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 

Concentrates (tin content): 
Bolivia _____._-_-----~----------- 6,415 $44,114 5,733 $38,529 

—TETET—E—ET—TE—E—T—T—™>—=—=—=aqzqq=q&=iiCE—=—ET
 

Metal:! | 

Australia. _§ ____.______---------- 325 2,176 198 1,417 

Austria__________--_----~------- _— _- 18 123 

Bolivia _______=__.---_-------~---- 149 1,185 1,978 14,181 

Brazil. _-$______--------------- 615 4,193 1,242 9,025 

Canada_________-~--_------~----- 7 59 7 60 

China, People’s Republic of __ _____----~- 6,378 39,761 1,727 - 18,195 

Germany, West _____--_---~-------- 45 310 200 1,590 

Hong Kong_ __ _---------~--------- 200 170 84 491 

India _________-_-----~--------- _- _- 100 868 

Indonesia___ ______-_--------~------ 4,371 29,823 4,972 35,160 

Japan. _________------~--------- 31 203 —_ —_ 

Korea. ____ __-__-----~---------- —- _- 21 124 

Malaysia__ ______-----~---------- 23,920 177,359 26,981 196,454 

Netherlands_ _____-_------------- _- _- (?) 2 

Nigeria. ________-----~---------- 59 454 _- __ 

Peru________--_---------------- or 1,520 55 _- 

Singapore ________-------------- 1 102 

Switzerland _________-------~----- 20 179 _- __ 

Taiwan___________--~----~------- 182 1,241 100 637 

Thailand __________------------ 7,422 50,290 6,885 47,903 

United Kingdom _____------------- 451 2,939 284 2,149 

Uruguay ________--------------- -- _- 193 1,588 

Vietnam __________------------- -- _- 50 384 

Total. ________-------------- 44,366 312,346 45,055 325,453 

rT
 

1Bars, blocks, pigs or granulated. 
27 ess than 1/2 unit.
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1975 level of 6,378 tons to 1,727 tons in 1976. secondary production figures and account 
A downward trend in imports from the in part for the differences encountered 
People’s Republic of China was expected as between U.S. production and consumption 
the internal demand of a new tinplate line of secondary tin. Imports and exports of tin 
lowered the tin available for export. in alloy such as babbitt, solder, type metal, | 

Small tonnages of secondary tin enter the and bronze are shown in the Minerals 
United States as alloy constituents in re- Yearbook chapters on copper and lead. 
cyclable solders or other alloys, or as tin- Ferrous scrap exports, including those of 
plate or other scrap, dross, skimmings, and __ tinplate and terneplate scrap, are not classi- 
residues. These imports are included in fied separately. : 

| WORLD REVIEW | | | 

INTERNATIONAL TIN AGREEMENT At the special May session, the price | 
range was raised for the second time in the 

During the year the ITC used all re- year, and the export quota for the second 
sources available to it in an effort to obtain quarter was increased from 35,000 to 40,000 
market stabilization. Export controls had tons. | 

. been imposed on member producing nations Export controls were removed June 30 
on April 18, 1975, and remained in effect during the June ITC meeting. The ITC 
until mid-1976. The buffer stock held 20,071 revealed that the buffer stock held only 

tons on December 31, 1975, and purchases 2,820 tons on June 30 and suspended its 

continued through January 1976. — operations until a buffer stock was reestab- 

By the March quarterly meeting, the tin lished under the Fifth ITA. Consequently 

price had moved into the upper sector of the the price of tin penetrated the ceiling to 

price range in response to increased de- Teachitshighforthe year. . 
mand and general optimism evident in all Since Bolivia had not ratified the Fifth 

nonferrous metal markets. Because of in- ITA by the deadline date, it went provision- 
creased mining costs, producers initiated ally into force July 1. The United States 

as . . . became a member for the first time. The 
and received an increase in the floor price . 

of M$50 as of March 12. Export controls Puffer stock manager was released from his . obligation to sell tin at the ceiling price and 

were not removed. By April 22, pressure on was authorized to operate at his discretion 
the ceiling price caused the ITC to schedule when the tin price was above the ceiling. 
aspecial May session. In October, the price issue was raised 
Meanwhile, Bolivia decided not to ratify again by the producers, but the council 

the Fifth ITA by the April 30 deadline, deferred a decision until cost data were 
claiming the ITC price range for tin was not provided by the producers. The data were 

high enough to cover Bolivian mining costs. submitted, and a price rise was granted on 

A delegation headed by the ITC chairman December 9, although the United States 
went to Bolivia and persuaded the Govern- voted against it. A comparison of the ranges 
ment to announce its intent to ratify the at the beginning and end of the year fol- 

agreement by April 30. lows: , 

Jan.1,1976 - Dec. 31, 1976 
US. US. 

M$ per picul equivalent M$ per picul equivalent 
cents per pound cents per pound 

Floor price __.___-------------- 900 266 1,075 318 
Lower sector __________--------- 900-980 266-290 1,075-1,150 318-340 
Middle sector _____._____-------- _980-1,040 290-307 1,150-1,250 340-370 
Upper sector ________--__------- _1,040-1,100 307-325 1,250-1,325 370-392 
Géiling price ne 1,100 325 1,825 392 

eee eee
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Bolivia did not ratify the Fifth ITA dur- head grade of tin and a recovery of 56.95%. . 
ing the year. The agreement could be Reserves were down 175,000 tons to 1.7 
provisional for only 1 year before it must be million tons, and the average grade dropped 
renegotiated. Definitive entry into force of to 0.79% from 0.82% in the previous year. 
the Fifth ITA required the signature of at Ardlethan mine production declined 130 
least six producing nations that held over tons to 1,180 tons during the year ending 

| 950 of the 1,000 producer votes in the November 23, 1976. Ore reserves were down 

| Fourth ITA. Bolivia held 179 votes. 10% to 1.8 million tons, but the grade 
. Australia.— Tin production, up for the increased to 0.59%. The company operated 
first time since 1972, totaled 10,364 tons for ata loss during the year. 
the year. Increased output by Australia’s Bolivia.— Tin mine production increased 
two largest producers, Renison Ltd., up 750 4% over the 1975 level to 29,812 tons. 
tons over that of 1975 to 4,533 tons, and Production by COMIBOL, at 20,540 tons, 

Abminco N.L., up 321 tons to 1,691 tons, was down slightly, but medium and small 

ended the downward trend. mine production increased 15% and 32%, 
Renison, a subsidiary of Consolidated respectively, to 6,665 tons and 2,607 tons. 

Gold Fields Australia Ltd., mined 505,703 Tin exports totaled 30,355 tons, 15% above 

tons of ore and treated 494,339 tons of ore 1975 exports. The tin exports, valued at 

containing 1.24% tin during the year end- $227.9 million, accounted for 37% of the 
ing June 30. Recovery of metal dropped to value of total Bolivian exports and 60% of | 
65.83% from 68.8% in the previous year the value of mineral exports. 
because of the higher proportion of refracto- Bolivia announced a major capital invest- 
ry ore in the concentrator feed. Proven and ment program for the minerals sector. In- 
probable reserves increased 839,000 tons to vestments totaling $621 million over the 
9.9 million tons, but the average grade next 5 years were planned in mining and 

, decreased from 1.34% to 1.24%. Additional metal processing. By 1980, domestic tin- 
: - diamond drilling was planned in the Mount smelting capacity was expected to be 32,500 

. Lindsay, Tasmania, joint venture area. Re- tons, and tin mine output to be 35,000 tons. 
| sults from the first five holes were encour- COMIBOL experienced a miners’ strike 

aging. Renison joined with other companies in June, and settlement required a 30% 
to explore the Doradilla tin prospects, wage increase to all employees. Also includ- | 
southwest of Bourke, New South Wales, and ed was a $136 million social amenities and 
the Mount Moss tin prospect, northwest of housing program. Although COMIBOL’s re- 
Townsville, Queensland. A feasibility study ported costs to produce and market tin 

| by Mitsubishi Metals Corp. was commis- increased 25% to $3.80 per pound during 
sioned by Renison for a 7,000-ton-per-year 1976, profits reached $3 million on sales of 
tin smelter to be located in Tasmania. The $255.3 million compared with losses of $10.7 
study will be concluded in 1977. million on sales of $211.3 million in 1975. 

During the year the Aberfoyle Group The Catavi mine, the world’s largest un- 
reorganized, with Aberfoyle Tin Ltd. trans- derground tin mine, produced 5,418 tons of 
ferring all operating interests to Abminco tin. Golder Associates, Inc. completed a 
(formerly Cleveland Tin N.L.) in exchange geological and prefeasibility study for con- 
for shares in that company. As a result, version of the Catavi mine to an open pit 
Abminco N.L. became owner of the Ardle- operation. The preliminary study deline- 
than tin mine at Ardlethan, New South ated 80 million tons of ore grading 0.3% tin, 
Wales, the Aberfoyle mines in northeastern sufficient for 25 years of operation with a 
Tasmania, and the Cleveland tin-copper mill recovering 4,500 tons of tin per year in 
mine at Luina, Tasmania, while Aberfoyle a52% concentrate. 
Ltd. became a holding company with a The Huanuni mine, COMIBOL’s most 
61.06% interest in Abminco N.L. profitable mine, produced 4,486 tons of tin 

The Cleveland mine returned to a 7-day during the year. Huanuni, located 50 kil- 
workweek at the end of June when ITC  ometers southeast of Oruro, is next to the 

| export controls were removed. The mine Playa Verde alluvial tin deposit, which will 
treated 363,036 tons of ore with a 0.73% be jointly exploited by COMIBOL and Lon-
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| don Tin (Malaysia) Bhd. in a $10 million Perusahaan Negara Tambang Timah 

dredging project. : (P.N. Timah), Indonesia’s State-owned tin 

The -Caracoles mill was modernized to mining enterprise, was restructured into a " 

treat 8,500 tons of ore per month with a mill limited company called Perusahaan Terba- 

head of 1.8% tin. Production totaled 1,745 tas Tambang Timah (P.T. Timah) to allow it 

tons of tin-in-concentrate in 1976. Addition- greater autonomy of operation. 

al investment in mine extensions and P.T. Timah awarded the design contract 

mechanization was scheduled to increase for a new seagoing bucket dredge, the Bang- 

production 40% over the next 2 years. ka II, to F.W. Payne & Son Ltd. The dredge, , 

The Empresa Nacional de Fundiciones to be equipped with 0.62-cubic-meter 

(ENAF) smelter produced 9,185 tons of tin buckets with a maximum dredging depth of : 

metal during the year and exported 9,211 50 meters and annual throughput of 5.3 

tons. Increased production at the Vinto million cubic meters, was scheduled to be in 

smelter was the result of an increase in operation by 1979. The dredge will produce 

capacity from 7,500 tons per year to 11,500 about 1,500 tons of tin-in-concentrate per 

tons per year beginning in January. Addi- year. ; - | 

tional expansion to 20,000 tons per year was _ Timah’s Peltim smelter at Mentok, Bang- 

expected by April 1977. Work was started ka, began smelting all of Indonesia's tin 

on a smelter to be located next to the Vinto mine production in April. Capacity expan- - 

high-grade smelter to treat 10,000 to 12,500 sion from 18,000 to 33,000 tons, completed in 

tons per year of low-grade tin ore. 3 1975, precluded the necessity of exporting 
China, People’s Republic of.— Tin re- concentrates to Malaysia for smelting... | | 

serves in the People’s Republic of China |. P.T. Koba Tin, a joint venture owned 25% 

~ (PRC) were estimated to be 2.2 million tons.* by the Indonesian Government and 75% by 

Tin deposits occur in six of the PRC's three Australian firms, operated three 

Provinces, but the PRC has published quan- 8° avel pump mines in the southeast Bang- 
tities for only the Haifeng and Chaoan ka district. About 1,000 tons of tin-in- 

districts in Kwangtung. Each district was concentrate was produced in 1976. Two 

estimated to have reserves of more than small 0.08-cubic-meter bucket dredges un- | 

200,000 tons of tin metal. Exports of tin, at der construction in Malaysia were expected | 

6,458 tons, declined 50% from the 1975 0 begin operation in 1977. Reserves of 
level. The PRC has exported an average of 36,000 tons of tin have been blocked out at 

7,500 tons per year over the past 10 years. the property. a 

The new 100,000-ton electrolytic tinplate _, Billiton Exploratie Maatschappy) Indone- 
line at Wuhan, to be commissioned in 1977, sla, B.V. (BEMI) ordered a $25 million, 0.85- a. 

will divert some of the exports to internal cubic-meter bucket dredge to exploit its | 
consumption. concession in the Pulau Tudjuh area. The 

Germany, East.— East Germany will dredge, designed by Mining & Transport 

expand its tin production by nearly 45% by Engineering FY and built Sy arene oe 

1980 through the use of the Soviet-devel- Yard Ltd., will begin operations ‘ate in 
oped Kivcet process. The electrother- and recover about 1,700 tons of tin per year. 

mic process may improve recoveries to as P. een ON Pty. indonesia om 

much as 70% of the tin content of the high- the Kel K ina Sage of deve Bit a | 

sulfide ores mined in the Erzgebirge region. isle 1 Dev boring e vol ted the wae 

Indonesia.— Indonesia established new and. Dewatering was completed, tie ur 

regulations for negotiating mining con- derground workings were partially rehabili- 

tracts, replacing those rescinded in 1972. No tated, and exporauen a additional to 

contracts had been signed in more than 4 serves continued. £4 leasiuny study was 

years. The regulations provided for duty- be completed for presentation to the Indone- 

free imports of equipment and materials, a sinMaloysio meee produc tion was at its 

corporate income tax of 35% for the first 10 lowest level since 1964. A total of 63,401 

years and 45% for the ete “ y Se eoital tons was mined, 1% below the 1975 level. 

additional Oe aa ines the Frat 4 The State licensing policy and high taxation 

inves f sdvcti 10% rt tax reportedly were the main factors in the 

years of production, a 10% export 6x, Continuing decline in Malaysia's in output. 
processed in Indonesia, and supervision by t yearend there were 5! tin eS, 

Bank Negara Indonesia of foreign exchange —_—_sj,onnikov, A.B. Mineral Resources of China. Geol. Soc. 
earnings from mining exports. of America, Boulder, Colo., 1976, 500 pp.
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gravel pump mines, and 36 opencast, under- Thailand and Nigeria, that produced 27,322 
ground, and other miscellaneous mines in _ tons of 70% to 75% tin concentrate in 1976, 

2 operation, reflecting an 11% decrease in or about 8.5% of the world tin mine pro- 
total active mines from yearend 1975 levels. duction. The LTC purchase was a major | 

| Gravel pump operations accounted for 50% step in furthering the Malaysian Govern- 
of the concentrate produced; dredging, 36%; ment’s new economic policy of 70% domes- 
opencast mining, 4%; underground mining, tic private ownership in the tin industry by 
3%; and miscellaneous sources,7%. The tin- 1990. , 

| mining labor force declined 7% to 36,828 _ Ayer Hitam Tin Dredging Ltd. displaced 
workers at yearend. _ Se : Berjuntai Tin Dredging Bhd. as Malaysia 8 

| Metal production, at 78,017 tons, was 6% largest tin-producing company. Ayer Hi- 
. below the 1975‘-level. Exports of metal *@m’s No. 2 dredge worked very rich deep 

increased to 82,164 tons over the 77,635 tons Sround for yer cron, thereby more 
| in 1975. Imports of tin-in-concentrate total- than doub ing pr uction to 6, tons 0 tin | ed 8,156 tons, down 56% from those of 1975 Concentrate in 1976. This was the highest , »* . | _ tin production by any private tin-mining because of decreased imports from Burma ee ao . ge | | eae Poe company in the world since nationalization 

and Indonesia. . ue of the large Bolivian tin-mining companies Industry officials expressed concern over ;, 1959 | 

problems that curtailed prospecting activity Berjuntai’s production increased 8% to _ 
and created a poor investment climate. 4 915 tons of tin concentrate. The company’s 

meavy vaxanon Mean h substantial ccterrent, new No. 8 dredge began production in 
| he tin industry, the most heavily | September. Both the No. 8 and the No. 7 

industry in Malaysia, paid export duties, dredges were working areas that have re- 
export surcharges, and taxes on tin profits, serves for 18 years of production. Nos. 2.and | 
development, and income. In some cases, 3 dredging areas have reserves for 12 years; : 
these taxes were over 70% of gross mining No. 4, about 16 years; No. 5, 3.5 years; and 
profits.. Delays in processing applications No. 6, 23 years. . | 

| for mining leases and the possible rejection Malaysian Tin Dredging Ltd. produced 
of lease renewal applications have been 2,895 tons of tin concentrate in 1976, 4% 
major contributors to declining production above that of 1975. The Perak State Govern- 
over the past 4 years. Streamlining the Re approved mr aversion o ie Kinta 
application process and reduced taxation River, which will result in a -hectare 
hee been: recommended. Also, the new addition to the mining area. The additional 
economic policy of 30% Malaysian particip- reserves will increase the life of four of the . 
ation in the national economy was reported company’s five dredges to more than 10 
to have had a negative effect on tin pro- years. Reserves for the other dredges were 
ductivity. sufficient for 8 years of operation. 

A $6 million aerial and geochemical sur- Southern Malaysian Tin Dredging Ltd., 
vey was to be conducted over 30,000 square with production of 2,403 tons of tin concen- 
kilometers in Kelantan and Pahang to lo- trate during the year, completed the diver- 

cate new sources of tin and other minerals. SiO of the Chenderiang River to limit The program, to be financed by the Cana- flooding and to fulfill a condition of the 

dian Government, will take about 3 yearsto !ng lease for the Degong Road property. ? The ITC tin export control period required 
complete. . 5 (P sub- cutbacks of 84 dredging days at the Tanjong 

. Perbadanan Nasional B hd.'s (Pernas) su Tualong property and 43 days at the Degong 
sidiary, Pernas Securities (the Malaysian Road property : 
Government investment branch), through Austral Amalgam ated Tin Bhd.’s pro- 

an expenditure of $68 million, became the duction declined 16% from the 1975 level to 
, major owner of the London Tin Corporation 1,290 tons of tin concentrate owing to the 

(LTC), the world’s largest tin investment closing of one of its three dredges after 

a oup and tne lar Best nocer of way Stan exhaustion of reserves. Kuala Kampar Tin 
In mines. rernas urities establis Fields Bhd. was also forced to close one of 
New ratewines. Te as i ovging com its dredges when operations became uneco- 
pany to buy . exchanged shares nomic. 

with Charter Consolidated Ltd. for Char- Although Pacific Tin Consolidated Corp., 
ter's Malaysian interests. As a result, Per- the only U.S. company mining tin in Malay- 
nas held 71.35% of NTW, and Charter held sia, decreased tin production slightly in 
28.65%. NTW has interests in 18 mining 1976, income before taxes increased 68% 
companies, mostly in Malaysia, but also in _ because of increased tin prices.
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The Selangor State Development Corp.’s tin at about the same rate as in 1975. 

(SSDC) mining subsidiary, Syarikat Timah Rooiberg Minerals Development Co. Ltd. 

Langat, began trial operations of its first operated four mines at the Rooiberg tin 

dredge. The .0.7-cubic-meter, $5 million field 56 kilometers west of Warmbaths that 

dredge operated at a concession of 800 produced 3,710 tons of tin concentrate. 

hectares at Dengkil in the Kuala Langat The decreasing grade of ore mined at the 

forest reserve. — Hartebeestfontein mine (‘‘A” mine) was off- 

Charter and its subsidiary company, Tro- set by an increase in grade of ore treated at 
noh Mines Ltd., stopped exploration at its the Leeuwpoort mine (“C” mine). Surface 

Kuala Langat concession joint venture with drilling at the “A” mine delineated a new 

the SSDC after SSDC notified Charter it did medium gr ade area that may be amenable : 

not have funds to reimburse Charter for its 0 open pit mining. | 
share of the development costs. Political Union Tin Mines Ltd. produced 1,619 tons 
uncertainty and equity apportioning of the of concentrate during the year, up 2% over 

55% SSDC-36% Charter-9% Tronoh joint the 1975 level. Underground reserves were 

venture were contributing factors in the atin dene Pome e con’ the t year of aout 

cessation of operations. | 10N, nai. n in price, bu 

Conzinc Riotinto Malaysian Sdn. Bhd. reworking of the tailings dam may extend 

recovered 1,079 tons of tin at its single- On niplan nee Mining Co. Ltd. South 

dredge operation on a 550 hectare Kuala oe . 7! : 

Langat concession. It joined with the Pa- — Africa s smallest tin producer, was instal- 

hang Tenggara Developent Authority in a ling a se ti mill to down ali amare | 

30%-10% joint venture to explore for tin sap aty . f je uction trate . 1976. igntly to 

and other metals in Pahang Tenggara. Thail: ° d in “legal: fe by ti 

Nigeria.— Tin production continued to b alane.— becan lesa oF £ y suction 

decline for the eigth consecutive year to oat operations became ‘ess of a problem in | 

3,710 tons in 1976, the lowest level since the 1976 after the Government allowed the 
Bureau of Mines began publishing world boats to operate in the near-shore portio n of 
roduction data in 1921. Increased costs for the concessions of the nationalized Thailand . 

F 1 d labo " ti d to vl Exploration and Mining Co., Ltd. (Temco). ! 

uel, power, and labor continued to plague the independent miners were required to 

the Nigerian tin industry. . ; register their operations and sell their out- 

Forty percent of Amalgamated Tin Mines put to the Government. Thailand’s official 

of Nigeria (Holdings) Ltd. (ATMN), Niger- production increased 4,000 tons over the | 

ia’s largest tin-mining company, was sold 1975 jevel to 20,453 tons, with the suction 
to the state-owned Nigerian Mining Corpo- boat operations producing 4,683 tons. __ | 

ration (N MC). The acquisition was aimed at After numerous false starts and frequent 

giving Nigeria a voice in the exploitation changes in political leadership, the Thai 

and expansion of mining operations. Government and Billiton reached a pro- 

Although ATMN reported an increase in quction-sharing agreement over the na- 

production of 156 tons from the previous tionalized Temco concessions. The 5-year 
fiscal year, the proceeds in terms of Niger- agreement, with provisions for an exten- 

ian currency were considerably lower. Work sion, allows a 69% Billiton - 31% Thai 

began in mid-November on ATMN’s Sabon Government split of profits on production 

Gida tinfield. Due to the depth of the under 1,300 tons per year, a 50%/50% split 
deposit and the time needed to move the of profits on production over 1,500 tons per 
overburden, tin production was not ex- year, and a 40%/60% split of profits on 

POE Oe etal Mi ¢ Niceria Ltd production over 1,700 tons per year. 
e ines of Nigeria Lid., Aokam Tin Bhd., Southern Kinta Consoli- 

continued development at its Liruie pros- dated Ltd., and Tongkah Harbour Tin 

pect in Kano State at a reduced level while Dredging Bhd., all owned by LTC, were 

an agreement was reached on the formation closed by illegal strikes late in January. 
of a new company, Ririwai Mines Ltd. NMC Operations at Aokam and Tongkah Har- 

was the major shareholder, with Gold & bour resumed in April after a new agree- 

Base retaining 20%. A mine is to be estab- ment was negotiated with the labor union. 

lished with a treatment plant capable of Southern Kinta did not resume operations 

processing 900 tons of ore per day. Pro- during the year owing to lease difficulties. 

duction was expected to start in 1979. Aokam, the largest tin producer, mined 

South Africa, Republic of.— The coun- 2,441 tons of tin concentrate in 1975 but 

try’s three tin producers continued to mine only 1,490 tons in 1976. Combined pro-
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duction of Southern Kinta and Tongkah tion. An underground haulage system was __ 
Harbour was only 448 tons of concentrate in installed, and a second underground crush- | 
1976, compared with 1,337 tonsin 1975. er was installed at the 658-meter level. The | 

United Kingdom.— Although mine pro- Dolcoath North lode was opened up on four 
duction declined 7 tons from the 1975 level levels, adding to ore reserves. Continued 
to 3,323 tons in 1976, the outlook for the evelopment work was expected to bring = 
United Kingdom’s tin mining industry im- a ue sha a “ t Pi Se ‘i years. The 
proved as a result of higher tin prices. was dee ened an d cro s Miting to the 
Domestic tin production accounted for 25% jx, Penec, TOSS C 8 ne 
of the country’s primary demand. The Cor Tryphena lode started. Development con- 

‘sh Ch be of Mire felt . oducti tinued to improve mine ventilation. Pro- 
nish Vaamber or Mines tell produc ted duction at both of St. Piram’s Cornwall 
could increase if the Government initiat mines totaled 1,541 tons of tin-in-con- 
mineral rights legislation enabling mining ¢entrate. | | | 
companies to prospect or mine in Cornwall. Wheal Jane Ltd.’s production continued 

At St. Piram Ltd.’s South Crofty mine, to decline, with output of tin-in-concentrate 
the country’s largest tin mine, a $1.4 mil- down 11% from that of 1975. Low tin prices 
lion investment program neared comple- in 1975 limited cash flow, thereby interrupt- 

| Table 14.—Tin: World mine production, by country’. | 

| (Metric tons). a 

| Country 1974 1975 1976" 

North America: . . 
‘Canada _-____--__-~~----------------------- T8324 319 | 275 
Mexico __________________-___~____ ee 400 378 481 
United States _____________ Ww W Ww 

South America: — . 
Argentina _____. eee "556 538 3600 
Bolivia? _________________-__ i i ie 29,498 —° _—-28,735 29,812 
Brazil _.________________---------------_-_- ¥ 34 400 T 35,000 5,900 
Peru eee 155 1538 273 

Europe: 
Czechoslovakia __________________.~______-____ 148 176 3180 
France _....-__~-- ee 142, 49 _- 

Germany, East" eee eee 1,120 1,120 1,120 
Portugal _____________~__-_--~---~-----~-~---- 424 375 354 
Spain __-__-_______~_ ee 643 737 390 
USS.R& 29,500 30,000 31,000 
United Kingdom ___ 5 5 eee 3,827 3,330 3,323 

Africa: . 
Burundi® ____ eee 100 100 100 
Cameroon _______ ~~ _-_-__-_ ee 19 19 e19 
Morocco _______~___~___~~~_-_---~~-~ ~~~ 4 __ 3__ 
Niger _______-----------------------------. 79 98 €9] 
Nigeria _-____________-__ eee 5,455 4,652 3,710 
Rhodesia, Southern? __-_-§ >_> 2» 600 600 600 
Rwanda® ____ 1,300 1,250 1,200 
South Africa, Republic of _~._-_____________ ~__ 2,542 2,643 2,784 
South-West Africa, Territory of _.__________________ 781 760 735 
Swaziland® ___§_- > 5 1 T) __ 
Tanzania ____§________ ~~ LL 11 2 3 
Uganda ____________-__-------------------- 199 3117 3120 
Zaire __-_______--------------------------- 4,675 4,562 34,000 
Zambia? _______§__-______________ Le 11 10 10 

Asia: 
Burma’ ________ *600 750 750 
China, People’s Republic of€ _~_____________________ 20,000 22,000 20,000 
Indonesia _________________________________ 25,021 24,391 22,204 
Japan _. = ee 548 659 643 
Korea,Republicof ~________-___---------------- 14 4 35 
Lao _____________------------------------ 594 518 3576 
Malaysia _______________________-__ 68,124 64,364 63,401 
Thailand _______________________-_____ Lie 20,339 16,406 20,452 
Vienmam® _________________ eee 250 250 250 

Oceania: Australia _______________ ~~~ --_____ F10,481 9,114 10,364 

. Total _.____________________-------_---- 232,880 224,180 225,755 

“Estimate. Preliminary. "Revised. W Withheld to avoid disclosing individual company confidential data. 
Lo “Contained tin basis. Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, 

ndon, England. 
2Total of COMIBOL output, including COMIBOL purchases from lessees operating in COMIBOL mines and medium 

and small mines’ sales to ENAF plus their exports. 
3Estimate by the International Tin Council.
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ing Wheal Jane’s development program and about 30% of capacity during the year 
resulting in the lower output. The company owing to water seepage and labor problems. 
obtained a loan of $6.8 million, 60% of Ore reserves were over 1 million tons with a 
eich was . Provider me Grea a elon tin content of 1.85%. The capacity of the | 

: >| AG “Year mill was 200,000 tons of ore per year 
ment for driving additional access tunnels yielding 1,600 tons of tin per year per year, 

° ° . 9 . 

and improving the efficiency of the concen- Zaire-— The final phase of company 

Geevor Tin Mines Ltd. obtained a re beaar in Oe Province took Place at : 
$900,000 low-interest loan to continue its 5- Mi ‘one d , (Sy aire and syndica 
year expansion plan. Geevor mined 110,354 inlere de I Etain & ymetain) combined to | 
tons of ore during the year, recovering 948 form | Société Miniére et Industrielle du 
tons of 65% tin concentrate. Kivu (Sominki). The Zairian Government 

Production began in February at the held a 20% interest in the company. Somin- 
Mount Wellington mine of Cornwall Tin & ki produced 3,315 tons of tin in concentrate 
Mining Ltd., but the mine operated only at in 1976. | | 

Table 15.—Tin: World smelter production, by country! | 

| | (Metric tons) | 

Country | 1974 1975 1976" 

North America: — . oe . 
Mexico? ___ eee 1,200 1,000 800 

Seutinited Staten® ~---— 74 6,096 6,500 5,700 
uth America: 
Argentina? ________________________u______u_e- 120 120 | 120 
Bolivia® _-§ _-..---_-_-_-_-___ eee 7,049 7,533 9,185 
Brazil? ~~~ 4,850 5,400 6,600 

Europe: 
Belgium oe 3,418 4,562 4,068 
Czechoslovakia _._._________--_1 ue 120 2108 ©110 
Germany, East® ___________________-___-__----_- ™1,200 ™1,200 1,200 
Germany, West _______=_ ~~ ee L 1,384 1,306 1,449 
Portugal’... "450 409 355 
Spain —-~-------------------------------- sonnet | got gonee 
USS.R& 22 eee , , 1, 
United Kingdom _____________-__--__-------.. 20,404 11,520 9,848 

Africa: 
Morocco? ______ 5 § ee 5 (8) __ 
Nigeria -_-_____---_ 2222-22222 loll lio 5,574 4,677 3,667 

Rhodesia, Southern* —~___________ ~~ ee 6 600 
South Africa, Republic of __._________.._.-_-______ 854 780 683 
Zaire ~-_________-_----------------------- 1,016 648 2600 

Asia: 
China, People’s Republic of€ _~_____________-.______ 20,000 22,000 20,000 
Indonesia __ ~~~ 15,066 17,825 22,202 
Japan ___ eee 1,328 1,212 1,144 
Malaysia ____.____-____--___----~-~----~---~--- T 783,063 83,070 78,017 ‘ 
Thailand — -_-—~-~-~-------~----------------- 19,827 16,630 20,337 
Vietnam® __~_~____ ee 200 200 200 

Oceania: Australia ~_-_-______ LLL . 6,714 5,254 5,603 

Tota] .._-. -- eee ¥236,198 230,596 228,856 

, *Estimate. Preliminary. "Revised. 
Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, London, England. 

imate by the International Tin Council. 
$Smelter output from domestic ores is as follows in metric tons: 1974— 400; 1975— 378; 1976— 481. 
“Includes tin content of alloys made directly from ores. 
auin content of production from Metabol and Peru smelters plus exports by ENAF smelter. 
Revised to zero. 
7Includes small production of tin from smelter in Singapore.
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: . TECHNOLOGY . | 

| The Institution of Mining and Metallurgy ence on Tinplate.1 Papers on marketing, 
| sponsored a meeting in London on tin tech- production, canmaking, can performance, 

nology and economics.* Papers were pre-  lacquering, quality control, and metals re- 
sented on surface and underground pro- clamation were presented. . 

duction, tin ore treatment, smelting, refi- Bethlehem Steel Corp. developed an 
ning, marketing, and uses of tin, impact of organic-coated blackplate.’? It was stated 
substitution, and tin supply anddemand. __ that. although the process was not competi- 

A process was developed for recovering tive with 0.25-pound-per-base-box tinplate 
underground sulfidic or oxidic ores. of tin in when coated at a toll coater’s facility, it was 
metallic form.’ Electric induction heating competitive when coated at the end users 

by alternating current was used to melt and jnhouse facility. A  single-side organic- 
break the ore, yielding metal which was coated blackplate would offer a savings 

_ pneumatically pumped to the surface. over the 0.25-pound-per-base-box tinplate 
A sled for recovering sedimentary tin whether coated inhouse or by a toll coater. 

from the ocean floor was developed.* The =A new miticide based on bis (trineo- 
sled incorporated a bucket elevator mecha- phyltin) oxide for controlling a wide range 
nism that was loaded from a concentrate of plant-feeding mites became commercially 
collector on the sled and emptied onto a ayailable.** Research on lead-calcium-tin al- 
surface vessel. 7 loys for use in maintenance-free batteries 
Continued research on froth flotation was summarized, and commercial applica- 

beneficiation of tin yielded several patent- tions of such alloys were discussed.* Lead- 
able processes.’ One process, requiring rela- ¢opper-tin batteries offer prolonged shelf 
tively low-cost reagents, uses a coarser feed ife’ and reduced battery failure due to 

than usual and has increased yield. Flota- positive grid oxidation. They require no 
tion can take place between pH 2.0 and 8.0 water additions in normal circumstances. 
in the presence of alcohols and/or oils as ) 

frothers and sodium hexafluorosilicate or -  éyjining Magazine. Tin-Technology and Economics. V. 
sodium silicate as a suppressant. Another 136, No. 2, February 1977, p. 93; available from the 

| method uses a cyanide reducing agent to Institution eed 44 Portland Fiace, 
lower the valence state of the tin-containing 7Tin International. Tin Recovery Processes. V. 50, 1977, 

particles, improving their floatability inthe on, International, Tin Recovery P v.49. 1976 
presence of an olefin alcohol or propargyl  p. 426. nen 
carbinol collector agent. °fngineering and Mining Journal. Patents. V. 178, No. 

. . : 3, March 1977, p. 238. . 
Australia’s Commonwealth Scientific & Tin International. Tin Recovery Processes. V. 49, 1976, 

Industrial Research Organization (CSIRO) _ p. 200. 
developed a highly efficient method of pro-  y ec New Australian Smelting Process. 
cessing low grade (20% to 30%) tin ‘International Tin Research Institute. First Internatio- 
concentrates.*° The submerged combustion 4! Tinplate Sete England, Oct. 5-8, 1976. 

. process uses a double tubed lance to inject — 12VanderVern, P.J., D.C. Shah, G.A. Perfetti, and H. 
reductants and air below the surface of the Darlington. Coated Blackplate: Steel's Salvation in Beve- 
molten concentrate. CSIRO claimed the pro- 60-64 ane’ RNS Ne OE INO. By CBINERY OY BB 
cess is at least 20 times faster and more 3Evans, C.J. A New Organotin Miticide. Tin and Its 

energy efficient than conventional melting §7°” Quarterly Review (Tin Res. Inst.), No. 110, 1976, pp. 
techniques. 14Dinsdale, P.M. Lead-Calcium-Tin Alloys for the Lead- 

The International Tin Research Council noid Battery Nei, 1976 ee Se ee OTT 
sponsored the First International Confer- pp. 13-15.
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Titanium | 

By Langtry E. Lynd} | 

U.S. production of titanium sponge metal 38%, 18%, and 48%, respectively. Titanium | 
in 1976 was 41% less than in 1975. Con- slag imports were 19% below the 1975 level. 
sumption of sponge metal was 13,315 tons, The main price changes during 1976 were 
down 24% from that of 1975. Ingot pro- a decrease in the price of rutile to $A230 | 

duction and consumption were each about to $A240 per metric ton ($244 to $254 per 
21,000 tons in 1976 or about 15% less than Short ton) f.o.b. Australian ports; an in- 

15, Sponge Inventories GPP rm a eben Some , tons to 3, tons, and scrap me 2 aM Nee mss ee 

consumption increased from 8,316 “tons in Pound increase in the price of titanium | 
1975 to 9,211 tons in 1976. Titanium dioxide Hoxide pigments to 46.5 cents per pound for 
pigment production was about 718,000 tons, and ‘a decrease in the ‘rice of imported 
18% higher than in 1975. Pigment imports onge from about $2.70 to $2.45-$2.50 per 
increased to about 70,000 tons from about pound 

16,000 tons in 1975, p robably due to larger Legislation and Government Pro- 
imports by NL Industries, Inc. from its g)ams,—In June, the Federal Preparedness 
European subsidiaries to offset limited pro- — Agency, General Services Administration, 

duction at Sayr eville, NJ. reinstated a stockpile objective for titanium 
Domestic ilmenite production declined sponge metal at 32,329 short tons. In Octo- 

during 1976 for the third consecutive year ber, the Agency recommended a new stock- 

to 652,404 tons, down 9% from 1975 pro- pile goal of 131,503 tons, based on 3-year 
duction. However, imports of ilmenite, nat- 8 

ural rutile, and synthetic rutile increased 1Physical scientist, Division of Nonferrous Metals. 

Table 1.—Salient titanium statistics. __ 

| | 1972 1973 ‘1974 1975 1976 

ont aie trate 
“Mine shipments.._____short tons._ —- 739,801 804,355 755,338 102,252 617,896 

— WValue___________-_thousands_ _ $16,739 $20,128 $22,715 $26,946 $27,578 
Imports___________short tons__ 14,836 69,641 82,448 122,010 168,402 

& Consumption ~~ do. —-_ 786,384 807,733 851,977 747,821 822,259 
um 8. : ; : 

Imports’ do 298,259 237,248 236,272 212,682 171,624 
Consumption ____________do__ 264,095 281,791 257,125 147,965 203,964 

Rutile o concentrate, natural and 

“imports._______________do__ 220,533 226,860 246,489 224,499 281,712 
5 Consumption ~~ do. 242,758 276,907 292,661 231,430 237,718 

pe'Tmports for consumption _____do__ 3,808 5,172 6,963 4,190 1,778 
Consumption — a7 7-7-7 ~~ --- 13,068 20,173 26,896 17,626 13,315 

world amt pound. $1.32 $1.42 $2.25 $2.70 $2.70 

Hens coacntrte -—-—-short oma. 27pngge ogmina "BgIRE,O Sites LL Rutile concentrate, nafurai -——— do. 851980 «385,284 "SOT7765. © MIG775 ©—1471,053 
"Revised. 
1Excludes U.S. production data in order to avoid disclosing individual company confidential data. 

1339
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| war criteria for establishing stockpile ob- employees of its affiliate, Titanium Metals 
jectives. The quantity of specification tita- Corporation of America (TMCA), had 

nium sponge metal in the Government discussed titanium pricing with competitors 
stockpile in December 1976 was 27,853 tons. during the period 1971 to early 1976. a 

ia deition, there was 4,476 tons of nonspec- Plans; for the proposed B-1 strategic bom- 

In October, the Government stockpile per ral d woul d at fons that vificantly, oral 
goal for rutile ore was set at 173,928 tons y? 

. and total rutile stockpile inventory in De- °2¥° each of the planned 241 aircraft 
cember 1976 was 39.186 tons. would require about 175,000 pounds of tita- 

In December 1976, the Antitrust Division, um. The whole B-1 program would proba- 
U.S. Department of Justice, began an in- Dly require over 20,000 tons of ingot and 

| vestigation of price fixing in the titanium would consume about 5% to 10% of annual 
| metal industry, following voluntary disclo- U.S. mill product production for several 

sure by NL Industries, Inc., that certain years. | 

_ DOMESTIC PRODUCTION | 

Concentrates.—Production and ship- a proposed new pigment plant to be built at 
ments of ilmenite concentrate decreased 9% Mobile with a capacity of 50,000 tons per 

| and 12%, respectively, in 1976, the third year of titanium dioxide pigment and for a 
consecutive yearly decline for both catego- similar 10-year old pigment plant in Hamil- _ 

_ Ties. Titanium dioxide contained in concen- ton, Miss. The synthetic rutile plant was to 
aes hippos was os than in 1975, initially consume ilmenite from Australia 

ough the average 11U2 content increas- and employ the Benilite Cyclic Process, 
oa oom 57.6% in ohne er e 0 ee A which involves partial reduction of ilmen- 
E erorisos x, ine G ne "Cove g €. Fla, ite, leaching of the reduced ore with 18% to — 

| and heer es oe of 9% an d “5 O, fm the 20% hydrochloric acid to remove iron, and 

mines of AS ss ARCO In co rporated and SCM recovery of the acid from the spent liquor. 

Corp., Glidden-Durkee Div, both near ,1ne US. Geologica) Survey announced 
Lakehurst, N.J., were insufficient to offset ‘iscovery of a sand deposit of glacial origin, 

| decreases at the mines of NL Industries, Containing 31 million tons of ilmenite and a 
Inc, Tahawus, N.Y., and Humphreys Min- Smaller quantity of rutile. However, the 
ing Co., Boulogne, Fla. Production at the E. ilmenite occurs mainly in mixed grains, 
I. du Pont de Nemours & Co., Inc., mines, intergrown with silicate minerals and prob- 
Starke and Highland, Fla., increased about ably could not be recovered profitably under 
3%. The large decrease in production at present economic conditions.” 
Tahawus resulted mainly from reduced de- A perovskite deposit in southwestern Co- 
mand because of the prolonged strike at the lorado owned by Buttes Gas & Oil Co. was 
Sayreville, N.J. pigment plant. estimated to contain about 50 million tons 
Kerr-McGee Chemical Corp. completed 

construction of its synthetic rutile plant at 2New York Times. Titaniferous Ores Found on Ad- 

Mobile, Ala., which has a reported pro- irondack Fringe. V. 126, No. 43,197, May 1, 1976, B. 40. ai 

duction capacity of 110,000 tons per year. Upstate New York Sand Deposits. U.S. Geol. Survey News 
This plant was to provide feed material for Release, Apr. 27, 1976, 2 pp. 

Table 2.—Production and mine shipments of ilmenite concentrates’ 
from domestic ores in the United States 

Production Shipments 
Year (short tons. Short tons TiOz content Value 

gross weight) (gross weight) _ (short tons) (thousands) 

~oo- eee 677,944 739,80 553 739 
1913 222222 776,013 304°355 458541 20°98 
1974___ ee 744,571 755,338 434,605 22,715 
1975 717,281 702,252 404,269 26,946 
1976______ ee 652,404 617,896 374,989 27,578 

1Includes a mixed product containing rutile, leucoxene, and altered ilmenite.
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of TiO..2 The deposit was also reported to metal in 1976 was 41% lower than in 1975. | 

contain a significant quantity of colum- Ingot production was down about 15% from 

bium, thorium, rare-earth elements, and the 1975 levels. 

apatite. Processes to convert the perovskite Sponge producing companies were 

to titanium dioxide were being investigated TMCA, Henderson, Nev., jointly owned by 

and economic feasibility studies were being NL Industries, Inc., and Allegheny-Ludlum 

carried out. Steel Corp.; RMI Co., Ashtabula, Ohio, own- 

Ferrotitanium.—Ferrotitanium was pro ed by National Distillers & Chemical Corp. 

duced by Shieldalloy Corp. at Newfield, and United States Steel Corp.; and Oregon 

N.J., and by Reactive Metals and Alloys Metallurgical Corp., Albany, Oreg., owned 

Corp. West Pittsburgh, Pa. As in the years by Armco Steel Corp. and Ladish Corp., | 

prior to 1976, most of the production con- which resumed production late in 1976. The 

tained 40% titanium or higher. following 11 companies produced titanium 

Metal.—Production of titanium sponge ingot: | | 

Company 
Plant location 

American Welding & Manufacturing Co __---~~--~-------~------ 3-9-0 
Warren, Ohio 

Crucible, Inc., Colt Industries ___-------------
--------- 3-9-5500 Midland, Pa. 

Howmet Corp.,! Alloy Division _____----------------------------77
7777 Whitehall, Mich. 

Lawrence Aviation Industries, Inc _ ___ - ---------------------7 7-700 Port Jefferson, N.Y. 

Martin Marietta Aluminum, Inc __-_---~-----------------
---- 75-7070 Torrance, Calif. 

Oregon Metallurgical Corp ee ee ee ee en rr Albany, Oreg. 

Co ___ nn nn nn 
Niles, Ohio 

Teledyne Allvac _____----------
------------- 99-9 Monroe, N.C. 

Titanium Metals Corp. of America ___~----------------------
 700 Henderson, Nev. 

Titanium West, Inc _______-------------
-------- tt Reno, Nev. 

TiTech International, Inc ___------------------
----77 777572 Pomona, Calif. 

1Now a subsidiary of Pechiney Ugine Kuhlmann Corp. | | 

Titanium West ceased production during 40%. Rutile pigment accounted for 75% of 

1976. American Welding and Lawrence Avi- _ total production and was produced by 6 

ation began ingot production in 1976 and manufacturers. Five companies produced 

1975, respectively. anatase pigment. Companies producing tita- 

Pigment.—Pigment production was 18% nium dioxide pigment during the year with 

| higher than in 1975. Shipments were up plant location and nominal capacity in tons. 

24% and the value of shipments increased per year were as follows: 

a 

| Company and plant location _Pigment capacity (tons per year) 
Sulfate process Chloride process 

American Cyanamid Co., Savannah, Ga _-—---------------------7-77 . 50,000 50,000 

E. L du Pont de Nemours & Co., Inc.: 
Antioch, Calif ________------------------

-----------77777 _- 30,000 

Edge Moor, Del ______--------------------------------
7-- __ 160,000 

New Johnsonville, Tenn__ _ _ _ __ _-------------------------77 
__ 235,000 

Kerr-McGee Chemical Co., Hamilton, Miss — -----------------------~- -- 50,000 

NL Industries, Inc.: 
St. Louis, Mo _____------------------------------------ 

100,000 _- 

Sayreville, NJ _______-~------------------
------ 7-77-7077 125,000 -- 

New Jersey Zinc Co.: 
Gloucester City, NJ __.__-_---------------------

--- 7-7-0077 42,000 _— 

Ashtabula, Ohio _______--------------------------7-7-
7077 _- 30,000 

SCM Corp., Glidden-Durkee Div.: 
Baltimore, Md______----------------------------7

-7-77777 55,000 30,000 

Ashtabule, Ohio ~_____~_~~--------------------
~--—-----_ OE 

Total. _____-_-----------------------------------
 372,000 615,000 

Capital allocations of $40 million were 150,000 tons per year and was expected to 

made by Du Pont for preliminary work on a be completed in 1979 at a cost of about $150 

new chloride process pigment plant to be Wal Smo J . 

built at De Lisle, Miss. The plant was all Street Journal. Buttes Says Studies on Colorado 
’ Prospect Indicate Deposit of Titanium Ore. V. 187, 

reported to have a planned capacity of No. a Feb cate 6. a
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: Table 3.—Titanium metal data _ 
- | (Short tons) . 

— _ 1972 1973. ~~+1974.~~*«1975.~~*«976 
Sponge metal: 

Imports for consumption __-_____________ | -- 3,808 5,172 -6963 4,190 1,778 Industry stocks  ~~~7~ 7777777777 7~--- 1,816 1,941 3,822 5,669 3,617 Government stocks (total inventory! _____________ 35,015 32,517 81,104 31,692 «32.329 | Consumption ______________ "T7777 13'ogg 20,173 26,896 17,626 13,315 Scrap metal: 
Consumption -________-__________________ 7802 10,088 10,599 8,316 9,211 ' [Stocks ~------------- 2-996 4,447 5,517 6,132 5,764 

80" Production anna 20,267 =a ge 36,182 25,560 21,614 / Consumption ______-_____ T7777 g%499 25,409 = 31,568 «= 24,486 = 21.004: Stocks -_____________o NA NA NA 1,032 2,034 Net shipments of mill products?_______ ~~ 12,627 14,530 17,443 15,628 14,498 
NA Not available. 

1 As of December 31 each year. 
Includes alloy constituents. 
‘Bureau of the Census, Current Industrial Reports Series DIB-991. | 

: : Table 4.—Titanium pigment data | 
| - (TiO, content) . 

. Shipments! _ | | Year | Ghort iy Quantity Value, fob. 
(short tons) (thousands) 7 

1972 
693,281 725,059 = $346,624 1973 
784,996 793,991 404,639 1974 

"786,672 - —- 759,068 ' 518,409 1975 
603,429 576,097 423,701 19767 -8 8 712,940 711,774 594,846 

PPreliminary.. Revised. , | | | 1Includes interplant transfers. 

Source: Bureau of the Census. 

: million. Du Pont’s production of upgraded ville, N.J., plant, which began in early | ferric chloride as a byproduct of pigment February, was settled in December, but production at its Edge Moor, Del., plant was production was not resumed until mid-1977. expected to reach close to its 150,000-ton- The plant was operated by management per-year ferric chloride capacity by the end and technical personnel at somewhat less of 1976. The company was reported to be than 50% of capacity until September 1976. upgrading and selling about 20% of its Kerr-McKee Chemical Co. planned to waste ferric chloride in solution form early build a chloride process plant of 50,000 tons in 1976 and planned to be selling around annual capacity at Mobile, Ala. The plant 80% of it by 1979. Ferric chloride is used in was to be supplied with feed material from water purification. the company’s rutile plant that was com- NL Industries was planning to build a pleted at Mobile in 1976. 100,000-ton-per-year pigment plant using its American Cyanamid Co. appealed a deci- own chloride process which can utilize low- sion by a special hearing officer of the State er grade feed materials such as beneficiated of Georgia that the company could be fined ilmenite as well as rutile. A site in the up to $300,000 for continued pollution of the Southeastern United States near the com- Savannah River by effluent from its Savan- pany’s raw material sources was being con- nah, Ga., pigment plant. A State antipollu- sidered. Start of construction was planned tion deadline had been set for December 31, for 1979, following anticipated completion 1972. The company claimed it was impossi- of a 40,000-ton-per-year chloride process ble to build a new waste treatment plant by plant at Leverkusen, West Germany, where the deadline. American Cyanamid did open NL also operates a sulfate process plant. a new waste treatment plant in August : The strike at the NL Industries Sayre- 1975, but had operational problems
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with the process that converts pigment Georgia Supreme Court upheld a lower 

plant waste into gypsum and a nonpolluting court decision overturning the fine that had 

liquid effluent. In September 1977, the been levied against the company. 7 

| | CONSUMPTION AND USES 

Concentrates. —Consumption of ilmenite, continued to grow, but did not increase 

rutile, and titanium slag increased 10%, sufficiently to offset the decline in require- 

3%, and 38%, respectively, from 1975 levels. ments of titanium for aerospace applica- 

Metal.—Consumption of titanium sponge _ tions. | . 7 | 

and ingot decreased 24% and 14%, respec- A major industrial use of titanium in | 

tively; scrap metal consumption increased 1976 was for powerplant surface condenser 

11%. Net shipments of mill products tubing, although growth in this area was 

decreased 7% from the 1975 level, but the slowed somewhat by cancellation or delay of 

amount of castings shipped increased 7% to construction of several nuclear power gen- 

257 tons. The quantity of pipe and tubing erating plants. Other industrial applica- 

shipped, including other extrusions, in- tions expected to continue to grow steadily 

creased 16% to about 2,800 tons. The most include the use of titanium cathodes as 

significant declines were in rod and bar _ starter sheets in the electrolytic refining of 

shipments, off 22% at about 1,300 tons, and copper and use in other situations requiring 

flat rolled products, down 15% to about high corrosion resistance; for example, pulp 

3.700 tons. Forging and extrusion billet and paper industries, petrochemical and | 

shipments amounted to about 6,500 tons, chemical industries, for storage tanks, 

down 7% from the 1975 level. reaction vessels, valves, pumps, and piping. 

Aerospace applications, both military and Pigment.—Preliminary figures showed a : 

commercial, continued to dominate the 24% increase in pigment shipments in 1976, 

- market for titanium metal with production recovering most of the decrease that occur- 

of the McDonnell Douglas F-15 accounting red in 1975. Shortages, which might have ! 

for a substantial portion of mill product developed because of low inventories, in- 

shipments. The use of titanium in chemical creased demand, and the strike at the NL | 

processing and other industrial applications Industries plant at Sayreville, N.J., were | 

| Table 5.—Consumption of titanium concentrates in the United States, by product 

| - 7 (Short tons) | 

Ilmenite* Titanium slag "Rutile 

Year and product Gross TiO2 Gross TiO2 Gross TiOs 
| weight content® . _— weight content*® weight _—_content*® 

1972 _________------- 786,384 461,422 264,095 187,608 242,758 932,231 

1973 _________------- 807,733 479,231 281,791 199,287 216,907 263,365 

1974 _____________---- 851,977 501,276 257,125 182,257 292,661 277,720 

eS 

1975: : 

Alloys and carbide - ~~ - ) ) @) () 9) ?) 

Pigments ___------ 737,209 424,302 147,965 104,585  —«: 191,750 181,128 

Welding-rod coatings and 
fluxes _______-_- | (*) (?) __ __ 10,319 9,782 . 

Miscellaneous* __—-—_ 10,612 8,107 __ _- 29,361 28,013 

Total waue-----_ TAT 821482409 147,965___—104,585_281,480_"218,928 eo SOO 

1976: 
Alloys and carbide —_ ~~ () () @) (°) () (*) 

Pigments ____----- 811,975 490,845 203,964 144,506 207,440 194,950 

Welding-rod coatings and 
fluxes _____----- ?) () _- _- 8,153 7,736 

Miscellaneous* __ _ -—— 10,284 7,168 : __ __ 22,125 20,926 | 

Total _____---- 822,259 498,013 203,964 144,506 237,718 223,612 

*Estimate. 
1ncludes a mixed product containing rutile, leucoxene, and altered ilmenite. 

2Included with “Miscellaneous” to avoid disclosing individual company confidential data. 

Included with “Pigments” to avoid disclosing individual company confidential data. 

“Includes ceramics, chemicals, glass fibers, and titanium metal.
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averted by increased imports from NL’s automobile mufflers built to accommodate | European and Canadian subsidiaries and by catalytic convertors. : | increased production rates in the rest of the Ferrotitanium is the main form in which : _ industry. Excluding NL, the industry’s op- titanium is added to steel or other alloys; | erating rate was estimated at close to 85%. however, scrap titanium is used to make Ferrotitanium.—The amount of ferrotita- some of the ferrotitanium and for direct | nium and titanium metal scrap used in additions to the alloy melt. The following steelmaking increased 38% from 2,759 tons table shows the amount of ferrotitanium - in 1975 to 3,802 tons in 1976. The use of plus titanium scrap used for steel and other  _ these materials in stainless and heat- alloys in 1973 through 1976. Ferrotitanium resisting steels increased 80% to 2,008 tons. is used in 30%, 40%, or 70% titanium Most of this increase was caused by larger grades; information on the amount of each amounts of titanium being used in steels for grade used is not available. | 

| Table 6.—Distribution of titanium-pigment shipments, by industry | ; | (Percent) | 
| Industry 1972 1978 1974 1975 1976 

Distribution by gross weight: | Paints, varnishes, lacquers 
58.0 52.7 52.6 588 51.1 Paper ——--——---___ rt 204 196 (185 188 214 . Plastics (except floor covering and vinyl-coated , fabrics and textiles). 22 17 98 1138 74 106 Rubber __________ 3.6 3.2 2.7 2.8 2.7 Ceramics wa ee 
2.3 2.5 2.1 1.9 1.8 | Other _________ rt 11.8 9.9 8.9 7.7 9.5 Exports -________ rrr 1.2 2.3 3.9 26 (29 

Total -_--- 099 100.0 100.0 100.0 100.0 . 
; . 

cP ensouae—nene 

| i 
Distribution by titanium dioxide content: 

. . . Paints, varnishes, lacquers_._.-= === 52.0 52.5 . 52.5 58.7 51.1 Paper —_--____- 2 209 198 187 190 214 Plastics (except floor covering and vinyl-coated fabrics and textiles)... 2 7.9 98 113 74° 106 Rubber _________ rt 3.7 3.2 2.7 2.8 2.7 Ceramics ________ rr 24 26 2.1 1.9 1.9 Other ________ 11.9 9.8 8.8 7.6 9.4 Exports _______ rt 1.2 2.3 3.9 2.6 2.9 8D Total ------------- agg 100.0 100.0 100.0 100.0 

Table 7.—Consumption of titanium products? in steel and other alloys 
| (Short tons) 

Ta EE 
Carbon steel __________-- 981 1,065 804 976 Stainless and heat-resisting steel - + ee 970 2,386 1,117 2,008 Other alloy steel (includes HSLA) ____ 7777777777777 777 1,153 969 838 818 Tool steel___________ rrr WwW W WwW Ww __" WV WW Total steel? 

3,104 4,420 2,759 3,802 — 098,802 — 
Cast irons —— 

124 108 96 100 Superallo tot tir rr - - -  e 583 779 585 455 Alloys, other than above” ~~ ~~~7_7~777777777~~-------- 1,166 2,080 1,548 768 Miscellaneous and unspecified ______ 777777777777 TT 142 34 182 273 $B 
Totalconsumption_____.______-.---- 

5,119 7,421 5,170 5,398 
W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and unspecified.” ‘Includes ferrotitanium containing 30% to 70% titanium and titanium metal scrap. 2Except for data withheld and for unspecified included under “Miscellaneous and unspecified.”
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Figure 1.—Salient trends of titanium products, 1975-76. | 

a STOCKS 

During 1976, inventories of ilmenite, tita- ber 1975 level. Scrap inventories decreased 

a ee and rutile increased Pe km 6% during 1976. Industry stocks of vari- 
an 0, respectively. of titanium os . 
sponge inc 1 in the first quarter of ous grades of titanium pigment were 71,556 

1976, then decreased for the rest of the year, tons at the end of 1976, down 17% from the 
and at yearend were 36% below the Decem- corresponding 1975 figure. 

Table 8.—Stocks of titanium concentrates 
in the United States, December 31 

(Short tons) | 

Gross TiOg 
weight content® 

Iimenite: 
1974 ____________ 572,597 325,918 
1976 ~2~2u LLL 636,881 378,181 
1976 ____________ 707,398 429,801 

1974 ____________ 57,982 40,836 
1976 ~~. ~~ ______ 87,683 62,130 
1976 ________.___ 99,108 70,242 

Rutile: 
1974 ____________ 107,821 101,394 
1975 __.__________ 189,572 131,742 
1976 ____________ 152,251 143,243 

*Estimate.
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PRICES | 

Concentrates.—Price quotations for il- $150 per short ton for the year, and c.if. 
menite (imported, 54% TiO.) in domestic value averaged $190 per short ton. 
markets remained at $55 per long ton Titanium slag f.o.b. Sorel, Quebec, in- 
throughout the year. Australian ilmenite creased to $90 per long ton on January 1, 

prices remained Ss BAY fo eae per metric 1976, and remained at that level throughout 
n f.o.b. Australian ports. Indian concen- the year. | | 

trates (58% to 60% TiO.) were steady at $23 Metal.—Domestic titanium sponge was 
per long ton f.o.b. indian ere b quoted at $2.70 to $2.75 per pound through- 

Rutile spot prices bulk, fob. cars at out the year. Published prices for Japanese 
Atlantic, Gulf, and Great Lakes ports were . sponge were $2.65 to $2.70 per pound early 
quoted at $710 per ton in January and at . . 

. | . in the year, but dropped in June to $2.45 to 
$510 in February and for the remainder of $2.50 d and remained there for the 
the year. Long-term contracts presumably " t the ve ane tatior f ere i 
were concluded at somewhat lower figures. "* ° h e rout gue ions tor Af il Pro- 
Published prices f.o.b. Australian ports be- ducts throughout the year were as follows: 
gan the year at $A240 to $A250 per metric Bar, $7.48; billet, $4.86; plate, $6.50; and 
ton, decreasing to $A230 to $A235 in the Sheet andstrip,$11.90 per pound. == 
third quarter. Declared valuations of ship- _Pigment.—The price of titanium dioxide 
ments entering U.S. ports were inthe range Pigment in carload lots increased during | 
of $138 to $551 per short ton in January and the first half of 1976 to 46.5 cents per pound 

$128 to $276 per short ton in December for rutile and 41 cents per pound for ana- 
1976. Declared valuations of synthetic rutile tase, and remained at these levels for the 
shipments entering U.S. ports averaged rest of the year. 

| FOREIGN TRADE 

Titanium dioxide exports in 1976 amount- 1976 were 71% greater than in 1975. Im- 
ed to 20,580 tons, 30% above the 1975 total. ports of Sorelslag were 19% less than in 
Of the 1976 total, Canada received 18%, 1975. Imports of natural rutile were 18% 

Venezuela 16%, Brazil 12%, other Latin higher and imports of synthetic rutile were 
American and West Indian countries 15%, 48% higher than in 1975. 

| Western Europe 12%, Republic of Korea Imports of unwrought, waste, and scrap 
11%, Japan 7%, other Far Eastern nations titanium were 28% less than those of 1975. 
6%, and other countries oi. te and re 1976 pote Taw 8 er 560 ee sponge, | 

xports of unwrought, waste, and scrap which came from Japan (1, ns), the 
titanium were 42% higher than in 1975; U.S.S.R. (256 tons), and the United King- 
51% went to the United Kingdom, 23% to dom (162 tons). The sponge shipments from 
Belgium, 11% to Italy, and 4% to Spain. Japan, the U.S.S.R., and the United King- 
The average valuation was 70 cents per dom had an average declared valuation of 
pound, 18 cents per pound less than in 1975. $2.01, $1.78, and $1.91 per pound, re- 
Exports of intermediate mill shapes and spectively. 
mill products were 44% lower than in the Imports of pigment totaled 68,497 tons 
previous year. | during the year and constituted 9.6% of 

Imports of ilmenite from Australia in domestic consumption. 

Table 9.—U.S. exports of titanium products, by class 

Intermediate mill . d - Metal and all 
concn tates sponge ‘and scrap a Pigments and 

Year Quantity Value | Quantity. Value | Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 

tons) sands) tons) __sands) __tons)__sands) _tons) _sands) 
1974 _____________ 3,264 $727 4,730 $9,288 1,719 $19,600 180,879 1$24,575 
1975 3,147 505 4,326 7,630 1,900 24,726 15,807 12,110 
1976 4,802 ATT 6,144 8,547 1,065 15,039 20,580 16,229 

1Data adjusted by the Bureau of Mines, U.S. Department of the Interior.
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Table 10.—U.S. imports for consumption of titanium concentrates, by country! 

~ 1974 1975 1976 
Country Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 
, a, tons) sands) tons) sands) tons) sands) 

Ilmenite: 
Australia _-_____________ 64,506 $1,176 98,352 $1,674 168,402 $2,646 
Canada_______________ ~ 305 12 221 11 __ __ 
India ______________-___ 217,637 260 19,428 317 _- — 
Sri Lanka ____________=__ _- __ 4,010 57 — _- 

. Total. 82,448 1,448 $122,010 2,059 168,402 2,646 
Titanium slag* _______________ 236,272 12,267 212,682 13,844 171,624 13,291 

Rutile, natural: 
Australia ~-_§_§_-§__________ 189,622 31,758 166,298 35,494 196,035 42,037 
‘Canada® _________________. 586 277 135 58 _— _— 
India e_-_ts«4, 409 827 __ __ __ __ 

. Total_________________ 194,617 32,862 166,433 35,552 196,035 42,037 

Rutile, synthetic: 
Australia!__§__§___________ 14,454 1,851 34,222 6,218 43,866 6,955 
India ~_-_-__~9___~_~___ 10,976 1,348 6,614 900 11,011 1,668 
Japan __________ 26,442 2,712 16,878 3,599 26,363 3,193 

| | Taiwan ___________.-_--- __ 353 92 4,437 996 

| Total_________________ 51,872 5,911 $58,066  °10,810 85,677 12,812 
Titaniferous iron ore:* Canada — _ __ —_ 201,256 2,373 46,031 1,255 91,692 2,778 

1Data adjusted by the Bureau of Mines. 
2May have been used in heavy aggregate. . 
5Data do not add to total shown because of independent rounding. 
*All from Canada. 
5Country of transshipment rather than country of production. __ 
SIncludes materials consumed for purposes other than production of titanium commodities, principally heavy 

aggregate and steel furnace flux. — / 7 “ 

Table 11.—U.S. imports for consumption of unwrought titanium and waste and scrap 

1974 : 1975 1976 | 
Count os Quantity Value Quantity | Value Quantity Value 
wry (short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 

| Australia__-___-- =e __ a 3 $5 oe __ 
Austria____________________ 1,299 $874 __ __ __ __ 
Belgium-Luxembourg ________.__._ 14 8 — _- 28 $24 
Canada ____________________ 142 194 154 230 | 219 291 
France ____________________ 79 149 41 92 29 a9 
Germany, West _______________ 247 - 556 69 185 153 317 
Japan _____ ~~~ ~~ 2,797 6,510 2,545 9,882 1,659 6,114 
Mexico ______~~__~_~_ 5 _) 3 3 3 8 . 
Netherlands _________________ __ __ 18 31 152 145 
South Africa, Republic of _._.______ Se a _— __ 2 4 
Spain ___~~~-_____--------- | _- —_ -- _- 4 26 
Sweden ____________________ 244 211 4 11 61 57 
USS.R ~~ ~~ ~~ 4,032 7,410 1,698 4,326 TA2 1,289 
United Kingdom ______________ . 979 1,972 | 531 1,346 583 1,428 

Total ___________________ 9,838 17,887 5,066 16,111 3,638 9,752 

: . WORLD REVIEW 

Australia.—Australia continued to domi- in 1975. Rutile production was 435,791 tons, 

nate world markets in mineral sands, par- 15% higher than in 1975. Exports of ilmen- 
ticularly ilmenite, rutile, and zircon. In ite were 1,063,373 tons, up 77% from those 

1976, ilmenite production was 1,104,300 of 1975, and rutile exports were 382,346 
short tons including an estimated 18,740 tons, 9% higher than in 1975. Ilmenite 
short tons of leucoxene, about the same as_ exports went mainly to the United States,
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Table 12.—Titanium: World production of concentrates (ilmenite, rutile, | | 
| | and titaniferous slag), by country | 

. . (Short tons) : | 

Country! } 1974 1975 1976” | 

Iimenite: ? | : 7 
Australias —9 = = 916,602 1,135,379 1,104,300 © 
Brazil ______________-- 7,433 5,066 —&5,100 

, Finland __ eee eee eee 167,551 135,143 135,143 
India® 2 5 5 Le 146,000. 90,000  . 90,000 
Korea, Republic of _.-_..-__________ LL ~. 176 __ _- 
Malaysiaf __-__ = = 169,238 128,732 198,410 

| Norway___________--__ 934,911 580,549 845,270 
Portugal _. 302 234 405 
Srilanka ___.________ eee ™93,856 70,559 61,524 
United States®> _.___ 744,571 717,281 652,404 a 
USSR® ___-. 338,000 «360,000 419,000 | 

Total _ _.__-_------------------------------- ™3,518,640 8,217,948 3,511,556 | 

Rutile: - 
Australia... - -§ 5 5 351,308 379,238 . 435,791 
Brazil _________.--------______------_-_______- 161 115 €116 
India®__ ee 76,400 4,000 4,000 
Srilanka ________.~_~ ~~~ ___ eC 3,450 3,427 1,146 . 
United States _____-_-_-____ 6,446 WwW Ww 
USSR® ________- ee 30,000 30,000 30,000 

Total__.________________ "397,765 6416,775 6471,053 a 

Titaniferous slag: 
Canada? _- 931,168 826,564 907,200 
Japan ____ ee 4,855 4,942 3,843 

Total. __ eee 936,023 831,506 911,048 

*Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
1In addition to the countries listed, the Republic of South Africa may also produce titanium concentrates, but available 

information is inadequate to make reliable estimates of output levels. 
2Tlmenite is also produced in Canada and reported separately in Canadian sources but is not included here because it is 

almost entirely in slag production (see titaniferous slag). . 
| qineludes leucoxene as follows in short tons: 1974—16,924; 1975—18,629; 1976—°18,740. 

5Includes a mixed product containing ilmenite, leucoxene, and rutile. | 
®Does not contain U.S. production in order to avoid disclosing individual company confidential data. . 
7Contains 70% to 72% TiOs. | , 

the United Kingdom, Japan, France, and decision was taken to protect the environ- 
Brazil, with rutile going mostly to the ment of Fraser Island, the largest sand 

United States, the United Kingdom, the island in the world, following recommenda- 
Netherlands, Japan, and West Germany. tions from a special environmental commis- 

Beach sand minerals supply was report- sion. Fraser Island was described by the 
edly exceeding demand as producers were commission as being of international envi- 
completing expansion plans started during ;onmental significance, with beach sand 
high price periods in 1973-74. Also contribu- mining producing permanent and irreversi- 
uns to the outlook por a continued, oversup ble environmental harm. 
ply situation was the imminent addition o Two companies were affected by the Fra- 

new capacity elsewhere, as at Richards Bay, ser Island action: Queensland Titanium 
Republic of South Africa, and in Sierra . " . 

