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FOREWORD

As a child, born into a rainy country and brought i the
midst of what at that time was advanced modern pingy | took
water for granted. One turned a tap and water apdedhat was
all there was to it. With foreign travel came thiscdvery that things
weren't as simple as all that. | rented a delightflia in the hills
above Florence. What a paradise! But the pump shauld have
raised the bath water from a well in the courtystabped working;
and a little later, when the pump had been repaitieele was no
water in the well. From one dry hole | moved onatsuccession of
vast dry regions. | crossed the deserts of Rajputard what is now
Pakistan; | visited the city of Bikaner, where theater supply
is hoisted from deep wells by oxen harnessed tmpe,rat the
other end of which is a leather bucket. Then cahee deserts of
the American Southwest, seen first at the end ofea cycle and
later lived in during a prolonged drought whichdfily dried my well
and the wells of most of my neighbors. No rain, water in the
wells. It stands to reason, doesn't it? But in sqiaees there is no
rain, and yet an unfailing abundance of water i wells. At Nefta
in the Sahara, at Jericho in the Jordan valleyaw $hings which,
by all the rules of common sense, | had no righbé¢oseeing. Nefta
lies in a part of the desert where it rains on dlhierage once every
three or four years; for the rest of the time thisrenly wind and
sunshine. But though no water falls from the skgtew comes pour-
ing out of the ground—enough water to support adbrof date
palms and a population, in that incredibly fertdasis, of several
thousands. And after Nefta there was Jericho. Reris the site of
the first walled city, built by a neolithic peopteousands of years
ago. And for thousands of years before that citys visilt men
had lived on what was to become its site. Jerichand has always
been an island of greenery in the barren land. plage where, by
all the rules, there should be no water, a sprirghgs out of the
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rock and has been gushing from time immemorialni-these two
sets of object lessons | learned two significantsabout water; first
and most obviously, that over vast expanses ofetir¢h's surface,
water is scarce or non-existent; and second (toextyeme puz-
zlement) that here and there water makes its appearin places
where it seemingly has no right to be present.

Such was the extent of my knowledge when, some Years
since, | first met Stephan Riess. After seeing & & his wells
spouting water from the solid granite at the rafetwo or three
thousand gallons a minute, and after listening batwhe had to say
about faults and fissures, about juvenile water prichary water,
about hydrogen and oxygen coming together at tegiperatures and
under vast pressures in the bowels of the earthrsim, as HO
towards the surface, wherever the crust was weakghn to under-
stand the mystery of Nefta and Jericho; and | bedahe same time
to feel a little more hopeful about humanity's pess for survival
and a good life on this underwatered and soon tousepopulated
planet.

And now comes Michael Salzman's book. Jack ofralids and
master of four or five, Salzman is one of thoses ramdispensable
men who refuse to confine themselves to a sing&lemic pigeon-
hole, but with systematic restlessness and a bessdiuriosity climb
about on the woodwork between the specialistslatsd boxes, peer-
ing in now here, now there, and correlating the Wedge they
extract from each compartment into a comprehenpiattern that
permits a better understanding of the artificidiiplated facts and,
along with a better understanding, the possibiiftynew and more
fruitful kinds of action.

If Riess is right (and the proof of the puddinginsthe eating
—or rather, since we are dealing with water, in thimking), and
if Salzman has correctly stated the chemical aralog&al reasons
why Riess finds water in places where orthodox olmdists affirm
that it cannot possibly exist, then clearly we mhbst prepared to
make a number of revolutionary changes in our ideas our poli-
cies. If brand new, primary water can be found rikarplace where
it is to be used, then the building of huge damsnpound old
waters, and the digging of long canals to leadwhter to its place
of use, will become completely unnecessary. Evessemvoir be-
hind a dam is bound, sooner or later, to silt upttg time Cali-
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fornia has fifty million inhabitants and five orxstimes its present
water needs, Lake Mead will be well on its way twcdming the
world's largest beaver meadow, and the Featherr Fiveject, after
bankrupting the state, will be hard at work depiegitmud. If Riess
and Salzman are right, the needs of Californiataréumillions can
best be supplied, not by inordinately expensive glamd aqueducts,
but by drilling into faults and fractures for locsburces of new pri-
mary water.

Again, if Riess and Salzman are right, it will bespible to use
the applied science of tapping primary water ineortb ease the
political tensions and alleviate the chronic misemf the Middle East
and Africa. The high dam at Aswan will reach cortiple at a date
when Egypt's population will have already outsteg@pthe yield
of the new lands which that future beaver meadoW eive made
fertile. How much quicker, cheaper and more effitito start drill-
ing for primary water in the rocks that shut in tHi¢e Valley! Time
is everywhere against us; and unless we can preetdeigh extra
food in the desperate interim between present pgipul explosion
and future population stabilization, the sociabramic and political
consequences of death-control without birth-contn@ bound to be
disastrous. The extra food can be produced mostlyapy sup-
plying the vast dry areas of the earth with waterd this in turn
can be done most rapidly by locating and exploitthgse deep
telluric sources which (if Riess and Salzman aght)i are nearly
ubiquitous and for all practical purposes inexhiglest

And even in those regions where rain falls andrsiven, pri-
mary water may turn out to be useful and even pefisable. As
population grows and technology advances, more rante water
is consumed. And not only is more and more watesgemed; more
and more sources of water are polluted. To the @arand excre-
mentitious pollution with which we defile our river lakes and
beaches there is now added regularly radio-actleition. Danger-
ous even in peace time, such radio-active contaiinanight have
the most appalling consequences during and aftesraln the years
ahead, and for the inhabitants of densely populatetihighly indus-
trialized countries, sources of uncontaminated andontaminable
water will become increasingly valuable.

For everybody's sake, let us hope that Riess afm@a are
right. Having seen some of Riess's wells and hanow read the
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proofs of Salzman's book, | myself not merely hdpet, feel pretty
sure that they are right. It remains to be seenthdnethose who
are now regarded as experts in the field of hydypland the poli-
ticians whom they advise will also agree that adyoase has been
made and that large-scale experimentation is irerordested inter-
ests are of many kinds. There is the intellectiedted interest of
those who have taken their doctorates in a sciah@ecertain stage
of its development, who have taught and appliedt th@ence
at that particular stage, and who regard any quastj of the postu-
lates underlying that science at that stage asrsopal affront and
a menace to their position in the Establishmend #ren, of course,
there are the more substantial vested interestsonfractors who
make money by selling concrete for dams and inogatvorks, of
bankers who make money by handling state and mpaliddonds,
of bureaucrats who, obeying Parkinson's Law, feeli@e to expand
their departments and extend their authority, ditip@ns who find
it prudent to say yes to powerful pressure grolag. even against
vested interest truth (particularly if it be a udefruth) will ulti-
mately prevail. How long is 'ultimately'? That fetquestion.

—Aldous Huxley
March 21, 1960
Topeka, Kansas
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PREFACE

According to an old Hindu legend, all men on eastre Gods.
Man sinned and thereupon the Brahma God, the Goall dBods,
deciding to remove man's God head and hide it wiviaa would
not find it, called a council of the Gods.

One God recommended that the God head be hidden dieen
in the ground. Another God counseled that the Gealddhbe hidden
atop the highest mountain. A third God suggested ithbe sunk in
the deepest part of the ocean. Each of these thbnBr God re-
jected—he said: "Man will dig deep into the eaffan will climb
the highest mountain, Man will search out the buttof the seas
and Man would find the God head."

Finally, the God of Wisdom said: "Let us hide itwdoin Man
himself." "Yes," said the Brahma God, "we will hittee God head
there, because Man will never think to look fowithin himself."

Everything on the earth, including its very atmasghbut ex-
cluding meteorites and meteoritic dust, has conoenfwithin the
earth. In attempting to solve water shortage probleman has
ignored this basic fact and instead has erectedhesigng monu-
ments of tremendous proportions which in the futuié serve only
to attest to man's ignorance.

Our knowledge of life, of the world and universeoward us,
comes from observation and interpretation of boXpeeimental
procedures and various natural phenomena. Howeter, con-
nection between the interpretation and the observas frequently
more tenuous than most people suspect. That whaskegs as true
is rarely questioned, especially so if the intetsien has been
long accepted by both the expert and the non-exgliéwt. Conse-
quently, propositions which may be most in needinvestigation
may go by unquestioned.

The hydrologic cycle theory, upon which our currerter pro-
curement endeavors hinge, is correct as far ame# ut it doesn't
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go far enough. Conventional ground water wells dnitbed into the
unconsolidated rocks, namely the sands and gravetsuse they are
porous and permeable to the infiltration of surfagaters. Such
wells, therefore, are completely dependent upomlloates of pre-
cipitation which may be adequate or almost nonteris Where local
rates of precipitation are inadequate, either th&ly process of wa-
ter importation is resorted to or the area becostymied in its
growth. A New York Times survey sees the economiowth of
the United States as being limited by water shedag

This book had its inspiration in the demonstratéstalery by
Stephan Riess that fresh, potable water flowingléep-seated solid
rock fissures could be scientifically located frahe surface of the
earth, and economically intercepted by drillingotigh the hard, im-
permeable rocks so as to constitute an abundarmr wapply which
heretofore has been virtually neglected. This ahitnspiration has
been refueled repeatedly by the adventure of dextoy more and
more evidence, already in the literature but disperthroughout
many fields of specialization, that support hisibancept. In the
words of Rene Descartes: "If anyone wishes to keatt the truth
of things in earnest, he should not select anysmeeial science; for
all the sciences are conjoined with each otheriateddependent.”

Occasionally, however, an important discovery mayignored.
The science of radio astronomy was accidentallgadisred about
twenty-five years ago, but for ten years afterwasttonomers every-
where pretended that it didn't exist. Yet today,tle land of its
discovery, we are feverishly building the worldsdest radio tele-
scope in an effort to recapture the lead we' sarally enjoyed upon
its discovery.

During the last twenty-five years of field expeigenand obser-
vation, Stephan Riess has been able to refineviisveork and con-
cepts so that his demonstrations demand attenitistead, because
he goes beyond the hydrologic cycle theory, hiskwbas been
ignored with but few exceptions which only now deginning to
grow. According to Du Bridge, president of the @atia Institute of
Technology, there is infinitely more to be learnd@dn has been
learned. The more science learns the more deeplhgalizes its
"staggering and overwhelming" ignorance. Those wdfose to even
look beyond the hydrologic cycle theory, in thehtigf Riess' dem-
onstrations, are lost to science. Furthermoreitiomelly accepted
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theories have been overthrown many times. Geikie \Wwho had
traced its growth, said that geology, more so taay other branch
of natural knowledge, lies invitingly open to thosho are willing
to train their faculty of observation in the fieldnd to discipline
their minds by patiently correlating facts and fessly dissecting
theories.

In 1931, two Indian chemists isolated crystallilkakids from
Rauwolfia roots and then two Indian physiciansthe same year,
published an account of their clinical work withesie new crystalline
alkaloids. Gorman [2], executive director of thetiNiaal Mental
Health Committee, says that if the report of the tmdian physicians
had been presented before any scientific audieneaty-five years
later, in 1956, it would have been hailed as amaextinary precise
description of Rauwolfia's potential uses. Somehowe, refuse to
believe that scientists too can become hide-bound.

Likewise, in the field of water supplies, an adidly the Swedish
mineralogist Nordenskiold, published in 1896, woblkl news today
despite the fact that this article was the basishis having been
nominated for the first Nobel Prize in Physics.

Reproducibility has been a basic tenet of scieBath Norden-
skiold and Riess, widely separated in both geogragid time, have
each independently demonstrated that fresh, potahter could be
scientifically located and intercepted as it flowtadough fissures in
the solid rock and that this economical water syppidependent
of local rates of precipitation, could help sole twater shortage
problems confronting the world.

The question of the origin of these waters getslesp into the
theories of the genesis of all the waters on thehisasurface.
A tremendous body of geologic and other evidencepsts the
theory that the waters on the surface of the ehele come from
within the interior of the earth throughout geolodime and that
this process continues today.

Recently, Kozyrev, a Soviet scientist, reported estape of
gases from the crater Alphonsus on the moon. Tleigtht oc-
curred that this phenomenon might be similar tos¢hohat take
place on the earth. In a letter dated Decemberl®69, Harold C.
Urey replied to the author's query: "It does n@nsé¢o me unreason-
able that gases should be escaping from the modn aould think
if they were that it would be a mixture of watedasther substances.
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However, | think this has little to do with the epe of water from
the earth because of markedly different conditidfd. were you,
| would stay away from anything connected with theon in your
studies because of the very doubtful character lofc@nclusions
about the moon."

Under contract with the San Bernardino Valley Mipat Water
District, Riess had been asked to give the Yucaipa his early
attention even though he was not optimistic aboeind able to
locate wells of large production in that area. Hgidved that other
areas in the district would be far more productibat, because of
pressures by the District, Riess located a welltte old Webster
Ranch at Yucaipa. This most recent demonstratios regorted in
the San Bernardino (Calif.) Sun-Telegram on Janu2dy 1960.
Preliminary testing indicates a flow of about 85l@ns per minute
which may increase after proper development ofwtk#. As pump-
ing continues, the fissure, in cleaning itself cus disgorged very
large amounts of coarse grained, broken rock witmpletely
oxidized particles, highly mineralized hematite|pbite, pyrite, and
some free gold. The water is neither acid nor akalhaving a pH
of 7, which attests to its flowing character, andemperature of
67° Fahrenheit.

Archibald MacLeish has called our scholars "irrespble" be-
cause they were lost in pedantries and fruitlessote rivalries. It
is hoped that this book avoids these pitfalls, #mat it is fruitful
in opening up an awareness and perhaps a betterstadding of
the dynamics of water. For instance, it will undaby soon be
possible, by fusing the natural deuterium contdérdm a gallon of
ordinary water, where it is found to the extentl®f parts in one
million parts by weight, to yield energy equivaléat300 gallons of
gasoline.

This book should be of value to everyone interestetthe water
problem, and especially to those scientists, teituns, governmental
officials, legislators, students, and taxpayers wdre concerned
with:

1. The increasing cost of municipal water supplies.

2. Health, and water pollution problems.

3. The world problem of food and water shortages.

4. The development of arid areas of the world.
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9.

. Economic development and the extraction of minerslth

heretofore untapped because of insufficient waippkes.

. Industrial plant location; industrial decenization; com-

munity and city planning.

. Afforestation, reforestation, and conservation.
8.

Potable, non-contaminable water supplies for enid military
defense, and the operation of our industrial placitities.

The sociology of knowledge.

If we, as a nation, are to assure the continuariceuo prized
value systems, we must recognize the value of am apind for:
"The spirit of science is to set men free — freesoperstitions, of
chains, of slogans and of dogma." [3]
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Facts that are not frankly faced have
a habit of stabbing us in the back.
—SIR HAROLD BOWDEN

CHAPTER |

INTRODUCTION

| had been asked along to meet a water wizard. r&eweeks
before this invitation a national magazine had amarticle raising
the question, "Does He Get Water From Rock?" [4péulty mem-
ber of another university had reacted to this lartiby publicly
labelling this man lucky, a charlatan, a witch, emdake. But his
description of the man had excited my curiosity.

Although the subject matter | was then teaching ety far
afield from the subject of water exploration, amlesl interest from
my engineering experiences with Soil Conservatiervise was easily
re-kindled. Questions flashed through my mind. @a&lhe speaking,
wasn't water the limiting factor in the productioh useful vegeta-
tion which supplies the requirements for all anitifal? Wasn't water
vital, in varying degrees, in all segments of ecuiw activity?
Doesn't water contribute, both directly and indiye¢o the supply-
ing of more human wants than does any other natgsburce?
Wasn't it worth leaving no stone unturned in arorftto find a
solution to the growing water problem? My answerswa the
affirmative, indeed | would be happy to join theogp in a visit
to Stephan Riess.

I immediately set about to refresh myself on theysviand
wherefores of our water dilemmas. | found that tdeks of finding,
developing and maintaining suitable water suppliese not been
limited to modern times, but that there has alwlagrsn a continuing
struggle for water.



THE CONTINUING STRUGGLE FOR WATER

Since historic times, people have settled in regiamere water
was deficient in amount, inferior in quality, orratic in behavior.
Excavated ruins of five thousand years ago revealeld planned
water supply system in India. Similarly, the peopfeAssyria, Baby-
lonia, China, Egypt, Greece, Israel, and Rome haitt bquivalent
facilities long before the Christian era. Egyptlbthie world's oldest
dam some five thousand years ago. Jacob's well exaavated
through solid rock to a depth of 105 feet, andeigorted to be still
in use. The Tukiangyien system, built in China abtwenty-two
hundred years ago was a multipurpose engineerioggirdesigned
for both flood control and the irrigation of somaeshalf million
acres of fertile soil.

Rome's first aqueduct was only eleven miles longtbely soon
had to go sixty miles, and indeed, the overthrowtlosd Roman
Empire has been attributed to dwindling rainfaltlats concomitant
diminishing water supplies. The modern day protessiilding dams
and transporting water is one of building larged darger dams,
impounding more and more water, and transportingatitever
increasing distances.

The basic problem that accounts for the temporature of
these works is that reservoirs, canals, and dittdved to fill up with
silt carried by the water. Hammurabi, King of Baloyl wrote about
four thousand years ago that he had brought thersvahd made the
desert blossom. Babylonian canals filled up, howesad for many
centuries farmers dredged out the silt, makingspda each side of
the canal. The farmers, the ditches, and Babyleelfitare gone,
but after two thousand years the silt piles twefagt high are a
grim reminder that even a great empire perishesnwihecan no
longer secure its water supply.

The water storage capacity at Lake Mead, behindvelo®am,
is being reduced by 137,000 acre feet of silt altyiuAt this rate,
the greatest reservoir in history loses its effestess rapidly and
will be completely destroyed in less than 250 yedusother kind
of loss, the magnitude of which the ancients wereaware, is the
water lost through evaporation. At Lake Mead, fostance, more
than 893 million gallons of water are lost througraporation each
day.[5]



Water has loomed up as a major problem becausdeoffa-
lowing factors:

1. The explosive increases in population being expegd all
over the world.

2. The shifts in population.

3. Industrial growth.

4. The periodic droughts.

5. The devastating pollution of streams and lakes.

6. The special kinds of contamination, such as saltewan-
croachment and radioactivity.

POPULATION GROWTH

In 1954, the population of the world was placedmatre than
two and one-half billion people with an annual plagion increase
of thirty million people. Currently, an annual gritwof 50 million
and a world total of 2.9 billion people is estintht¢6] The rate of
increase has been accelerating, so that, othesr§apermitting, the
world's population will more than double in lesanHifty years.

The crucial factor in world peace is food for alt, as through
all of human history, the production of food islisthe major occu-
pation and preoccupation of the bulk of the worlgigpulation.
Two-thirds of the people of the world are still aggd in producing
food and two-thirds of the people of the world natiy do not
have enough to eat. The food-population ratio & thture fore-
tells acute conditions. Harrison Brown [7] estinsatdat, in order
to both catch up with food deficiencies and to keppwith an ever-
increasing world population, food production fifjyears from now
might have to be two and one-half times greaten tiais today,
and that by the year 2050, production might havéd¢omultiplied
three and one-half times.

Sometime in the future, man may derive his foodpsugfrom
the waters of the world, or from synthetic foodsut Bor now,
and the immediate future, man gets nearly all bisdf from the
soil in the form of agricultural crops and animéé. Land is only
one of the determinants in the food supply. Wasea imajor one.
The total land area is estimated at thirty-sevelliobi acres, of
which more than half is practically uninhabitabkechuse it is either
mountainous, lies in the polar regions, or is desaste. The
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remaining land, about seventeen billion acres, ressgntly thought
to be hospitable to man, but more than seven amdhat billion
of these acres are at present not usable for fooduption because
of insufficient rainfall.

The estimates of the amount of land that is actuatider cul-
tivation vary somewhat, ranging from seven to tem pent of the
land area of the world. Every continent, howeveas lareas sup-
posedly with good soil, which do not produce crepspresent be-
cause they are too dry, have irregular rainfall, rainfall at the
wrong season of the year. Some of this land, th&ught, can be
made cultivable if water can be brought to it. Teheension of irri-
gation has been presented as the major way of ibgnilis about,
and, as has been shown, irrigation is a very ahdiechnique in
making land cultivable. About a quarter of the witgl population
lives on irrigated crops and, in the densely poedaareas of the
world, irrigation has been developed nearly to lthet with present
technology. India irrigates about a quarter ofldisd under cultiva-
tion. China about one-half, and Egypt practicallyod its cultivated
land. [8] It is currently estimated that more tha21 million acres
are being irrigated throughout the world.

James H. Breasted [9] described hunting on the r@ahateau,
when its now desert uplands were still green. Higebed that the
shrinking rainfall of North Africa transformed thvehole vast Sahara
into a wasteland of rock and sand. These desertelaags of the
world can once again be green.

In the United States, the population has grownafaove expec-
tations, and so has the amount of water neededhdnhalf cen-
tury ended with 1950, the national population abdatibled and
so did the per capita usage of water, so thattdted water usage
increased about four-fold. A rising level of livirgpntributes to wa-
ter shortages. For instance, thirty-five millionthraoms now as
against only thirteen million in 1930.

So serious were the disputes raging all over thddwbetween
nations using the same rivers for their water sypgat, in 1953,
the United Nations called for advice on the subjdodia and
Pakistan have been embroiled over the Indus Riystes since the
1947 partition; Israel and its Arab neighbors Syti@banon, and
Jordan are stalemated on the apportionment of ¢ndad River,
the United Arab Republic and Sudan also have & veter dis-
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pute; Iran and Afghanistan have been arguing fogr cwv century
about the Helmand River, and even the United Statek Canada
have some unsettled disputes over the ColumbiaYahwon Rivers.
Not only have there been disputes between natibos,in the
United States the states of Arizona, Californialo€ao, Nevada
and Utah have all been at odds concerning theittistsn of Colo-
rado River water. Sectionalism exists within thatestof California,
with southern California battling northern Calif@nfor water
which originates in northern California. Furthermorthere have
been conflicts between the city and the state. iRstance, the city
of Albuquerque relies solely on ground water wdlls its water
supply, and yet, when the city wished to expandwitgter supply
to fill additional needs, New Mexico's state watargineer ruled
that the city of Albuquerque could not drill anydiibnal water
wells.

POPULATION SHIFT IN THE UNITED STATES

The outbreak of World War Il heralded a major sloftpopu-
lation in the United States. The population of wigstern states in-
creased twenty-five to fifty-two per cent betwee®4Q and 1950,
whereas the national increase was only fifteen qeat. Industrial
expansion, and a concomitant heavy demand for wateved west
and south.

Large increases in the acreage under irrigatiothenwest, and
the introduction of supplemental irrigation throogh the midwest
and in the eastern and southern states contribttethe much
heavier consumption of water. The lands in irrigatarms in 1954
were estimated to be about twenty-seven and orestiion acres.
To grow a bushel of corn by irrigation requires atbten thousand
gallons of water; to grow a ton of alfalfa hay, abewo hundred
thousand gallons of water. At present, irrigaticvels up about
half the water withdrawn by the entire nation.

INDUSTRIALGROWTHINTHEUNITEDSTATES

Industry is also a big user the nation over. Butsimof this
is by a relatively few industries, chiefly for praction and fabrica-
tion of metals, oil refining, pulp and paper, cheals and synthetics,
Electric power producers require about the sameuatmaf water
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daily as all of the other industrial users togetHeesidential users
consume the least amount.

Industrial production in the United States has eased seven-
fold since 1900. Only since about 1945 have petimlaght seriously
about the amount of water that industry requirese President's
Materials Policy Commission estimated that indusicgounted for
thirty-five per cent of the total water used in 09&nd that by 1975
industrial needs would increase to sixty-three pent of the na-
tional total. Most of the water used by industry fiw cooling
purposes, for water has an amazingly high capafctyheat. A
pound of water in a cooling system increases it® e@mperature
by only one degree in the process of lowering #maperature of
a pound of steel by ten degrees.

PERODICDROUGHTS

Periodic droughts occur throughout the world. Tcedir a
drought in Australia, the Duri tribe resort to nagOne technique
is to draw blood from the wizards, sprinkle it other men of the
tribe and then throw bird down over their bodiesntake them
look like clouds.

In the United States, recurring droughts are a mabrfeature
of climate in southern parts of the Great Plairsil@r conditions
have existed in parts of the west, the midwest, #re south.
The oceans, and especially the Pacific Ocean, ach anedium
through which persistent rainfall is maintainedtlie United States.
The regularity of summer droughts on our west caeest the per-
manency of certain arid regions in our far west esudithwest
result from the influence of the Pacific Oceanfdnt, the influence
of the Pacific is felt strongly in the area betwdbka Rocky Moun-
tains and the Mississippi, to a lesser degree pding toward
the east and northeast.

Rainfall in the United States is dependent on inaft low
temperatures over the northern continent and velgtihigh tem-
peratures over the northern Pacific. An increasénéat from the
sun tends to bring rain farther into the interidrtbe continent;
a decrease causes more of the national rainfgibtto coastal areas.
An increase or decrease in solar radiation, ifiskffitly large, causes
a considerable increase in the circulation of thmoaphere. The
increased circulation of the atmosphere in turrseaichanges in
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the distribution of ocean temperatures. First, éhés a cooling
due to mixing of the waters; second, there is ttiece of oceanic
circulation. Therefore, when solar radiation inses or diminishes,
the ocean temperatures lag behind and are relativigh or rela-
tively low when compared with continental temperas,) causing
changes in the amount and distribution of rainfall.

When pressure east of the Rocky Mountains is weltihigh
in the north and relatively low in the south, thdse more than
normal rainfall in the United States. Because o threvailing
westerly circulation of the atmosphere in our laté, the air must
come over the mountains into the middle and eagiarts of North
America; and if it does not go over in the northiiust accumulate
and be forced over in the south. When this occtimste are pro-
found changes in the distribution of rainfall antbubhts become
serious and widespread. [10]

POLLUTION OF STREAMSAND LAKES

Everything that goes down the drains of a city and its sewer
system is considered domestic wastes. Industriatesaare the acids,
chemicals, oils, greases and other matter disctalye factories,
sometimes into city sewer systems and sometimesighr separate
outlets directly into the watercourses. Water [eatfon systems
have remained a remarkably effective protectioniregathe health
hazards of water pollution, but the growth and emtiation of popu-
lation, coupled with the increase in the volumepallution, both
complicate and increase the cost of producing saf# acceptable
drinking water. The dangers increase, even a shralak in our
protective processes can bring disaster.

The State-Federal data collection program in 198@ealed a
total of 22,200 pollution sources. Despite the féuat pollution
has been reduced by 6,700 municipal sewage trettpiants and
2,600 industrial treatment plants, untreated odégmately treated
organic sewage and wastes that are equivalenose thhom a popu-
lation of more than one hundred and fifty millias still discharged
into rivers and lakes. [11] Carl E. Schwob, Chidftbe Water
Supply and Water Pollution Control Program of thaiteld States
Public Health Service, says that the constructibireatment plants
for industrial wastes is lagging behind needs.q1641]
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SALT WATER ENCROACHMENT

Salt water encroachment means more than the iatrusfi ocean
water into fresh water. The original source of sdlits, sodium,
calcium, magnesium, potassium, and other rarer esi&snis in the
rocky material of the earth itself. When rain omownfalls on the
land, the water contains relatively little dissalvenineral matter.
But as it moves over and through the soil and rackegins to dis-
solve their more soluble constituents.

The gradual entrance of salt water into fresh wateras is
serious and widespread, occurring in almost evéatesWhen the
saline water displaces fresh water, cities may dbantheir long
used sources of water and search for replacemimatsstrial plants
may close down, and productive farmlands and odshamay be
ruined. It is costly in terms of money, time, engrand productivity.

A slow, worldwide rise of sea level is believedb® taking place.
On the Atlantic coast of the United States, sin®301 a definite
rise of about two feet in one hundred years be@amce these rec-
ords are for a very short span of geological tipredictions based
on them could be quite misleading. But such a oissea level will
cause the contact between salt water and freshr veddag New
Jersey's coast to recede inland at a rate of atmoaitto four miles
a century. The Pacific coastal stations have shawise of about
one-third as much as the sea level rise of thenfilatations.

Another source of saline water is deep beneath dhgh's
crust, where water is a normal chemical constitueihthe rock
solutions known as magma. This type of water octiggond the
downward limit of free liquid water in rock inteiss. In places
where magma rises into the upper parts of the 'sactlust, it ulti-
mately solidifies into rocks such as granite, amdhie process, water
that was formerly dissolved or in chemical combvatwith other
minerals is driven off. Such newly formed water Heeen given
many names, one of which is juvenile water. Jueemiaiter may
escape into the overlying and surrounding pre-exjstrocks by
seepage, or may be emitted through volcanoes, grotgs, or gey-
sers. Much more about this newly formed water ¥allow in suc-
ceeding chapters.

Some of man's irrigation practices and industri@cpsses in-
crease the salt content of natural waters. Whegairon water is
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evaporated from the land surfaces or is transpibgd plants,
some salts are left behind. If provision is not mddr removing
the salts, they will accumulate until the land bees useless for
farming. Some industrial, mining, and petroleum ratiens also
create new sources of salinity. Salt water encnoeett is a major
problem in most oil producing states. For instan@exas has
more than five hundred widely scattered oilfieldéot only were
the water wells and fields belonging to individuatscroached upon
by brines pumped out of oil wells, but the munitipapplies of such
cities as Beaumont, Longview, and Graham were ddsoaged.

Starting out fresh a river pours its partly minged water into
the ocean, where the salts are concentrated byoeatggm. Some
inland lakes have become salty in much the samenenakVater be-
comes heavier and denser as its salinity increasethat sea water
tends to remain separate from fresh water. Then frester occupies
a position above and upon the salt water, but éfehis turbulence
where the salt and fresh water comes into conthey, soon become
mixed.

The commonest type of salt water encroachmentasitiduced
by the use of wells. Pumping of wells in excessth& natural re-
charge of water causes a lowering of the wateretabhe lowering
of the water table at Miami by about five feet updee naturally
established equilibrium between salt and fresh nated salt water
began an inland migration that cost the city twojamavell fields
at Springs Garden and Coconut Grove, as well asuuseeof thou-
sands of private wells along the coastal ridge] [12

RADIOACTIVE CONTAMINATION

During the month of March, 1958, radioactive raighé times
the standard set as safe for drinking water feBanthern California,
and radioactive rain 200 times higher than the stdadard fell in
the San Francisco Bay region. [13] This pollutionradioactivity is
potentially more dangerous than any we have knomchitis likely
to increase in the coming years as nuclear powirtiser developed.
[14] The text of a governor's committee on atonadiation states
that the atmospheric air samples, near ground levéhe State of
Minnesota during 1957, do not approach levels clamsd to be
significantly injurious to life. "However," the rept continues, "the
levels reported in collected rainwater, surfacéevg and river
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waters in the state exceeded in a significant nurobénstances dur-
ing periods following the testing of bombs and fwme months
thereafter, the limits set by the National BuredStandards as the
provisional permissable levels for drinking watgi.5]

Some fifty-four per cent of the total populationnss in the
United States receive water from surface sourceishwhre easily
contaminable. It is recognized that vast numberswf population
receive untreated water, but how effective aretitneat plants when
it comes to radioactive contamination? Generallgaging, reported
the Oak Ridge National Laboratory in 1956, "wateeatment
processes will not effectively reduce activity hetwater to accept-
able safe limits except where the initial levelsaativity are very
low, certainly several orders of magnitude below icrocurie
per ml level." [16] At the same time, the Oak Riddktional
Laboratory warned that plans should be made foiliaox water
sources from possible noncontaminable suppliesrderoto protect
the large population centers dependent on surfaters/which may
become contaminated by radioactive materials.

THEMSIT

Having been engrossed in the foregoing considerstidhe
following Saturday came fast. Six of us travelled Simi Valley,
Ventura County, California. More than one hundreéllsv had
been put down in the valley but because water haghn bwith-
drawn faster than the natural replenishment ratestrof the valley
wells were soon drained.

Hundreds of feet above these valley wells we fotimal resi-
dence of Stephan and Thelma Riess. The luxuriagetadon de-
noted a plentiful supply of water; the grounds, thees, and the
aviaries indicated an orientation and understandifigrhature. Our
greeting was cordial and soon after the formalitiwken the dis-
cussion turned to water, it was unmistakable—StepRass was
electrified. The knowledge at his finger tips evided the broad
scope of his interests and when he started thedleigel engine,
which produced a tremendous flow of water from oféis wells,
his eyes sparkled and his enthusiasm, somewhaagions, knew
no bounds as he explained why his wells had pldnsifipplies de-
spite the fact that the valley wells were dry.

Although much of his discussion differed from tluaeen-
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tional theories with which | was familiar, his arew to questions
were direct and concise. In fact, the twinkle iis leyes suggested
that he was not only ready to answer questionstatiguscience but
that he would welcome being challenged.

The remainder of the day we spent touring otherlswéiat
Stephan Riess had located in Ventura County. Eddhese wells
had been drilled through solid impermeable rockil uat fissure
containing fresh, potable water had been interceddairing part of
the day | had been walking close to a well survgyémgineer who
on several occasions had bluntly stated to me hbadlidn't believe
anything he saw or heard. He insisted that if itemeossible to find
such waters, if indeed they really existed, thdrepscientists would
also know how to locate such waters, and it wouddehbecome
common knowledge.

| recalled and pointed out to him that the Nobeluranation
had scrutinized the historical course of the majodf great dis-
coveries. They had found that, at a certain momkembwledge is
carried to a stage where the discovery comes motess by itself
to a scientist with an open mind. "This," says Nebel Foundation,
"does not detract from the value of the contributaf the scientist.
Only he who has the God-begotten gift intuitivety geparate from
the trivial observations just the little somethivgich on closer anal-
ysis leads to the discovery—only he finds what basaped many
who, in their hands and before their eyes, hadstitrae possibilities
of making the discovery." [17]*

Riess' entire demeanor was diametrically oppositeéhat of a
charlatan. He was not secretive, but open and tdinebis replies.
It's just that one had to know enough to ask tlghtriquestions.
When Riess said that there were many people whreknew as
much as or more than he did, but that he had sednhlinto
something that others had overlooked, | knew thatwas sincere
and that he believed that he had discovered sonwetbi tremen-
dous import to mankind.

Riess had once been a mining engineer and hisegttar water
stemmed from the fact that many of the mines orclvihie had been
employed had been flooded out by water. These &xpmrs coupled

*By special permission of Professor Manne Siegbghobel Prize Laureate
in Physics of 1924) and the Nobel Foundation. Ske teference in the
bibliography.
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with an early recognition of water shortage proldespurred him
to the development of a scientific method of laogtihese solid rock
fissure waters from the surface of the earth.

The simple question remained, was Riess a watethwit one
of our greatest earth scientists, albeit unrecagiizAs a result of
this stimulating visit | resolved to search andegesh for information
that would either dispute or support Riess' theprand it seemed
a good idea to start where he did—in mining.

MINING

In mineral regions where extensive postmineraltindicg due to
faulting has occurred, water in the fracture zofreguently intro-
duces difficult problems. Fissure waters are comngndmown to
miners as "watercourses." These watercourses areuetered un-
derground in mining operations, down to the dedtithousands of
feet, as has been corroborated when mine workeygshem and the
flood of water which they carry. In the deep woddnat Tonapabh,
Nevada, for example, the rock was entirely dry luatie of these
great water-bearing fissures was tapped.

Naturally, surface waters may penetrate into faalsl frac-
tures, and these infiltrated surface waters mayowdc for all or
part of fissure waters. However, Young [18] poiatg that, in addi-
tion to such surface waters, water from deep-sestetices ascends
until it either flows out from some surface openiag its further
upward movement is stopped by the attainment oflibgum, in
which case, these deep-seated sources feed fissuregstems of
fissures. However, our concern at this point is with the origin
of these waters, but with their existence and tlemilability for
man's use.

MINE WATERS

The world renowned Comstock Lode, an area of silaeres at
Virginia City, Nevada, provided the most profitahpeoduction of
silver in the United States until they were floodeg hot waters
at a depth of three thousand feet. [19]

At about 1700 feet below the surface, the Mahr BUf0] cut
a fissure from which the flow continued at morenttia8,000 gallons
per minute. Similarly, the newer drainage tunnethat Carlos Fran-
cisco Mine [21] encountered main fissures whichdpiceed more
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than 10,000 gallons per minute. The Natividad M[@2] on its
1,014 ft. level, with a lift of 520 feet, had ansialled capacity of
30,000 gallons per minute. At an altitude of 6,2@@t, the Jar-
bridge [23] (Nevada) pumped 7,100 gallons per neinat the sur-
face from its 1,000 ft. level.

The experiences at Eureka, Nevada, are worth Igokinmore
closely. In 1947, the Fad shaft, on Ruby Hill omel @ half miles
west of Eureka, Nevada, was completed to a deptR,465 feet
at a site adjacent to the down-faulted block inaluhithe ore was
found. When the horizontal tunnel on the 2250 lewgérsected
the Martin Fault, a large flow of water was encewatd which
exceeded the installed pump capacity and floodedtiaft.

In 1948, an unsuccessful attempt was made to redbeeshaft.
Pumping at a rate of 8,000 gallons per minute ditl necover the
2250 level, and when the pumping rate had beeneased to
9,000 gpm the water level in the shaft came downvithin sixty
feet of recovering the 2250 level. However, thigher rate of
pumping began to bring gouge into the shaft, mutidiee water,
and then gradually raised the pumping level uttihad risen ap-
proximately 340 feet in the shaft. So that, desfi increased and
continued pumping at the rate of 9,000 gpm, theewkvel in the
shaft remained at about 400 feet above the 2258.18vis evident
that by increasing the pumping rate much fine sedimvas removed
from the fractures as the water moved along thetiNdrault and
thereby improved the hydraulic connections. [24]

FRESH, POTABLE WATER

Obviously, not all fractures or fissures containtavaand those
that do may carry hot and highly mineralized waiéwvarious con-
centrations, or on the other hand, cool, freshalpet water. Inas-
much as the solubility of most minerals is greatkincreased tem-
peratures, there is a relationship between the eemyre of the
water and the amount of its mineral content.

During the dewatering of the Osceola lode [25], was
noted that the water could be divided into two ididt layers, an
upper layer of relatively salt-free water, and wdo of rather high
salt content. At the 2000 ft. level, the water eimed little or
no salt and had a specific gravity very nearly étma.0; whereas,
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at the bottom of the shaft the chloride content @900 parts per
million and the specific gravity was 1.082.

Spurr, an eminent mining geologist, in summing up Mmany
years of experience with mine waters says: [26]

In short, the result of my own experience is this:have traversed
and studied exhaustively and mapped carefully, eeittpersonally or
with the help of my associates and assistants, mamgusands of
mine workings, during a period of many vyears. Thesene work-
ings have been at all depths, frequently thousanflsfeet below the
surface. At all depths | have noticed openings iocks, especially
along fault or fracture zones, and found waterscutating vigorously
along them. These waters were cold, lukewarm,asely) hot.

There are three important points that Spurr maklesiwshould
be remembered:

1. Openings in rocks exist at all depths, especialbn@ fault
or fracture zones;

2. Waters found in these openings circulate vigorquestyl

3. These waters range in temperature from cold thrdugh-
warm and on rare occasions to hot.

| was convinced that the existence of mine wateesewfairly
common; that their occurrence in large volumesds an rarity, and
that they are frequently cool, fresh, and potablere was important
information apparently of common knowledge to peophgaged
in mining but otherwise not generally known or urstieod. | knew
then that | must continue my search. Although Ydsi{d8] ref-
erence to waters from deep-seated sources openadotiper avenue
of adventure, | thought it essential to first obta better under-
standing of just what water is.
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Water . . . is the image of the ungraspable
phantom of life; and this is the key to
it all.

— HERMAN MELVILLE IN MOBY DickK

CHAPTER Il

WHAT IS WATER?

Altogether too many people think of water in terofsa fixed
and constant quantity. Even if this were assumeddotrue, the
almost imperceptible change in both distributiond amccurrence
that brought the downfall of past civilizations twwalso eliminate
ours. However, the supply in and on the earth is andixed and
immutable quantity but is decreased by disassociatly hydration;
by life itself — and increased by association; bshydration of
rocks, and by death.

MATTER AND ENVIRONMENT

Everyone recognizes that all life is dynamic, thas in a state
of constant change, but far too many people beliba¢ matter is
static. A dichotomy has been created, life on oaadhand matter
on the other. However, matter is never inert, newelifferent to
its environment or to changes of environment. Etlen diamond,
which is the hardest and most firmly fixed of calst known to
man, yields to the agitation of very high tempemtand burns to
a gas in oxygen. Other minerals, formed under gpratsure in
the depths of the earth, break down when broughtih#o surface.
But the fact is, that they are adjusting themseleesheir new en-
vironment of relatively slight pressure and lowemperature. Mat-
ter, under conditions where there is no tendencghange, is said
to be in equilibrium with its surroundings, and &anexist indefi-
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nitely provided external conditions remain unchahgdatter, then,
is not inert. It is simply balanced energy thatp@sed waiting for
readjustment to changing environment. Man, the dsghform of

animal life, differs from matter and the lower farnof life in his

ability to make faster and, perhaps, better adjestmto a changing
environment or to change his environment.

A practical illustration of the readjustment of meatto environ-
ment is contained in a warning to contractors idsie the Division
of Industrial Safety of California's Department lofdustrial Rela-
tions in their bulletin 105 as follows:

Upon exposure to air and moisture, some rocks, ltke greenish
serpentines found in California, undergo a softgnichange called
air-slacking. Walls of such rock are hard and sobdl the time of
excavation, but soften into a slippery, dangerousassn soon after
exposure to air. To prevent this air-slacking, somentractors apply
a protective coating of gunite to such walls, indiddn to shoring
and bracing.

Aristotle, in the fourth century B.C., devised auf-element”
theory of matter whereby everything on earth cdmdregarded as
a mixture of the four primary substances: waterthedire, and air.
As late as the year 1781, water was the only oat dtill remained
as an "element" from the original four, but in thggar Joseph
Priestley exploded a mixture of air and "inflamnealalir" inside a
closed vessel and produced water. Inflammable ag @an inflam-
mable gas made by putting metals into acids. In7171&voisier
gave inflammable air the name "hydrogen" which ire€k means
"water producer."

For over one hundred years after Priestley's dexgovexperi-
ments continued in an effort to determine the dissiand the
ratio of atomic weights for oxygen and hydrogenr Fwstance: "A
quantity of hydrogen was weighed while absorbechatiadium, a
guantity of oxygen was weighed in a globe . . . Tle gases were
brought together at two platinum jets enclosed irsnaall glass
apparatus . . . and the water produced was weigligd] In the
aforementioned series of experiments the oxyged uses produced
by heating potassium chlorate, and the hydrogen pvapared by
the electrolysis of pure dilute sulphuric acid. [Bp. 57 and 96]
From this comes a first glimpse as to how water rhayformed
within the earth.
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Water is about eighty-nine per cent oxygen andesleper cent
hydrogen by weight. Actually, 0.303 grams of hydrogcombines
with 2.405 grams of oxygen to form 2.708 grams atex. Although
mixtures of hydrogen and oxygen are inert at omgyiriamperatures,
the reaction of creating water becomes percepéiblthe temperature
is increased. At three hundred degrees centigreeleeral days are
required for a small part to have reacted and fdrmater vapor,
whereas at 518 degrees centigrade only severak hemer required
to complete the reaction, and at seven hundrededsgcentigrade
the combination is almost instantaneous. If a batlyed heat, or
a burning match, is introduced into a mixture ofdtogen and
oxygen, the combustion wave starts from the hotybarad immedi-
ately spreads to all parts of the mixture. Certéimely divided
metals act as a catalyst so that when they aredunted into a
mixture of hydrogen and oxygen they cause a simik@tosion.

For hydrogen to react, however, it must be in ttemic state.
When a mixture of hydrogen and oxygen is ignitéa heat of the
hot body is sufficient to dissociate some of thelrogen molecules
into atoms and some of the oxygen molecules intamat The
reaction between the atoms is exothermic, thathes,association of
hydrogen and oxygen into water produces heat, &edheat so
liberated dissociates more molecules into atomd, smon—a chain
reaction. These changes are extremely rapid, dotlieaentire re-
action proceeds with explosive violence.

