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COLD WATER ON SALT WATER

1.

The search for fresh water has employed a large part of man's energies
for a very long time because his very existence has depended on finding it.
Civilizations themselves have risen and fallen with the water level, and
history has often recorded the migrations of people trying, among other
things, to quench their thirst.

They are 3till trying. In our country we have been hearing much in
recent years about water shortages. Cattlemen and ranchers in the far west,
plagued by a succession of severe drouths over a period of years, have been
hard hit and in desperation have turned to professional rain-makers, have
petitioned Congress, or have just prayed. City dwellers in the East and
South have occasionally been sharply restricted in thelir use of water, have
at times gone bathless, and, in restaurants and hotels, even drinkless.

Faced with the prospects of a nation getting thirstier and dirtier by
th; day, a joint cormittee of the United States Senate held a series of
formal hearings in 1951 in an effort to remedy a situation reputedly bad
and threatening to become worse. After a few preliminary remarks about
Mark Twain's old saw to the effect that everybody talks about the weather
but nobody ever does anything about it, the committee settled to the serious
business of exploring two lines of thought: artificial rein-making by cloud
nucleation and converting salt water into fresh. There were considerations
and debates, reports, letters, claims and counterclaims. All kinds of
people in public and private life, many of them eminent and reasonable men,
vere called to give their testimony. All kinds of schemes for increasing

the available supply of water were proposed, some of them rational and
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cautious, a few of themx clearly lunatic. Eventually the committee emerged
with a three hundred page report, calling for federally sponsored research
into rain-making and salt water conversion. As subsequently reviewed by
Congress, these goals were somewhat modified. Because of its equivocal
nature, the problem of artificial rain-making was set aside altogether, and
the bill that passed restricted itself to setting up a program for salt-
wvater conversion, to be initiated by the Bureau of Reclamation and financed
by two million dollars frum the public funds. In recognition of the high
costs of turning salt water into fresh, the specific purpose of this program
was to develop s means of reducing the costs of this operation to a point
within reach of ordinary people: farmers, townspeople, and industrialists
in all water restricted areas of the United States.

The interesting thing about all this is that in neither committes hear-
ings nor Congressional debate did anyone seriously challenge the assumptions
underlying the bill, namely, that there really is a genersl shortage of fresh
vater in the United 3tates and that the conversion of sea water into fresh
promises to be the most sensible way of increasing our supply of it. Just
how wide of the mark these assumptions really are has been shown by scientists
at The RAND Corporation in Santa Monics, Californis, in & foundation-supported
study. 7Two engineers, Mr. James C. Deliaven and Mr. Linn C. Core, and an
economist, Mr. Jack Hirshleifer, have taken a good, hard look at our water

problem and have recently issued their report, A Brief Jurvey of the Techaology

ad_Recnomics of Water Supply. Because it goes far to dispel the errors of
| popular thinking that surround this issue at every turn and therefore deserves

a wider audience than it can ever have as & socientific report, the present
writer has undertaken to sumarise its essential points.
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The truth of the matter, as the RAND scientists point out, is that the
term ™water shortage™ often conceals a confusion of thought. Thanks to the
immensities of the hydrologic cycle (the natural course of water in its
various forms from ocean to atmosphere to land), there can be no such thing
as an absolute shortage of water. Rainfall for the United States as a whole
averages approximately 1,568,400 billion gallons a year. The total national
consumption of water amounts to about 4.7 per cent of this figure or 17 per
cent 1f we deduct what is lost of this by evapotranspiration, the process
whereby water from the ground passes through a plant and from the leaves into
the atmosphere. This is not to say that everybody has all the water he needs
or that water in certain isclated communities is not held at a premium. It
is to say that water cannot be "short" in the sense that its total supply can
be exhausted, for there is always more water ava'lable—for g price. The
problem, therefore, for any community in need of water is one of deterwining
the most economical and expeditious vay of getting its next increment. And
vhen it comes to examining its wvater problem in this way, no commmnity of any
sise in the United States today is likely to find salt-water conversion now
or in the immediate future the most sensible way of going about it.

I1.

