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Introcuction

It gives me a greet deal of pleasure to be her. today and discuss with you
the ground-watcr situstion in the United Statcs, as vicwed by the Gecolozical Survey.
Many of vou arc avarc of our rcsponsibility in this rcgard, for the Survey has
ground-watcr investigations under way in most of jour States in cooperation with
Stetec and municipal egeneics. However, it alwars helps to review the situation,
summarizc our problems, and rcstate the goals toward which we strive,

Ir rceent years, os a result of o phenomencl incrcasce in the use of water in
citics, on farms, and by industrics, thorc is o growing awarcness of thc vital part
that water resources play in our complex national ceonomy, The basic nced for water
may bc compared with that for air and food, Whcrever the supply of fresh water has
been scarcc or lacking, as in arid and scmiarid rcgions, the significance of water
as a limiting factor in the utilization of other rcsources and in thoe progress of
our modcrn civilization has been keenly appreciacted., Fortunotcely, in large parts
of thc country the supplics of fresh water erc plentiful, Howcever, in many locali-
tics the development of our economy has cr.ated water demands of o magnitude and
variety that have excecded all previous cxpcctations, OConscquently, supplics which
until rceertly have been considercd essentially incxhaustible are now rccognized to
have limits, which, cither immediatel; or prospcetively, fix the oxtent of cconomic
dcvelopment,

Lack of watcr hes played an esscriticl pert in the development ond decline of
civilizations since thec bcginning of rccorded history, Geherally, this has beoen
done in the quict, subtlc manner of restricting growth; but, at lecast in certain
cascs, the fall of civilizations meoy be attributed to droughts, floods, or changing
watcr tables, In some parts of our own country today, industrial and agricultura”
development has ncarly rcached o maximum os water supplics have become fully deve-
lopod. Indced, in a few places, irrigation cventuclly may have to ccasc or be
scriously curtailed and industrics may have to move as Mother llature forces a
decrcase in overdevelopcod water supplics, Suech problems are an impelling rcason
for cccelcrating the inventory and appraiscl of our watcr rcsources,

Function of Geological Survey

The Unitcd States Geological Survey has been active in the investigation of
our water resourcos since 1888, and appropriations have boen mode annually by Congress
sinece 1895 for basic studics of the ocecurrcnce, availability, and quality of both
surface and ground watcr, Rccent appropriation acts have defined the woter-investi-=
gational activitics as "gaging the strcams," "determining the water supply of the
United States," and "investigating methods of utilizing the water resources,"



Cooperation with States has been in effcct practically since the beginning of
the investigations, having becn erranged first with the States of Kansas and Nobraska
in 1895, Although Congress had been informed annually thab such cooperation with
Statcs was in progress and by law had authorized the usc of such funds on a coopera=
tive basis, it first speeifically recognized the cooperation in the annual appro-
priation act for 1929, cxitended the cooperation to municipalities and State political
subdivisions on thc samc basis of perticipation &s was indicated for States, and
provided that the Federal participation should not exceed half the cost of any inves-
tigotion, Now, cooperztion is in cffect with all the States, with the Territory of
Hewaii, with Pucrto Rico, and with several municipalities and State political sub-
divisions., Coopcration with municipalitics and other State political subdivisions
is, howcver, smell in compeorison to the cooperation with States,

Scveral Tederal agencics, notably the Corps of Enginecrs, the Burcau of
Reclamation, tho Dupartment of State, the Tenncssec Valley Authority, and the Atomie
Encrgy Commission contribute funds i» substantial amounts to thc Geological Survey
for watcr invcstigations that arc ncedcd in connection with their activitics,

The aggregote of all funds for 1949 was cbout 8% million dollars, and the
approximate division among the threc scurces waz about 3% million by direct Congres-
sional appropriation to the Survey, which was largely restricted to use in coopera=-
tion with States and municipalitics, 2% million by cooperative nllotments by States
and municipalitics, and 2% million by transfur from other Federcl ogencics for
specific investigntions ncucedod by thos: cgencics and not adequately provided for
by rcgulcr Survey or Sistc cooperative funds, Thus, the funds for the Survey!'s
weter investigations come from meny sources, with the result that finances are some-
what complex and involved, nnd do not provide sdcquately for gencral investigations,

Becousc the major part of the funds is dopendent on cooperation with States
and on tronsfers by othor Federsl agencics, the progroms arc not always distributed
tc scrve best all necds for informoti-n. In other words, a comprchernsive country-
wide plan has not bcen possible thus far, ~»nd no systemntic plan hns becn or could
have boen followed consistently through the ycars under the methods of financing
that hoave prcvailed,

However, cooperation with Statcs and Federcl agencies insures that the investi-
ions will be made so as to meet r.oal nceds and to scerve worthwhile uscs, Such
peration on a Nation-widc basis is fundamentally sound because the States and
or Federal ageneics shore in rcsponsibility for a great fact-finding activity
that is mutually ndvartegeous., Through this cooperation the highest standards of
teehnique ~nd cccomplishrient on o Nation-wide basis are assured,