: Mines Pty., Ltd. (owned by NL Industries 
Leone. Factors tending to decrease supply subsidiaries) and D. M. Minerals, Ltd. (a 
were the shrinking reserves on the east ~ rt hio  betw " Dik h ? Co 
coast of Australia and some reduction of ? . “tion Pt lid. a d Murcbvor I ne 
rutile production there for environmental Suction fty., Ltd., and Murphyores inc. 
reasons. Pty., Ltd.) Their operations on Fraser Island 
Early in 1976 the Australian Government W€&re said to represent about 14% of Austra- 

sharply reduced the minimum permissible _ lia’s installed productive capacity for rutile. 

export price for mineral sand concentrates. Reserves on the island were placed at 
Late in the year, the Australian Govern- 874,000 tons of rutile, 917,000 tons of zircon, 
ment issued an order withdrawing all ex- and smaller quantities of ilmenite and mon- 
port licenses for mineral concentrates ex- azite. The Environmental Minister of Au- 
tracted from Fraser Island, Queensland, stralia stated that compensation for the 
sands effective December 31, 1976. Prime mining companies involved would be 
Minister Malcolm Fraser said that this considered.
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a Mineral Deposits, Ltd., was considering process for producing upgraded ilmenite 

development of a sand deposit at Agnes and titanium dioxide from complex ores 

Water, 80 miles south of Gladstone, containing anatase. Estimates of reserves 

Queensland. Cost to bring the project into have ranged from 132 million tons of ore 

production was estimated at $A14 million, averaging 21.6% TiO. up to 1,600 million 

with annual production of 132,000 tons of tons of ore containing 10% TiO:, near Tapi- 

ilmenite and 22,000 tons of rutile, over a10- ra and Salitre, Minas Gerais. The ore occurs 

year period. | in carbonatite rocks containing the primary 

Western Titanium Ltd.’s mineral sands titanium minerals perovskite, ilmenite, 

mining and concentrating complex near magnetite, and rarely rutile, associated 

Eneabba, Western Australia, was comple- with apatite and pyrochlore. The bulk of the | 

ted, and shipments of concentrates were to titanium reserves are anatase and leu- 

start in October. The cost of the plant, port coxene, weathering products of the primary 

installation, and housing was estimated at minerals. Plans were being made to recover 

$A18.5 million. A merger was announced phosphate, columbium, rare-earth ele- 

between Western Titanium and Associated ments, and titanium. Production was sched- 
Minerals Consolidated, Ltd., both members __uled to start in May 1978. 

of the Consolidated Gold Fields Australia Nearly 94 million tons of titanium ore 

Ltd. group. With Western Titanium’s En- reportedly have been discovered near Cam- — 

eabba operations expected to be in full po Alegre de Lourdes, 500 miles northwest 

production during 1977, the combined com- of Salvador, Bahia. The deposits were repor- 

panies were expected to have an annual ted to contain 20.6 million tons of TiO. in | 

production capacity of 440,000 to 550,000 the form of ilmenite. | : 

, tons of ilmenite, 143,000 of tons rutile, Titanium Fabrication Corp. (Ti-Fab) of | 

- 50,000 tons of beneficiated ilmenite, and Fairfield, N .J., was reported to be setting up 

187,000 tons of zircon. _a fabrication and service organization to 

Westralian Sands was expanding its oper- make titanium metal products in Brazil to 

ations at Yoganup, Western Australia, to satisfy what the company referred to as a 

increase ilmenite capacity to 550,000 metric substantial market in that country. A long 

tons per year. Instead of rutile and leu- range goal was to establish a primary tita- 

coxene, production was to include 55,000 nium metal extraction facility in Brazil, 

tons per year of “HYTI 98” (minimum 93% utilizing Brazilian ore sources and employ- 

TiO.) and “HYTI 68” (minimum 68% TiO.). ing electrolytic processing rather than the 

The full increase in ilmenite productionwas Kroll process for reduction to metal. 

to await construction of a proposed plant Canada.—Demand for Quebec Iron and 

that would produce 110,000 tons per year of Titanium Corp. (QIT) Sorelslag was above 

synthetic rutile from ilmenite. production capacity in 1976 when QIT pro- 

Western Mining Corp. purchased the Ju- duced 907,193 tons of Sorelslag (70% to 72% 

rien Bay project, near the end of 1975, not TiO.); 604,796 tons of Sorelmetal (a low 

far from the Eneabba area, from Black manganese pig iron); and 156,799 tons of 

Sands Pty. Ltd: for about $A13 million; in Sorelflux (ilmenite ore used as a flux in 

early 1976 it was building toward full pro- electric steel furnaces). Although demand 

duction planned at 33,000 tons per year of for Sorelslag has been increasing, invento- 

rutile and 33,000 tons per year of zircon. ries of Sorelmetal had built up to 425,598 

The company’s reserves at Jurien were tons by September 1976, and recovery in 

stated as 3.5 million tons of heavy minerals, demand for this coproduct was very slow. 

with comparable additional reserves at Most of the Sorelslag was exported to the 

nearby partially explored Cooljarloo. United Kingdom, Western Europe, and the 

Alliance Oil Development Australia NL United States, with about 18% sold to the 

and Metals Exploration Ltd. announced the two Canadian producers of pigments: Cana- 

discovery of mineral sands deposits at Cata- dian Titanium Pigments, Ltd., Varennes, 

by, 98 miles north of Perth. Drilling so far Quebec, a subsidiary of NL Industries, and 

has indicated the presence of about 770,000 Tioxide of Canada Ltd., Tracy, Quebec, a 

tons of heavy minerals in 10 million tons of subsidiary of BTP Tioxide, Ltd., United 
sand. The heavy minerals consist of about Kingdom. The combined capacities of the 
10% ilmenite, 7% rutile, 12% zircon, and two Canadian producers, both of which use 
1.5% monazite. the sulfate process, total about 76,000 tons 
Brazil.—The New Jersey Zinc Co. made per year. 

an agreement with Mineracéo Vale do An agreement was made between Laur- 
Paranaiba, South America, (VALEP) and entian Titanium Mines and Inco Limited 
Cia. Vale do Rio Doce (CVRD) to develop a_ for Inco to provide funds for exploration of
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Laurentian’s titaniferous magnetite deposit United Kingdom.—The Tioxide Group, 
about 47 miles northeast of Montreal. Inco Litd., was planning extensive improvements 
could eventually become the owner of the and modifications of the BTP Tioxide, Ltd., 
deposit, which has estimated reserves of 124 chloride process plant at Teeside, England, 
million tons of titaniferous magnetite and including replacing original chlorination 
16 million tons of ilmenite. oe units with a newly developed chlorination _ 
European’ Economic Community plant and installating of the most recent _ 

(EEC).—Common Market ministers repor- design of vapor-phase oxidation equipment 
. tedly postponed until 1977 proposals for in place of the existing units. __ 

standards to regulate the disposal of wastes | The Tioxide Group reported a marked 
from titanium dioxide plants. The ministers improvement in sales and profits during the 
failed to agree on a single set of disposal first half. of 1976, compared with the de- 

standards that would have required 90% Pressed levels of 1975. Capacity utilization 
reduction of these wastes by 1985. Instead, Was considerably above the 60% level aver- 

they appeared to prefer a British proposal 8¢ for 1975. ) So | 
that producers be allowed to continue ocean __ Wogen Resources started a new company, 
discharge to the extent that plant wastes Wogen Titanium Ltd, which began con- 
can be absorbed by the surrounding envi- ‘truction of a 3,000- to 3,500-ton-per-y ear 
ronment. se | ferrotitanium plant. Production was ex- 

Germany, West.—Du Pont’ reportedly ected to begin in the first half of 1977. _ 
gave up its 26% ownership of Pigment _ imperial Metal Industries. Ltd..-<IMD, 

: oe aining . Dritain’s only titanium mill products produ- / Chemie, with Metallgesellschaft gaining be : mn A t 1976 
control of the company. Pigment Chemie CC, P¢8an a Campaign in August 1% over . ops against what it called unfair competition in | perates a 55,000-ton-per-year titanium oo . ee dioxide vi a the international titanium market. In 

pigment plant at Duisberg. .. . 
ae a complaints to the EEC and the United 

_Italy.—Montedison, S.p.A., announced . : : . 
nae era Kingdom Government, IMI claimed that 

plans to phase out the older of its two plants  s oe : 
7 . =e 7 dapanese titanium was flooding the United 
at Spinetta Marengo, southwest of Milan, Kined ket at pri h as 55% 
since treatment and waste disposal costs did ngdom market al prices as much as 9% 

| sot permit vrofitabl tion. Th below the Japanese domestic prices. It. also 
no Plan: bb a d © hhorid lon. he f «cil. stated that the EEC common external tariff 
thy ot Croto a Csi, ‘ norie th, orodh tk "of 6% to 8% was hurting its business since 

| me a elf "1979 M abria, with pr ‘dt, be United States and Japanese import tariffs 
planned for - Montedison is said to were 18% and 12%, respectively. In Novem- 
subject to the most stringent pollution con- pe, 1976, there were similar complaints 
trols in Europe, and. the Italian Govern- about price cutting by the Soviet Union. | 
ment has supported Montedison in its ef- India.—Ilmenite deposits reportedly have 
forts to persuade the EEC commission that been found in seabed sediments around 
all European titanium dioxide producers Ratnagiri in Maharashtra State by the 

prea governed by the same effluent National Institute of Oceanography. The 
CONUPOS. deposits may contain several million tons of 

Society Mineraria Italiana confirmed dis- ‘Ireenite yeon ver cm “nen 
covery of a deposit of rutile in Savona with Work on a titanium dioxide pigment com- 

| reserves of 31 million tons of ore containing plex for the State of Kerala was scheduled 
6% Ti0.. Open pit mining was planned ata to begin early in 1977. Plans were for a 
rate of 1 million tons ore per year, using a production rate of 24,000 tons per year, 
patented upgrading process to yield 20,000 starting in 1980, with expansion later to 
eo per year of concentrate containing 95% about 100,000 tons per year. Total cost of 

2. the project, to be located near Quilon, is 
Norway.—Producton of ilmenite concen- estimated at about $90 to $110 million, with 

trate in 1976 was 845,244 tons. the first stage costing about $55 million. 
Spain.—Titanio S.A. reportedly started § Japan.—Toho Titanium Co., Ltd., and 

up a 50,000-ton-per-year pigment plant at Osaka Titanium Co., Ltd., produced 6,996 
Huelva, using Tioxide International’s sul- tons of sponge metal in 1976, a decrease of 
fate process technology. Titanio is owned 16% from 1975 production. Exports of 
59% by Esplosivos Rio Tinto S.A. and 45% sponge and fabricated products in 1976 were 
by Tioxide Group, Ltd. The plant was said to 1,799 tons and 963 tons, respectively; the 
be using both the sulfate and chloride pig- United States received 75% of the sponge; 
ment processes. while the Netherlands, West Germany
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France, and the United Kingdom received Bethelehem holds an 85% interest in Sierra 

over 24%. Domestic sales and internal plant Rutile Ltd., with N ord holding 15%. It had 

consumption increased 16% to 4,755 tons. been estimated that the cost of the project 

_ Three Mitsubishi-group companies made would be about $28 million. Initial pro- 

a contract for a 1-year option on the use of duction of rutile was still planned for late 

Du Pont technology for chlorinating higher 1978 with an eventual annual rate of about 

| grade concentrates. Formal licensing was 100,000 tons of concentrate from a deposit 

not yet effected but seemed probable. Mit- containing about 3 million tons of rutile. 

subishi Metal and Mitsubishi Chemical are South Africa, Republic of.—Develop- 

believed to have developed a new form of ment of the titanium deposit at Richards 

synthetic rutile. The third company, Asahi Bay in Natal was proceeding on schedule. 

Glass, is a large producer of chlorine. These Mining was expected to begin in late 1977 

and other factors suggest that the compa- with smelting to start in early 1978. The 

nies were seriously considering a new large planned annual production rate was about 

scale chloride process project, aimed at 440,000 tons of 85% TiOz slag, 62,000 tons of 

replacing existing sulfate plants that have rutile, 127,000 tons of zircon, and 239,000 

pressing pollution problems. — tons of low-manganese pig iron. About 1 

Malagasy.—Montedison of Italy comple- million tons per year of ilmenite was to be 

ted exploration and test work directed to- produced and smelted in electric furnaces to 

ward exploiting ilmenite deposits near Ta- make the high-TiO. slag using Quebec Iron 

matave on the east coast of Madagascar. and Titanium Corp. technology. The: ore 

Montedison announced its acceptance of occurs in dune deposits estimated to contain 

51% State ownership of the proposed ilmen- over 770 million tons of heavy-mineral- 

ite mining venture. Montedison was report- bearing sand. — 

edly proceeding with plans for a plant to Because of its high TiO. content and low | 

produce 200,000 tons per year of ilmenite magnesium content, the Richards Bay (RB) | 

and 28,000 tons of zircon. | slag will be competitive for use in the 

Malaysia.—Malaysian Titanium Corp. be- chloride pigment process as well as the | 

| gan operation of a synthetic rutile plant at sulfate process. Japan’s five titanium pig- 

Ipoh, with expected production of 4,000 tons ment producers were reported to have 

in 1976, 50,000 tons in 1977, and capacity concluded a long-term agreement to import 

production of 100,000 tons in 1980. Malay- RB slag at an annual rate between 70,000 

sian Titanium Corp. is a joint venture of and 100,000 tons. Partners in the $320- 

Straits Trading Co., Ltd., Pernas Mining, million Richards Bay project include Que- 

Empat Nombor Ekor, Malaysian Tin Smelt- bec Iron and Titanium Corp. (40%), Union 

ing, and Benilite Corp. of America. Raw Corp. (project manager with 30% interest), 

matérial used is ilmenite in tin tailings Industrial Development Corp. of South Afri- 

from the area around tin mines in Lahat, ca (20%), and the South African Mutual 

4.5 miles from Ipoh. — Life Assurance Society (10%). | 

New Zealand.—New Zealand Steel Min- Tanzania.—It was reported that titanium 

ing Co. was reported to have offered to sell deposits have been found near Mtwara on 

an additional 1 to 1.5 million tons per year the southeast Tanzanian coast and that 

of titaniferous ironsand to Japanese steel feasibility studies on exploiting the deposits 

firms starting in 1977 in addition to fulfill- had begun. 

ing an existing contract for 1.3 million tons U.S.S.R.—The Soviet Union was report- 

per year from the Taharoa sand mines. edly planning to exploit rich reserves of 

Waipipi Iron Sands Ltd. was also a major titanium ore found in the Yaregsk region of 

producer at Waipipi. the northern Ural Mountains. The reserves 

Titanomagnetite ores in New Zealand are said to be extensive and higher in grade 

also provide the basis for a local steel than any previously found in the U.S.S.R. 

industry, utilizing the a solid fuel direct- Beneficiation methods were being investiga- 

_ reduction process. ted. 

Sierra Leone.—It was reported by Production of titanium metal in the 

Bethlehem Steel Corp. and Nord Resources U.S.S.R. was estimated at 35,000 tons, 7% 

that the Export-Import Bank agreed to lend higher than in 1975. Development of the 

an additional $9 million to finance their titanium industry continued to be based 

rutile mining venture in Sierra Leone. mainly on Ukranian and Siberian ilmenite



1352 MINERALS YEARBOOK, 1976 | 

and rutile. Reports indicated that a titanif- nium dioxide plant at Armansk, using the 
erous slag containing 83% TiO. was being sulfate process, at a cost of about $170 
produced at the Zaporozhye plant in the million. Armansk is the site of an existing 
Ukraine. Production of titanium was plann- 30,000-ton-per-year TiO, plant built using | 
ed to be 39,000 tons in 1977 and 46,000 tons _ technology supplied by Montedison. Possi- 
in 1980, with exports of titanium sponge to ble sources of technology said to be under | 

' be increased significantly. : consideration by the Soviet Union include : 
The Soviet Union reportedly was plan- American Cyanamid, Du Pont, and Kronos _ . 

ning to build a 110,000-ton-per-year tita- Titan in West Germany. 

| TECHNOLOGY . | 

The U.S. Geological Survey published a increasing consumption of titanium for 
series of papers on the geology and re- commercial applications such as utility sur- 
sources of titanium, covering titanium par- face condensers, reaction vessels, and dim- 
titioning in rocks, source rocks of titanium ensionally stable anodes. | 

_ placer deposits, the types of deposits asso- In the United States, research is contin- 
ciated with various rocks, and describing uing to determine the range of thermome- 
some alluvial ilmenite placer deposits in chanical variables under which titanium 
central Virginia.t A separate publication alloys can be processed to achieve maxi- 
reported on heavy mineral resources in the mum material utilization with satisfactory 
Port Leyden area of New York State.® product properties. Procedures being inves- 

A review of ore dressing investigations on tigated include hot die-forging processes,’ | 
Canadian titaniferous ores was published.* impact forming, diffusion bonding,* and | 
Aside from the Allard Lake area in Quebec, Superplastic forming, all of which are cost 
deposits with the best potential include the Cutting alternatives to machining.* : 

_ 140-million-ton magnetite-ilmenite deposit A titanium scrap reclamation process 
| in the Temagami area of Ontario, contain. Used by Teledyne Allvac was selected by the 

ing 38.5% Fe and 18.7% TiO:, with combin- Air Force Materials Laboratory as the only 
ed concentrates assaying about 48% Fe and ‘eéliable way to recycle aerospace machine | 
21.5% TiO;. Less well-known deposits in the %hop chips and turnings. The problem of Lanark and Leeds areas of Ontario yield Temoving particles of tungsten carbide cut- 
magnetite concentrates containing about ting tools was solved by melting the scrap 0.24% TiO, and might be exploitable if the etal using a rotating Ponca ns amabie cop 
present specification of 0.1% TiO. in iron PT © ectr ©. d ee e oer f © avoL | 
concentrate is increased to 0.3% TiOz. oP erosion. be i © f the F too ragments 

At the Third International Conference on th © ite ti tani m to he sured off to fore. 
Titanium held in Moscow in May 1976, Cin no able el eetrode or velt 
emphasis was on improving properties in a oto onsumable electrode or a reme 
existing alloys such as fracture toughness, Bot. 
fatigue, and notch strength as opposed to ~.«.. 5... 
developing new alloys with higher tensile Titanium, U8 Gea Suey Prot Paves O00 8 tet i 
strength. There were papers on processing See tn eB Tes , 
techniques that make more efficient use of Heavy Minersl Reous nin Mesto Sand of the Port 
titanium such as casting, forging, super- tare New aes, ‘Goclogionl Sarna gndeck, Moun. plasticity, and powder metallurgy. It was 1976. 
disclosed that the Soviet titanium industry atin eis, D. Pechnical Review of Ore Dressing Investig- 
uses hard rock ilmenite as a basic feed MET From 1950 to 1975. CANMET Rept. 7634. Depart. 
material, smelting it to obtain a slag for a of Energy, Mines and Resources, Ottawa, Canada. 97 
chlorination containing 88% to 90% TiOz. “American Metal Market. Titanium Forgings Getting Japanese titanium producers were report- Critical Eye From Designers. V. 83, No. 46, . 8, 1976, p. 

edly using combinations of rutile and sand _*Thornton, J. Forging, Diffusion Bonding Choice Studied 
ilmenite (converted to synthetic rutile), or Feb 23, Ge ae Am. Metal Market, v. 88, No. 36, 
rutile and titanium slag. In the United pen grobiew, | V. M., Lt, Osipor, and Y. P. Danilov. New 
States, nearly all the feed material for veropmé ° 
titanium metal manufacture was Austral- 2 laght Metal Age, v. 34 No * June 16 Pp. 2 
ian rutile. All titanium-producing coun- clan nornton, J. AF Gries Jllvace Titanium Scrap Re- 
tries except the Soviet Union were showing 19, 1976, p. 23. 7 —
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Papers were published describing the 11Jammartino, N. R. Beneficiated-Ilmenite Process Recy- 
BCA Cyclic Process™' and the Ishihara cles FEC] Leach Liquor. Chem. Eng., v. 83, No. 11, May 24, 

s * ; » Pp. ° 
process™ for making a rutile substitute Yamada, S. Ilmenite Beneficiation and Its Implica- 
from ilmenite. Both processes are being tions for Titanium Dioxide Manufacture. Ind. Miner., No. 

ene . . V3 anuary ? pp. ° utilized commercially. 1SHill, S.D., and R. R. Wells. Titanium From Ilmenite 
Bureau of Mines research related to tita- Versus Rutile Ore— Bureau of Mines Research. Pros at 

nium included studies on methods of recov- February 1976 TMA Preorint AT6-26 pp. eaLsoee NO 
ering titanium from ilmenite", recovery of Paige, J. F., G. B. Robidart, H. M. Harris, 3 and E C. 

‘ . : ‘ Cam . Recovering orine and Iron e m cna ane von onde om ferric Ferrie Chioride. Chem. Eng., Plant Notebook, v. 83, No. 4, 
chloride‘, soda ash smelting-leaching proce- _Feb. 16, 1976, p. 119. | 

. . . 5Gomes, J. M., D. A. O’Keefe, and M. M. Wong. Soda dure for preparing sodium titanate from gh Smelting of Imenite, Pres. at, 105th AIME Ann. 
domestic ilmenite's, electrodeposition of ti- ne Le egas, Nev., Feb. 22-26, 1976, Paper No. A76- 
tanium boride coatings on various metals'*, “ilZjain D., F.X. McCawley, and G. R. Smith. Electrode- 
reflectance and emittance of thin film ab- position of Titanium Diboride Coatings. BuMines RI 8146, 
sorber stacks containing zirconium or tita- _~1"plickensderfer, R., R. L. Lincoln, and D, K. Deardorff. 

; : wy 7 Reflectance and Emittance of Spectrally Selective Tita- 
nium compound thin films’’, the use of  Reflectancs and Emittance of Spectrally Selective Tita. 
titanium carbide as a deoxidizer in electric _ pp. : 
furnace steelmaking'®, and a process for 18Nafziger, R. H., and W. L. Hunter. Use of Titanium 

. : . ; . . Carbide Deoxidizer in Electric Fu Stee ing. 
chlorination of titanium bearing materials ind. Heat, v. 48, No. 7, July 1976, PP. 16-20. imaking 

: : : *de19 19Harris, H. M., A. W. Anderson, J. I. Paige, and T. C. and for dechlorination of iron chloride’. A Campbell. Process for Chlorination of Titaniam Bearing | 
patent was obtained on a process for pro- Materials and for Dechlorination « of Iron Chloride. Ch. in | 

. . : 20 orld an e echnology, v. 2, September duction of synthetic rutile from slag”. 1976, op Ooat 698-712. 

_ Eger, G. W., and D. E. Kirby. Production of Synthetic 

(aoe ie Ouest Seating lee od moving a e ron Byproduct. U.S. Pat. 
3,996,382, Dec. 7, 1976. | |
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- | By Ben A. Kornhauser* - 

Domestic production increased 4% over pounds, while exports of tungsten concen- 
that of 1975, and consumption rose 15%. trate increased 31% to 1.7 million pounds of 

Production and consumption in 1976 were contained tungsten. oo : 
5.8 and 16.1 million pounds of contained The reported unit value of tungsten con- 
tungsten, respectively. Essentially all dom- centrate shipments in 1976, f.o.b. domestic 
estic production came from two mining mines and custom mills, increased 20% 

operations, one in California and one in when compared with that of 1975, and 
Colorado. Production of ammonium para- averaged $100 per short ton unit. | 
tungstate (APT) increased 25%, and pro- Legislation and Government Pro- 
duction of tungsten products rose 44%; grams.—The Office of Stockpile Disposal, 
consumption of APT increased 54%, and General Services Administration (GSA) con- 
consumption of tungsten products rose 30%. tinued to sell excess stockpiled tungsten 
Imports for consumption of tungsten — ~~ — . 
in concentrate decreased 19% to 5.3 million 1Physical scientist, Division of Ferrous Metals. 

. Table 1.—Salient tungsten statistics 
(Thousand pounds of contained tungsten and thousand dollars) - 

} } | 1972 1973 1974 1975 1976 

United States: 
Concentrate: 

Mine production ____._______--_--_-_- 8,150 7,575 7,381 5,588 5,830 
Mine shipments __________-__--_-~-~- 7,045 7,059 7,836 5,490 5,869 

Value ______________________ $18,104 $19,154 $37,413 $29,090 $37,266 
Consumption ____________________- 14,107 15,386 16,298 14,012 16,107 

_ Releases from Government stocks. ___ __ ~~~ 3 1,498 6,071 4,135 3,108 
Exports! ______________________- 95 90 1,187 1,316 1,729 
Imports, general ___________________ 5,898 11,047 11,786 6,908 5,802 
Imports for consumption _________---_- 5,739 10,834 11,096 6,570 5,301 
Stocks, Dec. 31: . 

Producers __________-____-____ 1966 . 225 529 531 150 
Consumers _____-_---__------- 2,229 1,446 1,565 1,958 1,002 

Employment? ____________--_----- 510 535 540 525 540 
Ammonium paratungstate: 

. Production ________.-__-~-~-L---- (3) 13,012 14,707 10,282 12,808 
Consumption _.___________-------- (3) 13,945 15,733 — 10,353 15,921 
Stocks, Dec. 31: Producers and consumers __— (3) 945 1,062 1,704 1,438 

Primary products: 
Production _________________---_- 14,090 16,600 20,131 12,634 18,226 
Consumption ________________----- 13,296 17,984 20,556 12,934 16,799 
Stocks, Dec. 31: 

Producers ___________-_-.~----- 4,680 3,523 3,628 3,976 3,390 
Consumers __________________- 2,121 2,051 2,771 2,758 2,778 

World: Concentrate: 
Production _______.-------------- 84,952 83,612 ™82_832 ™84 262 91,845" 
Consumption ________----_-------- 76,583 84,857 ™83 506 "73,557 80,962 
a 

FRevised. 
1Estimated tungsten content. 
2Estimated number of employees at mines and mills, excluding office workers, at yearend. 
3Included with primary products. 
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| concentrate on the basis of monthly sealed tungsten stockpile materials, inventories, 

_bids. The excess concentrate was offered on and goals are presented in table 2. 

a regular monthly basis at the disposal rate Executive Order No. 11888, dated Novem- 

| of 500,000 pounds of contained tungsten, of ber 24, 1975, modified the Tariff Schedules 
which 375,000 pounds was for domestic use Of the United States to implement the — 
only and 125,000 pounds was for export | Generalized System of Preferences (GSP) — 

only. Occasionally, supplemental offerings authorized by Title V of the Trade Act of 
also were made. These offerings resulted in 1974. The Executive order designated bene- 
concentrate sales of 3,708,407 pounds of ficiary countries and eligible articles for the 

contained tungsten, of which 1,844,935 GSP. Sinee the implementation of GSP, it 
pounds was for domestic use and 1,863,472 orde ? od ts th 2 e eligibl eer Nba 
pounds was for export. The material re- rders. ft roduc at are eligible aructes 

| ; and meet the conditions stipulated in the 
leased for domestic use was sold at prices, wp . 
ex-duty, that ranged f $81.74 to $127.07 act are duty-free, if imported into the 

ox 2 , rt t range t Mate . 1 le. ed f United States directly from a beneficiary 
per t ort fon ia 7 maleria «duty hat country on or after January 1, 1976. Coun- 
OxPOr Ree ove 8 at prices, ex-duty, that trios eligible under section 504 (c) of the 

| ranged from $78.87 to $127.00 per short ton ‘Trade Act to export tungsten ores and 
| unit. However, actual deliveries of concen- concentrates to the United States, duty- 

trates for domestic use and export in 1976 free, are noted in table 13. Withdrawal of 

were 4,003,767 pounds of contained tung- GSP eligibility from a country for duty-free. 
sten. | | treatment would occur if the GSP benefi- 

On October 1, 1976, the material stockpile ciary country, in any one year, exported 
goals (formerly termed objectives) were re- more than $29.9 million of tungsten or more 
vised by the Federal Preparedness Agency than 50% of the total U.S. tungsten im- 
of GSA. These goals were to be updated as ports. The program will expire on January 

necessary in the future. U.S. Government 4, 1985. , 

| ~ Table 2.—U.S. Government tungsten stockpile materials, inventories, and goals 

(Thousand pounds of contained tungsten) 

a 

Material Goals?! National DPA? _ Supple- 

. stockpile inventory tnehtle Total? 

Tungsten concentrate: 
tockpile grade _____________._------- 8,823 65,494 3,529 3,228 72,251 

Nonstockpile grade - -_-----------------___ =~ 84,928 4211S 36,497 
Total? _________________--------- 8,823 100,417 3,950 4,381 108,749 

Ferrotungsten: 
Stockpile grade _________-_--~--------- 17,769 841 _- _- 841 

Nonstockpile grade ____-_.-----~-------_ =~ 8H BH 

Total? _.______________.-___---_. 14,769 2025 a __ 2,025 

Tungsten metal powder:* . 
Stockpile grade __________------------ 3,290 1,493 _- _ 1,493 
Nonstockpile grade _.____--------------_ =~ BB 

Total? ___________-_.--_-_--------- 3,290 1,765 _- __ 1,765 

Tungsten carbide powder: 
Stockpile grade __________------------ 12,845 842 _- _- 842 
Nonstockpile grade ______--------------_.-— N28 19D 

Total? ___________-____---------~ 12,845 953 _ 1,080 2,038 
rn Se 

1Goals established Oct. 1, 1976. 
2Defense Production Act (DPA). 
3Data may not add to totals shown because of independent rounding. 

4Includes hydrogen- and carbon-reduced tungsten metal powder, formerly reported separately.
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- DOMESTIC PRODUCTION 

Domestic mine production of tungsten pounds of contained tungsten. . | 

concentrate increased 4% over that of 1975 Intermittent tungsten concentrate pro- 

and totaled 5.8 million pounds of contained duction and/or shipments also were report- 

tungsten for the year; mine shipments in- ed from Pima County, Ariz.; Fresno, Inyo, 

creased 7% to 5.9 million pounds. Forty- Kern, Los Angeles, Madera, San Bernardi- 

nine mines in 9 Western States reported no, San Diego, and Tulare Counties, Calif; — 

_ production, but only 46 mines reported Boulder County, Colo.; Custer and Valley | 

"concentrate shipments. However, only two Counties, Idaho; Granite County, Mont.; 

mines essentially operated continuously Churchill, Elko, Esmeralda, Nye, Pershing, 

throughout 1976; these were the Pine Creek and White Pine Counties Nev.; Baker 

mine and mill of the Metals Div., Union County, Oreg.; Box Elder and Tooele Coun- 

Carbide Corp. (UCC), northwest of Bishop, ties, Utah; and Stevens County, Wash. The 

_ Inyo County, Calif, and the Climax mine Tungsten Queen mine and mill of Ranchers 

~ and mill of Climax Molybdenum Co., a Exploration & Development Corp., near 

division of AMAX, Inc., at Climax, Lake Townsville in Vance County, N.C., remain- 

County, Colo. The major mineral value ed on standby status for the entire year. 

recovered at Pine Creek continued to be UCC development of the Tempiute mine 

tungsten, with minor amounts of byproduct and mill in southern Nevada was delayed, | ee 

molybdenum, copper, gold, and silver. UCC with completion and startup rescheduled 

processed ore directly into (APT), an in- for mid-1977. When operating at designed 

termediate tungsten product suitable for capacity, this facility expects to produce 2 | 

| conversion to tungsten powder. ~ : million pounds of tungsten annually, plus a 

The major mineral value recovered at byproduct zinc concentrate. Tempiute will oe 

Climax was molybdenum. Concentrates of process the scheelite ore to a tungsten 

tungsten, tin, and pyrite were recovered as semiconcentrate for conversion to APT at 

coproducts, which depend upon the rate of UCC’s Pine Creek, Calif., facilities. Eight- | 

| molybdenum production. At Climax, the een mines were considered discontinued in 

maximum annual production capacity for 1976 based on submitted information and 

tungsten concentrate is about 2.5 million unclaimed reporting forms. 

Table 3.—Tungsten concentrate shipped from mines in the United States | 

a 
. ~ Quantity - Reported value, f.o.b. mine? 

Year Shorttons Short ton Tungsten Average Average per 

lite wo. (ousand (thousands) peWwOs Soa 
| pounds) . 

1972 _______ 7,401 444,145 9,045 $18,104 $40.77 $2.56 : 
1973 _______ 7,418 445,051 7,059 19,154 43.04 2.71 
1974-8 8,233 494,012 7,836 37,413 75.73 ATT 
1975 ________ 5,769 346,112 5,490 29,090 84.05 5.30 
1976 -_____- 6,168 370,069 5,869 37,266 100.70 6.35 

8 aa 
1Values apply to finished concentrate and are in some instances f.o.b. custom mill. 

2A short ton of 60% tungsten trioxide (WOs) contains 951.6 pounds of tungsten. 

3A short ton unit equals 20 pounds of tungsten trioxide(WOs) and contains 15.86 pounds of tungsten. 

CONSUMPTION AND USES 

Reported domestic consumption and _ in cutting and wear-resisting materials and 

stocks of tungsten products, by end use 7% was consumed in hard-facing rods and 

during 1976, are given in table 6. Cutting materials. Total tungsten product consump. 
gs . . tion increased 30% to 16.8 million pounds of 

and wear-resisting materials continued to . 
. . . contained tungsten for the year. Other ma- 

be the major end use of tungsten, primarily ior end-use categories were mill products, 

as tungsten carbide (WC). This end use 149%: specialty steels (tool, stainless, and 

accounted for 68% of total tungsten product alloy), 9%; superalloys, 3%; and chemicals, 

consumption, of which 62% was used as WC 4%.
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The major consumption distribution of. listedin-‘table 4. . 
| intermediate tungsten products used to Figure 2 is a simplified tungsten flow 

_ make end-use items in 1976 follows: Tung- diagram showing the major process flow of 

sten carbide (including cemented, crushed intermediate tungsten products and major 
and cast, and crystalline), 39%; tungsten end-use items involved in the tungsten pro- 
metal powder, 41%; ferrotungsten, 6%; and cessing industry. 

| scrap,9%. co . The use of coated tungsten carbides and 
_ Domestic shipments, imports, consump- other coated materials for cutting tools 

tion, and the average price of tungsten increased approximately 25% during 1976, 
concentrate are presented graphically in according to Bureau of Mines data and as 
figure 1. The production, disposition, and noted by Metcut Research Associates, Cin- 
stocks of tuner products in the United Ginnati Ohio.? 

s . . e Le 9 % e 3 . 

States during 1976 are presented in table 5, - 

and the major domestic companies engaged — 2a merican Metal Market. V. 83, No. 165, Aug. 23, 1976, 
in. tungsten operations during 1976 are  p.23. —— 

Oo =. LL 9%, ~~ F <r 
| — oa er.) ri“(“‘i‘C iz‘ a;dCOCO*CLULLhCLU™U™U™UCUm | eh Urti(“i‘“‘“_OCOO!OCO!;O!UOUCOCOCOCOCOCOW 
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Figure 1.—Domestic shipments, imports, consumption, and average price of tungsten 
concentrate.
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SIMPLIFIED TUNGSTEN FLOW DIAGRAM 

a 

PARA TUNGSTATE} : CRYSTALLINE MATERIALS 

| o 

[sera | | |  fsenarl | 

| _ <I nites 

Figure 2.—Simplified tungsten flow diagram. | 

Table 4.—Major producers of tungsten concentrate and principal tungsten 
processors in 1976 oo | 

. Location of mine, mill, or 
Company '_ processing plant 

Producers of tungsten concentrate: 
Abracadabra Exploration Corp ____________---------+-~------ Gold Hill, Utah. 
AMAX Inc., Climax Molybdenum Div __________~-------~----- Climax, Colo. ‘ 
Oxbow Tungsten Mine, Inc _._._._______--_-------_----------~, Mountain City, Nev. 
Union Carbide Corp., Mining & Metals Div.’ __..._____--------~- Bishop, Calif. — 

Processors of tungsten:? | a — | 
Adamas Carbide Corp __________-__.----~-------~-------- Kenilworth, N.J. 
Fansteel, Inc _________________---~--~-----i--------+-- North Chicago, Il. = 
General ElectricCo _________-------~----------------- . Euclid, Ohio; Detroit, | 

. ich. 
GTE Sylvania, Inc., a subsidiary of General Telephone & : 

Electronics Corp ____________------------~----------- Towanda, Pa. 
Kennametal, Inc ___.._-§_______j-__~---~----------~-----+- Latrobe, Pa; Fallon, Nev. 
Li Tungsten Corp __ _ —-----------------7 7252 t rrr ttt Glen Cove, 'N.Y. 7 : 
Teledyne Firth Stirling _________-_-_-~-----------------=+ McKeesport, Pa. 
Teledyne Wah Chang Huntsville __________--___------------ Huntsville, Ala. 

’ Union Carbide Corp., Mining & Metals Div ________.-------~---- Niagara Falls, N.Y. 
Westinghouse ElectricCorp __________-------~------~------ Bloomfield, N.J. 
rh 

1At its Pine Creek mine and mill in California, UCC processes ore ‘“‘straight through” to APT. | 
2Major consumers of intermediate tungsten products.
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Table 5.—Production, disposition, and stocks of tungsten products in the United States | 
: . (Thousand pounds of contained tungsten) 

Hyd- Tungsten carbide 
a regen powder 

and ————————————_————— 
| | carbon- § Made Crushed Chemicals Other Total? 

: reduced from - and 
- metal metal crystal- . 

powder powder line 

| 1975; | 
. Gross production during year __— ~~~ 9,782 7,022 1,716 . 8,697 1,108 23,325 

Used to make other products listed . 
here _________~~~-~-~-_---_-~- 7,167 a 249 3,275 (3) 10,691 

Net production ___________~-~~ 2,615 7,022 1,467 422 1,108 12,634 . 
Disposition: . 

To other processors _________- 1,101 226 329 101 - 834 2,592 
. To end-use consumers ~~ _—~___ 4,783 5,589 383 319 197 11,272 

_ Tomake products not listed in 
this table _______________ 723 1,331 1,168 9 _- 3,231 

Tuer stocks, Dec. 31 _.________ 1,998 107 598 352 322 3,976 

" Gross production during year __..._ 15,873 —«:10,054 1,582 5,982 608 33,995 
Used to make other products listed . . . 

here ____.__~_---_------- 10,505 _. 223 5,040 (3) 15,769 
Net production ___.__.-_---- 5,368 10,054 1,309 892 603 18,226 
Disposition: . 

To other processors __._____~~ 861 272 335 384 489 2,341 
To end-use consumers. ______ ~~ 6,434 8,242 419 553 279 15,927 
To make products not listed in . 

this table __ __________-_- 2,372 1,913 1,101 14 2 5,402 | 
Producer stocks, Dec. 31 _...-___-—- 1,881 547 486 365 111 3,390 

LL 

1Includes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, and self-reducing oxide pellets. 
2Data may not add to totals shown because of independent rounding. 
SLess than 1/2 unit. — 

, | | STOCKS | 

At yearend 1976 producer-held stocks of decreased 16% from those of 1975. Produc- 
tungsten concentrate at domestic mines ers’ stocks of intermediate tungsten pro- 
decreased 72% and consumer-held stocks of ducts decreased 15%, while consumers’ 
tungsten concentrate decreased 49%, com- stocks of intermediate products remained 

| pared with stocks held at yearend 1975. virtually the same, as indicated in tables 5 
Producers’ and consumers’ stocks of APT and 6. | 

Table 6.—Consumption and stocks of tungsten products in the United States, by end use 

| (Thousand pounds of contained tungsten) 

ee ee eee eee errr ener nner nner 

Tungsten Tungsten Other 
End use heres metal carbide tungsten Total 

Bs powder” powder _ materials® 
a aaa aaaaaaaaacaaaaaaaaaaaamasamama sacs aaiasnassssceccacaccccmcmasascse aa 

1975: 
Steel: 
Stainless and heat resisting _____-~--~-~-- 86 -- , =e 72 158 
Alloy ________------------------ 69 _- -- 70 139 
Tool _-_____--------~-~--------- 566 — _- 326 892 

Castirons _~_________------~-~--~------ 4 _- _- _- 4 
Superalloys ______--_--------~-------- TT 69 -- 233 379 
Alloys (excludes steels and superalloys): 

Cutting and wear-resistant materials _— ~~~ - _- 2,316 5,709 330 8,355 
Other alloys* ________------------- 103 518 268 128 1,017 

Mill products made from metal powder _ ~ _ —--~-- __ 1,490 WwW __ 1,490 
Chemical and ceramic uses __-_____---~---- -- -- WwW 310 310 
Miscellaneous and unspecified ____—-~—----- 1 6 153 30 190 

Total _..______---~-_--------- 906 4,399 6,130 1,499 12,934 
Consumer stocks, Dec. 31 _~____-_--------- 231 713 1,247 562 2,753 

See footnotes at end of table.
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Table 6.—Consumption and stocks of tungsten products in the United States, by end use 
—Continued | / 

(Thousand pounds of contained tungsten) 

Tungsten Tungsten Other 
End use wee 1 metal carbide tungsten Total 

esten powder? = powder materials* 

1976: | | 
Steel: . 

Stainless and heat resisting ____________ 69 __ —_ . 57 . 126 
Alloy _- ~~. ~~ 97 _— _- 147 244 
Tool __________________________ 682 _ rr 451 ‘1,138 | 

Castirons —~_~_~_________ ~~~ ____ 4 _- _- = 4 
Superalloys ___________ 90 137. W 208 435 
Alloys (excludes steels and superalloys): . 

Cutting and wear-resistant materials ______ _— 3,744 6,081 577 10,402 , 
Other alloyst =. _-________________ 89 546 312 145 1,092 

Mill products made from metal powder ________ — 2,432 WwW — 2,432 
Chemical and ceramic uses __.. ~. _.______-- -- -- Ww 704 704 
Miscellaneous and unspecified __________~-~-~ _- 2 218 7. 227 

Total __-_-_-_______ ~~~ -______- 1,031 : 6,861 | 6,611 2,296 16,799 | 
Consumer stocks, Dec. 31 ~_...-.-.._---~- 272 606 1,430 470 2,778 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and unspecified.” 
1Includes melting base self-reducing tungsten. | . : 
2Includes both carbon-reduced and hydrogen-reduced tungsten metal powder. - 
5Includes tungsten chemicals, natural and synthetic scheelite, tungsten scrap and other. 
*Includes welding and hard-facing rods and materials and nonferrous alloys. . 

PRICES AND SPECIFICATIONS | | | | 

In 1976, the average value of tungsten don), reported in Metals Week, and shown 
concentrate shipped from domestic mines in table 7, increased steadily each month 
and mills, as reported to the Bureau of from a low of £42 per metric ton unit (about | 
Mines, increased 20% to $100.70 per short $76.31 per short ton unit) in January to a , 
ton unit of WOs, when compared with the high of £90 per metric ton unit (about 
1975 value. During 1976, GSA sold excess $135.94 per short ton unit) at yearend. The 
tungsten concentrate for domestic use at increase in average price per short ton unit : 
prices, ex-duty, ranging from $81.74 to of WO; was 25% over the average price of 
$127.07 per short ton unit. GSA sales of ex- $83.19 per short ton unit of 1975. 
cess tungsten concentrate for export ranged The price of APT delivered to large- | 
from $78.87 to $127 per short ton unit. volume contract customers was $106 per _ : 

The European price of tungsten concen- short ton unit at the beginning of the year. 
trate, as quoted in the Metal Bulletin (Lon- This low price for the year was maintained 

Table 7.—Monthly price quotations of tungsten concentrate in 1976 

Wolfram and scheelite; , 
London market, pounds Equivalent quotations, dollars per 

Month sterling per metric ton short ton unit of WOs, 65% basis! 
unit of WOs, 65% basis . 

Low High Low High Average* 

January ___.__._------- £42.00 £45.00 $76.31 $82.77 $79.57 
February ___.----_------ 43.50 46.00 80.11 84.70 _ 82.59 
March ________________ 45.00 51.75 82.71 90.30 86.64 
April ______-_-_-_-___- 51.00 58.50 86.52 97.07 ; 91.06 
May _____----------~--- 58.00 62.75 96.70 102.38 99.38 
June _______~-----~-~-~- 62.00 64.00 96.12 103.09 100.51 
July ______-_~--------- 62.50 64.00 100.93 103.93 102.35 
August ___________--__- 63.50 72.75 102.83 116.97 109.99 
September _____-_--~---- 71.00 75.00 112.52 118.33 115.70 
October _____._-__-_----~-- 74.25 81.50 111.82 121.74 116.13 
November ___—____---_-- 83.50 90.00 118.66 135.94 128.13 
December ____~-__--~---- 385.50 338 20 130.18 134.26 132.16 

1Equivalent high and low quotations as reported in Metals Week from biweekly Metal Bulletin (London) data; price 
dependent upon the prevailing rate of currency exchange. 

2Arithmetic average of weekly quotations. The equivalent 1976 average price, excluding duty, was $103.68 per short 
ton unit. 

3In December, due to new Bank of England Exchange control regulations, the Metal Bulletin (London) quotations were 
changed to U.S. dollars per metric ton unit and ranged from $143.50 to $148.00 per metric ton unit. The December 1976 
foreign exchange average of $1.678 for the pound sterling was used in making the conversion.
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until August 1976, when it was increased to tungsten from January to October 1. In 

| $135 per short ton unit. The price of “Blue October, the price range increased to $10 to 

| Oxide ” (W,0s) remained at $2 per short ton $13. Within these ranges, the price depend- 
unit above the APT price plus a 1% sur- ed primarily on the tungsten powder parti- 

charge to cover processing losses. cle size (Fisher number). — 

| The conversion fee of $18.50 per short ton UCAR ferrotungsten 1s a proprietary 

| unit in effect on January 1976 was main- high-purity ferroalloy containing 90% 
-qie . tungsten. In January, its price was quoted 
tained throughout 1976 for toll-processing . 
t te trate to APT at at $7.75 per pound of contained tungsten, 

ungsten concentrate fo ata recovery rising to $7.95 on June 1, to $8.40 on August 
rate of approximately 96%. 1, and to $9.25 on November 1. 

The price of hy drogen-reduced tungsten The price of scheelite concentrate (cal- 

, metal powder (99.99% purity), f.o.b. ship- cium tungstate) for direct addition to steel 
ping point, as quoted in Metals Week, was melts was believed to be comparable to the 

$10.21 to $12.01 per pound of contained prices reported in table 7. 

: : FOREIGN TRADE > 

| | Exports.—During 1976, tungsten concen- Luxembourg (10%). Exports of tungsten and 

trate exports continued to represent excess tungsten alloy powder decreased 3% to 

materials purchased from GSA stockpiles 610,858 pounds of contained tungsten val- 

and increased 31% to 1.7 million pounds of ued at $3,836,671. The principal recipients 

tungsten in concentrate. There were no were Israel (60%), the United Kingdom 
exports of ferrotungsten. during 1976. On (13%), Canada (9%), and Austria (5%). 

the other hand, APT exports increased 41% Exports of tungsten and tungsten alloy 

to ry poune. an contained funesten wire increased 22% to 194,718 pounds, gross 

wit t ene Ingdom as the principal weight, valued at $6,219,902, and were 
| recipient. In 1976, exports of WC powder . . , 

| lea : ae . received mainly by Canada (27%), West 
increased 58% to 1.3 million pounds of G (12%), Brazil (11%), Israel (6%) 

contained tungsten. Mexico (26%), ‘Canada J sean (6 %) M - 0 (6% ) ital 5% ) nd 
(24%), West Germany (11%), Sweden (6%), Japan ( wee oy (6%), Italy (6%), an 
and Iran (6%), received 73% of the exports. the U.S.S.R. (5%). Exported wrought tung- 

Exports of unwrought tungsten metal and sten and tungsten alloys increased 5% to 

alloys in crude form including waste and 241,727 pounds, gross weight, valued at 

| scrap increased 27% to 1,099,169 pounds $3,637,3 10. These materials were shipped _— 

gross weight, valued at $3,260,499 and were mainly to West Germany (35%), Canada 

shipped primarily to West Germany (65%), (14%), Sweden (14%), the United Kingdom 

the United Kingdom (12%), and Belgium- (12%), and Mexico (7%). ; 

Table 8.—U.S. exports of tungsten ore and concentrate, by country 

(Thousand pounds and thousand dollars) 

nena 1975 1976 

Country G Tungste G Tungste 
weight content! Value weight content Value 

Austria _________-_------------- — _- -- 56 29 141 

Belgium-Luxembourg ____—----------- 1 (?) 4 30 16 79 

France ____________-------------- 119 62 388 122 63 600 

Germany, West _______--_----------- 1,223 631 3,875 965 498 2,973 

Italy_______-_--_----------------- 7 3 40 _- —_ —_ 

Japan ______-------------------- _— _- _— 505 260 1,751 

Netherlands __________------------ 1,191 614 3,756 1,216 628 4,225 

Sweden __________--------------- _- _- _- 11 6 ‘30 

Switzerland __________------------ _- _ -- 30 15 89 

United Kingdom ______-__---------- 11 6 19 344 177 1,052 

USS.R____________-_----------- _ _ _- 72 37 249 

Total _________-------------- 2,552 1,316 8,082 3,351 1,729 11,189 
a 

Tungsten content estimated by multiplying the gross weight by a factor of 0.516 equal to 0.65 (to convert from 65% to 

100% WOs basis) times 0.7931 (to convert from WOs to W basis). 

Less than 1/2 unit.
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Table 9.—U.S. exports of ammonium paratungstate, by country 
Pe tS i SS SS SSS 

| 1975 | 1976 
Country Gross Tungsten “ ‘Gross Tungsten 

weight content? Value weight content! Value - 
. (pounds) (pounds) (pounds) (pounds) | . 

Canada ______________ _- 8 — 40,000 28,264 $253,865 
El Salvador _~__________ 2 — _— 200 141 3,347 
Germany, West _________ 44,700 31,585 $277,034 4,556 3,220 30,660 
Jamaica ____________- 310 219 4,004 _- _- - 
Netherlands ___________ 143,500 101,397 643,683 | _— _— Le 
New Zealand _~_________ 183 130 2,300 __ _— _- 
Philippines | ———-——--__- 122 86 1,021 137 97 1,000 | 
United Kingdom ______ ~~ __ __ __ 220,650 155,911 1,412,000 
Venezuela ____________ _— _ ae 1,029 727 4,410 

Total _-__________ 188,815 133,417 928,042 266,572 188,360 1,705,282 
ee et tnt 

TS LS 

1Tungsten content estimated by multiplying gross weight by 0.7066. . 

Table 10.—U.S. exports of tungsten carbide powder, by country 
a 

1975 1976 . 

Country Gross Tungsten Gross Tungsten 
weight content? Value weight content? Value 
(pounds) (pounds) (pounds) (pounds) 

Argentina ________--__---- 1,582 1,234 $20,194 10,574 8,248 $167,010 

Australia. _~§_..--~------- 2,261 1,764 22,085 13,181 10,281 108,222 

Austria ________.-_--_--~-- 2,200 1,716 20,900 63,153 49,259 591,013 

Belgium-Luxembourg _ ~~ — ~~ -—-—- 24,701 19,267 152,792 - 57,225 | 44,635 214,521 

Belize _____________------ 25 19 2,585 — __ __ 

Brazil _-_-§______--------- 11,089 8,649 83,137 — 22,754 17,748 253,662 

Canada ___________-----~-- 340,524 265,609 2,377,549 381,760 297,773 2,223,783 

Chile ___________~-_-~---- 254 198 3,500 2,653 2,069 25,000 

Colombia _________-_-~----- 57 44 2,695 57 44 2,695 

Costa Rica _______-~-~------~-- 400 312 5,100 __ — —_ 

Denmark ____—~_____---~---- 4,359 3,400 35,003 5,483 4,277 51,260 

Finland _____§__/§____-__-~-~-~~- 60 47 1,105 50 39 126 

France _________--~~----- 32,757 25,550 246,448 7,702 6,008 58,071 

Gabon _________------~---+ _- _— _- 1,000 780 10,800 

Germany, West ________----- 115,693 90,240 682,369. 171,397 133,690 1,436,085 

Hong Kong. ~~~. -__---~----- —_ —- _—_ 8,881 6,927 3,998 

Iran __~__ ee 88,513 69,040 65,719 91,445 71,327 18,251 

Ireland ____________-----~- 550 429 5,087 1,722 1,343 24,896 

Israel ~-_-__§_§_§______ ~~~ +--+ 38,771 30,241 320,807 30,000 23,400 4,320 

Italy_____.___----------- 105,137 82,008 604,614 57,955 45,205 454,980 

Japan ___________--__----- 4,361 3,402 40,168 82,836 64,612 771,183 

Kuwait ___________.-_---~- 100 78 1,394 ae __ __ 

Mexico _____________~---~~ T88 958 ™69,387 127,655 428,988 334,611 437,209 

Netherlands ________—_—---- _ 43,601 34,009 323,062 29,387 22,922 261,485 

New Zealand _______---_--- 10,081 7,863 26,007 ae _— . 

Nigeria __ ________-------- 8,182 6,382 12,695 —_ __ — 

Norway _______----------- 5,593 4,363 6,806 643 502 7,105 

Peru___________--_------ 10,907 8,507 9,196 2,000 1,560 4,280 

Philippines ________-_--__- 6,189 4,827 56,746 2.395 1/868 - 1,082 
Portugal ______---_-------- _ —_ _— 110 86 1,374 

Qatar _______---_~------- 1,800 1,404 2,084 — _— — 

Singapore _______-_------- 4,250 3,315 27,709 82 64 1,184 

South Africa, Republic of ____-~-- 21,700 16,926 124,358 1,856 1,448 26,723. 

Southern Asia, n.e.c ~~ __---~- 4,000 3,120 1,902 __ __ _- 

Spain ______------------- 14,312 11,163 161,700 2,057 1,604 33,278 

Surinam ______--_~-~------ 600 468 1,000 __ _- __ 

Sweden ___________------- 8,080 6,302 76,503 94,253 13,518 501,356 

Switzerland _______--~----- 14,528 11,332 164,704 17,350 13,533 110,250 

Taiwan _______---~_------- 1,125 878 12,790 30 23 “780 

Trinidad and Tobago ____--_--~- 318 248 2,389 __ __ _- 

Turkey _______----_------ 550 429 7,501 100 18 - 2,320 | 

United Arab Emirates _____---~- _- _- _- 5,000 3,900 10,231 

United Kingdom __._-_-----~- 8,833 6,890 . 98,002 29,465 22,983 127,242 

Venezuela _________-1----- 100 18 1,095 398 310 3,813 

Total _._______-__---- "1,027,101 801,138 6,537,155 1,623,942 1,266,675 7,950,138 

Snag nn nn nn 

TRevised. 
Tungsten content estimated by multiplying gross weight by 0.78.
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Table 11.—U.S. exports of tungsten and tungsten alloy powder, by country | 

1975 1976 

Country Gross Tungsten Gross Tungsten | 
weight content! Value weight content! Value 

. (pounds) — (pounds) (pounds) (pounds) 

Argentina ____________ 1,000 800 $10,706 _- _- __ 
Australia ___§_$__~_______ 1,170 936 10,508 . 434 347 $4,354 
Austria ______§______.__ 39,463 31,571 267,249 37,321 29,857 $253,933 
Belgium-Luxembourg ____ _ 54,623 43,699 377,315 2,705 2,164 24,166 
Brazil _..~~-._-________ 508 406 4,023 1,243 995 14,300. 
Canada ___ ~~ 63,707 50,966 640,365 67,554 54,043 706,460 
Denmark ____________~_ 1,097 878 9,000 —_ _- —_ 

-. Finland ~.2~2- 2. -______ 9,038 7,230 65,041 4,312 3,450 40,918 
France ______________ 1,048 838 15,193 ~ 1,501 1,201 16,726 
Germany, West ________~_ 51,905 41,524 123,341 28,417 22,734 181,987 
India ~~. ~~~ 38 30 1,010 _— —_ an 
Ireland ______________ 2,240 1,792 32,118 3,308 2,646 41,443 
Israel] ______________- 460,224 368,179 3,322,663 457,074 365,659 1,202,601 
Italy _..-._-__________ 9,180 7,344 46,196 2,005 1,604 18,920 
Japan ______ ~~ _____ 11,022 8,818 62,500 1,915 1,532 10,623 
Mexico ____.________~_ 3,410 2,728 33,139 6,959 5,567 63,237 
Netherlands ___________ __ — _- 236 189 1,128 
Singappre ____________ - 40,000 32,000 265,232 oe _- _— 
Spain _______-______-_ 294 235 1,474 330° 264 5,625 
Sweden _____-__.____- _ _- _- 28,109 22,487 260,455 
Switzerland ___._______ 4,574 3,659 30,670 118 94 1,104 
Taiwan _____________- 2,000 1,600 28,590 3,051 2,441 49,778 
Turkey _____~_-_______ -— —_ —_ 13,411 10,729 136,294 
United Kingdom ________ 27,194 21,755 - 208,331 99,709 79,767 775,089 
Venezuela _~_~______..___ ~ 900 720 9,762 3,860 3,088 27,530 

Total ___________~_ 784,635 627,708 5,564,426 763,572 610,858 3,836,671 

1Tungsten content estimated by multiplying gross weight by 0.80. 

~ Table 12.—U.S. imports! of tungsten ore and concentrate, by country 
(Thousand pounds and thousand dollars) 

1975 _ 1976 

Country Gross Tungsten Gross Tungsten - 
. weight content Value weight content Value . 

Australia __-§___§_____________-_ 707 390 1,995 311 172 864 
Bolivia _.._-_-_________-__-___- 1,888 1,037 4,868 1,753 963 4,900 
Brazil _________________~___-_ 336 187 1,012 4 2 11 
Burma __________.~_________ 308 160 815 232 123 582 
Burundi _~_~___~_~_______ Le . __ _— __ 7 3 16 
Canada ____________________- 3,815 1,585 7,769 4,101 1,343 7,656 
Chile __-_______________--_-- 15 8 40 _- __ _- 
China, People’s Republic of ________~ 715 387 2,176 717 384 2,289 
France ________.—~____-~~~--- 388 116 500 _- ae —_ 
‘Guatemala __________________-_ 159 28 4 _- _- _- 
Hong Kong ___________-_-----~-- _- _- _— 78 43 121 
Japan ___$___________~~ ~_____- 88 50 198 —_ —_ _ 
Korea, Republic of ________.-__~~_ 927 530 2,832 357 202 1,054 
Malaysia ___________-______--.| 120 70 178 105 61 284 
Mexico ________________-~--- 983 419 1,914 927 440 2,279 
Peru ________~---~---~-------- 1,509 862 4,143 1,458 839 4,450 
Portugal ______----_-----~---~-- 335 197 1,164 714 420 2,386 
Rwanda ___~__~_-__-_~__~~~----- _- -- _- 71 38 169 
Singapore _______________--__- -- -- -~ 19 10 59 
South Africa, Republic of ______-_--- 83 27 68 26 15 69 
South-West Africa, Territory of ______ 88 50 195 — __ __ 
Spain ________-------------- 24 14 66 36 21 119 
Taiwan __________~-____~~_____ 44 23 124 _— _. —_ 
Thailand ____-____~~_____-~---- 1,255 673 3,033 1,314 655 3,266 
Uganda ___________----_-__-~-~- 35 18 56 _- __ _- 
UnitedKingdom ______________- 33 19 107 _- — —_ 
Zaire ~~___________~______-_- 109 58 236 125 68 376 

Total _._-_____________-_- 13,964 6,908 33,493 12,355 5,802 30,950 

Data are “general imports”, that is, they include tungsten imported for immediate consumption plus material 
entering warehouses. . a
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Imports.—Tungsten concentrate import- ceived mainly from West Germany (52%), 
ed in 1976 for consumption decreased 19% France (14%), and Singapore (9%). Wrought 
from that imported in 1975 to 5.3 million tungsten imports increased 237% to 42,893 

pounds of contained tungsten. The major pounds, gross weight, valued at $1,966,446, | 
suppliers were Canada (25%), Peru (16%), -and were supplied primarily by Canada 
Thailand (11%), and Bolivia (11%). (51%), Japan (27%), and Austria (15%). 

Tungsten carbide imports for the year Imports of tungsten material classified as 
increased 19% over those of 1975 to 194,482 ‘‘metal-bearing materials in chief value of 
pounds of contained tungsten valued at tungsten” increased 433% to 378,528 
$2,184,876 and came primarily from West pounds of contained tungsten valued at 
Germany (70%), France (12%), and Sweden $2,224,743. The imports were received solely | 
(11%). Imports of tungsten waste and scrap from Bolivia and are believed to be mostly 
containing over 50% tungsten increased synthetic scheelite. Ammonium tungstate 
117% to 149,794 pounds of contained tung- imports decreased 30% to 582,622 pounds of 
sten valued at $694,269. The imports came contained tungsten valued at $3,699,178 and 

- primarily from Israel (53%), Singapore were supplied by the Republic of Korea 
(17%), Japan (10%), and Mexico (9%). Im- (71%) and Japan (29%). Imports of calcium 
ports of unwrought tungsten (except alloys) tungstate and sodium tungstate dropped to 
in lump, grain, and powder forms increased relatively insignificant quantities of 19,014 
87% to 377,153 pounds of contained tung- and 20,131 pounds of contained tungsten, 

sten valued at $2,600,388 and were re-_ respectively. : | 

Table 13.—U.S. imports for consumption of tungsten ore and concentrate, by country | 
(Thousand pounds and thousand dollars) 

| 1975 — 1976 

Country G Tu G Tungste 
weight content| Value weight content Value 

Argentina! _____________------ —_ __ __ >) 10 46 
Australia ________________---- 707 390 1,995 311 172 864 , 
Bolivia! ___________.-_____--- 1,433 7187 3,839 1,062 580 2,649 
Brazil! _______.______------- 336 188 1,012 4 2 11 
Burma? _______________-__~-- 308 ~ 160 815 232 123 581. 

Burundi? _____________---~--_- __ __ __ 7 3 16 

Canada _____________________ 3,839: 1,600 7,862 4,101 1,343 7,656 | 
Chile! ______________________ 15 8 40 __ __ __ 
China, People’s Republic of _______-_~- 569 310 1,752 703 377 2,256 

France ___~______~__~ = -~--_- 388 116 500 _— _- — 

Guatemala! _________________- 306 170 229 _- __ __ 

Japan ___________--_-_--~---- 22 12 21 _- _— _- 

Korea, Republic of! _____..__.---- 898 514 2,744 357 202 — 1,054 

Malaysia! ___________.______- 120 70 178 86 49 207 
Mexico! _______________----- 988 419 1,914 883 417 2,166 
Peru! _____________________- 1,518 866 4,166 1,501 863 4,564 

Portugal! ______________----- 335 197 1,164 714 420 2,386 
Rwanda! ____-.______-____---- _- _- _- 70 38 . 169 

Singapore? _________-_-_----_-- _- _- _- 19 10 59 
South Africa, Republic of _______—-- 83 27 68 26 15 69 
Spain ___________________-_- 24 14 66 36 21 118 
Thailand? ________________--- 1,211 629 2,901 1,193 588 3,073 
Uganda ________----------~--- 34 16 56 _- — _- 

United Kingdom ____~--_=--~--~~- 33 19 107 -- _- ‘Le 

Zaire __§_______________----- 109 58 236 125 68 376 

Total _____________------ 13,271 6,570 31,665 11,453 5,301 28,320 
nnn 
1Section 504(c) of the Trade Act of 1974 establishes a Generalized System of Preferences for the entry of tungsten from | 

designated beneficiary developing countries. The program began January 1, 1976. a
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Table 14.—U.S. imports for consumption of ferrotungsten, by country : . 

. . 1975 | 1976 

Country _ Gross Tungsten Gross Tungsten 
weight ‘content Value weight content Value 

- (pounds) (pounds) (pounds) (pounds) 

Austria ______________ 158,989 131,609 $836,391 313,704 260,191 $1,744,103 
France ______________ 44,092 34,058 225,703 312,172 246,447 1,502,085 
Germany, West _________ 22,046 18,122 107,393 64,588 52,920 . 292,170 
India ~_-_____________ —- _- _- 39,262 32,077 251,209 
Japan _______________ 44,092 35,331 204,528 oo _- oe 
Korea ______________- ee _- _- 4,409 3,349 | 18,959 
Portugal _____________ ~ 11,023 9,222 59,429 17,636 14,741 86,445 

. Sweden ____________-~ _- ie _ 24,692 20,001 : 147,831 
United Kingdom ________ 232,052 189,940 1,108,729 265,431 214,545 1,408,443 

' . Total _---_-_-_______ 512,294 418,282 2,542,173  . 1,041,894 844,271 © 5,451,245 

Table 15.—U.S. imports for consumption of tungsten and tungsten carbide forms 

| . (Thousand pounds and thousand dollars) a 

Wire, sheets 
. Ingots, shot, bars, ? ? Year "and scrap and one | Total 

' Quantity Value Quantity -Value Quantity Value 

1974 __-__ eC 680 1,828 1,782 7,545 2,462 9,368 
1975 ~_-___..-.~-_-___-- 438 2,548 1,460 8,556 1,898 11,104 
1976 _._____~________- 1,303 5,791 1,170 8,464 2,473 14,255 

A SR 

Table 16.—U.S. import duties on all forms of tungsten — — | 
er A 

Tariff —— Rate of duty effective Jan. 1, 1977 
classifi- Article —_—_——— hl 
cation Prevailing? Statutory 
i 

601.5400 Tungsten ore ________--_~- 25 cents per pound on tung- 50 cents per pound on tung- 
sten content sten content. 

603.4500 Other metal-bearing mate- 21 cents per pound on tung- 60 cents per pound on tung- 
rials in chief value of sten content and 10% sten content and 40% ad 

_ tungsten. ad valorem. valorem. 
607.6500 Ferrotungsten _________-— 21 cents per pound on tung- ' 60 cents per pound on tung- 

sten content and 6% sten content and 25% ad 
. ad valorem. valorem. . 

629.2500 Waste and scrap containing _~_~-do_1--______~--- Do. 
by weight not over 
50% tungsten. 

629.2600 Waste and scrap containing 10.5% ad valorem _____—~— 50% ad valorem. 
by weight over 50% tung- 
sten. 

629.2800 Unwrought tungsten, except 21 cents per pound on tung- 60 cents per pound on tung- 
alloys, in lump, grain, and sten content and 12.5% ad sten content and 50% 
powder. | valorem. ad valorem. 

629.2900 Unwrought tungsten, ingots 10.5% ad valorem _______— 50% ad valorem. 
, and shot. 

629.3000 Unwrought tungsten, n.e.c ___ 12.5% ad valorem ______~_ 60% ad valorem. 
629.3200 Tungsten alloys, unwrought, 21 cents per pound on tung- 60 cents per pound on tung- 

containing by weight over sten content and 6% sten content and 25% 
50% tungsten. ad valorem. ad valorem. 

629.3300 Tungsten alloys, unwrought, 12.5% ad valorem ____ ~~~ 60% ad valorem. 
containing by weight not 
over 50% tungsten. 

629.3500 Wrought tungsten ________~- _~__do_________---- Do. 
416.4000 Tungstic acid _________-_- 21 cents per pound on tung- 60 cents per pound on tung- 

sten content and 10% sten content and 40% 
ad valorem. ad valorem. 

417.4000 Ammonium tungstate ____-—~_ ~__-do_.~_~________-_ Do. 
418.3000 Calcium tungstate ______-~-_- _~__-do___________~_ Do. 
420.3200 Potassium tungstate _____-_~- _~_.-do___________-~- Do. 
421.5600 Sodium tungstate ______~-~- _~__-do__~-_-______~_ Do. 

See footnotes at end of table.
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Table 16.—U.S. import duties on all forms of tungsten —Continued | 

Tariff Rate of duty effective Jan. 1, 1977 . 
classifi- Article eee 
cation . a Prevailing? | | Statutory — 

422.4000 Tungsten carbide _______-~-~_ 21 cents per pound on tung- 60 cents per pound on tung- 
sten content and 12.5% sten content and 50% 
ad valorem. “ ad valorem. 

422.4200 ‘Other tungsten compounds ~~ ~_ 21 cents per pound on dung: 60 cents per pound on guns: 
. sten content an 0 sten content an 0 : 

d valorem. d valorem. 
423.9200 Mixtures of two or more in- - a ‘do. ~oe eee ° Do. oem 

- . organic compounds in chief a . 
value tungsten. 

en nna i Nn 

1Not applicable to most centrally controlled economy countries. | 

| WORLD REVIEW : 

In two meetings of the United Nations concentrate was sold while the processing 

Committee on Tungsten in 1976, discussions plant was under construction. When the 

were continued on methods to stabilize processing plant is completed in early 1977, 

tungsten prices. At the first meeting in it will become part of the second integrated 

January producers and consumers only tungsten production facility in Europe, and 

agreed that a concentrate containing 65% the fourth in the world. The plant’s pro- 

WO, would be the basis for any price duction capacity will be 1,490 tons of con- 

stabilization measures. At the second meet- tained tungsten per year. The tungsten will 

ing in November, the producers, led by be sold in a variety of forms: Carbide 

Bolivia, urged the establishment of a group powder, pure tungsten powder, blue oxide, 

of experts (producer and consumer) to draft APT, and tungsten concentrate. When op- 

a formal price stabilization agreement. The erational, the plant is expected to meet 10% | 

meeting ended without an agreement, and of Western Europe's demand for tungsten. 

further negotiations were put off until after Reserves were estimated at 3.1 million tons, | 

a special United Nations Conference On containing 0.7% to 1% WO:. The mine has 
Trade and Development (UNCTAD) board an estimated life of 8 to 10 years, based on 

session in 1977. The proposed agreement, Proven reserves. — ae ; 

outlined at the November 1976 meeting of _ Bolivia.—Bolivian tungsten is primarily . 