Superficially as the issue was appreised in Washington, probably nowhere
is it today more generally misunderstood at the popular level than in
Southern California. Los Angeles newspapers repeatedly talk about water
shortages and just as frecuently chronicle new schemes for turning sea water
into fresh. Actually, there is no water crisis in Southern California
- at presant. But if water problems exist anywhere in the United States,
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Southern California is a good place to look for them. In fact, it is a good
place to consider the whole question of water supply in general, for the
situation there in respect to supply and demand is more or less typical of
what exists or may exist in the future in other paris of the country. With
regard to the potentialities of salt-water conversion, this section of
California is representative of all coastal regions where people look
expectantly to the ocean for additional supplies. As for the emvemtiomal
sources of fresh water, whether pumped from the ground or piped in from distant
sources, it is certainly no better off than other localities of equal sise
and importance vhere water has become, rightly or wrongly, a pubtlic ‘osue;
and it is a great deal worse off than most. Some of the things, therefore,
thzt can be usefully said or done about the situation there may well be of
significance elsevhere.

It 1is not entirely unnatural that the public ocutcry adout water shortages
should be especially loud in Southern California. With a yearly reinfall of
about fifteen inches, and these almost entirely during the winter months, the
land outeide the cities is distressingly dry for long periods of the year.
During such times water plays a critical, indeed a spectacular, role, particu-
larly vhen the only water to be had must come cut of a pipe. At least one
of the alarming things you can say about Los Angeles is that though water
makes it bloom-—~even as the rose—the desert threstens to reclaim it wvhenever
you turm off the tap.

There are other plases in the United States that are more arid the year
round, but none of them even approsches Southern Califormia indwstrially or
in population. Half of all the people im Califarnis live in this ome comer
of the state, in what might roughly de called the Los Angeles ares. The
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region comprises the " r counties of Los Angeles, 3an Bernardino, Riverside,
and Orange, and adjoins San Diego and its environs to the south. For a
large and growing population the area provides less than 1.5 per cent of the
state's total water supply. This 1.5 per cent represents the water contained
in a chain of aquifers, naturally formed reservoirs that underlie the ares
and are charged by runoff from the mountains to the north and east. It is
relatively cheap wvater, about $5 an acre-foot (325,351 gallons), free to
anyone except for the expense of digging a hole in the ground and pumping it
out.
This is precisely what people in ever increasing numbers have been doing.
In 1949 approximately 980,000 acre-feet were drawn from these underground
sources, principally for irrigational purposes. This rate of draft is about
250,000 acre-feet per year beyond the capacity of the aquifers to recharge
themselves, for the water level has been consistently falling for a number of
years., Today it is largely below sea level, in some places as much as seventy
feet. This is a dangerous level in areas near the ocean because of the
possibility of econtamination by salt water. In fact this has actually
occurred, to the great dismay of people whose wells have been made useless
as far inland as two and three miles. In brief, if we consider the lack of
rainfall, the sandy river beds, the contaminated wells, the falling water
tadle, and a persistently growing demand for water, the picture looks pretty
grim. If there really is a water problem anywhere in the United States, it
certainly ought to be in Southern California.
But the picture is alarming only if one does not look closer. During the
early development of this ares, it was realiged that the capacity of the loeal
underground supply was poing to be insufficient to meet the demands of
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axpected growth and development. In 1913 an aqueduct to the Owens River was
installed and later extended to the Mono basin. It has a present capacity
of about 320,000 acre-feet a year. For many years excess vinter flow from
this system was used to recharge the aquifer under the San Fernando Valley
for use during peak demands in the summer. In recent years, however, increased
year-round demand made storage out of the question. To meet this threct, the
Metropolitan Water District of Southern California ren an aqueduct of immense
proportions all the way to the Colorado River. Since 1941 this river has
been supplying the ares with a gradually incresasing amount of fresh water.
During fiscal year 1951-52 this came to 150,000 acre-feet. This amount plus
approximately 320,000 from the Owens River, plus 980,000 from the local ground
supply gives a total of 1,450,000 acre-fest as the anmal water consumption
of the four metropolitan counties. The District can supply them with an
annual dreft of about 1,050,000 acre~feet from the Coloredo. The aqueduct
was oonstructed to handle this capacity plus an additional 150,000 acre-feet
for the San Diego regimm. In other words, current use from the aqueduct is
only & frastion of the capacity vesigned to the ares. The untapped 900,000
aore-fost a year is more than sufficimnt to allow a 60 per cent increase in
the present conswmption of weter.