B Q ek

The Geological Survey now operates more then 6,000 stroom=flow ~nd stago
stations throughout thc country ~nd is moking ground-uatcr investigations in prac-
ticnlly cvery Stote and territor; of the llatione Waotcr-level measurcmcents ore mede
periodically in about 15,000 wells, Quality-cfewrter and sediment studics ond
spceial hydrologic investigations arc being carrizd on in many plnaces throughout
the country. Hvdrologic ris.orch cctivitics and cquipment-dcvelopment programs are
rlso being advanced as rapidly as funds and nvailability of porsonnel will permit,
Vater-temperature records arce being collected at mony of our stream-gaging stations
and in observation wclls beenuse of the growing demend for such informaticn on the
part of industry and the fish and wildlifc intcrests,



Betause water is a mobile and renewable resource, its investigation inYo%ves
studies of movement, recharge and discharge, and changes in quality, in addition to
the general problems connected with the investigation of other natural resources..
Surface water percolates into the ground, becoming ground water; ground water reaches
the surface in springs or seeps and becomes surface water; man-made changes sgch as
lowering ground-water levels through pumping may induce or increase infiltration and
thus reduce the normal low-water flow of streams., As sea water may penetrate far
upstr-am in coastal streams during periods of low flow, so may overpumping of ground
water from aquifers near the coast allow saline water to move underground toward
centers of pumping, with resulting danger of destroying the fresh grourd-water supply.
Thus, as an important part of evaluating the water resources, the Geological Survey
has the primary responsibility of investigating the occurrence, movement, recharge,
and discharge of ground water, the interrelation betwcen surface water and ground
watcr, effective utilization of both ground and surface waters to sccure maxirmm
benefits, thc optimum distribution of wells, and muny other problems which require
intensive rescarch,

Use of Ground Water

As I have alrcady statcd, the usc of watcr during the past century in the United
Statcs has incri.ascd by lcaps and bounds, In 1850 only a fow water-supply systcms
wcre in operation in the United States and only a few homes were connccted with the
city mains, In 1945 therc were nearly 16,000 putlic supplies, including about 12,000
scrved from ground-watcr sources, and nearly cvery urban home was s.rved with city
water. The pcr-capita consurntion of watcr also incrcased tremendously through the
usc of sanitary facilitics, strcet cleaning, firc protection, and a multitude of
industrial uscs, ‘orcovcr, thousands of private industries have their own wells or
surface rcscrvoirs, In 1940, 20 million out of 57 million people in the rural areas
of thc country wcrce supplied with running water,

Demands for irrigation, hydroclectric powcr, and other uscs have expanded
rapidly, In thc Wost end Southwest, irrigation demands werc insignificent in 1850,
but in 1939 zlout 21 million acres of land werc irrigated from Louisiana to Califormia
and from Texas to Icdaho and Washington, ™Millions of additional acres have bcen brought
under irrigation since then, In the East and Southcast, the practice of irrigating
crops during drought periods has beon found to inecrcase the average yield per acre
morc than enough to justify thc cost, and thc practice is growing rapidly.

The carlicr developments of water supplics werc made largely from surface-water
sourc.s, The devclopment of ground water lagged for a varicty of reasons, and at
the beginning of the 20th century therz were only a fow arcas in this country in
which largc quantitics of weter were withdrawn from wells, Since that time, howcver,
the improvement of well-construction methods, the introduction of cheap power and
superior pumping cquipment, and certein cdvantages which ground we'or provides have
combined to increcse the use of ground watcr in necarly all parts of the United States.
Furthcrmore, in much of the arid lest, the normal flow of most streams has becen fully
appropriated, and ground-watcr development is the only rcwaining practical mcens of
increasing the supply,

In recent ycars, added to thesc causcs of inercascd use of ground water have
bien the last war and its demands for quickly devcloped large supplics of pure water



and, since the war, the inflotiorn and high prices »f farm and industrial products,
with the corresponding increnscs in products, with the corresponding increases in
production and demonds for more water,

Since 1935, the pumping of water fr-m wells in the United States has increased
from azbout 10 billion to more than 20 billion gallons daily, Figurcs 1 and 2 shcw,
respectively, the total use of ground water in the United Ztates in 1945, and the
use of ground water in metropclitan areas in 1945,

The average auiount uscd for various purposes during 1945 has been estimoted o
follows:

Billinn gallons daily

Irrigation 10
Industrial (excluding wcter fron A

runicipel supplies) g
Municipal 3
Rural (excluding irrigation) 2

Except for a2 total of o little less than a billion gallons a day used in the
States of Arkensas, Louisionz, ond Floridn, end siicll caounts in a few other Central
end Tastern States, all the 10 billinn gellons o dzy for irrigation was used in the
17 'lestern States, Cnlifornic used about half the total, or ahout 5 billion zallons
o day, ~nd Arizona end Texas were second cnd third, respectively,

