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/1176 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
Industries

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

The U.S. economy was considerably
stronger in 1976 than in 1974 or 1975. Real
gross national product (GNP) rose sharply
in the first quarter of 1976 and then increas-
ed at a more moderate rate for the remain-
der of the year. The unemployment rate fell
until June and then increased for most of
the remainder of the year, finishing at the
same rate as it had started the year. The
inflation rate continued to decline in 1976.
Reasons for the relatively low rate (com-
pared with those of 1974 and 1975) included
small increases in food prices and only
moderate increases in energy prices.

Total U.S. output measured in terms of
GNP increased 11.6% in 1976. Real GNP in
1972 constant dollars rose 6.2%. Inflation as
measured by the implicit price deflator
increased 5.1%. In real terms, gross pri-
vate domestic investment for residential
structures rose 22.7% in 1976 after declin-
ing 14.7% in 1975; State and local Govern-
ment expenditures increased 1.4% in 1976;
and personal consumption expenditures for
services rose 4.5%. The Federal Reserve
Board (FRB) index of industrial production
increased 10.2%.

In 1976 the unemployment rate dropped
to 7.7%, declining from a 34-year high in
1975 of 8.5%. The number of people employ-
ed rose during the year at a greater rate
than the increase in the total labor force,
causing the fall in unemployment. The
unemployment rate began and ended the
year at 7.8%, declining to a low of 7.3% in
May.

The consumer price index (CPI) rose 5.8%
in 1976, much less than in 1974 or 1975.
Contributing to the small increase in the
CPI relative to proceeding years was the
decline in food prices in the first part of
1976, and an increase of only 3.1% for

the year as a whole. Energy prices also
dropped in the first part of 1976, largely as a
result of removal of the tariff on oil and the
initial price rollback stipulations of the
Energy Policy and Conservation Act. All
nonfood commodities rose 5.0% for the year.
The wholesale price index rose at the mod-
erate rate of 4.6% in 1976. Farm products
and processed foods and feed declined 0.6%
(farm products by themselves rose 2.4%),
and industrial commodities increased 6.3%.
As noted above, the implicit price deflator
rose 5.1% in 1976.

U.S. monetary policy in 1976 changed
little from that in 1975. Faced with contin-
uing high unemployment and relatively
high inflation, the FRB sought to help
create financial conditions that would facili-
tate a sustainable economic recovery while
at the same time tending to lower inflation.
The money supply M1, defined as currency
plus demand deposits, grew 5.8% in 1976 up
from 4.1% in 1975. M2, defined as M1 plus
time and savings deposits, rose 11.3% in
1976 as compared with 8.5% in 1975.

Fiscal policy in 1976 attempted to main-
tain the same amount of stimulus as in 1975
for a moderate, sustained expansion of the
economy. However, fiscal policy uninten-
tionally became less expansionary in the
first half of 1976, when expenditures were
less than expected while receipts remained
near predicted levels. The deceleration in
Federal expenditures, which continued the
shift away from defense and toward domes-
tic programs in 1976, was primarily a result
of much smaller increases in transfer pay-
ments to individuals and grants-in-aid to
State and local Governments.

U.S. imports were estimated to be $14.2

of E ic Analysis.

IE ist, Divisi .
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billion higher than exports in 1976. Imports
exceeded exports for fuels by an estimated
$29.1 billion and for minerals and metals by
$4.4 billion. Exports of manufactured pro-
ducts and agricultural products were an
estimated $16- billion and "$12.5 billion
greater than imports, respectively.

Federal activities in areas that affected
the mineral industries in 1976 included
both continuing and special actions. The
Federal Government enacted legislation
making the first major revision of the tax

code in 7 years and continued to take

actions to fight inflation. The subjects of
mineral-related laws passed in 1976 includ-
ed energy, the environment, water, public
lands, health and safety, taxes, tariffs, and
transportation. Energy legislation was aim-
ed, among other things, at increasing Us.
energy supplies and conserving oil and gas.
Bureau of Mines research programs in
1976 continued to be directed toward im-
proving mineral technology leading to more
efficient, less costly extraction; improving
the health and safety of miners; increasing
the recovery of secondary resources; and
minimizing environmental degradation.
Total energy use in the United States rose
48% in 1976, in contrast to decreases in
1974 and 1975. As a result of increased
economic activity and colder weather, con-
sumption increased for all energy sources

except hydropower, which declined due to
the Western drought. The household and
commercial sector showed the greatest in-
crease of all major consuming sectors. Pe-
troleum (including natural gas liquids) con-
tinued to be the Nation’s largest energy
source, accounting for 47.2% of consump-

‘tion. $

In 1976, the mining industry continued to
face environmental regulation problems
and higher employment, capital, and oper-
ating costs. Cost increases, in some cases,
have not been as high as in previous years.

~Also, firms tried to reduce adverse effects

through improved operating methods and
better cost controls, and less frequently by
curtailing . operations. Certain industries,
such as lead and aluminum, showed consid-
erable market strength, while others,
including zinc and copper, were weak.

The world economy continued to recover
in 1976 from the 197475 recession, which
had been the worst downturn in the post-
World War II era. The recovery was largely
a result of economic ‘expansions in the
United States, West Germany, and Japan.
Inflation rates remained high in the face of
considerable excess productive capacity and
stable or, in some cases, increasing unem-
ployment rates; inflation was, however,
somewhat below that of 1974 and 1975.

SOURCES AND USES

ALL MINERALS

Production.—Domestic crude mineral
production in 1976 was valued at $69.2
billion, an increase of 11% compared with
1975. Metals production rose 17%, non-
metals increased 11%, and mineral fuels
advanced 10%. In constant 1967 dollars
total crude mineral output increased just
under 1% to $24.8 billion; metals increased
8.3%, and nonmetals rose 5.4%, but mineral
fuels declined 1.6%. Shifting back to cur-
rent dollars, exports of mineral raw mate-
rials declined 8.5% to $4.3 billion, and crude
mineral imports, over 90% of which consist-
ed of fuels, increased 34.2% to $30.5 billion
in 1976.

The FRB index of industrial production
(1967=100) for all industries rose 9.8% in
1976 to 129.4 index points. The average for
all mining increased 1.2% to 114.1 index
points. The average index of production for

metal, stone, and earth minerals rose 9.3%
to 120.1 index points. The metal index rose
6% and the stone and earth minerals index
increased 10.6%. The average index of pro-
duction for coal, oil, and gas increased 6.6%
to 112.8 index points. Individual fuel in-
dexes changed in a mixed pattern: Coal rose
8%, crude oil declined 3%, and natural gas
decreased 1.6%.

In the manufacturing sector, production
of metals and nonmetals, as shown by the
FRB index, rose significantly in 1976. The
primary metals index rose 12%, the iron
and steel index rose 9%, and the nonferrous
metals and products and clay, glass, and
stone products indexes both increased more
than 15%.

The FRB monthly index for all mining
during January was 113.6 index points, a
6% increase over the previous month in
1975. The all mining index decreased to a
low of 112.5 index points in July, then
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increased to 114.4 points in August. There
was a continued increase for the remainder
of the year finishing at 116.2 index points in
December. The coal, oil, and gas index
followed the same general trend; coal,
although it vacillated due to strikes in the
middle of the year, increased 13% over the
12-month period, ending the year at 125.9
index points in December. The oil and gas
extraction total index followed the general
trend of all mining while the crude oil index
started at 94.8 index points in January and
decreased to 91.5 index points by December.
The metal, stone, and earth minerals and
the metal mining index declined in the first
half of the year, the lowest point being
reached during June after which the index
recovered to have an overall increase for
the year. Metal mining increased a total of
7% for the year while stone and earth
minerals increased by 0.7% for the year.
The net supply of most principal nonfuel
minerals increased in 1976. The net supply
pattern was mixed for the ferrous metals
category. The largest increase within this
category was 77% for cobalt followed by
20% for molybdenum, and the largest
decline was 12% for tungsten. Iron ore fell
1.4%, but pig iron increased 9.3%, and steel
ingot increased 9.8%. Nickel rose 1.8%,
chromite declined 2.6%, and manganese
declined 7.1%. The net supply of all nonfer-
rous metals, except for tin and ilmenite and

slag, increased (excluding metals for which
data were not available). Cadmium in-
creased 100% and uranium concentrate
rose 54%, but both of these high percentage
increases reflect relatively low base figures.
Platinum-group metals increased 45.1%
and zinc rose 30%. Copper, antimony, and
mercury showed increases in the range of
16.7% to 22.4%. Aluminum increased 14%
and lead rose 11.5%. Tin declined 3.6% and
ilmenite and slag declined 3.2%. The net
supply of all but three nonmetals increased.
Asbestos increased 20.6%, followed by pot-
ash at 20.3%, and gypsum at 14.3%. Sand
and gravel, common salt, and crude barite
increased in the range of 9.6% to 12.1%.
Bromine and clays increased 7.9% and 7.7%
respectively. Phosphate rock and talc and
allied minerals rose 6.5% and 4.7%, re-
spectively. Sulfur increased 1.6%, mica
experienced no change, crushed stone de-
clined a negligible amount, and finished
fluorspar showed the only significant
decline at 9.3%.

Stocks and Government Stockpiles.—
Stocks of crude nonfuel minerals at primary
producers at yearend as shown by Bureau of
Mines indexes (1967=100), increased for all
but one category in 1976. The total index
rose 11.9%, the crude metals index increas-
ed 12.1%, and the crude nonmetals index
increased 11.7%. Within the metals sector,
the iron ore index rose 13.7%, the other
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ferrous index declined 18.5%, and the non-
ferrous index showed the largest increase of
any category at 29.1%. Stocks at mineral
manufacturer, consumer, and dealer loca-
tions as illustrated by Bureau indexes, un-
like those stocks held by primary producers,
declined for all categories except one in
1976. The overall index dropped less than
1%, the metals index declined 1.5%, and the
nonmetals index decreased 7.7%. Within
the metals sector, the iron stock index
increased 8.6%, base nonferrous declined
less than 1%, other nonferrous fell 4.5%,
and other ferrous showed the largest
decline at 15.9%.

Producer stocks of bituminous coal and
lignite increased 5.2% during 1976; coke
increased 29.8%, the largest increase for the
reported 1976 stocks. Natural gasoline,
plant condensates, and isopentane stocks
increased by 10.1%, and crude petroleum,
by 5.2%. Other physical stocks that increas-
ed in 1976 were special naphthas at 1.5%
and the other products category, under
crude petroleum and petroleum products, at
2.7%. The overall category of crude petro-
leum and petroleum products decreased
1.9% and within this category petroleum
asphalt had the greatest decline at 15.0%
followed by the distillate fuel oil stock down
10.9%; liquefied gases decreased 7.1%; resi-
dual fuel oil down 2.4%; and the motor
gasoline stock down 1.5%. Also down for
1976 were the carbon black stocks at 7.8%
and the natural gas category at 3.7%. The
overall trend showed coal and related pro-
ducts with increased physical stocks and the
petroleum and related products, in general,
with decreased stocks.

The seasonally adjusted book value of
product inventories increased for all se-
lected mineral processing industries during
1976. Petroleum and coal products rose by
9.3% to $5,148 million as of December 1976.
Stone, clay, and glass products increased by
9% to $4,194 million. Inventories of total
primary metals rose 11.6% to $17,329 mil-
lion. Blast furnace and steel mill invento-
ries rose by 20% to $10,179 million, the
largest increase of any category. All other
primary metals increased 1.5% to $7,150
million. The total seasonally adjusted book
value of inventories for selected mineral
processing industries rose 10.7% to $26,671
million during 1976.

The U.S. stockpile of strategic and critical
materials continued to represent a signifi-
cant portion of the Nation’s mineral supply

in 1976. Minerals in the stockpile as of
yearend 1976 that had high total values
included antimony, bauxite, chromium, co-
balt, industrial diamond, fluorspar, lead,
manganese, platinum-group metals, silver,
tin, tungsten, and zinc.

Exports.—The total value of selected
minerals and mineral products exported in
1976 decreased 7%. Exports in all but two
sectors declined. Exports of crude nonmetal-
lic minerals fell 11.2%; those of crude and -
scrap metals decreased 5.3%; mineral ener-
gy resources and related products declined
5.9%; and manufactured metals dropped
18.1%. Iron or steel tubes, pipes, fittings,
the largest export value in the manufac-
tured metals category, declined 45%. Those
sectors that showed higher export values in
1976 included chemicals which increased
17.5% and manufactured nonmetallic min-
erals which rose 10.6%.

The geographical distribution pattern,
based on value, for most selected mineral
exports was similar in 1976 to that in 1975.
There were, however, some important ex-
ceptions. In the case of nonferrous metal
scrap, the share of exports to noncentrally
planned Europe, declined from 49% in 1975
to 87% in 1976 while that of noncentrally
planned Asia rose from 34% to 47%. The
distribution of exports of uranium and tho-
rium ores and concentrates shifted slightly
away from noncentrally planned Europe,
which dropped from 100% to 86%, and to
North America, which rose from zero to
14%. The share of iron and steel hoop and
strip exports to North America decreased
from 43% to 32% and those to noncentrally
planned Europe rose from 29% to 48%.
The distribution of silver, platinum, and
platinum-group metals exports' shifted
away from noncentrally planned Europe
which declined from 63% to 29% and to
noncentrally planned Asia which increased
from 15% to 51%. The change in the pat-
tern of lead and lead alloys exports was a
shift away from noncentrally planned Eu-
rope, which decreased from 65% to 19%,
and to both North America, which rose
from 13% to 48%, and noncentrally plan-
ned Asia, which increased from 7% to 17%.
The distribution of exports of uranium and
thorium and their alloys shifted away from
noncentrally planned Asia, which declined
from 34% to 4%, and to North America,
which rose from 26% to 59%.

Imports.—The total value of selected
minerals and mineral products imported in
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1976 increased 24.5%. Imports increased in
all sectors: Crude nonmetallic minerals rose
5.4%; crude and scrap metals increased
14.6%; and mineral energy resources and
related products increased 28.5%. Imports
of chemicals increased 53.9% and within
this "category radioactive and associated
materials except uranium and thorium in-
creased 237.2%. Both manufactured non-
metallic minerals - and manufactured
metals increased 10%.

The geographical distribution pattern,
based on value, for almost all selected
mineral imports in 1976 was similar to that
in 1975, though there were several signifi-
cant exceptions. The share of imports of
mica, including scrap, supplied by North
America decreased from 16% to zero and
that supplied by noncentrally planned Asia
decreased from 72% to 51%, while that
from South America rose from 6% to 31%.
The distribution of crude barite imports
from North America and South America
declined from 27% to 15% and from 33% to
20%, respectively, and that from noncen-
trally planned Europe increased from 24%
to 45%. Imports of columbium ores and
concentrates. from South America declined
from 60% to 39%, from noncentrally plan-
ned Asia declined from 22% to 4%, and
from North America increased from 1% to
329%. The distribution of lead waste and
scrap imports shifted away from North
America, which supplied 37% of U.S. im-
ports in 1976 compared with 98% in 1975,
and to South America, which supplied 44%
in 1976 compared with nothing in 1975.

Consumption.—In 1976 consumption of
most major mineral products increased and
the few that declined, fell by small amounts
with one exception. Most ferrous metals
showed significant increases. Iron ore and
raw steel consumption each rose 9.9%.
Metallurgical-, refractory-, and chemical-
grade chromite ores gained 12.2%, 10.4%,
and 24.7%, respectively, the last gain being
the largest increase of any ferrous metal.
Tungsten consumption increased 15%, mo-
lybdenum decreased 2.5%, and manganese
declined 12%. Consumption of all major
nonferrous metals increased. Apparent con-
sumption of aluminum rose 31.1%, refined
copper consumption increased 29.8%, and
primary mercury showed the largest in-
crease of all major mineral products at
40.5%. All classes of zinc rose more than
25%, followed by platinum-group metals at
22.5%, ilmenite and titanium slag at 19.7%,
and primary antimony at 18.1%. Primary

and secondary lead . consumption rose
14.9%; estimated purchases of uranium by
private industry, 12%; and silver for indus-
try and the arts, 8.2%. Consumption of all
nonmetallic minerals increased except for
crushed stone which declined a negligible
amount. Within the nonmetallics sector
apparent consumption of potash showed the
largest increase at 20.3%, followed by
asbestos at 19.4%. Sand and gravel con-
sumption rose 12.2%, salt increased 10.8%,
and that of clays gained 7.7%. Lime and
cement each increased 5.7%, all forms of
sulfur rose 1.6%, and phosphate rock in-
creased a negligible amount. .

Total energy resource inputs in terms of
British thermal units (Btu) rose 4.9% -in
1976. Consumption of bituminous coal and
petroleum including natural gas liquids in-
creased significantly while natural gas in-
creased slightly and anthracite remained
unchanged. Total net electricity generation
increased and within the  utilities sector,
nuclear showed the largest increase follow-
ed by conventional fuel-burning plants; hy-
dropower declined. Generation of industrial
electricity increased slightly.

ENERGY

Energy use rose in the United States in
1976, reversing a 2-year decline. The 4.9%
increase compared with 1975 was largely
attributable to a higher level of economic
activity and colder weather. Net imports of
all fuels rose 24.3% compared with 1975;
net imports of crude petroleum and petro-
leum products increased 21.4% over 1975,
accounting for 40.6% of the estimated 1976
petroleum demand. Consumption on a Btu
basis rose in 1976 for all fossil fuels, but
declined for hydropower because of the
Western drought. Per capita energy use
increased 4.1% compared with 1975. The
ratio of energy consumption to GNP in 1976
continued to follow the decline that began
in 1971. This decreasing ratio indicates that
the U.S. economy is using energy in a more
efficient way to create GNP.

Production.—Total energy equivalent in
Btu’s obtained from mineral energy re-
sources produced and from hydroelectric
and nuclear power continued to decline
slightly in 1976. The total was nearly 60,000
trillion Btu. Energy obtained from bitumi-
nous coal and nuclear power increased
while that obtained from petroleum, hy-
droelectric power, and natural gas decreas-
ed. Natural gas continued to be our largest
source of energy, accounting for 36% of the
total.
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Consumption.—U.S. energy consumption
in 1976 increased 5% to 74,000 trillion Btu,
nearly reaching the 1973 level. This in-
crease came mainly from the use of bitumi-
nous coal and petroleum products. Natural
gas, the other large source of energy con-
sumption, increased only slightly.

The consumption of energy resources in
1976 by sector was 29% by the industrial
sector, 26% by transportation, 25% by
household and commercial, and 19% by
electric utilities. Petroleum, the major
source (47%) of all energy, accounted for
nearly all of the energy in the transpor-
tation sector, 29% ,in industrial, 34% in
household and commercial, and 24% in
electric utilities.

Coal.—The domestic supply .of bitumi-
nous coal and lignite in 1976 increased 7.4%
to. 597 million tons; that of - anthracite
decreased 1.3% to 5.0 million tons. Exports
of bituminous coal declined 9.5% to 59
million tons and those of anthracite rose
8.5%. Imports of bituminous coal increased
28% but remained small when compared to
exports. Electric utilities were responsible
for three-fourths of bituminous coal con-
sumption, and industrial uses accounted for
most of the remainder. The household and
commercial sector accounted for 40% of
anthracite consumption; industrial uses
accounted for 33%; and electric utilities,
27%.

Natural gas.—The domestic supply of
natural gas increased 2% in 1976 to 19,800
trillion cubic feet or 20,200 trillion Btu.

Production continued to.decline somewhat
as'did exports. Imports accounted for 5% of
total supply and increased very slightly.
Demand for natural gas increased in the
industrial ‘sector to 43% of total demand
and the household and commercial sector
increased to 38% of demand.

Petroleum.—The domestic crude oil sup-
ply increased 8.1% to 4,910 million barrels
in 1976. Domestic production continued to
fall, declining 2.6% to 2,976 million barrels.
Imports, which rose 29.2% to a record 1,935
million barrels, were responsible for the
increéased supply. Exports and stocks in-
creased, but both remained negligible. The
domestic supply of refined petroleum pro-
ducts rose 7.2% to 6,384 million barrels. The
demand for petroleum increased for all
consuming sectors except the miscellaneous
category. Transportation continued to be
the largest consuming sector, accounting for
61.2% of all petroleum consumed.

Nuclear Energy.—Nuclear ‘ energy con-
sumption in 1976 rose 10.8% compared with
that in 1975. On a Btu basis it accounted for
2.8% of total energy consumption in 1976,
up from 2.6% in 1975.

Hydropower.—In 1976 electricity from
hydropower declined for the second year in
a row, decreasing 4.8% compared with that
in 1975. Hydropower was responsible for
4.1% of total energy consumption in 1976,
falling from 4.6% in 1975.

Other Energy.—~Work continued in 1976
on development of alternate sources of ener-
gy such as geothermal, oil shale, solar,
nuclear fusion, wind, tidal, and biological
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Figure 4.—Production and calculated gross consumption of mineral energy resources
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(from organic wastes). Of these energy
sources, geothermal remained the only one
that has reached commercial development
to any significant extent. Solar energy sys-
tems were approaching the commercial
stage at some geographic locations. Oil
shale development advanced in an effort to
overcome problems of high costs and envi-
ronmental concerns. Several projects were
underway to produce energy from waste.
Among the technologies being advanced are

the production of methane from sewage
sludge and the organic portion of urban
refuse, the use of combustible portions of
urban refuse (such as paper, plastics, wood,
and rubber) as fuel for powerplants, and the
production of oil from wood waste. Research
continued on wind power and energy from
fusion, the latter being theoretical at the
present time, but offering great promise in
the long term.

EMPLOYMENT AND PRODUCTIVITY

Employment.—Employment in selected
mineral industries increased for all mining
industries, except copper and nonmetal
mining and quarrying, and half the selected
manufacturing industries in 1976. Total
mining employment increased 5.1%, and
within this category metal mining employ-
ment rose less than 1%, nonmetal mining
and quarrying remained unchanged, and
fuels extraction increased 6.9%. Within the
metal mining group, iron ore employment
rose 2.4% and copper ores declined 4.3%. In
the fuels group, crude petroleum and natu-
ral gas fields employment increased 3.4%,
bituminous coal increased 6.2%;, and oil and
gas field services rose 10.8%.

Total selected manufacturing employ-
ment declined less than 1% in 1976, and
within this category nonfuel mineral manu-
facturing remained virtually unchanged
and fuel manufacturing increased 2.7%.
Within the nonfuel mineral manufacturing
group, employment declined less than 1%
for fertilizers, 2.3% for hydraulic cement,
and less than 0.5% for blast furnaces, steel-
works, and rolling mills; nonferrous smel-
ting and refining employment increased
2.6%. Within the fuel manufacturing group,
petroleum refining rose 1.9%, and other
petroleum and coal products rose 6%.

Hours and Earnings.—Average hourly
earnings in the extractive industries during
1976 increased 10.5% to $5.99 for nonfuels,
and 8.5% to $6.66 for fuels. Also, hours
worked rose 1.2% in both the nonfuels and
fuels industries resulting in increases in
weekly earnings of 12.1% and 9.8%, re-
spectively. Within the nonfuels industry
average hourly earnings increased 9.8% for
metal mining and 10.9% for nonmetallic
mining and quarrying, though the latter
continued to pay the lowest hourly wages in
the extractive sector. Hours worked rose
1.7% for the former, and about 1% for the

latter which also had the longest workweek
of any extractive sector. Weekly earnings
rose about 12% for both industries. Within
the metal mining sector, both hourly and
weekly earnings for the iron ore industry
increased almost 12%. Copper ores average
hourly earnings rose 10.6% and average
weekly hours rose 2.3%, resulting in an
increase in average weekly earnings of
13.1%.

The bituminous coal industry continued
to pay the highest hourly wages and have
the shortest workweek of all extractive
industries with $7.91 and 39.5 hours, re-
spectively, representing increases of 9.4%
for wages and almost 1% for hours. Crude
petroleum and natural gas average hourly

ings increased 8.9% and average week-
ly hours rose 1.5%, resulting in an increase
in average weekly earnings of 9.6%.

The average hourly earnings for total
selected manufacturing rose 7.5% to $7.21;
average weekly hours decreased 1.5%; and
resultant weekly earnings were 9% higher
in 1976. The blast furnaces, steel and rolling
mills industry continued to pay the high-
est hourly wages and have the shortest
workweek of all manufacturing industries
considered, with $7.86 and 39.8 hours, re-

" spectively, representing increases of 10.5%

for wages and 1.5% for hours. The opposite
was true of the fertilizer industry (complete
and mixing) which paid the lowest hour-
ly wages at $4.88 and had the longest
workweek at 43.1 hours in the manufactur-
ing sector, representing increases of 10%
and 1%, respectively. Hydraulic cement
experienced the largest percentage increase
in average hourly earnings of any industry
at 14.7% and, coupled with an increase in
weekly hours of under 1%, also showed the
largest weekly earnings increase of 15.5%.
Average hourly earnings for nonferrous
smelting and refining rose 10.7%, average
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weekly hours rose 2%, and weekly earnings
increased 12.9%. For petroleum refining
and related products, average hourly earn-
ings rose 11.2%, hours worked increased
1.4%, and resultant weekly earnings rose
12.8%.

Wages and Salaries.—In 1976, total
wages and salaries for all industries rose
substantially to $891.8 billion, an increase
of 10.7%. Total wages and salaries in both
the mining and manufacturing sectors rose
nearly 13% to $12.2 billion and $238.2
billion, respectively. Average yearly earn-
ings per full-time employee in all indus-
tries rose 7.2% to $11,623. Mining sector
employees earned an average of $16,089 in
1976, a gain of 8.9% compared with 1975.
Manufacturing sector employee earnings
rose 8.3% to $12,888.

Labor Turnover Rates.— The accession
rate (hires and rehires) for most industries
generally increased after a 2-year overall
decline. In the manufacturing sector the
accession rate increased 5% over that of
1975. The greatest overall increase occurred
in the nonfuel mineral industry sector; this
was attributed to the copper ore sector with
a 68% increase and the nonferrous smelting
and refining sector with a 44% increase.
Within the selected fuel industries, all
sectors increased with the exception of the
coal industry which decreased 13% overall.
The separation rate declined for all of the
selected industries with the exception of the
fuel-related industries. In the maanufac-
turing and copper ore sectors, the decrease
was 9%; metal mining decreased 6% while
both blast furnaces, steel and rolling mills,
and the nonferrous smelting and refining
sectors each decreased 26%. Iron ore chang-
ed the least by decreasing 3% and the
cement, hydraulic sector separation rate
decreased 31%. Petroleum refining and re-
lated industries increased 5%, petroleum
refining alone increased 16%, and the sep-
aration rate for the coal mining sector
increased 28%, the greatest increase for the

fuel-related sectors. The layoff rate decreas-
ed for all nonfuel mineral sectors while the
rate for fuel-related sectors increased. The
greatest layoff decline was for nonferrous
smelting and refining at 70% and cement,
hydraulic was next with a decrease of 45%.
The manufacturing sectors decreased 38%
and the blast furnaces, steel and rolling
mills followed, decreasing 36%. Metal min-
ing decreased 20%, iron ore decreased 23%
and copper ore at 15% decreased the least
within the nonfuels sector. Petroleum refin-
ing and related industries remained con-
stant relative to 1975 while the petroleum
refining layoff rate increased by two-thirds;
coal mining increased by one-half. The last
two rates reflect low base figures.

Productivity.—Indexes of labor pro-
ductivity for selected minerals in 1975 (lat-
est data available) were mixed. All indexes
for copper increased while those for iron
and bituminous coal and lignite declined.
Indexes of copper ore output per employee,
production worker, and production worker
man-hour rose about 2%, 5%, and 10%,
respectively. For recoverable copper metal,
the corresponding indexes increased 0.4%,
3.4%, and 8.2%, respectively. The indexes of
iron ore output per employee and per pro-
duction worker each decreased about 3%,
and the per production worker man-hour
index dropped 1.83%. Indexes of usable
iron ore mined per employee, produc-
tion worker, and production worker man-
hour declined 7.5%, 6.9%, and 5.5%, re-
spectively. For bituminous coal and lignite,
the indexes of output per employee and per
production worker each declined about 8%
and the per production worker man-hour
index declined 10.2%. Indexes for refined
petroleum were mixed, with output per
employee and per production worker each
declining 1% and the per production wor-
ker man-hour index increasing 1%.

PRICES AND COSTS

Index of Average Unit Mine Value.—The
index of average unit mine value (1967=
100) is designed to reflect unit values of
mine production. It showed unit mine val-
ues for all but two mineral categories in-
creasing in 1976. The overall index of aver-
age unit mine value rose 10.4% to 2794
index points. The total metals index in-
creased 9%, the ferrous metal index in-

creased 13.7%, and the nonferrous metal
index rose 3.9%. Within the nonferrous
metal category, the base metal index in-
creased 5.5%, the monetary metal index
showed a substantial decline of 14.5%, and
the other nonferrous metals index increas-
ed by the largest percentage of any mineral
category at 16%. The total nonmetals index
rose 5.5%, with the construction index in-
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creasing 8.4%, the chemical index decreas-
ing 3.5%, and the other nonmetals index
rising 11.9%. The fuels index increased
11.5%, and within this category the coal
index rose 4.2% and the crude oil and
natural gas index increased 13.3%.

Index of Implicit Unit Value.—The index
of implicit unit value (1967=100) is design-
ed to reflect unit values of the minerals
included in the index of physical volume of
mineral production. For 1976 it shows the
same pattern of price changes as the index
of average unit mine value discussed above.
The implicit unit value indexes increased
for all but two mineral sectors. The overall
index of implicit unit value increased slight-
ly over 10% to 278.2 index points. The index
for all metals rose 8.2%, the ferrous metal
index grew 13.7%, and the nonferrous met-
al index increased 5.2%. Within the nonfer-
rous metal category, the base metal in-
dex rose 6%, the monetary metal index
declined 12.4%, and the other nonferrous
metals index increased. the most of all
mineral sectors at 14.5%. The total non-
metal index increased 5.2%, with the con-
struction index advancing 8.5%, the chemi-
cal index falling 4%, and the other nonmet-
als index increasing 12.5%. The fuels index
rose 12.3%, and within this category the
coal index increased 4.2% and the crude oil
and natural gas index increased slightly
over 14%.

Prices.—The wholesale price indexes for
selected metals, minerals, and fuels increas-
ed in general for 1976. The index for all
commodities increased 4.6% to 183.0 index
points, while all commodities other than
farm and food increased 6.4% to 182.4 index
points. Metals and metal products increased
5.5% to 195.9 index points; selected com-
modities within this grouping that reflected
the extremes of the reported price index
changes were as follows: Nonferrous scrap
increased 21.1%, foundry and forge shop
products increased 12.5%, iron ore increas-
ed 108%, and aluminum, primary, buyers
increased 10.6%. Most other commodities
that are listed within this grouping increas-
ed at a rate above the 5.5% group average,
with the exception of zinc, slab, prime
western which had decreased 3.4%.

Nonmetallic mineral products increased
7.0% to 186.3 index points. The greatest
increases occurred for building lime, which
increased 10.3%, and concrete ingredients
and insulation materials, both increased
8.4%. The greatest decreases were as fol-
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lows: Phosphates down 20.5%, fertilizer
materials down 17.7%, and nitrogenates
down 15.4%. . :

Fuels- and related products and: power
increased 8.4% to 265.6 index points. With-
in this group of commodities, gas fuels
increased the most, at 32.3%, followed by
petroleum products, refined and electric
power with increases of 7.4% and 7.3%,
respectively; coal declined 4.4%.

Prices of most mineral energy commodi-
ties increased in 1976. The average price of
bituminous coal at merchant coke ovens
rose 4.3% to $54.90 per short ton. Average
sales realization prices for anthracite rang-
ed between $29.11 and $47.13 per ton, with a
decrease of less than 1% for one size of
anthracite and an increase of 5.4% for
another size. All petroleum and petroleum
products increased in price with the excep-
tions of Bunker C residual fuel oil at all gulf
ports and No. 6 residual fuel, maximum 1%
sulfur, at Philadelphia, which declined al-
most 3% to $9.03 per barrel and 2% to
$12.05 per barrel, respectively. The average
price of No. 6 residual fuel, maximum 0.3%
sulfur, at Philadelphia, rose almost 1% to
$13.28 per barrel. The average price of
crude petroleum at the well increased 7.7%,
and the average dealers’ price of gasoline
rose 9%. Prices of No. 2 distillate fuel oil
rose 8% at Philadelphia and 5% at all gulf
ports. The average value of natural ‘gas at
the well rose 30.3% to 58 cents per thou-
sand cubic feet and it was unavailable at
the point of consumption.

In. the year 1975 (latest data available),
the average cost of electricity increased.at
the same rate as in the past few years.
Different from previous years, New Eng-
land and Middle Atlantic regions had the
highest costs, reflective of the high cost of
petroleum on the spot market. The Tennes-
see Valley Authority charged rates in the
East South-Central States that permitted
this region to continue to have the lowest
average cost of electricity for the United
States. The average cost of electricity in the
residential market increased 0.4 cent to 3.2
cents per kilowatt-hour. All other geograph-
ic regions had increases averaging 0.4 cent
per kilowatt-hour. In the commercial and
industrial sectors the average increase in
1975 was 0.4 cent per kilowatt-hour. The
only decline in rates occurred in Alaska
and Hawaii, where the residential rate
decreased 0.1 cent per kilowatt-hour.
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Principal Metal Mining Expenses.—The
index of principal metal mining expenses
(1967=100), following the price trend for
the economy as a whole, rose 5.3% to 199
index points in 1976. The fuel component
increased 8.5%, the largest percentage in-
crease of any component, reaching 266 in-
dex points, and the electrical energy -compo-
nent was next, rising 7.8% to 208 index
points. The supplies component increased
6.2% to 188 index points and labor, with a
gain of 4.2% to 198 index points, was the
only component rising less than the overall
price index.

Costs.—In 1976, indexes of relative costs
and productivity (1967=100) generally in-
creased with a few exceptions. For iron ore,
all three indexes increased—the index of
labor costs per unit of output and the index
of value of product per production-worker-
period both increased moderately as the
index of labor costs per dollar of product
rose slightly. The copper indexes showed
mixed changes—the index of labor costs per
unit of output declined slightly, the index of
value of product per production-worker-
period increased by more than one-fourth,
and the index of labor costs per dollar of

bituminous coal, the index of labor costs per
unit of output rose moderately, the index of
value of product per production-worker-
period declined slightly, and the index of
labor costs per dollar of product rose mod-
erately. In 1974 (latest data available) the
petroleum indexes of labor costs per unit
of output and the value of product per
production-worker-period both increased
and the index of labor costs per dollar of
product declined as reported in 1973.

Price indexes for mining construction and
material  handling machinery and equip-
ment (1967=100) increased only moderately
in 1976 compared with large increases in
1975. The index for portable air compres-
sors showed the smallest increase at 2%,
followed by mixers, pavers, spreaders, etc.,
at 5% and construction machinery and
equipment at 7%. The indexes for special-
ized construction machinery, scrapers and
graders, and tractors other than farm, all
increased about 8%. The index for power
cranes, excavators, and equipment rose 9%,
the oilfield machinery and tools index rose
11%, and the largest price index increase
was again for mining machinery and equip-

product declined moderately. For ment which rose 15%.
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Figure 5.—Index of labor costs per dollar of product.

INCOME AND INVESTMENT

National Income Generated.—National
income originating in all industries in 1976
increased 12.2% to $1,399 billion. Income in
the mining sector rose to $19.4 billion, an
increase of 7.8%. Oil and gas extraction
accounted for the largest share within the
mining sector at $8.8 billion and also show-

ed the greatest percentage increase in min-
ing at 12.9%. Coal mining contributed the
next largest share, rising 3.4% to $6.6 bil-
lion. Nonmetallic minerals, excluding fuels,
increased 3.1% to $2.3 billion and metal
mining rose 7.2% to $1.8 billion. Manufac-
turing increased 17.2% in 1976 to $365.0
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billion. Within this category, petroleum and
coal products showed the largest percentage
increase, up 25% to $15.5 billion. Stone,
clay, and glass products had the second
largest increase at 19.5%, rising to $11.8
billion. The primary metal industries gen-
erated $26.6 billion in income, a gain of
8.4% and chemicals and allied products
accounted for $27.1 billion, an increase of
13.6%.

Profits and Dividends.—The average an-
nual profit rate on shareholders’ equity in
all manufacturing industries rose by more
than two percentage points in 1976 to 14%.
All but two of the selected mineral manu-
facturing industries showed increasing pro-
fit rates. The profit rate for primary metals
declined a negligible amount to 8.3% and
that for iron and steel decreased by almost
two percentage points to 9%. Nonferrous
metals increased more than one-third to a
profit rate of 6.8%; stone, clay, and glass
products rose almost four percentage points
to 11.9%; chemicals and allied products
increased a negligible amount to 15.5%; and
petroleum and coal products rose almost
two percentage points to 14.4%.

Total dividends for all manufacturing
increased 13.8% to $22,716 million in 1976.
Dividends rose for all but one of the selected
mineral manufacturing industries. For pri-
mary metals, they increased 1% to $1,200
million, which was a result of iron and steel
increasing 3.6% to $773 million and nonfer-
rous metals declining 8.8% to $425 million.
Dividends for stone, clay, and glass products
increased 6.5% to $440 million; for chemi-
cals and allied products the increase was
13% to $3,128 million; and for petroleum
and coal products the increase was 4% to
$4,414 million.

The total number of industrial and com-
mercial failures and their current liabilities
declined rather substantially in 1976. The
number of failures decreased 15.8% to 9,628
and their liabilities dropped to slightly over
$3 billion, a decline of more than 31%.
Mining failures rose to 37 in 1976, 11 more
than in 1975. The current liabilities of
mining firms that failed were almost $106
million, more than 10 times those of 1975.
The manufacturing sector showed a decline
of 18.3% in the number of failures, but their
liabilities increased by a negligible amount.

New Plant and Equipment.—Expendi-
tures for new plant and equipment increas-
ed for mining (including fuels) and for
all but one of the selected mineral manu-
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facturing industries in 1976. Expenditures
by mining industry companies rose 5.5% to
$4.0 billion; those by all manufac-
turing increased 9.4% to $52.48 billion.
Primary nonferrous metals industry ex-
penditures showed the only decline of the
selected mineral manufacturing industries,
decreasing by 5.3% to $2.16 billion. Ex-
penditures by the primary iron and steel
industry increased by 2.7% to $3.81 billion
and those by chemicals and allied products
increased by 6.9% to $6.68 billion. Petro-
leum industry expenditures increased
10.6% to $11.62 billion, and stone, clay, and
glass products industry expenditures show-
ed the Jargest percentage increase, a rise of
21.1% to $1.72 billion.

Plant and equipment expenditures of
foreign affiliates of U.S. mining companies
in mining and smelting declined by 21.9%
to $916 million in 1976. Canada showed a
decrease of 8.2%, Latin America showed a
decrease of 39.4%, and the all other areas
category fell 30%. Expenditures in petro-
leum rose almost 3% to $9,757 million.
Canada showed an increase of 5.2%, ex-
penditures for Latin America declined
15.8%, those for Europe increased 9.8%,
and all other areas remained at virtually
the same level as in 1975. Plant and equip-
ment expenditures in manufacturing rose
2%, with Latin America increasing 19.1%
and the all other areas category falling
11.8%.

Issues of Mining Securities.—Estimated
gross proceeds of new securities offered by
extractive industries totaled $1.77 billion in
1976, an increase of 8.6% from that of 1975.
As a departure from previous years, bonds
accounted for 57.8% of the proceeds in 1976,
while common stock’s share was only 34.3%
and preferred stock was responsible for
7.9% of the proceeds.

Foreign Investment.—Direct private in-
vestment by U.S. companies abroad increas-
ed 12% to $133.2 billion in 1975 (latest data
available). The increase in the petroleum
sector was 15.3%. The share of petroleum
investments received by developing coun-
tries continued to be greater than the share
of total investments they received. Develop-
ed countries received $20.3 billion of the
petroleum industry investment, while
developing countries received $11.1 billion.
The value of petroleum investment in Eu-
ropean affiliates increased 14.3% to $11.4
billion and that in Canadian affiliates in-
creased 8.3% to $6.2 billion. Petroleum



REVIEW OF THE MINERAL INDUSTRIES

investments were up sharply in two devel-
oping areas: The Middle East increased
127.7% to $3.7 billion and the Other Asia
and Pacific category rose 59.5% to $2.8
billion.

U.S. direct investments in foreign mining
increased 7% in 1975 (latest data available)
to $6.6 billion. The developed countries
received two-thirds of these investments or
$4.4 billion. Canada received the largest
share, or 69.4% of mining investments in
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developed countries. Latin American Re-
publics continued to account for almost half
of mining investments in developing coun-
tries which totaled $2.1 billion.

The value of foreign direct investments in
the United States in 1975 (latest data avail-
able) was $26.7 billion, an increase of 19.3%.
Investments in the petroleum sector in-
creased 37% to $8.2 billion, which was
30.6% of the total foreign direct invest-
ments in the United States.

TRANSPORTATION

The total quantity of major minerals and
mineral energy products transported by
railroad and water continued to decrease in
1975 (latest data available), declining by
95.4 million short tons to 1,642 million short
tons. Total mineral products accounted for
62% of all products carried by rail and 82%
of all commodities transported by water.
The former represented a small increase
over that of 1974. Almost 65% of minerals,
excluding fuels, were transported by rail.
Slightly over 55% of fuels and related
energy products were transported by water.

In the minerals, excluding fuels, category
the quantity of commodities transported by
rail decreased 15.9% to 406.6 million short
tons. Of this total 61.9% consisted of five
commodities: Iron ores and concentrates,
phosphate rock, steelworks and rolling mill
products, sand and gravel, and crushed
stone. All commodities decreased in 1975
except for nonferrous metal scrap, which
increased 365%, and phosphate rock, which
rose less than 1%.

Water transportation of minerals, exclud-
ing fuels, declined almost 13% to 220.4
million short tons. Three commodities—
iron ores and concentrates, sand and gravel,
and limestone flux— accounted for 75.5% of
this tonnage. All commodities decreased
with the exceptions of phosphate rock,
which increased 10%, and other ores, which
increased 6%.

In the fuels and related energy products
category, the quantity of commodities car-
ried by rail rose 2.1% to 456.2 million short
tons in 1975. Bituminous coal and lignite
continued to be responsible for the major
share, accounting for 89.3% of this tonnage.
All fuel products declined in 1975 except for
coal, which increased 4.3%, and crude pe-
troleum and natural gas, which rose 5.6%.

Fuels and related products transported by
water increased less than 1% to 559.2 mil-
lion short tons. Coal continued to account
for the largest share of fuels shipped by
water at 27.3%. Others responsible for sig-
nificant shares included residual fuel oil at
20%, gasoline, jet fuel, kerosine at 19%,
distillate fuel at 16%, and crude petroleum
and natural gas at 14%. The largest per-
centage increase was for liquefied petro-
leum gas and coal gas which rose 21.4%.

A total of 987,700 miles (preliminary) of
gas pipelines existed in 1976. This repre-
sents an increase of less than 1% from the
980,000 miles of pipelines that existed in
1975. Total petroleum pipeline mileage in
1974 (latest data available) as previously
reported was 222,000 miles. It was distrib-
uted among the following components:
Crude gathering systems in field operations
with a 31% share, large-size crude trunk-
lines accounting for 34%, and petroleum
product pipelines that extend from refin-
eries to extraction terminals with 35%.

RESEARCH ACTIVITIES

U.S. total research and development ex-
penditures in 1975 (latest data available)
were $23.5 billion, an increase of more than
5% compared with that of 1974. The shares
spent by the private sector and the Federal
Government were 62.8% and 37.2%, re-
spectively, the same percentages as in 1974.
Research and development expenditures in
the petroleum refining and extractive in-
dustries increased 17%, reaching $700 mil-

lion in 1975. Almost 96% of these expendi-
tures were financed by private industry,
and Federal Government funds supplied the
remaining 4%. Research expenditures for
chemicals and allied products increased
over 12% to $2,650 million. Private industry
financed 91% of this total.

Bureau of Mines funding obligations for
mining and mineral research and develop-
ment were $131.3 million in fiscal year
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1976, an increase of 29% compared with
1975. Funds for applied research increased
more than 429% to $72.5 million. Basic
research funds continued to drop, declining
58.7% to $0.8 million. Funds for develop-
ment rose 19% to $58 million. Funding
obligations for fiscal year 1977 were estima-
ted at $153.7 million, 17% higher than for
1976. Fiscal year 1977 funds were estimated
to increase 8.8% to $78.9 million for applied
research, to remain the same for basic
research, and to increase 12.7% to $65.4
million for development.