This additiocnal amownt of water, it must be admitted, is in dispute.
Litigation between Californis and Arisons over interpretation of earlier
oontrests is now before the Supreme Court. Should the Court find in faver
of Arisona, it is perfectly reascnadle to suppose that reallocstions would
be made anew.

There remaine a further possibility of bringing water from the Pesther
River watershed north of Secremento where there is an emoess supply. A plan
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to pipe it all the vay dovn to the Mexican border has already been outlined
by the Division of Water Resources of the California State Department of
Public Works. It would have an estimated capacity of 3,600,000 acre-feet a
year, of which 850,000 is scheduled for Los Angeles and surrounding areas.

In plain terms, if we ignore all other additional sources——redistribution
and reclamation of water already used or the possitdlities of turming the
Pacific into drinking water--this part of Southern California has a potential
supply of about three million acre-feet of fresh water a year or twice the
amount now consumed. Even if population and industrial expansion continue
at the same phenomenal rate of the past ten years, this amount of water caa
be considered adequate for a long time to came. The term ™water shortage”"
in Southern California roally means only that the next increment of water is
going to cost more than the last.

People are already paying more, for there is no additional supply of $5
wvater frow underground. Owens River water is about $20 an acre-foot.
Colorado water, softened, is about the same price; unsoftened, about $10.
Water piped down from the Feather River will be moet expesnsive of all, perhape
$50 to $100 an acre-foot or even more. It is obvious, thersfore, that if we
acknowledge the realities of the problem, we should be talking about what
water can be had and what we are going to pay for it. And it is in just such
terms that we ought to consider the popular proposal Lo convert sea water
into drinking water.

I11.

Any popular discussion of water shortage is frequently if not invariably
followed by a proposal to convert salt water into fresh. And somebody, it
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will usually be added, had better hurry up and do sumething about it.
There is a certain justification for people's thinking along these lines.

It 10 generally Imown that distillation is used by ships at sea, has been, in
fact, ever since Sir John Hawiyms salled against the Spanish some four hundred
yoars ago. It is also a relatively simple process, requiring only a tea-
kettle and a fire. What most people do not know are the engineering and, in
particular, the economic difficulties of changing salt wter into freesh oa
any large scale. With respect to these difficulties, sult-wmater conversion
has s popular sppeal that is not warrented by the facts.

There are & number of methods currently in operation in and out of the
laborstory that renge from sisple distilling to more or lees compliceted
chemical processes. In effect they all remove either the salt from the wter
or the vater from the salt. Among those that tike the water awy from the
salt, the oldest and simplest is the distillation process. It consists
basically of vaporising water fros salt water by heat and then condensing
the stesm. The machinery involved in this process varies from the pocket-
sise contrivance used by distressed seamen to the large commercial evaporstor.
The miltiple-effect evaporator is nothing more than a series of distilling
mu.mmm.mawmwmnmtmm»m
frem cne 1s used to heat the salt weter in the next, and o on down the line
to as many as five or six effects. Such is the one built resematly in Pereia,
the largest multiple-effest evaporator in existence end eapable of supplying
720,000 gallone of fresh water s day. In spite of ite simplisity and the
partial edvantage of 11fting iteelf, in effest, by its o beot straps, this
part! sular method of getting fresh water is one of the more expmsive. To
produce an asre-foot of witer vosts absut §1200, a cont thet eanm de reduced
to=—say §900 17 waste heut is employed.
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The problem of heat is msturally of great importance and has been
solved in a fev instances by the direct application of solar energy. This
is the method utilized in the salt wvater conversion kits used aboard life
rafts in World War II. It wvas also used as far back as the 1880's in Chile.
vhere & distillation system was set up in the nitrate mines to provide 6,000
gllons of fresh wvater a day. The equipment, covering am acre of ground
and resembling a very large greenhouse, consisted of vooden trays filled
vith salt vater under sloping glass covers. Heat from the sun turned the
wvater into vapor vhich collected an and then ran down the glass covers into
a system of pipes and receptacles. The fact that the energy to operste this
method is had for nothimg is much in its favor. though the vast acresge
necessary to produce vater in large quantities has made econceists stop
and consider. BEven 80, this method can produce fresh wvater at the rete of
$350 an acre-foot, and supposing & more ideal process vith greater efficiences.
engineers lave estimated that costs in the future may be reduced to $100.