UNCTAD, suggested establishing a system 1 yom, The Ce between nogpnerie 

of maximum and minimum prices that 4nd ter rite. Ihe Corporacion Minera de 

would be supported at appropriate times by Bolivia (COMIBOL) accounts for most of the 

coordinated nationally held stockpiles and tungsten production. The tungsten mineral- 

be combined with restrictions on both im- | ization belt extends along the general line 
ports and exports. of the Eastern Cordillera of the Andes from : 

Australia.—The King Island Scheelite Peru to Argentina. In the north, minerali- 

. ivision, Wallsend Ltd., the ma- zation follows Closely the tin deposits re- 

son producer of henesten in Australia, devel. lated to granitic batholiths of the Cor- 

‘oped the Bold Head and Dolphin mines so ‘illera Real and Quimsa Cruz. In the 
that 386,000 short tons per year of ore could south, mineralization Js related closely to 

be produced from underground operations, “Pte ° tion 1 Min ng Co, (IMCO), a sub- 

with the potential of 440,000 tons per year. __, moTnanona, aus an 
In 1976, 329,350 tons of ore, averaging ‘idiary of Estalsa S.A., planned to expand 
0.77% WOs, was treated to produce 2,600 the copay of its Chaya port ar d be 

tons of concentrate, averaging 72.7% WOs. new ed te test iting dere yw 
s ary . _ insté rea umps containing 

A. decision was made to install an ar 9 990% tin and tungsten (about 50% of each). 

tificial _scheelite plant to produce a The plant would have a capacity to process 
molybdenum-free calcium tungstate pro- 4,410 tons per day. Tailing processing 

duct from the flotation concentrate. The : - , 
. should increase the company’s output of 

‘Plant 1978 : scheduled to be completed in tungsten contained in WO; by 358 tons per 
early . , . . .e 

Austria, —The Miltersill scheelite mine of Yea and operations will begin in early 
Wolfram-Bergbau and Hiittengesellschaft " 

mbH, Metallgesellschaft AG, and Teledyne ——spexo-Walisend Ltd., (Sydney, Australia). Annual Re- 
Inc. began production in late August. The _ port 1975-76. 32 pp.
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| Table 17.—Tungsten: World mine production, by country. | 

| . (Thousand pounds of contained tungsten)! . 

Country 1974 1975 1976 

North and Central America: . | 
Canada? ______________ 2,822 2,584 3,530 
Guatemala_______________~__ ~~ ee 14 2 _- 
Mexico _-__-_ = TTT 681 611 518 
United States _______._________ 7,381 5,588 5,830 

South America: 
Argentina ____________--+=-~-----~-~~_~~----_- T207 190 *180 
Bolivia ____-____---------~------~_~-------- 34.471 35,661 *6,700 
Brazil_____-________----~-~-~--~~__ ee 2,189 2,496 2,650 
Peru____--------------------- ee "1,550 1,283 1,303 

Europe: 
- Austria. ~~ LLL -_- 798 1,193 

Czechoslovakia®________.-. 22 ee 175 175 175 
France __.~_____--~~~ ~~ T1574 1,367 1,775 
Portugal --_.---------~----_-------------~--- 3,236 3,139 2,813 
Spain _-______-____ ee F765 174 611 
Sweden ____..~-__-_---~-_-~____ TATA 315 ©440 
USS.R.°_ Le 16,800 17,200 17,600 
United Kingdom ______~ ~~~ 22 22 22 

Africa: . 
Burundi ____~________~~ LLL 1 2 A 
Nigeria____~~_______ ~~ LLL 6. (5) &(5) 
Rhodesia, Southern® ____ $$ __-___- 2 ee eee 201 © 84 55 
Rwanda _.____--_-____-___---~~------------ 7624 - 761 840 
Southwest Africa, Territory of? ~._-..________________ —_ 16 18 
Tanzania. ~~~ > LLL 1 (8) oe 
Uganda® __-_____- . 240 240 240 
Zaire __-_§_ 432 547 ~ §29 

Asia: 
Burma ____________~_. ~~~ ee 750 728 1,032 
China, People’s Republic of __..._.______.-.-_-.-----_- 18,700 19,800 19,800 

- India ~2 2 ee 27 43. 51 
Japan ____+___-___ ~~ ~__+ ~~ ~~~ . T1,786 1,693 1,795 

. Korea, North®______________~_~ 4,740 4,740 4,740 
Korea, Republic of _. ~~ ~~~ ~~ Le 5,046 5,298 5,655 

: Malaysia ___ ~~ _§ ~~~ ee 289 234 141 
Thailand .~_-_____________________-__-___-_-_ 4,497 3,609 4,180 
Turkey _. ~~~ Le _— -- 2,046 

Oceania: 
Australia. _______~ ~~~ eee 3,128 4,262 5,379 
New Zealand ___________~________ 9 — -— 

Total... _.--.--------------------------- 732,832 84,262 91,845 

*Estimate. Preliminary. ‘Revised. . 
1Conversion factors: WOs to W, multiply by 0.7931; 60% WOs to W, multiply by 0.4758. 
2Producer’s shipments; actual production data are not officially reported, but available company figures indicate a 

substantial difference between actual output and shipments in some years. 
3Data presented are sum of production reported by COMIBOL and exports credited to medium and small mines and 

other unspecified exporters (including COMIBOL). Total national output is not reported. 
“Actual recorded total national output. Not available for prior years. 
5Less than 1/2 unit. 
®Production of Beardmore mine only. 
7Production of Brandberg West mine of South West Africa Company, Ltd. only. Data are for calendar years. 
®Revised to zero. . 

COMIBOL tungsten reserves were esti- Gosho Ltd., and a local company Mineracaéo 
mated as follows: Bolsa Negra, 442,000 tons Tomaz Salustino S.A. The new company 
at 1% WO;; Kami, 100,000 tons at 0.98% will produce 130 tons per year of synthetic 
WO;; Viloco, 2,210 tons at 0.98% WO;  scheelite from tailings in the Currais Novos 
Esmoraca, 1,990 tons at 1.8% WOs;. IMCO region. A pilot plant for the production of 
reserves were estimated as follows: Chojlla, 70% to 75% scheelite concentrate from 
2,210,000 tons at 1% WO;; Chambillaya, 0.2% ore also was scheduled for con- 
496,000 tons at 1% WOs; Enrramada, struction in 1977, at the site of the large 
551,000 tons at 1% WOs; San José Bergue, Brejui tungsten mine. | 

55,100 tons at 1% WOs; Santa Isabel, 11,000 = Union Carbide Corp. brought its new 
tons at 1% WOs. Various small mines had tungsten mine and mill in Boca DeLage 
reserves estimated at 160,000 tons averag- onstream in December 1976. The operation 
ing 1.05% WO:.* ... is scheduled to produce 1 million pounds per 

Brazil.—A new tungsten company, Brejui | 

Mineracaéo e Metallurgia S.A., was estab- — «y's, Embassy, La Paz, Bolivia. Industrial Outlook 
lished by Nittetsu Mining Co., Kanematsu- _ Report. State Department Airgram A-86, Aug. 2, 1976.
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Table 18.—Tungsten: World concentrate consumption, by country 
(Thousand pounds of contained tungsten) - 

eee rnc ve SC ES ee 

Country! 1974 1975 1976” . 

Actual consumption: | 
Australia______._____________------------------- 88 88 “90 
Austria ________________________ 2,310 2,008 ©3000 
Canada ________________ eee e+ 602 269 € 2375 

Czechoslovakia® 2 _~______________________ eek 2,745 2,700 2,700 

France _________________________-_u~-- == =e 3,926 3,179 3,139 
Japan_________________ e+ ----- 6,466 4,773 5,677 
Portugal _____________________-_---------------- 831 780 595 
Sweden _____________-_---__------------------- 3,702 3,629 3,761 7 

United Kingdom ______--------------------------- 6,116 4,967 4,251 

United States ______.__--_---------.-------------- 16,299 14,013 16,107 

Apparent consumption, excluding stock variations:® 
Argentina ___________-___--_------------------- 150 121 © 2130 

Belgium-Luxembourg ------------------------------ 313 90 401 

Brazil .§_-___________-_-----~----~---~------------ 315 613 © 2620 

China, People’s Republic of€ 7 ________----------------- 4,500 4,600 4,700 
Germany: 

East®? _-. = eee 600 550 600 
West___________________---~-=_-_-_--------+- 4,068 2,551 4,464 

Hungary® _________-_-------------------------- T1320 T1320 1,320 

India --______________-_---------------------- 326 €310 e€ 2310 
Korea: . . 

North®? ____________________--------------- 3,500 3,500 3,500 

Republic of€ 4 ~_______-_---------------------- 1,400 1,500 1,600 

Netherlands __________-------------------------- 74,495 2,465 ©2593 

Poland ____________-_-___-------~-----~--------- 3,730 3,549 . 4,231 

South Africa, Republic of€ ______-_------------------- 573 550 550 

Spain _____________---------------------------- 231 132 148 

USSR®?________--_-------------------------- 14,900  . 715,300 16,100 

- Total. = eee - +--+ --- T83,506 73,557 80,962 

Estimate. Preliminary. ‘Revised. | 
1In addition to the countries listed, Bulgaria, Denmark, Finland, Israel, Norway, Romania, Switzerland, and 

Yugoslavia may consume tungsten concentrate, but consumption levels are not reported and available general 

information is inadequate to permit formulation of reliable estimates of consumption levels. 

2Estimated by U.S. Bureau of Mines. (All estimates not so footnoted are reported in the primary source.) 

3Production plus imports minus exports. . 
4Data represents tungsten content of concentrate consumed to make ammonium paratungstate at APT plant adjacent 

to Sangdong mine and mill. 

- year of tungsten in concentrate. The output gal. Imports of tungsten concentrate into 

ee marketed by eee Lid ony € India totaled 828,937 pounds valued at $2.4 
rading company wholly ow nion _.,,. ey oe 

Carbi i. mpany y Owm y million, Thailand and Bolivia were the ma- 

Canada.—Canada Tungsten Mining Corp. Jor suppliers. | 

Ltd. (CTMC) planned to double the mill Korea, Republic of.—The Ministry of 

capacity at its Flat River mine in the Commerce and Industry reported that 5,138 
Northwest Territories to 1,000 tons of ore to ft ten i trate | 

per day. Construction of additional facilities “OP % ungsten In concentrate was Pro- 
was planned for the summer of 1977. duced in Korea during 1976 by the following © 

CTMC’s mill treated 188,934 tons of scheel- companies: 

ite ore, averaging 1.55% WOs, during the 

year. Total production was 238,998 short ton 

units of WOs, an increase of 33% over that Short tons of 

of 1975. Mill recovery was 81.6% in 1976, _ Company contained 

compared with 71.1% in 1975. The concen- a scene 

trator operated at a rate of 523 tons per day Chungyang Mining Co., Ltd. _______- 160 

with an overall efficiency of 97.8%. Minable Korea Tungsten Mining Co. Ltd. --—— - 4.619 
ore reserves at yearend were estimated to Other companies _- ~~ -~-------- 288 

be 4,190,000 tons of ore, grading 1.55% WOs. , ; Total ___________--------- 5,138 
Exploration, development, and diamond = —————————————_____ 

drilling added about 857,000 tons, averaging . 

1.65% WOs,, to the ore reserve in 1976.5 Korea Tungsten Mining Co., Ltd., 8.7% 
India.—Production of tungsten concen- owned by the Republic of Korea, increased 

trate from two mines totaled 97,372 pounds, production by 86% and accounted for al- 

an increase of 18% over that of 1975. Over = — 
° . ° Canada Tungsten Mining Corp. Ltd., , Canada). 

80% of this production was from Rajasthan, 1976 Annual Report. 9 ated (Toronto, Canada) 

with the remainder coming from West Ben- |
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most 90% of the country’s tungsten output. prise Etibank, and the cost of development | 
The Economic Planning Board reported was reportedly about $90 million. 
that stocks on hand at yearend 1976 were United Kingdom.—An extensive drilling 

en The | ° bw ting program was underway at the Hemerdom 
nda.—ihe larger of two competing tungsten-tin and kaolin mine near Ply- 

wolframite mining operations was absorbed mouth to prove the extent of mineraliza- 
by Société Miniére du Rwanda (SOMIRWA), tion. Tungsten mineralization averages 
which in 1976 mined over 93% of Rwanda’s 29% WO,, and it was hoped that an ore- 

yearly output. Concentrate output is rela- ody of 50 million tons could be proved. The 
| woe high gr ade ne about CE old mine was operated underground, but 

| O;, and was sold directly throug - any new venture would use open pit 
MINES, a Brussels-based company. methods. 

| Thailand.—Production of tungsten con- 7 . 
. Weco Development Corp. of the United 

centrate in 1976 totaled 4,384 tons, averag- | . | 
ing 65% WOs, an increase of 25% over that States announced that it granted a 1-year 
gore ww ° option, beginning September 1, 1976, to the 

of 1975. Carrock Fell Mining Company Ltd. (part of Turkey.—Etibank’s new Uludas tungsten he Amal ted . q e y L td P he 
. mine and mill was nearly ready for inaugu- ‘¢ Amalgamated in i 5 Re - In the 

ration by yearend. The deposit is near the United Kingdom) and to obertson Re- 
| near the summit of Uludas Mountain and is Search international a an international 

in two sections. The upper section is low Chelneering-consulting §lirm, to reopen 
grade and garnetiferous, while the lower Weco’s Carrock Fell tungsten mine. This 
section is granitic and averages about 0.4% conor intends to undertake 4 cevelop- 
WO;. Mining is by underground methods, ment and evaluation program and to modi 
and the concentrator, employing magnetic fy and improve the mill. If the new opera- 
separation and tabling, has a capacity of tors exercise their option to place the mine 

about 3,300 tons of concentrate per year at into production on a continuing basis, Weco 
about 65% WOs;. The mine is owned and _ will retain a 31.5% interest in the mine and 
operated by the Turkish State mining enter- mill, including 3,500 acres of land. 

| TECHNOLOGY 

Bureau of Mines researchers successfully Industrial research was reported on coat- 
. coated two large steel valve seats with an ings, such as titanium and hafnium nitrides 

’ adherent deposit of tungsten for test in an and alumina, and tungsten carbide cutting 
experimental coal gasifier to determine tools as well as changes in tool shapes such 
their ability to withstand wear, abrasion, as fluting and layer webs.”? Coated tools 
and corrosion at temperatures up to 1000°C. combine the strength of the tungsten sub- 
Approximately 0.6 pound of metallic tung- strate with the hardness and reduced 
sten was deposited on each seat by achemi- friction of coatings that minimize cratering. 
cal vapor deposition technique. Advantages In particular, the coated tools are excellent 
gained by this method were the ease of for roughing steel, whereas a solid tungsten 
application and the requirement of only carbide tool is excellent for finishing oper- 
moderate temperatures during application. —_ ations on medium steels at lighter feeds and 

Studies were continued during the year speeds. The latest coating development uses 
by Bureau of Mines research motelurgists a tungsten carbide substrate with triple- 

o develop a process to recover tungsten phase coatings of which the first layer is 
economically from the low-grade brine de- titanium carbide, the second layer is tita- 

posits of Searles Lake, Calif. These deposits nium carbonitride, and the outside coating 
contain about 35 million pounds of tung- js titanium nitride. The titanium carboni- 
sten, tride provides a better bond between the 

According to manufacturers, cutting tools ¢oatings.* 

made by the particle metallurgy process are Field tests were conducted by Teledyne 
replacing carbide and high-speed-steel pro- Firth Sterling on tungsten carbide tools 
ducts. The process is especially useful in coated with hafnium nitride (0.002 inch 

biended alloys ot oat taney eowess Un thick). The coated tools have a higher 
ike the powder me > _—_ | 
which powder i compacted under push noMetal Bulletin. Hemerdon Reincarnation. No. 6144, 
pressure, particle metallurgy involves heat- ae , 1876 PP. ‘ozy Moves Ahead in Cutting Tool 

ing the particles to a molten temperature Amer. Metal Market, v 83, No. 81, April 1976, pp. 21-30. 
and then cooling the material in a vacuum. 8Work cited in footnote 2.
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temperature hardness since the hafnium ter to improve the service properties of 

nitride has more lubricity than hafnium tungsten for uses such as X-ray targets. The 

carbide, thereby reducing the cratering researchers designed and tested a facility 

problem. These coated tools perform best on which permits the levitation melting of | 

highly alloyed steels that generate a strong tungsten through electromagnetic levita- 

chip.® tion with electron-beam heating. Not only , 

General Electric Co.’s Carboloy Systems does this process provide a means of grow- 

Department introduced a line of tungsten ing tungsten crystals for the production of 

carbide disposable inserts coated with alu- X-ray targets, but it also can deposit tung- | 

mina for cutting metal in applications sten onto molybdenum by vapor deposition | 7 

where cutting speeds are beyond the capa- from a superheated melt. Several advan- | 

bilities of tungsten carbide tools coated with tages were claimed for the process in that 

titanium carbide and where solid oxide tools the targets produced were reported to have 

tend to break. The chemical inertness of a greater exposure life, greater strength, 

alumina makes it an excellent material for and enhanced room temperature ductility.?? 

high-speed machining (above 500 surface § Several patents were issued during the ) 

feet per minute). Below 500 surface feet per year relating to tungsten recovery. One 
minute, titanium carbide is more resistive patent concerned the separation of tungsten 

to abrasive wear, the primary cause of and molybdenum when the two metals 

insert failure in that speed range.”. occur together in solution.'* A second pat- 
An entirely different design of a carbide ent related to the extraction of tungsten 

cutter tool, the Dust Hog, was introduced by from solutions containing the metal. The | 

Mining Tools Inc. and is claimed to have golvent extraction occurs by utilizing am- 
substantially better performance character- monium hydroxide and about 36% silica by , 

istics than conventional mining bits. The weight to convert the tungsten to soluble | | 

new drilling bit features layer webs and gs mmonium metatungstate." | : 

places the dust holes closer to the tungsten | 

carbide cutting edge for more efficient drill- — »page 28 of work cited in footnote 2. | 

ing and dust collection. The tool is claimed 104 merican Metal Market. V. 83, No. 179, Sept. 13, 1976, 

to run cooler, to provide 55% faster penetra-P i1iyining Journal (London). V. 287, No. 7365, Oct. 15 
tion, and to have 50% longer life in dry 1976,p.299. , 

drilling applications. ‘The design change "Marshal Ss Reh Cones Caine 
includes a hexagonal coupling between the _ p. 454. : 

bit and steel chuck that is more rigid, is "Bellingham, A IT (assigned to Warmen. Equipment 

almost impossible to break, and produces Gnterna Molybdenum. re bat 3,999,245 Feb. 17 1976. 
straighter holes by eliminating bit wobble." 14Ritsko, J. E. (assigned to GTE Sylvania, Inc.). Process 

General Electric researchers completed a Tum Tc aap rvostion in Silice, US. pe ee, 

project for the Marshall Space Flight Cen- May 11, 1976. | |
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oo | _ By James H. Jolly’ a | 

The search for uranium continued to struction, or planned. New developments | 
accelerate worldwide in 1976, owing to high were primarily underway in New Mexico —- 
uranium prices and expanding nuclear pow- and Wyoming. Increased emphasis was - | 

er programs. Both U.S. and world uranium. placed on recovery of uranium by solution 

reserves increased significantly. U.S. re- mining, primarily in Texas and Wyoming, 

serves at forward costs to $30 per pound of where a number of operations were starting | 

U;O. were estimated at 680,000 tons of up and planned. In Florida and Louisiana, | 
U;Os, a 40,000-ton increase, and world re- increased production of uranium from phos- 7 

serves at $30, exclusive of central economy Phate rock was also anticipated. _ oe 

countries, were estimated at 2.4 million tons , In other sectors ot nuclear cyce, | 
of U-Ox. . | ms | egislation to aid the development of private 7 

Ore the United States, most States had uranium enrichment facilities was not ap- 
some level of uranium exploration activity. Proved making the future uncertain for = | 
The Energy Research and Development Ad- Proposals by four private groups. Programs . 
ministration (ERDA) continued to expand 0 increase capacity at three Government _ | 

its uranium reconnaissance activities under ¢2richment plants continued, and plans to : 
the National Uranium Resource Evaluation _ build an additional enrichment plant mov- 

- (NURE) program. Interest in low-grade ura- ed. forward. A nuclear-fuel-reprocessing fa- 

nium resources increased. Land acquisition ility in South Carolina was almost comple- | 

and exploration drilling were at alltime ted; however, licensing problems and politi- 
- - highs. Mining activity continued high, and. cal decisions related to plutonium, prolifer- , 

the gross tonnage of ore mined exceeded ation, and ine ievenn cone uder, delay- : 

last year’s record. The number of producing ing startup. voner, ‘ e President put ao 
. . | . ~. % 8-year de facto moratorium on commercial 

mines increased dramatically over that of y . | . now | 

1975. In 1976, underground mines totaled fuel reprocessing and plutonium recycle. : 
209 " it mi 44. and other sources 28 Waste management was a major concern. | 

, Open pit mines **, an aia > Long-term storage in stable geological for- | 

compared with 121 underground mines, 23 1, ations continued to be the favored means | 
open pits, and 25 other sources producing in of disposal. _ oe 

1975. More ore was milled in 1976 than Shortages of investment capital, concern BS 
during any previous year. Although milled for reactor safety, plutonium, radioactive 
ore increased almost 19%, uranium Ppro- waste, nuclear weapons proliferation, and | | 
duction increased only about 10% owing tO reduced electricity demand continued to 

lower ore grades and poorer mill recoveries. delay commercial nuclear power develop- 
The millfeed grade averaged 0.15% U;Osin ment. Problems related to nuclear prolifer- 
1976, down from 0.16% in 1975 and 0.17% in ation, terrorism, and theft became major 

1974. Sixteen conventional mills and two. jigsues in 1976. Although public concern 

plants that recover uranium from in situ’ over nuclear power increased in 1976, | 

leaching solutions operated in 1976. Ura- voters in seven States voted down proposi- 
nium recovery from phosphate rock was tions designed to limit or stop construction 

hampered by technical problems. _ of all future nuclear powerplants. The 
Uranium production was expected to in- Price-Anderson Act, which provides finan- 

crease rapidly in the next few years. A cial protection to the public against losses 
number of major new mines and associated = ————____ 

mills were nearing startup, under con- 1Physical scientist, Division of Nonferrous Metals. 
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Se resulting from a nuclear accident, was ex- from 8.9% in 1975. Overall, nuclear power 
_ tended for 10 years but was modified to supplied 2.8% of the Nation’s total energy — 

enable the Government’s indemnity to be needsin 1976. . | 
phased out. In the rest of the world, nuclear power — 

Seven new nuclear power plants became development continued at a strong pace, 
, operable in 1976; however, there were or- and by mid-1977 the rest of the world’s total 

Oo ders for only three new plants, resulting in on-line nuclear megawatt capacity was ex- 
, the smallest total megawatts ordered since pected to exceed that of the United States. 

1965. At yearend, 65 plants were operable At yearend, exclusive of the United States, 
and 172 were under construction or plann- there were 111 nuclear plants operable in | 

| ed. Nuclear powerplants generated 9.4% of 18 countries and 187 under construction or 
the Nation’s electrical energy in 1976, up planned in 30 countries. 

_ ; : - Table 1.—Salient uranium statistics — oe oe 
Bo | | - —_ (Short tons of U;O, unless otherwise specified) . _ 

Oe co ~ 7 } 197200 «1978 «1974. 1975 1976 

Production: — : | | a - | a , 
: Domestic: =~ . | . | . 

: 7 Mine:? , _ 7 Cy o : . 

Ore ______________________. thousand tons__ 6,418 - 6,587 ‘7,116 7,365 9,198 
Content ofore __________________L________ - 18,667—-:13,588 ~=—»«12,418 ~=—s-:12,300~=—14,000 
Average grade of ore _____.______-=percent U3sO3_ _ 218  =6.208——s«iC«z TT 164 154 

| Recoverable? _____.,.--____.______________ | 12,880 12,901 :11,614— 11,489 12,578 
- Value®_______-_ i ____________ thousands__ $162,272 $167,718 $192,560 $281,388 $404,830 

| Mill, concentrate‘ ~._________..______._.____ 12,900 18,285 = 11,528 ~=— 11,600 ~— 12,700 
: World® __. LLL __ 725,625 25,486 24,616 ~=— 26,677 ~—> 30,100 - 

Domestic delivery of concentrate, private __.____.____~- 11,600 12,100 11,900 12,500: 12,900. 
Imports, concentrate_____________-_____. -___-_ 2,329 5,605 1,835 1,226 5,587 

: Reserves® __________--___+.-_--~-~. thousand tons__ 520 634 600 640 680 
a Employment? _______.__._.--.- number of persons__ 6,408 6,595 7,298 9,672 12,612 

€Retimate. "Revised. | a - | | | 
1Receipts at mills; excludes uranium from leaching operations, mine waters, and refinery residues. os 

_ 2Based on mill recovery factors. | | oS so 
5Market value based on recoverable U3Os3 content and estimated average price. 
‘“Includes marketable concentrate from leaching operations. . - 
5Market economies only. - . mS co 
6 At yearend; forward cost of $15 per pound U3Os for 1972, and of $30 per pound U3Qs for 1973-76. 
7In exploration, mining, and milling at yearend. . . oo 

Principal source: Energy Research and Development Administration. | . . | 

Exploration and Reserves.—According to estimated 200 drill rigs. Total exploration 
| an ERDA survey,? 108 companies reported and development drilling footage was a 

expenditures of $171 million on uranium record 34.8 million feet, 37% more than in 
exploration activities in 1976, compared 1975. Exploration costs, including drilling, 
with expenditures of $122 million in 1975. access roads, site preparation, geologic and 
Foreign interests in 15 companies account- technical work, sampling, and logging, 
ed for $13 million, or about 8% of total ranged from $1 to $25 per foot, averaging 
exploration expenditures. At yearend, 96 $3.13 per foot, an 8% increase over costs in 
companies reported uranium exploration 1975. - : | : 
holdings of almost 15 million acres, 26% Ten companies reported 350,000 feet of 
more than in 1975. During 1976, 4.75 mil- surface drilling exclusively for solution mi- 
lion acres were. acquired at a cost of $14 ning production in 1976 at a cost of $1.83 
million. The cost per acre ranged from less million, averaging $5.23 per foot drilled. 
than 10 cents to more than $200, averaging —-~ -_ 
$2.92, down from $4.80 in 1975. 7Energy Research and Development Administration, 

In 1976, more than 67,000 surface holes Creal Sinton Col) Omes. Uranium Beloraton Ee 
were drilled by 118 companies using an  10pp.
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Table 2.—Surface drilling for uranium 

1975  1976° 

. Number of holes _____________— 55,900 67,600 

Type of drilling: | 
Exploration __ _ _ thousand feet__ 15,690 20,360 
Development ____._.___do____ 9,730 14,440 

| Total __________ do____ 25,420 34,800 
Average depth per hole _____~ feet__ 460 510 . 

“Estimate. . 
oo 1Does not include claim validation or underground long 

hole and diamond drilling. 

fi Source: Energy Research and Development Administra- 
i0nN. 

Table 3.—Distribution of drilling by State 

j 1975 1976 

State Total Approximate Total Approximate | 
footage percent of footage percent of 

(millions) total (millions) total 

Wyoming ______~__---~-----~-- 12 47 12 34 
New Mexico _________________- 6 22 11 32 
Texas __________~~-~_-__-~---_- 3 13 3 9 
Colorado ______-_-~------_--~-~-- 1 4 3 9 

Utah ________________-____- 2 1 2 6 
Other? __________________--- 2 4 3 10 

Total _..._.-.-_.__________-- 26 100 34 100 
cnn 

1Includes Alaska, Arizona, California, Idaho, Nevada, Nebraska, North Dakota, Oregon, Oklahoma, South Dakota, 

Washington, and Eastern United States. 

Source: Energy Research and Development Administration. 

New Mexico and Wyoming continued to nificantly owing to the effects of inflation 

be the leading States in uranium reserves and to reevaluation of data for certain 

with a combined total of 86% of the $10 deposits. There were 526 properties having 

reserves and 83% of the $15 reserves. ERDA _ reserves at $10 per pound of UO. and 1,801 
estimates of yearend reserves by State ata properties having reserves at $30. 
cost of $80 per pound of U;O. were: ERDA continued to expand its NURE 

program to assess the potential uranium 
a Ssérescources of the United States, including 

Tons Grade qo, oh tog Alaska, by 1981.* Nearly 89,000 miles of 

State of ore (per" of total aerial radiometric reconnaissance surveys 
lions) Us 30.) 30s tone ef were flown in 1976 using computerized, 

high-sensitivity, gamma-ray spectrometers 
New Mexico ___ 328 0.11 —_ 357,000 52 and magnetic detectors. The resource pro- 

Wyoming - —- ~~~ 308 = 07 £216,000 8 gram also included hydrogeochemical stud- Texas ______- 87 05 144,000 7 & a ny’ : A 
Arizona, ‘3 . ies and the sampling of alluvial sediments. 

Colorado, Utah 39 000 Participants included ERDA’s national lab- 
2 

Others? ------___ 2408 20,000 8 oratories, private companies, universities, 
Total ~_-~- 786 = 09 680,000 10 State agencies, and the U.S. Geological 

Survey. Data on the airborne and geochemi- 
1ncludes | d ble at $30 ; 

pound by solution ining. recoverable at $30 per cal studies were placed on open file follow- 
2California, Idaho, Montana, Nevada, North Dakota, ing completion of each survey. To meet the Washi . ; 

Oregon, South Dakota, and Washington expanding program, NURE funds were in- 
_ Source: Energy Research and Development Administra creased from $14 million in fiscal 1975 to 

ton. $21 million in fiscal 1976. NURE funds for 

ERDA reported increases in overall do- fiscal 1977 were $50 million. 
mestic uranium reserves in 1976, but esti- TT ae 

mates of reserves recoverable at a cost of Pas RBG MT a aS nat (Grand Junction 
$10 or less per pound of U;Oz declined sig-  Colo.), 1977, 75 pp.
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: Table 4.—Domestic ore reserves at various estimated costs | 

Cate cost Tongotore Average ured Tons of Ua0s 
pound of UsOs) 1975 1976 1975 1976 1975. 1976 

| $10 _--- eee 8G 129 0.17 0.19 270,000 —-250,000 | 
| $15’ ______ eee 329 305 13 14 ~— 430,000 +=. 410,000 

| $30? ‘114 186 08 09 640,000 680,000 

‘Includes lower cost reserves. | 

| Source: Energy Research and Development Administration. | 

| Table 5.—Domestic resource estimates 

. Cost category . Tons of Us308 - 

| per pound Prob- P Specu- 
of UsOs able sible lative 

$10 ____________ 275,000 115,000 ~—-100,000 
$151____________ 585,000 490,000 = 190,000 
$30! ____________ 1,090,000 1,120,000 480,000 

1Includes lower cost resources. . | | | 

& Source: Energy Research and Development Administra- | 
ion. 

DOMESTIC PRODUCTION . 

Mine.—Gross uranium ore output was and 25 miscellaneous operations in 1975. 
25% higher than that of 1975, but the In 1976, many new mines, mainly in New 
average ore grade and mill recovery were Mexico and Wyoming, were either brought 
lower. Domestic ores mined in 1976 graded into production, under development, or _ 
an average of 0.15% UsOs, down from 0.16% planned. The Johnny M mine in New Mexi- 
in 1975 and 0.17% in 1974, ERDA data  ¢o, a joint venture of Ranchers Exploration 
indicated production, by State, as follows: & Development Corp. (RED) and HNG Oil 

Co., began production from Section 7 in late | 
| } Mine production? 1976, after being delayed almost a year by 

State Ore Us0s startup problems. Full production of about 
(thousand content 600 tons of ore per day is anticipated in 

early 1977 following development of the 
New Mexico _________- 3,401 6,500 Section 18 ore body. RED and Chaco Energy 

Other 22777777772 2482 3100 Co. were developing the Hope mine near 
rT  .. ~Ss« Grants, N. Mex. for ore production of 6,000 

____ etal === OY tons per month in1977. A 465-foot shaft was 
1Does not include output of approximately 200 tons of completed in September. Ore reserves, esti- 

Ceo ee eck oeOscne ene and recovery mated at 224,000 tons containing 826,000 
Colorado, Texas, Utah, and Washington, combined to pounds of recoverable U;0, were adequate 

avoid disclosing individual company confidential data. for about a 8-year o peration. 

About 48% of the total production of _ Phillips Petroleum Co. announced plans 
14,000 tons of UsOs was from open pit for the development of its Nose Rock depos- 
mines, 48% from underground mines, and _ it near Crownpoint, N. Mex.* Plans called 
4% from other sources. There were 209 for the sinking of four 3,400-foot shafts, two 
underground mines, 44 open pits, and 28 for production and two for ventilation, be- 
miscellaneous sources in 1976, compared = — 
with 121 underground mines, 23 open pits, ‘Phillips Petroleum Co. 1976 Annual Report. P. 16.
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ginning in 1977. Production of about 3,000 The Section 21 (Ruby) mine at Smith , 
tons of ore per day was expected in the early Lake, N. Mex., operated by Western Nu- | 
1980’s. Mill construction was planned for clear, Inc. (WND), began ore production in 

1978. The deposit was estimated to contain mid-1976 at a rate of about 15,000 tons per 
reserves of about 25 million pounds U;Os. —s month. The ore was being toll-milled milled 

__ The L-Bar mine and mill complex in the 4+ Ambrosia Lake. WNI, which has addi- 
__ Laguna District, New Mexico, jointly owned tional reserves at Smith Lake, was planning | 

by Sohio Petroleum Co. and Reserve Oil & a second mine in the area 
Minerals Corp. (ROM), began uranium pro- Mining operations at Homestake Minin 
duction in August. The only operating mine Co.’ (HMC) F 33 mi Grants 8 | : 
of the complex, the J. J. Number One mine, ‘ ree Maine near rants were | 
was expected to attain full production of terminated late in 1976. To meet its con- 
1,500 tons per day by mid-1977. Aggregate tract commitments, HMC was increasing 
reserves in three deposits on the property production at the four United Nuclear- | 

totaled 17.4 million pounds of U;0;. The Homestake Partners (UNHP) mines in the _ 
mill, which was completed by Fluor Utah, Grants area and planned to bring onstream : 
Inc. in July, was approaching rated design a fifth UNHP mine in the latter half of 

- capacity, 1,600 tons per day, at yearend. 1977. Production from the new mine was a 
Much of the ore being milled, however, was expected to be about 200,000 pounds of U0; 
from the nearby, recently opened St. Antho- per year. | 
ny open pit mine of United Nuclear Corp. In Colorado, HMC continued develop- | 
(UNC). UNC planned a yearly production of ment of the Pitch open pit mine near - 

| 500,000 pounds of U;Os. Recent drilling and Gunnison. Production, expected in 1977, 
mine development indicated that the St. was to be toll-processed through the UNHP 

Anthony mine’s UsOs reserves were sub- i1) in New Mexico prior to the startup of 
stantially bigher than toe 8 ni the Pitch mill, scheduled for operation in | 
pounds initially thought to be present. 1979. Plans called for mine production of 
UNC continued development at its lar- f o | th. ‘ll 

gest ore-producing mine located near 150,000 tons of ore per year with a mi 

Church Rock, N. Mex. A second 1,760-foot OUtput of 600,000 pounds of U;O. yearly. 
production shaft was completed in late Reserves were estimated to exceed 10 mil- | 
1976. Annual production of the mine was ion pounds of U:Os. oo 
anticipated to be about 3 million pounds of | In December, Utah International Inc. 
U;O; when the new shaft is operational in (UD), a large producer of uranium in Wyo- | 
1977. Construction of a 3,000-ton-per-day ming, merged with General Electric Co. 
mill was on schedule, and the mill was (GE), with GE as the surviving company. 
expected to be completed in June 1977. UI’s uranium operations were transferred 

Gulf Mineral Resources Co. (GMR), a to a new wholly owned subsidiary, the 
division of Gulf Oil Corp., continued devel- Lucky Mc Uranium Corp. Under terms of 
opment on the largest and deepest uranium the merger, Lucky Mc will not be able to 

mine in the United States, near Mount sel] uranium to GE until the year 2000. 
Taylor in New Mexico. The ore body, which Lucky Mc planned to develop nine ura- 
lies at a depth of 3,500 feet, was estimated to nium pits on its Green Mountain uranium 
have reserves exceeding 100 million pounds roverty, located 15 miles southeast of 
of U;Os. At yearend, both the 24-foot main fre y Ok Wyo. Th megan 
shaft and the 14-foot service shaft were °°. Ys WYO ¢ company Seean 
sunk to a depth of about 1,000 feet. Shaft Stripping operations and mine construction 
sinking was expected to be completed in ™ 1976. Development of the pits, which 
1979, with commercial production schedul- involves the removal of about 100 million 
ed for 1981. cubic yards of overburden, was not expected 

Kerr McGee Corp. (KMC) continued ura- to be completed until the mid-1980’s. Min- 

nium ore production from seven mines in eral Exploration Co., a subsidiary of Union 

the Ambrosia Lake region near Grants, N. Oil Co., and Silver Bell Industries planned a 
Mex., and from its new Church Rock No.1 mining operation to produce about 15 mil- 
mine, which was expected to attain full lion pounds of U;O. from a property near 
capacity in 1977. KMC planned three addi- Rawlins, Wyo.' Construction of a $45 mil- 
tional mines in New Mexico: A second mine lion mine-mill complex was expected to 

at Church Rock and mines at Roca Honda begin in 1977 with a 3,000-ton-per-day mill 
in eastern Ambrosia Lake and at Rio Puer- scheduled for startup in late 1978. 
co between Grants and Albuquerque. The _ 
Rio Puerco mine was expected to begin 5Mining Journal (London). Uranium Mine Near Raw- 
production in early 1977. lins. V. 287, No. 7367, Oct. 29, 1976, p. 342.
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Rocky Mountain Energy Co., a joint ven- ing stations in Colorado and Utah by pri- 
| ture of Union Pacific Corp. and Mono Power vate companies resulted in the opening of 

_ Co., was constructing a $50 million mine- many small independent mines. GE was 
a mill complex at Bear Creek, 65 miles north- planning to increase ore buying at its Natu- 

east of Casper, Wyo. Construction of a 1,000- rita, Colo., buying station from less than 
ton-per-day mill began in 1976, and the mill . 10,000 tons per month in 1976 to 20,000 tons 
was expected onstream in late 1977. A 12- per month in 1977. Energy Fuels Ltd. (EFL) : 
year operation was envisioned. | | was establishing ore-buying stations at 

The Cleveland-Cliffs Iron Co., Getty Oil Hanksville and Blanding in southern Utah. 
| Co., Skelly Oil Co., and Nuclear Resources In December, EFL owned, leased, or held 

Inc., a unit of Commonwealth Edison Co. of production rights of 30 small, active mines. 
Chicago, were planning to develop reserves The company, which anticipates bringing in 
containing 12 million to 18 million pounds about 1 million pounds of U;O, in ore per | 
of U;Os in the North Butte area of the year, was studying proposals on whether or 

| _ Powder River basin in Wyoming. A full- not to establish mills near the buying sites. 
scale mining and milling operation was | UOCO, Inc., established a buying station | 
envisioned in 1982.¢ | | in Salt Lake City in July and was buying 

’ KMC signed a uranium sales contract ore from independent and widely scattered 

with Public Service Electric and Gas Co. of producers. Plans called for the arranging of 
New Jersey, calling for the delivery of 20 toll milling and supplying of yellowcake to 
million pounds of uranium between 1980 Utility clients. _ 7 | 

~ and 1995.7 The uranium is scheduled to be Solution Mining.—Niagara Mohawk 
: mined from KMC’s reserves in the South Utilities (NMU) and USS. Steel Corp. (USS) 

Powder River basin in Wyoming. The pro- ought out the interest of Atlantic Richfield 
ject, as planned, required the opening of Co. (ARCO) and Dalco Oil Co. in two in situ 

, three underground and several open pit Producing properties in the Clay-West ura- 
mines and construction of a uranium mill. ium field in Live Oak County, Tex. The 
KMC planned to start production from the ‘S@le of ARCO’s interest in the uranium - 
Bill Smith mine, its first mine in the basin, Properties reportedly was to help lessen 
in 1977. The production shaft and haulage antitrust objections to the planned acquisi- 

development of the Bill Smith mine were ion of The Anaconda Company by ARCO. 
nearly complete at yearend. Production capacities of the two properties 

The Morton Ranch property in Wyoming, Were rated at 150,000 and 250,000 pounds of 

a joint venture of the Tennessee Valley U:0s vie year in jer ine oxen at ott 
Authority and UNC, was expected to begin Properuues were undergoing expansion an 
production in 1977. Stripping operations on W°T® expected to have capacities of 500,000 
a 32-acre area began in December. Startup and 1 million pounds of UsOs by 1978. 
of a 1,000-ton-per-day mill was scheduled for __!tercontinental Energy Corp. (IEC) 
1979. Ore reserves containing 11.4 million Planned to start production at a 150,000- 
pounds of UsOs, were expected to be ex- pound-per-year in situ facility on its Paw- 

Lausted in about 10 years. hee and Sp arkman properties in Bee and 
WNI, which received approval in October Live Oak Counties, Tex., in early 1977 to 

from the U.S. Department of the Interior, fulfill @ uranium contract with Virginia 
planned to proceed with its $50 million Electric Power Co. TEC concluded an- 
Sherwood uranium project on the Spokane other sales contract in December that will 

Indian Reservation near Wellpinit, Wash. 300.000 the in rtup in early 1978 of a 
Development of the mine and construction |; oune UO spe Fan ear in sua eacy 
of a 2,000-ton-per-day mill were to begin in ©. Oak County. The Zamoow site was 
January 1977, with completion scheduled reported to hav 2 ranium reserves of 13 
for mid-1978. Reserves were estimated to be million pounds of U;O " 
about 12.5 million pounds of UsOs. Wyoming Min erals Co rp. (WMC), which 

Standard Oil of California planned to has several in situ o ti be ° 
. . aq: perations, began pro- 

begin construction in 1977 on a $40 million Guction at its Bruni, Tex., site (250,000 
mining and milling operation in south Tex- 
as near Panna Maria, where the company —¢american Metal Market. Cleveland-Cliffs Reports 
has reserves of about 5.5 million pounds of Group Plans To Develop Uranium Site. V. 83, No. 178,’ 

U:Os. Open pit mining and ore processing ““Fri. Mining Record, Largest Uranium Contract in 
were expected in 1979; eventual capacity Kerr-McGee’s Ftistory Signed. V. 87, No. 25, June 16, 1976, 

was anticipated at 2,000 tons of ore per day.* Psa nerican Metal Market. Socal Investing $40 Million in 
The establishment of uranium-ore-buy- Texas Uranium. V. 82, No. 196, Oct. 6, 1976, p. 9.
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pounds per year capacity) in 1976 after stow, Fla. Startup of the uranium recovery 
startup problems were resolved. WMC was module was delayed for more than a year 
also planning to bring its Lamprecht lease owing to testing additional equipment and 
in Texas into production in 1977 at arate of making process modifications. URC was 
500,000 porns of U;O. per year. In Wyo planning to construct three additional mod- 
ming, WMC was constructing a solution- ules beginning in 1977. When these four 
mining facility at its Irigaray property, 40 units are operational, URC will have the 
miles southeast of Buffalo. Plans called for capacity to produce 1.3 million pounds of 
a facility able to produce 500,000 pounds of UO, per year. | 

i per year, to be operational in early § Freeport Minerals Co. planned to con- 
o. . Ce a struct a $32 million facility for the ex- | 

mining Seratans Sr igTOne Norn ona ution of eranium at te wet proce phos > = ; L phoric acid plant at Uncle Sam, La. The 
oe. DU c ous Mobi’ owen ae facility, which has a design capacity to 

efforts in Webb County Tex reportedl 3 y Proawee ted to Ro ae Pi for t itial pro. ? ” as e 0 i 
may result in the country’s largest in situ waction in late 1978. reaey forum Pro” . 

reaching gperauion. About 200 tons of Gulf Oil and Minerals Corp. and WMC — 
ppbyproduct Uranium—About 200 tone of continued with pilot programs to recover 
from mine waters, percolation leaching of operations Late ee the. year WMC oan. | 

_ ore in piles or vats, and wet-process phos- nounced that it was planning to build a 
phoric acid. Production of uranium from 499 000-pound-per-year uranium recovery | 

Dee ee ee tt ae’ plant at the Farmland Industries Corp.'s | 
leaching opera tion in 1976 w ae a short phosphoric acid production facility near : 

campaign at UCC’s Maybell, Colo., site Barstow, bie. Startup was expected in 1978 | 
. wae pg ~=— With commercial operation in . 7 

tain aoquived about at Doraneo Oooo. _Mill.—Output of U;O, in concentrate was _ - : 

from Foote Mineral Co. for solution recov- 12,700 tons, about 10% higher than in 1975, | | 
ery of uranium. Tests indicated that 1.7 OWiné mainly to a 107% increase in mil 
million pounds of U3Os, or about half of the rougnput. tne m grade continu - 
uranium content, as well as substantial to drop, averaging 0.154% UsOs in 1976, 
quantities of vanadium, were recoverable down from 0.164% in 1975 and 0.174% in 
by acid leaching in impervious earthen 1974. Sixteen conventional mills, one more 

tanks. than in 1975, plus two additional processing 
WM (KCC) Plants were operating at the end of 1976. - 

, C and Kennecott Copper Corp C : The 16 mills operated at the highest aver- were planning to construct a $6 million , \ 
commercial facility to recover uranium 8€ rate per mill ever attained (1,500 tons of 
from copper dump leach solution at KCC’s Ore per day), and the total tons of ore 
Bingham Canyon, Utah, copper mine.’® The processed (8.9 million) exceeded that of the 
installation will comprise two units, each record years of 1960 and 1961 when more 

processing 3,350 gallons of solution per than 25 mills were processing ore. The mills 
minute through a continuous-ion-exchange °Perated at about 77% of capacity, and mill 
loop. Production of 143,000 pounds of U;0, recovery decreased marginally, averaging 
per year is envisioned beginning in late Slightly less than 93%. At yearend, total 
1977. operable milling capacity was 31,160 tons of 

Production of uranium from wet-process ore per day, an increase of 2,710 tons from 
phosphoric acid, although small in 1976, 1975. 
was expected to increase rapidly in the next Whe Minine Record Ranchers Excloration Acaui 
few years and was projected to account for e Mining a. Ranchers Exploration Acquires 
about 5% of domestic production in 1979." 1976p 2 Uranium Mill Tailings. V. 87, No. 44, Oct. 27, 

i t Lake Tribune. New Facility To Extract Uranium. 

’ acer, J. F., uf. uction cs. - a e 

i i j Uranium Ind Seminar, Energy Research and Devel- oa Tae yee cck Ce feat Maar SAAT phi 
(WRG) phosphoric acid facility near Bar- Development Administration. an
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: _»  - Table 6.—Domestic uranium mill statistics in 1976 | 
| . ' . . - (Short tons of U;O, unless otherwise specified) | , 

. Operating mills, yearend ___________-____-__i__-- eee ___ number_o sR 
Average daily milling rate ~----------~ ~~~ ee _____ tons of ore__ 24,000 - | Mill receipts, content of ore__ _ ____---~--~~_--~---_-_-.--- eee t 13,800 

- »Content of ore ae ee ee et 13,700 
7 Other? ____-___ ee 200 | 

- Total ________-_-_ e900 
Recovery rate .-___-__--__+--+-------~ +--+ percent__ 9 
Production— —___-__-_~__--_ ia 12,700 ; 
Shipments ______-_____~~__ ee 12,900 

Content of ore, Jan. 1,1976_______ . 200 . . Content of ore, Dec. 31,1976 -____.-.-_---------_--- eee 300 
Concentrate, Jan. 1,1976______-_ ~~ ee ee 2,700 
Concentrate, Dec. 31,1976 _____._______ 2,500 . . In process:. | Se | . | Concentrate, Jan. 1, 1976_____.___ >» > 400 

ne Concentrate, Dec. 31,1976 __________-____.---_ +--+ eee 00 

1Consists of 16 conventional mills plus 2 additional processing plants. oe . 
2Concentrate from leaching operations, mine waters, refinery residues, recycled tailings,andcleanup. ~- = =~ 

| Source: Energy Research and Development Administration. - | cs : | . . 

- _. Table 7.—Operating domestic uranium milling and ore processing = == | 
, | | | companies and capacities in 1976 | OB , 

7 | a o | Nominal. ; pe - . - . Capacity 
_ . Company ssi. ee ‘Plant location . | (tons of 

. . - . - ore per 
| ee __. _. | day) 

The Anaconda Company ____________.___-_Grants,N.Mex__.___________ =) 3,000 
Atlas Corp ___________________--___--Moab, Utah _______________.___.____ 1,100 
Conoco-Pioneer __-____--__------~--~~~-~ Falls City, Tex. ________--___________ 1,750 
CotterCorp _____________________. ~~ _Canon City, Colo =~ ___~ 450. 
Dawn Mining Company ~----~-~-_-_~.~—~~ Ford, Wash _____~_______ 400 

_. Exxon Co.,USA ___~___._______.______-__~ Powder River Basin, Wyo_______________ 3,000 
Federal-American Partners ~ rr rrr7 77777 Gas Hills, Wyo wee ee 950 
Kerr-McGee Nuclear Corp ____________..__ Grants, N. Mex _____________________ ~ 7,000... 
Lucky Mc Uranium Corp ~~ ____-_______ ~~ Gas Hills, Wyo __-______-___________ 1,650 

Do ___-~--~___--_---____.. ~~~ Shirley Basin, Wyo_________._______u_ 1,800 
Rio Algom Corp ____________.____._____LaSal, Utah__-_______________ . 7100 
Sohio-Reserve Oil ~~~ ~~~ 22222 27 Gebollota, N. Mex. 2222272272222 TTT ~ 1,660 
Union-Carbide Corp ________________..___Uravan, Colo ____________________ 1,300 

Do ‘clear Homestake Partners 7777777777 G28 Hills: Wye woo ee 1,200 
United Nuclear-Homestake Partners _________~ Grants, N. Mex __-___________________ 3,500. 

| United States Steel Corp _________________ George West, Tex_______________-____ — . @Q) 
US. Steel-Niagara Mohawk ___-__~_____._-_____do ____________ (4) 
Western Nuclear,Inc _______-_________~_Jeffrey City, Wyo____________________ 1,700 

Total? eee 31,160 
nnn nnnD nnn 

1Uranium obtained by solution mining. 
2Includes only solution-mining operations producing dry, marketable, uranium concentrate. 

Source: Energy Research and Development Administration. - 

The Anaconda Company planned a $20 Getty Oil Co. and Skelly Oil Co. planned 
million expansion of its Blue Water ura-_ to reopen the Petrotomics mill in the Shir- 
nium mill near Grants, N. Mex. The expan- ley Basin, Wyo., in late 1977 or early 1978. 
sion, scheduled for completion in late 1977, The mill, which has a capacity of 1,500 tons 
would increase mill capacity from 3,000 to per day, was undergoing reconditioning 
6,000 tons per day and was expected to plus process improvements in anticipation 
allow the processing of lower grade ores _ of processing ore from Getty’s UJV proper- 
without affecting uranium output. Additio- ties in the Shirley Basin. Overburden remo- 
nal ore requirements were expected tocome val from the UJV deposit began in early 
from the Jackpile-Pugate open pit mine at 1976, and mining was scheduled to com- 
Laguna. mence in 1977.
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Cotter Corp., a subsidiary of Common- ERDA obtained preliminary approval to 
wealth Edison of Chicago, announced plans build an additional gaseous diffusion : 
for a $23 million expansion of its uranium enrichment plant at Portsmouth, Ohio. | 
mill at Canon City, Colo.2 The expansion, Plans called for initial production from this | 
which is designed to boost milling capacity plant in 1984 with full production in 1986. 

7 from 450 tons per day to 1,000 tons per day, The plant, which has an estimated cost of 
was expected to require the reopening of $4.4 billion, was expected to add 8.75 million 

five mines on the Colorado Plateau, as well SWU capacity to the present enrichment 
as increased ore production from the com- Plant complex. The plant is anticipated to 
pany’s Schwartzwalder mine. allow continued enrichment operations, to 

Uranium Hexafluoride (UF.).—Two com. have nearly optimum nuclear fuel pro- | 
mercial operations—the Allied Chemical duction economics, and to permit the offer- | 
Corp. plant at Metropolis, Ill., and the Kerr 198 of new enrichment services contracts. . . 

McGee Corp. (KMC) plant at Sequoyah, _ 4 proposed bill, the Nuclear Fuel Assur- 
- Okla.—produced UF, during 1976. The con- 22° ct, whic would allow private indus- : 
version capacities of the two plants were ‘try to enter the enrichment field, failed to | 
14,000 and 5,000 tons, respectively, of ura. Obtain congressional approval in 1976. Asa | 
nium as UF.s. KMC’s program to double — result, the plans of four private groups 
conversion capacity by early 1978 was on vee were construction of enriciment facili- 
schedule. According to ERDA, the available (on. @ R tar bber Co. drovped. Good A | 
annual conversion capacity of 26,450 short | Tra im E richmen t o. cropped UE A) : 

_ tons of uranium after the KMC expansion ,) > onl “2 om anv completel  shelvin its no 
will be sufficient until about 1979. 1 . y d ARCO’ * bdo Po CENT Fe 

Beker Industries Corp. delayed plans to Qiu. yo. withdrew from CENTAR es orp yed Pp Associates. CENTAR, Exxon Nuclear Co., 
| build a plant at Carlsbad, N. Mex., for the Inc. (ENC), and Garrett Nuclear Corp., each ° | 

conversion of uranium to UFs.Thecompany of which has proposals for 3-million-SWU- | 
was, however, continuing feasibility studies per-year gas centrifuge enrichment plants, 

on a plant expected to cost $100 million and have delayed their programs awaiting Gov- : | 
have a capacity of 23,500 tons of UFs per ernment action. = 

year. . In March, ENC and Avco Corp. applied | 
Enriched Uranium.—ERDA reported for a license to operate a facility to test the 

enrichment revenues of $588 million in 1976 enrichment of uranium by laser technology. __ | 

for separative work furnished under enrich- A facility to be located at Richland, Wash., _ oe 
- ment contracts. A total of 9.6 million sep) was scheduled for startup in 1978. Power es 

arative work units (SWU)"* was carried out consumption of a commercial laser enrich-- | 
for 26 domestic and 17 foreign customers. ment plant was anticipated to be about 20% | - 
At yearend ERDA held longterm enrich- less than that of a gas centrifuge plant, and | | 
ment services contracts covering 329,000 a laser plant was expected to require about 
electrical megawatts of nuclear power. Of half the acreage of a gas centrifuge plant. 
the total, 208,000 megawatts represented § Fuel Fabrication.—Fuel fabrication or- 
domestic nuclear powerplants and 121,000 ders continued to increase in 1976, despite 

megawatts represented foreign plants. deferrals and rescheduling of nuclear | 

Throughout 1976 the transacting tails assay powerplants by electric utilities. ENC com- 
continued at 0.20% U-235 and _ operating pleted the doubling of fuel fabrication facili- 
tails at 0.25% U-235. ties at its Richland, Wash., plant. Babcock 

The ongoing ERDA Cascade Improve & Wilcox Co. won a $21 million order for 

ment Program (CIP) and Cascade Uprating 34,000 fuel pins to be used in the Fast Flux | 
Program (CUP) were expected to increase Test Facility being constructed at ERDA’s 

the annual SWU capacity of the Govern. Hanford, Wash., complex. The fuel, which is 
ment’s three enrichment plants from 17.2 in addition to 18,000 pins previously sup 
million to 27.7 million by 1981. These pro _Plied, was to be fabricated at the company's 
grams, costing about $1.5 billion, were on Parks Township, Pa., facility. . 
schedule in 1976. The additional separative —_____,—_. 

work gain installed in CIP at yearend was  MoutainSeates V £5, No 2, Dee B51 De 
about 1.3 million SWU per year; by October Measure of prork expended in separating a quantity of 

1977, the gain was expected to total about fractions one enriched in Usss to a specific grade, and 
2.5 million SWU. the other deficient in Ugss to a specific tailings grade.
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_ Table 8.—Domestic nuclear fuels production facilities 
. . - . — . — ne ee 

| | Company ——. Location 

Babcock & Wilcox Co 9-5 ee Apollo, Pa. / © Do ~~~ eee == Leechburg, Pa. 
Do ---_-_-___--_-__ eee L___ ~—_—Lynehburg, Va. | 

| . Combustion Engineering Corp _________-__--_+--_____________ ‘Windsor, Conn. 
Do 2-2 Hematite, Mo. 

Exxon Nuclear Co.,Inc ~~~ Richland, Wash. 
General Atomic Co ______________-_~---~--- ee San Diego, Calif. 

Do __--~_ ~~ Youngsville,N.C. _ 
General ElectricCo ~_________~_______ ioe San Jose and Vallecitos, Calif. 

Do mee nn nr ne ee ee a ee ee ee ee Wilmington, N.C. 
‘Kerr-McGee Corp - _______-___--_------------_____.___.._ | Cimarron, Okla. 
North American Rockwell Corp., 

Atomics International Div. _____-___.._-______ ~~ ~__________ Canoga Park, Calif. 
Nuclear Fuel Services,Inc _~_____-_____~_~____ Erwin, Tenn. 
Tennessee Nuclear Specialties, Inc __._____________________ Jonesboro, Tenn. 
Texas Instruments,Inc __________-_.~___ iu Attleboro, Mass. 

. _ United Nuclear Corp _________-_____-_--_ 2 ee Wood River Junction, R.I. _ United States Nuclear Corp. ________________________________ Oak Ridge, Tenn. | 
Westinghouse ElectricCorp ~_____ ~~ =~____________ Cheswick, Pa. 

. Do ~~ Le Columbia, S.C. 
. Do _-__-__ Anderson, S.C. 

| | In October, the N uclear Regulatory Com- mined. Because of anticipated continuing 
mission (NRC) reported its findings in the delays in licensing, early utilization of 

: final environmental impact statement (EIS) AGNS’s plant was expected to be related to — 
| on the use of recycled plutonium in light implementation of an ERDA demonstration 

water reactors (LWR). The study indicated program for waste- and plutonium-proc- 
that the potential hazards to the public essing facilities. ee 
from the use of mixed-oxide fuel in LWRs ENC planned a $1 billion complex at Oak 
was about the same as that from uranium Ridge, Tenn., for storing and reprocessing _ 
alone.* An NRC decision on whether to used nuclear fuel. The. first phase of the 

| - permit wide-scale use of mixed-oxide fuel project involved the building of a $300 
was to be based on the final generic environ- million fuel storage facility that could hold 
mental statement on mixed-oxide fuel(GES- fuel from 25 nuclear powerplants for 10 
MO), expected in 1978. - years; construction was proposed to begin in 

_ Fuel Reprocessing.—Commercial fuels 1979 if NRC approval is obtained. The 
reprocessing continued in abeyance await- second phase entailed construction of a fuel- 

| ing resolution of political and regulatory reprocessing center in the 1980’s capable of __ 
problems related to safeguards of pluto- reprocessing up to 2,100 tons of used fuel 

| nium, mixed-oxide fuel usage, and waste per year, enough to meet the needs of 40 
disposal. Nuclear Fuel Services, Inc. (NSF) nuclear powerplants. 
announced that its West Valley, N.Y., A study by ERDA showed that recycling 
nuclear-fuels-reprocessing plant, the only of LWR nuclear fuels has economic advan- 
reprocessing plant ever to operate commer- tages over disposal of fuel elements after 

cially in the United States, would not be one use.’* Other advantages of recycle were 
renovated and reopened because of rapidly increased uranium availability and natural 

increasing costs.'* NFS estimated that mod- resource conservation. 
ifications to the plant required by new Waste Management.—ERDA continued 
regulations and seismic criteria would cost research on the terminal storage of high- 
$600 million, contrasted with the $15 mil- level radioactive waste and was preparing a 

lion originally estimated in 1972 when the s8eneric statement on the management of 
plant suspended operations to double ca- Commercially generated radioactive waste. 

pacity and improve efficiency. Disposition of _ERDA was expected to announce in 1978 a 
about 600,000 gallons of radioactive reproc- decision on waste forms, storage modes, and 
essing waste at the plant remained undeter- Packaging criteria to be used as a basis for 
mined. designing one or more terminal storage 

Allied General Nuclear Services Inc. —————— : 
(AGNS) completed the uranium separation —_4Nuclear News. NRC’s Final EIS Supports Pu Recycle. 
and UF, facilities at its fuels-reprocessing v.29, N °. 13, October 1976, p. 88. Plant Shut Do 

. an u wn, plant at Barnwell, S.C., but was unable to “Tmpractical” to Rerovate V. 23, No. 10, October 1976, p. 
proceed with design of the plutonium proc- 25 Research and Devel  Administrat 
essing and waste solidification facilities be- Benefit Rnalyeis of Recrocessing and ling Light 
cause the standards had not been deter- Water Reactor Fuel. ERDA-76 (121), 1976, aoe ous
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facilities. Also in 1978, the Environmental at six sites in the States of Kentucky, 

f Totection Agency and NRC were expected Nevada, South Carolina, Illinois, New York, 
announce genera! environmen stand- and Washington in 1976. About 2 million - 

ards applicable to high-level waste manage- cubic feet of waste was added to these sites 
ment and storage. As part of the manage- in 1976, increasing the total to about 16 
sworaigine salt deposi nites mines tions million cubic feet. These sites were estima- 

of the country to identify sites suitable for ted po have the peers pane Ow ieve 
an ERDA underground storage pilot pro- lore unt eae mice ew 8. opera | 
gram, expected to be in operation by 1985. “2'8e jand burial sites at five principal 
Facilities equipped to receive solidified facilities for ERDA-generated waste. These - 
high-level radioactive: waste were to be Sites contained about 45 million cubic feet of 
included in the pilot underground waste radioactive waste, exclusive of classified 
disposal program. waste. About 1.3 million cubic feet was | | 

Low-level commercial wastes were buried addedin 1976. — | 

| CONSUMPTION AND USES - 

Domestic nuclear reactor orders totaled ce | 

three in 1976, the lowest megawatt amount Stat Number of Capacity 
ordered since reactor units became commer- | "s lations velocteic) 
cially available in 1965. The three orders Opeblew””StSSSS*S*S« ST 
(3,720 megawatts), all obtained by Babcock [Pat construction ~~ | 30 98195 
& Wilcox Co., were reorders of reactors that Planned 82 94,878 
were canceled in 1975. | | | 2 pan pap aay Total? ____ 237 , 

The nuclear industry continued to en- a wn 
counter many environmental and regulato- ‘Includes two ERDA-owned plants. 

ry problems, as well as reduced electrical pn a(yopreN TTR Mute and 236,728 megawatts 
load growth. As a result, utilities continued 
to defer, delay, or cancel nuclear reactor About 10% of the total U.S. electrical 

programs. Projections of nuclear power power generation capability was nuclear 
growth were also reduced. The number of based in 197 6. Nuclear power supplied 191 
nuclear units expected to be in commercial billion net kilowatt-hours or 9.4%, of the 
operation in 1985 was 178, compared witha Nation’s electricity in 1976, compared with 
1975 estimate of 184. | 170 billion kilowatt-hours or 8.9%, in 1975. 

Seven power-generating units (6,796 me- According to an Atomic Industrial Forum 
gawatts electric) were licensed to operate, survey, nuclear-generated electricity based 
and 10 were expected to come onstream in on total generating costs averaged 1.5 cents 
1977. Domestic reactor status at yearend per kilowatt-hour, compared with 1.8 cents 
follows: a per kilowatt-hour for coal and 3.5 cents per 

kilowatt-hour for oil. |
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- | _ An ERDA survey of uranium producers, — Buyers were becoming directly involved in | 
| - utility pompanies, and reactor manufactur- U,0, production to obtain. their fuel sup-_ 

- 7 ers indicated that uranium supply arrange- plies. Twenty-five utilities were participa- 
ments for planned U.S. nuclear fuel capaci- ting in uranium raw materials activities in 
ty improved considerably in 1976.17 Domest- __ : ae | age 
ic uranium-buying activity reached its high- ©¢ stage or another. About half of addi- 7 
est level, resulting in additional procure- tional 1976 supply was scheduled to come : 

| ment of 83,400 tons of U;O, in concentrate. from mine production controlled by ura- : 
: This total exceeded the previous high of nium buyers. cy Se 

| 45,800 tons in 1973 and was over 5 times ce : | 
| higher than the 16,200 tons added in 1975. | Oo : : : 

: . Table 10.—Current and projected 
a . . _ domestic commercial uranium : 

| Table 9.—Current and projected domestic delivery commitments | 
. 1 

, U;O. demand (Short tons of U0.) 
(Short tons) oo —— 

| — eee "Year oe Commitments! | 

ce Year : Demand : Annual | Cumulative 
Annual | Cumulative Sw 

1966-75 __. 9. _ —_ 80,000 - 
1976___§__~_-______ 10,700 10,700 1976. ~_-_-__-_--___. -. 18,800 93,800 

;  1IXTT_L 12,300 23,000 1977_~-_________- 15,900 109,700 
1978__§__ _-____-_-_ 19,800 42,800 1978________-=-_-_ 17,900 127,600 
1979___ 24,400 67,200 . 1979. __________-_ 18,400 -  —--: 146,000 
1980___.--______ 28,600 - - 95,800 1980__.__________-~ 20,400 166,400 
1985 = 39,900 280,900 1981.......______ 19,000 185,400 
1990 =e 45,100__ 499,300 —§ ——___$_—— 

eo _s. Mn the post-1981 period, through 1995, an additional, 
_ 1Feed materials required for enrichment services. 103,800 tons have been committed. In addition, 13,500 tons . 

Enrichment tails assay 0.20% to Oct. 1, 1980, 0.25% have been committed to foreign buyers, of which 7,400 tons 
thereafter; no recycle. . — were delivered prior to 1976. 

Source: Energy Research and Development Administra- t Source: Energy Research and Development Administra- 
tion. . ion. . a oo, 

Table 11.—Uranium fuel supply arrangements for first cores and reloads' _ 
(Percent of generating capacity covered). . 

Lo First . . Reloads? : : 
Source of suppl LAS 

| and | cre 7 29 8 4 5 6 7 8 9 10 11 12 

Primary producers_____________-__-_-___ 46 . -48 42 39 34 31 26 23 20 18 17 18 12 
Reactor manufacturers _..—-____-____-----~- 15 13.10 7 6 8 8 2 1 2122 22 2 
Imports___________.-_-_______________ 10 5 5 8 4 5 4 8 8 4 5 5 8 

Total uranium supply : ae | 
arrangements completed __________—- 71 66 57 49 44 39 33 28 24 23 22 18 15 

Number of uranium supply arrangements _ _ — 29 34 48 51 56 61 67 72 T6 TT 78 82 85 

1As of yearend 1976. Includes reactors under construction and ordered. | 
2Refueling estimated on annual basis. 

Source: Energy Research and Development Administration. 

STOCKS 

Uranium concentrate stocks held by the _ 
producers or by milling companies were | Jan, a Dec 31, 
reduced during 1976, whereas those held by =©#—————________________- 

ing industry increased by 3,200 Inoreat mills ____________-_ 200 300 
the consuming ° ge Ty : y * In process at mills __________ 400 600 
tons of UsOsz, as indicated in the following In concentrate at mills________ 2,700 2,500 

data provided by ERDA (in tons of U;Os): In concentrate held by 
utility companies, reactor 

——— manufacturers, and agents 
17Energy Research and Development Administration. (including equivalent UsOs . 

Survey of United States Uranium Marketing Activity. in UF.) ______-_------~-- 22,600 25,800 

ERD il 1976. 28 pp. : TT A7-46, April PP Total___________ 25,900 _—29,200
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A 3,500-ton inventory of foreign U;0, was _ ued to grow as a result of large-scale enrich- 

also reported at yearend 1976, compared ment services provided for domestic and 

with 1,100 tons one year earlier. Overall, foreign customers. The ERDA tailings 

domestic stocks were an estimated 32,700 stockpile contained about 235,000 tons of 

tons of U;Os, up 5,700 tons from 1975. uranium in the form of UF. at yearend : 

The stockpile of depleted uranium contin- 1976. | 

: PRICES 

The price for spot sales and future deliv- average price per pound of U;O. was $10.50. 

eries of U;O, in concentrate continued to An average price of $18 per pound of U;Os 

rise during 1976. The strong sellers’ market was indicated by the survey in 1980. 

that developed in 1974 continued to be Uranium ore was purchased at the GE 

reflected in newly negotiated 1976 con- ore-buying station at Naturita, Colo., for 

tracts, many of which called for prepay- 95% of one-half the listed spot price per 

r-nts, price adjustments, or payments ba- pound of contained U;0.. A minimum of 2 

sed on prices prevailing at the time of pounds of U;Os per ton of ore was required 

delivery. According to the Nuclear Ex- for purchase. 
change Corp. (Nuexco), the spot bid price The costs for enrichment services contin- 

increased from $35 per pound of U;O, for ued to rise because of increasing operating 

delivery in January to $41 at yearend. expenses at ERDA’s three enrichment faci- 

During this period, the bid price for delivery _lities. In April, fixed-commitment contract 

in 1980 increased from $47.35 to $53.85."* holders were paying $59.05 per SWU, an 

An ERDA survey indicated significantly increase of $5.70. Customers with require- , 

lower average U;Os prices paid by reactor ments-type contracts began paying $67.25 

manufacturer and utility companies having per SWU in August. The previous price was | 

_ long-term contracts.’* According to the sur- $60.95 per SWU. | 

vey, contract prices representing 91% of Depleted uranium metal in 300-pound 

commitments ranged from $6 to $43 per ingots (Derby metal) was priced at $2 per 

pound of U;O., averaging $16.10. In 1975 the pound. 