Bureau of Mines funding obligations for
total research rose 38.5% to $73.3 million
for fiscal year 1976. Funds for engineering
sciences increased 41.5% to $67.5 million;
physical sciences funds declined 5.6% to
$1.8 million; mathematical sciences rose
24.5% to $1.6 million; and environmental
sciences increased 18% to $2.4 million. Ob-
ligations for total research during fiscal
year 1977 were estimated to increase 8.7%
to $79.7 million. Funds for engineering
sciences were estimated to increase 9.3%;
for physical sciences they were estimated to
rise 5.6%; and for both mathematical and
environmental sciences they were estimat-
ed to remain the same. Highlights of Bu-
reau research programs, including work in
progress, follow.

Mining.—The Bureau continued to make
field studies with shallow seismic reflection
methods for mapping coal seams and under-
ground geologic features in coal mines in
1976. Only recently has this technique been
applied to shallow investigations. The ap-
plication is similar in effect to the deeper
methods already utilized; however, shallow
reflection methods require modified proce-
dures. Some of these are to minimize sur-
face noise, select optimum detector spacing,
generate high-frequency source signals, and
use improved data collection and data pro-
cessing technology. The seismic method was
proving useful for locating geologic features
at moderate cost and with better definition
than available with drilling programs
alone.

The Bureau developed a first-generation
roof bolter inserter (R.B.I.) and flex drill
system. The R.B.I. is designed to bend and
insert longer than seam height bolts with-
out the need to manually bend and straight-
en the bolts. It removes the miner from the
hazardous bolting area to improve safety.
This is done by moving the operator’s con-
trols to the back of the bolter and moving
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the operator away from the bolter altogeth-
er and controlling its operations remotely.
Completion of the R.B.I. has led to the next
step of drilling longer than seam height.
Five flexible drill contracts investigated
different methods of achieving the goal of
longer than seam height drilling.

The Bureau of Mines embarked on a
contract research effort to develop a fast,
reliable, accurate, and effective reconnais-
sance system to gather and quantify data on
stability of mine waste embankments. After
investigating a number of systems involving
conventional surveying, telemetry, remote
sensing, and innovative techniques, the air-
borne photogrammetry system was selected
as the one that best combines accuracy,
rapidity, and reliability with reasonable
cost.

Photogrammetry is both fast and accu-
rate; embankments can be photographed in
a fraction of the time required for onsite
visual inspection and surveying. Additional
benefits are that site mapping is facilitated,
embankment volume can be measured, and
a permanent, reliable record of the life of
the embankment results.

The deep, steeply dipping narrow veins of
the Coeur d’Alene mining district are min-
ed by overhand horizontal cut-and-fill
methods. High ground stresses and hard
brittle rock can result in conditions con-
ducive to rockbursts. Experience has shown
that many of the damaging rockbursts oc-
cur during development of the stope first
level and later during mining of the re-
maining stope sill pillar. Finite element
studies showed that if the rock in this area
of the mine could be made less brittle
during development mining, the potential
for rockbursts would be greatly reduced. A
cooperative research program was planned
between the Bureau of Mines and a mining
company to test this theory.

A Bureau program was generated for the
development of potential recommended
guidelines for underground mining in close
proximity to bodies of water. The objective
was subject to the constraint of maximum
efficient utilization of underground coal
resources consistent with minimizing inun-
dation hazards. Several consulting firms
were contracted to gather and provide back-
ground data from worldwide sources on the
application and the case histories of pre-
vious inundations to develop recommended
guidelines for underground coal mining
near bodies of water.
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These recommended guidelines cover to-
tal extraction by longwall or pillar robbing,
partial extraction by room-and-pillar, par-
tial extraction by panel mining, and a
combination of these methods. .

The Bureau of Mines continued to con-
duct projects involving the development
and in-mine testing of rugged, reasonably
priced, mine shaft fire and smoke protection
systems. A second-generation system, devel-
oped and installed in a mine near Bishop,
Calif., was tested in 1976. The system’s
hardware consists of smoke, CO, and heat
sensors, remotely controlled smoke doors,
remotely controlled sprinkler systems in
the shaft/shaft station area, underground
control units, and a master control unit at
the surface. After 8 months of in-mine
evaluation, the second-generation prototype
system was subjected to fire testing. Test
fires were lit at two levels of the mine. Each
test fire was automatically sensed by the
systems; the remotely controlled smoke
doors were activated and the remotely con-
trolled sprinklers successfully extinguished
the fires via commands from the surface.

Bureau research is concerned with sev- |

eral aspects of circuit protection for mine
power systems, ranging from circuit break-
er reliability to development of more sensi-
tive and trouble-free devices for detection of
ground faults. In one study, existing circuit
breakers are being replaced by matching
units which are equipped with monitoring
devices to provide data on occurrences of
circuit current surges and the related cir-
cuit interruption performance of the break-
er. The old breakers are examined for wear
and failure characteristics, as will be the
new units when finally removed. Aside
from reliability and maintenance schedul-
ing information, the investigation will prob-
ably also result in suggestions for circuit
breaker improvement and for proper ap-
plication of the devices.

A “synthetic fault” test apparatus had
been developed for in-mine testing and ver-
ification of operational readiness of ac cir-
cuit breakers. .

A second circuit breaker tester was being
developed; this one for calibrating dc trolley
system circuit breakers.

An experimental model of a dc circuit
breaker which almost instantaneously in-
terrupts large fault currents with no arcing
across the contacts had been fabricated and
was undergoing tests.

The detection of incendive ground fault
currents on the order of 10 amperes in
trolley line systems, where normal currents
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may be in excess of 3,500 amperes, is
accomplished by means of a “discriminating
circuit breaker system.” The method by
which the system distinguishes a dangerous
ground fault from a low resistance normal
load involves injection of a 3,000-hertz audio
signal into the system and the sensing of
current flow at that frequency. All legiti-
mate loads such as pumps, jeeps, and loco-
motives operating on the line must be
equipped with filters to block the flow of
3,000-hertz current, whereas the current
will flow freely through a genuine ground
fault and cause a relay to trip the circuit
breaker. In the present experimental instal-
lations, all of the mine vehicles are not
equipped with blocking filters; hence, the
system cannot be connected so as to actual-
ly interrupt the trolley line current; how-
ever, 3 years of observation have proven
that a fully installed system would be es-
sentially free from nuisance interruptions.
Further in-mine evaluation is underway.

The Bureau of Mines in its concern for
mine safety has responded by performing
research in all areas related to improving
the safety of coal mines during the mining
operation. Of particular concern are pro-
grams to improve the interface of the
machine operator and the machine.

Several programs were initiated to
achieve this goal; these programs examined
innovative machine designs and modifica-
tion of existing equipment. The innovative
machine design program involved complete
redesign of equipment, employing human
factors engineering in the new designs. The
program for modification of existing equip-
ment was broken down into several pro-
jects. These projects have been directed
toward standardization of controls, panic
bar installations, development of low coal
canopies, and a survey of available cano-
pies.

Other examples of noncompliance with
human engineering principles are the
widespread use of identical black, round
control knobs (regardless of the function
being performed) and frequent inappro-
priate location, spacing, and labeling of
controls. Any or all of these factors may
place the operator in a “negative transfer”
situation, which means that -control ma-
nipulations appropriate for one type of
machine are different from (or even in the
reverse of) the control movements required
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to produce the same effect of other machine
types. The goal of this project was to devel-
op and evaluate criteria for standardized
controls for underground electric face
equipment.

Several projects were initiated under the
protective canopy program to develop pro-
tective canopies that were easily retrofitted
to existing equipment used in various seam
heights. The results of these projects have
been combined into one study that applies
human engineering principles in con-
junction with these past research programs
to develop optimized operator compart-
ments. Three projects were initiated under
the optimized operator compartment pro-
gram. These projects were similar with the
objective of fabricating operator compart-
ments that were easily retrofittable to exist-
ing equipment and included the results of
the standardization of controls project, the
panic bar project, and the various canopy
projects.

One of the optimized operator compart-
ment projects has been completed on an
Elkhorn scoop and a pair of National Mine
Service shuttle cars. The two shuttle cars
were sold to a mining company for use in its
mine; the company agreed to accept the
cars with optimized operator compartments
and evaluate them in normal operation
during the months of March and April 1976.
The compartment was very well received by
the drivers and other mine personnel.

A coal company agreed to cooperate in
finding a maintenance shop to modify its
Elkhorn Scoop compartment to the optimiz-
ed operator compartment configuration and
to participate in the in-mine evaluation of
the scoop. The modifications to the scoop
compartment were completed in January
1976. The scoop compartment was then
evaluated by the scoop operators, while
performing their normal duties, during the
months of February and March 1976.

The broad objective of the Bureau’s mine
machinery equipment training program is
to improve the safety and productivity of
new operators of underground mine ma-
chinery by the systematic and disciplined
development of equipment training sys-
tems. The present scope, as determined by
historic accident and hazard analyses, in-
cludes the development, implementation,
and validation of miner, roof bolter, and
hoist equipment operator training sys-
tems.

In providing detailed information con-
cerning equipment operation, a shuttle
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car training system was developed under
contract by Doron Precision Systems.
The trainer concepts evolving from the
training system analysis have included the
development of classroom material, a dyna-
mic concepts trainer, and a reaction trainer.
The reaction trainer was designed to teach
and provide drill and practice in hazard
recognition and avoidance. As such, the
reaction trainer is designed to partially
simulate the shuttle car and working
section with a sufficient degree of fidelity to
realistically present many of the hazards a
shuttle car operator may encounter. Efforts
were underway to adapt this training sys-
tem to the development of training pack-
ages for roof bolter, continuous miner, and
hoist equipment operators.

While the machinery trainers address an
important area, another technique with
broader applicability in terms of general
training and testing is the Lincoln Training
System (LTS), which is a self-paced, inter-
active, audiovisual trainer. All information
(audio, visual, and control information) is
contained on low-cost microfiche. Prototype
systems have been evaluated at coal mine
training sites with excellent acceptance.

Health-related research is focusing on
such problems as respirable coal dust, ra-
dioactive gas, noise, toxic mine gases, and
on solutions involving both protection of
miners and control of the mine environ-
ment through engineering advances.

Projects were underway to prevent and
control dust generation, improve face ven-
tilation, and develop personal protective
devices. Research continued on the ra-
diation hazard which continues to be a
major health concern in uranium mines.
The major objectives are to improve tech-
niques to inhibit or control radon eman-
ation into the mine air and to develop
measurement instrumentation such as a
viable personal dosimetry system for meas-
uring miner exposure to specific types of
radiation.

Research continued on noise abatement
in order to achieve acceptable levels of noise
exposure for personnel engaged in coal and
noncoal mining activities, both under-
ground and surface. Noise instrumentation
was being improved to meet continuing
demand for more accurate assessments
of noise levels. An industrial hygiene
program was aimed at rapidly meas-
uring/monitoring toxic gases such as CO,
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NO, and NO. through the development of
low-cost, reliable measuring instrument-
ation. Thus, the quality of ventilating air in
a mine can be quantified and the miners’
accumulative exposure can be measured.

A Bureau of Mines research contract
developed methods to increase significantly
the amount of fresh air that reaches the
front of a continuous mining machine. The
contract emphasis was on removing meth-
ane buildups that occur at the cutter head.

The key to providing more air at the face
is to enhance and move forward the “natu-
ral” airflow pattern. Devices designed to
enhance and move forward this natural
pattern always swept away methane better
than those that ignored this simple princi-
ple.

One way to move forward the natural
pattern is with proper placement of a low
volume diffuser fan. A twin nozzle diffuser
fan placed on the intake side of the machine
works best. One disadvantage of this kind of
diffuser system was that it required a sec-
ond, identical system on the other side of
the machine to make the air go the other
way when the brattice was moved to the
other rib.

Another simple and effective air mover is
the conventional water spray. It was discov-
ered that if all the water sprays on the
machine were realined to take advantage of
their air-moving abilities, then the natural
airflow pattern was enhanced even more
than with a diffuser fan.

While some care in the selection and
placement of spray nozzles is necessary,
conventional nozzles work as well in this
application as specially designed “air-
mover” venturi sprays. These “air-mover”
sprays move air through a small diameter
short tube that surrounds the spray nozle.
However, this Bureau-sponsored research
has shown that the key to better face
ventilation is recognizing that the space
between the machine and the roof or rib is
also a “tube,” a far larger tube than could
ever be tucked away inside the machine.
The solution to more air at the face is a
more effective use of this tube that has been
there all the time.

In an attempt to reduce both the material
costs and the man-hours needed to maintain
stoppings in working areas of hardrock
mines, the Bureau of Mines developed a
new type of stopping, called the quick-fix
blowout stopping. This is a variation of the
parachute stopping developed earlier by the
Bureau. Unlike conventional stoppings con-
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structed in working areas, the stopping is
not designed to resist blast forces. Rather, it
is designed to be easily blown out by blast
forces and then to be quickly and easily
reinstalled; in contrast, a conventional tim-
ber stopping or bulkhead may require an
entire shift to replace. Furthermore, restor-
ing conventional wood or brattice stoppings
almost always entails the use of new mate-
rials, whereas the quick-fix blowout stop-
ping can be used again and again.

A new, self-sealing brattice developed by
the Bureau of Mines offers distinct advan-
tages over conventional brattice as to both
weight and tightness. Its main feature is
that the fabric is sewn into a hemispherical
shape rather than a flat sheet-like conven-
tional brattice. The perimeter of the hemi-
sphere is made larger than the airway
perimeter, so that the differential air pres-
sure will balloon out the fabric, forcing it
against the mine surface and providing an
automatic seal that reduces both leakage
and the number of attachment points need-
ed. It should be noted that the Bureau of
Mines considers this concept still in the
developmental stage. Although it has been
shown that this type of stopping can be
successfully employed underground, it has
never been tested in an emergency sit-
uation.

The Bureau of Mines developed a me-
chanically driven sequential sampler that
can automatically take air, gas, or liquid
samples in underground mines for periods
of 1 to 8 days. The new sampler is basically
an Archimedes screw—a spiral of plastic
tubing wound around a cylinder, which
is tilted so that one end of the tube is
submerged in a pan of water. The other end
of the cylinder is connected to a spring-
wound motor that can rotate the cylinder,
one revolution per sample, at set intervals
ranging from once a minute to once an
hour. As the cylinder turns, the low end of
the tubing comes out of the water for half a
revolution of the cylinder. As the end of the
tube submerges again, a plug of air is
trapped in the tube between two plugs of
water, and successive air samples are auto-
matically spiraled upward in the tubing as
the cylinder rotates.

In 1976 the Bureau continued to explore
possible ways of reducing the level of air-
borne respirable coal dust through improve-
ment in coal mining machines, methods,
and systems. The objective of a Bureau
contract was to design, construct, and test a
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full-scale continuous coal miner for the
purpose of quantifying the relationships
between cutterhead’s rotational speed and
the depth of cut by the bits into the coal face
as related to the generation of airborne
respirable dust. The results showed that
airborne respirable dust was reduced by
greater than 60% in the air return when
the depth of cut was increased from 1 to 2
inches. Rotational speed had only a slight
effect in the return, but at the operator’s
station, a reduction of 77% could be realized
by slowing the head from 51 to 18 revolu-
tions per minute. The contract has been
completed and the machine was being dem-
onstrated under a cooperative agreement
with a coal company. The purpose of this
demonstration is to show that a drum-type
continuous coal miner can operate in a
much cleaner mode and yet can maintain or
increase production.

More than 90% of the coal in under-
ground mines is hauled by various types of
shuttle cars from the mining face to the
secondary haulage system. Approximately
729% of the cars are electric powered
through a trailing cable. All of the remain-
ing cars are powered by lead acid batteries
with the exception of a small number that
are powered with diesel engines.

Continuous face haulage systems trans-
port 8% of the underground coal and their
application is expected to grow. However,
shuttle car haulage will continue to be the
predominant face haulage method during
the foreseeable future. Shuttle cars, in gen-
eral, have the relative advantages of low
capital cost and high reliability. In the case
of the electric trailing cable powered shuttle
car, it is a simple and easily maintained
vehicle. The principal disadvantages of this
kind of vehicle are limited coal capacity and
various problems related to the trailing
cable. Battery-powered vehicles have the
flexibility to travel various paths and elim-
inate the fire hazard and failure problems
associated with the trailing cable. The ma-
jor problems with battery-powered equip-
ment are limited operating time per charg-
ing cycle and downtime due to battery
replacement. Diesel-powered shuttle cars
have the advantages of battery-powered
vehicles and, in addition, have a higher
operating time and lower operating cost.
The critical problems of diesel-powered
shuttle cars are the health hazard of the
engine exhaust emissions and noise. In
1976, research was being conducted on all of
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the problems cited above with the objective
of reducing or eliminating them.

A contract was awarded to a firm to
maximize the coal carrying capacity and to
improve or, at a minimum, retain the exist-
ing maintainability and reliability stand-
ards of shuttle cars without increasing the
outside dimensions. An evaluation was
made of all currently used shuttle cars and
relevant technology to identify those fea-
tures and components that could be combin-
ed to meet contract requirements. The eval-
uation has been completed and a shuttle car
design is nearly completed that will have a
capacity more than 25% greater than exist-
ing shuttle cars of equivalent overall dimen-
sions.

Under a contract, an iron-nickel high
performance battery for coal haulage vehi-

_cles and a more efficient battery charging

system was being developed. The iron-
nickel battery will have sufficient energy to
last a full shift and can be charged and
ready for use in less than 3 hours.

Also through a contract, the closed Ran-
kine cycle steam engine that was developed
for automotive propulsion has been modi-

fied for use in underground coal mine vehi-

cles. The steam powerplant potentially of-
fers significant advantages over existing
diesel-powered (internal combustion) vehi-
cles. Emission levels for oxides of nitrogen
and carbon monoxide from the steam en-
gine system are anticipated to be approxi-
mately less than 10% and 40%, respective-
ly, of those obtained from diesel systems
presently in use underground.

Significant advances have been made re-
cently in flywheel materials and technolo-
gy. Shuttle cars appear to be uniquely
suited to the application of flywheel tech-
nology. The distance of travel is typically
short and the cycle frequency is high. Con-
ceptually, the shuttle car flywheel would be
rapidly recharged in fresh mine air while
the car is being unloaded at the transfer
point. A contract has been awarded to
assess existing flywheel technology and its
practical application to underground coal
mine shuttle cars. The evaluation includes
flywheel size and material, methods of
charging, recovering, and transmitting
flywheel energy, and safety, and cost-
effectiveness.

Studies, research, and development are
currently underway by the National
Aeronautics and Space Administration/
Marshall Space Flight Center for the
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Bureau of Mines to develop the coal inter-
face detectors and associated control sys-
tems required for the automation of a
longwall shearing machine. The specific
goal is to define, test, and recommend
practical low-cost guidance and control sys-
tems and detectors required for the devel-
opment of an automated bidirectional
double-drum arranging shearer/loader.

To date, the following four sensor types
have survived the feasibility tests and are
being developed further by laboratory and
field testing: (1) Nucleonic, which employs
back-scattering gamma rays to measure the
thickness of coal left on the roof or floor
after cutting; (2) radar, which employs an
"~ FM or CW single-antenna radar to measure
depths of coal and/or strata in roof or floor
after cutting (discrimination depends on
differences in the dielectric constant of the
materials); (3) sensitized pick, which uses a
strain-gaged pick block to measure force on
cutting bit and discriminates between hard
and soft materials; and (4) penetrometer/
reflectometer, which is a dual sensor which
measures the impact hardness and color of
material left exposed on roof or floor. A
fifth sensor is being developed for the Bu-
reau that is based on an analysis of the
vibration spectrum of the coal-cutting oper-
ations.

Concurrent with the detector develop-
ment work, concepts for shearer guidance
and control systems, utilizing one or a suite
of detectors, were being evaluated. This
evaluation includes mathematical simula-
tion of the control system, identification of
hardware design approaches, and the defini-
tion of the system requirements.

In addition, studies were being conducted
on methods for measuring the alinement of
the longwall coal face with respect to estab-
lished mine reference locations. Measuring
instruments that can measure the path of
the face conveyor (yaw) have been: devel-
oped and were undergoing laboratory eval-
uation. Instruments also have been iden-
tified for measuring the shearer tilt (roll
attitude).

The choice of detectors will depend ulti-
mately on the physical properties of the
roof, coalbed, and floor; the mining strategy
(how much coal to leave, how much roof or
floor to cut, etc.); and the accuracy of the
fully developed sensors.

Because of new impetus on coal to satisfy
U.S. energy demands, the Bureau of Mines
had a program for improving underground
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coal production. Part of this effort is the
“Automated Continuous Roof Support” sub-
program for developing and demonstrating
equipment that will increase production
and lower coal costs.

An approach to increasing room-and-
pillar production is to provide more oper-
ating time for high-capacity continuous
miners. By installing supports during the
mining operation, the separate steps requir-
ed for mining and supporting can be elimi-
nated. Eliminating separate mining and
bolting operations with equipment that can
simultaneously mine coal and install roof
supports would then enable a miner/bolter
to produce 750 tons of coal per shift—a
considerable improvement over today’s 850-
ton rate. The Bureau has contracts to de-
sign, fabricate, assemble, and test equip-
ment that combines the bolting and mining
functions.

The Bureau of Mines is conducting re-
search to help apply the potential benefits
of mining uranium by in situ leaching. In
situ leaching presently provides only a
small fraction of the Nation’s uranium
production. There are certain problems to
be overcome before in situ leaching will
contribute large amounts of uranium. One
of these problems is optimizing the type and
concentration of chemical lixiviant for the
particular ore being leached. A second prob-
lem is optimizing the construction of in-
Jjection wells so as to minimize clogging; in
certain types of deposits, organic drilling
fluids have caused clogging. A description of
the preferred method of making injection
wells was being prepared for publication.

The third problem is limiting the lixiv-
iant to the uranium-bearing zones, especial-
ly when there are several layers of ore.
With conventional methods of placing
screens, the barren zones between the
uranium-bearing zones are exposed to the
lixiviant. An alternative method is to case
and grout the well all the way to the bottom
of the lowest uranium-bearing zone, then
perforate the casing and grout at the de-
sired levels. The Bureau of Mines has devel-
oped an excellent technique for making the
required perforations by using a high-
pressure water jet. The water jet makes
smaller, more regular holes than mechani-
cal perforations, and so provides better sand
control. The water jet not only can be used
to make original perforations, but also can
make new holes in a clogged screen. Both
applications were tested successfully in
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Texas. By such research, the Bureau is
attempting to improve the efficiency of in
situ uranium leaching so that lower grade
and smaller deposits can contribute to the
Nation’s energy supply.

Explosive fracturing of copper ore bodies
in preparation for in situ leaching is a new
technology with a high potential for devel-
oping low-grade deposits. The Bureau initi-
ated field research to assist mining compa-
nies in developing this technology. The
Bureau and a mining company conducted a
cooperative in situ leaching research pro-
gram at a mine near Kingman, Ariz. The
objective was to develop in situ leaching
methods for 200,000 tons of ore exposed in
the pit bottom and also 3 million tons of ore
under 200 feet of overburden adjacent to the
pit. The grade of the ore remaining at the
mine had became marginal, and it was no
longer economical to continue open pit oper-
ations.

In another cooperative research program
the Bureau and another mining company
began investigating the in situ leaching
potential of copper ore along the fringes of
an open pit mine near Benson, Ariz. This
fringe ore is beyond the projected pit limits
and if an in situ leaching system is success-
ful, the life of this mine would be extended
and the total copper production would be
increased.

The techniques demonstrated by these
Government-industry cooperative efforts
can be of significant industrial value to any
company that is considering the use of in
situ leaching.

For over 5 years, the Bureau has spon-
sored research for the development of a
conical reamer for hard rock. This device
attacks the hole bottom at an angle, which
decreases the force on individual cutter
elements to be spaced further apart than is
possible with a tricone bit. As a result, this
geometry leaves more room for cutter bear-
ings and, consequently, has the potential for
longer bit life.

The Bureau, with the cooperation of two
firms mining taconite, conducted an exten-
sive field test of the conical reamer blast-
hole bit on the Minnesota Mesabi Iron
Range in 1976. Taconite rock is extremely
hard (50,000 to 75,000 pounds per square
inch), so these tests enabled the Bureau to
evaluate performance under very severe
conditions. The tests were considered a
technical success, but the economic analysis
indicated that for drilling in taconite, the
conical reamer bit is more expensive than
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using a standard bit. The technology has
been transferred to industry. A manu-
facturer recently began marketing the bit
and apparently the bit is performing very
well in softer formations.

To encourage improved production and
work efficiency, the Bureau contracted re-
search for the design, fabrication, and field
testing in a vein mine of an improved
portable man-rated service hoisting system
for transporting men, supplies, and equip-
ment into stopes. The following general
requirements were designed into the hoist-
ing system: (1) Capable of operating at a
speed of 50 feet per minute under normal
2,000-pound man-rated load; (2) capable of
serving a 38,000-foot raise; (3) capable of
operating with a 4,000-pound payload of
equipment; and (4) capable of being moved
and reinstalled quickly and easily in other
stopes in the mine. The system was field
tested for a 6-week period at a mine in
Colorado. Minor modifications and addition-
al in-mine testing and demonstration are
planned.

The Bureau of Mines has a contract to
develop a remote controlled, mechanized
shotcrete placement system for raise drilled
shafts. This is to eliminate the major deter-
rent of the current lining process, which is
slow, costly, and dangerous owing to the
need for men in the shaft. On a single shift
basis, this shotcrete system could conserva-
tively place 30 feet per day figuring 50% of
an 8hour shift to be operating time. By
adding two more shifts, this rate could
conceivably be increased to 90 feet per day.
Based on a conservative analysis, the eco-
nomics of the system look extremely at-
tractive. Excluding research and develop-
ment costs, an estimated $9.00 per foot cost
saving was realized on the demonstration
shaft. Not figured into the cost analysis
were such factors as the benefits gained by
faster development and the loss of fewer
raises due to collapse. The system is under-
going a refinement phase to correct short-
comings noted on mine equipment trials.
Subsequently, the system will be demon-
strated in a deeper shaft.

The underground auger has the potential
advantages of low capital and operating
costs, and high tons per manshift output.
With a Bureau contract, a project was
successfully constructed, demonstrating
peak production rates reaching 130 tons per
shift or about 25 tons per manshift. An
extension to the contract to gather more



REVIEW OF THE MINERAL INDUSTRIES

field data and improve the machine has
been granted. Under an in-house project,
several high recovery auger mining (Hi-
ream) systems were developed. The first
involves drilling square holes with or with-
out temporary support for a potential recov-
ery of 75%. The second system uses a
backreaming tool that allows holes to be
drilled closer together with or without tem-
porary support for a potential recovery of
T72%. During fiscal year 1976, prototype
equipment was developed and tested for the
square hole drilling system, the circular
backreaming system, and the temporary
:111pport system, all of which appeared feasi-

e.

Environmental restrictions imposed on
contour mining in steep slope areas of
Appalachia have prompted the develop-
ment of new mining techniques, such as the
haulback or blockcut method, which permit
controlled placement of overburden and
eliminate spoiling on the outslopes. The
major disadvantage associated with these
methods is that production is lowered main-
ly because of time delays caused by equip-
ment cycling and interference between coal
mining and overburden handling equip-
ment causes congestion in the pit area.

The feasibility of portable belt conveyors
for handling of overburden either along the
lowwall or highwall is being examined un-
der a Bureau contract. These conveyor
haulage systems alleviate the pit congestion
and production hinderances associated with
truck haulage of overburden through the
active pit area in haulback and blockcut
mining methods.

Two systems each using portable belt
conveyors have been developed. In the
lowwall concept, the conveyor units are
placed along the lowwall side of the pit. A
front-end loader places the overburden into
a hopper, to screen oversize material, which
feeds the belt conveyors. The conveyors
transport the material through the pit to
the reclamation site. Here a reclamation
stacker is used to deposit the overburden for
final grading by dozers. In the highwall
concept, similar equipment is utilized;
however, the conveyor units run along the
highwall. A single lift elevator lifts the
overburden from the bench to the top of the
highwall where it is deposited onto the
conveyor units. The conveyors run along
the top of the highwall and feed into a
highwall reclamation stacker, which depos-
its the overburden into the pit for final

grading.
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Evaluations indicate that conveyor haul-
age of overburden offers numerous advan-
tages over trucks such as potentially higher
production rates, additional coal recovery,
improved reclamation due to concurrent
backfilling, improved spoil placement, and
reduced pit congestion. Of the two concepts
developed, the lowwall system has the most
promise.

Only a small portion of the vast reserves
of oil shale can be mined by conventional
surface or underground techniques. To re-
cover the remainder of this fuel, a modified
in situ technique will be required. Through
a contract, the Bureau assessed the techni-
cal and economic feasibility of a modified in
situ process. In the modified technique,
upper and lower development levels are
advanced by standard mining methods.
Compared to conventional mining methods,
the modified in situ method will minimize
surface disposal problems, increase resource
recovery in thick beds, reduce surface dis-
turbance, and reduce capital plant costs.

Areas of investigation important to the
development of a modified in situ operation
are the geology and mineralogy of the tract
to be mined, rock mechanics for mine de-
sign, access mining systems, ventilation re-
quirements, rubblization technique, in situ
retorting parameters, safety considerations,
and environmental impact.

The feasibility study indicated that modi-
fied in situ oil shale mining is a technically
feasible, environmentally acceptable, and
economically competitive energy alterna-
tive. A typical retorting facility producing
50,000 barrels per day from 20-gallon-per-
ton shale, utilizing 230-foot-high retorts un-
der 1,000 feet of overburden will produce
kerogen for $8.75 per barrel (January 1975
dollars). Various other combinations of
parameters yielded costs varying from $7.70
to $15.50 per barrel. Additional economy
and resource utilization can be attained by
surface retorting of the development mate-
rial.
The Bureau’s environmental efforts are
directed to the correction of adverse effects
of past mining and mineral processing and
to the development of new environmentally
acceptable technology for methods of min-
ing and processing in the future.

Most of the current mined-area restora-
tion efforts are in the Appalachian region.
Considerable progress has been made in
techniques of back-filling mine voids to
prevent surface subsidence in urban areas.
Surface reclamation projects have demon-
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strated procedures and costs for converting
strip-mined land to such public uses as
schools, shopping and residential areas, and
recreation.

Results of these research/demonstration
projects are applied in the Bureau’s admin-
istration of the Mining Area Restoration
Section of the Appalachian Regional Devel-
opment Act in which the improvement of
environmental quality and protection of
public health and safety are major con-
cerns. A demonstration of subsidence con-
trol is underway for two residential areas in
western Illinois. In the anthracite region of
Pennsylvania, the recovery of low-sulfur
fuel from mine refuse is receiving major
attention. Bureau research into technology
for future mining emphasizes surface ef-
fects resulting from both underground and
surface mining, with special attention to
integrated reclamation practices and to pre-
vention of uncontrolled future subsidence.

Reclamation research workshops were
held in eight States during the period from
December 12, 1975, through June 25, 1976,
under a Bureau of Mines contract with the
University® of Missouri-Rolla. The work-
shops were designed to help define the
Bureau's research and development priori-
ties. At each workshop a summary of cur-
rent Bureau mine reclamation research was
presented, which was followed by identifica-
tion of problems associated with mine land
reclamation in the State where the meeting
was being held. Discussions included the
seriousness of problems locally and how the
Bureau could best undertake research to
assist in developing the technology for solv-
ing the problems identified. Participants
included representatives of State agencies,
educational institutions, and companies
involved in surface mining.

The Bureau of Mines principal activity in
the area of subsidence control has been the
development of an improved method for
backfilling abandoned mine workings par-
ticularly in urban areas. During 1976, sur-
face stabilization was needed in an area in
Jessup, Pa., where subsidence had already
started. Because caving of the workings
would limit the lateral migration of slurry
underground, a pumped-slurry demonstra-
tion project was tailored to fit the site
conditions. Experience was gained in back-
filling areas where the uppermost mined
coalbed was close to the surface. Problems
of fracturing or flooding basements of
houses, or disturbing masses of caved mate-
rial within the mines, were avoided by
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careful control of pumping pressures.
Throughout 1976, the Bureau experimented
with the pumped-slurry backfilling process
to expedite the procedure and minimize
costs.

The Bureau of Mines has been asked by
the Congress to direct its technical efforts
toward resolving problems associated with
the nonutilization of recoverable low-sulfur
coal from refuse in the northern anthracite
region of Pennsylvania. As a result the
Bureau is in the initial stage of evaluating
proposals to cooperate in the design, con-
struction, and operation of an anthracite
refuse preparation plant. The objective of
this project will be to increase the supply of
anthracite through actual recovery of coal
from anthracite refuse sources located in
northeastern Pennsylvania. In addition, it
is hoped that the demonstration of a feasi-
ble system for reclaiming coal from anthra-
cite refuse and the resulting economics will
lead to production of anthracite at a reduc-
ed cost, thereby showing how coal from
mine refuse can produce a low cost/high
quality fuel. .

Abandoned coal mines and oil and gas
wells in some areas leak large amounts of
water containing acid'and other pollutants
into surface waters. Fires in abandoned
underground mines, coal outcrops, and re-
fuse piles can be a source of air pollution to
neighboring residents as well as threaten
surface improvements and adjacent coal
deposits. Mined-area restoration projects
undertake to alleviate these problems. They
include projects funded on 75% Federal,
25% State basis by the Appalachian Region-
al Commission, in-house research and dem-
onstration projects that are funded entirely
by the Bureau, and cooperative projects
with the Commonwealth of Pennsylvania.
The Bureau has been involved with mine
water problems through monitoring, deep
mine pumping, surface water diversion, wa-
ter treatment methods, and oil and gas well
sealing projects.

Various methods have been developed for
dealing with fire problems. Outcrop fires
are sometimes smothered and sometimes
excavated and extinguished; underground
fires in abandoned mines are controlled by
placement of noncombustible and airproof
barriers. A special “ponding” method has
proved successful in extinguishing burning
refuse banks while reducing temporary pol-
lution problems that accompany other
methods.
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Several years ago the Bureau of Mines

conducted a mined land survey to deter-
mine how much land was used, and reclaim-
ed, by the mining industry during the pe-
riod 1930-71, inclusive. More recently the
Bureau undertook a similar survey, the
results of which will be used to update data
previously obtained. Unlike the earlier
study, which covered land used in the pro-
duction of all commodities during a 41-year
period, this study focused on acquiring data
on land utilized by the bituminous coal and
lignite industry for 1975. Information was
sought from the coal industry itself, includ-
ing corroborative data from Federal and
State agencies, and mining and trade asso-
ciations. State agencies were also canvassed
for 1975 data on administration and en-
forcement of surface mining regulatory
procedures. Results of the survey will be
disseminated through published Bureau re-
ports.
During 1976, the Bureau held four open
industry briefings under the Technology
Transfer program, attracting over 500 peo-
ple from the mining industry and allied
fields. Technology transfer seminars are
used to introduce and stimulate the transfer
of specific technologic “packages,” or groups
of transferrable results from single research
areas or combinations of related areas. Dur-
ing 1976, a seminar on respirable dust
control was held in Pittsburgh, Pa., and
Denver, Colo., in September. Exhibits and
displays are widely used at major industry
conferences and trade shows as another
means of keeping industry abreast of on-
going research programs and accomplish-
ments. Audiovisual presentations and hard-
ware displays and demonstrations are em-
ployed in the technology transfer exhibit. In
1976, the exhibit was used at six such
meetings, attracting estimated audiences
totaling 5,500.

In-mine demonstrations and field trials
are frequently important elements of the
technology transfer process and are aimed
at demonstrating the usefulness and ap-
plicability of new technology. Significant
demonstrations and field trials completed,
or ongoing, during 1976 included shallow
seismic geophysical technique for detection
of coal seam disturbances, prototype roof
bolting machine with flexible drill and bolt
bender, automatic fire detection and sup-
pression system for mine shafts, and shield-
type supports on longwall faces in Utah,
New Mexico, and Illinois.

Technology News bulletins were used
throughout the year to report research
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results ready for use by the industry. Elev-
en issues published during 1976 reached
over 3,000 subscribers in the mining indus-
try and related fields.

Other special publications used by the
Bureau to inform industry of mining re-
search developments include Mining Tech-
nology Research, an annual description of
program funding and goals, and Mining
Research Review, an annual review of se-
lected activities and accomplishments.
These are augmented by the Bureau’s regu-
lar publication series, technical papers in
the trade press, and presentations at major
industry meetings.

The Bureau film ‘“Safer Coal Mining
Equipment,” which describes the Inherent-
ly Safe Mining Systems program, was re-
leased and by the end of the year had been
seen by an estimated 3,000 individuals in
industry, government, and academia. The
film is first in a new series of technology
transfer films now being produced by the
Bureau of Mines.

The licensing of technology contained in
Government-owned patents provides anoth-
er mechanism for technology transfer.
During 1976, the Bureau’s Mining Research
activities were responsible for the issuance
of 26 U.S. patents to the Department of the
Interior. Seventeen of these inventions re-
sulted from contracts and grants with com-
mercial organizations and universities. Li-
censes to practice the technology are avail-
able to qualified parties from the Solicitor,
Department of the Interior.

The major coal-producing nations of the
world conduct substantial research towards
improving coal mining techniques and
equipment and developing more positive
means to protect the miners from health
and safety hazards. Of the 38 countries
mining coal, 19 are known to sponsor na-
tional research and development programs.
A remarkable aspect of this statistic is that
about 98% of the world’s coal miners are
covered by the work of these research or-
ganizations.

An important international organization
is the International Committee for Coal
Research. The concept of this group was
proposed in May 1973 by Carl E. Bagge,
president of the National Coal Association
at the annual meeting of the European Coal
Association. Mr. Bagge’s proposal resulted
in an agreement to jointly sponsor a com-
mittee to seek coordination of the coal
technology research efforts of the European
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community and the United States. The
organizing committee adopted the name
International Committee for Coal Research
(ICCR) and agreed to sponsor the third
international conference in Sidney, Austra-
lia, in October 1976.

The Bureau of Mines has been an active
supporter of ICCR since its creation, and the
goals of the organization reflect the mission
of the Bureau to increase the production
and use of coal consistent with maximum
protection to the miner and the environ-
ment.

The world’s major coal producers support
a significant research and development pro-
gram in coal mining. Collectively, this effort
has resulted in substantial progress in
mechanization and improved safety. With
the increase in collaboration and coopera-
tion on an international basis, even greater
progress should take place at an accelerated
pace. Towards this goal, the United States is
committed to expand and strengthen its
research and development ties with other
coal-producing nations.

Metallurgy.—The general objective of the
Metallurgy program is to assure a supply of
mineral raw materials, essential to the
Nation’s security and full employment, by
improving minerals and metals processing
technology. Research and development is
carried out to develop new technology or
improve existing processes to permit the
utilization of domestic low-grade ores, to
develop substitute sources of raw materials,
to augment the resource base through re-
covering byproducts now bypassed by cur-
rent technology, to reduce the usage of
critical materials by developing substitute
materials or materials having longer life,
and to improve recovery from wastes and
secondary sources. Primary concerns in-
clude the development and improvement of
metallurgical operations to avoid environ-
mental degradation, to minimize energy
use, and to secure the health and safety of
workers and the general populace.

The Bureau’s miniplant for testing and
evaluating processes for recovering alumina
from domestic nonbauxitic resources con-
tinued to operate at Boulder City, Nev. This
cooperative project, with the support and
advice of the alumina consuming industry,
considered six potential processes. These
included nitric acid, hydrochloric acid (both
the evaporative and sparging crystallization
options), and sulfurous acid processes for
the extraction of alumina from clay and
processes for treating anorthosite, alunite,
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Curtailment of natural gas dehvenes‘mﬁ
taconite pelletizing plants of the Lake Supeées:
rior region was the stimulus for Bureau of%i
Mines investigations of the induration of »
iron ore pellets using substitute fuels. A
variety of low-rank coals were being tested
using a cyclone burner to remove the coal
ash as a slag externally and thereby pre-
vent contact of the ash with the pellets. A
californium-252 source/gamma ray analyz-
er was being used for continuous monitor
flotation pilot plant slurries during a series
of beneficiation tests on Mesabi taconite at
the Bureau Twin Cities Metallurgy Re-
search Center. The californium-252 system
was found to be accurate enough to be used
for the direct determination of iron anal-
yses and has shown potential for use as a
process control device.

With the depletion of sulfide ores, laterite
oxide deposits are being increasingly utiliz-
ed as a source of nickel. Under a Bureau of
Mines contract, Phase I of a study was
completed to determine the technical and
economic feasibility of the Bureau’s ex-
traction process utilizing low-grade domes-
tic western laterite ores. The study, based
on a 5,000- ton-per-day commercial scale
plant for extracting nickel, cobalt, and cop-
per, found that the process was technically
feasible and, depending upon financing
structure, could provide a modest return on
equity. The report, (OFR 65-76) is available
for inspection at the Bureau’s Metallurgy
Research Centers, and is available from the
National Technical Information Service (PB
256 574/AS). .

A recent development by the Bureau of
Mines was an improvement on established
cyanide-leaching procedures for gold- and
silver-bearing ores. A solution of ethyl alco-
hol and alkaline cyanide is used to strip
loaded carbon, thereby reducing the time
required for this key step without reducing
effectiveness. Procedures were developed
for separating smaller amounts of silver
from gold-laden solutions. A portable car-
bon stripping unit for gold-silver recovery
from activated carbon was being field test-
ed.

The Bureau of Mines was supporting
research to apply recent developments in
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membrane technology to the liquid-liquid
extraction and separation of metals from
solution. Laboratory research, conducted
under a Bureau contract, demonstrated
that copper can be concentrated from ore
leach liquor using active transport through
specially prepared membranes. The special
microporous membranes employed were
fabricated to contain a water-immiscible
extractant system in the pores. The com-
plexing agent in the organic phase was
selected to specifically extract copper ions;
it served as a “shuttle” to transport metal
ions across the membrane in one direction
and hydrogen ions in the opposite direction.
The counterflow of hydrogen ions is the
driving force to separate and concentrate
the metal ions in the second (aqueous) phase
on the other side of the membrane. A bench-
scale unit was under construction to permit
evaluation of potential scale-up problems,
including possible membrance fouling and
reagent loss. Laboratory studies were un-
derway to select and optimize the ex-
tractant systems in the membranes for
extracting nickel and uranium.

Viburnam Trend lead ores contain 4,500

7", tons of cobalt and nickel which is discarded
" annually with mill tailings and smelter

residues. Bureau of Mines beneficiation
studies were developing procedures to con-
centrate the cobalt and nickel, which is
contained in the mineral siegenite, in one of
the byproducts and to extract and win these
critical metals from the byproduct.

The Bureau of Mines was planning to
accelerate development of an electrolytic
procedure for recovering lead from galena
under a cooperative agreement with major
lead producers. The new procedure, which
has already shown promise in the laborato-
ry, is to be explored using continuous pro-
cess development facilities. In the proce-
dure, galena is leached with a hot solution
of ferric chloride and sodium chloride. El-
emental sulfur is recovered and lead
chloride crystals are dried, melted, and
electrolyzed to produce molten lead and
chlorine gas. The chlorine gas can be recy-
cled to make more ferric chloride for fur-
ther leaching.

Recent advances in the development of
electroslag melting have stimulated inter-
est in the process among metal producers.
Bureau of Mines Bulletin 669, “The Electro-
slag Melting Process,” is a timely review of
this technology, including choice of fluxes
and applications to reactive metals, base
metals, ferrous alloys, superalloys, and re-

fractory metals. Important basic mecha-
nisms such as electrochemistry, thermo-
chemistry, and heat transport are also des-
cribed.

After intensive testing of the potash flota-
tion system developed by the Bureau, the
system was incorporated into the operations
of a firm near the Great Salt Lake. Former-
ly the firm was able to use only the high-
grade salts deposited as a result of solar
evaporation of Great Salt Lake brine for
processing into fertilizer. The Bureau’s
method converts nonfloatable kainite
(KCleMgS0,*3H:0) to a salt which can be
floated using fatty acids. The new plant
treats evaporites averaging 6% KO to re-
cover 80% of the potash in concentrates
assaying more than 14% K;O. In a related
development a procedure was found for
recovering much of the saturated potash
brine that has been lost with the slime
during the beneficiation of potash ores.