WATER FUNDAMENTALS

At zero degrees centigrade, water becomes solidaicg at one
hundred degrees centigrade it becomes a gas ca#ext vapor or
steam. Water vapor in the atmosphere protectsam the burning
rays of the sun. Actually, it acts as does any rotagge body of
water, it prevents extreme fluctuations in temp@eat Studies of
compounds related to water show that the freeziogtpof pure
water should he at minus 150 degrees centigradeitanfoiling
point at minus one hundred degrees centigrade. atteal values
at which freezing and boiling do occur are expldif®y the poly-
merization of water. By polymerization is meant tttemical union
of two or more molecules of the same compound tonftarger
molecules but of greater molecular weight. Buteathan a mere
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enumeration of the properties of water, it wouldfae more useful
to approach the subject at hand by getting atuhddmentals.

Today, almost everyone knows that the water moéeuformed
of three atoms, two of hydrogen (H) and one of @xydO), or
expressed as a symbol,(

When atoms of the same element differ in atomighieihey are
called isotopes of that element. For instance,ettae two isotopes
of hydrogen, known as deuterium and tritium. Likssvyi there are
two isotopes of oxygen, known as’@nd 3% The different isotopes
of an element contain different numbers of neutromsheir nuclei
so that the isotopes of an element are identicathiamical and
physical properties with the exception of thoseedwuined by the
mass of the atom. If the water molecule is madeotigifferent
combinations of hydrogen, oxygen, and their isosppmmplexities
increase for then eighteen different water molecidetually exist.
Nearly all elements found in nature are mixtureseferal isotopes.
Further reference to isotopes will occur later, fso now let us
return to the three atoms, two of hydrogen (H) ané of oxygen
(0).

These three atoms are held together by two cherbaads, thus
H-O-H, which is one of the simplest compounds. $a&vmolecules
of water, however, are held together by a hydrogend which is
about six per cent as great as that of the H-O aarbond. The
hydrogen bond results from the fact that the Hcattd to O in
the water is unsymmetrically surrounded by eledrao that there
is a separation of charge or polar character. herotords, if there
are non-binding outer electrons of other molecybessent, there
is a tendency for H to increase the symmetry ofiteoundings by
approaching a pair of electrons in line with itsegtical bond to
oxygen.

The properties of water are of two types. Those¢heffirst type
depend on whether the chemical bonds between thadHO atoms
are broken in the action involved, thereby dissamjpwater into its
two elemental gases, hydrogen and oxygen. Thosleeaecond type
leave the HO molecules intact but sever the hydrogen bondenGh
ical changes in which the chemical bonds are braenillustrated
by the evolution of oxygen resulting from photosatis, the rust-
ing of iron, the formation of clay in soils, ancethplitting of cane
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sugar in the stomach. Physical changes in whichhyldeogen bonds
are broken are illustrated by the melting of iceapmoration from a
reservoir, and the viscous resistance to flow ist@am or pipe.
The growth of water droplets into rain droplets nisey attributed to
the hydrogen bond. The carrying of sediments itowihg body of
water is due, in addition to movement of the waterthe hydrogen
bond.

Near the melting point of ice every molecule iscassted with
other molecules, while at the boiling point, ontyrtf-two per cent
of the molecules are so associated. [28] The smpamoeipied by
water molecules as a gas is about 1,200 times est grs that
occupied by them as a liquid. In other words, wleampletely
vaporized, the molecules in a teaspoon of waterldviaecome a
gallon of water vapor. To convert one cubic centenef water, at
one hundred degrees centigrade and under atmosppeggsure,
into water vapor at the same temperature requhliesaddition of
538 calories. This heat requirement ranges from Balbries at
forty degrees centigrade to 596 calories at zegredss centigrade.
Consequently, evaporation can occcur as a continpimcess only
while energy is being received from some outsiderem This latent
heat of vaporization must be given up whenever watpor is
condensed back into water.

The solvent properties of water are what makes msiempor-
tant in the life of plants and animals. These saiy@operties are of
two types, in both of which water is outstandingoamg liquids.

The first type is hydrogen bonding which holds iater solution
the compounds—Ilike sugars, alcohols, acetic actl ather organic
acids, phosphates, nitrates, ammonium compoundksremy other
substances that have oxygen atoms—which are indalvehe stor-
age and transfer of energy by the living plant amel. Water,
through its hydrogen bonding solvent action, isiedium of trans-
fer in the blood fluid or in the sap of plants.

The second type depends on the fact that waten lagh sepa-
ration of the electric charge between the hydroged the oxygen
atoms in the LD molecules. By charge interaction, various salts,
like sodium chloride, which man needs for the aaichis stomach
and for the action of blood serum, are held in ofu Pure water
is slightly dissociated, the separation of charga few molecules

19



is so complete as to give two oppositely chargedighes or ions,
H+ and OH. The H+ is the hydrogen ion or the ion of acidsl an
the OH is hydroxyl or the ion of bases. The separatiorctuirge
also dissolves potassium salts involved in musct®om and many
compounds can be split by water to form two compisunFor
example, cane sugar is split into equal parts ofage and fructose
using up one water molecule in the process.

Stewart [29] discusses the influence of ions irugoh on the
liquid structure of water. He concludes that alltibé experimental
evidence is consistent with and seems to emphdbkatethe tetra-
hedral structure of water changes with increassmperature, and
that this structure and these changes accounhéiuhique charac-
teristics of water.

True solution is an endothermic process, it absdrbéat, and
therefore solubility is increased as the tempeeaiarraised. Water
at ordinary temperatures reacts rapidly with actiwetals such as
potassium, sodium, and calcium, to form the hydtexdf the metal
and to liberate hydrogen. At higher temperaturesedicts with less
active metals, such as zinc or iron, to form thédexof the metal
and hydrogen. Water, at temperatures above theatripoint of
water vapor, is a gas and can be highly compred&@d. increasing
pressure the solubility of silicates increases uchsa supercritical
gas.

A list of metals arranged in order of their respectability to
displace hydrogen, as well as each other, is knawrihe electro-
motive series. The activity refers to various typdsreactions in-
volving the metals, among which is the relativeivétst of the metals
in displacing hydrogen from acids and water. Théhtx an element
is above hydrogen in this series, the more energetthe displace-
ment. The metals below hydrogen in the series dodisplace it.
Metals with high negative electrode potentials dtah the head of
the electromotive series.

The listing also represents the order in which riiegals replace
one another from their salts, a metal higher in dbdes replacing
one lower down. In general, a metal will displacy ather element
from its compound if the former is above the latierthe series.
For instance, iron is above copper in the seriabk iimetallic iron
is placed into a solution of copper sulphate, thaper is displaced
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by the iron—the metallic copper is set free and ite@ dissolves.

The chief metals are generally given in the follogvorder:
potassium
strontium
calcium
sodium
magnesium
aluminum
manganese
zinc
cadmium
iron
cobalt
nickel
tin
lead
hydrogen
copper
mercury
silver
platinum
gold

PHOTOSYNTHESIS

Water has an essential part in photosynthesis,ptbeess by
which the sun's energy is harnessed first for tfeedf plants and
then for animal life. Photosynthesis is the reves$ecombustion,
sunlight on the green plant breaks the chemicatlbaf water, dis-
sociating water into its elemental gases, libegatine oxygen and
causing the hydrogen atoms to be transferred ealiyntin such a
way as to form carbohydrates. In this manner, treem plants are
able to synthesize organic compounds from inorgamibstances.
That the chemical bonds of water are broken duthig process,
has been known only since heavy oxygen, isotopfci@s been used
in water—for the oxygen evolved by plant life irele experiments
has been &.

Some experimenters have gone even further and deatttly
with isolated chloroplasts. After referring to tipeevious use, by
other experimenters, of'®as a tracer in demonstrating the splitting
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of water by photosynthesis as the source of oxyteey say: "We
have been able to demonstrate that the oxygen eydby isolated
chloroplasts also originates from water, whichrisaccord with the
stoichiometry of the reaction." [30]

Inasmuch as it had been thought for many yearsthigaevolved
oxygen had been liberated from carbon dioxide, exmnters have
introduced the & into either the water or the carbon dioxide in
order to ascertain whether the evolved oxygen wagart liberated
from the carbon dioxide. "The results are conststeith the inter-
pretation that the whole of the oxygen originatesnf the water
molecules..." [31]*

It can be seen that the green plants make avaikablenimal
life the great resources of solar energy, as wslltike constant re-
newal of vital atmospheric oxygen supplies. Thealisation of water
by photosynthesis, not only provides animal lifethwithe needed
oxygen, but also provides the hydrogen which coewimwith the
carbon dioxide, also taken in by the plant, to fdha food for the
plant's growth. Ultimately, plant carbohydrates #re sole source
of energy foods for all animal life, including makowever, the
dissociation of water into its two elemental gasaisstracts water
from the earth's supply. How much water is so lostuires the
prior quantification of other data. But, before geeding with such
guantification, it should be understood that contibus the processes
of metabolism in both animal and plant life prodaicgater. This
fact, however, does not destroy the significanceahef calculations
for if metabolic water produced by plants were tua the water
lost by photosynthesis there would be no growth.

Apparently a similar process of extracting hydrogemm water
takes place in animal cells. The cells replacerth&ires of fat by
synthesis and also synthesize new acids. Evideatlys Downes
[32], these syntheses build up the acid chainshbyuse of a two-
carbon fragment and that approximately half of hiydrogen con-
tained in the acid comes from body water.

WATER LOST BY PHOTOCHEMICAL DISSOCIATION, ETC.

Two molecules of water are required to form onentlecule,
and the ratio of @liberated to the COconsumed, is approximately
unity. [30 p. 54]

*Reprinted with permission from Robert Hill and . Whittingham, "Pho-
tosynthesis", 1955, John Wiley & Sons, Inc.
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According to Gordon Riley [33], about 146 billiorons of
carbon are fixed by plant life annually, includithgth sea plants
and land plants. If we assume the fixation of 14oh tons of
carbon annually, then this amount is produced frabout 535
billion tons of carbon dioxide. If 535 billion tonsf carbon dioxide
are reduced annually, then approximately 535 hilions of Q are
liberated annually. And 535 billion tons of,diberated annually
from water represents the destruction of abouthsirdred billion
tons of water each year, a rate in excess of 3fi@rbgallons each
day. The total mass of the oceans, which for adictical purposes
represents the hydrosphere of the earth, is 14®&0grams [34],
which equals 1,405 x 10 tons, or 1,406,000,000 billion tons of
water. At the rate of six hundred billion tons ofater being dis-
sociated annually, it would take about two and thikd million
years for all the waters in the oceans to be deglelf new water
were not being produced in the interior of the leaahd added to
the surface supplies, the earth would have runobuwvater a long
time ago.

The initial small supply of oxygen present in thenasphere,
Poole [35] reasons, was the product of photochdndissociation
of water vapor. The atmosphere contains water vépaamounts
ranging from two-hundreths of one per cent to fpar cent by
weight. The content diminishes rapidly with heigrd varies ac-
cording to latitude. At the equator, it is 2.63 pemt by volume;
at fifty degrees north latitude, it is 0.92 per tgeand only 0.22 per
cent at seventy degrees north latitude. The totesmof water vapor
in the troposphere is estimated to be 0.13 Geogramshirteen
trillion tons of water.

It is currently believed that high in the tropospheabove about
70 km., especially over the equatorial belt, wasgsor is bombarded
by cosmic rays and dissociated into hydrogen anggex. The
hydrogen, being lighter, escapes up to the higtratasof the atmos-
phere and may even dissipate into the void. Ku[B3éj has care-
fully analyzed this photochemical dissociation cdter vapor in the
upper atmosphere. His estimates of the productibmxygen by
this method would mean that almost two and one-mdllion tons
of water are dissociated annually, and that througtthe four and
one-half billion years of the earth's existence entiran 11 x 18
tons of water would have been so dissociated.
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There can be no question, that the water fixedhieyweathering
process had been temporarily removed from the 'sdngfdrosphere.
The decomposition of rocks, known as weatheringsists of several
processes that gradually break down the solid raetes an aggre-
gate of loose material. One of the most importdrthese processes
is the rain water which falls on the surface ofoakr and, flowing
over it, dissolves the rock minerals or decompasesnd in the
process some of the water becomes fixed with tlok minerals.
"If there were no additions to the atmospheric &mdhe terrestrial
water supply,” says Tolman, "fixation of water byathering would
ultimately exhaust the earth's water supply." [3Hbwever, the
amount estimated to be fixed by the weathering ggecis about
two and one-fifth per cent of the total quantity whter in the
earth's hydrosphere, or about thirty thousandianilltons of water.
[38]

Man made weathering, that is, the water chemicatiynbined
with cement, sand, and gravel to make concretecoonbined in
plaster, becomes unavailable for further use by matil these
materials are decomposed. When portland cementjn&tance, is
mixed with enough water to form a paste, the compsuof the
cement react with the water to form both crystellend jelly-like
products. These products adhere to the aggregadtéoaeach other.
The water-cement ratio is the single most import@ator in the
strength of concrete. In other words, regardlessvioht quantities
of aggregate are used, so long as they are cledrofaround par-
ticles and the mixture is plastic and workable, #teength of the
concrete at a certain age is practically fixed ly tuantity of water
used for each sack of cement in the mixture.

World wide production of cement, during the yeab@89was
estimated at 235 million metric tons. This amounm\erts to about
four and one-half billion sacks of cement. If aatelely dry mix
of five gallons per sack of cement is used, thegr@pmately twenty-
two billion gallons of water are used in one yeg@anly about one-
third of this water is evaporated, the balance rexgeinto chemical
combination and hence no longer available for ugeman until
disintegration takes place. Throughout history, marst have fixed,
in this manner, tremendous quantities of water.

*By permission from "Ground Water", by Cyrus F. ifan, Copyright 1937,
McGraw-Hill Book Company, Inc.
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Recent investigations have shown that the totalybedter, as
a percentage of total human body weight, averagesnsy-seven per
cent for infants, sixty per cent for adult malesl difty-four per cent
for adult females. Of course, the various bodyutisscontain differ-
ent amounts of water. For example: the cerebrobkfilund is ninety-
nine per cent water; blood plasma or serum is pihgd per cent;
gray matter of nerve tissue, eighty-five per cepinal cord, seventy-
five per cent; muscle, seventy-seven per cent;, g§@menty-two per
cent, and so on down to tooth enamel which is tipeecent water.
As an average for the total population, it is galgrassumed that
the total body water comprises approximately sp#y cent of total
body weight.

If it is assumed that the average body weighs aboathundred
pounds, approximatey sixty pounds of water is doeth in each
average body and therefore unavailable for wateplsu Using the
currently estimated world population of two and eixtenths billion
people, then eighty-seven million tons of water t&gd up in people.
The annual population increase, an estimated fifilion people,
would likewise withhold an additional one and orafmillion tons
of water each year. The population of the largemestic animals
in the United States, for instance, is some tweniljion in excess
of the human population, and they too withhold wate

All animals obtain water from three sources: (1¢ free water
that is consumed; (2) the water contained in foadd (3) the
water produced during the metabolic process, knawmmetabolic
water. For every gram of fat, starch, or proteiattls oxidized in
the body, an estimated 1.07, 0.56, and 0.40 grdmeater are pro-
duced respectively. It has also been shown th#téir synthesizing
processes the cells dissociate water into its eléahgases.

UNAVAILABLE WATERS?

In almost all modern handbooks of mineralogy thestal struc-
ture is the basis of the classification of miner&@systalline rocks
contain water in varying amounts. For instance: cBeu contains
thirty-one per cent; Kernite contains 26.3 per cemid Chalcan-
thite contains 36.1 per cent. Arie Poldervaart [&8}limates that
there is about 22,000 x fotons of crystalline rocks in the earth's
crust and that the total amount of water contaittredtein is prob-
ably 1,800 to 2,700 x 1®tons, which is in excess of the 1,405 x
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10" tons of water estimated to be in the earth's rsmhere. Hor-
ton [40] says that the science of hydrology is nohcerned with
such waters of crystallization. Although these wsmtare generally
regarded as being unavailable, it will be showrt thay constitute
a potential supply.

WATER, THE MINERAL

H,O is a mineral, which Dana, one of the world's Mhoost
mineralogists, referred to as hydrogen oxide. Wnater is a mineral
is commonly accepted. The waters of the hydrolayicle are fre-
qguently referred to as natural waters. Rankama Saldama have
said that the natural waters in their various statguid, gas, or
solid, are actually rocks formed by the mineral evat0. [34 p.
265] This is properly interpreted, by saying th#treatural waters,
the waters of the hydrologic cycle, are formed hg mineral water
which has its origin deep within the earth as de ttther minerals
of economic value.

Washington [41], referring to Hillebrand's clagsdfiion of wa-
ter in rocks, speaks of "essential hydrogen" anon&ssential hy-
drogen" depending upon whether its presence isssaceg for the
constitution of a mineral. Realizing that the malewater, HO,
comes into being as a result of applying heat cratalyst to a
proper mixture of hydrogen and oxygen, the occueeaf hydro-
gen and oxygen within the earth must also be exaanin

HYDROGEN

Most astrophysicists believe that the proton-prosen of reac-
tions and the carbon cycle are responsible foretiergy production
of most stars. Both the proton-proton set of reacti and the
carbon cycle consume hydrogen which is the moshddmt element
in the stars. As a primary source of cosmic enettgg proton-proton
set of reactions is now thought to be the more mgmb one re-
sulting in the synthesis of a helium nucleus thiodige fusion of
four hydrogen protons. It has been estimated tifigtfive per cent
of the total mass of the sun is hydrogen and tivagh the proton-
proton set of reactions and the carbon cycle foilliom tons of
solar hydrogen are converted into radiant energyh esecond and
560 million tons of solar hydrogen are convertetb iB60 million
tons of helium each second.
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Hydrogen is an element that occurs in the earththén waters
in and on the surface of the earth, in the atmasphend in plant
and animal life. Hydrogen forms more compounds thag of the
other elements, including carbon. In the earth,rbgen is found
combined in mineral structures, also as a constitoé water, and
as an occlusion in metals as follows:

1. Hydrogen is combined with oxygen to form indegemt
hydroxyl groups, (OH). The OHon forms an essential constituent
of the structure and cannot be removed withoutdbiéapse of the
structure. The hydroxyl form replaces part of tlelaso as to make
a basic salt, as in malachite. In a few minerat@vwn as hydroxides,
hydroxyl is present to the entire exclusion of @idaas in brucite.
In rare cases hydroxyl is present without a baseinasassolite. In
all of these hydroxyl cases, says Winchell [42F tireaking up of
the minerals during analysis yields water even dfouhe water
molecule as such is probably not present in thgirai material.

The role of hydrogen in hydroxides depends on fhe eof the
cation (a positively charged ion) and on its palag power. As
the polarization increases the bond goes througtettages—first
an ionic bond, then a hydroxyl bond, and finalhhydrogen bond.
When the polarization is small, the Oldn retains its polar sym-
metry when bound to a cation, an ionic bond is fxinand the hy-
droxide is readily soluble. As the polarizationiereased, the bi-
negative oxygen undergoes tetrahedral splittinghst the negative
charge of oxygen, in one hydroxyl group, is atedcto the positive
charge of hydrogen belonging to a neighboring hygragroup,
thereby forming an hydroxyl bond. As the polariaatis still further
increased to an electrostatic valence greater tha) a hydrogen
bond is formed, which is weak enough to cause thmdtion of a
soluble complex anion. [34 pp. 239-240]

2. Hydrogen is combined with oxygen to form wateslecules
which are present in minerals as "water of cryigtation." Water of
crystallization is clearly in some kind of chemi@ambination with
the other constitutents present, and the expulsiomvater occurs
at a definite temperature, with the absorptionedthaccompanied by
the destruction of the crystal structure. Gypsuar, ifistance, con-
tains two molecules of water of crystallizationreé-fourths of
which may be expelled at 130° C, and the remaiatlabout 165°
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C. Its properties, however, are abruptly changeé&nvh loses its
water.

3. Hydrogen is combined with oxygen to form water rooles,
but, in this case, the water molecules are onlysdbo combined
within the structure and may be removed by heatiitgout damage
to the structure or alteration of its propertiebeTamount of water
present is indefinite, depending upon the tempesa@and vapor
pressure, and is not expelled at a definite tentperabut through
a wide temperature range. Upon cooling, in the eares of water,
the crystal will take up water again and commonll} absorb many
times its own volume.

4. Hydrogen occurs as independent H+ and lkbns. The
former are found, for example, in certain salt méte and the latter
occur in hydrides. As far as the upper crust ofdhgh is concerned,
this manner of occurrence of hydrogen is quantighti of minor
importance.

5. Rocks also contain hydrogen as a constituent of vtheer
in inclusions and in their pore spaces.

6. Considerable hydrogen is produced in recent sedsnas a
result of the anaerobic decomposition of organittena

7. The H molecule has two protons which may be spinning in
the same direction (known as ortho-hydrogen) or rayspinning
in opposite directions, one clockwise and the otbeunter-clock-
wise (para-hydrogen). At very low temperatures, plaga-hydrogen
form prevails but as the temperature is raisedntitdure becomes
richer in ortho-hydrogen until the limiting orth@a ratio of three-
to-one is reached. Sudden temperature changes,vhogwdo not
cause rapid shifts in the ortho-para ratio unlesgoad ortho-para
catalyst, such as the platinum and palladium megas also present.
Platinum and palladium, along with several othertaise such as
iron, gold, and a few others, have the propertypafluding or ab-
sorbing large volumes of hydrogen, and palladiuan, ifhstance, in
the form of a powder, will adsorb over eight hurttanes its own
volume of hydrogen.

8. More than a hundred years ago, the French geolBgistse
suggested that the meteorites formed a countegfathe interior
composition of the earth. Today, in addition to kmewledge offered
by geophysics, the chemical composition of the oréts are still
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taken into account in the formulation of the cheahicomposition
of the earth, and, of its various geochemical spheHydrogen,
along with carbon monoxide and nitrogen are the tnamindant
gases occluded in the irons of meteorites, and dggair, carbon
monoxide, and carbon dioxide are the most abundaseous con-
stituents of the stones of meteorites. [43] It isokn that the
volume of gases released by meteorites, upon lggatimy be as
high as sixty times the volume of the heated malteri

According to Daly [44], it is quite possible thatuah hydrogen
and other volatile gases were trapped in the mteof the con-
densing gaseous body in the geochemical evolutibthe earth,
and that, therefore, the upper layer of the iromecof the earth
may be relatively rich in dissolved hydrogen and tither gases.
Kuhn and Rittman have propounded a theory, which hat re-
ceived widespread acceptance, that the interidh@fearth consists
of compressed solar material rich in hydrogen amedium, sur-
rounded by a layer very rich in iron and the heatgyms, and en-
circled by a silicate crust.

9. In 1815, Prout advanced the hypothesis that dgealr is a
primordial substance of which the other elements @mpounds.
This concept was based upon the fact that the sabfeatomic
weights of the elements, as then known, were ajppadrly integral
multiples of the atomic weight of hydrogen. Accarglito Venable
[45], if chemical atoms are composed of or contajdrogen atoms
in their structure, it might be possible to liberdtydrogen, at least
temporarily, which should show itself in the spacémitted by the
arc or spark in which the dissociation occurrednaide, as the
result of much spectroscopic investigation, belevkat the large
number of factual data he presents shows unmidalaldence of
the contribution of hydrogen to the spectra charistics and that
hydrogen is a dissociation product of lithium, ogen, and oxygen,
but not of beryllium, boron, or carbon. Venable s#yat the relative
abundance of the chemical elements does not irdmaficient hy-
drogen in the earth to enter into the structureslbthe chemical
atoms that require hydrogen as well as to supmyhydrogen in all
the chemical compounds that contain it, but that th explained
by the fact that the relative abundance of the dt&melements
does not directly indicate the relative abundantd¢he sub-atoms
into which they may be resolved. [45 p. 101]
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OXYGEN

We live on an oxygenated earth. The bulk of theh&aoxygen
is neither in its atmosphere nor in its hydrosphbtg is in the upper
crust of the earth known as the upper lithosph@reg/gen fills more
than nine-tenths of the space occupied by the atontise rocks of
the upper lithosphere [34 p. 612] comprising 918 cent of its
volume or 46.42 per cent by weight, on a water frasis. In fact,
oxygen is the only important anion (a negativeharged ion) in
the upper lithosphere, whereas all other quantébti important
elements occur as either cations (positively charipas), or form
anion complexes with oxygen. The oxygen conteribvger in the
basic rocks than in the acidic ones. Outside thestcof the earth,
oxygen is distributed in both the atmosphere anthénhydrosphere.
The amount of oxygen in the atmosphere is only abothousandth
part of the quantity present in the hydrosphereygér comprises
about eighty-six per cent of the hydrosphere ang ahout twenty-
three per cent of the atmosphere.

A FIXED AND IMMUTABLE QUANTITY?

At the beginning of this chapter, reference was entadthe fact
that too many people think of water in terms ofixed and im-
mutable quantity. It has been noted that watehésgroduct of the
chemical combination of hydrogen and oxygen and thater is
also dissociated, by many processes, into its tlemnental gases
when the chemical bonds of water are broken. lthisrefore, almost
unbelievable that based on the concept that matar neither be
created nor destroyed, the following statementsidcdae made:
"Water is matter. There is as much now as there @wes—no
more, no less." And the subsequent statement: &Simcthe strict
sense water is never lost, it might be argueti [46]

In a democracy, the task of keeping the citizenriprined is
difficult but necessary and vital to the continoatiof that democ-
racy. The League of Women Voters is a continuing effective
force in keeping our citizenry alert, but unfortteig, due to the
complexities of modern life and as is illustrateg the aforesaid
guotations, they too must rely on the experts.

How someone could conclude that water is matterthatithere
is as much now as there ever was might be expldip&Ertrand
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Russell as follows: "First, when a set of eventsadirin accordance
with some law, we expect other similar events tinb@ccordance
with it. Secondly, when a set of events appeaglifee, we invent

hypotheses to regularize it." [47]*

*From "The Analysis of Matter" by Bertrand Russedprinted by permission
of Dover Publications, Inc., New York 14, New Yo(§1.95)
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Courage is a special kind of knowledge:
the knowledge of how to fear what
ought to be feared and how not to fear
what ought not to be feared.

—DAvID BEN-GURION

CHAPTER 1lI

NEW WATER

If water can be located in the earth in areas,rothan where
conventional practice would explore, then for alhgiical purposes
such water may be termed "new" water, irrespectif/éts origin,
for otherwise this water would not have been oletinYoung [18]
had mentioned water from deep-seated sources asgendtil it
either flows out from some surface opening or itsthfer upward
movement is stopped by the attainment of equilibriand it feeds
fissures or systems of fissures. Certainly, if watas its genesis
within the earth and this water can be tapped gm@rother than
where conventional practice would explore, it isWif water.

Perhaps it is to Aristotle that we may attributee tharliest
concept of the origination of water occurring wittthe earth itself.
His views on the origin of springs and rivers avebe found in his
Meteorologica. Aristotle held that water which fleev out of the
earth in the form of springs consisted in part rafin water which
had percolated into the earth's crust; water wharimed from the
condensation in the earth of atmospheric air, aoth fwater which
"rose" from some source which he does not state.

Although we have learned to distinguish water vafgom air,
Kuenen [48], a well known Dutch geologist says tteg reality of
the process is not questioned but that the amoligraund water
formed by condensation from the air in the grownd point of
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contention. Kuenen points out that this idea ofstatle’'s exempli-
fies the fact that a theory may be the playthingtiofe for it has
had a long history of acceptance, then rejectiefurbishment and
then again tossed out only to be resuscitated agalp a few
decades ago.

Georgius Agricola, considered to be the father oflern mineral-
ogy, writing in the sixteenth century, discusses #inds of ground
water. The first being the surface waters whichehpercolated into
the earth and now called meteoric water, and tlversk being the
waters which originate in deep seated sources mithie earth
itself. [49]

Another special exponent of the theory of juvenilater was
Edward Suess, whose principal paper on the sulyjast published
in 1902. He described how the students of ore depoame from
various vague theories to a clear understandinghef important
functions of circulating ground water and later aobelief in the
importance of magmatic separation, which involves segregation
of water from the magma and that this water is aelijpselated to
the genesis of metalliferous deposits. [50] SincesS, there have
been many prominent scientists who have expoundedheory and
also pointed out the geologic evidence that wates hs genesis
within the earth. The evidence shall be examingat.la

Although "new" water theories have existed for maeyturies,
the important question which should and does assecan these
waters be located through scientific knowledge aneconomic cost?

Piper, writing about the nation wide water situatid©vas said:
"Ground-water reservoirs contain the largest freslter storage in
the Nation—in the aggregate several times the agtidhstorage in
the Great Lakes and possibly in the order of 10s/emverage rain-
fall or about 35 years' average run-off. This ugdeund storage is
nature's accumulation over the centuries; a smait pnd only a
small part, is available for use by man." [51] Pigives not say
how such vast quantities of water came into beldgwever, the
salient point is that the existence of such treremdquantities of
water, from whatever source, is acknowledged eveugh it is
believed that the bulk of it is unavailable for risamse.

These quantities of water are tremendous. If catedl by an
average annual rainfall of thirty inches, it woaleshount to over
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forty-eight billion acre feet of water under therfage of the United
States. If calculated by the average nation wideaffi (the 1921-
1945 average was 8.6 inches), it would also ameéurdver forty-
eight billion acre feet, which means more thareéfi billion billion
gallons of water, also expressed as 15 ¥ t@allons of water. At
our present high rate of water consumption, it dolalst for over
two hundred years, and even at the astronomicadip daily con-
sumption of 450 billion gallons daily, foreseen Biie New York
Times by 1975, it would still last for more thameiy-five years.

Water costs are continually going up, but evenhat average
price paid for the last eight years by the citySain Diego for Colo-
rado River water, $11.35 per acre foot, the growalers of the
United States would be worth some $530 billions.ifC8anta Bar-
bara's cost of thirty-five dollars an acre foot sversed, these under-
ground waters would be worth $1,680 billions.

It would certainly appear reasonable to say thataech expen-
ditures in the tens of millions of dollars would bwre than justified
if thereby these heretofore "unavailable" watersld@de produced
and made available at economic cost.

If the answer to our earlier question concerning lication of
"new" waters through scientific knowledge be ansddn the affirm-
ative, and if it were also contended that it canflend in areas
where conventional ground water cannot be founi most certain
that many people will say that these "new" watees @nly a part
of nature's accumulation over the centuries. It ipayhat the waters
stored by nature are also mixed with newly addetbare water as
well as with new water formed within the earth. tAis juncture no
one is able to determine the degree and the extemthich such
waters may be mixed. However, the following shoallsb be recog-
nized. From the practical standpoint of the beseditsolution to a
very difficult problem may hold for mankind, oneuadly isn't con-
cerned with what name is ascribed to the solutidiso from the
point of view of being practical in money mattesge usually doesn't
mind what the product is called as long as it makesiey. And
certainly, a method of making the "unavailable" ilade would be
worth millions.

But from a scientific viewpoint, there is one diffity with this
line of reasoning, and it is a major one. Neithee tunavailable"
waters nor the "new" waters can be either locatgot@duced at
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economic cost by the modern science of hydrologgweéler, the
"new" waters can, have been, and are being lochyedcientific
methods based on the theory that the genesis @&frwaturs within
the interior of the earth.

It must be that a hypothesis becomes verified, évant proved
beyond every doubt, through the successful predistit makes. It
is also true that human inquiry, throughout the rseuof history,
has been guided, both frequently and usefully, gyotheses which
were later proved to be incorrect. The phlogisteeoty of combus-
tion in chemistry, for instance, was useful and eyalty accepted
during the eighteenth century, but was finally teflby Lavoisier.
The corpuscular theory of light, that light consisf minute corpus-
cles in rapid motion, was not abandoned until thieldie of the
nineteenth century. But when it was abandoned,ai$ Wone so in
favor of the wave theory of light which was firaitgforward, almost
two hundred years before, by Huygens in 1673. Lasearch, how-
ever, has shown that all light phenomena can kergrated in terms
of photons or waves, so that the two descriptiores row merely
two different ways of viewing one and the sameitgal

In addition to the predictive occurrence of neweavatvhich will
be discussed shortly, there have also been aceaidest well as
natural occurrences of new water.

NATURAL OCCURRENCE

In the United States, according to Meinzer [52¢réhare doubt-
less thousands of springs that yield 650,000 orengallons a day,
hundreds that yield 6,500,000 or more gallons pey, &and there
are sixty-five springs that have an average yidldixty-five million
or more gallons a day. Of these first magnitudenggt which dis-
charge not less than sixty-five million gallonsIgathirty-seven rise
in volcanic rock, one is in gravel underlain witblesanic rock not
far below the surface, twenty-four are in limest@ma three are in
sandstone. The first magnitude springs which msehie volcanics
are closely associated with faults, and the firstgnitude springs
that issue from sandstone, do so from large fissym®duced by
faulting or other agency.

"The present study,” says Meinzer, "has shown timatfluctua-
tions of the large limestone springs, whether iorifle, Missouri,
or Texas, are as a rule much greater and more sublde those of
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the springs in volcanic rock, whether in ldaho, ifdahia, or Ore-
gon." [52 p. 7] Meinzer also found that the watdrnaost large
springs in volcanic rocks is remarkably low in dised mineral
matter. A few of the largest springs that rise aicanics and their
respective flows are given as follows:

Spring or spring group Gallons per
day
(in millions)

Sheep Bridge Spring, Oregon......cccccccevveveeeeeeennnnnn. 209
Opal Springs and Vicinity ..........ccccoviviiceeece s 650
Springs in the upper ten miles of

Metolius River, Oregon...........ccceevvvevvvmmemmennnnn. 692
Springs at the head and along ten miles of

Fall River, California ..........c.occvvveeeesssmmmmeee e 905
Malade Springs, 1daho..........ccuuvviiiiiiieeeeeeeeeeeee, 732
Thousand Springs, 1daho .............eeeeviiiieiieeiiiiieeenn. 558

Springs along fifty mile stretch of Snake Riverakhd 3,787

The drainage area of the Metolius River is appraxety 325
square miles, and the mean yearly run-off is 19X3,acre feet, or
58.50 inches depth on the drainage area. The djaiagea of the
Metolius River is only three per cent of that oé theschutes River,
of which it is a tributary, yet its mean run-off 2¢ per cent of that
of the Deschutes River. "In terms of depth of thairthge area, the
mean yearly run-off from the basin of the MetoliRéver is 7.8
times that from all the basin of the Deschutesbphly it exceeds
mean yearly precipitation on the drainage are&] [5

Using this data, but focusing on the upper ten snité the
Metolius River which is approximately forty milesng—the springs
yield 692 million gallons daily, or approximately5,000 acre feet
yearly, constituting more than seventy-five pertcefthe yearly
run-off for the whole of the Metolius River. Theailtage area for
the first ten miles of the river, at most, wouldt mxceed one hun-
dred square miles. If fifty-eight and one-half irshdepth on the
entire drainage area exceeds mean yearly preajpitathen it be-
comes apparent that the yield of the springs, edemt to approxi-
mately 145 inches for the drainage area of the fis miles, is far
in excess of the mean annual precipitation.
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Of the twelve major drainage basins in the Unitethtes, the
state of Oregon falls into that region wherein thatio of run-off
to precipitation is the greatest. In other wordse trun-off is approxi-
mately fifty-seven per cent of the total precipgat Whereas the
remaining forty-three per cent is comprised of evafon, trans-
piration, and infiltration into the undergroundl[p. 5]

The Snake River, with its tributaries, the Salmdpise, Payette,
and Clearwater rivers, drains some sixty thousaogdar® miles of
land in Idaho. The Snake River Springs, with a ydaiischarge of
3,787,000,000 gallons, is said to equal the surface-off from
seven thousand square miles. The Snake River Sprmg located
in what is known as the Columbia Lava Plateau wharicompasses
parts of Idaho, Washingon, and Oregon. It is irdiing to note in
passing, that lavas that may be cool enough to vealkstill contain
tremendous heat only several inches below. Evenlvéweears after
a Vesuvian eruption, steam had been seen issuimgn fvents in its
lavas, and lava was still steaming in 1830 from aruption of
Etna in 1787.

ACCIDENTAL OCCURRENCE

"In drilling Tecolete, work was impeded by subteean water
flows of 9,000 gallons a minute. Temperatures o 1#° were en-
countered and the humidity often ran 200 per centtte head-
ing." [54] Some of these waters were cool and freshereas others
were hot and mineralized. Tecolete refers to thecolBte tunnel
which runs 6.4 miles through Santa Ynez mountaingeato carry
water from Cachuma Reservoir to Santa Barbara, fabala, and
other coastal cities. Construction work started ®ecolete tunnel
in January 1950; the first unit of the Cachuma Wakeoject to be
started and the last to be completed. The CachunsenVProject
was completed in the spring of 1957 at a cost afyfanillion dollars
and when in full operation should yield an estirdathirty thousand
acre feet of water to the coastal cities at a afsthirty-five dollars
per acre foot and twenty-five dollars per acre féot coastal agricul-
tural districts.

Another recent illustration of the accidental ocence of new
water is just across the continent from our first, the city of New
York. Under a contract with New York's Departmenf ®@&ublic
Works, the firm of Psaty and Fuhrman, Inc., coritrexcand engi-
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neers, began construction of an addition to thg'scidarlem Hos-
pital on a lot 130 by 175 feet at the intersectafnFifth Avenue
and 136th street.

On February 14, 1956, after having excavated littlere than
twelve feet below the first floor of the adjaceekisting hospital
building, water was encountered which was pumped abua rate
exceeding 2,200 gallons per minute, or more thameettmillion
gallons per day. When these waters were first met the pumps
put to them, the contractor noticed that the wégeel dropped in
all areas of the excavation with the exceptiont®fiestern end.

Contractor's representatives, city officials, armhsulting engi-
neers retained by both, tried to find the sourcehef water and to
account for its temperature. The temperature pasedddle, for,
during the months of February and March of 1956, tdmperature
held firm at sixty-four degrees fahrenheit but, nthgradually, it
increased until in the middle of August, 1956,dached sixty-eight
degrees. From then until pumping was stopped sevemths later,
in March, the temperature of the water remainedlyfatonstant.
In other words, no matter what the air temperatwes, whether
during the summer or winter, the temperature ofwia¢er remained
constant.

Tests, conducted by the city's Department of Wafas and
Electricity, proved that this water was not frome thegular city
supply sources for the area, the Croton Reserub@nine, a green
dye, was poured into the adjacent sewers, but appeared in the
water being pumped out. Finally, when hospital cisésncertified
that the water was fresh, completely free of sewage in fact fit
for human consumption without treatment or chidiom it also
ruled out the nearby polluted Harlem River as tharse of these
waters. More than one and a quarter billion gallohsvater were
pumped during the thirteen month period. The pukgst working
until twelve stories of structural steel were eeelcand several floors
had been decked with concrete slabs. "Only at ploatt did engi-
neers decide there was enough weight to hold tbadfation down
against the hydrostatic pressure." [55]

Several months had gone by after the appearandhiofstory
in Engineering News-Record, and despite the faat the story had
ended on a note of mystery in not being able tdagxpeither the
origin of the tremendous quantity of water or imstant and ele-
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vated temperature, still there were no comments fiemy of its

readers. In answer to a brief article submittedzrB8an received a
letter from the Senior Editor of Engineering NewseBrd stating
that: "since the matters that you have discussem w&ebit beyond
the knowledge of any present staff members, | haken the liberty
of asking a number of experts of my acquaintanecetteir opinion

on the article. This letter is to advise you thatstnof our consultants
agree that we should print your discussion of thatten, since it
presents an interesting and little-discussed th@orythe replenish-
ment of water supplies."

When Salzman's article was published five montker dhe orig-
inal story, it carried an editor's note which inrtpsaid: "It is sur-
prising that despite efforts of many agencies, gberce of the flow
has apparently never been determined, and morerisog that
there has been no comment to this journal on plesséasons for
the flow and its origin. The first such commentingluded in the
following material. .." [56]

In the New York City Folio of the Geologic Atlas tie United
States, is an interesting statement: "There ishgps no more im-
portant consideration in the founding and growthaofity than the
municipal water supply. The city of New York, loedton a rocky
island, is not favorably situated for the collentiand use of surface
streams.” In that publication, several wells whitdd been prose-
cuted through solid rock are mentioned. For in#arnn the year
1834 at Thirteenth street near Broadway, a well boadred feet
deep produced twenty-one thousand gallons dailgl, atnBroadway
and Bleecker, a well 442 feet deep yielded fortyrfthousand gal-
lons a day. [57] What those old New Yorkers woulavén given
to have a well at only twelve feet deep and yiajdin excess of
three million gallons daily.

But in spite of the fact that New York city has uster short-
ages, no effort was made to utilize this new waBdbviously, three
million gallons per day is in reality only aboutdeop in the bucket
of that city's water supply needs, but certainlgtéad of being
diverted and poured into the storm drains it cdudde been put to
some specialized use. Then, when construction hadepded to a
point where pumping could be stopped, the water lvasked off.
One would imagine that this naturally pure wateuldohave been
put to some use. There can be but one reason ughyalter, despite
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its purity and constant flow, is not used, and thias in the many
fears associated with it since its existence canbet explained by
conventional hydrologic practice.

One other comment about this New York city occureen The
New York City Geologic Folio, referred to above,dicates that a
sedimentary stockbridge dolomite underlies the thih or the strati-
fied drift which is locally very thin. However, thatockbridge dolo-
mite is described as coarsely crystalline, dolomitdten containing
diopside and tremolite. Bateman states that epigenesplacement
of limestone results in many dolomites and theeefonany are not
sedimentary. [58] Magnesium rich hydrothermal doh# which
come in contact with calcium carbonate form dolemi{34 p. 456]
Furthermore, both diopside and tremolite, which ewveoften found
to be contained in the dolomite, are not productssorface weath-
ering and are not associated with sedimentary rd8kth of these
minerals are formed by either hypothermal depasitior by contact
metamorphism, and in addition diopside may be farme®y pegma-
tites. These terms will be explained later.

In addition to the above recent illustrations ofe thaccidental
occurrences of new water at Tecolete and in thg oit New York,
past experiences in mine shafts have also revetiedoccurrence of
new water. Many shafts that were dry at intermediatepth were
later flooded out by ascending new water at greaepth. The mine
at Eureka, Nevada, operated by The Eureka Mining, @d¢d., was
flooded out more than ten years ago and even nawprder to con-
tinue mining operations, 7,500 gallons of water goemped per
minute with a lift of 1,800 feet. A flow of 7,500aljons per minute
means 10,800,000 gallons per day. The caption untier photo-
graph understates the condition when it says: "@wandance of
water is a rare affliction in the arid-basin regior{59] Tombstone
mine in Arizona was flooded out by ascending newtewaand it is
recalled that not too long ago there had been asidac made to
utilize these waters for a municipal water supply.

PREDICTIVE OCCURRENCE

In the Britannica 1957 Book of the Year, which asveevents
of 1956, is the following statement:

"Stephan Riess of California formulated a theoryatth'new
water', which never existed before, is constargiydy formed within
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the earth by the combination of elemental hydrogew oxygen,
and that this water finds its way to the surfaced aan be located
and tapped, to constitute a steady and unfailing s\@ply." [60]

A brief unpublished statement by Stephan Riesdfanch 1954,
explains that it has been known for a century thiadler certain
conditions some rocks yield hydrogen and oxygeregaghich sub-
sequently combine to form new water. Riess consintign connec-
tion with the mining and recovery of gold, a naturaincidence led
me to suspect, many years ago, that such a labpnaaction might
proceed within the earth. Coexisting with the naftwieagents oc-
curring separately and together in rock were necggshysical con-
ditions such as temperature and pressure. Fromb#sgg approach
followed years of comparative study, in many paftshe world, of
geological formations and their contained minemlsnines of vary-
ing depth and physical conditions. Ultimately, itasvestablished
that certain fundamental conditions, chemical aedlapical, occur-
ring simultaneously, were essential and did inderéte new water
within the earth. Like other earth-making naturakaurces, then,
water was determined to have a natural, scienlifiexplained gen-
esis, with a predictable occurrence. While pratticse of this dis-
covery can and is being made," says Riess, "trermuch to be
learned to perfect techniques regarding quality quantity estima-
tions for each new well presents a new situaticeyetbpment of
which adds to the general store of knowledge. Adsent, in an
unfamiliar area, considerable expense is involvelhboratory analy-
ses of rock to get the location leads on unexpsségdurface produc-
tion areas." [61]

Riess calls the new water he finds "primary" wétecause of its
close association with the primary minerals. Acamydto Tarr, the
primary mineral deposits are those formed by direwgmatic
action. Tarr [62] states that the splitting of magnresults in the
basic igneous rocks and their accompanying grougcoéssory min-
erals formed by the first crystallization in the gnea, on the one
hand, and in the acidic igneous rocks and a segomgp of acces-
sory minerals which were formed by deposition fréime residual
mother liquors.