A more recent development is the vapor-coapression evaporator. Im this
devioce, vepor fram salt water is vithirewvn by pusp from an eveporator shell,
is compressed to incresse ity copdensation temperature a few dsgrees, and
is then returned to & heat exchanger vithin the eveporator shell. Here it
condenses, the latent heat given off being used to hest more saline water
{n the shell. This kind of evaporator 1s more ecooomical then the multiple-
effect type and can bde bullt more compactly. According to Desan Shervood of
the Mussachusetts Institute of Techmology, it can produce fresh water for
around §700 aa scre-foot. Thus fer culy relatively amll wnits have desn
comstructed. but larger cnes are perfectly fessible. With improvemsnts they
my produce this same sacupt of vater in the future for $200.
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Perhaps the most ingsniocus method of all is that of the Freneh seientist
Georges Claude. Working on the principle that temperature differences in
pature constitute a potemtial source of energy. Claude suggested an apparatus
that utilized cold deep ses water and relatively varm surface water. In
thie system, warm sea water is piped into an evaporator upder reduced pressure,
vhere a smll fraction evaporates, gaining its latent heat through a 5° P
cooling of the remainder of the water. The vapor formed passes to a con-
dengser at still lover pressure, vhere it is condensed by cocler sea water.

An unusual feature of this method is that in addition to fresh water it
produces energy in the form of electricity. The vapor as it passes from

the evaporator to the condenser is made to operate & turbine, connected in
turn to a generctor. A smell model now in operatim at the University of
California requires 10 horsepower to generate 4.6 horsepover of electricity.
A nuch larger and therefore more efficiemt unit. capable of producing 100.000
gellons of water. would generate a little more electricity than is needed to
operate the pumps. When completely assembled and in operation. this machine --
aone has to resist the impuise to call it a contraption -- ought to produce
large quantities of fresh vater and the illusion of perpetual motion.
Engineers have proposed the comstruction of a plant in Abidjan, Prench West
Africa, and it has been estimated that it could supply vater for as little

as $150 an acre-foot. If vaste heat is used in lieu of an underses pipe line.
the cost Mt be reduced to $§100.

There are other wvays of removing wvater from salt. but most of them bave
not progr-ssed beyond the exploratory stage and are therefore difficult to
evaluate. |

Ope such method involves freezing fresh-water crystals out of & saline

SR RGN | T B AN VRN
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solution. Aside from the fact that it could not produce an acre-foot of
fresh water for much under $400. there is the technical difficulty, not yet
satisfactorily overcome, of eliminating the salt water that occasiopally
becomes entrapped witain the crystals. Another method, for which there are
no cost estimmtes but vhich is technically feasible. opersates by means of
semi -permeable membranes. Salt wvater. sepsrated from fresh by a membrane,

is subjected to pressure that is sufficient to upset the osmotic balanie,
and fresh vater is extruded from the salt through the membrane. The method
does not work well even in the laboratory, and any attempt on & large and
practical scsle wculd inevitably meet with troubles. One of the more serious
would be to keep the membranes from plugging up or collapsing under pressure.

Taking water out of salt is only one way of separating the two. Com-
versely, one may remove the salt from the water. Such prccesses have an
advantage over those already mentione’ in that their costs vary significantly
with the amount of solids to be removed, unlike evaporstive processes, whose
energy requirements change little if breckish (semi-szlt) water instead of
gea vater is used.