The Bureau developed a new method for
preparing molds for casting titanium that
reduces cost and uses less energy. Because
of titanium’s chemical reactivity at liquid
metal temperatures, there are few. candi-
dates for titanium molding materials:
Graphite, high-cost ceramics, or refractory
metals. The Bureau of Mines developed low-
reactivity zircon molds with silicate bind-
ers; the sand may be reused through many
cycles. Curing schedules are low (250° C)
compared with those of industry (950° C),
reflecting an important energy saving. The
surfaces of the titanium castings produced
by the Bureau method are similar to other
metal castings used for utility hardware,
such as pipefittings and pump housings.

Secondary Resources Recovery and Pollu-
tion Abatement.—Waste glass from the Bu-
reau’s College Park Raw Refuse Pilot Plant
was incorporated into two 5-foot sections of
glass-polymer-composite sewer pipe by the
Brookhaven National Laboratory. In Dece-
mber 1975 these sections were installed in
the sewer system of an industrial area of
Newark, N.J., containing high-acid waste
water. In September 1976, an inspection by
remote television camera showed no evi-
dence of pipe distortion or failure, infiltra-
tion through joints or pipe wall, and no
deposits. Periodic inspections are to con-
tinue. This study was part of an effort to
develop a market for products of municipal
refuse plants.

Bureau of Mines Report of Investigations
8123 describes a new method for processing
lead battery scrap that eliminates nearly all
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of the sulfur dioxide emission produced
when normal reverberatory or blast furnace
methods are used. The patented method
employs a hydrometallurgical step to con-
vert lead sulfate to lead oxide and calcium
sulfate. The lead oxide is then reduced by
carbon, and the calcium sulfate removed
with a flux. This promising nonpolluting
method for recycling battery scrap has lead
recoveries as high as 97%.

Pilot plant tests of the citrate process for
recovering- of sulfur from smelter waste
gases were concluded at a lead smelter in
Kellogg, Idaho. The plant, which treated
1,000 to 1,200 standard cubic feet per min-
ute or a gas stream containing 0.3% to 0.5%
SO., provided engineering data on gas con-
ditioning, SO. absorption, sulfur precipi-
tation, sulfur recovery, and H,S generation.
Consistent SO. removal efficiencies in ex-
cess of 98% were achieved. A $12.7 million
cost-sharing agreement was signed by the
Bureau of Mines and St. Joe Minerals Corp.
to demonstrate the Bureau’s Citrate Process
for scrubbing the air pollutant, sulfur diox-
ide (SO.), out of powerplant flue gas. The
agreement will test the Bureau's pro-
cess for removing SO; in flue gas from a
50-megawatt coal-fired boiler at St. Joe'’s
George F. Weaton powerplant in Monaca,
Pa.

Under a cooperative program with the
Florida phosphate mining industry, the Bu-
reau was investigating methods for dewa-
tering and stabilizing waste slimes from
processed ores before impoundment of the
slimes. The most promising result to
date stems from a Bureau-developed
flocculating-dewatering technique: A po-
lymer of polyethylene oxide used as the
flocculant and a special mechanical han-
dling system dewatered slimes at a rapid
rate. Whereas years are required to thicken
the slime using the conventional storage
system, only minutes are needed with the
new scheme. This relatively simple system,
which can be adapted for in-line processing,
requires mixing the slime with the floccu-
lant and conveying the slurry through a
rotating trommel-like, wire mesh screen to
remove water and discharge a thick, solid
mass. In small-scale, continuous tests, re-
tention periods of about 5 minutes yielded
25% to 35% solid products from feeds con-
taining only 2% to 5% solids.

As a means of avoiding the slime disposal
problem inherent in the present method for
treating Florida land-pebble phosphate ma-
trix and to recover phosphate now lost in
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beneficiation to slimes, the Bureau of Mines
has been studying the direct sulfuric acid
digestion of the phosphate matrix. Tests
showed that about 90% of the P.Os could be
extracted to form sandy filter cakes, com-
prised mostly of quartz and gypsum, which
appear suitable for backfilling. Unfortu-
nately, the product acid produced by direct
digestion sometimes contains high levels of
aluminum and iron. Procedures are being
worked out for reducing the levels of these
contaminants to enhance acid stability
during storage and transportation.

The Bureau of Mines constructed and
operated a miniplant to test its laboratory-
developed technology for recovering alumi-
num metal and aluminum oxide from the
salt slag generated during treatment of
aluminum dross by the secondary alumi-
num industry. The Bureau procedure ‘com-
bines leaching, screening, and filtering to
separate the slag into an aluminum-rich
fraction, an aluminum oxide fraction, and
brine solution. The fluxing salts (NaCl-KCl)
are recovered from the brine by submerged
combustion evaporation. The salts and the
recovered metal can then be recycled to an
aluminum dross treatment furnace.

B

Preliminary evaluation of the durability

and stiffness of sulfur-asphalt-concrete mix-
tures developed by the Bureau suggest that
they may be able to last at least 15 years
under heavy traffic conditions. The sulfur-
bearing material can be formulated to have
twice the dynamic stiffness of conventional
paving thereby permitting placement of
thinner road sections with a corresponding
savings in raw materials. Sulfur-substituted
asphalt paving was found in Bureau studies
to be less susceptible to attack by gasoline,
jet fuels, and diesel oil than is conventional
bituminous concrete. Long-term wear and
weathering tests were underway at a num-
ber of heavily trafficked road and airport
locations.

The loss of critical metal values in stain-
less steel wastes and ferroalloy fumes
prompted Bureau of Mines research to
develop technology for recycling these
wastes. In the Bureau-developed procedure
the various stainless steel wastes are pellet-
ized with 10% coke breeze and 5% portland
cement. The pellets are reduced in an
electric-arc furnace using a second stage
ferrosilicon addition which is required to
complete the reduction of chromium.

Approximately 1% to 2% of the charge in
electric furnace steelmaking comes off as
particulates. This flue dust is a rich source
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of zinc (values are substantially higher than
in ore), but although there are several
processes for recovering the metal, none are
considered economic in the United States.
Bureau of Mines Report of Investigations
8209, “Electric Furnace Steelmaking
Dusts—A Zinc Raw Material” reviews ex-
traction technology and presents results of
Bureau of Mines reduction-volatilization
tests on pelletized electric furnace dusts
that achieved high recoveries of zinc. The
data are sufficiently encouraging to war-
rant consideration of electric furnace dusts
as raw material for zinc smelters.

Microscopic mineral particles were
studied using specialized scientific discip-
lines that can clearly identify such poten-
tially harmful substances as asbestos and
distinguish them from thousands of other
mineral particles. These studies were being
performed by the Particulate Mineralogy
Unit established in 1976 at the College Park
(Maryland) Metallurgy Research Center of
the Bureau of Mines. The new research unit
utilizes the Bureau’s recognized expertise in
particulate mineralogy to eliminate lack of
precision with which the term “asbestos” is
used, a situation having environmental and
health implications. The objective of this
unit is to develop a solid scientific basis for
research into particle-related pollution
problems and to provide technically sound
information on the identification of particu-
lates involved in regulatory and research
activities of Federal, State, and local
agencies. The unit has been working toward
the development of new and improved
analytical methods for positively identify-
ing small particles. As part of its activities,
the unit has been preparing, precisely iden-
tifying, and characterizing various fibrous
minerals which are then supplied to the
National Institute of Environmental Health
Sciences for medical investigation. The unit
itself performs no medical studies.

The Imperial Valley of California con-
tains several large geothermal reservoirs
with potentially valuable resources, the re-
covery of which is seriously hindered by
corrosion and scaling problems. In coopera-
tion with the Energy Research and Develop-
ment Administration, Bureau researchers
erected mobile laboratory facilities at the
Salton Sea geothermal field near Niland,
Calif. In 1976 the Salton Sea facility test-
ed 6,400 samples for general corrosion,
stress corrosion cracking, corrosion fatigue
failure, and electrochemical properties.
Also the solubilities of hydrogen sulfide,
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oxygen, carbon dioxide, and methane in
geothermal brines was determined, and the
role of these gases in corrosion, scaling, and
mineral-recovery processes evaluated.

Economic Analysis.—The Bureau’s eco-
nomic research program in 1976 continued
to focus on economic factors that affect the
minerals sector as well as on how the
mineral industries affect and are affected
by conditions prevalent in the national and
international economies. The purpose of
this research was to provide decisionmakers
with accurate, up-to-date information and
analysis to use in choosing among alterna-
tive courses of action. The economic analy-
sis program attempted to develop the gen-
eral methodology necessary for such analy-
sis, as well as information relevant to prob-
lem solving in the field of mineral econom-
ics. Major long-term research projects
included the study and forecasting of de-
mand, supply, and productivity; commodity
action analyses; mineral taxation; financial
analysis; mineral transportation; interna-
tional trade; ocean mining; input-output
analysis; mining and land use; waste recy-
cling; measures of the role of minerals in
the U.S. economy; a weekly price report on
fuels and minerals; and a monthly report on
major minerals. Short-term projects under-
taken in 1976 included: A second round
study of the methodology for determining
strategic stockpilé levels, analysis of the
Bureau of Mines information system, a
mathematical model to determine an opti-
mal stockpile to counteract foreign-induced
commodity actions, an examination of the
relationship of the percentage depletion
allowance to nonfuel mineral supplies,
development of a computer system to esti-
mate aluminum old scrap recovery in the
United States, examination of the Federal
Helium Program operating within the Bu-
reau of Mines, consultations with officials
in two States on regional economic impacts
from future mining, study of a tax incentive
for recycling, cost-benefit analyses, 20-year
time-trend projections for domestic pro-
duction of commodities, and material for
the annual report of the Secretary of the
Interior.

Helium.—The Bureau of Mines conducts
a helium program under the Helium Act of
1960 to foster individual enterprise in pro-
duction and distribution; encourage con-
servation; and to continue research on all
phases of production, transportation, and
use.
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The atmosphere contains an inexhaust-
ibie supply of helium, but recovery is now
economically feasible only from natural gas,
primarily fuel gas. The Bureau annually
extracts about 350 million cubic feet of
helium from natural gas at its Keyes, Okla.,
plant. Unsold helium is transported by
pipeline to underground storage at the Bu-
reau’s Cliffside field near Amarillo, Tex. In
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1976, the Cliffside field contained about
42,000 million cubic feet of helium. Mix-
tures of stored helium and native gas pro-
duced from Cliffside are transported by
pipeline to the Bureau’s Exell, Tex., plant
for processing. The Bureau has contracts
with eight firms for which it stores and
redelivers privately produced helium.

LEGISLATION AND GOVERNMENT PROGRAMS

Economic growth in the United States
continued at a steady rate in spite of the
slowdown that occurred in the second half
of 1976. With the assistance of the monetary
and fiscal policies established during the
year, real GNP rose at an average rate of
about 5-3/4%.

Tax legislation in 1976 made the first
extensive changes in the tax code since
1969; in spite of this, fundamental reform
and simplification of the tax code were not
achieved.

Energy price increases were slowed signi-
ficantly during the year; this resulted par-
tially from the Energy Policy and Conserva-
tion Act that became effective in February
1976. Energy consumption had increased
owing to the economic recovery in 1976.
However, higher prices held the consump-
tion below previously established levels.
The mining industry continued to meet
with environmental regulation problems re-
sulting from legislation enacted to conserve
natural resources. This includes the regula-
tion of mining activity within the National
Park System.

Legislation approved during the 94th
Congress covered many areas affecting the
minerals sector of industry in the United
States. Summarized below are some of the
more important laws enacted. Amending
the Mineral Leasing Act of 1920, Public
Law (P.L.) 94-377 was implemented to pro-
vide diligent development and continuous
operation of coal leases on Federal lands.
Public Law 94-332 and Public Law 94-385
extended the authority and funding for the
Federal Energy Administration during 1976
and extended their authority into the next
fiscal year. Public Law 94-493 provided a
renewal and extension of the interstate
compact to conserve oil and gas to prevent
physical waste of this natural resource.
Public Law 94-586 is designed to help alle-
viate the natural gas shortage in the contig-
uous States of the United States by trans-

porting natural gas from Alaska. In the
environmental area, Public Law 94-580
amends the Solid Waste Disposal Act to
promote the protection of health and the
environment and to conserve valuable
material and energy resources. Public Law
94-429 provides for the regulation of mining
activity within, and repeals application of
mining laws to, areas of the National Park
System. In establishing a public land policy,
Public Law 94-579, the Bureau of Land
Management Organic Act, was enacted.
Public Law 94-469 requires testing and
necessary use restriction on certain chemi-
cal substances under the title, “Toxic Sub-
stances Control Act.” Public Law 94-455,
the Tax Reform Act of 1976, has included
with other sections, an amendment to the
rules pertaining to limitations on percent-
age depletion in the case of oil and gas
wells. Public Law 94-409, the “Government
in the Sunshine Act,” provides that meet-
ings of Government agencies shall be open
to the public. A listing of mineral-related
Federal legislation signed into law during
1976 follows:

Public Law P Signed in-
®L) Description to Law
Energy:

94-258 Establish national petroleum Apr.5
reserves on public

94-332 Extend FEA expiration date. June 30

94-355 Public works in Water and July 12
Power Development and En-
ergy Research Appro-
priations Act.

94-370 Improve coastal zone man- July 26
agement for energy
development.

94-377 Federal Coal Leasing Aug. 4
Amendment Act.

94-385 Extend Federal Enfge Ad- Aug. 4
ministration Act of 1974.

94422 Monies paid to any State Sept. 28
involving oil shale in public
lands may be used by such
State.

94-493 Extend interstate compact to Oct. 14
conserve oil and gas.

94-586 Expedite decision on delivery Oct. 22

of kan natural gas.
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Public Law . Signed in- i .. i in-
®L) Description gnlmlvn Pu?gil).aw Description Sltgonie‘g;n
Environ Transpor-
Qoality % 4 for high
: iati i May 5
94328 Extend Marine Protection, ~ June 30 oDt taon for highway Y
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 antf refated 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-
source gonsefr{/;’rt‘iion and Re-
covery Act of . e . oy
Water The acquisition cost of strategic and criti-
Resources AP N .
. . cal materials in the national stockpile as of
94-228 Authorize and modify var- Mar. 11 11: .
fous Federal reciametion December 81, 1976, was $2.5 billion having a
programs. pooy
94316 Appropriation for Saline Wa-  June2e  Market value .of $6.0 ‘b'll‘llon. The supple-
ter Conversion Pﬂ?ram mental stockpile acquisition cost was $1.1
94-423 l‘_‘eléfml"g’:y; for Federal Sert. 28 billion with a market value of $1.9 billion
Puﬂicds . and corresponding Defense Production Act
nas: I3 °31e
o190 late mining activity Sept. 28 slgoqkplle ﬁgure's were $0.3 billion a.n.d'$.0.2
within National Park billion, respectively. The total acquisition
vice., . e
94456 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 improved adminis- Oct. 7 ’ R ne
g;ati;n of National Park plemental stockpiles totaled $90.1 million, a
rvice. 1 =
94486 A Wild and Scenic Oct. 12 5ieclme of 16.5% from th:_at of 197?. Includ
Rivers Act. ing the Defense Production Act inventory
94-565 g:ovnde payments to local Oct.20  and other inventory disposals, the grand
vernments based on . .
boundaries on public lands. total of sales commitments for mineral
94-567 {,’es‘gm"a.cmam National 0ct. 20 commodities was $102.8 million. Commodi-
ark Service lands as . . . .
wilderness. ties with largest sales value were tin with
94-579 Establish policy under Fed- Oct. 21 S B 03
atapian RolC) Mannge $26.3 million, cobalt with $20.8 ) million,
ment. Act of 1976. tungsten ores and concentrates with $14.5
Health and million, and aluminum with $8.0 million.
04489 Toxic substances control. Oct. 11 In 1975'7'6, a majqr.interagen?y rewew.of
94-477 éAar?:tndAlg:g;rﬁ)lsgas Pipeline  Oct.11  the strategic and critical material stockpile
94:504 Qualified individuals tohesr  Oct.15 Was _conducted and in August 1976 the
%& df",er;_npl,:g cl:llms under President approved new national stockpile
die IV of Hederal Cc ety Act policies on advice from the National Secu-
Taxes: of 1969. rity Council. A set of long-range goals for
4455 Tax reform, 1976. Sept.28  acquisition and disposal of materials to plan
TaDrilf{,and for the first 3 years of an emergency, as
1€8. . .
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-
dustrialized countries—Canada, France, It-
aly, Japan, the United Kingdom, and West
Germany—showed economic turnarounds
compared with 1975. All six countries
experienced slowdowns in their economies
to varying degrees in the second half of the
year compared with the first 6 months.
Some progress was made in fighting infla-
tion in 1976, though the problem was still

far from being solved. Unemployment rates
in most countries remained high despite
improved levels of industrial production.
However, as economic activity increased,
the volume of trade worldwide also rose.
The volume of trade increased an estimated
11% in 1976 compared to a decline of 6% to
7% in 1975.

Real GNP growth rates for 1976 were
estimated at 5.9% in Japan, 5.6% in West
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Germany, 4.8% in both Canada and France,
4.5% in Italy, and 0.9% in the United
Kingdom. Inventory buildups contributed to
improving economic conditions in these
countries, but as inventory accumulation
was completed, consumer spending declined
and plant and equipment expenditures
were less than expected.

World oil prices continued fo increase in
1976, though at a more gradual rate than
the rapid rise of 1973-74. These higher fuel
costs have caused continuing economic
structural adjustments and led to added
demands for scarce capital resources be-
cause of the need to develop alternative
energy sources.

World Production.—The United Nations
(UN) indexes of world mineral industry
production  (1970=100) for the extractive
industries increased 6 index points to 121 in
1976. Within the extractive industry, the
metal mining index rose 3 index points to
106, the coal index increased 1 point to 100,
and the crude petroleum and natural gas
index increased 9 points to 130. The mineral
processing industries indexes showed in-
creases of 9 points to 121 for base metals, 9
points to 135 for nonmetallic mineral pro-
ducts, and 14 points to 146 for chemicals,
petroleum, and coal products. Overall in-
dustrial production as measured by the UN
index rose 11 points to 136 in 1976.

World Trade.—The value of world export
trade grew 4.7% to $872.5 billion in 1975
(latest data available). The value of mineral
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commodities entering world trade declined
8% to $253.6 billion. Internationally traded
metals decreased 9.8% in value to $78.8
billion, and within this group iron and steel
declined 1.3% to $45.8 billion, nonferrous
metals dropped 27.7% to $18.2 billion, and
all ores, concentrates, and scrap fell 6.4% to
$14.7 billion. Crude nonmetal exports in-
creased 6.8% in value to $6.3 billion. The
value of mineral fuels rose by a negligible
amount in 1975 to $168.6 billion.

World Prices.—(Note that all export
price data, with the exception of the all
crude minerals index, is for the first three
quarters of the year only, because the Unit-
ed Nations discontinued publishing the data
that would provide the series for the re-
mainder of the year.) In 1976 mineral com-
medity export price indexes (1970=100) in-
creased slightly for all crude minerals and
appeared to have risen for the metal ores
and fuels sectors. All crude minerals in-
creased 16 index points to 510, and metal
ores and fuels averaged 210 points and 616
points, respectively, for the first three quar-
ters. Based on data through third quarter
1976, export prices for total minerals re-
mained nearly constant in developed areas
and averaged 595 index points in developing
areas. Nonferrous base metals showed gains
in both developed and developing areas,
averaging 136 points and 123 points, re-
spectively, based on the first three quarters
of 1976.
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Table 1.—Value of crude mineral production,! exports, and imports, by group

(Million dollars)
T T 1972 1978 1974
Mineral group " Pro  Ex-_ Im Pro- Ex- Im  Pro Ex-  Im
duction ports® ports? duction ports? ports? duction ports? ports®
Metals and nonmetals
except fuels: .
onmetals_ [, 6,482 152 646 7,413 280 768 8,639 533 1,158
Metals ______________ 3,642 247 - 988 4362 253 1,081  ¥5,501 343 31,758
. Total® _____________ l 634 11,775 533 1,849 T14,140 876 32,917
Mineralfuels ____________ 22 061 l 108 2,856 25012 1,155 4,815 40,937 2,665 16,545
Grand total® ________ 32 32 185 l 508 ; 4490 _ 36,787 1,688 6,664 '55,077 3,542 319,462
- © 1975 . 1976
“Production  Exports?  Imports?  Production  Exports®  Imports?
Metals and nonmetals
‘except fuels
Nonmetals__ __________ 9,516 745 1,215 - 10,547 642 1,201
Metals ______________ 75,191 312 TL618 6,086 380 31,662
Total* __ ___________ '14709 1,117 l"2832 16,644 1,022 32,864
Mineralfuels ____________ '47 559 3,557 19,912 52,545 3,255 27,668
Grandtotald _________ 762,266 4614 T 2274 69,178 4,271 330,532
ovined, - - — - - -
lFor details, see the “Statisti 1S y" chapter of this volume.
....... i 1 raw material.
’The value of imports for bauxite was not avmlable
4Data may not add to totals shown b of i dent roundi

Table 2.—Value of erude mineral production by group, 1967 constant dollars*

(Million dollars)
Mineral group T 1912 1973 1974 1975 1976°
Metals and nonmetals except fuels:
Nonmetals _ . _ 5,162 6,219 6,095 5,338 5,628
Metals _ ___ 2,861 3,070 2,956 2,640 2,860
Total _ _ _ 8,623 9,289 9,051 1,978 8,488
Mineral fuels _ _ 17,075 17,676 17,000 16,623 16,354

Grandtotal _ _ ____ _ 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)

1972 1973 1974 1975 1976°

98.4 116.0 108.3 96.2 99.8
162.8 166.5 159.3 1427 1580
102.7 94.5 86.9 86.2 85.1
112.6 114.8 122.8 119.2 1428
151.1 153.6 148.4 1348  149.8
127.5 136.8 130.4 1175 1274
111.7 120.8 115.2 99.5 1049
108.7 112.2 121.3 1122 117.2
112.2 122.7 128.6 1094 1241
111.0 119.0 117.2 102.8  108.6
105.9 105.1 107.1 1149 - 1202
111.4 109.3 104.1 98.7 96.6
111.2 109.3 105.4 1023 1014
112.7 114.1 110.4 1038 1055

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

Table 4.—Federal Reserve Board indexes of industrial preduction for mining and
selected minerals manufacturing

(1967=100)

1972 1973 1974 1975 1976°
104.2 104.4 T114.0 1134 116.9
107.3 104.4 99.8 95.0 92.2
126.4 125.9 121.4 1109 109.1
110.0 108.9 r104.4 113.3 112.0
109.2 108.3 r105.7 105.8 112.8
1209 130.8 r121.7 115.8 122.8
98.1 109.5 r101.8 107.0 118.3
107.3 118.1 r109.9 109.8 120.1
108.8 110.3 r106.5 112.8 114.1
113.1 127.0 r97.2 96.4 108.0
107.1 121.7 r96.1 95.8 104.4
Nonferrous metals and products ____________ 123.6 136.5 131.2 99.3 1144
Clay, glass, stoneproducts _ _ _ _ __ __________ 118.6 129.8 r108.8 1179 135.8
Average industrial production ____________ r19.7 r129.8 r129.3 117.8 129.4

PPreliminary. "Revised.
Includes 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)
Shipments Net new orders? Uﬂﬁ? ;er:lizx;’slat
¥ J Bfilast Bflast Bf“last Al
ear and month : r- ur- r-
mary T prinary Prmmy ks pugey Primay ness G
an( me an me an

metals steel metals steel metals 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
1978 __ _________ 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
95 _ 78,959 40,210 38,749 71,792 35,779 36,013 14,742 9,287 5,455
}%g’ ____________ 3 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 X 14,620 9,366 5,254
h _______ 7,644 3,985 3,659 1,787 3,864 3,923 15,011 , 5,555
mnl ________ 7,644 3,787 3,757 328 3,530 3,798 3 9,420 5,809
Y —mmmm e 8,031 4,043 3,988 8,726 4.268 3,758 16,260 10,475 5,785
June ________ 8,318 4, 4,043 8,158 4,251 3, 16,692 10,690 6,002
July ________ 7,110 3,689 3,421 7918 3,997 3,921 16,846 X 6,196
August ______ 1,577 3,799 3,778 7,340 3,581 3,759 16,330 10,323 6,007
September ____ 7,844 3 3,919 7,556 3,649 3,907 16,140 10,028 6,112
r 7,454 3,641 3,813 7,019 3485 3,534 15,804 9,832 5,972
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

PPreliminary.

Monthly figures are seasonally adjusted and may not add to totals.
2¢A11 other primary metals” obtained by subtracting blast furnaces and steel mills from primary metals figures.

Eartment of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 54 and 55, No. 2,
February 1974 and 1975, pp. S5, S-6, S-7; v. 56 and 57, No. 3, March 1376 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
Ironore ______ 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
Mi Is at facturers, 2
Metals _ _ _ _ _ _ _ 1108 198 117 1134 132
Iron ________________ 88 79 79 93 101
Other ferrous __________ 135 99 102 132 111
Base nonferrous — _ _ __ __ 99 89 131 153 152
Other nonferrous 1126 n7 1140 1155 148
Nonmetals __ _____ __ 94 91 100 91 84
Total  _ _ _ _ - 1108 198 1116 1131 130

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)

Fuel 1972 1973 1974 1975 1976°
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 li pLan
th d barrels_ 6,075 1,835 7,550 1,382 8,128
Crude petmleum and petroleum
Eru ____________ do____ 3958979 31,008,307 31,073,646 31,132,955 1,111,810
de petroleum __ _____ do____ 246,395 3242,478 265,020 271,354 285,471
Motor gasoline_ __ ______ do____ 3212804 3209,478 3218,410 3234,978 231,432
Special naphthas _______ do____ 5,232 34,521 35,720 ’4 377 4,441
Liquefied gases® _ _ ___ ___ do____ 85,717 398,641 3112,542 3125,148 116,295
Distillate fueloil _______ do____ 154,319 3196,461 3200,068 ’208 833 185,986
Residual fuel oil ________ do____ 55,216 53,480 59,694 74,1% 12,344
Petroleum asphalt ______ do____ 321,638 15,024 21,370 22,794 19,375
Other products_ _ _ ______ do____  3177,568 3188,224 3190,822 3191,345 196,466
Naturalgas*_ _______ billion cubic feet._ _ 3,523 3,906 38,969 54,400 4,239

PPreliminary.

lIm:lusl:m\l Consumers andetail ard&

’Includesnaturalgas id and ducts at bulk terminals and in pipeli
3Incorrectly reported in | previous year.

“Includes ethane.
SAdjusted 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)
Primary metals
Petrole-
Stone, clay, Blast
End of year or month mgmmd glass furnaces All other
roducts prim: Total
roducts p and ary
P steel mills metals
2,300 2,463 5,268 4,390 9,658
2,626 2,813 4,672 4,684 9,356
3,925 3,721 5,747 6,114 11,861
4,710 3,848 8,483 7,044 15,527
5,148 4,194 10,179 ,150 17,329
4,713 3,848 8,498 6,794 15,292
4,732 3,823 559 6,742 15,301
4,741 3,769 8,766 6,780 15,546
4,552 3,803 8,870 6,785 15,
4,650 3,869 9,078 6,801 15,879
4,835 3,885 9 6,762 15,995
4,872 3,934 9,452 6,773 ,
4,833 4,002 9,709 6,776 16,485
5,043 3,998 9,787 6,873 16,660
5,058 4,092 10,100 7,013 17,113
5,053 4,130 10,072 7,106 17,178

PPreliminary. "Revised.
1“Al] other primary metals” figure obtained by subtracting blast furnaces and steel mills figure from total primary

metals figure.

Source: U.S. De ent of Commerce, Bureau of Economic Anal 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*

(Thousand dollars)
oodsne’: Commodity Exports Imports
271 329,160 12,674
273 ,650 28,
274 60,351 59,619
275 62,700 63,
276 3,299 301,930
792,060 466,194
. Metals (crude and scrap):
281 Tron ore and concentrates — — — — — 82,192 980,347
282 Iron andsteelscrap — — - ——————————_ - 634,476 42,757
283 Ores and concentrates of nonferrous base metals - ,03: 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
Total® _ _ o o e 1,284,503 2,246,381
Mi.neraleneriyx and related products:
321 Coal, coke, briquets (includingpeat) _ . _ - mm 2,988,232 158,731
331 Petroleum, crude and partly refined 21,129 26,346,781
332 Petroleum products, except chemi 970,811 ,408,528
341 Gas, natural and manufactured _ __ _ _ e 239,937 2,014,679
Total® _ _ o e 4,226,109 33,928,720
Chemicals:
Ino; ic chemicals: ' ’ ' )
513 lements, oxides, halogensalts __ __ - - __ o~ 643,887 804,419
514 Other inorganic chemicals 365,711 128,704
515 Radioactive and associated materials except uranium and thorium _ ___ 466,679 659,053
521 Mineral tar and crude chemicals from petroleum, natural gas _ _ _ _ 74,819 11,403
Total® _ o e 1,551,096 1,603,579
Minerals, nonmetallic (manufactured): ’
661 Lime, cement, fabricated building material, except glass andclay _____ 54,684 113,865
662 Clay and refractory construction materials ___ ___——————————— -- 138,283 81,573
663 Mineral manufactures, not elsewhere specified - __ 203,024 97,431
Total _ — e 395,991 292,869
671 M;tl;ls (manufacti.lred): 4 steel powde
ig iron, spiegeleisen, sponge iron, iron and steel powder
and shot, ferroalloys .— _ 783,182 535,659
672 Iron or steel ingots and other primary forms __________ ——— 46,610 52,812
678 Tron or steel bars, rods, angles, shapes, sections _ . _ __—__ . 153,227 863,580
674 Iron or steel universals, plates,sheets _ __ __ __ 337,538 1,915,102
675 ~ Iron or steel hoops and strips — — _ -~ —————_—————————— 100,799 72,409
676 Tron or steel rails and railway track construction materials - ___ 61,579 18,989
677 Iron or steel wire (excluding wirerod) _ __ __ ____________ _— 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, plati plati group metal 96,710 559,498
682 COPIE:r 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 Zincand zincalloys — - 11,199 502,869
687 Tinandtinalloys _ _ — — 4,629 329,689
688 Uranium and thorium metals and alloys 146 117
689 Miscellaneous nonferrousbasemetals _ __ ___ _______________ 158,533 185,518
Total® _ _ e 8,086,833 8,007,563
Grandtotal _ _ _ _ _ _ __ 11,336,592 46,545,306

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 S ry” chapter of this vol

2Gtandard International Trade Classification.

3Import data may not add to totals shown b of ind dent roundi

P

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
Commodity and unit 1975 1976 2000
MINERAL PRODUCTS
Ferrous metals:
Ironore _ __ _ _________________ thousand long tons_ _ 114,126 125,424 NA
Ironcontent®__ ______________.{ thousand short tons__ 79,250 87,095 129,000
Raw steel (production) _____________________ do____ 116,642 128,000 ,000
Chromite (:gr?:a(fmm weight):

Metallui grade_ _ ____________________ do____ 532 597
Refractorygrade __ . __________ do____ 183 202 1,200

Chemicalgrade _ . _ . __________________ o 166 207
ese ore (35% ormoreMn) ______________ do___ 1,819 1,601 3,900
Molybdenum (Mo content) _ ___________ thousand pounds_ _ 51,743 ,448 188,000
Tungsten (Wceontent) __ ___ _________________ do____ 14,012 16,107 76,400

Nonferrous metals:

Aluminum (apparent ption) ____th d short tons__ 3,903 5,118 28,400
Antimony, primary __ ___ __ _____________ short tons_ _ 12,987 ,337 ,000
Copper, refined ________________.{ thousand short tons_ _ 1,535 1,992 7,100
, primary and secondary _________________ do____ 1,297 1,490 2,730
Mercury, primary __________________ T6-pound flasks_ _ 48,649 68,371 102,000

Platinum-groupmetals ___________ thousand troy ounces_ _ 1,309 1,603 3,157
Silver (industrial and thearts)___ _ _____________ do____ 157,650 170,559 420,000
Ilmenite and titanium slag (estimated TiOzcontent)_ short tons_ _ 536,994 642,519 1,840,000
Uranium (U30s, estimated purchases by private industry)do_ _ _ _ 2,500 14,000 73,113

Nonmetals:

Asbestos (apparent ption) _ _ ___ th d short tons__ 608 726 2,430
Cement (apparent consumption) _ _million short tons_ _ 70 14 220
Clays (apgarent consumption) _ _ thousand short tons_ _ 49,388 53,181 174,000
Lime (soldorused)_ — _ — . ___ - 19,133 ,300
Phosphate rock (P20s content, apparent 10,315 10,345 57,000
Potash (K20 content t jon) 5112 6,149 14,455
Salt (apparent consumption) 42,913 47,5636 136,400

d and gravel ________ 789 885 ,200

Sriher ol forms capp e vonsamption) ~ thouaand long tams 10408 10768 5000

ulfur, all forms (a) nt consumption) _ thousand lo ns_ _ X A X
MINERAL E:N’Eﬁgail:e RESOURC& AND ELE(YI'RICP%
Energ resources:
ituminouscoal _ __ _ __ __ _________ 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, 14,500
Naturalgas, 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 8,650,000
Hydropower* ________________________ do____ $ 292,318 5605,000
Nuclearpower ____ _ ___ . ________ do____ 172,506 191,111 35,085,000
Conventional fuel-burning plants __ __________ do____ 1,445,048 1,561,685 32,960,000

Industrial _ __ _________________ . ____ o____ 85,364 86,919 NA

Total energy resources inputs _ _ _ __ . ___ trillion Btu_ _ 70,576 74,025 3163,430

®Estimat NA Not availabl
1Figures in parentheses are not added to totals.
3Residual gas excludes extraction loss but includes transmission loss.

,

1975, tables 1 and 15.

3Dupree, W. G., Jr., and J. S. Corsentino. U.S. Energy Through Year 2000 (revised). U.S. Bureau of Mines. December

“Net generations adjusted for net imports or exports. The bulk of net trade is hydropower with an undetermined

amount of steam plant power.
S5Includes 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)
1972 1973 1974 1975 1976

174 168 158 158

14,208 14,319 15,044 15,610

19,493 18,575 17,729 17,262

2,860 3,177 3,155 2,974

24,764 23,689 22,022 21,831

888 1,211 1,832 2,037

62,387 61,139 59,940 59,872
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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)
Percent
1972 1973 1914 1975 1976 3%
Anthracite ___________________________ 138 130 128 1
Bituminous coal and lignite 12,751 12,684 13,443 18
Hydroelectric power _ _ _ __ _ _ _ ____ _________ 3,009 3,309 3,219 3,064 4
Naturalgas __________________________ 22,698 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 72,609 70,562 74,025 100
Table 17.—Consumption of energy resources, by consuming sector
(Trillion Btu)
Final consuming sector and resource 1972 1973 1974 1975 1976 P(‘;;‘g%’;‘
Industrial:
Naturalgas — ___ ___________________ 9,880 10,500 10,000 8,550 8,760 41
Petroleum _ __ __ _ _ _ __ ______________ 5,640 6,080 5,910 5,630 6,200 29
Bituminouscoal ___ _ ________________ 4,240 4,340 4,040 3,760 3,600 17
Utility electricity ________________"__ 2490 2,640 2,670 2,580 2,810 13
Anthracite 35 33 35 35 42 _
\ Hydropower _ _ 35 38 33 32 33 -
Coke _ o __ _ o _____ —_ — 59 14 —— —
’ Total _ __ o ___ 22,300 23,600 22,800 20,500 21,400 100
Transportation:
etroleum ___ ___ __________________ 17,300 18,200 17,700 17,900 18,900 97
Naturalgas _______________________ 787 144 685 595 534 3
Utility electricity ___________________ 17 15 16 16 16 __
Bituminouscoal _ __ _________________ 4 3 2 1 - .
) 18,400 18,600 19,500 100
\
| 1,520 7,590 7,170 42
6,100 5,750 6,270 34
3,730 3,970 4,150 23
2 188 171 1
66 57 51 __
17,600 17,600 18,400 100
8,480 8,730 9,680 67
3,480 3,230 3,450 24
3,510 3,210 3,140 22
s 3,190 3,030 21
1,210 1,833 2,040 14
6410 6,560 6,980 48
13,600 13,700 14,400 100
Total consumption:
Petroleum __ ______________________ 33,000 34,900 33,500 32,700 35,100 47
Naturalgas _____ ___ _______________ 22,700 22,500 21,700 ,900 , 27
Bituminouscoal __ __________________ 12,300 13,200 12,800 12,700 13,400 18
Hydropower _ _ __ _ _ _ __ ______________ 1 3,010 3,310 3,220 X 4
Nuclearpower _____________________ 576 888 1,210 1,840 2,040 3
Anthracite __ __ _ __________________ 150 144 1 130 1 —
Coke _ e —- - 59 14 - ——
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Table 18.—Domestic supply and demand for coal

1975 19767
Thousand P Thousand P
Trillion Trillion
short short
tons Btu tons Btu
ANTHRACITE
Supply:
Production® ________________________ 6,203 1575 6,228 158.2
Expoﬂ;s2 __________________________ -1,095 278 -1,188 -30.2
smck cha_nge— Withdrawals(+ )fEJthIoBE('): = NA NA NA NA
Losses, gains, and unaccounted for _ __ _______ - —— _— __
Total ___ _______________________ 5,108 129.7 5,040 128.0
Demand by major consuming sectors: 3
Household and commercial® _ _____________ 2,240 56.9 2,020 51.3
Inds 5 1,386 35.2 . 1,670 424
Electricity generation, utilities 1,482 37.6 1,350 34.3
Total . _ _ _ _ _ _ o ______ 5,108 129.7 5,040 128.0
BITUMINOUS COAL AND LIGNITE
Supply:
Producl:lon1 648,438 15,043.8 678,685 15,609.8
rts -65,669 -1,773.0 -59,406 -1,604.0
940 21.4 1,203 21.0
Stock change: Withdrawals(+), additions(-) _ _ ___ -31,765 -687.7 -6,166 -133.9
, gains, and unaccounted for _ _ _ __ _____ 4,357 79.2 -16,837 -455.6
Total _ ____ _____ ________________ 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® __ _ __ (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 ___ _ _ __ L ___ 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 ___ _ _ L _____ 3,674 94.9 3,638 90.3
Grandtotal _____________________ 556,301 12,683.7 597,479 13,443.3

PPreliminary. NA Not available.

1Includes use by producers for power and heat.

’Includes shipments to U.S. Armed Forces in West Germany.

for small tities used as raw material for coal chemicals, all anthraclte is used for fuel and power.

“Data represent “retail deliveries to other ” These are and cial users, with some
unknown portion of use by small industries.

SIncludes consumption by coke plants, steel and rolling mills, and other industrial uses. Adjusted to exclude coal
equivalent of raw material uses.

SFigures in parentheses are not added into totals.

7Includes bunkers and military transportation.

8Coal equivalent based on British thermal unit value of raw material ption of coal chemicals listed.
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Table 19.—Natural gas, components of supply and demand

1975 1976
Billion i Billion e
< Trillion . Trillion
cubic cubic
feet Btu feet Btu
Supply:
;roductlon _______ 20,100 22,000 20,000 21,800
Exports ________ -3 T4 -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 - —— - e 19,500 19,900 19,800 20,200
Demand:

Industrial:
For carbonblack _ _____________ 26 27 28 29
For other chemicals ____________ 568 580 588 599
Fuel and power _ __ ______ 7,780 7,940 1,970 8,130
Household and commercial 7,430 ,690 7,620 1,770
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!

1975 1976°
Million Trillion Million Trillion
barrels Btu barrels Btu
Supply:
&ude 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 1,935.1 11,223.6
Stock change: Withdrawals(+), additions(- 6.3 -36.5 -14.1 -81.8
, transfers for use as fuel, and unaccounted
for_ _ _ _ o _____ -5.2 -30.1 15.9 92.4
Total __ _ _ _____________________ 4,541.4 26,340.1 4,910.2 28,479.2
Refinery input:
Crudeoil ________________________ 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 _ ____ ____________ 13.8 483 139 48.7
Tot‘alv e 4,814.5 217,560.6 5189.6 . 29,726.6
Refined products:
Refineryoutput ____________________ 4,814.5 21,560.6 5,189.6 29,726.6
Unfinished oil reruns,net __ ____________ 12.7 74.0 7.6 443
Processinggain,net_ _ _ ______ _________ 167.8 - 174.7 .
Total ___ __ ___ _________________ 4,995.0 217,634.6 5,371.9 29,770.9
Exports® ________________________ -74.3 -424.4 -78.7 -448.3
Imports® ________________________ 712.2 4,229.2 734.8 4,389.1
Stock change, including natur:ls}as liquids ___ -53.0 -256.5 +35.3 +200.6
Transfers in, natural gas liquids® 4 ________ 336.7 1,209.6 321.5 1,151.6
Losses, gains, and unaccounted for _ _ _ __ ____ 40.9 349.1 -1 7!
Total ___ _ _____________________ 5,957.5 32,741.6 6,384.1 35,143.6
Demand by major consuming sectors: N
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
Transportation® ______________ 3,309.8 17,789.4 3,471.3 18,706.8
Electricity generation, utilities 518.3 3,228.8 552.7 3,446.2
Other, notspecified - _ ________________ 16.4 98.4 10.9 63.9
Total ___ __ ____________________ 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
Othernonfueluse_ __ _ ____ ___________ 268.7 1,685.7 267.7 1,679.7
Total _________________________ 609.3 3,1199 657.1 3,356.2
Miscell and dfor_______ 32.7 179.7 47.6 262.0
Grandtotal . ______________________ 5,957.5 32,7416 6,384.1 385,143.6
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.

2Btu 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.

3Btu 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 liquids other than those channeled into refinery input as foll Petrochemical feedstock

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 d 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

NewEngland __________ 66,894 26,094 39,180 66,887 26,309 38,958
MiddleAtlantic - ________ 229,430 68,820 149,177 221,080 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
Alaskaand Hawaii _______ 6,823 2, 1399 4,204 7,159 2,506 4,506

Total United States __ _ 1,700,769 554,960 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) .
1972 1973 1974 1975 1976
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® 86.1 90.5 92.3 923 93.1
Nonmetal mining and quarrying 11211 115.8 119.2 115.1 115.1
Fuels:
Bituminouscoal _ ___ __________________ 143.2 158.0 165.0 198.2 210.4
Othercoal _ __ __ _ __ __________________ 3.7 3.6 3.5 3.6 39
Crude petroleum and natural gasfields _ _______ 137.8 133.5 143.7 159.5 165.0
0il and gas field services _ _ __ _ __ __________ 124.1 131.0 148.2 176.2 195.3
Total _ _ 408.8 426.1 460.4 531.5 574.6
Total mining? __ _ _ _ _ __________________ 607.0 625.0 672.0 745.0 783.0
MANUFACTURING
Minerals:
Fertilizers, complete and mixingonly _ . ________ 35.8 38.5 313 33.7 33.5
Cement, hydraulic _ . _ _______________ 33.6 33.8 32.7 30.3 29.6
Blast furnaces, steelworks, rollingmills _________ 492.2 521.8 522.6 470.1 469.9
Nonferrous smelting and refmmg _____________ 83.6 86.3 90.7 82.2 84.3
Total _ _ o ___ 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®® __ _ _ o ____ 189.6 187.3 195.3 1974 202.8
Total selected manufacturing _ - ______ 834.8 867.7 878.6 813.7 820.1

1Includes other metal mining not shown separately
2Data may not add to totals shown b of i dent roundi
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.