: FOREIGN TRADE | 

Uranium imports were largely in the domestic industry bringing the total foreign 

form of U;O, concentrate and UFs. Most procurement for future delivery to 43,200 

imports were for enrichment services rath- tons. 

er than for domestic consumption. Since Restrictions on the enrichment of foreign 
imports are not differentiated in official uranium for domestic use continued to year- 

statistics, precise figures on uranium im- end 1976. Beginning in 1977, the enrich- 
ports for domestic consumption are not ment of up to 10% of a utility’s uranium 
available. According to data compiled by requirements could come from foreign : 

ERDA, uranium imports amounted to 2,900 sources. The allowable percentage was to be 

tons of U;O. in 1976, 1,800 tons more than ~~ 

in 1975. In 1976, an additional 1,800 tons of 4, Nucieat Exchange Corp: Nuon ep 
foreign U;sOs was contracted for by the 19Page 6 of work cited in footnote 17. 

| Table 12.—U.S. uranium import and export commitments 

(Short tons of Us0.) 

a 
Exports Imports 

Year Annual Cumulative Annual Cumulative 

1916__________--_---------------- 600 600 2,900 2,900 
1977 _________-_--_--------------- 2,100 2,700 4,000 6,900 
1978_____________---------------- 900 3,600 2,600 9,500 

1979____________----------------- 900 4,500 3,300 12,800 
1980_______-______.-------------- 11,600 6,100 4,200 17,000 
1981-85 _________-_-_---_----------- __ 6,100 19,800 36,800 
1986-90 ___________-_-------------- _- 6,100 9,300 46,100 
to rr 

11980 and later. 

Source: Energy Research and Development Administration.
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Table 13.—F oreign trade in uranium, uranium-bearing materials, and other 
nuclear materials, by principal country 

—— eee SS Ser 

Product 1 1976 Principal sources and 
. Quantity Value Quantity Value ; destinations, 1976 
ce 

EXPORTS 
Uranium: 

Ores and concentrates, 
U;0s content 

pounds ____ 122,663 $1,839,953 1,495,130 $24,431,986 United Kingdom 1,013,403; 
canada 312,121; Italy 

Compounds ____ do____ 3,837,266 52,039,852 369,036 7,232,389 United Kingdom 308,038; 
West Germany 43,582; 

. Netherlands 13,659; 
Canada 2,104. 

Metal including . 
alloys! ______ do____ 14,840 — 203,415 1,108 145,758 — Italy 2,355; Japan 1,686; 

Canada 1,661. 
Isotopes (stable) and their 

compounds __________ NA 2,679,033 NA 2,102,844 West Germany $370,049; 
Netherlands $307,895; 
United Kingdom $299,209; 
Canada $247,075; 
Switzerland $190,734; 

. Belgium-Luxembourg 
$119,754. 

' Radioactive materials: . 
Radicisotopes, elements, 
and compounds” 

- thousand curies ___ 37,850,386 20,087,647 31,649,488 25,905,396 West Germany 8,800,531; 
Canada 8,782,207; Japan 
4,997,834; Switzerland 

. 2,363,785; Australia 
1,309,505; Brazil | 
1,262,467; Mexico 859,033; 
United Kingdom 630,786; 
France 366,469. 

Special nuclear materials® __ NA 236,848,895 NA 426,423,004 West Germany $104,811,268; 
Japan $100,454,271; France 

. $69,670,862; Switzerland 
; $32,883,781; Korea 

$26,473,117; Sweden 
$22,972,185; Taiwan 
$21,334,958; United 
Kingdom $19,086,822; 
Italy $9,549,488; 
Spain $5,512,815; 
Belgium-Luxembourg 

. $4,245,015; Netherlands 
$3,927,950; Canada 

. $2,567,469; India 
$2,520,559. 

IMPORTS 
Uraniun: 

Oxide (U3Os) 

pounds ____ 2,451,538 24,480,662 11,074,298 203,926,307 Canada 7,201,046; France 
3531208; United Kingdom 

Other compounds. do.____ 19,226,578 161,507,129 33,876,908 441,603,275 France 15,034,192; Canada 
9,527,788; United Kingdom 
9,106,467. 

Isotopes (stable) and their 
compounds __________ NA 957,175 NA 1,067,344 Canada $517,806; U.S.S.R. 

$288,071; United Kingdom 
$127,112; West Germany 
$51,691. 

Radioactive materials: 
Radioisotopes, elements, 
and compounds* 

thousand curies __._ 35,346,036 8,296,907 60,302,966 12,200,050 Canada 31,430,793; Switzer- 
land 23,086,308; 
France 4,427,692; 
United Kingdom 506,911; 
Sweden 408,161; U.S.S.R. 
263,062. 

NA Not available. 
1Includes thorium. 
2Includes carbon-14 and cobalt-60. 
3Includes plutonium, uranium-233, and enriched uranium. 
“Includes cobalt-60.
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increased each year until 1984, when 100% U.S.-enriched uranium and technology and 
of a utility’s uranium requirements could would restrict other countries. | 
come from imported material. Commit- In October, the President called for a 3- 
ments by domestic uranium producers to year international moratorium on exports : 

sell uranium to foreign buyers increased by o¢ reprocessing and enrichment facilities to 
2,600 tons of U;0; during 1976, raising the . . 
total forward commitment to 5,500 tons, Prevent nuclear proliferation. There were 
ERDA reported that 600 tons of U:O, was biections by Western European countries, 
delivered to foreign buyers in 1976. Japan, and many developing countries, pri- 

The worldwide spgead of nuclear technol- ™arily because they lack suitable energy 
ogy, relative to thdlbrevention of prolifer- alternatives and view nuclear power and | 
ation of nuclear weapons, gained increasing the breeder reactor as their future sources 
attention in 1976. Bills were introduced in of energy. Legislative action on the prolifer- 

Congress that would limit or halt exports of ation policy was expected in 1977. — | 

WORLD REVIEW | 

_ Uranium exploration continued to ex- Table 14.—World uranium resources! 
pand on a worldwide scale. Many coun- (Thousand tons of U,0,) | 
tries had some form of exploration program 9  eeeesSsSSSSsSsssFeFeFFsSSSSSSSSSSSSeFFSssSsSSsseeseseseseseseses 
underway or planned in 1976. Few major Count Reasona- Estimated 
deposits were discovered; however, uranium "y assed? additional? 

reserves increased significantly. Estimated ~ = =" .__—<“—~SC~™CCCC............ 
world uranium reserves to $80 per pound of Nomth/America: = =p 1,090 
U;Os were about 2.4 million tons of U;Os. Canada ----------- 226 510 
An additional 2.1 million tons of UsO, of — DenmarkGreenland)-- 88 3 | 
resources was indicated. ett a : 

Forecasts for nuclear power growth out- Petal — aan er 
side the United States continued to decline, Africa: th and South. West 
mainly because of 2 years of poor economic Africa ___ 359 96 

growth and diminishing growth rates for Niger. — manta aasanH oe . «39 
electricity consumption. Public opposition Gabon - _ ae 26 18 
was also rising. Projections by ERDA indi- _—_fentral African Empire — yo o 
cated that the world’s nuclear generating A 

- Capacity was expected to grow from the Total -----------__498 i160 
1976 level of about 86 gigawatts to over Europe: 
1,500 gigawatts by the year 2000. 2000.7 Sweden Trrtttrttt a7 $3 
Foreign growth was expected to occur large- Spain ~----------- 30° 56 
ly in Western Europe and Japan to the year pea TrTtttTtT 2 20 
2000; significant growth in the developing Finland _ ______~_~- 3 ~= 
countries was anticipated after 1990. At _ fei West ------ t ° 
yearend, the European Economic Communi- United Kingdom ----- 2 ——————SS 

ty (EEC) Commission projected that install- Total ___________ 518 139 
ed nuclear capacity by 1985 in EEC count- Australia------------_ 480, 100 
ries would be about 125 gigawatts, about 50 asia. 
gigawatts less than projected 2 years ear- India ------------ 38 30 
lier. Korea, Republic of ~~~ 3 _ 

Despite lower forecasts, nuclear power Turkey ----------- 4d 
continued to be the fastest growing electri- Total _-_________ 55 31 
cal energy form, and worldwide, operable a rr 
capacity increased from 75,103 megawatts Sour America: _o 27 51 
in 1975 to 86,657 megawatts in 1976. Brazil ------------_ 18 

According to yearend data compiled by Total ___________ 45 62 
the American Nuclear Society, 111 plants Total (rounded) ..... 2400. 2.100 

20Hanrahan, E. J., R. H. Williamson, and R. W. Bown. 1Excludes central economy countries. 
World Requirements and Supply of Uranium. Pres. at the 2At $30 per pound of UsOs. 
Atomic Industrial Forum International Conference on 
Uranium, Geneva, Switzerland, Sept. 14, 1976, 21 pp. Sources: ERDA, International Atomic Energy Agency, 
Available from Energy Research and Development Ad- and i i po ee Rtonomic Co-operation and Develop-



1388 MINERALS YEARBOOK, 1976 | 

outside the United States were operable in able or planned nuclear powerplants at the 
18 countries and 187 nuclear units were end of 1976. | | | 7 
planned in 30 countries. This compares with Western Europe and Japan continued to | 

| 104 plants operable in 18 countries and 168 rely on enrichment services from the Unit- 
oe Danned in 0 connie. at the ona ed States, but the Europeans planned to : 

"a One OF Me planned units were schec- become self-sufficient in enrichment in the | uled for completion by 1985. Tables 15 and mid-1980’s. Urenco Ltd., a tripartite organ | 
16 indicate th i tions havi - oe ” ea | indica e foreign na tone HAVING Oper ization of the Netherlands, the United 

. Kingdom, and West Germany, was commis- 

_ Table 15.—Operable foreign nuclear sioning commercial entrifuge enrich- 
_ powerp oe ment plants at Almelo, Netherlands, and at 

: | Number Netcapacity Capenhurst, United Kingdom. The first | 
Country uss uegawatts sections of both full-scale production plants, _ 

- — OO — CFhaving capacities of 200,000 SWU, were 
Belgium 2772777777 | 3 1850 completed in late 1976. Plans called for 
Bulgaria ----~------- 2 3 880 Urenco capacity to reach 2 million SWU 

Czechoslovakia —_______ 1 110 annually by 1982 and 10 million SWU 
| Gerneay, [or 19 2818 annually by 1985. Deliveries of enriched 

Germany, West ___-____ 9 5,384 uranium reportedly were made from Uren- 
Italy ao 3 547 co's two 50,000-SWU-per-year-capacity pilot 
Japan -—~—---------- 13 7174 enrichment plants. Eurodif, a five-nation etherlands __________ 2 5382 : a ° 
Pakistan _-__________ 1 125 consortium comprising France, Belgium, Ir- 

Sweden ees c CCC C00E0S 369 an, Italy, and Spain, continued construction 
witzerland _——-—--_~- of a gaseous diffusion enrichment plant at. 
USSR 22222 2 1685 _ Tricastin, France. The plant was expected : 

Total WwW 40,266 to have a 2.3-million-SWU capacity by 1979, | 
increasing to 10.8 million SWU per year by 

Source: American Nuclear Society. 1982. Another group, Coredif, a joint ven- 
ture of the Eurodif partners, was planning 

Table 16.—Scheduled foreign nuclear to construct a similar-sized, diffusion- _ 

powerplants’ a enrichment facility, to meet projected short- 
| "Number Capacity. falls in enrichment capacity in the mid- 

Country nets (megawatts 1980’s.24 Although the site for the Coredif 
plant was undecided, the first stage, having 

Argentina -—--—- ----+ } 6% 2 5-million-SWU-per-year capacity, was an- 
Belgium ________~~__ 4 3,835 ticipated to be onstream in 1985 with full 

Bulgaria ~~~~7_7_72~ 2 'gs) Production in 1988. 
Canada ____________- M4 9324 Other countries were also building or 
Finland ne 7777777 i 4760 planning to build enrichment pilot plants. 
France ea 27a a 32,655 Japan’s Power Reactor and Nuclear Fuel 
Germany, West ________ 18 18,995 Development Corp. (PRF) was proceeding 

Hungary - ----------- 5 v0s2 With the construction and operation of a 
Iran ~-------------- vane 50,000-SWU-capacity pilot centrifuge 

Japan --__~-_~2222 4 10/528 enrichment plant. PRF proposed building a 
Korea, Republic of — — - --- 3 1,738 500,000-SWU demonstration plant by 1984, Luxembourg _________- 1 1,300 eae . 
Mexico _______--~-~- 2 1,308 followed by a 1-million-SWU-capacity com- 
Philippines crt TrtrTrte 1 "449 mercial plant by 1988, and increasing over- 
Romania -_—--.—___-- 1 440 all capacity to 4 million SWU by 1995. The ica, Republic of __ 2 1,844 
Spain acm Republic of ~~ 13 12081 Uranium Enrichment Corp. (UCOR) of the 
Sweden -—----~---777 : #40 Republic of South Africa completed its pilot 
Taiwan ____________- 6 4,924 plant at Valindaba and tested the feasibility 
United Kingdom 8 4,950 . . . . 
USSR. 13 9,730 of its stationary-wall centrifuge technique. 
Yugoslavia-----------__ J 615 TJCOR planned to proceed with a commer- 

Total _______ 187 149,860 cial-scale plant, estimated to have a 

1Under construction or ordered as of Dec. 31, 1976. 21Nuclear News. Nuclear News Briefs. V. 19, No. 18, 

Source: American Nuclear Society. October 1976, p. 97.
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5-million-SWU annual capacity. Initial pro- essing contracts from J apanese utilities. 
duction was planned for 1984, followed by La Compagnie General des Matieres N u- 
full output in 1986. West Germany's plans cleaires (Cogema), the French Government 

ton enichment pant" Bec enog nel oProesng company, lo planned | : ea increase reprocessing capacity. 
advanced nozzle-enrichment method were Copemva began oxide reprocessing in May x 
delayed awaiting clarification of the West it, plant at La Hague. The facility, which 
German Government’s proliferation policy. yi) primarily be devoted to the processing 

A large-scale commercial plant with aca-  o¢ imported fuels, was scheduled to have a ‘ty of 1 eae ! ; 
P acy Or d if the prom a SwU eed. out. was capacity of 800 tons per year by 1980. A 

Progress continued toward solving prob- nee ha eee ng 
lems in the back end of the fuel cycle. P 8 Processing 
Research programs dealing with spent fue] CO™Pany to process all nuclear fuels used by 
storage, reprocessing, and waste manage- utilities in Japan. Plans called for the 

ment continued in those countries having °Stablishment of a 1,500-ton-per-year facil- 
large nuclear programs. British Nuclear ity by 1987. Most Japanese fuels were sched- 

Fuels Ltd. (BNFL) planned to spend $1.8 led to be reprocessed by BNFL and Coge- 
billion over the next 5 years at the Wind- ™a in Europe prior to full development of 
scale site to provide greatly increased repro- the reprocessing industry in Japan. A small 
cessing and waste treatment capacity. A (40-ton-per-year) reprocessing plant owned 

| 1,300-ton thermal oxide reprocessing plant by the Power Reactor and Nuclear Fuel ; 
_. was proposed, based mainly on the need to Development Corp. (PNC) at Tokai Muri 
: reprocess fuel from the United Kingdom’s had difficulties in 1976 and was not ex- 

_ Magnox program and on fuel-reproc- pected to be commissioned until late 1977. — 

8 50 -———— — — | | 

: oO - 40 7 | ae . oe 
| a World total (non-communist) | | | 

- | 

c : | 
2 30K 
t . 
oO 
s | 

20 2 
3 , NU.S. | | 
= 4 NS | 

" 10 NL et tee 
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0 
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Figure 1.—World production of uranium concentrate (U;0,). 7
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Table 17.—Uranium oxide (U;O;) concentrates: World production, by country 
(Short tons) . 

: - Country! 1974 1975 1976” ———. $< Oe 
Argentina ~~-~---~--------- ~~  eeeeee 42 43 “44 ustralia__-________________ ee __ __ 
Canada! ~--------- + - e _ 4,795 6,083 6,678 
France _________-._____-__-__-----_ ee ~ F2,002 2,250 2,357 Gabon_________ 1,001 1,209 1,196 
Niger ___________.-_---~__ ~~~ ee T1456 1,820 1,898 
Portugal __-___________--_--_-__ ee “100 “110 97 
South Africa, Republic of _..___-__.__________________ 3,525 3,234 3,587 
South-West Africa, Territory of —--- + ia a3 oe 

| Sweden’ _________. 2222272777277 80 80 80 United States __-_________-______u Li 11,528 11,600 12,700 
Total. _______--_-___-__ ee eee______ Tn 6 26,677 30,100 nO ee 

*Estimate. Preliminary. ‘Revised. oo . 
In addition to the ‘countries listed Brazil, Czechoslovakia, Finland, East Germany, West Germany, Hungary, India, 

Israel, Japan, the People’s Republic of China, and the U.S.S.R. are believed to have produced uranium oxide, but 
_ information is inadequate to make reliable estimates of output levels. : oO 

Data represent shipments. Official production was reported as follows in short tons: 197 5—*4,565; 1976—~6,252. | 

Argentina.—A 600-ton-per-year uranium The Government was dropping out of 
| mine-mill complex was planned at Comision active uranium exploration and selling its 

Nacional de Energia Atomica’s (CNEA) ura- participation in uranium mining ventures. | 
nium deposit at Sierra Pintala in Mendoza Government policy requiring 7 ov “Austral 
Province, 500 miles west of Buenos Aires. ian ownership in uranium proj ore 
CNEA projected that this operation, ex- production hegine, however, wee continued. 

untry’s uranium needs foriocean’” ° ment announced that @ 2vcan foxibilite country’s uranium n or ears. 
A new mill at Los Adobes “in Cherbut study of a proposed $1.6 billion uranium 

Peas ps at neat, Stoel othe opel int an to produce abou ns of yellowcake . ’ 
per conth beginning in 1977. ONE A was would include a hexafluoride conversion 

expecting the country’s uranium output to facility, was to be sited at Redcliffe near 
exceed 130 tons in 1977 as a result of the Port Augusta. ly assured 7 
new operation; 1976 output was about 44 nexlatralia’s reasonably less than $15 per 
tons. ’ 

Australia.—Uranium exploration, after pound one ‘al a ost jotaee 200,000 tons, 
| i rt, was at re- 4 ’ . , 

Suced levels ix ‘1976 os companies waited $10 reserves estimated 1 year earlier.” The 
for clarification of Government policy on dition in t gue primarily 2 or ctantiay 
production and exports. The first Fox Com- deposit in the Northers Territory 

mission report endorsed uranium mining MEU resumed operations in May at the and milling; however, development of ura- Mary Kathleen mine in Queensland pro. 

nium deposits in tne Northern Derritories ducing at a rate of about 1,000-tons of U.O. was not to be allowed until a second Fox per year. Reserves at the mine were suffi. 

nce, rton the Ranger Ey ieeeantaris cient for about 8 years’ operation. Ship- 
Inverm report releas rer ments of concentrate, all for export, were that development might be limited in 1977. delayed for much of the year owing to 

In N ovember the Government granted strikes by the transportation unions. export permits for earlier uranium sales Western Mining Corp. Ltd. planned to 

SR Oe ee oe Ltd Teta ad; build a $15 million alkali-leach pilot plant 
(MKU), Queensland Mines Ltd. (QM) » ane as part of the development of the Yeelirrie the Ranger deposit of Electrolytic Zinc Co. uranium deposit in Western Australia. 

of Australasia Ltd. and . Peto Waisend Commercial development was, however, de- 
Mines Ltd. Because production from QM or pendent on Government approval of export 
Ranger was not expected for a few years, contracts. 
deliveries from government stocks were to 

be permitted to meet early delivery 22Australian Atomic Energy Commission. Twenty- 
commitments. Fourth Annual Report. 1975-76, 135 pp.
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Brazil.—-Empresas Nucleares Brazileiras programs. The new policy became effective 
S.A. (Nuclebras), a Government agency, on January 1, 1977. 
spent about $20 million on uranium explor- Canada’s national uranium policy, en- 
ation in 1976. Extensive uranium reserves acted late in 1974, requires at least a 30- | 
were reportedly found in Goias State near year reserve for nuclear fuel for existing, 
Amarinopolis, 300 miles southeast of Committed, and planned reactors in any 10- 
Brasilia.2* A new company, Nuclebras Auxi- Y€4F forward period. Allocations amounting 
liar de Mineracdo (Nuclam), owned 51% by ‘© 21% of each producer's reserves have 
Nuclebras and 49% by West Germany's been applied to provide for the 30-year 
Urangesellschaft MbH, began uranium ex- fueling requirements of about 90,000 tons of — 

ploration programs in the States of Paraiba U:Os for the 16,240 megawatts of nuclear | : 
and Santa Catarina. This company was the be Pee exponen to De pperating in Canada 
first of a group of nuclear ventures to be oo rs h a d ox t commizments of prod 
established under a nuclear cooperation 110,000 tons wn U,0; and domestic commit- 

seen ne te Nucleby ma avilian ura ments of 88,000 tons of U;0s. Production 
, " was ex i igni i 

nium reserves totaled about 29,000 tons of next youre to meet signees ey ne 

U;Os. The principal deposits and estimated ments and anticipated demand for ura- 
tonnage follow: . nium. Uranium output was expected to 

reach 10,300 tons of U;Os in 1980 and 16,200 7 
— mom oF S«LODS in. 1984.25 

_ Deposit UsOs Government estimates of Canada’s recov- 
TC _ erable uranium resources in short tons 

Porcine Paan) cera ----7--- B99 _‘follow: 
Quadrilatera Ferrifero (Minas Gerais) —-—-- 4,500 . 

Amarinopolis (Goias) _------------- 3,300 | 
Campos Belos (Goias) ~~. --~-----~- 600 - Minable Meas- Indi- In- 

Total ________________ 29,000 red cated ferred | 

— oe of UsO 103,000 115,000 309,000 , pound of UsUsg — ’ , ’ 
Nuclebras planned a $30 million mine- Upto $60 per 

mill facility at Pocos de Caldas. Production Pound oF UsOe -_ 5,000 1,000 0” 
was scheduled to start in 1979 at a rate of Total _ 108,000 129,000 399,000 | 

500 tons of U3Os per year. TTT 
Canada.—Uranium production, 6,252 Urani oduction in 1976 f : 

tons of U;O; in 1976, was 37% higher than fi ee oerati pr ‘Denis in Mi abt "Rio 
in 1975. One new mine was brought into ‘*/V© w itd “and M dawa: ba Mis td 10 , 
production and established producers were on , and Madawaska Mines Ltd., in 
well advanced with expansion programs. ntario, and Eldorado Nuclear Ltd. (ENL) 

Exploration activity continued to in- and Gulf Minerals Canada Ltd./Uranerz 
crease, and significant mineralization was Canada Ltd. in northern Saskatchewan. 

found in several areas, most notably at Key Shipments from these operations totaled 
Lake in Saskatchewan. 6,678 tons of UsOs, an increase of 595 tons 

The Canadian Government continued its over those of 1975. 
Uranium Reconnaissance Program, which Denison Mines Ltd. reported increased 
is similar to ERDA’s NURE program but Uranium output for the third successive 

smaller in scope. During 1976, the program Year, reacning 1,556 tons of U;Os, about 7% 
covered approximately 214,000 square miles higher than in 1975. Mill throughput was 
including 174,000 by airborne gamma up 13.6% to about 1.7 million tons, but ore 

spectrometry and 85,000 by regional geo- grade decreased from 2.30 pounds of Us0s 
chemistry. per ton to 2.16 pounds. The mill expansion 

In late December, the Dominion Govern- to 7,100 tons of ore per day was completed 
ment announced that exports of uranium “~3,,... a: , , 

and Canadian nuclear reactors will be al- ver American Hace eet Ora Be, Rrologiets 90, 

lowed only to countries that ratify the Non- 199$,P.3. op at Uranium. Can. Min. J. v. 98, No 2 

Proliferation Treaty or otherwise accept February 1977, pp. 145-160, : ne Min a Re 

international safeguards for their nuclear orate eee of Cannde® Urantom apy 
and Demand. Report EP 77-3, June 1977, 19 pp.
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in early 1976, and the company was increas- completed a $3 million program, begun in 
: ing ore output to run the mill at capacity. 1974, to test large-scale leaching of uranium | 

Ore-handling capacity was to be increased, from broken ore both on surface and under- | 
and the No. 1 shaft was being rehabilitated ground. In March, ALM announced a $37 | 
for mies as - Proguction shaft. ced vl maitlion project onan to Prove 1 mil- 

r, Mo Algom announced plans lion pounds o per year.” The mine, : 
to reactivate the Panel mine and mill which near Espanola, Ontario, was dewatered, and . 

are cast. ot the company 8 aus ut '8100 underground deve opment was in Progress. a 

1e ct, expected é pit rance.— COG , a new group form 
| maillion, was to be completed ” boon Initial by the Commissariat a l’Energie Atomique, : 

mill capacity was planned at 3,000 tons per was the major uranium producer witha  —_ 

$70 million expansion of the Quicke com. ite output from three operations of 2,258 eee =e com- tons of U;0; in , or almost 84% of tot: | 
plex. The expansion of mill capacity from production. Production from France’s eight 
sd tons per day wet in are day was active uranium mines, in tons in 1976 fol- _ 

pected - we lows: | : 
-ENL continued a 5-year, $44 million pro- Owes a oo 

gram to increase uranium production at the | _ 7 
Beaverlodge mine and mill in Saskatchee = ~— fine : _ Ore a Us0s | 
wan. Plans called for increasing output to ———_____ Production content__ 

| 1.5 million pounds of U;O; by yearend 1977 Limousin____________ 377,000 963 - 
: and to 2 million pounds of U;0, by 1979. vendée w------------ sooo dh , 

Production in 1976 was 1,187,846 pounds of © Lovere —-——— ee 151,000 21 | 
U3Os. reuse ———-------~--~ 000 » 

| The Gulf/Uranerz uranium operation, MOR? ----------- Boe 35 
which began production at Rabbit Lake, Cantal/Creuse --------____ 36,000 84 | 
Saskatchewan, in late 1975, reached full Total _..._.___ _ 1,119,000 2,700 
capacity in the third quarter of 1976. The © £<———————?OO 7 
com , which has a mill designed to oo, 

: process 1 800 tons of ore per day, anticipa. Uranium concentrate output was 3,144 
ted an annual production of about 2.200 tons of U3Osz, of which 788 tons was derived 

tons of U.0. | , from preconcentrated material imported 
a Mi - from Gabon.” __ : Madawaska Mines Ltd., a joint venture of “Italy.—AGIP Mineraria planned to de- 

Federal Resources Ltd. (51%) and Consoli- . et . 
: velop uranium deposits near Novazza in 

dated Canadian Faraday Ltd. (497%), reopen- Bergamo Province. Mining operations were 
. ed the Faraday mine and mill and began ore expected to begi ‘in 1979 and to continue 

production at a daily rate of 750 tons in f Pao 10 gin 2 Mineralizati 
August.” Full capacity, 1,500 tons of ore ~”’ ® ut 10 years.*® Mineralization occurs 
oT wo? ? in small separate deposits, the largest of 

daily, was expected in early 1977. Amok hich contains about 1.650 tons of U.O 
Ltd., owned entirely by French interests ™ va con ane? ms OF ae pagnie de Mokta. Cie. F ise d Mexico.—The Institute Nacional de Ener- 
Compagnie dU; okta, Pe hiner U ne gia Nuclear (INEN) increased its efforts to 
Kuhlman 1 Comm _ tee ta OR oie provide the uranium necessary to sustain 
uhimann, ra ed to bring i cl F Lek Mexico’s nuclear power program, projected 

deposit in northern Saskatchewan into pro. ‘be 15,000 megawatts electric by 1990- The ue : "program was estima require mil- 

Sutin in 107 to phase operation wat Hon pounds of UiOs. Exploration activity 
? . a ' Was centered in the sO uahua 

ec first nase involved Ne ne ane and Tamaulipas, where significant deposits 

body at a rate of about 80 tons per day in ave been found. The major deposits were 
1979, followed by a second-phase mill with a argaritas, Wit reserves Of ¥ mrion 
milling rate of 1,200 to 1,500 tons per day in 26American Metal Market. Rio Algom To Reactivate 
1981 or 1982 for an annual output of 1,700 Ontario Panel Mine, Mill. V. 82, No. 218, Nov. 9, 1976, p. 

tons of U;0;. Amok’s development program Reg enaian Mining Journal. 1,500 Tpd Faraday Mine 
could be significantly delayed, however, “iy "Miner. Kerr Addison Plan S 
owing to a yearend announcement by the Within Two Years V. 61, No. 52, Mar. 11,1976, ops, is 
Saskatchewan Government that it planned 94 prmes ces gvlines. V. 183, No. 9-10, September: 
to hold hearings relative to the Cluff Lake yiMining Magazine Italian Uranium. V. 185, No. 5, 
operation. Agnew Lake Mines Ltd. (ALM) o_o



pounds of U;0, and Nopal with reserves of2 Government estimates indicated that ex- | 
million pounds of U;O., in Chihuahua State, pected uranium oxide output for South 
and LaComa and Buenavista with reserves Africa and South-West Africa would be 
of about 6 million pounds of U;O, in Tamau-_ soot en oy ee rhe angio Amer 
lipas State. ican Corp. of Sout rica Ltd. opened its 

Niger.—The Arlit mine of Société des large-scale coproduct complex at its Presi- | 
Mines de L’Air (SOMAIR), an international dent Brand mine in the Orange Free State 

consortium composed of Niger, French, Ital- ol ants destened be na ane penenciation 

ian, and West German interests, the Plants are desig: Pro gs slime 
only uranium producer in 1976. Production {fom seven area mines —President Brand, 
was 1,898 tons of U,O, in 1976, compared President Steyn, Free State Geduld, Wel: 
with 1,820 tons in 1975. Another interna- °O™ ." "" iE oadios, Principal products ex: 
tional consortium (Niger, French, J apanese, pected to be or oduced were pyrite for sulfu. 

ak Spanish) 4 the compagnie Maniere ric acid production, gold, and uranium. | 

, fkoura, as le verop the f th Arli ‘ ura- “When fully operational, annual uranium , 

nium mine o miles south of the Arlt mine. oxide output was projected to be about 1.3 
The Akouta mining complex, which will jjinion pounds. oe 

cost $200 million, was expected to begin Rast Rand Gold and Uranium Co. Ltd. 
production in 1978 and reach an output plarined to extract uranium, gold, and py- _ 

level of 2,200 tons of U:0s annually by 1980. +ite from 19 slimes dams containing about 

_At Imouraren, a joint venture composed 415 million tons of slime at an overall grade 
of Niger’s Uraniger (30%), Continental Oil of 0.015 troy ounce of gold, 1.16 pounds of 
Co. (85%), and the French Commissariat 4 uranium, and about 21 pounds of sulfur per 
I‘Energie Atomique (85%) expected to.com- ton of slime. Commissioning of the various a 
plete the drilling of 500 exploratory holesby plants was planned for late 1977 with pro- 
mid-1977. Results have been favorable, and duction starting in early 1978. Annual pro- 

production might be possible by 1981. © duction, after a few months’ buildup period, 

Major exploration for uranium was car- was expected to be 7.7 tons of gold, 220 tons | 

ried out by several foreign companies in of uranium, and 580,000 tons of sulfuric 

1976. Most efforts were centered in 10 acid. | oe | 

concession areas largely in the north- Lil Reefs Exploration and Wine. Lia” 
central and northeast parts of Niger. » and handtontein ( 1ines, "9 

South Africa, Republic of.—In 1976, ura- Were both expanding their uranium plants. 

nium output, asa byproduct and coproduct West Rand Consolidated, id. to nonproduc 

from eight gold mines and one copper mine, «tio and exp. in te ite gm lant 

totaled 3,587 tons of UsO., an increase of 358 2#U0n od expansion od . ie nm in 197 é Th , | 

tons over that of 1975. The uranium content oeead ed plant h: production al m f 
in gold ore processed continued to decline, abe at 1 vnillion oun ae of U0 capacity © 

decreasing from 0.454 pound of UsOs per South-West Africa Territory of.—In 
metric ton in 1974 to 0.417 pound in 1975 October, Rossing Uranium Ltd. announc ed 

ant to. 0.397 Bas 7 1976. Production by that full production would be delayed 18 
gold mines in onlows: months to 1978 owing to the need for ore- 

| processing equipment replacement and me- 
Mi Pounds of chanical changes to rectify construction 

| ine | UsOs faults. Estimated uranium output in 1976 
seat was 770 tons of U;sOs. Production was ex- . 

Blyvooruitricht ----------------  , 337'%4 pected to reach half the ultimate production 
Hartebocsfoaiein ——————~~~=~~—- “reetsa level, 5,000 tons UsO. annually, by mid 

8 ee 233, . oo 

West Driefontein —_----~-------- 500,945 General Mining and Finance Corp. Ltd. 

Wont iene Consolidated Woe 32 180 reported the finding of a large calcrete-type 

Total 6.860562 Uranium deposit at Langchenrich in the 
a” Swakopmund district. Metallurgical prob- 

lems were delaying development of the 

Palabora Mining Co. reported a 1976 deposits. a 

production of 315,926 pounds of U;O, in Sweden.—Luossavaara-Kiirunavaara Ak- 

calcine, an increase of about 40,000 pounds tiebolag planned to develop a small ura- 
over 1975. nium mine at Pleutajokk in Lappland to
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supplement production from the Ranstad was estimated to have 2,200 tons of U;0; mine in southern Sweden. Plans called for reserves. Planned. expansion of the Ranstad 
the mining of 200 tons of ore per day mine was postponed because of environmen- 
beginning in 1980. The Pleutajokk deposit tal problems. | 

: |  - TECHNOLOGY a - 

ERDA continued to enlarge its NURE technology for recovering uranium from 
_ program, stepping up both airborne..ra- low-grade and refractory ores. Beneficiation 

diometric and geochemical surveys and and leaching of granites from Wyoming and 
developing new technologies to improve ur- Vermont were studied. Also investigated in 

| anium exploration mining and extraction.* 1976 were ores resistant to acid leaching; 
Many reports and maps resulting from the these ores proved to be readily leachable 
program were published in 1976.57 In June, after they were subjected to autoclave oxid- 

7 ERDA issued the preliminary NURE _§ation or to roasting. 
report.®3 | re » The South African National Institute for 

The U.S. Geological Survey and ERDA Metallurgy was developing and pilot-plant- 
continued development of automated delay- testing a lower cost continuous-ion- 
ed neutron activation analysis and design, exchange (CIX) process for uranium 

| and tested a downhole californium-252 extraction.** Capital costs of a uranium 
neutron-generating probe capable of de- plant using the CIX process were estimated | 
tecting uranium concentrations as low as_ to be 20% lower than costs of one using the 
0.01%. In the United Kingdom, a. towed Purlex process. Resin use was also cutto 

| seabed spectrometer, used for continuous one-third to one-half that of fixed-bed ion 
‘seabed surveys, was developed.* The device exchange, and unlike Purlex, CIX operated 
has operated at depths up to 1,000 feet. The satisfactorily in solutions containing sus- 
alphameter, an instrument that measures pended solids. The process reportedly was 
alpha particles emitted by radon, reportedly particularly well suited to in situ and heap 
was easier to use, cheaper, and more re- leaching solutions. | - 
liable than older uranium emanometer Another process similar to the CIX proc- © 
prospecting methods.*5_ ess was undergoing pilot plant tests to 
_ A rapid procedure for measuring ura- extract uranium at Elliott Lake, Canada. 

| nium in natural waters using thermal neu- The first full-scale installation was to com- 
tron activation and anion-exchange sepa- mence operation at a new Canadian ura- 
ration of uranium was reported to have a nium mill in 1977. - 

: detection limit of 0.05 part per billion.** A ———_——_— 
comparison of analytical methods to deter- Energy Research and Development Administration. 
mine uranium in granitic rocks was made.*" sranium Geophysical Technical Symposium, 8 Sept. 14 
A combination of delayed-neutron §deter- 16,1976, 260 pp. oo 
minations for uranium and gamma ray Grand Jurction (Coln) Offion HAO te aniston, | spectrometric analyses of radium equiv- in 1976. News Release 77-4, Jan. 14,1977,9 pp. 
alent uranium, thorium, and potassium pro- Notional Urestan Res ce er ement Administration. 
vided the best data base for geochemical _ port. GJO-111(76), (Grand Junction, Colo.), June 1976, 132 
prospecting. PP. age: ; 

Increasing demand and high uranium ploration. y “286, No. 134h Mayo iste, oom Bx 
prices continued to stimulate Government Prospentinn by Bonet pournal. oo Ne AS nium 
and industry interest in solution mining as PP, 28-34. — a 

a means to reduce investment and con- ,Anaiicl Chemisty, Dierination of Uranium in struction lead times, to produce from low- No. t July 1976, pp 973-975. 
grade ore bodies, and to minimize environ- _ *"Struckless, J. S., et al. A Comparison of Some Analyt- 
mental problems. A generalized cost model Potassium a Granite i ca Bre Ree 

or current solution mining practices was 5, No. 1, January-February 1977, pp. a . 

00 costs and capital costs for abou unction, Colo., Oct. 19-20, » 20 pp. Available from 
40%. Estimated costs per pound of pro- Pane an ation: (Colo.) Office, Bhergy Research and De 
duction ranged from $13.94 for a 1-million- *°James, H. E. Recent Trends in Research and Develop- 
pound-of-U;O,-per-year operation to $17.19 Africa, Republic f Erocessing of See core south 
for a 250,000-pound operation. PEL-253, July 1976, 14 pp. 

The Bureau of Mines expanded its re yj pMining Journal (Condon) lon Exchange Technique search and development work on processing _July 30, 1976, p. 82.
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Research continued on novel uranium- testing breeder fuels and materials, and for 
enrichment methods.’ A variation of the safety and reactor development experience, 
West German nozzle process using a higher was expected to be completed in 1977. Prog- 
percentage of carrier gas was believed to ress was made in studies on advanced oxide 
accelerate the lighter uranium isotopes. fuels and higher breeding mixed uranium- 
The technique is called “seeded beam sepa- plutonium carbide and nitride fuels. | 
ration.” Asahi Chemical Industry Co., Ltd., Development of the Actinide Nitride- 
in Japan reported that it had successfully yeled (ANF) reactor was proposed as a 
developed a technique combining chroma- poggible means to recycle nuclear waste, 
tography and ion-exchange resin for en- sharply reduce problems of environmental 
riching uranium.“ Power consumption was safety and radioactive waste storage, and | 
estimated at half that required by 888 minimize the risks of theft or attack by 
centrifuge methods. TRW, Inc. was develop- terrorists.“ The recycling aspects of the 

_ Ing a method of uranium isotope separa- ...tom reportedly would permit almost 90% 
tion by a plasma-electromagnetic effect, cost savings over presently accepted me- 
known as the Dawson separation process.‘ thods 
In the Dawson process, natural uranium is ae . | . 

introduced into a plasma and subjected to heer directed toward preventing 
- : eft of weapons-grade uranium and pluto- 

magnetic and radio frequency fields. The . ased substantially in 1976. Plant 
U-235 nuclei resonate to different fields ™!U™ Incre su 1avy in ‘sean 
than other uranium isotopes and then can %€Curity improved, and proposals for inter- 
be isolated. - | | | national fuel fabrication and reprocessing 

NRC continued efforts to improve LWR Centers were Bavanced. eRe Proposed co- 
safety. Research was directed toward devel- Processing of uranium and plutonium in 
oping methods of calculating the course of _™ixed oxide fuels in order to prevent pluto- 
events if an accident should begin. To assist nium from oneene as a separate ots 
this effort, NRC conducted tests at the anywhere in the tuel cycle. battelle Volum- 
Power Burst Facility (PBF) at the Idaho as baboratories was studying the addition 
National Engineering Laboratory to pro- Of long-lived actinides uel elements, 
vide data to Nefine ties behavior of nuclear which would make the fuel elements so | oe 

_ fuels under abnormal and hypothetical acci- radioactive that remote control equipment 
dent conditions. The Loss-of-Fluid-Test pro- is required, thereby making theft difficult. 
gram (LOFT), NRC’s largest experimental Similarly, irradiation of fuel elements to 
facility, was completed, and the first experi: make them too radioactive to handle was 
ments were conducted in 1976. The LOFT proposed. | 
facility was designed to provide verification Conversion to a thorium fuel cycle was | 
of analytical methods used for prediction of advanced as a means to help prevent 
integrated system behavior in a loss-of- worldwide proliferation since very little plu- 
coolant accident. tonium is created in the cycle and the bred 
ERDA continued its basic research and 0-233 can only be separated from the other 

development program on four breeder uranium isotopes present by enrichment 
concepts—the liquid metal fast breeder techniques.‘ 
reactor (LMFBR), the light water breeder, _ 

the gas-coo'ed breeder, and the motten-calt «7 sChemical Engineering, Uranium-Enrichment Update. | 
reeder. Reference designs, work sc es, V.84, No. 2, Jan. 17, 1977, pp. 77-80. 

and cost data were established for the ,,.,chemical Week. Asahi Chemical’s Nuclear Enrich- 
demonstration Clinch River LMFBR in Ten- 31, 1976, p. 31. 
nessee. ERDA planned to have the facility poration P News. ven ane TRW ‘ven Bt New 
completed in 1988; however, pate in tne year Me Industrial Research. Meet the ANF Reactor. No. 104, 
the President indica at he would rec- » pp. 55-58. _ 
ommend delaying the development of the even Peer ee en Oe ee orey Waste and 
breeder reactor. The Flux Test Facility for 32, No. 10, December 1976, pp. 18-21, 48.
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~ Vanadiun 

a By Grace N. Broderick: | | 

Consumption of vanadium in 1976 in the which until 1974 were insignificant, ac- 

United States was 14% less than in 1975, counted for about 16% of total vanadium 
and 34% less than the alltime high of 7,200 imports for consumption in 1976. U.S. price 

short tons of contained vanadium,reported quotations for the principal vanadium 

in 1974. Domestic production of vanadium materials, which remained stable in 1975, | 

oxide, however, was considerably higher increased about 10% in mid-1976. 
than in 1975. Arkansas, for the fifth consec- Requests for high-purity vanadium metal : 

utive year, was the leading vanadium- continued to be received by the Bureau of 

producing State. Both exports and imports Mines; a total of 16 pounds was supplied to | 

_ of ferrovanadium increased in 1976. Exports the Oak Ridge National Laboratory and to 

classified as ores, concentrates, oxides, and the University of Illinois for research pur- 
-- vanadates were at a much lower level than _ poses. — 

~. in 1975. Vanadium pentoxide imports, | . | 

| SO Table 1.—Salient vanadium statistics _ 

| / 7 (Short tons of contained vanadium) 

rs - : 1972 1973 - 1974 1975 1976 , 

United States: | : : ae 

. Production: 
. ’ "* .Qreand concentrate: 

| Recoverable vanadium! _______._--=---- 4,887 4,377 4,870 4,743 7,376 
 -Value____-_---~-~ _- (thousand dollars)_ _ $30,867 $26,611 $38,266 $49,329 $81,279 

Vanadium oxides recovered? ___.-..__----- 5,248 4,864 5,368 4,859 6,197 
Consumption ______.______------------ | 5,221 6,398 7,200 5,501 4,720 

errovanadium and other vanadium — 
we alloying materials (gross weight) __ _ _ __ ----- : 269 1,416 1,335 1,018 1,210 

Vi um ores, concentrates, 
a oxides, and vanadates __________--_---- 176 232 203 215 99 
— Imports (general): m3 

. Ferrovanadium (gross weight) ———--—------- 578 303 225 ° 179 433 

_ Ores, slags, residues ___ _ _ __ _____--------- 1,400 2,600 2,485 2,895 2,998 

_ °* Vanadium pentoxide (anhydride) ________--- (3) (3) 533 1,275 668 
World production ______-------------------- 20,239 21,658 20,762 23,201 25,950 

rr ee 

1Recoverable vanadium contained in uranium and vanadium ores and concentrates received at mills, plus vanadium 

. recovered from ferrophosphorus derived from domestic phosphate rock. | 

2Produced directly from all domestic sources and includes metavanadates. . 

3Less than 1/2 unit. 

| Legislation and Government Pro- minerals were announced by the General 

grams.—As of December 31, 1976, the physi- | Services Administration on October 1; those 

cal inventory of the U.S. Government stock- for vanadium were 10,095 tons of ferrovana- 

pile remained at 540 tons of vanadium, all dium and 2,576 tons of vanadium pentoxide. 

in the form of vanadium pentoxide. New ———— 
stockpile goals for strategic and critical 1Physical scientist, Division of Ferrous Metals. 
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| DOMESTIC PRODUCTION 

Four mills produced vanadium pentoxide Table 2.—Mine Production and recover- 
from domestic sources in the United States able vanadium of domestic origin pro- 
during the year. Union Carbide Corp. con- =. duced in the United States tinued to operate both its Uravan-Rifle mill (Short tons of contained vanadium) 
complex in Colorado, and its Hot Springs, fine 
Ark., mill; Kerr-McGee Corp. operated its | Year: : produc- | Recoverable 
Soda Springs, Idaho, plant; and Atlas Corp., a, 
Moab, Utah, began recovering vanadium | 1972... __ sg. 99 | 4,887 early in 1976. Colorado Plateau uranium- 1313 ---~---~~-- 4117 _ 4.377 

_ vanadium ores, Arkansas vanadium ore, j975777~~--7~~- 2349 | 4,743 and Idaho ferrophosphorus constituted the 1976___________ soe ee 7,376 | domestic raw materials that were run ngewe od he eee ee _ through the mills. Other sources included and concentrate at mills vanadiut content nadium one vanadium-bearing slags from Chile, ethe n ado verable vanadium contained in ) uranium and va" 
U.S.S.R., and the Republic of South Africa — vanadium recovered from. ferrophosphorus derived from and spent catalysts and powerplant resid- _- domestic Phosphate rock, 4 ues from U.S. and Caribbean sources. Vana- we ep an 

bearing materiale yee not included in any ‘Table 3.—Production of vanadium oxides of the production figures shown in the in the United States’ | oo: tables, nor was the vanadium recovered _- __ Ghort tons) | | directly from slags or residues as ferrovana- gg GS | dium or similar products. Loe, | _ Year _ weight content? : The Cotter Corp., a wholly-owned subsi- we tCtaS”™S~™SC™”SC sa diary of Commonwealth Edison Co., Inc. of 1973_.___. 11. “8.296. oe 8,683 | Chicago, awarded a contract for the design 1974___________ 9,304 » 9,588 . | vas 1975 8,597 8,674 . and construction of a $26.1 million 197%6_____.._ 277 10,836 11/063 uranium-vanadium processing facility at a 
Canon City, Colo. In addition to a new ($23.5 ‘Produced directly from all domestic sources; includes eaa: : : metavanadates. . . million) mill that will process 1,000 tons of Expressed as equivalent V20s. 
ore per day, the facility will include a plant Bo | , ($2.6 million) for recovery of vanadium, 7 : : pe molybdenum, nickel, cobalt, and tungsten vent extraction. It has been reported that from spent catalysts. Startup of the mill is about 1,100 pounds of U;O, and : 4,000 
not expected until 1978 or early 1979. pounds of V.O; per day are expected to be 

Ranchers Exploration and Development __ produced. Production from the Naturita 
Corp. planned to rework, for its residual _tailings pile is to begin in late November 
uranium-vanadium content, tailing rem- 1977 and continue for approximately 16 
nants of uranium-vanadium milling oper- months; production from the Durango tail- 
ations conducted in 1943-63 at Naturita and ings is projected to begin in mid-1979 and to 
Durango, Colo., by Vanadium Corp. of continue for about 32 months. © : 
America. The tailings totaled around 2 Long Island Lighting Co. (LILCO) report- 
million tons; about 600,000 tons of this is ed that sales of. vanadium produced as a 
located at Naturita, and 1.5 million tons is byproduct of the burning of Venezuelan oil 
at Durango. The tailings will be removed __in its power-generating operations over the 
from their present sites to locations where past 12 years have produced more than $5 
they can be leached and processed by sol- _ million in revenues. |
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CONSUMPTION AND USES 

Domestic consumption of vanadium, .re- tion. 

ported by type of material in table 4 and by Eighty-eight percent of the vanadium was 
end-use category in table 5, decreased 14% consumed as ferrovanadium and associated 
in 1976 from that of 1975 and 34% from the — proprietary vanadium-iron-carbon mate- 
alltime record high of 7,200 tons established _rials. Compared with data for 1975, ferrova- 
in 1974. Decreases occurred in nearly all nadium (including proprietary materials) 
end-use categories, tool steel being the one consumption fell 12% and oxide consump- 

_ noteworthy exception as it increased 37% __ tion declined 19%. Consumption of ammon- 
over that of 1975. Stainless and heat- ium metavanadate, however, increased 
resisting steel and full-alloy steel remained 58%. Consumption of other vanadium mate- 
at about the same level of consumption as__rials, consisting principally of vanadium- 
in 1975. Reduced activity in aircraft con- aluminum alloys and small quantities of 
struction and less demand for carbon steel other vanadium alloys, was 35% below that 
and high-strength low-alloy steel contribut- of 1975. 
ed significantly to the drop in consump- - | | 

| Table 4.—Consumption and consumer stocks of vanadium materials in the United States 

. — (Short tons of contained vanadium) 

: a 1975 | 1976 

. Type of material an Consumption _ Ending Consumption Ending 

Ferrovanadium! ____________________ 4,708 868 4,144 924 
Oxide___________ ee 216 56 175 50 
Ammonium metavanadate _____________- 26 a) 41 9 ae 
Other? ___-__ ee 556 212 360 97 | | 

| Total.___________________--- 5,501 1,141 4,720 1,080 

1Includes other vanadium-iron-carbon alloys. | 
_ *Consists principally of vanadium-aluminum alloy, plus relatively small quantities of other vanadium alloys and 
vanadium metal. _ / . 

Table 5.—Consumption of vanadium in the United States, by end use 
(Short tons of contained vanadium) “ 

| End use ~-:1976 

Steel: yO 
Carbon _________ eee eee 516 
Stainless and heat resisting _________________________--~-----~~--~---------—- 21 
Fullalloy ~~... ______ eee 1,311 
High-strength low-alloy ________________..~ ~~~ -~~ ~~ 1,636 
Electric ~~ ~_~___________ eee ee ee Ww 
Tool _______ eee eee 565 

fu 0 wee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 

Alloys (excluding steels and superalloys): 
Cutting and wear resistant materials ___._____________.------~--~~~~~~-------- WwW 7 
Welding and alloy hard-facing rods and materials ______._________---------_~---_-- 9 
Nonferrous alloys ____._____________-_-~-----~---~~~~~-~ +--+ 313 
Other alloys! __-__________________ eee Ww 

Chemical and ceramic uses: 
Catalysts ~.______________ eee ee 212 
Other? ___________________ eee Ww 

Miscellaneous and unspecified ~----------------------------------------------____ il 

Total ______________________ eee -------- 4,720 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and unspecified.” 
1Includes magnetic alloys. 
7Includes pigments.
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STOCKS iy | 

In addition to the consumers’ stocks totaled 3,018 tons of contained vanadium at 
| shown in table 4, producers’ stocks of vana- yearend 1976, compared with 3,375 tons at 

dium as fused oxide, precipitated oxide, yearend1975. ~~ | a 
metavanadate, metal, alloys, and chemicals © | re 

| | PRICES: | | | 

Prices in the United States for the princi- published a price quotation for U.S. stand- 
pal vanadium materials increased about ard grade (70% to 75% vanadium) ferrova- 

| 10% at midyear. The price for domestic nadium, which had been quoted at $6.35 per 
98% fused vanadium pentoxide, as quoted _ pound of contained vanadium since Novem- 
by Metals Week, began the year‘as.a dual _ ber 1974. It began publishing, effective July 
quotation of $2.45 and $3.06 per pound of 1, a new price quotation of $6.10 per pound | 
contained V.0; and increased to $2.75 and of contained vanadium for U.S. producer _ 
$3.35. Prices for technical-grade air-dried 80% vanadium grade ferrovanadium. The 
vanadium pentoxide per pound of contained price per pound of contained vanadium for : 

: V.O; were raised from $2.45 to $2.75 on both Carvan and Ferovan, effective J uly 1, 
August 1, 1976, by Kerr-McGee Corp. and rose from $5.10 to $5.60. : 
from $3.06 to $3.35 on July 1, 1976, by Metal Bulletin’s United Kingdom price 
Union Carbide Corp.; Foote Mineral Co.’s for ferrovanadium containing 50% to 60% 
air-dried vanadium pentoxide price has vanadium was quoted as £5.30 to £5.40 at 

_ been posted at $3.54 per pound of contained the beginning of the year and ended the 
V.0; since January 10, 1975. | year at £7.30 to £7.60. . | 
Metals Week, as of midyear, no longer. es | | 

| ” : | FOREIGN TRADE | | 

Exports of ferrovanadium were up about _ bearing materials (such as ashes and slags) 
19% in 1976. Exports of ores, concentrates, totaled 6.0 million pounds of contained ‘va- 
and oxides, however, were at a much lower nadium, compared with 5.8 million pounds 
level than in 1975, declining by 54%. Aver- of contained vanadium in 1975. In both 
age declared value for exports of ores, con- years, the Republic of South Africa, the 

| centrates, and technical-grade oxides re- U.S.S.R., and Chile were the major sources 
| mained about the same, $2.11 per pound of _ of this supply. Vanadium pentoxide (anhyd- 

contained vanadium pentoxide in 1976, ride) imports decreased significantly from 
compared with $2.12 per pound in 1975. The _ those of 1975, with imports for consumption 
average declared value for exports of ferro- in 1976 totaling 2,184,241 pounds (gross 
vanadium was $3.79 per pound of alloy in _ weight) valued at $3,481,047, compared with 
1976, compared with $3.91 in 1975. 4,297,303 pounds (gross weight) valued at 

| No imports classified as vanadium ore $7,873,796 in 1975. Ferrovanadium imports 
and concentrate were received in 1976. Im- _in 1976, shown in table 7 , came largely from 
ports classified as vanadium carbide totaled West Germany and Norway; in terms of the 
525 pounds (gross weight), all of which came vanadium content, they were about double 
from West Germany. Imports of vanadium- _ the 1975 ferrovanadium imports.
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| — Table 6.—U.S. exports of vanadium, by country | 

(Thousand pounds and thousand dollars) . 

- Vanadium ore, concentrates, 

Ferrovanadium and other pentoxide, vanadic acid, 

. . vanadium alloying materials vanadium oxide, and vana- 

a containing over 6% vanadium _ dates (except chemically 

Destination {vanadium content) | 

1975 1976 1975 1976 

Quan- | Quan-  y Quan- 1e ' man” Value QAM Value “Wty Value Quan Value 

Argentina _______--------------- 177—‘«*OT 40 172 _- _- _- _- 

Austria. ____-_----------------- _- _- _= — 174 788 -- -- 

Belgium-Luxembourg - _——------------ 111 405 110 394 _- -- _- = 

Canada_________--------------- 745 3,055 780 = 3,236 6 27 65 206 . 

China, People’s Republic of _.._-------- -- -~ -- -- 5 15 ~~ -~ 

Finland. ________--------------- = _- 33 122 _- -- -- _- 

France _______.--------+------- 4 18 -- -- ~— -- -- -- 

Germany, West _____--------------- 6 12 Al 128 139 361 -- -- 

India ______--_---------------- 135 452 1 3 -~ -- 23 100 

Italy. ______-_------------------ _- -- —- _- -- -- 5 20 

dJapan____._------------------- 160 587 718 2,414 55 207 _- -~ 

Malaysia ____._----------------- 1 2 1 4 -- _- -- _- 

Mexico ______-_---------------- _- _- 16 57 52 230 50 233 

Netherlands__________-_--------- | 388 1,618 132 527 -- -- -—- == 

New Guinea __________----------- -- | -- -- -~ -- —_ (3) 1 

Peru_________----------------- ~- _- ~- —= -- -- 1 1 

Poland ______._----.------------ -- _ 107 399 -- -- -- —- 

Spain _____------------~-------- 43 171 230 934 a _- 53 = 181 

Sweden ________---------------- 304 1,022 | 12) 504 -- -- -- _- 

Switzerland ______-_--------~----- 63 284 70 204 _- -- — — 

Venezuela _____----------------- 59 256 -- a -- -- -- -- 

VYugoslavia____--------~--------- 
-- -- 22 82 -= ~~ a -— oe 

: Total_____----------------- 2086 7,952 2,422 9,180 481_—1,628 197 742 

‘Less than 1/2 unit. 
| 

- able 7.—U.S. imports of ferrovanadium, by country | 

oo (Thousand pounds and thousand dollars) 

1975 _ 1976 

_ Country Gross Vanad- | Gross Vanad- 
weight ium t Value weight _ pare ‘ Value 

General imports: 
Austria ______-_------------------- 7 538 «=: 204 55 45 219 

- Braid _.________------------------ 44 31 155 ~- _- -- 

Canada _________------------------ 16 12 68 91 69 371 

Germany, West __._------------------ 222 177 918 323 238 1,200 

Norway _____---------------------- —_ _— _- 353 166 656 

Sweden _________------------------ oo. lee -- 44 36 172 

Total _________------------------ 359 273 1,435 866 1553 2,618 
oOo ————o 

Imports for consumption: 
Austria __________----------~------- 77 53 294 55 45 219 

Brari] __._____-------------------- 44 31 155 -- -- _- 

Canada _______-_------------------ 16 12 68 91 69 371 

Germany, West ____------------------- 222 177 918 279 202 1,029 

Norway ___--_-_------------------- _- _- —- 353 166 656 

Sweden _________------------------ -- _- -- 44 36 173 

Total _________------------------ 359 273 1,435 822 518 2,448 

‘Data do not add to total shown because of independent rounding.
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Table 8.—U.S. imports of vanadium pentoxide (anhydride), by country 

| 1975 } 1976 | 
ed 

Vanad- © Vanad- Country a Gross ‘ium Grose ium 
. 

weight content Value weight content Value 
(pounds) (pounds) (pounds) (pounds) 

General imports: . 
oo a Canada ~~ -~--- 1,682 942 $303 — __ — Finland _-__- = = 44,974 25,194 124,209 a _— — Germany, West ------ ee 99,498 © 59,739 241,319 — a —_ South Africa, . Republic of ~-_-_______ === 4.404.707 2,467,5287,940,330 2,388,754 1,335,379 $3,766,686 United Kingdom _________ 1 (1) 255 665 373 = 2,851 288 Total _________-_ ~--~------- 4,550,882 72,549,404 8,306,416 2,384,419 1,335,752 3,769,537 —_————— tt, 6,004,419 1,885,752 8,769,53% , 

. 

en 
Imports for consumption: 

Canada ------- +5 1,682 942 303 oe _. —_ Finland ____________ 44,974 25,194 124,209 _ _ __ Germany, West ______________ 99,498 55,7389 241,319 a - a South Africa, 
| Republicof ~2-- == 4,151,148 — 2,325,4737,507,710 2,183,576 1,223,239 3,478,196 United Kingdom _____ = 1 (1) 255 665 373 2,851 $2,851 
Total -__._-__-__________________ 4,297,303 *2,407,349 7,873,796 2,184,241 1,223,612 3,481,047 

‘Less than 1/2 unit. 
*Data do not add to total shown because of independent rounding. 

WORLD REVIEW 
: In addition to the nations listed in table 9, Bolivia.—Construction of a ferroalloys some others had relatively small vanadium _ plant in Bolivia, which was to have begun in > | production from secondary, waste, or bypro- J anuary 1977, was postponed by Empresa duct sources. Japan and West Germany Nacional de Fundaciones (EN AF). Market- _ | produced vanadium from several such ing and financial considerations were given sources. Pipeline production continued to be as factors in delaying the project for 1 year. : a major factor in world demand. : In addition to producing 500 tons annually Australia.— Western Mining Corp. Ltd.’s_ of ferrotungsten from Bolivia’s tungsten prospective uranium mine at Yeelirrie, concentrates, the planned facility would Western Australia, may also produce bypro- have Capacity to produce ferrovanadium. duct vanadium pentoxide. Annual output The latter production would be from im- would start around 1982 and would be about ported concentrates because Bolivia does 1,000 tons of V.O;, per year. . not produce vanadium. 

Table 9.—Vanadium: World production from ores and concentrates, by country . 
(Short tons of contained vanadium) 

Country 
1974 1975 1976" 

pallet <== 52 = ~~ ee 
640 660 1,199 Finland (in vanadium pentoxide product) --§_--__ ~- ee LL 1,635 1,405 1,598 Norwaye ----__ 000 

rit rtcr terre 500 510 580 OU _____——— South Africa, Republic of: 2 
. 

Content of pentoxide and vanadate product?__--_-= ~o LL 3,657 3,300 3,931 Content of vanadiferous slag product? __________~ ~---- +e - 5,327 6,434 6,954 ee O04 rr oe ee 8,984 11,734 10,885 South West Africa, Territory of (in lead vanadate 
SOR ie aoa ag 

903 619 782 Uaah (in slag exports only) __—_— 2 2 t tt ttre r tte 3,230 3,530 3,530 United States (recoverable vanadium) - aoe eee 
4,870 4,743 7,376 G08 Total ~~~ --- ~~~ 

"20,762 23,201 25,950 
*Estimate. "Preliminary. ‘Revised. 
‘Based on US. imports. 
*The Republic of South Africa officially reports the undistributed total production of vanadium in pentoxides and vanadate products as well as in vanadium bearing slags. Data on vanadium content of vanadium slag are estimated on the basis of a reported tonnage of vanadium bearing slag (gross weight) multiplied by an assumed grade of 14% vanadium. Vanadium content of pentoxide and vanadate products represents the difference between the reported total and the calculated estimate for vanadium in slag. *Data represent output of South West Africa Co. Ltd. for the years ending June 30 of that stated.
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_ Finland.—According to Finnish trade sta- Philippines.—Filmag (Philippines) Inc., 

‘tistics, Finland exported 2,653 tons of vana- the second largest iron sand processor in 

dium compounds? in 1975, compared with the Philippines, was reportedly con- | ; 

2.955. tons in 1974. Of the 2,653 tons, 672 structing, in cooperation with Japan’s Mit- | 

tons went to France, 590 tons to Sweden, subishi Corp., a 4,400-ton-per-year ferrova- , 

450 tons to. West Germany, 364 tons to nadium plant at Luzon. They also have 

Great Britain, 331 tons to the U.S.S.R., 165 planned to build in 1978 a 6,000-ton-per- 

tons to Czechoslovakia, 46 tons to Brazil, 23 month pig iron plant (using Lingayen iron 

tons to the United States, 12 tons to Mexico, sand), which also. would produce a 15% 

_and negligible amounts to Spain and Italy. vanadium slag. — : | 

Rautaruukki Oy reported an output of Sweden.—MX-Processor AB, Médlndal, | / 

2,854 tons (gross weight) of vanadium pen- Sweden, has developed a new process'for | So 

toxide in 1976, of which 2,424 tons came _—recovering vanadium from flue dust pro- : ~ 

from the Otanmaki mine and 430 tons from duced at heavy-oil-fired power stations. | 

the Mustavaara mine. Production at the Plans call for building a large pilot plant Ce 

- Mustavaara mine began in May 1976; be adjacent to the Stenungsund power station. Hs 

cause most of the year was consumed by The plant would be capable of recovering — 

trial runs of the various processes and about 100 tons per year of vanadium worth | | 

repairing faults: discovered, only minor about $660,000 with startup expected in. 

quantities.of vanadium pentoxide could be 1978. — CO we a 

obtained from this mine. : South Africa, Republic of.—South Africa | 

Germany, West.—According to official continued to be © the. world’s leading | : 

trade statistics, West Germany imported vanadium-producing country. Vanadium . 

22.602 tons (gross weight) of vanadium- statistics published by the South African | 

containing ashes, residues, and slag in 1976, Government’s Department of Mines were 

compared with 29,674 tons (gross weight) in for the combined forms— slag, polyvana- 7 

1975. | | date and: metavanadate, and fused pentox- : 

India.—Ferrovanadium production was ide as V2Os. In this combined form, pro- — | 

58 tons in 1976, compared with 55 tons in duction in 1976 totaled 19,431. tons, .com- : | 

1975 and 72 tons in 1974. 8 - + pared with 20,946 tons in 1975. a oe 

Yearly production of vanadium sludge Production of vanadium-bearing slag by 

was reported to be around-1,760 tons.from Highveld Steel and Vanadium Corp. Ltd.— | 

two alumina plants— the Bharat Alumin-. South Africa’s and the world’s leading pro- | 

ium Co.’s (BALCO) plant at Korba in. ducer of vanadium—totaled 49,671 tons | 

Madhya Pradesh, with a capacity of about (gross weight) in the fiscal year ending June | 

880 tons of sludge per year; and Hindustan 30, 1976, compared with 45,955 tons (gross 

Aluminium Corp. Ltd’s (HINDALCO) plant weight) in the previous fiscal year. 

at Renukoot in Uttar Pradesh, also with an Highveld’s ore originates from the Steel- 

annual capacity of about 880 tons. HIN- poort Roosenekal area of the Transvaal. It 

DALCO was in the process of increasing its is smelted at Witbank, where a sixth kiln 

capacity to 1,320 tons of sludge per year. was commissioned in October and major 

Indian Aluminium Co. Ltd. INDALCO) was _ overhauls and uprating were carried out on 

examining the feasibility of vanadium re- the original four. The company’s Vantra 

covery from sludge in a pilot project at its Division, which produces fused vanadium 

Muri (Bihar) alumina plant, and eventually pentoxide, took its small kilns out of oper- 

expects to recover about 330 tons of sludge ation in December 1975 for major repairs 

per year from each of its two alumina and modifications and recommissioned 

plants at Muri (Bihar) and Belgaum (Karna- them in April 1976. 

taka). 

- TECHNOLOGY 

Aspects of the geology of vanadium as a ing world distribution of these deposits were 

framework for appraising resources of this included.* 

commodity in the light of present-day tech- “Goo. as , 

nology, economics, and geologic knowledge compounds the tide oe per all vanadium pentox- 
were discussed in a report by the Us. ¢_ 

Geological Survey. Geologic habits of base- variant RF Ceoleey and okery Brot, Paper apes 

metal vanadates and of titaniferous mag- 1975,14pp. R mun: . 

netite deposits were described; maps show- dome enedinm Survey Prof. Pa gOS B, 1975 10 pp.
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| _Hot-rolling behavior of austenite micro. and iron, was introduced in the second half - alloyed with vanadium and nitrogen was of 1976 by Reading Alloys, Inc., of Robeso- . investigated. The addition of vanadium and nia,Pa* #8 mae o _ nitrogen to an aluminum-killed carbon-: A vanadium sludge, suitable for process- So manganese-silicon steel altered the behav- ing into vanadium metal, can be recovered , ior of austenite during both deformation from digestion solutions obtained in the _ oo and holding subsequent to hot rolling in five processing of vanadium-containing bauxite _ different ways. The net result of the or alunite into aluminum metal. The caus- _. | _ changes increased the number of heteroge- _tic solution is cooled to 40° to 65° C., and > , neities present in the austenite prior to maintained at. that temperature until a oe transformation. This caused an increase in precipitate forms. The precipitate is re- 7 _ the number of sites for the heterogeneous moved, and the liquor is further cooled to nes _ nucleation of ferrite and a concomitant 20° to 30° C. A precipitate of vanadium a decrease in the grain size of the transform- _ compounds is formed, the liquor is settled, Bo ation product | and the second precipitate is separated as a 7 _ A new superconducting magnet system __ sludge.’ ne Poo 
mo installed at the Japanese National Re- The Vanadium International Technical search Institute for Metals was developed Committee (V anitec) continued to: sponsor _. through the combined use of columbium-tin _ research projects on vanadium applications a superconductor tape manufactured by In- in 1976. Development of high-performance —_ oe termagnetics General Corp. of the United steels’ having high strength and impact : . States and vanadium-gallium supercon- resistance has been a major emphasis. oe | | ductor tape developed by Vacuum Metallur- = | De Oo gical Co. Ltd. of Japan. The magnet has 9 ——______ | oo | 

produced a record magnetic field of 175,000 “DeArdo, A. J., and E. L. Brown. Hot Rolling Behavior of gauss. tits es a Austenite Microalloyed With Vanadium and Nitrogen. J. — A : 7 of Metals, v. 29, No. 1, January 1977, pp. 26-29. po | , A patent was issued on a process for. “Trade Times. Superconducting Magnet System Pro- _ producing carbide addition agents including duces 175 KG. dune 25, 1916. = S| | 7 a new steel addition agent marketed as_ p, f° 3080 aL Sop oe aes, t Reading Alloys, Inc.) US. , Ferrovanadium Carbide. This product, "Nasyrov, G. Z., and I. V. Ravdonikas (assigned to Which contains about 70% vanadium and — Xseediumy Nauchinolimleiovatelsky {'Prooktny Tastitut | approximately equal percentages of carbon _Canadian Pat. 999,747, Nov. 16, 1976. | oe
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| | By Stanley K. Haines’ 7 | 

Domestic production of crude vermiculite domestic and South African crude. The 

declined 8% from the 1975 level to 304,000 principal end uses were concrete aggregate; - 

| short tons. Output.of exfoliated vermiculite as premixes for acoustic, fireproofing, and | 

remained the same as in 1975 at 235,000 other applications; and as loose-fill and 

-ghort tons. The average value per ton of block insulation. World production of crude | 

exfoliated vermiculite increased 5% to vermiculite was 565,866 tons, a decrease of | 

$161.82. Exfoliating plants processed both 2% from 1975. _ | 

a -.°. fable 1.—Salient vermiculite statistics | 

a oe (Thousand short tons and thousand dollars) — 
. 

