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The concern that has grown gradually in recent years over the future of our
water supplies has been forcefully dramatized by the water shortage that New York
City is now experiencing., This shortage is not the first that has affected an
Americen comrmnity and it is not the most serious, Ample sources of additional
water are known to exist in Upstate New York and construction that will bring this
water to the city ic being pushed as rapidly as possible, Nevertheless, the fact
that our largest city, the center of our business life, has a water shortage, even
though it is temporary, causes even the layman to realize something of the impore
tance that water has in our national life and our national economy, In nearly
every State in the Un’on, one or more communities now has or has had water problems
as serious as or more serious than that which faces New York City, These problems
are springing up in increesing numbers and it is high time that serious considera-
tion be given to the question of the adequacy of our water supplies, If the crisis
in New York serves to bring this fact into national focus, New York's misfortune
may in the long run be a blessing in disguise,

The cdiscussion and comments on the water problem that have appeared in the
press and on radio and television during the past few months have ranged all the way

from the alarmist view that we are running out of water on a national scale to the
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complacent view that all that is needed to cure the trouble is some particular type
of conservation or construction which the particular writer favors. Actually, the
truth lies somewhere between these extremes, It is hoped that this discussion may
lead to a better and more rational approach to the subject,

Throughout the period of record the available water resources, except for
local and temporary variations due to droughts, have remained essentially constant,
I know of no evidence in either precipitation, strcam=-flow, or ground-water data
that controverts this statement, During the past 40 to 65 years, strcam runoff in
many places, as shown bty carefully selected records of the U, S, Geological Survey,
showed a downward trend vhich reached its lowost point in the decade from 1930 to
1940, but most records show an upwerd trend since 1940, The Geological Survey note
that precipitation data of the U, S, Veathor Burcau show no definite trend toward
long-term declines, Rccords of water lcvels in ncarly 15,000 observation wells
maintained by the Geological Survey and its cooperating agencics show no over=all
trend toward decline, There are many arcas wherc water levels have declined
because of pumping or other activitics of man and, of coursc, watcr lovels have
temporarily declined as a result of scvere droughts, Even the great drought of the
thirties was subscquently offset by abovceaverage precipitation which fully restorec
stream flow and ground-water lcvels to predrought stagos,

On the other hand, our usc of water has incrcased by lecaps and bounds, A cone
tury ago the per-capita usc of watcr was probably not more than a few gallons per
day, It is cstimated on the besis of very meager data that at present our pore
cepita usc of water amounts to at lcast 700 gallons per day, cxclusive of water usec
for hydroclcetric power generation, Although this figure may be substantially in
error, the ordor of magnitude is belicved to be correct, Of this amount, some

appreciable percentage is actually consumed, The romainder is discharged into the



ground or into strcams, morc or less altered by its usc, Much of it may be reused
several timcs., During the past century tho population has inercasod about 600 pere
cont, It follows thorefore that the uso of watcr has inercasod by sevoral thousand
percont, Municipal, industrial, and agricultural usecs heve shored about cqually in
this incrcusc, The numbor of municipal suppliés hes incrcascd many times, Modern
plumbing, highor stendards of living, sanitction and firc protection, and the growth
of industrics rcceiving their water from municipal systems have all roquired great
quantitics of weter, The rapid growth of industry and tochnological advances, the
introduction of ncw industrics such as thc chemical industry, and the introduction
of air conditioning and tempcraturcecontrol processcs in industry heve mode onore-
mous dcmands on wator rcsources, The irrigated acicage has increcased from a fow
thousand acrcs a contury ago to 21,000,000 acres in 1939 and is perhaps 25,000,000
acrcs at presont, Dairy forming alonc, rcquircs lerge amounts of weter, The intro=
duction of automatic pumps and form distrimtion systems has substantinlly increascd
water consumption on thc farm,

There appoers to be no prospect that this trond toward incrcased use of water
will bc helted or reversed in the noar future, IDoach new industry will require water
oend some of them, such as the application of nuclear fission as a source of cnergy,
and the hydrogenation of conl and oil shele, will roquire cnormous cmounts, No
figurcs arc cvailable for the probeoble use of water in harnessing ctomic energy,
but fragmentary information shows thet it may be very large, Tho quentity of water
nceded for producing 10,000 borrels of oil por dey by hydrogenation of sonl is
ostimated nt 5,5 to 6,5 million grllons per day, depending on the procoss usod14
Of this amount about 80 pcreent is consumcd, This is the roquirement for the

operation of the plent only, To this figurc must b. added the amount that will bo
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ncodod for tho municipalities thnt will spring up to housc the cmplcyoos of tho
plant and for the associated scrvice industrics, Plens are going forwerd for
large additionel dovelopments of irrigotion in tho lost, In thc East, especially
on Long Islond (2), supplcmental irrigation to provide optimum moisturo conditions
for optimum growth of crops has sprccd very rapidly in the last fow yoars. Inag-
much as the incroased productivity thet results from supplomental irrigation froe-
quontly mekes it possiblo to finrnco the cost of the installetion out of the first
ycar's profits, it is to bc cxpected that this nctivity will spread rapidly through=
out the humid ports of the country and that ovontu:...ly supplomental irrigation of
suitable crops will be prrcticed wherover loczl sources of irrigation water are
available,