REVIEW OF THE MINERAL INDUSTRIES 51

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:
Weeklyearnings __________________ $185.40 3198 56 $241.43 $271.35  $303.73
Weeklyhours ____________________ 41.2 43.5 42.8 42.9
Hourlyearnings __________________ $4.50 $4 65 $5.55 $6.34 $7.08
Copper ores:
Weeklyearnings __________________ $192.19 $206.52 $226 46 $248.14  $280.70
Weeklyhours ____________________ 41.6 42.3 1.1 39.2 40.1
Hourly eammgs __________________ $4.62 - $4.88 $5 51 $6.33 $7.00
All metal mining:*
Weeklyearnings __________________ 3185 51 $200.40 $226.97 $250 72 $280.80
Weeklyhours _______ _____________ 42.1 41.8 0.9 41.6
Hourly earnings __________________ $4 47 $4.76 $5.43 $6 13 $6.75
Nonmetallic mining and quarrying:
Weeklyearnings _ _ ___________________ $176.96 $l96 88 $209.28 $210.98  $236.72
Weeklyhours _______________________ 44.8 46.3 43.5 44.0
Hourly earnings _____________________ $3.95 $4 18 $4.52 $4.85 $5.38
All mlm excludmg fuels):?
yearnings _ __ ___ _______________ 3180 61 $195.90 $213 09 $228.55  $256.16
Weekly hours ___ 44.0 42.4 42.9
]sHourly earnings _ _ $4 17 $4.47 $4 91 - $5.42 $5.99
els:
All coal mining
Weekly i ! $215.83 $226.86 $236.84 $283.35  $312.44
Week]y hours 341.0 39.9 38.2 339.3 339.5
Hourlyearnings _ __ . ______________ 3$5.30 335.69 $6.20 337.21 3$7.88
Bituminous coal:
eekly earnings $217.46 $228.45 $238 37 $284.53  $313.24
Weekly hours ___ 341.0 39.8 38.2 339.2 339.5
Hourly earnings 335.34 385.74 $6.24 387.23 337.91
Crude troleum and natural gas:
eeklyearnings __________________ $169.92 $191.82 $223.86 $248.84  $272.83
Weeklyhours ______________ 42.8 40.9 42.0 40.8 41.4
Hourly earnings $3.97 $4.69 $5.33 $6.05 $6.59
All fuels:2
Weekly earnings __________________ $191 27 $201.43 $224 08 $256.86  $282.16
Weeklyhours ____________________ 41.8 40.8 1.9 42.2 42.7
Hourly eamm{'s __________________ $4. 53 $4.90 $5 39 $6.14 $6.66
FACTURING
Fertilizers, complete and mixing only:
Weekly earnings _ _ ___________________ $143.14 $155.66 $172.40 $188.72  $210.33
Weekly hours ______- 42.6 43.0 43.1 42.6 43.1
Hourlyearnings —  __ ____ _____________ $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 ___________ 42.0 424 42.1 41.4 41.7
Hourly earnings __ _______ $5.12 $5.50 $5.89 $6.33 $17.26
Blast fumaces steel and rolling mills: .
$210.12 $230.74 $263.49 $278.71  $312.38
40.8 41.8 41.3 39.2 39.8
$5.15 $5.56 $6.38 $7.11 $7.86
$185.59 $203 46 $227.46 $243.76  $275.22
41.8 423 422 40.9 41.7
y $4 44 $4 81 $5.39 $5.96 $6.60
eekly earnings ey $208.89 $220.28 $238.71 $267.07  $301.31
Weekly hours _ _ 42.2 42.2 424 41.6 42.2
Hourly i $4.95 $5.22 $5.63 $6.42 $7.14
Petroleum reﬁmng
Weekly earnings 8219 45 $231.02 $250.92 $28387  $324.73
Weekly hours _ 41.8 41.7 42.1 41.2 41.9
Hourly earnings $5 25 $5 54 $5.96 $6.89 $71.75
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 42.8 429
Hourly earnings __ . _______ $4.04 $4.30 $4.59 $5.03 $5.40
Total selected manufacturing:
Weeklyearnings . _________________ $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

1Includes other metal mining not shown.
2Weighted average of data computed using figures for production workers as weig
311-month average.

Source: U.S. Dej ent of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 19-22, No. 9, March 1973-
1976, table C-2; v. 24, No. 3, March 1977, table B-2, C-2.

hi.
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Table 25.—Wages, salaries, and average annual earnings in the United States

Percent chang
19747 19757 1976 ——r CIATET
1974-75 1975-76
Wages and salaries:

All mdustnes, total _____________ millions_ _ $764,054 $805,705 $891,828 +5.5 +10.7
__________ de 8,827 10,826 12,179 +22.6 +125
Ma.nu acturing 211,388 211,039 238,170 -2 +12.9

Aver%e earnings per full time employee:
I industries, total ___________________ 9,991 10,845 11,623 +85 +7.2
Mml‘tl\g ___________________________ 12,905 14,769 16,089 +144 +89
acturing __ _ __ _________________ © 10,847 11,905 12,888 +9.8 +83

TRevised.

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)
Non- ’
Blast Petro-
Ce- fur- fer- leum
Manu- naces, 5:::13‘.’ Metal Iron Cop- refining Petro- Coal
Rate and year factur- o steel o min- oren per and leum  min-
ing draviic and an?i ing ores  related refining ing
1€ rolling refin- indus-
mills 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 23
1976 _____ 39 30 32 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 17 3 2
1976 - ____ 13 17 19 5 8 10 11 T 5 3

lMom;h]y rates are available in Employment and Earnings as indicated in source.
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. 21-22, No. 9, March 1975-
76, table D-2; v. 24% 3, March 1977, table D-2.
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Table 27.—Labor productivity indexes for selected minerals!

(1967=100)
Copper, crude ore mined per— Iron, crude ore mined per—
Year Product:, Producti . Production
Employ b worker Employee Production worker
worker man-hour worker man-hour
126.7 125.3 121.2 110.8 112.8 117.1
123.7 119.3 118.1 119.2 122.2 124.4
126.8 121.0 117.7 127.3 129.0 126.7
1214 173 117.6 120.8 1224 118.1
123.7 122.9 128.9 116.8 119.0 116.6
Copper, recoverable metal mined per— Iron, usable ore mined per—
Prod Producti . Production
Emnl Pr Production
r worker Employee worker
worker man-hour worker man-hour
wn 109.7 108.4 104.9 915 99.3 103.0
w2 __ 1074 103.6 102.5 101.9 104.6 106.5
1978 _ _  ______ 104.6 99.7 97.0 108.7 110.1 108.2
1974 __ ___ ___________ 919 88.8 89.0 99.9 101.2 97.6
1975 ____ 92.3 91.8 96.3 92.4 94.2 92.2
Petroleum refined per— Bit“mi?,?nse?;i:f lignite
. Production 4 Producti
Production Pr
Employee worker Employee worker
Py’ worker man-hour pov! worker man-hour
110.2 112.1 1123 187.2 r91.7 915
121.2 121.5 121.9 T82.8 T84.8 83.9
131.4 133.0 135.7 81.2 T82.3 T83.4
121.8 121.3 121.8 76.0 1715 82.1
120.6 120.0 123.2 70.2 71.5 737

. 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)

1972 1973 1972 1975 1976
1202 125.5 1595 207.3 235.6
1307 1511 205.7 1815 1915
13811 2223 3802 3735 3194
1312 1367 1501 2116 245.4
1815 1555 212.8 205.8 2138
1255 1396 1846 206.6 225.3
1208 1212 1472 170.6 1849
85.2 11 1285 2041 196.9
1234 1325 1487 1722 1927
1130 119.4 1431 1782 1880
165.2 183.3 359.8 403.5 4206
116.4 1338 2216 263.9 2991
123.4 1416 241.4 282.9 315.5
1212 1364 2146 253.1 2194

PPreliminary.
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Table 29.—Index of implicit unit value of minerals produced

(1967=100)

1972 1973 1974 1975 1976°
119.5 123.7 157.5 204.2 232.2
130.6 151.0 202.4 176.9 187.6
136.2 212.2 369.4 356.5 312.2
136.4 1413 156.3 225.1 257.8
131.4 153.3 205.8 192.3 202.3
127.3 142.1 187.8 196.6 212.8
120.6 127.0 146.5 169.9 184.3

84.6 90.2 126.6 204.6 196.5
119.8 128.0 145.0 169.5 190.7
112.5 119.2 1418 178.3 187.6
165.5 183.5 340.2 403.4 420.4
116.4 133.8 220.2 264.5 301.8
129.2 1415 240.8 286.1 321.3
121.2 136.4 211.5 252.7 278.2

PPreliminary.

Table 30.—Price indexes for selected metals, minerals, and fuels

(1967=100)
. Percent
Annual average Y
Commodity 1975 1;786 from
1975
Metals and metal products — - 185.6 195.9 +5.5
Ironandsteel __ - e m—————— 200.9 215.9 +1.5
Tronore _ — — — — — - — e — e ———————— 154.3 171.0 +10.8
Ironandsteelscrap — — —— - — - m e ——m—m——— == 245.6 259.0 +5.5
Semifinished steel products _ _ _ _ _ e —m - 206.7 223.1 +79
Finished steel products —__ _ e — 196.6 209.0 +6.3
Foundry and forge shop products _ — — — - — - 194.3 218.6 +12.5
Pig iron and ferroalloys _ _ e ——— - 264.7 261.6 -1.2
Nonferrousmetals __ _ _ - — e —— 171.6 181.6 +5.8
Primary metal refineryshapes __ _ - —————————————-- 11848 191.7 +3.7
Aluminum, primary, buyers 160.4 1774 +10.6
Lead, Y , COMIMON — — — — - o m———— 154.0 163.8 +6.4
Zing, slab, prime western _ _ _ 270.2 260.9 -3.4
NoONferrous Scrap — — — — — ———— ———————————m———————————————= 128.3 155.4 +21.1
Nonmetallic mineral products 174.0 186.3 +17.0
Concrete ingredients _ _ o e —————— o 172.3 186.7 +84
Sand, gravel, crushed stone 151.1 161.2 +6.7
Structural clay products, excluding refractories - —————-——- 151.2 163.5 +8.1
Gypsum products — - m e — e ———————— 144.0 154.4 +7.2
Other nonmetallic minerals e ———— 220.3 232.5 +55
Building lime _ _ _ e 186.0 205.1 +103
Insulation materials _ _ _ _ - - e m——— - — = 196.2 212.6 +8.4
Bituminous paving materials _ _ -~ 256.9 265.1 +3.2
Fertilizer materials _ _ - — e m = 198.8 163.6 -17.7
Nitrogenates _ __ - ——— - ———————m———————— - 178.6 151.1 -15.4
Phosphates —— —— — —— - - —mmm———m———mm—m———————— === 236.3 187.8 -20.5
Phosphaterock —— — e m i m—————— = 4289 375.4 -12.5
otash _ — — — - e ———m———————— = 166.6 167.3 +.4
Fuels and related products and power _ _ oo 245.1 6 +84
_____________________________________________ 385.8 368.7 4.4
Anthracite - — - — — 372.7 385.3 +34
Bituminous — - — - — - — - e m e ———————————— == 387.0 367.5 -5.0
COKE — — o ———m—m— = 330.8 346.8 +4.8
Gasfuels _ — —— - m e ——————— = 216.7 286.8 +323
Electric power _ _ — - —_ — - ——————— e m——m———————— === 1934 207.6 +13
Petroleum products, refined _ - 257.5 216.6 +74
Crude petroleum? ___ _ oo 2457 253.6 +3.2
All commodities other than farm and food 1715 182.4 +6.4
All commodities _ — — — - —— -~ —— e —m———mmm————————— === 174.9 183.0 +4.6
1Corrected figure.
2[ncludes only d tic producti

Source: U.S. Q;]partment of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 1976, table
4; Supplement 1977, table 4.
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Table 31.—Comparative mineral energy resource prices
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Fuel 1974 1975 1976
Bituminous coal, average price at merchant coke ovens__ _ __ _ _ _ _ dollars per net ton__ 34.20 52.63 P54.90
Anthracit rage sales realization per net ton at preparation plants, excluding dredge
Chestnut 3106 4534 °47.13
Pea _________ 27.61 4233  ©42.02
Buckwheat,No.1_____________________________________ do____ T1888 27.61 29.11
Petroleum and lpetroleum products:
Crude petroleum, average price per barrelatwell _ ________________ 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 oil:!
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____ 1311 13.16 13.28
Bunker C, average of high and low prices at all gulfports ___________ 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.“2‘1 distillate, average of high and low prices at all gulf ports __ _____ _ do____ 30.69 28.43 29.88
atural gas:
Average US. valueatwell _ __ ________ cents per thousand cubic feet_ _ 30.4 44.5 58.0
Average U S. value at point of consumption_ _ ________ __________ o __ 88.8  ©115.0 NA
®Estimated. PPreliminary. "Revised. NA Not available.
IPetroleum 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)
Regi 1973 1974 1975
on Coal Oil  Gas Coal Ol  Gas  Coal Oil  Gas
New land _ 52:1 728 52.5 110.1 190.3 146.4 126.8 194.7 126.7
Middle Atlantic _ 474 80.0 62.4 81.2 200.1 114.1 102.1 199.3 90.6
East North-Central 42.9 8.4 58.2 65.4 170.0 76.8 82.1 1944 110.9
West North-Central 36.9 81.6 34.6 44.1 139.0 41.8 59.8 175.7 56.0
South Atlantic ___ 45.6 62.9 45.1 87.4 168.6 59.7 99.6 185.2 722
East South-Central 36.3 94.7 38.5 52.6 182.8 51.4 80.3 175.1 94.1
West South-Central 13.1 89.0 28.2 17.1 181.7 43.1 227 185.2 71.5
Mountain ______ 25.1 95.9 39.1 28.7 164.0 50.8 318 211.2 78.1
Pacific ________ 31.8 88.1 41.9 41.1 170.2 58.0 56.5 249.8 104.1
United States _________ 414 75.9 34.1 66.2 181.1 483 815 202.0 75.2
Source: National Coal Association. Steam-Electric Plant Factors, 1974 through 1976, table 2.
Table 33.—Cost of electrical energy
(Cents per kilowatt-hour)
1973 1974 1975
Com- Cor?l;.l Com-
Region Resi.  mercial Resi-  ™merci Regj-  mercial
Total s and Total - and Total < and
dential indus- dential indus- dential indus-
2.6 31 23 3.6 42 33 41 45 3.8
25 32 2.2 34 42 3.0 39 4.6 3.5
19 2.6 1.6 23 29 2.0 2.7 3.3 24
2.1 25 18 2.3 26 2.0 2.7 3.0 24
19 22 1.6 24 2.7 2.2 29 33 217
13 17 11 1.5 19 13 19 23 1.7
1.6 2.2 13 1.8 2.4 15 21 2.7 1.8
1.7 22 15 18 24 16 22 28 2.0
1.5 19 13 18 23 1.7 21 2.5 19
27 3.1 2.5 29 4.2 2.6 38 4.1 3.6
19 24 1.6 2. 2.8 2.0 2.7 3.2 24

Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry, 1973 through 1975. Based on

tables 22-S and 36-S.
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Table 34.—Price index of principal metal mining expenses?

(1967=100)
Elec-
Year Total Labor  Supplies Fuel i
energy
1972 _ 123 126 120 119 122
1978 _ 133 185 128 146 129
1974 _ 168 ne . 157 208 163
1975 _ 189 190 177 245 193
1976 _ T ____ 199 P198 188 266 208 :

PPreliminary. "Revised.

1Indexes constructed using the following weights derived from the 1967 Census of Mineral Industries: Labor, 50.04;
exg osives, 3.18; steel mill shapes and forms, 7.32; all other supplies, 26.89; fuels, 5.88; electric energy, 6.69; and data from
U.S. 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)
. Crude
Year Blmc?dno"s petroleum and
natural gas
1972 __ ______ 141 122
1973 ________ 155 136
1974 ________ 175 167
1975 _ _ ______ 222 NA
1976° _______ 248 NA

PPreliminary. NA Not available.

1Indexes constructed by using data from the U.S.
Department of Labor Statistics, Wholesale Prices and
Price Ind 1 and thly 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 leum and natural gas—Ilabor, 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 g:'-} Copper? Bitucx:;!nous Petroleum
INDEX OF LABOR COSTS PER UNIT OF OUTPUT
9 _ e __ 115 138 154 ) 127
1973 _ e _ 118 154 167 140
974 ____ o __ ¥155 190 181 171
1976 o _ 180 202 244 NA
1976° _ o _____ 205 190 280 NA
INDEX OF VALUE OF PRODUCT PER PRODUCTION-WORKER-PERIOD
1972 o _ r126 136 158 129
1978 _ _ r134 150 169 143
1974 r143 178 313 226
1975 177 160 321 NA
1976° _ _ _ o _____ 193 204 317 NA
INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT
1972 109 104 93 109
1978 105 100 90 105
1974 18 95 53 74
1975 _______ 109 121 60 NA
1976° _ ________ 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 Whol Price Bit coal index basedL&n net tons per man
Eer day (see chapter on Bituminous Coal) and index of average earnings derived from Bureau of r Statistics data on

ourly earmnga, petroleum index based on barrels per year (see chapter on Petroleum) and Bureau of Employment
data on total w: l:ges in petroleum production.

d};x of value of pi ct per production-worker period: Iron ore and copper indexes are computed from data found in
us. Department of Labor, Employment and Earnings and Wholesale Price Bitu coal index based on net
torl:i p:tr man per day and mine value of production; petroleum index based on average employment and total value of
production.

Index of labor costs per dollar of Earo;uct Iron ore and ool?nper mdexes are computed from data found in U.S.
Department of Labor, J)loyment and ings and Bit index based on index of
value per man per day and index of average earnings; petroleum index based on total value of production and wtal wages.

2Indexes are for recoverable metal.

Table 37.—Price indexes for selected cost items in minerals and mineral fuels production

(1967=100)
Pm Percent
1976 c Annual average e
4 from from
Commodity January 1975
January December 1975 1976

___________________________ 3703 373.9 +1.0 385.8 368.8 4.4
Coke __ o ____ 331.1 363.4 +9.8 330.8 346.8 +4.8
Gasfuels — _ ____ __ ________________ 2440 337.6 +384 216.7 286.8 +32.3
Petroleum products, refined ____________ 273.1 287.1 +5.1 257.5 276.4 +1.8
Industrial chemicals _ __ _ _____________ 212.6 221.9 +4.4 206.9 219.0 +5.8
Lumber_ __________________ 210.1 252.0 +19.9 1925 233.0 +21.0
Explosives _ _ __ _ __________________ 188.8 186.9 -1.0 178.0 187.2 +5.2
Construction hinery and equip t 193.3 204.5 +5.8 185.2 198.6 +7.2

Source: U.S. Department of Labor. B of Labor Statistics. Wholesale Prices and Price Ind J. y-D b

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- Power Special- .
. Mining . A Mixers,
81:1?0%?1:“ machin- g;lgfll: cranes, ized Portable Scrapers pavers, Tractors

Year - eryand - excava - aircom-  and spread- other

ery and equip  °TY and tors, struction pressors  graders ers, than

equip- ment tools equip- machin- etc farm

ment ment ery .
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 r161.0 188.3
1976 _______ 198.6 2117 217.6 200.6 204.9 118.6 210.5 168.8 202.6
TRevised.

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Ind J. y-De b
_19’75—76 table 6; supplement 1973, 19’74 1975, table 5.

Table 39.—National income originated in the mineral industries

It Income (million dollars) Percent
ndustry T T from
1974 1975 1976 1975
Mining . _ __ _ __ __ __ __ 15,539 17,979 19,384 +7.8
Metal mining — . __________________ 1,596 1,637 1,755 +7.2
Coalmining _ _ __ _ ____ _____________________ 5,208 6,352 6,567 +34
Oilandgasextraction _ _ _ _ _ ___ ________________ 6,661 1,762 8,765 +129
Nonmetallic minerals, except fuels _ _ _ __ ___________ 2,074 2,228 2,297 +38.1
Manufacturin caf _______________________________ 297,833 311,530 364,994 +17.2
Chemical and allied products _ _ _ _ __ ___.__________ 21,268 23,843 27,080 +13.6
Petroleum and coal products_ _ _ . __ ______________ 13,977 12,424 15,531 +25.0
Stone, clay, and glass products _ _ __ ___ ___________ 9,690 9,872 11,799 +19.5
Primary metal industries_ _ _ ___ __ _ ___ __________ 26,631 24,523 26,584 +8.4
Allindustries _ _ _ _ _ _ _ _ _ _ _ __ _ __ . 1,152,083 1,246,713 1,399,254 +12.2

TRevised.
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

Annual profit rate (percent) Total dividends (million dollars)

Industry P;;ncent Percent
1 Ci change
1975 1976 el 1975 1976 e
1975 1975
All manufacturing _ _ _ _ _ _ _ ___ __________ 11.6 14.0 +20.7 19,968 22,716 +13.8
Primarymetals _ _ ___ __ ___ . ________ 8.6 8.3 35 1,188 1,200 +1.0
Ironandsteel - __ _ ____ ____________ 0.9 9.0 -17.4 746 73 +3.6
Nonferrousmetals _ _ _ _____________ 5.0 6.8 +36.0 442 425 -3.8
Stone, clay, glass products _ . _________ 8.3 119 +43.4 413 440 +6.5
Chemicals and allied products _ _ _ _ ___.______ 15.2 155 +2.0 2,768 3,128 +13.0
Petroleum and coal products — _ _ _ _ _________ 125 144 +15.2 4,245 4,414 +4.0

TRevised.
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 C arterly Fi ial Report for Manufacturing, Mining, and Trade Corporations.
1st and 4th Quarters 1976, tables 4, A-1, 1 Cl1, D-l
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Table 41.—Industrial and commercial failures and liabilities in mining and

manufacturing
Industry 1974 1975 1976
ining:! )
ﬁumber offailures _ __ _ __ __ ___ __________________ 9 26 37
Current liabilities _ _ _ ____ _______________ thousands_ _ $10,102 $9,465 $105,962
Manufacturing:
Number of failures __ ___ ________________________ 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
ncluding 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

(Billion dollars)
Industry 1974 1975 1976
Mining! _ 3.18 3.79 4.00
Manufacturing:
Primaryironandsteel _ __ __ __ __ _ __ _ _ _________ 212 2371 3.81
Primary nonferrousmetals _ _ _ __ __ _____ ___________________ 2.33 2.28 2.16
Stone, clay, glass lproduc’ts ________________________________ 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
Yncluding fuels.
3Corrected 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. 8, 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)
19747 19757 1976
Area or country Ma":‘fg Petro- fl}:;:l‘: M;:);g Petro- g:tl:;\l: M;:l‘;xg Petro- tl'\ad:t'\lx‘:
smelting leum P srinneglt- leum ing srix:leglb leum ing
Canada _ _ _——________ 427 1,295 2671 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 6374 6 3,016 6,500 13 3,313 6,547
All other areas _ __ _____ 374 4,034 1358 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

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
nds _ ___ _____________________ 41,069 8.7 13,243 85.6 1,023 57.8
Preferredstock _ _ _________________ 2,789 5.4 344 22 140 79
Commonstock  _ _ __ _______________ 8,305 15.9 1,893 12.2 606 34.3
Total® _____________________ 52,161 100.0 15,479 100.0 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 b of independent roundi
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
! Un%i_s- Und;s-
. tril tril
Book  Net  uted Book D%k Net  uted Book
Area or country :°  capital earn- value begin- capital earn-  value
ni fcl)ub- m%s f"d s ftl)ut- m%s end of
ows of ofyear {NE ows of ear
of year subsid- of year subsid- Y
iaries iaries
Developed countries’ _________ 18,334 1,183 841 20,336 83,025 2,883 5,149 91,139
Canada _ ______________ 5,731 -54 534 ,209 ,404 482 2,227 31,155
Europe ___ ____________ 9,960 1,262 179 11,381 44,782 2,265 2,525 49,621
dJapan ____ ___________ ,367 87 33 1,314 3,319 -40 52 2
Australia, New Zealand,
South Africa, Republicof __ 1,275 63 94 1,432 6,520 177 345 17,035
Developing countries® _________ 8,257 1,903 1,158 11,147 28,459 3,713 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 1,337 2,233 18 181 2,397
MiddleEast _ ___________ 1,613 2,034 23 3,673 2,215 2,144 149 4,508
Other Asia and Pacific _____ ,734 215 902 2,766 4,519 204 1,136 5,746
International, unallocated _ _____ 3,605 -283 3 3324 7,335 -288 107 17,155
Total __ ___________ 30,195 2,803 2,001 34,806 118819 6,307 8,184 133,168
Data may not add to totals shown b of independent roundi

Source:

1976, p. 48, table 13; p. 49, table 14; p. 51, table 16; p. 53, table 18.

: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 8, August
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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 a‘{;lel:aer- capital earg;ngs _Earix- Income?®
end outflows sub- mes
sidiaries
Developed countries® 4,407 205 197 478 295
Canada_____ _ 3,058 101 156 2 100
Europe _______ 6 -2 -3 *
Austra.lm, New Zealand,
South Africa, Republicof _______________ 1,308 98 43 238 196
Australia_ _ ______________________ 1,063 Ky 41 230 189
South Afnca, Republicof _ _____________ w 21 2 K 17
Developing countries® _ _ _ ___________________ 2,145 342 41 152 147
Latin American Republics _ __ _____________ 1,012 250 32 20 *
Mexico - _ . _ ______ _____________ 80 -13 11 17
Panama _______________________ -1 *) V) * (@)
Brazil ___________ _____________ 131 17 20 w
e . 13 w w w *
Peru _________________________ 700 w w -42 -26
Other Westem Hemisphere _ ______________ 460 59 * 80 86
Other Africa ______ __________________ 486 36 10 38 w
MiddleEast _ __ ______________________ 5 1 2 2 *
Other Asiaand Pacific __ . _______________ 181 -3 3 12 w
Total® ________ o ____ 6,551 547 238 630 442
PPreliminary. W Withheld to avoid disclosing individ fidential data.
1Sum of the U.S. share in net earnings of subsidiaries and branch prof ts.
2Sum of dividends, interest, and branch profits. .
3Data may not add to totals shown of independent roundi
4Less than 1/2 unit.
Source: U.S. Department of C of E Survey of Current Busmess V. 56, No. 8, August

1976, p. 49, table 14; p. 51, table 16; p. 53, table 18; p. 55, table20 p- 5§ 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 ____ 13,655 14,868 18,284 22421 26,740
Petroleum _ 3,113 3,272 4,649 5979 8194

PPreliminary.
Source: U.S. Department of Commerce, Bureau of Eco-
nomic Analysis. Survey of Current Business. V. 54, No 8

Part 2, August1974 p. 7, table 1; v. 56, No. 8, Augnst
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
group 1974 1975 change 1974 1975 change
from 1974 from 1974
Metals and minerals, except fuels:
Bauxite _ _ 6,733 5,176 23 583 447 23
Copper ores 10,812 6,568 -39 . 19 ——
Iron ores and concentrates 103,132 89,642 -13 79,893 69,325 -13
2,077 1,698 -18 NA NA NA
1,071 848 21 1,186 1,117 -6
2,690 2,513 -7 631 672 +6
56,001 41,017 -27 11,264 8,707 23
2,959 2,227 -25 _— _— -
Nonferrous metals, primary smelting
roducts _ _ . _________ 7,389 5,075 31 680 548 -19
Other primary metal products _ __ _ _ 3,970 3,060 -23 —— __ —_—
Iron and steelscrap — _ _ ________ 38,872 28,946 -26 2,311 1,554 -33
Nonferrous metalscrap — _ ___ ____ 449 2,088 +365 87 36 -59
Abrasives, asbestos,etc _ _ _ __ ____ 32,276 27,480 -15 — . o
17,681 15,405 -13 9,873 8,299 -16
3,311 ,641 -20 1,694 1,480 <13
X 18,481 -6 6,128 6,001 -
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 29,134 20
Phosphaterock __ ____________ 41,909 42,238 +1 ,536 9,412 +10
Sandandgravel ___ __ _________ 48,349 39,772 -18 76,444 67,906 -11
Stone, crushed __ ____________ 45,679 38,814 -15 . o —
Sulfur _ _ 3 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
________ 23,546 19,720 -16 2,412 2,394 -1
Crude petroleum and natural gas _ . 2,746 2,900 +6 83,580 77,887 1
Distillate fueloil _ _ __ ________ 1,101 784 -29 83,673 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 fueloil ____________ 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
Total minerals _ _ _ __ _______ 930,285 862,831 7 807,542 779,614 -3
All products carried . _ _ __ ____ 1,530,686 1,395,055 -9 982,700 946,327 -4
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 62 - 82 82 -
NA Not available.
Source: Interstate Commerce C ission, Bureau of A ts, Freight C dity 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

Shipped by  Shipped b;
Year ra.iF:gd water an Tr\;gul‘;:]d to Used at Total pro-
tmi:ﬁd to m:::tﬁ to  gestination mines duction
1972 e = 66.2 11.7 11.0 11.1 100.0
1973 e 67.1 11.5 9.8 11.6 100.0
1974 _ = 271 ?® 11.0 11.9 100.0
1975 e 64.5 10.7 12.2 12.6 100.0
1976 e 63.0 11.0 13.0 13.0 100.0

tncludes 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)
Type of main 1971 1972" 1978F 19747 1975 1976°
Field and gathering _____________________ ¥66.2 66.9 65.9 66.4 68.5 70.3
Transmission .8 258.1 263.1 262.2 262.6 258.2
Distribution 7610.4 623.1 633.8 645.6 648.9 659.1
Total? __ __ __ ____________________ r931.4 948.1 962.9 974.1 980.0 981.7

PPreliminary. "Revised.
!Excludes 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.

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.

Table 51.—Petroleum pipelines, selected years

(Miles)
Trunklines Gathering
Y —_— hering -
ear Crude  Products lines Total
70,355 53,200 76,988 200,543
72,383 61,443 77,041 . 210,867
70,825 64,529 74,124 209,478
75,143 72,396 71,132 218,671
76,250 76,839 69,266 222,355
Table 52.—Funds expended in research and development activity
(Million dollars)
Total® ' Company Federal Government
Industry
1973 1974 1975 1973 1974 1975 . 1973 1974 1975
Petroleum reﬁninf and extraction 504 598 700 490 578 669 14 20 31
Percent of all industries ___ 24 2.7 3.0 3.9 4.1 45 0.2 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 all industries ___ 9.9 10.6 11.3 14.8 153 163 2.5 2.6 2.7
Allindustries _____________ 20,921 22,348 23,535 12,699 14,018 14,775 8,222 8,329 8,761
1Data may not add to totals shown because of independent di

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
BureauofMines _ _______________ 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
De ent of Commerce _ __ ________ 999 1,156 2,155 1,030 1,192 2,222
Other _______ __ ______________ 5 564 569 10 763 T3
Total ___ _ __ 95,018 175,521 270,539 106,114 186,393 292,507
®Estimate. .

Source: National Science Foundation. Federal Funds for Researc ! and Other Scientific Activities, Fiscal
Years 1975, 1976, and 1977, v. XXV, Detail ical Tables, A ‘" C and D. NSF 76-315, July 1976, tables C-24,

C-25,C48, C—44 €62, C63.
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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
development (Thousand dollars)
(Thousand dollars)
§ Fiscal Year
Basic  Devel Field 1975 1976 TQ! 1971°
) Applied - <
Fiscal year PP re- op- Total -
research  georch  ment : ing
im _______ g’i’gg}, g’ﬁ gg'gﬁ Z;Z;’% N ﬁ?&m ______ 47712 67,520 23030 73,820
1974 20 MG N evepe  Mecncesog---- LSS LT 410 1S9
1976 _______ 72,500 800 58,000 131,300 sciences _ _____ 1,285 1,600 400 1,600
TQY ______ 24,300 200 20,300 44,800 Environmental
1977 ______ 78,900 800 65378 53706  sciences ______ 2,030 2,400 600 2,400
eEstimate. Total ______ 52912 73,300 24,500 79,700
Transition quarter, July 1-Sept. 30, 1976.
®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 _ oo $2,479,153,000 $6,013,865,200
Supplemental stockpile — _ e 1,076,059,600 1,899,874,700
De Production Act _ - _ e 297,095, 246,683,900
Total — o e 3,852,308,400 8,160,423,800
Total inventories reserved for goals
and itted excess i tories — e : NA 6,410,079,700
NA Not available
1Market values are computed from prices at which similar materials are bei.rﬁ’ltmded; 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 di ts relating to contained qualities, or for inherent materia!s-handlin} allowances. Market values do
not necessarily reflect the amount that would be realized at time of sale. The itted excess excludes the unshipped
sales; the i tories 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 Suppl t, 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_ _ _ _ _ _ _____ ___________________________ do____ 192 66,112
Asbestos, crocidolite _ _ _ _ _ _______________________________ do____ 4 12,904
Cadmium ___ _ _ _ _ _ _ o ____ pounds_ _ 125,000 241,999
Cobalt_ _ do____ 5,148,660 20,799,141
Col oresandconcentrates_ _ _ __ _ __ _ ___________________ do____ 24,819 78,682
Copper, o tiv;'gen free, high oonductmty ______________________ short tons_ _ 500 700,000
Copper,other ___ _ _ __ __ _ _ ___ _ __ o _____ do____ __ 1.1,044,443
Diamonds, industrial,bort __________ __ ___________________ carats_ _ 2,542,923 5,540,158
Diamonds, industrial, stone_ __ _ _____ _______________________ do____ 1576 6,108,154
Lead _ short tons_ _ 459 167,076
Magnesium ___ __ __ _ _ _ __ do_ 500 835,000
N battery grade, naturalore - _ _ __ ______________ short dry tons_ _ 123 6,150
Manganese, battery X synthenc dioxide _ _ ___________________ do____ 545 231,127
Manganese, chemical grade, type A _ _ _ _ _ __ ____________________ do____ 1,000 65,250
Manganese, chemical grade, type B _ _ _ _ _ __ _ _ __ ________________ do____ 6,000 420,360
Mica, muscovitefilm_ _ _ _ _ __ _ _ __ ______ pounds_ _ 18,823 73,416
Mica, muscovite splittings — _ __ __ _ _________________________ do____ 1,186,078 1,188,006
Mica, phlogopiteblock _ _ _ do____ 19,112 13,001
Mica, phlogopite splittings - - — - ___ __ do____ 357,975 203,943
Molybdenum disulfide _ _ __ _ __ ________________ ____________ do____ 130,151 1912,297
Molybdenum, ferro_ _ _ . __ ______________ o ____ do____ __ 135,086
Molybdenumoxide - _ _ _ __ __ _ __ __ do____ 1
_______________________________________ d - 234,392 1,479,533
earths _ _ __ _ _ __ __ _ __ __ - short dry tons_ _ ,125
Selenium _ _ _ _ _ _ _ pounds_ _ 2,500 42,529
___________________________________________ short tons_ _ 9,
Thorium nitrate __ _ _ _ _ _ _ __ _ _ ______ pounds_ _ 17,800 40,056
___________________________________________ long tons_ _ 3,586 26,282,833
Tungsten ores and concentrates . _ _ ___ __ __ . ______ e pounds_ _ 2,281,130 14,530,844
Total _ _ _ _ _ - 90,074,648
DEFENSE PRODUCTION ACT (DPA) INVENTORY
Cobalt_ _ _ o e 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, muscovitefilm ___ _ _ __ _ _ ___ ________ pounds_ _ 991 4,645
Tungsten ores and concentrate_ _ _ . ______________________ do____ 1,427,277 9,399,150
Total _ e - 10,581,850
OTHER
Lithium _ _ pounds_ _ 1,983,869 1,521,290
Mercury — flask  _ 1,020 113,690
Total _ _ o e __ 1,634,980
Grandtotal _ _ _ e _— 102,291,478

1Represents adjustments to prior year contracts.

Source: General Services Administration, Federal Preparedness A§ency Stockpxle Report to the Congress, January-
June 1976; July-September, 1976; Preliminary data for the Statisti -March fiscal year 1977.
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Table 58.—United Nations indexes of world® mineral industry production

(1970=100)
i 1976 by quarter
Industry sector and hical area 1974 1975 1976
i gecgrap & 2a 8 4h
EXTRACTIVE INDUSTRIES
Metals:
Market eoonomy countries _ _______________ 104 98 101 98 101 102 104
Developed® _______________________ 100 94 96 92 98 98 ‘98
Umted States and Canada ___ 104 95 101 94 104 103 102
_________________ 106 100 98 101 102 90 98
E C e 88 83 ki 81 80 71 75
European Free Trade Association‘ e 119 108 110 118 119 96 113
Australia and New Zealand __________ 102 104 101 90 97 113 103
Developing® _____________ 111 103 109 109 106 109 113
Latin America® _ 118 108 116 118 109 113 122
Asia’ ____________________ 95 96 99 97 99 98 102
Centrally planned economy countries (Europe)® _ _ _ 119 122 123 122 125 123 121
word . _ _ _ ____ ___ ___ o ____ 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 Statesand Canada _ ____ ______ 102 112 114 114 118 106 119
Europe - _______ _______________ 76 77 76 80 5 68 80
European Economic Commuml:ya e 4 4 72 il 2 64 76
European Free Trade Association* ___ 97 90 91 96 88 89 92
Australia and New Zealand __ ________ 132 131 145 134 150 145 151
Developing® _ __ _ __ ________________ 113 122 124 134 121 117 124
Latin America® __________________ 118 117 114 NA NA NA NA
Asia? _ __ ___ _ __ _______________ 112 125 131 146 126 124 128
Centra]ly planned economy countries (Europe)® _ __ 110 114 116 115 117 116 117
_____________________________ 96 99 100 102 101 103
Crude petroleum and natural gas:
Market economy countries ________________ 122 116 125 122 120 125 132
Developed® __ __ _ __________________ 112 114 114 117 111 110 121
United Statesand 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
A lia and New Zealand NA NA NA NA NA NA NA
Developing® ______________ 129 u7 132 126 126 135 140
Latin America® __ ________ 100 94 94 99 93 97 89
Asia® _ ___ ___ _________________ 100 94 94 99 93 97 89
Centrally planned economy countries (Europe)® ___ 130 140 148 141 140 142 136
Word _ _ _ _ __ . _ 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 Statesand Canada _ __________ 104 105 106 105 105 103 106
Burope _ __ __ _ ___ __ ____________ 99 95 98 103 96 90 104
European Economic Commumty" —— 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
Developing® _ _ ___ __ _______________ 125 114 127 122 122 129 134
Latin America® 108 102 104 107 101 104 102
Asia’ _ _ __ __ _ __ _______________ 148 134 152 145 144 155 166
Centra]ly planned economy countries (Europe)® __ _ 124 132 138 136 139 139 136
_____________________________ 116 115 121 118 119 121 124
PROCESSING INDUSTRIES
Base metals:
Market economy countries _ _______________ 120 102 111 107 116 110 112
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 Commumty’ o 112 93 101 101 104 96 104
European Free Trade Association® ___ 116 101 104 101 107 95 112
Aust.raha and New Zealand __________ 111 109 109 109 114 111 102
Developing® _ _ _ _ _ _ ________________ 136 142 159 141 161 167 167
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
Word  _ _ _ _ _ _ __ ___________ 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)

1976 by quarter
1st 2d 3d 4th

Industry sector and geographical area 1974 1975 1976

PROCESSING INDUSTRIES —Continued

Nonmetallic mineral products:
Market economy countries

Develoged’ _______________________ 118 109 118 108 122 120 123

United States and Canada _ _ _ 120 110 124 112 126 129 127

Europe _ _ _ _ _ _ 118 109 116 106 122 114 120

European Economic Community® ____ 116 106 113 104 119 110 118

Europ Free Trade A iation® ___ 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® ___ 143 151 165 155 166 178 162

Asia? ____ ________________ 135 141 152 138 157 156 156

Centrally pl d countries (Europe)® 185 144 152 150 156 153 150

Word __ _ _ _ _ _ . - 126 126 135 128 138 137 137

Chemicals, petroleum, and coal products:

Market economy countries ____ ________—___ 130 123 138 134 138 187 143

Developed® _ _ _ __ __________ 129 121 137 133 138 135 141

United Statesand 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® ___ 128 116 127 124 131 117 135

Australia and New Zealand _ _________ 124 116 127 117 128 131 132

Developing® _ _ ____________________ 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)® ___ 146 161 175 173 178 176 172

World _ _ _ _ __ e 134 - 132 146 143 147 146 150
OVERALL INDUSTRIAL PRODUCTION

Market economy countries 121 115 125 122 126 123 130

Developed® _ _ _ _ _ ________ o ___ 119 112 122 119 122 119 126

United States and Canada _ _ _ 119 112 124 120 125 124 125

Europe e 118 111 119 118 120 110 127

European Economic Communi PR 115 108 116 116 117 107 124

European Free Trade Association® ___ 119 112 113 112 116 102 123

Australia and New Zealand __________ 116 117 122 114 122 126 124

Developing® __ ___ 135 136 148 139 146 151 155

Latin America® _ _ _ ____ ___________ 141 144 154 NA NA NA NA

ja’ _ = 139 140 157 149 152 158 168

Centrally pl d y countries (Europe)® ___ 140 152 164 161 165 164 164

World __ _ _ _ 126 125 136 132 137 134 140

NA Not available.
1Excludes Albania, the People’s Republic of China, M lia, North Korea, and Vietnam.
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.
5Countries not indicated in the footnotes 1, 2, and 8.
€Corresponds to the United Nations classifications “Carribean, Central and South America.”
7Corresponds to the United Nations classifications “Asia, excluding Israel and Japan.”
8Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Romania, and the US.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 U.S.
Commodity and unit o roduction
roduction® us. us. prod
product production  imports and imports
1975 1976
METALLIC ORES AND CONCENTRATES
Bauxite_ _______ thousand long tons_ _ 76,337 2.6 116.5 18.1 19.1
Chromite 9,492 —— 134 13.8 134
Copper 8,213 19.6 6.5 226 26.1
Ironore. _______ thousand long tons_ _ 881,028 9.1 5.0 139 14.1
Lead (content of ore and concentrate) __ _ _ 3,701 16.5 24 17.8 18.9
Mercury ___ thousand 76-pound flasks_ _ 244 94 18.0 20.3 274
Molybdenum (content of ore and
concentrate)® _ __ __ thousand pounds_ _ 191,287 59.2 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 1 445 . 322 44.6
Silver . ________________ do____ 304,899 113 29.0 421 403
Titanjum concentrates:
Ilmenite (excluding slag) _ _ _ _____ 3,512 18.6 48 26.1 23.4
Rutile® ___________________ 471 w 59.9 NA NA
Tungst of ore ind rate)
thousand pounds_ _ 91,845 6.3 58 144 12.1
Zinc (content of ore and concentrate) _ __ _ 6,462 15 24 14.0 9.9
METALS, SMELTER BASIS
13,774 30.9 54 33.2 36.3
8,164 179 5.1 20.5 22.6
549,298 15.8 .1 152 159
X 15.0 37 17.2 18.7
148 — w 10.1 NA NA
748,492 17.1 1.7 18.1 18.8
229 25 19.7 220 22.3
30,100 422 184 48.1 60.6
5,978 64 11.6 122 18.0
5,566 2.1 11.8 14.0 139
811,502 9.0 4 9.3 94
39,726 —— 56.9 459 56.9
2,850 26.0 ©) 232 26.0
4,889 38 183 23.7 22.1
,231 18.1 94 24.2 21.5
471,082 53.5 1.1 52.7 54.6
48,366 28.7 2.9 319 31.6
117,898 415 ® 415 415
26,876 89 171 23.0 26.0
183,252 24.0 22 25.3 26.2
Sulfur_________ thousand long tons_ _ 50,070 214 34 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_ _ 49,352,023 404 2.0 444 424
Bituminous coal and lignite _ ___ ___ ___ 3,515,048 193 ©) 19.0 19.3
Anthracite _ ___________________ 196,769 32 - 32 3.2

PPreliminary. NA Not available. W Withheld to avoid disclosing individual pany confidential data.
Includes imports into U.S. Virgin Islands.
3World total exclusive of Bulgaria and China.
3World total exclusive of the United States.
4World total exclusive of Brazil, Czechoslovakia, Finland, East Germany, West Germany, Hungary, India, Israel,
Jagan, the People’s Republic of China, and the U.S.S.R.
'For year ending June 30 of year stated.
SLess 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)

Commodity group 19717 1972F 1973° 19747 1975
Metals:
All ores, concentrates, scrap 7,231 7,762 11,017 15,683 14,685
Ironandsteel ______________ """ 17,705 20,102 28,455 46,435 45,831
Nonferrousmetals ____________________ 10,489 11,862 17,284 25,221 18,243
Subtotal ________________________ 385,425 39,726 56,756 87,339 78,759
Nonmetals (crudeonly) _______________ """~ 2,743 3,197 3,840 5,856 6,257
Mineralfuels _____ ________________ """~ 36,153 42,104 63,565 168,104 168,560
Total _________ _________________ 74,321 85,027 124,161 261,299 258,576
All commodities __________ e 346,271 413,837 574,093 833,290 872,528
Revised.
Data pr d are for selected major dity groups of the Standard International Trade Classification—Revised
(SITC-R), and as such exclude some mi 1 ities classified in that data array I%ether with other (nonmetal)
dities. SITC-R categories, included are as Division 28; iron and steel—

foll Ores, rates, and scraj
SITC Division 67; nonferrous metals—SITC Division 68; nonmetals (crude only)—Squ—J%ivision 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 tallic mineral factures 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)
Year and quarter If:::! Fuels ﬁxlil:el;na‘t
175 577 473
206 588 494
199 628 517
218 610 506
213 610 508
NA : NA 511
NA NA 510
"Revised. NA Not available.
Sources: United Nations Monthly Bulletin of Statistics, New York, D ber 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
274 149 555 160
301 125 571 109
299 126 605 108
299 138 590 127
301 145 591 134
NA NA NA NA
Annualaverage __ __ _______________ NA NA NA NA

NA Not available.
Source: United Nations Monthly Bulletin of Statistics, New York, December 1976, pp. xxv-xxvi.