: ee Oo 1972 1973 1974 1975 1976 

United States: 

So _ Sold or used by producers: . | | 

Crude ____-__------------------- 
337 865 341 330 304 | 

: "Value _______------------------ $8,092 $9,464 $10,120 $13,761 $14,082 

Average value perton —-------------- $24.01 $25.98 $29.68 $41.70 ° $46.16 

Exfoliated ____-------------=------- QA7 293 275 235 235 

Value .__._----------------- 7 $24,777 $81,186 $80,916 = $86,345 $38,055 

Average Value per ton _-.------------ | $100.31 $106.44 $112.42 $154.66 $161.82 

Exports toCanada __——---------------- 31. + ~—s:86 44 45 41 

_ Imports from the Republic of a ; 

| uth Africa .__------------------- 26 80 42 33. 40 

World: Production, crude —- -—-------------- 512 ti(‘é‘éi T557 579 ti(‘é‘«‘C‘ 

— DOMESTIC PRODUCTION | | : 

Crude Vermiculite.—Output of vermicu- land (sight pollution) in light of the area’s 

lite concentrate, commonly called crude, rural national historic landmark designa- 

decreased from 330,000 tons in 1975 to tion and the possible adverse effects 

304,000 tons in 1976. The principal mining caused by the presence of asbestos fibers in 

operations were W. R. Grace & Co.’s mine, __ the ore. 

in Libby, Mont., and beneficiation plants in Exfoliated Vermiculite—The tonnage of 

Libby, Mont., and Enoree, S.C. In addition, exfoliated vermiculite sold or used remain- 

Patterson Vermiculite Co. produced asmall ed about the same as in 1975. The five 

tonnage at Lanford, S.C. leading producing States were California, 

Progress has been made by Virginia Ver- Florida, New Jersey, South Carolina, and 

miculite Co. in its efforts to begin mining in Texas. W. R. Grace & Co., Construction 

Louisa County, Va. In the latter part of 1976 Products Div., the principal producer of . 

the circuit court of Louisa County,Va., crude and exfoliated vermiculite, operated 

upheld the right of the board of supervisors 30 exfoliating plants in 24 States. Crude 

to rezone the tracts of land containing vermiculite imported from the Republic of 

vermiculite to allow mining. This decision is South Africa was exfoliated at 10 domestic 

under appeal. The principal disputed issues ——____—_—- 

are the damage mining would cause to the 1 physical scientist, Division of Nonmetallic Minerals. 

: 1405
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Plants, The sources of crude for domestic Libby, Mont., §2%; South Carolina, 26% ; exfoliated vermiculite sold or used ‘were and the Republic of South Africa, 12%. 

Table 2.—Exfoliated vermiculite sold or used, by end use | | | —  Shorttons) | 7 

' Concrete Watt tt ann nnn n-ne ee 
75,000 67,706 Plaster Bio Torte n nn --- eee LTE 4,000 3,099 Premixes! Woot t cee nanan nnn neon 38,000 — 39,448 . Total —————— 8 

117,000 110,253 

Loose fill ---__ 
OO  B9000 8 te, 39,053 Block BT Terre nn eb eee 86,000 39,310 Packing TTT St ston nano nanan nee Cor ore: oo, 390 | Total Wott tenn n nee 

74,000, 78 958 eee f 0 Agriculture: 
re Horticulture and soil conditioning =e - . *31,000 .- s+ 36,879 Fertilizer carrier WU ttt tree a sen - ese a 7,000.00 2,452 . Total — — 

38,000 38,831 
. Miscellaneous _________ "TT TT TTT TTT TTT errr rrec rrr --2 6,000 | 1,334 

Grand total Trott tro ose eee 235,000 | 235,171 
te, Umludes vermiculite used in premixes for acoustic and fireproofing purposes, decorative textures, moisture sealant, | 

ete. 
; ae ae oe —_ 

| | Table 3.—Vermiculite exfoliating plants in the United States in 1976 | | 

‘J. P. Austin Assoc., Inc We / Pennsylvania oe Allegheny. Wo Beaver Falls. J.J. Brouk&Co,Inc________ Missouri _____ St.Louis-_______ . St. Louis. - : Carolina Wholesale Florists, Inc ~ae ee North Carolina ___ Lee..______"°__ Sanford. . Cleveland Builders Supply Co., Ohio________ Cuyahoga_______ Cleveland. _ Cleveland Gypsum Co. Div. 
Diversified Insulation, Inc Wee LL Minnesota ____ | Hennepin________- Minneapolis. WR Grace & Co., Construction Products Arizona______ Maricopa _______ Phoenix. . v. 

Arkansas_____ Pulaski ______ North Little Rock. 
----do_______ eles _~____ eles. —~---do_______ Orange _________ Santa Ana. Colorado ______ Denver ______ Denver. . Florida _____ Broward _______ Pompano Beach. -~~-do______ Duval _-___ Jacksonville. -~---do____ Hillsborough ___ _ _ Tampa. Mllinois__-__§____- ~‘DuP (a West Chicago. . Kentucky_____ Campbell ~~ 77777 Newport. Louisiana_____ Orleans. New Orleans. Maryland_____ Prince Georges____. Muirkirk. Massachusetts ___ _ Hampshire_____ _ Easthampton. Michigan_____ Wayne______ Dearborn. . Minnesota ______ Hennepin______ _ Minneapolis. Missouri ______ _ St.Louis _-__ | St. Louis. Nebraska ____ | Douglas______ Omaha. New Jersey_____ _ Mercer ________ Trenton. NewYork __ | Cayuga _____ Weedsport. North Carolina ___ Guilford.______ High Point. Oklahoma ______ Oklahoma _._____  . Oklahoma City. Oregon ______ Multnomah____ Portland. Pennsylvania ____ Lawrence______ _ New Castle. © South Carolina___ _ Greenville ______ _ Kearney. ~-.do______ | ~---do______ Travellers Rest. Tennessee ____ Davidson ______ Nashville. Texas __-__ = Bexar ________ San Antonio. ~---do______ Dallas_______ Dallas. Wisconsin.______ Milwaukee _______ Milwaukee. Hyzer & Lewellen ~~ Pennsylvania ____ Bucks __________ Southampton. International Vermiculite Co —-- Le Ilinois._____ Macoupin _______ Girard.
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Table 3.—Vermiculite exfoliating plants in the United States in 1976 —Continued 
eee 

Company State County Nearest city 

Koos, Inc ___ __--.~------------- Wisconsin_______ Kenosha __—-—--~- Kenosha. 

La Habra Products, Inc ______-~--- California_—————- Orange ____--~-- Anaheim. 

MacArthur Co _______---------- Minnesota ___~_—~ Ramsey __—----~ St. Paul. 

Mica Pellets, Inc. ___.._-_-------  Illinois________._ DeKalb __-_-__-__- _ DeKalb. 
Patterson Vermiculite Co _______~--- South Carolina_ — — — Laurens_—__——_-- Lanford. 

Robinson InsulationCo _____------ Montana ___~_-- Casvade _____--- Great Fails. 

North Dakota _—~~— Ward ____-~----~ Minot. 

Schmelzer Sales Associates, Inc _ ~~~ -- Florida _____-~- Hillsborough — — — — — Tampa. 

The Schundler Co __. ____--~----- New Jersey_ _——~—- Middlesex — — — — ~~ Metuchen. 

Strong-Lite Products _______------ Arkansas __ __—_-— Jefferson ____—--~ Pine Bluff. 

Supreme Perlite Co _______---~---- Oregon ____---~- Multnomah. _ ~~ ~~ Portland. 

Vermiculite of Hawaii,Inc _____---- Hawaii _____-~- Honolulu __—_—-- Honolulu. 

Vermiculite-Intermountain, Inc _—_-—~- Utah______----— Salt Lake _____-~— Salt Lake City. 

Vermiculite Products, Inc ____-_---- Texas _______~—- Harris ______---~- Houston. 

EE 
eeeeSSeSeSSF 

0.0 8O OOO OOOO 

CONSUMPTION AND USES 

Only minor changes in the end-use pat- miscellaneous, 3%. Additionally, 15,000 | 

tern occurred from 1975 to 1976. The princi- tons of crude vermiculite was consumed for 

pal end-use categories follow: Aggregates, various end uses without exfoliation. 

47%; insulation, 33%; agriculture, 17%; and 

| PRICES | | 

According to the Bureau of Mines Engineering and Mining Journal quoted 

canvass, the average value of domestic nominal yearend prices for crude vermicu- 

crude vermiculite increased from $41.70 per lite as follows: Per short ton, f.o.b. mine, 

ton in 1975 to $46.16 per ton in 1976. The domestic crude, $38 to $68, and c.if. Atlan- 

average value of exfoliated vermiculite in- tic ports, Republic of South Africa crude, 

creased 5% to $161.82. These values are $60 to $80. 

_ f.0.b. mine or plant. 
| 

| FOREIGN TRADE | 

Approximately 40,000 tons of crude ver- in 1975. A total of 40,850 tons of crude | 

miculite was imported duty-free into the vermiculite was exported to Canada, princi- 

United States from the Republic of South pally from Libby, Mont. 

Africa, a 21% increase over that imported | 

- WORLD REVIEW 

Canada.—A total of 62,856 tons of crude underground pipe insulation, and barbecue 

vermiculite was imported in 1976, from the ase),9%.* 

United States and the Republic of South South Africa, Republic of.—Total pro- 
Africa. The end 1 1975 follows: duction of crude vermiculite increased over 

| rica. The end-use pattern in ollows: 70% in 1976 to 244,798 tons. 

Loose insulation, 77%; insulating concrete, —_-___ 

-j i - agri . 2Stonehouse, D.H. Lightweight tes, 1975. Cana- 

4%; insulating plaster ° 1%; agriculture, 9%; da Dept. Energy, Mines and Fosoteeee (Ottawa), 1976, 6 

and miscellaneous (including fireproofing, pp.
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Table 4.—Vermiculite: World production, by country! | 
(Short tons) . 

| Country? 1974 1975 1976" —_————— 
DE 

Argentina ~ eee 
4,216 “4,400 ©4,400 Brazil® ae ee ee ee 5,000 5,000 5,000 Egypt! ~~ -+-- 50 50 50 i wee ee ee 3,109 2,400 . 3,644 Kenya me 
1,855 8,249 3,954 South Africa, Republic of we ee 201,296 228,761 244,798 | Tanzania ~~ 22 €20 | United States (sold or used by producers).__________._____._.. 341,000 330,000 . 304,000 ) 

Total -___ 
556,548 578,880 565,866 

e 
e 

. 
“Estimate. Preliminary. ‘Revised. 

: *Excludes production by centrally planned economy countries.



oe Zinc 
_ By V. Anthony Cammarota, Jr.’ 

As the rate of economic activity rose ly increased to finish the year at 215,047 

during 1976, mine and smelter production tons. 
and imports of metal increased to satisfy a In January, the price of Prime Western 

- 283% increase in slab zinc consumption. zinc was reduced 2 cents, to 37 cents per 

Imports of slab zinc supplied about three- pound. In August, the producers raised the 

_ fifths of metal consumption. Imports of ores price to 39 to 40 cents per pound, but in 

| and concentrates fell, continuing the October the companies rescinded the price 

decline of 1975. Producer and consumer increase. The 1976 average price was 37 

stocks at yearend 1976 were higher than at cents per pound. The European producer 

yearend 1975. | | price remained at 36.1 cents per pound. On 

-_ Mine production increased 3% compared the London Metal Exchange (LME), equiva- 

with that of 1975, to 484,513 tons of recover- lent prices climbed in the first half of the 

able zinc. Tennessee, Missouri, New York, year to an average of 35.9 cents per pound 

Colorado, and Idaho accounted for 70% of in June, but then underwent a steady 

the output. Eleven States showed increases decline to end the year at under 30 cents per 

and eight registered declines. Exploration pound. 
activities were high in Tennessee and in On October 1, the Federal Preparedness : 

Wisconsin, where Exxon Corp. announced Agency (FPA) approved a new goal for zinc 

the discovery of a massive sulfide deposit of 1.313 million tons. The previous goal was 

that could increase U.S. zinc reserves about. 374,830 tons set in June. Achievement of 

10%. the goal was to be a long-term program 

US. primary smelters operated at slight- requiring a number of years. oo 

ly more than 80% capacity in 1976 to pro- With the exception of 1974, general im- 

duce 536,479 tons of slab zinc, a 13% in- ports of zinc in ores and concentrates have 

crease compared with 1975 production. At declined since 1970. In 1976, such imports 

yearend, National Zinc Co. started up anew were 97,115 tons, a 38% drop from those of | 

electrolytic zinc plant to replace its horizon- 1975. General imports of slab zinc reached 

tal retort plant. AMAX Inc. completed an 714,489 tons in 1976, the highest level on 

extensive rehabilitation program at its record. Canada supplied 44% and Mexico, 

electrolytic zinc plant. The New Jersey Zinc 9%. Major suppliers, who more than dou- 

Co. broke ground for a 90,000-ton-per-year bled shipments to the U.S. market com- 

electrolytic zinc plant in Tennessee, which pared with those of 1975, included Italy, 

is expected to be operational in 1979. The Mexico, Yugoslavia, and Zaire. The People’s 

Bunker Hill Co. completed construction ofa Republic of China shipped 2,532 tons. The 

600-foot stack at its zinc plant in Idahoto European Economic Community provided 

meet pollution requirements. 19% of U.S. imports of zinc metal, compared 

Consumption of slab zinc increased to with 17% in 1975. 

1,134,141 tons. Increases in automobile pro- Legislation and Government  Pro- 

duction and housing starts of 27% and 25%, grams.—On June 28, FPA raised the stock- 

respectively, contributed to the recovery in pile goal for zinc to 374,830 tons, which was 

consumption. A 3-month strike in the tire the total uncommitted inventory at the 

industry reduced consumption of zinc oxide. time of the announcement. The previous 
Producer and consumer stocks were goal was 202,700 tons. This action elimina- 

181,952 tons on January 1, and after falling —~ —___—_— 

to 164,889 tons in March, the level gradual- 1Physical scientist, Division of Nonferrous Metals. 
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ted the excess of 172,130 tons of zinc that onstration Act of 1976 was passed, the the General Services Administration (GSA) objective of which was to advance the tech- previously had available for disposal. In nology of battery systems for electric vehi- addition, GSA cancelled its agreement to cles through research and grants by the sell zinc under long-term contracts with the Energy Research and Development Admini- producers. On October 1, FPA announced a _ stration (ERDA). Batteries using zinc have new goal of 1,313,000 tons. At the end of the shown promise as practical high energy- fiscal year, total inventory was 385,171 tons; density batteries for electric vehicles. uncommitted inventory was 374,830 tons, The International Lead and Zinc Study | | and 10,341 tons was committed to various Group (ILZSG) held its 20th session in Government agencies. The Director of FPA Geneva, Switzerland, November 4-12, to . stated that stockpile planning was based on review developments in lead and zinc and : a 3-year emergency and that civilian needs consider projections for 1977. Producers cur- | were considered in the program. | tailed zinc metal production in 1976, and The Environmental Protection Agency were expected to continue to do so into 1977 (EPA) suspended the daily average effluent in an attempt to avoid stock increases. limitation of 0.5 milligram of zinc per liter Because France, Japan, and the United for ore mining and dressing facilities until] States have national stockpile policies, the April 30, 1977, to study additional data.? need to review the impact of stockpiles on A bill, H.R. 12883, was introduced in the market was expressed. Congress on March 30 to suspend for a 2- —_—_—_—_— _ | year period the duty on zine slab, bu it aid fsa pl, Net of upsin pr Gre not pass. | 101, May 24, 1976, p- S191. 5 ‘on, part 440. Ore Mi Public Law 94-413, Electric and Hybrid pana Dressing Point So ree Catevoon Vv 42. No.1 Vehicles Research, Development, and Dem- Jan 17, 1977, pales. eer V- 42, No. 1, 

Table 1.—Salient zinc statistics BO 
| : 1972 1973 1974 “1975 ~~«9T76 

United States: 
Production: . | Domestic ores, recoverable 

content ______________short tons._ 478,318 478,850 499,872 469,355 484,513 Value ________________thousands__  $169/803 $197,861 $358,908 $366,097 $858,541 
Slab zinc: 

. | From domestic ores __..____short tons._ 400,969 399,119 346,993 307,959 881,872 From foreign ores _.__________do____ 282.911 184,360 208,195 130,092 116,983 From scrap ________._--___-do-___ 78-718 83,187 78,535 57,886 63,555 $F 7,886 68,555 Total.___--__--_-_--- 706,898 666,666 633,723 495,987 562,410 Secondary zinct_________._____do-___ 314,048 300,078 259,947 225,315 809,386 Exportsof slabzinc__.____________do____ 4,324 14,566 19,062 6,897 3,518 Imports (general): 
Ores (zinc content)_____________ do __ _ 254,868 199,634 240,043 144,987 97,115 Slabzine _________.________do____ 522612 592,046 539,538 380,487 714,489 Stocks, December 31: 
At producer plants_____________do.___ 30,068 25,947 39,720 74,676 98,893 At consumer plants ____________do____  124'956 114,317 211,158 107,276 121,154 Government stockpile__.________do____ 949/583 677,009 391,600 385,714 385,192 Reprocessed GSA zinc* ~------- do __ 80,408 109,383 42,850 3,442 __ Consumption: 
Slabzinc -__________________do.___ 1,418,349 1,508,988 1,287,696 925,330 1,184,141 All classes _________.________do____  1/844'093 1,981,925 1,678,013 1,281,815 1,541,890 Price: Prime Western 

cents per pound __________-__ (delivered)__ 17.75 20.66 35.95 38.96 37.01 World: 
Production: 

Mine _________________short tona.__ 5,992,071 6,298,484 "6,371,590 76,390,509 6,462,255 Smelter —_______-_-_---__-do___ 5,655,754 5,876,535 "6,182,680 75,592,453 5,978,484 Price: Prime Western grade, London 
cents per pound __________________ 17.13 38.55 56.13 33.76 32.38 

"Revised. 
1Excludes redistilled slab zinc. 
"Included in total amount withdrawn from Government stockpile.
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~- DOMESTIC PRODUCTION | | mo 

| MINE PRODUCTION | used mainly for the production of zinc oxide . 
oy . at ASARCO’s own plants in Ohio and Illi- 

1st 5 mine Te 1 States wae nois. At the Young mill, construction began . 
1975. The major producing States were on a aay concentrate drying and load- _ 

Missouri and Tennessee, 17% each; New St. Joe Minerals Corp. formed a joint 
York, 15%; and Colorado and Idaho, 10% venture with a subsidiary of Freeport Min- 

each. All of the major producing States, als Co. for a 3-year, $5 lion e lor- 

| except New York and Tennessee, showed ‘ation and development project for zine near higher production than in 1975. | . cS 
‘ Table 5 shows sources of zinc production C&rthage, Tenn. ASARCO, Cominco Amer- 

. : . ican Inc., and NL Industries Inc. formed a. in 1976 according to ore type. Zinc ore ~* : 
accounted for 53% of the total zinc pro- joint venture to explore for zinc near | 

| duction, followed by zinc-lead ore, 21%; lead Burkesville, Ky. . a 
ore, 18%; copper-zinc and copper-lead-zinc _ Zinc production as a coproduct from eight 
ores, 7%; and other ores, 1%. : lead mines in Missouri increased 12% over — 

Table 6 shows the 25 leading U.S. zinc that of 1975, as the State regained its 
mines, which accounted for 89% of the position as the leading zinc producer. The 
recoverable domestic zinc mined in 1976. Buick mine, owned 50% each by Home- 
The five leading mines accounted for 41% of stake Mining Co. and AMAX Inc., mined 
the total U.S. mine production. 1,614,028 tons of ore with a lead content of 

Tennessee zinc mine production dropped 9.9% and zinc content of 3.9%. Ore reserves 
1% from that of 1975. Seven mines pro- were given as 55 million tons assaying 7% 
duced zinc from zinc ores, and one mine, lead and 2% zinc.‘ A program was begun to 
Copperhill, produced zinc from copper-zinc increase mine production to 1.8 million tons 

ore. Jersey Miniére Zinc Co., a 60-40 joint annually through improved techniques. 
venture of The New Jersey Zinc Co. and Production of zinc decreased 4% in New 
Union Miniére, S.A., continued develop- York, where St. Joe Minerals Corp. opera- 
ment of the Gordonsville and Stonewall ted the Balmat and Edwards mines with a 

’ e at mine retai its position as 
tained full production status 60 incorporated the N ation’s largest zine Producer. The 

essee, co 

operated its zinc mines below design capaci- duction resulted from mining lower grade 
ty throughout the year.’ Production from oo. 
the four mines was 42,700 tons of zinc, 

compared with 47,900 tons in 1975 and = sasaRco Incorporated. 1976 Annual Report. Pp. 11, 18. 
56,400 tons in 1974. The zinc concentrate is *Homestake Mining Co. 1976 Annual Report. P. 17.
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In Colorado, zinc production from 13 owned 60% by The Anaconda Company and : 
mines was 50,621 tons, up 4% compared 40% by ASARCO, mined 174,888 tons of ore 
with that of 1975. Idarado Mining Co, at its leased lead-zinc-silver Ontario mine. 
owned 80.1% by Newmont Mining Co, In addition, Park City purchased 12,437 | 
treated 361,000 tons of ore grading 3.83% tons of ore from the Bingham district for 
zinc, 2.40% lead, 0.49% copper, and 0.03 and milling. The milled ore contained 7.4% zinc, | 
1.87 ounces of gold and silver per ton, 5.2% lead, and 3.3 ounces of silver per ton. 
respectively. Ore reserves were 3.5 million A 5-year development and exploration pro- 
tons grading about 4.4% zinc. Resurrection gram was underway.® a | 
Mining Co., wholly owned by Newmont Production was reported from one mine 
Mining Corp., milled 200,000 tons of ore in Virginia, where production dropped 26%. | 7 
grading 9.26% zinc from the Leadville mine, Piedmont Mineral Associates, a joint ven- 
which is managed by ASARCO. Ore re- ture of Callahan Mining Corp. (49%) and 
serves were 2 million tons grading 9.94% The New Jersey Zinc Co. (51%), suspended | 
zinc.’ Minerals Engineering Co. closed its its underground drifting and drilling pro- 
Creede lead-zinc mine because of poor ore gram at the Cofer mine at Mineral, Va. The 
grade. Standard Metals Corp. increased mill company believes that high mining costs | 
capacity at its Sunnyside mine at Silverton may make the deposit uneconomical. | 
to 1,000 tons of ore perday. — | Washington reported a significant in- 

Zinc mine production was reported from crease in production compared with that of 
17 mines in Idaho, where production in- 1975 from its four mines. Ore production at 

| creased 14% over that of 1975. The Bunker the Pend Oreille mine increased about 25% 7 
Hill Co., a wholly owned subsidiary of Gulf over that of 1975. Exploration for additional | 
Resources & Chemical Corp., increased pro- reserves continued.® | 
duction 10% at its Bunker Hill mine; pro- § In Maine, the Blue Hill joint venture, 
duction from the Star mine, owned 30% by 60% owned by Kerr Addison, Ltd., and 40% 
Hecla Mining Co., remained unchanged. by Kerramerican, Inc., was the only zinc 
Proven and probable reserves of lead-zinc producer. Mine production of recoverable | 
ore at these mines were 4,1 million tons zinc was 7,810 tons, a 6% decline from that 
containing 4.5% zinc and 3.3% lead.* Ore of 1975. Total ore mined was 176,100 tons 
grade of the Star mine averaged 6.05% zinc, grading 1.2% copper and 5.1%. zinc.”* Be- 
5.61% lead, and 2.98 ounces of silver per cause of zinc smelter cutbacks, 10,700 tons a 
ton, all of which were higher than 1975 of concentrate was stockpiled. Minable ore | 
levels." Several veins contributed signifi- reserves of 219,000 tons grading 3.2% zinc | 

- cantly to overall mine production and the were down 58% from those of 1975. About | 
‘preparation of new stoping areas assured 186,000 tons of ore reserves in the Carlton | 
adequate production for the next year. Most area, which were included in the 1975 | 
of the lateral. development was at the 7,900- figure, were deleted from the reserves fig- 

foot level, but the No. 4 shaft was deepened ure given in 1976, because they were con- 
to the 8,100-foot level. Hecla’s Lucky Friday sidered uneconomic. | 

mine produced 186,520 tons of ore, up 8% — Mine production of zinc from two mines _ 
over 1975 production. Ore grade was 1.47% in Southwest Wisconsin increased slightly 
zinc, 10.91% lead, and 14.41 ounces of silver compared with that of 1975. Exxon Com- 

per ton. Operating costs increased about pany, U.S.A. a division of Exxon Corp., : 
5%, but were partially offset by improve- announced the discovery of a massive sul- : 
ments in productivity. Stope preparationon fide deposit near Crandon in northern 
the 4,250-foot level was completed, along Wisconsin containing 70 million tons of ore 
with station work on the 4,450-foot level, grading 5% zinc, 1% copper, and lesser 

deepening of the main shaft to the 4,660- amounts of lead, gold, and silver. 
foot level, and installation of hoisting facili- Arizona zinc production from nine mines 

ties. Ore reserves at yearend were 475,000 was 9,501 tons, up 10% over that of 1975. 

Intermountain Mining Engineers, with 50% ore grading 13% zinc and 3.54% copper 
participation by U.S. Antimony Corp., reha- .—_______ 
bilitated the Nabob mine in the Pine Creek 5Newmont Mining Corp. 1976 Annual Report. Pp. 5-6. 
area of the Coeur d’Alene mining district Pp muro & Chemical Corp. 1976 Annual Report. 
and produced a small quantity of zinc. THecla Mining Co. 1976 Annual Report. Pp. 6-7. 

Utah production of zinc from three mines “United Park City Mines Co. 1976 Annual Report. 
was 22,481 tons, a 14% increase over that of PR ck cited in footnote 6. 
1975. Park City Ventures, a joint venture 1°Kerr Addison Mines Ltd. 1976 Annual Report. P. 10.
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from its Cyprus Bruce mine. Proven re- National Zinc Co. completed construction 
serves were established at 128,000 tons. of its Bartlesville, Okla., electrolytic plant 

| Exploratory underground : drilling uncover in mid-1976. The new $40 million plant, 
no significant mineralization. rated at an annual capacity of 56,000 tons of 

___ Production in Neves declined 14% with slab zinc, replaced he old horizontal retort 
the closing of the Pan American mine‘near gmelter of similar capacity at the same 

Hil Gn ae, in the a ierevennri ne Bunker location. However, a 3-month strike delayed 
| . uired an inte: 1 : startup until December. The new facility 

and Caselton concentrator 16 miles away. If . 1 ‘sti ter a ‘f 
| exploration and development work proved ric acid + or the The co rand ae 

sufficient reserves, full-scale mining oper- — ne, eae Company intent 
ations were to beri ? in 1977 debase its Special High Grade zinc product 

begin in ete : to Prime Western and Continuous Galvaniz- 

 $MELTER AND REFINERY PRODUCTION ing Grade. The ae wat expeciot aL meet 
| } : air and water pollution were 

U.S. slab zinc production at 6 primary a major factor in the decision to replace the 
plants and 13 secondary plants was 562,410 retort smelter. | | 
tons in 1976, an increase of 13% over thatof | AMAX Zinc co., Inc., completed moderni- 
1975. Primary and secondary metal pro- zation of its Sauget, Ill, electrolytic zinc 
duction at primary plants was 536,479 tons, plant with the installation of a new water 

| for a capacity utilization of slightly more treatment facility. The plant produced 
than 80%. The portion of domestic slab zinc 70,031 tons of zinc compared with 58.060 
production from domestic ores was 68%; 10.5 in 197512 re 
from foreign ore, 21%; and scrap, 11%. Zinc . 
produced from foreign ore decreased 10% _. Bunker ence 100,000 are om 
from that of 1975, while production from ™U®% & (VUirton increase comp ws 

. . : 1975 production. The company filed a peti- 
domestic ore increased..24%, and from °°", late 1975 f ‘adicial rev; f th 
scrap, 10%. Producer stocks at the smelter 40m in late Or a Judicia® review of the 

| increased from 74,676 tons to 93,893 tons EPA decision to disapprove the Idaho plan 
during the year. | | for control of sulfur dioxide emissions. Bun- 

Primary slab zinc produced at electrolytic ker Hill began a long term program of re- 
refineries increased 11% compared with vegetation of 18,000 acres near the Kellogg 
that of 1975 and was 46% of the total slab plant.’* Bunker Hill and NL Industries Inc. 

a zinc produced. Zinc produced at retort terminated their toll agreement on De- 
plants was up 17% and comprised 43% of cember 31, 1975, and Bunker Hill Sales Co., 
the total. Redistilled slab zinc from secon- Inc., was formed in January to handle sales 
dary materials produced at primary smel- of zinc metal from the Kellogg plant. 
ters increased 8% and contributed 7% of The New Jersey Zinc Co. and Union 
the total, and redistilled slab zinc at secon- Miniére, S.A., of Belgium, broke ground for 
dary smelters increased 138% and comprised ag $97 million, 90,000-ton-per-year zinc plant 

4% of the total. Distribution of slab zinc at Clarksville, Tenn. , scheduled for comple- 

production, by grades was Prime Western, tion in early 1979. Concentrate from the 
the Special High Was tnd Gress Brea Tennessee mines being developed by the 

: o; » 20, > partnership will be transported to the plant 
1%. by ri | , . y river barge. 

The new 350-ton-per-day acid plant at St. Joe Minerals Co “14: . 5 ae : . rp. was building a zinc 
AS ARCO's Corpus Christi, Tex., electrolytic dust facility at its Monaca, Pa., smelter that 

zinc plant was almost completed hy year- will have an initial capacity of 6,000 tons 

end. The company planned to modernize er year In edition, the company plan 
systems, which would lead to increased ned to spend about $50 million for pollution 
capacity and operating efficiency. ASAR- control at the zinc smelter. Zinc concen- 
CO’s plans for a 180,000-ton-per-year zinc trates from the Balmat and Edwards mines 
plant in Kentucky advanced when M.L.M. Comprise about one-half of the smelter feed, 

Holdings Ltd. of Australia, owned 49% by ro 

ASAROO, agreed to participate in the ven- oyu Ming Cp 076 Anna apart... 
ure and supply concentrates in proportion 13Pages 11-13 of work cited in footnote 6. 

to its ownership interest. 14St. Joe Minerals Corp. 1976 Annual Report. Pp. 10, 19.
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with the balance being obtained from other scrap, 29% was recovered as zinc metal, | 

domestic and foreign suppliers. The com- 58% as alloys, mostly brass and bronze, and 

pany stated that energy costs for producing 13% as compounds, mostly zinc oxide. __ 

zinc had increased 145% since 1974. Slag-Fuming Plants.—Hot and cold lead | 

A contract was awarded to St. Joe for the blast furnace slags and residues were pro- | 

design, construction, and operation of a cessed by slag-fuming plants to produce zinc : 

facility to test the U.S. Bureau of Mines oxide fume. The oxide was either sold and 

citrate process for removing sulfur from _yged as oxide or sent to smelters and refine- 

stack emissions. The test facility will be ies for processing into metallic zinc. Three 

pa at the eorerent that supplies plants operated in 1976 as in 1975: ASARCO 
Joe owas y the coal nines hich supply the at El Paso, Tex., and East Helena, Mont., | 

powerplant and Bunker Hill, at Kellogg, Idaho. 

"Secondary Zine Smelter.—Zine F200 yng roused ine sulfide concentrates and 
tons in 1976, a 32% increase compared with Produced sulfuric acid, with one plant op- 

that recovered in 1975. Zincbase scrap ¢rating solely to produce calcine for process- 

| accounted for 59% of the total compared ing to zinc oxide or slab zinc. In 1976, 

with 58% in 1975, while zinc recovered from production of byproduct sulfuric acid from 

i acral ke et aan on dat 
was er | in , with old scrap - —Prod - | 

accounting for 26% in 1976 of the total zinc creased 10% over that of 1975 to 46,358 tons | 

recovered from scrap, compared with 27% in 1976. Zinc dust from distilled scrap 

in 1975. Of the total zinc recovered from accounted for 40,471 tons. | | . 

, a CONSUMPTION AND USES . 

In 197 6, slab zinc consumption increased that of 1975. Production of rolled zinc pro- | 

28% over that of 1975 as a result of the ducts increased 13% to 29,874 tons. Strip 

economic recovery. Domestic consumption and foil accounted for 75%. Exports of 

of slab zinc was 1,134,141 tons in 1976. The wrought zinc increased 39% to 2,271 tons ) 

zinc content of the ore used directly in and imports decreased from 236 tons to 209 

galvanizing or compounds was 101,241 tons, tons. Production of rolled zinc from scrap 

up from 82,732 tons in 1975. The zinc was 24,630 tons in 1976, yielding a total of | 

content of secondary materials to make 54,504 tons of rolled zinc during the year, 

clays, zine dust, and, compounds es corpperscaving rincconsuming States i 
, ns, up from 223,753 tons in 19/0. e lea _zince-consuming in 

Total consumption of zinc for all classes was 1976 were Illinois with 155,357 tons (14%); 

1,541,890 tons, an increase of 25% over that Ohio, 152,814 tons (13%);. Pennsylvania, 

of 1975. : | - 124,991 tons (11%); New York, 119,542 tons, 

. Slab zinc used. for galvanizing accounted (11%); Indiana, 117,070 tons (10%);. and 

for 433,088 tons (88%); zinc-base alloys, Michigan, 118,882 tons (10%). These six 

427,031 tons (38%); brass products, 166,244 States accounted for 69% of the slab zinc 

tons (15%); zinc oxide, 39,027 tons (3%); consumed, excluding remelt zinc. Ohio 

rolled zinc, 29,859 tons (3%); and other, ranked highest in galvanizing and Michigan 

38,897 tons (3%). _ - was the leader in diecasting. _ 

Slab zinc consumption distributed by The Zinc Institute Inc. conducted a sur- 

grade was Special High Grade, 551,270 tons vey of 446 diecasters to determine the mar- 

(49%); High Grade, 111,407 tons (10%); In- .ket distribution of the 416,450 tons of zinc 

termediate, 23,204 tons (2%); Brass Special, consumed by these companies in 1976. The 

104,460 tons (9%); Prime Western, 342,538 results showed that automotive components 

tons (30%); and Remelt, 1,262 tons (0.1%). accounted for 49.6% of the total; builders’ 

Consumption of all grades of slab ie hare dware, 21%; domestic appliances, 7 3% 

in over that of 1975. The most signif- in ial, agricultural, and commerci 

icant increases were 34% for High Grade machinery, 5.7%; electrical components, 

and 269% for Sper pecial ul Hig Grade sac while ae sporting goods § and toys, 24%; ie 

e gain for e rn was 11%. c and professio equipment, 1.3%; 

Slab zinc consumed at rolling mills was sound and television equipment, 1.2% and 

29.859 tons in 1976, an increase of 9% over miscellaneous, 2.6%.
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ne , ZINC PIGMENTS AND SALTS — oe | 
| Production.—Production of zinc oxide in ‘amounts assigned to rayon, flotation reag- | 

7 1976, at 194,481 tons, increased 18% compa-_ ents, and chemicals. Leaded zinc oxide was 
| red with that of 1975. Shipments were 2% used in rubber, and lithopone was used 

higher than production. The source of do- mainly in paints. Most of the zinc chloride 
mestic zinc oxide production was 59% from was used in soldering fluxes and batteries. § 
ore and concentrate (American process), Prices.—Effective January 5, U.S. pro- 

| 24% from slab zinc (French process), and ducers lowered prices 1 cent per pound for | | 11% from secondary material. Total French zinc oxide. Prices quoted were 39 to 40 cents 
_ Process zinc oxide, including that from re- per pound for American process zinc oxide, | melt and scrap, was 31% of the total. Lead- 40.5 cents for French process, 43 to 44 cents 

| free zinc oxide was produced at 13 plantsin for electrophotographic grade, and 35.5 _ ____ the United States and leaded zinc oxide was cents for leaded zinc oxide. St. Joe increased | _ produced at 1 plant. ae prices 3 cents per pound in July to 42 cents _ 7 fenne Sulfate Production, dun ita for American process and 48.5 cents for _ 
npanies, Sov “* “ . French process. The price for electrophoto- | Be ae nniison Industries Inc. became @ graphic grade climbed to 45 to 46 cents per significant supplier of zinc chemicals. Zinc und and leaded zinc oxide was quoted at | 

sulfate production came from secondary 39 cents, New Jersey Zinc also increased its - material and from ore or intermediate pro- “. ae . came laval ait 2 
ducts. Zinc chloride production from five ane oxide prices to the same level, citing ae : higher labor, production, and energy costs 

| companies was 15,241 tons, 11,457 tons of as the reason. On October 13, with the which was shipped. : oo reduction in the Me gee - | ° | tio price of zinc, the prices of . | aig i, up 11% over hat of 1905, and YECOUE rade of zine oxide wer alo re chr Pees, OS or American prose, lee, pigment 
, 34% over 1975. New Jersey Zinc also pro- i. ane 41 gents or Mrench Photos aohic | 

duced zinc oxide from ores or concentrates. *8!> 4 d BB ee fo electrop eee c 7 Other major zinc oxide producers, such as 8T8de, and 38 cents for zinc oxide, leaded, | “Ds ae aoe 12%. The price of zinc sulfate, granular the Eagle-Picher Industries, Inc., Hillsboro, | ’ ; Taw, Srane 
Ill., plant and the Sherwin-Williams Co., ™onohydrate industrial, 36% zinc, bags in Coffeyville, Kans., plant, used calcines, ©@% load lots, was reported as $24.00 to 

| fume, and secondary materials as raw mate- $26.50 per 100 pounds in December, un- | 
rials. ASARCO, New Jersey Zinc, and St. changed from a year earlier. The price of 
Joe were the three producers of French ‘echnical grade tition ven Seas as 
process zinc oxide from primary slab zinc. In tank car quantities, was 9lo.co per 

_ Consumption and Uses.—The apparent Pounds during the year. : oo 
consumption of zinc oxide increased 18% in . Foreign Trade.—Exports of zinc oxide | 1976 to about 213,000 tons. Analysis of increased 56% over those of 1975 to 4,838 
domestic shipments by industry usage tons, of which 4,261 tons was pigment grade. 
showed the largest consumers to be the Canada and Mexico received 70% of the 
rubber industry with 53% of the total; total. Lithopone exports decreased by 15% 
chemicals, 17%; photocopying, 12%; and to 779 tons. Imports of all classes of zinc 
paints, 8%. The use of zinc oxide increased compounds increased in 1976 to a total of 
in all categories except photocopying, which 27,969 tons, a 52% gain. As in 1975, zinc 
declined 2% and other, down 29%. Among oxide was the major component of imports 
miscellaneous uses, zinc oxide was used in of zinc compounds. Mexico and Canada 
floor coverings, fabrics, lubricants, plastics, supplied 94% of the zinc oxide; other Eu- 
and rayon manufacturing. Agriculture was ropean Economic Community countries con- 
the chief use for zinc sulfate with lesser tributed most of the remainder. _
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| ee | STOCKS 

: - Producer Stocks.—Stocks of slab zinc at | Consumer Stocks.—Slab zinc inventories 
producer plants at the beginning of the year at consumer plants were 107,276 tons at the 

were 74,676 tons, increasing to 93,893 tons beginning of the year, but by yearend con- 
| by yearend. The Zinc Institute Inc. reported sumer stocks had risen to 121,154 tons. In 

that producer stocks at smelters dropped to the January to October period, consumer 

59,092 at the end of September, but by stocks gradually climbed to about 136,000 

‘yearend had climbed to the monthly high _ tons, but fell off in the last 2 months. 
for the year. : 

_ PRICES — 

ASARCO led a price cut of 1.5 to 2 cents zinc increased dampened the possibility. In 
per pound of zinc on January 5 to 37 cents July, when GSA could no longer sell zinc 
for Prime Western, 37.5 cents for Special because FPA raised the stockpile goal, the 
High Grade and Continuous Galvanizing possibility of producers being required to 
Grade, and 37.25 cents for Controlled Lead buy stockpile metal if prices were increased 
Grade. Competition from imports was given was removed. Effective August 3, Texasgulf 
as the major reason for the decline. Other Inc. increased its U.S. price by 3 cents per 

domestic producers also/cut prices as did pound across the board. St. Joe, the first 

foreign producers selling zinc in the United U.S. company to follow, quoted prices of 40 
States. In April, speculation arose of a price cents for Prime Western and High Grade, 
increase, but a clause in the agreement 40.25 cents for Controlled Lead, and 40.5 
between GSA and producers on stockpile cents for Continuous Galvanizing Grade. 
purchases that would have allowed the ASARCO sold its zinc on a Metals Week 
opening of a closed quarter if the price of weighted average of Prime Western metal.
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: Bunker Hill increased its Prime Western April, higher than the prevailing U.S. price, 
price by 2 cents per pound, as did ASARCO on speculation of a price increase. In May a 

7 and National Zinc at the end of August. By voluntary ban on LME speculative zinc 
September 1 a two-tier price was in effect accounts, less expectation of a U.S. price 
for Prime Western, High Grade, and Special increase, and the first arrivals of significant 
High Grade zinc. By mid-October the de- quantities of North Korean zinc led to a | 
pressed zinc market forced a price cut of 3 decline to 33.6 cents per pound in June. The : 
cents, initiated by AMAX, which most com- turnover of 483,170 tons of zinc on the LME 
panies made retroactive to the August in- in the first 4 months was 58% above that of 
crease date. Discounting, price protection, the same period in 1975. Lifting of the LME — 
and a weak LME price led to the drop. The trading ban and news of GSA contract 
average price of Prime Western zinc in 1976 cancellations in the United States started a 
was 37.01 cents per pound. rally to more than 36 cents in midsummer. 

In May the U.S. Department of Justice Despite the U.S. price increase in August, 
opened an antitrust investigation into the LME reportedly was more influenced by 
pricing practices abroad. The Department arrivals of North Korean zinc and the 
requested information and documents on accumulation of over 100,000 tons of LME 
the European producer price, agreements, stocks. By November the price had fallen to 
and sales receipts. Later in the year U.S. 26 cents, but recovered by yearend to almost 
producers were queried. 30 cents because producers supported the 

On the LME, zinc prices varied widely price by allowing customers to purchase _ 
during the year. The price rose from 31 part of their needs from LME stocks | 
cents per pound in January to 37.1 cents in through the producer agent. 

FOREIGN TRADE | 

Exports of unwrought zinc and alloys China, Yugoslavia, and Zaire; together, 
were 5,106 tons in 1976, a 47% decrease these countries provided 31% of the total. 
from those of 1975. The Netherlands re- In 1976, developed market economy coun- 
ceived 56% of the exports; Canada, 19%; tries provided 78% of the total, developing 
and Saudi Arabia, 7%. Wrought zinc and market economy countries, 17%; and cen- | 
zinc alloy exports were 9,998 tons in 1976, of _trally planned economy countries, 5%; com- 
which 48% went to Belgium-Luxembourg pared with 85%, 18%, and 2%, respectively, 
and 33% to Canada. 7 in 1975. _ | | 

Exports of lead and zinc ores and concen- Imports of concentrate for consumption 
trates, which have been reported as acom- were 155,803 tons in 1976, a decrease of 
bined category since 1965, are shown in 428,544 tons from those of 1975 when large 
table 32, and a 3-year breakdown of recip- tonnages were withdrawn from bonded 
ient countries is given in table 33. Exports warehouses after removal of the tariff on 
have increased from 434 tons (gross weight) concentrates. Metal imports for consump- 
in 1965 to 148,787 tons in 1976. tion were 695,131 tons in 1976, 85% more 

General imports of zinc in ore were 97,115 than in 1975. | 
tons in 1976, a decrease of 38% from those The U.S. Department of the Treasury 
of 1975. Canada supplied 72% and Hondu- investigated charges by U.S. zinc producers 
ras 17%. Imports from Peru fell 84%. Gen- that a tax rebate allowed by Spanish tax 
eral imports of zinc metal were 714,489 laws subsidized zinc exports from that coun- 
tons, an increase of 88% over those of 1975. try. A finding against Spain could lead to 
Canada supplied 44% of the total; Mexico, the imposition of countervailing duties by 
9%; and West Germany, 7%. Other leading the United States. 
suppliers, in decreasing order, were Zaire, There were no changes in the basic tariff 
Belgium-Luxembourg, Australia, and Fin- rates in 1976 for slab zinc at 0.7 cent per 
land. Countries that more than doubled pound, and zinc dust at 0.3 cent per pound. 
shipments to the U.S. market over those of The duty rate for unwrought alloys of zinc, 
1975 included France, West Germany, Italy, which include diecasting alloys, was 19% ad 
Mexico, Poland, the People’s Republic of valorem.
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| a | | WORLD REVIEW | | | 

Preliminary data from the World Bureau Espafiola del Zinc, S.A., increased capacity 
of Metal Statistics® indicated that the of its Cartagena smelter in Spain by 33,000 
world consumption of slab zinc increased tons. In Poland, a capacity reduction of ; 
14% over that of 1975. Western Europe 29,000 tons took place at the Katowice 
gained 17%; Australia, 8%; Japan, 28%; horizontal retort plant. An agreement was 
and centrally planned economy (CPE) reached between the Thai Government and 

- gountries, 4%; but Canadian consumption Thai Zinc Co., Ltd. on the construction of a 

fell 10%. Bureau of Mines data showed smelter, but formal approval had not been 
world mine production up 1%, and slab zinc received by yearend. | | | 

production up 7%, over 1975 levels. In Australia.—Zinc production from the — | 
mining, increases were especially noted in Mount Isa mine in Queensland, operated by © 
Brazil, France, Greece, Sweden, the Repub- Mount Isa Mines Ltd., was 123,000 tons, 
lic of South Africa, and the Republic of down from 126,000 tons in 1975. Reserves at 

- _Korea; Australia, Canada, Mexico, Zaire, the mine were 61 million tons of ore assay- 

and Zambia made significant cutbacks. ing 6.5% zinc. Development of the new | 
- _ Mine production in the CPE countries gain- Hilton lead-zincsilver mine was scaled 

ed 4%. Increases in smelter production down, where reserves are 41 million tons of 
were prominent in Australia, Canada, ore grading 9.6% zinc and 7.7% lead. The 

France, Japan, Spain, the United States, company planned to begin pilot operations - 
and the U.SS.R. Production in Zambia fell at the McArthur River lead-zinc-silver de- 
because of mechanical problems at the posit in the Northern Territory.” The ore 
smelter. Production in the United Kingdom _ body contains proven reserves of 210 million | 
declined owing to a labor strike at the tonsofore assaying 9.5% zinc. - 
Avonmouth smelter that did not end unti] _ In late 1976 North Broken Hill Holdings 
March. Zinc metal production in CPE Ltd. became the holding company for the 
countries increased 2% over that of 1975. operating subsidiary North Broken Hill | 

Stocks in LME warehouses increased Ltd. During the fiscal year the company 7 
from 80,772 tons on January 8 to 98,299tons mined 491,511 tons of ore grading 9.79% ; 
by yearend. Most of the increase occurred inc, to produce 83,610 tons of zinc concen- | 
from April through November, with a fall- trate assaying 52.32% with a mill recovery 

oo off in the last month. . Producer stocks rate of 91.2%. The concentrates are smelted 

worldwide decreased 7% to about 763,000 in Australia.** At the West Coast mine in 
tons during the year. European producers Tasmania, EZ Industries Ltd. produced 
held about 257,000 tons; Japanese produ- 71,509 tons of zinc from ore grading 12.6% 

cers, about 201,000 tons; and other coun- 72. The company also treated zinc-rich 
tries, the remainder. Consumer stocks were tailings at the site. Reserves were given as 
about 171,000 tons.?* ) 8.8 million tons of ore grading about 17% : 

World mine capacity increased 322,000 zinc. Mining of the willemite (zinc silicate) 

tons of zinc per year with the opening ofthe °F¢ deposit at Beltana, South Australia, | 
Huari-Huari mine (30,000 tons) in Bolivia, Continued, with 5,896 tons being shipped to 
four new mines or expansions in Canada the Risdon smelter and 23,346 tons being 
(108,000 tons), the LaPlata mine (3,000 tons) exported. However, the mine was placed on 
ix. Ecuador, the Noailhac-Saint Salvy mine standby pending new contracts. Exploration | 

(28,000 tons) in France, the Balaria mine f the Elura prospect near Cobar indicated 
(22.000 tons) in India, six mines (66,000 tons) a resource of about 24 million tons of lead- 
in Peru, the Stekenjokk mine (13,000 tons) zinc-silver ore grading about 8.6% zinc. The 

in Sweden, the Zamanti mine (44,000 tons) COMPany planned to sink a shaft to obtain 
in Turkey, and the Brskoro mine (23,000 Fe samples for pilot plant testing.” 
tons) in Yugoslavia. Two mines closed, one ; EZ Industries produced 151,303 tons of 

in Canada and one in Australia. zinc metal and 1,674 tons of zinc dust from 

World smelter capacity for slab zinc in- “|. 1 - 
creased slightly to 7.545 million tons per Metal Statistics V. 2 No. 8 Aust 1977 pp 9138 World 

lant Ae ought ton a ry n by Me Zine | Stetatice Monthty Bulletin, ¥. 17 No @ June 1977, 

(Zinc and Lead Metal Industry, Inc.) Tur- MLM. Holdings Ltd. 1976 Annual Report. Pp. 4, 7, 30. | 

key. The Ghazaouet smelter in Algeria p North Broken Hill Holdings Ltd. 1977 Annual Report. 
reached its full capacity of 40,000 tons, and 19f7, Industries Ltd. 1976 Annual Report. Pp. 7-9, 14.
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its Risdon smelter in the fiscal year ending _ slightly over that of 1975. | | 
June 30, 1976. Production at the Cockle Texasgulf Inc. mined about 1.55 million 

; Creek smelter of Sulfide Corporation Pty. tons of ore from the open pit and about 2.05 
| _Ltd., which operated at about 65% capacity million tons from underground workings at 

| _ most of the year, was 54,000 tons. Pollution the Kidd Creek mine in Timmins, Ontario. 
_ control equipment was installed at a cost of The program to increase mine capacity to 5 
$2.4 million. The Broken Hill Associated million tons of ore per year by the addition 
Smelters Pty. Ltd. embarked on a $9 million of the No. 2 underground mine and fourth 
pollution control program at its Port Pirie concentrator circuit was on schedule. Work 

‘smelter, which produced 34,000 tons of zinc was already in progress to develop the ore 
in 1975. | | between the 2,600- and 2,800-foot levels.2! 

_ St. Joe Minerals, Phelps Dodge Corp., and __ In New Brunswick, Brunswick Mining & 
_ Australian Mining and Smelting will each Smelting Corp. Ltd. continued its expansion 
have a one-third interest in the Woodlawn Of the No. 12 mine to increase capacity to 

_zinc-lead-silver-copper deposit in New South 11,000 tons per day by 1979. The company Wales. The deposit is estimated to contain ©*Perienced a total operating cost per ton of 
10 million tons of ore averaging 9.1% zinc, Ore milled of $20.06, compared with $15.81 

| 3.5% lead, 1.8% copper, and 1.8 ounces of 1 1975 at its No..12 underground mine. The 

silver per ton. The cost for the open pit Cost was $11.84 at the open pit. mine, up 7 
mine and mill, which is to be operational in fom $9.83 in 1975.™ Texasgulf continued 
1978, is $88 million. . : | evaluation work at its Half Mile - Lake 

Minerals, Mining and Metallurgy closed project but deferred sinking an exploration 

Wale bens token HM, New South “On Baffin Island in the Northwest Terri 
Wales, lower ore grades and 1 vies, Nanisivik Mines Ltd in which higher costs, but retreatment of old tailings T ries, “Nanist es In whic 

| . : | exasgulf has a 35% net profits interest, 
_ will continue. _ nS “production in Se ber at the Nani 

. Bolivia—Corporacién Minera de Bolivia Degan Production in September at the Nani 
| - (COMIBOL) produced 37,529 tons of zinc in “Vi Mine, which a capacity of T, | | | . : tons of ore per day. Texasgulf continued 

1976, up from 34,963 tons in 1975. A new ens — 
, “ _ drilling at Izok Lake and estimated that the 

400-ton-per-day plant was installed at the . . “11: : 
Colauiri mi . deposit contained 12 million tons of ore _ 
Colquiri mine, and a second concentration assaying 13.8% zinc. 
plant to treat the marmatitic ore wasunder fn British Columbia, Northair Mines Ltd. 
construction. The Matilde mine, the largest began production in March at its gold-lead- 

in Bolivia with a mill capacity of 1,100 tons Zinc mine near Brandywine Falls. Concen- __ 
per day, produced 23,145 tons of zinc. A new trate from the 300-ton-per -day mill was Oo 

shaft was being sunk that was expected to shipped to Cominco at Trail for smelting. 
increase production significantly in 1977. Ore reserves were estimated at 460,000 tons 
Production began from New Jersey Zinc’s averaging 3.1% zinc and 2.3% lead. 

/ Huari-Huari mine, _where both silver and Lemoine Mines Ltd. a wholly owned 

cadmium are found in the ore. | subsidiary of Patino Mines (Quebec) Ltd., 
‘Canada.—Mine output, at 1,321,500 tons, began commercial operation of its mine in 

was 3% lower than that of 1975. About 38% early 1976. Mattagami Lake Mines, Ltd., 
came from zinc ores, 13% from copper ores, shipped 76% of its zinc concentrate from 
and the balance from mixed ores. Depleted the Mattagami mine in Quebec to the Val- 
reserves forced the closure of one mine, but leyfield smelter in Quebec and 24% was 
three new mines came into production. Mill exported.2* Almost 70% of the mill feed 

capacity at yearend was 103,220 tons of ore came from pillars because the major part of 
per day. The Sullivan Mining Group Ltd. the stoping sections have been mined to the 
planned to close the Cupra and D’Estrie extremities of the ore body. Orchan Mines 
mines in early 1977, which had a combined Ltd. supplemented production from the Or- 
capacity of 1,400 tons per day.” chan main mine with ore from the Norita 

The leading producing provinces were division. Site preparation was begun for 
Ontario with 31% of the total zinc pro —— 
duction, followed by New Brunswick, 17%; Brown, D. H. Canadian Mineral Survey 1976. Depart- 
Northwest Territories, 14%; Quebec, 12%; Fepracty 197 op G0gy et mourees: Ottawa, Canada 
and British Columbia, 11%. Data for the =" Texasgulf Inc. 1976 Annual Report. Pp. 12-15. 
principal producing mines are given in , a ek Mining and Smelting Corp. Ltd. 1976 An- 

table 2. Slab zinc output was 521,200 tons, Where necessary, values have been converted from 

up 11% over that of 1975. Consumption of Ganadian dollars (Can$) to US. dollars at the rate of 
slab zinc was estimated at 138,000 tons, up *3Mattagami Lake Mines Ltd. 1976 Annual Report. P. 8.
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development of a low-grade zinc-copper de- centrates was 24,063 tons. Reserves decreas- 

posit acquired from Phelps Dodge of ed 155,000 tons to 1.51 million tons aver- 

Canada. aging 8.16% zinc and 4.84% lead. 

In Manitoba, ore production by Hudson _—Ireland.—Tara Mines Ltd. completed con- 

Bay Mining & Smelting Co., Ltd., was 92,333 struction of the mine site surface and ore 

tons more than that of 1975 owing to treatment facilities at its Navan zinclead 

improved mining methods and initial pro mine, and crushed ore was hoisted to the 
duction from the Centennial mine in the  urtace for stockpiling. The mine was ex- 

Flin Flon-Snow Lake area. The Schist Lake pected to rovide about 2.5 million tons of 

mine closed due to ore depletion. Develop- P to the 7 500-to1 “dev ns 0 | 

ment work continued on the Centennial and ore per ari h ” OB. ae ke y concen: 

Westarm mines.” Production at the Ruttan trator during t © year lease. About 

and Fox mines of Sherritt Gordon Mines 440,000 tons of zinc concentrates and 80,000 

Ltd. decreased owing to operating problems, tons of lead concentrates were to be expor- 

but the decreases were partially offset by ted to nine European smelters under con- : 

higher metallurgical recoveries. Favorable tracts that provided for diversion of the 

results from the underground drilling pro- concentrate to an Irish smelter, should one. 

gram at Ruttan led to the decision to mine a be built. Ore reserves total about 67 million 

substantial part of the reserves during tons grading 11% zinc and 2.4% lead. ** 

197 9-86." . | Irish Base Metals, a subsidiary of North- 

Zinc production in the Yukon was ad- gate Exploration Ltd., treated 594,823 tons 

versely affected by a 169-day strike at the of ore from the Tynagh mine, County Gal- 

Cyprus Anvil mine, where output fell by way. The ore grade was 3.02% zinc, com- 

about one-half. A 2-month strike cut pro- pared with 4.27% in 1975. Metallurgical 

duction 16% at United Keno Hill Mines recovery of zinc was 77%, down from 80% 

Ltd.” The evaluation of the Grum zinc-lead- in 1975. Direct operating costs per ton of ore 

silver deposit, in which Kerr Addison held a . . 
60% interest, was completed and feasibility mined during 1976 were $12.02, down from 

an d ecologi el atudies ore un derway. $18.78 in 1975. Ore reserves were given at | 

Texasgulf Canada Ltd. produced 107,700 2.8 mda tons ee : j% lead, 3.10% 

tons of zinc metal at its smelter in Ontario, 7° °° copper, and 0.9 ounce of stiver 

up from 93,000 tons in 1975. Cominco Ltd. Per ton. Sufficient diamond drilling was 
produced 224,000 tons at Trail, British Co- completed to establish ore reserves over the 

jumbia, up from 194,000 tons in 1975, * full extent of Zone III. At the Tatestown 
Canadian Electrolytic Zinc completed a inc-lead prospect in the Navan area, 

50% expansion of its Valleyfield, Quebec Northgate indicated the possibility of a 1.6- 

smelter to a capacity of 225,000 tons per million-ton deposit containing close to 7% 

year. Production of metal in 197 6 was combined zinc and lead. | 

125,800 tons, compared with 117,700 tons in Mogul of Ireland Litd., of which Kerr 

1975. Hudson Bay Mining & Smelting Co., Addison bought 75% interest in 1976, mined 

Ltd., produced 60,340 tons of zinc. 1 million tons of ore grading 6.26% zinc and 

Canadian zinc reserves on January 1, 2.27% lead.** Operating costs increased 18% 
1976, were given as 31 million tons at the over those of 1975, with energy costs in- 

producing mines and deposits under devel- creasing 24%. Metal recovery of zinc was 

opment, with the Provinces of New Bruns- 7%, Ore reserves after dilution were 5 

wick ano containing about one half nijlion tons grading 6.05% zinc and 2.57% 

France--Sociéte Miniére et Métallur- /°4¢ 
gique de Pefiarroya began operations at its “ . 

NoailhacSaint Salvy mine in January. The _ *Hiedaon Bay Mining & Smelting Co, Lid. 1916 Annual 
capacity of the mill is 1,300 tons per day to Report. Pp. 56. 

produce a concentrate containing 52% zinc pent Gordon Mines Ltd. 1976 Annual Report. 

and 5% lead. The concentrate is moved by 37Falconbridge Nickel Mines Ltd. 1976 Annual Report. 

road and rail to Pefarroya’s Imperial Smel- P.40. _ 

ting furnace at Noyelles-Godault. sepominco Ltd. 1976 Annu eo 
Honduras.—Production from the El Mo- 20Resario Resources Corp. 1976 Annual Report. Pp. 5-6. 

chito mine owing Rosario Resources Corp. was Rept aTs, Exploration and Development Co. 1976 Annual 

353,907 tons ing 8.38% zinc, 7.26% , port. * p. 9S. . 

and 9.68 ounces silver per ton, and contain- ON ene Exploration Ltd. 1976 Annual Report. Pp. 

ing minor quantities of gold.” Zinc in con- 33Silvermines Ltd. 1976 Annual Report. Pp. 18-19.
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_Japan.—Japanese zinc metal producers Cia. Minerales Santander, Inc., a subsid- : | operated at about 75% capacity in 1976, iary of St. Joe Minerals Corp., produced. turning out 818,000 tons of metal compared 44,089 tons of zinc concentrate for export, with 773,600 tons in 1975. A stockpile pro- down from 49,103 tonsin 1975. ‘gram to stabilize supply and contribute to Cia. Minera del Madrigal, a division of | national security was begun with Govern- Homestake Mining Co., milled 277,373 tons ment support for several metals including of copper-lead-zinc ore to produce 19,249 | zinc. By October, 13,228 tons of zinc metal tons of zinc concentrate.** The capacity of had been purchased from domestic refiners. the plant was being increased from 770 tons : | Mitsui Mining & Smelting Co., Ltd., and to about 1,100 tons per day. Ore reserves Sumitomo Metal Mining Co. began toll- totaled 1.2 million tons grading 5% zinc, refining zinc concentrates from Mt. Isa in 2.6% lead, and 1.5% copper. ASARCO, Australia for ASARCO. The arrangement through Northern Peru Mining Corp., pro- utilized excess Japanese capacity and made duced 6,200 tons of zinc from the Quiruvilca up for some of the metal loss experienced by mine — 7 
ASARCO when it closed its Amarillo, Tex., South Africa, Republic of.—Prieska Cop- smelter in 1975. per Mines (Pty.) Ltd., the sole zinc producer, Korea, Republic of.—A 59,000-ton-per- milled 2.4 million tons of ore containing year electrolytic zinc plant was being con- 3.55% zinc to produce 165,261 tons of con. structed at Onsan by Korea Zinc Co., with centrate containing 52.4% zinc. The com- technical assistance from Toho Zinc Co. of pany sold its concentrate for domestic con- — Japan. When completed in late 1977, the sumption to Zinc Corp. of South Africa plant will use concentrates from the Renka (ZINCOR), and exported concentrate under mine and from Toho zinc purchases. . contract to Metallgesellschaft. Most of ZIN- Mexico.—Industrial Minera Mexico, S.A., COR’s imported concentrate for its smelter completed expansion programs at the San feed came from Canada and Australia. | Martin and Charcas mines, where capaci- Phelps Dodge Corp. reported that one of ties were increased 85% and 30%, re- its three ore bodies at Aggeneys in northern | | spectively. The first phase of an expansion Cape Province could be developed as an plan to increase capacity of the Santa Bar- underground rather than open pit mine. _ bara mine by 25% was almost completed. Ore reserves minable by underground me- The expanded Taxco mine became fully thods were estimated at 38 million tons, operational in 1976. Zinc production of In- averaging 6.35% lead, 2.85% zinc, 0.45% dustrial Minera was 146,700 tons compared copper, and 2.6 ounces of silver per ton.*” | with 127,300 tons in 1975.% Newmont Mining Corp. and O’okiep Cop- | Nicaragua.—Neptune Mining Co., owned per Co. Ltd. continued metallurgical testing 51.8% by ASARCO, treated 182,632 tons of and underground work on the Gamsburg _ ore averaging 9.1% zinc and 0.8% lead. zinc deposit in Cape Province. A total of _ Reserves were estimated at 1.16 million 8,878 tons of ore was tested in the 50-ton- tons grading 8.61% zinc, and 1.15% lead, per-day pilot plant. The presence of man- with lesser amounts of copper, silver, and ganese in the concentrates was successfully gold. | controlled in electrolytic refining * Peru.—Minero Perd signed a contract South-West Africa, Territory of.—At the with Sybetra of Belgium for the construc- Tsumeb mine, Tsumeb Corp. Ltd. mined tion of a 110,000-ton-per-year zinc refinery and milled 488,796 tons of ore grading to be built at Cajamarquilla at a cost of $200 2.39% zinc, 9.04% lead, and 4.25% copper, a million. Centromin, through its Casapalca, slight increase compared with 1975 pro- Cerro, Morococha, San Cristobal, and Yau- duction. Zinc in concentrates was 2,000 ricocha mines, was the country’s major zinc tons. Ore reserves at the mine at yearend © producer. Work began at the La Oroya zinc were estimated at 5.2 million tons contain- plant to increase its capacity to 99,000 tons ing 7.43% lead, 4.53% copper, and 1.96% per year. The Puquio Cocha mine closed zinc. | : 

after 70 years owing to depletion of its .——————— 
copper-silver-zinc ore. The principal zinc asp o8es 16 end 18 of work fied in footnote 3. producing mines, in order of quantity pro- _sepage 20 of Work ceed in fontnote 8 duced, were San Ignacio, Sta. Luisa, Hua- «_Phelps Dodge Corp. 1976 Annual Report. Pp. 8-9. ron, Santander, Atacocha, Milpo, Volcan, 4 *80’okeip Copper Company Ltd. 1976 Annual Report. P. 
Raura, Gran Bretafia, and Madrigal. 5*Page 14 of work cited in footnote 5.
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: - TECHNOLOGY : | , | 

| Studies on the activation of sphalerite capacity per year was $1,600 for a 50,000- | 

during flotation were pursued at the Bu- ton-per-year plant; operating costs for min- 

reau of Mines College Park Metallurgy ing, milling, and refining were estimated at 

Research Center.” The reduction of zinc 19centsperpound.“ 
sulfide concentrates with iron was demon-_ . A \ comprehensive coverage of sinerelated : 

strated to be technically feasible on a semi- investigations and an extensive review O° 

continuous bench-ecale operation at the Al- current world literature on the uses of zinc | 

bany Metallurgy Research Center.“ Work and its products are contained im bimony | - 

continued at the Reno Metallurgy Research 188UeS Of Ene Zinc Abstracts publis 

Center on the fused salt electrolysis of zinc Py the ane von v3 ont Mectison : 

chloride to produce zinc and recycle the vided fr. fe ork, - 7. » and pro 

chlorine.* harge. . 

AMAX bogan using a technique for pre- yf ye "Teysehetional Lead Zine. Rescarch 
leaching zinc concentrate from dolomitic sae : eased annually i 

limestone ores at its Sauget, Ill., refinery. Ora ee a cat ym 

Preleaching in weak sulfuric acid prevents on - : 

buildup of magnesium in the electrolyte.“ A 

new acid leach process was developed for —_ “aust, E. E. Jr., and P. E. Richardson. Electrophysical : 

treating zinc silicate ores so that the silica Considerations of tne Activation of Sphalerite for Flota- | 

can be easily separated from the solution.“ aigenker, PE, LL ’ Oden, and T. T. Campbell 

A study was done on the sphalerite content Ret eS ep of Zinc Sulfide With Iron. BuMines RI 8114, a 

of coals from the Illinois Basin and it was Haver, F. P,, D. E. Shanks, D. L. Bixby, and M. M. 

found that the zinc content was as high as Wong ohne Bah of Zing From eee y Fused-Salt 

5,350 parts per million and cadmium, as > aGorman, 3. BR. F. Pagel, and E. H. _Nenninger. 

high 28 oe Parte Per Oa fooca the "coal, by nery. Eng and ‘Min... 3, v. 177, No. 8, August 1976, pp. - 

sey 45 Se “Dufresne, R. E. Quick Leach of Siliceous Zinc Ores. J. | 
washing.“ . es. Metals, v.28, No. 2, February 1976, pp. $12. ° 

An evaluation was made of the capital — “Hatch, J. R, H. J. Gluskoter, and P. C. Lindahl. 
requirements to expand U.S. primary met- Sphalerite mm Coals From the Mlinois Basin. Econ. Geol., Vv. : 

" . 71, 1976, pp. 613-624. | | 
als production capacity, and the factors = ‘“*Boik, B. C. and L. R. Verney. Investment and Opera- 

which influence costs and prices. For zinc i GSA “bres, at rin Motels Gran Eng. Symposium, | 
the average construction cost per ton of Atlantic City, N.J.,Aug.31,1976. | 

Table 3.—Mine production of recoverable zinc in the United States, by State 

(Short tons) 

State 7 1972 1978 1974 1975 1976 

Arizona _____-_-_------------------- 10,111 8,427 9,699 8,655 9,501 

California ____-_-------------------- 1,202 20 8 206 170 

Colorado ____---_------------------- 68,801 58,339 49,489 48,460 50,621 

Idaho _______-___------------------ 38,647 46,107 39,469 40,926 46,586 

Illinois ______-__-_----------------- 11,378 5,250 4,104 WwW WwW 

Kentucky _______------------------- 1,780 273 __ 41 59 

Maine_______-___-----------1------ 5,820 19,640 10,425 8,318 7,810 

Missouri _____._-------------------- 61,923 82,350 91,987 74,867 83,530 

Montana _____-__------~------------ 12 73 136 110 64 

Nevada ___________------------------ _- _.. 3,405 5,496 1,438 

New Jersey ~.----------------------- 38,096 33,027 32,848 31,105 38,767 

New Mexico _______------------------ 12,735 12,827 18,784 11,015 Ww | 

| New York ________------------------ 60,749 81,455 93,077 76,612 73,671 

Pennsylvania ______------------------ 18,344 18,857 20,288 21,090 22,280 

Tennessee _________----------------- 101,722 64,172 85,671 83,298 82,512 

Utah _______-___------------------ 21,853 16,800 12,619 19,640 22,481 

Virginia _____-_-------------------- 16,789 16,688 17,195 15,151 11,241 

Washington -.~----~--~--------------- 6,483 6,378 6,909 Ww WwW 

Wisconsin ____________-------------- 6,878 8,672 8,737 Ww Ww 

Other States __________--------------- _- __ 23 24,870 38,782 

Total _________----------------- 418,318 478,850 499,872 469,355 484,518 
ee 

W Withheld to avoid disclosing company confidential data, included with “Other States.” 