It hes been stoted frequently thet our water supplics as ¢ whole are entirely
adequate for cll present nceds, This stotement is doubtless corrcct if proper and
cdequate methods of water conservation are ndoptcde However, it doos not follow
that our preosent water resources arc adoquate for an indefinite length of time in
the futurce, As o moatter of cold fzet we do not know wvhat our watcre-resource poton-
tial is nor do we know accurately what our present usc of weter is, Tho hydrologics
data available to date have beon collected very largely for specific purposes, They
have proved to be of incstimeble value not only for plenning cnd constructing speci-
fic projcets but alsc for drawing broad gonoralizations, However, the appraisal of
the over-all wrtor resources or of the ultimate total use of water has been scarcely
begun,

By far thc lergest part (porhaps more than four-fifths) of our water supplios
are derived from surface sources ond many devolopments of surfoco wetor are still
boing plenned, Nevertheless, it is belicved that much of the readily availaeble

surfaco water of good quality is clready nllocated for various uscs, Thus it



would appear thot morc extensive usc will have to be mcde of ground water and of
ground=-wator reservoirs, Although wo do not know how much ground wator is availablo
or the crxact boundarics of our major ground-uafor resorvoirs, rough calculations
indicato that the amount of ground weotor in storage in ground-water resorvoirs may
be suveral times the smount of suri~ce water thct.can bo stored, cven including the
Great Lakes, thc water of which would cover the entire Unitod Steotes to o dopth of
about 10 fcot, The anmual rote of replenishment is belioved to be considorably
grenter than the present use, Therefore it is of utmost importance to thc Nation
that thosc resources be locatcd ond utilized to the fullest possible extont, In the
cerly pert of the century many ground-wetcr develommonts proved unreliable because
tho principles of ground-wcter occurrence were not recognizod, Thus ground water
ceme to hove o bad rcputntion omong cngincers, In the twenties, howover, the use of
ground woter begon to inercnsc ond by 1935 it is estimeted to heve been 10 billion
gellons a day, By 1945 the tctzl use had doubled (3) and at the present time it may
be in thc ncighborhood of 25 billion gallons = dey (4). Much of the recstablishod
confidence in the relicbility of ground wetor has reosulted from the work of the
Geological Survey and its numerous coopercting Stnte ngencies, The welfere of the
Nation demands that this confidence not be impairced, for we must develop our
rcmaining untapped supplics fully yet wisoly, Althc gh the water table has doelined
substantinlly in areas of h.avy pumping, this fact docs rot mean that tho weter teblo
is dropping throughout thc country, In many cnscs it meons thet water is being token
out faster then it is being replenished, but in mony others it meroly mcans that the
ground=water ruscervoir is adjusting itsclf to the hydraulies of ground-wator movemont
under pumping conditions, To securc meximur ground-wntcer devclopment it is necossary

to dotermine, for cceh reservoir, the rote nt which roplenishment occurs,



In port, the inercasing cmounts of ground water rre uscd to provide for new
dovolopments, aos for irrigation on the High Plains of Toxas, where present pumpago
excocds the anmual rovlenishment by mony times (5) In ccntral Arizona, where tho
prineipel usc of watcr is for irrigetion, the initial dovelopments wore mado from
suricce=wator sources, Ground ‘mtor was pumped initially as a meons of lowering
the water table, which had riscn as o result of irrigetior, Gredually the amount
of groundewater pumpagc wos incrcased ené by 1945 ground water provided about half
the 4,000 acra=fcct of wator useds (An zerc foot = 1 foot of wetor over an ccre,
or about 325,000 gal,) By 1948 thc usc of weter had inercasod to cbout 4,330,000
scro=fcot, of which ground water nrovided 71 poreont or 3,075,000 ccre=foot (6).

A part of this inerosse in ground-wrtor usc hos resulted from tho ncod to supploment
surfaccewetor supplics thot werc dwindling beecusc of drowtht, but o substontiel
amount has resulted from irrigation of ncw land outside th2 arca served by surface
water,

Tven this sort of increase, however, hns its limitations, for in the last
anclysis, cven though many of our ground-wcter roscrvoirs nro onormous, the quantity
of watcr that moy be drrwn perenniclly from a grounde-water rescrvoir is limited by
the cconogpic and notural factors that involve rcchorge ond pumping lifts, Perhaps
wc could afford to drow on ground-wntor sterage ond reduce water lovels over a long
period of timo if we were surce thet cventually the climotic cyelo would swing to a
period of wet yenrs that would provide cnough recharge to restoro the water lewvel,
From th: long-ronge viowpoint, however, such withdrownls would bo unwiso unlcss wo
were sure of substentinl roplonishmont,