Mining and Quarrying Trends
in the Metal and Nonmetal
Industries

By T. A. Johnson!

Recovering from low demand in 1975, raw
mineral production in the United States
maintained a steady climb in value and
quantity throughout 1976, keeping pace
with the gross national product (GNP),
which increased 11.5% compared with that
of 1975. The minerals industry, in the past,
has met ever-increasing demand while
keeping production costs to a minimum. To
maintain this capability, technological re-
search and development of more efficient
processing methods must continue.

The role of Government and its increas-
ing involvement in minerals industry
actions received unfavorable comment from
various segments of the industry in 1976,
Government pricing controls were of con-
cern to most industrial firms marketing like
products. Public land withdrawals in large
blocks were of concern to the mineral in-
dustry.

The large amounts of capital and the
length of time required to bring a new
facility into production were also of con-
cern. For the latter, estimates from concep-
tion to realization were as much as 15 years.
Capital outlay for the mineral industry in
the past few years has increased from $25-
$30 to $75-$90 per ton of output.

In underground mining, raise- and shaft-
boring methods have been perfected and
1,000-foot borings are common. Because
Federal regulations require better air qual-
ity, mine operators throughout the United
States are engaged in improving mine ven-
tilation systems. The safer and more rapid
completion of 7-foot-diameter shafts at low-
er costs, compared with the more conven-
tional, shaft-sinking methods, have contri-

buted toward the use of raise-boring for
constructing mine ventilation shafts. Long-
er cutter life has also advanced this meth-
od; often 3,000 to 5,000 feet of boring can be
completed before cutters must be re-
placed. The trend in boring is toward larger
diameters, with 15foot diameter shafts
being the next size in certain rock form-
ations. The largest and longest raise bored,
to date, is the 2,300-foot-long, 12-foot-
diameter shaft at the Cargill salt mine in
New York State.

Roof control in underground mining re-
mains a problem, owing to the increased
depth of mines. The Bureau of Mines, in
cooperation with the mining industry, has
researched methods to monitor and predict
roof falls. Utilizing a computer, the Bureau
constructed and installed an instrumen-
tation system whereby up to 400 under-
ground locations were monitored simultane-
ously. The computer automatically plotted
load, deformation, stresses, and closures as
desired. Additional support was installed in
suspected unsafe locations.

Research and development of more effi-
cient underground drilling equipment con-
tinued. Interest in the all-hydraulic drill,
which has only one moving part and pro-
vides the capability for drilling larger diam-
eter holes, has increased. The percussive
drills presently used are limited to 2 to 2
1/2inch-diameter holes, because larger
holes would require much bulkier mac-
hines, commensurately larger rods, and
greater compressor capacity. In addition,
research was being directed toward radical-

1Mining engineer, Dﬁvisipn of Ferrous Metals.
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ly different drilling techniques, such as
laser-assisted drilling and high-pressure,
jet-assisted mechanical drilling. In the for-
mer, the laser beam performs the “kerfing”
at the same time as the conventional drill
bit cuts the hole gauge. In the latter, the
high-pressure water jet is placed slightly
ahead of the rotary bit to increase the
penetration rate.

Advances in blasting technology were
oriented toward pattern selection rather
than explosive development. The trend at
present is also toward higher benches, larg-
er diameter holes, and delay blasting. Met-
allized slurries, however, will increasingly
be used in underground blasting in the
future because of higher blasting efficiency.

The mining industry has continued to
adopt new methods for underground load-
ing and haulage, as evidenced by the in-
creasing use of trackless haulage and the
development of conveyor technology. It is
estimated that 5,000 to 6,000 diesel load-
haul-dump (LHD) units are presently in use
in the hard-rock sector. These units are
characterized by their high productivity,
flexibility, and low initial cost. The design
trends for the LHD’s are toward lower
profiles, power-shift transmissions, articu-
lated steering, and fast-reversing units. En-
vironmental constraints have led to the
development of more effective exhaust sys-
tems and electrically powered units.

Environmental constraints have influ-
enced the search for future uses of mined
out areas. One such area has been convert-
ed into an industrial park with warehouses,
factories, and offices. In the past, mined out
areas have been used for oil and water
storage and as nurseries for seed-
ling pine trees. Often, possible future uses
for the mined space are taken into consider-
ation in the planning stages of mine design.
Storage and waste disposal areas are of
primary interest.

Companies engaged in surface mining
and processing are experimenting with new
methods for increased and more efficient
production. Computer systems for the eval-
uation of deposits and the design of open
pits are being used by an increasing number
of companies. Equipment changes in open
pit mining have not been drastic, although
most taconite companies have changed from
jet-piercers to large rotary drills for blast-
holes. For haulage, the average operation
utilizes 50- to 170-ton trucks. In the smaller
open pit operations, the trend is toward the
use of front-end-loaders rather than power
shovels. Where shovels are used, the shift is
to hydraulic machines. The main advan-
tages of the hydraulic shovels are lower
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overall weight and the fact that the bucket
may be loaded by rotation rather than by
being drawn through the bank. The bucket-
wheel excavator, in conjunction with a con-
veyor system is finding favor where mate-
rial to be stripped is relatively soft and
needs to be transported long distances. Use
of bucket-wheel excavators for reclaiming
stockpiled material such as iron ore is also
increasing. However, where flexibility is
needed, truck transport is still the preferred
method.

In the processing sector, computer control
is becoming more common. Advantages
cited include better recoveries, increased
throughput, and improved grade. Use of
autogenous grinding and high-intensity
magnetic separation is increasing. Plant
design trends for processing equipment are
toward larger machines owing to reduced
total capital outlays for equipment, foun-
dations, buildings, piping, and instrument-
ation.

The Bureau of Mines continued its pilot
plant research of Western Mesabi Range
nonmagnetic taconites, using processes
such as reduction roasting, high-intensity
magnetic separation, selective flocculation,
desliming, and cationic flotation. From a
34% iron feed, a concentrate containing
63% iron, and less than 5.5% silica was
produced with an iron recovery of about
75%. The results obtained indicate that
these taconites may be a future source of
iron ore on the Mesabi Range. Investi-
gations by the Bureau of Mines were also
continuing on the use of various coals as
substitutes for gas or oil for pellet indura-
tion.

Mineral processing will be faced with
greater restraints on water pollution and
noise pollution in the future. Many plants
are installing water treatment facilities. To
comply with the maximum daily noise emis-
sion levels as recommended by the U.S.
Mining Enforcement and Safety Adminis-
tration, rubber liners in grinding mills and
rubber screen cloths on screens will be used.
In addition dumps and mined out areas will
be reclaimed for industrial or residential
development.

Magnitude of the Mining Industry.—The
number of metal and nonmetal mines in-
creased from 15,014 in 1975 to 15,279 in
1976; of the 265 additional mines, 15, were
metal and 250 were nonmetal.

In 1976, the number of mines that pro-
duced more than 10 million tons of crude
ore totaled 25, the same as in 1975. The
increase of one mine in the metal mines
category was offset by the decrease by one
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in the number of nonmetal mines. The
principal commodities produced in these
mines were copper (10 mines), and gold (5),
phosphate rock (5), and sand and gravel (2).

Crude ore output in 1976 totaled 2.7
billion tons, an increase of 5% compared
with that of 1975. Total material handled
was 4.4 billion tons, an increase of 5%
compared with that of 1975.

Output of crude ore from the 25 leading
metal mines totaled 437 million short tons,
an increase of 8.4% compared with that of
1975. Output of crude ore from the 25
leading nonmetal mines totaled 200 million
short tons, a decrease of 5.7% compared
with that of 1975.

The Minntac iron ore mine of the United
States Steel Corp., the Erie Commercial
iron ore mine of Pickands Mather & Co.,
and the Sierrita copper mine of Duval
Sierrita Corp. headed the list of metal
mines in output of crude ore. Three phos-
phate mines—Swift Creek mine of the Occi-
dental Chemical Corp. and the Kingsford
and Noralyn mines of the International
Minerals & Chemical Corp.—were the lead-
ing producers of crude nonmetal ore.

The Utah Copper mine of Kennecott Cop-
per Corp. regained its position as the lead-
ing metal mine in total material handled,
followed by the Tyrone mine of Phelps
Dodge Corp. The Kingsford and Noralyn
phosphate mines, both owned by Interna-
tional Minerals & Chemical Corp., were the
leading nonmetal mines in total material
handled.

The 25 leading metal mines handled a
total of 1,268 million short tons of material
in 1976, an increase of 3.5% over that of
1975. The 25 leading nonmetal mines han-
dled a total of 432 million short tons of
material in 1976, an increase of 6.3% over
that of 1975.

In metal mining, copper mines (14) and
iron ore mines (9) made up the majority of
the 25 leading producers of crude ore, while
phosphate rock (14) and stone (9) operations
comprised the majority of the 25 largest
nonmetal crude ore producers. Copper
mines (14), iron ore mines (5), and uranium
mines (4), comprised the majority of the 25
leading metal mines in terms of material
handled. Phosphate (18) and stone (4) made
up the majority of the 25 leading nonmetal
mines in total material handled.

Crude ore production of 21 States came
entirely from surface mines.

Materials Handled.—The U.S. mineral-
producing industry, excluding fuels, han-
dled 4.4 billion tons of crude ore and waste
in 1976, an increase of 5% compared with
that of 1975. Of the total material handled,
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crude ore comprised 62%. In 1976, materials
handled increased 120 million tons for met-
al and 100 million tons for nonmetal mines,
compared with those of 1975. The largest
increase in metals occurred in uranium
mining; in nonmetal mining, the larg-
est increase was in sand and gravel.

The amount of waste handled in 1976
totaled 1,660 million tons, a 6% increase
compared with that of 1975. This compares
with 1,011 million tons of waste handled in
1966 and 1,410 million tons handled in 1970.

Crude ore output at metal mines increas-
ed 6% in 1976 over that of 1975; in nonmet-
al mines crude ore output increased 5%.

Copper, iron ore, uranium, and titanium
mines accounted for 89% of the crude ore
produced and 93% of the total material
handled in metal mining. Phosphate rock,
sand and gravel, and crushed stone oper-
ations accounted for 94% of the erude ore
produced and 92% of the total materials
handled in the nonmetals sector.

In 1976, more than 10 million tons of
material was handled in each of 10 States,
compared with 11 States in 1975. Arizona
was the leading State followed by Florida
and Minnesota. These three States handled
81% of the U.S. total, and were also the
leaders in total crude ore produced.

Value of Principal Mineral Products.—
The values shown in table 4 represent crude
ore treated or, in the case of some nonmet-
als, crude ore shipped.

The average value for all commodities
increased 8% compared with that of 1975.
Of the metal commodities, approximately
55% showed an increase in value and the
average value increased 11%. The metal
commodities showing the greatest increases
were mercury, gold, bauxite, and uranium
with silver showing the greatest decrease.
For the nonmetal commodities, 78% showed
an increase in average value. The overall
average value of the nonmetals increased
5% compared with that of 1975. Among the
nonmetals, mica, barite, and feldspar show-
ed the largest increases in average value,
with diatomite showing the largest de-
crease.

Byproducts were responsible for increas-
ing the average value of all but three of the
metal mine products and all but eight of the
nonmetal products, as shown in table 4. The
largest additions to average values by by-
products occurred in ores of lead (36%),
bauxite (57%), silver (19%), zinc (18%),
feldspar (87%), fluorspar (14%), and salt
(16%).

In the metal commodities, byproduct val-
ues accounted for 17% of the total for-
underground mines while in the surface
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mines they accounted for 6% of the average
value. In the nonmetal minerals, bypro-
ducts from both surface and underground
mining contributed about 1% to the average
value.

Excluding stone and sand and gravel,
average value for nonmetals was 7% higher
in 1976 than in 1975, and, for metals and
nonmetals combined, the average value was
10% higher.

Ratio of Treated to Marketable
Product—The number of tons of crude ore
treated to obtain a unit of marketable
product in the metals, varied from a high of
737 for uranium to a low of 0.2 for silver.
For most nonmetals, the ratio is generally
1:1. As the higher grade ores approach
depletion, the ratio increases. When mining
by underground methods, it is essential to
keep the ratio as low as possible to maintain
minimum costs. In surface mining, the low-
est possible ratio is also desirable; how-
ever, it is not usually as critical as in
underground mining, because labor costs,
material-handling costs, and production
costs escalate much more rapidly in under-
ground mining than in surface mining.

Comparison of Production From Sur-
face and Underground Mines.—As in pre-
vious years, there was little change in the
percentages of crude ore mined and total
material handled by surface and under-
ground mines. In 1976, surface mines
accounted for 94% of the crude ore produc-
ed and 96% of the total material handled,
the same as in 1975. Crude ore production
and total material handled at surface metal
mines in 1967 accounted for 83% and 93%
of the respective aggregate totals; in 1976,
they accournted for 89% of the total crude
ore produced and 95% of the total material
handled:

Crude iron ore (25%) and copper ore
(51%) accounted for more than 75% of the
crude ore produced and total material
handled by metal mines in 1976.

In the nonmetals sector, surface mines
accounted for 96% of the crude ore produc-
ed and 96% of the total material handled.
Phosphate rock (17%), sand and gravel
(86%), and crushed and broken stone (39%),
accounted for more than 90% of all crude
ore produced and material handled in 1976.

Crude ore production of 10 metals and 22
nonmetals came entirely from surface
mines. Underground mines accounted for
all production of primary lead, potassium
salts, and sodium carbonate.

Exploration and Development.—
Development footage increased 14% while
exploration footage decreased 41% in 1976,
compared with that of 1975. Metal mine
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exploration work decreased 44% while
nonmetal exploration work increased 57%.

Metal mining accounted for 65% of the
development footage and 94% of the explor-
ation footage. The major portion of the
metals development footage was in ura-
nium, copper, and zinc, accounting for 71%
of the total metals development footage.
The majority of the nonmetals footage was’
in phosphate rock and fluorspar ores.

Exploration drilling and trenching for
uranium, gold, and copper accounted for
90% of the metals exploration footage. Dril-
ling and trenching for phosphate rock and
fluorspar accounted for 72% of the total
nonmetals exploration footage.

South Dakota, Wyoming, New Mexico,
and Colorado all had over 1 million feet of
combined development and exploration
activity during 1976. Of the total combined
footage of 14.5 million feet, the percentages
were: South Dakota, 24%; Wyoming, 20%:;
New Mexico, 18%; and Colorado 11%. Utah,
Missouri, and Montana also had consider-
able exploration and development footage.

Of the 2.58 million short tons of develop-
ment material produced, 95% came from
stripping. Of this total, Wyoming (40%),
New Mexico (22%), and Texas (18%) ac-
counted- for most of the material handled.
Stripping to uncover uranium, copper, and
iron ore produced most of the metals de-
velopment material; while phosphate rock
and gypsum accounted for most of the
nonmetallic minerals tonnage. Wyoming
had the most footage for drifting, cross-
cutting, and tunneling development, and
Utah had the most raising, and shaft- and
winze-sinking development footage.

Explosives.—Continuing the trend of re-
cent years, the apparent U.S. consumption
of industrial explosives .n 1976 increased
7% compared with that of 1975 to a total of
3,329 million pounds. Coal mining consum-
ed 54% of the total industrial explosives
and blasting agents; metal mining and
quarrying each consumed 15%. The remain-
ing 16% was consumed in construction and
exploration.

Coal mining continued to be the leading
consumer of permissible explosives (97% of
the total), cylindrically packaged blasting
agents (80%), and other processed blasting
agents and unprocessed ammonium nitrate
(72%). As in previous years, the leading
consumer of high explosives was quarrying
(53%), and the leading consumer of water
gels and slurries was metal mining (66%).
Of the 2.78 million pounds of explosives
consumed by the minerals industry, coal
mining consumed 65%; metal and nonmetal
mining consumed 17%, and quarrying,
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18%. Each type of mining increased its
usage of explosives. The leading consumers
of explosives in coal mining by State contin-
ued to be Kentucky, Pennsylvania, and
Alabama, accounting for 57% of the total.
Arizona and Minnesota were the leaders in
metal mining (53%), and Pennsylvania, Illi-
nois, and Ohio accounted for 22% of the
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explosives used in quarrying.

More detailed explosives information
may be found in the Annual Explosive issue
of Mineral Industry Surveys, prepared by
the Division of Nonmetallic Minerals, Mine-
ﬁll: Supply/Demand Analysis, Bureau of

es.

Table 1.—Material handled at surface and underground mines in the

United States, by type
(Million short tons)
. Surface Underground All mines!
Crude 1 Crude 1 Crude
dre Waste Total ‘ore Waste  Total ‘ore Waste Total
336 508 844 86 8 94 421 516 938
340 415 756 83 1 91 423 422 846
346 434 780 76 17 83 422 441 863
354 463 817 76 7 83 430 470 : 900
376 455 830 83 7 90 458 462 920
390 505 895 87 6 94 477 511 989
412 634 1,050 88 7 95 500 641 1,140
353 619 972 74 17 .81 427 626 1,050
402 1 1,120 79 13 92 481 730 1,210
455 941 1,400 85 13 98 540 954 1,490
499 968 1,470 87 1 94 586 975 1,560
480 1,020 1,500 80 6 86 560 1,020 1,580
491 1,080 1,570 86 5 91 576 1,080 1,660
574 1,280 1,860 82 9 91 655 1,290 1,950
547 1,210 1,760 80 11 91 627 1,220 1,850
535 1,170 1,700 74 13 87 609 1,180 1,790
578 1,250 1,820 73 15 646 1,260 1,910
1,550 236 1,790 57 1 58 1,610 236 1,850
1,590 188 1,780 65 1 66 1,660 190 1,850
1,590 224 1,810 62 1 63 1,650 225 1,880
1,640 261 1,900 67 2 69 1,710 263 1,970
1,740 271 2,010 69 2 71 1,800 279 2,080
1,850 296 2,140 8 3 81 1,930 299 2,220
1,930 368 2,300 s 2 79 2,010 370 . 2,380
1,910 399 2,310 8 3 81 1,990 402 2,390
1,870 413 2,280 8 3 81 1,950 416 2,360
2,000 375 - 2,380 80 2 82 2,080 377 2,460
2,010 431 2,440 - 80 4 84 2,090 435 2,530
1,980 442 2,420 3 5 8 2,050 47 2,500
2,020 415 2,430 Ny 5 82 2,100 420 2,520
2,240 418 2,650 82 1 - 83 2,320 419 2,740
2,220 418 2,640 82 5 87 2,300 423 2,720
1,910 372 2,290 79 6 84 1,990 378 2,370
2,000 393 2,390 80 6 86 2,080 399 2,480
1,890 T44 2,630 143 9 152 2,030 753 2,780
1,930 603 2,540 148 9 156 2,080 612 2,690
1,940 658 2,590 138 8 146 2,070 666 2,740
1,990 724 2,720 142 9 152 2,140 734 2,870
2,110 131 2,840 152 9 161 2,260 740 3,000
2,240 801 3,040 165 9 175 2,400 810 3,210
2,340 ,000 3,340 165 9 174 2,510 1,010 3,520
2,260 1,020 3,280 152 10 162 2,410 1,030 3,440
2,270 1,130 3,400 157 16 173 2,430 1,150 3,580
2,460 1,320 3,770 1656 15 180 2,620 1,330 3,950
2,510 1,400 3,910 167 11 178 2,680 1,410 4,090
2,460 1,460 3,920 153 11 164 2,610 1,470 4,080
2,500 1,500 4,000 163 10 178 2,670 1,510 4,180
2,810 1,700 4,510 163 11 174 2,970 1,710 4,680
2,760 1,630 4,390 162 16 178 2,930 1,650 4,570
2,450 1,540 3,990 153 18 171 2,600 1,560 4,160
2,570 1,640 4,210 153 21 174 2,720 1,660 4,390




76

MINERALS YEARBOOK, 1976

ougd s 0908 g1 - 81 0997 019°Ts 090» TIIIIIIIIIIIIIIT e uorsuouI
0000L6  00SIL 000'368 00978 092 00878 000986 002'TLe 000798 - ueY0iq pue Esﬁﬂwsm
00871 099% 0096 00871 0997 0096 - - == ~TTTTTTTTTT T (fedmgeu) 9jeuoqIed UIIpoS
%oge8 000'988 - - == 000'88 - 000'88 -----------------"-eawis pue pusy
008 91 avL 00991 00T 89 0o1'sT 267 19 187, Toooooomooooo—o——— o P
068'¥ L (11494 - - -~ 0687 j4/2 (14 2 eoumdg
00L:L1 98 008'L1 00L'LT 198 008°LT - - - TToTTIooIIITTToIoTIIC #)[6s wniesBIod
000°TTY 000'¥2 000'691 A Iy A 000'TTY 000273 ) S 001 o3eydsoy
8eL 9 oL M . 'y 83L 9 %@L CTTTTTTTTTTTTTIITIIIIIIIIT oed
166 907 168 == -- = 166 907, - 168, oI (de108) €t
0081z 0968 00§31 016z 9 018 00061 0968 00001 m=mmmmmm=ioooo——oooooo- wmedAn)
099, 67 019 189 14 98¢ 62 g V2 Tedszonyg
068 ow oo A A A ogt w 0987 TIIIIIIIIIIIIIIIIIIIIIIT mdsped
08€'L 087'9 298 == == == 088'L 087’9 298, TIIIIITIIIITITIIIoTITITL oymojey
00968 00817 00287 20L hg 269 00888 008'Tvs 09y """ mmmmTTTTTTTTTToTITTTC 4sL)
oiLe 266 0211 A M M 011's 966 . 0eLl Tmoommmomooo-o—o——moo o ojueg
0633 093 070'2 M T A 0637 053 [4%4 LTI 9015945V
18L 918 207 L - v 0L 918 168 - (SBAISRIqY
STVIANNON
000°0T6'T  000°093° 000°979 007°L8 009'71 008°ZL 000°028‘T 000°092°T 00088 <~ m-mToomm——om---- <ST8I0W [8I0L,
00679 00782 009'98 008'8T - 189, 00821 00818 00822 00L63 . . )
o012l 08L'8 09’8 00021 089 0628 811 29 09 . mmmmmmm e s
000992 000°L92 0168 o118 0927 0988 000'852 000852 0L0' O o L ¢
wg. »Qm. aL9 €68 008 £69 98 g . [~ 3ttt .ﬁswwé
002:9v 098 00798 == == == 0029y 09L8 00798 =~ TTTTTTTTToToomoooomm—- e T
087'e 19 09LT 060'T L1 vLL ove'T 1oe 886 & mmmmmmmmmmmmmmmmm—mm——o T TS
861 999, e A . M 88L 999 g8 2 T TTTTmTToosmomsmmm——oo——e— Aoy
00871 0917 00101 00831 0912 00T'01 m o1 T —— po L
O005er  000'9k2 000,002 00V'TT  08LT 079' 000g8% 000'e¥3 0000V T TTTTTmoomommmom—om—oo—oooo 010 u0I]
o6ve o6V, 000'g I . © | 8«&0 6% L1773 /2% e e J008[q
009°91 009’81 090' 016'T 208 oTL'T 00L'%1 008'8T O e w1
0001696 000.189 000285 00v'9z  098'T 001's% 000276 000989 000497 TTTTTTTTTIITTIITITIIIIIIIIIIC 108003
000’81 00971 08v'g A - M 000'8T 009°%T 08P e mmmmmmm e mmmeeeoo aneg
STVIAN
0L osepm opnin deio  owepm opnio eI0L, ey alo Soporoy
S [y punoxiepur) eowjIng
(6103 31048 puwsnoy)

+A}IPOWINIOD £q ‘926] UY SIUIW PUNOISIIPUN PUB 3ILHINS Ju PIPUBY [BLINE—T I[qE],



(K

MINING AND QUARRYING TRENDS

‘8[q®} JO U 38 8330U300} 805
00908 - 00908 08L2 - 08L3 00L'L3 - Ly . sesuBy]
00667 060z 008'LY 0701 - 0¥0'T 00687 0602 0089y . ... |
001:9¢ - 00195 oT¥'L o= 0T¥'1 00,79 == 00L'%9 TTTTITTITTITTo T wus[pu]
000'201 67 000201 0008 44 0962 00866 g 00866 - TCTTTTTTTTToTTTommmmmmmmmo- stout([[
008'8y 00v08 007'ST 0812 868 06L'T 009'97 000°08 L L ovyupf
0669 g 0669 - - == 0669 g 0669 T CTTTTTTmommmmmmmmmmmmmmmmm- TEMBE
007'ay 19, 00677 188 - 188 009'77 q1g 0I¥r T TTTTTTToTmToTmmTommmmmmee- v18100p
000°00% 000°0LT 000183 - - == 000°00% 000°0L1 000082 CCCCTTCTTTTTTIITIIIIIIIIIILILC epLIol]
08I'T -~ [ - - - 08I'T - 12515 S exsme[e(q
00821 qt 00,21 -y = .y 00821 [ x4 IMI[2UU0)
00229 00891 006y 009LT 0L0's 00771 0087V 00881 00918 CCTCTTTITIIIIIIIIIIIIIIIIICT 0pBI0[0)
000902 00878 000191 0811 181 000'T 000702 00179 0000ST T TTTTTTTTTTTooooooomoo---- BIUIONTE)
00975 000'L1 00948 929 ¥ 128, 00079 000°LT 0008 T TTTTTTTTTTooTosomo-—-o--- sesu Iy
000°269 000'7L8 000812 006°6T 090°T 00831 000618 000°5L8 000002 T T TTTTTTTTTTToTTTosoooo-o---- BUOZUY
00278 09y 00868 1 @] @ 00278 09¥ . BYFUTY
00288 101 001'88 M == A 00238 10t 00186  TTTTTTToTTTTToosoooooomomoe- Bureqe[y
930], NTBM 810 apnI) «[830L, 9sem 810 pnID «[830, e 810 pna) g
<SouTW [V punoidiopup aogung
(8u0} 3108 puBsSNOY,[)
181§ £q ‘9L6T Ul (3u0)s puB [248LS pus puss JUIPNjoul) SIUNW PUNOIIIIPUN PUB IIBVLINS J8 PI[PUBY [BLIJBW—"E JqE,

*M [0qUIAB Aq Pa3BOTpUI SWIAI [B; Jo Ayryurenb

PUB ‘2J1U03SR[JOM ‘@I[NOIULIOA ‘SISUT] [[IW-0qN} ‘SUIAT[O ‘SAUOJS]IW ‘2}souBawr ‘S[eJouril WY ‘9IUBAY ‘(8pn.o) sjuswiBrd aprxo uoay ‘|I8wW p Ty T uodoq ‘ar[dy,

‘rjoduny pue ‘Joure3d ‘Azowe ‘aU0J8 BAISBIQY,

"M Toquuks £q pajestpur swe)! [ejour jo Lynyuenb pue ‘wmip ‘um ‘s[eew Yprea-oIel ‘sfejow dnoss-umunerd ‘exoru PQATOU ‘810 SNOIOJT ‘wmifiiieq 1UY,

8 deput jo umoys s[e30} S.ﬁu mh L Muaﬁ.

™" -suopyeaedo Surdimd 10 ‘spuod ‘S[[om WOL; [ELIJUT SAPN[OX;

"838p [B1}ULPLJU0D AUBdWOD [BNPIAIPUT SUTBO[OSTP PIOA® 03 PIOYYNM M '9)BWNISH,

0000687  000°099°T 000°03L3 000PLT  009°02 000°891 000°012°% 0000791 00009  TTTTTTTTTTTToToToTomoos +[€30 pues
0000872 000668 000080 00798 090°9 00708 000°0682 000°g6¢ 0000007 T TTTTTTTTooTomoos <S[e1oWUOU [B30,

00622 00L°gT 082°'L 44 gg 6L8 009°23 009'ST 098'9 TTTTTTToTmmmommmmommooemmoo oo 19430
018's 0892 2L 08 4 8L ogr's 0892 68 0 T TTTTTTmommoooes oyiAydoa£d ‘ouosdeos ‘opa],



, 1976

MINERALS YEARBOOK

"2 91q®) Ul BI8p pajewnysa sapnjouy,

‘Jjun g/ usyj 8897 e

*Burpunoa juepuadaput Jo 85NEIEY UMOYS 5810 03 PPB J0U K8W BB
‘suonyesedo Suidwnd a0 ‘spuod ‘S[[aM WO0JJ [B116J8W SOPN[OXH:

« PRINQLISTPU(),, Y34 POPN[OU ‘B3ep [B1IULPLU0D A TenpIApUT SUISO[IBTP PIOA® 03 POYUIM M

0000687 000°099°T 000'02L3 000'PLT 00902 000°88T 0000127 0000%9°T 000'0L8'7 ~ TTTTTTTTTTTTTommoos [0

000811 000711 001’8 08L'1 098 08¥'1 000°9T1 000711 0L9'T T IIIIIIIIIITTITTIII I wpemquisipun
000'8L1 000'87T 009'63 009'T 016y 00L°01 000281 000881 00681 """ TTmmTm T T TWOAM
00L19 09L°L 00689 M —- Py 00,19 09L'L 00689 CoooTITIooToTom e UISUOOST |
00491 . 00L'ST 0892 - 0892 000°s1 == 00081 T BIUIBIIA 380/
00478 06L'8 00608 614 8 189 002,78 09L's 007/08 e uojBuryse
000'09 av6 000'67 0r9‘s 086 0192 009y a1 ooy9y  TTTTTTT T BIULBIIA
089' 002, 08Y'g M M A 089G 002 08’ LTI g juourzop
000'89T 000'6TT 0086 061's 006 063'T 000991 000°L1T 0008y  TTTTTTTTmTTT T eI
000'981 000/9L 000'TT1 618 == 618 000981 000'GL 000'TIT oo sex9,
006,99 0128 00489 028'L 268 089°9 007'69 028°'L 001°29 Lo Sessouu9 |,
00LT1 991 00911 078‘T 991 099 0L8'6 - 086 " TTTTTmmTTmmTmmm T BIONE( YInog
009's2 -- 009'83 - = - 009'83 T 00982 T oTITIoom T BUL[0XE) Y3nog
0928 093'8 - - .y 092'8 - 0928 oo pusys] apoyyy
001'88 09, 00918 029'9 209 010°9 00918 4 00g18 T TTTTTTT T BIUBAASUUG]
009'7v 086'T 009'2% 11 11 0] 009'F¥ 0261 0093y ooooo CoooooTToTooToTo uo3a1Q
00418 991 009'T8 906, = 906, 00808 991 00908 ~ TTTTTTTTmTTTTTTTTCCTCTTTT swWoyen|Q
007'68 144 000'68 0897 98¥ 0617 008'78 9 00898 T T oo momoo-——o—o—o——oo—oo oryo
012’9 -, 01’ -- - - 012’9 - 012 R .. 2 L. ¢ & (50N
00T'18 00L'18 00¥'6% - . - 00178 00418 00V'6Y LTI T BUT[OE() (310N
008'69 087’8 00899 o1’y LIT, 0629 00879 038's 000'T9 CooTTooToIoooT o JI0X MaN
000'992 000'26T 0030L 008'23 016'T 00703 000'872 000861 008'67 R ) € )N
005.1% ore'L 008:88 802 - 802 00607 ore'L 009'88 CoCoTIITITIoomm e Aosaop moN
096'9 - 096'9 == = == 096'9 - 096'9 CIoIoCIIooToTo oot eamysduey MeN
009'79. 00¥°28 00112 9Ly 6.3 L61 00T:79 002'L8 0069 T TTTTTTT T T mme——m-o—---—Soeo BPBAON
0078 . 00’81 M e A 00781 . 00v8T OO . ¢ 1
009'7L. 009.L¥ 0013 1§14 4] 888, 00874 0or'Ly 008'9% oo oo TTTTTTTTTTTTTT T, BuBjuol
008'18 0.9'e 008'8 00173 0162 00213 00L'28 299 [ LINOSSTI
00991 - 009s1 - - e 00891 == 00991 S 1ddissiestpy
00038 000891 000'802 - - - 000'3L8 000'891 000803 T T T TTTmTmmmmommm——o———-eo BjosoUUIY
000'6LT. 00128 000'L¥T 088'L 082 09T°L 0001L1 006'T8 [ S e
001'72 - 00172 = - == 00172 -- Iy T TTTTTTTm oo memm—mo—-— oo 83308nyoessUly
00263 oC 00'63 M - A 00265 - 00363 CoTITIIToTTmTm e PusjAIe]
00611 - 006:11 M M M 006,11 - 006TI ~  TTT T mo-o—m—ooooo—eoooo QUIB
009'68 881 00768 01L’9 881 0899 008°28 - 008'28 CoTTTTTTTTTT T BuBISINO]
008'ey == 008'eP 0L8'L == 0Le'L 006'ag - 006'¢€ TTTTTTTTTTTo oo s mmo s oo Axonuey

8301, i 810 9pnI) «[€30], aseM 810 9pnI) <[830], 958 810 apni) ey
SSOUTW [V punosBiopun a08LING S
(Su03 330ys puesnoy,L,)

Panunuo)— (338§ £q ‘9L61 Ul (3U0)8 puE [94B1S pue pues SUIPN[IUL) SUIW PUNOISISPUN PUB FILLINS 18 p3[pusy [BLIIB—"¢ J|qu],



79

MINING AND QUARRYING TRENDS

“vjup poysyqndun sapnjou];
"9J9p [UJU9PYUCO AUedwIod [BNPIATPUT SUISO[IETP PIOAR 03 PIOUUIM M

{ * y X v v . 3 )y, 02020202ZTmTmmmmmmmme—e- ({eAwa3 pue pues pue ouojs

44} 99 6v'8 0261 292 89'91 69'L 8 2L S— ..‘_ vuﬁv. <e oPesony
or's 8 28 90°81 09’ 9731 vaL ot {24 ¥([oA8.3 pus pues

pue auojs gﬂ—o&& s[ejawuou 9AY
69V % 187 9991 903 09'sT 16'8 11 0gg  TTTTTTTTTooS 1[8joWUOU pUE S[B3oW ‘aFeleny
or's 80 ws oL 3 or'8 883 20 987  TTTTTTTTTTTTToTTTTTTTTooo efezeay
%68 oo 268 08’1 o- 0891 w8 o e T iAydoad ‘sucsedeos ‘oreg,
99V 99'vL 09°IIT o- 09°TTT 6I'FL o= 6I'7L ToTTToTTToTTITII oo uorsuew(]
98 10 (x4 98g - 983 882 10 ® 0 TTTTTTTTToTTToo uexolq pue us_a:oo:.am
6092 oC 6093 6092 o- 60'S3 - == -- TTTTTTTTTTmmmmmmm- (Tean38u) 838U0GIE) WINIPOS
002 - 002 -~ . o 00 o 002 JITTTDTTTIIIITE CZIIIDIIIIICIeauidpuspuey
886 fciy 084 19'6 aq'T %L e 801 123 ooooTTTooTooTTToo . . -}
89 . 892 o . o 89 - kg CCTTTTTTTTTTTTTTTTTITTTII T sorumd
296 w 99°6 296 w 99'6 == - == TTTTTTTTmmmmmmmmmme 8)[es wnisse0]
L9'g W 099 M -~ A L9'¢ w 09'9 CITITIIIoTITIIIT T T T T Yoo eqeydsoyd
08'aT -- 0891 M o- M 0891 == 0891 TooIooIooIToooIo - o110
6v'6 98l vI'8 —= o- -= 67'6 98T 14 o S (dea2s) B
2677 60° 88y 86'9 - 86 89p i 8y 0 TTTTTTTTTTTTTTTmTmmmmmmmmmmemee wmedAf)
1198 067 1808 91'ag gre 2008 8987 == 89'8y CTTTTTITIoTIITTIT I Tedsioniy
eT'02 2L 8931 M - M 91'02 2L k] S Jedspog
var9 oC vav9 - - == 7979 - ¥3'79 TITICIIIIITIIIII oI II T I I T T T emojelg
v301 - ¥z 01 LT -- WL 2z 01 - 2201 TIITIIIIIIIIIIIIIIIIIIIIIIIIIII I sk
Lv'ee 80 922 M oC M L33 80 V9’28 TTTTTTTTTTTTTTTT T ojureq
L8°01 10 98°0T M == M 1801 10 9801  TTTTTTTTTTTToToomsmmmmoemoemees 8s0389q8Y

STV.LAWNON
Lv'e 98’ 19'8 0633 88'8 L0°61 29'L [1Z 17 72 1eBul0ay
60" 189 29708 9g'L8 299 ¥L08 == o- -T ITITTTTTTTmTm T T T outz
orly 688 ey 9979 190 STLY 88°0% - 880y T TTTCCTTITTTTTTTTTTommmmemmeee wniuel()
o'l a9’ av - - == o'l 9 gy TTTTTTTTTTTmTTToTmmm———- ejruewy ‘wniuel],
16'18 ¥6'q 1692 6V°L9 8611 19°99 %02 18 g 1eATIS
15 - 9I'q1 M == M 9T'q1 == L1 Amozey
9768 2071 68'92 97'68 W71 6893 viee 6831 xR peo]
99'L. 10 9L vaar 1z €891 gg'L - 8L T TTTTTTTTTTTTT T Tmmmmmemmmmmeoes 10 uoaf
69° - 69° - - - 69° -- 69  TTTTTTTmmmmmmemmmmmmmmmmemeee 10081d
1278 4 988 LI'92 8¢’ ¥9'923 1022 88 8912 TTTTTTTTTTTTTTooTmoomommmomees epoT o0
99'8 28 VUL e [ At 69°01$ 91’8 oL W.s I CCITITToTTIITIoTTITTTTTTTTTS .Luoo
82°L1$ 08'6$ 8v'L$ M - M 82'L1$ 08'6$ 8y’L$ T TTTTTTTTTTooommommsmsemmmees eyxneg
STVIAN
d jonpoad jonpoad
jonpoad Jonpou jonpoad jonpoad
Tes0, [ezouru res0L, [eaoutu e30L [eJautu
ﬁ: redpourg .m-e redoung .m: redioutig &0
soulwt [y ﬂﬁseuubﬁﬂ n adejng
(uo3 3od snfBp)

9L6T UT §978)S PajIu[] 3y} UI PIUTUI §210 PUNOIIIAPUN pus 298NS Jo §1onpordLq pue sjonpoad [exduju [ediourid Jo anfB A —p Iqu,



80 MINERALS YEARBOOK, 1976

Table 5.—Crude ore and total material handled at surface and underground mines
in 1976, by commodity

(Percent)
Crude ore Total material
Commodity Sur- Under- Sur- Under-
: face ground face ground
2.0 98.0 5.5 94.5
1100.0 w 1100.0 w
100.0 . 100.0 —
91.1 89 97.3 2.7
439 56.1 885 115
100.0 . 100.0 —
96.1 3.9 97.7 2.3
o 100.0 1 99.9
100.0 — 100.0 -
98.5 1.5 99.8 2
58.7 413 76.0 24.0
100.0 - 100.0 .
100.0 - 100.0 .
100.0 . 100.0 -
56.0 44.0 55.1 49
100.0 . 100.0 .
100.0 . 100.0 -
12.2 87.8 8.7 91.3
56.8 432 96.9 3.1
100.0 — 100.0 ——
i 99.3 9 99.1
88.7 11.3 95.4 4.6
100.0 - 100.0 -
100.0 _ 100.0 .
1100.0 1100.0 w
1100.0 w 1100.0 w
100.0 —— 100.0 -
98.6 14 98.6 14
100.0 _— 100.0 —_—
100.0 —. 100.0 —_
1100.0 w 1100.0
4.0 96.0 4.4 95.6
100.0 - 100.0 -
100.0 - 100.0 -
100.0 100.0
81.3 18.7 89.1 109
100.0 . 100.0 .
100.0 . 100.0 -—
100.0 _— 100.0 .
100.0 . 100.0 -
100.0 . 100.0 _—
100.0 - 100.0 -
100.0 - 100.0 —_
1100.0 w 1100.0 w
1100.0 w 1100.0 w
—— 100.0 . 100.0
I 100.0 — 100.0 .
[ 2.8 97.2 3.0 97.0
Sandandgravel __ _ __ _ ___________________ 100.0 — 100.0 —
Sssodmm carbonate (natural) ____ ______________ - 100.0 - 100.0
tol
Crushed andbroken _ __________________ 96.2 3.8 96.2 3.8
e B "
c, soa) ne, te A . N 2
ipoli l:ﬂi - _p—yio _p _{ ____________________ 46.6 53.4 50.9 49.1
Vermiculite ____ ____ ___ 100.0 __ 100.0 ——
Wollastonite — _ _ —— 100.0 __ 100.0
Total nonmetals __ __ ________________ 96.1 3.9 96.3 3.7
Grandtotal _ . __ __ . _______________ 94.4 5.6 95.9 4.1
W Withheld to avoid disclosi dividual fidential data; included with “Surface.”

1Includes underground; the Bureau of Mines i 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
1100 w 1100
100 - 100 -
91 9 9 3
99 1 99 1
99 1 99 1
69 31 72 28
100 - 100 —_
100 - 100 -
100 - 100 .
98 2 98 2
100 - 100 —
90 10 96 4
97 3 97 3
98 2 98 2
98 2 98 2
91 9 91 9
83 17 83 17
83 17 83 17
1100 w 1100 w
1100 w 1100 w
100 - 100 -
95 5 96 4
100 - 100 —
100 - 100 -
3 27 71 29
99 1 99 1
1100 w 1100 w
99 1 99 1
100 - 100 -
99 1 99 1
71 29 92 8
92 8 92 8
100 S 100 —_—
100 . 100 -
95 5 95 5
97 3 97
100 . 100 -
93 7 93 7
100 - 100 -
100 —_ 100 ——
86 14 85 15
89 11 89 11
100 - 100 .
97 3 98 2
1100 w 1100 w
95 5 93 7
99 1 99 1
83 17 83 17
1100 w 1100 w
64 36 91 9
94 6 96 4
W Withheld to avoid disclosing individual company confidential data; included with “Surface.”
Includ derground; the B 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
'ALS
Bauxite ________________ 14 1 -7 1 6 _— __
Cor . S 4 1 2 7 21 10
Gold:
Lode_____ ___________ 51 34 5 7 4 1 __
Placer . ______________ 14 10 9 2 2 _
Ironore ____ ____________ 65 - 8 10 19 23 5
_________________ 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 -
C e 31 _— 2 K 21 1 —
Other® _____ ___________ 13 1 1 3 5 1 2
Total metals _________ 624 188 141 120 97 61 17
NONMETALS
Abrasives® ______________ 14 2 6 5 1 . -
_______________ 4 . 1 - 2 1 -
_________________ 37 - 12 24 1 . -
Boronminerals ___________ 2 - - __ 1 1 -
Clays - . _________ 1,132 58 306 636 132 .
Diatomite ______________ 14 1 6 5 2
Feldspar _______________ 25 2 10 1 6
T — T R R
ica (scrap) _ — _ 13 1 5 4 3
B ' T I
te roc!
Potassium salts 9 - . - 4
Pumice _ 192 11 103 70 8 .
Salt _______ 19 o 2 2 6 9 —
Sand and gravel _ _ __ _ _ 1,599 190 1,406 3,839 2,103 59
Egodium carbonate (natural; 4 - - - 1 3 -
Stone:
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 1 .
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
1Excludes wells, ponds, or pumping operations.
2Antimony, beryllium, iferous ore, molybd nickel, plati group metals, rare-earth metals, and
vanadium.
3Abrasive stone, emery, garnet, and tripoli.
4Aplite, g-gaﬂlhite. greensand marl, iron oxide pj; ts (crude), kyanite, lithium minerals, magnesite, millstones,
olivine, tube-mill liners, vermiculite, and wollastonits
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Table 8.—~Twenty-five leading metal and nonmetal' mines in the United States
in 1976, in m'der of output of erude ore

- Toe
Mine Stgte Operabor Commndxty m;a‘";s
METALS
Minntac _________ Mi ta ____  United Statea Swgl Corp___ Ironore ___ n pit.
EneCommercml e —_--do______  PickandsMather&Co____ ____do ___ Openg
Sierrita __________ Arizona ______ Duval Sierritg Corp_ ___ __ Copper  _ __ Do.
Peter Mitchell ____ __ Minnesota ____ Reserve MiningCp _ _ __ __ Ironore ___ Do.
Utah Copper _ ______ Uteh ________ KepqeeottCo rCoa___ Do.
Epmplre [ chig Cleveland-Chggron . Deo.
Pima ___________ Do.
Morenei _________ Do.
Climax __________ Cavingand
open pit.
Berkeley Pit Open pit.
Tyrone Do.
?wto Valley { Do.
San Manuel Caving.
Twin Buttes Open pit.
Questa ____ § Molybdenum Do.
of America. )
Michigan _____ Cleveland-Cliffs Iron Co _ _ _ Ironore ___ Do.
Arizona _ ___ __ Phelps Dodge Corp __ _ __ _ Copper _ __ Do.
. ———do______ Ke&xeeott Copper e _do____ Do.
rp.
NewCornelia ______. ____do______ Phelps Corp ______ ———do ___ Deo.
Republic _________ Mlcl'ugan _____ Cleveland-Cliffs lron Co ___ Ironore ___ Do.
Thunderbird _ ______ Minnesota ____ Oglebay NortonCo _ _ ___ _ ———-do ___ Do.
Butler Project ______ ———do ______ Hanna MiningCo _ _ _ _ __ _ ———-do ___ Do.
Eagle Mountain _____ California _ _ ___ Kaiser Steel& _______ ———-do ___ Deo.
Yerington ________ Nevada ______ The Anaconda Com — Copper __ _ Do.
Inspiration _ _ _ _____ Arizona ______ Inspiration Consolidated ——--do ___ Do.
pper Corp.
NONMETALS
Occidental Chemical Phosihaw Open pit.
Corp. rock.
International Minerals & ———do ___ Do.
Chemical Corp. <
—do______._______ ———-do ___ Do.
Mobil OilCorp__ _______ ———_do ___ Do.
United States Steel Corp___  Stone ____ Open quarry.
American Cyanamid Co _ _ _ Phosihate Open pit.
rock.
International Minerals & ———do ___ Do.
Chemical Corp.
United States Steel Corp Do.
Continental Oil Co Do.
i»:;;“fsrc:."‘ i Open o
ue Isle Corp _ _ n quarry.
General i do ___ Do. .
Mobll OilCorp__ _______ Open pit.
Bonny Lake _______ —e—do ______ WRGmee&Co _______ ———-do ___ Do.
eld _ _ _ ________ Texas _______ 'l‘exasCrushedSwneCo___ Stone ____ Open quarry.
LeeCreek ________ North Carolina _ TexasgulfIng_ _ ________ Phosphate Open pit.
rock.
TenoroC - - — — - ———_ Florida ______ Borden,Inc__ __ _______ ———do ___ Do.
Watson __________ ———do ______ Swift Agricultural —e—do ___ Do.
Chemicals Corp.
Pennsuco _ _ _ ______ ———do ______ Maule Industries,Inc_____  Stone ____ Dted{glm
Westvaco _ _ _ ______ Wyoming _____ FMCCorp_ - __ _______ Sodium rtific
carbonate.
New Mexico ___ International Minerals & Potassium Open stopes
Chemical Co ? salts.
Michigan _____ H\g:n Portland Cement Stone ____ Open quarry.
. Texas _______ McDonough Bros.,Inc ____  ___.do ___ Deo.
Michigan _____ UmﬁedStaheaSteelCorp___ ——o-do ___ Do.