Hatch, Wells, and Wells [63] divide the cooling aciystalliza-
tion of a magma into a number of stages which aset largely on
the dominance of the roles of temperature and guration of vola-
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tiles. The first stage, the orthomagmatic stagepawts for the crys-
tallization of the greater part of the componenhenals in the case
of a basic rock. These early, pyrogenetic minesprise the

majority of silicates found as primary constitueintghe basic rocks,
that is, the olivines, most pyroxenes, the caltégioclases, etc. The
orthomagmatic stage is followed by the pegmatitage of crystalli-

zation, then the pneumatolytic and hydrothermaledaThe pegmati-
tic, pneumatolytic, and hydrothermal stages are réwult of the

gradual enrichment of the volatiles in the residoaither liquors

and the deposition therefrom—and water is by fargheatest single
volatile.

Primary mineral deposits are classified as syndggndt they
were formed at the same time as the parent roak,eaigenetic, if
they were subsequently introduced into a rock fram outside
source. Epigenetic magmatic ore deposits consisanbus types of
deposits which are governed by the varying conditithe residual
liquors encountered after they passed into theosnding rocks,
such as: the compatibility or incompatibility ofetthost rock, the
temperature, the pressure, and the presence oncabséd various
gases. In other words, deposition occurs whenéwemphysical and
chemical conditions bring about the saturation given substance.

The various types of epigenetic magmatic ore dép@sie con-
tact-metamorphic deposits, pegmatites, depositthefdeep-seated
vein zone called hypothermal deposits, depositthefintermediate
vein zone called mesothermal, deposits of the @lvaNein zone
called epithermal deposits, and surface depositsidymatic springs.
The hypothermal, mesothermal, and epithermal dréoahs of hy-
drothermal deposition. All primary mineral deposite subsequently
and eventually subjected to alteration and weatherthereby re-
sulting in new deposits called secondary minerpbdés.

Ralph Arnold [64], an eminent geologist who hasrb&enored
by many leading universities of the world, writdgatt Riess has
found that water is created in those particulamgref certain rock
formations where the following conditions exist:

1. The occurrence of a rather broad combination ofenails;
some of which contribute adequate amounts of oxyaeth
some of which prepare the oxygen-bearing mineraisttie
dissociation of their contained oxygen.

2. Where hydrogen occurs in an "available" state, and
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3. Where essential geologic conditions prevail drat necessary
both to complete the liberation of the two elemeantsl sup-
ply the action required to bring about their conabion in the
formation of water.

Arnold agrees with Riess' [65] conclusions thathé3e requi-
site conditions are obscure but not uncommon ansit pecause of
their nature, universally obtain at depth.” Arndi@4] says: "A
fracture or rupture by either natural means, swliaalting or arti-
ficial penetration of a water potential area inésm the action that
produces water. The purely physical character efehclosing rock
mass has no influence on the water originating gntigs of the
essential feature, except that the rock must balyfirconsolidated
and of reasonable hard and 'solid' character."ninalh as chemical
rather than physical properties control, the demset impermeable
rock formations present the more fundamental cheriatics for
potential water origin—quite contrary to what woudd the require-
ment for the location of meteoric ground water.

Before examining the record of recent locations enhgl Riess
for the production of primary water, it should beefaced by his
statement in 1954. "My discovery was then put tfield test by
locating and drilling many water wells. The recdod date (1954)
from these 'tests' is 70 producing wells out ofaf2mpts, all drilled
in hard rock, all located in distress areas gehei@nsidered un-
productive." He continues by saying that productiates vary from
a few hundred thousand to approximately three onillgallons per
day, with the high rates on more recently developedtls, and that
several of the earliest wells were never propedsngleted because
of inadequate funds and hard rock drilling know-h@&i ]

Simi Valley

In Simi Valley, Ventura County, California, over erhundred
conventional wells have been put down, but due greater with-
drawal of water than the natural replenishment, they aquifer
was soon drained. Hundreds of feet above thesewallls are three
primary water wells having a capacity of 750, oheusand, and
two thousand gallons per minute each. These thedks,wroducing
5,400,000 gallons per day, are all located within aaea of less
than an acre, vary in depth between four hundretdedght hundred
feet, are drilled near a small diabase dike inrghndipping mono-
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cline of coarse Eocene sandstone, and were testadaoperiod of
a year during the past five years.

Russell George [66] has said that magmatic or jilwematers,
because of their intimate association with magrfaew and accom-
pany the magma when it is forced into the outet pathe earth as
dikes, latholiths, batholiths, and stocks.

Two of these three Riess wells were included irtualys made
for the Atomic Energy Commission by the Universitly California
at Los Angeles [67], and in an article publishedthe Journal of
the American Water Works Association in July 19%@8] It is
interesting to note that the number of strontiurone per one
thousand calcium atoms were less in the untreatedapy water
of these Riess wells above the Simi Valley thanmany of the
untreated and treated water supplies of the fiitigs surveyed. The
aforementioned ratio was less in the Riess wels tim all of the
sampled water of the following cities: Boise, ldalBoston, Mass.;
Great Falls, Mont.; Houston, Tex.; Las Vegas, Néwetropolitan
Water District, Los Angeles, Calif.; Owens Valleygéeduct, Los
Angeles, Calif.; Miami, Fla.; New Orleans, La.; @kbma City,
Okla.; Omaha, Neb.; Phoenix, Ariz.; Portland, Oft; Louis, Mo.;
Salt Lake City, Utah; San Francisco, Calif.; ancchifa, Kansas.

Furthermore, the ratio was less in the primary watells than
in at least one or two of the three samples takeheoseveral water
supplies of the following cities: Atlanta, Ga.; Cladte, N.C.; Dallas,
Tex.; Denver, Colo.; Kansas City, Mo.; Little Rodkk.; Memphis,
Tenn.; Norfolk, Va.; Portland, Me.; Providence, .RRapid City,
S.D.; San Diego, Calif.; and Washington, D.C. [@8 46-650]

The water samples, of the cities to which the primaater was
compared, represent the following types of wataw ground water;
raw surface water; untreated tap water; tap watem ftreated
ground water; tap water from treated surface wadad tap water
blend.

In some instances the primary water contained greptantities
of calcium, and hence the strontium-calcium ratimld easily be
less for the primary water, even though the presesfcstrontium
might be the same or even higher in the primaryewatiowever,
this argument is meaningless since this situatiocuis in only six
of the sixteen cities listed in the first group quared. In addition,
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the report states that a reduction of strontiumceatration accom-
panies the removal of calcium. [68 p. 653] Hencésiadvantage-
ous to have a somewhat higher quantity of calciproyiding that
its presence does not exceed the limitations oh lggality water
and the primary water herein discussed meet thevier.

These primary wells and the small parcel of larey/thre situated
on received quite a bit of publicity when, afterhaustive testing,
they were purchased by Clinton W. Murchison of Bsilfor one
million dollars. [69]

In a succeeding chapter, reference is made to #émuva County
Investigation of the California State Water Resear8oard, which
was published in October 1953, and revised in ApA56. Yet
despite the publicity attending these Riess waltg] the knowledge
of their existence by the state water authorities, mention was
made, in this exhaustive, comprehensive, and expeirs/estigation,
of a supply equal to almost five and one-half miiligallons per day.
One cannot help wondering, why?

Lakeside, San Diego County, California

A letter from Burton H. Arnds, President of SpattdeDrinking
Water Corporation, dated October 30, 1956, givesoat adequate
description. In part Arnds writes: "A couple of ygaago, after
reading an article in a national publication [4]tang the un-
orthodox theory of Mr. Steve Riess developing piatalvater in
areas previously proven arid and devoid of anyipdgies of secur-
ing more than a trickle of water, | became intexdsin learning
more about Mr. Riess' unusual theory." After mamtig his visits
to the Riess wells above Simi Valley, Arnds [70htioues:

| was so intrigued by these results that | arrangsidh Mr.
Riess to survey our ranch property located two snileorth of Lake-
side in San Diego County where we had drilled eigiles, five of
which produced no water and the remaining tiireerhags 100 gal-
lons, or thereabouts, per minute. After studying tterrain, Mr. Riess
selected a location, upon which we diamond cored3"ahole, seeking
a deep-seated rock fissure that Mr. Riess statedwwsald find which
should furnish us water that was not produced binfath or run-
off. The 3" diamond coring was started from the tdmot of an
8"—400' well; three hundred feet of coring was iroli granite.
The 8" hole was completely sealed off and the dmn@ore rig con-
tinued to a depth of approximately 900' where an" 1® 20"
crevice was encountered and the water proceededcdme within
twenty feet of the surface.
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Arnds says: "This well has now been producing et for
the past ten months, approximately 300 gallons autaj of fine
high-grade water, with only a drawdown of abouttysiteet and
also, as predicted, a temperature slightly in exce$ seventy
degrees." [70]

The production of the well still remains the sarhet the sig-
nificant point to mention here is that the previgusxisting eight
inch diameter well had been drilled to a depth afrfhundred feet
in unconsolidated rock structures, producing littleno water, and
that the drilling had been stopped before gettinig ithe consoli-
dated rock structures—which is typical of preseay gbractice in
ground water hydrology. Only after drilling anothéive hundred
feet deeper than the previously existing hole, ghnendred feet of
which was through solid granite, and hitting a digs was the water
produced. Like all primary water wells, the watarceuntered is
under tremendous pressure, and in this case, uwdécient pres-
sure to raise the water about 880 feet, to withianty feet of the
surface.

If a greater diameter hole had been drilled, a tgregolume
of water could have been produced, but the quamttyded could
be met by the size hole that was drilled and tloeeethere was no
purpose in going to the additional expense ofidglla larger hole.
In passing, it might be well to point out that d@md core drilling
can be used for small diameter holes in consolitlatek structures,
but that, at present, the prosecution of a largendier hole in con-
solidated rock structures—twenty inch for instanceguires the
use of the old-fashioned cable tool drill whiclds from satisfactory.

Three Rivers, Tulare County, California

Both the Visalia Times-Delta of June 20, 1957 arm Fresno
Bee, Fresno, California, of June 23, 1957 carrievs stories of
the location of a Riess primary water well on theuble Dee Guest
Ranch in Three Rivers, owned and operated by Md Isins. de
Lespinasse and Jack Garrity.

In the spring of 1957, after Riess had first male kcation,
the Continental Driling Company of Los Angeles welown with
a diamond drill to a depth of 439 feet, of which548et was
through solid rock. The water rose and came over shrface.
The free flowing well runs at ten gallons a minaeeighty-three
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degrees fahrenheit, and if the owners wished, tistaliation of a
pump would assure them about one hundred gallomsnate. The
article in The Fresno Bee states that an engintgiing at the
Double Dee, while making core tests for TerminugnDaold Mrs.
de Lespinasse that she would never get water frerack forma-
tion chosen.

According to the Visalia Times-Delta article, theter shortage
in the Three Rivers area is often a serious one, that many
promising sites for homebuilding have not beeniz¢til because of
the apparent impossibility of obtaining adequateéewaupplies. Ac-
tually Riess had located two potential well sit€ke other well site
almost at the doorstep of the Lodge would have tméficient to
supply the whole Three Rivers village with domestvater, but
would have cost about $35,000 to develop. The guwesth owners,
however, chose the less expensive location, feetingould supply
sufficient water for their needs.

In a letter dated June 19, 1957, Myna M. de Lessi@awrites:
"We encountered a fissure at 439 feet deep in tlecBB diamond
core hole and the water came over the top. The rgemiblic,
the drillers and government engineers came heli@ageine that it
was stupidity to try and find water in solid graniike this." Mrs.
de Lespinasse says that in addition to findingvilager flowing as an
artesian well, they are doubly pleased that theewhéppens to be
one of the softest and purest to be had anywhdre. clses her
letter as follows: "Without water our place woul@ la total loss,
since without it no matter how ideally we are |l@thteasy accessi-
bility and climate, luxurious accommodations, afl tbis becomes
valueless or useless."

Tale of Two Cities

An Associated Press story of May 28, 1958, dateioalinga,
in Fresno County, California, describes the faett tthis little city
is planning the first municipal water de-saltingaml in the United
States. "Coalinga always has had plenty of wellewatsaid Mayor
Steele, "but it is too salty to drink. We have hadhaul in fresh
water 45 miles by rail since about 1900 and theemgp has been
very great. Last year the city's water freight biths over $43,000
for a supply of about 17,000 gallons a day." Thosstantly recur-
ring cost is about $6.90 per one thousand gallémgater, whereas
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the Double Dee Guest Ranch well, flowing at the @it ten gallons
a minute, or 14,400 gallons a day, cost only egit one-half cents
per thousand gallons if the cost of drlling the hilamortized over a
ten year period.

This first municipal water de-salting plant in thinited States
is a 28,000 gallon-per-day electric membrane planlt by lonics,
Inc., of Cambridge, Mass. It has been estimated this plant
will save the city more than $400,000 during thestfiten years of
its operation. Certainly a worth-while savings. Hoer, such a
savings, based on 28,000 gallons per day, wouldrsgan a cost
to the city of about $2.98 per thousand gallonswvafer. Actually,
28,000 gallons per day is equivalent to about emetand one-
half gallons per minute.

The other little city, in our tale of two citiess iCottonwood,
Idaho. Cottonwood after a ten year effort to seameadequate water
supply to meet the community's needs, found itsellesperate cir-
cumstances. The city was broke, they had drillegsevells, varying
in depth from two hundred to 1,015 feet, duringsthden years. Five
were dry holes, and the other two supplied amotartshort of the
city's needs. Water consultants and water expemts $everal organi-
zations had said that there was just no possibfitywater production
in the area and had, in effect, signed the deatiificate for Cotton-
wood. So that late in 1955, there was serious denaiion being
given to abandon the city.

The situation appeared hopeless, but someone lat about
the successful location of primary water wells ithes hopeless
areas, and so, an appeal was made to Riess. Hezritlge city's
dire circumstances, and always ready to prove bisnse, Riess
set out to make his studies of the area. He locHiegk potential
primary water sites. Drilling began on the firstdtion, encountering
water at a depth of 540 feet, but drilling contidugown to nine
hundred feet where a fissure was met, and the watmm came
to within three hundred feet of the surface. Thdl was completed
in March 1956, producing 250 gallons per minuteic8ithen the
second of the three locations was drilled succégsénd the third
location is currently being drilled. H. W. Simon atér Commissioner
of Cottonwood, says that the city is growing andspering and only
because of the work that Stephan Riess was able tor them.

The cost of drilling a large diameter hole throwgiid rock
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is about fifteen dollars a foot. This cost plus thider costs inci-
dental to the completion of such a well throughht® production and
operational stage, and even including the costlogdtion, add up
to about $40,000. Inasmuch as many of the costs vaay some-
what, $50,000 would be a good conservative figwe dur pur-

poses. A yield of 250 gallons per minute is 360,@@lons a day,
or more than 131 million gallons a year. Therefarsing a total
cost of $50,000 and amortizing this capital investmover a ten
or twenty year period, the cost of the water wadoédless than four
cents and two cents per thousand gallons resphctiggen amor-
tizing the cost over a one year period results icost of less than
forty cents a thousand gallons. The costs of opeygtumps, and
the maintenance and replacement required wouldaiogrt add

somewhat to this cost, but comparatively only asignificant

amount.

This is a tale of two cities, not only because lo¢ tobvious
cost comparison that can be made, but also forhanoteason.
The same person, who had located the new waterlissipfor
Cottonwood, and thereby prevented the origin of adenn day
"ghost town," had offered to supply the people oflihga with all
the water they needed, at twenty cents per thougalidns, some
ten years ago. Instead they have been paying $%.80 per thou-
sand gallons in freight costs alone, and now thédlyhe operating
a saline water conversion system that will providem with water
at a cost at least ten times as much as the primater which
still can be located and developed in Coalingackyerd.

In attempting to surmise how such a situation came to
pass, only one possibility clearly stands out—tlgaten expert
opinion, by practicing conventional ground watediojogists, that
water production is impossible and that there is suzh thing
as "new" water, how many people would have the inampn, the
faith, and just enough fortitude to try. Where #imiation has been
described as hopeless, but the stakes are highe saay try. But
where other alternatives exist, and the situatiomat so desperate,
how many will?

The small city of Craigmont, twenty-one miles fr@&ottonwood
on highway ninety-five, finding themselves in a #&mn position of
being short of water and viewing Cottonwood's sescalso asked
Riess to make a primary water location. Craignmaw has a suc-
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cessful well at a depth of 908 feet and preliminast pumping indi-
cates a yield of from one to two thousand gallonwmiaute of fine
high quality water. Grangeville, also nearby, isvndrilling a Riess
located primary water well.

Avalon

The city of Avalon is situated on Santa Catalinand, in Los
Angeles County, California. Located in the Paciicean, twenty-
seven miles south from Los Angeles Harbor (Wilmimgt its rug-
ged, picturesque mountains rise abruptly from tbeaa to a maxi-
mum elevation of 2,125 feet—its highest peak, Mtiz&ba. The
island is twenty-one miles long and from one-halfeight miles
wide, a total of 48,438 acres, or approximatelyes#y-six square
miles. The average rainfall measured in the cityAgalon, which
is at sea level, since 1909 is 12.68 inches, antha®levation in-
creases, the amount of precipitation on the isianteases from two
to three inches for each thousand feet. Nearlyhallrainfall occurs
during the months from November to May. It is sditat during
the last twenty years over forty dry holes havenbéglled on this
island and that many water experts have finall\etakhe position
that no adequate ground water source exists.

The drainage pattern of the island is establishgdhle main
mountain ridge which extends the whole length & tsland. The
island's largest drainage basin, the Middle Creakerghed, is 7.96
square miles in total extent and is situated in ¢katral part of
the island southwest of the mountain ridge. Thenddgy elevations
on the watershed are Orizaba Mountain with 2,125 énd Black
Mountain with 2,010 feet: the lowest elevation la tower end of
Middle Ranch Reservoir is 640 feet. The water sygms been
primarily from the surface run-off contained in theservoir and
the ground water basin of the Middle Creek drainagea. The
basin itself is filled to a maximum depth of siXiget with uncon-
solidated alluvium, ranging from gravel to clay.efé are some older
wells near the city but several years ago they fmeceontaminated
by sea water encroachment and have become too @aleyof these
older wells will be mentioned again. The latestdgtwf the water
situation of this island was made in 1957, by asciting hydrol-
ogist, who states: "There do not exist any deepedeaquifers
on the island." [71]
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The water consumption during the water year 195%456unted
to 130 acre feet. During the water year 1956-5¢abse of little
precipitation that year, the water delivery to tbiéy was cut in
half, and then in January 1958, it was cut in hgHin.

Geologically, Santa Catalina Island is grouped wite Con-
tinental Shelf and Island Province and within itttwthe Southern
Franciscan Island Province. Half of the islandagrfed by the base-
ment complex of Franciscan schists, a metamorpheseuistone
series. One fourth is intrusive rock, quartz-deyporphyry, and
one fourth is volcanic rock. The basin itself ilefi with alluvial,
unconsolidated sediments, ranging from gravel weamnd to clay,
overlying the intrusive rock, quartz-diorite-porpjy "Only the
alluvium is water bearing, from a practical stanidpt[71 p. 10]

Less than one mile south of the city of Avalon ao@ering
above it approximately five hundred feet a poténpiamary water
site was located by Riess. At about the same étawabut at about
one and one-half miles from the city in a southesgtdirection,
a second site was selected. These two sites wégetes for the
production of water to meet Avalon's present antliréu require-
ments, and being at much higher elevation than dite itself,
gravity flow would carry the water down to the citgeveral other
potential water sites were selected in other paftsthe island
for other purposes.

The first drilling site selected was to be the tama that had
been made closest to the city, and drilling begarthe middle of
April, 1958. When the hole had been drilled to 1@et, through
solid rock, water came up to within eighteen feeinT the surface
under its own pressure. Drilling proceeded and & feet a large
crevice was encountered, and so were problemsefegral cave-ins
occurred in the crevice and when the water levelpped in the
hole, it became apparent that water was being lost.

One of the older wells, closer to the city and amach lower
elevation, heretofore could not be pumped more teaht or
nine consecutive hours without increasing the \iatsalinity to a
point that made it useless. But since the loss atewwas noticed
in the hole of the primary water well, this old Wikhs been pumped
whenever needed producing acceptable water at ea aftabout
three and one-half million gallons a month withdwatving to shut
down because of increased salt content.
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Meanwhile, drilling in the primary well has proceed down
to 990 feet, and the water is static at eightydhfeet from the
surface. Power lines have been strung into the Biter to a deter-
mination of the exact yield of this well, pumpirgynecessary to help
clean out the cavities of the fissure after whioh tlepth at which the
submersible pump should be installed will be deteech Perhaps
there are no deep-seated aquifers on Santa Cathdiaad, but
there are many potential primary water sites. linteresting to note
that this hole, drilled approximately 490 feet lvelsea level, none-
theless contains potable water of fine quality hgva temperature of
about seventy degrees fahrenheit.

Salton Sea Area

The State of California has set aside six milliailats for the
improvement and development of the Salton Sea Fatk. This
area is heavily alkaline and good useable watat & premium. On
a 440 acre site, adjacent to areas where wellsbkad drilled only
to find waters that were excessively alkaline, Ridscated and
drilled a primary well. In May, 1957 the well wamished and test
pumping over a long period showed a yield of almibsee thou-
sand gallons per minute with a drawdown of fiftyeofeet. Water
was first encountered at two hundred feet in deghtiling was com-
pleted at four hundred feet and the static leveltred water is
ninety feet from the surface—the temperature ibtgithree degrees.

Mohave Desert

The Mohave Desert (sometimes spelled Mojave) isupland
desert which, for the exception of the five hundsedne odd square
miles of Death Valley which lies below sea leveishelevations
ranging between 2,000 and 5,000 feet above se& [Ene Mohave
Desert's meager rainfall measures between 1.4 anchgs per year,
falling mostly during winter and spring. There imp@le evidence
that in the Mohave's not too distant past widesprealcanism
occurred. At Little Lake as well as near Amboy thare well-
formed cinder cones, symmetrical craters and ldvasf and in a
small area just northwest of Kelso there are mbem ttwenty sym-
metrical cinder cones.

In 1957, a Riess located well of substantial waisrduction
was completed and capped awaiting the future neeaprivate
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development group which had acquired about 80,08@sa now
owned by the California City group of companies dexh by N.
K. Mendelsohn. The California City companies dedidkat it was
necessary to reexamine and verify Riess' findinggoaavailability
of rock fissure water in large volume as part ofaer investiga-
tion to determine the total water inventory withime area. Early
in 1958 Mendelsohn engaged O. R. Angelillo, a tegisl civil en-
gineer of highly diversified experience in manyldie of engineering,
to report on all water resources economically wesabl

The "Mojave Deep Water Report" by O. R. Angelill@2]
dated January 20, 1959, consists essentially oftets which de-
tail voluminous evidence to substantiate his cagiolss. The evi-
dence is in the nature of: chemical analyses disowater samples,
and drilling cores; precipitation records of ther& Nevada moun-
tain range as well as that of the Mohave Deseg; dhalysis of
dissolved gases in the water taken from the Riesksvwshowed
clearly that this water had not percolated throagh, the measure-
ment of minor trace elements enabling a more pasitientification
as to the source of the water, and the use of akwther novel
and refined measurements. Angelillo had conferrégth ®rs. Hugo
Benioff, Charles F. Richter, and Richard F. Jahhshe California
Institute of Technology as well as with Dr. Thom&s Dibblee Jr.
of the U. S. Geological Survey, and with Walter Kog of the
Forest Service. The outstanding new feature browght by the
report was the existence of the Mendelsohn Fasilg Bnk connect-
ing the well-known Lockhart Fault with the Sierreeda Fault,
and that thereby the waters from the snowpack efSkerras flow
beneath the Mohave desert.

On January 29, 1959, Riess issued a statementeoMtjave
Deep Water Report by O. R. Angelillo. It is impartato what
follows that part of it appear here. Riess indisdteat he has devel-
oped a technique of intercepting waters from raekure aquifer
locations on the basis of field examination of dérrand laboratory
petrographic and crystallographic tests. He has ltlee only person
who has been publicly identified over a period efss and a wide
range of areas with the proposition that the se&wchwater loca-
tions can be prosecuted with a high percentageadfability in rock
fissure aquifers. Riess specifically points outitha
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Side by side with the study and location of deege® rock
fissure aquifers | have also been impressed with esting body
of geological data and opinion as to the genesiswater in the zone
of rock flowage, often referred to as new, primajyvenile or make-
up water. In the course of the extensive experiemte field research
and driling which | have mentioned, | have foundason to be-
lieve in many cases that the chemistry of these p-deated rock
fissure waters, often quite distinct from the chaeimi of waters
from alluvial or sedimentary formations, reflectshet admixture
of such new or make-up waters.

Under our earlier definition of "new" water as kgwwater which
is not being located by conventional ground watgdrblogical
methods, fissure water would be included thereihviQusly, some
fissure waters may have their origin from meteosiater whereas
others have their origin from primary sources witthe earth itself,
and then, of course, it is most probable that fessuaters represent
admixtures of these primary and meteoric waters.

Negev Desert, Israel

In the Negev Desert of Israel, a twenty inch diandtole has
been prosecuted on a Riess location, through soti. The drilling
had been slow, cumbersome, and tedious, but wadsrfeund 150
feet below the surface. Drilling continued to gesatepths until
a large fissure was encountered.

Riess had met with Prime Minister Ben-Gurion ansl didlvisers,
as well as with a group of top geologists in Isr&&dferring to those
meetings, Riess said: "There was opposition ambaggeologists to
my theories of water development, but after a Isegsion of ex-
planation they agreed the proposal had merit." letir dated the
18th of March, 1958, Arie Isseroff, Israel's chigfter geologist,
writes: "I think that | am also expressing Mr. Riespinion when
| say that we found a striking closeness of oumsoiof view on
everything concerning the role of the scientist,a@sbecially, that
of the water geologist in raising the standardivahy) and enhancing
the peaceful productive development of the wonddfare." Isseroff
continues: "As a geologist who is occupied with evatesearch in
arid zones, | am fully aware of the limitation ofiroorthodox
methods in geohydrological prospecting and am minpressed
by the glimpse | got of the new methods offeredvby Riess. Rec-
ognizing the unfathomed possibilities which may dgening up
before us while applying these methods, | decidadpuraged by
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my superiors, to cooperate with Mr. Riess' resedurh primary
waters in our arid zones." [73]

On his trip back to the United States, Riess redednto in-
vitations to visit the FAO offices of the United fims in Rome,
and the Papal State for a private audience wittetieePope.

News articles, appearing in the Jerusalem Post af M5th
and May 29th, 1959, estimated that the amount démia the Riess
located well would be enough for a city of at 1e280,000 people,
with water for industry, air conditioning, parksnda gardens and
a dozen thriving villages to boot. Upon analysts first samples
of the water revealed a far smaller proportion igsdlved minerals
than the Eilatis have been accustomed to drink—&0l§y parts to a
million instead of the 3,000 parts to a milliondristing well water.

This description appeared in the May 29th articke Meir
Ben-Dov:

The site they have chosen is where a five metrevaft, run-
ning vertically through the mountain, is crossedright angles by
a similar cleft, hardly 20 centimetres across. Dlosvels of the earth
in erupting have filled the clefts with an igneoimsrusion of a soft,
soapy-feeling, mottled brown rock, called gabbro.

The drill slowly worked its way downwards, alterelgt in
igneous intrusion and again in granite, as thet cief the rocks
snaked its way downwards. But the attendant caweeih the rock
and jamming of the drill pieces was beyond theedlstaam's experi-
ence, and so this year Scott came back to supethisenvork right
to the end.

The reference is to James G. Scott, an outstandicgpable
engineer and long time associate of Riess', who $wgeervised
the drilling operations of only those Riess locateglls which have
presented many difficult drilling problems. A fudlppreciation of
Scott's versatility and ingeniousness as well asptioblems he must
cope with can be gleaned only by those closelycatea with him.

Other Recent Wells

In 1953, Riess located a well in Independence Vallbout
fifty-five miles northwest of Elko, Nevada, whichejds 1,200 gal-
lons per minute.

In the Santa Ynez mountain range, wherein the eotid en-
counter with new water occurred in Tecolete tuniéss located
water in a fissure at a depth of 1,619 feet whiame through an
eight inch casing to within twenty feet of the sud.
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In the Pacific Palisades section of the city of LAgmgeles,
at an elevation beyond the point to which the sityater supply
lines went, Riess located two primary water wells excellent
quality.

Today, Riess is engaged in locating primary watedeun the
terms of a five year contract with the San Bernadvalley Muni-
cipal Water District, which comprises several dtithe largest of
which is San Bernardino, California with a popudatiin excess of
90,000.

A ENORDENSKIOLD

Diligent probing in hydrologic literature had fadleto uncover
any predecessor in the Riess method of locatingmay intercept-
ing fissures in solid rock. One day after | hadgaite some length,
explained Riess' work to him, Dr. Linus Pauling piged me by
saying that Riess' successes reminded him of thediStv min-
eralogist Nordenskiold who had been nominated foMadel Prize
for his ability to locate fresh water in the sal@tks.

| was elated, a possible antecedent had been fdegkarch on
Nordenskiold proved to be an exciting experiencasimuch as |
was feverishly attempting to ascertain whetherrésemblance would
prove to be a true counterpart. In addition to matdound locally,
there was correspondence with the Nobel Foundatiod the
Swedish Academy of Sciences.

Adolf Erik Nordenskiold was born at Helsingfors ynoHel-
sinki), Finland, on November 18, 1832. He was tba ®f Nils
Gustav Nordenskiold, a mineralogist, traveller, dmehd of min-
ing in Finland. During 1853 to 1857, Adolf visitdglerlin where
he engaged in research in mineral analysis at ®daboratory,
after which he settled in Stockholm and there becd@hrofessor of
Mineralogy in 1858. Later he became a prominentia@rexplorer
and was knighted by the King for his explorations.

Nordenskiold's nomination, made by Dr. P. E. Sidzal, a
member of the Swedish Academy of Sciences, washifrability
to find drinking-water by drilling through solid cks into rock
fissures. Nordenskiold died on August 12, 1901otethe Academy
of Sciences had convened on the question of paaethat his can-
didacy never really materialized. [74]
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It is safe to say, just as Gorman's statement coimge the
published report by the two Indian physicians, that article by
Nordenskiold, if presented before an audience ofgd water hy-
drologists, would also be hailed as something reamething they
hadn't studied about, hadn't practiced, and hadw&n known
about, despite the fact that this article was shiglil in 1896 and
was the basis for his nomination as a candidatettferfirst Nobel
Prize in Physics.

Nordenskiold located and had drilled thirty-one leein the
primary or primeval rocks of Scandinavia and in rgvenstance
found the fissure he was looking for. All but on€ the fissures
contained water, the one exception contained olay. dn the light
of the work done by Riess, it is interesting to dreldordenski-
old's account even though the fissures he founde vatrabout one
hundred feet below the surface, quite shallow caosgpao those
located by Riess. Nonetheless, many of Nordenski@dperiences
bear similarities to those of Riess, and the waiand by both con-
stitute high quality potable water. Nordenskioldtticle [75], trans-
lated by the author, follows.

ABOUT DRILLING FOR WATER IN PRIMARY ROCKS
By A. E. Nordenskiold

Drilling in our primary rock for supplies of watéias now been
going on for two years, during which time twentgii well holes
had been finished. Perhaps it may be appropriatgivi® our geo-
logical society a review of the results obtained &mereby give its
members the opportunity to test the correctnesth@fassumptions
upon which this work was based, and the legitimatyhe deduc-
tions | have derived therefrom.

It is no mere question, here, of someone who isenworless
successful in drilling for water, but a fresh newnpiple within
geology, not only of enormous importance from batiygienical
and economical standpoint, but also of sweepingr#ieal signifi-
cance able to correct the theoretical constructibgeology. Spe-
cifically, by this construction there must existgeeat difference
between primary rock, in which all formation ceasedong time
ago, and primary rock in whose interior an eveigstirculation
of water takes place. There, a continual processn ¢hough slow,
of displacement of layers and the new formationamdy of calcite,
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but also of quartz, feldspar, prehnite, augite, npatife—and other
silicates can continually be observed. In a figueasense, it recon-
ciles to this summation, one primary rock dead esiacmillion or

forty million years ago, the other primary rock hvititality and

a day to day evolution.

It is my desire to bring up the difficulties andegtions surround-
ing the first drilling attempt to obtain usable riiing water on the
various rock-bound or smaller islands on which beatights are
situated and for pilot stations near the coastdnnection with this,
| remember an observation of my father, Nils Noskéold, who
was chief of mining in Finland and who died in 18@tat salt water
did not penetrate the iron mines situated nearFihaish coast and
which were beneath sea level, despite the facttheate was always,
more or less, what miners call bad water. Partrofobhservation |
made during the years 1861 and 1864 on an expeditioSpitz-
bergen, where on a walk | came across a strondtjedoand re-
versed tertiary layer resting on a perfectly hamab permo-carbon-
stratum. This later observation | recorded in "Sketf the Geology
of Spitsbergen" in the following way:

The strata of the mountain-limestone which, at éfeeh Strait,
alternate with plutonic rocks, are almost horizgntdut the Tertiary
beds at Kings Bay and Cape Staratschin are, on dbmetrary, quite
folded, notwithstanding no eruptive rock could beéscdvered in the
vicinity, excepting a little vein of diabase (?) afape Staratschin.
There must, consequently, be some other reason ther folding oc-
curring in these places; and it appears to me tlw& much impor-
tance has been generally ascribed to the influenfe the eruptive
masses in connection with the folding, upheaval,d adislocation
that is almost everywhere observed in the earth'sstc As is the
case with innumerable other geological phenomenas, talso, very
likely results less from any violent revolution thafrom some almost
imperceptible but nevertheless continually opematipower. The up-
per part of the earth's crust is, of course, subjecto periodical
variations of temperature, which, at Stockholm, famstance, at a
depth of seventy or eighty feet, rise to 0.01°C. tlfe earth's crust
were continuous, and the change of volume, causgd these varia-
tions of temperature, did not exceed the limits elasticity of the
rock, they would not exercise any disturbing infloe. But as to a
greater or lesser degree, there are in all mountafissures and
clefts, these will widen in lower temperature, biecome narrower
as soon as the temperature rises. If however, ay poften be the
case, the fissures when enlarged by lower temperatre filled up
either with chemical or mechanical sediments, a ebw lateral
pressure will naturally ensue when the temperatagain rises and
extends the rock; and thus every variation of teaipee will cause a
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slight dislocation of the strata. When we consitet this agency is
working from year to year, in the same directiond ahat the exten-
sive movement of many hundred miles of the eaxhist may cause
folds only at some narrow spot where the resistasce minimum, it
should not surprise us to find even the newest d&ion gready re-
versed, whereas old formations in the vicinity, mas quite undis-
turbed.

Upon reflection, the above advanced outline iseaxirrand there-
fore a horizontal displacement fissure ought toegelty occur in
every solid species of rock at relatively slightotie under the sur-
face of the earth. Probably these fissures areeyong water. If so,
in our primary rock one likewise ought to be ahtedbtain water
through a bore hole to these fissures. But how gedtis water on
promontories and islands skirting a coast, the pnbspective places
to have to attempt such drilling? This was the taasfaced upon
such an undertaking. Relative to its practicablenas 1885 | had
already concerned myself to obtain some furthea tafore passing
judgment on this question, when several privatsqes and authori-
ties jointly made inquiries touching on the sajinibf waters in
wells and mines near the seacoast. In connectitmthiss, | received
much valuable information. Mineral surveyor Antojo@en wrote
as follows in this note of September 30, 1885.

The following mines have reached the indicated @xiprate
depths below sea level:
Meters below sea level

Finnmossen 15
Taberg i Vermland 90
Nordmarken 15
Uto 120

Dannemora, Mellanfaltgruvan 192
Dannemora, Sodra faltgrufvan 180

Bersbo, Atvidaberg 390
Mormorsgrufvan, Atvidaberg 300
Falu grufva 222
Kallmora grufva vid Norberg 15
Sala 270

Relative to questions on mine water salinity, | ereknew the
water in our iron mines to be other than salt frieeyour letter you
ask questions as to whether mine water containss#its that occur
in sea water. | believe that we are thus agreet tthese quesdons
can be answered with no.

Lord-lieutenant C. Nordenfalk communicates that ynaslls,
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found in Hallandia (in sedimentary layers) in clpseximity to the
seacoast, give this salt free water, notwithstayitiat it comes from
a depth of thirty to seventy-five meters below se@l. In a well
that was also drilled in loose sedimentary stratamnthe square in
Jungsbacka, produced ample water that comes 3nt@aldove sea
level, but this water is salty. To conclude, thgsestions are taken
up and discussed in Geologiska Foreningan (sdatbssdl, 1891,
s. 13, 143 och 296).

From the knowledge that was obtained in this maneen
though only slightly decisive, that this water thatild be obtained
at depth by drilling in our rocky archipelego wowldt consist of
sea water devoid of potable fresh water, | theegfooposed to the
then chief of the pilotage branch of the Board dhdralty that
some suitably located pilotage station permit thiedacting of a
drilling attempt in a specifiable location.

It was for this reason that the first drilling faemter in our pri-
mary rock was attempted in 1891 on the little Seangouth of
Kosterfjordan. Drilling was given up before suffint depth was
attained because they thought that a fissure lgadifrom the
sea stretched itself to the well hole. The placeadfidling had not
proven to be selected by a person competent te,jachgl the work
supervised, if I know, not by someone who belignetie possibil-
ity of success. Hence the presumably hasty abaneiunof the
work.

After that, the question was pigeon-holed and iador some
years; it was ended until taken up by the Dire@eneral of the
Pilot Service, Baron Ruuth, who except for considethe reputed
unsuccessful drilling near Svangen light agreedotmuct a new
drilling attempt at Arko near Braviken. Craftsmeada the drilling
spot (a)* level, directly near the pilot stationcated on a ledge of
rock on a hill a couple of meters above the sea.species of rock
was composed of hornblende leaded gneiss andedibinik outcome
was particularly favorable, in that soon after gtbeof 35.5
was attained, 450 liters per hour of first-rate dya@ter was pro-
duced. The drilling hole had a diameter of 64 mime Water con-
*a) For this purpose the place was visited, in thegirming of May 1894,
with me by geologist Svenonius, graduate G. Noridgdk and Director
Casselli.
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veying fissures lay at 32-33 m depth below the opgn(b)* The
water, at the beginning, was a little yellowishying been mixed
up with borings and with mud from the water conweyifissures,
but after a short time perfectly clear, and besmbich the amount
of water increased.

With at least the possibility of water veins ocaugrin primary
rock entirely proven—and certain difficulties aved through im-
proved drilling technology developed in drilling ywand the sands
in our mines, the "Diamond Rock Drilling Companyceived or-
ders for new well drilling. Drilling for water inw primary rock
was executed and proven in the following places,tlig writer,
which are here given in chronological order.

1. Arko. Species of gneiss, hornblende gneiss, etcll-Néé&
depth 35.5 m. Diameter 64 mm. The water bearingufss were
reached here, just as in most of the well holes depth of about
32 m. Abundant supply of first-rate good water, abhistill was
a little hard. This water was used for purposesmomto drinking
water and all sorts of cooking, not only by the plagon near the
pilot station but also by vessels that lay to ribarpilot station.

2. Stockholm; Saltsjobaden. Gneiss mixed granite. Welle
depth 35.5 m. Diameter 64 mm. Abundant supply abdgavater.
With reference to blasting with dynamite near theuth of the
well hole, surface crevices originate, that pogsitdn carry dirt to
the well hole. Temperature 4-7°.

3. Stockholm; Tacka Cape. Depth 35.5 m in hard Kbtolon
granite. Diameter 64 mm. Abundant water. The watir continu-
ally mixed up with a yellow clay and possibly fodldy muddy
water from an adjacent garden plot. Considerabledhte blasting
was precluded by well cleaning. Nevertheless, afteeral days of

*(b) The water has always been found at a depth3@fto 35 (generally
32-33) m under the rock surface, but the drillingually continues a
couple of meters under the water bearing fissuvdsich drillers recog-
nize because the rock there is "in tatters." Inew fplaces, without my
knowledge, the drilling continued "out of curiodityjo a considerable
depth. Any increase of the water supply has newsnbobtained in this
manner. On the contrary, this drilling below the tevabearing fissures
had the disadvantage that a quantity of dirty wasempumped in, which
with difficulty is worked off afterwards. Effortsot increase the water
supply through blasting with dynamite has not besowned with suc-
cess, maybe because the dynamite shots were in foedsleep under
the water bearing fissures.
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pumping it clean with a steam pump, it should givgood water.
Temperature 7° to 8°.

4. Dalbyo; south of Hallsviken. Well hole diameter 6vm; its
depth 35 m. Diorite and hornblende gneiss. The wataveying
fissure lay at 32 m deep. Wells that for long gawseakly yellowish,
somewhat salty water and a perceptible oil filme apw colorless,
crystal clear, the best drinking water man himselh wish. Tem-
perature 7.5°-7.8°.

5. Ryby yard south of Linkoping. Here they had pregigu
blasted a 23.3 m deep well in gneiss, which siil dot give any
water. From its bottom a 64 mm drill head was fivsted to 24.3
m and thereafter 6.5 m with a drill head of 35 mAh.7 m below
the 64 mm well bottom, thus at a depth of 31.3 rdeurthe rock
surface, we hit the water. It. was a good watet,dmly 1,675 liters
per day. It is utilized with advantage for the waghof butter by
a creamery.

6. Stockholm, Aktiebolaget Separators gard a Kungsaolnwe
attempted drilling from the bottom of a 27 m deegllwn Stockholm
granite. At 8.5 m drill depth we intersected a watenveying fissure,
that gives 15,000 liters per 24 hours. There wagu@stion about
making use of the water for feeding a steam endingé,it was said
to be calciferous.

7. Trollhattan 1. Rocks consisting of gneiss with pedite
courses, varying with hornblende schist. Well h8@7 m. The
water bearing fissure encountered within the dethined. Diame-
ter 64 mm. Ample, crystal clear, palatable watesntaining 35
parts solids in 100,000. Temperature +8°.

8. Smogen on an island in Bohuslans Archipelego. Ratks
sisting of a regularly vertical lifted red granifehe well hole opening
located 5 m above sea level. The water conveyisgufe found at a
depth of 35.4 m. At that depth down fissure intetsewith fissure.
Fissures conveying water less liberally had beamdoat 10.5, 14
and 19 m deep. The water supply is ample, but tatemis, as yet,
a little salty.

9. Marstrand. The well opening located 8 m above seell
The well was bored to a depth of 44 m in mica rgieiss, the
water conveying fissure encountered handsomelyefsda The sup-
ply of water 600 liters per hour. The water firater good. The wa-
ter in the well rises to 3.5 m from the rock’s rim.
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10. Stenungso near coast of Bohuslan. The rocks areipaily
gneiss. The well hole mouth 10 m above sea lewmuta25 m from
the sea-beach. Depth 45 m. The well hole sunihénusual manner,
considerably below the water conveying fissure. $heply of water
is not particularly ample (60 liters per hour). Bhe water, first-
rate good, is perfectly salt free.