The inerccsing rumber of water probloms in nll parts of the country heas boon
cited., They ~ro ncarly all local and they ronge widely in seriousnoss, Some of

them rosult from overdcvelopmont of the immodictely availeble wntor resources ond



cen bo corrected only by finding ndditionnl sources of supply. For oxample, in the
arec southwost of Los Angoles, Calif,, tho overdevelopmont of tho ground-wnter

besin hes lowered the wator levels to such on extont that sea water is moving inland
through the formations at & rote of as much as 250 foct & yoor (7), It is impos=-
siblc to rcversc this movemont without rnising the -mter lovel necr the coast

cither by crtificinl rcchorge of imported water or by a substantial reduction in
pumpcgo, In severnl interior basins, s in the Sen Joaquin Volley (8) cnd in
contral Arizona (9), in the Fl Pago ~rca (10), and n~ny othor places in tho intorion
scltewater contaminction throatens the ground=-wmter supply, In the San Joaquin
Valley and in the El Pnrso crce the snlty wotor comes from certain saline formations,
In the contral Arizona aroa the ground wntcr is becoming more mineralized lergely
owing to consumptivc usc of thc water ond the resulting concontration of tho initial
salt, Adoquote provision for flushing out the concentrated weter would corrcct

this situation,

Somc water problems rcsult from local overdevelopment end can be corrccted by
sprcading ground-wotor pumpoge over o larger arca, or, for surface weter, by roising
the dom so as to storc morc wanter in the rescrvoir, Some aro brought on by attompts
to monnge or control water, A good oxemple of this type is the drainage of the
Floride Evcrglados in order to provide rich farm lands for cgriculture (11), This
lowercd the woter toble over o wide arca ané disturbed the fresh wetore=salt wator
belance so that pumping of ground water for munieipnl supplios along the cocst began
to drcw in salt wetor and scversl well ficlds hed to be cbandonod, Morcover, the
coneals constructed for dreinnge provided crsy access for sca water, During dry
pcriods sea water movod inland nlong the cronals ond scoped into tho aquifers cnd
thus thrcetened other well fields, including the main well ficld of Miami, Similarly

the rcclemation of swemp lnnds by drainnge in the (liddle West cncouraged rapid runoff
of storm woter and inercased the flood hazard downstrcam,
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At thc prosont time, undcr prosent ratos of use, it appcors that adoquete
supplios ccn be obtaincd in nost places by the oxponditure of o sufficiont sum of
moncy, It would scem thot use of woter is likely to continmue to incrcasc until, in
arces of shortnge, it will no longer be fonsible oconomical;y to increcse the wator
supply furthor. Thon it will be nceessary to decentrrlize populntions and indus-
trics and perheps agriculture,

Before this stote of affeirs beecomes genernl thcre arc certain stops that
should bo token in tho interost of protecting the futurc cconomy, These are sug=-
gosted 2s primary steps, btut by no meons a complete list of the »ossibilities,

1, A complctc inventory of the prescnt and notential wator usos
should be assombled city by city, scction by scection, ond Ctate by
Stzte; also by type of use. This inventory, of coursc, should be
sct up to differcntiato betwoer consumptive use and nonconsumptive
use,

2, A cercful cppraisel of 2ll our wrter resources, both in ground
water and in surface vnter, should be mede, This is a difficult
and time=-consuning tnsk nnd it should be undertaken immedictely if
it is to bo complcted in timo to be of substantinl use,

3+ On the basis of the above, it should be possible to dolincete
thosc 2reas where woter is now in excess of the benoficial use to
which it is put,

4e Adcoucte rescarch on the hydrologic eyele should be programmed
and carried out to detcrmine the mojor factors that affoct the net
amount of water cvailoblo for benoficial use, This resenrch would
Include the effocts of water-shod nencgemont, the detcrmination of

tho 2rons and queontitics involved in wosteful ovapo-transpiration, otec,



5, Arcas whore brinos, naturcl or ortificicl, onter stroams

should be located and studics should be mado of possible mothods

of proventing such entronce whorc it is domonstrated to be

dotrimental,

6, Flood-control and drcinngo practice should bo oxtended to

include considoration of potentizl artificicl recherge to ground-

woter reservoirs that havo boon doplotode

7. In the planning of wcter dovolopment.:, of cither surface or

ground vater, sufficiont invostigotion should be corried out to

encble adequate appraisal of the offeets of tho proposed projocts

on the ovor-all wnter supply rathor then linmiting such appraiscl

to onc possible objective,

8., It should bc rcalized that the control and devolopment of

water involve competitive foaturcs thet ore not now adoquately

ocppreciated, Agricultural, industricl, ond municipal uscs cre

in compctition; flood control, hydroclectrie power, droinage,

wildlife, and wator supply rcquirce managoment ond controls of

differcnt kinds and objcctives. Therc is scrious nced for o

national water policy that will provido cffecctively for the

nceds of cach of thesc intcrestse

The scrious considerction that is being given to the water problem is shown

by the introduction during the lost session of Congress of 2 bill (H. Re 6257) which
envisions brond attack on thc oxisting doficicney in hydrologic data, ond by the
establishment by the President of the Wator Policy Commission, which should sorve to
cvelunte further our prescnt situation with respoct to water.
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