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THE WATER SITUATION IN THE UNITED STATES
WITH SPRCIAL REFERENCE TO GROUND WATER
By Ce L¢ McCGuinness

INTRODUCTION

This report constitutes appendixes B and C of a report prepared in
April 1950 by the Geological Survey at the request of the President's Water
Resources Policy Commission. The full report was entitled "Water facts in
relation to a national water-resources policy.* The brief text, entitled
"Water in relation to the national economy,® and appendix A, entitled ™A
summary of the water situation in the United States, with special reference
to ground water," were drafted by A. M. Piper of the Geological Survey and
are to be published separately, in slightly modified form, under his name,

This report discusses the occurrence of ground water in nature and its
relation to surface water and to the national water picture as a whole, and
it lists numerous existing water problems and discusses their solution.

The report would not be complete without acknowledgment of the part
played by agencies other than the Geological Survey in gathering the data
on which the report is based. These include especially the cooperating State,
county, and local agencies that form an indispensable part of the Federal-
State team of water-resources investigators. Included also are State agencies
with which formal cooperation is not in effect or has begun only recently,
but which furnished a large part of the data on ground water in such States
as Illinois and California. Other Federal agencies, especially the Bureau
of Reclamation, the Army Engineers, and bureaus of the Agriculture Department,

furnished a large amount of the data used in the report. Consulting firms
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and contractors engaged in water-project design and construction, including
many well drillers, work closely with the Geological Survey and regularly
furnish dats essential to the studies of the Survey, as do many waterworks
operators and private water users., Such data were used freely in the
preparation of this report. To all these agencies and individuals the
Geological Survey expresses deep appreciation, snd regret that limitations
of space and time did not perm1t>nentioning tﬁem all by name; specific
mention of a few is not intended to indicate that they contributed more than
others not named, |

In order to save the time and expense required to set up the report
in the usual style for Geological Survey circulars, it is reproduced here
fror the same negatives and plates used in duplicating copios‘for the Water
Resources Policy Commission, A few minor typographical errors remain, but
they do not seriously affect the meaning of the sections of the report
concerned,

Most of the illustrations were adapted from published reports or
previously drafted exhibit material, They were prepared or selected by
a coomittee consisting of W. P. Cross, C. u; Roboris, and G. G. Parker,
and were drafted by Ross A. Ellwood and Rodney Hart. Figure 17 was compiled
by H. E. Thomas for his report to the Conservation Foundation (see p. 97).

Mr. Cross drafted the summary'of cost analysis on pages 82 and 83.
W. W. Hastings drafted the statement on quality-of-water studies on
page 125. W. B. Langbein drafted the statement on public lands on pages
129-130, A. M. Piper drafted the 1list of basic-data needs on pages 126-127

and the list of principles on pages 133-134.
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GROUND WATER IN NATURE

The Hydrologie Cysle

Water is 1ike a living thing. Essentially all of it that is usable is
in motion=--a part of the vast oirculatory system kmown as the hydrologic cycle.
In this cycle water evaporates wherever it is exposed to the air, but espe-
cially from the oceans; rises into the atmosphere; travels as a part of vast
air messes over oceen and land; is condensed when an air mass rises to pass
over enother or over a mowmtain range; end falls as rein or snow., Much of it
falls on the ocean, In some areas a substantial amount is condensed directly
from the air onto the land as dew. Not all the rain and snow that falls
reaches the earth--some of it evaporates in falling or falls on a tree or other
rlent and is evaporated from it, and so completes a cycle very quickly.

We begin to count our available water as it reaches the surface. That
which reaches the surface may travel a straight end simple path or a tortuous
end complicated one, but it all is destined to go back to the ocean, the
primry. reservoir,

Some of the water evaporates immediately; some of it penetrates the soil
and is held there for a time (the o.mb\mt depending on the kind of soil end its
previous moisture content), later to be evaporated or tramspired by thirsty
vegetation; some of it falls directly on the river channels and thus con=
tributes immediately to river discharge; some is shed by the ground end reaches
the streams very promptly. If the rain continues, some of the water may pass
below the reach of plant roots, a part reappearing as wet-weather springs or
seeps, and a part going farther down into the wmsaturated subsoil zone above

the water table where water is held in the pores by ocapillary force as it is



in the soil (fig. 2). This zone has its moisture-holding capecity too--equiva-
lent in some areas to meny inches of water--apd if ;t has been partly dried
out by slow evaporation during a long rainless period its moisture must be
replenished. Finally, after the moisture demands of the soil and subsoil
have been satisfied, at least in places if not thréughoutva whole areea, if
the rain still continues or if repeated rains ocour there is an excess that
can reach the water table. A drop enters at the top of the saturated soil
and another drop is pushed out at the bottom; that drop enters one of the
larger saturated oapillai-y openings in the subsoil and pushes out another
farther down, much like successive drops of rain on a dirty window pane form
a little crooked rivulet, from the bottom of which & drob runs off whenever a
new one is added at the top.

Finally some of the drops reach the water table--the top of the_ zone in
which the openings in the rocks are fully saturated band in which the water can
flow under the influence of gravity as it does in a river, though much more
slowly. Just before reachixig the water table the water becomes & part of and
passes through the "capillary fringe"--the zone where water is held up above
the water table by capillary force and wheré, though the capillary "threads”
are connected to the water table, the water in them still will not flow into
a well. |

Now, the reindrops have become grownd water, but only after submission
to many prior claims. If the rain falls slowly over a long period the ground
water may be replenished before any water runs off at the surface, but commonTy
the rainfall rate exceeds the infiltration capacity of fha goil for a time while
the subsurface demands are still wmsatisfied, and water i1s rejected and runs

off at the surface. In cold climates there may be much rejection of this kind
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because rains may fall while the soil is still frogzen and tight. But,
regardless of whether ground-water recharge or surface runoff predominates
at a given time end place, on the whole they share the lowest priority om the
water that falls from the sky.

The ground water flows slowly through the rocks--slowly because of the
friction between the water particles and the sides of the small pores or
cracks in the rocks. It moves, always under the influence of gravity, toward
some lower area of natural or artificial discharge. Under natural canditions
the discharge may be into a river through a spring, or simply by slow seepage
that is not concentrated enough to be called a spring. | Or it may be by
evaporation or trenspiration along the river's edge, or in a swamp, or in and
near the bed of a dry salt lake in the West. A part. of the liquid discharge
is directly into the ocean rather than into streams; the eamount is large in
an absolute sense but it forms only a small fraction of the total groumd-water
discharge. By far the largest part of the total ground-water discharge is
into streams in humid areas. '

Ir th; water enters a stream it still may not reach the ocean. The
stream may be one that flows to the floor of an enclosed basin in the West-the
dry salt lake of the last paragraph, there to be evaporated. Water is, of
course, lost almost continucusly from any stream by evaporation. Water may
be taksn from the stream and used by man, and returned in part or not at all.
In the West particularly, the stream may leave a mowntain gorge and seep
into the sandy bottom of an alluvial valley, thence to flow underground to
another stream or even to the lower part of the same stream, where it comes

to the surface once more; or to flow to the dry or salt lake that represents
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the destination of both ground and surface water of the scores of enclosed
basins of the West. Or it may flow to a well and be pumped out for irriga-
tion, in part being discharged by evapo-transpiration and in part returning
to the water table, to move underground to the same ar another well or to
its natural place of discharge.

The many ways in which water circulates are illustrated in figure 1,which
depicts the hydrologic cycle in a generalized way.

This description of the principal parts of the hydrologic cycle~=there
are many important modifications, such as detention of water for a time in the
form of snow and ice -——serves to point out an all-important fact. Water is
water--it is vapor at one time, rain, snow, or dew at another, surface or ground
water at another. It may be surface water one moment and ground water the
next, and vice versa. DBut it is all water, and it must be considered as a
whole--each phase in relation to the others and to the entire hydrologic cycle.
We cannot discuss ground water and forget the surface water that feeds it in
some places and is fed by it in others. We cannot discuss either and forget
the precipitation that forms the ultimate sowrce of replenishment for both.

If this report did nothing more than to bring out the necessity for amn inte-
grated approach to the whole water problem, it would have served its purpose.
It cannot be emphasized too strongly that such integration is the primary

requisite for an orderly and systematic investigation of our water resources.

Ground Water in the Hydrologic Cycle
The place of water-bearing formations in the hydrologic cycle is twofold.
4s functional elements of the natural drainage system, they transmit water

from one place to another, sometimes for long distances, and they act as the

Nation's greatest storage and regulating reservoirs. Our underground reservoirs
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have an enormous capacity to store suplus water in wet periods, by virtue

of the fact that water entering them is prevented by friction from draining
away as quickly as it would in streams.. They have a similar capacity to pay
out water slowly in rainless periods, sustaining the flow of streams in which
all direct surface runoff has passed downstream after the last rain, and which,
except for the ground-water discharge, would be dry. The usable storage
capacity of our underground reservoirs cannot even be approximated on the
basis of our present data.. In the Sacramento Valley alone, the total storage
capacity between depths of 20 and 200 feet is estimated at about 34 million
acre-feet, / equivalent to something like one and a quarter times the usable

./ Poland, J. P., and others, Ground-water storage capacity of the
Sacramento Valley, Calif. U. S. Geol. Survey rept. prepared for publication
by the California Div. Water Resources, November 1949. _

capacity of Lake Mead. Not all this capacity is ussble, but & large part of

it is. The usable capacity in the Sacramento Valley is much larger than the
average for ground-water reservoirs of comparable size in the Nation as a whole,
but it shows that the total is tremendous—many times that in all man-made
surface reservoirs, which in 1946 amounted to more than 160 million acre-feet._/

_/ Harbeck, G. E., Jr., Reservoirs in the United Statess U. S. Geol.
Survey Cirec. 23, fig. 1, March 1948,

The Underground Reservoirs
The underground reservoirs or aquifers of the Nation are its rock formations /

_/ Meingzer, 0. B., The occurrence of ground water in the United States,
with a discussion of principles: U. S. Geol. Survey ?Iater-Supply Paper 489,

1923.




using the work "rock"™ to desoribde bdth consolidated formations and the uncon-
solidated sediments like gravel and sand. The foundation of the United States
consists of dense rocks like granite lmown as "basement rocks." These rocks
oome to the surface in the hearts of our major mountain chains, in the Piedmont
Plateau from New Jersey to Alabema, and in some other scattered areas. They
lie beneath a covering of young glacial clay, sand, and gravel in New England
and northern Wisconsin. Elsewhere they are covered by stratified rocks rang-
ing in thickness from a few feet to many thousands of feet. The stratified
rocks are consolidated sedimentary formations 1ike limestone, sandstone, and
shale, unconsolidated sediments such as gravel, sand, and clay, and volcanio
rocks such as the great lava flows of the West.

The capacity of the rocks to absorb, store, and yield water depends om
the abundance and the size and shape of openings in them. There is nearly
an infinite range in size of the openings, from submioroscopic pores in
clay and shale to huge tunnels in lava flows and oavés in limestone. The
openings are primary--such as pores in sand, gravel, and clay; or secondary--
such as fissures in rocks that have been indurated and then cracked by earth
movements.

The occurrence of water in rock formations depends not only on their own
character but on their position with respect to the land surface, their structure--
the way they dip or are folded or faulted, the way in which they alternate
with non-water-bearing rocks, and the extent to which they are exposed to re-
charge and the extent to which water is availeble for recharge.

All but the tightest rocks--clay, soft shale, volcanic ash, or dense,
unfractured hard rocks--will yield at least a little water where the other con-

ditions mentioned above are such as to permit water to enter and move



through the rocks. There are extreme variations, however, 4in the capacity
of the different rocks to hold ‘and to yield ‘water. The mbst prolific water
bearers are the cavernous limestones such as those which supply the huge
limestone springs in Florida and Missouri and’ the lava rocks such as those
which feed the springs along the Snake River in Idaho. _/ Far outweighing ' °

_/ Meinzer, 0. E., I.arge springs in t.he United statesz u. s. Geol.
Survey Water-Supply Paper 557, 1927. '

these i.n national importance, however, are the widesprea.d and varied deposits
of gravel and sand which yield the bulk of the grou.nd water the country over. J

_/ Meinzer, O. E., op. cit. (Water-Supply Paper 489), pp. 117-118, 1923.

Sandstones are less producti\fo than sands because tﬁéir pores are rilled partly
by cementing material; indoed; sém‘iﬁporbant sandstone formations yield most
of their water from @ré.cké rather than pores. The least prédiiétivé rocks
that yield useful suppl:I;els~ ax;e those in which the water occurs in small cracks
rather than large pores or caverns. Thesé include the bulk of the consoli-
dated sedimentary rocks and the "basement rocks" as well. Such rocks, however,
are very widespread and' are ge‘neré].'ly capablé of ‘yielding the small supplies -
of water needed on the rarn. Also, these rocka, and even those less
productive ones that will yield a 1ittle wa.ter but not encugh for a housshold
well, serve an important pnrpose, for a rock formation that will yield only
a little water to a well may serve as an mportant storage and regulating
reservoir when its whole extent is considered. |

The total storage ca.pacity of the Nation's underground reservoirs is

enormous. According t.okihe available d#ta, which are not adequate for more



than the roughest of estimates, it is many times greater than the capacity of
all the streams and lakes and reservoirs, excluding the Great Lakes. The
parts of the Great Lakes within the United States hold enough water to cover
the United States to a depth of moré than 6 roet-nhy, many times the
combined capacity of all other lakes, streams, and reservoirs—but. the ground-
water storage is thought to exceed even that great amount.

There is a most important difference between total ator#ge and usable
storage, however. Under natural conditions the ground-water reservoirs can
£i11 wp to a certain point at a given rate of input before their spill equals
that rate. The higher the rate of replenishment the higher their level must
rise before the discharge reaches an equal rate. When replenishment stops the
reservoirs continue to drain out, at a gradually decreasing rate, until
another period of replenishment occurs or until they drain dewn to the level
of tha streams that form their natural outlets. As a practical matter,
however, compiete draining seldom occurs, except from thin dissected deposits
perched on hills of 'b:!.ghf rock, like the smaller patches of the terrace
deposits of orange-colored clayey gravel near Washington, D. C. Thus, the
average usable storage capacity under natural conditions is represented by
the Meffective porosity" or drainable pore space in the zone betwsen the
average highest and lowest levels of the water table. Much water remains
in storage below the lowest natural stage of the water table, however, and
some of this storage can be utilized by pumping water from wells.

Also, usabie storage capacity is less than total by the amount of
water retained in the smaller openings by capillary attraction, against the
pull of gravity. ‘Thus, when a saturated rock is drained, films of water
remain behind, coating the grains or lining the crevices. The smaller the

openings, the larger the part of the water so held. In a clay, the pore
10



space. may amount to more than 50 percent of the pot..alu volume and may be
filled with water, yet every bit of the water may be held against the pull
of gravity so that it cannot -flow .tﬁto “a wal or streame In a clean coarse
gravel the porosity may be only 20 or 25 percent but the amount of water
retained against gravity may be only a small fraction of this,

Finally, usable capacity is less than total where the stored water is
of poor quality, as it is at depth in msny aquifers. Here, economic con-
siderations may come in because water useless for ‘one purpose may be good
for another, and in some places the poor water can be displaced by good
water artificially recharged from the surface., However, the saline parts
of many ground-water reservoirs are of little use either in the natural
cycle or to man; indeed, they may complicate efforts to obtain fresh water
by discharging small quantities of poor water in such a way as to spoil a
fresh-water supply,

From the standpoint of usefulness for water suppiy,v it might be well
to consider the underground reservoirs as divided into two great classes,
though it should be pointed out that there is no sharp line-~indeed, a

complete gradation—-between them, / The first are those with a high rate

/ McGuirmess, C. L., Recharge and dgglation of ground water supplies:
Am, SGc. Civil Bng, Trans., Paper No. 2318, vol. 112, 1947, pp. 972~998.

of recharge, transmission, and discharge, and which therefore are capable
of yielding large perernial supplies. The second are those with a low rate
of recharge and small perennial yield, where heavy withdrawals by man are
largely from storage and cannot be continued indefinitely. Some of the

second type have yielded large supplies of wafc,er over the years, however,
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and with proper management can continue to be useful both for water supply

and as storage reservoirs, Examples of the first class are the limestones
of Florida, the alluvium of some of the Western basins, and the productive
glacial gravels of the Ohio Valley and the Pacificluort.'lweat. Examples of
the second class are the sands and gravels of the High Plains, known as

the Ogallala formation, the Dakota sandstone of the Dakotas and States to
the south, and the consolidated limestones, sandstones, and shales in the

Middle West.

Water-Table and Artesian Conditions

Before going further into the part the ground-water reservoirs play
in the national water picture, it would be well to take time to make the
important distinction between water-table and artesian conditions, Under
water-table conditions the top of the zone of saturation is a "free®" water
surface at atmospheric pressure, and the ground water behaves much like
water in a surface reservoir, except that friction makes it move much more
slowly. The zone of saturation extends downward to impermeable rocks that
prevent the water from descending further toward the center of the earth,
This depth varies from place to place but is generally many hundreds of feet;
however, in many regions only the upper few hundred feet is of importance.