11. Koon midst to Marstrand. The same rocks that asr Mar-
strand. The well sunk to a depth of 50 m, but thantjty of water
from it is not worth mentioning, the usual horizainfissure, which
here is very thick, is entirely clay filled.

12. Trollhattan n. In the pharmacist's cellar. The wadé the
same quality and about the same quantity that weésired in drill-
ing Trollhattan 1. The well depth 36 m. Diameterréh.

13. Trollhattan 1ll. Situated only about 12 m from Thattan
No. Il. The well like Trollhattan Il. The water withdrawn here
by means of a little steam engine. It delivers waikt the same
guantity and of the same fresh quality as thathef tivo previously
cited wells at Trollhattan.

14. Hango. The well hole 49 m. Diameter 64 mm. The wets-
veying fissure encountered as usual at about 3Zhme. well pro-
duces at least 500 liters per hour. In the begmrire water was
strongly befouled with borings, oil from the dnili machine and
pump rinsing-water. But the well has, after repgatanning and
draw pumping during its intense use in the summerught of
1896, considerably improved. The water proved elticclean, in
short, perfectly good. The water quantity at led800 liters per
hour. Temperature +6.9°.

15. Stockholm; Vinterviken. The rocks are principallyeiss. The
well hole was sunk considerably below the waterringafissure,
which was encountered at the usual depth. A sh& kd dynamite
was let off below, with the previous very ample ambof water in-
creasing. The water is good, but was colored wigkufe clay for
a long time.

16. Dannemora: Haglosa. The drilling began from thetdiotof
a 45 m deep well and continued to a well depth2&f3 m.
Diameter 64 mm. The rocks—petrosilex (hornstoneichRwith
water, that in the beginning was, as usual, fouldt clay and bor-
ings. After pump cleaning, the water improved cdeshbly and
remained sufficiently up to standard.
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17-19. Tolkis holme near Borga in Finland. Thredlvweles at
19, 35.5 and 36.5 m for obtaining water for manufacg pur-
poses are here drilled in granite gneiss. Diamé#rmm. The
amount of water was inadequate for manufacturingpgaes, but
why give up the wells without properly pump cleag#nThe owners
have unnecessarily become frightened by an analifsa$ gave 85
parts solid constituents, thereof 17 parts chlogwee 100,000. By
continued pumping on account of this problem, id ah itself not
a little forbidding, the residual would be reducashsiderably. The
chlorine is, of course, combined with sodium asiwwodchloride.
The taste imperceptible, the quantity of this eleims not in the
slightest degree injurious to health.

20. Bokedalen near Goteborg. From a 64 mm well holek g0
depth of 30 m in gneiss, an ample supply of watereceived. The
water flows over the well opening. It is slightioiny. The per cent
of iron was still gradually reducing and the wagdould later on
remain perfectly good.

21. Hufvudskar in Ostersjon. Drilled in gneiss to a tihepf 53
m, still without increasing the quantity of watdrat was obtained
at about 32 m deep. This is only 60 liters per hdurt should
gradually increase. Even now the water is still ptately sufficient
for the pilot station's needs and perfectly good.

22. Gellivare. The well gives ample water, even witke thc-
cessible pump and not the customer's bilge-pumppe liteobtained
up to 40 liters per minute, corresponding to 2,4i6frs per hour.
The temperature after several hours' pumping i4°+3The water
is pure and clear and without taste. Depth 40 ranigiter 64 mm.

23. Katrinefors nara Mariestad. The drilling, done foanufac-
turing purposes, to a depth of 30 m from the botwim 6.5 m
deep well in primary rock. Diameter 64 mm. Gave 6700 liters
water per hour. It was clear and had a temperapdr&®. The
amount of water was not enough for manufacturiong,which rea-
son the well hole is not seen used.

24. Stockholm; Lilieholmens stearin manufacturinghe well
hole
has a diameter of 100 mm. Depth 37 m. It was san&tockholm
granite. The supply of water is at least 1,2004ditger hour, without
diminution after 12 hours pumping. Temperature THe water is
first-rate good.
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25. Stockholm; Sodra yeast manufacturing. The well holas
like the former (no. 24), 100 mm in section. It wamk in Stock-
holm granite to a depth of 31.5 m. The water supplgxtremely
ample. The well gives 3 to 4,000 liters per houdemuninterrupted
steam pumping for 24 hours. The temperature, #fierwater went
through a long lead above the earth, 8.7°, probahlyinally 7° to
7.5°. The water is first-rate good and palatalleyén a little hard.

26. Oregrund. The well hole's diameter 64 mm. Depth 29
The rock, gneiss. The water supply is ample. Ink&ginning there
were moans over it, that the water had a saltyetasas yellowish
and covered with an oil film on its surface. Itabeady much im-
proved, so that it is used for drinking water, anhé entirely cer-
tain to remain perfectly good for some time. Thengerature
ranges to 8.5°, but was probably a little lower.

27. Stockholm, Skonvik. Drilled through the medium ofpar-
cussion drill in gneiss. Diameter 64 mm. Depth 30 limhas pro-
vided an ample supply of good water.

28. Kungsholms fortress outside Kariskrona. The wellleo
diameter 64 mm. Ample supply of water. At this vmgf, the drilled
well has as yet not been pumped clean, so thaffiaitte opinion
on the water's condition can not yet be given. e well hole was
sunk to a depth of 31 m. in gneiss.

In all of these well holes, with the exception af. 11 Koon,
(d)* water has been obtained sufficiently satisfaty, generally in
ample quantity, by which | mean a water supply 60 6o 1,000
and all the way up to 3,000 liters per hour. Thetewajuantity
increases perceptibly, after the wells are usedafdime, whereby
the opening of a new vein in the rock's interiorusually, for a
short time, accompanied with renewed dirtying c thater by an
extremely fine clay mud.

The water that is found is in the beginning sultsdn dirtied
by boring mud, by oil from the drilling machine atiee pumps put

*(c) After the above was written, three additiondtilled wells have been
completed, namely 29 Haparanda, 30 Trollhattan INd a31 Svenska
Hogarna: as far as | know, with good results.

*(d)The horizontal fissure, that usually containsater, is greater at Koon
than at other places where driling has heretofbeen undertaken, but
it is completely stopped by clay. One has hopeg this clay damming
can be worked off through persevering bilge-pumping which case
even this well will come to supply ample water.
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into it and also generally of a little clean watdrat under drilling
and with the turbulence of the pumping in the wedile carries
away the boring mud. To this must be added the finoch the

water bearing fissures in the rock. An extremelsgéaquantity is
added by pumping the water below the drilling; attee well hole
is at greater depth, not more returns up immediatait is distribu-
ted in the rock's fissure system; there it mixethwie water in the
horizontal fissure and only slowly is brought dff. as it often hap-
pens, sea water is used for washing and primingthmep continual
pumping removes all trace of it. This gives cauge iflegitimate

complaints about the water coming out of a new w@ton, after
the pump is installed, a man complains that theewsst unfit. "Oil

film deposits on the water's surface, the watetetasf oil, is salty
and mixed with clay.” It usually stays a long tinfeyt this difficulty

is completely conquered, for within the water igstal clear, palat-
able, and specially suitable for drinking wateremvhough a little
hard for certain domestic needs—a disadvantageighagvertheless
in rich measure counter-balanced by the water'sehig quality.

It is, to be sure, free from organisms injurioushealth and free
from organic detritus.

According to tests that have been made up till ntive water

pours from these wells 20 to 62 parts solid comstits of 100,000.
Until now only one little nearly complete analysias been made
of the composition of the mineral constituents thames in the
water, namely that of the assistant G. Lindstromtoa residue
after evaporating the water fetched up on 25 Md885 from the

well hole at Dalbyo. These were the contents of ,d@D parts

water:

Silicic Acid 1.18
Clay, ferric oxide 0.10
CaO 4.90
Magnesia trace (?)
Sodium oxide 24.52
Potash 1.70
Chlorine 11.34
Sulphuric Acid 10.42
Carbonic Acid 7.30
61.46
or:
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Silicic Acid 1.1¢

Clay, ferric oxide 0.10
Sodium chlorid 18.7(C
Sodium carbonate (e)* 22.32
Calcium sulphat 11.1C
Sodium sulphate 3.52
Potassium sulphate 3.14

60.06

Water from No, 20, Bokedalen, sample taken a s after
the drilling was finished, from within the hole aeding to an in-
vestigation made in Goteborg; the constituent pads 100,000,
after drying up 28.8, after heating to red hot B2.8cid consump-
tion 0.22. Ferric oxide (with clay?) 0.10. No amragnnitric acid
or nitrogen trioxide. Only a slight trace of chlwei and sulphuric
acid.

Water from No. 2, Saltsjobaden, taken shortly after drilling
was finished, according to a first-rate test byc&hmlim's Water
Works laboratory; the evaporated residue (per 1W),@4.3. Acid
consumption 0.193. Neither nitrate nor nitrite. Aomia 0.002.
Chlorine 12.0. Hardness 6.9.

Any complete analysis has not yet been made. Inynwdrthe
drilled wells the water previously freed has schroget obtained
its normal composition. The contamination lingeos fery long,
namely, the water is certainly frequently salty amever entirely
clean while drilling, putting the pump in and, esipdly after the
horizontal fissure is opened, until the greatestspahich remained
spread in the rock's fissure system are so conpletenoved there-
from, that it does not have influence on the wedktav's composition.
The drilling company has had many difficulties, dref it became
attentive to these circumstances and as a consegjudnthis gave
its work order for the removal of the borings thakes, in this way,
clean water possible. So inadequate are analysdstiibse made
show in all cases, that the water correspondssicdimposition to a
good spring water, perhaps still with the differentat the water
in the drilled wells, sunk in the archipelago rosksrounded by

*(e) It is very likely that bicarbonate enters irttee water. Soon after being
pumped up the water is neutral, but after boilirgvd to half the
volume reacts weakly alkaline.
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the sea, contains more sodium chloride and sodiarbonate than
the usual spring water.

When the water channel stands in a heated plaee,wtter
pumped out evolves no slight amount of gases. lildvbe interest-
ing to know the composition of these gases, butdékrmination
thereof has as yet not been arrived at. Then theenali Cleveite,
in which Helium is especially found, which is by means a mineral
crystallized out from a molten magma for it doesmven contain
quartz, feldspar, mica, etc., is crystallized isstires of primary
rock. It is newly formed at present under prevailgeological con-
ditions, so it would be particularly interesting bave an analysis
of the gases in the fissure water of primary rocksq | shall use
the first occasion to have such an investigatiorfopmed. Then, |
hope also to be able to communicate complete asabfsthe addi-
tional composition, quite certainly varying in thater from a num-
ber of dissimilar wells drilled in the primary rackhen, after this,
the meaning of the movement in our primary rockgodnite, peg-
matite and of other mixed silicates ought to bevikmaven slightly
by the unprejudiced, the open-minded researchers avk free of
scientific dogma; equally as valuable are the maarm@m of calcite,
pyrite, etc., formed and continually forming thrbugrystallization
from the water, which in the manner | now point,oadirculates
everywhere in the primary rock's fissure system, §p a series of
similar analyses ought to prove of extremely ggeaignostical inter-
est. They ought to make certain that the firstnaptis are made
after the wells are in use for a long time, so tha¢ can be fully
confident about the fact that the boring water pedhmto the bore-
hole (and fissure system) was completely removed.

Sixteen of the above-mentioned bore-holes, namely INArko,
2 Saltsjobaden, 3 Tacka udden, 4 Dalbyo, 8 Smd&@étarstrand,

*) | point out, that with reason, | was confoudddor a long time after
| had been shown that quartz and feldspar occurnaésly formed in
fissures in pegmatite dikes. Near Morefjar near nded, | have found
at the entrance to a similar stuffed fissure, savipeformed that the
fragment of feldspar had still not weathered, thhtough -crystallizing
out quartz, as if glued together, formed surfacds goeat size; that
at a lateral fissure near a clear surface, loosartzjucrystals formed,;
that new forming of garnet, diopside, epidote, ipattitanite, magne-
tite, calcite, chlorite, galenite, occur as prettyose crystals in a clay
like that of the foliated lamina formed mass thaled the Tabergs
mine in Vermland.
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10 Stenungso, 11 Koon, 14 Hango, 17, 18, 19 Tdtkidme, 21

Hufvudskar, 26 Oregrund, 27 Skonvik, 28 Kungshoforress, were
sunk in rocks located immediately near the seah®saor on islands
in the archipelago. The water they have given, itmere trace of
no consequence, exists free of sea salt, with ®#eeption of the
water from No. 8 Smogen. Yet each well amply prdidecgave a
water that was a little salty. An enormous bodysef water had
been pumped in while drilling, and | take it théetcomplained
of saltiness is due only thereupon, that the widige still not been
pumped clean. It must still be agreed that the roete is very full

of fissures and that the wells therein became stdoo near a
sand-filled depression that yet within the memofyman was filled

with stagnating sea water.

No one has taken measurements of the water's tamperat
the bottom of the wells. The pumped up well wates b temperature
that in unlike wells vary between 7° and 9° and tilsaconstant in
each well the year around, apart from all regardthef influence
exerted by the season's varying temperatures ir2@he® 30m long
pump pipe. The water's temperature was 2° to 4hdnighan the
place's average temperature. In consequence ofligig depth of
the wells, does not this behavior depend on theriot earth tem-
peratures? It appears to depend on a slight healuption by the
endless chemical alterations that take place emeprimary rocks.
| need not bother to point out that a temperaturé/oto 9° is
especially suitable for the water that is useddonking water and
other household needs. It is healthily cool in skkenmer and drink-
able directly even in the winter.

It appears from the above, that everywhere thatdilis in the
primary rock in Sweden and Finland, at a constaqthd of a little
over 30m under the surface of the earth, a wataritg horizontal
fissure is encountered. The theories about foldind the displace-
ment of the primary rocks' surface layers by tempee variation
have been clearly corroborated hereby.

Even in lands other than Scandinavian and everaid Bpecies
of rocks other than the primary rock, the identicalises ought to
have the identical effects. Everywhere that thefaser layers are
made of hard, firm rock, it appears to me that spldcement of
the surface layers ought to take place throughirfglébrought about
by daily, yearly, or secular temperature variatidtigving been
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folded, these almost parallel displacement fissuneght to emerge
at a greater or lesser depth under the earth'ssccgurEven though
the species of rocks themselves are impermeableater, and even
though atmospheric precipitation doesn't take placehe region

or the fissure system does not connect with wabdlecting on the

earth's surface, one ought to question the mamemich the water
is received, presumably at the same quantity thet wbtained by
ourselves, i.e., as a rule not fountains, but wetiat through a little
heavy pumping delivers 500 to 2,000 liters per h@me ought in

this manner to get productive water wells arourel year, e.g., in
many parts of Africa's north coast, in rocks rouhé Nile delta,

in Abyssinia, in south Africa, in appropriate placef the Mediter-

ranean's north coast, on Spain's high plateau, theabase of Sinai
and of other snow-covered or heavily rained moustain Greece
and the whole of Asia Minor and in vicinities whefar the whole

or greater parts of the year there are dried rbeds, in Colorado's
Canyons, in tropics that are dry in certain timésthe year and
rain-drenched at other times. One such water wellb& sufficient

for household needs in smaller communities, fdgating a garden,
and so on, but not for vast cultivating enterpridasmost of them

the water comes in the same condition as that ofl gpring water.
It comes free from the bacteria that exist in tlethés surface
layers, from organic detritus, from decay produeed other things
injurious to health and for our purposes it is wedbed in hygienic

respects, having a temperature transcending e ti# average tem-
perature at the place where the wells were drilled.
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If A equals success, then the formula
is A equals X plus Y plus Z. X is

work, Y is play and Z is keep your

mouth shut.

—ALBERT EINSTEIN

CHAPTER IV

THE MODERN SCIENCE OF
HYDROLOGY
AND ITS LIMITATIONS

Hydrology, in its broadest sense, is the study atew which
encompasses biology, the chemistry and physics atérwgeology,
hydraulics, and meteorology. Using this as a peointdeparture, it
may be well to first review some of the currentaaref water re-
search to discover their potentialities in solvimgr water problems.
A mere recital of them implies the urgency of owatev problem and
the desperate need for solution is apparent whesideration is
given to a New York Times survey, published in Mad®57, which
sees the economic growth of the United States asyHdenited by
water shortages and foresees a daily need of 4Hi@Gnbgallons
by 1975.

Topping the publicized list, is the conversion aflise water
which, from a cost standpoint, has proven to bé &l difficult
problems. The other important research programscérad seeding;
reclamation of used water, the building of barriagainst sea water
intrusion; the replenishment of underground storhgsins, and the
reduction of evaporation from lakes and reservoirs.
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SALINEWATER CONVERSION

The waters of the oceans and the brackish watens fmund
inland are possible sources of fresh water. Altlousaline water
is only a simple system of inorganic salts dissbhia water, it is a
stable solution which requires relatively large mfitees of energy
to separate the salts from the water. Theoreticacutations based
on one hundred per cent efficiency, which neitheanmnor his
machines have been able to achieve, indicate a rpaest of two
and eight-tenths cents for one thousand gallons,more than nine
dollars for one acre foot (325,850 gallons) of waffé6]

In translating these theoretical calculations inf@ractice, the
minimum power costs must be expected to increaserale fold, and
to determine the total economy of the process bibh capital in-
vestment and the operation charges must be addedhdo power
costs. It is true that revenue from marketable mdpcts might
offset costs, but it doesn't appear that the creuit unit of water
processed could make conventional conversion sgstemonomically
suitable.

Some of the more optimistic scientists point oue tfact that
sea water conversion costs have been reduced frboutathree
dollars per thousand gallons, five years ago, te dollar and seven-
ty-five cents in the new plant producing 2,700,068llons a day on
the Caribbean island of Aruba. They predict that, ten years, they
will be able to reduce conversion costs to abofty fcents per one
thousand gallons, or $160 per acre foot, based ohuge fifty mil-
lion gallon per day conversion unit using a nuclearergy system.
These cost figures, unattainable today but a pitissilsometime in
the future, are nonetheless considerably highem tlarrent water
costs in most areas. Low cost energy from the sarhgps, or from
other sources, plus new conversion processes mayidpr a more
economic answer sometime in the future.

Robert W. Kerr [77], president of Fairbanks, Morse Co.,
estimates that pure water can be developed at & afosbout forty
cents a thousand gallons by two small capacity tplaiw be built
in Israel near Elath on the Gulf of Agaba. The s$nwpacity plants
will be able to produce only enough for drinking rpeses alone.
These plants will produce water based on principtesseloped by
Alexander Zarchin, an Israeli, whereby the sea muiiébe chilled

74



just below the freezing mark and then the purecigestals will be
separated from the impure slush and then thawedhbyheat of
incoming sea water.

In further recognition of the growing water shodagthe Con-
gress has extended the research activities underSthine Water
Act of 1952 until 1966, increasing its total autikation from two
to ten million dollars. Congress has also provited million dollars
for the construction of five saline water convensidemonstration
plants. According to the August, 1957 issue of "TReclamation
Era," the Government's saline water program hasaséimit of
twelve cents per one thousand gallons, or thirherdollars per acre
foot for irrigation water. A figure which even thmore optimistic of
scientists cannot predict for the foreseeable éutur

CLOUD SEEDING

Man's attempts at rainmaking have been going orcémturies.
Dousing holy men with quantities of water has beédely prac-
ticed in many countries where droughts are frequamd severe.
Zulu women, for instance, would bury their childrep to their
necks in the ground, and then go away wailing m tlope that the
heavens would be opened up through pity.

In the United States, the first actual appropriatior experi-
ments in rainmaking was authorized by the Congmesk391. This
experiment, under the direction of General Dyrethfaacting as a
"special agent” for the Department of Agricultureas carried out
in Texas using dynamite and gas filled balloonditiée rain came,
but the Weather Bureau appraisal said that it wcwde rained
anyway.

Whether or not there are clouds in the sky, therevater vapor
in the sky. The clouds, however, containing draplet water are a
step ahead in the process of becoming rain. Sorestimlouds
merely
dissolve into vapor and fade away, or water vapay rflow into
and become a cloud or become part of a larger clouarder to
have rain there must be clouds, but just becausee thre clouds
does not mean that it will rain. In the atmosphéhere are minute
particles of dust which act as nuclei for raindropoviding some-
thing for the droplets to cluster to and grow. @ydalts, very small
particles of salt which remain suspended in thesami-permanently
and travel long distances, also act as condensaticlei. The drop-
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lets of water in a cloud may fail to grow up tondiops heavy
enough to fall to the ground.

The scientific basis for creating precipitation'astificial nuclea-
tion" which hypothesizes that at quite low tempares, perhaps at
minus forty degrees fahrenheit, ice crystals formturally. It is pre-
sumed that the crystals then grow by attractingerotmoisture
particles until they become heavy enough to fall oithe clouds
as snow, which melts on the way down and becomies Hathe
clouds are near the temperature at which ice dsyftam naturally,
the dropping of dry ice (carbon dioxide) cools areé these clouds
and starts the process of crystal formation.

The minute dust particles start the process ofcigstal forma-
tion at temperatures between minus forty degreésefdneit and
plus five degrees fahrenheit. But artificial nutiea using silver
iodide starts it between plus five degrees and plesty-five degrees
fahrenheit. So it can be seen, that supplying muoleclouds does
not cool them but permits the formation of ice ¢ajs at higher
temperatures. In warm regions, non-freezing cloadisase rain, ob-
viously by some process other than the formatioricef crystals.
Such clouds have been successfully seeded by sptayed from
airplanes.

Admittedly, seeding with dry ice, silver iodide, eovater has
modified clouds and produced precipitation, butshse the effects
of seeding have not been completely determinedaresecontinues.
Preliminary estimates from the operation of a staid federal gov-
ernment experimental seeding program in Santa Bari@ounty,
California are that seeding may increase rainfarnty-three per
cent.

Many people, including state legislators, have beerried that
increasing the rainfall in upwind areas may be teg e&xpense of
downwind areas which may be deprived of rainfalie Trainmakers
contend, however, that only about one per cent dbad's moisture
falls to the ground in an ordinary storm and thatsbpplying more
nuclei this efficiency may be increased to two ment. These
amounts, they say, are insignificant because therwapor in the
sky will almost immediately replenish the cloudsirther discussion
of precipitation appears later in this chapter.
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RECLAMATION OF USED WATER

The sewer system is the counterpart of the watstesy, and
domestic sewage is ordinarily more than ninety-rand nine-tenths
per cent water. Of the remaining one-tenth of oee gent (one
thousand parts per million by weight), a considerapart is the
same mineral matter that was originally presenthi@ water. The
increase in solid content because of use is agtaally a few hun-
dred parts per million, but it is the nature of tadded material,
rather than the amount, that makes treatment rexgess

The added material is made up of the chemically ptexn
organic and mineral wastes of living and therefdeenanding that
sewage must always be considered potentially dangeiny para-
site hazardous to man is certain to find its wayp inis used water
supply. One outbreak in 1956, classified as stogi| involved about
eight hundred persons. There was substantial ptioatf the city
supply had been contaminated with raw water fronm@untain
stream along which fecal evidence was found. Intterooutbreak
in 1956, about seven hundred persons in a smalh toecame il
after the public water supply became heavily comated with sur-
face drainage following a sudden rainstorm. Theseevsix outbreaks
of gastroenteritis with 903 cases which were watare, and an
outbreak of 276 cases of hepatitis which was cemsitl to be
waterborne. [78]

By natural processes, water can purify itself u@tpoint deter-
mined by the load of pollution. Self purificatios brought about by
a combination of biological, chemical, and physiadtors. In water
that is saturated with dissolved oxygen, whichbsaabed from the
atmosphere and also given off by the green watantg)| self purifi-
cation takes place more rapidly. The dissolved erym the water
is used in the process by which the bacteria, énviater and in the
wastes themselves, break down the unstable waBtésunfortu-
nately, fish and other aquatic life must also depen the dissolved
oxygen in the water. Replenishment of dissolvedgexy permits
the purification process to proceed, and it takie€ep rapidly in a
swiftly flowing, turbulent stream.

When large volumes of wastes are discharged irgtvemm, the
water becomes murky and prevents the sunlight fpmmetrating
to the water plants, causing the plants to die liez#hey are unable
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to carry out the process of photosynthesis, whialcgss produces
food for the plants and contributes further to thesgen supply of
the water. The amount of oxygen, dissolved in tlagew is critically

important to the condition of the water, becausdt®frole in the

overall decomposition process, and is therefore ajomstandard
of the quantity of pollutants that may be dischdrgeto a water-

course. The allowable loading is then determinednfthe quantity

and oxygen demand of the sewage.

Sewage treatment brings about the required reduatighe pol-
lutional effects of sewage wastes before they &ehdrged into the
watercourses. There are various degrees of sewaagenent. During
primary treatment about twenty-five to forty pentef the pollution
load of sewage waters are removed. The sewagepfisstes through
a screen, then slowly through a grit chamber, drah tinto a set-
tling tank where it stands for an hour or more. Bhelge settles to
the bottom and the scum rises to the top, and tagrbetween
the two layers is then drained off. Then by theivatéd sludge
process or by trickling filtration, and a secondagdimentation, up
to ninety-five per cent of the pollution load mag bemoved. Sec-
ondary treatment methods are essentially bactgimdb oxidation
units.

The most common practice in the treatment of mpaicsewage
is digestion. Digestion consists of holding thedgle, in enclosed
and sometimes heated tanks, for thirty days or mbieder an-
aerobic conditions, achieved by the complete eimtusf light and
air, the solids are decomposed by bacterial adtitm simple inof-
fensive compounds.

Following the sewage treatment, the water extracdkedwn as
the effluent, is available for some uses or mayshbjected to
further treatment for additional uses. In industtlye use of re-
claimed water is being practiced more and more agag to get
needed water. This is being done primarily by tige Water users,
the steel mills, oil refineries, metal-processifgnps, and the rail-
roads.

At the Bethlehem Steel Company plant at SparrovistPilary-
land, they use from fifty to one hundred millionlgas of reclaimed
water daily, in addition to their use of from tlyifive to fifty million
gallons of fresh water and 135 to 150 million gaficof sea water.
The reclaimed water is obtained from the Baltinsgw/age treat-
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ment works and then the steel mill treats the efftuwith alum to
reduce turbidity and with chlorine to prevent theowth of slimes
and algae.

In 1953, the Texas Company negotiated a thirty-yeantract
with the city of Amarillo, by which the city is tdurnish the refinery
reclaimed water of a quality satisfactory for réfmn purposes. The
payments by the Texas Company are to be adjustedhenbasis of
actual costs, varying from three and three-quadents to six cents
for one thousand gallons depending on whether itnécessary to
maintain a free chlorine residual in order to efisie ammonia
from the reclaimed water.

As industrial production and urban populations growe can
expect that industry and cities will intensify theiesearch efforts and
increase the number of stages of their purificateystems to extend
the use of reclaimed water.

THE REDUCTION OF EVAPORATION

About eighty thousand cubic miles of water are evafed each
year from the oceans and about fifteen cubic miées evaporated
from the lakes and land surfaces of the contineftise water lost
daily through evaporation at Lake Mead was mentiorearlier, and
proportionate losses occur from all reservoirs ddpe upon the
mass of water, the surface exposure, and the avetaghperature
of the area. Experiments to reduce evaporation fraservoirs and
other bodies of water have been taking place silmemg Langmuir
and Vincent Schaefer, of the General Electric Camgpadescribed
substances that would form a tight monomoleculdm fiover water
and thereby prevent evaporation.

Laboratory and preliminary field tests indicate ttheetyl alcohol
is the most promising of chemicals to date, forafipears to have no
detrimental effect on biological life in the wateand doesn't inhibit
the transfer of oxygen to and from the air. Befaretyl alcohol, or
any other evaporation suppressor, can be approwed géneral use
certain criteria must be met. It must be provent thize chemical
used has no toxic effect on fish, vegetation, plamkor algae. It
must also be determined whether the covering filifi wcrease the
temperature of the lake or reservoir, a risk thatld have deleteri-
ous effects on its biological content. FurthermotBe big practical
problem is how to spread the chemical film ovegéabodies of water

79



and how to prevent the film from piling up at tleeward end of the
lake or reservoir.

THE HYDROLOGIC CYCLE

The central concept in the science of hydrologyhis so called
hydrologic cycle, a convenient term which denotes c¢irculation of
the water from the sea, through the atmospherthetdand, and then
back to the sea through the atmosphere and by ffuprothe sur-
face and under the ground. The hydrologic cycle,cd@nvenience,
has often been thought of as being composed ot thiajor seg-
ments: (1) precipitation over the land masses; g@face run-off
and infiltration into soils and rock materials, a(®) evaporation
and transpiration.

The science of hydrology is especially concerneth whe water
from the time it is precipitated until it is eithelischarged into
the sea or returned to the atmosphere. The majcorfavhich
distinguishes the practice of modern hydrologynfrthat of much
earlier practice, is quantification. It involvesethmeasurement of
the quantities and rates of movement of water btimkes and at
every stage. For instance: rain and snow gagingrhie the
quantities and rates of precipitation; snow sumegyiletermines the
guantities of water stored as snow and the ratdss afccumulation
and disappearance; observations of the advance ramdat of
glaciers determines their rates of gain or loss tedquantities of
water they contain; stream gaging gives continuong term rec-
ords of their flow at many points, and the gagirfidake levels and
ground water table levels computes the gains ose®sin their
storage.

Essentially, hydrologists state the law of the eowation of
matter as follows. During a given time span, th&ltanflow into
a given area must equal the total outflow from #rea plus the
change in storage, which may be either depleticaddition.

Circulation

The water, evaporated from the oceans and fromatkes and
land surfaces of the continents, is subject toutaton along with
the earth's atmosphere. Because more of the suoeigyeis re-
ceived near the Equator greater evaporation andgrigir occurs
there. The warm, moist air flows outward from thgugtor at high
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altitudes and because of the earth's rotation ¥e®madn a generally
northeasterly direction in the Northern Hemisphdtecools grad-

ually and at about thirty degrees north latitudkeas lost enough heat
so that it begins to sink. At the earth's surfaceubdivides into

the trade winds which move southwesterly back towhe Equator

and the winds which move northeasterly across #raperate Zone.

Near the North Pole another circulation pattern rafs. A
mass of cold air builds up and flows outward in cautkwesterly
direction which gradually warms it, so that, at absixty degrees
north latitude it has warmed sufficiently to risedaflow back toward
the North Pole. Occasionally, this cold polar anedks out and
moves across the Temperate Zone.

The general circulation patterns just described levaaccur if
not for the fact that the heating effect of the ssirdifferent over
land than over water and, therefore, the presefiteege land masses
changes these general patterns. There are foud lmaraditions that
are operative within these general movements thatltr in pre-
cipitation.

Precipitation

The first broad category is the cyclonic storm meidg rains
over wide areas and prevalent during the winters@ea These
storms are formed by the interaction of the coldapair masses
and the warm tropical air masses.

The second, the convectional or thunderstorm, actlrough-
out the country but more frequently in the summerthe south,
and over relatively small areas. These storms anmdd as the re-
sult of uneven heating, when the air over a logdl#gcomes warmer
than the surrounding air. The ascending warm giaess and cools
as it rises, and if it cools sufficiently with ergihu moisture present,
precipitation occurs.

The third is the orographic or mountain storm wireréhe
mountain, acting as a barrier, forces the warm tais driven
toward it to lift and cool to the point where pigitation occurs.
The fourth is the hurricane, where great quantitiesvarm, moist,
tropical air are drawn up through the central lomessure area of
the hurricane.

The effects of all types of storms may sometimesd@bined,
and, in all types, the lifting and cooling procesaches the point
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of atmospheric condensation forming small droptgtsvater having

a minute particle as its nuclei. The amount of jpitation depends
on the extent to which saturated air loses its cdap&o hold mois-

ture. In the range of temperature, from twenty degrto eighty de-
grees fahrenheit, the amount of moisture in tharatgd atmosphere
is reduced about eighteen per cent for each fiygreds fahrenheit
decrease in temperature. Precipitation generaltyeases with ele-
vation, and for equal elevations is greater onwirelward side than
on the leeward side.

Vegetation, by its leaves and branches, intercppggipitation
so that only a part reaches the soil beneath. dégatthus affects
both the quantity and distribution of precipitatitimat reaches the
soil surface. Of the part intercepted by vegetatgmme is held and

evaporated later, some flows to the ground aloegst and some
spills from drip points.

Infiltration

Rain that reaches the soil surface is wholly ortlpaabsorbed
by the soil depending upon the rate of precipitatmd the infiltra-
tion rate or receptiveness of the soil. When thecipitation rate
exceeds the infiltration rate, the excess quickigsroff to streams
and may erode the soil. Water that enters theeithiér increases the
moisture content of the soil or drains through lit. dry soil,
the entering water wets each successive layes toapacity and any
excess water drains into the underground. Wated héthin the
soil after drainage has ceased may be transpirquamngs or lost by
evaporation. Evapo-transpiration is a natural psscéhat occurs
wherever there is vegetation.

Excess water passes through the soil belt and re@#i down-
ward by gravitational action into the intermedidielt. In both
the soil belt and the intermediate belt, suspendeder is held
by molecular attraction. If the intermediate bslffilled to capacity,
excess water continues down to the capillary fringeich lies im-
mediately below the intermediate belt and above #Home of
saturation. The capillary fringe contains waterttisea held above
the zone of saturation by capillary forces anditifs filled, the
water continues its downward movement to the zdngaturation,
known as ground water. The soil water belt, thermediate belt,
and the capillary fringe make up what is knownteszone of aera-
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tion. Water, moving by gravity through the belts thie zone of
aeration, enters the upper surface of the zoneatfration, which
is referred to as the ground water table. All tloeeg and spaces in
the zone of saturation are filled with water.

Briefly then, with respect to the hydrologic cyckhde principal
function of the zone of aeration is to receive dmdd water for
plant use in the belt of soil water and to allow ttownward move-
ment of excess water. The principal function of #ome of satura-
tion is to receive, store and provide a naturafigulated discharge
of water to wells, springs, and streams.

Porosity and Permeability

There are many kinds of rock materials within theist of
the earth, and they differ greatly in size, shamed number. All
subterranean water occurs in the open spaces irbetwken these
materials. The zone of saturation may include lposeonsolidated
deposits of sand and gravel, as well as porous fatkations such
as sandstone and limestone. The term porous isedpfd various
substances that contain openings or pores. Somke f@ve pores so
numerous that the rock is hardly more than a frothsolid ma-
terial, like a solidified sponge would be. Even goof the so-called
solid rocks contain microscopic pores and those&ksowhich are
so dense and compact, as to be free of porespammanly fractured
or jointed enough so that they too form openings tan contain
water.

Porosity is commonly expressed as a percentageheftdtal
volume that is not occupied by solid material, dahdrefore is de-
pendent upon the sizes, shapes, and porosity abitstituents. For
instance, uniformly sized gravel has a high poyositut if sand
is added the large pore spaces between the graweleduced by
the infiltrating sand particles. Rocks of low pdtgsare limited in
their capacity to absorb, hold, or yield water tijiouthey occur
close to the earth's surface or at depth.

Rock materials which may be porous but contain kmpaies,
wherein the water is held by molecular attractido,not permit the
rapid movement of water through it for molecularcis are far
more powerful than the force of gravity, or hydei&t pressure,
which, in this instance, is the pressure causethéyweight of water
above. The rock that permits water to move thratglr gravity
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is far more permeable than the one that holds wayemolecular
attraction.

The rate of movement of water beneath the surfacedd-
pendent to an important degree upon the permeahifitthe rock
material, which is its capacity for transmitting telaunder pressure.
The rocks of low porosity are generally impermedid¥eause of the
dearth of avenues for movement, except for thoseaimtes where
fractures or fissures exist, and rocks of high pityomay also be im-
permeable if their pores are so small that the migtdeld in them
by molecular forces. The depth of the zone of sditum depends
on local geology and may vary from a few feet tmdneds of feet.
Geologic formations also cause variations in theugd water table.
These geological formations constitute the framéwtbrough which
ground water moves or is barred from movement.

Ground Water Reservoirs

The term ground water reservoir is commonly usddramange-
ably with the term aquifer, which has been defiasda water bear-
ing formation containing gravity ground water, amgly as a body
of earth materials capable of transmitting wateotlgh its porous
openings in sufficient quantity to be a source atew supply. There-
fore permeability, rather than porosity, is the mgualifying char-
acteristic for an aquifer.

The amount of ground water storage is equal tobtiik volume
of the saturated aquifer times the porosity ofdhaifer. The amount
of ground water storage is no indication of thasergoir's capa-
bilities for sustained water yield to wells andisgs. The limit of
perennial yield is set by the average annual rgehém the ground
water reservoir, just as the inflow into a surfaeservoir determines
its useful yield. Probably more than ninety pertcef all wells
do not reach bedrock, and a similar proportion Ibfrater pumped
comes from unconsolidated rocks, chiefly gravel aadd. The types
of occurrences of these aquifers may be broadlypgd as (1) wa-
tercourses and buried valleys, and (2) plains amermontane
valleys.

Watercourses include the water in a stream chaphe the
ground water in the alluvium that underlies therotel and forms
the bordering flood plains. Many wells are situasedthat the water
pumped from them is readily replaced by infiltratipom the river.
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Buried valleys are no longer occupied by the stedhat formed
them, but they may still resemble watercourses @nmgability of
materials and in quantity of ground water storamd, the recharge
and, therefore, the perennial yield capabilities hkely to be far
less.

East of the Rocky Mountains there are extensivenplahich are
underlain by unconsolidated sediments. The grouatemreservoirs
under all these plains are recharged chiefly iramnehere they are
accessible to downward percolation of water froracgpitation or,
in some places, from streams. The intermontaney&lbf the west
are similar to the Great Plains in that they argo alnderlain by
a tremendous volume of unconsolidated rock materidrived by
the erosion of the mountains. Sand and gravel beelshe aquifers
in the intermontane valleys, wherein there is soswharge by in-
filtration of precipitation, but as a rule the gmiwater reservoirs
are replenished chiefly by seepage from streanostirg alluvial fans
at the mouths of their mountain canyons.

In addition to the unconsolidated sand and grageifers, there
are consolidated water bearing rocks of which limes, sandstone,
and basalt are the more important. Limestones, liichwa sizable
proportion of the original rock has been dissoleed removed, con-
tain large pore spaces that are very permeablédadnfiltration of
precipitation and ground water movement. The ceeatkrdonsoli-
dated equivalents of sand and gravel are the samelstand con-
glomerates. To the extent that the cementing ispbete the poros-
ity is reduced, hence the best sandstone aquifersray partly ce-
mented, and are believed to yield most of theirewftom the pores
between the grains. Thin sheets of basalt, a vidcasck, may
spread to form extensive plains which have a rasfgpermeability
equivalent to limestone. Less than ten per cerdllofvater pumped
comes from the aforementioned consolidated rocks.

Other volcanic rocks, notably the rhyolites, arenagally less
permeable than basalt. Shallow intrusive rockshsag dikes, sills,
and plugs, are practically impermeable or have [mvmeability.
Thus they act chiefly to interrupt the flow of watem permeable
rocks cut by them. Sometimes, because of intergetagers, two
or more water tables may occur at different levetshecause water
is confined under hydrostatic pressure below aneiwipus layer, a
flowing or artesian well may occur.
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Ground Water Surveys

Ground water surveys require the determinationhef areal ex-
tent of the aquifer, the aquifer's thickness, theel of the ground
water table, and the specific yield. The size awdtion of an aquifer
can be determined by surface geology, by drillexgs of samples
taken when wells are drilled, by electrical logsiethare the records
of electrical resistivity tests, and sometimes hynis reflection
from the bottom of an aquifer as the result of $rdghamite explo-
sions. The electrical resistivity method makes ofdhe fact that
sedimentary fill and bedrock have different resis@s, and is con-

sidered generally as being the most efficient tnafjeohydrological
investigations.

Determining the elevation of the ground water taikey be ac-
complished by lowering a steel tape or wire dowrih® water in a
well, or by the operation of a recording float gdgea well, or by
the installation of a specific length of air linadarecording the air
pressure necessary to blow the water out of thelizé, which
denotes the depth of water to the bottom of thérear

The specific yield of an aquifer is the ratio oktlvolume of
water which will drain out by gravity, when the komaterials are
saturated, to the total volume occupied by sucher@s. It is less
than the porosity of an aquifer because part ofpitve space is oc-
cupied by water which will not drain. Specific ydek useful in deter-
mining, from ground water level changes, the quimstiof water
extracted or necessary to recharge an aquifer.ifgpgield, there-
fore, permits the computation of the amount of geain storage
even if an aquifer may not be adequately survefed.instance, if
an aquifer has a surface area of six square nd|840 acres, and an
average specific yield of seven and one-half peant deas been
determined, each one foot rise or fall in waterelegver the area
represents a change of 288 acre feet of water. iShidbtained by
merely multiplying 3,840 acres by seven and onéel cent.

Infiltration is not easy to measure accurately andarge water-
sheds it is customary to take the difference betwesnfall and
run-off as an index of intake even though it does take into ac-
count either the interception by plant life or thecess of evapo-
transpiration. The infiltration rate, the rate atieh surface infiltra-
tion occurs at a given time, does not remain carsEor in-
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stance, the infiltration rate for sandy loam grasdl may be eight
or ten inches per hour at first, but gradually tteite decreases until
a fairly constant rate of about one-half inch peum called the
"ultimate" infiltration capacity, is reached. If eéhwater available
is more than infiltration capacity, the excess rofir fills ponds.

The infiltration capacity can be computed by cormmarthe
differences between (1) the measured surface infiod outflow
for a given area, and (2) the measured differemcesoil moisture
and the measured rise in the ground water table.

Watershed Inventories

Watershed nearly always meant the drainage divide $epa-
rated the waters flowing into different rivers oteans. Gradually,
the term watershed came to mean drainage basimieéraor stream,
so that, to most people watershed means the sam@iasge basin.
Watershed now implies a drainage area containifigwathousand
or a few hundred thousand acres. It has becomecial snd eco-
nomic unit for community development and conseoratdf water,
soil, forests, and related resources. Drainagenbimsientories are
made by recording the various items of inflow, tmwf and storage
change, and then balancing them on some periodiis lra accord-
ance with the hydrologic equation. This providelgical basis for
planning future water supplies in accordance witbeaeral inven-
tory of supply, demand, and storage capacity.

Run-Off

Run-off occurs when precipitation, that does notehan oppor-
tunity to infiltrate into the soil, flows acrossetiand surface and
enters stream channels. A part of the precipitatiwet infiltrates
the soil percolates downward to the ground watétetaand also
enters stream channels through springs or seegpafe includes
flow into (influent seepage) and flow out of (eflut seepage) the
ground water aquifers.

The amount and rate of precipitation affect theunum and peak
flow of a stream. The physical characteristics ofvatershed indi-
cate what might be expected in the way of the tetdme and the
peak rate of run-off. A relatively impervious, gtéesloping water-
shed may shed most of the precipitation fallingtpbut a watershed
with good permeable soil may permit a high peragmiaf the
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precipitation to be infiltrated into the soil. Lakeponds, swamps,
and reservoirs also act to level off peak rateiosf into the streams
below. Generally, there is but little loss of fldwom natural lakes
and swamps to ground water since they usually ddsause there
is little or no percolation into the soil.

For all practical purposes, surface water meansastfiow.
Streamflow observations are made regularly, by Wmited States
Geological Survey, at about 6,500 gaging statiatsated on all
principal rivers and a large number of their trémgs. Streamflow
data includes stream gaging to determine the hedglthe stream,
called the gage-height record, and the current metech records
the velocity of the flow. The discharge of a stremobtained by
multiplying the cross sectional area of the strebyn its mean
velocity.

Analysis of run-off data includes data on the imfland outflow
for a reservoir or other body of water; the dramdsin character-
istics; the topographic characteristics; the catieh of run-off with
precipitation data, and data on evaporation antsfrigation.

THE LIMITATIONS OF THE SCIENCE OF HYDROLOGY

As can be readily seen, for all practical purposles,science of
hydrology is concerned exclusively with the hydmtocycle in all
of its various aspects. Those who transport watksrally and those
who find conventional ground water have much in o@wn since
they both have a technology that is based on paly&ctors only.
One deals with the run-off of precipitation, whexdhe other deals
with its infiltration into porous rock materials.sAfar as water sup-
plies are concerned, they both ignore the solik rstcuctures and
the fissures which they must contain and the wttet is available
in some of these fissures. They also completelpngrihe chemistry
of the earth and the chemical reactions that aresteatly taking
place within the earth.