Methods for removing salts are largely chemical in mature. The classic
one is the suver-aalt precipitation unit developed for life raft use during
the var. Unfortunately. the verj high costs of the chemicals naturelly
eliminate precipitation methods from consideration. In recent years a new
chemical process, the ion exchange method, has been developed. This makes
use of resins that alter the chemical nature of salt water to produce fresh
vater. The resins, h.owever, have to be periodically renewed, and the chemicals.
together with some of the desalted wvater itself. needed for this regeneration

seriously affect the economy of the process. In fact, the cost is prohibitivees
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$8000 an acre-foot—except for the treatment of brackish water, which contains
fewer solid particles than ses water. Israel has recently built a pilot
plant of this kind for just such a purpose.

One other method, the electrolytic ion exchange process, should be
nentioned if only because of the recent interest in it. Although the details
of commercial units have not been released by the manufacturer, they obviously
employ 2 modified form of electrolysis. Under ordinary circumstances the
ultimate effect of electrolysis on salt water would be to decompose water into
its constituents, hydrogen and axygen, leaving a muddy, concentrated residue
of solids. In effect, one would end with salt but no wvater. In the method
under discussion, however, this situation is forestalled by different membranes,
permeable to ions of one kind of electrical chargs, impermeable to those of
another. A series of cells separated by such membranes produces concentrated
solutions of salt wvater in some of them, fresh water in others. It was
originally asserted by the manufacturer that fresh water could be made in this
wvay for $30 to $65 an acre-foot. One can only suppose, however, that these
costs were unduly optimistic, for according to recent news reports they have
been revised upward to $500 an acre-foot. Oreater efficiencies in the future
may bring this down to around §130.

The whole question of determining the costs of turning salt water into
fresh is admittedly s difficult one. With few exceptions, no plants with
& capacity sufficient to meet the needs of a commmunity have ever been built.
Some of the processes described have not even bdeen operated in the laborstory.
In addition, costs supplied by the manufacturer or designer are often suspect
because one seldom knows how they have been computed, or whether amortisation,
obsolescence, operating expsnses and energy costs have all been included
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or adequately considered. Murthermore, any copsideration of a future
reduction in costs is, by its very nature, hypotheticel and depends, among
other things, upon a careful appraisal of future technological possibilities.
Some comversion processes, for instance, appear to have reeached the limits
that present and expected future technology will permit. Others can and
my improve with time. In any such survey as this, complete and rigidly
exact costs are out of the question, but the estimates that have been mede
are appreximate. Approximations are all that we can ask for. After all,
one oannot reasonably object that cost estimmtes come out of something that
resembles a crystal ball. Unfortumately, there is no other place to look
for them. One may only ask that the ball be free of obvious crecks.

From the viev of conserving matural resources and of estimated lowest
ultimte cost per unit of fresh water. those processes vhich use temperature
differences, the Claude maethod, for instance, and direct solar energy are
the most economical and most promising for development. The use of atomic
energy is not et present a8 solution to the problem. Until its costs are
considersbly iower than they are now, ve are going to have to .contime
using the more conventional sources of power. It should be remarked, however,
that the ecomomy of processes vhich take the salt out of the water, as dis-
tinct from those that remove the water from the salt, is directly related to
the apount of solids present. It is ressomable to suppose that the former
processes may be used in the near future for the trestasnt of breckish waters
vhere removal of cne or two thousand parts per million cen produce good
irrigation water. The counter-flov ion exchange systenm may be able to remove
ope thousand parts of solids for about $190 per acre-foot. \It has deen said
that the electrolytic iom exchange system can do the same Job for §10 an
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acre-foot. Other more conservative estimmtes place this cost at about §120
an acre-~foot.

An apalysis of costs should consider the possibility of marketsble
by-products. The ocean cantains at least traces of half the elements, and
it is technioally possidble to extract them. Unfortumately, only sodium and
mgnesiun salts and dromine can nov be extracted ecomomically, and these are
so abundant and chesap that there is very little profit in them. In additionm,
1f really large volumes sre produced (snd it is possible that efficient
extraction my depend upon large volumes), potential gains may be offset
by & fall in prices. Ome must conclude that the reduction in the cost of
wvater conversioa by the sale of by-products is not significant.