Irrigetion with ground water in other Western States is inereasing by leaps and
bounds, howcver, The use of ground woter is an integral part of the plans of the
variouc State and Federcl cgercies to develop the woter resources sufficiently to
neet the growing demands. A project in sovthern Idaho, for instance, is proposed
wherein zbout 600 second=-feet, or cbout 40 nilliorn zallons o day, will be obtained
from wells during the growing season, The use of this water in relation to existing
uses of wnter in the region nust be studied,

The use of 5 billion gallons & day of ground water by industries, not including
that taken from municipol supplies, indicoates a proportional increase even greater
than thect for irrigetion, Where individucl demands are small to moderate, industries
prefer ground water especially beccuse of its avoilability, its freedom from bacterial
and suspended matter, its uniform chemicel composition, and its uniform ieuperature,
which in the summer is lower than that of surface water and makes the ground woter
especinlly useful for cooling,

During 1945 the totcl withdrawal of ground wcter by industries in or necr 20
typical major industrial citics was 750 million ~allons a day. The industries using
the riost water, in order of amount of use, were oil refining, naper monufacturing,

metnl working, chemical menufrccturing, office and other buildings (including nir

conditioning ond refrigeration), distilling,ice makinz and cold storage, food
processing, rubber nmanufacturing, mecot packing, brewing, railroads, gos ond electri-
city, ond dairying., Other uses included rope mills, tobacco processing, shipyards,



loundering, ordnonce plents, soap monufacturing, circraft plents, ond namufacturing
of rosinous products. Surprisingly enough, the use for cir conditioning, though
wide=spread and increasing, is not nearly the greatest industricl use.

Availability of Ground ‘/ater

The ~rount of ground water aveilable in any one place is dependent upon nany
factors, 21l related in one wey or another to the climete, geology, and topography.
The United Siates can be divided into four riajor regions with respect to ground
woter, in each of which the water generc’ly occurs in perticulsr types of under-
ground formations and under different conditions. he four divisions cre the East=
Centrsl region, the Atlantic and Gulf Coastal Plains, the Great Plains, ond the
Western Mountain region, Available space dces not permit the description of the
oceurrence of water in thesc regions, but most of you are doubtless familirr with
the genernl type of geclogic formations occurring there, You probably know of the
shales, limestones, sondstoncs, and ignecus nnd metauorphic rocks in the enst-central
oert of the countr— ond the slecinl deposits that overlie these rocks in the northern
pert. You cre fomilinr aolso with the thick sonds and cleys and the cavernous lime-
stones of the coastal vlains, the widesprecd outwash sand and grovel deposits of the
Great Plains, the ~lluvial valleys in the West, ond the extensive lcva beds in the
Northwest. If you are intercsied in more details, I believe you will find some of
the Survey's rcports on the ~zcurre: ce of ground ucter in the United States enlighten-
ing and intercsting,

Desrite the faet thrt large supnlins of -~round waier are available from the
deposits mentioned, many ground-water formations or reservoirs have been overdeve-
loped locally (end in a fow coses over wide areas) to the extent that serious nroblems
hzve resulted. In some plnces the supplies ore actually limited to o fixec amount,
snd odditional supplies caonnot be obtained within the present economic limits, In
other pleces, however, additional woter is aveilable and the probler: is simply to
obtain it in the best and cheapest way, Neturally, as the cost of the water is
increcsed, the people who are aving the bills rre beginning to sit up and take
notice, and in some czses are beginning to cry Yuwater shortage.," However, it must
be realized thet ground water connot be obisined irithout some decline in vater levels
to cause the wnter to flow toward the wells, ond a decline always neans, of course, .
an increase in pumping 1ift, It is in the nlaces where the pumping is so great that
the water levels will not stop declining before r-aching excessive depths, or where
the water levels cannot possibly stop declining with the existing pumning rates, or
where development of ground woter adversely offects surface-water rights on streams
to whieh it is tributary, that the reclly serious problems occur,

Therc im a widespread public impression thet the over-all ground-water supply
of the United States is being depleted at con alarning rcte, and that soon the supply
ney bo exhousted, The truth is -that there is no such thing os‘an over-all Mation-wide
depletion of ground weter, although there nre many local creas and o few larger
regions where ground-water levels are declining so much as a resilt of heavy pumping
that (at least under existing conditions) they might be regarded as overdeveloped,
Nevertheless, large undeveloped supplies remain in many creas—indeed, the present
tetael ground-water withdrowal in the United Stoates represents only o fraction of the
potential, Outside the relativelr widely spaced arcas of overdevelopment there is at
oresent no progressive depletion of ground weter. The ground-water level rises in wvet
vears ond falls in dry ycers, ond occasionally there is a more or less nermanent
local declinec as a result of land drainage or some similer nractice, but on the whole
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it is safe to say that ground-wster rescrves in the United States cre sufficiont

for grootly inercosed use of this resource. Instend of being faced with the national
problen of reducing our ground-woter usc, the problem is, rather, onc of distributing
the use so that overdevelopent of loesl arces can be eliminated or kept to 2 nini-
muri, nnd so that better advantage can be teken of the ground water thot is now wasted
through pessing unused on its way %o stroams and thence to the sea,