Even the various water supply research programslecieg
both the solid rock fissure waters and the chemistr the earth.
Sea water conversion would short circuit the hyagm cycle in
that water would be obtained directly from the isstead of sea
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water being evaporated into the atmosphere and (ineaipitated
on the land. Cloud seeding attempts to aid the digdic cycle, to
assure precipitation over certain areas of lanctldReation of used
water is simply taking the same available watepiap and attempt-
ing to use it over and over again before it eiteeaporates or
makes its way back to the sea. Reducing evapordtimm lakes
and reservoirs is an attempt to modify that parthef hydrologic
cycle with reference to retaining more of the stefstored water
supply. There is no attempt to deprecate thesargsgrograms for
they have their place in water research, inasmwuhha world's
water problems are getting more and more acute. tiibeght that
is being conveyed, however, is that they also medie take into
account the chemistry of the earth.

If water is the product of chemical reaction, ahé fiterature
is replete with such illustrations, do these reaxgitake place within
the earth, and if they do, why do hydrologists mgnthem? If you
were to hear the following story, how would you kexp it?

A young, unmarried girl, finding herself pregnavisits a doctor
and pleads with the doctor, begging that the dogerform an
abortion. The doctor, naturally, explains that tlpsocedure is
illegal, but faced with a desperate girl, suggaset she disclose
the man responsible for her pregnancy, in whiche cie doctor
might be able to help her in some way. At firste thirl refuses
to reveal the man, but while standing near a windtw notices a
man walking on the other side of the street—in demsion, she
points to him and says: "It was that man!" The docbbserving
to whom the girl was pointing, immediately goesatalesk drawer,
extracts a gun and shoots the girl. The questipwhy did the doc-
tor shoot the girl? Without hesitation, quickly gaethe reason, and
after you've made several rapid guesses, turn @oagipendix and
read the answer. The chances are probably bettar tine out
of ten that your answer will disclose a mental kloc

UNCONSCIOUS DELIMITING

Another illustration would proceed as follows. Sape you
were asked to draw four straight lines so thatheuit lifting your
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pencil or retracing any lines, the four straighel would go through
and connect each of the following eight dots:

—none of you would have any difficulty, for the stibn would

simply be:

L

cé——.

If the eight dots represent the hydrologic cychegleof these
eight dots might represent a factor of the hydriclagcle, like this:

Evaporation Circulation Precipitation
Recharge « « Run-Off
Aquifier Infiltration Reservoir

Hydrologists, also, can easily connect each ofetti@stors.
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But now, in the midst of these dots, we add anotit¢rand call
it geochemistry, the chemistry of the earth. Witle same instruc-
tions given previously, draw four straight linesathwill connect
each of the following nine dots: [79]

GEO-
. CHEMISTRY

How many of you can do it? How many hydrologists @ it?
Try it, and if you are not successful turn to thgpendix and find
the answer.

Mental blocks exist because thinking processesovolllong
certain patterns that have been molded and shapdrhibing, and
by the social, psychological, and economic envirentof the indi-
vidual. In essence, mental blocks are the resuketffimposed re-
strictions, which are unknowingly interposed andiclthsometimes
prevent the solving of problems. For instancehia problem of the
nine dots, most people unknowingly impose a lingitfactor which
was not given in the instructions. That is, themiti themselves
to keeping the lines they draw within the area lmadh by the
eight outside dots, although no such limitationréguired by the
instructions.

Most present day hydrologists, whether they work dogov-
ernmental agency or as consultants in private jpgcivhether their
initial training has been in civil or hydraulic @ngering or in ground
water hydrology, have been so thoroughly indoctedaand incul-
cated with the methodology and technology basethempplications
of the hydrologic cycle theory that, when facedwatwater short-
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age problem for a particular area, they seek atisalwnly in terms
of their training and experience. Unfortunately, simll be shown
later, the only solution offered in such areas maymportation.

CONSCIOUS DELIMITING

It stands to reason, however, just as there aree gmople who
can successfully solve the nine dot problem, thate must be some
recognition, by at least some hydrologists, thabchemistry ac-
counts for the addition of some water on the earitl that, there-
fore, it is a conscious delimiting among some, &l &s a mental
block among others, that excludes these waters ftemscience of
hydrology.

Robert E. Horton said, in 1931, that if sciencedifined as
correlated knowledge, "it is true that a statenwrnthe field, scope,
and status of hydrology at the present time mayitbe more than
a birth certificate." [40J Although he recognizdthttin one sense
the field of hydrology is the earth and therefoeterminus with
other geo-sciences, he continues: "More specijiddié field of hy-
drology, treated as a pure science, is to traceaodt account for
the phenomena of the hydrologic cycle." [40] Hortalso says
that "hydrology is not concerned with waters whitdtve been tempo-
rarily removed from circulation such as waters ofstallization
or hydration in nature." [40] He implies, therefoithat both wa-
ters of crystallization and hydration are the resolf the hydrologic
cycle. It was previously shown that the great magld of waters
of crystallization precluded an origin due to thelfologic cycle.

Oscar E. Meinzer [80], who was formerly head of tBeound
Water Division of the United States Geological Syrvwrites that
the central concept in the science of hydrologhésso-called hydro-
logic cycle and that it is especially concernechwviite water after it is
precipitated upon the land and until it is eitheamorated back up
to the atmosphere or discharged into the sea. &akdpg of the
comparatively great depths below the land surfabeinzer [80 pp.
2-3] recognizes the abundant evidence that wateherdissociated
elements of water occurs there in some sort oftisoluvith other
rock materials and that part of this internal waggher reaches the
surface or the rock openings near the surface.

Meinzer believes that these waters of internaliorage tangible
additions to the water supply of the earth. Noyatdes he perceive
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that some waters in the earth are of internal oyigihd hence not
the result of the infiltration of precipitation, bivleinzer goes fur-
ther and tells where he thinks the studies of theternal waters
properly belong. "The critical studies of the watérinternal origin,"

says Meinzer, "have been made chiefly in conneatigh volcanol-

ogy and metalliferous geology and belong most migpe those

branches of geology." [80 p. 3]*

A SERIOUS GAP

If people in the field of hydrology wish to delintiteir science,
exclusively to applications of the hydrologic cy@dad hence to the
exclusion of the water of internal origin, they megrtainly do so.
Unfortunately, however, governmental officials, iggtors, and the
general public are generally unaware of these natewaters and
are therefore under the delusion that hydrologats the water
supply experts without realizing that these expeidsl with only
certain kinds of water, namely the run-off of ppétition or its in-
filtration in porous rock materials. It is indeednarkable, as well
as incongruous, that those to whom the world lowk$or the so-
lution of water shortages can be so disinteresgedoarelegate the
study of the waters of internal origin to otherrmhes of geology.
Although it is true that geologists in the otheatches of geology
referred to, as well as in a few others, have dbeecritical studies,
they are essentially geologic specialists who areerned with these
internal waters, not as water suppliers, but sofely the under-
standing of the role played by these waters inrtpaiticular spe-
cialties. It is, therefore, strange that groundewdtydrologists have
not developed research activities related to tlsation and procure-
ment of these waters of internal origin for watap@y purposes.

Here then is an hiatus, a gap created by the réihqent of
any interest by hydrologists and the non-acceptagoether geologic
specialists for establishing both theory and tetdmo for the loca-
tion and use of these waters of internal origin tlee water supply
and service of mankind. In terms of the food andewéimitations,
that keep two-thirds of the population of the worlddesperate need
of a reasonable minimum food standard and in vidwthe ex-
panding world population and the other factors thaate a world

*?X ermission from "Hydrology," by Oscar E. Me#z Copyright 1942.
cGraw-Hill Book Company, Inc.
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in increasing need of more water and food, thisetinemust be
filled. Putting it very conservatively, the waterksinternal origin con-
stitute what might be termed, from the standpoihtvater supply
potential, a fruitful area of research.

Despite the fact that hydrologists profess, amdmgniselves at
least, of their non-interest in and their scant dedlge of the
waters of internal origin they nonetheless persistontinuing to
delude themselves and the public at large. Thisdsomplished
by either a failure to mention the existence ofs¢hevaters, or by
minimizing the amount of such waters, or by deptiagathe use-
fulness or the quality of these waters. Failuremention are in-
herent in statements such as, "practically all gdowater is derived
ultimately from precipitation.” Minimizing the amot of these wa-
ters is achieved directly by saying that, "mosttlod water below
the ground is precipitation that has seeped dowtviam the sur-
face." In those few cases where it has been admittat there
may be large quantities of such water, the quaktyusually at-
tacked, as in the following instance: "The quantiym these sources
may be large in the aggregate, but the water isnoomly too min-
eralized for most uses and is therefore avoidednwérgcountered
in wells. Essentially, all usable ground water &tpof the circula-
tory pattern of the hydrologic cycle." [81]

The term ground water is frequently and exclusivdbfined
to mean the water that is located in a conventi@uplifer in un-
consolidated rocks and hence undoubtedly a pathefcirculatory
pattern of the hydrologic cycle. But piddling withords does not
solve the problem, it fights the problem. The ué¢he term ground
water should encompass all waters that can be atatradrom the
earth.

It is rather interesting and perhaps of some diganite that in
the same issue of the Transactions of The AmerBanphysical
Union, in which appeared Robert E. Horton's artidiscussing
the science of hydrology, is an article by Roy Wor&hson entitled,
"Solubility of Water in Granite Magmas." To quotei@nson briefly:
"Geologists have been deeply concerned with thati®lconstitu-
ents of magmas, for these constituents play impbntales in vol-
canology, in ore-deposition, and in other igneohenmmena. Of
these volatile constituents water is the most abohd [82] It
would seem that hydrologists, in the course ofrtiveirk, would be
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exposed to situations that clearly indicate thesew nwaters, that
they would become quite interested in finding oubren about them,
and that knowledge about these internal waters dvdoécome quite
commonplace among them. However, with respect te teology
of the earth and its chemistry, not only has thening of the ground
water hydrologist been somewhat limited but theieldf experiences
have likewise been somewhat confined.

GEOLOGIST v. HYDROLOGIST

Goranson has given evidence that water is the naimindant
of the volatile constituents of magmas, and thadlagsts have been
deeply concerned with these volatile constituerfiee question which
should naturally arise is: what is the differencetween the work
of the geologist and that of the hydrologist? Hard. Thomas dif-
ferentiates between the role of the geologist amat ©f the hydrolo-
gist as follows:

"A geologist's description of a rock generally uaés all the
features that can be observed by the naked eyeefisaw by micro-
scopic examination. Inevitably some of these festuwill pertain to
pore spaces, or the water-soluble constituents,other characteristics
of special interest to the ground-water hydrologi€dn the other
hand, the geologist and the ground-water hydrologimphasize, re-
spectively, the doughnut and the hole, and it isb® expected that
their selection of the salient features concerniagy specific rock
will differ somewhat." [59 p. 10]

Of great significance, to those who are interestedsolving the
water problems of the world and who are also opéerded enough
to realize the tremendous potential water supplgt tthe waters of
internal origin makes possible, is Thomas' contiglstatement:

"Perhaps the greatest difference in emphasis istha loose
gravel, sand, and clay which mantles the surfacethef earth nearly
everywhere, and which may extend to depths of hedwlror even
thousands of feet. These are the least likely plaime look for eco-
nomic deposits of most mineral resources. But they far and away
the most important producers of ground water. Fstypamore than
ninety per cent of all wells do not reach bedroekd a similar pro-
portion of all water pumped comes from unconsoéidatocks, chiefly
gravel and sand. Our knowledge of ground-water weoge also is
most comprehensive in these unconsolidated mater{ab]
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When Thomas says that the loose gravel, sand, laydace by
far the most important producers of ground water, &f course,
is referring to waters of the hydrologic cycle. dnauch as very close
relationships exist between the waters of intean@in and the depo-
sition of the economically important metals and enais, these very
same areas are the least likely places to looknMaters of internal
origin just as they are the least likely placeddok for economic
deposits of most minerals.

The hydrologist's knowledge of ground water ocaweeis essen-
tially in the unconsolidated rocks. Tolman not ordgtys that the
study of water bodies in fractured but consolidatedks has been
neglected, but that it has also been erroneousynasd that: (1)
the properties of the water in consolidated roactiures are similar
to the better known waters in the unconsolidatezkgpand (2) the
water table in consolidated rock fractures is eglato an under-
lying water body in the same way as the water tatlenconsoli-
dated rocks is related to its underlying water b¢dy pp. 291-2]

HYDRAULICS

A factor which necessitates defining hydraulicaas only the fact
that many hydraulic engineers are employed in watgply en-
deavors, but also that they are thought by manylpetw be syn-
nonomous with the hydrologist, and therefore a wateert in its
broadest meaning. Horton has said that "hydraulcgoncerned
with the mechanics and physics of fluid motion veaerin hydrology
the forces and the conditions of motion are natawad are inti-
mately bound up with the activities of the hydratogycle." [40
p. 194] Hydraulics is the practical application loydrodynamics,
which is the mathematical study of motion, energyd pressure of
liquids in motion. For practical purposes, hydresilireats of water
in motion, its action in canals and rivers, its usalriving machin-
ery, and the works and machinery used for condgctimter or
raising it.

One recent investigation by the California Stateté&esources
Board, for instance, was conducted under the dimecbf two
principal hydraulic engineers, one senior hydraeligineer, two as-
sistant civil engineers, one assistant engineegeglogist, three as-
sistant hydraulic engineers, and one junior cinjieeer. Assistance,
according to the report, was also furnished bydtlyeraulic engi-
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neers, engineering geologists, civil engineergiltschnologist, and
an economist. The report of this investigationublished in Bulletin
No. 12—Ventura County Investigation, October 1933evised
April 1956.

From these job titles, unless these people hava leproperly
classified, one would not expect that they wouldreh&nowledge
of the waters of internal origin. Furthermore, tweponderance of
hydraulic engineers on this investigation would @dimbe enough to
lead one to a fairly accurate guess as to whdfiriaésolution offered
might be. The summary statement follows: [83]

In common with many other portions of southern fQialia,
Ventura County has recently experienced an increase water
utilization during a period of severe drought, amak a result is
confronted with the necessity of developing addi#io water sup-
plies to meet its expanding needs. Water resourgesblems of
Ventura County are manifested in perennial loweringf ground
water levels, sea-water intrusion to pumped agsifie degradation
of ground water quality, and general diminution dfurface and
ground water supplies during periods of drought ¢muantities in-
adequate to satisfy requirements. The initial &lgen of these
problems will involve further regulation of the atic local water
supply, so that waste conserved during wet periath be made
available for beneficial use during periods of djou Final solu-
tion of water problems of Ventura County will lien i importation
of water supplies from outside sources.

NEW POINT OF VIEW

Modern hydrology, as a science, is considered tee Hzegun
with the work of Pierre Perrault (1608-1680) andcofme Mariotte
(1620-1684). These men had, for the first time, [jgdrology on a
guantitative basis.

Prior to Perrault, it was believed that the watersivers were
more than could be accounted for by rainfall. Rdtraneasured
the drainage area of part of the Seine River ard ttetermined, by
the use of a rain gage, the average rainfall foeehconsecutive
years. He found that less than one-sixth of theeipassed through
the Seine Canal. Mariotte's investigation, a fewrgdater, included
the whole drainage basin of the Seine above Parid, came to
a conclusion similar to Perrault's. These earlynweé& works became
landmarks because it was thought that they conalysproved that
all waters, flowing on the surface of the eartle #re result of pre-
cipitation. Looking back from a present vantagenfdt is realized
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that these early studies were concerned exclusiwély rain gaging
and with stream gaging, utilizing relatively crueguipment, and
that their conclusions had not taken into accolmg interception
by plant life, the losses due to evapo-transpimatithe losses by
evaporation from bodies of water, and the ratesnfitration into

soils and rocky materials.

The science of hydrology has progressed from teesky begin-
nings, but it must be realized that it deals exeklg with surface
water run-off and ground water run-off through pews granular
materials—the essential features of which are pitation, infiltra-
tion, evaporation, transpiration, climate, and wiage basin char-
acteristics—and that these ignore consolidated figskire waters for
all practical purposes and the chemistry of thaheahe chemical
reactions which produce the waters of internaliorig

In the face of these facts, it is obvious that & peint of view is
needed if solutions to water problems are to baxdouhe follow-
ing chapters are based on scientific evidence armavledge, and
although they may occasionally step out boldly ittte unknown,
where meager facts exist to support some conclssitrey do so
only as underscoring the importance of the prob&em the need
for more research, which is coupled with an urgesed that many
people be willing to examine new ideas. Only irsthiay, can an
investigation proceed into a possible source ofepuwlean, and
abundant water supplies which have heretofore ladmost univer-
sally neglected.
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It is not who is right, but what
is right, that is of importance.
—THOMAS HUXLEY

CHAPTER YV

THE DYNAMIC EARTH

Within the thin crust of the earth are temperattias vaporize
iron and pressures that keep molten rock a solidofed in every-
day life problems, man is nonetheless periodigaltyinded of the
deep mysteries that he beneath his feet wheneheeeltal forces
of pressure and high temperature breach a frattufee earth's
crust. On September 27, 1957, the world's newdsano burst
from the sea floor just a few hundred yards offistend of Fayal,
in the Azores, belching forth flowing lava bombases, and water
vapor which billowed up some twenty thousand fieehovember
of 1959 the spotlight turned to a volcanic eruptionthe island
of Hawaii and the lava was still flowing down taetkea in Jan-
uary, 1960.

In 1925, Henry Washington [84] hypothesized that it
ternal constitution of the earth was composedxaferes of which
the outermost—the one of least thickness—was aittgrahell of
about twelve and one-half miles corresponding éocttmposition
of the average igneous rocks.

However, two seismic discontinuities of the firstler are the
basis by which the earth is currently thought talibigled into three
main spheres, as follows:

1. The central core with a radius of about 2,175 mibeer-

lain with

2. A mantle having a thickness ranging from 1,770,%380Q

miles, which in turn is overlain with
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3. A crust having a thickness ranging from eightto thirty-
one miles.

But within the core an additional discontinuity hbeen dis-
covered at a depth of about 3,170 miles, subdigidime core into
an inner and outer core. Daly [44] has explaingd thscontinuity
by the theory that in the outer core occluded hgdroand other
gases occur.

Seismic and other data indicate that, within thestof the earth,
there exist three principal layers called the cwmial layers. The
first, known as the intermediate layer, overlies thppermost seismic
discontinuity of the first order. This layer is tlght to be inter-
mediate between basalt and granite in chemical ositipn and its
top is found at depths that vary from six to eiginteamiles. Above
the intermediate layer is the granitic layer thatresponds in com-
position to the average igneous rocks. The thiggérlathe sedimen-
tary layer, is composed of sediments, and of seumne and meta-
morphic rocks, and has been found to extend tohdepf about
nine miles.

These continental layers vary in thickness. Asrhme implies,
they are much thicker under the continents thareurhe oceans.
For instance, they are considerably thinner undgh lthe Atlantic
and Indian Oceans and are virtually absent in Hwifie Basin area.

The existence of separate shells of different nesaposition
means that among those shells the elements willlisgibuted in
fixed proportions that depend on the chemical behmaef each
element, the physico-chemical conditions presemd, @ the origin
of the geospheres. It is necessary to recognizdatitethat the geo-
chemical evolution of the earth did not stop wiltte tformation of
a solid crust on the earth, or of either the hydhese or the atmos-
phere. Actually, the evolution has continued thtoug the geolo-
gical history of the earth—the earth is changeablemically, and its
geochemical evolution continues today.

The earth is, and throughout all geologic histos halways
been, an eruptive body, from within which moltergkdas been up-
truded, and on rising and cooling they have becameous rocks,
of which there are many varieties. It is now wedtablished that
granite has been intruded into the outer shellhef ¢éarth at many
different times and that the latest intrusionshid kind are quite

100



recent events, geologically speaking. In fact, @eans usually
younger than the greater part of the rocks withcWhit is asso-
ciated, and the light granitic magma, having a l@mperature of
crystallization, still rises upward through the giru

ORIGIN OF THE EARTH'S HYDROSPHERE

In reviewing the origin of the earth, Adams, basgmbn the
then current knowledge of the order of crystallmat states that
the last stages of the solidification of the edghoduce a layer of
basalt and then a layer of granite, at the same tieteasing the
greater part of the water and carbon dioxide tonfdhe primeval
ocean and atmosphere." [85]

Several recent authors [86] have posed the quegfitime origin
of the earth's hydrosphere. In 1950, when William Rdbey was
President of the Geological Society of America atgb Chairman
of our National Research Council, he addressedNational Acad-
emy of Sciences regarding the geologic evidenc¢hefsource of
the earth's hydrosphere and atmosphere. His comctusvere that
both the ocean waters and the earth's atmosphere dmane from
the interior of the earth and, according to Rubegkulations, in
the years of the earth's existence hot springsahave yielded over
one hundred times as much water as exists in #sept oceans.

In his presidential address before the Geologicatiedy of
America, Rubey assembled the critical evidencemidated alter-
native hypotheses which he then examined for careserps that
are testable by the actual geologic record. Fivars/dater, Rubey
writes that it seems evident that most of the magmk forming
elements in sedimentary rocks and all the dissolvades in sea
water have been derived from the weathering ofiezanlocks
throughout the past. However, he points out thit i not an ade-
quate source for a group of materials he calls €8xt volatiles
(H,0, CG, CI, N, S, and several others), "all of which anecch
too abundant in the present atmosphere and hydzospand in
ancient sedimentary rocks to be accounted for ysolsl rock
weathering." [87] In seeking another source to antdor these
excess volatiles, the central problem of the orifithe hydrosphere
and atmosphere are encountered head-on, says Rubey.

Rubey explains that there have been only two plessiburces
suggested for these "excess" materials: eithewtters of the pres-
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ent oceans and all the other excess volatiles wererited from a
primitive ocean and atmosphere, or they have righmjng the
course of geologic time, from the earth's interfor the surface.
Rankama and Sahama [34 p. 304] conclude, howelat, water
vapor from the original atmosphere must have estdpem the
earth and that the present water in the earth'sobptiere is of
juvenile origin.

The alternative hypotheses that the excess matehnmbe risen
to the surface from the earth's interior during toarse of geologic
time, says Rubey, "depends upon some complex dativedy unfa-
miliar process or processes of 'degassing’ of dle&sr of the earth's
interior, and these complex processes get the hgpist deep into the
problems of physical chemistry and petrogenesi87| [Rubey ter-
minates his inquiry "with the conclusion that thgpbthesis of grad-
ual 'degassing' of the earth's interior leads tnibal consequences
at the surface that appear entirely consistent wulith observed
geologic record.” [87 p. 641]

Kulp [88] has calculated that 3400 x 10" tons ofOHhas
escaped from the subcrust and core of the earte sia formation.
Most of this amount, 2200 to 2600 x 10" tons ofOH still
remains in the crust and that the remainder, sodfet® 1200 x 18
tons of HO has either dissociated into hydrogen and oxygen o
escaped to the surface. These figures of Kulp, $glslervaart,
"would indicate an average of 2 1/2-4 1/2 per cklgD in the
crystalline rocks of the earth's crust, which does seem unrea-
sonable." [39]

Mason [89] says that the suggestion has been niaatepti-
mary magma is rich in hydrogen, which upon oxidatizas pro-
duced the water. This process is quite improbabésis Mason,
because the rocks that would crystallize out framhsa primary
magma would contain metallic iron and no ferricnirwhereas no
such rocks have been found. However, Urey quitetpdly says,

"Both water and metallic iron are important constiits of the
earth." [90]

Furthermore, Kennedy [91] has pointed out thatr@sH igneous
rocks the ferric to ferrous iron ratio yields peent information as
to whether the magma was wet or dry. This relatigngs based on
the assumption that the partial pressure HfiOthe rock melt at
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the time the iron-bearing minerals crystallize, wpsoduced by the
dissociation of water and that this pressure mugptak the Q pres-
sure produced by the dissociation of the iron oxide

In applying thermodynamic data to the problem o€ tbomposi-
tion of magmatic gases, Ellis [92] shows that amary magma

containing HO, H,S, and CQ® explains the observed gas composi-
tions.

ROCK SYSTEMS, ALTERATION, AND EARTH TIDES

Rocks have been analyzed and classified into varisystems de-
pending upon their age, their mode of origin, theirbsequent altera-
tion, their mineralogical content, etc. The earththought to be about
four and one-half billion years old, and the oldesck is dated at
about three and three-tenths billions years. Thare five eras of
rock which are generally recognized, and each oéseh is sub-
divided, representing a different age in the geiokig history of the
earth. Starting with the oldest first, they are:

Eras Subdivisions Approximate age
(millions of yrs.)

PRE-CAMBRIAN Archean 3,300 to
Algonkian 520

PALEOZOIC Cambrian 520 to 440
Ordovician 440 to 360
Silurian 360 to 320
Devonian 320 to 265
Carboniferous 265 to 210
Mississippian 210to 185
Pennsylvanian
Permian

MESOZOIC Triassic 185 to 155
Jurassic 155 to 130
Cretaceous 130to 60

TERTIARY Eocene 60to 40
Oligocene 40to 28
Miocene 28to 12
Pliocene 12to 1

QUATERNARY Pleistocene lto .01
Recent .01 to present
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The earth's physical history has been expressethanwide-
spread crustal disturbances which are termed rdwoki The
Laurentian and Algoman revolutions occurred durittge Pre-
Cambrian era, followed later by the Killarney rauwin at the close
of the Pre-Cambrian era. Then the Appalachian tgwvmi ending
the Paleozoic era, the Laramide revolution endireg Mesozoic era,
and the Cascadian revolution opening up the Quatgmra.

Rocks differ chemically, mineralogically, and stwally. By
chemical composition, reference is made to the atenelements
that make up the minerals. For instance, two miadike graphite
and diamond, have the identical composition, cdingjssolely of
crystallized carbon, yet they do not have the sgqmmperties nor
the same uses. Two rocks may have the identicahiciaé composi-
tion but be different. Rhyolite, a volcanic rockjdagranite, a plu-
tonic rock, have the same chemical composition thet granular
crystals of the granite are well formed and devethprisible to the
naked eye, whereas the rhyolite is smooth surfadtderals are as-
semblages of chemical elements, and they diffemfone another,
both qualitatively and quantitiatively. Rocks, camspd of min-
erals, also differ one from another, both qualigl§i and quantita-
tively with respect to their mineralogical compasit It has there-
fore become necessary to name the rocks accordinyeir min-
eral content, taking into consideration the qualita mineral con-
tent, the relative proportions of the constituennerals, and the
mechanical and textural relations. Generally, roeke classified
into three broad groupings of igneous, metamorplaicd sedi-
mentary, even though in some cases their charstitsriare less
sharply defined and sometimes there is even a negergi features.
Chemicals make up minerals; minerals make up roaks| rocks
make the structure of the earth.

Turner and Verhoogen [93] have identified the cisamand
physical processes that are responsible for thynooif rocks as:

1. The igneous processes of crystallization of mirseaald the
solidification of glass from magmas at high tempanes;

2. The metamorphic processes of recrystallizationraatual
reaction of minerals in solid rocks at high temperes;

3. The metasomatic processes whereby ions exchangedret
minerals of solid rocks and the migrating aqueaseg or
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solutions, occurring over a wide range of tempeestand
pressures, and

4. The sedimentary processes of weatherigeposition of
suspended matter, and precipitation of dissolvetbriah

from solution in water.

The aim of petrology is the presentation of thegioriand
evolution of rocks based on the data of chemidtejd association,
mineralogy, and the fabric of the rocks themselesiock masses,
spontaneous changes occur such as the solidificatib liquid
magmas; the partial or total melting of solid rqcked the sediments
which undergo chemical or physical transformatimasmuch as the
object of petrology is to study changes that opontaneously in
rock masses, it is concerned essentially with aw flof whole
crystals, molecules, atoms, ions or particles, ahdnges thereof
while moving into, through, or out of rocks.

According to Dalton's hypothesis, formulated in #ely years
of the nineteenth century, the chemical atom wasulimate par-
ticle of matter and hence indivisible. In 1815, Wradvanced the
hypothesis that hydrogen is a primordial substaricghich the other
chemical elements are compounds. Lockyer, in 1@8d§anced the
idea that in some elements the atoms are dissdciateen sub-
jected to sufficiently high temperatures or hightage excitation.
After the discovery of isotopes, by positive rayalgsis, Lockyer's
hypothesis came to be accepted and was furtheore@d as knowl-
edge of the atom accumulated.

The atom consists of a positively charged centmlec the
nucleus, about which negatively charged electratate in various
orbits. Almost the whole mass of the atom resideshie nucleus,
which is composed of positively charged protons aedtral neu-
trons. The removal or addition of outer electromsises the atom
to become an ion. Positively charged ions have feelectrons
than is necessary for the atom to be electricabbytral whereas
negative ions have more.

Atoms and ions are the particles that constituyestafs. Crystal
chemistry takes into account the size of theseighest that make
up the crystals. The space requirements of a paréice governed
by the equilibrium established between the attvactind repulsive
forces of the particle and a neighboring partialigh the distance
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so established between the two particles definethassum of the
radii of the two particles. Since atoms and iores the particles that
constitute crystals, the effective size of an atoman ion in a crystal
structure is its atomic radius or its ionic radius.

The entire array of matter depends upon the priggeaf atoms
and ions and upon the structural pattern that tbeng or ions, of
a particular material, take on at certain tempeestuThis structural
pattern, known as a lattice, acts as a sorting emsh admitting
only those atoms or ions of the right size and shafo the assem-
blage of the mineral.

If all the atoms or ions of a crystal are at r@sthe equilibrium
positions established by the different bonding désracting between
the particles, it becomes apparent that a certaiouat of energy is
needed to disintegrate the crystal into its indiald constituents.
When a rock is exposed to changes in temperatuesspre, or both,
its mineral assemblage changes according to definites which
are governed by the laws of physics and chemisihis simple
principle, which is the basis of metamorphism, akg the indis-
putable field observations that solid rocks, wheposed to the geo-
logical forces within the earth's crust, are camdify being altered
—chemically, mineralogically, and structurally.

The alteration is commonly accompanied by the lmsd gain
of some elements and is usually connected with iderable me-
chanical motion such as faulting, folding, pladtmw, or thrusting.
When a rock is under stress within the limits of élasticity it will
spring back after the stress has been removed.r@silgence is often
called "elastic rebound" and is the stored enemyakto the work
of the deforming forces. If a rock is stressed isigffitly it ruptures
—some of the force is spent in permanently defogntire rock and
in producing heat by friction, whereas the residoate is the resili-
ence which brings the rock to a position of noistrét is thought
that earthquakes are caused by the elastic reboluratks to a po-
sition of no strain.

In Nordenskiold's article, "About Drilling for Watein Pri-
mary Rocks," which appeared earlier, he says thdirig, in many
instances, very likely results less from any viblegvolution than
from some almost imperceptible but neverthelessiwoally operat-
ing power. It is the periodic variations of tempara, Nordenskiold
reasons, that cause slight dislocations of strat&ctwaccumulate
over
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long periods of time to cause folds. A similar ¢éoning operating
power is the periodic tidal forces which changeirthdirection
every six hours. An observer in a boat on the oamamot notice
the solar and lunar tidal effects which result e tperiodic rise
and fall of the ocean. Likewise, an observer ondlamotices the
tidal effect on the sea but is unaware of the tefééct on the land
mass.

Pliny the Elder (23-79 A.D.) had said that at Catlizre was
a spring enclosed like a well, which would somesmise and fall
with the ocean while, at other times, its rise &iltl would be con-
trary to the ocean. Lambert [94] cites what he ers to be four
clear-cut cases of the direct effects of the tidedpcing forces
inasmuch as they are remote from the coast an@ftverthe pres-
sure of the load of tidal water must be unimportéints interesting
to find that Lambert's first illustration is a wleokeries of lignite
mines in Bohemia which were inundated in 1879, #rad measure-
ments, made over a period of five months, clearrked lunar,
solar, and declinational effects. His second itlistn is of boreholes
at about 2,700 feet above sea level and in thenityciof natural
springs. The third illustration is of an artesiarlwat an altitude
of 2,955 feet, the fourth being a well drilled iméstone to a depth
of 755 feet and containing water that is freshaadtof briny.

"It is remarkable that in all four cases cited, boe, Tarka
Bridge, Carlsbad, and lowa City," says Lambert, kbwest level
of the water occurs at the time of the moon's itan@4 p. 17]
The most probable explanation of this, says Lami@ft p. 18],
is that the earth tide increases the spaces whiehvater occupies
and therefore the water in the mineshaft, wellbarehole decreases.
C. L. Pekeris of the Geology Department of the Mabkssetts In-
stitute of Technology, commenting in the same steaiyg: "Since the
apparent tidal forces of the moon pull outwards ffations of
the earth that are facing the moon and those whiehat its anti-
podes and tend to push inwards the intermediat®nggit is clear
that at the time of the moon's transit, when thdhetide is high,
the region underneath the station is under tensiot is dilated,
while 6 hours later, when the earth-tidal displaeetris downwards,
it is under compression." [94 p. 23]

Albert A, Michelson, in his study of microtides wable to com-
pare the observed height of the tides with thecaktialues, from
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which it was deduced that the tides in rocks amutbne-fourth the
magnitude of the tides in water. Thus, the crusthef earth is peri-
odically being stretched in depth, and if the tensexceeds the
elastic limits of the rock, horizontal fissures atigp occur.

Recrystallization usually takes place in metamaphby rising
temperature and pressure. In metamorphic rocks,nitreeral as-
semblages correspond to approximate chemical bquih at certain
pressure-temperature combinations which, of courss; vary from
rock to rock, and from place to place.

Petrology, the study of the origin, structure, atmmposition
of rocks, is the application of physical chemistoy rock making
processes. Barth [95] points out that geologistshim past did not
believe that the ordinary physico-chemical laws dasermined in
the laboratories could apply to the collossal ferde the interior
of the earth, but that the extraordinary prograessnd the last fifty
years in petrology has been achieved primarily Iy theoretical
and practical applications of these fundamentalsjgoychemical
principles. Barth says that as is usual in theohystof mankind,
each new step has been bitterly opposed by conbseryaactitioners.
But that, despite this opposition, the new schdothought gained
momentum so that the need for exact physico-chénsitalies of
rock making processes is now generally recognizesh ¢hough the
curriculum lags behind in many schools.

IGNEOUS ROCKS AND MAGMATIC WATER

It was previously mentioned that igneous rocks taee solidifi-
cation of the uptruded molten rock materials, tetrmeagma. From
the physical chemist's point of view a magma isardgd as a multi-
component system consisting of a liquid phase stiagi with solid
phases, and at times including a gaseous phase.

A substance may have three distinct phases, adligiase,
a gaseous phase, and a solid phase. Water isid [ipase; water
vapor or steam is a gaseous phase, and ice isdapbaise. If water,
water vapor, and ice were to coexist in equilibrjatthough there
is only one component, the number of phases wosldhbee. On
the other hand, a solution of salt in water is &tay of only
one phase. In petrology and metallurgy, as welhgshysical chem-
istry, phase diagrams are constructed in accordaritethe phase
rule of Gibbs and the revelation of its principtgsRoozeboom.
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The classic, Findlay's "Phase Rule,” [96] is a cahpnsive in-
troduction to the subject. According to Rhines, tee of phase
diagrams transfers the otherwise bewildering pattdr change that
takes place into intelligible data as elementalstafices are mixed
together and are heated or cooled, compressed pandgd. [97]
Eitel [98] points out that by changes in tempemtua compound,
through physicial-chemical processes, undergoesnaecsion of the
atomic positions in its crystal structure which wanbe sufficiently
described by the classical Gibbs phase rule.

In addition to the classification of the volcaniadaplutonic
rocks, there is another broad classification algpliad to igneous
rocks. That is whether they are acidic, intermegisasic, or ultra-
basic. The older classical definition of an acithte it a compound
containing hydrogen which is replaceable by a mefake chemist
thinks of acidity in terms of replaceable hydrogeéermed nor-
mality. Hydrogen makes for acidity; the hydroxybgp (OH) makes
for alkalinity, which is basic and opposed to aidiand therefore
the two neutralize each other. Whenever an acidaabdse are dis-
solved together, the hydrogen ion of the acid dra liydroxyl ion
of the base combine to form water, and the other itlms combine
to form a salt. The physiologist centers his irgeren the ionized
hydrogen because it is the hydrogen ion which daters acidity
for the organism. The petrographic usage of thm tacid is in the
sense that rocks rich in silica are acidic.

When the silica (Si¢) content is more than sixty-six per cent
the igneous rocks are acid; when between fifty{h@o cent and sixty-
six per cent, they are intermediate; when betweety-five to fifty-
two per cent, they are basic, and when the silargent is less than
forty-five per cent, the igneous rocks are termeéuabasic. [93
p. 51] Wahlstrom [99] says that the acid rocks @s® rich in the
alkalies and alumina, whereas the basic rocks,ginquoor in silica,
are rich in lime, magnesia, and iron. For convecgeim general de-
scription of igneous rocks, the light constituertee sometimes
grouped together as felsic minerals as distincimfrthe mafic
constituents which are dark, heavy, and rich in ead magnesium.

All of the aforementioned usages, of the term aaie, correct
in their respective fields despite the fact thathia newer definition
an acid is defined as a hydrogen compound thatsgdih off pro-
tons. The hydrogen ion is a proton.
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Petrologists have noted for a long time that rockeuded at a
definite period in a given region maintain certaimilarities of
mineral and chemical composition. From this came akssumption
that the rocks had been derived from a single commagma. Daly
concluded that basaltic magma is the parental magfnadl igneous
rocks. Bowen, accepting Daly's conclusion as a dumehtal thesis,
states that other igneous rock types are develqpéattipally by
fractional crystallization, which is quite commonbferred to as mag-
matic differentiation or the process of differetita.

As a magma cools through a certain temperaturerviite it
undergoes physical and chemical reactions whicbording to the
moderation theorem, must be exothermic. That igndbal reac-
tions which give off heat such as the condensatibmvater vapor
and the crystallization of solids. This process nimy extremely
complicated and might involve a sequence of chaffiges conden-
sation, crystallization, boiling, resorption of laformed crystals,
to recondensation, and so on. The same magma egalvider dif-
ferent physical conditions must react differenthnd of course,
magmas of different composition, even under idahthysical con-
ditions, will have a somewhat different sequencergstallization.

Bowen says that there is a considerable body otréxental
results, on silicate systems, which furnish a biiabasis of the
crystallization of rocks. Turner and Verhoogen &edi that from
forty years of laboratory investigation of silicateelts, comes the
important generalization, that the reaction refatietween igneous
minerals and the melts from which they crystallmevails. Solid-
solution series exist in so many groups of ignemiserals, and
the fact that they frequently develop reaction rifogronas) of one
mineral around central cores of another, are ewvielesf reaction.
[93 p. 111]

As the temperature falls, the crystallization ofalid-solution
series involves a continuous process, operating cwesiderable in-
tervals of temperature, of reaction between thataty and the melt
from which they separate. Bowen [100] discussesiraber of sili-
cate systems that have been studied experimentally.

One of his illustrations is the system potassiumasikcate.
At eight hundred degrees centigrade, crystallirabegins with the
separation of potassium metasilicate, and thisicoas to separate
until the temperature has fallen to six hundredreeg At this
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temperature, the liquid reacts with the crystalspofassium meta-
silicate (KSiO;) and converts a part of them te3HO; « 1/2 HO.
The remaining liquid continues its crystallizatiaith the separation
indicated and the temperature falls to 380°. At ttamperature, if
there is any remaining liquid, it reacts with thgstals and converts
a part of them to §SiO; « H,O. Any remaining liquid would continue
to crystallize with the separation of,80; « H,O until at least a
temperature of two hundred degrees was reached.

Another illustration given by Bowen is that of theries, olivines
— pyroxenes — amphiboles — biotites, which he saysstitute a
reaction series that is well attested to in mangk rearieties. The
liquid first reacts with olivines to produce pyraws, then it reacts
with pyroxenes to produce amphiboles, and then waitiphiboles to
produce biotites. By the increasing water contdnthis series it is
related to the series,RBi0; — K,SiO; ¢ 1/2 HO — K,SiO; » H,0.
[100 p. 56]

Kennedy [91] believes that water has a major roleétermin-
ing the differentiation trend of basaltic magmaeTwater content
of the original melt determines the course of @ligation in calc-
alkalic magmas, say Rankama and Sahama. They painthat if
the water content is exceptionally low, there ig @ourse of crystal-
lization; if the water content is intermediate, rthds the normal
course of crystallization, and, if the water comtenhigh, the crys-
tallization follows still another course. In the tem rich magmas
the separation of biotite starts earlier, at a warably higher tem-
perature, and potash feldspar is either very scarceabsent.
[34 p. 168]

By careful study of the textural interrelationshigtween the
minerals in rocks, say Hatch, Wells, and Wellssipossible to es-
tablish an order of crystallization. The first miaks to crystallize,
they say, are those which can be precipitated fewmalmost an-
hydrous melt at high temperatures. These mineralide the ma-
jority of silicates found as constituents in thesibaocks — olivines,
most pyroxenes, the calcic plagioclases, etc. Bparation of these
minerals, they say, leaves the liquid relativelyidred in HO and
the other components of low atomic and moleculaighis, known
as the volatile, hyperfusible, or fugitive congtitis. [63 p. 163] Sev-
eral rock-forming minerals depend more on the cotredon of
volatiles than on high temperature for their forimatand in this
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category, Hatch, Wells, and Wells place most ofdhali-rich min-
erals and those containing hydroxyl.

All magmas contain volatile constituents, the malstindant be-
ing water, carbon dioxide, chlorine, fluorine, amebably others in
small amount. [100 p. 282] Shepherd [101] note$ tha volatiles
which can be obtained from lavas have a water ovonté about
eighty per cent of the total. Yet, lavas are magmémsch have
reached the surface, and inasmuch as the solubilityater in sili-
cate melts appears to decrease with decreasingupegsthey may
lose the largest part of their volatile conten8 [2 49]

Granitic magma holds dissolved water but the stitybdf wa-
ter decreases with decreased pressure. Gorans@j B8 shown
that at nine hundred degrees centigrade and foastnd atmos-
pheres pressure, which corresponds to a depth mitatine miles,
granitic magma can hold nine per cent of dissolweder, whereas
at the same temperature but at five hundred atneosphpressure
the same magma can hold less than four per cergrwdabranitic
magmas containing water and other volatiles tendcdacentrate
these constituents in the liquid phase during ellysation if they
are present in amounts greater than that takenyupytfrous phases
(amphiboles and micas). Water so concentrated diskolve in the
silicate melt as crystallization proceeds unlesticat phenomena
intervene or unless the pressure generated extieeds$rength of the
magma chamber." [103]

These volatile components of magmas play an impbntale
in several respects:

1. Small amounts of water noticeably change the chanpo-
tentials of the other components of the melt;

2. Such components as water, fluorine, and chlorimsiderably
decrease the viscosity of silicate melts, and

3. Water lowers the melting points of solids and thepera-
tures at which crystallization occurs.

Bowen [100 p. 288] notes that ten per cent watdudées a low-
ering of the melting point somewhat more than tiwsdred degrees
centigrade, an average of about fifty degrees &mheunit per cent
of water.

There are only eight main elemental constituentgmmfous rocks
and they comprise more than ninety-eight and otfeplea cent of
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these rocks. These main elements, in descendirgy ofdtheir mag-
nitude are: oxygen, silicon, aluminum, iron, cafhjusodium, potas-
sium, and magnesium. The chemical composition ef igneous
rocks, however, only indicate the abundance ofdbestituent ele-
ments and not their manner of occurrence as woeldcharacter-
ized by the minerals in which they are incorporatér con-
venience, minerals have been grouped so that theys@metimes
referred to as mineral species or groups. For masta feldspars
are geochemically the most important mineral gréarpthey occupy
nearly sixty per cent of the mass of igneous rodkse next in im-
portance are the pyroxenes and the amphiboles varelessentially
silicates of iron and magnesium, followed by crijsta silica such
as quartz.