Under artesian conditions water becomes confined under pressure between
two bodies of impermeable rock, It does so by entering the ground, reaching
the water table, and then flowing down with the slope of the water table to a
point where the zone of saturation is interrupted by an impermeable bed. Part
of the water may pass above the bed and continue to flow under water-table

conditions, and part of it flows beneath the bed. Now it is confined, pressing
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upward against the impermeable bed with a head equivalent to the difference
' in elevation betwsen that point and the elevation of the water table in the
area of recharge, less the loss in head resulting from friction in movement.
This is confined ar artesian water; it will rise in a tightly cased well to a
height above the bottom of the confining bed equivalent to the pressure head
at that point. If the head happens to be above the land surface, as it
commonly is in the valleys or along the coast im areas characterised by
artesian formations, the well will flow. (See fig. 1.) |
Water-table and artesian aquifers differ markedly in their ussble
gtorage capacity. Artesian aquifers are comparable to systems of piping;
they are full of water at all times, receiving water at the upper end of
the system and discharging it at the lower. When water iz withdrawn from
such an aquifer at a given point, as through a well, the water is derived
from storage by compaction of the aquifer and by the slight expansion of
the water itself as the pressure is lowered, until the effect of the with-
drawal extends back to the intake area and results in a lowering of the
water table there and perhaps in an increase in the rate of rechargs, or
to the discharge area where it results in a reduction of natural discharge.
When water is withdrawn from a water-table aquifer it comes from storage
by actual draining of the free or "gravity" water from the pores; here again
the withdrawal from storage continues until it is balanced by an increase

in recharge or a decrease in natural discharge, or both. _/

_/ McGuinness, C. L., op. cite, p. 973.
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The usable storage capacity of a water-table aquifer, called its
specific yield, / is much larger than that of an artesian aquifér, called its

/ Meinzer, 0. E., Outline of ground water hydrology, with definitionss
U. 8. Geol. Survey Water-Supply Paper 494, p. 28, 1923.

coefficient of storage._/ The specific yield of a water-table aquifer (the

_/ Theis, C. V., U. S. Geol. Survey, The relation between the lowering of
the plezometric surface and the rate and duration of discharge of a2 well
using ground-water storage: Am. Geophys. Union Trans., 1935, ppe 519=52i.

fraction of a cubic foot of water that will drain out by graviiy from a cubic
foot of saturated rock) may range from 0.0l or 0.02 to more than O.40 and
commonly is 0.10 to C.25, _/ The coefficient of storage of an artesian aquifer

_/ For example, see Stearns, Norah D., Laboratory tests on physical
properties of water-bearing materialst U. S. Geol. Survey Water-Supply
Paper 596~F, pp. 164=169, 1928,

(the fraction of a cubic foot of water released from storage in a vertical
column of the aquifer 1 foot square when the head is lowered 1 foot) may
range from 0.00001, or even less, to 0.005, but seldom more--commonly 0,000l

to 0.001._/

_/ Unpublished data in files of U. 8. Geol. Survey.

Water-table and artesisn aquifers differ importantly in their reaction
to withdrawal of water from wells. The water table of an unconfined aquifer
and the piezometric surface of an artesian aquifer—the imaginary pressure
surface showing the level to which water will rise in artesian wells—behave

in exactly the same way when wells discharge, but in vastly different degree.
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Because of the larger amount of water available fram storage in an unconfined
aquifer when the water table is lowered by pumping, the "cone of depression®
caused by pumping spreads much morev slowly than the analogous c§ne of depres-
sipn in the piezometric surface of an Artes:lan aquirér. Thus Athe unconfined |
or water-table aquifers have a much larger usable storage capacity thanv the
artesian aquifers, and they function to a larger extent like surface resorvoi.rg
in ;t.hat & large part of thgir stored water can be withdrawn between periods
of replenishment. The artesian aquifers function more like conduits between
recharge and discharge areas, and the effects of withdrawal reach the outcrop
areas relatively soon, after which the rate of decline of the water level slows
down as water is withdrawn from storage in the water-table part of the aquifer,
and eventually the decline may stop if the lowering of the water table induoes
increased recharge or cuts down natural discharge. Nevertheless, the storage
function of artesian aquifers is important, because until the effects of
withdrawal reach the outcrop area all vthe water has to come from storage, and
in extensive artesian aquifers like the Dakota sandstone or somes of the sands
of the Atlantic and Gulf Goﬁs‘u many years may pass before the water levels
are ‘adjusted to the pumping and the withdrawal from storage and accompanying
decline in water level cease.

Only water-table aquifers are accessible to recharge directly from
above., Artesian aquifers are recharged by movement of water from areas
where the upper confining bed is absent and water can enter from the surface
or i;rom an overlying aquifer. In general, water-table aquifers are those

with the greatest recharge and yield and those most susceptible to artificial

management..
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Operation of the Ground-Water Reservoirs

Let us consider in a littlevmore detail the operation of thevgrounddwater
reservoirs as a part of the natural water system. Wht@r enters--recharges--
a ground-water reservolir by one of several processes; moves through it under
the influence of gravity, forming, while it is there, a part of the Nation's
stored supply; and discharges from the reservoir, again by one of a number of
different means. It should be pointed out that the water, if not used when
available in the reservoirs, discharges from them and continues to move in
the hydrologic cycle; it is not conserved at that place by simply failing to
use it. The storage funotion of the aquifers has been touched upon already.
The other phases of the ground-water part of the hydrologic cycle need similar

explanation,
Recharge

Ground water is recharged principally by one of two processes--infiltration
of water from precipitation and infiltration from surface-water bodies. The
source of the water in both cases is precipitation. No important recharge of
ground water occurs other than from precipitation--"metepric water"--though
in a few volcanic areas a little "juvenile" water is believed to be added from
cooling igneous rocks, and there is much lively debate among geologists as to
whether "juvenile water™ added & little at a time throughout geologic ages is
not the ultimate source of ali our water. Also, there are a number of minor
ways in which recharge can occur. A heavy dew could add enough water to a
saturated soil to cause some recharge, though such an occurrence would be rare.
Dew, however,‘does meet a part of the moisture demand of vegetation. Recharge may
even occur by movement to the water table of water in the vapor stage. Such move-

ment always occurs when the humidity of a body of air increases over that of
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an adjacent body--a "moisture gradient® is set up from the more humid to the
drier air; a similar gradient is set up also from a warmer body to a cooler
one, as the formation of dew itself sﬁows. How iﬁportant this type of ground-
water recharge is we do not yet know--probably not very important where the
depth to the water table is substantial--but research is nedded to evaluate
the process to determine its place in the hydrologic cycle.

Speaking very generally, it may be said that recharge from precipitatien
is the dominant process in the humid East, and recharge from stream flow in the
arid West. In the humid areas there is enough precipitation, at least during
part of the year, to ‘satiafy in substential degree the prior claims for
evaporation and soil-moisture replenishment and still to yield an excess for
ground-water recharge and surface runoff. In the arid. areas the mtmm
evaporation--the amount of water that the air could take away if it were avail-
able--so far exceeds the precipitation that only heavy rainstorms are able
temporarily to overcome this deficiency and to provide water for ground-water
recharge and surface runoff.

Recharge is a seasonal phenomenon in practically all parts of the country.
There are parts of the year when, because of such things as greater-than-average
precipitation, reduced demands for evaporation and plant use (transpiration)
caused by cold weather, or release of water from snow and ice caused by warm
weather, enough water is available to saturate the soil and reach the water
table or run off. The .season when this happens is not the same in one part
of the country as in another, nor, indeed, in one part of the country every
year, but in each major region there is a characteristic pattern.

In the humid Northeast, Midwest, and Northwest, recharge is predominantly

a springtime phenomenon. Typically the mtw table is low as a result of
17



winter-long drainage of ground water into the streams, without compensating
recharge because the soil is frozen and tight and the available water is
locked up as ice and snow, and so a maximum amount of usable storage space
is available in the underground reservoirs. When warm weather comes, the
frost in the soil and the overlying snow melt, the temperature is still not
so high as to cause much evaporation, and the vegetation has not yet begun
to use much water, and thus much water is available to saturate the soil |

and to recharge the ground water and fun off at the surface. _/ Spring rains

_/ McGuinness, C. L., U. S. Geol. Survey, The importance of snow in
relation to ground-water recharge: Central States Snow Conf. Proc., vol. 1,
Lansing, Mich., pp. 166~172, December 194l. Prepared in cooperatién with
Michigan Geol. Survey Div. :

add to the }available water in most years. If the melting takes place too
quickly, much surface runoff may occur before the soil is completely thawed
and capable of transmitting water downward, and disastrous floods may result.
Heavy rains occurring at the same time will add to the floods, as in the
1936 floods in the Northeast. /

Grover, N. C., and others, Floods of March 1936: U. S. Geol.
Survey Water-Supply Papers 798, 799, and 800, 1937.

At any rate, in the humid areas ground-water recharge generally is great~
est in the spring, and the amount of water stored, as shown by the water
lewels in wells, reaches a maximum. As spring gives way to summer, the rains
may continue or even increase, but evapc;ration and transpiration increase
even more rapidly and soon dispose of all or nearly all the rainfall; only

exceptionally heavy rains are likely to produce substantial ground-water

recharge in these areas during the summer. Thus, because ground water continues
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to drain out even though recharge is not occurring, the amount of stored
water is diminished and the water table declines during the summer. In the
fall it is generally at a low stage. If it then rains more than heavily
enough to restore the soil moisture depleted during the long, hot months,
ground-water recharge may occur during the fall, though the water table seldom
rises as high as it does in the spring. After the fall recharge, if any,

the water table declines through the winter, though at a decreasing rate
because the decline gradually reduces the slope toward the streams that

causes the water to move toward them. and the water table reaches a low point
in the spring Just before the thaws that send it upward again.

Fluctuations of the water table in a typical humid area having cold
winters (Pennsylvania), showing changes in ground-water storage as a result
of recharge and natural discharge, are shown in figure 3.

Recharge in the humid but warmer Southeast and South is similar to
that in humid areas farther north, except that temporary storage in the form
of ice and snow is less important or nonexistent, and recharge occurs when-
ever rainfall supplies enough water to exceed the higher evapo-trenspiration
losses and soil-moisture requirements. In the main or continental part of
the Southeast recharge occurs mainly during a period of high rainfall in
the first few months of the year, and there is generally a second period of
high rainfall and a secondary period of recharge in late summer and fall.

In the southernmost areas along the Gulf and in Florida the climate tends to
be subtropical and a large part of the recharge takes place in the summer

and fall, when rains are heaviest. Typical fluctuations of the water table in
Florida are shown in figure 3.

In the great midcontinent Great Plains belt of subhumid to semiarid
19



climate east of the Rockies, ground-water recharge is similar to that in the
more humid areas except that it is less because of reduced precipitation and
increased evapo-transpiration, and it may be very low or nonexistent in a dry
year or even, in the drier parts of the belt, in a normal year, Fluctuations
of water level in a typical part of this belt (North Dakota) are shown in
figure 3.

In the arid West, ground-water recharge is greatly different from that
in the Bast, The region is a vast desert, dotted with mountain ranges which
receive much more precipitation than the adjacent basins--amounts comparable
to those received in the East. The mountains are relatively cool and they
are built mainly of dense, impermeable rocks and have steep slopes. Thus,
they tend to shed a large part of the precipitation they receive, though
even beneath stecp mountain slopes there may be enough ground-water storage
capacity to even out and prolong considerably thexunoff resulting from

reinfall and snow melt._/

_/ For example, see Dennis, P. E., Geology of San Antonio Canyon, Calif.,
in relation to ground-water storage; U. S. Geol. Survey manuscript report;
Troxell, H. £., and others, Hydrology of the San Bernardino and eastern
San Gabriel Mountains, Calif.; U. S. Geol. Survey water~supply paper, in
preparation. Prepared in cooperation with San Bernardino County Flood

Control District.

Thus, the mountains act as catchment areas for precipitation and as
sources of water for the adjacent desert valleys, which not only receive much
less precipitation but are hotter and flatter than the mountains. Only
exceptional precipitation on the valley floors themselves is capable of

producing direct ground-water recharge. It is believed that, in the average
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year, the direct recharge from precipitation is very small, or, in the hotter

areas, even nonexistent., Reasonably good data for the southern High Flains

_/ Turner, 8. F,, U, S, Geol, Survey, Personal communication regarding
central Arizona, March 18, 1949,

4
in Texas, which are semiarid rather than truly arid, show that an average

_/ Barnes, J. R,, and others, Geology end ground water in the irrigated
region of the southern High Plains in Texas; Progress Report No. 7: Texas
State Board Water Eng., pp. 24-26, March 1949, FPrepared in cooperation with
U. S, Geol. Surveye.

of only u. small fraction of an inch of the roughly 20 inches of precipitation
per year reaches the water table, and there is evidence that the recharge
takes pla;oe mainly in the exceptionally wet years like 194l and to a very
slight extent or not at all in the long intervening periods (fige 3)e The
even greater inability of a normal precipitation of § to 10 inches to recharge
the ground water in the drier valleys farther west is obvious.

The intermountain valleys of the West are basins formed by the downdropping
of blocks of the earth's crust when the adjacent moumtain blocks were raised.
As gradually the ome block dropped and the other rose, streams attacked the
newly forming mowmtains and eroded them, reducing their height and f:i.lling the
basiﬁs with rock debris. From the mouth of each valley a stream debouched
onto the plain, dropping first the coarser fragments and then fhe smaller, and
carrying the fine sediments to the lowest part of the valley. As the streams
built up their beds with the coarser frs.gmenfs, their level frequently rose
above the adjacent plain and the sfreams breached these "natural levees" and
took new courses across the plain. Thus were formed the coalescing alluvial

- fans, each with an apex of coarse, generally well-sorted gravel at the canyon
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mouth and, down the slope, crooked stringers of coarse channel deposits
fingering out through fine materials deposited adjacent to the channels
as the flood waters spread out and lost their force.

A1l of which goes to explain the existence and importance of the
ground-water basins of the West and the way in which they are recharged, in
a region where the climate is so dry that one would e@ect large ground-
water supplies to be nonexistent. We have the mountains as sources of
surplus water that leaves them by way of streams. We have the adjacent
basing filled with alluvium deposited by those same streams and ideally suited
to receive water from them whenever they flow. Typically the streams sink
into the valley floor soon after they leave the mountains, and the water
flows underground to the lower part of the basin where it comes to the
surface and either evaporates or flows out of the basin. Here we have our
second principal type of ground-water recharge--infiltration from stream
flow=--and it is the principal ﬁay in which recharge occurs in the arid West.
The streams are called "losing" or "influent" streams (fig. 4). They can
be contrasted with the "gaining® or“effluent" streams typical of the more
humid areas, where ground-water recharge from precipitation generally is
adequate to keep the water table above the streams and the ground water
moving toward them except when they rise sharply in time of flood; %hen
they, too, lose water to the ground as "bank storage_," which returns in

large part to the streams as their levels fall.

Movement

the subject of movement of ground water is one that is simple in

broad outline though complicated in detail. Ground water obeys exactly
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the same physical laws as its counterpart on the surface—there are no
mysterious, inexplicable movemants though it is harder to pin ground-
water movements down because they take place out of sight and must be
measured indirectly. Both ground and surface water flow always under the
influence of gravity, from points of higher notential to points of lower
potential, always taking the most direct possible path, which produces
the steepest "pressure gradient" and the maximum rate of flow. The one
important difference is that ground water generally moves so'aloiﬂy that
the internal friction between its particles is relatively low and its
flow is "laminar® or "streamline" or "viscous." In such flow the rate is
exactly proportional to the "hydraulic gradient®--the difference in head

between two points divided by the distance between them._/ Surface water

_/ Wenzel, L. K., Methods for determining permeability of water—
bearing materials, with special refsrence to discharging-well methodss

U. S. Geol. Survey Water-Supply Paper 887, p. 3, 1942.

too can move slowly enough for the flow to be laminar, but ordinarily its
velocity is such that there is greater turbulence and thus more loss of
head through friction between the water particles. The turbulence does
not increase gradually, but rather suddenly yrhen the velocity reaches

a certain point that depends upon the size of the conduit and the rough=-
ness of its walls. Once this "critical velocity" is exceeded the rate

of flow varies approximately as the square root of the hydraulic gradient. /

. % 200, New Iork,
For example, see Tolman, C. F., (xround.water, pp. 190-200,
Mcuraw-Hill Book co: , Inc., 1937; liuskat, Morris, lhe _flow of homogeneous
fluids through porous media, p. 58, New York, McGraw-Hill Book Co., Inc.,

1937,
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Ground water moves wherever there is a hydraulic gradient--a difference
in head--~between one point and another, and a hydraulic connection through an
opening large enough to permit the pull of gravity to overcoms the "capillary
attraction" between a particle of water and the waells of the opening. Move-~
ment of ground water can take place through extremely small pores if the
. difference in head is great enough, but the finer-grained clays and similar
"tight® rocks are essentially impermeable under the gradients that are common
in nature.