Methods of Increcsing Ground-Weter Supplies

In rcecent yonrs considerablc attention has been given to methods of artificially
inercasing ground-water supplies in thosc arcas where there arc definite indications
of overdcvelopment -~ or wherc natural suvplics are too small to pernit expanded
development, Other than the obvious course of importation of weter, the most favor=
able methods cre induced infiltration fron strcans, artificial recharge, and destruc=
tion of wasteful watcr-loving plents colled phrcatophytese

As more and more hess been learned about ground=water hydrology, and as methods
for constructing larger and nore efficient wells hove been developced, it hos beeh
realized that, whore geological conditions: are favorable, large supplics of cleoar,
cool. water can be obtained by loecsting large wclls adjecent to streems ond drawing
the water from the strcams through their bods and through the sand and gravel of
the ground-watcr formation into the wells (sce fig, 3)e Thus, the water is filtered
naturally ond advantarc is trken of the cooling effeet of the ground during the
sumicr; or, wherc aquifers are partially depleted by heavy summer punping, they nay
be rcnlenished by recharge during the winter with cold surface water, Ever since
large ground-water supplics have been developed ncer strcams, some water hos beon
induced into the ground-water roscrvoirs from the strcoms, but only recently have
lerge-scele developments been made witih this primarily in wind, During the rcecent
war o number of such instellotions furnished water to ordnance plants along the Ohio
River and other strcams of that gencral crea, 4t Charlestown, Ind,, for instance,

a continuous supply of more than 40 million gallons & day waes obbained from seven
collector wells, end the primary sourcc of the water was the river loss than 200
fect awvay, The water was reported to be perfoctlr clear and frece of becteria, and
its maximun temperecture in the swmer and fall was iore than 15 degreces less than
the moximum tenperaturc of the river water,

Artificial recharge of ground-water rescrvoirs hos been practiced for many
years in the United States, but on o comprratively smell seele cxcept in Californice
However, recently the overdeveloprient of sonec of our underground reservo.rs hes
brought it to the fore as a ncnns of obtaining very large additional suppliese Artie

ficial recherge is accomplished by sprocading surface wotor on the land and allowing
it to pereolate down to the watcr table, or by pouring it inte the ground through
wells == or it moy be ceccomplishoed with ground water that has heen used and is
returncd to the ground. Gonerally, the problem is to store water for future use or
to take ndvantage of the groundis natural filtering and cooling effccts to mcke the
water more sniteble for use,

The nost Widesprcad use of artificial rechorge by swvreading over the iand is in
California, where flood wnters of nmany mountrin streams are spread over the permeable
alluvial gravels alongside the stronns for storage snd for usc later whon the streans
arc not flowing cnd oxtensive irrigation and municipal denands must he met from wells,



The greatest use of artificial recherge through wells is on Long Island, N, Y.,
where the State Vater Power and Control Comnission requires that water used for
cooling from wells with n capacity of morc than 100,000 gallons a day ?e Feturned to
the ground through artificial-rccharge wells, At times more than 60 mllllgn gall?ns
a doy has been returned through more than 200 recharge wells and scveral pits during

the sunmer,

Figure 4 is a gencralized scction through a part of Long Island, showing condi-
ticne bcfore rechargee The hicavy pumping from the well shown had lowcrcd the water
teble so ruch that sca water was moving in toward the well and conteminating the
fresh ground-woter supply. TFigure 5 shows the effects of putting the pumpcd wator
brek into the ground between the pumped well anc the coast, The water lcvel wes
raised and the sca woter kept ont of the freshewster formetion, Also, pert of the
rocharge water was available for repumping,

The third principal means of increasing supplies, which is receiving much
attention, is bv control of the consumption of water by phreatophytes == plants that
habitually grow where they can send their roots dovn to the water table and, through
the process of transpiration, discharge relatively large quantities of water into the
air. In general, the large amount of ground water so discharged has little or no
beneficial use, In fact, of the cormon phreatophytes, only one == e2lfalfa -- has a
highly beneficial use,

It is estimated that something like 15 million acres of land in the western part
of the United States produce relatively worthless vegetation at a loss of something
like 20 to 25 million acre-feet of watcr per ycar which conceivably might be put to
more beneficial use, Much of this water could be salvaged by lowering thc water table
or by othcrwise destroying the phreatophytes. Figure 6 is a graphic representation
showing rough ustimates of the usc by phreatophytes of watcr badly nceded for irriga-
tion in Ilevada and Arizona,

In numerous places the water table has been lowered by pumping, which inciden-
tally has destroycd some of the phreatophytes and has salvaged the watcr they were
wasting, but no large-scale dcvelopment has yet been made with that as the primary
purpose., Howcvir, in the future it is cxpected that not only will the water table
in somc arcas be lowcred for that purposc, but that other means will be employed to
destroy the uscless vegctation so that the water it consumes may bc diverted to more
worthwhile purposcs,