Volcanic rocks result from magmas that have erugedavas
from volcanoes and from magmas that have cooleddlyamear
the surface. Individual flows of volcanic rock occas extrusions
on the earth's surface, ranging from a few inclesetveral hundred
feet in thickness and attaining lengths as greaseaenty miles.
The near surface intrusive volcanic rocks may somnest take the
shape of the volcanic vents in which they haved#@id or may
occur as tabular sheets known as dikes or sills.

The fabric, and in some cases the mineral composithdicates
that the crystallization of plutonic rocks took qda under con-
ditions of slow cooling, as compared with the ratevhich volcanic
rocks cool at the surface. It is thought that moftthe plutonic
rocks, now exposed at the earth's surface, criggtdliat depths rang-
ing from about two miles to twelve miles. In attding to determine
the depth at which melting will occur of rocks whosompositions
approach that of the average granite, Tuttle andve®o[103 p.
123] find the following:

1. Assuming that with depth, the temperature increadethe
rate of thirty degrees centigrade per kilometegnthmelting will
begin at about thirteen miles. If the water contisnbn the order
of nine per cent complete melting will ensue as thépth, but if the
water content is less than nine per cent, meltiiibegin at thir-
teen miles but will not be completed until somehleigtemperature
(greater depth) has been reached.

2. If the geothermal gradient is fifty degrees cenatite per
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kilometer, then melting will begin at a depth of oab seven and
one-half miles.

3. Inasmuch as the geothermal gradients increase wiigpth,
then the depth of complete melting with only twor peent water
would be only about nine miles for an initial graxti of fifty degrees
centigrade per kilometer and a little more than hee miles for
an initial gradient of thirty degrees centigrade kilometer.

4. The temperature of completion of melting is extrBmsensi-
tive to slight changes in chemical composition, #wat the only
obstacle to complete melting is the amount of velamaterials. The
amount of water and other volatiles available, toxfthe silicates,
determines the amount of liquid formed at any depth

The cooling rate of the shallower plutonic massesaiso affected
by the size and shape of the magma body, as welbyshe existing
temperature of the host rock into which the magmes hintruded.
Plutonic rocks appear in various forms and sizé® $mallest being
dikes or veins only a few inches wide whereas largeasses may
outcrop continuously over thousands of square milége normal
sequence of magmatic evolution is generally theicbascks, then
the ultrabasic, the intermediate, and the acid sockhe clan con-
cept of rocks, wherein a clan is bound by resendganin com-
position, was advocated by Wells and Daly and ikoveed by Wil-
liams, Turner, and Gilbert in their "PetrographyL04]

It has been noted that there is general acceptaricehe fact

that all magmas contain volatile constituents oficlwhwater is the
most abundant. Such waters are referred to as negnaier.

METAMORPHIC ROCKS AND METAMORPHIC WATER

The metamorphic processes that produce rock metien fsedi-
mentary or igneous rocks are largely based on ioeectwhich take
place in the solid state and therefore they diffesically from the
deposition of matter in agueous solutions and frtme -crystalliza-
tion of melts. Metamorphism is the physical and noleal adjustment
of solid rocks; a mineralogical and structural atijeent to the
physical and chemical conditions which exist at tde@mnd which
differ from the conditions under which the rock iquestion origi-
nated.

The trend of reaction in rock metamorphism is taite
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establishment of a stable mineral assemblage umeemiling tem-
perature and pressure. A stable mineral assembagme which
has minimal free energy under given temperature medsure. All
mineral assemblages which are in the same state t&vsame in-
ternal energy. The change in internal energy depesrdy on its
initial and final states and is the total energg #issemblage gains
or loses in the course of any process. The ener@y Ipe supplied
to or taken from the assemblage in any form sudmeas, mechanical
work, radiation, etc. Turner says that all writergree on the im-
portance of water in rock metamorphism, and thé& generally be-
lieved that metamorphic adjustment of a mineratadsdage is very
largely brought about by reactions through the mnedof aqueous
pore solutions or their gaseous equivalents. Tlatemis partly sup-
plied by the rock itself and partly derived from gnaatic sources,
the latter especially in contact metamorphism. [10% contact
metamorphism the changes are related to contadts plutonic
rocks.

Based on the recognition of field occurrences damel petro-
graphic character of the rocks affected, Turner afethoogen
[93 p. 371-2] erect a classification of metamorphiocesses. In-
asmuch as in metamorphic rocks the mineral assgebleorrespond
to approximate chemical equilibrium at certain ptes-tempera-
ture combinations, the exposure of the rocks tmgigemperature
and pressure changes its mineral assemblage atgoradlidefinite
rules and, at sufficiently high temperature, acaié melt will form.
When this melt cools, the changes occur in the sippalirection.
First, a rock crystallizes, and then gradually, tbek, as well as the
melt, changes in composition until the melt is ctetgly solidified.
Depending on the depth at which crystallization ussc the melt
will crystallize in the form of plutonic or volcanirocks and hence
is sometimes referred to as pseudo plutonic or duseplcanic
rocks.

Ramberg [106], in a treatise on recrystallization aeplacement
in the earth's crust, has classified the metamorpitks themselves.
The facies classification used by Ramberg is fodndpon petro-
graphic experience that mineral assemblages géneohkey the
laws of chemical equilibrium. In a metamorphic té&at the min-
eral structures are gradually torn down ion by & are followed
by the formation of new structures different frame ld ones.
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The kinetic energy of an ion depends on temperagag Rankama
and Sahama [34 p. 250], and as there are variationgheir

amplitude of vibration and in the number of cobiss between
ions, even the ions of the same element in a streicinay have
different amounts of kinetic energy. Furthermorke thumber of
free ions increases at elevated temperatures agdmigrate into a
new coordination. Ramberg [106] identifies manycties which

produce water when the temperature is increasetlaarns evidenced
by petrographic investigations the right hand sidésthese reac-
tions, at constant pressure, are stable at higmperatures than
the left hand side. The Green schist facies referthose rocks re-
crystallized at the lowest temperatures of regianatamorphism, in
the neighborhood of one hundred degrees centigpadess. Meta-
morphic water is produced—uwith the following tygdiceactions:

potash feldspar + chlorii= biotite + carbon dioxide + water;

muscovite + calcite + silic = epidote + potash feldspar
+ carbon dioxide + water.

The Epidote amphibolite facies includes rocks rsiafjized at a
somewhat higher grade of metamorphism than thengesists.
Metamorphic water is produced, and a typical readis:

kyanite + epidote== anorthite + water.

The rocks of the Amphibolite facies are formed eahperatures
just above those of the epidote amphibolite facidse temperature
of amphibolite facies only rarely exceeds four heddto five hundred
degrees centigrade. Metamorphic water is produced.

The Granulite facies succeeds the amphibolite $abig rising
temperature and rising pressure. The temperaturébeogranulite
facies is around 550 degrees to 650 degrees cam¢igMetamorphic
water is produced—uwith the following typical reacts:

muscovite -— sillimanite + potash feldspar + water
biotite + sillimanite— garnet + potash feldspar + water
biotite — hypersthene + potash feldspar + water.

The Pyroxene hornfels facies succeeds the amptaliatiies by
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rising temperature and decreasing pressure. Theet@ture of
transition from amphibolite facies to pyroxene Hel®s facies is about
seven hundred to 750 degrees centrigrade. The @yeokornfels
facies is the typical contact metamorphic faciestdamorphic wa-
ter is produced. Other facies also identified aigtubssed by Ram-
berg are Sanadinite facies, Eclogite facies, anau&lphane schist
facies.

Because igneous rocks themselves are of high tetyserorigin
it might appear that they would be only slighthseeptible to thermal
metamorphic changes. Harker reasons that the "geofan igneous
rock, starting from a fluid magma and ending nofynal a crystal-
line aggregate, covers a wide range of declinimgprature, and the
several constituent minerals, as we now see thesignd to dif-
ferent stages of the prolonged process of coolimgnany rocks, the
latest-formed minerals have crystallized at temjpees which may
be overtaken in metamorphism of quite moderate egtal 07] In
addition, Harker points out that later minerals nteeyderived from
a magma at the expense of earlier minerals, whachbeen crystal-
lized at a higher temperature but ceased to beestiba lower
temperature in contact with the changed magma, aaadtherefore
attacked by it.

VOLCANIC ACTIVITY AND VOLCANIC WATER

At the beginning of this chapter, the world's newedcano was
used as an illustration of a dynamic earth, andtimerwas made
of gases and water vapor billowing up some twehtusand feet.
Where did the water vapor come from? Since mostarmes are
in or near bodies of water, it was formerly consgdiethat the gase-
ous water contained in the magmas had been obtdined water
that descended from the earth's surface. But thiderce when
examined loses part of its force. [108]

There are several possible explanations for thgiroof volcanic
water. It may be part of the original substanceaged at the time
the earth was formed; or it may be magmatic waterit may be
metamorphic water; or it may be atmospheric wabsoebed by the
magma from the surrounding rocks, or it may havenbé&rmed
by the union of primitive hydrogen and oxygen.

In the Hawaiian Islands, volcanic water has bediec®d, by
means of tubes put into the molten lava, and aedlyait is plain
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that if atmospheric water is to reach a hot laviaroo at a tempera-
ture of one thousand degrees or higher it mustadassa gas, and
therefore on the same terms as other atmosphesiesgairgon is
invariably contained in the air in measurable qitgnand forms

no chemical compounds. Whence it follows that & tiases of the
atmosphere had reached the liquid lava in any nrawmmatsoever
the argon would be released with the others, butrace of argon
was found." [109] Another difficulty, say Day andhepherd, "is to
conceive a mechanism whereby atmospheric or surfeater of

whatever origin (for example, the sea) can makevay into a lava

column or basin at a temperature of one thousagdeds or more."
They conclude that the volcanic water "is entittedbe considered
an original component of the lava with as much trigh the sul-

phur or the carbon." [109 p. 305]

Magmatic gases are expelled at or near the sudhdke earth
as hot spring gases or through gas vents, the wisint of which
are, of course, the volcanoes. The chief compooktite magmatic
gases, says Barth [95 p. 144], is water which malgesnore than
ninety per cent. There is also a surplus of HCI, HS, CQ,
and other more or less volatile acid-forming suhats, together with
0O,, Hy, CO, N, etc., and such compounds as ,SiEiCl;, metal
chlorides, etc.

Kennedy believes that it is predominantly the dexliin
volatiles in the magma that brings a volcanic éarpto an end.
"The first lavas that appear after the constructafna volcanic
cone are generally relatively fluid, highly vesiayland rich in wa-
ter. Later lavas that may appear during an erupdicn marked by
higher viscosity and contain less and less voktil&he last lava to
emerge, says Kennedy, "is poor in volatiles andcéen of higher
viscosity." [91 pp. 494-5]

According to Day and Shepherd, it has been shoanthtough-
out molten lava, oxygen and hydrogen are unitingoion water,
and that this chemical reaction is an importantre®wf volcanic
heat. They say: "The free hydrogen set free bywvibleano reacts
with sulphur dioxide at 1000° to give water andefrsulphur di-
rectly." At this temperature, carbon dioxide andifmgen undergo
similar reaction. So that, "Neither G@or SQ can be associated
with free hydrogen at temperatures in the vicirfyl000° without
the formation of water." [109 pp. 290-1]
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What is now proved was once
only imagined.
—WILLIAM BLAKE

CHAPTER VI

THE DYNAMIC EARTH (continued)

Ample evidence has been given to show the existefaaag-
matic, metamorphic, and volcanic water. Indeed, dhigin of the
earth's water supply is thought to be derived ftbm interior of the
earth. However, some of these processes must bedoat more
closely for better understanding.

STAGES OF MAGNIATIC CRYSTALLIZATION

As a result of fractional crystallization, diffeté&@tion usually
proceeds from ultrabasic rocks through basic atefrimediate rocks
to the acidic or silicic rocks. Several differetiages of crystalliza-
tion are generally identified, although the diffetrestages are really
part of a continuous process of magmatic diffeetizih by crystal-
lization. Rankama and Sahama [34 p. 130] distifgais early mag-
matic stage, a main stage of crystallization, ateteamagmatic stage.
During the early magmatic stage, silicates, su#fjdend oxides are
formed; whereas the main stage produces gabbraositedi and
granites; while the late magmatic stage resultpagmatites, pneu-
matolytic deposits, and hydrothermal deposits.3461]

Fersman, according to Turner and Verhoogen [93 331.-2],
establishes four successive stages of crystaliizatihich are gov-
erned by falling temperature as follows:

1. Magmatic stage—wherein equilibrium between tllecase

melt (liquid phase) and the crystalline structureolifl
phase) is maintained.
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2. Pegmatitic stage, which is characterized by thexistence
of solid, liquid, and gas phases at temperaturagimg ap-
proximately from eight hundred degrees to six heddde-
grees centigrade.

3. Pneumatolytic stage, in which equilibrium betweeaslids
and gases is maintained at temperatures from sidred
degrees to four hundred degrees centigrade.

4. Hydrothermal stage, wherein equilibrium betweenidsol
agueous solutions, and agueous gas is maintainesnaera-
tures from four hundred degrees to one hundredegsgrenti-
grade.

The progressive abstraction of the early crysiallizrock min-
erals, from the magma, leaves a residual liquidctvigradually be-
comes enriched in volatiles and gases containingalneempounds,
and other valuable substances which were originafily sparsely
distributed throughout the magma. The volatiles tredgases, along
with their contents, tend to collect in the uppartpf the magmatic
chamber where they may escape into the enclosifpraek and
form metasomatic mineral deposits under certairuanstances.

Replacement or metasomatic replacement is defised process

of simultaneous capillary solution and depositidmevein the replac-
ing minerals are carried in solution and the regdhsubstances are
carried away in solution. As Bateman emphasizeis &n open cir-

cuit, not a closed one. Petrified wood illustratesv, by means of
replacement, wood is transferred to silica. Sirlylapne mineral

may take the place of another, retaining both rigimal size and

form, or says Bateman [110], a large body of solid may replace
an equal volume of rock and thereby originate marigeral de-

posits. Even when traced with the highest magnifyower, says

Lindgren [111], the typical metasomatic processesws no space
between the metasome, the designation of the ndexrgloped min-

eral, and the parent mineral. Lindgren illustrathst fibers of

sericite are projected into quartz without even @&ute break

in the contact; that the crystal faces of rhombobes of siderite

cut across the grains of quartzite without any rasitees and that
perfect prisms of tourmaline develop in primand&gar or quartz.

Bateman [110 p. 54] indicates that the early witlheals of the
residual solutions yield simple pegmatite dikest thiee varieties of
igneous rocks, whereas latter withdrawals, of aanamjueous stage,
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yield pegmatites which are referred to as pegmagias. Generally,
says Landes [112], pegmatites are more acidic the&n plutonic
bodies from which they are derived, and becausdicacocks are
more common than basic rocks, pegmatites of acwatiks are more
common than pegmatites of intermediate or basiksodBased
on the atomic abundance of sodium, potassium, dachirmum,
Goldschmidt divided the pegmatities into two graugss first group
of pegmatites are composed of minerals whereinatenic abun-
dance of sodium plus the atomic abundance of patasis higher
than the atomic abundance of aluminum. In his sgapoup, alu-
minum predominates over the sodium and potassiumbiowd. A
third group of pegmatite minerals would be thosesrgm the atomi.;
abundance of sodium plus the atomic abundance tdsgiom is
equal to the atomic abundance of aluminum.

Near the close of the solidification of the magmeame of the
residual liquid may be withdrawn to form pegmatitesit aqueous
solutions still remain which contain valuable malecompounds
from which economic minerals are deposited by migent of the
pegmatitic minerals. For instance, as the lateduesi liquid, the
pegmatitic liquid, of a granite cools and crystah the earliest min-
erals formed, such as potash feldspar, quartz, raiwé, will be
those of latest formation in granite. This crys&tallion, says Bate-
man [110 p. 54], enriches the residual pegmatitjaidl in water,
soda, lithium, and other substances.

The critical temperature of a gas is the tempeeatilmove which
the gas cannot be liquified by pressure alone. Agsesolutions
may be either liquid or gaseous. When an aqueousiao crystal-
lizes above the critical temperature of water vaf@r4 1/2° C),
minerals are deposited by a gas and is termed patelytic deposi-
tion. If the crystallization occurs at a temperatbelow the critical
temperature of water vapor, the minerals are dégbdly water and
is called hydrothermal deposition. Nearly all epigéc mineral de-
posits, says Bateman [110 p. 301], are formed fromeralizing
solutions composed of both liquid and gaseous agueolutions.
Epigenetic refers to deposits which were formedrl#itan the rocks
that enclose them whereas syngenetic would refdepmsits formed
at the same time as the rocks that enclose them.

Water, at temperatures above the critical pointvafer vapor,
is a gas and therefore can be highly compressezhrding to Barth
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[95 p. 141], water vapor at four hundred degreegigede and one
thousand atmospheres pressure has a density ofrib¥ gjreatly dif-
ferent from that of water under ordinary conditioNear the surface
of the earth, the pressure increases about fivelrednatmospheres
for each mile increase in depth. At greater depths, pressure
increases at a decreasing rate attaining a valabaiit three million
atmospheres at the center of the earth. [85]

It has also been shown that very high pressureseaexpected
as a result of crystallization in systems contgjnimlatile compo-
nents. [113] Goranson conclusively proved that pressure so
generated could well exceed those required as sip@ssource of
volcanic explosions. [102] Ramberg [106 p. 192]oajwints out
that a rapid crystallization in a magma chambehwiht walls may,
due to rapidly developing gas pressure, cause plosg&n sufficient
to overcome both the hydrostatic rock pressure thedstrength of
the chamber walls. Furthermore, crystallization canse successive
explosions by alternate relief of the pressureofedid by further
crystallization. [102] Kennedy explains that themsavhat rhythmic
eruptions at a given volcanic structure is due e tessation of
eruption when the wet cap of the volcanic conduit been dis-
charged and dryer magma moves into place, andthieadisturb-
ance of the equilibrium relations among partialspree of water,
depth, and the total water content will cause difin of water into
the magma at the lower confining pressure of tipeabthe magma
column. "Thus the partial pressure of water in titye of the column
will build up steadily until it is again high endudo blast aside the
restraining rock and permit renewed eruption." jo#95]

Upon final crystallization of the magma the residliquid, or
gaseous aqueous solutions, are ejected towardsptddess pressure
and therefore follow cracks, joints, bedding plaaes other open-
ings where they undergo chemical change by reactith the
wall rocks. The mineral substances in these salstimay replace
the rock substances or they may be precipitated falution.

HYDROTHERMAL DEPOSITION

As the term hydrothemal implies, they are hot watbat prob-
ably range in temperature from five hundred degmsn to fifty
degrees centigrade and are closely associatedthégtideposition of
metals and minerals. That most mineral depositgrefous affilia-
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tions have come from hot waters of magmatic ddowats univer-
sally agreed upon says Bateman. [110 p. 57] Lindgfid1 p. 72]
says that the majority of ore deposits were forigdarge quantities
of waters rich in carbon dioxide and hydrogen sidehand heavily
charged with alkaline salts, whereas in metamomphtbere are
small quantities of solutions that are free fromgéa amounts of
these gases. In fact, geologists attribute mosbwf useful metals
and minerals to the metallic minerals deposited hygrothermal
processes. [110 p. 95]

The original water content of a magma that is di@nio
dioritic in composition would perhaps be about oper cent.
As crystallization proceeds, the water excludedmfrthe earlier
formed crystals becomes relatively concentratecthimm remaining
molten magma. In similar fashion, the sparse cantémmetals and
other volatiles, which were originally dispersedrotighout the
magma, would become concentrated in this remaitingd. [114]
Continued crystallization results in still greatarrichment in water
until the accumulation of water exceeds the amaohat the remain-
ing molten magma can dissolve. This saturation tpddoranson's
investigations indicate, would be about nine pemtasder certain
pressure conditions. Three coexisting phases—ilie gloase of rock
minerals, a liquid phase of molten magma saturati¢ld water, and
a gas phase of excess water which may develop gadoto hydro-
thermal solutions—would result under such condgionhus further
crystallization plus the growth of crystals encioes upon the space
left for the residual fluids and subjects the flutd greater and great-
er pressure until the final act of crystallizatierpels, under great
pressure, all excess water that does not entethiatoock minerals.

Ramberg [106 p. 269] notes that water not only fions as a
catalyst in rock alteration, but that it is a sfgr@Ent rock build-
ing constituent. Hydrous minerals are abundanbim &nd medium
grade rocks. They have HO in their lattices anchoapossibly form
unless HO is available.

The hydrothermal solutions form cavity filling degits when they
lose their mineral content by precipitation withviarious openings in
rocks, or they form replacement deposits by metasicmeplacement
of the wall rocks. There may be a gradation betwbese two types
of mineral deposits inasmuch as the cavity filling precipitation
may be accompanied by some replacement of thereekk. The
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filing of cavities, however, forms more mineral pdsits than any
other process. An ore filled fissure, called auissvein, is the most
wide-spread and most important of the cavity fgknand yields a
great variety of metals and minerals.

The essentials for the formation of hydrothermapatits are
enumerated by Bateman [110 p. 96] as: (1) minenglizolutions
capable of dissolving and transporting mineral eratt2) openings
in rocks through which solutions channel; (3) si@sthe deposition
of the mineral content; (4) chemical reactions thegult in depo-
sition, and (5) sufficient concentrations of depagimineral matter.
A similar description of hydrothermal deposition rizade by Tarr,
who says that the water vapor and numerous othesgeontained in
magmatic solutions become liquid when the tempezatalls below
their various critical temperatures. These gasesmlations, being
effective solvents, dissolve most metals and raghe from the
molten magma and retain them as they are concedtriato the
residual liquors. The liquors are ejected from thagma, following
lines of weakness in the surrounding rock, wheey tform larger
openings in which they deposit their mineral conhtéfhe cooling
of the solutions and their reactions with the waltk and with other
solutions bring about precipitation of the variomsneral deposits.
[114 p. 40]

There are two concepts as to the preliminary charaaf the
hydrothermal solutions. One, that they left the magchamber as
hot liquids and remained as liquids. The othert they left the
magma as gaseous emanations and later condendeat tmuids.
However, in either case, cooling makes the lateaspha liquid
hydrothermal phase. It has been demonstrated thapar phase can
and does collect, transport, and deposit metalds lalso known
that hot liquids transport and deposit metals.

It was mentioned earlier, that water at four hudddegrees
centigrade and one thousand atmospheres presssira tansity of
0.71 which is not greatly different from that of t&m under ordi-
nary conditions. However, water vapor so highly poessed has a
significant solvent power on non-volatile mineramponents such
as sodium and silica for example. [95 p. 141] lasmeg pressure in-
creases the solubility of silicates in such a scyitgzal gas for the
density of the gas increases so that the poweeadtion between
water molecules and "dissolved" silicate becomereraffective.
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Under such circumstances, precipitation takes pégeg horizontal
or upward isothermal flows automatically. [106 P51

Lindgren has designated three groups of hydrotheoma de-
posits based upon the temperatures, pressuresgewidgic rela-
tions under which they were formed, as indicatedth®y contained
minerals. The first group, known as hypothermaleneto the high
temperature deposits ranging from about three ladchdlegrees to
five hundred degrees centigrade. These deposits oad@arily,
though not necessarily, formed at great depth urmigh pressure
and are sometimes referred to as deep-seated tepdstse deposits
are characterized by gangue minerals such as gdrigite, horn-
blende, pyroxene, specularite, magnetite, tourraaliopaz, apatite,
and scapolite, all of them being associated withrigu The chief
metals won from hydrothermal deposits are tin, siewy, gold,
molybdenum, copper, and lead, along with othemaireerals.

The second group, known as mesothermal depositirised
under intermediate temperatures and generally pthdender high
pressure. The temperature range being from abouthiwndred de-
grees to three hundred degrees centigrade. Thé migials mined
along with other ore minerals are gold, silver, pap lead, and
zinc. These deposits are characterized by gangunerats in which
quartz, calcite, dolomite, siderite, barite, séeicichlorite, and albite
occur.

Epithermal deposits constitute the third group \whis formed
at moderate temperatures, probably rarely exceedib@f C. and
in those instances by not more than 50° C, withifeva thousand
feet of the surface under medium pressure and rohthyem are de-
veloped close to the surface. The chief metals doimthese de-
posits are gold, silver, and mercury along witheotbre minerals.
The gangue minerals that characterize these depasi# quartz,
chalcedony, opal, calcite, dolomite, barite, flterisericite, chlorite,
and adularia.

"On the whole," says Lindgren, "it is evident thike great
majority of ore deposits have been formed relayivetar the sur-
face and well within the zone of fracture, probablgll within the
upper fifteen thousand feet of the crust, and nafsthem within
ten thousand feet of the surface." [111 p. 74] gieth explains
that although certain kinds of mineral deposits ehaviginated in
the zone of weathering or at the surface, the fngember have
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been formed in the zone of fracture where circafaf solutions is
comparatively easy. [111 p. 72] These solutionsehan internal
origin.

The zone of fracture, to which Lindgren refers,bessed upon
the conception of zones in the earth's crust deeeldoy Van Hise.
Van Hise [115] divided the outer part of the cro§tthe earth, de-
pending upon the character of deformation wheneziigfl to stresses,
into three zones. Within an upper zone of fractuteformation
occurs mainly by rupture, faulting, jointing, difémtial movement
between layers, fissibility, and brecciation. Behethis zone of
fracture there is an intermediate zone of combirmet flowage and
rock fracture, below which is the zone of rock fexye wherein de-
formation is effected by granulation or recrystation and wherein
no openings other than those of microscopic sieeerduced.

Under the conditions which exist within the earthtsist, ac-
cording to F. D. Adams [116], granite will sustanmuch heavier
load than that which will crush it at the surfacetloe earth. His
experiments indicate that cavities may exist inngeato a depth
of at least eleven miles. Even the sphere belowethigh's crust
is believed to be subject to fracturing. BenioffL]] believes that
above 434 miles the mantle is sufficiently rigidnmintain fractures
extending to that depth for time intervals of tidey of a decade.

Openings in rocks have been classified into twoomayoup-
ings. First, the original cavities and second, théuced cavities.
Some of these openings must be interconnectedrinitpie move-
ment of hydrothermal solutions from its source he site of depo-
sition. Large deposits of extraneous minerals megontinuous
supplies of new materials which means that throolgannelways
must be available.

Ramberg considers a hydrous solution advancing hupugh
a fissure and precipitating minerals due to theeksed temperature
of about three-hundredths of one degree centigpeiemeter. The
solubility of calcite is 0.0018 grams per one hwibgrams of water
at seventy-five degrees centigrade, whereas attyvime degrees
centigrade it is 0.0014 grams per one hundred gEfmeter. "The
depth of 25° is close to 100 meters," says Rambiargl some 1,600
meters below, the temperature is 75° C. By the ugvlawing
solution 0.0004 g of calcite will precipitate alotige 1,600 meter-
deep fissure for each 100 g of®which passes through. That is to

126



build up 4 tons of calcite as a thin layer along fissure, 1®tons
of water are needed." [106 p. 197] Ramberg points that this
calculation is artificial and uncertain becausetled great effect of
the carbon dioxide pressure upon the solubilitycaltite. Nonethe-
less, it still stands as an excellent illustrattbat for the deposition
of large bodies of extraneous minerals—many hyenotial deposits
contain hundred of tons of ore—tremendous quastitié water
are required and through channelways are essential.

Boron is an element characteristic of the late estamf magmatic
crystallization. Its small ionic size plus the uiley of many of its
compounds, prevent its becoming totally trappedha hydroxyl-
bearing minerals during the magmatic crystallizatidlthough boron
sometimes will crystallize as independent boronerats during the
last phase of the main stage of crystallizationfobominerals
generally crystallize during the pegmatitic and fogbermal stages.

It is generally recognized that all North Americharates were
deposited by fresh water rather than by ocean watewever, all
boron deposits are not the result of evaporatiam. iRstance, the
Searles Lake brines from which borax is extractedtains about
thirty-six per cent total salts, of which about£.8er cent is borax
and the balance is mainly composed of chloride$fates, and
carbonates of potash and sodium. Through the pgocksveather-
ing the igneous rocks of the surrounding area, dhdace waters
have brought the salines to the Lake where the mcome con-
centrated through evaporation. But the purity & kiernite deposits,
from which most borax is currently derived, andnitanner of occur-
rence indicate that its precipitation had to octhem pure, fresh
water other than that of meteoric surface waterfaSa fresh water
would also have deposited many of the commoner nalimehat are
associated with the Searles Lake deposits, but, lieeee is no evi-
dence of such deposition. Riess [118] says:

Taking this fact into account, that these commangrerals are
absent, and adding to it the fact that stibnite i@adbar are present,
can only suggest that the boron minerals here didleach down
from the surface, but, on the contrary, came thnotlie underlying
igneous rock.

Further evidence comes from studies of the isotepitstitution
of hydrogen and oxygen in water which are basedhenfact that
the existence of heavy isotopes of hydrogen andexyn water
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affect the specific gravity of the water. Generathe specific gravity
is given in terms of the specific-gravity differenin parts per mil-
lion, either lighter or heavier, when compared ttap water of spe-
cific gravity. For instance, the various forms dmaspheric pre-
cipitation record with specific-gravity differencebat are lighter,
whereas juvenile water results in specific-gradtfferences that are
heavier. The role of isotope determination will discussed more
fully later, but it is desirable at this time to taothe specific-
gravity differences of some of the boron minerals.

The water of crystallization from tincal, a bororineral which
exists only as a coating on other borates andrieefd by the hydra-
tion of kernite and by the dehydration of boraxd ahe water of
crystallization from the minerals crystallized froime Searles Lake
brine have specific-gravity differences that arevier by from 2
to 2.94 ppm, while the water of crystallization rfrokernite has a
specific-gravity difference that is heavier by frofnto 6.8 ppm.
[119]

One ton of kernite, when dissolved in water, wilon crystal-
lization yield 1.39 tons of borax. The relativebml cost of producing
borax from kernite has abruptly ended the use dénsanite and
ulexite deposits in the Kramer District of the MahaDesert. It has
been estimated that 100 million tons of kernite &wae million tons
of borax existed in this district. One hundred imill tons of kernite
would be equivalent to 139 million tons of borardawith the other
five million tons of borax, would constitute a tbtleposit equivalent
to 144 million tons of borax. Borax contains 47& gent HO, so
that 144 million tons of borax would be equal to lion tons
of anhydrous borax. The solubility of borax indesmtthat 3.42
grams of anhydrous borax would precipitate from Iffams of
water during a temperature drop from 104° F. down68° F.
This precipitation rate means that more than 2.#Rom tons
of pure, fresh water would have been required teeharecipitated
76 million tons of anhydrous borax.

However, of the 2.22 billion tons, 68 million tord water
would have become fixed in the crystallization afrdx, bringing
the 76 million tons of anhydrous borax up to 144liam tons of
borax. More than 2.15 billion tons of water wouldvle escaped
being trapped in the crystallization of borax amalsmuch as kernite
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contains only 26.5 per cent,® an additional 39 million tons of wa-
ter would have been released.

In other words, of the 2.22 billion tons of wateecessary to
have precipitated the estimated amount of kernité bBorax only
twenty-nine million tons of water became fixed iretcrystallization
of these minerals. Therefore, more than 2.1890hillions, or 525
billion gallons of pure, fresh water escaped bdirgd in the crystal-
lization of either kernite or borax.

Fissures, channelways, and permeable beds sertkeamain
avenue for the movement of new mineral matter t® ploint of
deposition. The brittle rocks consist mainly of evials with low
chemical mobility such as the calco-ferro-magnessilinates. When
these relatively brittle rocks are inclosed in metastic rocks they
more frequently contain cracks and fissures. [106219] Some
cavities serve only as conduits for mineralizingugons; some serve
as conduits or receptacles for water, oil, and fas;most cavities,
under special circumstances, may become filledtmfvaried types
of hydrothermal mineral deposits.

Having left their magmatic source, gases and hherotal
solutions change in chemical composition as thayelr along fis-
sures, partly due to fractional precipitation arattly due to the
reactions between the solutions and the wall rawkshe fissure.
[95 p. 142] According to Kennedy [91 p. 497] theise much
accumulated evidence which suggests that the sudfipor pressure
in a hydrothermal solution at a given point in anvelecreases
fairly regularly from the beginning to the end ofneral introduc-
tion. He says that a higher sulfur-metal ratio &xis the earliest-
deposited constituents than in the late deposibedtituents.

Ramberg [106 p. 196] points out that the tempeeatwil
decrease along the flow of fluids that have jufit &emagma cham-
ber and for fluids that propagate upward in thevigational field,
and that decreasing temperature will cause preatipit. Generally,
decreases in temperature result in decreased Hyluthiereby
causing
precipitation. [110 p. 102] A decrease in pressalane, however,
can effect precipitation from a gas.

Hydrothermal deposition from solutions are printijparomoted
by changes in temperature and pressure, althowsghioas between
advancing solution and the wall rock of the chawag| because of
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chemical incompatibility between the solution ar twall rock,
also result in deposition. Bateman [110 p. 101]ssthat field evi-
dence, in many cases throughout the world, indécatet when
the wall rocks are not in equilibrium with the dbdms they exert
a profound effect upon hydrothermal mineral depasit

A typical vein consists of a fissure which has bdédad with
mineral deposits from wall to wall and shows sharpglefined
boundaries. However, if the mineralizing watersttlidled the
fissure have acted upon the wall rocks and paytiaplaced them
with the vein minerals an almost complete gradafrom the unal-
tered rock to the pure vein filling may exist witlo sharp line of
division between them. [120] The nature and intgnsf the altera-
tion depends on the size of the fissure vein a$ agelipon the nature
and kind of wall rock, and the chemical charactemperature, and
pressure of the mineralizing solutions. BatemanO[Hl 105] has
classified some of the alteration products for aasi wall rocks
under epithermal, mesothermal, and hypothermalitiond.

The cause of the localization of hydrothermal dépos con-
trolled for the most part by the chemical and pbgikicharacter of
the host rock, by the depth of formation, by inivas, by the struc-
tural features, or by changes in size of rock apgsi No matter
how favorable a host rock may be, ore depositiamotoccur unless
rock openings are available for cavity filling ar permit solutions
to enter for replacement.

Beginning their journey with heat from the magmgdrothermal
solutions gradually lose heat depending upon the od loss of
heat to the wall rocks through which they pass. Tdte of heat
loss depends upon the capacity of the wall roclcdaaduct heat
away, the amount of solution passing through, artether any
chemical reactions which take place are exotherthi, is, whether
they generate heat. With cool wall rocks at thdidghistages of
hydrothermal solution circulation, the temperatudep will be
relatively rapid, but the continuing flow of solomi will heat the
wall rocks to its own temperature and thereby sttwn the heat
loss. It will be recalled that, in the accidentaicorrence of new
water during the excavation for the Harlem Hospdadtition, the
temperature of the water held firm at sixty-fourgaees fahrenheit
during the months of February and March of 1956 the&n grad-
ually, the temperature increased until in the medufl August, 1956,
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it reached sixty-eight degrees and there it renthinetil pumping
was stopped seven months later in March, 1957.dR#épiv through
intricate openings with large surfaces would resnltmore rapid
initial heat loss than rapid flow through a straigmalled open
fissure.

Similarly, the solutions having originated undeghipressure
at great depths means that their upward movemamtually accom-
panied by a drop in pressure which promotes pratipn. How-
ever, in channelways, partial filling by mineralpdsition, or con-
strictions, or other barriers may result in builfinp excess pres-
sures. But solutions which once escape to more @yeas with
lower pressure are subject to precipitation. Evendres of the near
surface epithermal deposits were not formed by didinary cir-
culation of surface waters. The best proof of tliays Lindgren
[111 p. 442], is that the vein filling epochs weyE short duration
and followed closely after each considerable eompti

The character of the hydrothermal solutions areerpreted
largely by analogy with hot springs and laboratesperiments as
well as from their visible action in minerals depped from them
and in the alteration of the wall rocks.

HOT SPRINGS

A report by Stearns, Stearns, and Waring in 198fs 11,059
thermal springs or spring localities. Of theseyfiftvo are in the
East-Central region, three are in the Great Plegg®n, and all the
rest (1,004) are in the Western Mountain regione Blates having
the largest number of thermal springs, accordinthélisting in the
report, are ldaho with 203, California with 184,Vdda 174, Wyo-
ming 116, and Oregon with 105. The curious thingthiat these
states having the largest number of thermal spraigs have large
areas that have but little rainfall.

The two main problems associated with the origintledrmal
springs are the source of the water and the soofr¢ke heat. The
water may be new water, derived from the magmadif,itsehich
has reached the surface for the first time; it hayordinary ground
water that has percolated downward where it is dteand then
ascends to the surface; or it may be a mixturdhede waters in any
proportion. According to Meinzer [80 p. 422], thatest investiga-
tions reveal that thermal springs in the easterhgdahe United
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States discharge surface waters which have bedachbg deep per-
colation, but that thermal springs in the westeant @f the United
States derive part of their water and heat frommeig sources.

Kirk Bryan [121] divided springs into: (1) springdue to
gravitative pressure transmitted through a contisubody of water,
and (2) springs of deep origin flowing as a residltagencies other
than gravity, operative deep within the earth, édygthe expulsion
of water during the crystallization of igneous reckvhich he further
subdivides into (a) springs associated with volksgmior volcanic
rocks and (b) springs due to faults or fissures éxdend deep into
the earth. Nearly two-thirds of the recognized itier springs issue
from igneous rocks—chiefly from the large intrusinesses, which
still retain some of their original heat—and manfy tbe thermal
springs issue along faults.

A fault is a structural feature consisting of acfrae and a
dislocation of the rocks on one side of the fraztuith reference to
those on the other. Faults are of two kinds; norfaalts and thrust
faults. Faults differ greatly in their lateral emtein the depth to
which they reach, and in the amount of displacemEat instance,
Hill and Dibblee [122] estimate the San Andreaspldisement
since the Pleistocene, which is the beginning ef @uaternary era,
to be sixteen kilometers. Since the late Eocengghly some forty
million years ago, a displacement of 370 kilometdise total dis-
placement along the San Andreas has been estirhgitdiem to be
about 580 kilometers. Inasmuch as the San Andregbgeiake of
April, 1906 resulted in a maximum displacement of meters
there would have had to have been very many eakaguto account
for the great displacements which have been indefrem geolog-
ical evidence. As Meinzer has written: [123]

The large faults that can be traced over the serffor many miles,
that extend down to great depths below the surfamed that have
displacements of hundreds or thousands of feet weey important
in their influence on the occurrence and circulatiof ground water.
Not only do they affect the distribution and pasiti of aquifiers, but
they may also act as subterranean dams, impoundjraund water,
or as conduits that reach into the bowels of thetheand allow the
escape to the surface of deep-seated waters, dftedarge quantities
and at high temperatures.

In some places, instead of a single sharply deffaatt, there is
a fault zone in which there are numerous smallllghfaults or
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masses of broken rock called fault breccia whicly rafford good
water passages.

Although some faults act as dams for ground waitrers are
important containers and conduits of ground waiecause the
fracture surfaces are irregular, the opposite siofesnany faults,
especially normal faults in hard rocks, are notrgwbere pressed
together but form fissures through which the watery flow. After
there has been displacement, the two sides no dditgeach other
inasmuch as projections on opposite walls leaveryening open-
ings. Again quoting from Meinzer: [123 pp. 185-7]

Perhaps the most important function of faults inlatien to
ground water is that of conduits leading from despurces of water
up to the surface. Openings of no other kind prgbaéxtend so far
below the surface, and no other structural featuse so effective
in allowing the ascent of deep-seated waters. Mapyings owe their
existence to the damming effect of faults, but maathers are the
outlets of waterways that follow faults. Many smgsn of the latter
type have a large and relatively uniform dischargmyd may vyield
water of high temperature, doubtless because it esonfrom great
depths where the earth is hot.

Excellent examples of springs produced by the ridedeep waters
through fault openings are to be found along theyesdof the moun-
tain ranges of Nevada and western Utah. Many ofsethesprings
have large yields, some of them discharging sevewic feet a sec-
ond. The abundance of these springs and the copftave of some
of them are the more impressive because of theityariof the region
in which they occur. The ranges of this region csinslargely of
tilted fault blocks, and in many places there amcent fault scarps
in the alluvial slopes at the foot of the mountainfhat many of
the springs along these fault lines are not merefyurning to the
surface water that percolates into the sediments tbhé adjacent
alluvial slopes but yield water that ascends froreem sources along
faults seems to be shown by the following facts) (he springs are
situated along the general courses of the faultrpscasome of the
groups having a more or less linear arrangemen), tf& yield of
many of the springs is larger than would be expgkcte they were
supplied from local sources, and some with the estrgyields occur
along narrow dry ranges that supply but little wat€3) they have
relatively  uniform  flow throughout the year, whesea ordinary
springs in the region fluctuate more with the seas§4) many of
these springs yield water whose temperature is ebdhe mean
annual temperature of the region, and hot sprindggt tare not
associated with volcanic rocks are abundant; (5)nymaf the springs
issue from deep pools that are believed to be &dedowith fissures.

Some of these springs are described in U. S. Grealo&urvey
Water Supply Papers 277, 365, 423, and 467.
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The hot waters of Steamboat Springs, Nevada, depuodd,
silver, copper, lead, and zinc. Many hot springe lihose of Steam-
boat Springs demonstrate beyond any question Heatconstituents
of the hydrothermal deposits are taken into sofytitransported,
and deposited from hot waters. [110 p. 95] The dases, escaping
from the underlying magma at Katmai, Alaska, arél and yield
vast quantities of hydrochloric and other acidse Thmaroles of
the Valley of Ten Thousand Smokes in Alaska, adogrdo Zies,
discharged 1,250,000 tons of hydrochloric acid awd hundred
tons of hydrofluoric acid in one year. [124] Thisnfirms Bowen's
concept that the gas phase that escapes from a anapamber
must be acid because it will contain an excessydfdcthloric, hydro-
fluoric, sulfuric, carbonic, and other volatile dsi Around the fuma-
role conduits, such minerals as magnetite, spatejlanolybdenite,
pyrite, galena, and others were found. Zies fourad the magnetite
also contained lead, copper, zinc, tin, molybdenuinkel, cobalt,
and manganese.

GEOLOGIC THERMOMETERS

Some minerals, yield only the maximum temperaturéoama-
tion, others minimum, others exact temperature, atill others
only approximate temperatures. The following adestrative of
the more important geologic thermometers: [125] 126

Liquid inclusions in minerals. When one examinegstals of
minerals from hydrothermal deposits, liquid incirs can be seen
within the crystal. These certainly indicate thila¢ tcrystal grew in
a liquid environment. In addition, drops of theuids have been
extracted, analyzed, and found to consist largélwater with mag-
matic constituents in solution. Heating the mingrabntaining cavi-
ties partly filled by liquid, causes the liquid ¢apand, and the point
at which the liquid just fills the cavity indicatdbe temperature
of formation.

Melting points. The melting points give only the ximaum tem-
peratures at which the minerals can crystallizéhoalgh they may
form at any temperature below the melting pointr Fustance,
stibnite (antimony ore) at 546° C. and bismuthzit°2C.

Inversion points. Inversion is accompanied by angeain the
internal crystal arrangement or symmetry of themasto There are
many pairs of inversion minerals. For example,7&°1C. the min-
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eral argentite changes over to acanthite, and 3t &7 high quartz
changes over to low quartz.

Exsolution. There are many minerals for which thesodution
point has been determined. For instance, a solidtign of chal-
copyrite and bornite unmixes into the individuaheials at 475° C.

Recrystallization. Native copper recrystallizegsd° C.

Dissociation. At atmospheric pressure, pyrite ditges into
pyrrhotite and sulfur at temperatures over 615°DBlomite dis-
sociates at five hundred degrees centigrade intgnesum oxide,
calcite, and carbon dioxide, and at 890° C, theialdissociates
into lime and carbon dioxide.

Changes in physical properties. At temperaturesdse 240° C.
and 260° C, amethyst loses its color.

Decomposition. Malachite decomposes at 900° C, utitebde-
composes at about one thousand degrees centigrade.