Practically speaking, however, ground water flows in relatively
permeable rocks and between or around relatively impermeable ones. If, in
flowing through a body of alluvium, it encounters a buried ridge of tight
rock, it is dammed up, rising until it can flow over or around the ridge.
Perhapé the ridge is somewhat permeable; then, after the ground water rises high
enough on one side there may be enough head to induce flow through the bar-
rier, as in the South Coastal Basin near Los Angeles. / If the water-bearing

_/ Poland, J. F., Garrett, A. A., and Sinnott, Allen, Geology, hydrology,
and chemical character of the ground waters in the Torrance-Santa Monica area,
Los Angeles County, Calif. U. 8. Geol. Survey manuscript report, 1948.
Prepared in cooperation with Los Angeles County Flood Control District and
others,

bed is underlain and overlain by tighter materials and grades into similar
materials down the slope of the hydraulic gradient, the movement is impeded
but the head will build up, inducing movement by slow percoJ.ation through the
tighter materials, until the ground-water body is "backed up" to its recharge
area and spills over to another outlet, after which the head can be built up

no more. Water may pass between impermeable beds and be confined under artesian

conditions, as outlined previously, and will move so long as there is some
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hydraulic _comnection with an outlet and a hydraulic gradient toward that
outlet. Where it is confined it may actually flow upward in a bed whose
dip is opposite to the hydraulic gradient, but there is nothing more remark-
able about this than the upward flow of water in a pipe under pressure.
Even under water-table conditions water can flow upward--but always down
the_ hydraulic gradient--as it does to enter a stream cutting and draining
an unconfined aquifer (fig. 4). In this case the water in a particular
stream line is actually confined between its neighboring stream lines, form~
ing what is somewhat analogous to artesian water at that place. |

The movement of water is profoundly affected by and takes place in.
accordance with the geology--that is, the character and structure of the
rockse This is nothing more than to repeat that water flows in permeable
rocks and between or around impermeable ones, following the path of least
resistance just like surface water. We cannot hope to cover all the infinite
details of rock character and structure that affect the flow of ground water
in the different geologic formations of the United States, but we can say
once more that water moves through the rocks wherever there is water to do
so and openings in the rocks that are continuous to soﬁe point of outlet at

a lower elevation.

Discharge
If water enters and moves through the rocks it must discharge from
them, by one means or another. As in a surface reservoir, the water level
rises as water enters a ground~water reservoir until it spills over or until
the water is exposed to the air or to plant roots over a broad enough area

to be discharged by evaporation and transpiration. Ordinarily discharge of
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& ground-water reservoir takes place both by outflow of liquid water .and by
evapo-transpiration, just as in the case of a surface reservoir. The outflow
may be to a stream that drains the basin or underground to an adjacent basin,
though the latter case is relatively rare and is most common in the alluvial
basins of the West. In the Bast, most of the discharge takes place by liquid
outflow to the streams, but substantial evapo-transpiration occurs near the
streams where the water table is close to the surface. Where the surface is
flat and relatively undissected by streams, the water table tends to build up
near the surface, and, because the hydraulic gradient toward the streams is
low, the bulk of the discharge may be by evapo-transpiration, as in the Florida

Everglades._/

_/ Ferguson, G. E., U, S. Geol. Survey, The plan and progress of recent
surface-water studies in the Bvergladess Florida Soil Sci. Soce. Proc.,
vol. 4~4, 1942, p. 8. Prepered in cooperation with Florida Geol. Survey,
Dade County, City of Miami, and others.

In the West the type of discharge depends in part on the opportunity for
outflow of water in liquid form. Many basins are crossed by, or are the
sources of, streams that are able to carry water away, and under natural
conditions an important part of the outflow is over the surface. Examples
are the Rio Grande Valley in New Mexico and the Central Valley of Californiea.
There are, however, many closed basins in the West, particularly in Nevada
and Utah, that have no surface outlets. Some have underground outlets
through which a part or all of the ground water leaves the basin. The typical
closed basin, however, has no underground outlet. It is completely surrounded
by tight rocks, and all the water that falls on the basin is ultimately

discharged by evapo-transpiration. Each basin has & low spot or "playa!
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toward which the ground water, as well as any surface flow that may occur
duriig storms, moves and is evaporated from the surface of a dry salt lake--—
salty because all the minerel matter picked up by the water in traveling
over and through the ground is left behind——or transpired by water-loving
vegetation that fringes the ®playa."

Over a long period, thé liquid discharge of a ground-water reservoir
is equzl to the average recharge minus loss by evapo-transpiration. The
storage or impoxmding effect of the reservoir is such as to "even out" ir-
regularities in recharge, and the laréer the reservoir, or, more correctly,
the larger its usable storage capacity, the greater the evening-out. In
the smaller reservoirs, as in tho‘ small, well-drained basins and sub-basins
typical of much of the Bast, the ground-water discharge into the streams
vories considerably, being at a maximum dwring or shortly after periods of
maximum surface runoff, but its variation is always less than that of the
surface runoff, andthe more capacious the ground-water reservoir the greater
the disparity. PFigure 5 shows the part of the flow of a typical stream formed
by ground-water discharge. Figure 6 shows strikingly the effect on the sur-
face-runoff characteristics of differences in underground storage capacity
between two basins near each other in Indiana. The basin of Wildcat Creek is
underlain by relatively impermeable glacial drift that has a low rate of
intake and a low storage capacity; the basin of the Tippecanoe River contains
several lakes and is underlain by thick, permeable glacial deposibs capable
of absorbing, storing, and paying out water remarkably evenly. Figures 19
and 20 show similar contrasts between the basins of the Mad and Hocking Rivers

in Ohio.
In extensive reservoirs, ironing out of fluctuations in recharge may be
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virtually complete, so that the discharge remains nearly constant. This is
particularly true for extensive artesian aquifers. The water table near the
outcrop of the aquifer rises and falls with variations in the rate of recharge,
but the piezometric swrface some distance away toward the discharge area

chows almost no fluctuation at all; that which does occur is due to fluctua-
tions in atmospheric pressure and to pumping from wells rather than to

changes in the rates of recharge and discharge.
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study the effects of sbserved climatic fluctuations on our water supply and

teke them into account in planning water use for the future. It does the average
farmer - or the resident of New York City - no good when rain is insufficient
this year to reflect that the 10-year average precipitation probably will be
close to normel. He needs water this year, eand information should be gathered

to show how storage facilities or supplemental sources of wﬁter can be made
available to bridge the dry years.

Evaporation and replenishment of soil moisture have the highest priorities
in their demands on the available water from precipitation. Only when these
demands are satisfied or the maximum rate at which they can occur is temporarily
exceeded by rainfall or snow melt, is water available to run off over the land
surface or recharge the underground reservoirs. Therefore, when rainfall is less
than normal, evaporation and transpiration get a larger percentage of the rainfall
and proportionately less water is available to run off over or through the ground.

Whether ground-water recharge or surface runoff has the higher priority on
the remaining water depends on the relation of the rate at which water becomes
available at the surface to the rate at which the soil and subsoil cen transmit
it downward to the water teble. It depends, therefore, on both the character of
the soil and subsoil and the rate of aceretion of water at the surface. If the
soil and subsoil, and the water-bearing rock below the water table, are permeable
and if the rate of accretion is not too high, the bulk bf the water will go into
the ground and the rate of surface runoff will depend on how quickly the water
can move underground to the streams. If the soil and subsoil are tight, the
water-bearing rock not very permeable, and the rate of rainfall or snow melt high,
the bulk of the available water will run off directly over the surface. In the

same area, the proportion will differ with the intensity of rainfall and snow melt;



in diiferent areas with the same rate of accretion of water, the proportion will
differ with the undersground conditioms, In all areas, because both ground-wmter
recharge and surface runoff represent water left after demands of higher priority
have taken their toll, their amount and relation to each other will vary even
nore widely than the rate of accretion of water - that is, more widely than the
fluctuations in climatic conditions.

The relation of seasonal availability of water from precipitation in a
normal yesar has been touched on in the discussion of recharge, Here we are
concerned mainly with the effects of abnormal conditions, such as exist from
time to time everywhere in the United States. Though average precipnitation
ranges from a few inches to more than 100 inchas in the United States,-/ no

J Bernard, Merrill, U, S, Weather Bur., Precipitation; Chapter 2 jp Hydrologyt
Nat. research Council, Physics of the Earth Ser., vole. 9, pp. 32=55, New York,
McGra‘FHill BOOk oo., Inco, 19420

section of the United States is immne from occasional droughts or floods. During
a drought, even in a normally lhmid area the bulk of the precipitation may be
evaporated and transpired and stream flow and ground-water recharge reduced sharply,
so that the availability of water depends on the extent to which surface and under=
ground storage can be utiliged. During a wet year, there may be a great excess
of water over that required to meet the demands for evaporation and tramspiration,
yhich tend to be less than normal because of greater humidity, ground-water storage
may increase to a maximum, and stream flow also will be greater than normal,
Figure 7 shows how ground-water recharge and stream flow in Ohio, a normally
hmid area, differed from 1941, when ground-water recharge was nearly lacking and
stream flow was reduced sharply because the deficient precipitation was disposed
of largely by evaporation and transpiration, to 1943, when precipitation, ground-
water recharge, and stream flow were high. The graph of stream flow shows that in
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1941 a large part of it was derived from the ground-water reservoirs; if thoee
reservoirs had not been present there would have been a few minor floods in the
streams and nothing in between, Tco, there are some aquifers along the streams
that depend mostly on river water for their recharge, and these had less than a
normal supply in 1941 because of the reduced stream flow.

Evidence is accumilating that arid reglons are likely to be characterized
by infrequent years or period of years in which the tulk of the ground-water
recharge occurs, separated by long periods when little or no recharge occurs,
This is true both for areas like the High Plains of Texas (fig. 3) where much of
the recharge occurs directly from precipitation,-/ and areas like the basins of

_iélbgl)iames s Jo R., and others, op, cit, (Progress report on the High Plains,
[ ]

California,-/ where the bulk of the recharge is from stream flow (fige 8)e¢ In

./ Ebert, F, C., Section on California in Water levels and artesian pressure
in observation wells in the United States, Part 6, Southwestern States and
Territory of Hawaii: U, S, Geol. Survey Water-Supply Paper 911, pp. 106=108,
1941, Prepared in cooperation with State of California and others,

areas like that covered by figure 8, which 1is a graph for a well in the Santa Ana
River basin, the disperity between wet and dry periods is accentuated by increased
pumping in the dry periods and reduced pumping in the wet, Thus, in the West, it
appears that it is meinly the abnormal rather than the ncrmal condition which
produces the important ground-water recharge, Inasmsh as little or no recharge
ocours even in an average year, the reduction of precipitation in a dry year has
relatively littlo effect on ground-water recharge,

The part plared by the ground-water reserwoirs in meeting our water demands
will be discussed -ore fully later. Here it should suffice to point out that it
is the areas underlain by the large and productive ground-wvater reservoirs that
are affected relatively little by extreme climatic fluctuations, Thers, during
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droughts, the ground water is available for use when surface runoff is low and
artificlal reservoirs are deplsted or do not exist at all and it is the ground-
water reservoirs that provide whatever stream flow ocours between rains, When
the climatic oonditions swing to the opposite extreme and too much water is
available, the areas with the largest ground-water reservoirs are again fortunate
because of the extent o whih the surplus water is stored underground and paid
out slowly, so that the severity of the floods 1s moderated (f£ig. 6)e

Ground Water and Strean Flow
The importance of the water-bearing formations as balaneing reservoirs im

reducing flood peaks and sustaining low flows in streams has been touched on in
& general way. We have not yet brought out, howéver, the actual quantitative
importance of ground-water discharge as a source of stream flow - an importance
that is not generally recognised, The corollary - the importance of stream flow
as a source of ground water - is obviocus when it is remembered that streeams are
the main source of ground-water recharge in the arid West, where water is most
precious,

The most spectacular additions of ground water to surface flow are represented
by large springs. Moinzor-/ described 65 springs of the first magnitude, which he

./ Heinger, O, E,, Large springs in the United States: - U, S. Geol, Survey Water~-
Supply Paper 557’ Pe 4y 1927,

defined ss those ylelding an average of 100 cubis feet per second (44,900 gallons
per minute) or more, Among the largest are the Thousand Springs and others issuing
from lava rocks along the north side of the Smake River between Milner and King
H111, Idaho, The total spring discharge in this 4O-mile streteh was 3,885 cubils
feet per second in 1902, and in 1918, after the flow had been inoreased by irrigation
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developments on the uplands, it amounted to 5,085 cubic feet per second.-/ Other

_/ Meinzer, O. Ea, OPo Oito, Pe 43,

large springs include the limestone springs of the Ozark region of Missouri and
those of Florida,
Spectacular as the large springs afe, their discharge is but a small fraction
of the total flow of ground water through springs and seeps into the Nation's streems,
The average anmual precipitation in the United States is about 30 inches, Of this,
a little more than 21 inches is evaporated and transpired and a little less than
9 inches runs into the ocean.-/ The 9 inches represents an average flow of about

_/ langbein, W. B., and others, Anmmal runoff in the United Statess U, S.
Geol. Survey Circ. 52, p. 5, June 1949,

1,800,000 cubic feet per second. Of this, it is estimated on the basis of the
available incomplete data that between one-third and two-fifths, or between about
600,000 and 700,000 cubic feet per second, has passed through the ground-water
reservoirs before entering the atreams.-/ This is the part that can be discriminated

./ Langbein, W, B,, Personal commmication, Mar. 13, 1950.

readily on graphs of stream flow (fige. 5). A large additional part - under some
conditions perhaps virtually all - of the remainder may pass through temporary zones
of saturation near the surface as "subsurface storm flow" and issue as wet-weather
springs and seeps in time to be sounted as a part of the "direct surface runoff."
This discussion brings out forcefully the importance of ground water as a
contributor to stream flow, But it also emphasizes what has been stated beforse,
that we cannot talk about ground water or surface water but must talk about water.
Diversion of water from underground reservoirs, to the extent that it is not returned
to them, and to the extent that it is not accompanied by a reduction in evapo-
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transpiration losses, represents a depletion of' stream flow. Thus uses of ground
water and surface water are competitive to an extent depending on. the net effect
on evapo-transpiration, and if we are to keep a balanced approach to the water
situation this competition must always be considered.

The competition need not always be destructive, however. Whers extensive
ground-water reservoirs are concermed, there may be a considerable lag between
the time of withdrawal of a large quantity of water from underground storage
and the time when the corresponding depletion of stream fliow occurs, and the
depletion may not ocour during the season of low flow in the river, when competi-
tion among uses of its water is at a meximm, The greater the storage capacity
of the underground reservoir, the greater the lag in the effect on streem flow
of withdrawal from or addition to ground-water storage., For example, the flow of
the Metolius River, in Oregon, fluctuates relatively little because the underground
storage capacity of its basin is exceptionally great; the effects of wet and dry
cycles show up with a lag of 5 years or more as compared with those on the £low of
the nearby John Day River, whose basin has a much smaller underground storage
capacity.-/ There would be a similar delay in the effect of large withdrawals of

—/ McDonald, C. C,, and Langbein, W, B,, U, S, Geol, Survey, Trends in
runoff in the Pacific Northwest: Am. Geophys. Union Trans., vol. 29, no, 3,
PP. 394~396, June 1948; Piper, A. M., U, S, Geol. Survey, Runoff from rain and
snow: Am, Geophya. Union Tm., Wlo 29, Nnoe 4' PPe 516"518’ mt 1948.

ground water some distance from the river,

dmportance of Quality of Water
Water containing absolutely no impurities would be a curiosity in nature,

a3 indeed it would be practically impossible to prepare in a laboratory, Water
is the universal solvent = it is capable of dissolving more different substances
and more of them than any other solvent, From the instant that its gaseous
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molecules condense to form droplets in a cloud, it begins to dissolve or absorb
things - oxygen, nitrogen, carbon dioxide, and rarer gases from the air, various
gases and fine particles of ash resulting from volcanic eruptions, bacteria and
plant spores, and even industrial gases and smoke particles resulting from the
activities of man, Vhen raindrops fall they already contain substantial quantities
of these constituents, though we are accustomed to thinking of rain water as about
the .urest water there is, Water that falls in frosem form may itake on less of
these substances, but it, too, is not pure,

From the moment that water reaches the ground and begins to pass over the
surface or through the soil and rocks, it attacks them, dissolving or entering
into chenical combination with them. Already containing some carbon dioxide, it
dissolves more from the soil, adding also some of the complex organic acids
resulting from plant decay, and becomes an even more powerful solvent, As laboree
tory acids go, this solution of carbonic and organic acids is pretty weak, tut
given time it can do an enormous amount of chemical work., All minerals dissolve
to at least a slight extent in water; most are even more susceptible in the presence
of the weak acids., The carbonate rocks - limestone and dolomite - that fam an
important part of the stratified sedimentary rocks of the United States are espe-
cially susceptible to solution by water containing carbon dioxide and other weak
aclds, It is this solution that forms the great caverns like Mammoth and Carlsbed;
in a less spectacular way it has operated over the ages past to enlarge the few
cracks in many dense, impermeable limestones and convert them into important
aquifers, and to make initially good aquifers like the porous Tamiami limestone
of the Miami aree even better.-/

./ For example, see Parker, G. G., U, S, Geol. Survey, Notes on the geology
and ground water of the Everglades in southern Florida: Florida Soil Sei, Soc,
Proc., vol. 4=A, 1942, pp. 47-76, Prepared in cooperation with Florida Geol.
Survey, Dade County, City of Miemi, and others.
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Ground water is in longer and more intimate contact with earth materials
than surface runoff, and it tends to be more highly mineralized, This tends to
limit its usefulness in comparison ¢o that of surface weter having a low mineral
ocontent, However, the mineral quality of ground water tends to be relatively
uniform, uh:lcﬁ simplifies its treatment where necessary, and the two most common
objectionable features, high iron content and hardness, usually ocan be removed at
reasonable cost, Surface water, though generally less mineralized on the aversge,
may fluctuate widely in quality as its make-up varies from necarly pure rain water
orenow melt in time of flood to essentially nothing tut ground water in periods of
minimm flow, This veriation, plus sediment content, complicate the treatment
of surface water.