The question of cost is & critical one in this argument. There is no
present lack of water; there is more than emough readily availeble. In
Southern California, as elsevhere, the so-called water shortage always turns
out in the ead to de & question of what the next incremsat of water will cost.
If ve compare the estimmted costs of comverting ses wvater into fresh vith
preseat costs of matural water in California -- and Californis prices of
$5 - $20 an acre-foot are representative of water costs in many other parts
of the United 3tates -- the answer 1is clear. Sea water can cost from seven
to several hupdred times as much as maturel vater. Here are soms ses changes
vith & vengiance. Probebly the best that can be said is that the cheapest
slt-mter conversion prooess opsretiag at some isdefinite time ia the future
and at greatest efficiencies my be competitive in price vith asturel water
drought ia from very distant scurces. %There already are such places alang
the Fersiaa Gulf. There is good resscm, thevefore, to encourege the develop-
mest of isproved sea-water ccmversicn methods. Dut there are po coastal
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areas of any size in the United States where this situation exists today or

is likely to develop in the foreseeable future.

Iv.

If we are really going to do something useful about our water supply,
the economic facts of life should impel us in & slightly different directiom,
not toward salt water conversion -- certainly not immediately -- but in the
direction of conservation, redistribution, and reclamatiom of the water we
already have and use.

Increasing the natural supply of water by artificial nuclescion over
vide areas does not seem immediately feeasibdle in spite of enthusiastic reports
in the newspapers sand the claims of professionsl and amateur rein-makers.
Under certain conditioms there is pretty good evidence that cloud seeding
serves to decrease rather than incresse precipitation. It appears, however,
to have some value in specialized local aress. In cambipation with additional
metsures, artificial serodynamic berriers and artificially altered reflectivity
of the earth's surface, it may in the future assist mature in depositing rein
vhere ve want it. It is mot likely to become a source for large supplies of
fresh vater. There are many other more precticadle and profitadble things to
be dope. |

One of the first things ve might do is to reduce the evaporstive losses
of vater from storeges laicer and reservoirs. In scme extreme instances it
is probable that the wste by evaporatioa equals the amount drewn for use.
For example, 8 recent study by the Federal govermment showed that losses by
evaporation st lake Hefuer in Oklahoms amounted on the average to about 90
per osat of the outflov. Sinoce then the investigators have moved to lake
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Mead, and although results have not been released, the losses there, if
compareble to those at lake Hefher, may appraximate 800,000 acre-feet a year,
a quantity of wter nearly equal to all that is consumed by the greater Los
Angeles area in the same length of time.

How to put an end to this waste is not presently mowmn. Not until
recently vas it even poesible to measure it with any degree of precision.
Whatever can be done, however, by oil layers or other forms of insolation
will be a positive gain, and may prove to be far less expensive than bringing
in an equal amount of water from more distant socurces.

Sixilar to loss by evaporation is loss by evapotranspiration, wherein
wvater passes from the ground through vegetation and thence into the atmosphere.
Por the United States as a whole it is estimated that by this natural process
72 per cmt of the average reinfall literally vanishes into thin sir. Some
otthhlonocminthom&mnd.nplnu.luchucropoand
forests, and is therefore unavoidable; but some of it, perhaps a great amount,
takes place in the growth of undesirable vegetation. The salt pines, for
wanple, that grovw along watercourses, send their roots deep into the aquifer
and are greedy conswmers of water. Inasmuch as these pines are good for
neither man nor beast, the wmbter that nurtures them is wasted. In some aress
an offort is already being made to eredicate them and similar growths in
large musbers. Meactly how much een be seved in this mammer canmot yet be
determined, tut 4t may be very considerable.