1 Data do not add to total shown because of independent rounding.
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Table 4.—Mine production of recoverable zinc in the United States, by month 
| : (Short tons) 

| Month 1975 1976 Month 1975 1976 
ee | January __________ | 103 40,404 August _-.-- 39,141 37,165 : February _--~~~~~~~~7~ 39:129 41,632 September _____ 37,427 40,499 March _________ > 41,562 42,862 October___________ 39,623 40,507 April --——_-—---- 2-22 40,304 41,199 November ______ 36,355 39,573 : Y -----2--- LL 40,260 41,788 == December __— = == 87,068 __38,794 June _________-___ 39,492 41,112 Total _--______._______ 469,355 484,513 July = 36,891 39,033 | Oo 

" 
- 

. - een .
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_ Table 6.—Twenty-five leading zinc-producing mines in the United States in 1976, 7 
a a in order of output : So 

“Rank Mine CountyandState + Operator. | Sourceofzinc 

1 Balmat ____.- St. Lawrence, N.Y__._____ St. Joe Minerals Corp__ Zinc ore. | 
2 Buick ---_---- Iron, Mo_____-------- AMAX Lead Co. of Lead ore. 

3 Sterling __- Sussex, N.J -__.--___-~ New Jersey ZincCo__ Zincore. | 
4 Bunker Hill ___ Shoshone, Idaho — —__ — _—— The Bunker HillCo__  _Lead-zinc ore. 
5 -Friedensville — ~~ Lehigh, Pa -_---._.... NewderseyZincCo_.  Zincore. 
6 Elmwood —. ~~ Smith, Tenn _—._..—_—- ~—_.do Do. 
7 Star Unit _.... Shoshone, Idaho __-____- The Bunker Hill Co. Lead-zinc ore. 

8 Young _ Jefferson, T ASARGO Incotpore 600 Zin - oung _____-—_ erson, Tenn __._—__— J c ore. . 

10 Leadville T7777 Eagts, Golo 27777777277 Ney Jersey Zine Co —= Zincores | e@ ~~~ »Colo ____--__--- ew -- c ore. - 
11 =~ NewMarket _.. Thon Tenn oe ASARCO Incorporated Do. _ 
12 Immel _..__.. Knox, Tenn__._--.-.__.-_- _-_-do__._..__-—.. Lead-zincore. 
13 Pend Oreille — — — Pend Oreille, Wash __ —_—— The Bunker Hill Co _ — Do. . 
14 Ontario ___.~- Summit, Utah ___.___-— Park oy Ventures _ — Zinc ore. 
15 Ground Hog ~~~ Grant, N. Mex _.--.--.- 3 Incorporated Do. . 
160 OS Austinville and Wythe, Va -._-------- New Jersey Zinc Co _ _ Do. 

17 Zinc Mine Works  Jefferson,Tenn __-_____ __ United States Steel Do. - 

18 Burgin_______ Utah, Utah_____.______ | Kennecott CopperCorp _Lead-zinc ore. | 
19 Idarado ___._~ Ouray, and San Miguel, Colo. Idarado MiningCo .. | Copper-lead-zinc 

20 Magmont ___—— Iron, Mo____~_~-__.- Cominco AmericanInc —__Lead ore. — 
21 Bruce _.._.--— | Yavapai, Ariz _..-__._~ Cyprue Bruce Copper Copper-zinc are. 

220 ~«w Jefferson City _. - defferson,Tenn _.._._.... | NewJerseyZincCo__ Zincore. | 
23 Brush: .-  Reynolds,Mo.___-____~- St. Joe MineralsCorp_. _ Lead ore. 

. 24 Blue Hill ----- Hancock, Maine __-___-_-~ Kerramerican Inc _ — — Zinc ore. . 
— 2h Edwards .....  St.Lawrence,N.Y_._._.._ | St. Joe Minerals Corp _ -. Do. | 

| Table 7.—Primary and redistilled secondary slab zinc produced in the United States? _ 

| _ Short tons) oe | oO 
en re A TS SSS SS SS SS SSS SS SS SS 

_ a 1972 1973 1974 1975 1976 

Oo From domestic ores___________-.-_---- 400,969 399,119 346,998 | 307,959 331,872 : 
From foreign ores — . — .—-.-.----------- 282,211. 184,360 -208,195- 180,092 116,983 . 

Total _.-_________-._---__---__- 633,180 588,479 555,188 498,051 498,855 
Redistilled secondary —_..--_------------ 78,718 88,187 78,5385 57,886 63,555 . 

Total (excludes zinc recovered 
by remelting) _ _.._.___._--~-----~-- 706,898 666,666 683,728 495,987 562,410 

ne eee ere reer se eee erence rears eeeeere eee 

1Excludes processed GSA zinc. 

Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 
the United States, by method of reduction 

(Short tons) 
eee eran nee eee ec cererreeene esr eernrrrneeee enn eee 

Method of reduction 1972 1978 1974 1975 1976 

Electrolytic pri wane ee 259,816 211,921 227,430 282,059 257,624 
Distill olytic primary ~~ -~------7 7777 77TT $738,364 871,558 $27,758 205,992 241,231 
Redistilled secondary: . 

At primary smelters ___-._.._-.------- 68,084 67,758 56,342 34,981 37,624 
At secondary smelters _...........----- ._ 10,684 15,429 22,193 22,955 25,931 

Total ____________--__--____-_-- 706,898 666,666 683,728 495,987 562,410 
nee SS
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Oo Table 9.—-Distilled ‘and electrolytic zinc, primary and secondary, produced in 
oo | the United States, by grade | 

. . _ Grade (1972 1973 = (ss«d974 1975 1976 

| Special High -—-.----~---------------- 810,074 275,665 «277,024 «242,198 284,171 
igh ___ eC 44,782 25,900... 16,912 18,913 31,378 . 
Intermediate. __ 00... eee ----— = (ass 48,853: 38,289 22,818 . 13,104 21,342 
Brass Special et ee - 916,954 60,034 9,694 5,629 7,514 
Prime Western ____--------------------____ 281,785 266,828 307,275 216,163 268,005 

a Total._.________________-_--_____ 706,898 666,666 «633,728 495,937 562,410 

Table 10.—Primary slab zinc produced in the United States, by State where smelted _ 
oe “oy  Bhorttons) oo . 

- State co ~ 1972 1973 ~«=«1974.S=s«ia975H~~S«é ST | 

| Idaho _. _-_ . - -- - ee 101,743... --98;321 92,321 92300 100,694 
Illinois _. ee -— 26,616 55,527 55,337 68,206 
Montana _________-.----------2--.-__- 69,754 005 m- * e 
Oklahoma _ ~~... ---.~---+{---+-=----+ 114,162 — 17,819 43,187 . 35,071 22,402 
Pennsylvania __-_._-_-----~----------- 210,860 250,752 240,891 152,280 218,829 
Texas _.___-.--------~---~----------- 136,661 129,971. 123,262 — 103,063 88,724 

Total. _.__._._------2---------- 633,180 583,479 «555,188 «488,051 498,855 

Table 11.—Annual slab zinc capacity of primary zinc plants in the _ 
| . - . United States in 1976 | 

Type of plant Plant location capacity 
co (short tons) 

| Electrolytic plants: - | oe oe 
. Amax Zinc Co., Inc... -._.____-.__----. Sauget, TI_____.____--__= ~ $4,000 

ASARCO Incorporated ____.___.._-------~- | Corpus Christi, Tex ______~_- — F108,000 
' Bunker Hill Co ___-_-___-_-__-----._----~ Kellogg, Idaho ________-~~ 104,000 

Horizontal-retort plants: National Zinc Co.1_........_.  Bartlesville,Okla ______-_-_ 56,000 
Vertical-retort plants: __ . | oS 

- New Jersey Zinc Co __.._.__..--._--_-.----~- Palmerton, Pa _____._~-~~~- 118,000 
. St. Joe Minerals Corp ___._...---.-----~---- Monaca, Pa___-___---~--~- 190,000 

1Closed in mid-1976 and replaced by electrolytic plant of equivalent capacity. 

Table 12.—Secondary slab zinc plants, by group capacity, in the 
| United Statesin 1976 | 

Oe Slab zinc 
Company Plant location capacity 

(short tons) 

ont Smelti i orks ______-~ TOO. »N.Y ~----~_------~-~--+--- 
W. J. Bullock, Inc. .__..-__.------+---+- Fairfield, Ala___._..~.~_2~22 2272 
Gulf Reduction Co _. ~._____-------~~--+- Houston, Tex_________---_----~- . 
Hugo Neu-Proler Co __-_____-------+-~-- Terminal Island, Calif ..__._____-__-~- oe 
Illinois Smelting & Refining Co ——--------- Chicago, ll -—- ._ --------------- 48,500 
New England Smelting Works Inc- ——--—~ ~~~ West pringfield, Mass - ~~ -------~-- 
Pacific melting Co _ Torrance, we ee 
Peerless Alloy Inc _______-_----~--~---- Denver, Colo _________~-------~-- 
Proler International Corp— — - - -------~-~~- Houston, Tex_________-----_-~--~-- 
Prolerized Schiabo Neu Co ____-~-_----~-~-- Jersey City, NJ _~._______--_----- 

NN
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| Table 13.—Stocks and consumption of new and old zinc scrap 
| in the United States in 1976 

| (Short tons, zinc content) 

. Consum + 

Class of consumer and Stocks Receipts rs — Stocks 

scra 
| 

type P an. scrap scrap Total Dec. 31 

omer clip oo | 54 1,221 058 . 958 322 ew clippings __ ___-_-_--------- _- 
Old zinc... - - - - ~~ ---------+---- 623 9,133 - -- 9,299 9,299 A457 

Remelt zine ____.--___--.------ —_ 3,948 3,270 — _- 3,270 678 

Engravers’ plates - ------~-----~~- 230 1,269 ou. 1,406 1,406 93 

and die scrap ______-___-_------ 1,050 5,594 _— 5,262 5,262 1,382 

Diecastings ~...-_---~--------- 968 28,282 -- 28,142 28,142 1,108 

Fragmentized diecastings — ~~ --——-- 1,411 15,062 . _- 15,587 15,587: 886 

Remelt die-cast slab _____._-.----- 1,004 11,449 _. ._— «11,966 11,966 487 

Skimmings and ashes _.__._.-----~ 11,797 52,306 48,251 _- 485251 15,852 

Salskimmings —~_.__------------ . 187 822 . 965 =. 965 - 44 

Die-cast skimmings _ _ _ -___-~---~--- 1,600 5,852 6,961 _- 5,961 1,491 

Galvanizers’ dross ___.__--------- "21,225 55,078 56,614: oe 56,614. 19,689 

Flue dust _______-.-~----~--~-+--- 218 6,756. 6,549 -- 6,549 425 

Chemical residues ________--~---- _- 3,025 «| 3,025. Soe - 3,025 __ 

Other _____-____.___-~-~~------ 15 137 148 — 148 4 

Total_____..______.------- 740,382 199,984 125,736 71,662 197,898 42,918 
Oe 

Chemical plant, foundries, and 

New clippings 1 1 1 
ew C. —_e eee ee ee -- me ve , : a 

Oldaing 222222272777 15 _ 2 _—  » 8b - B5 9 

Rod and die scrap _ _ _ _-_-------—--- 10 85 _— 87 87 8 

. Diecastings ~--_---~----------- 6 573 _- 540 540 39 

Skimmings and ashes _——-—-~~----- T? 546 5,260 4,754 ne. 4,754 3,052 

Salskimmings ~__-~--~--------- 71,372 4,625 | 4,995 ee) 4,995 1,002 

Flue dust _. _.__.-.-__-------~-- 128 1,496 ‘1,611 _- 1,611 13 

Chemical residues __—-—---------- 4,824 9,146 11,004. _. 11,004 2,966 

Total_.__.-~__--.------~---- Fg 902 21,214 22,365 “662 23,027 7,089 

All classes of consumers: 
| 

New clippings _____-_~-~--------- 55 1,221 954. -—- . 954 . 822 

Old zine__ ~__ --_---~--~-----~---- 638 9,162 _— 9,334 9,334 466 

Remelt zinc _~_______--------=--- -- 3,948 3,270 _- 3,270 678 

Engravers plates --——----~-~~-~~- 230 1,269 oe 1,406 1,406 93 

and die scrap _ — ____-_--~------ * 1,060 5,679 -- 5,349 5,349 1,390 

Diecastings ~_-_---~-~---------- 974 28,855 — - 28,682 28,682 1,147 

Fragmentized diecastings — — —-------- 1,411 15,062 -— 15,587 15,587 886 . 

Remelt die-cast slab .__-..----~--- 1,004 11,449 _- 11,966 - 11,966 487 

Skimmings and ashes ___-_-_-------- 14,843 57,566 58,005 _- 53,005 18,904 

Salskimmings ~_—-~-.~---------- T1559 5,447 5,960 -- 5,960 1,046 

Die-cast skimmings — — _ _ _- -.~--~---- 1,600 5,852 5,961 -- 5,961 1,491 

Galvanizers’ dross ~_._—--~------- *21,225 55,078 56,614 -- 56,614 19,689 

Flue dust __..._____----------- 346 8,252 8,160 ee 8,160 438 

Chemical residues _———-.~—_---~--- 4,824 12,171 14,029 -- 14,029 2,966 

Other _________~_-~--_---~----- 15 137 148 _- 148 4 

Total. ________------+------ 49,284 221,148 148,101 72,824 220,425 50,007 

Table 14.—Production of zinc products from zinc-base scrap in the United States 

(Short tons) a . . 

LD aE — — a . — ae : —_— — aD 

. Products 1972 1973 1974 1975 1976 

Redistilled slab zinc _. ._.._____-----~-~---------- 73,718 83,187 78,535 57,886 63,555 

Zinc dust .._______-_------~--~---~---—-------- 40,569 36,531 29,339 35,479 40,471 

Remelt zinc _________-----~-----~--~-~--------- 5,850 1,096 893 127 342 

Remelt die-cast slab ____.___ ____-_-------------- 18,555 12,595 12,358 4,829 4,689 

Zinc-die and diecasting alloys —_——-—~------------- 3,927 4,786 4,393 4,140 7,049 

Galvanizing stocks ._ .___-__------------------ 872 670 872 1,435 2,486 

Secondary zinc in chemical products — ~~~ --~--------- 50,047 56,591 56,275  °82,966 48,981 

ee 

TRevised.
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Table 15.—Zinc recovered from scrap processed in the United States, by kind a 7 of scrap and form of recovery . 
. (Short tons) | a, : 

a ~~ Kind of scrap 1975 1916 Form of recovery 1915. («1976 
7 Zincbase___.._._______ 108,818 147,883 distillation: | : _ Copper-base ___.______ STAG «129/562 oan meee nee SI 386 63,555 Aluminum-base____ _— _~ Zinedust ________ 35,479 40,471 Magnesium-base ________ __178 104 By remelting -_... 2 1562 2,828 ' 

| | Total__._________-__ 296,462 277,499 Total... 94,927 106854 
Oldscrap: . . In zinc-base alloys_________ 9 11,688 Zincbese 56.605 71117 In brass and bromze — === sp zie | Aluminuarbose=--~~w77-- «SS 78284 In aluminum-base sallgys --t(<é‘saSC Magnesium-base -~-------- 208 229 = In chemical products: . 
Total. 16.789 95,892 Zine oxide (lead free)________ 19,329 26,069 

| Grand total__________ 288,201 872891  Zincsulfate_ 4373 8,724 | : : 280 Zinc chloride ________ 8898 13862 — a oe Miscellaneous —_———________ 366 510 
| | ee | (Total... 188,274 266,987 

| oo Grand total _..__.______ 283,201 372,891 
“Includes zinc content of redistilled slab made from remelt die-cast slab. — 

: ‘Table 16.—Zine dust produced in the United States a 7 
Oe Quant = (ssé‘ ads : 

| 
‘fona) (thousands) pound 

Lr) $24,669 $0.208 1978_ eed 29,279 Oe | 1974 TTT Beas 46,398 : 457 | 1975____-______ TTT TTT TTT nge'sag 749,204 (ATR | | 1916-2 TTT TITT TTT 45,282 8 
| "Revised. 

7 Table 17.—Consumption of zine in the United States _ 
. Short tons) - 

} : 1972 1978 1974 1975 1976 —_ tS 8 Slabtine --___-__________________ 1,418,349 1,508,988 «1,287,696 925,330 1,134,141 Ores (zinc content}* ___________ 1 18°805 129,651 127,113 82,732 101,241 Secondary (zine content?» _...._________ 307,369 298,336 258,204 223,753 306,508 _— ET __ 306,508 Total -----_-----------_--__ 1,844,023 1,931,925 1,673,018 1,231,815 1,541,890 
1 

2 ° eon Includes ore used directly in galvanizing. 
*Excludes redistilled slab and remelt zinc.
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Table 18.—Slab zinc consumption in the United States, by industry use 
(Short tons) - 

7 Industry and product 1972 1973 1974 1975 1976 

Galvanizing: | | | 
Sheet and strip ____________-___- 294,205 321,927 291,008 185,795 246,744 

. Wire and wire rope___ ___-_________— 30,769 34,315 27,579 24,945 26,801 
Tubes and pipe ______.-~--------~-+ 64,549 68,048 59,995 47,180 48,968 

- Fittings (for tube and pipe) ___________ 11,106 11,969 9,294 6,359 6,450 
Tanks and containers ____________~- 8,645 2,941 3,203 1,917 3,326 

_ Structural shapes_______________- 20,302 21,714 36,784 41,2385 —. . 84,568 
Fasteners ______.__-________--- 4310 4,782 5,703 4,426 4,028 
Pole-line hardware __ 2. 2 2__- 8,487 vo 193. 6,783 4,934 4,728 
Fencing, wire cloth, and netting _______ 21,995 25,418 26,284 20,051 22,006 

_. Other and unspecified uses __— — _ — — -_ - 58,886 “64,580 56,636 40,045 35,464 

Total.__________-________- 518,204 568,837 523,269 376,887 433,083 : 

Brass products: | a | | Co —_ - ] 
Sheet, strip, plate_______-__-_----- 105,405 109,582 99,971 64,958 91,157 
Rod and wire ___.________.__--_ 68,18 63,164 57,725 33,415 54,552 
Tube _______________________ 8,886 10,858 = —- 9,980 6,451 7,388 
Castings and billets _.______._____ 6,840 6,000 4,431 - 8079. ~—s 4,240 
Copper base ingots _______..---_-- 7,137 6,895 8,244 6,623 - 97,681 

er copper-base products. —____——-— 736 ~ 4,151 1,262 800. 1,226 

Total.___________________-_ 192,147 197,650 181,563 115,326 166,244 

Zinc-base alloy: . . . 
Diecasting alloy——--------------- 566,982 598,725 436,377 330,190 419,708 
‘Dies and rod alloy ~____------~--~+-~- 6. * 111 384 149 1,028 

Slush and sand casting alloy ____—___-_ 12,773 11,770 3,498 3,852 6,295 , 

Total. ee si579,761 610,606 440,259 384,191 427,081 
Rolled zinc________-_-------____. 45,216 40,763 39,393 27,308 29,859 
Zinc oxide _____________.___----- 51,992 61,734 65,376 39,020 39,027 

Other uses: 7 
Light-metal alloys __________----- 6,300 7,466 9,690 5,832 5,767 

Other ?_______.--_----------- 24,729 21,882 28,146 26,766 33,130 

| Total....___.______--------. 31,09 29,848 - 37,836 32,598 - 38,897 

Grand total___.________----_ _ 1,418,349 1,508,988 1,287,696 925,330 1,134,141 
a 

| 4Includes zinc used in making zinc dust, wet batteries, desilverizing lead, powder, alloys, chemicals, castings, and 

miscellaneous uses not elsewhere mentioned. . . . 

- — Table 19.—Slab zinc consumption in the United States in 1976, . | | 
oor _ by grade and industry use : | 
: (Short tons) 

Speci : High Inter- Brass Prime? 
Industry Bice Grade © mediate © Special © Western Remelt —‘Total 

Galvanizing _.______.___ _ 25,601 18,693 11,088 102,344 274,505 852 433,083 
Brassand bronze ________ _51,206 85,335 21 2,086 27,403 193 166,244 
Zinc-base alloys _._.._.__ 424,915 1,598 __ _- 301 217 427,031 
Rolled zine ....____-~--- 17,698 66 12,095 — -- _- 29,859 

Zinc oxide ~_______-__- 17,675 __ __ __ 21,352 __ 39,027 
Other ______________- 14,175 5,715 __ 30 18,977 __ 38,897 

Total _.._____---- 551,270 —«:111,407 23,204 104,460 342,588 1,262 1,184,141 
rr nT SN eT a SL 

1Includes select grade.
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_ Table 20.—Rolled zinc produced and quantity available for consumption 
, | in the United States - a 

Pod | 1975 © 1976 . 

a - | | | Value | ne Value | 
ee . 7 Total § Average Total - Average — 

oe Short (thou- - > per. Short (thou- — per 
oo ' sands) pound sands) § pound 

Photoengraving plate ~-----~--- 2,898 - $3,467 $0.598 Ww — WO OW 
Strip and foil -_._...._.._-._--__ | 21,010 _ 22,762 T 542 22,259 $24,498 -  $0.550 . 

oO Total rolled zinc? ____-.___.___ - *26,450 431,217 7589 29874. 98,482 § 560 
Exports _.-_-.-___-.-_._.-_____ + »=—-:11,629_—C=. 2,086 640 2,271 2,817 620 

. Imports ____-__. ~~~ __ 236 507 1.074 209 392 —i(wS«Cw8 
_ Available for consumption ___.__._____ *24,388 oe _- 29,058 a a 

. "Revised. W Withheld to avoid disclosing individual company confidential data, includedintotal. = ©. |. 
‘Figures represent net production. In addition, 22,153 tons in 1975 and 24,630 tons in 1976 were rerolled from scrap __ 

originating in abricating plants operating in connection with zinc-rolling mills. | eee 
cludes other plate over 0.375 inch thick, sheet zinc less than 0.375 inch thick, and rod and wire. Bureau of Mines not 

at liberty to publish separately. rs oe | — . . 

ee Table 21.—Slab zinc consumption in the United States in 1976, __ - - 
| | | by industry and State ee 

| | a a | (Short tons) | CO 

(State Galvanizers Brass Die. Other*® Total ae , - mills! | casters? ae 

Alabama .~____.2~ 2 2 31601 = = 8° WwW oo Ww 34,096 
Arona __ ~~~ ae — - WwW We 
Arkansas __— 2 2 WwW. — -- | WwW 4,619 - 

. - California -~. 2222-22 ti(‘ 84D 3,282 Ww WwW - 48,162 
Colrado ______ et _— Ss Ww Mf - 1,638. — 
Connecticut ~.________-_ - 38,072 25,593. - WwW ws 34,289 
Delaware ____~_____ OW - W _- Ww Mf 

| Florida _--_~-..-__~--_------_ 4.465 . -- w _- 4,465 . 

Hawaii _. ~~ 22272277 227277777 OW a _ __ Ww . 
| | Idaho __ ~~ __ _- a WwW ws Ww. 

IMinois ~_-_ 54,873 25,732 - 69,292 _ 5,460 155,357. 
Indiana ___._~ ~~~ 51,630 Ww WwW WwW 117,070 
Towa ~~ 540 _- Mf WwW 1,909 
Kansas ___ 5 5 5 -— WwW WwW WwW WwW 

. Kentucky ~~~ ~~~ ___ Lett WwW Ww _ WwW — Ww 
Louisiana ~_~__~______________ 3,369 ~- WwW WwW 4,997 | 

. Maine ___ WwW _- | __ _- \ 
| Maryland ___ ~~~ WwW _- _- WwW 18,450 

Michie chigan 7777722777777 77 aT 19,484 90,676 W 113'889 
Minnesota ___________________ 900 | “ " __ 900 
Mississippi _.-...._..._._-_-___- 1,924 _- _— a 1,924 
Misourl ________~_~_-_-__~______ 7,584 WwW WwW Ww 11,852 
Nebraska ___~__~___~__~___~______ 7,168 WwW __ WwW - 7,730 
New Jersey ~____~~__-~-2______ 2,709 4,636 Ww WwW 13,719: 
New York ____~_______________ 12,517 WwW 85,992 Ww 119,542 
North Carolina ~~~ _~.___._____ WwW _- W __: Ww 
Ohio __ ~~~ 68,298 WwW 73,7138 WwW 152,814 
Oklahoma ______~_____~~______ Ww _- _- Ww 4,714 
Oregon _________-~~_-______- 1,043 WwW WwW WwW 1,608 
Pennsylvania __.____.~_________ 55,092 7,898 Ww Mf 124,991 
Rhode Island ~_~~-~_~___.~~______ Ww WwW —_ Ww WwW 
South Carolina ___.~-~___________ W -- __ _. Ww 
Tennessee ______.~___________ WwW _- WwW WwW Ww 
Texas _.____~_~__~ ~~~ _ 15,827 W Ww 1,816 48,420 

Virginia” ~7~22727772772777777 W W W 6] 922 
Washington __________________ WwW __ __ WwW 1,920 
West Virginia ____.~___________ WwW _- __ Ww 22,366 
Wisconsin __-____~-~__________ 856 WwW 7,307 Ww 13,873 
Undistributed _____.--____-____ 73,152 79,426 99,834 100,243 61,004 EI EE 

Totalt ~.-._-_____________ 432,231 166,051 426,814 107,783 1,132,879 
a 

W Withheld to avoid disclosing individual company confidential data; included with ‘Undistributed.‘ 
includes brass mills, brass ingot makers, and brass foundries. 
Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 
Includes slab zinc used in rolled zinc products and in zinc oxide. 
‘Excludes remelt zinc.
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Table 22.—Production and shipments of zinc pigments and compounds’ in the 
United States | 

ee 
1975 1976 

Shipments | _ Shipments 
. Pigment or Produc- Produce 

compound an oan __Valuet , tion ean ___Value? 
short 0 

- tons) hort = gata Average tons) hort peal Average 
tons) sands) —ton tons) —gands) ton eS 

_ Zine oxide*____ 165,400 169,485 $122,158 $721 194,481 198,078 $136,447 $689 
Zinc sulfate -~-------- 23,394 23,492 5,800 |§$$ 247 34,681 34,344 10,096 294 — 
Zinc chloride, 50°B* ____ Ww Ww Ww WwW 32,626 25,184 Ww. Ww 

eee LLL ACS 

- W_ Withheld to avoid disclosing individual company confidential data. 
1¥:xcludes leaded zinc oxide and lithopone. 
2Value at plant, exclusive of container. 
®*Zinc oxide containing 5% or more lead is classed as leaded zinc oxide. 
“Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 

‘| Table 23.—Zinc content of zinc pigments' and compounds produced by domestic 
iB manufacturers, by source 

Ghort tons) - - | 
Se 

WSS SSS sss SSS SS pes 

1975 1976 

Zinc in pigments and com-. Total Zinc in pigments and com- Total 
‘Pigment or pounds produced from— zinc 1n pounds produced from— zinc in 
compound , Secon- nents . Secon- ments 

Ore Slab dary and Ore Slab dary and 
zinc mate- com- zinc mate- com- 

rial pounds rial ‘pounds 

Zinc oxide ____ 74,148 38,853 19,329 132,330 91,399 38,166 26,069 155,634 
Zinc sulfate __— 1,789 -- 4,373 6,112 1,736 _— 11,861 18,597 
Zinc chloride? __ -- a Ww Ww -- _- 10,634 10,634 

"Revised. W Withheld to avoid disclosing individual company confidential data. 
_ 'Excludes leaded zinc oxide, zinc sulfide, and lithopone. 

“Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 

Table 24.—Distribution of zinc oxide shipments, by industry | 

(Short tons) | | 

Industry 1972 1973 1974 1975 1976 

Rubber ____ ~~~ ~~~ 129,170 129,462 108,976 96,209 104,669 
Paints___~____ ~~ 21,244 26,115 17,029 11,016 15,699 
Ceramics _. ~~~ ~~~ ~~~ 10,702 11,678 12,177 6,300 8,433 
Chemicals -__..§-__-_--~_~____________ 22,781 26,187 35,167 17,544 33,186 

Agriculture ~--- 2 ee ee 1,101 2,044 6,066 1,847 3,481 . 
otocopying _____-__~~-- ~~. ____ 36,190 38,724 34,577 24,647 24,149 

Other ____ ~~~ 18,679 18,623 18,550 11,922 8,461 

Total _____.- ~~ 245,867 252,833 232,542 169,485 198,078 

Table 25.—Distribution of zinc sulfate shipments, by industry 
(Short tons) 

| Agriculture Other: Total 
Year Gross Gross Gross 

weight beets weight baste weight beets 

1972.0 ~~ ee 10,496 8,602 29,099 25,985 39,595 34,537 
1978__~~_---_-~__-~~_~ 18,909 8,353 31,288 24,902 45,197 33,255 
1974. ee ~ 14,508 8,677 29,627 18,245 44,135 26,922 
1976 ~~ ee 8470 3,579 15,022 5,852 23,492 9,431 
1976____ ee 12,797 5,326 21,547 10,283 34,344 15,609 

1Includes rayon; Bureau of Mines not at liberty to publish separately.
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Table 26.—Stocks of slab zinc at zinc-reduction plants in the United States, December 31 

| a | (Short tons) _ | a 

| | : 1972 2=—s«d9738———s«d194 1975 1976 : 

: At primary reduction plants ___-——----+-------- 28,843 25,229 38,298 "73,431 92,553 
At secondary distilling plants ________-_-------- 1,225 718 1,427 1,245 «1,840 

Total __-_________-_----------------- 30,068 25,947 39,720 "74,676 «= 98,898 

| | Table 27.—Consumer stocks of slab zinc at plants, December 31, by grade ne 

| _ ° Short tons) : | : | | 

. S ° . . . : . . 

. : High — Inter--... Brass — Prime 
| Year Bigs Grade mediate Special Western Remelt _—Total | 

| 1975 _..___-_----.-_- 39,139 8,155 3,728 7,221 48,826 201 107,276 
1976 ________________ | 44,479 10,870 3,467 8,419 53,789 180 121,154 - 

| | Table 28.—Average monthly U.S., LME,' and European Producers’ prices for 
Prime Western zinc and equivalent — 

7 | - , (Metallic zinc, cents per pound) - | | 

Oo 1975 1976 | 

a _ Month | United LME FF pita LME EO 
States cash producer States cash producer 

January __________-_________------- 39:15 3618 3858 37.12 3184 3605 
February __________---------------- 39.11 35.97 39.12 37.00 31.27 36.05 
March ____________--------------- 38.95 36.41 39.49 37.00 32.92 36.05 
April oo 38.93 35.46 38.71 37.00 35.78 36.05 

y -___---__-__-_---------------- 38.94 33.84 37.89 37.00 35.08 36.05 
| June ____________-___.------------ 38.94 34.01 37.24 37.00 35.93 36.05 

 §uly_-- eee ----- 38.92 32.05  .35.67 37.00 35.12 36.05 
August _____________-.------------ 38.90 33.39 3453 37.00 3358 36.05 
September _____________------------ 38.89 32.80 34.02 37.00 82.27 36.05 
Octoberr______________------------- 38.96 31.98 34.86 37.00 28.94 36.05 
November ___________-------------- 38.90 31.95 36.24 37.00 27.34 36.05 
December ____________---~--------- 38.93 31.08 35.77 37.00 29.07 36.05 

Average for year ____--_.--~------- 38.96 33.76 36.84 37.01 32.38 36.05 
eee rere e rere eee eee ee ee eee ener ee 

1London Metal Exchange. 

| Source: Metals Week.
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. Table 29.—U.S. exports of zinc and zinc alloys, by country 

1974 1975 1976 

Destination Quantity Value ‘Quantity Value Quantity Value 
- (short ~ - (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 

Unwrought zinc and zinc 
alloys: . 
Belson eee eee _— __ 10 $8 -- _- 
Belgium-Luxembourg - — — — 4,370 $3,578 1 2 11 $13 . 
Brazil _..____.-_-~-~- 9,094 9,474 1,714 1,628 a _- 
Cambodia ____.____-~~- 72 12 _— _- _— _- 
Canada _________.__— 1,333 | 948 619 528 972 640 
Chile __________---- 988 1511 10 . 22 86 42 
Colombia_____.__.--- 1,385 1,083 142 127 12 22 
Costa Rica __.____.__-— 678 735 6 9 2 3 
Dominican Republic — — — — — 293 207 55 37 1 2 
El Salvador ______--~- 456 347 1 4 — _. 
France __...------~- 810 278 397 339 216 105 
Germany, West ______-- 104 81 64 31 36 29 . 

Greece ________-_-~---~ 373 515 4 7 _- — 
Guatemala. _____.-_-- 674 831 26 21 (4) 1 
Israel _.  .-___-_----~- 226 331 -- -- 6 12 — 

Italy... --_____.--- 534 978 _- —_ 17 13 

- Japan__-__--_------ 2,385 2,498 479 391 5 15 
Korea, Republic of ~~~ —_- 1,301 1,385 118 50 59 29 
Malaysia ________-_-- 11 16 _- _- _- — 
Mexico ______----~-- 144 158 181 108 163 85 
Netherlands ____.—---—- 3,399 2,547 4,107 3,781 2,873 1,918 
Nicaragua ____—--_-—~-~ 226 249 2 2 T 57 

Pakistan ____.__.--- 107 | 70 _- __ _- _— . 

Panama _~______---~-- 282. —- 300 2. “il 5 7 

_ Philippines -___----~-- 1,925 1,926 5 8 6 9 . 
Saudi Arabia _____~_-_~- _— ae _— -- 351 435 

. §ingapore _____—--_-- 491 530. 38 57 19 30 

. South Africa, Republic of _ — 100 37 oe __ 23 28 

Spain ____.-._.------ 60 34 58 AT -- —- . 

Switzerland ________-_ 12 © 5 = -- — _- 

Taiwan __.._____--~- 185 173 4 10 1 4 

. Thailand. ______-__~ 227 247 ~ __ _- —_ _- . 

United Arab Emirates _ — —_ — 6 . 9 21 39 84 44 

United Kingdom ~~ ~~ ~—_~- 1,965 1,381 202 194 (*) 4 

Venezuela _._____----— 2,947 3,256 1,819 1,094 164 143 — 

Vietnam, South _ — ~~~ —-- 441 399 i _- -——- | -- 
Other _______-_---~-- 323 421 42° 87 23 39 

-. Total. .-.-_.----- 37,927 36,610 9,627 8,642 5,106 3,729 
—————————a————EEeeEeEeE=S=SS———====——=== 

~ Wrought zinc and zinc 
alloys: 

: Algeria _..._.__----- 3 —  § 24 53 31 56 
Australia. ._...___—~- 70 113 53 Ol 98 182 
Belgium-Luxembourg - — — — 5,143 3,220 8,159 4,113 4,825 2,541 

Brazil __ _..____--___- 299 140 183 103 __ —_ 
Canada _______.----- 3,659 2,797 3,137 1,975 3,344 2,369 
Chile ______.-_-__--- 56 67 49 65 17 23 
Colombia___._-_----- © 58 6-99 58 78 69 88 
Denmark _ _ — ~~ ----~-- _— _- 9 11 23 36 
Dominican Republic — — — — — 15 22 112 121 13 27 

' Ecuador ___----~---- 45 62 26 38 29 52 
Egypt _..__--------- 9 10 56 79 23 28 
France ____.-------- 59 TT 1 1 3 ae | 
Germany, West _____-_-- 30 193 63 57 10 73 
Hong Kong-_ — — ~~ —--—-- 204 - 212 81 93 115 130 
Indonesia. _ _ — . ____--- 150 224 1 5 _— _- 

apan_______----~-- 
Lebanon eee ee eee 34 30 33 43 -— _- 
Mexico ____-...----- 277 209 81 - 84 59 112 
Netherlands — _— —- ~~~ - 572 123 10 16 14 37 
New Zealand ~~ —_.—_-- 85 91 41 47 107 122 
Panama ______.__~-~- 30 46 17 5 58 115 
Peru____._-_~------~ 16 23 124 312 28 45 
Philippines ___-----~~- 351 169 40 58 57 716 
Saudi Arabia _—— ~~~ - 25 26 20 4 35 36 
Singapore __..-__-_-- 40 51 5 12 14 16 
South Africa, Republic of — — 271 369 131 191 78 115 
Spain ____.--------- 201 257 -- _- 11 27 
Switzerland _______—-~- 1 1 56 40 48 27 
Syria eee ee 40 39 8 10 199 76 

iwan ____..___---_ 61 82 13 15 46 52 
Thailand ___..__~---_- 33 24 11 26 31 45 
Turkey woe _— _— 5 6 38 44 

United Arab Emirates _ _ — — 167 387 11 19 5 7 
United Kingdom —_ ~~ ——- 340 275 180 255 189 317 
Venezuela _______.~--~ 272 407 76 105 69 100 
Other ________----~-- 3638 594 221 452 247 398 

Total. __.__._---- 13,078 11,086 13,095 8,693 9,998 7,470 
ee 

1Less than 1/2 unit.
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Table 31.—U:S. exports of zinc pigments 

: 1915 1976 

Kind Quantity Value Quantity Value 
(short tons) . (thousands) (short tons) (thousands) 

Zincoxide _-.____________-_ - 8,104 $2,368 4,838 $3,112 
Lithopone __-~~-~_--_---~-- 917 1,060 — F719 937 

‘Total _-- 4,021 3,423 5,617 4,049 | 

Table 32.—U.S. exports of lead and zinc ores and concentrates _ | 

(Grogs weight) 

| Quanti Value 
Year (hort tone) (thousands) 

1965 ~~~ ~~ ee 434 $152 
1966_-________________ 49 9 
1967_____________ ee 39 16 
1968___________ 11,831 2,931 
1969____- 115 47 
1970_________________ 15,575 1,458 : 
1971_______________ 29,145 3,286 
1972. 43,845 5,802 
1978___________________ 104,180 18,884 
1974______________________ 111,176 27,281 | 
1975___________________ 150,830 31,502 
1976____________________ 148,787 - 28,892 

Table 33.—U.S. exports of lead and zinc ores and concentrates, by country 

(Gross weight) 

: 1974 1975 1976 
Destinati Quantity Value Quantity Value Quantity Value 

en (short —(thov- (short (thou- (short (thou- 
tons) sands) tons sands) tons) sands) 

Argentina oe _- __ 5,276 $727 __ __ 
-- Belgium-Luxembourg ______—____ 29,268 $7,476 50,666 10,086 62,111 $13,660 
Brazil _.-_---______________ 10,678 - 2,730 5,690 1,008 16,919 8,487 

| Bulgaria ~..--» -§ 5-5-5 __ __ __ __ 10,067 1,764 - 
Canada ____________________ 414 123 — 5,522 1,559 942 195 
Finland ____________________ __ _— __ __ 5,430 1,500 7 
Germany, West ____________--_- __ _- 6,879 1,646 _ 25,154 3,563 
Japan ____________-________ 52,546 11,617 6,271 1,261 15,600 2,526 
Mexico ____________________ 4,563 1,257 8,219 802 11 6 
Netherlands _.._______________ __ __ 8,196 2,045 5,907 838 
Poland __._-_______________-_ __ __ 19,930 4,614 __ __ 
Romania __. ~~~ ___ 5,588 2,027 __ __ _- -— 
Spain ____-_-_________ ae __ 16,282 3,750 5,548 1,070 
USSR ___ ~~~ 22222277 TTT __ __ 6,017 1,336 __ __ 
Yugoslavia__________________ 4,985 1,344 10,406 2,286 __ __ 
Other 3,134 707 1,476 382 1,103 283 

Total.-_-___________i__ 111,176 27,281 150,830 31,502 148,787 28,892
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Table 34.—U.S. general imports of zinc, by country oo 
TEE! 

a 1974 = 1975 . 1976 

. 7 Coun . Quantity Value Quantity Value Quantity Value — 
- ty - (short _ (thou- (short (thou- © (short = (thou- 

tons) sands) tons) sands) tons) _ sands) 

. . ‘(inc content) oe 
Australia ___-___.________-_ 5,606 $652 4,044 $485 2291 . $295 
Bolivia ~..._._ ~~. -____ _ 1 1 1,217 218 785. 87 
Canada _.~ ~~~ - 162,482 51,104 98,700 — 37,084 69,901 27,339 
Colombia _..___...._______ 1 1 8 1 14. 2 
Germany, West _____________ -- -_- 20 1 231 108 

0 ---------------- | ‘3, — 1 ’ 16, 1,289 
Ireland _.~~ ~~~ --_-______ 1075 160 On _— _- _- 
Mexico ___.---__.-_____-_ 24,183 7,509 9,334 3,789 2,625 763 
Nicaragua ___ ~~~. ____ 10,639 4,176  . 1,299 2,577 3,637 1,982 
Peru ._-_------.__-_-___- 13,860 4,341 4,902 2,011 794 166 

. . Thailand _.~ ~~~ ____.___ 13,317 1,992 5,797 882 -- , -- 
Turkey ~~~. 2,647 911 -- ~- -- ee 

pansies mene oa 

Total _..-___.____._- 240,043 74,031 144,987 52,036 97,115 38,086 

BLOCKS, PIGS, OR SLABS 
Algeria _.-__.-.-.__-___ -- -- _- -- 999 621 
Angola ____~.- 1,922 1,289 5,512 4,354 ae mee, 
Australia ~~... 38,909 29,903 22,875 17,295 32,586 23,549 
Belgium-Luxembourg —________ 30,379 31,253 19,084 16,456 | 35,473 23,420 
Canada ___. ~~~ 270,156 182,714 181,692 134,010 313,006 223,125 . 

- China, People’s Republic of ______ _- _— 298 . 194 2,532 1,597 
. Finland ___.___________ 10,590 6,998 19,157 14,264 31,526 23,006. 

France ~~ _~~.~-____.____ | 4,4TT §,271 1,837 1,232 10,397 - 7,438 
Germany, West ___._______.. 8,289 - 8,008 17,827 12,507 48,665 32,989 
Hong Kong _ ~~ ~_...._.____ _~_ 110 109 — -_- | _- _- 
Italy _. ~~ ek 7,911 9,683 7,299 5,137 30,739 18,867 
Japan _.__.-____________ 52,674 57,651 7,202 5,724 9,483 6,789 
Korea, Republic of —.=....____ _- -- -— -- 57 35 
Liberia ~~~... __ 2,731 2,008 3,601 2,502 -- ae 
Malaysia _..__._.-________ -- -_ 45 660 _- ae 
Mexico _____.~___________ 23,515 - 21,750 17,605 12,818 62,638 42,762 
Mozambique ______.-_-_~___ 558 364° _- -- == _— . 
Netherlands _____________-_. 5,228 5,708 15,123 10,208 9,642 6,586 
Norway —..__---~_----____ 149 ~ 112 —_ _. 1,102 827 
Peru __ ~~~ ~~~ 31,101 24,807 19,128 - 12,917 19,911 18,111 
Poland _.-_______.-______ 9,253 10,311 440 292 1,018 619 
Singapore ___._______.____ 229 204 ee _~ Se -— 
South Africa, Republic of ~______ TT4 615 2,077 1,698 3,650 2,453 
Spain _________-.-_-_____ 5,059 4,832 26,268 16,143 29,687 . 19,892 
Switzerland __________.____ _- -- -- - me 118 3. 
USSR ________ 221 261 -- _- -- -- 
United Kingdom ___~________ 5,117 — 4,677 2,200 1,528 ' 1,820 ~ 1,190 
Yugodavia ~~~ -_-_____ 12,348 14,770 = 7,009 4,557 29,869 19,699 
Zaire 17,838 11,772 4,158 2,841 36,922 26,839 
Zambia ____ ~~~ -- -- -- -- 2,649 1,627 

Total _-_____________ 539,538 435,070 380,437 277,337 714,489 497,130 
eee



: Table 35.—U.S. imports for consumption of zinc, by country ’ 

1974 1975 (1976 

Coun Quantity Value Quantity Value. . Quantity Value 

ay (short (thou- | (short (thou- (short (thou- . 

tons) sands) tons) —sowsaands) tons) sands) 

ORES AND CONCENTRATES 
. 

(zinc content) 
Argentina _-—------------- 6 $1 _- __ __ _- : 

Australia --.-------------- 4,134 $522 22,954 $1,949 2,467 $295 

Bolivia ~_----~------------ | (7) 1,217 218 7185 87 

Canada ___--------------- 73,635 18,678 209,150 57,888 124,320 40,148 . 

Colombia _.—-------------- _- _- 8 1 14 2 

Germany, West ___---------- __ _— 20 1 231 103 . 

Greenland __.-~----------- _- _— _- —_ 721 108 . 

Honduras __.-~-----~------ 18,033 3,793 43,224 13,040 13,069 6,171 

Ireland _....------------- 883 152 4,820 750 -- -— 

Japan _____-------------- 5 1 -- -- _— _— 

Mexico __.--------------- 26,647 — 6,480 61,656 16,037 9,689 1,795 

Nicaragua —---—-------~---- 1,489 236 36,749 8,858 3,019 1,376 

Peru ______---~---------- 8,900 1,567 20,633 3,991 1,488 468 

Thailand __.___----------- Se oe 25,143 5,172 -- -- 

Turkey _.__-------------- _- -- 2,970 911 -- . -- . 

Total _.__.__-------- 183,783 _ $1,430 428,544 108,822 155,803 50,553 
OOo 

. BLOCKS, PIGS, OR SLABS — 
Algeria _.-----~---------- _- _- _- _- 999 621 

. Angola _-----~----------- 1,922 1,289 _- _- _- _- 

Australia _.-.------------- 38,909 - 29,903 22,875 17,295 32,586 23,549 

Belgium-Luxembourg --------- 30,379 31,253 17,430 (14,417 35,197 28,211 

Canada _____--—---~------- 278,075 184,095 181,725 134,015 313,006 223,125 

China, Peoples Republic of __.--- —_ __ 298 194 2,532 1,597 

Finland __~_.-------------- 10,590 6,998 19,157 14,264 31,526 23,006 

France _____------------- 4,477 5,271 1,837 1,232 | 8,552 6,099 

Germany, West __----------- 8,177 - 7,890 17,853 12,538 47,397 $2,119 

Hong Kong - - ~~ --~---------- 110 109 _- _— oe _- 

Italy ______.------------- 7,635 9,404 5,792 4,202 28,636 19,069 

Japan ._____------------- 50,827 55,919 8,403 6,832 -- _— . 

Korea, Republic of ~—--------- -- -— -- -- 57 35 

- Liberia _.--__-_------------ 2,731 2,008 3,601 2,502 -- ee 

. Malaysia __—---~---------- _- _- 45 660 _- one 

Mexico. ___--------------- 25,675 21,982 14,187 10,083 58,001. - 39,421 

Mozambique ~~ —------------ 558 364 -—- _- _- _- 

Netherlands ___..--~------- 4,895 5,279 15,123 10,208 7,768 5,361 

Norway _-------~--------- 149 112 _- _- 1,102 827 

Peru ______---~---------- 31,101 24,807 19,128 12,917 19,911 13,111 . 

Poland ____-------------- 8,922 9,968 661 496 1,018 619 

Portugal __--------------- _- _- 104 87 -- _ 

Romania ___.-.----------- _- _- _- _- 6,748 1,957 

Singapore -_~.-.---------- 229 204 _- _- _- —- 

South Africa, Republic of ——----- 174 615 2,077 1,698 3,650 2,453 

Spain _.__--------------- 2,413 2,540 28,509 18,895 29,687 19,892 

Switzerland —~.-.----------- —_ —_ -— _- 118 89 

USS.R —_--------------- 221 261 _— _- _- _- 

United Kingdom —~-~--------- 5,447 4,938 2,200 1,528 1,820 1,190 

Yugoslavia _.___---~-------- 11,752 14,269 7,390 4,861 29,869 19,699 

Jeire ~___--------------- 17,838 11,772 6,527 4,712 $2,302 28,588 

Zambia ____---—----~------- -- -- -- -- 2,649 1,627 

Total __.__-~-------- 543,806 431,250 374,922 273,636 695,131 482,265 

1Less than 1/2 unit.
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| Table 36.—U.S. imports for consumption of zinc, by class | 
‘ : e NT a EE ee 

Ore Blocks, pigs, Sheets, plates, strips Waste and 
(zinc content) slabs! other forms scrap 

Quantity ‘Value Quantity ' Value Quantity Value Quanti Value 
(short (thou- (short (thou- (short (thou- (hort. _ (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 

. 1974. 133,733 $31,430 543,806 $431,250 640 $568 2,418 $1,241 
197§_. 428,544 108,822 374,922 273,636 236 507 1,418 468 
1976_________ 155,803 50,553 695,131 482,265 209 329 1,803 _—_—+516 

. Dross and skimmings Zinc fume Dust,powder, . - - (zinc content) (zinc content) flakes Total 
Quantity Value Quantity Value Quantity Value _, value? 

(short (thou- (short (thou- (short (thou- (thousands) 
tons) sands) tons) sands) tons) sands) a 

1974_________ 3,863 $1,786 18,235 $3,283 9,131 $9,799 $479,357 
1975. 3,158 1,238 33,327 9,442 5,739 5,744 399,857 . 
1976___-______ 12,445 4,884 6,927 2,558 6,009. 5,134 546,239 

. 1Unwrought alloys of zinc were imported as follows: 1974, 11,491 short tons ($11,397,967); 1975, 101 short tons ($87,395); 
1976, 27 short tons ($14,141), | 

"In addition, manufactures of zinc were imported as follows: 1974, $562,521; 1975, $78,837; 1976, $96,945. 

| Table 37.—U.S. imports for consumption of zinc pigments and compounds | 
. 

1975 1976 

Kind Quantity Value Quant Value 
Ghort '  (thou- hort (thou- 
tons) sands) tons) sands) i 

Zincoxide __ ~~ _..-.-~___~_~_______ 13,187 $8,162 19,913 $12,391 
Zincsulfide _. $$. ~~ 328 214 539 358 
Tithopone ~-- ee ee 15 6 69 25 
Zincchloride ____.~.~_..--_._________ 767 518 1,372 701 
Zinceulfate _______..~__~____________ 3,191 1,065 5,435 1,602 
Zinc cyanide. ______.-.-__..~_______ 10 15 57 84 
Zinc compounds, n.s.p.f. $2 ~§ »_~» 5 5 949 766 584 575 ih td 

. Total... --_-- ~§ 18,447 10,746 27,969 15,736 
i
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Table 38.—Zinc: World mine production (content of ore), by country 

(Short tons) 

Country! 1974 1975 1976? ge ere eer 

North America: 
- Canada? __________ ¥1 367,077 1,347,574 ©1,312,500 . 

Guatemala (exports) __.___.________________ — —_ 1,624 
Honduras _____~_~_____~________ 26,411 33,398 27,392 
Mexico (recoverable) _._._§ _____ __-______________ 289,594 318,403 285,700 
Nicaragua ____~_~_~_~_~_~_______ 16,334 12,321 15,749 

_ United States (recoverable)... .______________ 499,872 469,355 484,513 
South America: 

Argentina ________-_-----------------__ | 743,708 41,172 44,600 : 
’. Bolivia _.--_--~_- ~~ F 353.154 351,934 . §8,5138 

Brazil _._____-~_~_ LLL 42,255 55,120 - 67,510 
. ~ Chile ~~ ~~ 3,692 3,499 . §,573 

Colombia __ ~~~ 41 8 66 
Ecuador ____ ~~ ~~ 5 223 91 150 
Peru____~---__-~-~--~-----__---- + ¥416,705 424,169 436,240 

Europe: 
Austria (recoverable)... -_._-_-._.~__________ 23,123 25,397 24,968 
Bulgaria® __~.~_________ 88,000 F88.000 93,000 
Czechoslovakia ____________- ~~ _______ 10,296 9,838 18,000 
Finland ~~... ~~~ ™67,214 59,917 67,399 
France ____---~.__--~---+--i-------_--- ¥16,075 15,300 34,900 

' Germany, West ___________ ~____________ 128,554 127,947 126,986 
Greece -__. ~~~ eee 27,546 . 15,344 32,012 
Greenland __._________~--. ~~ Le 116,051 100,156 _ ©98,700 
Hungary* eee ee 3,000 T2400 _. 2,600 
Ireland™ ___.~_~_______ 73,100 73,500 69,200 
Italy... 5 ee F85800 83,792 88,986 
Norway _______~.~_ ~~~ T24,291 26,460 82,616 
Poland®______.________________ 220,000 F230,000 238,000 
Romania (recoverable)® _____________________ 66,000 66,000 66,000 
Spain ______~______ T104,454 94,024 93,233 
Sweden _________ 125,332 122,715 140,126 
U.S.S.R. (recoverable)®_ $$. ~»» - -__________ 750,000 760,000 790,000 
United Kingdom ________________-.__ ___ 73.316 4,410 3,300 
Yugoslavia __$ $22 104,369 114,023 117,462 

~ Algeria... --_-_-_-__-_______-___ 12,100 16,000 15,400 
Congo _________- 3,600. 4,400 4,000 
Morocco ________~ ~~~ ~~~ 117,941 23,100 18,904 
South Africa, Republic of ~~... ~________ 37,500 73,014 86,596 
South West Africa, Territory of ___.§._.__.______ T42:396 36,506 ©35,800 
Tunisia _-_-________-_--~--~-~~_~~ Li 6,878 7,800 —.. 8,000 
Zaire _____________---~_--~--~-~~-~~___-- -93,106 ~ 87,400 _ 77,500 
Zambia (recoverable) _ — _ _ = ---__------------- ™64,300 ~ 61,600 40,900 

Burma _.~____~______________-__-_-----~ 3.308 2,918 2,437 
China, People’s Republic of, (recoverable)® __ __._.__._ __._ 110,000 110,000 110,000 
India ___.-___--_____-~_---- +e 21,227 25,175 28,175 

. Iran® ~~ 90,900 72,800 72,800 
Japan (recoverable) __._..______..-_-_----- 265,423 280,453 286,549 
Korea, North (recoverable)® ~._________-______ 179,000 T176,000 185,000 
Korea, Republic of ~. 22-222 44,901 50,617 65,186 
Philippines ~.~~~_~~~_~_____ LL 8,567 11,522 12,577 
Thailand® ~~ 2-5-5 36,240 3,549 18 
Turkey ~~ ~___---__--~-__---i-_------ T34,800 29,300 33,000 

Oceania:Australia ___________________ "508,821 © —«-562,088 511,795 

Total_ ~~~. ~_-___ ee ™6,871,590 6,390,509 6,462,255 

In Bddition to the countries listed, Vietnam also produces zinc, but information is inadequate to make reliable 

*Zinc content of concentrates. 
3Production by COMIBOL plus exports by medium, small, and other mines. 
“Data are compiled from operati company reports of Tsumeb Corp. Ltd. and South African Iron and Steel Industrial 

Corp., Ltd. (SCOR), for imeor Zine iy) . 8 Rosh Pinah mine. Data from Tsumeb Corp. Ltd. are for calendar years; 
data from other companies are for years ending June 30 of the year stated. 

5Year beginning March 21 of that stated. 
*Contained in zinc concentrates. Additional quantities of zinc may be contained as a byproduct in lead concentrates 

produced, but information is inadequate to make reliable estimates of such production, if any.



| 1444. MINERALS YEARBOOK, 1976 | 

| Table 39.—World smelter production of zinc, by country’ | : 
(Short tons) . - 

. Country? 1974 1975 _.. 1976P 

North America: . 
Canada -____._..__---_-_------------+-- 469,884 470,622 521,200 
Mexico --_ ¥150,892 169,711 188,871 . 
United States _.._- 5 2 - §55,188 438,051 498,855 . 

South America: . oe . 
. Argentina _______--.--~~--------------- 44,100 43,700 44,100 

. Brazil ~~ 33,641 34,643 ~ 33,100 
Peru________------------------------- 778,681 69,709 11,297 

Austria? __________-____-_-----=-----_-- | 18,133 17,938 .. 18,270 : 
Belgium —____-_-_-------- ~~~ ee ™318,347 240,524 258,712 — 

- Bulgaria*_____---___----.---------_---- 799,200 101,000 ©101,400 
_ Finland* _-__ 101,177 121,127 121,952 

- France ~~~ ™304,975 199,667. - 257,118 
Germany, East®#___-___ = 20,000 20,000. 20,000 
Germany, West ___.____-__-___------------- 440,978. | $24,878 335,983 

. Italy. eee F216,587 198,120 210,785 
Netherlands ________-___-_-_-_---.------- 86,166 136,623 138,300 

. Norway - -— ---------------------------- 79,845 - 67,121 69,283 
‘Poland? __ 2 257,000 268,000 265,000. 
Romania® 3? _________ 77,000 ¥77,000 79,000 

. Spain _____-__-__--__ ~~ 143,307 148,900 — 197,600 
USS.Re 750,000. 760,000 790,000 
United Kingdom ______.~----_-_---------- ™92,981 58,900 45,900 
Yugoslavia? _._-___ 95,218 107,900 116,285 

Algeria ____..-____-__ ~~~ Le 9,000 22,000 26,500 
South Africa, Republic of _.___._......_.----- 72,100. 70,243 73,082 ; 
Zaire __-_______--_--__-~_~_-----_------ 772,958 72,298 67,994 — 
Zambia _______-_----.-----~-~-~+------ 64,307 - 51,600 40,900 

China, People’s Republic of ___.._.._._._._..----- 110,000 110,000 110,000 
Indiaf ___ 723,264 28,359 29,525. 
Japan ___ ee 936,850 773,595 817,990 

a - Korea, North® __..._-___.__ 2 ~~ 143,000 ™154,000 ~~ 152,000 - 
Korea, Republic of we eee ee 12,729 - 23,063 30,007 
Thailand* _______________~-_______-_-_- | 13 13 65 

Oceania: Australia ________________----__-_-- 305,154 213,088 267,460 

Total. -_-_-_____~~ ee ™§,182,680 5,592,453 5,978,484 

_ 1An attempt has been made to restrict the contents of this table to primary production only. Where secondary metal is 
inseparably included it has been so noted. 

7In pddition to the countries listed, Vietnam also produces zinc, but information is inadequate to make reliable 

*Known to include secondary production recovered from reclaimed scrap. . 
“May include secondary production recovered from reclaimed scrap. |



Zirconi irconium and Hafnium 

| By Sarkis G. Ampian’ | 

| Zircon production and sales by domestic Recycling of spent foundry zircon and 
mining companies decreased nearly 7% in substitution of chromite and aluminum 
tonnage and more than 20% in value in _ silicate-minerals for some zircon foundry : 
1976. Zircon exports decreased 50% from applications were commonplace. 
18,766 tons in 1975 to 9,428 tons in 1976, but Zircon was principally used in foundry 
imports increased 61% from 40,205 short sands,’ refractories, abrasives, ceramics, and 
tons in 1975 to 64,648 short tons in 1976. as a source of zirconium metal. The metal 

Total exports of zirconium metal and zirco- was used mostly in nuclear reactors, in 
nium alloys generally decreased in 1976, corrosion resistant equipment for industrial 
while zirconium oxide increased substan- plants, and in refractory alloys. Hafnium 
tially. Production of zirconium-bearing com- was used in nuclear reactors, in flashbulbs, 
pounds for chemicals and refractories also and in refractory alloys. 
decreased slightly. Zircon consumption by Legislation and Government Pro- | 

foundries increased from 46,200 tons in 1975 grams.—The Statistical Supplement to the 
to 67,000 tons in 1976. Some hafnium was Stockpile Report to Congress, Dec. 31, 1976, 
also produced. | showed no objectives for zirconium and 

The 1976 worldwide zircon supply- hafnium materials. The Energy Research 
demand picture was characterized by a and Development Administration (ERDA) 

growing demand owing to increased indus- had an inventory, as of June 30, 1976, of 
trial activity and Australian production ca- approximately one-half ton of zirconium 

pacity, resulting in an oversupply, which crystal bar and scrap, 937 tons of zirconium 
_ depressed prices. Domestically, zircon re- sponge, 163 tons of Zircaloy ingot and 

flected the worldwide situation, with con- shapes, one-half ton of hafnium scrap, 5 

tinued strong demand, largely in manu- tons of hafnium oxide, one-half ton of haf- 
facturing specialized refractories and abra- nium sponge and shapes, and 39 tons of 
sives, and the return of foundries to the hafnium crystal bar. 
depressed priced zircon. This increased de~ ——~ 
mand was largely met by imports. 1Physical scientist, Division of Nonmetallic Minerals. 

Table 1.—Salient zirconium statistics in the United States 

| (Short tons) 

TT Product tC—“—s—sSS””CC“‘zSISC”*“‘a|8~C«dTA~*C«dSTSSC*«iOT 

Zircon 
Production _________________------- Ww Ww WwW sf WwW 
Exports ____________________------- 17,360 28,921 21,487 18,766 9,428 
Imports _________________~____.----- 67,537 98,023 62,504 40,205 64,643 
Consumption® ! ________________------ 168,000 175,000 —-:167,000 122,000 155,000 
Stocks, yearend, dealers’ and consumers”? __ _ — —— 44,500 51,500 41,900 37,033 37,784 

Zirconium oxide: 
Production? ________________-------- 12,020 14,300 11,630 11,760 8,000 
Producers’ stocks, yearend® _________.-----~ 942 648 1,480 1,745 663 

€Estimate. W Withheld to avoid disclosing individual company confidential data. 
1Includes baddeleyite: 1972-385 tons; 1973-1,019 tons; 1974-°2,950 tons; 1975-°1,000; 1976-°2,000. 
2Excludes foundries. 
SExcludes oxide produced by zirconium metal producers. 

1445
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| DOMESTIC PRODUCTION | | 

E. I. du Pont de Nemours & Co. and Domestic producers were examining sev- 
Titanium Enterprises, Inc., were the only eral beach sand ore bodies in the southeast- 
major producers of zircon mineral concen- ern States and studying the practicality of 
trate in the United States. Zircon was adding zircon flour to their product lines. 

recovered rom mera sands at the dredge: NL Industries, Inc., continued feasibility 
ng and mung facilities owned by Du  ctudies on recovering heavy minerals from Pont at Starke, Fla.; by Humphreys Mining The Trail Ri . . 

e idge extension in Florida. A Co. for Du Pont, near Folkston, Ga.; and decision on the project was ex b 
Titanium Enterprises at Green Cove d 1977 Proj pected by 
Springs, Fla. Production data were withheld year ly¢/. | 
from publication to avoid disclosing individ- Statistical data on production of zirco- 
ual company confidential information. The nium sponge, ingot, and scrap and on haf- 
combined zircon capacity of these three nium sponge and oxide are also withheld to 
plants is estimated to be 135,000 tons per avoid disclosure of company confidential 
year. | data. 

Table 2.—Producers of zirconium and hafnium materials in 1976 

Company - Location Materials ——_— eee 

AMAX Specialty Meta Ge MA Akron, N. Y Ingot. | e rp ~~ n,N.Y _________ ot, sponge. 
Do__ Parkersburg, W. Va____ _ Sponge, metal, 

chloride, oxide. 
Babcock & Wilcox Co., Nuclear Materials Div_________ Parks Township, Pa_ ___ _ Powder, alloys. 
Barker Foundry Supply Co ~ eee Los Angeles, Calif ______ Milled zircon. 
The Carborundum ~--- ee Falconer, N. Y________ Refractories. 
C.E. Refractories, Div. of Combustion St. Louis, Mo_________ Do. . 

Engineering, Inc. .- 
Do_____ King of Prussia, Pa ____ _ Refractories, zircon. 
Do _--__ Vandalia,Mo ________ Do. 

Continental Mineral Processing Corp_______._._.___- Sharonville,Ohio ______ Milled zircon. 
Corhart RefractoriesCo________________. Buckhannon, W. Va ____ Refractories. 

Do_______ Corning, N.Y ________ Do. 
Do______~ Louisville, Ky ________ Do. 

E. I. du Pont de Nemours & Co ____________ Wilmington, Del_______ Zircon, foundry mixes. 
Foote MineralCo _____________________ Cambrites Ohio ~ eee Alloys. 
A. P. Green Refractories Co., Remmey Div___________ Fhiladelphia, Pa_______ Refractories. 
Harbison-Walker RefractoriesCo _-______________ Mount Union, Pa ______ Do. 
Harshaw Chemical Co., Inc __._-________________ Cleveland, Ohio _______ Oxide, ceramics. 
Hercules, Inc., Drakenfeld Div __________________ Washington, Pa _______ Ceramic colors, milled 

zircon. 
Ionare/TAFA _________ Bow, N.H___________ Oxide. 
Lincoln Electric Co.,Inc _...______________ Cleveland, Ohio _______ Welding rods. 
M & TChemicals, Inc _.-_________________ Andrews, S.C ~_______ Milled zircon. 
Magnesium Electron, Inc _____________________ Secaucus, N.J 9 ____ Alloys, chemicals. NL Industries, Inc., Titanium Alloy Niagara Falls, N. Y _____ _ Milled zircon, oxide, 

Manufacturing Div. (TAM) alloys, chloride. 
Charles Taylor Div _____________________ Cincinnati, Ohio. ______ Refractories. 

Do __-____ ee South Shore, Ky_______ Do. 
NortonCo __.--______ Huntsville, Ala _______ Oxide. 
Ohio Ferro-AlloysCorp _-._________________ Brillant, Ohio ________ Alloys. 

Ronson Metals Corp ~- ee Newark, N.J_________ Baddeleyite (oxide). 
Sherwood RefractoriesCo_____________________ Cleveland, Ohio _______ Zircon cores. 
phieldalloy Co wee Newfield, N.J __._____ Welding rods, alloys. 
Teledyne ah Chang Albany Corp - oe ee Albany, Oreg_________ Oxide, chloride, 

sponge, ingot, pow- 
der, crystal bar. Titanium Enterprises, Inc_____________________ Green Cove Springs, Fla _ _ Zircon. 

Transelco, Inc __-___________________ Dresden, N.Y ________ Chemicals, ceramics. 
Union Carbide Corp ______________________ Alloy, W. Va. and Alloys. 

Niagara Falls, N. Y____ 
Ventron Corp _______________________ Beverly, Mass ________ Alloys, oxide, sponge. Zedmark,Inc __________________ Butler, Pa___________ Refractories. 
Zirconium Corp. of America __________________ Cleveland, Ohio ______ _ Oxide, refractories, ce- 

ramics. 
HAFNIUM MATERIALS . 

AMAX Specialty Metals Corp __________________ Akron,N. Y _________ Sponge, crystal bar, 
ingot, scrap. 

Do _-________ Parkersburg, W. Va____ _ Oxide. 
Babcock & Wilcox Co., Nuclear Materials Div________ _ Leechburg, Pa ________ Crystal bar. 
Teledyne Wah Chang Albany Corp _______________ Albany, Oreg_________ Oxide, sponge, crystal 

, ingot. eee
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- Approximately 2,100 tons of alloys con- produced 8,000 tons of zirconium oxide. 
taining 3% to 70% zirconium was produced Oxide production in 1976 decreased from 
in 1976. : that reported in 1975. 