Beoause of the extent to which water is filtered in passing through the soil
and rocks, nearly all ground water is of good sanitary or bacteriological quality,
whereas surface water is safe to drink without treatment only when it is derived
from uncontaminated watersheds. The chief exceptions to the general purity of
ground water lle in the cavernous limestione and lava-rock aquifers, where polluted
water may pass into and through the ground essentially without filtering, and in
shallow, poorly constructed wells located too near sources of contemination such

as privies and bamuﬂa.J

./ Rural water-supply sanitation; Recommendations of the- Joint Committee on
!;!tzralssmtatiom U. S, Public Health Service, Public Health Repts., Supplement
« 185, 1945,

It goes without saying that water drunk by human beihgs or used for washing,
bathing, or preparing food must be bacterially safe, but for some uses bacterial
purity is not essential, Practically every use, however, mst take into account
the chemical character of the water, though in some it is much less important than
in others. Water to be drunk mmst not contain amounts of iron, chloride, magnesium,
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and certain others in excess of safe limits for palatability or toxiecity. Water
used for cooking and washing has some of these and other limitations, principally
iron content, hardness, and bicarbonate, Water used for irrigation should not be
too highly mineralized mor have an excess of sodium over other alkaline constituents,
Water used by industry must meet certain specifications, which vary widely with the
use and some of which are much more critical than atanderds for drinking water,

Irorn content for dyeing; hardness, sodium, blcarbonate, and silica for high=pressure
boilers; and even hardness for canning peas are among the many factors that must

be considered,~/ Temperature, though a physical rather than a chemicel property,

/ Moore, E. W., Progress report of the Conmittee on Quality Tolerance of
Water for Industrial Uses: New England Water Works Assoce Jour., vole 54, PpPe 263,
271, 1940,

is another factor of extreme importance in many uses.

It becomes apparent, then, that in one sense water is not always water, Some-
times the water molecules are there, and plenty of them, tut the other molecules
and particles mixed in make the water useless, or impossible to treat economically
for any use for which water is needed at the time and place concerned, Such watexr
might as wsll not be avallable at all unless and until its condition can be changed
practicably, In some cases there is not mmch that can be done to change it, as
in an area where all the water is naturally salty, and the water goes to waste or
serves only a very 'low use such as cooling, Where our water supplies have been
contaminated as a result of our own actions, however, we must consider whether
steps can be taken to reduce the contamination and so to make the water available
for useful purposes,

In any event, we can never ignore the quality of the water, which is always
a matter of importance and in meny ceses is the limiting factor rather than the
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nhysical presence or absence of neseded quantities. Through adequate basio studies
of the quality of the water, as related to the geologic and climatic background
of the area in which it occurs, we can predict successfully what kind uf water will
be available; through adequate planning based on these studies, we can use for one
purpose water not suitable for others and can make ussble water that is unsuitable
in its native condition or that hes been made unsuitable through our own feult.
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EFFECT OF LAND-USE PRACTICES

We have here a subject about as controversial as any in the field of
hydrology. At the outset it should be admitted that a complete answer cannot
yet be given to the many questioms that exist; so far only a fraction of the
scientific research necessary to answer them as they relate to the best use
of our water resources has been done. But we can say confidently that the
research can be done, the gquestions can be answered, and we can then plan to
use our water fully, yet wisely, safeguarding both it and the land for the
use of future generations. In this report we can only hope to treat the sub=-
Jject superficially and perhaps point the way to revealing and laying some ghosts.

From the standpoint of water perhaps the most ocritical question is thisg--
Is the way we use our land causing our water supply to diminish and floods to
increase? We are told that the water table is declining gradually and that
our underground reservoirs will eventually go dry. We are told on the one
hand thet our stream flow is diminishing end on the other that it is too high
but at the wrong times. We are told that our climate is changing, for some
unknown reeson or because we are overcutting our forests; that improper measures
of cultivation are causing water to run off too fast and reducing the infiltra-
tion to the water table; that the pumping from wells in our industrial cities
is lowering the water table under whole States; and so on, and on, and on.

How much of all this is true? Some of it is true, in part, and some of it is
false. Some of it is true at one place or time but not true at another. \

To relieve undue public anxiety on these questions, but even more to know where
we are going and what we must do to go in the right direction, we must get to

the bottom of these matters.



We have discussed the effect on water of climatic fluctuations and have
said that there is no reason to believe that there is any permanent trend
toward reduced precipitation or increased temperature as a result of natural
causes. We can go further and say that there is no reason to believe that the
activities of man have had a substantial effect on regional climate. The
Weather Bureau has shown that précipit.ation occurs when favorable conditions
are created by the relative movements of huge air masses, and changes in the
local moisture content of the air caused by local drainage or cultivation

practices are not significant in causing or preventing precipitation. _/ The

_/ Kincer, J. B., op. cit. (Is our climate changing?), pp. 19-34.

feasibility of inducing precipitation by seeding clouds with dry ice or other
substances is & subject of much interest now, but it remains for the future
to determine whether this will be an important factor in our national water
situation. We should do everything we can to make artificial precipitation
feasible, if at the same time we can demonstrate that we can control it so
that the beneficial effects will outweigh any nonbeneficizl onese.

Mm, then, that so far our land-use practices have not changed the
climate on a large scale, we must consider what else we may have affected.
In some places farm drainage has materially modified the land-water relation.
There is no question that soil erosion is a.serious national problem. It has
sent countless tons of soil from improperly farmed lands or lands that should
not be farmed at all dovn our streams, not only choking our streams and reser-
voirs but robbing us of a part of our present food-growing capacity. GZ!.osely
related is the pollution of many of our largest streams with industrial and
domestic wastes and mine drainage, making them unsightly, destructive to fish

and wildlife habitats, and useless or nearly useless for purposes for which

41



they are needed. ie have depleted some of our ground-water reservoirs and
contaminated others. All these things must be corrected, and ways must be
found to correct them economically and in a coordinated way, so that allevia-
tion of one condition without regard to the effect on others will not create
still more problems.

The Geological Survey has been gaging streams since 1888, gradually
increasing the coverage until now daily or continuous measurements of stream
flow or stage are made at some 6,000 stations on the principal streams and
many tributaries. Many of the records are now more than 40 years long and of
considerable and increasing reliability for use in forecasting. They show a
tendency, in some parts of the country, for the runoff from a given amount of

precipitation to decrease slightly. _/ Analysis of the records has not yet been

_/ Yor example, see Hoyt, W. G., and others, Studies of relations of rain-
fall and runoff in the United States: U. S. Geol. Survey Water-Supply Paper 772,
pp. 96-110, 1936; Harbeck, G. E., Jr., and Langbein, V. B., Normals and
variations in runoff, 1921-45¢ U. S. Geol. Survey Water Resources Rev.,
Supplement No. 2, 1949.

complete enough to show the extent to which this tendency may be due to
variations in the intensity of precipitation, to increased temperature. and
correspondingly increased evapo-transpiration, to land-use practices, or to
other factors not yet identified. A categorical statement cannot now be made
that land-use practices have or have not affected the total runoff, but we

can say that, if they have, they have not affected it very much in the country
as a whole.

There is a very widespread national impression that the water table is
declining the country over. This impression is due to many things, such as
reported or observed declines of water level in farm wells, declines in
drained areas, declines in irrigated and industrial areas, and the reported
drying up of springs. Many of these things have happened, but they have not
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happened the country over, and where they have happened they can be explained.

Recharge of ground water occurs where both the land surface and the
underlying material are capable of transmitting water under the influence of
gravity. The highest infiltration rates per unit of area occur where soil
is absent or is of negligible importance in either assisting or impeding flow—
sand dunes, gravelly river terraces or river bottoms, terranes of cavernous
limestone or lava rock, and so on. But the area of such terranes is only a
small fraction of the total; most of the water that reaches the water table
must pass through the soil to do so. The condition of the soil, therefore,
is a critical element of the hydrologic cycle and one that is particularly
sensitivg to the activities of man. These activities may affect the amount
of water entering, stored in, passing through, or discharging from the soil
and so may change the natural land-water relationship; they must be taken
into account in any attempt to evaluate the reliability and permanence of our
ground-water resources.

In this vital field the Soil Conservation Service of the Department of
Agriculture has made a substantial beginning through study at experiment
stations throughout the country, particularly at such research centers as
that at Coshocton, Ohio. Much remains to be done, however, in the field of
infiltration and ground-water recharge and the effects on them of cultivation
and land-use practices in general. The research by the Soil Conservation
Service needs to be expanded greatly, therefore, together with that by the
Forest Service, and that by the Geological Survey in the little-kmnown field
of unsaturated flow above the water table.

Perhaps, at this point, we sr;buld nail down one important point. The
measurements of water level in about 15,000 wells observed by the Geological
Survey and cooper:ting agencies show that, in areas not affected by artificial
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withdrawals, there is no measurable tendency for ground-water levels to decline.
The levels go down in dry periods and up in wet, but on' the average they remain

about the same._/ Most of the observation-wsll records are not as long as the

_/ For example, see a sympogium on fiuctuations of gro:md-wﬁﬂer 'level, pub~
lished in Am. Geophys. Union Trans., 1936, pt. 2, pp. 337-390.

more complete stream-flow records, but the few long records show no long-term
tendency for the water table to decline except as affected >by pumping and other
withdrawals—-for example, records on Long Island extending back nearly 50 years

and occasional prior records made as marly as 1851,/

_/ Leggette, R. M., U. S. Geol. Survey, Long-time records of ground-water
levels on Long Island, N. Y.: Am. Geophys. Union Trans., 1936, pt. 2, pp. 34l-
344. Prepared in cooperation with New York Water Power and Control Comm.

Water levels have declined in many areas of withdrawal, even in farm wells
where the amount withdrawn is only a fraction of that recharged on the farm
itself. Such declines may be due to increased pumping, the extent of which the
farmer himself may not realize. Thus, when the well "goes dry" he believes that
there has been a general decline of the water table, not realizing that with his
new electric pump he is withdrawing more water than he ever did before, and that
water levels must decline when pumping increases. On farms where drainage 1is
practiced the water table is lowered, as intended, and the lowering may be re-
flected in the farmer's well.

A part of the widespread impression of decline of the water table on the
farm is due to the survey made in 1910 by W J McGee, who obtained data on
declines in water levels in a large number of wells throughout the United States

and published figures on average declines. _/ 0. E. Meinzer, _/ however, showed

_/ Mctee, W J , Wells and subsoil water: U. S. Dept. Agr., Bur. Soils

Bull. 92, 1913. »
j'ﬁeiZz]:Ber, 0. E., U. S. Geol. Survey, Review of the work of W J McGee

on ground-water levels: Am. Geophys. U:;i.on Trans., 1936, pp. 386-390.



that the declines were more s&pparent than.real, for the data were based on
measurements made in lthe fall, the season when water levels in most parts of
the country covered are normally at their lowest stages, and in 1910, a dry
year in much of the country. These levels were compared with the farmerst
statements, based largely on memory rather than measurements, of original
water levels. Under these conditions it would be natural for a farmer to
remember and report the highest sprirgtine stage in a wet year. Thus the
assumptions on which McGee's report were based were erroneous » but the report
had a profound effect that still persists.

Observetional data on the effects of drainage ditches are few. If properly
installed, they, of course, accomplish their intended purpose, to lower the water
table #nd permit cultivation earlier in the year, or cultivetion where it would
not be possible otherwise. The water drained reaches the streams sooner than
fornerly, and its total quantity may be greater because the lowering of the
water tzble tends to reducev evapo-transpiration losses. If a ditch taps an
extensive aquifer far from a natural outlet, many months or even years may be
required for the water table to become adjusted to the new level of discharge.
In most drained areas, however, the nztural outlets are not far awey and the’
ad justment may be expected to be essentially complete within a year or two,

The time required can even be determined in advance by existing formulas, _/

_/ For example, see Ferris, J. G., U. S. Geol. Survey, A quantitative
method for determing ground-water characteristics for drainage des.’!.gn: Am.,
Soc. Agr. Eng. Jour., in press. Prepared in cooperation with Michigan Geol.
Survey Div,

if the necessary hydrologic data are obtained. There is no evidence that the

water table tends to be unstable at its new, lower level, once the adjustment

has been made.

The effeéts on the hydrologic cycle of removal of native vegetation and
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subsequent cultivation are widely discussed and disputed. It should be made
clear that the field is a complex one in which there is much passionate conviction
but, so far, only a fraction of the scientific data that must be collected to
answer the question. Under certain conditions of geology, soil, and climate,
improper land management can lead to erosion of the soil, hardening and tighten-
ing of the subsoil, reduction of infiltration to the water table accompanied

by its lowering and the drying up of springs, and increases in flood peaks—

in short, conversion of a useful area into a useless and even harmful one.

How extensive such conditions are should be discovered by systematic investi-
gation, and the causes of and best remedies for them should be determined.

The Soil Conservation Service has made substantial progress in these studies.

It should be stressed that the same practices do not produce the same results

in different areas, so that it is necessary to predetermine, by adequate
research, the results to be expected under given conditions, in order to

oroduce the result intended and not another.

Forests have been widely regarded as protectors of the soil and safe-
guarders of our water suppiy. There is no question that they play an important
part in our national water economy. However, the impression is widespread
that removal of forest vegetation can have none but evil effects on water;
this thought has been carried even further, to the point where it 1s assuned
that planting of %“shelter belts" in areas not now forested will increase
precipitation and total water supply. The idea as to increased precipitation

has been pretty well dispelled, / and some of the other ideas are being

_/ Kincer, J. B., op. cite (Is our climate chenging?).

adjusted to the facts developed by research of the Agriculture Department,
the Weather Bureau, the Geological Survey, and their cooperating agencies.

For example, it has long been a popular belief that deforestation
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automatically is reflected by reduced infiltration to the water table. Where
the deforestation is accomnanied by destruction of the soil and great reduction
of its infiltration capacity there is no question that this can occur. However,
it does not occur everywhere, and it does not follow automatically in every
case that restoration of the infiltration capacity of the soil will be x;eflected
in a rise of the water table. In experimental areas in Colorado and California,
comparison of the water yields of small drainage basins that were deforested
with those of adjacent basins that remained forested showed that both total

and low-water runoff were increased in the deforested basins. / The increase

_/ Bates, C. G., U, S. Dept. Agr., Forest Service, and Henry, A. J.,
U. S. Weather Bur., Forest and stream-flow experiments at Wagonwheel Gap,
Colo.: U. S. Weather Bur. Supplement 30, 1928; Wilm, H. G., and Dunford, E. G.,
Effect of timber cutting on water available for stream flow from & lodgepole
pine forest: U. S. Dept. Agr. Tech. Bull. 968, 1948; Hoyt, W. G., and
Troxell, H. C., U. 8. Geol. Survey, Forests and stream flow: Am. Soc. Civil
Eng. Trans., 1934, pp. 1-30; discussions, pp. 31-111.

in total runoff was as expected because the trees, which formerly used large
quantities of water, were gone. That low-water runoff increased was reveal-
ing, however, because it comes from ground-water storage; thus deforestation
in these cases actually led to an increase in ground-water recharge. In the
Coweeta National Forest, N. C., it was discovered that total runoff was in-
creased by deforestation by approximately the amount of water formerly used

by the trees, / and the increase was accompanied by & rise of the water table. _/

_/ Hoover, M. C., U. S. Dept. Agr., Forest Service, Effect of removal
of forest vegetation upon water yields: Am. Geophys. Union Trans., 1944,

Pto 6 Ppo 969‘975‘ s
’ Munns, E. N., U. S. Dept. Agr., Forest Service, personal communication,

Jan. 12, 1950,

In all cases it hé.s been found that the runoff decreases rapidly as vegetal

growth is renewed.