Then there are direct eoonomic measures thet may be applied. Though
Southern Califernis serves as an axanple, these measures have universal
application. A

The enly really alaruing thing about the so-ealled water shortage in
California is the situstion with respest to ground water. 7The water level of
the aquifer has dropped steadily beesuse of exvese pumping. The results are
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twofold: an imcrease in the cost of pumping water from this underground
source apd a costly imtrusion of ses water into the aquifer as far inland
as tvo or three miles. The important thing about these costs is their
inequitable distridbution. The increased cost of pumping falls upon all
vell owners, regardless of vhere they live; dbut the intrusioo of sea water
involves 2 major, even catastrophic, loss only to those directly affected,
and no loss at all to those further inland vho may be equally responsible
for the condition. It is the intrusion of salt water that constitutes the
really serious problem because it may in time do irreparable damage to the
aquifer as & vhole, and because the cost of the damage lies disproportionstely
heavy, and therefore inequitably, upon property owvners near the coast. In
other vords the private cost of pumping does not accurately reflect the social
costs. |

What is needed here is a water use tax on pumpers that vill reflect the
social cost of the intrusion to the commmity as & vhole. Prorating or
retioning the use of wvater is & camparstively inefficient remedy. It doss
little or nothing to prevent waste by the individual pumper and then, once
the quota 1is reached. cuts off the supply completely hovever intense the
demand. A simple tax par unit of vater drewn is as easily enforceadle and
provides revesue with vhich to repsir the social losses. Still asother
comservative mesasure is the possidility of conmmptive pricing of water.
vhich vould charge more for vater thet vas “used up® (water which s con-
taminated or is lost by eveporstion or rui off) tham for vater which is
returned to the aquifer by spresding deds and recharging wells. Such &
policy ought to emcourege infustry to edopt nonconsumptive techniques. It
is well mom that plants differ widely in their use of water even vhen
maufecturing the sams product. Imtalligent ocoaservation prectices can
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actually twrn an industrial plant into & net contributor, even though a smll
one, to the gmeral supply of water in the aquifer. This is precisely the

situation at the Cemeva Steel Plaat near Provo, Utah. Drewing 240 million

@alloms & day, this plant actually consumes cnly 3 per cemt, the rest being
restored to the aquifer. This smll use is more than made up by decressed

evapotreaspiretion loss ia the plant ares.

Comservation of fresh wvater might even entail the direct use of sea
wvater for & nmber of useful purposes in areas vhere it is resdily accessible.
There are coastal cities, for example, that use sea water for fire protection.
Many industrial or sanitary purposes might easily be served by salt water.

The direct use of ses wvater raises the very interesting but little
explored subject of "ocesn furming®. Water has ever been recognised as an
important source of food. Ralightemed furmers, for instance, know that by
proper fertilisation they cem grov more meat (in the form of fish) on en
acre pond thas pork or beef om an acre of dry land. More specifically, the
artificial culture of aysters for pearls and food and the cultivatiom of
vegetable crops 1ike kelp are instamces of hov the ocssn itself cem be
“farmed”. The varieties of plast life in the ses are fewer and simpler
thaa those on laad, Wt they produce the basic food for all marine life
and might comosivably be cultiwted for humsa or snimal comsumption. Bven
better, 1t 1s mot {mpossidle thet useful lusd plasts wuch as rice, for
instence, might by selective bresding be adapted to marine growth. This
proeess is not without precedsmt. Some of the highest forms of marine
flove, such a5 the flavering plasts, were origiaally 1and forms in the
evolutiosary past. This is & mibject that cries cut for investigationm,
for the direct use of the ses %o prodwee food my hold grester promise for
he large scale production of chesp fool them any process for converting




P-546-RC
7-16~54
Page 19

sea water to fresh water for production of food in the convcut.ioml manner.

Hand in hand with conservation goes redistribution wherever this will
result in a more economic use of water. While the four metropolitan counties
have a Colorado River allocation of about 1,050,000 acre-feet, the Imperial
Valley and adjacent areas have allocations of about 4,150,000, Other areas
have residual claims. Essentially all the water for areas outside the coastal
region goes into relatively low-value agricultural uses. It is therefore
quite possidble that by the time the heavily populated coastal ares is paying
$50 for its water it may be able to make a satisfactory agresment to buy
same of the vater allocated to other sections.