Problems of Overdevelopment

By discussing mecthods ~f increasing ground-watcr surplics, and the tremendous
reserves that remain undeveloped in some areas, I om attempting to instill a
note of optimism into a picturc that is bcing made cloudy and depressing by rumors
and cxaggerated fears., We arc not running out of ground water, and, on the whole,
we never will run out, ‘lowever, this optimism must not minimize thc seriousness of
the local problems that have been crcated through lock of knowledge of our ground-—
watcer supplies and conscquent overdevelo ment, Though only « few of these problems
will prove to be impossible to solve by one or more means of conscrvation or by arti-
ficial%y incrcasing the supply, the solutions in general will be costly and tiﬁo
consuming, Some of the problems might be described,



As an example, the Coastal Plain in Los Angeles and Orange Countiewm, Calif,,
vhere water is pumped from alluvial sand and gravel, is one of the most heavily
developed ground-water areas in the United States, and parts of it are seriously
overdeveloped, One of thesc is the so-called West Basin southwest of Los Angelese
There the current withdrawal of ground water is roughly twice the estimated fresh-
water rccharge.. Part of the cxcess of withdrawal over fresh-water recharge is
coming from storage, with declining water levels, and perhaps a quarter of the fresh
vater pumped is being replaced by salt water thet is moving eastward within the
aquifers from their undersec extensions, Alrcady some wells as much as 2 miles
inloand have been salted, To illustrate the complexity of the problem, it may be
pointed out that the problem cannot be solved merely through reducing the pumpage
by half. A large part of the fresh-water rocharge occurs by underflow from the main
coastal plain to the northeast, through a partial barricr formed by the Newporte
Inglewood fault zonec, and it occurs only beccuse the ground-water levels in the West
Basin are lower than those “n the meain coastal plain, so thot an adequate head is
maintained across the barrier. Reducing the pumpage would cause the water levels to
risc and so rcduce or stop the encroachment of salt water from the west, but the
same risc would reduce thc hydraulic head across the Newport-Inglewood barrier and
thus would cut down the ~mount of fresh watcr moving into the West Basin, The solu=-
tion of the problem doubtless will roquire kceping the water levels depressed by
pumping in the eastern p:rt of the busin, to induce continucd underflow through the
barrier, «nd artificial recherge ncar the coast to raise the water levels to hold
back the salt water., The artificisl rechorge will be difficult to accomplish,
because ncar the coast thc water-bearing sand and grovel is covered by deposits of
silt and clay, so that rechargc wells or pits will be necded instead of simple struc-
turcs to sprcad thc water over the surface, Add to the physical problems the legal,
ardministrative, and finanecial problems involved in carrying out the necessory pro-
cedurc, and it becomes cpparent that substantial difficultics are irnvolved. 4lso,
unless edditional water is imported from outside the srca, cven the best solution
will permit the perennial development of only half as much water as ig now pumped=—
cven lass if ground-weter lecvels continuce to decline in the main coastal plain,

Ground=watcer problems of the most serious kind cxist in perts of the State of
Arizona, wherc the cconomy depends largely on irrigotion farming., At prescnt about
thrce-quarters of the wetcr used for irrigation is pumped from wells pcnctrating
al’uvial deposits of sand and gravel, ané arcas such as the Santa Cruz and Salt
Rivcr Valleys are seriously overdeveloped., For the irrigated areas in the southern
part of the Gtate as a whole, though accurate figures are not yet available, it is
vstimated that the current withdrawal of morc than 2% million acre-fcet per year is
considerably groenter than the average replenishment, Doclining water levels in large
parts of the basins, nnd an increcse in thc salt content of the water at their lower
c¢nds resulting from inadequaic ground=wnter cutflow, are posing o serious threat to
the permanence of irrigation egriculture in Arizona, and lorge expenditures will be
neccssary to develop sufficient water to meet the deficiency, The State legislature
has rccently passed a law to contrecl the drilling and use of new irrigation wells,
and the Central Arizona projcect proposed by the Purcau of Reclamation is being cone
sidcred by Congress. These measures will solve some of the problems, but a number
will require additional steps,

Ancther probler whose solution is still remotc is that in part of the High Plains
of Texas south of Amarilln, where irrigation from wells has becn expanding in recent
vears at a rote greater thon in any other comparable arca in the United States, In
1934 about 300 wells irrigated 16,000 ncres; in 1948 about 10,000 wells irrigated
more than a million ncres, The withdrawals come from an cnormous amount of water in
storage that is replenishcd at a very low annual rate, At present the stored waterisbeing
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developed on an unregulated and accelerating scale, and already some of the irrigated
areas are threatened by declining water levels. Eventually a decision rust be

reached as to how long the stored water should be made to last and how it should bestke
developed, The problem is as much one for economists, statesmen, and philosophers

as it is for engineers and geologists, To make the decisions and to devise and en=-
force tie necessary laws will be an exceedingly difficult problem, involving much more
than determinations of water supply. The same problem must be faced in other areas
wher= aguifers have a large amount of water in storage but only a low ratc of recharge.
Hitherto logal concepts on the control of the use of ground water have been based on
the assumption that the withdrawal must be held within the perennial safe yield, but
the lligh Plains case shows that under certain conditions it may be necessary to modify
this principle,