Three firms produced 27,015 tons of mill- Hafnium crystal bar production was esti- | 
ed (ground) zircon, a decrease of 10% from mated at 30 tons in 1976, compared with 35 
the reported production in 1975. Six compa- tons estimated in 1975. | 
nies, excluding those that produced metal, 

CONSUMPTION AND USES 

Zircon consumption in the United States mixtures for use as weighting agents, 
in 1975 was estimated at 155,000 tons. zircon-Ti0. blends for welding rod manu- | 
Consumption of zircon concentrate and facture, and _ zircon-refractory, heavy- 
milled zircon was 67,000 tons for foundries, mineral (kyanite, sillimanite, and stauro- 
39,500 tons for refractories, 14,000 tons for — lite) sand blends for foundry sand and sand- 

zirconium oxide, 1,800 tons for zirconium blasting applications. The zircon-bearing 
alloys (excluding zirconium-base alloys), foundry sand was reportedly designed to 
and 32,700 tons for all other uses. Foundries provide consistent high-quality perform- 

consumed approximately one-half of the ance at low cost for critical casting applica- 
domestic zircon production; the remaining tions, 

half was consumed by refractory, abrasive, Imported Republic of South Africa badde- 
| ceramic, metal, and other industries. Do- leyite ore in 1976 was used principally in 

mestic zircon was marketed in proprietary the manufacture of alumina-zirconia abra- 
sives and also in ceramic colors, refracto- 

Table 3.—Zircon consumption in selected —_ries, and for other uses. 
zirconium materials as reported by pro- Preliminary Bureau of the Census figures. | 

| ducers in the United States in 1976 — for 1976 showed that shipments of zircon 
(Short tons) and zirconia brick and shapes, composed 

oS Quantity” mostly of these materials, totaled 1.8 mil- 
lion brick, expressed in terms of equivalent 

en refractories’ ~-+---~---------- a 9-inch brick, valued at $13.3 million. In 

Zirconia * and AZ abrasives*___________ 1400 1975, final figures for shipments were 2.1 
Alloys® aa ee - +--+ - +++ 1,800 million brick valued at $16.7 million.? 

oundyy aids -------------------- jm _-—=sZirconium metal was used in nuclear 
moped | 155.000 reactors, in chemical plants for corrosion- 
OM resistant material, in refractory alloys, and 

- 1Dense and pressed zircon brick and shapes. in flashbulbs for photography. Pechiney 
neh tt and bonded alumina-zirconia-silica-based pine Kuhlman Corp., Greenwich, Conn. (a 

$Excludes oxide produced by zirconium metal produ. Subsidiary of the French firm) and Western 

cers. = SS is oe Zirconium, Inc., Salem, Oreg. (a group of 

‘Eecludeallos above 9% reo. one releane Wah Chang apary offi- 
cludes chemicals, metallurgi e zirconium te- cials), agr in principle to manufacture 

trachloride, sandblasting, welding rods, and miscellanems + onium products in a proposed $30 mil- 
lion to $40 million integrated facility at 

: ‘ ‘ ‘ Dallesport, Wash. The new facility, with 
Table 4.—Zirconium oxide’! ? consumption . i 
in selected zirconium materials as reported construction scheduled to begin in 1977 and 
by producers in the United States in 1976 startup expected during 1978, will first 

(Short tons) convert zircon to sponge metal and then 
Cs semiifabricate about 3 million to 4 million 

Ce Quantity ~—_ pounds per year of the products, plus chemi- 
AZ abrasives.____________________ 4,500 cal byproducts.* 

AZS refractories* ________.___------- 2,400 Zirconium compounds, natural and man- 

Other refractories ----------------- #0) ufactured, were used in refractories, abra- 
Glazes, opacifiers, colors___———~—-~---- 1700 gives, polishes, glazes, enamels, welding 

Total_.______________------ 10,500 =————— 
———— ee 2U.S. Bureau of the Census. Refractories. Series MQ- 
1Rxcludes oxide produced by zirconium metal produ- 32C, Quarterly, 1976. 

cers. 3Chemical Engineering. News Flashes - Joint Venture 
2Includes baddeleyite. Slated for Zirconium Products. V. 88, No. 18, Aug. 30, 1976. 
Fused cast and bonded. p. 55.
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rods, chemicals, and sandblasting. Zirco- Co., Inc., Penn Yan, N.Y., and relocated at —_— 
nium chemicals were finding increased ap- Penn Yan.‘ | . a 

| plication in the paint, textile, and phar- Hafnium metal, alloys, and compounds : 
maceutical industries. The operating assets continued to have few uses. The metal was 

| of Tizon Chemical Corp. in Metuchen, N.J:., used for nuclear reactor control rods, in | 
a manufacturer of fine zirconia-based pol- special refractory alloys, and in photograph- - 
ishing materials for the glass and electronic ic flashcubes. Nonnuclear hafnium metal : 
industries, have been acquired by Transelco — uses were reportedly increasing. _ 7 | 

| _ Table 5.—Yearend stocks of zirconium and hafnium materials | 
(Shorttons) OO 

Item 195. ~~ 
Zircon concentrate held by dealers and consumers, excluding foundries __-___________ 82,312 | 83,286 - 
Milled zircon held by dealers and consumers, excluding foundries _.________.____ 4,721 4498 — Zirconium: - - 3 

Ingo __ ~~~ ~~~ 222772222222 388 66 | 
Scrap _-_____- 191 146 Alloys ____- ~~ 851 «539 | 
‘Refractories _________~._--- 6,495 4,667 Hafnium®: _ oe | Oe 
Sponge and crystalbar ~__~_____ 45 — 40 

: Excludes oxide held by zirconium metal producers. 7 

| | PRICES — Bn 7 

Published yearend prices for standard sand containing less than 0.1% iron oxide. a 
grade domestic zircon declined from $257 The new prices apply to new contracts for | 
per ton (1975) to $150 per ton in 1976. Prices standard grades of zircon for 1977 delivery, 
for comparable Australian zircon were ad- with differentials for premium grade mate- 

_ justed downward approximately $25 per rial. These new minimum export prices are 
| ton. Prices for zirconium oxides were either generally $425 per metric ton below the 

unchanged or unlisted for the entire year. 1976 prices.® | 
The prices of zirconium chemicals and zirco- © At yearend 1974, the spot price for _ 
nlum sponge, powder, and hafnium metal, standard-grade Australian zircon was 
sponge, and nitride were unchanged. Zirco- around $A400 per metric ton free in Aus- 
nium sheet prices advanced slightly. The tralian Container Depot (FID). Prices rose 
baddeleyite prices furnished by Ronson rapidly in 1975 when a shortage developed : Metals Corp. were unchanged from those of owing to a sharp increase in demand by the » 
1975. Japanese steel industry for zircon-bearing 

The Australian Department for Natural adie refractories. 
Resources again reduced the minimum ex- | 
port prices of zircon sand in bulk, from “Ceramic Age. Transelco Acquires New Corporation. V. 
$A140 to $A115 per metric ton for sand 92, No.5, September October. 1976p. 5. + Minerals: A 

| containing 0.1% or more iron oxide; and, jneusna Ser Price Confirmed. No. 111. Decemn 
from $A150 to $A125 per metric ton for ber 196,p.9. ED



ZIRCONIUM AND HAFNIUM . | 1449 

| Table 6.—Published prices of zirconium and hafnium materials in 1976 | 

| Specification of material _ . Price 

Zircon: oe | | 
Domestic, standard grade, f.o.b. Starke, Fla., bulk, per short ton? ____§_..§_-§___/_ 2 -_____ $150.00 
Domestic, 75% minimum quantity zircon and aluminum silicates, . 

Starke, Fla., bulk, per short ton! _____=_~--- ~~ 5 90.00 
Imported sand, containing 65% Zr, c.i.f. Atlantic 7 

_ ports, bags, per long ton? ____._____________.u eee 135.00 
Domestic, granular, 30-ton lots, from works, bags, 
per short ton?__§ > Le $435.00—440.00 

Domestic, milled, 220-mesh, 18-ton lots, from works, bags, 
pershortton?____________ ee 490.00—495.00 

Baddeleyite imported concentrate:* 
96% to 98% Zr0e2, minus 100-mesh, c.i.f. Atlantic ports, . . 
per pound _________ ee 18— .25 
99+% Zr0e, minus 325-mesh, c.i.f. Atlantic ports 7 
per pound _______ ~~ eee 56— = .72 

Zirconium oxide:* 
Powder, commercial-reactor grade, drums, from works, 
bags, per pound___ ~~ 5 ee NA 

Chemically pure white ground, barrels or bags, works, 
a per pound _____.__ ee 2.22 

Lump electric fused, bags, 500 to 1,999-pound lots, 
from works, per pound ____.____.__________ eC NA 

Lump electric fased, bags, smaller lots, from works, 
per pound ~------~----~~~-~-- ~~ ee ee ee NA 

Milled, bags, carlots, from works, per pound __.—.__§___ ./§ ./» /»/ _______~-__~-~_i--_ ~~ NA 
Glass-polishing grade, ton lots, bags, 94% to 97% . 

Zr02, from works, per pound ____._. _____________._—~-~--___~ ~~ ee 1.11 
Opacifier grade, 3,300-pound lots, 85% to90% . 

_ . Zr0e, bags, per pound _________________--~--___-+----------------- . 81 
Stabilized oxide, 100-pound bags, 91% Zr02, milled, - . 

z per pound asd anions Bigg ag 1.57 
irconium oxychloride: Crystal, cartons, 5-ton lots, 
from works, per pound _____§_-~___ 515 

Zirconium acetate solution: . oy 
13% Zr02, drums, carlots, 15-tons minimum, from 7 
works, per pound________~_-____ ~~ eee 22 

22% Zr0e, same basis, per pound... __§__/ _ - __ ___-_______~~~--~~~ ee 38 
Zirconium hydride: Electronic grade, powder, drums, a 

100 to 990-pound lots, from works, per pound __________._.-_~____-~ ~~ 14.50— 16.00 
Zirconium:> 
Powder, per pound _____.__________________ eee 16.00 

: Sponge, per pound oe eee 5.50— 7.00 
Sheets, strip, bars, per pound _____—§_______..-_+--_--__-~-~ ~~ ee 10.00— 15.00 

Ae d | | | 75.00 ponge, per pound ___________________-_-----------~-------++----- . 
_ Bar and plate, rolled, per pound ______.__________-__-~~~-~~--~-~-~--~~----+- 120.00 
Nitrided, per pound _____________-_-------------------------------~ 34.25 

NA Not available. 
1%. I. du Pont de Nemours & Co. Price List (effective 1/1/77). December 1976. : 
2Industrial Minerals (London). World of Minerals-Australia- That Zircon Price Confirmed. No. III, December 1976, p. 9. 

(Effective 1/1/77). . . 
3Chemical Marketing Reporter. V. 210, No. 26, Dec. 27, 1976, p. 42. 
“Ronson Metals Corp. Baddeleyite Price List. Jan. 1, 1977. 
5American Metal Market. V. 83, No. 250, Dec. 28, 1976, p. 6. 

FOREIGN TRADE oo 

Exports of zirconium oxide increased in ly, below that shipped in 1975. The 1975 
1976 over those of 1975, while exports of value was an alltime high. The average 
zirconium ore and concentrate declined. value of the zirconium ore and concentrate 
Exports of wrought zirconium metal and _ exported in 1976, $295.29 per ton, represent- 
alloys rose in 1976 compared with 1975, but ed an increase of $40.21 over the 1975 
the other forms declined. Hafnium again average value. This increase was attributed 
was not exported. more to a larger proportion of higher-priced 

Zirconium ore and concentrate, exported granular and milled zircon shipped than to 
to 18 countries in 1976, decreased from the value of the zircon sand. The increased 
37,531,345 pounds valued at $4,786,779 in proportion of higher-priced zircon shipped 
1975 to 18,855,595 pounds valued at also indicates a return to the normal zircon 
$2,783,994. The quantity and value exported exporting pattern. The major recipients of 
decreased nearly 50% and 42%, respective- the exported zirconium ore and concen-
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trate were Mexico (48%), the Netherlands only 11% of the quantity and 52% of the 
(17%), Brazil (15%), Canada (12%), West value of 1975 exports. ° 
Germany (5%), and the United Kingdom Imports for consumption of zirconium 
(5%). | ores in 1976 totaled 64,643 short tons, a 61% 

Exports of zirconium oxide, which were — increase compared with 40,205 tons in 1975. | 

made to 29 countries, increased from The 1975 figure represented the lowest 
| | 2,832,128 pounds valued at $2,905,711 in tonnage of ore imported since 1968 (59,900 

1975 to 5,325,288 pounds valued at tons). Zirconium ore imported from the — 
$6,104,200 in 1976. Export quantity increas- Republic of South Africa is chiefly baddeley- 

ed 88%, and the value more than doubled in 1 (ZrO;) and, prior to 1974, was reported by 
1976. The five major recipients in 1976 were the Bureau of Census under a sng ee 
France, (29%), West Germany (22%), Japan ‘'Y isting bot Cen ane Vv ted d ore 
(15%), Canada (13%), and the Netherlands | oI now apparently also impo under a 

(10%). ) anket category that reports value only. 
Total exports of other cl of zirconium An estimated 2,000 short tons of South 

po asses Ol zirconlum A frican baddeleyite was imported in 1976. 
decreased more than 13%, from 2,649,694 | . . 

. . The average value of imported zircon at 
pounds in 1975 to 2,304,202 pounds in 1976. - . . oe , . ot foreign ports decreased slightly in 1976 to 
The value of this material increased about $212.44 per ton, compared with $220.72 in 

70% in 1976 to $43,808,525 from the 1975 4975, | | | 
value of $25,828,888. Of these classes, zirco- - Imports for consumption of zirconium 

nium and zirconium alloys, wrought, and and hafnium in 1976 increased both in 

| zirconium and zirconium alloy foil and leaf quantity and value in the following catego- — 
had increased in both value and quantity in ries: Zirconium, wrought; zirconium alloys, 
1975. However in 1976, only the zirconium unwrought and waste and scrap; and haf- 

and zirconium alloys, wrought class, in- nium, wrought. Imports for consumption 
| _ creased in both quantity and value. The decreased in quantity and value in the 

unwrought and waste and scrap class zirconium chemicals and zirconium oxide 
decreased 29% in quantity but rose 12% in categories. Hafnium in the unwrought and 
value. Exports of the foil and leaf class were waste category was also imported in 1976. : 

7 Table 7.:—U.S. exports of zirconium ore and concentrate, by country | 

| oe 1975 ] 1976 
Destination nn een 

- _ Pounds Value Pounds Value 

Argentina ________________________ 253,830 $70,855 393,919 $104,979 
Belgium-Luxembourg _______________=-= __ _- 100,429 4,218 
Brazil. = = 3,835,500 . 647,728 2,827,203 1,002,444 
Canada___ 5,241,872 864,061 2,347,886 358,507 
Colombia___________ ~~ __ __ 8,000 2,235 
Germany, West_____________________ 3,204 1,906 862,304 74,258 
Guyana_________________________- 38,803 700 __ __ 
Israel__________________________e 29,893 7,300 oe __ 
Italy... Le 120,000 20,520 __ _ 
Korea, Republic of _. $$$ _-._-___-______ _— 135,600 43,419 
Mexico 6,839,127 1,025,547 8,136,643 915,708 
Netherlands. _____________________ 18,999,028 1,888,890 3,210,689 200,821 
New Zealand _____________________ —_ _- 4,000 660 
Peru... 55,100 12,810 26,422 9,350 
Spain. ee 1,760,000 214,400 __ __ 
Taiwan______________ 53,651 4,970 __ _ 
Thailand $$» 5 ee __ _. 2,000 592 
United Kingdom ______-_--____________ 301,337 27,092 800,500 71,808 

Total_________________ 37,531,345 4,786,779 18,855,595 2,783,994 

' yr U.S. Government Printing Office: 1979—281-349/183
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_ Table 8.—U.S. exports of zirconium, by class and country Co 

. Country 1975 1976 

. 7 . Pounds Value Pounds — Value 

7 Zirconium and zirconium alloys, wrought: a 
Argentina ___._-_-__~-___-_~-~~--- _- _- . 9,427 $100,585 

. Australia_ ~~~ _-__----. 190 $2,610 | 382 4,474 
Belgium-Luxembourg ___.._..______-~- 74,596 2,437,387 © © = 117,251. 4,571,126 . 
Brazil ..-.__...-.---__-_--_----- 3,485 3,788 90 2,647 
Canada _-__-___~_____ 510,568 8,149,651 449,341 8,560,395 
France __.~_____-~_~__i. ~~~ --- 1,591 23,440 2,883 13,502 
Germany, West ____.______..---_-.- 439,237 5,003,535 599,480 8,388,128 
Italy. ee 3,518 218,863 2,756 102,078 
Japan... ~~ ee 190,252 4,107,343 536,634 13,077,686 a 
Korea, Republic of _. 9... ____ ______- 60 1,017 298 5,228 

. Netherlands ______..-....-__------- 106,200 846,936. 21,174 272,081 
Norway. ________.-__----~--~--~-- 2,285 46,347 _- _-— 
Portugal ___.________ ~~ ~_-------- 60 1,450 -- -— 
South Africa, Republic of _........._--- 1,621 14,819 - 102 846 
Spain __ ee _- -- 2,561 35,684 

. Sweden ________.-.__-___----~--- 153,508 1,231,877 108,820 1,629,181 
- Taiwan ~~~ ~~ ee a ~- 103,625 3,444,617 

United Kingdom ___._.~.__...---~-~- 106,482 999,011 85,859 1,191,755 

Total... 1,593,653 23,088,024 2,040,683 41,400,013 

Zirconium and zirconium alloys, unwrought . “ 
. and waste and scrap: - 
Babee ween nee ee 2,025 14,900 . ae — . 
Belgium-Luxembourg ____ ~~~ 1,218 5,518 9,177 62,404 
Brazil... -___-~-__----~----- 44 1,580 a — 
Canada _____________~-____---~--~- - 12,347 187,192 1,333 24,615 

| KEeuador __ 1 ee 11 - 2,250 _—_ _- . 
. France ___ =~ eee t—‘—S;t~sts=sC~SSBé«BITI| 273,268 _ §,951 69,299 

| Germany, West ______.._----------- | 53,907 349,321 36,682 - 378,525 | 
; Indonesia_—_—. ~~ ~~~ 3,042 7,747 _ a . 

Japan ee 52,226 209,146 8,190 76,001 
"Mexico -- ~~ ee 160 1,200 -— Bn 

Netherlands _____ _-.____-___--.---~- _— _- 35,991 419,012 
Norway. —.-______.--~--=-------- 558 7,034 ~~ _- 
Peru. ~~~ ~~ ee _— __ . 956 - 12,926 - 
South Africa, Republic of _....._..._-~- 506 _ 8,006 _— _- 
Sweden ___§___ ~~ eee 23,854 316,301 4,937 | 83,158 
Switzerland __..___._.-_-____-.--- : | a 1,132 10,188 
United Kingdom ___________.-_-~--- 43,129 261,966 74,142. - 708,554 - 

Total _________-___-_ ee 251,402 1,640,429 178,491 —- 1,834,682 

oo Zirconium and zirconium alloy foil and . 

~~” Belgium-Luxembourg ___________---~-- 4,374 82,488 5,393 97,119 
Canada _________ 12,864 208,529 12,317 256,782 

- . France _____---------_---------- -- _- 315 5,580 
Germany, West ____.__..__--_------ 3,912 22,083 488 16,155 
Ireland _______.~___~_ eee -eeeeti 133 4,853 — -- 
Italy. - 2 LL 2,243 48,490 _- _- 
Japan... 773,184 651,863 61,299 61,299 
Netherlands ______....-__-_.--~---- 4,509 17,134 es -— 
United Kingdom ____~___~-_-_.-__----- 3,420 64,995 5,216 136,895 

| - Total .~_________---_-__ 804,639 1,100,435 85,028 573,830
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| Table 9.—U.S. exports of zirconium oxide, by country | 7 

Count 1975 1976 
Ny Pounds Value Pounds ~ Value 

a Argentina ____ ~~~ ~_ 48,523 $54,385 146,431 $166,392 a Australia. . 1,493 1,000 5,227 5,048 = Austria __ 2.2 —- wo —_ 100 806 oe Belgium-Luxembourg __._______________ 5,580 6,839 5,396 - 6,927 & . Brazil _____ 22 Le 122,000 129,876 215,022. 238,700 : Canada _______- 2 933,608 634,349 671,495 449,904 Dominican Republic __ 2-2. 400 750 —_ _- France ____ ~~~ 1,232,173 1,561,435 1,562,642 - 3,097,169 Germany, West -__.._________________ 40,593 49,357 | 1,184,289 533,140 Greece ____ 2 -- -- - 1,000 1,553 Hong Kong- ~~» 5-5-5 5 ee _- _- 3,170 6,249 India __--_-__________ _- . _- 1,000 8,005 Ireland __-______-_~_______ = -- —_ 408 se 2,752 Israel _. 2 2 5,299 4,712 1,350 2,442 Italy._-_-_-__~_-- 96,579 120,707 4,843 - 8,591 Japan __-__ ~~~ 47,450 52,819 796,994 822,740 . Kuwait _.-_-2 2-2 _— —_ 300 552 Mexico __________~___ 97,784 95,641 145,202 148,415 Netherlands _________~_____________ 56,487 72,451 523,278 ~ §01,700 . Norway_____--_--_--___~_ -- —_ 6,615 _ , 27,965 Portugal __-_ 2 _- — 100 2,374 Saudi Arabia __--._-_- == ~~ 1,000 . 1,500 — _- South Africa, Republicof _.______________ 94 782 1,462 6,142 Spain __--_-___-___ __ _. - 13,331; - - 22,409 Surinam ____________- 618 1,500 ~- —_ Sweden ________________ 23,520 22,167 - 999 — -§22 Switzerland _-.-._-. ~~ _ 200 1,476 5,178 _ 4,815 Taiwan __-______~________ 250 : 1,200 200 : 3,108 Trinidad and Tobago__._$________________ Le _- . 180 2,482 United Kingdom __________________ 118,043 92,165 27,244 33,372 Venezuela _____- 2 - 484 600 2,000 — .. 2,976 Yugoslavia. __--$_-___ ~~ -- -- 2 : 2,500 OE 
Total _-______ ~~ 2,832,128 2,905,711 5,825,288 = = 6,104,200 

ene 

oo Table 10.—U.S. imports for consumption of zirconium ores, by country 
\ | To CT eee praesent 

. 1974 1975 1976 

Count: Quantity Value Quantity Value Quantity Value . "y (short (thou- (short (thou- (short - — _ (thou-. 
tons) sands) tons) sands) tons) sands) 

Australia __- $$ 2§$ $2 § 2 ek 59,747 $6,031 36,114 $7,602 62,604 $13,230 
Canada’ ________________ 1,054 90 377 61 2,014 492 Christmas Island ____________ — — _- — 25 10 India ~-_-_~__~_ ee __ _— 2,756 894 a) 1 Malaysia _-_-______________ 1,142 188 - 440 82 _- — Mozambique _____--_.________ -_- a 22 10 -_- — South Africa, Republic of _______ 7 1 496 225 _ — Thailand _-_-_-___________ 554 88 _- -- _- _— . = 

Total _._____ 62,504 6,398 40,205 8,874 64,643 13,783 
A 

Believed to be country of shipment rather than country of origin. 
2Less than 1/2 unit.
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Table 11.—U.S. imports for consumption of zirconium and hafnium, 1976 

Zirconium, wrought: 
France —___-___ 169,827 $1,758,717 : Germany, West ___________ rt 3,961 40,186 
Total Wan nnn nae nano a 2-22-75 - +--+ 2-2-2888 173,788 1,798,908 

Zirconium, unwrought and waste and scrap: 
. Canada ___--___ = 102,749 . 99,742 France ——-_—-__ 20,916 11,281 | Germany, West ~------ ++ 120,390 183,907 Japan ——_____ 492,583 2,786,938 Sweden oy yr He ee 14,335 55,849 United Kingdom ------- 37,183 43,259 

Total. _ ee 788,156 3,180,926 
Zirconium alloys, unwrought: | . a France —___-_--- 29,457 339,625 | United Kingdom _______ rt 5,000 9,319 

Total —_~_-____--___-- ee 84,457 348,944 7 
Zirconium oxide: 

as France ~ ee - ~~ ee 56 630 Germany, West ~ + ee 2,252 10,299 _ ‘Switzerland _____ =e 181 8,084 . | United Kingdom _____ rt 41,889 38,546 p USSR —-_ 88,096 __ 108,609 | 
| Total --___-_-_ 132,474 166,168 — 2 «106, 168 

Zirconium compounds: oe _ Australia —___- 396,986 40,757 France _______ 146,398 92,558 | Germany, West -________ 1,945 30,347 Netherlands _____________ 3,161 2,696 7 : South Africa, Republic of _________ > 269,490 68,760 | | Switzerland __-_— rt 11 536 _ United Kingdom ______ rt 1,010,817 917,841 : 
Total ___________- 2 1,828,758 1,158,495 Hafnium, unwrought and waste and scrap: Japan ~- 59 «A745 Hafnium, wrought: Singapore ---- 3,211 25,527 | 

: a WORLD REVIEW 

: Australia leads the world in production of 1976, of mineral sands (zircon and rutile) . zircon, which is recovered from sand mining from Fraser Island, which lies off Marybor- _ Operations along its eastern coast (68%) and ough on the Queensland coast.* This export ‘in Western Australia (82%). Production of ban would effectively end mining on the Zircon, a coproduct of rutile in east Austral- island. The company most affected by the - ia, is expected to remain relatively con- decisions was D. M. Minerals (DM), whose | ;  Stant due to lower grades and reserves cou- processing facility was entirely dependent : pled with persistent environmental prob- on the island’s raw material. The other | lems. However, substantial zircon reserves company, Queensland Titanium, Ltd., was . _ with coproduct ilmenite have been located ess seriously affected since its mainland - “ii Western Australia that, when fully de- processing plant was also fed by other sand ° Wloped, will assure Australia’s continuing operations. DM is a joint-venture of the role in the world zircon markets. U.S.-owned Dillingham Corp. and the Aus- Zircon sand is also produced in Brazil, the tralian Murphyores Holdings; Queensland People’s Republic of China, India, Malaysia, Titanium is a subsidiary of NL Industries. _ the Republic of South Africa, Spain, Sri The Canadian Ionarc Smelters, Ltd., its ' Lanka, Thailand, and the U.S.S.R. subsidiary, Ionarc/TAFA Inc., Bow, N. H., Baddeleyite is produced in the Republic of and Associated Minerals Consolidated, Ltd. South Africa and Brazil and also is found in (AMC), have formed an operating company east Africa, Sri Lanka, and the U.S.S.R. to produce zirconium dioxide directly from Australia.—The Federal Government AMC’s zircon, using JIonarc’s unique acted to implement the recommendations of ~Gndustrial bin rals (Landon). World of Minerale: A the Fraser Island Environmental Inquiry by tral Ialand Sand Bar. No it Dosw. ber 1976. prohibiting exports, effective December 31, pp. 9-10. . * No. II1, December 1976,
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| Table 12.—Zirconium Concentrate: World production, by country’ 

| oe - Ghort tons) , 

Country 1974 1975 1976" 

' australia -_---------------------------------- 405,399. 421,292 461,227 
Brazil: $= = - 2,776 3,224 3,300 

India®._____._____----_---~-----~------------------ 11,400 11,400 11,400 

Korea, Republic of _ -___------------------------------ 
44 re22 oe 

Malaysia? ______--_--------------~----------------- 
.- 8,085 11,417 3,449 

South Africa, Republic of _____-_------------------------ "13,2038 12,780 12,408 

Sri Lanka _____-_-_-_-_------------------------------ 
23 43 . 11 

Thailand ___----_--------------------------------- 2,207 AQ 61 

United States TITITITITITTITTTTIT TTT TTTTTTTTTTTTT wh OW 

. Total__.------------------------------------ 438,087 460,600 491,851 

*Estimate. Preliminary. ‘Revised. .W Withheld to avoid disclosing individual company confidential data. 

. ‘No data are available on production, if any, within the centrally-planned economy nations, nor is there any basis for 

the formulation of reliable estimates of output levels. Cee 

. . *Exports (production not officially reported; exports believed to closely approximate total output). . 

plasma-arc technique.’ AMC also establish- magnitude capital cost estimates and oper- 

ed a zirconium silicate opacifier plant at its ating cost estimates. | 

| Southport works near Brisbane.* The plant Sierra Leone.— Sierra Rutile, Ltd., par- 

planned to treat zircon from its Dunwich | tially owned by Nord Resources Corp., was 

| operation on North Stradbroke Island. In proceeding with development of its mineral 

another action, AMC merged with Western sands deposit at Gbangbama, after receiv- 

Titanium Ltd., a fellow member of the Gold ing Government assurances on tax and 

Fields Group.? The two companies have a fiscal matters and of future Government ' 

, combined production capacity of 170,000 participation in the project.* Production 

tons of zircon per year. i, engineering studies were being completed 

_ In Western Australia, Western Titanium and mining equipment orders placed. The 

completed its mineral sand mining and mining project was to be financed in partby __ 

concentration. complex near Eneabba on 4g $9 million loan from the Export-Import 

schedule and started plant commissioning.” Bank of the United States. 

| Shipments were targeted at year end from In another mineral sands venture, Bayer- 

: its yet incomplete handling facilities at the preussag Mining Group of West Germany 

| port of Geraldton. The cost for this complex phrought a pilot plant for recovering rutile 

| was estimated at $18.5 million. The AAR onstream at Rotifunk. The trials should 
group has taken a 50% interest in the’ show whether the sands containing rutile, 
holdings of International Nickel Australia ilmenite, and zircon can be mined and 

in its Eneabba mineral sands prospect,” processed economically.’ The deposit is ca- 

ane Nene or Sands 14" resumed ne pable of supplying the entire 50,000 tons per 

Se ng eeea te Yoganup beach sand Year Of Tutile consumed in West Geemany. 
deposit." ’ South Africa, Republic of.— The R250 

aan la desh.—A feasibility study, includ- million needed for the new mineral sand 

. giadesh.—. wDLNY Y» project at Richards Bay in Natal has been 
ing the calculation of ore reserves, assess- 

ments of likely products, market studies, 7Mining Journal (London). Zirconium Dioxide / 

preliminary process definitions, and on ment. V. 286, No. 7887, Apr. 2, 1976, p. 269. 

studies of beach sand deposits, near Cox’s Industrial Minerals (London). World of Minerals: Aus- 

Bazaar, was to be made by the Austral- Ne. 10, Novensber 1976, oi TMereer 

ian Mineral Development Laboratories ®Work cited in footnote 8. 

(Amel ii Mage en. hg nm 
Canada.—AMAX Incorporated and On- August 1976, p. 155. pow ie Oe 

; i Industrial Minerals (London). Co N d 
tario Hydro abandoned, as uneconomic, 44,51 Notes. No. Te. an ndon EL mpany News an 

plans to construct an integrated plant 12Buropean Chemical News. ECN Newsdesk— News- 

(zircon-sponge metal-semifabricated pro- briefs. V. 29, No. 752, Sept. 10, 1976, p. 8. 

ducts) after an exhaustive study. The pro- ing Nowe Brite 7-17,No®, August 1976p 128, Min- 

ject had the backing of experienced metal ‘Couch, G. R. Zirconium— A Nonprofit Metal Again in 
producers and major customers.?* re. Eng. and Min. J., Vv. 178, No. 3, March 1977, pp. 141- 

India.— Amdel, in another sand project, 15Work cited in footnote 13. 

was to define a process for a mineral sand Le engineering and Mining Journal. In Africa— Sierra 

operation in Kerala State.* The project, on one. Ve io, 2, February teas PSompany News and 

the Arabian Sea, was to include order-of- Mineral Notes. No. 107, August 1976, p. 51.
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secured, and the export of minerals is sched- slated largely for export. The deposit was 

uled to begin in 1978.1* The project is being said to have reserves for 30 years of oper- 

developed by Tisand (Pty.) Ltd. and ation. — 

Richards Bay Iron and Titanium (Pty) Ltd. Sri Lanka.— Amdel was to provide plant 

Share capital is held by Quebec Iron and _ specifications, selection of tenders, on-site 

Titanium Corp. (QIT) of Canada (40%), supervision, and general consultation for a 

Union Corp. Ltd. (30%), Industrial Develop- major plant expansion program of the coun- 

ment Corp. of South Africa (20%), and a __ try’s beach sand operations.” | 

local insurance group (10%). Tanzania.— Feasibility studies were un- 

FE eee erat lecated near Mowava on the southeastern sands concentrated in an 11-mile strip of located near ara on the southeastern | 

dunes, north of Richards Bay, began during coast.21 The Titanium State Mining Corp., 

1976, with full mine production scheduled which made the announcement, described 

for late 1977.1* Zircon production, estimated similar deposits found at Pemba Island and | 

at 115,000 tons per year at full capacity, was Bagamoyo, north of Dar es Salaam. - 

| TECHNOLOGY 

Bureau of Mines research efforts were that shells with a fused calcium stabilized 

directed i octe toward recovering heavy minera's, zirconia t innervace gave “hat appeared to Be | 

including zircon, from ores and waste satisfactory castings. To date, o 

- materials; alternate methods for zirco- nonmetal-faced shells (oxides, silicates, car- | 

‘nium/hafnium separation; zirconia in tita- bides, and silicides), only those faced with 

nium and TZM (Mo-0.5Ti-0.08Zr-0.015C) fused stabilized zirconia were capable o 

castings, and developing improved ceramic containing molten TZM without serious | | 
and optical materials. In heavy minerals mold-metal reaction. The improved cera- . | 

ore research, the Bureau, in cooperation mics materials research concentrated on 

with Tennessee Valley Authority geologists, developing sialons and zirconias suitable for | 

investigated the feasibility of recovering aE ene, combustion and urna 
zircon and titanium-bearing minerals from 8 Operations. lhe effects of varlous addi 

' the Snowbird Formation in Tennessee. aves an selected physical propenes such | : 

Samples from gold dredging and sand and 48 ardness, sintered density, a rasion re- 

gravel operations in northern California sistance, and Poros ty, were irae rere 
were also studied, and physical benefi- ‘Y determined. “Ambient dala In c 

ciation schemes were developed for concen- *@™ e-earth-doped sialons have very high : 

trating the heavy minerals from selected mod ree values, and . the rare: | 

localities. Recyclable zircon concentrate earth-doped, calcium-stabilized zirconia ex- 
and zircon-periclase mixtures were reclaim- hibited superior abrasion resistance. A con- 

ed from steel foundry sands and investment tract. was also let for investigating the 

casting wastes. The studies on alternate calcia stabilized zirconia-alurina eee as 

methods for zirconium/hafnium separation a potential refractory in Coal gasilicalion | 

have delineated a new solvent-extraction P ccostr. ot os yore was ae emphasize 

process that uses nontoxic eagents and rea- system after | hie ti P to te Sat m 

gents that are less flammable than those system T su yection mperatures as 
used in presently practiced methods. This high as 1,300° C for up to 2,000 hours. A 

technique also appears to create fewerenvi- 1s | ; 

ronmental provers. Two additional meth- guess" Bis Group to Buy & Avcan Slag. V. 2, No. TEL 

or solubilizing and separating zirco- “©p%, (vt) P.© 

nium and hafnium, after an alkaline fusion gous “Seria! Wheres, GQuted for Richards Bay. No. 
technique, were also under consideration. 107, August 1976, pp. 11-12. —— 

ce i te tore a 
t he t ” bo ood ‘th zi ona vcctate a1 d Mineral Notes. No. 101, February 1976, p50.” wee 

voupled with either zircon or olivine sand, Highlights V.2Ne® Soplmber 91672. with either or olivine sand, . V. 2, No. 8, r 1976, p. 29. 

gave satisfacto titanium cast How- age 17 of work cited in footnote 22. 
8 ry wt Ings. Georgia Institute of Technology (Atlanta, Ga.). Invest- 
ever, whether castings were of aircraft  igation of the  Calcia Stabilized Zirconia. Alumina System. | 

quality was still to be determined. Prelimi- BuMines § rea sion of Metellarey, Burea Ne Mine, 

nary results on the TZM castings indicated Washington, D.C. wrey, owes “



| 1456 MINERALS YEARBOOK, 1976 

report on the continuing optical-materials mal attack and temperature were required. 
' research detailed preparation of spectrally Life tests on extrusion dies, an important 

| selective solar absorbers by depositing a use for fabricated zirconia products, indicat- 
| semiconducting film on a reflective base.** ed that this ceramic outlasted conventional 

Zirconium compounds with the general for- dies. Other works on high-performance ce- 
mula, ZrC(x)0(y)N(@), or similar titanium ramics on another PZS and an Al,0s-Zr02 

_ compounds or pure silicon were applied material were also published. In the PZS 
| over a silver Pina: Recent work has revealed research, finely divided yttria-stabilized zir- 

aha Oe ne solar ’ he "Puen conia powders were fabricated into speci- 
tance ppreciably increasing mi- mens by die-pressing, extrusion, ‘and slip- 

* . aa: . casting methods, and tested for flexural 
A generalized flowsheet and discussion of ? . ae 

the Richards Bay, Republic of South Africa, fTonev." The investigation showed that 
mineral sands mining and ilmenite smelt- Bross pores present in untir spec: 
ing complex was summarized.** This sum- ™°?® varied with fabrication procedures 

| oS mary covered the entire operation from the and persisted h the nt ed Re ees 
mining by two dredges to the final ilmenite. /¢ appeared that the ultimate flexural — 

| smelting process. Included also was the ‘trength of extruded and pressed specimens 
separation scheme for recovering zircon, Were limited by residual coarse pores near 
magnetite, ilmenite, and rutile concen- the surface. However, the pressure-cast 

trates. The dredge fed a primary Reichert SPecimens, with no apparent internal pores 
| cone concentrator floating plant followed by larger than grain, exhibited unusually high 

conventional wet and dry mills, high- flexural strengths. This research should 
intensity magnets and tension separators, improve the conventional fabrication of 

_ and spirals. This article covered all facets of these new high-performance ceramics. In 
o the project, including the history, metallur- the Al1,0;-Zr0. study, the fracture toughness 

gical investigations, financing, mining, con- of Al.0; was increased considerably by dis- 
: centrating, smelting, markets, services, and persing a second phase of unstabilized 
\ environmental planning. A more detailed zirconia particles.s? The toughness of these 

treatment of the Richards Bay beach sand materials was found to increase when uni- 
project was offered in another article.” A form, evenly dispersed Zr0. particles with a 
brief state-of-the-art article on wet gravity diameter slightly greater than a theoreti- 

! seperation used oxtonyeD ats quneral cally determined critical particle size were 
Sands processing, was published.” The arti- added. This concept of using unstabilized 
cle cataloged recent advances in high-feed- 7;0, inclusions should be applicable in 
densities and high-capacities, improved toughening other ceramics. _ 
pumping and instrumentation, which have —_—_ Phase relations and thermal expansion in 
provided the new tools necessary for design- the system Hf0.-TiO. were investigated in 
Ing 1 “Mo, , compact er avity ore rae the 0- to 60-mole-percent Ti0. region using 
Bartles 1 belo "IB m ‘ec vometeca a vith a X-ray diffraction and differential thermal 

throughput capacity of 4 to 6 tons per hour, analysis, melting point studies, and dila- 

“A comprehensive study dealt with the y.eBlckeleyey, RR L. Unga, and D,K.Deadortt ce an ce - 
role of thermal plasma techniques in meet- nium and Zirconium Nitrides. BuMines R I 8167, 1976, 30 

ing the future demand for new raw mate- reengineering and Mining Journal. This Month In Min- 

rials.2° The study, advocating electric power ing - “Mining of Mineral Sands Will Begin in 1977 at 
economy, discussed the thermal funda- South Africa’s Richards Bay. V. 177, No. 6, June 1976, pp. 

mentals of thermal processing, including 27Mining Magazine (London). Beach Sand Project for S. 
reaction models and heat transfer analysis, Biola 135, No. 5,  ehenber 1976, PP. ets. vest F 

: ® © ee an Oo . 

as well as different types of reactors, their cuses on Gravity Separation. V. 177, No. 6, June 1976, BP. 
construction, and several successful applica- 23],232. 
tions. An application of particular interest, net, C. Thermal Plasma Processing. Chem. Eng. 
the plasma dissociation of zircon to zirconia, rTadastzy Weck. Beorting Teheoltciee V. 189, No. 6, 
was included. May 10, 1976, p. 24. 

: “73 . . S1Ruth, P. H., J. S. Reed, and A. W. N . Fabrica- 
A partially stabilized zirconia (PZS) cera- ...'ana'Flexural Strength of UitrefineGrained Viiria. 

mic material of unusual properties was Stabilized Zirconia. Bull. Ceram. Soc., v. 55, No. 8, August 
developed.*° The new, high-performance ce- Tee. Te TEL. Facture Toughness of Al0s with 

ramic reportedly would have great poten-  Unstabilized Zr0 Dispersed Phase. J. Am. Ceram, Soc, v. 
tial where toughness and resistance to ther- _ 59, Nos. 1-2, January-February 1976, pp. 49-51.
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-  tometry.*? This work, in a system of compo-__ rials, such as dispersion-strenghthened al- 
sitions with extremely low coefficients of loys and directionally solidified eutectics, 
thermal expansion, related this desirable Will be used to increase the operating life of 
physical property to microcracking. Re the new gas turbine engines. These nickel- 

fractory oxide-metal eutectics were identi- based superalloy 8, large consumers of ZN CO- 
fied and tabulated in a study along with num and hafnium, are presently being 
those reported by other i ticators.™ subjected to increasingly more hostile envi- 

repo y r investigators.” +onments; research is being conducted to- 
These oxide-metal composite structures ward improved high-temperature coatings 
formed by directional solidification of eutec- to permit burning cheaper liquid fuels de- 
tic systems show promise for use in high- rived from coal or, if possible, gaseous fuels 
temperature structural materials, owing to from a fluidized bed reactor. Research in 
the additive properties of the oxide and this area was highlighted in a review 

metal phases present, and in electronic article*. Test data presented show that 

application where the highly directional Plasma-sprayed zirconia-based ceramic 
properties of the structures can be utilized. C@tings, on suitable bond coatings, provide 
A report presents the experimental results 2" effective thermal and/or protective bar- 

on the photochromic effect in iron-doped cles (or nicke! base alloy 5 en ers at 
. . eleva mperatures up , were 

PLZT (lanthanum-modified lead zirconate- most encouraging. Several new aluminum 

titanate) ceramics, a new class of fer- and titanium high-performance aircraft al- | 
roelectric materials with high optical trans- Joys were developed, including several 
parency in the visible light region and promising, high-strength aluminum powder 
strong electrooptics.** Considering the re- alloys.** These alloys, all containing zirco- 

sults, a mechanism for the effect was pro. nium, showed increased tensile properties | 
posed in terms of a photoinduced charge. while retaining excellent corrosion resist- : 

transfer process between the doped impur- ance, fatigue resistance, and toughness. A | 
ity atoms. The photochromic effect in trans. 2°eW hou: of co nn oi ine Hehe 
arent ceramic materials may lead to new ®™Orphousor glassy alloys, oltering Light: | 

types of applications, including optical weight, high sirens ane excellent aon 
. . ness, were produced in pilot quantities. OO 

memory and display devices. . . Hafnium-nitride-coated tungsten carbide | 
A new approach was outlined to invest- ytting tool inserts were undergoing exten- 

__ ment casting (a large zircon sand and flour give field tests.* Preliminary results show- 
consuming industry) which would result in ed that hafnium nitride, with its high 

more pieces per mold, lower pouring tem- temperature hardness, appeared to last 
perature, less poured weight per part, and twice as long as titanium-nitride-coated in- 
higher metallurgical quality, all at reduced _serts. | 
costs. ** The new approach uses a vacuum to ~~ | 
draw the molten metal into the bottom of a Pate ee, G, WY, Hollenberg ee paris, andy * 
mold instead of the conventional top pour- System Hide TiO, J. Am Ceram. Soc. v. 59, No. 11-12) | 

ing method. StBriggs, J, and P. E. Hart. Refractory OxideMetal 
Work on producing zirconium and haf- Butectics. dm. Ceram. Soc., v. 59, No. 11-12, November- 

nium by reducing oxide ores was described — *"Tanaka, KY. Hamakawa, K. Wakino, and M. Mure- 

in a recent patent.” A mixture of finely {¢,Pheoshromic Bit in Fe-Doped P21 Corsini J 
divided ore, sodium hydroxide, and sugar 1s _ 1976, pp. 465-469. 
heated toa predetermined ignition temper: Metals, improves Properties. Matar. Eng, Ne 
ature, and the reactants flus an i October 1976, pp. . 

with water to preferentially leach the waste Ragucion. US. Pat. 81a 8, Apr 6 1916. Metals Ore 

chemical compounds. This residue is then ock, J. A. Improving ine Performance with 

leached with hydrochloric acid and ahydro. November191pp.761, 
carbon solvent, boiled again with water, and craft, Engine Matcral. Mater. Eb, Head New Air: 
subsequently flushed and dried. This puri- 1976. PP. 28. mneering. Metal N Glossy All 

fied material is then smelted to a com- org Light and Sirona V8 Nod L sory oe Alloys 

mercial-grade ingot or powder. fee ium Nitride Coated Inserts Show Long 
Advanced refractory superalloy mate News, v. 88, No 165, p. 3. Metal Market/Metalworking .



. . . . e



Minor Metal 
| By Staff, Division of Nonferrous Metals : 

~ CONTENTS | | 

Page Page 
Arsenic. ________________-_~ 1 Scandium _________________ 8 | 
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| ARSENIC: | 

Legislation and Government Pro- — Domestic Production.—Arsenic trioxide 
grams.—The Occupational Safety and (As.O;) was produced domestically only at | 
Health Administration (OSHA) accepted the Tacoma, Wash., copper smelter of 
written comments until July 23, 1976, and ASARCO Incorporated. Production data 
held an informal hearing on August 24, cannot be published. Compared with the 
1976, to receive oral testimony regarding an 1975 figure, output declined 14%, ship- 
economic and inflation impact statement ments were 5% lower, and stocks advanced 
prepared by OSHA on the proposed stand- 1%. Production of arsenic metal, begun by 
ard for occupational exposure to inorganic ASARCO in 1974, continued in 1976. : | 
arsenic. These written and oral submissions Consumption and Uses.—Apparent con- 
were to be used in conjunction with infor- Sumption of arsenic, essentially all as white 

mation supplied at 1975 hearings to promul-. 4rsenic (AsO), was substantially less than 
_ gate emission standards. in 1975. 

An in-depth study for the Environmental The use of chromated copper arsenate 
Protection Agency (EPA) assembled and (CCA compounds) in 1975, the latest year 

interpreted comprehensive information on °F which data are available, was 7,938 tons, 
arsenic and its compounds and the effects of 2 increase for the eigth consecutive year. 
these substances on people, animals, and Consumption of fluor chrome arsenate phe- 
plants.? Another study for EP A assessed the ol (Wolman salts and osmosalts) continued 
role of arsenic and its compounds in the to decline; with 584 tons consumed in 1975. 
environment and in the economy of the Data on consumption of other arsenic com- 

United States and evaluated the "need for pounds, such as calcium and lead arsenate, | 
and the projected effect of controlling its °200t be published. Small quantities of 

,_ Proj te as ving high-purity arsenic were used in the manu- 
production, use, dissipation, and emission.® 

The Puget Sound Air Pollution Control 1 Prepared by H. J. Schroeder. physical scientist. 
Agency (PSAPCA), in February, granted a ecqnational Research ‘Council National Academy of 
5-year variance from the State of Washing- SBucn, RP. Je ae , : _ R. P., dr. and D. H. t. Technical and ton air quality standards to ASARCO Incor- Microeconomic Analysis of Arvenie and its ‘Compounds 
porated for operation of its Tacoma arsenic-  ¢¢r'National Technical Information Service” Springfield, 
producing facility. Va., PB 253980. 
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: | facture of gallium and indium arsenides for from West Germany; and all of the arsenic. 

semiconductors. sulfide (550,273 pounds) was received from 

| Prices.—The price of refined white arse- Sweden; 37,478 pounds of sodium arsenate | 

nic, 99.5%, at New York docks, quoted at 20 came from the United Kingdom, and 1,684 

to 283 cents per pound at the start of 1976, pounds came from West Germany. Of the 

| decreased to 20 to 21 cents per pound on 80,831 pounds of other arsenic compounds 

December 6. Refined white arsenic at Lare- imported in 1976, 77,161 pounds came from 

do increased from 16.5 to 17 cents per pound. France, 3,393 pounds came from the United 

on August 8, 1976. The price quotation on Kingdom, 165 pounds came from Switzer- 

arsenic metal at Tacoma advanced from land, and the remaining 112 pounds came 

$1.60 to $1.75 per pound on April 1, 1976. from West Germany, the Netherlands, and 

Arsenic metal was quoted in £ London at Japan. | 7 

£ 2,175 per metric ton with advances to Arsenic metal imports totaled 288 tons, 

£ 2,400 on April 14, to £ 2,550 on July 15,to only one-half the 1975 level. Sweden sup- . 

£, 2.750 on September 30, and to £ 2,950 on plied 269 tons, Canada 13 tons, and West 

| - December 16. | Germany 4 tons. Smaller quantities were — 

Foreign Trade.—Imports of white arsenic received from Japan, the United Kingdom, 

slumped to only 35% of the 1975 level owing the N etherlands, and Belgium- Lux- 

to negligible imports from Sweden, histor- embourg. 

ically the principal supplier. Mexico became Tariff.—Arsenic oxide (white arsenic) en- 

the dominant supplier of white arsenic ters the United States duty free. A duty of 2 

imports, accounting for 89% of the total. All cents per pound was applicable to arsenic. 

of the arsenic acid (39,628 pounds) came metal. | 

| Table 1.—U.S. imports for consumption of white arsenic (As.0;) content, by country 
ns 

} | 1974 1975 1976 

Country Quantity Value Quantity Value | Quantity Value 

(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 

— Belgium-Luxembourg ____--~--------- __ _- __ _- 1 $1 

China, People’s Republic of ____.__-~--—-- __ _- _— _- 2 1 

France ___________-__-_---------- 480 $90 595 $261 462 163 

- Germany, West _______------------- __ _- 6 5 (*) 4 

Mexico ____________.--__--------- 6,185 1,034 3,174 913 3,798 1,354 
Peru___________-__-~-~--------- 24 1 66. 11 __ __ 

. South Africa, Republic of _.__.-_------- 145 29 _— _— -- _- 

South-West Africa, Territory of _.___---—-- _- __ 970 252 _- a 

Sweden____ ee 6,889 1,284 7,172 2,973 3 4 
Switzerland ____________---------- __ __ 30 11 __ oe 

United Kingdom TTTTTTTTTTTTTTT 9d
 

Total __________---_--------- 13,742 2,449 12,013 4,426 4,262 1,528 
ee 

1Less than 1/2 unit. 
| 

Table 2.—U.S. imports for consumption of arsenicals, by class 

(Thousand pounds and thousand dollars) 
I 

® 

1974 1975 1976 

Class ee 

Quantity Value Quantity Value Quantity Value 

| White arsenic (As2Os3) _______--_--------- 27,484 2,449 24,027 4,426 8,524 1,528 
Metallic arsenic___________-_---------- 1,414 3,651 966 2,716 575 1,735 

Sulfide ____________---------------- (2) () () () 550 110 

Sodium arsenate ________._------------ 266 52 1 5 39 17 

Arsenic acid ___________-------~------ __ __ () 1 40 67 

Arsenic compounds n.e.c. _ __ --~--~--------- 85 55 152 90 81 57 

en 

1Less than 1/2 unit.
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Table 3.—White arsenic (arsenic trioxide):! World production by country 

a (Short tons) oe | 

Country? 1974 1975 1976" 

Brazil ___________------------------------------------- r20 4 0 
Francee___ = eee e+ 9,000 ~~ 9,000 — 9,000 
Germany, West ___________------------------+-----~----+~---- 401 ©440 “440 
Japan _______-_--__-_-_____~_-_---~-+-+-+---+--+---~--------- 213 66 . 66 
Korea, Republic of _________-___-_-__----------~-------------- 18 re110 182 
Mexico ______________________________- +--+ --- 10,477 ° 6,747 4,591 | 
Peru________ eee +e 2,175 1,461 870 
Portugal ________________-_---_------------------------ 290 282 306 
South-West Africa, Territory of _._._______-_-.---_-----------~--- 7,319 7,345 7,700 
Sweden _____________________--_------------------------ | 716,190 12,884 7,994 
USSR®_-- e+ +++ 8,050 8,100 8,160 

United States _________~---------------------------------____W WW 
Total... e553 46,449 89,919 

ee 
€Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
Mncluding calculated arsenic trioxide equivalent of output of elemental arsenic and arsenic compounds other than 

white arsenic, where inclusion of such materials would not duplicate reported white arsenic production. . 
2In addition to the countries listed, Austria, Belgium, the People’s Republic of China, Czechoslovakia, East Germany, . 

Finland, Hungary, Southern Rhodesia, United Kingdom, and Yugoslavia have produced arsenic and/or arsenic compunds 
in previous years, but information is inadequate to make reliable estimates of output levels. : 

3Qutput of Tsumeb Corp. Ltd. only. | 

Technology.—Results of a study to deter- acid plus sodium cacodylate, arsenic triox- - 

mine any potential arsenic contamination ide, and arsenic pentoxide — on the survi- 

of a proposed reservoir by geothermal val of exposed meadow katydids. Life ex- 

springs were published.‘ The study conclud- pectancies were reduced to less than 10% of 

ed that the effect of the arsenic on the water unexposed populations by levels above 5 

quality of the reservoir would be minimal. micrograms of arsenic per gram dry weight | 

' Research was reported on the effect of in dosing formulations.* . 
| four arsenicals — cacodylic acid, cacodylate | 

| | CESIUM AND RUBIDIUM® - | 

Domestic Production.—There was no compounds, and electronic apparatus such 

domestic production of cesium- or rubidium- as scintillation counters, photomultiplier 

bearing minerals during 1976. Cesium and tubes, and photoelectric cells. Cesium, ru- 

its compounds were produced from import- bidium, and their compounds can be substi- ° 

ed cesium ore (pollucite). ALKARB, a resid- tuted for each other in some end uses. | 

ue from the processing of lithium ores in While there were no large-scale commer- 

previous years, and lepidolite were the cial uses for cesium, cesium metal and 

sources of domestically produced rubidium compounds have been used in experimental 
and its compounds. magnetohydrodynamic (MHD) power gen- 

Total production of cesium and rubidium erators. If MHD electrical generation is 
chemical compounds increased 13% and successfully developed, demand for cesium 

20%, respectively, compared with 1975 le’ may increase. | 

vels. No production of cesium or rubidium Prices.—The American Metal Market 
metal was reported, but small quantities of quotation for cesium metal, 99+ % purity, 
both metals were shipped from stocks. remained unchanged at $100 to $375 per 

The following companies were the major Pound. At yearend Metal Bulletin quoted 
sources of cesium and rubidium chemicals: the nominal price for pollucite concentrates 
Kawecki Berylco Industries, Inc., Revere, Containing a minimum 24% Cs,0, f.o.b. 
Pa.; Kerr-McGee Corp., Trona, Calif.; and Source, at $12.40 to $13 per metric ton unit 

Great Western Inorganics, Inc., Golden, (22.046 pounds of Cs,0). No prices were 

Colo. published for rubidium metal. 

Consumption and Uses.—Definitive data. —__—__ _ 

pertaining to consumption and end use cyeck Basin Sonoma County, California. US. Geol. Sun 
distribution of cesium and rubidium metals vey, Water-Resources Investigations 76-30, May 1976, 17 

: Pp. 
and compounds were not available. How- “‘swatson a. P., R. I. Van Hook, and D. E. Reichle. 
ever, these materials found commercial ap- _ Toxicity of Organic and Inorganic Arsenicals to an Insect 
plication in the manufacture of pharmaceu- herd 1oT6, ha oneal Sci. & Technol., v. 10, No. 4, 

ticals, ultracentrifuge separation of organic 6Prepared by Keith L. Harris, physical scientist.
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| | Table 4.—Prices of selected cesium and rubidium compounds in 1976 

. | Item | . | 
| | - | Technical _High- 

os _ . , . grade Pade 

, Cesium bromide ___._________________________ _ $28 $65 
Cesium carbonate —--+-- * 29 67 
Cesium chloride ~—~+-+------ ee 30 68 
Cesium fluoride ___________________ ee 35 75 
Cesium hydroxide _______________ 35 15 
Rubidium carbonate ______________________ 45 7% | Rubidium chloride _________________________ 46 76 Rubidium fluoride _______________________ 51 83 
Rubidium hydroxide ~-~----- +--+ ~ 61 83 
ee 

eyes 

1Excludes packaging cost, 50- to 100-pound quantities, f.0.b. Revere, Pa. 

Source: Kawecki Berylco Industries, Inc. , : | Z . 

| Foreign Trade.—Pollucite import data pounds increased from 3,156 pounds valued ° 
| were not available. However, reported at $136,203 in 1975 to 4,506 pounds valued 

| receipts by consumers indicated that pollu- at $197,553 in 1976. No cesium or rubidium 
cite was imported. Imports of cesium com- metal was imported during the year. 

_ Table 5.—U.S. imports for consumption of cesium compounds in 1976, by country 

. chloride compounds, n.s.p.f. 
ae Country ee 

8 

| | Pounds Value Pounds Value | 

Germany, West ________________________ 1,797 $78,830 2,389 $108,955 United Kingdom _____ 308 8,671 12 1,097 
Total ~---------- +--+ eee 2,105 87,501 2,401 110,052 

World Review.—The Tantalum Mining year, the Canadian Government placed ce- 
Corp. of Canada, Ltd., the major world sium in all forms on its export control list, 

° source of pollucite, made no pollucite ship» banning exports of all cesium-containing 
ments from its Bernic Lake, Manitoba, Ca- materials to any centrally planned economy 
nada, property during 1976. Late in the countries. 

| GERMANIUM’ 

The new use of germanium as a substrate electronic components and semifabricated 
material for gallium arsenide-phosphide shapes. 
light emitting diodes compensated for the Other producers of germanium using im- 
gradual decline in consumption of germa- ported metal, oxide, and scrap or domestic nium in semiconductor devices. secondary materials were Kawecki Berylco 

Domestic Production—The only pri- Industries, Inc., Revere, Pa.; Atomergic 
mary producer of germanium in the United Chemetals Are P ainview, nN * and Tex- 
States was Eagle-Picher Industries, Inc., of 99 “@%¢rlats Laboratory, Garland, lex. . Quapaw, Okla. Much of its output was Production of germanium from domestic 
d »P ed f . ite id P tockpil. Sources during 1976 was estimated to be 

od in rom re Smener Fesidues StOckpl- 39.000 to 40,000 pounds. The value of do- 
in past years from treatment of concen- megtic production was approximately $5 

trates from the Kansas-Missouri-Oklahoma million, based on the producer price for’ district. These residues were supplemented refined germanium. 
by secondary material from waste and from | 
scrap produced in the manufacture of "Prepared by John M. Hague, physical scientist.
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Consumption and Uses.—During 1976 germanium supply. Other uses included 
the use of germanium increased in light- glass microscope lenses, fluorescent lamps, 
emitting diodes made from heteroepi wafers experimental catalysts, and alloys for bra- 
with gallium arsenide phosphide epitaxial zing and soldering materials. 
deposits on germanium substrates. Two The estimated distribution of consump- 
companies, Texas Instruments, Inc., and tion by classes was about 65% in electronic 
Texas Materials Laboratory, announced components and accessories, 25% in optical 
h uld l ial fe | . | P t a ee i lann y such maven tches, instruments and lenses, 3% for research, 

In digital calculators and digital watches. and 7% for other uses. a 
This development compensated somewhat prices —The pri ‘ : ; we : .—The prices of domestic zone- 
for the continued deciine im » of of germa- yefined germanium and domestic germa- 

- ducto in “ch as tea Ee ° a cig al nium dioxide were $293 and $167.50 per 
Cuctors such as transistors anc signa kilogram, respectively, from 1970 through 
diodes. Several manufacturers of power . . : . 7 

. . ° an 1976. Prices for imported germanium, quo- 
transistors believe that germanium is supe- ted New York deal ‘ce in Metal 
rior to silicon for heavy-current semicon- W x h e bee, r $330 er kil in Me f s 
ductors, and they foresee a growing market tal iL 174 50 f per Xuogram ‘de 
for such devices. Another use that may ™¢t@! an $174.50 for germanium oxide 
become important is in glass fiber light S°° March 3, 1975. 
guides, which are likely to find applications | Foreign Trade.—U.S. imports of germa- 
in urban communications systems. Germa- ium metal (unwrought, waste and scrap) 
nium was in increased demand for infrared totaled 7,600 pounds in 1976, less than half | 
optical systems. Forward-looking infrared the quantity imported in 1975. West Ger- 
detection devices (FLIR systems) often con- many and the U.SS.R. were the leading 
tain several large germanium lenses. Con- suppliers. The value per pound of imports 
tracts for programs using these instruments from Belgium-Luxembourg was high, proba- __ 

| were awarded in 1976 and were expected to bly because the Belgian material was high- 
extend into 1977. Nuclear radiation de- purity single crystal, whereas other imports | 
tectors consumed a small fraction of the were partly concentrates or scrap. 

Table 6.—U.S. imports for consumption of germanium in 1976, by country — 

| 7 | Country ; _ Quantity ~ Value 

Unwrought, and waste and scrap: | | — | 
Belgium-Luxembourg __________~-___~-~--------------------~---- 830 $643,907 
Germany, West ________________________ = ie 4,171 184,402 
Japan ______________ ee eee ee 21 507 
Netherlands _______________._____ ee 663 32,536 
Switzerland __________________________ eee 8 439 
USSR. ~____---_----------------------------------------___ 1914 __150,118 

Total _________--___--_______-_____---------------------- 7,607 1,011,909 
Wrought: Belgium-Luxembourg __________-___---_------_--------------- 39 10,214 

World Review.—World production of ger- less than in recent years. . | 
manium in 1976 was estimated to be 150,000 Technology.—Research continued in 
to 200,000 pounds, slightly less than in 1975. 1976 on the future use of germanium in * 

Major producing countries reported to solar cells, superconductors, optical fibers, : 
ti ton dea, sources or i rer ne and antimicrobial organogermanium. 

nl » vapan, tne V00n., re, Bell Laboratories and Western Electric 
Territory of South-West Africa, and Italy. (Co were testing an e ‘mental optical 
Other countries with major refining capa- connmunications: system in Atlanta P Ga. 

lity were Belgium, West, Germany, the uing optical fibers drawn from qua , _ngcom. tubes after layers of germanium-doped sili- 
Japan reported production of 35,000 dioxide had been d . he insid 

pounds of germanium and 48,000 pounds of vals of the tubes n deposited on the inside 
germanium oxide. The Kipushi mine in 405% tne tubes. 
Zaire was the source of germanium-bearing ~SChemical and meering News. Teste Aim at Fibe 

° e Engin \. r 

byproducts to be refined in Belgium, but the optics Phone System. V. 54, No. 31, July 26, 1976, pp. 17- 
rate of production at Kipushi in 1976 was 18.
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| BO INDIUM? ee _ 

--. Domestic Production.—Indium was pro- 1976 set off a series of price increases. 
| duced during 1976 by. ASARCO Incorpora- Indium pricing is based on the standard- 

ted at its Denver, Colo., plant and by grade metal, 99.97% pure. During 1975 the 
, Indium Corp. of America in Utica, N -Y.In price was $5.50 to $6 per troy ounce and it 

| May, The New Jersey Zinc Co. and Indium yemained at that level until April 1976.Asa 
Corp. of america aa partnership to result of price increases in April, June, 

- _ Produce refined in um. ie new company, August, September, and October, the year- - NJZ Alloys, Inc., would use production faci- end price was $10 to $10.25 per troy ounce | 
a. lities at the Palmerton plant of New Jersey a P . 9 Pe yo " | Zinc, and technical guidance and marketing Higher purity grades, 99.999% plus, sold at 

would be provided by Indium Corp. Other @ Premium. | _ 8. | 
companies, such as Metal Specialties, Inc., F oreign Trade.—Imports of indium in 
in Fairfield, Conn., processed or refined 1976 did not return to the high level of the 
imported material to produce alloys or high- 1970-74 period but were more than twice the 
purity metal components and compounds. small quantity imported in 1975. The value _ 

| More than half of U.S. consumption was of imports, $1.8 million, reflected the four- 
_ supplied from domestic production or from fold increase in price during the last 3 

stocks, and the balance was furnished by years. Canada, Peru, and Japan were the 
imports and secondary or scrap materials. major sources of supply with East Germany 

Consumption and Uses.—Indium sup- moving up to fourth place. No direct im- 
plies became pane tight in 1976 as demand ports were reported from the U.S.S.R. 

| tively 1 qe poms remained at ted to The duty on unwrought, waste and scrap 
IVEY tow level, Vemand was estima - indium has been 5% ad valorem since | be in the range of 650,000 to 700,000 troy d 
ounces, with 40% being consumed in sol- Ji anuary 1, 1972, for the most favored na- 

| ders, low-melting alloys, and coatings, 29%. ‘ons. Duties on waste and scrap have been 
in instrument applications and holding de- suspended until June 30, 1978. The duty on 
vices, 10% in electronic components, and Wrought indium was 9%. Statutory duties 
21% in research and other uses. for the -U.S.S.R. and East Germany were 

| Stocks.—Producer stocks continued to 25% ad valorem on unwrought and 45% ad 
decline and at yearend probably represent- valorem on wrought metal. 
ed less than a year’s supply. | | —_——______ : 

| Prices.—The tight supply situation in °Prepared by John M. Hague, physical scientist. 

Table 7.—U.S. imports for consumption of indium, by country 

(Thousand troy ounces and thousand dollars) . 

1974 1975 1976 
Country ee 

. | Quantity Value Quantity Value Quantity Value eee att alue _Suantity  Malue— 
Unwrought, and waste and scrap: 

Belgium-Luxembourg _________________ __ __ 2 9 (7) 1 Canada ______ 179 542 12 64 76 472 
France ____________ _— — _— — 12 18 
Germany: 

ee 4 9 __ __ 27 174 
West = = 41 97 37 201 _- __ 

India ____ __ __ __ _ 3 18 Japan___________ 87 600 22 130 50 398 
Netherlands _______________________ 19 58 _- — 16 76 
Peru_________ 102 328 21 116 70 476 
Switzerland __.___-_-_-______ () 5 ) 3 a __ USSR. ~~~ __ __ 1 2 _ __ 
United Kingdom ____________________ 60 259 19 102 20 168 

Total _-. 492 1,898 114 627 274 1,801 

Wrought: 
Canada ______________ 1 8 __ __ () 4 
Japan ______ __ __ (4) (4) __ __ 
South Africa, Republic of _._____________ __ __ — — 16 3 
United Kingdom ____________________ __ __ (2) 2 __ — 

Total _---______________ Le 1 8 () 2 16 7 

1Less than 1/2 unit.
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World Review.—The short supply si- 1976. World production was estimated to be | 

tuation for indium in 1976 was caused by about 1.8 million ounces, higher than the 

several factors working to reduce world 1.5 million ounces in 1975 but lower than 

supply. Cominco Ltd., the sole Canadian the 2.0 million troy ounces estimated for 

producer, released only 197,000 troy ounces 1974. . . | | 

compared with 224,000 troy ounces in 1975 Technology.—Polycrystalline indium 

and 259,000 troy ounces in 1974. ASARCO, phosphide films without pinholes were 

one of two U.S. producers, had announced grown on molybdenuin sheets using indium | 

in 1975 that production would be phased and phosphorus trichloride as source 

down at its Denver plant with intermittent materials.*° Energy use in processing pri- 

production through 197 6 and 1977. The mary indium-bearing materials was estima- 

U.S.S.R., which at times has placed large ted in connection with a study of energy use 

amounts of indium on the market, chose to in the production of other commodities by 

make no sales to the United States in 1976. Battelle Columbus Laboratories; the energy 

Japan, usually an indium exporting nation, required to produce 1 ton of indium metal | 

had an unexpected increase in demand and was estimated to be 509 million British 

imported more than 138,000 troy ounces in thermal units." 