There is still one other huge source of fresh water that must be
smtioned. Startling though it is at first glance, this is the reclamation
of fresh wvater from sewage. This is the sort of thing that delights engineers
and economiste but makes ordinary people grow pale. Whether we like it or
not, reclamation of exactly this kind is going on insdvertetly in river towne
that use the same strean at once as & common sewer axd a source of fresh water.
It is also going on in Southern Califormia where the overflow from thousands
of septic tanks enters the aquifers, to be subsequently pmped out for
mmnicipal and irigational purposes. And no one is the worse for it. Where
properly controlled there is no danger to public health. Thim-ntof

water froa sewage through six or more feet of earth reduces the presence of

haraful organisme below the tolerable level. Of ocourese, if such a schems
were intentiomally put into effect, there would be engineering and legal

.pnhl.toodn. Considering the resistance people can put up against

having themselves and their dogs immunised for disesse, one might guess that
the legal problems would far outweigh the technical. As a prodlem in engineer-
ing it is perfectly feasible.
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Al) things considered, this source of fresh water is much eloser to
being available at a much lower cost than wvater provided by any inown means
of sea-water conversion. It may, in fact, be more economical than piping in
waler from very distant sources. In the Los Angeles ares more water is avail-
able from sewage than is now brought from the Owens-Mono watershed. This means
that about 400,000 acre-feet a year, or about half the total amount of water
now being used, could be made available for the Los Angeles area from this
source alane at a cost between $30 to §35 an acre-foot. As more water is
drewn from the Colorado by an increased population, proportionately more water
wvill be available through reclamstion, conceivably an additional million acre-
foot & yoar. It is a simple instance of to him that hath shall be given.

1f 1,400,000 acre=feest of water from reclaimed sewage are added to the
quantities obtainable from all other naturel sources--730,000 from the ground,
320,000 from the Owens River, 1,050,000 from the Coloredo, and 850,000 from
the Peather River--Southern California has a potential supply of well over
four million acre-feet of fresh water a year. And these are sources and
quantities that are in some degree determinable. Additional amounts of wter
that may eventually come through prevention of evaporation, purchase from the
allocation of other regions, or further impounding of runoff, are not here
included cnly bessuse they are less caloulable. They ara not less real.

There 1s no generally accepted way of estimating the future desand for
water. In general terms the demand is governed by the residential and
industrial patterns of a commmity, by the level of business activity and
by the price of water 1te-if, whieh, as it increases, tends to check the per
capita use. In Southern Californis the demand for wster in the past has
been closely related to growth in pepulation. It will presumably continue
to be. Detween 1930 and 1950, for instance, total water consumption kept
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pace with total population, each just about doubling. The per capita use
during this time remained almost comnstant, increasing slightly in homes and
industries, decreasing on farms. Assuming then that the population will
continue to grow, but barring a radical increase in the rate of growth, one
may conclude that the potential supply of fresh water (throuzh the $50 - $100
cost range) of appraximately three times the present consumption will be
adequate for a long time to come, at least twenty years, perhaps even longer.
Reclamation, conservation, redistribution--these are measures that can
usefully be employed, and not only in California but in other places ss well.
Most of them are already feasible, and in contrast to methods for comverting
sea water into fresh water they are inexpensive. Singly and together they
can furnish large increments of fresh water when they are needed. When they
are needed is an important consideration. The aqueduct to the Calorado,
indispensable as it is today and a monument to civil engineering, may have
been built at least five years too soon in that only comparatively minor use
was made of its facilities for about that length of time. What it coet
meanwvhile in heavy interest and amortisstion charges made it an capensive
venture in public finance. Ve can make the same mistake all over again by
mhin;toemtmtodtatncmmﬁm plants before we need them. There
My come & time in certain areas of the country vhen we shall have to tum
to the ceean for fresh water, wvhen salt-water conversion will de less
expensive than any other source. But that time is not now. Certainly not
vhen large quantities of fresh water are already at hand and even larger
quantities will be available for years to come. If we stop talking about
water shortages and consider the problem in terms of supply and costs, we
vill be prepared to do something sensible about it when we need to do it
and not before.