Of course, problems of ground-water overdcvelopment are not peculiar to the
western part of the United States alonc. As previously mentioned, Long Island, New
York, prcsents a case where ground-water overdevelopment in the East has becen remedicd
to some extent by effective action, Large amounts of watcr are pumped for industry
and public supply from glacial-outwash sand and gravel. The pumpage, which for the
Island as a whole has been as much as 30C 1nillion zallons a day in some yecars, is
concentrated largely in the western part of the island, particularly in Brooklyn
(Kings County) and adjacent Quecns Jounty. By 1933, the concentrated pumping in the
western part had drawn the watir table below sca level in an arca of more than 40
square milcs, salting some wells and threatening many others, Eventually the arca
where the wvater table was below sca lovel became twice as large, On the basis of
hydrologic data obtained largely in coopcrative studies by the.Gecological Survey,
however, artificial reccharge hns been introduced to errcst dhe decline of the water
table and cif.ct recovery, Thc State later Power and Control Commission and the City
of Ncw York arc also cncouragiiig the use of surface water for public supply, where
practicable, to permit a recduction of pumping. In the summecr of 1947 2 pumping sta=
tion that had been withdrawing about 27 million gellons o day was shut down pcrmanentlye
The combined cff.cts of the artificial recharge and the recently reduced withdrawgl
have gr atly improved ground-watcer conditions in western Long Island and there is now
assurance of a dependeble futurce supply.

At Miami, Fla,, Hundrcds of privote wells and two municipal well ficlds had been
lost to salt-watcr cneroachment, ard a third well ficld 8 miles from thce scashore wes
going salty whcen the Survey was roguested in 1939 to ascertain the causcs of the
trouble and dctermine the facts pertoining to watcr aveilable for publie supply.
Studies of thc geology and hydrology revealed that the water-bearing formations below
300 fect contain only saline artcsian water, but the shallower formations include

fresh water in onc of the most permeable equifcers cver invesiigatced., This aquifer
underlics all the Miami arza and cxtends westward under the Everglades, It is wedge=
shaped, ranging from 125 to 300 f.:.t thick at Biscayne Bay ond thinning to a feather
cdge 40 ©o 50 miles west neer the mergin of the Big Cypress Swemp. It is rcecharged

by rainfall mounting to cbout 60 inchcs a ycor, and formerly would have supported

very large developments of frosh water, Howcver, the upper part of the aquifer is

now cut by canals dug to drain the Iverglades, and by 1939 the drainage oncrations

had lowcrcod the available frosh-woter head so thot the cquilibrium betwecen salt and
fresh weter had been disrupted to such an oxtent that mojor snlt—water cncrocchment

had beer coused. The Survey's findings showed, however, that resotration of the freshe

water table to a height of 3 fcet above s a level would stop the encroachment.



On the basis of these findings, cnginecors of the City of 1iami and Dade C9unty
designed nnd placed lov adjustable and removable dams in the scaward cnds of the :
£idnl cannls. Thesc raised the water table cnd closed the canals to sca water, with
the rosult that salte=watoer cneroachment hes been largely stoppeds In addition, ncw
well=ficld sitecs arc now being developed in arcas that will be perennially sofe, and
lewmekers have the basic data necessery to cnact legislation for the futurc protce=
tion of the lceal water resourccess

Nccd for Basic Data and Application of Scientifiec Methods

Thc forcgoins cxamples, though outstanding, are similer to a number of other
coscs of overdevelopment, ifost of the problems, however, can be prevented or solved
by propcr applicction of scicntific ground-watcer knowledge ~rd mcthods. Such problcms
occur in formations where the peronrial supplics that can be developed arc greater
than thc prescnt withdrawals, but wherc the wells cre not properly constructed or
loccted, ond where the withdraowals are not mede in an orderly end cfficiont monner,

It has been the @ xperience of the Geological Survey, when it is cclled in to help sohe
tho problems, thet this condition is *he onc most often encountered. Actuclly the
problems are scrious, ond it often costs many thousonds and cven millions of dollars
to corrcet them, but the can be solved znd esuld have been 1 ~ly forestaillcd by
proper investigation nnd develowprment in the heginning,