This is not an argument for deforestation; forests have incalculable
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value for economic and esthetic reasons as well as for protecting the soil.
However, it points to valuable principles for application in land and forest
management. It emphasizes also that scientific résearch tends to disclose

facts not, even suspected in popular thinking--facts that sometimes pojnt in

a direction opposite to previous beliefs. We have here, therefore, considerable
evidence that unlimited reforestation may not be the answer to ouwr water prob-
lems; following up these thoughts a little, we can see promise that proper

land management may be able to increase the water yield of a drainage basin
without vint‘:;oducing undesirable conditions; and that in some areas now
devegetated and in need of soil conservation it may be economically preferable

to revegetate them with small plants._/

_/ Croft, A. R., U. S. Dept. Agr., Forest Service, A water cost of
runoff control: Jour. Soil and Water Cons., vol. 5, no. 1, pp. 13-15,
January 1950.

What should come out of this discussion of land-use practices is not that
we should suddenly abandon one tightly held line of thought and take up
another. Rather it is that we should realize how little we really know about
this vast field and should make it our business to support and to do the
tremendous amount of scientific research that remains to be done before we
can predict that one land-use practice will produce one result and another,

another; we can then plan confidently our future practices knowing what we

are doing.
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GROUND WATER AS AFFECTED BY USE
Under "Ground water in nq.ture" we ‘oonsidored mainly the part played
by ground water in the hydrologic‘ cycle under natural conditions. Now let
us consider in a general way the modifications introduced by artificial
withdrawals from or additions to the underground reservoirs by man. Condi-
tions in specific areas will be described in later sections of this report.

Effects of Withdrawal from Wells

Under natural conditions the ground-water reserveoirs, like natural
surface reservoirs such as lakes, are in a state of approximate dynamic
equilibrium. Their levels rise in wet periods and fall in dry, but over a
long period the water added to them is balanced by discharge from them. The
withdrawal of water from wells represents a new discharge imposed on the
natural system, and it must be balanced by an increase in recharge or a de-
crease in naturel discharge, or both. Until it is so balanced, water is with-
drawn from storage and the ground-water levels decline., Ultimately, if the
withdrawal is not in excess of the extent® to which recharge can be increased
and natural recharge reduced, a new state of equilibrium is reached. If the
withdrawal, however, is greater tha.n‘ca.n be balanced in this way, the loss of
water from storage continues until the water levels are drawn down to the
bottom of the aquifer at the point of withdrawal, or to the lowest practiocable
level of pumping, after which the yield is gradually reduced until a state
of equilibrium is reached for that particular aquifer and that particular
distribution of wells,

It must be remembered that the ground-water level must decline if
water is to be withdrawn from a well, in order that a hydraulic gredient may
be set up to induce water to flow to the well to replace that withdrawn.

Vhen withdrawal begins the water level in the well is lowered and a “cone of
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depression," with apex at the well and pointing downward, begins to form
around the well, The slope of the cone is gteeper near the well than farther
away, for the same qua.ntity of water must pass through an ever~decreasing
cross section of the aquifer as it approaches the well, The shape of the
cone of depression depends on the water-cerrying capacity of the aquifer,
Steep, narrow cones form in the less permesable aquifers, shallow ones in the
more permeable aquifers,

.‘t first all the water comes from storage in the aquifer, and the cone
of depression must deepen and grow laterally as more end more water is with-
drawn, until it diverts to the well an amount of water equal to the rate of
withdrawal--water that formerly discharged elsewhere or that represents in-
creased recharge, The rate of growth of the cone of depression depends on
the storage capacity--specific yield or coefficient of storage--of the
aquifer; the larger that capacity the more slowly the cone grows, Thus, a.i
discussed preﬁiously, it grows much more slowly in an unconfined or water-
table aquifer than in an artesian aquifer, whose storage capacity may be
hundreds of times smaller, This might be a good place to point out that,
if the withdrawsl is large enough, the water level in an ertesian agquifer
may be drawn below the bottom of the upper confining bed, so that the upper
pert cf the aquifer is unwatered, the piezometric surface in the unwatered
part is now a water table and the storage capacity typical of water-table
conditions exists there, and the rate of lowering of the water level is
correspondingly reduced, In any event, however, the cone of depression must
grow until it diverts enough water to supply the well.

It is apparent, then, that aguifers differ in the amount of water that
can be withdrawn with a given amount and rate of lowering of the water level;

that for a given lcwéring more water can be withdrewn from widely spaced



than from closely spaced wells; and that to obtain the maximum effect in
increasing recharge and reducing natural discharge, wells should be located
as close as practicable to the areas of recharge and natural discharge.

It is important, therefore, to be able to predict the effect on a given
aguifer of withdrawal of water from wells, in order to guard ageinst spacing
wells so closely together that their cones of depression will overlep unduly,
causing excessive local drawdown when more widely spaced wells would yield
the seame amount with less drawdown. Such predictions are possible through
anelysis of date obtained in pumping tests, by methods developed principally

by the Geological Survey in the last 20 years.

For example, see Wenzel, L. K., op. cit. (Water-Supply Paper 887)
and other papers listed in Partial bibliography of published and unpublished
literature concerning ground-water hydraulics and applications of quantita=-
tive methods, with special reference to work of the Ground Water Division,
U. S. Geol, Survey (duplicated), 9 pp., December 1948.

The two fundamentalvproperties that govern the effect of artificiel
withdrawal on an aquifer are its water-cerrying capacity or “tranamissibilityi
and its storage capacity, the "specific yield™ for water-table éopditions and
the "coefficient of storage®™ for artesian conditions, The transmissibility
is determined by the permeability of the material and its thickness; that is,
for equﬁlly permeable material a given aquifer will carry twice as mmch water
under a given hydraulic gradient than one half as thick. The unit of permea-
bility commonly used by the Geological Survey for field work is the number of
gallons of water a day that will pass through a strip of the aquifer 1 foot
thick and 1 mile wide under a gradient of 1 foot per mile, The transmissi-

bility is the permeability times the thickness of the aquifer in feet.,
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The units used for storage capacity have been defined previously, under
"ater-table and‘ artesian conditions,"

These fundamental properties of an aguifer cean be determined by properly
controlled pumping tests, They vary from aquifer to aguifer and from place
to place within an aquifer, so that for an adequate determination & number of
tests must be made., When the coefficients have been determined, they can be
used to predict the effect on any aquifer of withdrawing water from any
given combination of wells, The formules originally used assume an extensive
and uniform aquifer in which all withdrawals are from storage. Later modifi-
cations permit the successful prediotion of the effects of withdrawal on
nonuniform aguifers and those limited by barriers or having areas of recharge

or discharge within the range of pumping effect.

For example, see Ferris, J. 8., U, S. Geol, Survey, Ground-water
hydraulics as a geophysical eid: Michigan Dept. Conservation, Geol. Survey
Div, Tech. Rept. 1, March 1948,

We have said that the ground water withdrawn comes fram storage until
the withdrewal is balanced by an adjustment in the recharge and naturel dis-
charge of the aquifer., Let us now discuss a little how such an adjustment
takes place.

Naturael discharge from an aquifer occurs because there is‘ & hydraulic
gradient toward an outlet where water is discharged in liquid form or is
evaporated and transpired, The effect of artificial withdrawal is to lower
the water level and reduce the gradient toward the areas of matural discharge.
Thus the quantity of water flowing toward them end discharging in them is
reduced and the difference represents water diverted to the well, If the
lowering goes far enough the gradient toward the natural discharge aree may

be reversed, and, instead of water discharging into a stream, water will seep



from the stream into the aquifer. This is "induced recharge."

Artificial withdrawal increases the hydraulic gradient toward the well
from areas of recharge and increases the flow of water from them. If the
rate of recharge already is at a maximum, because of limited precipitation
or the inability of the soil to transmit water to the water table as rapidly
a8 the aquifer is able to transmit it away to discharge areas under natural
oonditions, the lowering of the water level caused by artificial withdrawal
cannot increase the recharge., Tmms the withdrawal, if it is to be stabilized,
mst be derived entirely from a reduction in natural discharge. This ocondi-
tion is common in the arid West. If, under natural conditions, however, the
potential rechﬁrge is in excess of the rate at which the aquifer can transmit
water to areas of natural discharge, the water table is built up as high as
it can get and surplus water entering the ground spills over into streems
crossing the recharge area or is evaporated and transpired., This is "rejected
recharge,™ and it is common in the humid Best. If the water table is lowered
in the recharge area as a result of artificial withdrqwal; space is provided
in the aquifer for some of the water that formerly spilled over, and the in=-
creased amount of water can travel through the aquifer because of the increased
gradient set up by the artificial withdrewal, This, too, is "induced recharge,"
and here too the process can be carried far encugh to prevent water fram spill-
ing over in the recharge area and even to induce surface water flowing from
areas upstream to infiltrate from the stream channels into the ground., Such
#induced infiltration® from streams has aIways‘occurred where wells penetrat-
ing permeable aquiferé near a river have been pumped heavily enough to reverse

the natural gradient of the water table, but it is being done deliberately on



an increasing scale along such rivers as the Ohio,

Kazmenn, R. G., River infiltration as a source of ground-water supplys
Am. 8oc, Civil Eng. Proc., vol. 73, no, 6, pp. 837-853, June 1947,

Addition of Weter to Underground Reservoirs

Man's activities result in the addition of water to underground reservoirs
in several Ws besides the ™induced recharge™ or "induced infiltration®
described above eas resulting from withdrawals from wells. Deliberate addition
of surface water or of used ground water, by methods known as "artificial re-
charge,” will be discussed later. Here we will consider briefly more or less
unintentional additions which, however, are of great importance in some areas,

Application of water for irrigetion is an important source of ground-
water recharge in most irrigated areas., It is necessary to apply more water
than is needed to meet the demands for evaporation and crop growth. This
excess water or "excess irrigation" serves the purpose of keeping the soil
flushed of the salts that accumilate when the water is eveporated and trans-
pired and that otherwise would soon meke thé s0il unfit for cultivation. The
excess water, called "irrigation-return water," seeps downward to the water
table, adding to the ground-water supply. If not diverted by pumping it may
flow to and drein into a stream and be used over'a.gain for irrigation or some
other purpose, or flow to an area where it is disposed of by evaporation and
transpiration.

The irrigatioz_x-return water represents an important source of water,
and in planned irrigetion projects it ‘is always taken into comsideration. It

does not represent new water, but it reduces the net requirement, It is not



enough, however, simply to determine the amount of irrigetion return and
figure on its reuse, Each time the water passes through the soil its load
of dissolved mineral matter increases, and its use must be regulated so that
it does not become too concentrated. Where the water initially applied has
a low mineral load and where the soil and rocks through which it passes con-
tribute little mineral matter, the water can be reused several times before
it becomes too concentrated. However, reuse must be limited where the origi-
nal water is high in mineral matter, the soil and rocks contain much soluble
matorial or are so tight that water moves through them slowly and has more
opportunity to dissolve the soluble material, and water of good quality is
not available for diluting the irrigation-return water. Such conditions are
common in the arid West.,

Where the soil and rocks are not very permeable, or permeable but drain
slowly because of the distance to natural outlets, irrigation with surface
water may raise the water table, so that the low spots become waterlogged,
the water is discharged by evapo-transpiration, and the salts in it accumulate
in the soil, forming Malkali®" conditions., Imstallation of adequate drainage
systems or pumping to lower the water table is necessary here,

Thus the gradual accumulation of salts in the water and the water-
logzing of land represent potential problems associated with nearly all
irrigation projects, which must be solved through ocareful study of all
these factors if the projects are to be successful. An excellent example is

the Salt River Valley in central Arizona. There the application of irriga-

_/ McDonald, H. R., Wolcott, H. N., and Hem, J. D., Geology and ground=-
water resources of the S8alt River Valley area, Maricopa and Pinal Counties,
Ariz. U. S. Geol. Survey mimeographed rept., February 1947. Prepared in
cooperation with Arizona State Land Dept.

tion water raised the water table, waterlogging the lower tracts and
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threatening others. Wells were installed and pumped to lower the water table,
and the water was used for additional irrigation. .8oon the practice of pump-
ing water for irrigation was recognized as a practical way of accamplishing
subdrainage and reuse of water and was extended until now the area is seriously
. overpumped. Overpumping need not ocour where a project jis properly planned and
carried out on the basis of adequate basic information, however, and the pump-
ing of water to keep the water table down and to provide for reuse of water
can and should be an integral part of many projects.

The building of surface reservoirs mey result in the addition of water
to underground reservoirs. The addition may be inadvertent, where a reservoir
thought to be tight proves to be leaky, and may even lead to failure of the

reservoir to meet its intended purpose, It may be deliberate, where the

_J/ For examplo, see Bean, R. T., Geology of the Roswell ertesian basin,
N. Mex,, and its relation to the Hondo Reservoir. Manuscript report in files
of U, 8. Geol, Survey. Prepared in cooperation with Bur. Reclamation, State
Engineer, and State Bur. of Mines, and to be published by one of the State
agencies,

permeability of the reservoir bobttom is recognized and the effect of the
reservoir in adding to the ground-water supply is taken into account or,
indeed, may be the purpose of tuilding the reservoir, as in the case of the

Santa Clara Valley‘whter Conservation District in California,

Conkling, Harold, and Bryan, E. N., Santa Clara investigations Cali-
fornia Dept. Public Works, Div. Water Resources Bull. 42, 1933,

In humid arees where the water table normally slopes toward the streams,
a body of water impounded by a reservoir may act as & dam for a time, It

causes the ground water flouing toward the reservoir to acoumlate until,



together with water seeping from the reservoir, it fills up ‘the new “under-
ground reservoir™ that has been formed, and eventually spills over at the
new, higher level. The effects may be beneficial in raising the water table
and making ground water more easily available, or harmful, if the rise of
the water table waterlogs valuable land, but they should always be considered
'when a reservoir is planned, 8uch “bank storage® in some reservoirs is
.equivalent to a sizable fracfion of the surface storage; it adds to the total
storage and must be taken into a.cc.ount in planning additions to or withdrawal
from storage. Studies by the Geological Survey now in.progress show that the
"bank storage®™ in Leke Mead is equivalent to roughly an eighth of the total

storage caepacity,

_/ Langbein, W. B., U. 8. Geol. Survey, personal communication, Apr. 3,
1950,




Man&jggmnt of Ground=-Water Reservoirs

We have seen how importent the ground-water reservoirs are as
storers of water and reguletors of streem flow. We have desoribed same of
the effeots of artifioial withdrewals and additions and have hinted at the
possibilities of loocating wells so as to inorease recharge and reduce wasteful
natural discharge and thus to make the reservoirs more useful to men. Let -
us now oonsider more fully the management of owr underground reservoirs as a
part of owr mational water economy. Practically all of ocur growmd-water problems
are the result of mismanagement, in the sense that uncontrolled development
has produced results that were not forseen, or oould not be foreseen on the
basis of available information. Without proper management we oan look forward
to nothing more than aggravation of existing problems and oreation of new ones.
With it we can modify the netural regime to meke the growmd-water reservoirs
teke in more water and waste less; we oan utilize their storage function more
offeotively to reduce wasteful and destructive flood runoff in the wet season
and periods of wet years end make more water available in the dry season and
in periods of dry years when it is needed most; in short, we can meke ground
water assume its rightful plsce in our economy, & place it must ocoupy if we

are to continue to grow in strength and wsllbeing.
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Sustained Yield vs. Mining

Each ground-water reservoir has a sustained yield to which it can be de-

veloped for humen use. This quantity or feasible rate of withdrawal depends

on the natural characteristics of the aquifer--its extent, thickness, permea-
bility, and structure, and those of overlying and underlying rocks (some
aquifers are so sealed off as to be virtually unreplenishable); the topography,
climate, soils, and vegetation in its recharge and discharge areas; and the
extent to which water is available for recharge and the opportunity for natural
discharge as governed by these and other factors. It is not a fixed quantity;
it depends importantly, too, on the way in which the developments are made,

for one distributior of wells and pumping mey produce a total dependable yield
vastly different from another, depending on the effect in increasing recharge
and reducing natural discharge and on the overlapping of cones of depression.
By designing his installations properly mean can accelerate the circulation of
water through the reservoirs and thus make them teke in more water, available
for useful purposes, than they did in their natural state.

Opposed to sustained yield is miring of ground water. There is always
some withdrawal of water from storage as the hydraulic gradients adjust them-
selves to new conditions of discharge. However, if the reservoir is to be
used indefinitely at its sustained yield, the loss in storage can go to the
feasible limit but no farther; the water levels will decline to a stage at
which, on the average, they will be stable, though in the operation of the
storage function of the reservoir they may be alternately drawn below that
average stage and made to recover above it. In the mining of ground.water,
however, there is a progressive loss of storage as the withdrawal continues
to exceed the extent to which natural losses can be salveged end increzsed

recharge can be induced, and ultimately the ground-water levels reach the



lowest practicable stages, after which the withdrawal must be reduced to the
rate of natural recharge less remaining natural discharge. An extreme example
of an area in which ground water is being mined is the southern High Plains in

Texas, where water currently is being withdrawn at more than 20 times the

Y
ongp

_/ Barnes, J. R., and others, op. cit. (Progress report on the High Plains).

estimated rate of replenishment. Mining even more important quantitatively,
though not on a percentage basis, is occurring in such areas es central and

southern Arizona and in California. Still other cases of mining, involving

Turner, S. F., Arizona ground-water levels continue decline. U. S.
Geol. Survey press release, Aug. 12, 1949, based on annual report on ground-
water levels in Arizona for 1948. Prepared in cooperation with Arizona State
Land Dept.