Certain minerals, because of their repeated adBwtien de-
posits that contain one or more geologic thermoragtare ranked
roughly as low, intermediate, or high temperaturmemals. There
are many such inferred rough geologic thermometathough it
is true that one such mineral by itself may not di@gnostic, an
association of two or more such minerals may b@asd an indi-
cator as an established geologic thermometer. Dilewing are
some of the common examples of such semi-diagnastierals ar-
ranged according to temperature:

HIGH INTERMEDIATE LOW

Magnetite Chalcopyrite Stibnite Ruby silver
Specularit Arsenopyrite Realga Marcasitt
Pyrrhotite Galen: Cinneba Adulariz
Tourmaline Sphalerite Tellurides Chalcedony
Cassiterit Tetrahedrit Selenide Rhodochrosit
Garnet Argentite Sideite
Pyroxen:

Amphibole

Topaz

LABORATORY EXPERIVENTS

Most of the early interest in the study of hydrothal systems
stemmed from the desire to synthesize particulanerais rather than
from any attempt to obtain any systematic datehergeochemistry
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of the earth's crust. It can now be said that allyuevery common
mineral known to man has been synthesized. Itrisncon knowledge
that synthetic diamonds are now being made. Ibisas well known
that our scientists have reversed the goal of tbkeaists and are
now changing gold into mercury for use in precisio@asurements.

Roy and Tuttle [127] say that most of the contiitg to our
knowledge of systems involving volatile materiatsres from studies
of problems in the earth sciences undertaken byrédbries that
are primarily devoted to such studies. These studéve been under-
taken in many instances because of a realizatiah ttle important
role of the volatile materials in the genesis oé tigneous and
metamorphic rocks is only partially understood.islitcertain, says
Lacy, that "hydrothermal research will play an &esing and vital
part in formulating petrogenetic theory." [128]

Subsolidus studies are concerned largely with #yigl condi-
tions of crystals and vapor. Most of the hydrotharmstudies con-
ducted in the post-war period have utilized tempees and pres-
sures below that at which a melt appears but albeecritical
temperature of water. [127 p. 151] From these sgidn hydro-
thermal systems information is obtained which hpplieations to
geological problems. For instance, the temperatanes pressures at
which compounds containing a volatile componentakdewn; or
the temperatures and pressures of certain reactiocls as serpen-
tine + brucite=3 forsterite + water vapor. For the stable coexist-
ence of any mineral assemblage the required temypesaand pres-
sures can be ascertained. From such studies kngevischlso gained
concerning the changes that are brought abouterefent of solid
solution as a function of pressure and temperaflipg. p. 175]

The effect of water vapor under pressure is rentdekan that
it lowers the temperature at which a mineral witifreeze and be-
come a liquid. For instance, the liquidus of alidowered 300° C.
at a water vapor pressure of 3000 kdici27 p. 171-3] The
geologic thermometers previously mentioned wereabdished by
laboratory research, and the question of the orgirgranite has
recently had greater illumination as the result edfperimental
studies. [103]
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AREBUTTAL

Many of Riess' activities in locating water in aacing water
shortages have attracted widespread attention eewd tp such in-
tensity in localized areas that the Water ResouRigssion of the
United States Geological Survey felt compelled ublizh a five page
tract, dated October 1954, taking exception to akeilability of
primary or juvenile water for ordinary uses.

The third supplement to the May 1953 edition of tReiblica-
tions of the Geological Survey," it is stated agndbver, is a complete
listing of new publications issued from June 1963Mtay 1956 in-
clusive, so that it covers the publication datehaf above referred to
tract. This tract, called, "Availability of Primargr Juvenile Water
for Ordinary Uses," is not a professional paper,itfas not listed in
that category of the third supplement. It is nobudletin, for it is
not listed in that classification. Nor is it a waspply paper, being
absent from that group. It is not listed as an stigation or as a mis-
cellaneous paper, nor does it even rate to appeath® free list
of circulars. It just isn't listed. Therefore, itsf the definition of a
tract, a brief treatise that deals with some tagfiche practical re-
ligion of ground water hydrology. If the readenisndering whether
it is, in fact, a publication of the Water Resowrdvision, the same
thought revealed that it not only says so on theud®nt, but was
distributed by a local office of the Water ResosrBavision.

The arguments put forth obviate the necessity e€iantific re-
buttal. Nonetheless, their position is being presgrhere in order
to expose the type of thinking, not only of thattbé authors, but
common to many people currently engaged in trymgdive the wa-
ter problems of our country. They are loyal, hardrking, well
meaning and able, but unfortunately their trairamgl work does not
leave them with an open mind.

It is probable that this five page document, inlitganly four
and one-quarter pages, was the direct result afestg for informa-
tion about primary water stemming from a two paries which ap-
peared in Fortnight magazine during the months wdust and Sep-
tember of 1953. [129] This series is the only refiee to primary
water in the tract. Obviously, the reporters oftRight were more
conscientious in trying to find out about the prignavater concept
than did the authors of what is purported to beoeenfearned arti-
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cle. It is equally obvious, that the series in Rimfit, written for
mass consumption, could not provide the authorsheftract with
much information of a scientific nature. It is alsequally obvious,
inasmuch as the U. S. Geological Survey does sbtitli that the
tract was designed as a throw-away, and perhaps,ishwhat is
best for it.

The authors of the tract were not trying to leamr reven
trying to find out if or how the primary water capt might differ
from the almost classical description of juvenilater. They made no
effort to communicate with Riess, nor did they ghien the benefit
of seeing the contents of their work either befmrafter publication.
Water is a very serious business, and every ankbadls that could
possibly avert serious water shortages in manyspafriour country
should be followed up methodically. If this tracchbeen a regular
publication of the U. S. Geological Survey it wouildve been in-
dexed, knowledge of its existence would be had, @oger rebuttal
could have been made. In this manner, differenéespmion could
have been aired, the knowledge of each participantld have in-
creased, and the country would have been closerot@ permanent
solutions of our water problem.

In lumping them together, in not distinguishingvee¢n primary
water and the other juvenile waters, the tract camrits first
blunder. Juvenile water has always been associwitbdand defined
as being highly mineralized; and that is precistdg reason for
utilizing another name like primary water to dekerithe pure,
potable water that is available from the interidrtioe earth. The
tract does not deny the existence of juvenile wéberthat would
contradict too much field evidence. The authors: s@8 present
we are concerned not so much with the existengenahile water
as with its availability in adequate quantities ardsuitable quality
for ordinary uses." [130] In their discussion, thatempt to treat
quantity and quality separately, but this cannotdo@e until one
knows what one is talking about and the constitutgd juvenile
water has been defined. Then, and only then, cdetermination be
made as to its quality or quantity. But, this thdy not do! Their
leading arguments are centered about the qualityenile water,
and therefore, in order to avoid any possibility ditortion, they
are quoted part by part, and comment is made tligkrethey say:
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1. Wherever water that can be assumed with cordelerio be
wholly or essentially juvenile has been collectedr fanalysis (as in
the form of vapor escaping from a volcano) it haserb found to be
so high in dissolved mineral constituents as to betirely useless
for ordinary purposes, and in so many cases higiisosive. [130]

They do not indicate the criteria whereby an assiompwith
confidence can be made that certain waters arenijeveT herefore,
this argument, is in reality just a merry-go-routiidthe waters are
highly mineralized, they are juvenile, and therefaall juvenile wa-
ters are highly mineralized. A first course in logioints up the fal-
lacies of such an argument. This tells us nothingprevious chap-
ters, reference was made to the deposition of matad minerals by
magmatic springs and fumaroles thereby giving raitmgn to the
high mineral content of many juvenile waters thedioh the surface
of the earth. Research work has been going onnib di clear-cut
definition of the constitution of juvenile watem the latest works,
isotopes of hydrogen and of oxygen appear to hbkl dreatest
promise.

2. That juvenile water should be highly mineralizid inevitable.
Water is the universal solvent, capable of dissgvimore different
substances in larger quantity than any other. Befer to any text-
book of chemistry shows, also, that water that ist hand under
pressure dissolves larger quantities of most sobst than does cool
water under atmospheric or lower pressure. [13]) p.

Granted! This is just the point. It is a two wayest, that as
juvenile water cools and is subjected to less presshe substances
dissolved therein are precipitated. In additiorg tonstitution of the
host rock, through which the juvenile water passeay precipitate
minerals which otherwise, under lower temperaturé Bwer pres-
sure only, might not precipitate. This role of thest rock has been
ignored by them, as has the fact that primary whter been found
at temperatures which are not high.

3. Thus, juvenile water inevitably must dissolvegi quantities
of the chemical constituents making up the rocks. the water rises
toward the earth's surface and cools, the less bleoluconstituents
like silica largely separate out, but even if theatav cools to or
nearly to atmospheric temperature as it comes n#wr surface it
still contains large quantities of the more solublonstituents like
sodium and chloride. [130 p. 4]

It will be recalled that primary water location égencerned with
igneous rocks. Sodium, an alkali metal, does nwhfany simple
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compounds in igneous rocks. The alkali metals "jaresent only
in complex compounds, formed together with othetafse' [34 p.
429] The bulk of the sodium in igneous rocks mustfdund in the
feldspars.

An interesting comparison, indicates that the aont# sodium
is less in igneous rocks than in the dissolveddsailn lake and river
water. The potassium content and the ratio of sodiu potassium is
also given: [34 p. 432]

Per Cent Per Cent
Sodium Potassium Na:K

IgNeous rocks ......occocviiiiiiiiieeen 2.83 2.59 1.09
Dissolved solids in lake and river water.... 5.79 2.12 2.73
Dissolved solids in sea water................ conn. 30.62 1.10 27.84

It was mentioned earlier that as crystallizationggeds the trend
of formation is from the ultrabasic through theibamnd intermediate
to the acidic igneous rocks. It was also shown thatwater content
of the magma increases as crystallization procesut$ that the
acidic rocks contain larger amounts of oxygen thnthe basic
rocks. Primary water location is more concernedhwite acidic
igneous rocks than with the basic igneous rocksl duaring the
main stage of crystallization, the content of sadidecreases in re-
lation to potassium, as is shown by Rankama and8ahn their
calculations from Daly's averages, as follows: j34.30]

Rock Na:K
Gabbros 2.55
Diorites 1.43

Granodiorites 1.20
Granites 0.76

The waters of deep-seated magmatic origin are lyswadlar-
acterized by a notable content of heavy metals,redse the con-
centration of such metals in waters of surfaceiorig low. [34 p.
279] It will be recalled that economic geology ihtites to hydro-
thermal processes the deposition of the metalliwenail deposits that
supply the major part of the useful metals and mailse And, that
one of the essentials for the formation of hydrotte deposits,
is the chemical reaction that results in depositi@y chemical
reaction is meant the interaction of two or moréssances which
involve an alteration in their chemical compositidone to an in-
crease, decrease, or re-arrangement of atoms wlihiinmole-
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cules. This fact has been ignored in the argumergsented. It will
also be recalled that many of the authorities $@t the chemical
composition of gases and hydrothermal solutionsgbaluring their
progress along fissures in the surrounding rockel that this is
due partly to fractional precipitation and partty reactions between
solutions and the wall rocks. Hydrothermal minedaposition is
profoundly affected by reactive wall rocks not iquéibrium with
solutions.

The solubilities of minerals are given in the tabté the "Hand-
book of Chemistry." [131] There are also tableghef solubilities of
inorganic compounds in water at various temperatuhderely for
illustrative purposes, the chlorides are quotedvatous degrees
fahrenheit, however, it was shown that the primasgter that was
located was invariably below ninety-eight degreabkrénheit and
was potable. It will be noted that the solubilitf sbdium chloride
does not decrease appreciably with lower tempezdtut it will be
recalled that the content of sodium in igneous soiskfar less than
the sodium content of lake and river waters.

The number of grams of anhydrous substance dissaivene
hundred grams of water at the following temperature

Degrees Fahrenheit

Substance 68 86 104 122
Ammonium chloride ...............c..... 37.2 414 45.8 50.4
Barium chloride ...............ccceeeeenne 35.7 38.2 40.7 43.6
Calcium chloride .........ccccceeevennneen. 745 1020 - e
Cupric chloride ........ccocoviviiennnnn. 77.0 80.34 83.8 87.44
Lithium chloride ........cccceeeinns 78,5 845 90.5 97.0
Manganese chloride ..........c.ccc.e.... 73.9 80.71 88.59 98.15
Nickel chloride ............cccoeecvvnnnnnn. 64.2 68.9 73.3 78.3
Potassium chloride ..................... 340 37.0 40.0 42.6
Sodium chloride .......ccevvvveeeeeeeee.... 36.0 36.3 36.6 37.0
Strontium chloride .................c...... 52.9 58.7 65.3 72.4

There are other complexities which are inhererthexformation
of precipitates from solutions. Ramberg's illustnatof the deposi-
tion of calcite was made difficult by the fact thhe carbon dioxide
pressure has a great effect upon the solubilityaddite. Another ex-
ample would be the reaction between solutions diuso chloride
and silver nitrate. Both salt solutions consistoofs in water, so that,
of the four possible products which may result fridwa ions in solu-

141



tion, one of them, silver chloride, being only blily soluble, pre-
cipitates. It is also possible to select two saliusons, which by
interaction yield two insoluble salts, both of whiprecipitate, yield-
ing almost pure water.

Another illustration is that of barium sulphate, @mic sub-
stance, with its crystal lattice of barium ions aswphate ions ar-
ranged alternatively. If solid barium sulphate cemiato contact
with a sodium sulphate solution, the lattice tdesgrow by adding
sulphate ions. As there are no barium ions in tiatien, the sul-
phate ions are in excess on the surface of the sefulting in a
negative charge which attracts the sodium ions ftbm solution.
[132]

In the discussion of plutonic igneous rocks, it wasntioned
that the slow crystallization resulted in large steys. This comes
about because the ions or molecules have the tinsrange them-
selves in an orderly manner upon the faces of tigstals which
are already there. Two related effects need to betioned. The
first, known as "Ostwald ripening," is the disappeae of the
smallest particles, by solution in the mother liquonly to have
their material redeposited on the larger particlédsereby resulting
in the many precipitates that become coarser whileontact with
their mother liquor. The other effect, known astémal Ostwald
ripening,” is the dissolving of corners and edgksregular particles
and their redeposition in the hollow parts, therel®creasing the
surface area and resulting in a more solid parti€leese particles
may then become cemented together by the deposifi@olid be-
tween them.

4. It is concluded, therefore, that true juvenileatev may be
expected to be highly mineralized under any and alcumstances.
In any place where the proportions of the chemicahstituents indi-
cate juvenile rather than meteoric origin, if theater is dilute
enough for ordinary uses it must have been mixedh wineteoric
water. Therefore, it cannot be considered to cwisti an inde-
pendent source that is immune to drought, nor canbé developed
without regard to the effect of the development other freshwater
supplies in the same basin." [130 pp. 4-5]

Did the reader notice—"In any place where the propas of
the chemical constituents indicate juvenile rathiean meteoric
origin, . . ."—the other half of the merry-go-rounid would cer-
tainly seem that the entire tract could have bednced down and
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simplified in its writing to: "All waters which arehighly mineralized
are juvenile water and therefore all juvenile watfmund must be
highly mineralized and therefore not available faordinary uses."
Inasmuch as these conclusions are based on theedprgc argu-
ments, which have been rebutted, they may be disited.

Earlier, it was shown that hydrologists believedattithe critical
studies of juvenile water had been made in somehef other geologic
specialties and that, therefore, the continued ystd such water
should be made in those special fields. The Unifdtes Geological
Survey has some of the finest and most able sstentivorking in
these other specialties. These are the people whe hhe training
and experience to assay the value of primary watet its availabil-
ity for ordinary uses. If the authors of the trabbd been more
fully aware of the complexities involved, the leastey would have
done would be to check their findings with somé¢hefse specialists.

ISOTOPE GEOLOGY

The investigation of stable and unstable isotopds etements
and of changes in their abundance has begun adpefiomore precise
delineation of geological phenomena. For instancg until fairly
recent times it was heresy for anyone to doubt jimt one moment
that all graphite has its origin in organic matt&ickman and von
Ubisch [133] say that not only do most students tbfs subject
nowadays agree that graphite may be formed fronheweitorganic
or inorganic matter, but that it is possible in mainstances to
characterize the source of the graphite by its ofsot constitu-
tion. They show that the &C!® ratio for the formation of graphite
by: the metamorphism of organic matter is largeanth91.0; the
reaction between a carbonate rock such as limestané an in-
truding magma is less than 90.0; the pneumatolgtid hydrothermal
processes give a provisionally adopted range fra®0 &o 91.5, and
a mixture of two or all of the above mentioned sesr would cover
the ratio values already cited.

Likewise, it is heresy today to even suggest thappbes of
fresh, potable water, of an origin other than thdt local surface
infiltration, exist within the earth. But the evitge is piling up and
sooner or later there will be general acceptance thd fact that
ground water has more than one origin.
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It was shortly after the discovery of deuteriumttisght dif-
ferences in the density of water from different rees were first
observed. These slight differences had not beesdnmtfore because
in previous atomic weight determinations the experital errors
had been greater.

Rankama [119 pp. 243-52] cites the findings of mamy
searchers with respect to the variations of spedgfiavity due to
the different amounts of heavy isotopes of bothrbgdn and oxy-
gen contained in: atmospheric precipitation; icegllwand spring
water; lake water; river water; sea water; connatater, and
juvenile water. Briefly the current evidence indest

1. Atmospheric water vapor is lighter than either lfresater
or sea water.

2. The heavier specific gravity differences increasevwae go
successively from water of ordinary wells and sgsinto
water of mineral springs and then to water of tredreprings.

3. Water in thermal springs have a specific gravitglicative
of the admixture of juvenile water and waters ofdase
origin.

4. The higher the heavier specific gravity differertbe greater
the assumption of their deep-seated origin.

Isotope exchange, however, may further complicatietermina-
tion of the source of the water. For instance, Healtl Alexander
[134] show that if most of the water-free oxysadtee dissolved
in a known amount of water of known high specifiendity due to
excess & and the salt and water are completely separatest, |
a decrease in the density of the water occurs. tJadeh circum-
stances a lower specific gravity might be obtaiaad thereby mask
the deep-seated origin of the water. Under thesmirwistances it is
entirely possible that the 525 billion gallons cditer, that it was cal-
culated escaped being fixed in the crystallizatadneither kernite
or borax, would have a lower specific gravity diffece than the
water that became bound in the kernite or boraxsuoh an in-
stance the true origin of the pure, potable watéghimnot be de-
termined by isotope determination.

STRUCTURAL GEOLOGY

Earlier, reference was made to various aspects troictaral
geology such as: the role of faults, Nordenskiaih'servations of

144



the structures that were folded at Kings Bay andCape Starat-
schin, and the effect of earth tides. Earth movdmeatetermine
the structure of the earth, and the terms tectomicd tectonic
geology are synonymous with structural geology douctural geol-
ogy endeavors to determine the structure, wheneielbped, and
under what physical conditions it formed.

Strain is the deformation caused by stress, whictuin may be
either compressive, tensile, or shear. If the stissless than the
elastic limit, the deformation is elastic inasmwhthe body returns
to its original shape and size when the stres®isoved. The de-
formation is plastic when the stress exceeds thstiel limit and
the body only partially returns to its original peawhen the stress
is withdrawn. If there is a continued increase I tstress, the
specimen eventually ruptures and develops one ae rfractures.
The rupture strength of rocks have been ascertaamet compiled
for compressive, tensile, and shearing stressewelsr, geologists
are more concerned with the stress that a rockngdrstand without
rupturing, irrespective of the time involved, anddar specific tem-
perature and pressure conditions with or withowe presence of
solutions. After long continued stress the rocksonee much weaker
and if the stress is applied slowly, less stressetplired to cause
rupture. Increases in temperature weaken rocks thaedpresence
of reacting solutions also result in lowering theitrength, but
the elastic limit increases as the confining presscreases.

The relationship of elastic quantities to electyjigantities is ap-
parently not described in structural geology bod#tewever, Voigt
has shown how the elastic quantities (stress aranktand the
electric quantities (field and polarization) ardated by the piezo-
electric coefficients or their inverse values, fiezoelectric moduli.
[135] Piezoelectricity will be amplified very attly.

Solid rocks are able to change their shape witligible signs
of fracturing for individual grains of such minesas calcite, quartz,
feldspar, mica, and hornblende may be displacechvglubjected to
stress. Such intergranular movements take pladeslgntithin the
individual crystals, between the atoms, along gptimes. The glide
direction, the position, as well as, the numbeglafe planes depend
upon the mineral in question.

In the rocks of the crust of the earth, ruptureexpressed by
cleavage, joints, and faults. Many ruptures nowpad by dikes
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or veins are the concern of the petrologist oregbenomic geologist,
whereas the origin of the rupture itself remains toncern of the
structural geologist. Although petroleum geologypismarily con-
cerned with sedimentary rock structures, oil pradiducis obtained
from fractures in igneous and metamorphic rock®adth California
and Kansas. [136] Petroleum geologists have folnad the exten-
sive deposition of ore minerals along faults ugudénotes poor pros-
pects for oil production. [136 p. 119] These veaynge occurrences,
however, may be favorable for primary water progturct

Descriptive features and their interpretation aneplg covered
in the many good books that are readily availaleswuctural geol-
ogy. [137-141] Field observations do not alwaysisi conclusive
evidence of structure, so that intensive microscagtudy of rocks
in thin section is frequently resorted to. Severatellent books on
microscopic petrography exist. [104, 142, 143] Aligh such
microscopic study may supply much valuable infoioratabout
the composition of rocks any real clues to the [enobof their
history and structure may be lacking. In such casgsictural
petrology may afford the key to solution. [144]

PIEZOELECTRICITY, ETC.

The attracting power of a tourmaline crystal haglently been
recognized in Ceylon and India since time long .pé#ten tourma-
lines were brought to Europe its electrical chagdhat is, opposite
polarities at the two ends of a heated tourmalitystal, were noted
by Aepinus in 1756. Brewster, having observed $aise effect with
various kinds of crystals, introduced the name &plectricity” in
1824. The Curie brothers, Pierre and Jacques, waemmrded the
Plante prize in 1895 for their discovery, made B8@, of a new
method for the development of polar electricity snbjecting hemi-
hedral crystals to variations of pressure. [145]

Piezoelectricity occurs when certain elastic defations in a
crystal, having no symmetry center, are accompamigdinequal
vectorial displacements as the result of the lackymmmetry. When
crystals, having no symmetry center, are compressgdrticular di-
rections they show positive and negative chargesedtin portions
of their surfaces, the charges not only being prigeal to the pres-
sure applied but even becoming reversed when ystats are sub-
jected to tension.
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Applications of piezoelectricity include the use mikzoelectric
crystals in filter circuits, in submarine signaldarcho work, in
intense ultrasonic beams for many scientific andugtrial uses.
[145 pp. 667-98] In fact man has not been able rdyce means
whereby the precise and regular frequencies of ezogiectric
crystal can be matched.

Specifically then, pyroelectricity is electricity electric polariza-
tion produced on certain crystals by change of tmatpire, whereas
piezoelectricity is electricity or electric polaaiton produced by
mechanical strain in crystals of certain classé& phenomenological
theory of piezoelectricity, based on thermodynamiinciples of
Lord Kelvin, has been given by Woldemar Voight. §1Despite the
fact that atomic theories of piezoelectricity hdbeen proposed ever
since the Curies' discovery, a theoretically satisfry treatment
of the phenomenon is still at a very early stage] & is hardly
possible to give a rough estimation of the ordemaignitude of the

piezoelectric effect for even the simplest struesur[135, 145 p.
731]

Seignette electricity, also referred to as ferrcteieity, describes
the fact that in the neighborhood of a certain abi@ristic tempera-
ture, the static dielectric constant of the crystateases greatly with
decreasing temperature. At this characteristic tgatpre, called the
Curie temperature or point based on an analogyewbinagnetism,
polarization even occurs when the applied eledieid is infinitely
small. This means that at the Curie temperaturetapeous polar-
ization begins and rapidly increases when the teatpes is lowered
below the Curie temperature. [135 p. 423]

The spontaneously polarized crystal has a structdiréower
symmetry than the structure of the non-polarizegstat. Evidently
spontaneous polarization is accompanied by a defiiom of the
unit cell so that a seignette electric crystalligags piezoelectric in
the Curie temperature region, since in this regha crystal has no
symmetry center. Spontaneous electric polarizatiod ferromag-
netism, despite the resemblance of having a teraperaegion of
spontaneous polarization, have essentially diftecanses.

Ferromagnetic Curie points also exist for metaleothan iron.
Microscopic spontaneous magnetism exists becadsga@anagnetic
body contains an excess specific heat when compaitbdnormal
metals. [147] Evidently a ferromagnet has an exaaernal energy
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which does not depend upon the apparent magnetizatit instead
is a function of the temperature only. The occureenf spontane-
ous ferromagnetism and spontaneous polarizatiorprifunction with

the heat from intruding magmas or from radioactieeks may
actually begin a process of electricity within tlearth. Graham
[148] has raised questions as to whether rock niesgmewould

be useful in describing the distortion rocks havedargone and
whether rock magnetism would be valuable in therpretation of
complex structures of the crust.

In addition to spontaneous polarization and magagtin, piezo-
electricity is caused by tensile or compressivesstrand pyroelectric-
ity is caused by changes in temperature.

Areas wherein both heat and deformation would osguultane-
ously are the areas where the existing rocks ayeght into contact
with intruding magmas. Kemp [149] has shown thatsmof the
granitic magma intrusions deform their walls whereaery few
of the basaltic or gabbroic intrusions result iortugh deformation
of their walls.

Electric current, passing through solutions, decoseg them
and results in the liberation of gases or metatsl B known as
electrolysis. For instance, hydrogen is set freenfsolutions of salts
of the alkali and alkaline earth metals, and alsonf solutions of
acids. Oxygen is liberated from solutions of némtsulfates, phos-
phates, etc. Metals are set free from solutionsatis of zinc, iron,
nickel, cadmium, lead, copper, silver, and merc[iry0]

The alkali metals, called thus because their hyidesxare all
soluble bases or alkalies, are lithium, sodiumagsium, rubidium,
and cesium, which are found in varying amounts éarly all sili-
cates. The alkaline earth metals are normally broikéo a main
group and a subgroup. The main group consists ofliven, mag-
nesium, calcium, strontium, barium, and radium, rehe the sub-
group consists of zinc, cadmium, and mercury.

If hydrogen and oxygen are present at certain §pdaeimpera-
tures, or in the presence of a catalyst, they utdtdorm water.
From experimental work with electrical dischargehas been found
that an excess of hydrogen gave water only, whea@aexcess of
oxygen gave water and ozone, and that hydrogenxigeras often
a by-product of the union of hydrogen and oxygé&bl1] In the
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catalytically promoted combination of hydrogen aomygen, no
one doubts that the influence of the metal is déectoward the
hydrogen and not the oxygen. The hydrogen moleaaldergoes a
change and in this latter state is capable of apdinthe unsatu-
rated oxygen. Hydrogen peroxide is the initial pratd which is
then reduced to water. [152]

SUMMARY

The evidence for the existence of primary water aadjenesis
in the interior of the earth was set forth in thetepters on the
dynamic earth. The weaker crustal zones of thehearésent the
easiest areas for the location of primary waterttifmakes and
volcanoes are both connected with the weaker drastaes of the
earth. The annual average is about one great slagpgkoximately
one hundred potentially destructive shocks, andutlome million
shocks that are potentially strong enough to beirieh settled area.
[153] In a 1,500 square mile area of India near fibetan
border there have been almost daily tremors sineeeBber 28,
1958.

It can be seen that prospecting for primary watélizes
knowledge from geochemistry, petrology, mineralogyystallog-
raphy, physical chemistry, as well as structurallggy.
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What man does not alter for the
better, time alters for the worse.

—FRANCISBACON

CHAPTER VII

MAN'S-CHALLENGE

To meet man's water supply needs, all methods pplging
water must be used to supplement each other. Amoetic test
must be applied to each, however, and the mostoecical way
must be the choice in each specific instance, stardi of course,
with other factors which may weigh heavily when rsawelfare is
at stake.

Even by the most optimistic predictions, the coksaline wa-
ter conversion, some ten years hence, might beghtodown to
about fifty cents for one thousand gallons. Nonet® it would
still represent a cost greatly in excess of preseats in many areas.
Where saline water is a problem and water costigte such con-
version is already at work. But, the costs of pipd, pumps, and
power to transport the converted water to inlangasrdistant from
the source would make it no longer economicallysitda for these
inland areas.

The President's Materials Policy Commission, softer aVorld
War Il, foresaw a daily need of 341 billion gallobg 1975, while
the New York Times survey of March, 1957, foretaldotal usage
in 1975 of 450 billion gallons. The anticipated aaproblem areas
for the year 1970 have been compiled by the PdpuldReference
Bureau, Washington, D.C., for the national heabbhufn held in
Philadelphia in March, 1958. The anticipated arefgleprivation
are not restricted to the arid west but to manyi®es of our coun-
try. To meet these anticipated needs, many metbiosispply are
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required. The time is long past due; solutions nigsfound if con-
tinued rational action is to be expected as wateblpms become
even more acute. Primary water is not the only euor man's
supply requirements, but in many cases it will be most econom-
ical. Furthermore, there are several specific apfibns where pri-
mary water presents the only presently known smhytiunfortu-
nately however, known to but a few.

In an article by Julius Margolis, appearing in TAenerican
Economic Review, three recent books come underciiigal re-
view. He says that these volumes not only suggestedures to
evaluate the efficiency of water resources devekgnprojects, but
that their objective is to analyze projects "sot ttee chosen set of
projects will maximize national welfare." [154] Mpolis' most in-
cisive statement follows: [154 p. 100]

Most disturbing in the analyses is the lack of raiten paid to
alternative programs by which the same goal might Rchieved.
This is, in turn, symptomatic of an even more geheproblem which
is ignored. The volumes restrict themselves to gumtsj and to pro-
cedures by which to evaluate projects which havaeadly been
proposed. To select the best from a known and ictdr set of
alternatives is far from maximizing. What are therogedures by
which alternatives become known? Is there a besty wa search
out alternatives? In the perfectly competitive emog we assume that
competition and the drive to maximize will generatl the best
alternatives. Though this questionable hypothesigas hnever been
tested, we do not even have a reasonable desoriptio the process
of search in the public sector which would permidgments about its
efficiency. The process by which alternatives ariscalered and con-
sidered may be a major constraint on the posgibilif maximizing
a set of goals. ,

It would be difficult to assume that the work ofefhan Riess
would have lain so long in limbo if water supplieere generally
under the cognizance of private industry rathem tigavernmental
organizations. Private citizens and business org#ions have been
using his ability to locate water for many years.

SCIENCE AND OPERATIONALISM

There have been many instances where natural ecoes have
for years not been explained. For example, Chamfiéb] quotes
figures on the rate of transpiration by trees, #meh says that in
not a few cases the rate of transpiration excedldedotal recorded
rainfall. Where did this excess water come frof&rother is Lake
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Chad. Situated in central Africa, it is 175 milend and believed to
be the last fragment of a sprawling inland searegtd to have been
roughly the size of the Caspian Sea. In 1953, dlke began to rise
rapidly and for the first time since 1873 the watevere running
in the Bahr el Ghazal, its outlet. There may be esamnventional
hydrological explanation, not yet made, that coaftount for the
fact that Lake Chad is higher than it has beenefghty years, yet
its rise has not been accompanied by any increasanfall.

Smithson, from whom the Smithsonian Institution getname,
said: "Every man is a valuable member of societp Wi his obser-
vations, researches, and experiments procures kdgelfor men."
Many of the great contributions in science were risgult of chance
observations. Chance provides the opportunity, tbetscientist has
to recognize and grasp it for it is the interplietatof the chance
observation which counts. Pasteur's famous sagirgiftainly appro-
priate: "In the field of observation, chance favordy the prepared
mind." A mind that is not open cannot be a preparédd for all
honest and intelligent observation must make acehbetween given
ideas. Or, in the words of Charles Darwin: "How oitidis that
anyone would not see that all observation must dreof against
some view, if it is to be of any service."

Many of our early great Americans formulated andlished
plans for a national system of education. The plasays Adler
[156], proposed the emphasis of scientific knowkedg equip the
people for the responsibility of developing theowses of the coun-
try. Today, our schools are again being remindedemaphasize
scientific knowledge. However, our concept of scetrends toward
technical application rather than theoretical sogenRuesch and
Bateson say: [157]

American men of science probably have among theiembers
the largest number of creative engineers. Howevbere is a lack of
scientific theoreticians, and those scientific kers who are American
citizens are, by and large, of foreign birth. Theegsure to conform
does not produce original personalities, and tleeef this field has
been left almost entirely to Europeans.

This pressure to conform is not new to man, butehdsted since
the beginnings of society. Socrates, for exampédiebed that, re-
gardless of the prejudices of other people andpibssible conse-
guences, the individual's course of action shoeldiided by knowl-
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edge, truth and the sovereignty of the intellectergone knows
Socrates' fate. It was Ralph Waldo Emerson who: saidhoso
would be a man must be a non-conformist.”

The psychology of Americans, based upon the meltipemises
of pioneer and puritan morality, is said to be goed by the prem-
ises of equality, sociality, success, and chantjg7 [p. 95] These
four premises may account for our accent on teehrapplication
rather than on theoretical science. Equality andiaity require
conformity and the conjured vision of the solitagientist does not
meet its requirements. Technical application briohange and the
possibility of quick success whereas years of pakisg work in
the theoretical sciences may or may not be recegniduring one's
lifetime.

In the field of hydrology, as well as in many otlields, opera-
tionalism—the doctrine that scientific conceptsuectheir mean-
ing from the relevant set of operations involved-plies the aban-
donment of logical theorizing, which coupled withtuition and
imagination, subsequently tested experimentallyyehaontributed
the most concepts, theories, and hypotheses isdiences. Bever-
idge recognizes the roles of intuition and imagorat and says:
"Elaborate apparatus plays an important part in se&ence of
today, but | sometimes wonder if we are not indinte forget that
the most important instrument in research must ydwae the mind
of man." [158]

Even in physical "laws," says Sorokin [159], not @liantities
are operationally measurable. He gives the illtistnaof the law
of motion for a freely falling body wherein the wal of G in the
equation S = 1/2 GTgets its meaning not from any operational
measurement, but solely because of its appearanteiequation.
To calculate G the equation must be used—anotltaicdtion of
the importance of theory to every experimental apen. Sorokin
sums it up neatly when he says: "To abandon iotati insight and
logical thought in favor of operational method wbumount to
castrating creative thought generally, and in smeparticularly.
Without intuition and logic no real progress ineswe, religion,
philosophy, ethics, and the fine arts has been itbrb& possible."
[159 p. 36]

Julian Huxley recounts how he first came to realize vast
amount of scientific knowledge which he had at fbestn only
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dimly aware of. He became even more impressed thighfact that
there was a lack of appreciation and understandirggience among
business men, financiers, educational authoripetiticians, and ad-
ministrators even though the existing structureciflization and

the hope of progress are based on science. "Alegustlly serious,
however," Huxley emphasizes, "is the absence ofoad scientific

outlook on life, too often to be noted in the stin specialist as
well as in the layman."” [160]

There is one other fact that needs to be examiAeane and
the same time, there is a certain dogmatism thatlyales new in-
sights while a great reluctance to recognize coutions from the
past also exists. Conant refers to Sir Archibaldki@s summariza-
tion on the history of geology that "one importdasson to be
learned from a review of the successive stagekdrfdundation and
development of geology is the absolute necessiigvofding dogma-
tism." [161] Gigantic presses, at Harvard Univetsitapable of
producing pressures up to six and a quarter milponnds, have
shown that water, normally regarded as incompressiban be
halved in volume under a pressure of a million mluper square
inch. Other peculiar things have happened to saliostances under
high pressure. Ice will not melt until its temperat is raised to
370° F. if subjected to 600,000 pounds pressure.

Brittain [162] says that actually most of the distan the con-
struction of waterworks were discovered by man teetbey had the
mechanical power to help with the physical laboe &ltes many
examples of this, one of which is the Grand Aniautdam 1,080
feet long built across the Coleroon River in Antiémdia. Brittain
guotes Hart as saying that in 1830 the Grand Aniaught what
no living engineer or treatise then affirmed, ahdtta British engi-
neer, Captain Arthur Cotton, risked his reputatéord his career on
a revolutionary demonstration that the full forcetloe river at its
mouth could be withstood by dams founded on punel sather than
rock. Captain Cotton subsequently proved, when it Beveral
such dams, that engineering science could duplitégeancient feat.
Hart says that those great barriers, resting sadelysand, are not
only monuments to ancient engineering but alsontieglern ability
to learn.
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DESERTS

Nearly one-fifth of the surface of the earth is magh of deserts,
supporting less than four per cent of the worldpytation. But
approximately forty-four per cent of the land apmrasently thought
to be hospitable to man, seven and one-half bilbibthe seventeen
billion acres, is not usable for food productiorcdmgse of insufficient
rainfall. Deserts usually have less rain, more wingre sun, and
higher temperatures than other regions of the ediie most im-
portant factor about deserts is a low annual rHinfdost geo-
graphers agree that if the rainfall is unevenlyritisted throughout
the year and the region receives less than teregnci rainfall it
may be termed a desert. However, the influencénefdesert is felt
in the areas around them so that these belts arthmddeserts,
with an annual rainfall of from ten to twenty insheare termed
semi-arid regions.

Because of the high average temperature therenmra rapid
evaporation of the little rain that does fall indaareas. The pre-
vailing winds generally blow into the desert frot® peripheral areas;
the cooler air rushing in to replace the desertnveat air which has
risen.

Of the total land area in the United States, thiitye per cent
has less than twenty inches of precipitation arpu#@his amounts to
some 742 million acres, of which some 153 milliccres receive
less than ten inches of annual precipitation. Tharthof our west
is comprised of the desert states of Montana, Id&thgoming, Ne-
vada, Utah, Colorado, Arizona, and New Mexico. Stimmes known
as the desert rim states, for they are partiallgenrthe influence
of the desert, are the states of Texas, Kansasabley South Da-
kota, North Dakota, Washington, Oregon, and Califar In fact,
most of our cultivated land is east of the one hedth meridian.

The chief causes of our deserts are the mountaigesawhich
act as barriers forcing the moisture-laden cloyssard and thereby
causing precipitation over the mountains that aotfs might pre-
cipitate over the deserts. There are other causgsserts: sometimes
a cold ocean current acts much as do mountainsbbimg the rain
clouds of their moisture; sometimes deserts areentad man and
his animals. During droughts, the expansion ofdtid areas is very
great, an expansion that may become more or lessapent.

156



According to Bernard Frank [163], man-made or ret@hanges
in the plant cover affect the relationship betwesmil and water.
The effects, he says, are not always obvious bey #xist just the
same, and can be ignored only at man's peril. $agsk: "Our
struggle for existence is in part a continuousnapteto adjust our-
selves to an unfavorable environment—often of own anaking."
[163] Stebbing gets very specific when he says:e"Tan-made
desert is a stern reality which so far has raredgrbfaced up to.
Man has been the enemy of the forest and of vagetater since
he learnt to grow crops for food and to pasturekifoand herds on
the countryside." [164]

The most ancient type of cultivation known to man called
shifting cultivation. However, since its origin,ightype of cultiva-
tion has been known by many different names in mdifferent
lands and even during the same historical periatiéensame country.
The method is basically the same. Stebbing's qsgami is worth
reading: [164]

A small piece of forest out of the surrounding masss felled,
the material as soon as dry enough fired, and tishesa roughly
spread over the ground thus opened out and the séed crop sown.
At the end of a few years, roughly three to five, dense weed
growth supervened, or the soil decreased in fsrtilior both. The
shifting cultivator then moved and repeated the rajmn in another
piece of the forest. The eventual degradation o€ tforest from a
fine dense high forest to a scrub, variously dehoi@s scrub, bush
or savannah, took thousands of years and was iacteféo impercept-

ible that it has passed unperceived—in fact wast los the past
histories of the earlier nations who lived in whe¢ now deserts.

The Sierra Club Bulletin illustrates from currentagtices in
Lebanon, the six steps of desert making as follL&5]

1. An existing forest

2. A field is cleared in the forest and put into oation.
Gradually, due to population pressure or exhaustiothe soil, the
forest is completely destroyed and eventually eation is moved
to the solpes where it starts the process of emosio

3. The abused flat lands are grazed and overgrazed

4. The livestock, like the cultivation, moves to thHepes, and
the ravenous livestock eats the seedlings so trestf regeneration
ceases

5. Goats finish off all traces of forest vegetatiomn amomads
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with their flocks constantly move about in seardhtte raeagerest
feed, and finally

6. Abandoned terraces, irrigation systems, ana<citilend with
the serene landscapes of the desert.

Stebbing [164] says that the cities of old timeiora are known
to us. It was the degradation of the forests amddtying up of the
water supplies which resulted, in more than ondaim, in the
final disappearance of the peoples. Champion [1537%8] refers
to the advance of deserts in Africa, Western Indiad other places,
and to the frequently given explanation of a pdssivop in rainfall
caused by denudation of the natural vegetation.sklgs, reliable
evidence is difficult to obtain, but grazing anenpeorary cultivation
are very important contributory factors if not thele or even the
main cause.

Libby's work with natural tritium may give some iigist into the
manner in which denudation may bring about decrbasdnfall.
Libby says that tritium is produced by cosmic réidia at an alti-
tude of six or seven miles. The decay constanttriium is 12.5
years half life and 18.0 years average life so,thays Libby, "it
is clear that the tritium content of rain waterlwikcrease with time
elapsed after precipitation, since the cosmic myce can introduce
fresh tritium atoms only in the atmosphere where tiew tritium
atoms react with the atmospheric oxygen to forniosative water."
[166] Libby's measurements of tritium content innfall on Chi-
cago indicated that this rain had probably fallew aisen five or
six times in its travelling eastward from the PiciDcean. If rain
falls on denuded areas it is subject to rapid rifinuith little or no
transpiration and less evaporation. However, veigetaand espe-
cially forests can absorb tremendous quantitiesvatier which be-
comes available to the atmosphere again throughptbeesses of
evapo-transpiration. Thornwaite mentions his experits at Sea-
brook Farms, New Jersey, where very large amouhtsater are
used to process tons of vegetables.

The water, used to wash and process these vegethbtmmes
polluted with organic matter and the health autiesidid not like
the idea of releasing it into a stream. Says Thaiten[167]

| thought some wasteland could be irrigated by Gultivated

land took 2 in. of water and was then saturated.| Shifted the
irrigation nozzle to a poor oak forest that hadanéheen cleared
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or cultivated. It ran continuously at the rate oheoinch an hour for
72 hours and then at an increased rate of five ecAn hour for 72
hours and then at an increased rate of ten incheshaeur for five
hours—a total of 482 inches and none ran off. Latse reserved 120
acres of that forest and irrigated it with the tenillion gallons of
water a day. (In one crop season we applied 12@bhem to a part of
the forest). That makes it the rainiest forestigworld.

When an area is denuded of its forests and othgetagon,
the water supplies, because of excess run-off, rbeconreliable or
intermittent and therefore the water available éwaporation back
into the atmosphere also becomes sporadic, regutimainfall that
is unreliable or intermittent. Stebbing [164 p. L34ys that this is
one of the greatest stumbling blocks in Africa to appreciation of
what is taking place in the upsetting of the baéaat nature, thereby
causing the rainfall to become unreliable or intigent.

Other possible effects of denudation of forestspoecipitation
are covered in a subsequent section on afforestatio

Americans are and have been wasteful of the balimgsources
at their disposal. Higbee [168] says that it wagady apparent in
1775 that Americans were deliberately wasteful. réhavas, of
course, a minority of good husbandmen in every rogldut not
enough to dissuade the majority from plunderingrtlend. Despite
all soil conservation efforts of recent years ire tbnited States,
erosion is still destroying the equivalent of 4@MAGo 500,000 acres
of good topsoil annually. The total farmland in tbkaited States,
including pasture and grazing land, is less thae and a quarter
billion acres. [169] At the rate of soil erosiondicated, it would
only take two thousand years and the United Statadd be com-
pletely pauperized.