: RADIUM’? | 

~The major use for radium was in thera- Prices.—Radium prices, per milligram 

_ peutic treatment of cancer. Replacement of unencapsulated, were quoted by Radium 

radium by other radioisotopes continued. Chemical Co. as follows: Less than 100 

- Domestic Production.—There was no re- milligrams, $26.50; 100 to 199 milligrams, 

ported radium production in the United $25: 200 to 499 milligrams, $22; and 500 

States during 1976. Imports, withdrawals milligrams to 5 grams, $18. There was no 

from company stocks, and reprocessing sup- change from the 1975 prices. a 

plied sufficient radium to meet the small Foreign Trade.—Official trade statistics 

domestic demand. Radium Chemical Oo., did not report trade in radium as such, but | 

Inc. New York, was the main domestic included radium with other radioactive | 

dealer. ve | : commodities. Belgium remained the princi- 

Consumption and Uses.—Radium was pal source of imported radium. 

mostly used in the therapeutic treatmentof World Review.—Information on radium 

cancer. A few tens of millicuries of radium in world markets was not readily available. 

were consumed in the production of home The largest radium producer and suppli er os 

alarm smoke detectors. Other uses of ra- was the Belgian company Union Miniere 

di f na radiati S.A. Small quantities of radium were also ; 

um were as a source of gamma radiation, 

used in soil moisture density gages and in apparently produced in Canada, the United 

static eliminato although polonium-210 Kingdom, and some countries having cen- 

ic eliminators, ough polont trally controlled economies. The industrial 

was replacing radium. One traditional use ations consumed most of the radium, use 

of radium, as an illuminator on alarm patterns were similar to those of the United 

clocks, was almost completely replaced by tates. , 

tritium; however, at least 24 millicuries of Technology.—During | uranium ex- 

radium-226 was applied to about 1 million traction nearly all the radium remains in 

timepiece hands and dials. Radium is also 

used in calibration sources and laboratory _°saitoh, J., S. Matsubara, and S. Minigawa. Growth and 

standards. 
Structure of Polycrystalline Indium Phosphide Layers on 

About 900 grams of radium was used in 19g pp a0e4oe. ee Soe. v. 128, No. & 

the United States, and around 93 grams was_ Battelle Columbus Laboratories. Energy Use Patterns 

stored in a Government-owned depository ip Metallurgical ta and Flowshesta, Low Prony 

Alabama during 1976. About 48 requests Compodtion, Bulk, On Shs.tePa: the Bure of 
for storage of materials containing @ total of Mines libraries in Tuscalooss, Ala. College Park, Ma. | 

3,500 milligrams of radium were received by es, ” 0., er City, Nev., Keno, 

Aa ea eer of Radiological Health, U.S. Gentral Library, US Department of Sw interior, Westy 

Department of Health, Education, and a DOs ead Va, National Technical Information 

Welfare. 
12Prepared by M. L. Kahn, physical scientist.
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the mill tailings, causing storage and possi- structures was to be studied. In addition, | ble environmental problems. the radium-226 content of well water was to oe The U.S.” Environmental Protection be measured, aerial radiation surveys were Agency, Nuclear Regulatory Commission, to be made, and mined phosphate lands in Energy Research and Development Admini- central Florida were to be inventoried and | stration, and Bureau of Mines continued categorized. A 50-foot core sample from an studying potential health hazards and possi- area in Polk County emitting high levels of ble seepage and’ erosional problems of ra- radiation was obtained for analysis. i. dioactive uranium tailings. The radiation A tentative reference method for the level within structures built on reclaimed measurement of total radium and radium- phosphate lands in Florida was under in- 226 in-environmental water sources was vestigation. The radioactivity of 1,000 described.3 

| | : SCANDIUM"“: . oe / 

Minor quantities of scandium were consu- = _ “ | med during 1976, mostly in research ap- Metal Per gram, Per gram, plications. There was no mine production of ° grams 453 grams Scandium, and imports and _ industrial a " Stocks were sufficient to meet demand. One pieeig=-------------- 10.50. —_$8.00 | domestic producer provided the majority of Chips" 77 "7777150 10.35 - the scandium metal and compounds con- Distilled Tots satan 19.00 15.00 sumed. | | 99.99% __-___ 5.00 = 4.00 | Domestic Production.—In 1976 there Salts 2 1.9% ~-=----~—— ae mo eae was no domestic mine production of sca- = ''a.1 ndium. Imports and company stocks of soa- Sulit inde sctae. arbnaes, cre, nian ndium were sufficient to supply domestic oxides of 99.9% minimum purity. : | demand. There were two major producers of . OS scandium metals and : compounds Foreign Trade.—There were no official | Research Chemicals, a division of Nucor U-S. foreign trade statistics for scandium. Corp., Phoenix, Ariz., supplier of about 90% Scandium was included in other minerals of domestic demand; and Atomergic Cheme- 2nd metals : statistics, however, scandium tals Corp. Plainview, N.Y. During 1976 trade is believed to be minor. Based on there was a slight increase in the demand Vailable information, Australia and the for scandium products, although this de- centrally controlled economy countries — mand still totaled only a few tens of pounds. were the principal suppliers of scandium- Consumption and Uses.—Research and bearing Tt Rovpetials. f tion development continued to be the major di or j ted activitie orma for on scan- consumer of scandium. In addition, there t tum-rela activities in foreign coun- te , . ries was not readily available. The indus- were three main industrial uses. High- trialized nations were involved in scandium : purity scandium metal was a component in research and used small quantities of scan- special high-intensity mercury vapor lamps dium in industrial applications. used for providing outdoor lighting for Technology.—Scandium is used in re- 
events televised in color. These lamps emit search and a few industrial applications. an illumination approaching the quality of Most research is basic and oriented toward sunlight. Small quantities of scandium study of scandium behavior in different 
strengthen magnesium alloys. Scandium-46 environments. However, some results may was used for tracing underground fluid lead to uses of scandium in metallurgy and flows in petroleum production. Some scan- in production of ceramics, catalysts, elec- qu was consumed by the chemical and tronic equipment, light bulbs, nuclear electronic industries. reactors, and radioactive tracers." Prices.—During 1976 the prices of scan- —___ 
dium metal and compounds remained sta- “Environmental Protection Agency. Measurement of ble at the 1975 levels, listed in the following A Tentative Reference Mone ea varonmental, Waters, tabulation as quoted by Research Chemi- 1976, 37 pp. gs cals. Scandium was also available in sheet ¥ Hn RG. HA Gechnotder, A. Melson, D. H. foil 0.001 to 0.1 inch thick at $22 to $130 per Youngblood, and H. H. Schock. Scandium— urrence, square inch in 1- to 10-square-inch lots. Avety Pro Londost ore eoe ee and Technology.
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In metallurgy, the addition of scandium munications where laser beams are used. 

as an alloying element is effective in Scandium metal is also used as a neutron 
strengthening magnesium alloys and in re- filter because it is transparent to 2-kilavolt 
fining the grain size of aluminum and _ neutrons but stops all other neutrons. 
increasing its strength. Scandium spheroi- Some recent research results were descri- 
dizes graphite much more effectively than bed in Chemical Abstracts in 1976. A self- 
rare earths or magnesium in cast iron. The destructive gamma ray source for guided-— 
addition of scandium carbide to titanium missile guidance systems, containing scan- 
carbide increases hardness, making this . dium oxide or tantalum oxide as an active 

carbide the second hardest material known, material, was described.'* Tritides of scan- 
exceeded only by diamond. Scandium oxide dium were found tobe useful materials for 
has better heat resistance and thermal determining the effects of helium accumu- 
shock properties than conventional mate- lation in metallic solids.'7 A scandium salt __ 
rials used in glass compositions for flame was reported to be a satisfactory activatable 
spray coatings. In electronics, ferrites con- tracer for evaluating the performance of , 

taining scandium are used in rapid-switch waste water treatment plants.’* Release of 
memory cores, and scandium lowers the radioactivity from a scandium tritide 
magnetic induction of these ferrites by electron capture detector used in gas chro- | 
about one-half. matography was studied.’® Significant trit- 
A magnetically controlled switch is used ium buildup in gas chromatography equip- 

that modulates light passing through a ment and in the mailing container was 
single-crystal yttrium-gallium-scandium- reported as a possible health hazard to 
iron-garnet film. It may be used.in telecom- laboratory personnel. mo | 

SELENIUM”° : 

Domestic production of selenium from lot of 2,500 pounds of selenium from the | 

primary materials was 400,600 pounds in national stockpile. Bids ranged from a low 
1976, a 12% increase over the 1975 pro- of $9.05 per pound to the winning bids of 

duction of 357,700 pounds. Shipments by $17.015 per pound of selenium. Selenium is 
domestic producers increased 30% to no longer a stockpile item and was excluded 
369,600 pounds of selenium. Producer stocks from the list of proposed new stockpile goals 

increased 16% over yearend 1975 stocks to released by the Federal Preparedness | 
176,700 pounds. Apparent consumption for AgencyonOctoberl. | : : 
the year was 989,800 pounds, the lowest s | 
since 1972. Continuing the 1974-76 trend, 16Cohen, M., and J. Fradin. Gamma-Ray Source, Self- 

net imports remained at relatively high Destructive in Aqueous Media. Chem. Abs., v. 84, No. 4, 

levels, accounting for 617,800 pounds, or. soe W. CW. J. Kass, and L. C. Beavis. Helium-3 
62% of apparent consumption for the year. Release Characteristics of Metal Tritides and Scandium- 
Major new copper byproduct refineries in Tritium Solid Solutions. Chem. Abs., v. 85, No. 10, Sept. 6, 

Amarillo, Tex., and Ndola, Zambia, began ““1eGraft, T. F., and G. G. Hichholz. The Use of Activatable 
production in 1976. Led by Japan, world Tracers in the Evaluation of the Performance of Wastewa- 
production increased 8% to 2.8 million ter anne Plants. Chem. Abs., v. 85, No. 18, Nov. 1, 

pounds. | 18Carlton, W. H., W. E. Braselton, Jr. and E. D. 
Legislation and Government  Pro- Bransome, Jr. Release of Radioactivity From a i Scandium 

grams.—On May 26, 1976, the General Ser- tography. Chem. Abs., v. 84, No. 4, Jan. 26, 1976, p. 442. 
vices Administration (GSA) sold the last 20Prepared by George J. Coakley, physical scientist.
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: Table 8.—Salient selenium statistics __ | 
— a . . _ (Pounds of contained selenium) | : 

: | : 1972 1973 1974 = 1975 1976 

| Production, primary ____________-__. 789,085 = 795,731 644,055 357,722 400,609 
. Shipments to consumers ______ _ _____— 760,653 851,200 670,875 284,479 369,588 

| Imports for consumption.______.__-_._ 430,000 _ 553,000 837,191 889,320 811,257 
: Exports, metal__________________- ©220,000 264,000. =: 166,206 117,596 198,484 

Shipments from Government stocks _ _ _ _ _ — 13,840 228,689 223,606 6,169 2,470 
Apparent consumption______§________ 984,493 1,368,889 1,565,466 1,062,372 989,831 
Stocks, yearend, producer ____-________ 160,720 105,950 79,130 152,373 176,742 
Producers’ price, average per 

pound, commercial and high- oe 
purity grades _ $9-$11.50  $9.25-$12.36 $16.53-$19.19 $18-$22 $18-$22 

| World: Refinery production_______._.-_ 2,721,000 2,682,000 2,667,679 2,560,517 2,773,256 

| Estimate. oe a : 

- Domestic Production.—In the United during this period. Trends in 1976 suggested 
States in 1976 primary selenium was re- the following estimate of selenium pur- 
covered at three copper refineries; AMAX chases and consumption by end use catego- _ 

| Copper, Inc., Carteret, N.J.; ASARCO Incor-_ ries: Electronic and photocopier compo- | 
, porated, Amarillo, Tex.; and Kennecott Cop- nents, 35%; glass manufacturing, 30%; che- 

_ per Corp., Magna, Utah. micals and pigments, 25%; and other, 10%. 
Jn addition anode slimes recovered from In electronic and photocopier applications _ 

the electrolytic tanks of copper refineries selenium is used in semiconductors, pho- 
and residues of pollution abatement plants _ toelectric cells, and calculators, and as the 

| at nonferrous smelters and refineries owned key photoreceptor element in xerography. 
: by other foreign and domestic mining com- High-purity grades of selenium are prefer- 

panies were shipped to these plants for red in these applications. | | | 
recovery of gold, silver, selenium, and tellu- A major consumer of selenium is the 
rium. : Oo 7 : glass-manufacturing industry; 0.02 to 0.03 

High-purity selenium and various sele- pound of selenium is added per ton of glass 
nium compounds were produced by primary to neutralize the green iron discoloration. 

and other processors from commercial- Dark-colored selenium-bearing environ- _ 
grade metal. | mental glass is used as an energy conserva- 

| ASARCO began production of selenium tion material in office windows to reduce 

from its byproduct recovery circuit at the glare and heat transfer. os 
_ new Amarillo, Tex., copper refinery inearly | The main use of selenium in the indus- 

| 1976. Selenium production continued. to be trial chemical field is in cadmium sulfosele- 

affected by the sluggish copper market and nate compounds, which are used widely as _ 
| the reduced levels of available slimes. In yellow and red pigments in plastics, paints, 

1976 the U‘S. electrolytic copper refineries inks, and enamels where long life, brillian- 
operated at about 70% of capacity. cy, light, heat, and chemical stability are 

Data on actual recovery of selenium from required. Selenium is also used as a dan- 
secondary material were not available, but ruff treatment and in other pharmaceuti- 
it has been estimated that.in 1976 around al preparations. 
190,000 pounds of selenium were refined Demand for selenium in other end uses 

from scrap recovered from rectifiers and included the addition of small amounts of 

from xerographic and chemical processes.2!_ ferroselenium to stainless steel to improve 

Part of the scrap supply is reprocessed in casting, forging, and machining character- 
Canada and returned to U.S. markets for istics. There are also minor applications for 
consumption. elemental selenium and selenium diethyldi- 

Consumption and Uses.—Apparent con- thiocarbamate in the processing of natural 
sumption of selenium in 1976, consisting of and synthetic rubber. Selenium in the form 
shipments from primary producers, net im- Of sodium selenite is added to premixed 
ports, and stockpile releases, decreased 7% Chicken, swine, and turkey grain feed addi- 
to 989,000 pounds from 1975 and nearly _ tives as a nutrient to control diseases and to — 

87% from 1974. The reduced demand for increase the rate of growth. 
selenium-bearing materials in glass, pig- Stocks.—The drop in consumer demand 

| ‘ments, specialty steels, and electronic com- for selenium contributed to an increase in 

ponents still mirrored the impact of the =. 
1974-75 recession on construction and man- Deprased 75 Ene. aA, Selenium Demane Moen ie 
ufacturing activity in the U.S. economy pp. 190-191.
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U.S. producer stocks. Yearend stock levels creased 65% over 1975 to 193,484 pounds 
: of 176,700 pounds were the highest since valued at $2,559,258, with an average value 

1971. Stock levels represent about 2 months’ of $13.23 per pound. As shown in table 9, the 

supply at the 1976 rate ofconsumption. = —_ United Kingdom (85%), Canada (28%), West 
Prices.—Selenium is usually sold as mi- Germany (9%), and the Netherlands (9%) 

nus 200-mesh commercial-gr ade powder took delivery of the major share of exports. | 
containing 97% to 99.94% selenium or as Selenium imports for consumption 

high-purity grade in pellets, sticks, and  gecreased to 811,257 pounds from the record 
Poe ee ag ee oe to oan) on cic, high 1975 level of 889,320 pounds; the value 

_ nium. Pellets containing 99.999+% sele- oF imports increased 18% to $12,117,580. | 
nium are also available . , . The average value of unwrought selenium 

Domestic producer prices for commercial- metal imported during the year was $15.06 
grade selenium remained at.$18 per pound, » df e ney dioxid $12. 06 
unchanged since May 1974; prices for high- per poun d C “a: se lied 18% _ " 
purity grades remained at $21 to $22 per Per Pound. Vanaca supple © Dy quan- 
pound, unchanged since January 1975. U.S. tity and 56% by value, and Japan, 23% and 
and European dealer prices moved approx- 18%, respectively, of all selenium imported. 

imately in unison during 1976, increasing US. import tariff schedule items 632.40— | 
from a January low of $9.50 for commercial- selenium metal, unwrought, other than al- 
grade selenium to a high of $20 per pound loys, and waste and scrap; 420.40—selenium 
in late April. Dealer prices held at $17 to dioxide; and 420.52—selenium salts, were 
$18 per pound from May to October, then duty-free at yearend. The duty on Item 
declined to $12 to $14 per pound by yearend. 420.54, other selenium compounds, was 5% 
Foreign Trade.—Selenium exports in- . ad valorem. | | 

oe Table 9.—U.S. exports of selenium in 1976, 
| by country | 

| Count Be val | | | . untry pe ity ue | 

Argentina _~_._~___________ 122 $1,100 . | 
Belgium-Luxembourg —____—_~— 9,900 167,358 
Bolivia _________________ 196 4,402 : | 
Brazil__________________ 4,200 48,094 

: Canada _________________ 54,715 398,644 | 
France _________~__----—-— 66 1,764 
Germany, West ____________ 17,982 301,799 
Israel ~~ ~§_- - - ee eee 62 1,264 
Italy ____________-_-_____ 9,616 100,043 
Japan ______________-___ 3,944 125,830 | 
Mexico _________-__--~-- 5,732 63,465 
Netherlands ________~-_—--— ‘17,844 282,773 
Spain ____________---___ 1107 18,284. 
United Kingdom ___._______ _ 67,248 1,088,338 

_ Uruguay ___—-_-_--~-----~_ 200 4,000 
Venezuela ___________--~-~ 1,100 12,100 

Total _._____________ 198,484 2,559,258 |
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Table 10.—U.S. imports for consumption of selenium in 1976, by country | 

- : Pounds of contained selenium) ; | . 

. : - Country ] ~ Quantity Value 

Unwrought, and waste and scrap: - - . : | ae 
Australia._ eee eee 4,409 $47,051 

_ Belgium-Luxembourg __________--_----=----------~+-------------- 10,917 | 158,181 
’ Bulgaria ___§________________------------~--~--+-~-~---~---+--+-- 4,519 35,941 

- Ganada____ ee = 844,108 6,698,351 
Chile_____________________ eee eee 31,305  . 361,769 
China, People’s Republic of __..__.______-__.-----------~--+--~--~------ - 1,102 17,086 

_ Germany, West _.___-_________--------_-----i--~-~--~-++-+--+-+--- 11,404 167,911 
Japan__________________ eee 187,999 2,166,873 

- Mexico eee 41,269 570,856 
Netherlands_______________-_-~-_-~-_----------~_-~---------- 7,885 84,729 
Norway__________________-____=_~__- == eee 26,744 © 148,255 
‘Peru. eee 2,640 —- 36,535 
Sweden______________ eee 26,687 48,644 
Switzerland __________________ te 19 596 
United Kingdom ___________________2 eee 10,061 277,775 
Yugoslavia. ee 68,211 924,175 

Total eee ------___ 779,279 _ 11,789,728 

Selenium dioxide: | | | Co 
Belgium-Luxembourg ________________-_~-----~~---~-----~-~--+-+---- 2,208 24,282 
Germany, West _________-_____---_-~--~~-------~-+~---~--+--~--+-+-+-- 14,402 182,779 

Japan__—_—-_-~_---~---~-~-------------~-----------~----+--___ 205 19,780 
Total _____________-_----_-------------------------------- 18,815 226,841 

Salts: a _ . 
Germany, West ____.______________-~--.~---_-_-~--~-~-+--~-~-~~------- 220 7,123 
United Kingdom ~~----- + +--+ ----- +--+ -------------------___ 4887 

| Total ___________________-_----------------+-----+-------- 368 7,480 

Other selenium compounds: . 
| Argentina ____________________________ eee 2,778 39,690 

Belgium-Luxembourg _______________~~-_~_----L_------~~---~-+-~-+-- 1,100 21,837 
Canada____ =e 6,963 52,565 
Japan_____§ eee eee 396 7,149 
United Kingdom ~---------+----------------------------------____1,568 22,290 

Total______ = eee 12,800 148,581 

Total all forms ____________________________~_-~_---------+--- 811,257 12,117,580 

World Review.—Japan continued as the Port Kembla, New South Wales. 
world’s leading selenium producer in 1976 Belgium.—As part of a 5-year expansion 

| with an output of 1,015,000 pounds, followed program begun in 1974, Metallurgie 
by Canada with 760,000 pounds. The Hoboken-Overpelt, one of Europe’s largest 
U.S.S.R. is known to be a major producer, selenium producers, is increasing its sele- 
but data are not sufficient to estimate nium production capacity. At yearend its 
annual production. annual capacity was approximately 331,000 
Australia.—Peko-Wallsend Ltd. has been pounds. 

Australia’s largest producer of gold, bis- Canada.—Selenium production from pri- 
muth, and selenium since 1973. No sele- mary raw materials has decreased since 
nium production was reported by the com- 1971 as an increasing amount of copper 
pany in 1976. The three copper mines and production from Canadian mines is derived 
copper smelters at Tennant Creek, North- from selenium-poor ores. The major sele- 
ern Australia, were shut down all year nium producers, Canadian Copper Refiners 
owing to the weak copper market. Of the Ltd. (CCR) owned by Noranda Mines Ltd. 
two gold mines still operating, Juno and and The International Nickel Co. of Canada 
Warrego, the Juno was nearly depleted by Ltd., have annual capacities of 500,000 
yearend. Until copper operations resume pounds and 180,000 pounds of selenium, 
and underground development work at the respectively. In 1976 production of selenium 
Warrego mine is completed, production of in all forms, from Canadian copper refine- 
recoverable selenium at Tennant Creek is_ ries, plus refined selenium from domestic 
expected to be small. primary materials amounted to 760,000 

The only source of refined selenium in pounds valued at Can$12.2 million, compa- 
Australia continued to be The Electrolytic red with 755,000 pounds valued at Can$13.9 
Refining & Smelting Co. of Australia Ltd. at million in 1975. In 1975 Canada consumed
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21,900 pounds of selenium domestically, Zambia:—The new precious metals refin- 

75% in glass manufacturing and the re- ery at Ndola, designed to recover gold, 

mainder in steel and pharmaceutical uses. silver, and selenium from copper tankhouse 

Japan.—The output of selenium by the _ slimes, became operational in late 1976. 

six Japanese producers increased 10% in This is the first African selenium refinery 

1976 to 1,014,586 pounds. Stocks at yearend and will recover seleninum from materials 

amounted to 205,800 pounds, representing a previously refined in Europe. 

17% decrease from 1975.72 | , 

Table 11.—Selenium: World refinery production, by country’ 

. (Pounds) 

Country? | 1974 1975 1976” 

Australia._______________-}_- eee ---- 3NA 3NA NA 

Belgium® 4-6 ---------------------  °155,000 145,000 180,000 
Canada® .- eee eee 736,283 754,845 °760,000 
Chile ________=________L---__-------------~------------- €39700 26,056  °30,000 
Finland_____________________ ee 21,363 18,689 21,894 

Japann_____________________-----------------+----------- 735,390 920,089 1,014,586 
Mexico _____________________~-_---_ ee +--+ 110,231 127,868 127,868 
Peru____________________-____------- +--+ +--+ +--+ ----- 17,079 14,744 19,299 . 
Sweden® __________ e+ +++ 120,000 100,000 120,000 
United States ___________+______-------------------------- 644,055 357,722 400,609 
Yugoslavia. ______________-_----------_------+-----------____ 788,628 95,504__°99,000 

- Wotal = 72,667,679 2,560,517 2,778,256 

€Estimate. Preliminary. "Revised. NA Notavailable. . . 

1Insofar as possible, data relate to refinery output only; to avoid double-counting countries are excluded that produce. 

selenium contained in copper ores, copper concentrates, blister copper, and/or refinery residues, but that do not recover 

refined selenium from these materials indigenously. _ 
21n addition to the countries listed, West Germany, the U.S.S.R., and Zambia produce refined selenium, but output is 

not reported, and available information is inadequate for formulation of reliable estimate of output levels.. 

3The output of Peko-Wallsend Ltd., reported in.the previous edition of this chapter as Australian output, has been 

deleted because it représented the content of intermediate products of metallurgical operations which are treated 

elsewhere to recover elemental selenium. Australia has one metallurgical facility that can recover selenium (the Port 

Kembla refinery of The Electrolytic Refining & Smelting Co. of Australia Ltd.), but output, if any, by this facility is 

unreported and no basis is available for estimation. . 7 
4Net exports (exports minus imports) plus an estimate for domestic consumption. : 

‘Refinery output from all sources, including imported materials and secondary sources. | 

Technology.—A symposium, Selenium selenium is probably not a significant pollu- 

and Tellurium in the Environment, held at tion problem but recommends a number of 

Notre Dame, Ind., in May highlighted the areas where further research is needed. 

continued medical and biochemical re- —_ Results of a study showed that the energy 
search into the essential nature of selenium required to produce 1 net ton of selenium 

in animal and human nutrition. Studies powder was equal to 297 million Btu. 

indicated that excess exposure to most in- | 

dustrially generated selenium compounds —_22japan Metal Journal. ‘Rare Metals‘ in 1976. V. 7, No. 
may cause temporary but not lethal ‘toxic 11, Mar. 14,1977,p.5. __ | 
effects. More research is required to better *8Industrial Health Foundation, Inc. Proceedings of the 

derstand d to trol the ble ef- Symposium on Selenium—Tellurium in the Environment. 

unders an control the possible €!- (Univ. of Notre Dame. May 11-13, 1976). Pittsburgh, Pa., 

fects of selenium released into the atmos- 1976, 886 PP academy of Sei Selenium. Medical and 

phere from coal-burning plants and into the — Biologic Effects of Environmental Pollutants Series, 1976, 
groundwater from  uranium-processing 203 pp. | 
plants.?3 25Battelle Columbus Laboratories. Final Report on En- 

: : ergy Use Patterns in Metallurgical and Nonmetallic Min- 
The National Academy of Sciences pub- eral Processing (Phase 7 - Summary of the Results of 

lished the results of a study on selenium, Phases 4, 5, and 6). BuMines Open File Rept. 117(2)-76, 
iwi Sept. 21, 1976, 31 pp; available for consultation at the 

giving . natural SOUTCES and methods of Bureau of Mines libraries in Tuscaloosa Ala., College Park, 

analysis; describing its physical and chemi- Ma, Twin Cities, Minn., Rolla, Mo., Boulder City, Nev., 
cal nature, its biologic effects, and its re- Reno, Nev., Albany, Oreg.. Salt tame City, Utah, and at 

. . * : e Cen rary, U.S. ment o e rior, 

lation to other pollutants; and discussing Washington, D.C; and from National Technical Inform- 

margins of safety. The report suggests that ation Service, Springfield, Va., PB 261 151 1AS.
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| | | TELLURIUM2¢ | oo | 7 

Domestic Production.— Tellurium was tellurium master alloys, and tellurium com- 
recovered domestically as a byproduct of pounds were produced by primary and in- © 
electrolytic copper refining only by AMAX termediate processors from commercial- 
Copper, Inc., at Carteret, N.J.. and ASAR- grade metal and tellurium dioxide. Tellu- | 
CO Incorporated, at its newly opened plant rium production and shipments by -produ- 
at Amarillo, Tex. Commercial-grade tellu- cers in 1976 increased relative to the 1975 
rium and tellurium dioxide were also pro- levels of 181,000 pounds and 163,000 pounds, 

duced from the precious- metal-rich anode _ respectively. Producer stocks dropped from 
slimes shipped from other domestic copper the preceding yearend inventory of 55,000 
refinery tankhouses. High-purity tellurium, pounds. | : 

: Table 12.—Salient tellurium statistics 
. (Pounds of contained tellurium) - : | 

| : | | ] 1972 1973 1974 1975 1976 

United States: | a - 
. Refinery production ___._____________________ 257,229 240,879 191,324 180,844 WwW | 

: Shipments to consumers _— ._._§-§___§./§_-_/_---_______ 271,184 286,721 160,162 163,089 Ww 
Imports for consumption. _______~~ 2 146,128 "79,159 164,344 97,350 203,534 
Apparent consumption. ______§________~_______ 417,262 365,880 324,506 260,439 Ww 
Stocks, yearend, producer ______________________ 102,121 56,279 87,441 55,196 WwW 
Producers’ price: Average per | . 

pound, commercial grade ___________._________ $6 $6.05 $8.34 $9.28 — $10.33 
. World: Refinery production. __________-_--________ .396,000 446,000 7466,866 314,950 NA 

| "Revised. NANot available. |W Withheld to avoid disclosing individual company confidential data. — . 

Consumption and Uses.—Apparent con- price to the Canadian producers’ level of $12 
sumption of tellurium increased substan- per pound, which became effective on July 
tially over the 1975 demand of 260,000 1, and where it remained through yearend. 
pounds. Tellurium consumption by end use In response to high demand and tight sup- | 
in 1976 was estimated as follows: Iron and plies of tellurium, the North American 
steel production, 77%; nonferrous metal producer price increased to $15 per pound 

| production, 14%; chemical uses, 5%; and in early January 1977. Dealer prices were 
other uses including rubber manufacturing, reportedly near $20 per pound by yearend. 
4%. Tellurium is used in its elemental state Tellurium is usually marketed in the 
as a free-machining agent in stainless stee] form of minus 200-mesh powder or as slabs, 
and copper production, in the chilling of tablets, or sticks. - Normal commercial 

malleable cast iron, and as a curing agent 8tades contain a minimum of 99% or 99.5% and accelerator in rubber compounding. tellurium. Further refining through distil- 

Bismuth and lead telluride alloys are used abo and sublimation 4 y for ue produces 
in semiconductor and minor thermoelectric ® Sey grades, chie G9 0: r 99,9904, 
applications. Tellurium is used in the diox- COMductors containing 99.95%, 99.999%, . . . mae and 99.9999% tellurium. ide state in the forming and tinting of glass nae . . 
and as a chemical catalyst. Applications for Foreign Trade.—Tellurium metal im- — 
tellurium are somewhat limited by the ports nearly doubled in 1976 to 182,487 lativel Il availability of refined mate- pounds valued at $1,583,375, with an aver- 
reratively Smal’ availabilty or retined ma age delivered value of $8.68 per pound. In 
rial and by price. These factors make tellu- addition 21,047 pounds of tellurium in com- rium susceptible to substitution, particular- pounds was also imported. Canada with. 

ly by lead in free-machining applications, 790 and Peru with 26% supplied the major 
where the lead exhibits many of the same share of all imports. There are no data on 
properties as tellurium. Selenium and sul-  tgjyrium exports. 
fur can substitute for tellurium in rubber The USS. tariff for 1976 on TSUS Item 
compounding, and germanium or selenium 32 48, tellurium metal, unwrought, other 
also substitute in some semiconductor ap- than alloys,.and waste and scrap, was 4% ad 
plications. valorem; the tariffs on TSUS Items 421.90, 

Prices—The U.S. producer price for tellurium compounds, and 427.12, tellurium 
commercial-grade tellurium was $10 per salts, were 5% ad valorem. 
pound from January through October. On 
November 1, U.S. producers increased the ?6Prepared by George J. Coakley, physical scientist.



MINOR METALS_ 1478 | 

Table 13.—U.S. imports for consumption of tellurium in 1976, by country 
i
 

. Country Pounds Value 

Unwrought, and waste and scrap: 
Canada __________~~~ ~~ 121,380 $804,418 
Germany, West ________~-____~__ ee 1 364 
Japan ____ 300 5,861 
Netherlands ~=____-_________ 

3,516 46,377 
Peru _________~-_~___~_ ee 53,787 675,086 
United Kingdom ___________.. ~~~ eee . 3,503 ~ 51,269 

Total _---_-___________ 
ee 182,487 1,588,375 

Compounds: _ : 
Belgium-Luxembourg ~~ ___~_~§__§_-__ 11 623 
Canada __~___________~ 

21,018 158,997 
Germany, West ______________ et 11 856 
United Kingdom _________________- 

~~ eee 7 658 

Total _.-_________~-~ 
~~ ee 21,047 161,134 

Grand total _.-_________ eee 203,534 1,744,509 : 
eee 

__ World Review.—The United States main- and Peru. The U.S.S.R. is known to be a 
tained its position as the world’s largest. substantial producer of tellurium, but insuf- 
producer and consumer of tellurium. ficient information is available to estimate 
Between in and Tara nostic production production. During the tight supply sit- 
accounted for over half of the reported new  yation of 197 6, the .U.S.S.R. reportedly was | 
refined tellurium in market economy count- . . . . | 

. . . . selling tellurium at premium prices on the 
ries. During the same period the United ket. In Fiii 1 id ori threat | 
States consumed nearly 80% of this repor- CPR Market. In biji tow gold prices threat- 
ted world production. Production of tellu- ¢ned to close the Emperor gold mine. Gov- 
rium outside the United States was estima- ernment and corporate subsidies would be 
ted at 200,185 pounds. The other main required to continue future gold and bypro- 
producing countries were Canada, Japan, duct tellurium recovery operations. 

Table 14.—Tellurium: World refinery production, by country’ 
(Pounds) 

Country? oe 1974 1975 1976? 

Canada? _________ Le 7188,081 90,348 110,000 
Japan ________ eee 57100 = °47,000 =~ 863,000 
Peru. _§_-§_-____~--_-___ ee ___ 80,11 46,758 27,185 
United States ______.-____________-----------------------_ 191,824 130,844 Ww 

Total_______._-_-___--______---_---~ 
+ _ 466,866 314,950 *NA 

“Estimate. Preliminary. ‘Revised. NA Notavailable. |W Witheld to avoid disclosing individual company 
confidential data. 

‘Insofar as possible, data relate to refinery output only; thus countries that produce tellurium contained in copper 
ores, copper concentrates, blister copper and/or refinery residues, but that do not recover refined tellurium, are excluded 
to avoid double counting. 

*In addition to the countries listed, Australia, Belgium, West Germany, and the U.S.S.R. are known to produce refined 
tellurium, but output is not reported, and available information is inadequate for formulation of reliable estimates of 
output levels. Moreover, other major copper refining nations such as Chile, Zaire, and Zambia may produce refined 
tellurium, but output in these nations is conjectural. 

’Refinery output from all sources, including imports and secondary sources. 
“Not totaled because of the exclusion of United States’ data owing to company confidentiality.
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: | SO —. ° THALLIUM?? ah | 

Domestic Production.—The only domes- sensitive devices, infrared light transmis- 

tic producer of thallium and its compounds _ sion devices, and as an additive to mercury 

was the Globe plant of ASARCO Incorpora- lamps. oe | | 

. ted at Denver, Colo. The plant recovered Prices.—The price of thallium in 25- 

thallium as a byproduct from residues of pound lots has been $7.50 per pound since 

base metal ore smelting, principally zinc. the end of 1957. a 

Production of compounds in 1976 was about Foreign Trade.—U.S. imports for con- 

50 times greater than in 1975. No metal was sumption in 1976 were 66 pounds of 

produced, but shipments almost doubled unwrought thallium, waste and scrap, val- — 

over those of 1975. ued at $799, and 775 pounds of compounds . 

| Uses.—Appar ent consumption in 1976 valued at $17,018. The amount of imported 

was about 1,800 pounds. The current uses meta was 08% teas that in Oo. he United 

for thallium include low-melting alloys, low- St te, r Bel: ‘um We * Goon to the la 

temperature thermometers. and mercury ates, gium, West Germany, and the 

| switches, additives for altering the re- U.S.S.R. produced refined thallium metal. / 

fractive index of glass, high-density liquids 2"Prepared by V. ‘Anth ony Cammarota, Jr., physical 

| for sink-float separation of minerals, photo- _ scientist. | me 

Table 15.—U.S. imports for consumption of thallium in 1976, by country 

: 7 ] a ~~ Unwrought, Compounds d te 
. (gross weight) _and was 

Country of origin = and sera 

| | Pounds Value Pounds Value — 

Canada. ene gee 2 $387 
Germany, West _ __-- -_------------------------+----7-7 771 $16,706 _~ _— 

Japan__________--_------------------------------
 -- _- 64 412 

United Kingdom _______-_--------------------------- 4 312 -- — 

Total ____________-_---------------------------- 115 «17,018 66 799
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GREENSAND! | : 

Greensand, which is widely distributed in Raw greensand produced by the company the Eastern United States, was produced in was sold for agricultural use as a soil con- 1976 only by the Inversand Co., a subsidiary ditioner. Processed greensand was sold for of Hungerford & Terry Inc., near Clayton, use as a filter medium for the removal of N. J. Production and sales information is manganese, iron, sulfide, and other ele- withheld by the Bureau of Mines. ments from water. | 

| | IODINE? | 

The world iodine industry, characterized in imports of 22%; furthermore, company | by short-lived economic cycles, began to inventories decreased 20% during the year. recover in 1976 from the surplus supply The small production of The Dow Chemi- accumulated in 1975, but greater demand cal Co., the only domestic producer, fell was easily met by withdrawals from stocks. significantly from the 1975 level. With the Of the three major market economy coun- entrance of a new US. producer early in tries producing crude iodine, only Japan, by 1977, the ratio of domestic supply to de- far the largest supplier, increased output mand is expected to change significantly. over the 1975 level. The output of both the The new plant near Woodward, Okla., own- . United States and Chile declined in 1976. In ed jointly by PPG Industries, Inc. and Amo- all three countries iodine is a byproduct, co Production Co., will have a Capacity to and therefore is dependent on the primary produce 2 million pounds per year from product. Japanese iodine is Processed from brines averaging 300 parts per million io- natural gas brines, Chilean iodine is asso- dine, which will be the only product of the ciated with the nitrate industry, and U.S. operation. iodine, with bromine. The quoted market Plans to expand iodine operations in : price of $2.59 per pound remained stable Japan were not fully realized in 1976. during ‘Epa Peale aN aiscount- Although total production increased 2.1% ‘Oo ‘0. T 2. crude iodine was reflected in greater con. over that of 1975, Japanese plants were not 
_ sumption by the major chemical companies, Prepared by Richard H. Singleton, physical scientist up 20% from that of 1975, and an increase *Prepared by Sandra T. Absalom, physical scientist. 

1475
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| operating at full capacity, and may not for 71% of total iodine consumption. 

reach capacity in the near future because While the canvass information. indicates | 

| world demand is being met from excess a general consumption pattern, establishing 

inventories. The Japanese will be assessing an accurate pattern of demand by end use is | 

the effect of the new U.S. producer on the difficult because iodine is frequently conver- 

world market, as well as the effect of ted into intermediate compounds and mar- | 

possible release of iodine supplies from the keted as such before reaching its ultimate | | 

US. Government stockpile. Chile’s output end use. Moreover, iodine and iodides used 

of crude iodine in 1976 was only about in catalytic and other dissipative processes 

three-fourths of 1975 production; nearly a_ are not well covered. This situation has 

quarter of this was exported to the United been revealed consistently in recent years . 

States. The industry is studying possibilities by import figures that exceeded reported — 

for new markets that would further im- consumption figures; in 1976 iodine imports 

_ prove the supply/ demand situation. - exceeded reported consumption by 1.2 mil- 

Legislation and Government Pro- lion pounds. Coupling imports with domes- 

grams.—On December 31, 1976, the US. tic production and inventory withdrawals, 

Government strategic stockpile contained apparent consumption in 1976 was about 7.2 

| 8,011,814 pounds of iodine, the same quan-_ million pounds. Comparision of the results 

tity reported at yearend 1975. The stockpile of the 1976 canvass with 1975 figures show- 

goal for iodine was changed during the year ed increased consumption of crude iodine | 

to 3,333,000 pounds. No iodine disposals for making iodine chemicals in all major 

were authorized. ° - categories except one. Following are com- 

The depletion allowance for iodine re- parative percentages: Organic compounds, 

mained at 14% of gross income, and may up 9%; total inorganic compounds, up 32%, 

not exceed 50% of net income without the including potassium iodide, up 72.5%, am- : 

depletion deduction. | monium iodide, down 77%, sodium iodide, up 

Domestic Production.—The Dow Chemi- 28%; and resublimed iodine, up 10%. 

cal Co., supplied a small part of the total The major downstream uses for iodine in 

| U.S. requirement for 1976. A coproduct of 1976 were divided into the following catego- 

bromine, calcium and magnesium com- ries: Catalysts for synthetic rubber, 22%; 

pounds, and potash from subterranean stabilizers (as in nylon precursors), 15%; 

brines at Midland, Mich., iodine is recover- animal feed supplements (mainly for cattle), 

ed by the standard two-step process used by 15%; inks and colorants, 14%; pharmaceuti- , 

Dow since 1964. Iodine production in 1976 cals, 14%, sanitary and industrial disin- | 

| declined from the 1975 level in both quan- fectants, 10%; photographic film, 4%; and 

tity and value. | other uses, 6%. The category “Other uses” 

Consumption and Uses.—According to includes the making of high-purity metals, 

the Bureau of Mines canvass for 1976, motor fuels, iodized salt, smog inhibitors, 

approximately 5.3 million pounds of iodine, and lubricants. Iodine also has application 

representing a 20% increase over total io- in cloud seeding and radio-opaque diagnosis 

dine consumption in 1975, was consumed by in medicine. 

31 plants in 14 States. Eighteen of these The prospect of expanding demand for 

plants, which were located in the leading iodine appears most promising for catalytic 

consumer States of Missouri, New York, uses. At present, iodine catalysts are used to 

New Jersey, and Pennsylvania (in decreas- produce synthetic rubber, stabilized rosin, 

ing magnitude of consumption), accounted and tall oil. Proposed new uses for iodine 

Table 1.—Crude iodine consumed in the United States 

| 1975 1976 

N Consumption Consumption 

Products umber Thou- Percent Number Thou- Percent 

plants sand of plants sand of 

pounds total pounds total 

Resublimed iodine ___------------------ 6 633 14 6 697 13 

Potassium iodide _____----------------~ 9 730 17 9 1,259 24 

Other inorganic compounds --—----------~-~-~ 15 845 19 14 953 18 

Organic compounds -------------~-~~~7~~ 
21 2,193 50 20 2,389 45 

Total _...------------------777-77 
13] 24,400 100 13] 5,298 100 

1Nonadditive total because some plants produce more than one product. 

2Data do not add to total shown because of independent rounding.
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catalysts are related to two processes, coal $2.14 per pound, 17.5% below the official 
gasification and thermonuclear production price and 5% below the average price of 
of hydrogen, that could provide alternatives $2.28 per pound for Japanese exports in. | 
to fuel oil. Proven economic feasibility of 1975. Although U.S. demand for iodine and 
either process, which may not be achieved 0dine compounds in 1976 increased some- 
for many years, could lead to substantial what een ten and sur aa stocks 7 
new demand for iodine. Wider use of iodine 20 % © th nl ti ed vviste ve of th about 
as an alternative to chlorine in water purif- ventories plus a new 0 oreo. of U S. pro. 

cn 1s alee anticipated. ce fi de ij duction planned for 1977, combined to exert 
ai TICES.— a quoted price for crude 10° downward pressure on prices. Higher pro- 

ine remained at $2.59 per pound through- quction costs may have counterbalanced 
_ out 1976, but actual sales were discounted this pressure to some extent, however. The 

from 10% to 20%. As the leading vendor of quoted U.S. prices for the element and its 
crude iodine in the world market, Japan primary compounds at yearend 1976, 

exemplified this trend in discount sales unchanged from yearend 1975, were as 
with total exports for the year averaging follows: 

Iodine, crude, drums Woe $2.59 
Resublimed iodine, USP, gran., . ‘ 

100-pound drums, works __________--_---~----~---~-~-~~+-~-~--+-~--+----+-+------ $4.00-5.25 
Calcium iodate, drums, delivered ~__.2._-_____--___-_---_~-~---~-~--~----~~~-+-~-+~--+-+-+-~- 3.32 
Calcium iodide, 35-pound drums, | 

works ______________~~__~ ee 5.98 
Potassium iodide, USP, gran., 7 | 

crystals, drums, 1,000-pound lots, / 
delivered _~________________~_ ee ee ee ee eee 3.76 

Sodium iodide, USP, crystals, | 
300-500 pound lots, drums, 

‘ freight equalized ~ oe ee eee ee ee 5.16 
Iodoform, NF, 300-pound drums, 

fio.b. works ____._-___----------~---------~-------------------------- 7.75-14.30 

Source: Chemical Marketing Reporter, Dec. 27, 1976. | | | 

Foreign Trade.—The quantity and value enjoyed prior to 1972 (in 1971 U.S. imports 
of crude iodine imported by the United from Chile amounted to 41% of total im- 
States in 1976.exceeded that of 1975 by 22% ports), imports did increase by 81% over 
and 1%, respectively, but remained Delo those of rae Total imports or other iodine 

evels. The average value of impo compounds, including resublimed iodine, 
crude iodine dropped from $2.21 per pound were insignificant compared with crude io- 
in 1975 to $2.13 per pound in 1976. Of the dine imports. 

| 6.5 million pounds imported, 90% was from Tariff rates were 8 cents per pound on 
Japan and 10% was from Chile. Although resublimed iodine and 12 cents per pound 
Chilean iodine did not find the ready mar- on potassium iodide. Crude iodine enters 
ket in the United States that it traditionally the United States duty free. 

Table 2.—U.S. imports for consumption of crude iodine, by country 

(Thousand pounds and thousand dollars) 

ca | a1 
untry Quantity Value Quantity Value Quantity Value 

Chile _-_-________--______----------- 1,505 2,972 365 856 661 1,253 
Japan ___________-____------------- 6,465 11,877 4,944 10,865 5,821 12,571 

Total _.__________--_------------ 7,970 14,849 5,309 «11,721 6,482 13,824 
Sa 

World Review.—Chile.—Production of byproduct of potassium and sodium nitrates 
crude iodin e dropped in Bo 6 to 3.1 mulion extracted from Chile's caliche (leposits, is 

pounds, a decrease 0 @ from the 4. i nitrate production, which decreased 

million pourids produced in 1975. Iodine, a 15% in 1976. Because of its dependence on
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the nitrate industry, Chilean iodine has are building an iodine operation that even- 
limited flexibility with respect to supply tually will have a productive capacity of 

| and demand. With the development of 600,000 pounds per year. | | 
synthetic fertilizers after World War I, the Japan.—Japan, the foremost producer of 
once-flourishing natural nitrate industry crude iodine for the world market, outpro- 

| has suffered considerably, and gradual ob- duced its closest competitor, Chile, by near- 
solescence of the extraction technology has ly five to one in 1976. Although production 
limited production as well. In 1976, Govern- increased 2.1% over that of 1975, reaching 

_  ment-owned Sociedad Quimica y Minerade 15.3 million pounds, this total was 7% below 
Chile S.A. (SOQUIMICH) produced all re- the 1972 record of 16.5 million pounds. The 
ported nitrates and iodine from only three softening of world iodine demand, which 

| mines and plants: Pedro de Valdivia, Maria deteriorated through 1975, led to an accu- — 
Elena, and Victoria. Combined capacity ioe mulation of inventories into 1976; however; 

amoun o about 4.6 million during 1976, this trend began to reverse, 
pounds per year of crude iodine, but this is and reviving demand precipitated inventory 
expected to decrease as equipment wears withdrawals that were expected to continue 
out. After realizing a $25 million deficit in through 1977. By 1978, inventories are like- 
1975, SOQUIMICH abandoned all invest- 1, to return to basic reserve levels. Japan 

| ment projects to increase production and increased crude iodine exports in 1976 by 
retained only those that would reduce costs. 994 goq pounds. Export prices. averaged 

In 1976, the industry began to operate $2 14 per pound, or 17.5% below the quoted 
without the need for subsidies. . | market price of $2.59 per pound. Exports to 

Exports to the United States increased by the United States amounted to 48% of the 

81% in 1976 to 661,000 pounds, a quantity total of 12.2 million pounds of iodine ship- 
still well below the 1974 figure of 1,505,000 ped to 36 coun tries. The nirte countries of 

pounds. About 21% of Chile's iodine pro- ih. European Community bought 36% of 
| duction was exported to the United States Urope nity Doug ° 

in 1976; most of the balance went to West- Japan s iodine. and otter ec. sada 

ern Europe and Latin America. , ets nei witzeriand \20), Vanada 
To support employment objectives, (2%), ane sone NO ine ere : 

Chile’s nitrate/iodine industry is labor in- ith © h 197 5 3.59% org pan’s exD rt 

: tensive, maintaining more than 8,000 wor- to tal ug tto th U SSR ap XPo 

kers in caliche processing plants and com- I Che : it d ° ‘; . Ltd.. which 
plementary port operations. While most of se Unemical indus ¢ of Jan, while odine. 

| the nitrate products are produced at a loss, duces more than half of Japans iodine, 
in 1976 the byproduct iodine showed a clearly dominates the industry. All six pro- 

profit, ‘costing $0.90 per pound to produce, cers operate on the Chiba peninsula, the 
and selling for $2.26 per pound. ’ original site of the industry, but only Ise has 

China, People’s Republic of,—Although developed additional resources in other 

data are not available, it is believed that Parts of the country. As irreversible subsi- 
China consumes about one-fourth the dence problems caused by removal of the 

quantity of iodine consumed in the United subterranean natural gas brines have 

States. Demand is increasing for iodine for forced well closings at Chiba, opportunities 
food supplements and catalysts. Domestic to increase industrial capacity are available 

production from brines and possibly sea- to Ise, but not to the other producers. 
weed appears sufficient to satisfy present However, recent depressed-market condi- 
needs, with few if any imports required. No tions have inhibited Ise’s expansion plans to : 

exports of iodine from Japan to China were tne extent that the new Miyazaki plant is 
reported in 1976, and figures on Chilean operating at only one-fifth of capacity and 
exports for the year are not available, the proposed enlargement of the Niigata 
however, any exports to China were proba- Paar never started. oduct: 
bly insignificant. .S.S.R.—Soviet iodine production ca- 

 ndonesia. —About 60,000 pounds of crude __ pacity is estimated at 3.8 million pounds per 

iodine was produced during 1976. This year. No iodine imports from Japan were 

represented a decrease of 18% from the reported for 1976, although imports of 

quantity produced in 1975. The Government 396,000 pounds were reported for 19%75, 

of Indonesia and two Japanese firms, Ise therefore it is believed that the Soviet 

Chemical Industries, Ltd. and Mitsui & Co., iodine industry is operating near capacity.



MINOR NONMETALS 1479 

Oo! | MEERSCHAUM: | 

Crude meerschaum imported for con- States imported crude meerschaum from 
sumption in 1976 totaled 1,200 pounds val- that country. Compared with 1975 data, 

- ued at $310, or $0.26 per pound, c.i.f. Source imports declined 89% in quantity and 98% | 
of the imports was West Germany. This was _ in value in 1976. . 
the first time since 1967 that the United OS | 

QUARTZ CRYSTAL‘ Bo | 

_ Production of cultured quartz continued Legislation. and. Government Pro- 
its upward trend, reaching 849,000 pounds grams. The stockpile goal for natural — 
in 1976, which was an increase of 17% over quartz crystal was reduced to zero in Octo- 
that of 1975. Consumption of cultured and ber. This action made 2,372,536 pounds of _ 

natural quartz increased to more than crystal available for disposal as of Decem- 
349,000 pounds compared with 240,000 be : . 

yer 31, 1976. Sales of stockpile excesses pounds for 1975. Exports of cultured quartz _. . 
climbed to a record 457,000 pounds. Pro- ttaled 443,392 pounds in 1976, Some of the 
duction of finished crystal units rose to Material sold from the stockpile was 
82,730,000 units, more than double 1975 purchased and consumed by fused quartz 
production. operations. . | | | 

| Table 3.—Salient electronic- and optical-grade quartz crystal statistics _ 
- . (Thousand pounds and thousand dollars unless otherwise noted) | 

Production of cultured quartz ____________________- 160 307 529 724 849 
Imports of electronic- and optical-grade natural 

quartz crystal: | 
Quantity - - - --_-~------------»---------- 65 1048889 NA NA 

alue _____________~-_---~-~+-----.--+--+--+ $78 | $92 $368 © NA NA 
Exports of electronic- and optical-grade quartz 
crystal: 

Guantity ~~~ -------~--------------=----- . 149 287 - 299 486 645 
alue ~~ ___________-__-_-_-_--------- $1,228 $8,283 = $4,398 ~=—s $5,713 $10,908 

Natural: 
Quantity oon eee eee eee 90 205 166 313 188 

alue ~~ $587 $1,933 $1,634 = $1,656 + ~—s_ $1,626 
Cultured: 

Quantity ~-- ee ee 59 82 133 173 457 
a ne 

Consumption ° fraw eae ee 189 249 285  . "240 349 
Natural _________._____________-_ Le 87 . 99 122 90 159 
Cultured __________________---------__ 102 150 163 "149 190 

Production piezoelectric units, 
number ________________________-_ thousands. 25,555 27,006 = 35,541 «39,545 = 82,730 

Domestic Production.— The publication, Cultured Quartz production increased 
Arkansas Mineral Producers and Produc- from 724,343 pounds in 1975 to 848,688 

tion 1976, prepared by the Arkansas Geolo- pounds in 1976. Production was stimulated 
gical vommission, vated three otal: Qua aS by the continued interest in citizens band 
producers of natural quartz crystal: Quartz (Cp) radios, and in electronic watches. The 
pounds; Ocus Stanley, Mount. Ida, Ark., CUblUred Crystals were produced tor domest 
5,400 pounds; and Terry Mining Corp. Mid- ic and export markets. . 
west City, Okla., 7,695 pounds. The large The eight producing companies reported 
quantity produced by Quartz Processing consumption of 1,032,284 pounds of lasca. 
Co., is used primarily as lasca (ump quartz + 
used as a feedstock for growing cultured = spyepared by A.C. Meisinger, industry economist. 
quartz). “Prepared by Stanley K. Haines, physical scientist.
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| The bulk of this material was imported Foreign Trade—Exports of natural 

- from Brazil but production from Arkansas quartz from the United States declined 

addedtothetotal == = © | 40%, from 313,330 pounds in 1975 to 188,130 

| The eight companies reporting produc- pounds. The total value was $1,625,955, a 

tion of cultured quartz were as follows: P.R. unit value per pound of $8.65, up from $5.29 

Hoffman Co., Carlisle, Pa.; Motorola, Inc., jin 1975. The principal countries of destina- 

| Chicago, Ill.; Bliley Electric Co., Cortland, tion were Japan, (53,680 pounds), Hong 

Ohio; Sawyer Research Products, Inc., Kong (80,000 pounds), and Switzerland 
Eastlake, Ohio; Thermodynamics Corp., (21,095 pounds). _ | 

| Shawnee Mission, Kans.; Western Electric Exports of cultured quartz increased 

Co., Inc. North Andover, Mass.; Electro 165% to a record 457,410 pounds in 1976. 
| Dynamics Corp., Shawnee Mission, Kans.; The unit value was $20.29 per pound, a 

and Crystal Systems, Inc., Chardon, Ohio. decrease of $3.20 per pound. Japan with 

Consumption and Uses.— Consumption — 391,369 pounds, Taiwan with 52,294 pounds, 
of raw cultured quartz crystal increased to 44 West Germany with 19,883 pounds 

190,021 pounds, 28% over the 148,724 Vere the principal receiving countries. 
pounds consumed in 1975. Natural quartz Imports of raw natural quartz crystal, 

consumption increased 77% to 159,407 valued at more than $0.50 per pound 

ds in 1976. Total consumption of natu- : : ye ? 
Poe cultured quartz was 349,428 pounds, decreased from 584,647 pounds in 1975 to 
ral and cultured quartz was 349,428 pounds. 197 943 pounds. This category includes both 

Production and consumption data for jectroni d d lasca or lowe 

1976 were derived from reports of 63 oper- electronic grace and some r r | 
. . quality material. Brazil was the source 

ations. There were 37 crystal cutting oper- try for 98% of thi terial. I rts of 

ations in 17 States. Of the total cutting country for Y0'7/ O! Unis ma 0.50 mpo d 

operations, 22 cut cultured quartz only, 14 quartz valued at less than $0.50 per bn 40 

cut both natural and cultured quartz, and1 Were 961,558 pounds valued at $185,401. 
company cut natural crystal only. Pennsyl- Brazil supplied 49%, followed by Mexico 

vania was the leading quartz-crystal- (26%), and Canada (25%). a 

: consuming State, followed by Kansas, Illi- World Review.—Brazil.—As_ in past 
nois, and Massachusetts. years, Brazil was the leading world source 

Finished crystal units were produced at for electronic-grade and lasca-grade quartz. 

54 operations in 20 States. Oscillator plates The high prices for lasca set in 1975 have 

comprised 73% of production, followed by relaxed slightly but still remain considera- 

filter plates, (22%), and telephone resona- bly above the 1974 levels. 
tors and other uses (5%). Hong Kong. —Solider (Hong Kong) Ltd., a 

Stocks.—Total stocks of raw quartz cryst- subsidiary of Solitron Devices, announced 

al (cultured and natural) decreased from plans to increase output of finished crystal 

311,556 pounds in 1975 to 281,971 pounds . units to 500,000 pieces per year. New equip- 

Of this total, 127,628 pounds was cultured ment is being added to enable the company 

quartz and 156,343 pounds was natural to process raw quartz crystal through the 

quartz. various stages into finished crystal units. 

STAUROLITES 

Staurolite is a naturally occurring min- Georgia, North Carolina, and Virginia that 

eral of uncertain and variable composition, are sold as curios or amulets, all the stauro- 

but with the general formula FeAl;Si:- lite in the United States is produced com- 

0,(OH). It occurs as reddish-brown to black mercially by E. I. du Pont de Nemours & 

opaque crystals with specific gravity of 3.65 Co., Inc. This staurolite is a byproduct of 

to 3.77 and hardness of between 7 and 8 heavy minerals recovery from beach sand 

(Moh’s scale). Staurolite begins to melt at from a glacial age deposit in Clay County, in 

2.800° F and has a high rate of thermal north central Florida. After caustic scrub- 

conductivity and a low rate of thermal bing and drying, the staurolite is removed 

expansion. by electromagnetic separation. This stauro- 

Aside from a small rock-shop trade in lite concentrate, about 77% of which is 

cruciform-twinned crystals (sometimes call- —-—__—— 

ed fairy crosses) from some deposits in 5Prepared by W. Thomas Cocke, physical scientist.
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mineral staurolite with uniformly sized, trade name “Biasill,’ and as a sandblast 
clean, and rounded grains, may contain abrasive under the trade name “Starblast.” 
minor proportions of various other min- Quantitative production data are not re- 
erals; but has a nominal composition of 45% leased for publication, but the 1976 output 
Al,0.(min.), 18% Fe20s(max.), 3% Zr0.(max.), of staurolite was 2% over that of 1975. 

5% Ti0(max.), and 5% Si02. Although origi- Shipments decreased 21% in tonnage but 
nally marketed only for use in portland increased 50% in price per ton over that of 

: cement manufacture, it is now being mar- 1975. 
| keted as a specialty foundry sand under the 

‘ | STRONTIUM® 

Domestic consumption of strontium on a_ declared excess, but legislation authorizing 

carbonate basis was estimated at 26,000 its disposal must be obtained before the 
short tons in 1976, representing a 73% material can be released for sale.” __ 

: increase from tat of the vale inc ced Domestic Production.—Strontium min- 
mports of strontium munerais increased  erals have not been produced commercially 

. 65% from 1975 to 35,711 short tons in 1976. in the United States since 1959. However, a 
Imports of strontium chemicals, primarily ber of fi oduced strontium 7 

| from Canada, increased 73% compared with noun i. from impor' r celestite tronthar 
those of 1975. | | por ted g 

Legislation and Government Pro- sulfate. Approximately ee short tons of 

grams.—Government stockpiles contained strontium carbonate was produced in 1976 
14,408 short tons of nonstockpile-grade cel- from which about 5,500 short tons of stron- | 
estite at yearend. This material has been tium nitrate was processed. 7 

7 Table 4.—Major producers of strontium compounds, 1976 

| Company Location Compounds 

Atomergic ChemetalsCo _________-__----- Carle Place,N. Y ~___.~----- Various compounds. 

_-FMCCorp 222 2==--- ~~ Modesto, Calif _[772ZZZIIZZ Carbonate, nitrate. 
King Laboratories, Inc________.____------ Syracuse, N.Y ___-_____----- Metal alloys. 
Mallinckrodt Chemical Works ______..__--—_~ St. Louis, Mo ________. ~~ Various compounds. 
Mineral Pigments Corp ___________--_---~- Beltsville, Md ~~~ -________ Chromate, molybdate. 
NL Industries, Inc., Tam Div ____..__------~- South Amboy, N.J ~_______-~- Titanates. - 

Consumption and Uses.—Domestic con- per 100 pounds (unchanged from 1975). 
sumption of celestite on a carbonate basis is Prices for strontium minerals are usually 

- estimated at 26,000 short tons, up 73% over determined by direct negotiations between 
that of 1975. Although quantitative infor- buyer and seller and are seldom published. 
mation concerning consumption is incom- The average value of imported strontium 

plete, sales of domestically produced stron- minerals at foreign ports was $41.61 per 
tium carbonate to manufacturers of glass _ ton, up $3.40 from 1975. 
panels for color television picture tubes Foreign Trade.—Imports of strontium 

increased. Strontium nitrate consumption minerals totaled 35,711 short tons, a 65% 
in the manufacture of pyrotechnics appear- increase from pat vr 1975. A the material 
ed to have stabilized. was imported from Mexico and represen 

Miscellaneous applications for strontium 4 188% increase over 1979 impor of Mexi- 
compounds included ferrites, greases, cera- Can celestite. po of strontium com- 
mics, plastics, toothpaste, pharmaceuticals, pounds increased 73% above those of 1975, 
paint, electronic components, welding an Pain the materia coming from 
fluxes, and high-purity zinc. Small quanti- ada. ports of strontium carbona 
ties of strontium metal were produced by Were up 74%, and imports of strontium 
research companies. nitrate up 65% over those of 1975. Quantita- 

Prices.—At yearend, prices quoted in the tive data on US. exports of strontium 

Chemical Marketing Reporter were as fol- compounds were not available. 
lows: Strontium carbonate-technical, bags, ————— — 

carlots, works, 18 t0 18.8 cents per pound; “Prapredby W. Thomas Covke phil aentist 
strontium nitrate-bags, carlots, works, $24 _ the Congress, October 1976-March 1977, p. 28.
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ee | Table 5.—U.S. imports for consumption of oo | 
- strontium minerals, by country | : , = 

| | 1975 1976 

. Country.  Quan- Value Quan- Value : 
__ tty (thou- tity (thou 

. ' (short nds) (short ds) 
tons) Sands) tons) . Snes’ . 

| “Mexico ______ 15,344 $613.~—«35,711 $1,486 a 
| Spain ______-_ 6,269 213 DL _- 

| | Total ____ 21,618 += 826-~= 35,711 ~—«-1,486 

| 1Strontianite or mineral strontium carbonate and cel- . 
. estite or mineral strontium sulfate. 

: Table 6.—U.S. imports for consumption of strontium compounds, by country a 

| Fe | | 1975 1976 
mo Country ——— 

Pounds Value Pounds — Value 

Strontium carbonate, precipitated: 7 ~ 

Canada ___________________--------- 5,090,940 $864,950 _—«- 8,421,573 ~— $1,538,757 
China, People’s Republic of ___-_-___-------- 22,046 4,886 —— 

: Germany, West _____._____--_-------- 2,425 732 464,685 61,513 
Japan ______~_____-~_---~------------ _- - oe ~ 200 403 

United Kingdom _____~-+---~----------- _- _- 4. 451 

Total _____________-_--_-__------- 5,115,411 870,568 8,886,462 «1,601,124 
lle 

Strontium chromate: oO 

: Canada __________________---------- 185,850 136,617 473,382 . 357,767 
| Norway ____________---------------- _ ae 40,000 19,655 

Total _- e+ +--+ 185,850 136,617 513,382 377,422 
| ——————————————— 

Strontium nitrate: _ 
Canada ___________________.---_---- 725,740 166,442 © 1,178,500 276,065 
Germany, West nn __ _— 22,046 6,738 

Total ____.___1_____--___--~--+--2- 725,740 166,442 1,200,546 —-:282,8038 
er evn AS SSS 

Strontium compounds, n.s.p-f.: 
Canada ____ =. _________-__ +--+ ---- 43,700 13,114 81,191 22,622 
France ___________________------~---. 5,181 13,800 2,205 6,562 
Germany, West _____________----=------ 120,181 59,230 44,862 33,956 
Japan ________________-- eae, 4,409 1,533 21,444 10,283 

Total _.___________________-------- 173,471 87,677 149,702 73,423 
oo 

Grand total ____________-_~--------- 6,200,472 1,261,304 10,750,092 2,334,772 
. 

World Review.—Canada.—Kaiser Stron- Co., Ltd., operators of the Yate celestite 

tium Products, Ltd,. has shut down its deposits, has recently undergone some sig- 

strontium chemicals plant at Point Edward, nificant reorganization." In order to raise 

Cape Breton Island, Nova Scotia.* Technical the capital necessary for expansion, three 

problems and overcapacity in the strontium new investors were brought into the com- 

industry appears to have been the causes. pany. Bristol has received a large number of 

Spain.—A study is being conducted per- orders, particularly for carbonate, and is 

taining to the mining of strontium salts and hoping to increase production still further. 
celestite near Granada.°® | Ninety-five percent of its production is ex- 

Turkey.—A large deposit of celestite, with ported. 

reserves in excess of 4 million tons, is WH WH 

located in the Vivas area.’® Bilfer Maden ‘Industrial Minerals. Company Report Highlights. No. 
: . . : 116, May 1977, p. 14. 

Lid., Sirketi, has an open pit operation ®9U.S. Embassy, Barcelona, Spain. State Department 

capable of producing 10,000 tons of celestite —_airgram No. A-5, Feb. 16, 1977, p. 16. 
0 r vear. Trial shipments have 10Tndustrial Minerals. Strontium Shuffle as Kaiser Pulls 

(97% STS Ps y P Out. No. 109, October 1976, p. 43. 

been made to Japan. ; 11{ndustrial Minerals. Yate Aims at World Markets. No. 
United. Kingdom.—The Bristol Mineral 111, December 1976, p. 13.
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-Table7 .—Strontium minerals: World production by country = 

| oe _, Short tons) | | 

a oo Country’ _ TS 1974 :s«d975 1976" | | 

| / Algeria Wo eee nn een enn nnn nnn 
F900 ae 

a Argentina OTe
 ----------------- F331 1,102 €1.100 

Canada® _________---------
------ 22-22 rrr 60,000 28,000 += 13,200 

Iran®? ______--------------------2--
---- 9-500 7 700007 330 —~ 330 220 

Italy _______---------------- nr 827: ©3800 770 

Mexico __________----
---- ee ene 32.568 —- 16,228 —- ©36,000 

Pakistan _.._-__-----
----------- 7 rr - 400 . 1,121 756 

Spain ____-------------
----- $7 9,370 8818 °8,300 

United Kingdom ___-------------------------- 77-77-7777 
-. 2,646 2,094  ©2,200 

| Total.__..--_----------------- 7-7-7500 
T108,472 58,493 62,546 

€fstimate. Preliminary. "Revised. oe a : 

1In addition to the countries listed, West Germany, Poland and the U.S.S:R. produce strontium minerals, but output is 

| not reported quantitatively and available information is inadequate for formulation of reliable estimates of output levels. 

7 ?Year beginning March 21 of that stated. — | 
| 

| Technology.—Globe Union has intro- calcium systems. | a . 

duced a lead strontium alloy for use in Kaiser Aluminum has developed an 

maintenance-free batteries? The. lead aluminum-silicon alloy containing . stron- 

strontium system combines the best fea- tium, which, it is claimed, improves the 

» tures of lead calcium and lead low antimony mechanical strength and ductility of finish- 

“alloys. It exceeds the water loss capability of ed castings.'* The strontium is used in place | 

', lead low antimony, without the manufac- ofsodium. = | oe, 

- turing problems inherent in the lead | -_ 7 

% WOLLASTONITE** ee oe | | 

Wollastonite is a natural calcium meta- 32% greater than in 1975, and the corre- 

_.. silicate, usually white or light-colored, with sponding total value was 49% higher. Spe- 

* a specific gravity of 2.87 to 309 andaMoh’s cific output data were not released for 

/ hardness of 4.5 to 5. Ito 5. It theoretically publication. The company purchased addi- 

consists of 48.3% lime combined with 51.7% tional property containing reserves of _ 

: silica. Wollastonite from selected deposits wollastonite in early 1976 to supply the 

has found increasing use as an ingredientin growing market.*® | 

ceramic mixes for glazes and enamels and Chemical Marketing Reporter quoted 

: especially for floor and wall tile; in the wollastonite prices in bags, carlots, works, 

: building industry for the production of at $43.80 per ton for paint grade, fine, and 

: mineral wool and cold-setting insulation $33.00 per ton for paint grade, medium, — 

foams, and as a pigment and extender for unchanged (both quotations) December 1971 

: paints; as a filling agent for plastics, rubber, through early December 197 6. However, the 

and asphalt products; in agriculture as a December 13, 1976, issue quoted prices as | 

, fertilizer and soil conditioner; andinawide $124.00 per ton for paint grade, fine, and 

variety of other applications still being $107.50 per ton for paint grade, medium. 

“ developed. 
The price range quoted in the December 

Wollastonite was produced in the United 1976 issue of Industrial Minerals (London) 

States in 1976 from the underground mine for wollastonite (imported, ground, bagged, 

operated by Interpace Corp., at Willsboro, c.i.f. main European port) was approximate- 

Essex County, N. Y.; output tonnage was ly equivalent to from $114 to $128 per ton. 

| 
ZEOLITES'¢ 

$ . The emergence of markets of sufficient 12Gjobe Union Inc. Report on the Annual Meeting and 

size to make natural zeolite production Results of the Three Months Ended Dec. 31, 1976. P. 2. 

° more than sporadic did not happen in 1976. *Metal Bulletin. No. 6138, Oct. 29, 1976, p. 26. 

Several hundred tons, principally clinoptilo. ‘sng ape ando)opneany roe 
lite, were mined at various sites, mainly to _Interpace Corporation. No. 102, April 1976, p. 55. 

meet the demand for ammonia removal 16Prepared by Robert A. Clifton, physical scientist.
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from the effluent of waste water treatment _ tic zeolites. Uses foreseen were in the fields | plants. a | _..., Of energy development, pollution control, 4 Prices received for clinoptilolite varied so waste recovery, and animal nutrition. A : _ widely ($160 to $600 per short ton) that no paper that aroused considerable interest 
pattern emerged. . _ demonstrated that clinoptilolite and chaba- ‘4 | About 50 tons of natural chabazite was zite can be used to increase the efficiency of 4 marketed by Union Carbide Corp. at prices solar energy systems. | S well over $2,000 per ton, and Letcher & The synthetic zeolite industry apparently 4 
Associates offered pelletized, activated, nat- continued to expand, and the emergence of ' ural chabazite at prices between $1,040 and a probable major new market highlighted i $1,480 per ton, depending on quantity. - the year. Both Henkel, G.m.b.H. in Dussel- : Some applications research into uses for dorf, West Germany, and the Proctor & 
natural zeolites was underway, both in the Gamble Co., in Cincinnati, Ohio, announced 5 United States and abroad. The principal new detergent formulations in which half of : | | market areas being studied were agricul- the phosphate levels would be replaced by : ture, aquaculture, and waste treatment. synthetic zeolites. Henkel plans to manu- 

. ZEOLITE 76, an international confer- facture its zeolite in cooperation with De- _ | ence on the occurrence, properties, and gussa, G.m.b.H., and market it under the ” _ utilization of natural zeolites, was held in trade name “Sasil.” J. M. Huber Corp. will ~ Tucson, Ariz., in June. The total of 185 reportedly manufacture the zeolite for. 
engineers and scientists from 21 countries Proctor & Gamble in a 50,000-ton-per-year 4 attending the conference was indicative of plant; it will sell for about $400 to $500 per = & 
the great interest in these minerals. The ton. Two other companies were reportedly 
potential markets for natural zeolites were considering new zeolite capacity. —__ 4 
discussed, among other things. It was de- The Bureau of Mines was preparing to * 

: monstrated that they can be used as inex- initiate a survey to determine the number ~% - pensive, selective ion exchangers and sorb- of potential mines and producers of natural 
ents in direct competition with the synthe- zeolites. 2 

, | f 
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