Poland, J. F., U. 8. Geol. Survey, Ground water in California: Am.
Inst. HMin. and Met. Eng. Trans., vol. 187, Min. Eng., pp. 279-284, February
1550. Prepared in cooperation with Californie Dept. Public Works, Div. Water
Resouroces, and others.

withdrawal of water from artesian storage rather than under water-table
conditions such as prevail in the High Plains, have occurred in the artesiam

basin formed by the Dekota sandstone d/ in the Great Plains and probably in perts

Wenzel, L. K., and Send, H. H., Water supply of the Dakota sandstone in
the Ellendale-Jamestown area, N. Dak.: U. S. Geol. Survey Water-Supply Paper
889-A, 1942. Prepared in cooperation with North Ddkote Geol. Survey

of those formed by the Cambrian and Ordovician sandstones of Illinois, Wisconsin,
and adjacent areas.
Thus, considering both sustained yield end mining, we might adopt the

concept of optimum yield - the rate at which it is found feasible and desirable

to withdraw water from an underground reservoir. We can regard each reservoir

as raw material, which we can adapt for our uses as scientific investigation
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and thoughtful planning make it possible -- even to the extent of exhausting
stored water in aquifers having little replenishment, if we decide that the beat‘
interests of ‘an area or of the Nation as a whole are thus served.

We have used freely the words "feasible," "practicable,"” and "desirable."
These bring into the concept of optimum yield the factor of economics. We may
do only what we ocan afford to do. We can provide installations for increasing
recharge and reducing natural discharge, for drawing the water levels down
the needed amount to achieve these objectives, but we can do these things only
if they are profitable. dbviously, certain uses of the water we develop will
be more profitable than others ,' and a given use will be more profitable at one
time than another. In Chicago water is 1ifted as much as 800 feet from wells
for industrial use. In California it is lifted from depths of more than 8500
feet in some places for irrigating valuable crops; if the prices of the crops
decline enough the pumping cost will be excessive and irrigation from wells
will have to be reduced or stopped. Thus we have another and controlling

variable in determining the optimum yield of an aquifer.
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The maximum usefulness of the ground-water reservoirs over an
indefinite period obviously ocalls for develomment of their sustainedyield rather
than mining of their water. In certain oases, however, involving aguifers
whose perennial yield is small, at least so far as the present distribution
of withdrawals is oonoerned, it may be necessary to modify this principle.
Take the case of the southern High Plains of Texas, for exsumple. There the
average annual replenishment of the grownd water, though rot known acourately,
oan be taken as roughly 60,000 aore-feet, and the ocurrent withdrawal is con-
siderably more then a million aore-feet per year and is inoreasing rapidly.
Furthermore, the natural discharge of roughly 50,060 aore-fset, by seepage sand
evaporation at the edges of the plains and in some of the valleys orossing
them, has not yset been appreciably reduced because the lowering of the water
table has not extended that far; thus, essentially all the ourrent withdrawal
is from storage. On & perennial basis the net withdrawal obviously caunot
exceed the rate of recharge, and even this assumes that all natural discharge
would be stopped. Now, if 1t had bsen possible to sontrol the withdrawal
right from the start, should it have been restrioted to the rats of rechargs?
This would have left wmtouched the vast amount of stored water ascumlated
over the past, smounting to perhaps 160 million aocre=feet in the irrigated

part of the southern High Plaina.-/

_/ Barnes, J. R., and others, op. oit. (Progress report on the High Plains),
Pe 41,

pro—
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Here is an example of one of the most difficult problems of hydrol-
ogy, economics, and philosophy that we have to face. We must first determine
the availeble water resources of such areas--the amounts of water that can be
withdrawn under various conditions and the lengths of time over which the
withdrawal can be continued under each procedure considered. Then it must be
decided whether the stored water is to be mined in whole, in part, or not at
all. In the southern High Plains ofrTexas we are already committed to mining
the water; what ocan we do to obtain supplemental water, or to provide sub-
stitute gaiﬁful activities if it is not practicable to get enough water to
continue irrigation? The High Plains problem is & classic example of one
that has developed because the limitations on the ground-water resource were
not recognized. 1If we can solve it we will have a key to solving others,
but so far no long-range effective solution has been defised for the High
Plains, and every year of delay will make the solution more difficult. One
thing is certain: In such areas we should know the hydrologic facts early
in the game; no intelligent action can be taken without them.

The Central Valley of California is another even more important
hydroiogic and economic unit faced with the problem of overdevelopment of

ground water. Here the solution appears to be in sight, and though it will
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be expensive it will provide an example of what oan be done where the water of
& major basin is regarded as a wit and plans are devised for using it to the
maximum practicable extent. In simple terms the problem is one of replenishing
the depleted grownd-water supply of the southern San Joaguin Valley, indirectly
through use of water from the wetter northern part of the Central Valley.

The present overdreft in the southern Sen Joaquin Valley is on the order of

1 to 1-1/2 million aore-feet per year."‘/ It is proposed to divert flood water

/ Poland, J. F., op. cit. (Ground water in Californisa).

from the San Joaquin River, now used farther north, to underground storage in
the southern part of the valley, making it awvailable for use when stream flow
is low, and to replace the part of that water now used farther north with
water from the northern part of the Central Valley. The underground reservoir
of the northern or Saoramento Valley part of the Central Valley will also be

used to store flood water for later uso.—/ Thus the undergroumd reservoirs

_/ Polend, J. F., op. oit. (Ground-mater storage capacity of the
Saoramento Valley),

will be drawm down in dry periods and refilled in wet, so that there will be
neither a shortage of water in dry seasons and years nor waste of nor damage
from flood waters in wet seasons and years. The project is not yet "out of

the woods." The present plans will not provide as mmch water as is needed,
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and many procedures remain to be plarmed and oarried out. For example, it
has not yet been determined where and how the artificial recharge of the
underground reservoirs ogn bs carried out most effectively and economieally,
but the diffioculties are recognized and the basiec geologio end hydrologlie
studies are under way. Here we will have & key to the kind of soientifio
investigation and snalysis, econamio thinmking, and engineering plaming that

we will have to provide for similar problems elsewhere.

Salvage of Natural Waste

An important part of the management of our water resources must be the
salvage of natural waste. We have spoken of salvaging "rejected recharge"
and reducing the natural discharge of the ground-water reservoirs, and so
making more water available to wells. Part of the rejected recharge and
natural discharge goes into streams and serves to maintain their flow, and
part of it goes into the air through evapo-transpiration. To the extent that
ground-water withdrawals can be made to reduce the wasteful loss by
evapo-transpiration, we can increase the net usable water supply, even if
those same withdrawals result in some depletion of stream flow. let us recall
that, of the approximately 30 inches of precipitation received annually in
the United States, about 21 inches is discharged by eveporation and trans—
piration and only 9 inches in liquid form into the ocean. The amount of water
discharged by evapo-transpiration is staggering. On a hot midsummer afternoon
in the United States, water is pouring into the air, molecule by molecule, at

a total rate equivalent to more than 10 times the maximum recorded flood flow

of the Mississippi River at Vicksburg. We can hope to recover only a small
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fraction of this s but all we recover will be added to our potential maximum
water supply. An important part of what we can recover is that discharged
by evapo-transpiration from the ground-water reservoirs. The much larger
amouit discharged from the soil without ever reaching the water table is
less easily reducible, but we should make thorough studies to determine
where and how a part of it can be salvaged, as through land-use practices
that will reduce the loss without injuwring the soil or reducing crop growth.
On the basis of meager, incomplete data, it is estimated that
phreatophytes (water-loving plants whose roots tap the water table or the
capillary fringe above it) grow on some 15 million acres in the 17 Western
States and discharge perhaps 20 to 25 million acre-feet of water ammually. /

_/ Robinson, T. W., Areas and use of water by phreatophytes in the
Western United States. Unpublished memorandum in the files of the U. S. Geol.
Survey, Jan. 7, 1949. Prepared in gooperation with State Engineer of
Nevada.

This figure includes only phreatophytes that have no beneficial use; bene-

ficial ones, the most important of which is alfalfa, are excluded. Also not

included, of course, is the use by upland vegetation of soil moisture that

never reaches the water table, the total amount of which is many times larger.
The 20 to 25 million acre-feet essentially wasted by phreatophytes in

the 17 Western States is about half again a8 great as the annual flow of

the Colorado River. Though the Colorado is not even among the first 20 rivers

of the United States in flow,_ / its importance in the arid Southwest is

_/ U. S. Geol. Survey Circ. 44, Large rivers in the United States,
p. 5, May 1949.

attested by the vigor of the current dispute over distribution of its waters.
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The importance of studying, evaluating, and developing as fully as possible
an additional source in the West whose total amount is greater than the
flow of the Colorado is equally obvious. Not all the water used by
phreatophytes in the West can be salvaged, perhaps not even the major part,
but a substantial amount can be and will have to be if the development of

the West is not to be stifled by lack of water.

Artificial Recharge

Artificial recharge is the addition of water to underground reservoirs
by man. It represents a means of increasing the practicable rate of with-
drawal, where it proves to be necessary and feasible. Inasmuch as we have
already discussed "induced recharge" or "induced infiltration" and the ad-
dition of water through irrigation, this discussion will be brief and wiil
be limited to the deliberate rather than the incidental addition of water.
The different methods are discussed and numerous references are given in

a paper by Sayre and Stringfield._/

_/ Sayre, A. N., Chief, and Stringfield, V. T., Senior Geologist,
Ground Water Branch, U. S. Geol. Survey, Artificial recharge of ground-water
reservoirs: Am. Water Works Assoc. Jour., vol. 40, no. 11, pp. 1152-1158,
November. 19/48,

The two principal methods of recharge are those known generally as
water spreading® and the injection of water through "recharge" or "return"
or "injection" wells. Water spreading at present is used on the largest
scale in California. There, water from streams is passed over permeable
ground as a sheet or in basins or furrows. Ordinarily flood water is used,

but if it contains much sediment it may be bypassed until the flow is reduced
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and becomes clearer. In some cases the natural channels of the streams
themselves are used for recharge by release of stored water from reservoirs,
inasmuch es the principal recharge occurs from the channels anyway. In

this way flood water, flowing at a rate exceeding the infiltration capacity

of the channel, is stored in surface reservoirs. Later it is paid out at’

a rate no more than enough to satisfy the infiltration capacity of the channel,
with perhaps an excess to meet surface irrigation requirements in end down-
stream from the recharge area.

Artificial recharge by "water spreading" already is important in the
West and will play an increesingly vitel part.in water-resources management,
as in the Central Valley of California. Similar practices are followed
to some extent in the East and Middle West, as at the Runyon Waterworks
and the Duhernal Reservoir in New Jersey, the Des Moines Waterworks in Iowa,
and the Dayton Waterworks in Ohio. It is practiced also to a considerable

extent in Europe._J/

_/ Sayre, A. N., and Stringfield, V. T., op. cit.

Artificial recharge through wells is much less important on the basis
of total quantity recharged, but in the areas where it is practiced it is
vital as a means of conservation. The outstanding area is Long Island, N. Y.,
where, in accordance with a State law, the Water Fower and Control Commissidn
requires that ground water used for cooling and other noncontaminating uses

be returned to the ground. d/ The amount returned through more than 300 wells

Brashears, M. L., Jr., U. S. Geol. Survey, Artificial recharge of
ground water on Long Island, N. Y.: Econ. Geology, vol. 41, p. 6503, 1946.
Prepared in cooperation with New York Water Power and Control Commission.




and several pits has amounted to more than 60 million gallons a day during
the sumer. In 1949, a total withdrawal of 270 million gallons per day was
reduced to a net of about 150 million gallons per day by return to the
water table of about 120 million gallons per day through artificial-recharge
wells and pits, septic tanks, etc.

At Louisville, Ky., two plants producing industrisl aleohol during
the war were forced to recharge their wells artificially to maintain an
gdequ.ate yield. They used cold city water from the Ohio River during the
winter, thus not only inereasing the supply but providing water that was
colder than average and thus more effective for cooling, the principal use._/

_/ Guyton, W. F., U. S. Geol. Survey, Artficial recharge of glacial sand
and gravel with filtered river water at Louisville, Ky.: Econ. Geology,
vol. 41, p. 644, 1946. Prepared in cooperation with Kentucky Dept. Mines
and Minerals and City of Louisville. '

Such recharge with cold city water derived from a surface source has great
promise, where aquifers are depleted by concentrated pumping in industrial
cities and where city authorities will cooperate by supplying water at a
special rate., Most water plants in such cities can produce surplus water
cheaply in the winter, when the normal demand is low, and could sell it for
artificial recharge at a rate low enough to make the practice attractive.
Artificial recharge through wells is practiced widely in parts of

Florida, so far not so much to increase the supply as to dispose of storm

water and industrial wastes._/ The water and wastes are discharged into

_/ For example, see Unklesbay, A. G., and Cooper, H. H., Jre, U. Se
Geol. Survey, Artificial recharge of artesian limestone at Orlando, Fla.:
Econ. Geology, vol. 41, no. ks pte 1, pp. 293-307, June-July 1946.
Prepared in cooperation with Florida Geol. Survey.
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cavernous limestones, creating, in some places, problems of cont.amination._/

./ Op. cit., p. 300,

Artificial recharge through wells has been practiced on a smaller scale
in several other places, including Indianapolis, Ind., _/ and Hopewell,

McOuinness, C. L., U, S. Geol. Survey, Ground-water resources of the
Indianapolis area, Marion County, Ind.: Indiana Dept. Comservation, Div,

Geology, January 1943.

Va._/ At Camp Peary, Va., Cederstrom / made an experiment on a well

_/ Cederstrom, D. J., U, S. Geol, Survey, personal commmication,
April 17, 1948.

Cederstrom, D. J., Artificial recharge of a brackish-water well,
U. S. Geol, Survey mimeographed report, 1947. Also printed in the Common-

wealth (Va.), December 1947. Prepared in cooperation with Virginia
Geol, Survey.

normally yielding water moderately high in chloride, showing that fresh
water could be recharged and recovered without excessive mixing with the

high-chloride water,

In a unique development on the island of St. Thomas, in the Virgin
Islands, rain water is to be collected from the paved runway of the airport
and recharged through an infiltration gallery into a thin sandy aquifer
that now contains only brackish water,

Artificial recharge, especially that through wells but including that
by water spreading, is complicated by clogging of the recharge well or basin
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by sediment in the water or by growth of bacteria and algae, except where
the recharge is into cavernous rocks that are not readily clogged. Where
clogging occurs, provision must be made for periodic cleaning of the wells
or scraping of the sides and bottoms of the recharge basins, or for treat-
ment of the water to prevent clogging.

Complications are introduced also by geologic conditions. For example,
permeable materials capable of absorbing water freely may underlie the
surface, but unfortunately they may be separated from the depleted aquifer
below by impermeable clay. Complications of this kind exist in the West
Basin near Los Angeles, Calif., where artificial recharge appears to be
necessary but will have to be done through wells or shafts because the

aquifer is capped by materials of low permeability. _/ Similar conditions

_/ Poland, J. F., Garrett, A. A., and Sinnott, Allen, op. cite
(Torrance-Santa Monica area, Los Angeles County, Calif.) pp. 459-472.

exist in part of the upper San Joagquin Valley where artificial recharge is
to be practiced, / and detailed geologic studies are now under way to

_/ Llivingston, Penn, Ground-water features of the San Joaquin Valley,
Calif.; a review of published and unpublished reports and papers.U. S.
Geol. Survey duplicated report, January 1l94L. Prepared in cooperation
with the Corps of Engineers, U. S. Army.

determine the areas where it can be carried out, as mentioned previously.

The cost of artificial recharge varies widely. That done through wells
is most expensive per unit of water recharged. However, in concentrated
industrial districts the cost of land for recharge basins may be prohibitive,
so that if artificial recharge is practiced at all, it must be through wells.
In all cases, of course, it is practiced where it forms a means of majintain-

ing a necessary water supply more economically than by importing water from

another source.
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Salt-Water Encroachment and Contamination by Wastes

So far the discussion of the effect on ground-water reservoirs of
the acti:v'lties of man has related largely to the effects in lowering watevr
levels, increasing recharge, reduoing naturel discharge, etce-=effects ine
volving mainly the quantity of water involved. In some arees, parbiouhr;y
along the coast, limitations on the withdrewal of ground water are imposed
by the possibility of encroachment of sealty water, rather than by such factors
a8 pumping 1ifte In some other areas there is contamination by wastes.