Missouri _____ Missouri LimeCo ______ _ __—_-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

Mine State Operator Commodity m
METALS
Utah Copper _—_____ Utah ________ Cop rCorp —__  Copper ___ Open pit.
ne __________ i —eedo ___ Do.
Twin Buttes _______ ———do ___ Do.
Sierrita __ ________ —eedo ___ Do.
Minntac _________ Ironore ___ Do.
Mlbchell Pit _______ ———do ___ Do.
Cyprus Pima Mining Co Pt 1 Do.
- _———-a0 .
&’“’i"‘"ﬁfé‘;“éﬁiﬁ’“"" Comer 22 Do
elps eCorp ——____ r o o___ 3
Cities ServiceCo____ ____ __p_pfdo _— Do.
r Steel Corp __ _ ____ Ironore ___ Do.
Utah Invernatwnal Inc____ Uranium __ Do.
Kennecott Cop T Co:p ——— - Copper ___ Do.
Phelps Dodge Corp — - - — ———-do ___ Do.
x‘;mmnda Company___  Uranium . _ Do.
Cleveland-Chﬁ's IronCo —__ Ironore ___ Do.
Climax Molybdenum Co., Molybdenum Caving and
a division of open pit.
hland W, Exxon s Corplnc' U Ope
ighland _ __ _ ______ yoming —____  ExxonCorp_____.______ ranium __ n pit.
o i Kennecott Copper Corp - Copper ___ Do.
ASARCO,Inc _________ ———do ___ Do.
M%bdenum Corp. of Molybdenum Do.
Union Carbide Mining & Uranium __ Open stopes.
Metals Corp.
rus Bagdad Copper Copper ___ Open pit.
Phelps Dodge Corp _ _____ o_do ___ Do.
NONMETALS
International Minerals & Phosphate Open pit.
Chemical Corp. roc
i‘___o _____________ ____.go —— gg
ex%ulf _________ ———do ___ 3
United States Steel Corp___  ____do ___ Deo.
American CyanamidCo - ____do ___ Do.
International Minerals & —e——do ___ Do.
Chemical Corp.
Occidental Chemlcal Co__- ___do___ Do.
Mobil Oil Corp_ _ —e—do ___ Do.
W.RGrace&Co _______ ———do ___ Do.
Mobil Oil Corp— . ____ ———do ___ Do.
Gardinier,Inc _________ ———do ___ Deo.
U(SJoBorax & Chemical Boron ____ Do.
Swift Agnculturnl Phosphate Do.
Chemlcals Corp. rock.
_____________ ———do ___ Do.
Umted Staﬁes SteelCorp___  Stone ____ Open quarry.
Continental OilCo _ _____ Phos;;‘hate Open pit.
rock.
_____________ ———do ___ Do.
J R. SlmplotOo ________ ———-do ___ Do.
____________ Sodium Artificial
carbonate. stopes.
Stauffer Chemical Co_ _ _ __ Phosphate Open pit.
rock.
J.R.SimplotCo _ _ ______ ———do ___ Do.
PresqueIsleCorp __ _ ____ Stone ____ Open quarry.
General DynamicsCorp ___  ____do ___
Johns MansvilleCorp ____  Diatomite _ _ Open plt
Texas Crushed StoneCo ___  Stone ____ Open quarry.

1Brines and materials from wells excepted.
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Table 12.—Mining methods used in open pit mining in 1976, by commodity

(Percent)
Total material handled
Commodity Preceded Not s
by drilling
and blasting . ami blastmg‘

100 -

91 9

92 8

99 1

. 100

87 13

67 33

100 .

7 93

Molybdenum 100 __

Nickel 16 84

__ 100

100 =

5 95

— 100

5 - 95

69 31

41 59

50 - 50

100 .

100 -

23 ki

91 9

22 8

100 —_

. 100

. 100

100 ——

87 13

83 17

99 1

100 .

—— 100

85 15

— 100

59 41

100 -

100 ——

10 90

58 42

53 47

i 8 92

Phosphaterock _ _ _______________________________ 12 88

Pumice - __ __ ___ ____ . ____ 7 93

Salt . __ ____ 100 __

Sandandgravel . _ __ __ __ _____ ____ - 100
Stone:

Crushedand broken . . ____________________ 98 2

Tal soapetone, syropbyliite -~ ZTTTTTTTTTIITIIIIIII- 89 l(1)(1)

c, soapstone, pyrophyllite _ _ _ _ _ _ ___________________

Tripoli _ o ___ 100 _—

Vermiculite _ . __ __ _ ___ ________________________ 100 -

b 58 42

Includes drilling or cutting without blasti dredgi hanical jon and nonfloat washing, and other

surface mining methods.



-MINERALS YEARBOOK, 1976

88
Table 13.—Exploration and development activity in the United States in 1976, by method
Metals Nonmetals Total®
Percent Percent Percent
Method Feet of = Feet of Feet of
total? total? total?
DE' PMENT

Shaft and winze sinking — _—_—_____ 21,400 21 15,300 27 36,700 23
____________________ 144, 14.1 2,820 5 147,000 9.3
Drifting, ing, or tunneling __ _ 853, 837 ,000 967 1,400, 88.3
Total' _ oo 1,020,000 1000 - 562,000 1000 1,580,000 100.0
1,680,000 123 351,000 388 2,030,000 140

36,400 3 __ __ 36,400 3
7,710,000 566 540,000 59.7 8,250,000 56.8

3,790,000 278 5,820 6 3,800,000 26.1
2,000 25 3,380 4 355,000 23
62,100 5 4,790 5 ,900 5
13,600,000 1000 905,000 100.0 14,500,000 100.0
14,600,000 XX 1,470,000 XX 16,100,000 XX
XX Not applicable.
1Data may not add to totals shown b of independent roundi

3Based 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)
Sh{‘ﬂ; ing,
an iqi crosscutting, P
winze Raising or Stripping Total®
sinking tunneling
COMMODITY
METALS
Ef’?pel‘ ______________________ ki 184 . - .. 945 57,100 58,300
Gl

Lode o ____ 10 4 154 7,860 8,070
Placer - _ _ _ __ ______ o _____ - . @ 414 414
Ironore . __________ . _______ _ 1 1,160 13,200 14,400
_______________________ 4 13 1,610 10 1,640
Silver _ . ____ _________________ 1 25 79 359 464
_____________________ 1 4 295 1 301

Uranium _____________________ 117 96 1,440 144,000 145,000

Zinc __ _ __ ____ _______________ 409 296 1,850 2,620

Other® _____ _________________ —— 34 546 223
Total metals! _ _ ____________ 620 699 8,090 223,000 232,000

Fli No 10 34 5 49

uorspar . _ _ _ ___ _____________ __

Gypsum _____________________ 3 — 3 8, 8,

osphaterock _ _ __ _ ___ _________ —— 1 23 12,100 12,100

e i S

c, soapstone, pyrophyllite _ _ _______ - -

Other* ___ __ ___ _____________ 3 ® 4,660 78 4,745
Total nonmetals! ___________ 6 15 4,890 21,200 26,100
Grandtotal® ______________ 626 713 13,000 244,000 258,000

STATE
—— __ (¢ 406 406
1 180 722 1,730 2,630
__ - —— 1,370 1,370
3 6 169 2,050 2,220
T 69 814 11 901
11 28 194 12,400 12,700
. 10 34 5 49
- . —— w w
__ - 61 __ 61
__ 115 500 618
- - —_ 11,800 11,800
—_ 2 2,470 — 2,480
@ 2 35 2 38
4 8 236 9,250 9,530
93 37 1,140 55,500 56,800
- 9 16 133
- - - w w
. . w w
—_ . w w
(] 10 6 16
- w w w w
w d . w
28 6 826 13 873
__ —_ - 47,100 47,100
4 299 1,040 137 1,900
_ — w - w
- w w w w
- —— @ 6 6
—— - — W w
10 11 4,810 98,200 103,000
252 2,140 2,440
626 13 13,000 244,000 258,000

W Withheld to avoid disclosing individual compan fidential data; includ d with “Undistributed.”

1Data may not add to totals shown b of independent
3] ess than 1/2 unit.
SAnti: beryllium, iferous 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. irdustrial consumption of explosives

(Thousand pounds)
Q e -
Coal Metal and Total mine- Total indust-
Year ) metal ral industry Other rial
mining

1,212,585 430,686 493,677 2,136,948 532,841 2,669,789

1,177,062 495,879 643,292 2,316,233 438,713 2,754,946

1,186,614 465,490 551,380 2,203,484 558,806 2,762,290

1, 1 449,271 493,125 2,594,647 524,380 3,119,027
1976 . __ 1,798,873 488,653 493, 1656 2,781,182 541, 1347 3,328,529

Table 18.—U.S. consumption of explosives in the minerals industry

(Thousand pounds)
Year Coal Metal Qe Total
mining mining nonmetal
mining
PERMISSIBLE EXPLOSIVES
1972 _ __ _________ 42,232 99 865 43,196
1973 ___ 39,307 115 957 40,379
1974 _ _ _ _  ______ 38,332 192 1,237 39,761
197 _ 41,996 241 1,083 43,320
1976 _ _ _ _ __ ________ 41,123 204 1,090 42,417
OTHER HIGH EXPLOSIVES
972 _ o ___ 16,297 27,648 100,600 144,545
198 20,198 28,295 107,675 156,168
199 _________________ 26,301 217,733 99,364 153,398
195 ___ 36,375 25,118 74,796 136,789
1976 _ _ _ __ _________ 34,521 24,265 65,891 124,677
CYLINDRICALLY PACKED BLASTING AGENTS
1972 ___ 201,820 7,542 30,064 239,426
1998 _ __ _________ 222,197 6,265 32,228 261,290
94 __ _________ 249,843 5414 32,797 288,054
1976 ___ 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 _ _ _ _______ X 173,530 54,154 239,306
1974 __ ___ _______ 204 160,198 75,837 258,239
1976 o __ 24,118 181,809 73,872 219,799
1976 ___ 30,871 205,429 74,176 310,476
OTHER PROCESSED BLASTING AGENTS AND UNPROCESSED AMMONIUM NITRATE
943,024 238,779 320,843 1,502,646
883,138 287,674 448,278 1,619,090
849,934 271,953 342,145 14
1,262,654 237,258 314,823 1 814 735
1,422,580 255,284 286,577 1,964,44
TOTAL EXPLOSIVES
1,212,585 430,686 493,677 2,136,948
1,177,062 495,879 643,292 2,316,233
1,186,614 465,490 551,380 2,203,484
1,652,251 449,271 493,125 2,594,647
1,798,873 488,653 493,656 2,781,182




Statistical Summary

By Staff, Office of Technical Data Services

This chapter summarizes data on crude
mineral production for the United States,
its island possessions, and the Common-
wealth of Puerto Rico. Included also are
tables that show the principal mineral
commodities exported from and imported
into the United States and that compare
world and U.S. mineral production. The
detailed data from which these tables were
derived are contained in the individual
commodity chapters of volume I and in the
State chapters of volume II of this edition of
the Minerals Yearbook.

Although crude mineral production may
be measured at any of several stages of
extraction and processing, the stage of
measurement used in this chapter is what is
normally termed “mine output.” It usually
refers to minerals or ores in the form in
which they are first extracted from the
ground, but customarily includes the pro-

duction of auxiliary processing at or near
the mines.

Because of inadequacies in the statistics
available, some series deviate from the fore-
going definition. In the cases of gold, silver,
copper, lead, zinc, and tin, the quantities
are recorded on a mine basis (as the recover-
able content of ore sold or treated). How-
ever, the values assigned to these quantities
are based on the average selling price of
refined metal, not on the mine value. Mer-
cury is measured as recovered metal and
valued at the average New York price for
the metal.

The weight or volume units shown are
those customarily used in the particular
industries producing the commodities.
Values shown are in current dollars, with
no adjustment made to compensate for
changes in the purchasing power of the
dollar.

Table 1.—Value of crude mineral production*
in the United States, by mineral group

(Million dollars)
. Nonmetals
Mineral
Year except Metals Total
fuels fuels
22,061 6,482 3,642 32,185
25,012 7,413 4,362 36,787
40,937 8,639 75,501 55,077
47,559 9,516 5,191 62,266
52,545 10,547 6,086 69,178
1Production as ed by mine shi| ts, sales, or marketable production (includi ption by producers).
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Table 3.—Minerals produced in the United States and principal producing

States in 1976
- Principal producing States, ’ .
Mmeral in order of quantity Other producing States
Antgs‘:eony ore and concen- Mont. and Idaho.
Aplite_ _____________ Va.
Asbestos ____________ Calif., Vt., Ariz., N.C.
Asphalt (native) _ _ ______ Tex., Uta.h,A.la
Barite______________ Nev Mo, Ark., Ga _________ Idaho, I1l., Mont., Tenn.
Bauxite_____________ Ark., Ala., Ga.
Berylliumconcentrate____  Utah__________________ Ariz. and S. Dak.
Boron minerals _ _______ if.
romine ____________ Ark. and Mich
Calcium-chloride _ _ _ _ Mich. and Calif.
Ca.rhon dmnde (natural) __  N. Mex,, Colo,, Calif., Utah.
_____________ Calif., Tex., Pa., Mich. Ala,, Ariz., Ark., Colo., Fla., Ga.,
Hawaii, Idaho, 11, Ind., Iowa, Kans.
KMy., La., Maine, Md.,
0., Mont., Nebr., Nev., N. Mex.,
N.Y., N.C., Ohio, Okla., ., S.C.,
S.Dak., Tenn., Utah, Va., Wash.
W. Va., Wis. Wyo
Clays ___ ___________ Ga., Ohio, Tex.,, NC__ _______ All other States pt Alaska, R.I., Vt.
Coal - ______________ Ky,W.Va,Pa, Il _________ Ala.,Alaska,Anz. 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,
Micl;;, Mo., Nev., Pa., Tenn.,
: ash.
Diatomite ___________ Calif., Nev.,Wash __________ Kans. and Oreg.
Emery _____________ N.Y.
Feldspar ______ ______ N.C,Conn., Ga.,Calif _______ ‘Arng.., Colo., Maine, Okla., S. Dak.,
'yo.
Fluo: - D,Ky.,Tex,Nev__________ Ariz., Mont., Utah.
Garnet, abrasive - Idahoand N.Y.
Gold (mine) ___ S. Dak., Nev., Utah, Ariz______ Alaska, Calif., Colo., Idaho, Mont.,
N. Mex., Oreg., Tenn., Wash.
Graphite _ ___________ Tex.
Gypsum ____________ Mich., Calif., Tex.,Iowa ______ Ariz., Ark., Colo., Idaho, Ind., Kans.,
La., Mont., Nev., N. Mex.,, N.Y.,
Ohio, Okla., S. Dak,, Utah, Va.,
Wash., Wyo
Helium _____________ Kans,, Okla.,, Tex __________ Ariz. and N. Mex.
Todine  _____________ Mich.
Ironore________ ~————-  Minn, Mich,, Calif., Wyo__ - ___ Ariz., Colo., Ga., Mo., Mont.,
Nev.,N.Y., Pa., S. Dak., Tex.,
Utah, Wis.
Kyanite_____________ Va. and Ga.
Lead (mine) __________ Mo., daho, Colo., Utah _ ______ Alaska, Ariz., Calif., Ill., Maine,
%gmt., Nev., N. Mex., N.Y., Okla., Va., Wash.,
is.
Lime ______________ Ohio, Pa., Mo, Mich ________ Ala,, Ariz., Ark., Calif., Colo., Conn.,
Fla., Hawaii, Idaho, Ill, Ind., Iowa,
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.
esite ___________ ev.
Magnesium chloride _ __ _ _ Tex.
Magnesium compounds _ . Mich, Calif, NJ,, Fla________ Del., Miss., Tex., Utah.
ferousore _ __ __ _ inn., N. Mex., S.C.
Mangamferous residuum _ _ gﬂ
ercury ____________ Nev. and Calif.
. Mica,scrap __________ NC, A]a.NMex Ga _______ Ariz., Conn., Pa.,S.C.
Molybdenum _________ Colo,, Ariz. - , N. Mex. ., Utah____ _ Calif. and Nev.
Naturalgas __________ Tex., La.,Okla., N.Mex ______ Mﬁamﬁ.fkalﬁém Ark., Calif., Colo.,
., 411, , BY.,
Mlch.,Mms,Mo Mont. Nebr
N.Y,, N. Dak., Ohi 'enn.,
Utah, Va., W. Vn. o.
Tex.,La.,Okla, N.Mex ______ Ala., Alaska, Ark. , Colo., Fla.
Ill,, Kans,, Ki M:ss Mont
Nebr., N Dai. Pa.,S Dak., "Utah,
W. Va,, Wyo.
N.C. and Wash.
Mich., Ind.,Pa, Il _________ Calif., Colo., Fla., Ga., Iowa,

Maine,
Md,, Mass., Minn., Mont NJ NY
N. Dak., Ohio, S.C,, Wash., Wi
Perlite _____________ N. Mex.,, Ariz., Calif., Idaho ____ Colo. and Nev.
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Table 3.—Minerals produced in the United States and principal producing

States in 1976 —Continued
Mineral Pnnl:%:ldmm&t; tes, Other producing States

Petroleum,crude _ __ ____ Tex., La., Calif.,,Okla _ _______ Ala,, Alaska, Ariz,, Ark., Colo,, Fla.,

. Dak. a.,
Tenn., Utah, Va., W. Va., Wyo.
Phosphaterock __ Fla.,Idaho,N.C.,Tenn ___ ____ Ar‘l’(]., Calif., Mo., Mont., Utah,
'yo.
Platinum-group metals Alaska.
Potassium salts _ N. Mex Utabh, Calif.
Pumice

_____________ Oreg., Ariz. Cahf N.Mex_____ Colo., Hawaii, Idaho, Mont., Nev.,
Okla., Utah.

Pyrites ore and concentrate_  Tenn., Colo., Ariz.
Rareearth metal concen-  Calif. and Fla.

trate
Salt ___ La., Tex.,N.Y.,Ohio ________ Ala., Ariz., Calif., Colo., Kans., Mich.,
. Nez]NMexNDakOkh.Utah,
W.Va.
Sandandgravel . _______ Calif., Alaska, Tex., Mich _____ All other States.
Silver (mine) . _ _ . ____ ldaho,Anz. Colo., Mont ______ Alaska, Calif., Ill., Maine, Mich.,
Mo Nev., N. Mex., NY SDak.
Tenn., Utah Va., W.
Sodi te ( 1)~  Wyo. and Calif.
Sod!umsulﬁaee(natural)___ Cahf Tex., Utah.
Staurolite ___________
Stone ______________ Pa., 1., Tex.,.Mo __________ All other States except Del. and N. Dak.
ale-soapato psto pyrophyllite 3?13“3‘?«3{ T Ark., Calif., Ga., Nev.,N.C,
c, soapstone, pyrophyllite on! exX ev.,
Oreg Va., Wash.
Tin Colo. and N. Mex.
Titanium concentrate _ Fla, NJ,N.Y.
poli — 11, 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. and S.C.
Wollastonite N.Y.
Zinc (mine) Mo., Tenn.,, N.Y,,Colo _______ Alaska, Ariz., Calif., Idaho, Il., Ky.,
Maine, Mont., Nev N.J N Mex Okla.,
Pa., Utah, Va, Wash
Zircon concentrate . ___ Fla.
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Table 4.—Value of mineral production in the United States and
principal minerals produced in 1976

99

Value Percent L X .
State (thousands) Rank o{o Iilals Principal minerals, in order of value
Alabama ______ $1,029,536 20 149 troleum, cement, stone.
Alaska _______ 625,188 23 90 Pest:: um, sand and gravel, natural gas,
ne.
izona _______ 1,726,621 10 250  Copper, molybdenum, sand and gravel, cement.
Arkansas ______ 535,448 25 77 Petroleum, romme, natural gas, cement.
California _____ 3,483,373 4 504 r 1 gas, t, sand and
1,110,166 18 160 Petroleum, molybdenum, coal, natural gas.
34,318 47 .05 Snme, sand an gravel, feldspar, lime.
11,837 50 ()  Sand and gravel, magnesium compounds, clays,
gem stones.
1,652,232 11 239 Pbosphate rock, petroleum, cement, stone.
428,479 28 .62  Clays, stone, oement, sand and g'ravel
42,252 44 06  Stone, cement, sand and grave umice.
210,246 33 .30  Silver, phosphate rock, zinc, I
1,581,165 12 229  Coal, petroleum, stone, sand and gravel
607,321 24 88  Coal, cement, stone, petroleum. )
216,027 32 31  Cement, stone, sand and gravel, coal.
1,213,853 16 175 Pe:tx:leum, natural gas, natural gas liquids,
ne.
Kentucky _____ 38,114,589 5 450 troleum, stone, natural gas.
uisiana _____ 8,652,107 2 1251 Petro natural gas, natural gas llqmds,
Maine ________ 40,364 45 .06 Sand and gravel, cement, zinc, stone.
Maryland _____ 184,918 36 27  Coal, stone, cement, sand and ﬁavel
Massachusetts _ _ _ 69,850 43 .10  Stone, sand and gravel, lime,
Michigan ______ 1,543,516 13 223 Iron ore, petroleum, cement, natural gas.
1,218,030 15 176  Iron ore, sand and gravel, stone, lime.
449,862 26 .65 Petroletllm, nat; gas, cement, sand and
vel.
- 785,160 21 113  Lead, cement, stone, iron ore.
- 636,289 22 92  Petroleum, coal, copper, cement.
- 123,365 39 .18  Petroleum, cement, sand and gravel, stone.
_ 233,683 31 34 Copper, sold. sand and gravel, barite.
New Hampshire _ 17,579 48 .03 gravel, stone, clays, gem stones.
New Jersey ____ 119,886 40 17 Sand and gravel, stone, zinc, titanium
concentrate.
2,510,127 8 363 Pe]:rol%l;m, natural gas, copper, natural gas
ui
427,964 29 62 Cement, stone, salt, sand and gravel.
203,339 34 29  Stone, ;:-l;f:phate rock, sand and gravel, lithium
minerals.
244,105 30 .35  Petroleum, coal, natural gas, natural
gas liquids.
1,435,896 14 208 Petroleum lu:ne stone.
2,789,974 1 4.03 Pe:;al 1 gas, natural gas liquids,
112,566 41 .16  Stone, sand and gravel, cement, nickel.
3,041,186 6 440  Coal, oement. stone, lime.
6,400 49 .01 Sand and gravel, stone, gem stones.
125,455 38 .18 . Cement, stone, clays, sand and gravel.
101,530 42 .16 Gold, cement, stone, sand and gravel.
439,714 27 .64  Coal, stone, zmc, cement.
18,143,204 1 2623  Petr 1 gas, natural gas liquid
cement.
tah ________ 1,043,981 19 1.51 Petroleum, copper, coal, urani
Vermont ______ 35, 46 .05  Stone, asbestos, sand and gravel talc.
Virginia ______ 1,160,645 17 1.68  Coal, stone, cement, lime.
Washington ____ 187, 35 .27  Cement, coal, sand and gravel, stone.
West Virginia _ __ 3,498,001 3 506  Coal, l;latural gas, petroleum, natural
Wisconsin _____ 132,453 37 .19 Sand and gravel, stone, iron ore, cement.
Wyoming __ ____ 1,851,599 9 268 coal, natural
gas.
Total ____ 69,178,000 - 100.00
1Incomplete total.

3Less than 1/2 unit.
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Table 5.—Value of mineral production per capita and per square mile in 1976, by State

1976 Value of mineral production
State (square tion Total Per square mile Per capita
miles) (thou- (thou-
e sands) Dollars  Rank Dollars Rank
51,609 3,665 $1,029,536 19,949 14 281 17
586,412 382 25,188 1 49 1,637 5
113,909 2,270 1,726,621 15,158 19 761 11
,104 ,109 535, 10,083 26 254 19
158,693 21,520 3,483,373 21,950 12 162 26
104,247 2,583 1,110,166 10,649 24 430 13
5,009 3,117 34,318 6,851 31 11 48
2,057 582 11, 893 50 3 50
58,560 8,421 1,652,232 28,214 9 196 22
58,876 4,970 428,479 ,278 30 86 32
6,450 887 42,252 6,530 32 48 38
83,557 831 210,246 2,516 41 253 20
56,400 11,229 1,581,165 28,035 10 141 28
36,291 ,302 ,321 16,735 17 115 30
56,290 2,870 216,027 ,838 33 75 34
82,264 2,310 1,213,853 14,755 20 525 12
40,395 3,428 3,114,58! 77,103 3 909 8
48,523 3,841 8,652,107 178,309 1 2,253 2
33,215 1,070 40,364 1,215 47 38 41
10,577 4,144 184,918 17,483 16 45 39
,257 5,809 69,850 8,459 29 12 47
58,216 9,104 1,543,516 26,514 11 170 24
,068 3,965 1,218,030 ,489 21 307 16
47,716 2,354 449, ,428 27 191 23
,686 4,778 785,160 11,267 23 164 25
147,138 753 636,289 ,324 35 10
227 1,558 123,365 1,597 45 79 33
110,540 610 X 2,114 43 383 14
,304 822 17,579 1,889 4 21 45
7,836 7,336 119,886 15,299 18 16 46
121,666 1,168 2,510,127 20,631 13 2,149 3
49,576 18,084 427,964 8,632 28 24 4
52,586 5,469 203, 3,867 37 37 42
70,665 643 244,105 ,454 39 380 15
,222 10,690 1,435,896 34,833 7 134 29
69,919 2,766 2,789, 39,903 6 1,008 7
96,981 2,329 112, 1,161 48 48 37
45,333 11,862 38,041,186 67,085 5 256 18
1,214 927 6,400 ,272 34 7 49
31,055 2,848 125,455 4,040 36 44 40
77,047 686 101,530 1,318 46 148 27
A 4,21. 439,714 10,409 25 104 31
267,338 12,487 18,143,204 67,866 4 1,453 6
84,916 , 1,043,981 12,294 22 850 9
9,609 47 X 3,653 38 T4 35
40,817 5,032 1,160,645 28,435 8 231 21
68,192 3,612 187,222 2,746 40 52 36
24,181 1,821 3,498,001 144,659 2 1,921 4
56,154 4, ,453 2,359 42 29 43
97,914 1,851,599 18,910 15 4,748 1
3,615,055 213,956 69,178,000 19,136 XX 323 XX
XX Not applicable.
ncomplete total.

2Excludes 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 ral Quan- Quan- Quan- Quan-
andmine tity Value tity Value tity Value tity Value
American Samoa:
Pumice ________________ 37 214 27 183 15 15 47 30
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 3869 253 1,813 279 2,050
XX Not applicable.
I}L A 3 as be mine shi 4 88108, or mark 11 p Avreds (includi e by pr 1 Y

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
2,062 41,203 1,881 70,277 1,582 60,968 1,558 66,150
464 473 291 332 341 440 w w
42 2,215 39 2,923 28 2,231 28 2,513
29 580 29 624 27 639 21 639
7,480 21,243 NA NA NA NA NA NA
15,647 41,857 14,362 41,640 13,595 47,515 13,404 47,124
XX 107,571 XX 2115796 XX 2111,793 XX  2116,426

NA Not availabl W Withheld to avoid disclosing individual company oonﬁdentm.l data. XX Not applwable
i ed by mine shi ts, sales, or mark p
’I‘otal does not include va.lue of items withheld or not available.

ding Yy P



126 MINERALS YEARBOOK, 1976

Table 9.—U.S. exports of principal minerals and products

1975 1976
Mineral Value o Value
th ds) (thousands)
METALS
Aluminum:
Ingots, slabs,crude _ _ _ _ ______ ___ short tons_ _ 185,850 $134,064 152,366 $118,644
________________________ do____ 66,937 29,169 108,958 63,245
et o doot Uioos  Ciaans 561, Cslom
andforgings - _____________ o____ { , S
A]ummr;?sulfahe __________________ do____ 47,688 2,897 50,758 1,569
Other aluminum oom;ounds ____________ do____ 835,920 131,726 911,460 166,084
Antimony, metals an alloys, crude_ _______ do____ 339 348 341 853
thousand long tons_ _ 19 1,651 15 1,297
Beryllium — ___ __________________ pounds._ 37,336 1,152 114,143 17756
Bismuth, metalsandalloys - _ ____ _______ do_ 1128,893 1636 168,488 1514
Cadmium ___ _____________ thousand pounds_ - 3 589 713
Calcium:
Carbonate __________________ short tons_ _ 4,640 705 3,411 735
Chloride — __ _ __________________ do____ 28,359 2,314 33,533 2,578
Dimlcium phosphate_ _ _ ____________ do____ 21,053 ,270 32,302 7,612
Ore and eonoentraws
Exports ____________ thousand short tons_ 139 6,896 124 5,609
Reexports ____________________ do_ . 45 ,111 85 5,475
Fen-ochrome ___________________ o_ _ __ 13 ,075 14 8,785
__________________ thousand pounds_ _ 4,237 14,881 3,892 12,427
&lumbmm metals, alloys, other forms_ _ _ _ __ do____ 53 87 67 78
r:
‘8:2 concentrate, composition metal, and un-
refined (copper content)_ _ __ _ ____ short tons_ _ 16,451 14,454 22,689 19,769
Serap _ _ _ . _ _ o _________ do____ 45,002 40,793 37,473 317,079
Reﬁned copper and semimanufactures _ __ _ do__ _ _ 258,165 465,553 176,877 313,377
Other copper manufactures_ _ _ _ _ ______ do_ ___ 9,518 14,158 4,923 ,435
fate or blue vitriol _ _ _ _______ do____ 1,248 2,067 071 2,935
P rbasealloys _ _______________ do____ 130,254 179,838 110,665 177,270
Fe licon —___________________ do____ 39,712 15,732 12,416 7,449
Fenophosphorus _________________ do____ 437 57 ,636 153
One and base bullion _ _ _ _ _ ______ troy punoee_ - 393,970 63,654 337,517 41,624
Bullion, refined _ _ _ _______________ R 3,101,812 429,278 3,193,248 333,424
Ironore_ _______________ thousand long tons_ - 2,537 ,071 2,913 82,192
Iron and steel
Pigiron_ _ _ __ _______________ short tons_ _ 59,596 4,636 57,480 5,408
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 ,506 38,718 ,264
Plgu, bars, anodes, sheets,etc_ _ _ __ _ _ short tons_ _ 21,256 12,041 5,877 5,320
________________________ do____ 49,951 X 46,883 11,539
Magnesmm, metal and alloys, scrap, semi-
manufactured forms,nec._ ___________ do____ 32,591 48,191 13,444 26,902
Oneand concentrate _ _ __ _ __________ do____ 204,523 13,886 127,971 7,510
Ferromanganese _ _ _______________ do____ 32,487 10,743 6,789 3,462
Metal ____ ____________________ do____ ,256 3,318 4,654 3,434
Mercury:
Exports _________________ T6-pound flasks_ _ 339 152 501 306
_____________________ do____ 155 68 12 6
Mol bdenum
nnd concentrates (molybdenum
nt) _ _ ____________ thousand pounds_ _ 62,611 159,592 62,474 183,536
Metals md alloys, crude andscrap _ _ _ _ _ _ do____ 317 858 223 390
________________________ do____ 270 2,863 343 3,672
Semxmanufactured forms,nec - _______ do____ 312 1,790 184 ,584
_______________________ do____ 60 296 25 136
Fermmolybdenum ________________ do____ 2,241 4,798 3,596 9,447
Nickel:
Alloys and scrai(mcludmg Monel metal),
mots _________ short tons_ _ 23,118 102,400 38,143 141,724
Catalysts_ __ ____ e do____ 3,536 13,713 4,442 16,282
Nickel-chrome electric resistance wire _ _ _ _ do_ __ _ 679 4,769 769 5,253
Semifabricated forms,nec____ _______ 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, oemiridium,
ruthenium, and osmium (metal and alloys
includingscrap) __ _ _____________ 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

1975 1976
Mineral it Value . Value
Q (th ds) Quantity (thousands)
METALS —Continued
Platmum —Continued
Plati group factures, except
jewelry _ _ _ _ __ _ - NA $3,246 NA $2,977
Rare earths:
Cerium ore, metal, alloys
Smoolighter flints _________________ pounds_ _ 100,279 300 119,792
n:
Ferrosilicon _ ___ __ _ __________ short tons_ _ 39,712 ¥15,732 12,416 1,449
it Silicon carbide, crude and ingrains _ ___ _ _ do____ 12,970 6,839 10,106 6,174
ver:
rates, waste, ping ' : :
X thousand troy ounces_ _ 10,005 43,481 7,000 28,849
Bullion, refined . _ __ ______________ do____ 22,621 104,086 7,596 32,586
‘antalum:
Ore, metal, other forms _ __ ___ thousand pounds_ _ 531 5,545 213 6,711
Powder __—___ . ____ do____ 161 5974 110 7,982
Ingots, pigs, bars, etc.: : :
rt.s ________________ metric tons_ _ 1,444 10,457 540 2,998
Reexports_ _ _ ________________ do____ 2,152 15,531 1,798 18,967
Tmscrapandotherhnheanngmatenal )
'l‘itammpt tinplatescrap — _— __________ do____ 5,062 4,343 6,927 7,391
Ore and concentrate _ _____________ short tons 3,147 505 - 4,802 477
(mcludmg iodide titanium )
4,326 7,630 6,144 8,547
1,900 24,726 1,065 +15,039
15,807 12,110 20,580 16,229
1316 8082 1,729 11,189
316 930 887 1,903
122,663 1,840 1, 495 130 24,432
14,840 203 71 146
3,837,266 52,040 360,036 1,232
NA 2,679 NA - 2,103
: i 317,850,386 20,088 31,474,488 25,905
v .fmpemal nuclear matenals _________________ NA 236,849 NA 426,423
Ore and concentrate, penﬁonde,
etc. (vanadium content)  _ _ _ _ ______ pounds_ _ 480,592 1,628 197,035 742
Zinfemvanadmm __________________ do____ 2,035,851 7,952 12,421,776 9,180
lﬁ orblocks _ _ _ _________ short tons_ _ 6,897 5,870 8518 - - 2306
Sheefa, strips, other formsn.e.c ____ do____ 1,629 2,086 2,271 2,817
Waste, scrap, and ust (zinc
content)____________, ________ 0. 5,051 2,448 8,945 8,535
ricated forms, n.ec_ _ 14,196 9,379 9,320 6 076
Zirconium:
Ore and concentrate ___ _ __ 817,531,345 4,787 18,855,595 2,784
Metals, alloys, other forms _ _ 2,649,694 25,828 2,304,202 43,809
NONMETALS
Abrasives:
Dust and powd iprecious stones,
including dmmona dust and pawder .
thousand carats_ 12,802 32,088 14,156 - 35 450
d 3 12 - 7 © 182
950 5,948 639 - 8,671
4,933 730 1911
NA 59,868 NA 68,979
84,921 10,059 46,817 12,640
NA 60,556 NA 60,276
1,526 608 606 151
NA 220 NA 296
57,386 1,868 41,063 2,871
1,833 1,060 9 937
33,697 11,532 36,492 12,363
212,266 42,486 211,362 49,156
494,132 28,409 466,055 26,601
878,619 47,905 839,230 57,649
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

See footnotes at end of table.