Teke the cose of Louisville, Ky., for cxamplc., In 1943 the pumpage from wolls
for war irdustrics rcached a neak of cbout 75 nmillior gallons a day., Before the war
it was only about 37 million, The water levels in 1943 werc dropping so fast that
the yields of some wuells had decrzased to o quarter of their original amount, and in
the rubber-monufacturing district there appearcd toc be less than o 2-ycar supply left
in the ground-woter r scrvoir, All the developments had been mede without prior inves=
tigaticn ~f the ground-water rcescrvoir, its natural rccharge, its permeability, and
other esscntial hydrologic and geologic factors. When the Goological Survey was
called in to help sclve the probtlem, the rcservoir wes carefully mapped and the sources
and amounts of recharge werc determined, It wns found thot the redharge, under
existing conditions of developrnient, was only cbeout 40 million gallons a day, There-
forc, it was nccessary for the industrics tc take action in a hurry, and they did it.
The use of water wcs deercascd by moons of cooling towers, recirculation, and other
wnatoer-saving measures, n~nd scme incdustrics began to buy water from the city, which is
supplied with Ohis River water. Others rcloected their wells closer to the river in
order to dr:w in rdditicnal rccharge. and o few ~rtificially rccharged the underground
rescrvair with eity weter or with ground water that had becn used for cooling, By
1945 the pumpnge hed becn deercascd to about 45 million gallons a day, and now it is
less than 40 million, The problen was solved, but it hes been estimated thot the cost
of the measurcs teken t~ prevent o weter shortage was around $5,000,000. The irony of
the situaticn is this -= the Geological Survey's investigntions, begun during the war
and continucd since then, have shown conelusively that several hundred million gallons
a day of cool ground wricr can be obtained by locating wells along the Ohio River to
the rorth and socuth cf the city, where the water con be made to infiltrate from the
river at high rates., A large part of the $5,000,000 probably could have been saved
had the proper investigrtions been made in advance to show just how much wnter could
be obtained from the ground under various mothods of developmente :

Another very important reason for noking ground-water investigetions, though
little publicized, is to furnish the basis for effeccting simple economies in cveryda
developments, Ground-wotcr hydrology is now just as sound o branch of engincering as
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structural engincering, cnd whce weuld think of constructing o $100,000 building
vithout an rdenuatc cngincering design? It ncrhaps could be built safely without
the design, but at what cost? Yeot, hawmany ground-water develepments do you know
that cost $100,000 or more and that were made without complete knowledge of the
undcerground formetions or the rccharge to them? Little economics in such things as
the selection of proper screens, proper pwip scttings for future conditions, sclecc-
tion of the most desirable cquifer wherce there is more than one, proper penctration
of well, and the most favorable well specing can add up very quickly to fer more
then the cost of “he necessary investigation,

A major pert of the job befarc us, thercfore, is to find out what the conditions
a

arc before developments are installed, and to insurc against failurcs due to local
overdevalopnent to permit the rost efficient and econonical development,

Although during thc last 50 years the Geological Survey has obtained o substan=
tial amount of ground-water dote for thousands of localities, by for the greater
part of the country has not yet cen cdeguotely investigated. Figure 7 is a map of
the United States showing arcns for which substontial sr comprehensive ground-water
datz have becn cbtained., Scme general knowledge is availeble for the other part, to
bc sure, but cxtensive ficla investigetions arc gencerally nceded beforc mejor ground=-
water developments can be nade with cssurecnce of safety oand cconony, In view of the
forcscenble necds for lerger ond larger surplies of ground water, therufore, it is
vitally important that all the availebla supplies be mapped and the quantity and
quality of the water be determiined before large-scale installations cre nede,
Furthemiore, once the instnlloations zre made, it is impeortant that continuing obser-
vations bec nmade s» that accurnte inventorics of the supplics can be maintained, thus
permitting-cny nccescary adjustments in rates of withdrowal tc be made in an orderly
end eificicnt nanmncr befere disaster strikes, 1y by such o procedure of prior
investigation ard continuing obscrvation cen ~ur ground-water supplics be properly
utilized rnd corserved, thus teking their proper place in the sound development of
the Hatinn,

A fou cxanples night be given of the type of information resulting from such
investigations. Figure 8 is a map of the vicinity of Dayton, Ohio, showing prescent
valleys ir the rolling glacial-drift topography ond the ancicnt buried valleys that
arc filled with pregiceial alluvium ond glacial drift. Large ground-woter supplics
car bc ohtained only from these buried valicys, and this nap now makes it possible
for prospective ground-watcer uscrs to drill in the proper places without wasting
their efforts in unpiroductive arcas,

igure 9 is a map of Faycite Gcunty, Iy., around Lexington, showing areas wherc
there is about & 90-pcrecent chience ~f ovtairing Tresh ground water in the underlying
limestone, nrcos where there is only a 50=percent chnnce of obtaining water, and
arces where thore is very 1ittle chance ¢f obtai-ing o usable supply. This mep is
cxpected to save thousands of dellrrs of warthlcess drilling arnd te cncourage formers
in the nore productive arcas t~ sazck pure ground-wobter supplics rather than use
cisterns and contaninnted ponds,