Many other countries have greater yields per abes twe do.
Our efforts, in the past, had been oriented towgetting greater
production or yield per man engaged rather tharaiolng the
maximum per acre. This approach led to economyradiyction and
hence lower prices. Later, both increases in yjmd acre as well
as yield per man engaged were achieved. But, ferftiture, still
further increasing the yield per acre appears tarb@evitable task.
Says Higbee: [168 p. 39]*

*Reprinted with permission from Edward Higbee, "Tamerican Oasis," 1957,
Alfred A. Knopf Inc.
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Running out of cheap land has forced re-evaluatimh what we
have. Today's 3 acres of arable land per capitathis lowest in our
national history. True, we have crop surpluses, kbe burden of
these promises to be comparatively short lived. #e are reaching
the end of unused arable land our population irser®a faster than
ever. Yet the running out of acres need not alarsy 30 long as
what we have produces more and more. Better mar@agentan
compensate for shrinking area per man. It must & do continue
to eat well.

Higbee [168 p. 246] estimates that within less tlifty years
the extent of our tillable fields will amount to @i one and a half
acres per capita compared with the present 3 gme<apita. One
other possible approach is to get additional slétazres. By this,
is not meant the age old method of expansion oftcthivated areas
to undeveloped countries. Many people have alregdgn thought
to the great areas of undeveloped soil which drisAfrica, South
and Central America, and several of the largeri¢adpislands. Ac-
cording to Kellogg [170], twenty per cent of theused tropical
soils of the Americas, Africa, and the great isenduch as New
Guinea, Madagascar and Borneo are cultivable. Thesas would
add one billion additional acres to the three torfbundred million
additional acres available in the temperate zofidéss is not the
solution, it merely delays the day of reckoningr fow long will
these additional acres last under conditions ofidrgmopulation
growth? Another possible approach will be discustesttly.

William Greeley adds to our indictment: "The starglisaw-
timber, supposed to have exceeded five trillionrdoteet in the
primeval forests of the continental United Statess now shrunk to
one and six tenths trillion feet." [171]* He pointsit that although
the total drain, from every source, exceeds theviraate by only
two per cent the saw-timber drain is nearly fifog billion board feet
against a saw-timber crop of thirty-five billion dral feet. This total
saw-timber drain includes about an eight per cess ldue to forest
fires, bugs, and fungi. Greeley [171] charges thantry with the
deficit spending of timber, for in an average yeameteen billion
feet of saw-timber are taken from our nation's t@Essets. At this
rate, the United States would exhaust its saw-timdgplies in
less than eighty-five years. Saw-timber consiststinfber large
enough for saw logs, lumber.

*Reprinted with permission from William B. Greeleyt-orests and Men",
1956, Doubleday & Company, Inc.
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Most desert soils are composed of weathered ingrgamerals
deficient in what is known in soil science as aatixchange capacity;
the capacity to adsorb nutrient elements when thaey abundant
and then release them to plants as they need tRemthermore,
some desert soils are porous enough so that witers fthrough
them and leaches any nutrients that may have beanthe surface
to lower depths. However, the more common problérdrg deserts
is that the "downward seepage of water throughsthie-soil is so
infrequent that salts tend to rise and accumulatéh@ surface in
excess, through evaporation.” [172] A good top-salles years to
build, and over the long period of time required $wil formation
secondary clay minerals and humic complexes, haspegial prop-
erties, are produced through chemical and bioldgicadification.
These special properties are the cation exchangecitg and the
conditioning of the soil's physical structure whiphovides for a
freer circulation of oxygen and a more completeoghtion of rain
water. [168 pp. 55-7]

Several vital problems face the nation: the neednfore arable
land; the need for more saw-timber, and the needriore water.
Fortunately, the breakthrough that now permits kheation and
production of primary water may hold the answethese problems,
not only for the United States, but for the entiverld. In the fol-
lowing sections are some possible solutions.

AFFORESTATION

An interesting commentary came out of the Fourthefioan
Forest Congress, held in 1953: "Most forestry gadelsl are woe-
fully ignorant of the soil and water aspects ofefiry.” [173] This
recognition of inadequacies pertains to the retatiips of soil,
water, logging, erosion, floods, siltation, etc.eThasic scientific
principles are now fairly well known regarding teeaspects and
recognition of short-comings is more than half biztle in learning.
Frank says: "We still have much to learn about townaintain the
soil and water resources of the timberlands anesfaianges, and we
have a long distance to go in applying what weaalyeknow about
these things." [163 p. 187] There is sufficiener#ture available
on the aforementioned relationships and they drby faell known,
so that, the approach here can be on the relatfmslf afforesta-
tion and deserts.
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In those areas where nutrients have been leached ttndeeper
soil layers, trees can draw on them and return tkeerthe surface.
Most herbaceous plants do not reach the deeperlagls, but
trees do draw on the deeper soil layers that argeriin mineral
nutrients and ultimately return them to the surfafb5 p. 69]
When the leaves, twigs, or dead flowers fall to ¢neund they are
attacked by animals, bacteria, and fungi, and bro#tewn so that
they gradually release for further use the esdentigrients they
formerly derived from greater depths and therehychrthe topsoil.
Vegetation also helps to stabilize the soil surfatearid areas. It
shields the soil from the full force of rain andndj and more of
the rain water enters the soil covered with vegmtabecause the
roots help to keep the soil open and pervious tiema

As for those desert soils with excess salts, tlaeeetwo possible
solutions. Kellogg gives us one solution when hessf 74]

Some desert plants take up little salt; the leavésothers have as
high as 10 per cent sodium chloride on a greeniweipasis. The
long growing of such a shrub has a great influemre the chemistry
of the soil. Thus only a few short feet apart, thail under one shrub
may be rich in sodium salt and extremely alkalined athat under
another may be relatively low in sodium and onlydigialkaline.

It was once thought that plants, wholly through phecesses of
selection and competition, adapted themselves ftereint kinds of
soil. Kellogg [174] says that although such setectis very impor-
tant, we now know that the different kinds of pfarthemselves
strongly modify the soil on which they grow.

The other possible solution lies in increasing angount of rain-
fall and thereby leaching out some of the excefts. ddost soils in
arid regions are low in nitrogen, which increasedhfall would
increase. But how does one grow trees and foradtsei desert, and
how does one increase the rainfall?

Desert areas, being at varying elevations, can@tippe growth
of a variety of trees and vegetation. In many @&sthareas, the one
thing lacking is adequate water. Through the lacatf new water
in desert areas, new wealth in the form of timban be created.
Timber is one of the natural resources we knowhatt tcan con-
stantly replenish itself, if managed properly. Ttimaber stands, not
only create wealth, but also, over the years, d¢mmdithe soil so
that more water will be retained and, under a pdrmprogram of
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cutting and extension of the forested area, aduitidand will be-
come available to augment our decreasing suppliearable land
per capita.

It will be recalled that the orographic or mountatorm is the
result of the mountain, acting as a barrier, fagcihe warm, moist
air driven toward it to lift and cool to the pointhere precipitation
occurs. It should be noted that the mean annuatipitation is
greatest on the western slopes of the mountainemamgest of and
including the Rocky Mountains.

Through the process of transpiration, trees reldesmendous
volumes of water vapor into the atmosphere at @egsteady and
reliable rate. Therefore, if forests are grown jaast of the Sierra
Nevadas and the Wasatch Mountains, the warm, naistising
from the forests would be driven eastward by thevailing winds
and against the Wasatch and Rocky Mountains rasp8gt lifted
and cooled so that the mean annual precipitationldvbe increased
in these areas. It is also probable that precipitatvould increase
somewhat in the areas between the forests and dstem slopes
of the mountains. Under such a planned programgstsr could
mean: a timber money crop; conditioning the soid ancreased
rainfall in arid and semi-arid areas. In the abav&ance, the for-
ests do not create the rainfall; the forests meply more water
vapor into the air which has previously been wruy by the
mountain range over which the air had to travele Thountains
bring about condensation and precipitation and @éeoeate the
rainfall. This process is incontrovertible.

Growth of forests on what is now arid or semi-dadd raises
another question. That is, what effect will affaeti®n have on cli-
mate generally, and on rainfall or precipitationparticular? It has
been shown what will happen where the prevailingdsi blow
moisture laden air to higher elevations or agamsuntains. But,
here the question refers to the influence of theedb within the
forest area itself and on adjacent areas. In axidid the transpira-
tion process, foliage, and vegetation in genens&rcept precipitation
which is in turn evaporated directly therefrom. Timere process
of putting more water vapor into the air does rotand of itself,
assure that condensation and precipitation willofe] therefore,
concern is now focused on the influence of forestshe condensa-
tion of water vapor.
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The evidence relating to the effect of the forestrainfall is
both inadequate and contradictory; the entire tdpéing one of
controversy for many years. Some people believe ith&s much
easier to say that forests grow in areas wherécairif precipitation
occurs and be done with it. But just as plants fiyottie soil on
which they grow, forests modify the atmosphere. Thestion is
an important one and therefore deserves closetirsgridhe spread
of desert and semi-desert conditions has frequdrgbn attributed
to the destruction of the forests in the Middle tEaad around
the Sahara. [155 p. 59]

It was shown earlier that the dropping of dry iné'iainmaking"
produced precipitation where otherwise it might notur, and that
this process works only when the clouds are neartdmperature at
which ice crystals form naturally. It may be that Some manner,
now unknown, the presence of forests also triggeesipitation. "It
has been claimed,"” says Champion, "on fairly satisky evidence
that under certain conditions, the presence ofsterenay just tilt
the balance causing the fall of a shower of rainctvlwould other-
wise not fall in that locality." [155 p. 60] At angate, with the
tremendous amounts of water vapor that would biaénatmosphere
above the deserts as the result of afforestatidgificeal nucleation
would prove to be more fruitful.

According to Geiger [175], H. F. Blanford publisheoh article,
in the year 1875, wherein he believed that he hstdbéished an
increase in precipitation as a result of a largerestation project
in the central part of southern India. Blanforaigestigations cover-
ed several decades; one decade before the retarestnd one
decade after the reforestation was complete. Zairoag proponent,
says: "Forests increase both the abundance andefrey of local
precipitation over the areas they occupy, the exodgprecipitation
as compared with that over adjoining unforestecagreamounting
in some cases to more than 25 per cent. The irflueh mountains
upon precipitation is increased by the presencdordsts." [176]
Schubert showed, by calculating the probable errtinat pre-
cipitation was more closely correlated to reforgstathan were
any of the other accidentally effective factors.igee says the con-
clusion of Schubert's work, which appeared in 198&s twofold:

"1. Of the year's precipitation on the Letzlingexath, 6% can be
ascribed to the influence of reforestation, and@iti influence of the
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forest in dry years is demonstrably greater tharthin wet years."
[175 p. 311] Geiger also cites the work of M. Gdgnand F.

Lauscher in the Congo. In 1934, they found thatahaual rainfall

of 1,979 mm. in the clearings within the virgin dst exceeded by
almost thirty-three per cent the average rainféll @91 mm. found

in the eight surrounding stations outside the hfmest region.

Geiger concludes "although these values ought tocdmesidered

with great caution because of the short time ofolion, observa-
tions speak more for an increase of rainfall bye$brthan against
it." [175 p. 311]

Hursh and Connaughton [177] report on the findimjsthe
Appalachian Forest Experiment Station, which hadaldished
weather stations in the Copper Basin in eastermdssee, where
the smelter fumes had denuded approximately elegerare miles,
and in the adjacent forested area. The total of yaars' precipita-
tion was recorded as ninety-five inches for theudiedl area and
115 inches for the adjacent forested area. Vergufatly such
differences are attributable to the fact that tleges, in a more
sheltered area, out of the wind, catch more raiowéber, in this
study, the same relationship, twenty-one per cesrenprecipitation,
in the forest area than in the denuded area, waaingldl during
storms in which there was no wind.

None of the aforementioned studies referred spadi§i to the
effect of afforestation in arid and semi-arid regio From what is
known, what are the possibilities?

It is known that the leaves and branches of tratsrdept rain-
fall and that evaporation occurs directly therefrdtris also known
that, through the process of transpiration, treige gp tremendous
guantities of water in the form of vapor, and thas is part of a
heat exchange process. Trees, along with othengileets, extract
carbon dioxide from the atmosphere and evolve omygeo the
atmosphere. Some of the foregoing processes will Im® examined
only from the viewpoint of their possible effect tre condensation
of water droplets large enough to precipitate.

It will be recalled that the convectional or thurgterm is the
result of uneven heating. When the air over a lpcdlecomes
warmer than the surrounding air it ascends, expaadd cools as
it rises. If it cools sufficiently with enough mtise present, pre-
cipitation occurs. The air over a forest must bel@othan the air
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over an adjacent barren area in arid or semi-agions, inasmuch
as the conversion of water into water vapor absgrég of the
heat. In this fashion, a great amount of heat ieeed latent by
evaporation; to be given up only upon condensatibfiorests are
grown in such a way as to provide for large opesasy then the
vapor laden air, when blown over the hot air regiaill be heated
and forced to rise so that upon rising and coolgandensation and
precipitation may occur. This type of convectiorstbrm would
occur, during the afternoons, when the surface @stniheated. In
addition, the tree crowns, which have absorbed accumulated
large amounts of heat during the day, give up thet land thereby
cause evening vertical convection of humid air.

An unexpected result of using too much dry ice,irdurcloud
seeding operations, is the actual prevention otipitation. Too
many ice nuclei are formed, and there is insuffitizvater in the
cloud to build all of them into flakes large enoughfall. The winds
transport many desert particles for thousands désniand in the
deserts themselves, the cooler air rushes in ttaacepthe warm
desert air which has risen. In the process it piggsmany desert
particles, is in turn warmed and rises into the lainging with it
tremendous numbers of particles. Such an excegmmitles may
actually prevent precipitation. The introduction afforest in the
desert area will decrease the number of particleke amount of
dust,” says Landsberg, "decreases very rapidly ribwhae interior
of a forest and an air current travelling over weddregions is
effectively filtered." [178] Furthermore, the inthaction of water
vapor into the area may actually help many of theasdicles fall
out, so that the moisture laden rising air is atoecontribute its
subsequent condensation to the fewer and fewerclearthat exist
thereafter. As a result of the continuous condémsathe droplets
within a cloud can grow comparatively large; lamgough to pre-
cipitate and fall back to earth. Junge [179] salyat tover land
the condensation nuclei consists of particles tatgan about .0001
mm., and that the important role in the formatidnrain is probably
by particles greater than .005 mm.

During the last fifty years there has been an appaincrease
in carbon dioxide. "Because of the role of £i@ the heat budget
of our atmosphere," says Junge, "this increaseldlraise the aver-
age temperature of the atmosphere by a small, thoaasurable,
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amount. Such a phenomenon has actually been olbservearious
parts of the world; the problem of a ¢@crease, therefore, is of
basic importance for meteorology." [179 p. 45] BJas physicist at
The Johns Hopkins University, estimates that sikiobi tons of
carbon dioxide are added to the atmosphere each amd that,
at this rate, the amount of atmospheric carbonid@xvill double
by the year 2080. The increased carbon dioxide,onbt warms up
the climate, but also cuts down on the amount diateon reflected
from the tops of clouds. The percentage of radedrgy reflected
from a surface is called the albedo. According tndsberg [178
p. 90), the albedo of clouds is sixty to seventy gent. By blocking
the loss of heat from the tops of clouds, reasodassP[180], the
temperature differential between the tops and bwttoof clouds
are reduced and thereby weakens the atmospherieection cur-
rents that are responsible for rainfall. Converséllass [180 p. 46]
believes, a decrease in atmospheric carbon dioxmdd lead to a
wetter and cooler climate. The contention that carldioxide
should be less at higher altitudes because ofigis $pecific gravity
is refuted by Landsberg. [178 p. 78]

The most important factor for the elimination ofrftlwan dioxide
from the atmosphere is the process of photosyr#hg$B81] This
idea is supported by Junge [179 p. 47] when he #agfsthe bio-
logical processes on land, about ninety per cemlath is attribu-
table to the forests and cultivated areas, domiyantluence the
carbon dioxide cycle. From this he concludes that €Q concen-
tration in air would be immediately affected by angset in the
biological cycle. Because of its long cycle, Juhgdéieves, the ocean
can only exert a damping effect on the variatiamghe CQ con-
centration in air.

The most variable compound in the normal compasitid the
Earth's atmosphere is carbon dioxide which may vesyn 0.023
per cent to 0.050 per cent. [178 p. 78] Quinn amuksd [181 p. 19]
say that the exact concentrations of carbon dioxiteair over
wooded areas, desert land, in the atmosphere heandrth and
south poles, over the seas, lakes, etc., becomgseaf importance
to those working in the field of photosynthesis.

Quinn and Jones cite the work of N. T. de Saussur#830.
They say: "His most remarkable observation conaknfe differ-
ence in concentration of carbon dioxide during dagt night. His
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values obtained at night were somewhat higher thase obtained
during the day." [181 p. 19] This conforms to tleeent writing of
Hutchinson [182], who shows that the fixation ofrbzan dioxide
by photosynthesis occurs during the day and thauth the proc-
ess of soil respiration, as well as by organic dgmasition, carbon
dioxide is released at night. Junge [179 pp. 45d&]s that the ex-
cess consumption of GQluring the day and the excess production
during the night give rise to a vertical €Qradient dependent also
on the vertical distribution of the eddy diffusioln.will be recalled
that there could be no plant growth if the amountarbon dioxide
fixed by photosynthesis did not exceed the amo@icadbon dioxide
released.

The particles that act as condensation nuclei noaigist of solid
material, droplets, or a mixture of both, and tigegw in radius with
relative humidity. There are many trace gases Aei precise role
in precipitation, although they are found in raimdasome of them
act as condensation nuclei, is not known. For ircganitrous oxide
[N.O] is produced upon the decomposition of nitrogempgounds
by soil bacteria. The amount of nitrous oxide prtlis increased
when the soil has a high water content and therthasefore poor
aeration of the soil. Junge [179 p. 59] believewite highly sig-
nificant that the soil can play a dominant roletlie budget of an
atmospheric trace substance of such fairly highcentration. Re-
cent rain-water analyses indicate a similar imparéafor soil relative
to the NH and SQ content in the atmosphere. It has been observed
that rain water collected under trees shows a anbatly higher
concentration of trace substances than normal waiter, primarily
at the onset of rain. [179 p. 73]

The growth of forests in arid and semi-arid areasld have
profound effects. The additional water vapor in #ie acts as a
blanket, as does any other large body of waterthab the desert
areas should become more temperate; less heat idaytime and
more warmth at night. As for more definitive anssven the actual
extent of the influence of the forest on climateayally, and on
precipitation specifically, additional researchreqjuired. Research
that will maintain close observation and measurdnwnall the
possible factors involved, before, during, andradtelesert afforesta-
tion program has been completed.
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MUNICIPAL WATER SUPPLIES AND PUBLIC HEALTH

Supplying water to the large municipalities hasdme an in-
creasingly difficult and herculean task. "In factdys Fleming, "the
business of supplying potable water to a big ci#tyso¢ elaborate a
process that the finished product might almost dd 0 be manu-
factured." [60 p. 7] The following table is adapt&ddm informa-
tion cited by Fleming:

Minneapolis, Minnesota
Source of Water: Mississippi River

Treatment and annual usage Purpose
AlUM 6,00000Ibs. To remove color and materials.
that will not dissolve.
LiIMe oo 18,0000 Ibs. To soften the water.
Carbon dioxide ..........ccccueeee. 2,500,008.1b To keep it soft.
Chlorine ....coeveerieiieceee 07000 Ibs. To kill bacteria.
Ammonium sulphate ............... 500,000 Ibs. To keep the water pure until

it reaches the faucet.

Carbon ...eeeeeieeieie, 05100 Ibs. To control taste and odor.

Minneapolis is not the exception, either. Praclycall muncipal-
ities subject their water supplies, either all artpto various treat-
ments. A more inclusive list of treatments useditby cities is given
as follows: [68] Activated carbon; alum; ammoniajazine; caustic
soda; copper sulphate; ferrous sulphate; fluoride, exchanger;
lime; phosphate; soda ash, and sodium silicate. Atherican Water
Works Association [183] lists ten chemicals for golation treat-
ment; twelve for disinfection; nine for taste andoo treatment;
four for softening; four for prophylaxis, and eigfdar scale and
corrosion control. In discussing the content, irtapte waters, of
ingredients having physiological value, the Amemid&/ater Works
Association [183 p. 377] raises an important qoasts to whether
or not potable water should continue to be appdasdely on the
basis that deleterious substances or microorgarasengbsent.

In a recent scientific meeting held in Chicago, \M. Poston,
of the U. S. Public Health Service referred to toastant pollution
of our drinking water by hundreds of new chemicalducts whose
effects on human health are totally unknown. Sofrthase new
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chemicals such as plastics, detergents, and ingEEgj he said, can-
not be completely removed from water now by statidaethods.
Said Poston: "We don't know how to remove virusesnf treated
water. We don't know the effect on the human sysiéthe constant
accumulation of small increments of present-dayndbals." [184]
Chronic disease, inasmuch as acute diseases haare ibereas-
ingly controlled, have been steadily growing in or@ance. This is
especially true in a population in which the prdjmor of older per-
sons is growing. According to a recent study by khetropolitan
Life Insurance Company: "In 1901 only 46 per cehtthee deaths
in the United States were due to chronic diseasgd 955 the pro-
portion had risen to 81 per cent. The chronic diseaategory
consists largely of the major cardiovascular-retiskases and can-
cer, which currently account for 54 per cent andp#6 cent, respec-
tively, of all deaths." [185] Each member of thepplation is a
potential victim of chronic disease, and it hasrbestimated that,
in 1950, twenty-eight million Americans were suiifier from dis-
abling and nondisabling chronic disease or impaitré86]

A recent survey [187] indicated that, of the notitntonal
population of Baltimore, nearly 1,600 chronic cdiudis per thou-
sand population, or 1.6 conditions per person, vidiagnosed. The
survey revealed that chronic conditions are noeetsps of age, sex,
color, or family income.

There were 407 diseases per thousand childrenwagtat fifteen;
29.2 per cent of these children have one or morenit conditions
and 17.4 per cent have one or more substantiahthomnditions. A
substantial chronic condition interferes with omilis activities or
requires care, or is likely to do either of thesethe future. There
were 1,205 diseases per thousand people aged fiiteenfto thirty-
four; 63.5 per cent with one or more chronic candg and 31.0
per cent with one or more substantial chronic ciorak.

In the age group from thirty-five to sixty-four,eie were 2,199
chronic conditions per thousand; 85.8 per cent witie or more
chronic conditions and 65.9 per cent with one orensubstantial
chronic conditions. There were 4,042 chronic disegser thousand
in the age group over sixty-five; 95.4 per centhwine or more
chronic conditions and 85.2 per cent with one oremsubstantial
chronic conditions.

Adjusting for age differences, there were 1,67 bolr diseases
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per thousand females whereas among males there 188 per
thousand. Of the females, 68.0 per cent had onmare chronic
conditions and 47.5 per cent had one or more sofistachronic
conditions. Among the males, 61.5 per cent had anmore chron-
ic conditions and 41.0 per cent had one or morestantial chronic
conditions.

Among the white population, the rate was 1,635 theusand;
while among the nonwhite population, the rate w81 per thou-
sand. Of the white population, 66.7 per cent wdmomic and 43.8
per cent were substantially chronic; whereas ofrtbewhite popu-
lation, 60.3 per cent were chronic and 46.1 pet @@re substan-
tially chronic.

Looking at annual family income and also adjustiiog age
differences, reveals the following: under $2,000 panum, 1,807
chronic conditions per thousand; from $2,000 t®©99, 1,592 con-
ditions per thousand; from $4,000 to $5,999, 1,%&® thousand,
and with family income over $6,000 the rate of cticodiseases
was 1,419 per thousand.

A joint statement of recommendations by the Amerittospital
Association, American Medical Association, Ameridaumblic Health
Association, and the American Public Welfare Asatien included
the following: "The basic approach to chronic d&eamust be
preventive. Otherwise the problems created by dbrdiseases will
grow larger with time, and the hope of any subshmdecline in
their incidence and severity will be postponedrfany years."[188]
The Commission on Chronic llinesses decided earlyts history
that "prevention, in its narrowest sense, meanstiagethe develop-
ment of a pathological state; more broadly it ides also all the
measures which halt progression of disease to ittgabr death."
[186 p. 4] In a discussion on preventability in fBaltimore study,
the following statement is made: "The possibilifypoimary preven-
tion—the prevention of the occurrence of chronisedse—was not
considered. However, an attempt was made to medisaramount
of chronic disease which could have been preveinted progressing
to the state of causing illness, disability, anétte or could have
been slowed in progress.” [187]

It was noted in an earlier chapter, that the headthted aspects
of water pollution did not begin to receive attentiin the United
States until late in the nineteenth century. THeseahe acute
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diseases associated with polluted waters came ucmietrol. The
importance of water and its role in the human badynot be
underestimated. It is time to look at water wittspect to the
chronic diseases. The United States Public Heatli& has estab-
lished the maximum amounts of various chemical tsulzes in water
that is to be used for drinking. This refers, fostance, to lead,
copper, zinc, sulphates, magnesium, chlorides,ilmd In addition,
they have established standards for bacteriologicallity and for
physical quality.

The Los Angeles County Hospital, after a study 86 $iormal
hearts, has established the average amounts tdethitrace metals
contained in tissue of the normal heart. The anm®uwoiitthese trace
metals, contained in heart tissue, were then dudieases of hyper-
tension, diabetes, and certain heart ailments. Tdssarch revealed
that certain trace metal patterns exist in pardicuhilments. Dr.
Blakrishna Hegde, of the Medical School of the énsity of South-
ern California, believes, as the result of his ®sdthat important
alterations in the amounts of certain metals inrthéasue may be
responsible for the causation of particular heaseases, and that
the alterations from normals of the metal valueshim blood might
help in diagnosis and treatment of heart disease.

Metals, and other inorganic as well as organic ele and
compounds, are taken into the human body throughfdbds and
liquids consumed. Theoretically, under one hundped cent effi-
ciency, the human kidneys, through its severalionillglomerular
tufts and tubes, checks every drop of tissue flumhy times a day
to assure that the soluble inorganic chemicalshim human body
are kept in perfect balance. Therefore, a trace rtach of one
chemical is eliminated as part of the urine; in #heent there is
too little, it is accumulated until the proper poofions are main-
tained. As was noted earlier, one hundred per eficiency in man
or his machines is rarely achieved. Continued itigesof excess
metals and other chemicals, over long periods mEtimay result
in bringing about greater tolerance on the partthef kidneys so
that a gradual accumulation may be permitted. @r ¢bntinued
excesses might bring about over-activity on the parthe kidneys
thereby resulting in gradual deprivation over agl@eriod of time.

The body fluids are composed principally of watttain inor-
ganic electrolytes, and proteins. A few definitianay be in order.
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An electrolyte is a substance which, when dissoimedater, pro-
duces a medium capable of acting as a conductothér words,
it is a compound which, in solution, conducts ateic current.
The current is carried by ions rather than by \destas in metals.
An ion, it will be recalled, is a dissociated atafnnegatively
charged ion is an anion whereas a cation is avabgicharged ion.
The cations in the body fluids, that is the positivcharged electro-
lytes, are N§ K*, Cd, Mg", H', and NH'. The anions, or nega-
tively charged electrolytes, consist of ,GiCO;, protein, phos-
phates, sulfates, and organic and other acids.eTtegtons and
anions are in all body fluids in greater or lessmncentration, as
well as in tissues, although all of them need remtessarily be
present in some tissues.

Elkinton and Danowski say that analysis for eldytieocontent
should preferably be by analysis of serum or plastteer than of
whole blood since the composition of electrolyteside of blood
cells is quite different from that in plasma. [188]nkler, Hoff,
and Smith summarize the experimental cardiovaseffizcts of po-
tassium, calcium, magnesium, and barium, by slindseasing the
concentration of each ion. They say: [190]

Dogs and cats under morphine and local anesthesi® wm-
ployed. The chlorides or sulphates of these elesnevdre injected
at a slow uniform rate until death. Serial elecarddograms were
taken during the course of injection, and artebllod pressure was
continuously recorded. At intervals during injectidhe concentra-
tion in the serum of the ion being injected was suead. From these
values the concentration in the serum of the iomesponding to
each effect could be obtained by interpolation. Tméy exception to
this procedure was made with respect to barium, idnch no
suitable method was available.

Elkinton and Danowski note that the concentratioh certain
electrolytes varies with age and sex. [189 pp. 128} Inasmuch as
the electrolyte concentrations are measured in Wleowd serum, they
present a series of charts for the average valoessérum sodium,
serum potassium, serum calcium, serum ,C®erum chloride, serum
inorganic phosphorous, and for other serum conagofrs. The
serum concentrations given are for healthy indiglduin the fol-
lowing age groups: newborn infants; children froimefup to twen-
ty; young adults from twenty to thirty, and oldeegple from seventy
to ninety. Since it is desirable to relate onetmanother in terms
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of its charge, valence, or combining power, andsimach as the
masses of individual electrolytes differ, the valare given in milli-
equivalents per liter. Serum electrolytes which tdbaote but little
to the bulk of the anion-cation balance, or becanfs@ther com-
plexities, are expressed in milligrams per cente Tollowing table
gives the average values and standard deviations flew of the
serum concentrations drawn from the aforementioclearts: [189
pp. 120-8]

AVERAGE SERUM CONCENTRATIONS IN HEALTH
(Mean value and standard deviation)

SODIUM POTASSIUM CHLORIDE CALCIUM
AGE GROUP (mEq.) (mEg.) (mEq.) (mg.)
Infants ... 143+3.3 5.9+1.4 104.9+4.7 9.8+0.7
Children .............. 144+3.0 4.3+0.4 103.3+3.0 9.8+0.4
Young Adults ...... 146+2.6 4.4+0.3 10.0+0.6
Males 100.2+2.4
Females 102.3£2.9
Old People ........... 144%3.2 4.60.4 105.4+3.0 10.3+0.7

The most important environment for man is not the te
breathes but is the body fluids which permeate surdound all of
his tissue cells. Water will enter or leave anytié body fluid
compartments in response to osmotic pressure chakgéracellular
water carries nutrients that diffuse into the celtsd removes the
wastes of tissue metabolism, and every cell depdadds function,
upon the relative concentration of water. Elkintand Danowski
[189 pp. 133-4] point out that homeostatic mecharistend to
keep body water and solutes constant in healtithénearly phase
of the development of an excess or deficit, howetlex concentra-
tions are maintained only through changes in thieimee of fluid,
whereas concentrations are sacrificed for the sdkedlume in the
later phases.

Weisberg [191] gives the electrolyte concentratiohshe vari-
ous body compartments in terms of the cations ardna present
in the cells, the spaces between the cells, antheénvessels and
ducts. The concentrations of electrolytes do nalicete the total
amount of the solute present, unless the measutsnoén/olume
are also known. Weisberg [191 p. 29] indicatesatferage total
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body content and daily exchange of both water ardctrelytes,
and Elkinton and Danowski [189 pp. 478-87] give gdiases of
specific abnormalities with regard to fluid conséihts such as sodi-
um, chloride, potassium, phosphorus, magnesium, dnchrbonate.
Changes in the electrolyte concentrations bring uabachanges
in the volume of the body fluid, and, it appearsatttover a long
period of time, the body mechanisms may sacrifibe tontrols of
these concentrations in an effort to maintain thelume of body
fluid. Therefore, it is entirely possible, that thegestion of excess
amounts of chemicals, which act as electrolytesthe body fluids,
over a long period of time may gradually accumulaed result in
chronic illnesses and eventual death.

Through surveys such as the Baltimore study in wwtjon
with controlled experimentation, the existence ofiy a correlation
between the chronic diseases, the amounts of traetals in heart
tissue, and the electrolyte concentrations in bdlyds, on the one
hand, with the type, quality, and treatment, if amf water that is
supplied in various areas of the country, on thé&eothand, may
be quite revealing.

MANS CHALLENGE

It should be apparent that man, throughout manyilizations,
has made many changes, but the greatest changeghwrdyy man
has been the change from the original forest anasstand to cul-
tivated or barren areas. It is time that man bedan realize the
mistakes of former civilizations, and begin to thinn terms of the
longer run. In the short run, the changes are iogmible, but they
exist nonetheless. If we are to avoid becoming avémot" nation,
we must begin to turn the tide while there is stilne. If we are
concerned with the greatest good for the greateshber, we should
heed Admiral Moreell's comment that the greatestmbmr have
not yet been born.

This phrase, the greatest good for the greatestbapmhas been
used TOO OFTEN, sometimes to cover-up inadequatepamr plan-
ning or just ill-conceived planning. For instanc&én "Water Facts
for Californians," published by the State of Califia Department
of Water Resources in 1958, the director of the dbepent, Harvey
0. Banks implies that the state water plan is fobe tgreatest good
when he ends his foreword with: "The history oftNiation has
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proved conclusively that an informed and enlightepeblic, when
free to make a choice, will make decisions leadimghe greatest
benefit for the greatest number."

The curious thing is that even the reference tanfmrmed and
enlightened public was also mere lip service fovesal reasons.
First, in that very same year the administratioterapted to have
the 1958 legislature start the job of constructingdirst unit of the
Feather River project on the bold assumption thlangl this with
money out of the state treasury would commit theppe of the
state to a tremendously vast expenditure which eeelay is not
realized by many. In November of 1960 the peoplahef state of
California will be asked to vote on a bond issueoné and three-
quarter billion dollars for the beginning of theatst water program,
but how many know that when the program was fifired in 1957
it was estimated to cost $11.4 billion, then in 896 was up to
$13 billion, and then during October, 1959 in testy before the
U. S. Senate Select Committee on National Waterolress the
figure became $14 billion. If one peruses previtarge scale pro-
grams, one generally finds that original estimatejuently fall
short of the mark by about three-fold so that imalitg we are
probably talking about a total program of from $80$45 billion.
All these billions, but not one cent for an objeetinvestigation of
the "new" water supplies that are available at allsfraction of the
cost.

Second: Dewey Anderson, Executive Director of thublie Af-
fairs Institute, wrote a pamphlet called "Meetingli@rnia's Water
Needs" which was published by that nonpartisan prafit research
organization in 1958. Anderson's twelve speciflasirations chal-
lenge the so-called California Water Plan as: temegal, vague;
extravagant; inadequate; an artist's conceptioteails of workable
blueprints, and a plan that avoids one vital probédter another.

Third: during January 1960 Adolph J. Ackerman, cdbiisg
engineer of Madison, Wisconsin, who was a membethefboard
of seven engineers investigating the water plagsented an analysis
before the Commonwealth Club in San Francisco. &ld: s'this is
the time to face up to unpalatable truths, and eéparmte truth
from promotional assertions.” Ackerman declared fimancial feas-
ibility or project justification studies, as convemally presented,
had not been made, and that no clearly engineemsckpt which
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might be considered valid and in the public intetesd been dem-
onstrated.

The references to the state of California do noplynthat its
public officials are less honest or less intelligran the officials of
other states. What it does do, however, is to gledemonstrate
that tremendous population growth coupled with @tadite water
supplies to keep up with the growth can bring abiirtking and
action that is not rational. If other states damike up soon, they
will find themselves in the same untenable position

In the field of economics, a commodity is neverually short
in the absolute sense. If a particular commoditpusth become
short in supply relative to the effective demand tftat commodity,
the commodity is not entirely unavailable; it ofdgcomes unavail-
able at the former price. The fact that the demamdeeds the
supply brings higher prices, which in turn can meareral things.
Either the scarce commodities are enjoyed onlyHmge having the
financial resources, or the state institutes cotaptontrol of the
supplies of the commodity and rations its distiibt or the higher
prices encourage the development of means thatpwliluce addi-
tional quantities of the scarce goods and theretiggbabout a
relative decrease in price. There are no knowntgutes for water.
Water is an economic resource, and like other messuand com-
modities is subject to the laws of supply and demm&uch reason-
ing, however, does not solve the water problenis the overriding
importance of water that differentiates it from extliesources; short-
ages of water not only stunt the economic growthanfarea but
keep its people destitute and in dire need of thsicohuman re-
guirements. How can there be real peace and pmgnes world
with millions upon millions who are unable to enjte most basic
and elemental requirements for life and sustenance.

For instance, it was reported in 1957 that, oveenty-one
thousand villages in France lack running water.2[18 recent
letter describes the central Anatolian Plateautirk@y with existing
40,000 villages, "almost half are not yet suppheth either drink-
ing water or irrigation water." [193]

Here at home for instance, the Colorado Indian Resien,
near Parker, Arizona, has been hampered by watetagies. Plans,
having an ultimate objective of making its inhabitindependent
and self-supporting with vastly higher living stands than they

177



now enjoy, must first overcome the obstacle of tleed for more
water. Both California and Arizona, however, dehgttthe Indians
are entitled to any more Colorado River water tiemow being
used to irrigate some 37,000 acres now under atiibin. It has
been estimated that another 100,000 acres couidrigated, if the
water supply were available. [194]

What is in store when water supplies run out isl wiistrated
by an accidental occurrence in Kodiak, Alaska. Tty Manager
had to declare Kodiak to be in a state of emergefiRgsidents
boiled contaminated water and industries shut dtday while an
engineer hunted for the life-blood of the commurithe water
supply.” What had happened to empty their sixty-omniion gallon
water reservoir on Christmas Eve? They didn't krnmw believed
that a fissure caused by an earthquake drained #wveayater and
left a muddy hole in the floor of the empty resérvo

In 1958, the Census Bureau raised its estimatenefniation's
population in 1975 by ten to fifteen million persoriThe new es-
timates released by the Census Bureau on Novemb®®538 place
the total for 1975 at between 215,800,000 and 24B0®0 depend-
ing on future trends in births, deaths, and imntigra At a sym-
posium held in Oklahoma City during June of 195ankever Bush
warned of the threat of water shortage and urged #eientific
groups find ways to assure an adequate supply. Water is one
of the answers, and it is available, within reasbmdimitations,
wherever igneous rocks exist.

Complete state control of water and its distributimay seem
like something in the public interest, however, hocan assurances
be given that such control might not be used onlyas$sure such
continued and complete control and to prevent ge af other pos-
sible alternatives. For instance, the State of f@alia bulletin,
"Water Facts for Californians," states that to $gtthe water needs
of the state "requires the control and conservatiotie state's water
resources when and where they occur, and distoibutf the con-
served water to areas where it is needed at the itirs needed."
But who makes the determinations as to need anatdhéiscatory
action which would follow? How can people who hal®wn their
closed minds be trusted with such life and deathtrot? A UPI
release, dateline Tokyo, January 9, 1960 saystheatUnited Na-
tions will shortly make recommendations to memkaiams to
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restrict the over-pumping of subterranean wateit. 8e they aware
of primary water and what it would mean for the \@@r

It is about time that new water was given an inmphrobjective
look-at. Nordenskiold's demonstrations have beeaorigd. Yet today
we have need of the same kind of work he did. Apadaland, one
of the channel islands off the California coasts fen important
lighthouse high on its rocky shore. Friends Magazsays: "So
rugged are the cliffs that boats bringing Coast r@yzersonnel and
provisions (the island has no water) must be hoiste crane from
the sea to the platforms built on the rocks. Ingloweather, landing
is impossible." [195]

The unusually dry summer of 1959 saw water ratigrah Hahn
Air Force Base in the Moselle River area of Germa@ur Army
Engineers found, at a distance of about 9,000 fieeh the base,
an old mine with its galleries filled with approxately 2,500,000
gallons of water and having its water level in gf&ft only sixty-
seven feet below ground. The emergency project twadraw the
water from the mine and pump it to the base. [1BGf no one
seemed to consider how all this water managed tange the mine
during such an unusually dry summer.

Many federal agencies in the United States haveedanterests
in water, for instance: flood damage abatement;ravgment to
navigation; irrigation; drainage; water supply; Iptibn control; rec-
reation; fish and wildlife; conservation; power geation; power
transmission and distribution, and watershed treatmThis is to
be expected. But when we think in terms of wateppby the
myriad agencies that have activities in this araa only spell out
disaster. There is no clear policy or program tsuees the people
of the United States of an economic solution to water supply
problems. The following federal agencies have &/ in the field
of water supply: Corps of Engineers; Bureau of Reltion; Bureau
of Indian Affairs; Bureau of Land Management; Gegidal Survey;
Forest Service; Soil Conservation Service; Farniome Adminis-
tration; Weather Bureau; Public Health Service; riemsee Valley
Authority; International Boundary and Water Comrass United
States and Mexico, and the International Joint Caasion, United
States and Canada. [197] This, of course, is initiaddto the
states, the cities, and the water districts.

It is entirely possible that a scientist's completek has been
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disregarded because a single aspect of his work fauasd to be
unacceptable. If different parts are so mutuallyreeted and de-
pendent on each other then certainly all parts reitker stand or
fall together. But frequently the parts are whaihdependent, and
under such circumstances it is nonsensical that fhl together.
For instance, Nordenskiold's reasoning that fissuegist due to
small but periodic variations of temperature ddeseem to have
been accepted for it doesn't appear in any of tireent volumes
on structural geology. Yet this reasoning is caljaindependent of
his ability to find fresh water in the rock fissarelt seems that
scientists should adopt what constitutional lawyease learned to
use in the event of partial invalidity, such ashdl if any section
or theory shall be held to be invalid this shalt affect the validity
of other sections or theories hereof."

As a patient investigator it is apparent that &k tfacts are
not in and that they will never be in, as one tlmvae spiral in
coming closer and closer to specific objectives oaestantly finds
that new doors keep opening new spiral pathwaysctwinm turn
develop still new avenues to follow. As we gainidddal knowledge
some of our older beliefs get washed away, witthesnumber of
Nobel prizes that have been awarded for new theosieich have
upset the older and long standing ones.

The reader will recall our earlier discussion abtying to fit
irregular events into accepted theory. At the dfyMedicine Hat,
Canada, underground water estimated to easily psoden million
gallons daily was found running on the same appnaie course
as the South Saskatchewan River. The South SaskechRiver
and other ground water sources in the area averd&f® to 2,000
chemical parts per million parts of water. The aimgzhing is that
despite the fact that the new underground wateplgujz of an
extremely high degree of purity, only two hundrdiemical parts
per million parts of water, they attribute as i&rppanent recharge
source the South Saskatchewan River with its 1f602,000 parts
per million. [198] If this were only remotely pob&, our dreams
of an economic sea water conversion system wouw teeen ful-
filled.

One of our foremost investigators in the earthrsms, Wilhelm
Eitel, voices his experience regarding the evereiasing trend to-
ward specialization as follows: "The student willi$ learn that
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although specialization in the progress of resedsch good thing,
a broader knowledge of many disciplines will praeebe not only
better but even indispensable for scientific ackiegnt. The common
efforts of chemists, physicists, metallurgists, enatogists, and crys-
tallographers in the investigation of structuraheersions is one of
the best illustrations of this experience." [98]
We should remember Geikie's statement: [1]

From the beginning of its career, geology has owgdoundation
and its advance to no select and privileged cldsgxperts. It has
been open to all who care to undergo the trial Wwhis successful
prosecution demands. And what it has been in th&, paremains
today. No branch of natural knowledge lies moreltlngly open to
every student who, loving the fresh face of Natusewilling to train
his faculty of observation in the field, and to dj@ine his mind
bﬁ/ the patient correlation of facts and the fearlafissection of
theories.

With proper management, this earth can abundanthplyg its
inhabitants with all they require. But this is nbe route we travel,
to change our course requires meaningful educati@hunderstand-
ing. "History is," as H. G. Wells describes it, race between edu-
cation and catastrophe.” What is your choice?
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APPENDIX

ANSWERS TO PROBLEMS

PREGNANTGRLSTORY

The immediate responses, of most people, will dglthat they
use the word "he" or "his," or some other word tth@ahotes mascu-
linity, in referring to the doctor. The story metiously avoided all
references other than "doctor." The simple answethis story, is
that the doctor is a woman and the pregnant gull p@inted out the
doctor's husband. In our society, where most meédicators are
males, this is a natural assumption but not always. In Soviet
Russia, where currently most medical practitioremes females, the
assumptions may be different.

NINEDOT PROBLEM
Answer:
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