1975 1976
Mineral Value . Value
@ (th ds) @ (thousands)
NONMETALS —Continued
Clays —Continued
1,216,088 $65,202 1,351,953 $81,409
19,087 507 12,289 352
1,355 194 4,923 764
265 236,988 313 306,098
NA 413 NA 1
NA 25,480 NA 30,896
10,586 1,890 79,098 6,753
5 4,505 284 6,739
NA 5,976 NA ,855
1,226 1,593 534 674
150,369 9,355 63,329 4,942
53,853 2746 55,852 2,981
esium compounds:
ite, deud-bumed ______ t{xousand pounds__ 165,309 14,146 142,745 13,466
Icined, lump or
P 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_ 4,736 860,110 4,714 449,147
Phosphaterock _ ___________________ do____ 12,606 461,553 11,019 327,410
Phosphatic fertilizers:
Superphosphates _ _ _ ______________ do____ 1,166 192,898 1,334 110,835
nium hates _____________ do____ 2,422 532,274 2,406 269,855
Elemental phosphorus_ ___ _______ short tons_ _ 35,845 36,659 ,038 30,38
i 324 40,695 42
1,695 901 2,620 1,661
580 490 345 438
2,389 1,867 4,261 2,587
715 496 571 524
917 1,060 79 937
Fertilizer_ _ ____________________ do____ 1,419,317 192,701 1,669,691 91,887
Chemical _ _____________________ do____ 104,497 18,949 60,025 19,422
Pumice and pumicite _________ thousand pounds_ _ X 1,027 2, 022 271
al natural, quartzite, cryolite, chiolite short tons_ _ 1,767 1,106 - .
Crude and refined __ _____ thousand short tons_ _ 1,332 9,070 1,007 10,326
Shi to tig territories ___ do____ 20 2,304 18 2,230
510,859 1,111 558,733 1,337
2,171,109 13,071 2,553,475 17,080
537,290 864 79,359 1,099
7 6,144 57 3,636
529 45,822 645 49,781
49 1,464 63 1,486
Limeston crushed ground, broken _ ____ do____ 3,386 9,993 3,191 10,537
Marble and other b\uldmg and monumental do____ NA 2,449 NA 2,596
Stone, crushed, ground, broken
thousand short tons__ 896 5,843 866 1,073
S“lgdanufactures ofstone_ _____________ do____ NA 2,376 NA 2,213
ur:
Crude__ __________ thousand long tons_ _ 1,288 69,553 1,183 60,226
ground flowers 7 2,248 15 3,358
157,681 6,338 212,344 9,034
' MINERAL FUELS
Carbonblack ______________ thousand pounds__ 87,947 15,474 110,760 217,231
Anthracite_ _ thousand short tons_ _ 640 25,801 615 24,008
itumi 65,669 3,232,893 59, 406 2,886,467
90 9,566 10,998
Col 1,273 74,732 1,31 5 66,726
Natural gas 105,879,552 114,275 95,866,953 ,854
Petroleum:
Crud 19 187 2,221 27,129
185 3,103 266 5,592
326 3,459 348 3,404
1,168 217,271 2,608 37,045
28 437 33 504
_________ 92 1,156 97 1,333
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Table 9.—U.S. exports of principal minerals and products —Continued

1975 1976
Mineral . Value : Value
Quantity (thousands) Quantity (thousands)
MINERAL FUELS —Continued
Petroleum —Continued
Residualoil _____________ thousand barrels__ 4,892 $43,179 3,438 $32,301
Lubricatingoil ___ _______________ do____ 8,827 300,873 6,749 206,681
Asphalt_ . _ __ _ _ _ __ do____ 245 6,222 262 8,051
Liquefied petroleumgases ___________ do____ 9,432 100,041 8,967 - 98,981
Wax_ _ - 581 g 605 ,997
" Coke __ __ _ _ do____ 36,949 315,239 738,315 E

Petrochemical feedstocks _ _ __________ do____ 7,436 95,681 6,885 91,491
Miscellaneous ___ ________________ do_ . __ 1,088 43,976 1,016 46,366

Total _ _ _ _ _ _ o __ XX 14,345,654 XX 12,514,499
P -

NA Not
1Adjusted by the Bureau of Mines.
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Table 10.—U.S. imports for consumption of principal minerals and products

1975 1976
Mineral . Value . Value
Quantity  (thousands) R (poians)
METALS
Aluminum:
Metal _____________________ short tons_ 434,119 $316,873 575,350 $439,570
P T 54,806 27,586 85,714 46,166
Plates, sheets,bars,etc _____________ do____ 61,354 65,079 87,560 96,312
Aluminum oxide (alumina) - _ ___ ______ _—— 3,507,415 370,039 3,624,367 404,478
Anitimon,
8,320 14,535 10,023 16,911
O B R
9,908 12,588 11,611 17,029
White (AsgOs content) _ __ ___________ do____ 12,013 4,426 4,262 1,528
e o ___ . 483 2,716 288 1,785
Bauxite,crude____________ thousand long tons_ _ 11,529 NA 12,548 NA
Berylliumore _ _________________ short tons_ _ 11,479 1468 1,058 380
Bismuth _______________________ pounds_ _ 1,331,173 9,442 2,328,051 14,154
Cadmium:
_____________________ short tons_ _ 2,618 13,902 3,411 14,511
Flue dust (cadmium content) _ _ ________ do____ 346 ,489 246 536
cium:
_______________________ - 70,128 78 461,965 475
Chloride __________ S, short tons_ _ 12,021 598 16,046 480
Chrome:
Ore and trates (CraOs content)
thousand short tons__ 559 60,651 533 70,075
Ferrochrome ___________________ do____ 198 190,630 150 124,819
Metal ._______________________ do____ 2 6,630 2 9,142
Cobalt: .
Metal _________________ thousand pounds_ . 6,092 25,611 15,129 66,299
R —— o m T Ug
com] ight) _ _____
g:’umbzum ore 5 d 1,542 2,012 3,968 5,137
per content):
8: and concentrates 29,301 35,649 35,197 49,861
Regulus, 5,675 20,560 14,097 54,878
Unrefined, black, blister 78,969 90,846 19,388 22,144
Refined in i 142,945 166,159 381,343 453,279
Old and scrap 14,399 14,459 19,785 19,231
Ferroalloys, n.ec ___ _ 61,946 735,556 99,905 47,430
Gallium _________________ 6,830 ,555 4,920 2,326
Gold (general im;
Ore and base 313,038 50,055 166,312 20,007
Bullion ____________________"_ o ___ 2,348,936 406,583 2,489,679 311,011
Indium _______________________"" do____ 113,800 629 290,139 1,802
ore________________ thousand long tons_. _ 46,743 860,496 44,3 x
Iron and steel:
Pigiron____________________ short tons__ 478,106 69,316 444,282 51,142
Iron and steel products (major):
ronproducts_ _ _______________ do____ 47,535 32,299 44,877 32,002
Steelproducts ________________ do____ 12,440,326 4,475,191 13,051,471 4,479,191
________________________ do____ 293,082 24,464 495,584 34,524
Tinplate ______________________ do____ 2,277 786 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 , 1,022
Sheet, pipe, shot d 147 99 495
esium:
etallic and scrap 6,787 9,299. 13,066 19,020
Alloys (magnesium content) ___ 1,111 2,215 1,820 3,604
Sheets, tubing, ribbons, wire, other
forms (magnesium content) 5 33 21 38
Fomomanganess (aavgercss cmiont T dTTT sk B e mew
‘'erromanganese (manganese content) _ _ _ _ o , , g X
Metal . _____________________ do____ 4,378 4,041 7,082 ,258
Mercury:
Compounds ___ ________________ po . 6,112 42 35,536
Metal _________________ 76-pound flasks__ 43, 7,599 44,415 4,325
Minor metals: Selenium andsalts __ _ _____ pounds_ _ 889,320 10,265 811,257 12,118
o] um:
(content) ___________________ do____ 2,556,680 5,916 2,092,623 4,850
Wasteandscrap _________________ do____ 44,672 101 297,554 1,183
________________________ do____ 38,926 434 ,500 705,274
N E:inpounds ____________________ do____ 682,039 45 679,289 690
1C! o
Pigs, ingots, shot, cathodes _ _ __ __ __ short tons__ 107,084 406,894 111,255 456,398
Plates, bars, ete - - o222 doo 175 11118 3223 2,
Slarry _______________________ do____ 23,991 63,522 33,280 98,178
Serap________________________ do____ 2,353 5, 2,359 ,827
Powder andflakes ________________ do____ 9,772 39,413 10,181 45,267
Ferronickel ____________________ do____ 65,046 67,818 55,721 72,161
Oxide _______________________ do____ 5,063 15,172 ,932 ,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
Mineral Quantity .leal“e; N Quantity ulvalue, N
METALS —Continued
Platmum-group metals:
Unw(r;o d (pla 9,253 $2,941 596 $88
Tains ane nuggecsp tinum) _ _ troy ounces_ _ 19,
Sponge (platinum)_ _ _ _ do_ 567,466 91,567 904,048 139,378
Sweepings, waste, scrap 116,523 14,278 146,773 20,080
Iridium __________ 14,419 6,892 18,179 5,045
Palladium ____ 409,862 33,863 994,360 48,535
Rhodium _____ 80,197 34,400 62,260 18,342
Ruthenium __ ________________ 16,535 926 75,673 3,580
Othell'lglaunum-group metals 234,757 317,055 224,560 32,195
Platinum ___________________ 96,630 15,337 95,653 15,623
Palladium __________________ do____ 144,240 15,163 128 951
i 1,832 675 1,864
118,570 19,726 14,142 1,963
di NA 8,297 ‘NA 12,200
Rare-earth meta.ls, ferrocenum, other
ceriumalloys . _ _________________ pounds_ _ 33,852 187 40,259 167
Silicon (sllwon 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):
and base bullion _ _ _ _ _ thousand troy ounces__ 21,197 87,755 16,717 70,206
fon oo — oo Fhonsend Ty do____ 61,629 274,254 67,187 289,032
_______ do_ 7,596 32,527 4,454 18,823
Tan thousand pounds__ 1,753 ¥7,794 - 2,557 15,124
Ore (tin content) ____ ——— metric tons_ _ 76,415 44,114 5,733 38,529
Blocks, p:gs, grams etc _______ do____ 744,366 312,346 45,055 325,453
and tm alloys, n.s.p. f ——_ do____ 2,468 2,452 . 2,666 3,550
Tinfoil, powder, flitters,etc ________________ NA 7,257 ‘" NA 8,148
Titanium:
Imenite® short tons_ _ 334,692 15,903 431,717 18,715
Rutile_ o____ 224,499 46,362 281,712 ,849
Metal _ _ pounds__ 10,549,619 18,332 7,922,050 12,690
Ferrotitanium_________ eee—do____ 1,071,048 1,125 1,798,936 1,
Compounds and mixtures _ _ __ ________ do____ 53,964,945 19,654 140,795,246 53,806
(tungsten content):
and concentrate _ __ _____ thousand pounds _ 6,570 31,665 5,301 28,320
Wasteandscrap . ______________ do____ T1 317 170 694
Otheralloys _ ___________________ do____ 1,898 11,104 2,473 14,255
Ferrotungsten_ ___ _______________ do____ 418 2,542 844 5,451
Ui and other b
nuclear materials:
OxideUsOs —— __________________ do____ 2,451,538 24,481 11,074,298 203,926
Compounds,ne.c_ ________________ do____ 19,226,578 161,507 33,876,908 441,603
Isotopes (stable) and theu- oompound.s ————ml NA 957 NA 1,067
Radio i etc ____ d curies_ _ 35,346,036 8,297 60,302,966 12,200
Vanadium (content):
Ferrovanadium ___________ thousand pounds _ 273 1,435 518 2,448
Vanadium-bearing materials (vanadium pentoxide
content) __ ___________________ do____ 8,185 7,075 10,702 7,721
428,544 108,822 155,803 50,553
374,922 273,636 695,131 482,265
236 507 209 329
3,158 1,238 12,445 4,884
5,739 5744 6, 5,134
N. 9
Ore mclud.lng zirconiumsand _ _ ____ short tons__ 40,205 ° 8,874 64,643 13,733
Unwmught, scrap, and compounds __ __ __ do____ 2,013 5,991 "914 1,153
. NO 'ALS
Diamonds (industrial) - ________ thousand carata_ _ 14,291 53,383 17,047 61,102
Otherabrasives . __ __ __________________ NA 768,480 NA 96,130
Asbg:ewa _____________________ short tons _ 538,553 111,011 657,851 142,145
Crudeandground ________________ do____ 672,528 9,264 917,812 17,829
Witherite _____________________ do____ 44 278 56
micals _ ____________________ do____ 10,937 4,443 16,913 5,095
Boron:
Carbide______________________ pounds_ _ 137,572 645 30,232 240
Boricacid _____________________ do____ 845,237 59 112,870 14
Calcium borate,crude _ _ __ __________ do____ 55,282,329 '1,560 60,493,065 1,953
Cement_ _______________ thousand short tons_ _ 3,702 70,620 3,1 67,085
W o e short tons _ 33,851 1,644 34,359 1,207
Manufactured . _ __ __ _____________ do____ 4,143 303 4,309 607
te_ _ _ o _____ do____ 22,120 9,058 11,325 4,329

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)  U8NHYY  (hougands)
NONMETALS —Continued
Feldspar:
Crude_____________________ short tons__ 1209 $17 93 $17,614
Groundandcrushed _ _ _____________ o_ ___ 8 6 - —
Fluorspar __ _____________________ do____ 1,050,448 61,059 895,254 56,580
4,577 722,119 6,716 1,011,839
806 40,348 ,165 55,286
NA 87,963 NA 112,241
65,663 5,698 79,098 6,753
5,450 16,193 6,253 18,285
NA 3,617 NA 3,468
5,309 11,721 6,482 13,824
65 3 110 12
44,637 1,392 48,461 1,814
214,311 4,867 X 8,816
4,548 538 68 1
11 107 48 621
10 1 18 2
5,716 502 8,194 808
156,332 24,668 88,035 14,518
36,572 1,796 21,039 2,267
904 696 1,654 941
10,672 356 4,210 202
5,075 2,935 3,328 3,193
Mmeralearth ts, lron oxide pigments: ‘ )
_________ short tons_ _ 20 3 50 11
d 521 107 624 122
4,251 350 6,908 561
319 57 739 147
1,001 223 1,231 190
21,867 8,444 40,547 15,523
6,275 98 2,112 38
424,838 6,869 499,135 8,785
3,113 415,534 3,467 296,814
37 ,604 51 2,234
147 26,970 47 6,631
15,337 7,470 17,836 9,462
18,447 10,746 27,969 15,657
6,292,329 285,272 7,595,246 360,756
3,260 7 3,344 148
142,120 380 78,057 850
NA 76 NA 70
1,487,272 931 1,148,801
8,215 15,272 4,352 23,476
45 475 61 484
329 301 292 425
285 12,624 316 16,111
NA '46 137 NA 46,211
21,613 826 35,711 1,486
, 1,261 5,370 ,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 1471 20,071 1,861
MINERAL FUELS
Carbon black:
Acetylene ____________________ pounds_ _ 5,839,266 2,578 8,294,902 4,366
Gas black and carbonblack_ __________ 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
Naturalgas, ethane, methane, and
nnxtures ereof __ _______ thousand cubic feet_ _ 944,352,390 1,070,539 943,432,188 1,611,644
F'ertlhzer grade __ _____________ short tons_ _ 283,732 23,371 332,433 28,939
Pe;:uhry andstablegrade ____________ do____ 6,626 488 5,618 553
leum:
Crude petroleum __________ thousand barrels_ _ 1,581,129 18,290,012 2,051,307 25,456,155
Distillate_ _ ____________________ o___ 39,420 489,351 22, 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

1975 1976

Mineral : Value : Value

Quantity (thousands) ~ aPY  (thousands)
MINERAL FUELS —Continued
— Petroleum —Continued
362,084 $3,958,178 405,833 $4,372,317
1,514 18,04 5,686 74,9

22,740 314,971 8,073 130,373
44,368 619,102 26,056 373,450
8,799 1,019 12,178
46 511 ® 2
130 4,159 547 5,491

157 6,128 164 ,
782,485 51,112 702,583
41,171 354,947 7,528 396,035

5 52,274 4, 6,
21,285 248,453 18,372 256,230
XX 38,847,295 XX 48,718,321

TRevised. NA Not available. XX Not applicable.

1Adjusted by the Bureau of Mines

3Does not include silicon metal more than 96% but less than 99% silicon.

3Includes titanium slag averaging about 70% TiOg, for detail see Titanium chapter.
“Less than 1/2 unit.
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Abrasive Materials

By W.T. Adams?

The production of natural abrasives var-
ied in quantity and value compared with
1975. Output of tripoli-type materials and
garnet increased in both quantity and val-
ue; special silica stone products decreased in

quantity and increased in value; the pro-
duction of emery decreased.

The production and value of manufactur-
ed abrasive materials increased for all

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 sﬂlcastone products® _ _ short tons__ 3,241 3,466 3,184 2,953 2,696
___________ thousands_ _ $670 T$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 w
Value_ __________ thousands_ _ W w w w w
Artificial abrasives? __ _ _________ short tons__ 584,680 3645,813 3730,405 3528,307 3620,328
ue _ - thousands_ _ $92,958  3$108,808  38$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 r$121,868  $157,232
"Revised. W Withheld to avond disclosing individual pany confidential data.
Includes grinding pebbl ilst tube-mill liners, and whetstones.

2Production of silicon carblde and aluminum oxide (the United States and Canada); shipments of metallic abrasives

(the United States).

3Includes production of aluminum zirconium oxide (the United States and-Canada).

FOREIGN TRADE

Imports of abrasive materials were 29%
greater in value than in 1975, and exports
plus reexports increased 9% in value. Net
imports, the excess of imports over exports
and reexports, were $14.7 million. The vol-
ume and value of all abrasive materials
exported varied.

Industrial diamond imports totaled 17.0
million carats of loose material valued at
$61.1 million, reflecting increases of 19% in
quantity and 14% in value from those of

1975. Exports of loose industrial diamond
were 14.9 million carats, an increase of 8%,
and the value was $39.3 million, an increase
of 3%. Reexports of similar industrial dia-
mond were 3.1 million carats, a decrease of
4%, and the value was $28.9 million, an
increase of 2%. The diamond content in
diamond wheels, exported and reexported,
was 749,000 carats, an increase of 8%, and

1Physical scientist, Division of Nonmetallic Minerals.
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the declared value was $5.0 million, for no
change in value. The imports of diamond
wheels are listed by number and value; the
value in 1976 increased to $1,302,000 from
$896,000 in 1975.

The 1976 imports of industrial diamond
from Ireland were 5.9 million carats valued
at $13.9 million, reflecting increases of 31%

in quantity and 33% in value from those of
1975. The share of imports from Ireland was
35% of the total quantity and 23% of the
value. Of the industrial imported bort, pow-
der, and dust, synthetic diamond was 4.5
million carats valued at $9.0 million and
natural diamond was 6.9 million carats
valued at $15.1 million.

Table 2.—U.S. exports of abrasive materials, by kind

(Thousands)
1975 1976
Kind ~ ~
Quantity Value Quantity Value
NATURAL ABRASIVES
Dust and powder of natural and synthetlc precious or semi-
precious stor d dust and p ___carats__ 12,802  $32,088 14,155  $35,450
Crushing bort exoept dustand powder _ __ __ __________ do__ 3 12 77
Industrial diamond_____________________ """~ do__ 950 5,948 639 3,677
Emery, natural corundum, and other natural
abrasives,nec _________________________ pounds_ _ 21,366 4,138 33,619 6,189
MANUFACTURED ABRASIVES
Artificial corundum (fused al oxide) ___________ do__ 153,302 113,638 43,682 14,820
Silicon carbide, crude oringrains _ _ ________________ do__ 25 939 6,839 20,212 6,174
Carbide abramves MeC do_ 1, 1324 4,533 1,919 5,331
- 684 4,933 730 4911
2,991 1,476 1,109 657
i 912 1,315 739 1,222
Wheels a.nd stones,nec __ _______________________ 5,156 11,970 5,027 18,759
Abrasive paper and cloth, coated with natural or artificial
abrasivematerials_ _ ______________________ reams.. 282 11,998 436 17,051
Coated abrasives,ne.c _ ___________________________ NA 3,961 NA 3,776
Total _ _ _ XX 102,849 XX 113,199

NA Not availabl XX Not applicabl
Adjusted by the Bureau of Mines.

Table 3.—U. S. reexports of abrasive materials, by kind

(Thousands)
1975 1976
Kind -
Quantity Value Quantity Value
NATURAL ABRASIVES
Dust and powder of natural and eynthetxc precious or semi-
precious stones, i d dust and p ___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,nec_ _ _ _ _ __ . _________________ pounds_ _ 5 3 2 6
MANUFACTURED ABRASIVES
Artificial corundum (fused alumi oxide) _________ do____ 63 5 129 38
Silicon carbide, crude or ingrains _ _ __ __ __________ do____ __ . Q) 2
Carbide abrasives,nec ______________________ do____ . . 7 90
Grinding and polishing wheels and stones:
Diamond _ _ _ _ ___ _ _____________________ carats_ _ 8 49 19 122
Wheels and stones,nec___ ________________ pounds_ _ 9 28 30 51
Abrasive paper and cloth, coated with natural or artificial ’
abrasivematerials_ _______________________ reams_ _ 1 38 1 47
Coatedabrasives,ne.c — ___________________________ NA 29 NA 50
Total _ _ _ . XX 28,362 XX 29,285
NA Not ilabl XX Not licabl

Less 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
Kind - 1976
Quantity Value Quantity Value
Corundum,crude _ _ _ ____________________ 1 $81 2 $230
Emery, flint, rottenstone, and tripoli,
crudeorcrushed _ _ ____ ___________________ 6 426 5 379
Silicon carbide,crude __ __ ___________________ 85 16,544 89 21,191
Aluminum oxide,crude _ _ _ ____ . ______________ 128 24,273 174 31,628
g;her crude artlﬁcml abrasives _________________ 2 411 o1 198
rasives, gl d fi
Rottenstone ang poli _ O] 1 ® 1
Silicon carbide ______ 1 1,133 1 1,356
i 3 1,635 5 2,059
ificial abrasives_ _ ____ _ _______________ O] 115 1 762
Papers, cloths, and other materials wholly or partly
coated with natural or artificial abraswes _______________ 17,140 (¢)] 24,492
Hones, whetst. and p stones _ _ __ _ number_ _ 210 138 207 194
Abrasive wheels and millst
Burrswnes manufactured or bound up into @ 1
3 19 10 18
35 896 41 1,302
1 2,376 1 3,270
Q)] 2,083 Q) 2,255
Artlcles not especially provided for:
Emeryorgarnet ______________________ (@) 21 (@] 25
Natural corundum or artificial abrasive materials _ _ A 440 (G 418
Other ____ ____ _ ___ o ___ Q) 290 352
Diamond:
Diamond dies _________________________ number_ _ 12 T457 __
Crushi R, ——__carats__ 283 668 186 402
Other mdustnal diamond _ ___ _________ ceeodo____ 4,096 217,636 484 31,344
Miners’'diamond _ _ _ _ ______________ e__do__:_ 1,166 6,773 1,119 5,591
Dustandpowder _ _ ____.__________________ do____ 8,746 18,306 11,258 283,765
Total _ _ _ _ _ __ o ____ XX  f121,863 XX 157,232
"Revised. XX Not apphcable
Less than 1/2 unit.
2Quantity not reported.
TRIPOLI

Fine-grained, porous, silica materials are
grouped together because they have similar
properties and end uses. Production of
crude tripoli increased 54% in quantity and
38% in value. Processed tripoli sold or used
increased 67% in quantity and 62% in
value. The uses for processed tripoli in 1976
were 60% for abrasives and 35% for fillers,
compared with 57% and 41% respectively
in 1975.

Tripoli producers in 1976 were Malvern
Minerals Co., Garland County, Ark., which
produced crude and finished material, Mid-
western Minerals Corp., Ottawa County,
Okla., which produced crude and finished
material, and American Tripoli Co., Divi-
sion of The Carborundum Co., which pro-
duced crude in Ottawa County, Okla., and
finished material in Newton County, Mo.
Illinois Minerals Co. and Tammsco, Inc.,
both in Alexander County, Ill., produced
amorphous silica. Keystone Flller and Man-

ufacturing Co., Northumberland County,
Pa., mined and processed rottenstone.
Prices quoted in Engineering and Mining
Journal, December 1976, for tripoli and
amorphous silica follow:

Tripoli, paper bags, carload lots, f.0.b., in
cents per pound:
ite, Elolg, I1.: Air floated through

___________________ 1.6
Rose and c;reim, Seneca, Mo. and
Rogers, Ark.:
Onceground _________________ 2.90
Double ground ________________ 2.90
Airfloat ____________________ 3.15
Amorphous snhca, bags, f.0.b., in dollars
per ton:
Elco, Ilk:
Through 200 mesh, 90% t095% _ ____ $31
Through 200 mesh, 96% t099% _ ____ 32
Through 325 mesh, 96% to 98% 37
Through 325 mesh, 98% to0 99.4% 35.50
Through 325 mesh, 99.5% _ _ 51.50
Through 400 mesh, 99.9% _ _ 15
Below 15 micrometers, 99% - 82.50
Below 10 micrometers, 99% _ _ __ ____ 105
Dierks, Ark.:
mesh ___________________ 40
325mesh ___________________ 50
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Table 5.—Processed tripoli! sold or used by producers
-in the United States, by use?
1972 1973 1974 1975 1976

47,321 55420 50,615 38815 68,874

$1,918 $2,233  $2,251 $1,518 $2,525

25973 32,407 33,361 1630 40,247

$847 $1,158  $1,346  $1,205 $1,811

1,584 2,105 2,025 1,739 5,000

$43 $62 $66 $60 $175

74,878 89,932 86,000 68,184 114,121

$2,807 $3.453  $3665  $2,783 $4,511

Includes amorphous silica and Pennsylvania rottenstone.
2Partly estimated.

3Data may not add to totals shown b of ind dent

P

SPECIAL SILICA STONE PRODUCTS

Special silica stone products produced in
1976 included oil stones from Arkansas,
whetstones from Arkansas and Indiana,
grindstones from Ohio, grinding pebbles
and deburring media from Minnesota and
Wisconsin, and tube-mill liners from Minne-
sota. Output decreased 9%.

Producers of oilstones and whetstones in
Garland County, Ark., were John O.
Glassford; Hiram A. Smith, Inc.; Arkansas
Abrasives, Inc.; and Norton Pike Division of
Norton Co. Whetstones were produced by
Milroy and Smith in Hot Springs Courity,
Ark, and by K & K Mines, Inc, in Pike
County, Ark. Hindostan Whetstone Co. op-
erated a plant in Lawrence County, Ind., to
finish stone obtained from a quarry in
Orange County, Ind. Cleveland Quarries
Co., produced grindstones at its Amherst
quarry, Lorain County, Ohio. Jasper Stones

Co. produced grinding media, rough and
rounded, from its quarry in Rock County,
Minn., and Baraboo Quartzite Co., Inc,
produced deburring media at its quarry in
Sauk County, Wis.

Table 6.—Special silica stone products sold
or used in the United States?

Quantity Value

Year (short (thou-

tons) sands)
1972 - 3,241 670
1978 3,466 667
1974 3,134 17
1975 o e 2,953 1,061
1976 - 2,696 1,404

TRevised,

Uncludes grinding pebbles, grindst
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
active in 1976—two in Idaho and one in
New York. Barton Mines Corp., Warren
County, N.Y. sold garnet for use in coated
abrasives, glass grinding and polishing, and
metal lapping. Emerald Creek Garnet Mil-
ling Co. and Idaho Garnet Abrasive Co.,
both in Benewah County, Idaho, reported
their garnet was used in sandblasting, wa-
ter filtration, as a filler in rubber products,
and as an additive in decorations.

Table 7.—Abrasive garnet sold or used by
producers in the United States

Quantity Value

Year (short (thou-

tons) sands)
1972 18,916 $1,957
1978 _ 22,172 2,380
1974 __ - 24,684 2,561
1976 _ 17,204 1,690
1976 _ 24,565 €2,740

®Estimate.

NATURAL ALUMINA ABRASIVES

Corundum.—No domestic corundum was
produced in 1976. Requirements for domes-
tic consumption were met by imports, main-

ly from the Republic of South Africa. Total
imports were 3,074 tons at a declared value
of $229,987.
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Prices quoted in Engineering and Mining
Journal, December 1976, for crystal corun-
dum, per short ton of crude, c.i.f., U.S. ports,
were $150 to $160.

Emery.—Two producers of emery were
active in 1976: De Luca Emery Mine, Inc.,
and Emeri Crete, Inc., both near Peekskill
in Westchester County, N.Y. Domestic em-
ery was used mostly in aggregates as a
nonslip additive for floors, pavements, and
stair treads. The minor use for domestic
emery was in abrasive materials for coated

141

abrasives and tumbling or deburring media.

World production data for emery are
principally for Greece and Turkey. In 1975,
production of emery in Greece was estimat-
ed to be 7,700 short tons. Production of
emery in Turkey in 1975 was reported as
70,670 short tons. No value was reported on
either Greek or Turkish production.

Prices quoted in Industrial Minerals, No.
99, December 1976, for emery, per metric
ton, c.i.f.,, main European port were $127 to
$136 for coarse grain and $136 to $153 for
medium and fine grain.

Table 8.—Natural corundum: World production, by country

(Short tons)
Country! 1974 1975 1976°
dia _ 360 337 582
South Afnca, Republicof _ _ _ _ _ _ _ o 278 266 157
USSR® e 7,700 8,300 8,300
Uruguay - — 366 460 420
Total . _ __ _ 8,704 9,363 9,459

®Estimate.  PPreliminary.
In addition to the eountnes listed, Southern Rhod

to produce natural corundum at a

significant level (several thousand tons ammally), and both Argentma and Kenya may have produced minor qm}ntmes of

commodity, but output is not re;
estimates of output levels.

for the for

INDUSTRIAL DIAMOND

Domestic production of synthetic indus-
trial diamond in 1976 was estimated to be
25.3 million carats, an increase of 6.3 mil-
lion carats from above of 1975. Secondary
production, comprising salvage from used
diamond tools and from wet and dry
diamond-containing wastes, was estimated
to be 2.7 million carats from a consumption
canvass by the Department of Commerce.

The Government stockpile inventory as of
December 31, 1976, was 31.0 million carats
of crushing bort and 20.0 million carats of
stones. The goal for crushing bort was 15.0
million carats and 5.6 million for stones.
Available for disposal from prior enabling
legislation were 9.9 million carats of bort.

Diamonds in a serpentinized garnet per-
idotite nodule from diotreme-pipe in south-
ern Wyoming were the first known North
American occurrence in an upper-mantle
peridotite xenolith from a kimberlite intru-
sion, as well as the second authenticated
North American occurrence of diamond
from kimberlite pipes.?

Exports and reexports of industrial dia-
mond dust and powder, which included
synthetics, were 14.5 million carats valued
at $36.2 million. Crushing bort, except dust
and powder, exported was 433,000 carats
valued at $2.3 million. Exports and reex-
ports of stones were 3.1 million carats
valued at $29.7 million. The total of exports
and reexports of dust and powder, bort, and
stones was 18.0 million carats valued at
$68.2 million. .

2McCallum, M. E. Diamonds in an Upper Mantle Perid-
otite Nodule From Kimberlite in Southern Wyoming.
Science, v. 192, No. 4236, pp. 253-256.

Table 9.—U.S. imports for consumption
of industrial diamond
(excluding diamond dies)

(Thousand carats and thousand dollars)

Year Quantity Value
1974 o ___ 18,417 62,920
1976 o ___ 14,291 53,383
1976 o ___ 17,047 61,102
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WORLD REVIEW

Australia.—An exploration consortium
confirmed that diamond was found in the
Kimberly Region of Western Australia.
Systematic sampling yielded some 160
stones of approximately 7 carats total
weight. There has been no announcement
as to whether kimberlite pipes have been
found.®

Botswana.—At the Orapa mine 3,428,985
tons were processed in 1976, compared with
3,048,020 tons in 1975. Diamond production
was 2,360,945 carats in 1976, compared with
2,397,245 carats in 1975. The Mopipi Dam
provided all water requirements for Orapa
in 1976. Construction work is in progress at
the Orapa mine to increase capacity from
2.3 million carats to 4.5 million carats per
year. A new kimberlite pipe was discovered
in southern Botswana; accurate assessment
of its potential will require a detailed un-
derground sampling program, which will
take about 4 years to complete.*

Ghana.—Consolidated Diamond Ltd. has
estimated remaining diamond deposits
along the lower Birim River to yield about
50 million carats. The deposits will be min-
ed at a rate of 2 million carats per year.

Ghana has begun to exploit this new deposit

because the traditional diamond area at
Akwatia in Akyem Abuakwa is expected to
be phased out by 1980. Two other small
firms, Cayo Ltd. and Dunkwa Goldfields
Ltd., are no longer active.*

'Lesotho.—The Letseng-La-Terai diamond
mine is on schedule and was in production
in 1976. Overlying soft, weathered kimber-
lite was mined and stockpiled with the
object of exposing harder kimberlite at
depth. Mining and recovery operations have
been geared to winning larger stones, with
primary sorting and washing done when the
ore is still at a fairly large size to prevent
crushing such stones.®

South Africa, Republic of.—Record dia-
mond sales of $1,555 million, 46% higher
than in 1975, has caused De Beers Consoli-
dated Mines Ltd. to draw on stockpiles.
Sales of industrial diamond, both natural
and synthetic, reached a record high in
1976. Total diamond production fell from
10,760,118 carats to 10,523,267 carats. No
breakdown was given for sales of either gem
stones or industrial diamond. Production is
being increased to 1.4 million carats per
year at the Namaqualand mine to decrease
reliance on the mines in the Territory of
South-West Africa.”
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TECHNOLOGY

Synthesis of cubic boron nitride using
high-pressure, high-temperature technology
was announced by De Beers Industrial
Diamond Div., Ltd. The grit obtained by the
De Beers process is from 80 to 230 U.S. mesh
in size and comprises clear, amber-colored
crystals of high purity. The shapes are
described as irregular with smooth crystal
faces or irregular fracture surfaces.®

Megadiamond Corp., Provo, Utah, pro-
duced a fiber spinnert for the synthetic
fiber industry from sintered polycrystalline
diamond material.?

National Research Co. added the process-
ing of copper- and nickel-coated natural and
synthetic diamond to its diamond and car-
bide recovery operations.1®

De Beers Diamond Research Center in
Johannesburg, Republic of South Africa,
reported progress on a number of projects,
among which were the following:1*

A new diamond-crushing system was
installed for processing smaller diamond
grit sizes. Results indicate a high yield of
blocky grit particles with sharp well-defined
edges that are suited for stone-sawing and
glass-grinding operations.

Carbide Diamond Abrasive (CDA) was

-synthesized especially for use in the grind-
'ing of tungsten carbide. The particles have

a polycrystalline mosaic structure and
break away in very small chips. New sharp
cutting edges are constantly generated.

Precise monitoring of the absorbed ra-
diation dose is essential during treatment of
cancer by radiotherapy. Diamond can con-
tribute toward accurate medical dosimetry
and successful radiotherapy. Properties
that make diamond attractive for this use
are low conductivity, low trapping rate, and
high carrier mobility.?

Successful tests demonstrate the ef-
fectiveness of X-ray topographic maps. In-

S. Embassy, Canberra, Australm State Department
Au‘gram A-110, Oct. 15, 19'76
5 “De Beers Consolidated Mmes Ltd 1976 Annual Report.

INfining
eering. Industry Newswatch. V. 29, No.
February l?fzfm %

®Engineering & Mmmg Journal. News Briefs. V. 171,
No. 8, p. 137.

"Work cited in footnote 4.

Iron Age. Now There Are Two CBN Abrasives. V. 217,
No. 5, Feb. 2, 1976, pp. 41-43.
%Chemi Diamond Orifices

cal and Engm News.

Mn Cut Fiber Costs. V. 54, No. 29, July12 1976, p. 20.

rn, W. E. Your Diamond and Carbide Waste Can Be
Worth Thousands. Machine and Tool Blue Book, v. 71, No.
1, July 1976, pp. 77-83.

1Work cited in footnote4.
12Bampton, F. K. A Medical Application for Rad

tive Diamonds. Industrial Diamond Revxew, February
1976, pp. 55-59.
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Table 11.—Diamond (natural): World production, by country*

(Thousand carats)
: 1974 1975 1976°
Count;
i Gem I{ﬁ:f’ Total Gem I?g:f' Total Gem I't’g:ls' Total
Africa:
Angola ___________ 1,470 490 1,960 345 115 €460 495 165 €660
Botswana _________ 408 2,310 2718 360 2,037 2,397 354 2,007 2,361
Central African

Republic _________ 220 118 338 220 119 339 221 119 €340
Ghana ___________ 257 2315 2572 233 2,095 2,328 228 2,055 2,283
Guinea® __________ 25 55 80 25 55 80 25 55 80
IvoryCoast _ _ _______ 112 167 279 84 125 209 22 38 60
Lesotho® __________ 2 9 11 1 2 3 1 2 3
Liberia® __________ 371 259 636 4241 4165 4406 250 150 €400
Sierra Leone® __ _____ 670 1,000 1,670 600 900 1,500 600 900 1,500
South Africa, Republic of:

Premier mine ____ 605 1,817 2,422 509 1,527 2,036 458 1,375 1,833
Other DeBeers

O&roperties’ _____ 2,397 1,961 4,358 2,518 2,061 4579 2549 2,086 4,635

er _________ 438 292 730 408 212 680 332 222 554

otal ________ 3,440 4,010 7,510 3,435 3,860 7,295 3339 3,683 7,022
South-West Africa,

Territoryof _______ 1,491 79 1,570 1,660 87 1,747 1,609 85 lé694
Tanzania __________ 249 249 498 224 224 448 225 225 450
Zaire ____________ T620 12,991 13,611 395 12415 12,810 591 11,230 11,821

Other areas:
B 127 . 127 254 135 135 €270 135 135 €270
12 18 30 8 13- 21 6 8 14
18 3 21 17 3 20 17 3 20
12 3 15 12 3 15 12 3 15
USSR ___________ 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

Worldtotal _______ T11,689 732,833 44,522 10,184 30,924 41,108 10,320 29,406 39,726
®Estimate. PPreliminary. TRevised.

4

Total (gem plus industrial) diamond o;xtput for each country is actually reported exce
imate by footnote. In t ‘the""’separatereportingofgemd‘{am'

where indicated to be an
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 inforination of varying

reliability.

2Exports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported.

’Expo
*Partial figure; January 1 through December 15 only.

SAll company output from the Rt?ublic of South Africa except for that credited to the Premier mine; also excludes

company output from the Territory

ternal crystal lattice defects act as finger-
prints that unambiguously identify a given
cut gem with its parent rough stone or
identify the gem even though it may have
been recut.’

Boron is the dopant responsible for the
acceptor center in semiconducting diamond.
Other potential donors and acceptors are
discussed. At normal temperatures, con-
duction occurs in the valence bond. At low
temperatures, and particularly in heavily

South-West Africa and Botsw:

ana.

boron-doped synthetic diamond, an impu-
rity bond is formed, and conduction takes
place through variable range hopping. Lim-
ited success has been achieved by ion im-
plantation of boron.14

Abstracts relative to properties of dia-
mond-hard materials, machines, and pa-
tents were published monthly in the Indus-
trial Diamond Review. Each issue, January
to December 1976, contained from 14 to 18
pages of abstracts and patent information.

ARTIFICIAL ABRASIVES

Five firms produced crude fused alumi-
num oxide in the United States and Canada
in 1976. Operators of plants in both coun-
tries were The Carborundum Co., Norton
Co., and General Abrasive Co., Div. of U.S.
Industries. The Exolon Co. and Simonds
Canada Abrasive Co., Ltd., operated plants

in Canada. The production of white, high-
purity material was 30,279 tons, and pro-

SLang, A. R., and G. S. Woods. Fingerprinting Dia-
monds bg,lx-Ray Topography. Industrial Diamond Review,
March 1976, pp. 96-103.

4Bourgoin, J. D., and J. Walker. Electrical Conduction
i3% 2"367 d. Industrial Di d Review, October 1977, pp.
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duction of regular grade was 160,512 tons.
Of the combined output of white and regu-
lar, 12% was used for nonabrasive applica-
tions, principally in the manufacture of
refractories. The production was 62% of the
rated capacity of the furnaces assigned to
fused aluminum oxide production. Yearend
stocks were reported as 11,935 tons.

One firm, General Abrasive Co., Div. of
U.S. Industries, produced fused-alumina zir-
conia abrasive in the United States and in
Canada; and three firms, The Carborundum
Co., Norton Co., and Exolon Co., operated
plants in Canada. All production was re-
portedly used for abrasive applications.
The output was 58% of the capacity of the
furnaces assigned to the production of
fused-alumina zirconia. Yearend stocks
were reported as 1,259 tons.

Six firms in the United States and in
Canada produced silicon carbide in 1976.
The Carborundum Co. operated plants in
both countries. Electro-Refractories & Abra-
sives Canada, Ltd., Exolon Co., Norton Co.,
and General Abrasive Co., “Div. of U.S.
Industries, operated in Canada. These five
companies produced crude for abrasive uses
and for refractory and other nonabrasive
uses. Satellite Alloy Corp. operated in the
United States and produced crude for non-
abrasive applications. Production by the six
firms was 81% of capacity, and 37% was
reportedly used for abrasive applications.
Nonabrasive use was 63% of the output and
was mostly for refractory and metallurgical
applications. Yearend stocks were reported
~ as 11,326 tons.

In the Stockpile Report to the Congress
by the General Services Administration, the
inventory of crude fused aluminum oxide in
calendar 1976 was reduced to 249,009 tons,
with 77,229 tons uncommitted excess; the
stock of aluminum oxide grain was
unchanged at 50,905 tons, with the goal
increased to 75,000 tons; and the stock of
silicon carbide crude was 80,619 tons, with
the goal increased to 306,628 tons.

Metallic abrasives were produced by 13
firms in the United States in 1976. Steel
shot and grit comprised 77% of the total
quantity sold or used; chilled iron shot and
grit, 14%; and annealed iron shot and grit,
9%. The amounts from Ohio were 25% of
the total sold or used, the highest of the
producing States. Michigan, Indiana, Penn-
sylvania, Alabama, New York, and Con-
necticut followed in quantity sold or used.
Three companies recycled material: Copper-
weld Steel Co., Glassport, Pa.; Industeel
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Corp., Pittsburgh, Pa; and Kohler Co., She-
boygan, Wis.

TECHNOLOGY

Ceramics are prone to surface damage
caused by grinding, cutting, thermal
shocking, impacting, and even handling.
The resulting flaws cause a decrease in the
actual strength of ceramics. Thermally
shocked alumina regains its strength when
annealed. Cracks appear to heal via the
disappearance of void space between the
grains. The major event during healing
involves pore evolution.s ~

Submicrometer-sized high-purity pow-
ders were offered by Aremco Products, Inc.,
Ossining, N.Y. These powders include alu-

minum, aluminum carbide, barium tita-

nate, boron carbide, cobalt oxide, hafnium
boride, manganese, silicon, silicon nitride,
tantalum oxide, titanium nitride, tungsten
diboride, vanadium diboride, and zirconium
carbide.!s

Coated-abrasives manufacturers intro-
duced specialized products characterized by
high-tensile, low-stretch, tear-resistant
polyester cloth backing, an improved pheno-
lic resin-modified bond system, and sharp
shape classified aluminum oxide grain. The
new abrasives are beginning to make sig-
nificant inroads into paperbacked products
for metalworking."”

Zirconia alumina abrasives have had
great impact on metal and woodworking
industries. Used in grinding wheels and
coated abrasives they have provided 50% to
250% increases in productivity.:®

Escalating production costs, new techno-
logies, tightening air-pollution regulations,
and changing market conditions are forcing
changes in the U. S. abrasives industry.
Abrasive makers are moving away from
direct competition in several market areas;
each firm is concentrating on those seg-
ments of the market in which it holds
strong  technological or marketing
advantages.?®

The Carborundum Co. completed a new
electric furnace for the production of fused

15Gupta, T. K. Crack Healing and Strengthening of
Thermally Shocked Alumina. J. Am. Cer. Socn.g: 59, ﬁo. 5
6, May-June 1976, pp. 259-262.

16American Metal Market and Metalworking News.
f'g;g nglgl Purity Powders Offered. V. 83, No. 32, Feb. 16,

"Larsen, R. Polyester-Backed Abrasives Gain Ground
on Paper-Backed Products. Am. Metal Market and
M(le:alworking News, v. 83, Nz. 51, Mar. 15, 1976, p. 6.

Foundry Management & Technology. New Light on
Zirconia Alumina Abrasives. V. 104, No. 5, May 1976, pp.

69-72.
1%Larsen, R. Change Invades Abrasive Field. Am. Metal
%ket a{:dl E?!etalworking News, v. 83, No. 126, June 28,
s PP. 1, 10.
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aluminum oxide. The furnace has a capaci-
ty of 50,000 tons per year and uses less
electric power per ton of output. Ferrosili-
con is bottom-tapped from the furnace.*

Advanced ceramics are being used in
industrial applications. Manufacturers of
industrial and aircraft gas turbine engines
are giving serious consideration to commer-
cial applications as design factors are more
well known. Advanced ceramics have high
strength at temperatures of 2,500°F and
higher. They are extremely resistant to
oxidation and corrosion at high tempera-
tures. They have very low coefficients of
thermal expansion. These materials resist
mechanical and thermal shock almost as
well as most superalloys and are 60% light-
er. Special cooling is not required to main-
tain high-temperature strength.?* 22
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Airless blast cleaning gives processors
low-cost, environmentally clean options for
a systems approach to surface preparation.
White or near-white clean metal surfaces
are being increasingly specified by design-
ers, engineers, and architects. A single
blast wheel powered by 25 to 30 horsepower
will clean 15 square feet or more per
minute.®

29 argen, R. New Carborundum Furnace To Hike Alum-
inum Oxide Output, Cut Costs. Am. Metal Market and
Metalworking News, v. 83, No. 126, June 28, 1976, p. 11. -

211ron Age. Ad d Ceramics Ct te for Industrial
Jobs. V. 217, No. 18, May 3, 1976, pp. 51, 53.

22Materials Engineering. Silicon Carbide Powder Per-
mits Complex Shapes. N tallic News. V. 84, No. 2,
August 1976, p. 19.

23[ron Age. Technology, Shot Blast Cleaning Heads in
New Directions. V. 218, No. 7, Aug. 16, 1976, pp. 27-31.

Table 12.—Producers of metallic abrasives in 1976

. ot
Company Location I;r:g}loc: 3‘“
AbbottBallCo __ _ _______ West Hartford, Conn ______________ Steel
Abrasive Materials,Inc _ ______________ Hillsdale,Mich _________________ Steel and stainless
steel cut wire.
Abrasive MetalsCo_ _ _ _ __ ____________ Pittsburgh,Pa _ _ _ ______________ Chilled iron and
annealed iron
The Carborundum Co., P: rnDiv_______ 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.
1Co_ Mt.Pleasant,Pa _ __ __ __ __________ Do.
Ervin Industries,Inc _ _ _ _____ . ____ Adrian,Mich_ __________________ Chnlmletil iron and
steel.
Globe Steel AbrasiveCo _ _ __ ___ Mansfield, Ohio _ _ _ ______________ Chilled and
annealed iron
MetalBlast,Inc _ _ _ _________________ Cleveland,Ohio _ _ _ ___ ___________ Do.
National Metal AbrasiveCo _ . ___ oo Steel.
Pellets,Inc _ _ Tonowanda, N.Y _ _ _ __ ____________ Steel and stainless
steel cut wire
Steel Abrasives,Inc __ _ ______________ Hamilton,Ohio _ ________________ Chilled and
annealed iron.
Wheelabrator-FryeIne —__ ____________ Mishakawa,Ind _ ________________ Steel.

Table 13.—Crude artificial abrasives produced in the United States and Canada
(Thousand short tons and thousand dollars)

Kind 1972 1973 1974 1975 1976
______ 166 162 163 134 159
$24,690 $25,471 $33,872 $31,842 $45,953
1 196 241 141 191
$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® __ ____________ 266 301 236 250
Value _ $39,678 $49,775 $91,061 $72,864 $75,372
Total _ — e 585 646 730 528 620
Value _ oo $92,958  $108,808  $175678  $141,580  $176,064

IFigures include material used for refractories and other nonabrasive purposes.

?Shipments for U.S. plants only.
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Table 14.—Production, shipments, and annual capacities of metallic abrasives in the

United States, by product
. Manufactured Sold or used Annual
1
Yo d product Quantity Value Quantity  Value capacity’
sar and prod (short (thou-  (short  (thou. (short
tons) sands) tons) sands) tons)

1975:
Chilled iron shotand grit _ _ ____________ 28,352 $5,539 34,904 $8,428 124,593
Annealed ironshotandgrit ____________ 23,967 5,086 25,010 7,004 49,640
Steelshotandgrit —_ ________________ 178,211 46,338 175,620 56,837 265,650
Other® _ _______ _________________ 543 455 583 595 2,400
Total _ __ __ __ _ . 231,073 57,418 236,117 72,864 442,283

]

1976:
Chilled iron shotand grit _ _ __ __________ 26,556 5,433 34,025 8,015 124,550
Annealed ironshotandgrit ____________ 21,109 4,598 21,688 5,699 52,540
Steel shotandgrit _ _ __ ______________ 188,717 48,125 193,300 61,054 320,670
Other®* ___ _ _ __ __ _ ___ ____________ 798 451 851 604 2,140
Total - __ ____ o _______ 237,180 58,607 249,864 75,372 499,900
1The total %‘uantlty of the various types of metallic abrasives that a plant could have produced dunng the year,
working three 8-hour shifts per day, 7 days per week, allowing for usual interrup and fuel, labor,

and transportation.

2Includes cut wire shot.






Aluminum

By John W. Stamper* and Christine M. Monroe?

World primary aluminum production in-
creased about 3% during 1976 as producers
restarted potlines idled in 1975. Stocks of
primary aluminum held by members of the
International Primary Aluminum Institute
(IPAI), which represents the bulk of inven-
tories held outside the centrally controlled
economies, decreased about 25% during
1976.

U.S. aluminum demand, as measured by
net shipments of aluminum ingot and mill
products to domestic industry, increased

31% compared with the 1975 level. Total
metal inventories held by the domestic
industry at yearend 1976 were 6% lower
than at the beginning of the year. .