Figure 10 is a disgrormatic sceti-n through o well at Camp Hood, ncar Killeen,
Tex., showing the origingl water level, the punping level cxpected by the camp
planncrs ot the time the punp was installed, the punping lcvel coriputed by the
Goological Survey on thc basis of punping tests, and the actual punping level, It
will bc noticed thot the punping level cestimated by the planncrs was considerably
in error, whcrecas that computed by the Survey ~n the basis of scientific tests was
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ncarly correct, Had the pump been sct criginally on the basis of sciontifi? tests
rather then "guesstimotes," the cxpense of resetting it and replecing certain parts
nf the asscmbly with heovier-duty perts would have been avoided, Actually, however,
punps were sct toe high in seven wells at the camp, and considerable expense was
ontailed in resetting them, Turthermore, thc high pumping costs finally necessitated
the development of a surface-wnter supply and the partial abandonment of the wellse
It is probable that a prcper investigation in advance would have saved 2 good part

of this waste. As o rosult of such cxperiences, resulting from lack of scientific
ground=water data, the Aray loter bocame oxtremely data-conscious and in most caoses
insisted on detailed inves’igntions before procccding with develcpment,

Legal Acspecets

No discussion of ground=water problems would be ccmplete without reference to
the legal aspects of greund=-woter developnent and utilization., A large proportion
of the persons concerncd with water supplics now recoghize the need for control of
lorge-scale withdrawals of ground water, H-wever, thore are wide differcnces of
sninion as to the best nicthods to achieve raxirmr utilizaticn of the water and yet
protect individucl rights and liberticse

Three nmojor rules have been in usc with regard t~ the right to use ground water,
The Tirst is the Pnglish or cormon-iow rulc, occording to which any person can with-
draw from wells on his 1snd ns :mch woter as he pleoses, ot nny tine, without regard
to the effect on the supplies of others. This rulc is satisfactory only so leng as
rolatively snall supplies arc withdrown., It is still the rule likely to be followed
by the courts in some of the Eastcrn States,

The second rule is the sc=cnlled American rule, or rule of reasonable use, under
which a pcrson neoy withdraw as rwuch grecund water as can be nut to bencficial use on
his own land ~verlying th2 grounde-wator source, having due regard to his neighbor's
similer right., Under this rule, waste of water, such os the dischorge from uncon-
trolled flowing wells, can be prohibited. The so-called doctrine of corrclative
rights, which is o form of thc rule of reasoncble use, is now followed in California
and scrnie other States. It makes clear the rmtual intcerdependence of ground=water
uscrs whose land overlies a cormon supply. I1f there is not enough water for the
rcesrnable denands < f all, this rule theoretically provides for apportishment of the
woter on the basis »f the arca of land held by each user (not on the basis of priority
of use). So far no such apportiomuent is known to have been nade for a large ground=
water area with a common scurce, but the first steps have been taken for such an appartions—
nent in the Yest Basin ncar Los Angeles,

The third mejor rule is that of prior appropriation, Under this rule as now
developed, water is held %o be public property, subject to apnropriation for benefi-
cial use, In contrast to the riparian doctrine which apnlics in the common-law and
American rules, under the appropriation doctrine the right té the use of water is
held not to be inherent in the cwnership of the land overlying the ground-weter supply,
but to be acquired by appropriction for beneficicl use,

The prineiplc of prior appropriation has becen highly developed in the West and,
for surface waters, is now in forece to a greater or less oxtent in all the Western
States, It is the only onc of the major rules that providcs for the protection of
carly uscrs ogainst latecomers. Its extension to the e ntrol of the use of ground
waters sinply recognizes the fact that ground waters, like surface waters, are limited
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in quantity and that it is feasible to determinc the amounts available and the best
metheds of developmenta,

It is the gonerel belief of nost of those engaged in the study of water resources
that the principle of prior apprepriation will generally promote, to the greatest
oxtent, the orderly and effcctive devolopment of the ground-water supplics and will
protect the intecrests of those who have made investments to produce ground-water
supplies, The confrcl of ground water is properly a State functicn and, wherc inter-
state problems are involved, control can doubtless be best accomplished by interstate
comnaissions,

It should be emphasized, however, that successful legal control of ground=-water
withdrawals requircs laws bascd upon the principles of ground-water hydrology and
ndministercd in the light of copetent scientific investigation of the arcae The
successful solution of ground=-water problems in Florida, New York, New Mexico, and
in other placcs has been mode possible by such hydrolegic investigations, Similar
investigations throughout the country will provide the basic data necessary for the
eriactment of sound State laws where requirced,

Conclusion

In conclusicn, I should like t~ stzote cgain thet the Geologiecel Survey is
optinistic about thc future of ground-water development in the United States. Though
ruch investigrtion remeins to be done, we arc confident that it will be acecmplished
and thot it not only will help sclve cur prasent problems of overdevelopnient, but will
pave the way for much expansion in the use of ground water, Furthernore, there should
no longer be any excusc for haphaznrd development, surious overdevelopnent, and waste
of ground watcr. Proper application of scientific methods of investigation in the
future can and will assurc successful and eccnomical development ~f the Nation's
abundant supplies,
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AREA OF CIRCLE DENOTES
AMOUNT OF USE IN STATE

Scale
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FIGURE | — TOTAL USE OF GROUND WATER — 1945
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