Where permeable meteriels are in contact with the sea, the ,sa.ltr
water tends to fill them up to sea level except as it is depressed by fresh
water that literelly floats on the heavier salt water. The physical principle
that governs the reletiun is thet of the U~tube, in which one colum is filled
with salt water snd the other with fresh. The fresh-water colum mst be
higher than the salt because the fresh water is lighter, and it i§ higher in
proportion to the difference in specific gravity. The specific gravity of
sea water varies considerebly but 'avera.gee about 1,025, oar about 1/40 heavier
than fresh water. Thus, the fresh-water columm mst be about 1/40 higher
than the salt. Inasmuch as the top of the éalt water is at sea level, a
colum of salt water is balanced by & colum of fresh water 41 feot high, of
which 40 feet is below sea level and 1 foobt sbove. That is to say, if near
the coast the water table or piezometric surfece of fresh water in an &uifer
open to the sea is 1 foot above sea level, there theoretically will be 40
feet of fresh water below see level; if 2 feet, 80 feet of fresh water, and
so one There is never quite 40 feet below see level for each foot above

because there is always some mixing near the ocomtect, increasing the specifioc
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gravity of the fresh water so that less than the full 41 feet is required for
balence to existe |

The fresh water=-salt water balance exists where sny aquifer is open
to the sea, whether unconfined or oonfined. Building up of the fresh-wmter
"lens" is possible, of course, because frioction prevents the water from running
into t.‘m sea s0 rapidly as to dissipate ite For a given rate of fresh-water
acoretion, the more permesable the aquifer the thinner the lens; for a givem
perreability, the greater the acoretion the thicker the lenss

Vhen water is withdrewn from the aquifer the fresh water-salt water
ocontact eventually rises 40 feet for each foot the fresh-water head is lowered,
as shown in figure 9. There is a lag, of course, corresponding to the time
required for the water to be withdrewn from storage as a result of formetion
of the cone of depr.ouion.

Most artesian aquifers along the coast were filled or nearly filled
with salt water several times within the last million years as a result of
rises of sea level dwring interglacial stages of the Pleistocene epoch or
Great Ice Age. These equifers were flushed of part or all of the salt water
during glacial stages, vhen the sea level was lowered, deperding on their
permeebility, the emount of fresh water available for recharge, and the fresdom
with which water could pass through their undersea extensions, where they
commonly grade into less permeable materials. However, many of them, in the
parts near or under the sea, have not been flushed completely and still contain

weter which, though not so selty as sea water, is still too salty for most usese
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This water encroaches on wells in exactly the same way as sea water when the
withdrawal is so heavy as to oreete a hydraulio gradient between the part of
the aquifer containing salty water and the wells.

| In order for withdrawal of fresh water near the sea to be safe,
therefore, it must be at swh a rate that, through the full thickmess of the
fresh-sater aquifer, the head will remain high enough between the wells and
the part of the aquifer ocontaining salt water to prevent the salt water from
rising into or moving toward the wells. This does not mean that the water
levels cannot be lowered below sea level at the wells; they can be lowered
as far as desirable or praoticable 80 long as the head remains high enough
between the wells and the salt water. Obviously, the more produstive and
heavily recharged the aquifer, the less the head needs to be lowered to
produce a. given quentity of water and the more water is available to flow
around the cone of depression to maintain adequate head between the wells
end the salt water.

In the past msf.wi’chdrmla- of fresh ground water near the coast
were made without recognition of these principles, and in many places salt
water has encroached sooner or later as the fresh-water head has been lowered:
and the stored fresh water replaced by salt water. Among the importent

areas where salte= or brackish-water encroashmsnt has oocurred are western
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NATURAL CONDITIONS

IDEALIZED DIAGRAM SHOWING RELATION OF FRESH
WATER TO SALT WATER IN A COASTAL AREA
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v
Long Island (Brooklyn), N. Y., Miami, Fla., Mobile, Ala., the Torrance-

_/ Brashears, M. L., Jr., U. 8, Geol, Survey, Artificial recharge of
ground water on Long Island, N. Y.t Econ. Geology, vol. 41, no. 5, pp. 503~
516, August 1946. Prepared-in cooperation with New York Water Power and
Control Commissione.

_/ Brown, R. H., and Parker, G. G., U, S, Geol. Survey, Salt-water en-
oroachment in limestone-at Silver Bluff, Miemi, Fla,: Econ. Geology, vol. 40,
no. 4, pp. 235-262, June-July 1945; also Parker, G. G., and others, Water
resources of southeastern Florida: U, 8, Geol. Survey water-supply paper,
in preparation. Prepared in cooperation with Florida Geol. Survey, Dade
County, City of Miami, and others.

_/ Peterson, C. G. B., U, 8, Geol. Survey, fround-water investigations in
the Mobile area, Ala.: Geol. Survey Alabame Bull. 58, 1947.

< v
Santa Monica and Long Beach-Santa Ana areas near Los Angeles, Calif.,

_/Polend, J. F., Garrett, A. A., and Sinnott, Allen, op. cit. (Torrance-
Santa Monica area, Calif.).

Poland, J. F., and others, Hydrology of the Long Beach-Santa Ana area,
Calif., with special reference to the watertightness of the Newport-Inglewood
structural zone. U. S. Geol. Survey duplicated rept., June 1946. Prepared
in cooperation with Orange County Flood Control District and Water Distriet,
Los Angeles County Flood Control District, and City of Long Beach.

; v
and the Hawaiian Islands, especially the Honolulu area, Oshu. In these and

_/ Stearns, H. T., and Vaksvik, K. N., U, 8, Geol. Survey, Geology and
ground-weter resources of the Island of Oahu, Hawaiis Hawaii Div, Hydrography
Bull., 1, May 1936, See also Bull, 2, geologic map; Bull. 3, bibliography;
Bull. 4, records of wells; Bull., 5§, supplement. See also Palmer, H. S.,

Univ, Hawaii, The geology of the Honolulu ground-water supply: City and
County of Honolulu, Board of Water Supply, 1946.
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other areas where salt-water encroachment has ocourred or is threatened,
the geologlc and hydrologic conditions, the distribution of wells, and the
possible methods of solviné the problem differ widely, so that each repre=
sents a separate case. All must be studied, however, in the light of the
general principles describede.

Encroachment of water of undesirable quality occurs inland as well
as along the coast, wherever such water can find access to an aquifer or is
elready present in a part of it and is induced to flow toward wells. Leny
of the closed or partly closed alluvial basins of the West are characterized
by the dry salt lakes or playas described previously. The water beneath and
adjacent to the playas hes been concentrated by evaporation and may be even
saltior than sea water. Wells located too near the playas, drilled too
deep, and pumped too heavily may be salted in exactly the same way as wells
near the coaste In the Tularosa Basin, Ne lbx., the ground water in most
of the basin is salty and fresh weter is aveilable only in scattered areas

around ‘the edge.-/ The development of fresh water, once it is located by

_/ Yeinzer, Oe E., and Here, R. F., Geology and water resources of Tularosa
Basin, Ne Mexe: Ue Se Geole Survey Water~Supply Paper 343, 1915. Frepared
in cooperation with New Mexico Agre. Expere Stae
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geologic study and test drilling, is constantly complicated by the problem
of salt-sater encroachment, as in the search for an adequate water supply

in the vicinity of Lla.mogordo-/

_/ Murreay, Ce Re, Memorandum on the possibilities of developing ground
water for the Alamogordo Army Air Base. Menuscript report in files of
Ue Se Geole Survey, April 1947. Prepared in cooperation with State Engineer

of New Meqoo.

Ground weter of poor quality occurs in humid areas as well as arid.

The artesian sandstones of the Chicago area comtain highly mineralized water
et depth and to the south, down the dip of the beds, end there is a limit
to which fresh water can be obtained and, once obtained, pumped so as to

avoid encroachmsnt of the poorer wa‘beru-/

Anderson, Ce Be, VThe artesian waters of northeastern Illinoiss Illinois
Geols Survey Bulle. 34, 1919.

In a large interior region underlain by stratified Paleozoic sand=-
stone, shale, limestone, and, in places, coal beds, extending from New York
southwestward to Tennessee and Alabama and westward to the Great Plainz, the
rocks typically comtain water of poor quality at depths more than 100 feet
or so below the level of streems, so that heavy pumping may induce poor

water to enoroach on or rise into the wellse In the northern part of this
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region the Paleozolec rocks are overlain by glacial drift that contains
many good aquifers and is the principal source of water. In the southern

part ground water of good quality is scarce in many places.-/

_/ lleinzer, Oe B, ope cit. (Water-Supply Paper 489), p. 31l.

Water of poor quality may be present in. a stream and mey encroach
on adjacent wells. For example, the water of the Arkensas River is salty
below Great Bend, Kanse, end tends to contaminate the ground water in the
adjacent alluvium, which is of good gquality where precipitation is the
principal sowrce of recharge. At Wichita, Kens., public=supply wells tapping
the alluvium of the Arkansas River ware abandoned in favor of wells drilled

in enother aquifer distant fronm the river -/

_/Yﬁlli.ams, Ce Co, amd Lohmn, Se We, Ue Se Geol. Survey, GEO].OgY and
ground~water resowrces of a part of south~central XKansas, with special refer=
ence to the Wichita mmicipal water supply: Kensas Geol. Survey Bull. 79,
PP 159-183, July 1949,

_Water of poor quality in water=-bearing formtions generally is
native to the arca concerned, but chenmical ‘oontanﬁ.nation through ment's
aotivities has affected soms aquifers. For example, & considerable pert of
the salt in the ground water in the Arkansas Valley arce has resulted from

dumping of brine from oil wells into the river or into pits in the alluviumg
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somp contamination has ccourred also through wells tapping salty water under
pressure in rocks below the alluvium, which has moved through the wells into
the alluviume Chromimn—bearing waste contaminated certain industrial wells

at Waterbury, Conn.,"/ during the war., Disposal of arsenio-bearing waste

_/ Unpublished date in files of U. Se Geols Surveye.

contaminated certain wells at the Pine Bluff Arsemal, Arks Even the

_/ Unpublished date in files of Us 8 Geol. Survey.

spilling of gasoline or leakmge from storage tanks my contaminate ground

water, as in a recent case at Arlington, Vae

Cederstrom, De Js, The Arlington gasoliné-oontamination problem. Ue 8o
Geole Survey mimsographed repte, May 14, 1947. Prepared in cooperation with
Virginla Geole. Surveya.

On the whole, the ground-water reservoirs are inherently safer from
contamination by industrial westes than are surface-mater bodies, though
cases of contamination can be expected to increase in number under some con=
ditions, as where there is increased practice of Minduced infiltration" along
streams containing 1ipuriti.es that are not removed by the natural fil-ération.

They are even safer from pollution by organic westes because of the natural
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filtration that tends to remove bacteria even where it has no effect on
dissolved chemicals. However, contemination once introduced is more diffia
cult to remove from underground reservoirs than from surface water, so that
great vigilance is necessary to prevent ite

Saltdwa:cer encroachment can occur in streams as well as underground
reservoirs. Fresh surface water floming into salt water tends to mix with
it more freely then does ground water, but in places there is & remarkable
lack of mixing. In tidal streams the fresh water tends to flow over the
heavier salt water, and at high tide there mmy even be & landward flow of
salt water bemeath seaward-flowing fresh watere. Obviously, depletion of
the fresh-water flow by drought or by withdrawal £ or hmn use will cause
| the salt water to move landward wmtil it may enter intakes installed for
man's use, or may even contaminate ground-water bodies. For example, at
Miami, Flae, reduwstion of fresh canal flow, caused by drainege practices
and intensified by drought, permitted sea water to flow along the bottom of
the Miemi Canal to a point opposite the main public-supply well fisld, where
it flowed out into the permeeble limestone and contaminated the wells,

principally on one oocasion in 1939 but also several times ls.terf-/

Parker, Ge Ge, and others, Water resources of southsastern Florida:
Ue Se Geole. Survey water-supply paper, in preperation.




GROUND WATER AND THE NATIONAL ECONOMY

Water is the life blood of our economy and national life. It enters
into everything we do or hope to do.- The object of our national water |
policy must be to provide sufficient water 'for present uses and for the
future so long as our Nation is to endure. To do so we must appraise our
needs and determine our ability to meet them.

The United States is used to plenty of water, Our 'per-capifa use un-
doubtedly exceeds that of any other mejor nation. Both total and per-capita
use have increased at a tremendous rate, and so long as water can be made
available at reasonable cost they will continue to do so. A century ago the

per-capita use of water probably was only a few gallons per day, The total

_/ Sayre, A. N., U. 8. Geol., Survey, Water resources of the United
States. Paper presented to panel on water sponsored by Am. Soc., Civil Eng.,
New York, Jamuary 1950. Mimeographed by Geological Survey.

per-capita. use now can only be guessed at because of the lack of’ reliable data,
but it may approach, or even exceed, 1,000 gallons per day, fdr a total of
something over 125 billion and perhaps even 200 billion gallons per day. This
is for uses excluding hydroelectric-power generation, navigation, and recre-
ation. An amount of water equivalent to roughly four-fifths of the total
runoff éasses through hydro-power plants (much of it, of course, the same water
passing through plants at successively lower elevationé) » but here the water
suffers only a change in position from a higher to a lower elevation, which
would happen anyway, and exgept for its loss of potential energy in so falling

its usefulness is not impaired,
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We have seen that ground water is not an independent resource but a

part of the common water supply, and its use must always be considered in

relation to the effect on surface supplies., Prior claims to water or

riparian rights mist be kept in mind in planning water-supply developments.

Generally the decision as to the source or sources of supply to be utilized

jaill be based on an econamic study so that water of specified quality in

desired quantity will be obtained at the least anmual cost,

All possible sources of supply should be considered in preliminary cost

analyses, Some of the factors to be considered ares

1, Distance from source to distribution or treatment point, and its
effect on cost of pipe-line construction and pumping. It often is possi-
ble to obtain-ground water from wells at the point desired, particularly
if the desired quantity is small to moderate.

2, Temperature of water at source and point of use, Ground water
is camparatively uniform in temperature and is cooler than surface
water in the summer,

3. Cost of chemical treatment. Ground water generally is more
highly mineralized than surface water in the seme area but is more
uniform in composition and is almost universally free of sediment.
Ground-water reservoirs are inherently safer from contamination by
industrial and organic wastes than are surface-water bodies,

4, Cost of reservoirs., Surface-water reservoirs require the
construction of a dam and the acquisition of the flooded area. Use
of ground-water reservoirs removes little or no land from other use,
and usually the water is not subject to as great an evaporation loss
as that in surface reservoirs, However, the operation of grounde

water reservoirs generally is less efficient and more difficult than



that of surface-water reservoirs, and the seepage ‘lbss'ésf"frdiir@réund-“
water reservoirs to surface streams or elsewhere may ‘be' d‘dz'i‘sfcfé‘:ifablé.

5. Effect of withdrawal on other supplies, Bedause of the
close interrelationship of ground water and surface water, ‘a with-
drawal from one source usually reduces the supply available at _
another. A development that salvages natural waste in éffect- adds to
the comﬁon supply, and in generai ground-water supplies achieve this
result more economically thean do surface-water develepments. :

6., Effect of uncertainties in design on the cost, Fe.o‘bors of
safety are necessary in any design, and the more uncef‘bainty cbnc‘erﬁ-
ing any feature the larger the factor of safety necessary. Generally,
in surface-water developments there are more data on the source
(stfea“.m flow) and less uncertainty as to the evailable supply and
stofage than is the case in ground-water supplies. This tends to
reduce the factor of safety required, end correspoﬁdingly reduces
the total cost, for surface supplies, Adequate ground-water investi-

gations will change this situation.

Use of Ground Water

For both ground and surface water the data on past and present uses

and future requirements are woefully inadequate., At a time when use of- ‘

water is increasing rapidly and is approaching the feasible limits of develop-

ment in area after area, and whenthere is a growing national awareness of

the true importance of water in our econamy, we mast admit that we do not

even know how mich we use, to say nothing of how much we have that can be

used,

Provision has never been made for a systematic national survey of our

water uses and requirements, and only now has the Geological Survey been able
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to make a very small and insdequate start in that direction.