Primary aluminum production capacity
increased during the year in 16 countries,
including Brazil, Ghana, India, Japan, New
Zealand, and Taiwan. Additional pro-
duction capacity was under consideration in
Brazil, Indonesia, Mexico, Trinidad, and the
U.S.S.R.

' Table 1.—Salient aluminum statistics
(Thousand short tons and thousand dollars)

1972 1973 1974 1975 1976
United States:
production __ ________________ 4,1 4,529 3,879 ,251
PnoZlnga'.,— rirSrinp vt $2,084,29616 32,206.2454g $3,005,640 82.976'%2; 33.785,4’{4 52
average centsperpound __ ______ X X . X
? __________________ 946 1,040 99 980 1,155
Exports (crude and semicrude) _ _ __________ 329 561 524 T440 484
meom for eonsumpt:on (crude and semicrude) _ * 794 614 629 550 749
___________ 5,744 6,873 6,394 4,555 5,953
on, appmnt’ _______________ 4,926 5,825 5,428 3,904 5,118
World: Production _____________________ 12,138 13364 14,516 713,352 187774
"Revised.
1To domestic industry.

3Not comparable to pn.e'vious years. See table 6 for derivation.

Legislation and Government Pro-
grams.—The shipment of 9,181 tons of
primary aluminum from government inven-
tories during 1976 under the aluminum
disposal program that became effective
November 23, 1965, brought the total ship-
ped under the program to almost 1.9 million
tons. From December 1, 1965 to December
31, 1976, shipments of primary aluminum
by the General Services Administration
were as follows, in short tons:

‘Physwal scientist, Division of Nonfe Metals.
e D o Nserrous Motals.
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DOMESTIC PRODUCTION

Primary.—Primary aluminum produc-
tion increased about 10% during 1976 to
4,251,395 tons, compared with 3,879,146 tons
in 1975. Primary producers restarted pot-
lines idled in 1975 due to decreased demand
and by yearend 1976 smelters were operat-
ing at 90% of rated capacity compared with
74% at yearend 1975.

Domestic primary aluminum production
capacity increased slightly from that of
1975 to 5,193,000 tons per year. The Alumi-
num Company of America (Alcoa) began
production at its 15,000-ton-per-year Pales-
tine, Tex., facility. The smelter used an
experimental process based on the electroly-
sis of aluminum chloride and reportedly
used 4.2 kilowatt-hours per pound of alumi-
num produced, compared with 6.0-7.0
kilowatt-hours per pound of aluminum pro-
duced in the most efficient Hall-type cells,
and with an industry average of about 8
kilowatt-hours per pound.

Noranda Aluminum, Inc., a subsidiary of
Noranda Mines, Ltd., completed the expan-
sion of its New Madrid, Mo., smelter to
140,000 tons per year.

Alcoa announced that it was studying the
feasibility of an additional potline at its
Alcoa, Tenn., smelter. The issuance of rev-
enue bonds to finance pollution control
equipment for the expansion was authoriz-
ed by the Blount County Industrial Develop-
ment Board.

Alcoa agreed to supply Texas Power &
Light Co. with lignite for a generating plant
that the power company will build to supply
power to Alcoa’s 285,000-ton-per-year smel-
ter at Rockdale, Tex.

Anaconda Aluminum Co. was licensed to
use the Alcoa dry-scrubbing process for
control of fluoride emissions at Anaconda’s
Columbia Falls, Mont., smelter.

Kaiser Aluminum & Chemical Corp. sign-
ed contracts with Devon Corp. and Eason
Oil Co. to determine the extent of gas
reserves in the vicinity of Kaiser’s 163,000-
ton-per-year primary smelter at Rav-
enswood, W.Va. The smelter could be
expanded by 50,000 tons per year if long-
term power were available.

Martin Marietta Aluminum Inc. began
modernization and technological improve-
ment at its Goldendale, Wash., and The
Dalles, Oreg., smelters. Emission controls

and solid-state electric power rectification
equipment were installed to increase oper-
ating efficiency of the plants.

The Bonneville Power Administration
(BPA) sent notices of insufficiency to its
industrial users stating that there would
not be enough generating capacity to meet
projected demand by the early 1980’s. If this
occurs electric power from BPA reportedly
would not be able to provide  sufficient
power to aluminum producers after their
current contracts expire. The contracts of
the six primary aluminum producers in the
Pacific Northwest expire between 1984 and
1988.

Secondary.—Recovery of secondary
aluminum-base scrap, calculated from re-
ports to the Bureau of Mines, was 1,155,018
tons, 18% higher than the quantity recove-
red in 1975. Calculated recovery of all
metallic constituents from aluminum-base
scrap in 1976 increased 18% compared with
the 1975 level.

The Bureau estimated that full coverage
of the industry would indicate a total scrap
consumption of 1,741,000 tons in 1976. On
this basis, aluminum recovery would total
1,371,000 tons and total metallic recovery
would be 1,471,000 tons.

Hall Aluminum Co. installed a 150,000-
pound capacity aluminum refining furnace
at its Chicago Heights, Ill. smelter, increas-
ing the facility’s aluminum-melting capaci-
ty to 40,000 tons per year. Keystone Georgia -
Metal Co. began production at its Greensbo-
ro, Ga., secondary aluminum smelter which
was converted from a copper-scrap-process-
ing plant. Texas Reduction Corp. reportedly
began production at its new secondary alu-
minum smelter in Houston, Tex. The $1.7
million plant had a capacity of 22,000 tons
per year. Alcan Aluminium Ltd. purchased
50% interest in International Alloys, Inc.,
which operated a 14,000-ton-per-year secon-
dary smelter in Joliet, Ill. Alcoa began
operations at its 4,200-ton-per-year recyc-
ling facility for aluminum cans in Houston,
Tex. American Can Co. announced that its
subsidiary, U.S. Reduction Co., planned to
build a $2 million plant in Anniston, Ala., to
recover aluminum from scrapped auto-
mobiles.

A municipal-waste-processing plant be-
gan operations in New Orleans, La. Month-
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ly output of the facility reportedly would be
1,200 tons of steel and glass, 520 tons of
copper, 94 tons of aluminum, and other
metals such as brass, tin, zinc, and copper.
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At full capacity the $6.5 million recovery
plant was expected to process 650 tons of
waste per day at a projected cost of $11 per
ton.

Table 2.—Consumption of and recovery from purchased new
and old aluminum scrap in 1976*

(Short tons)
c Calculated recovery
i Aluminum Metallic
Secondarysmelters _______________________ 758,992 598,765 645,639
i 365,190 314,248 336,713
i 121,212 107,506 114,818
'oundries 99,907 86,458 92,607
120,161 46,139 48,637
Total _ _ 1,465,462 1,153,116 1,238,414
Estimated full industry age __ ________ - 1,741,000 1,371,000 1,471,000
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
(Short tons)
Kind of scrap 1975 1976 Form of recovery 1975 1976
New scrap: Unalloyed _______________ 4,519 1,685
Aluminum-base Aluminumalloys __ _________ 914 523 1, 080 300
Copper-| —— Inbrassandbronze _ _ __ ______ s T
Zinc-base _ s {n zinc-basealloys _ _ _________ % 1,308
Magnesium- n magnesiumalloys _ ________
. Dissipative forms® _ __________ 59,734 171, 202
Total _ ___ ___________ Total _ _____________ 980,340 1,155,018
Old scrap:
Aluminum-base
Copper-base _ . ________._
e
Total - _____________ 283,226 340,650
Grandtotal ___________ 980,340 1,155,018
1Aluminum alloys recovered from aluminum-base scrap in 1975, including all constituents, were 742,993 tons from
new scrap and 305, tonsfromoldscrapandsweahedpyg,atotaloflmMSwns
ba i ts, were 868,301 tons from

2Aluminum alloys scra)

d from p in 1976, all
new scrap and 370, 113 tons frog_l old scrap and sweatgsd png, a total of 1,238,414 tons.

in such ingot.

yin 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)
Class of consumer and type of scrap m WN'etmi Cmg'gnp- m
15,387 229,819 230,629 14,577
8,387 134,315 135,504 7,198
449 871 1,179 141
6,265 130,150 126,467 9,948
663 24,444 24,238 869
31,151 519,599 518,017 32,733
12,350 119,618 120,783 11,185
664 8,017 8,171 510
1,827 29,915 4,362
14,841 160,085 158,869 16,057
20,760 90,885 82,106 29,539
66,752 770,569 758,992 78,329
43,802 351,577 349,911 ,468
376 16,218 16,379 215
510 6,034 5,376 1,168
2,010 103,826 104,408 1,428
814 61,712 60,828 1,698
47,512 539,367 536,902 49,977
35,514 35,099 1,382
6,791 98,043 100,635 4,199
16,389 16,637 385
8,391 149,946 152,371 5,966
1,148 17,278 1%:197 1,229
57,051 706,591 706,470 57,172
59,189 581,396 ,540 60,045
8,763 150,533 151,883 7,413
8215 235970 gy 16
1,477 86,156 ,066 2,567
78,663 1,058,966 1,054,919 82,710
13,317 155,132 155,882 12,567
882 19,058 16,059 3,881
7,455 106,060 08,806 4,709
1,578 29,781 30,493 866
23,232 310,031 311,240 22,023
21,908 108,163 99,303 30,768
123,803 1,477,160 1,465,462 135,501
TRevised.
Includes imported scrap. The ing companies reported that 6.62% of total base scrap, or

97,808 short tons, was received on toll arrangements.
3Includes inventory adjustment.
3Includes data on aluminum-copper radiators.
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Table 5.—Production and shipments of secondary aluminum alloys

by independent smelters
(Short tons)*
19752 19762
Podeiots Sh " Prod Shipment
55,868 49,204 73,323 71,5385
282,054 283,568 375,383 372,804
w w w
Sand and ent mold:
95/5 356, 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 vaﬁatwns_ - 36,982 36,452 44 053 43,642
F-132 alloy and variations_ 13,607 13,771 15,163 15,047
Al-Mgalloys_ __ _____________ 1,595 1,495 1, 1,154
AlZnalloys . ___________ 9,873 79,443 14,675 15,022
AlSi alloys (0.6% t02.0% Cu) ___ 4219 4309 42712 1129
Al-Cu (1.5% Si, maximum) _ 4,667 4,883 3,970 3,830
AlSi-Cu-Nialloys —_________ - W W W W
S i e om0 a0 a
rought alloys: Extrusion billets ____ __.________ X
ive :ﬁi other uses: Steel deoxidation:
Gradesland2 _______________________ 17,474 18,767 21,347 26,318
Grades83and4 ____ ___________________ 3,005 2,139 2,132
eous
Pure970%A) _ _ _____________________ 4,517 630 1,685 2,250
Aluminum-base hardeners _ _ ______________ 2,954 3,021 2,763 2,952
Other® __ _ ___ . __ o _____ 217,038 26,471 20,675 20,213
Total _ _ _ o ___ 547,619 538,745 677,079 671,593

W Withheld to avoid disclosing individual company confidential data; included in the “Miscellaneous,”

TRevised.
and “Other” eategone&

1Gross weight, incl: copper, silicon, and other alloying el ts. Secondary smelters used 16,902 and 20,700 tons
of primary aluminum in 1975 and 1976, resp ,,m dary alumi base alloys.
o allowance was made for ," or p by.u plants.
SIncludes data withheld.
CONSUMPTION

The Bureau of Mines estimate of ap-
parent aluminum consumption in end
products such as automobiles, cans, air-
conditioning equipment, and residential sid-
ing, as shown in table 6, increased 31%
com with that of 1975.

Domestic consumption as measured by
net shipments of aluminum ingot and mill
products to domestic industry also was 31%
higher than the 1975 level. Shipments to
the building and construction industry, the
largest user of aluminum, increased 31%
from the 1975 level. The containers and
packaging industry was the second largest
user of aluminum, with shipments totaling
1,285,000 tons, 28% higher than the 1975

level. Transportation applications increased
44% and shipments to electrical markets
increased 9% compared with those of 1975.

The average quantity of aluminum used
in 1976 model automobiles was about 87
pounds per unit compared with 84.2 pounds
per unit in 1975. Estimates indicated that
approximately 100 pounds would be requir-
ed per unit in 1977 models.

Shipments of aluminum sheet to can
producers increased during the year and
aluminum was reportedly used for about
28% of the metal cans produced in 1976,
compared with about 25% of the market in
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
in stocks:!
uminum industry ____________________ +83 +248 395 421 +184
Government +6 +1730 +511 +2 +9
794 614 629 550 749
876 977 978 905 1,062
250 265 304 334 409
Totalsupply ___ ____________________ 6,131 7,363 6,930 5,249 664
total expgrpg ________________________ 329 561 524 6'484
A nt aluminum supply available :
%pa.re actunngy ________________ 5,802 6,802 6,406 4,809 6,180
Apparent consumptwn ___________________ 4,926 5,825 5,428 3,904 5,118
Positive figure i t d stocks, tive figure indicates an increase in stocks.
2Metallu:reotmafyfrt':rmpurclmse(l,ta)lled,orunporﬂ:eflnew:mdoldalum.mumsm'apexpande\‘lforfulllmiustry
coverage.
3Apparent alumi supply available for domesti facturing less recovery from purchased new scrap (a measure
of ption in factured end products).

Table 7.—Distribution of end use shipments of aluminum products

1975 1976
Percent tity Percent
of (thousand of
tons)

226 1,478 23.2

17.2 1 19.2

20.2 1,285 20.2

122 664 104

16 518 8.1

6.6 452 7.1

53 306 4.8

1 23 4

91.8 5,953 93.4

82 421 6.6

100.0 6,374 100.0

Source: The Aluminum Association, Inc.
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Table 8.—Net shipments of aluminum wrought' and cast produéts by producers

(Short tons)
1975° 1976
Wrought products:
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, pe,tube,abapes,drawnandwelded

tubing and rolleti structuralshapes_ . ______________ 821,481 1,070,683
Povwder, flake,and paste__ __ _____ - 49,464 66 187
‘orgings (including impacts) _ 48,577 50 108
Total - 3,713,276 4,857,757
98,666 * 109,824
143,698 188,678
433,144 605,240
12,218 18,848
Total _ o e 687,726 922,590
Grandtotal _ _ _ _ _ 4,401,002 5,780,347
1N« sl'n ved by subtracting the of p ofeuhmﬂlsba. from the domestic

et pments sum du ’ d ti ipt: i i

mduatry'sgrosssb:pment of that shape. pe
Source: U.S. Department of Commerce.
Table 9.—Distribution of wrought products
(Percent)
1975 1976

51.5 544
31 - 31
82 79
34 3.7
91 6.4
9 1
18 . 2.0
117 174
9 1.0
8 1.0
13 14
13 1.0
100.0 100.0

Source: U.S. Department of Commerce.
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STOCKS

Metal inventories held at reduction and
other processing plants as reported by the
U.S. Department of Commerce, Bureau of

Domestic Commerce (BDC), decreased 6%
from 2,999,354 tons (revised) at yearend
1975 to 2,815,324 tons at yearend 1976.

PR!CES

The price of 99.5% pure aluminum ingot
as quoted by the American Metal Market
increased from 41.0 cents per pound at the
beginning of 1976 to 44.0 cents per pound on
June 1. The price increased an additional
4.0 cents per pound to 48.0 cents per pound
on August 13, and remained at that level
through yearend.

Prices quoted by the American Metal

Market for smelters’ secondary aluminum
alloys increased from a range of 40.5 to 50.0
cents per pound at the beginning of 1976 to
51.0 to 59.0 cents per pound at yearend.

Prices quoted by the American Metal
Market for smelters’ scrap aluminum in-
creased from a range of 12.0 to 20.0 cents
per pound on January 2 to a range of 22.0 to
30.0 cents per pound on December 30.

FOREIGN TRADE

Exports of crude and semicrude alumi-
num metal including scrap increased 10%
compared with the 1975 level. Exports of
aluminum ingot decreased durmg the year
but were offset by a marked increase in
exports of scrap. The People’s Republic of
China received 27%, or 41,170 short tons, of
aluminum ingot. Other major recipients of
ingot included Japan, Canada, Mexico, and
Taiwan. Japan received 60% of the scrap

exports during the year.

U.S. imports for consumption of crude
and semicrude aluminum including scrap
increased 36% to 748,624 short tons compar-
ed with 550,279 tons in 1975. Canada sup-
plied 66% of crude metal and alloys and
Ghana supplied 16%. Imports of scrap in-
creased sharply during the year; the major
sources of scrap were Canada (47%) and the
U.S.S.R. (38%).

Table 10.—U.S. exports of aluminum, by class

1975 1976
Class Quantity Value Quantity Value
(short (thou- (short (thou-
tons) sands) tons) sands)
Crude and semicrude:
Ingots, slabs, crude 185,850 $134,064 152,366 $118,644
66,937 29,169 108,958 63,245
171,008 228,684 203,843 261,759
5,008 18,813 5,611 21,232
11,013 25,593 12,937 31,016
439,816 436,323 483,715 495,896
Manufactures:
11,604 24,185 14,785 31,921
3,460 5,434 8,440 11,445
24,416 35,329 26,419 32,576
39,480 64,948 49,644 75,942
479,296 501,271 533,359 571,838
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Table 12.—U.S. imports for consumption of aluminum, By class

Class Quantity Value Quantity Value
(short (thou- (short (thou-
tons) sands) tons) sands)

434,119 $316,873 575,350 © $439,570
5,246 6,018 8,475 10,166
487763 48,656 1042 69,884
6,903 8474 11,563 14,563
442 1,931 480 1,699
54,806 27, 85,714 46,166
550,279 409,538 748,624 582,048
1 7,715 4924 14,395

) 79 ) 114

318 364 285 501
752 882 928 1,180
3,301 9,040 6,137 16,190
553,580 418,578 754,761 598,238

11975—Aluminum leaf not over 30.25 inches in area, 582,500 leaves, and aluminum leaf over 30253quare
inches in area, 87,653,158 square inches; 1 6—alummumlee.fnotover30255quaremchesmgrea,14011941eaves,and

dummmleafwer%%sqummchesmares,mﬁ%sqummches
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WORLD REVIEW

World primary aluminum production in
1976 increased 3% compared with the 1975
level as primary smelters restarted potlines
that had been shut down in 1975 due to
decreased demand. Stocks held by primary
producers decreased steadily during the
year.

Expansions of production capacity were
completed in Brazil, Ghana, India, Japan,
New Zealand, and Taiwan. Construction of
additional smelting capacity was underway
in Australia, Norway, Spain, Venezuela,
and Yugoslavia. Plans for new primary
aluminum reduction facilities were under
consideration in Algeria, Brazil, Costa Rica,
Dubai, Guyana, Iceland, Indonesia, Libya,
Mexico, Paraguay, Saudi Arabia, Trinidad,
and the U.S.S.R. Some projects in Australia,
India, and Japan were postponed indefinite-
ly.
Algeria.—The Soviet Union agreed to
help finance the 154,000-ton-per-year pri-
mary aluminum smelter to be built near
M’sila. Production at the $400 million facil-
ity was scheduled to begin in 1982. A 600-
megawatt power station, technical assis-
tance, and port improvements at Bejaia
were included in the agreement. Alumina
would be imported from Guinea and Jamai-
ca.
Australia.—Comalco Ltd. postponed in-
definitely plans for a 353,000-ton-per-year
smelter at Gladstone, Queensland due to
decreased demand and high construction
costs. The company resumed work on a new
potline at its Bell Bay, Tasmania smelter.
Upon its scheduled completion in 1977,
capacity of the facility would be 126,000
tons per year.

Bahrain.—Western Metals Corp. and
Amalgamated Metals Corp. sold their share
in Aluminium Bahrain Ltd., which opera-
ted a 132,000-ton-per-year smelter. Owner-
ship of the facility at yearend included the
Government of Bahrain (78%), Kaiser Alu-
minum & Chemical Corp. (17%), and Breton
Investments (5%).

Brazil.—Cia. Vale do Rio Doce (CVRD)
and the Light Metal Smelters Association
(LMSA) announced an agreement to build a
3850,000-ton-per-year primary aluminum
smelter at Belem. The facility, which would
be based on bauxite from the Trombetas
project, would use hydroelectric power from
the Tocantinas River. Japanese members of
the consortium agreed to supply abcut $600
million of the estimated $1.3 billion cost of

the project.

Reynolds International, Inc. and CVRD
formed a new aluminum company, Vale do
Sul Aluminio, S. A. (Valesul), to build an
88,000-ton-per-year smelter at Sepetiba Bay
near Rio de Janeiro. The $250 million pro-
ject was scheduled to begin production in
1979. Alumina would be supplied by Rey-
nolds until the Alunorte bauxite-alumina
project was completed.

Alcan Aluminio do Brasil, S.A. announc-
ed plans to expand its 35,000-ton-per-year
smelter at Saramenha to 66,000 tons per
year by 1980. Companhia Mineira de Al-
uminio doubled the capacity at Pogos de
Caldas to 66,000 tons per year and
announced plans to further expand the
plant to 99,000 tons per year. Aluminio do
Brasil Nordeste, S.A., completed the expan-
sion of its Aratii smelter to 31,000 tons per
year.

Cameroon.—The Government of Came-
roon announced that within the next 5
years development of bauxite deposits
would start, the construction of an alumina
refinery would be underway, and the trip-
ling of the 61,000-ton-per-year primary al-
uminum smelter at Edea would be comple-

Canada.—Alcan Aluminium Ltd. pri-
mary aluminum smelters at Arvida, Que-
bec; Isle Maligne, Quebec; Beauharnois,
Quebec; and Kitimat, British Columbia; we-
re closed on June 3, 1976, due to a strike,
and metal froze in the pots at the three
Quebec smelters. Production was resumed
later in the month at the Kitimat facility. A
settlement between the company and the
Federation des Syndicats du Secteur Alumi-
nium (FSSA) in Quebec was reached Nov-
ember 14. Full production at the smelters
was not expected until early 1977.

A strike occurred at the Alcan smelter at
Shawinigan Falls, Quebec, in November,
closing that plant through yearend.

Alcan announced plans to build a 200,000-
ton-per-year smelter at Port Alfred, Quebec,
where a 2,500-acre site was purchased in
1975. Design and engineering work was
underway.

The Quebec Government announced
plans to increase the fee charged private
firms for use of public water resources used
to generate hydroelectric power.

Costa Rica.—The National Aluminum
Commission sought partners for a 100,000-



ALUMINUM

to 300,000-ton-per-year aluminum smelter
to be built in Boruca. The project included a
hydroelectric plant as well as the related
infrastructure. Alcan, Kaiser, Alumax, Inc.,
and Martin Marietta Aluminum, Inc., have
reportedly expressed interest in the $1.2
billion project.:

Dubai.—The Government of Dubai and
an international group of banks arranged a
$200 million loan to help finance a proposed
132,000-ton-per-year smelter at Jebel Ali.
British Smelter Construction would build
the facility. Initial production was schedul-
ed for 1979 with full capacity production
scheduled for 1981. Southwire Corp. and
Nissho Iwai Co. signed 12-year contracts to
buy 80% of the aluminum production. Own-
ership of the facility consisted of the Gov-
ernment of Dubai (80%), Southwire Corp.
(7.5%), Nissho Iwai (7.5%), and local inter-
ests (5%).

France.—The Government of France lift-
ed price controls on domestic primary alum-
inum ingot at the beginning of May. Pechi-
ney Ugine Kuhlmann increased the price of
99.5% purity ingot from 43.4 cents per
pound to 45.6 cents per pound, and in July
increased the price to 48.7 cents per pound,
where it remained at yearend.

Germany, West.—Hamburger Alumin-
jum-Werke G.m.b.H. announced that its
110,000-ton-per-year aluminum reduction
facility in Hamburg operated at 100% of its
rated capacity during the year. The smelter
had operated at two-thirds of capacity since
startup in 1973 due to various court actions
involving environmental issues.

Swiss Aluminium Ltd. (Alusuisse)
purchased the remaining 50% equity share
in Leichtmetall G.mb.H. from Metall-
gesellschaft A.G. Leichtmetall operated a
143,000-ton-per-year smelter at Essen.

Ghana.—Volta Aluminium Co. Ltd. com-
pleted expansion of the Tema smelter to
220,000 tons per year. Kaiser owned 90% of
the facility, and Reynolds owned 10%.

Guyana.—Plans for a 165,000 to 240,000-
ton-per-year smelter were under consider-
ation. Power for the facility would be sup-
plied by a 600- to 1,000- megawatt hy-
droelectric project on the Upper Mazaruni
River. Production was scheduled for 1982.

Hungary.—The primary aluminum smel-
ter and alumina refinery at Ajka were
scheduled to be modernized between 1976
and 1980. .

Iceland.—The Government of Iceland
and Norsk Hydro A/S announced that preli-
minary studies were underway for a
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110,000-ton-per-year smelter to be located in
Eyjafjordur. The facility, to be based on
geothermal power, was scheduled to come
onstream in 1982.

India.—The ban on exports of primary
aluminum was lifted due to decreased do-
mestic consumption. During the fiscal year
1975-76, 15,000 tons of commercial grade
metal were exported.

Bharat Aluminium Co. completed the
expansion program at its Korba, Madhya
Pradesh smelter, increasing the capacity of
the facility to 55,000 tons per year. Power
availability will determine whether expan-
sion of the plant to 110,000 tons per year is
feasible.

Indian Aluminium Co. Ltd. (Indal) in-
creased the capacity of its Belgaum smelter
to 83,000 tons per year. However, power
shortages at yearend forced a 50% decrease
in the plant’s operating rate. The Indal
smelter at Hirakud also experienced power
shortages. )

Hindustan Aluminium Co. announced
plans to expand its primary smelter at
Renukoot, Uttar Pradesh, by 27,000 tons
per year.

The Indian Planning Commission post-
poned indefinitely plans for the 55,000-ton-
per-year aluminum reduction facility at
Ratnigiri, Maharashtra.

Indonesia.—The Governments of Indone-
sia and Japan agreed to lend Indonesia
Asahan Aluminium Co. $87.5 million for
equipment for the Asahan aluminum pro-
ject. Production was scheduled for 1981 with
an initial capacity of 83,000 tons per year.
Expansion to 250,000 tons per year was
planned.

Iran.—A second primary aluminum smel-
ter to be built in conjunction with India and
the U.S.S.R. was under consideration.

Italy.—The State corporation Ente Parti-
cipazione Finanziamento Industria Mani-
fattura (EFIM) announced that Alumetal
S.p.A. would gradually phase out pro-
duction at its primary smelters in Mori and
Bolzano. Planned expansion of Alumetal’s
Fusina smelter was expected to compensate
for the phased-out production capacity. So-
cietd Alluminio Veneto per Azioni (SAVA)
reportedly would phase out its smelter at
Porto Marghera.

Japan.—Sumikei Aluminium Co. com-
pleted construction of a 50,000-ton-per-year
primary aluminum smelter in Sakata, but
production startup was postponed indefi-
nitely. The facility is owned 456% by
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Sumitomo Light Metal Industries, 20%
each by Sumitomo Metal Industries, Ltd.,
and Sumitomo Chemical Co. Ltd., and 5%
each by Sumitomo Bank, Sumitomo
Shintaku, and Sumitomo Shoji Co.

Mitsui Aluminjum Co. Ltd. brought its
23,000-ton-per-year expansion at Omuta,
Miike onstream at yearend. Furukawa Alu-
minium Co. Ltd. postponed indefinitely
plans for a 77,000-ton-per-year primary alu-
minum smelter in Mikuni, Fukui Pre-
fecture. Mitsubishi Chemical Industries,
Ltd. formed a new group, Mitsubishi Light
Metal Industry, to handle primary alumi-
num production and sales.

Showa Light Metal Co., which was owned
50% by Showa Denko K.K. and 50% by the

" Fuyo group, took over management of the
Chiba smelter in October and reportedly
was to begin management of the Omachi
and Kitikata aluminum reduction facilities
in early 1977.

Libya.—The Government of Libya contin-
ued to discuss plans for an aluminum smel-
ter with the Government of Yugoslavia
which would have a 30% to 40% equity
sharein the project.

Mexico.—Alcan Project Semces signed
an agreement with Jalumex S.A. de C.V. to
undertake a feasibility study for a 165,000-
ton-per-year primary smelter. Alumina
would be supplied from a planned alumina
refinery at Manchester, Jamaica.

Netherlands.—Billiton N.V. withdrew
from Holland Aluminium N.V., which op-
erated a 106,000-ton-per-year smelter at
Delfzijl.

New Zealand.—New Zealand Aluminium
Smelters Ltd. began production in its new
42,000-ton-per-year potline at the Bluff
smelter. Total capacity of the plant was
165,000 tons per year.

Norway.—Expansion of the Lista Alumi-
niumverk A/S (Elkem) primary aluminum
plant at Lista to 90,000 tons was completed.
A/S Ardal og Sunndal Verk (ASV) an-
nounced plans to complete expansion of its
Ardal smelter to 203,000 tons per year by
1978. ASV also planned to build an alumi-
num foundry at the Hoyanger aluminum
facilities with startup scheduled for 1979.

Paraguay.—Reynolds Metals Co. an-
nounced that it was considering partici-
pation in a 110,000-ton-per-year primary
aluminum smelter. The $500 million pro-
ject would use power from the Itaipu hy-
droelectric project and Reynolds would sup-
ply alumina.

Saudi Arabia.—Plans for a 220,000-ton-
per-year smelter to be built at either Yambo
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or Jubail were included in the next 5-year
plan.

Spain.—Aluminio de Galicia, SA. (Aluga
sa), announced plans to expand primary
aluminum production capacity at its La
Coruiia facility to 105,000 tons per year.

Construction of the San Cipriano alumi-
num smelter continued and Aluminium
Pechiney signed agreements with Aluminio
Espaiiol, S.A. to provide technical assis-
tance for the project. Production at the
176,000-ton-per-year facility was scheduled
to start in 1979.

Sweden.—The Ministry of Industry decid-
ed not to participate with Granges Alumi-
nium A/B in the planned expansion of the
Sundsvall smelter, resulting in postpone-
ment of the project.

Taiwan.—Taiwan Aluminium Corp.
completed the expansion program at its
Kaohsiung facility. The complex was ex-
pected to reach full capacity production of
75,000 tons per year by yearend.

Trinidad.—The Governments of Trinidad,
Jamaica, and Guyana awarded Kaiser Alu-
minum & Chemical Corp. a contract to
undertake a feasibility study for an 83,000-
ton-per-year smelter in Trinidad. Jamaica
and Guyana would each own 33% of the
$165 million facility and would supply baux-
ite for the alumina refinery. Trinidad would
own the remaining 34% and would supply
natural gas. Plans called for eventual ex-
pansion to 193,000-ton-per-year capacity.

Turkey.—The U.S.S.R. undertook a feasi-
bility study for the expansion of the Sey-
diseher aluminum complex. In addition to
supplying technical assistance, the U.S.S.R.
earmarked $50 million of a $1.2 billion loan
to the Turkish Government for the expan-
sion project.

U.S. S.R.—Pechmey Ugine Kuhlmann
signed an agreement with the Soviet Union
to build a 1.1 million ton-per-year alumina
refinery in Siberia and also reached agree-
ment to negotiate terms for a 550,000-ton-
per-year smelter in Sayona-Sushenskaya.

Gerald Metals and Derby & Co. of the
United Kingdom signed agreements with
the Soviet Union to purchase about 30,000
tons each of primary aluminum ingot.

United Kingdom.—Kaiser Aluminum &
Chemical Corp. announced plans to expand
the Anglesey Aluminium Ltd. smelter at
Holyhead by 55,000 tons per year.

The British Aluminium Co. smelter at
Invergordon lost 6,000 to 8,000 tons of pri-
mary aluminum production due to a fire in
the electrical rectifier.
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Venezuela.—New Venalum, comprised of
Corporacion Venezolana de Guayana (80%)
and a Japanese consortium consisting of
Sumitomo Metal Mining Co. Ltd., Mitsub-
ishi Metal Corp., Kobe Steel Co., Marubeni
Corp., and Showa Denko K.K., contracted to
purchase 1 million tons of alumina over the
next 5 years from Surinam through Monta-
nore BV and from Jamaica through Rey-
nolds Metals Co. The alumina would supply
the 77,000-ton-per-year New Venalum smel-
ter which was under construction at San
Felix.

Yugoslavia.—The U.S.S.R. was awarded
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a contract to supply equipment and mate-
rials for the expansion of the Titograd
smelter to 110,000 tons per year. Banque de
Paris et des Pays-Bas agreed to provide the
financing and Pechiney Ugine Kuhlmann
would provide technical assistance.

The Tvornica Lakih Metals Boris Kidric
smelter at Sibenik was under expansion to
110,000 tons per year to be completed in
1977. Construction started on the 94,000-
ton-per-year smelter at Mostar. .

An aluminum-waste-processing plant was
under construction at Lozovac, the site of a
phased-out primary smelter.

Table 14.—Aluminum: World preduction,! by country

(Thousand short tons)
1974 1975 19767

1,125 978 690
45 44 47
4,903 3,879 4,251
1 26 50
r139 134 149
38 49 251
58 64 55
101 98 98
55 48 55
434 422 424
65 65 65
759 747 768
r164 149 148
76 kil 8
bk 68 72
238 210 228
277 288 282
731 656 670
112 113 110
206 225 220
211 234 236
91 85 90
96 87 86
1‘580 1,690 1,760
323 340 369
162 185 218
52 57 63
. 2 61
173 158 162
83 84 86
130 128 185
165 180 220
142 184 234
54 34
1,232 1,117 1,013

19 20 1
35 31 28
- 18 39

242 236

122 120 154
14,516 18,352 13,774

®Estimate.

PPreliminary.  "Revised.
10utput of primary unalloyed ingot unless otherwise specified.

3Includes unalloyed ingot.

“Includes primary alloyed ingot.

SIncludes
production, is as follows, in uhort tons: 1974—6,206; 197

of al 99.99% Al), a tly included in the total unalle i
production of superpurity aluminum ( m,&l in the reported t oyed ingot
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Table 15.—Aluminum: World capacity, by country?

(Thousand short tons)
1974 1975 1976

1,210 1,175 1,175
50 50 50
4,916 5,021 5,193

40 40
127 140 187
73 73 3

55
102 102 101
72 72 72
462 448 452
88 88 94
830 832 841
160 160 160
69 69 69
84 84 84
340 340 321

- 293
- 718 733 768

- 122 122 1

- 132 132 132
- 204 238 240
- 95 95 94
- 100 105 104
- 1,578 2,140 2,555
- 399 399 403
_ 288 221 199
- 61 61 61
110 110
169 169 220
88 88
132 132 132
220 270 270
290 289 330
50 55 55
1,434 1,492 1,627
20 20 20
42 42 85
66 66 66
265 254 256
123 - 123 165
15,567 16,398 17,388
1Detailed information on the individual aluminum reduction fohn“ is available in a 2-part report which can be
obtamed from Chief, Division of Finance, Bureau of Mines Bldg Federal Center, Denver, Colo . Part One of
Alumimum Plants, Worldwide,” which costs $9.70 pr ity for
1976-83, and sources of enelﬁnand aluminum raw _materials for forei and domesti primary lumi plants,
mcludmg those in centrally planned economies. Part Two, which costs $2. izes producti ities for 1976-

83, by smelter and country.

TECHNOLOGY

Conservation of energy and minimizing
the impact of environmental standards and
costs continued to be major research ob-
jectives of the aluminum industry. Results
of recent studies presented at the Alumi-
num Association Energy Conservation
Workshop were published.* Spurred by in-
creasing energy costs, aluminum producers,
fabricators, finishers, and end-product
manufacturers have undertaken extensive
investigations to reduce overall energy re-
quirements. Much of the research centered

around conservation of energy through re-
cuperation of heat energy evolved from a
processing step, such as melting or anneal-
ing, and returning it to the process to
preheat the air and fuel used, or the metal
itself.

A heat-wheel recuperator made of ceram-
ic material for use at temperatures up to

SLight Metal Aluminum Industry Conservation
Workshop, Part 1. 34 No. 5—6 June 1976, pp. 5-16.

Alumin u.mgq Conservation ‘Workshop,

Part2V34No7-8A 6, pp. 5-15.
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1,600°F reportedly was gaining acceptance
in the aluminum industry. The heat wheel
involves the passing of hot exhaust gases
through one side of a slowly rotating wheel,
absorbing the heat, while cold air is heated
by passing it through the other side of the
wheel in the opposite direction. The heated
air can then be fed directly to a combustion
furnace or used to preheat the metal direct-
ly. Alternating the direction of the air flow
helps prevent buildup and subsequent plug-
ging of the openings in the wheel by parti-
culate matter. Efficiencies of the heat wheel
approach 70%. At one aluminum billet
heating furnace facility, installation of ce-
ramic heat wheels reportedly reduced fuel
consumption from 1.7 cubic feet of natural
gas per pound of aluminum to 0.65 cubic
foot per pound. Preheating of combustion
air by a ceramic heat wheel in another
facility reportedly saved 60% of the fuel
used per heating cycle and shortened the
cycle by about 25%.

Under a Bureau of Mines contract, Bat-
telle Columbus Laboratories reviewed and
assessed the development of alternative alu-
minum production processes that might
conserve energy.* A 20% energy savings
was believed possible by replacing the con-
ventional Hall-Heroult process for produc-
ing primary aluminum which is based on
the electrolysis of aluminum oxide by the
Alcoa process. The Alcoa process is based on
_electrolysis of aluminum chloride. However,
direct operating costs of the Alcoa process
were estimated to be about 10% higher than
the Hall-Heroult process. Other processes
evaluated used more energy. In another
study the energy savings of the Alcoa pro-
cess were estimated to be 30% in compari-
son with the Hall-Heroult process and pro-
duction costs of the two processes were
almost the same.®

Background information on the impact of
air pollution control standards on the pri-
mary aluminum industry was summarized
in a report.® The report stated that, based
on an economic analysis and other available
information, the following conclusions
could be drawn (cost data are in 1975
constant dollars):

(1) Growth in total domestic primary
aluminum capacity and supplies will not be
adversely affected by the promulgated
standards.

(20 The promulgated standards will
accelerate the current industry trend to
prebake cells and away from Soderberg
cells.

(8) The standards are expected to result in
an investment cost increase at new primary
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aluminum plants of approximately $95 per
ton of capacity (first quarter of 1975) or
approximately 8% of the cost of a new
uncontrolled plant.

(4) Existing control levels are estimated to
require average investment costs of approx-
imately $65 per ton of aluminum capacity.
Viewed as an incremental cost, the promul-
gated standards would require an invest-
ment cost increase over the current indus-
try average of $30 per ton of capacity.

(5) The standards are expected to result in
an annual cost increase at new primary
aluminum plants of approximately $16 per
ton, or 0.82 cent per pound of aluminum
produced (assuming no existing State con-
trol requirements would apply). A total
annual cost increase of approximately $31
million in the fifth year is expected to result
from the imposition of the standards (mak-
ing the same assumption). If the entire cost
increase were passed on to consumers, it
would amount to a price increase of 2.1% of
current prices. Allowing a pretax return on
the pol.lutlon control caplta.l of 20% would
result in a total price increase of approxi-
mately 1.8 cents per pound of aluminum,
or 4.6% of current prices.

(6) The level of cost for control of fluoride
emissions to the air currently being incur-
red by the industry averages approximately
$14 per ton of aluminum, or 0.7 cent per
pound.

(7) The standards would result in the
reduction of fluoride emissions to the air of
approximately 48 pounds of fluoride per ton
of aluminum produced (96%) in the case of
an uncontrolled plant and 11 pounds per
ton of aluminum produced (85%) in the case
of a plant employing the industry’s current
average level of control.

(8 No plant closings or production cur-
tailments are expected to result from the
imposition of the standards.

(9) The energy requirements for air pollu-
tion control systems currently in use at
existing primary aluminum plants and the

“Battelle Columbus Laboratories. Energy Use Patterns
in Metallurgical and N Mineral Processing
(Phase 9-Areas Where Alternative 'l‘echnolog:n Should be
Developed to Lower Energy Use in Producti H:gh—
Priority Commodities). B&nﬂ File Rept. 11’1(1)-

1976, 10-19; available for tation at the
Mmupqxbmnel

from
prmgﬁeld. Va.,, P’B 261 150/AS
SU.S. Environmental
Considerations of Selected

: Alumina/Al
/7-76-034h, Deoember 1976 139 pp.
tal Protection Agency.
Infnrmnon for Standmds of Performance: Alu-

Primary
minum pplemental Information, v. 8, EPA
450/2-74-020c, January 1976, 47 pp.

mE
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energy requirements to meet the 1983 Envi-
ronmental Protection Agency effluent
guidelines at these plants have been esti-
mated to total 285 kilowatt-hours per ton of
-aluminum produced (industry-wide aver-
age). The energy requirements for air pollu-
tion control for a new prebake plant (only
prebake plants are expected to be built)
have been estimated at 211 kilowatt-hours
per ton of aluminum produced.

In another study of the energy used for
pollution controls and the environmental
impact of production of primary and sec-
ondary aluminum metal, the total cost of
pollution controls (1975 basis) was esti-
mated at $10.16 to $13.59 per metric ton of
primary aluminum and $4.98 to $10.10 per
metric ton for secondary.”

Information on pollution control perfor-
mance standards for primary® and second-
ary® sources of aluminum was published.

In a patented process, developed by the
Bureau of Mines,” aluminum metal is re-
covered from processed wastes such as dross
and beverage-can scrap without use of a
flux. Aluminum is recovered by heating the
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wastes to a temperature above the melting
point of aluminum (about 660°C) but below
about 800°C while maintaining the wastes
under a protective gaseous atmosphere
which is substantially inert to molten alu-
minum. Argon is preferred as the protective
atmosphere. After the aluminum-contained
in the wastes has been melted, the heated
material is agitated gently to agglomerate
the molten aluminum and to cause it to
settle and collect in the bottom of the
containment vessel. Molten ‘aluminum’ is
then removed from the vessel leaving a
substantially inert residue.

7U.S. Environmental Protection Agency. Environmental
Impacts of Virgin and Recycled Steel and Aluminum.
EPA-530/SW-117¢, 1976, 115 pp.; available ftom National
Technical InformatlonServwe, Spnnsﬁeld a.
8U.S. Environmental Protection Agency. Ai
Performanoe Standards for New Statio
Aluminum Industry Part 3. Federal
. 3826-3830.

pn.
,v 41,

Agency. Nonfemms
acturmg Point Source Category, Inte:
Rulemaking. Part 3. Federal Register, v. 41, No. 242, Dec.

K ‘}1?1176 o Us.
on D. ( ed to the
Interior). Fluxless 8881811 of Metallmsxlcretaryumlm:m From

Wastes. U.S. Pat. 3,999,980, Dec. 28, 1976.



Antimony

By John A. Rathjen!

The U.S. antimony industry during 1976
registered increases in all phases of activity
with the exception of domestic mine pro-
duction. Consumption rose to 15,337 tons,
reflecting increased demand in the chemi-
cal area, particularly as a flame retardant.
Smelter and secondary production and im-
ports rose, but exports were virtually
unchanged. Industry stocks also rose slight-
ly, increasing above the record high level
established in 1975. ‘

Domestic mine production dropped
sharply as a result of a strike at the Sun-
shine mine in Idaho. The strike began in
March and was in effect for the remainder
of the year.

The generally increased level of business
activity during the first half of the year
precipitated a price rise in September to
$1.79 per pound from $1.60 per pound,
which had prevailed since June 1975.

Legislation and Government Pro-
grams.—Government stocks of antimony
remained at 40,700 tons. On October 1, 1976,
the Federal Preparedness Agency (FPA), a
part of the General Services Administration
(GSA), established a new goal for antimony
of 20,130 tons. This action created a surplus
of 20,570 tons, but Congressional approval is
required for disposal. Antimony remained
on the list of commodities eligible for ex-
ploration assistance under the program ad-
ministered by the Office of Minerals Ex-
ploration (OME). However, funds for ex-
ploration projects have not been requested
from Congress since fiscal year 1974.

Federal income tax laws under the Tax
Reform Act of 1969 provided a percentage
depletion allowance of 22% for domestic
production and 14% for U.S. production
from foreign sources. : )

1Mineral specialist, Division of Nonferrous Metals.

Table 1.—Salient antimony statistics

(Short tons)

1972 1973 1974 1975 1976
489 545 661 886 283
13,344 17,206 16,657 12,189 14,618
22,428 ,062 23,570 17,964 19,799
121 515 871 340 341
23,743 21,265 22,119 18,706 21,770
16,124 20,613 18,041 12,987 15,887
59.00 68.50 181.76 176.58 165.26
World: Production _ - oo 78,986 76,920 9,118 76,700 76,286

"Revised.

d