The data for use of ground water are a little better than those for
surfece water, principally because the industrial use of surface water is
a 1#rgely unkrown quantity, Gu;yton-/ estimated the use of ground water in

Guyton, W. F., U, S. Geol, Survey, Estimated use of ground water
in the United States, 1945. Paper presented to Geol. Soc. Washington,
Jan. 8, 1947; abstract published in Washington Acad. Sci, Jours, vole. 39,
noe 3, ppe 105=106, Mar. 15, 1949. Full paper prepared for a committee
of the Am, Soc, Civil Eng.; submitted to the Society for publication, also
duplicated by the U, S. Geol, Survey, 1950

the United States in 1945 to be as follows:

Billion gallons per day
Irrigation 10
Industriel (excluding water
from mnicipal systems) 5
Munieipal 3
Rural (excluding irrigation) -2
Totel : 20

Though more recent data as complete as those .for 1945 have not yet been
compiled, the use of ground water is kmown to have contimued to increase.
leton-/ estimates that the use for irrigation now may be about 15 billion

-/ Guyton, W, F., U, S, Geol, Survey, Industrial use of ground watere
Presented before Tech, Assoc, of the Pulp and Paper Industry, New York,
Feb, 20, 1950, To be published in Tappi, journal of the Association,

gallons per day, for something like 5 million acres, The other uses doubtless
have increased elso, but possibly not enough to chabge the order of magnitude
of the figures given. The total current use, then, is estimated to be about
25 billion gallons per day. The figure could easily be in error by 10 to 25

percent,



The use of surface water for public supply is estimated rather reliably

to have been about 9 billion gallons per day in 1945,” The current use

_/ lengbein, W. B., U. S. Geol, Survey, Municipel water use in the .
United Statess Am. Water Works Assoc, Jour., vol. 41, no. 11, pp. 997-1001,
November 1945. Data based on Inventory of water end sewage facilities in
the United States (as of 1945), U, S. Public Health Service, 1948,

probably is larger, but how much is not known. The rural use, excluding
irrigation, is not known but is believed to be a billion gallons per day or
less, The use for irrigation is not known exactly, but probably about 4%
acre-feet per acre per year is taken from streams for some 20 million acres,

or about 90 million acre-feet per year or about 80 billion gallons per day.

"~ A part of this water is lost by seepage from canals before it reaches the

irrigated tracts, and that actually delivered to individual farmers or projects
amounts to perhaps 3 acre-feet per acre, The water lost by seepage is avail-
able, in part, as "irrigation-return water."

The great unknown is industriel use of surface water. The largest use
(excluding hydro-power use) is for steam-power generakion #nd the quantity is
uncertain, Various estimates have been made, based on the water requirement
per ton of coal burned or kilowatt-hour of energy generated, Depending on
what estimate is correct, the use for steam=power generation my range from 10
or 12 billion to more than 50 billion gallons per day but probably is some-
where neer the middle of this range. A substantial part is salt or brackish
water iﬁ tidal arees, so that the fresh-water reqﬁirement is correspondingly
less, Requirements for other industrial uses are even nmore uncertain per=-
centagewise, end the total industrial use of surface water may be anywhere

between 30 or 40 and 100 billion gellons per deye.
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In the face of such'ﬁncertainty, obviously one of the first things we
rust do is to make a systematic survey of our water usés, area by aree and
use by use, to provide a basis for judging our future reqpirements.

It should be pointed out that the uses cited are gross, not net., In
some places the same water is used over and over again, such as in the case
‘of irrigation-return water in fhe West, the water used for industry from
such rivers as the Mahoning in northeastern Ohio, and the water discharged
from the sewage system of one city and reclaimed, in parit, for the use of
another city downstream, We have, therefore, ancther variable to consider‘
in Qomputing our net water reguirements,

Following are tables from Guyton's peper "Estimated use of ground water
in the United States, 1945," showing use of ground water by States, use in
63 areas of industrial and manicipal pumping where the total draft is 20
million gallons per dey or more, and uses by type of industry in 20 selected
metropolitan areas where inventories have been mede. - Included also are the
illustrations from that paper, comprising maps showing, by States, irrigation,
industrial, municipal, rural, end total use of ground water in 1945, = map
showing use in metropolitan areas, and e graph showing industrial use in

the 20 selected metropoliten arees (figs. 10-16).



ESTIIATHD USE OF GROUND WATER IN THE UNITED STATES, 1945
(million gallons per day)

. Rural
State Irrigation Industrial HMunicipal (excluding Total
irrigation)

Alebama " eesee 380 o5 30 165
Arizona 1,760 30 60 15 1,866
Arkansas 420 50 26 30 525
California 5,000 300 400 100. 5,800
Colorado 400 256 20 25 470
Connecticut esvee 60 5 20 85
Delaware csesse 15 10 5 30
Distriot of

Columbia cecas 10 ees one 10
Florida 100 175 100 20 395
Georgia senea 150 45 50 245
Idaho 126 10 25 20 180
Illinois ceves 265 115 60 - 440
Indiana seses 350 100 45 495
Iowa XXxx) 150 100 75 325
Kansas 100 100 55 55 310
Kentuocky evose 100 20 40 160
louisiana 380 250 80 30 710
Maine cecee 15 10 15 40
lMaryland essse 50 20 20 90
Massachusetts eeoos 100 60 15 175
Michigen 5 165 100 50 320
Minnesota ecesee 100 850 65 215
Vississippi seees 25 36 35 96
Missouri cecse 130 40 45 216
lontana 25 15 10 25 75
Nebreasks 450 35 856 80 650
Nevada 150 20 10 5 185
New Mpshirﬂ seene 15 10 5 30
New Jersey 5 -400 150 20 575
New Mexico 360 20 35 20 435
New York 25 310 250 70 656
North Carolina 5 40 20 50 115
North Dekota esese 5 10 25 40
Ohio : sesaee 400 150 60 610
Oklahoma 10 15 30 35 20
Oregon 75 35 26 25 160
Pennsylvenia secee 250 136 90 475
Rhode Island conee 20 10 5 35
South Carolins 5 20 16 25 65
SBouth Dakote 6 15 20 35 75
Tennessee etsee 110 60 40 210
Texas 740 300 270 140 1,480
Utah 200 20 35 10 265
Vermont coece 5 10 10 25
Virginia secee 50 15 4‘0 105
Washington 125 100 100 30 355



ESTIMATED USE OF GROUND WATER IN THE UNITED STATES, 1945--Continued
(million gallons per day)

Rural
State Irrigation Industrial Municipal (excluding Total
" irrigation)
West V‘lrgini&. ecseee . 35 ' 20 25 . 80
Wisconsin ceeas 100 90 55 245
Wyoming 26 10 10 10 55
Total ' 10,495 5,050 3,075 1,800 20,420



ESTIMATED USE OF GROUND WATER IN AREAS WHERE LARGE AMOUNTS ARE USED FOR
INDUSTRIAL OR MUNICIPAL PURPOSES, 1945
(million gallons per day)

Area Total Industriel Municipal
use use use
Ios Angeles, Calif, 360 %/ 60 80
Long Island, N. Y. 280 1/ 100 150
Houston, Tex, 170 102 68
Memphis, Tenn, 106 74 81
Sen Antonio, Tex. 100 2/ 15 38
Eest 8t. Louis, Ill, 89 85 4
Peoris, Ill. 85 66 19
(Philadelphia, Pa.- .
(Cemden, N, J. 85 65 30
Dayton, COhio 86 3/ 50 85
Chicego, Ill. 84~ 48 36
Pittsburgh, Pa. 84 4/ 68 16
Clinton, Ind, 80 80 .o
S8pokane, Wash, 67 _l/ 7 39
Baton Rouge, lLa. 63 59 4
Charlestown, Ind. 60 60 .
Kenses City, Mo.-Kans. 60 60 .e
Kalamazoo, Mich. 52 44 8
Indienapolis, Ind. 48 45 3
Savannah, Ga. 47 32 16
§t. Paul-Kinneapolis, Minn. 47 5/ a7 .o
Cincinnati, Ohio 45 40 5
Louisville, Ky. 45 45 .o
Phoenix, Ariz. 45 10 35
Des Moines, Iowa 44 24 20
Jacksonvillec, Fla. 4] 22 19
Baltimore, Md. 40 40 .o
Canton, Ohio 38 23 15
Brunswieck, Ga. 37 37 .o
Middlesex County, N. J. 37 6/ 22 16
Mianmi, Fla. 45 11 34

1/ Includes use for irrigetion.

loloteleled

€

Includes uses for irrigation and recreation.
_4/ Estimated for 1946 instead of 1945,

./ Estimated for 1947 instead of 1945,
5/ Eetimated for 1937 instead of 1945,
Estimated for 1941 instead of 1945,



ESTIMATED USE OF GROUND WATER IN AREAS WHERE LARGE AMOUNTS ARE USED FOR

INDUSTRIAL OR MUNICIPAL PURPOSES, 1945--Continued

‘(million gallons per day)

Area Totel Industrial Municipal
use use use
Ferrnandine, Fla, 33- 33 .o
Terre Haute, Ind. 33 "~ 33 ve
Middletown, Chio 33 29 4
Mobile, Ala. 32 32 .o
gouth Bend, Ind. 29 16 13
c°1umhu8. Chio 28 28 e
New &'lem) Ia, 27 27 oo
leke Charles, la. 27 25 2
Akron, Ohio 27 25 2
Milwaukee, Wis, 27 23 4
Rockford, Ill. 26 13 13
Sioux City, Iowe 25 18 7
Pensacola, Fla. 25 19 6
Binghamton, N. Y. 25 8 17
Wichita, Kens. 25 7 18
les Vegas, Nev. 2¢ 1/ 8 12
Chillicothe, Ohio 22 21 1l
El Paso, Tex. 21 11 10
Schenectady, ¥. Y. 20 6 14
Tecoma, Wash, 20 10 10
Boston, Mess. 20 7 13
Hemilton, Ohio 20 16 5
Massillon, Ohio 20 20 .o
Total for 53 areas 3,046 1,865 869

y Includes use for irrigation.



USE OF GROUND WATER, BY TYPE CF INDUSTRY, IN 20 ARBAS WHEKE INVENTORIES
HAVE BEEN MADE
(million gallons per day)

nneapolis- as
Type of Chicago, Louisville, M:t.eggul. Philadel- x;::&;
industry I1l., . . Minn., phia, Pa, Kans.
1945 1945 1937 1945 1943
0il refining cer 3.0 coe 1.4 9.6
Paper manufeoturing cee cee oee cos .es
Metal Working 9.3 3.5 ees eee ece
Chemiocal manufactur- _
ing 6.7 L X ] [ N J 2.4 LN X ]
Building, air condi-
tioning, and
refrigerating 1.8 3.7 9.7 3.0 vee
. Distilling cee 9.2 ooe : 12,0 see
Ice manufacturing ‘
and cold storege oos 2,6 3.3 2,7 3.1
Food processing 19.3 «6 2 1.2 coe
Rubber manufecturing .ee 11,4 eee cee ces
Meat pa.cking 5.0 2.0 o;o 1.1 8-1
Bre’d.ng soe 3.1 10.2 ese soe
Reilroad yards 1.6 ces .6 1.6 «3
Gas and electricity ves .8 ees 3.0 ees
Da.irying .5 2.2 4.3 1.1 eoe
Electric equipment
mf&oturing o;. eoe eoe see eee
Airoraft assembling ces voe cee cee 8,0
Resinous products
mﬂmlfﬂ.cturing Y ;.. eoe XX X
so’-p mmlfa.cturing .;a .;. T eee ese 400
Iaundering 037 oo; oo cee eee
Glass mnuf&cturing cu @ oo; see XX (XX}
Rope mill:\.ng vee cee see 2.0 XY
Ship ya.rds soe XY see voe XX
Tobacco processing coe 9 cee eee ces
Miscellaneous 3.9 1.9 12,5 9.2 2.0

Total 48,2 44,9 40,8 40,6 36.1
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USE OF GROUND WATER, BY TYPE OF INDUSTRY, IN 20 AREAS WHERE INVENTORIES
HAVE BEEN VADE
(million gallons per day)

Type of Houston, E. 8t. Louis, Bttsburgh, Peorie, Dayton,
industry Tex, 111, Pa, I11, Ohio
1945 1945 1947 1945 1946
0il refining 45,8 14,8 1.7 XXX X
Paper manufecturing 18,1 eoee 1.5 1.0 11,5
Metal working 9,6 16.0 16.1 10.0 6.5
Chemical manufactur-
i.ng 4,0 30.6 Te2 esee o9
Building, eir condi-
tioning, and
refrigerating 1.7 N 9.9 - 845 1.7
Distilling eece veca coes 26.0 esss
Ice manufecturing
and cold Stomge 4.4 XXX 6,2 XXX 2.2
Food processing cosa cees 2,7 9.6 2.5
Rubber ranufectur-
ing 6'4 LN N 3 LN AN [ A XN ] 2.3
Meat packing 1.1 11.4 3.2 sces o3
BrSWing 2.0 e ee 1.4 1.2 05
Pailroad yards 2,5 6.2 6.0 vees o3
Gas and eleotricity 201 ece e 6.8 soce 507
Dairying seece 2 2.0 -5 08
Electric equipment
ma.nufacturing sse e XXX e cseece 10.4
Aircraft assembling soee coce sece ecece esse
Resinous groducts
manufac‘l:uring eese ssee esece ec e coee
Soap mm‘facturing xXxx; vese esee sese 3
Iaundering 08 XX sase 05 06
Glass manufaut‘uring coee se e 2.3 esee eese
Rope milling XX seee csee ceve sesve
Ship y&rds 1.2 ssce scae sece sosce
Tobacco processing ecoe eceo sece cece esee
Miscellaneous 2.2 5.6 1.8 14.0 3.5
Total 101.9 85,3 67.8 66.0 50.0



USE OF GROUND WATER, BY TYPE

OF INDUSTRY, IN 20 AREAS WHERE INVENTORIES

BAVE BEEN MADE
(million gallons per day)
Type of Mobile, Akron, Jacksonville,Chilli- Pensacola, 8outh
industry Ala, Chio Fla., cothe, Fla, Bend,
1945 1944 1945 Ohio 19456 Ind,
1945 1945
0il refining XXXl cosse XX XXy} ecece ceee
Paper manufectur-

ing 15.0 2.0 4,1 20,0 8.2 cece
Metal worki.ng eese N3 sses enee eseoe 7.2
Chemical manufac- ‘

turing eece 500 case evee esee XXX
Building, air con-

ditioning and

refrigerating 11.0 sece 2.7 seee esece 2.3
DiStilling LA NN (X N N J LN R J L N N J *0e e L E NN ]
Ice manufacturing

and cold storage eeee ssece " 8.2 sees (XXX} o7
Food proocessing csoe sees XXy soee Iy eess
Rubber manufactur-

ing (XX X ) 1600 ccsen sace csee cese
Meat PaCking eoce .3 secs coee seee XXX
BrGWing esss cese o5 X esse 1.6
Railroad yards csee cece 1.4 eeee sees o8
Ges and electri=-

Oity XX sece «8 sees T X) seve
Dairying sesce .8 ecoe seve ceve P
Electric equipment

mu.fa.oturing cose esen XXX sese esee sese
Aircraft assem-

bling XXX ceee coce XX ssee eses
Resinous products _

mamfe.cturing o.o; seee sece ssee 8.2 ssece
S8oap manufacturing ..ee seas cece <oee cose ceee
hmdering sec e (R RN ] oes (R XN ] LA N N ] .3
Gless menufactur=- A

ing xXxxl seee csece sese xXxxl e
Rope milling coce xxx sese svee ceee XXX
ship yards [ XN N J [ X X N ] see O LN X [ NN ] L XN ]
Tobacco PrOGeSS’lng cese eoece seece cese ceese coece
Iiscellaneous 6.0 o5 4,1 1.0 2,7 2,5

Total 32.0 25.0 21.8 21.0 19.1 15.7
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USE OF GROUND WATER, BY TYPE OF INDUSTRY, IN 20 AREAS WHERE INVENTORIES

HAVE BEEN MADE
(million gallons per day)

Type of Milwaukee, Miami, El Dorado, Oklahoma Number
1ndu8try Wis [ Fla' Ark. CitYo TOtal Of
1944 1945 1945 Ckla, areas
1945

0il refining cere cass 6.2 1.0 83.5 8
Paper mamufacturing .e.. eoee cocs cons 81,4 9
Metal WOrking 302 esn s XN X [ XN X 8008 10
Chemioal manufac=-

turing eso eeee 5.1 seee 59.9 8
Building, eir con=-

ditioning and i

refrigerating 2.3 1.6 P +6 55,9 15
Distilli.ag cese sev e ecee XXX 4792 3
Ice manufacturing

and cold storage .... 4,7 cose o7 38.8 11
Food processing 1.2 ceee case cove 37.2 8
Rubber manufactur-

ing [ X B N ] LE N R ] *eeed ’.;. 56.1 4
Meat packing 1.1 case eses 1.0 4,6 11
Brmng 401 X XN coece 05 24-9 10
Railroad yards cece eose cses .2 2l.4 11
Gas and electric-

ity L NN 1.2 *0ed LN N ] 20.4 7
Dairying cses 2.2 eses cece 14,9 11
Electric equipment

manufacturing coes coes sese cses 10.4 1
Airoraft assemb-

1ing esen [ XXX se e 05 805 2
Resinous »roduots

manufachxring XX sees XXX} ssee 8.2 1
Soap manufacturing ee.. eses cees coee 4,3 2
thering e [ RN ese 02 205 6
Glass manufactur-

ing XX cseece eoece ecen 2.3 1
Rope mlling sese XXX} csee sere 2.0 1
Ship ya-rd sssee eece eeee XXy 1.2 1l
TObaOGO processing .o;. soes sece TR .9 1l
Miscellaneous 3,0 1l.4 evse ol 77.8 19

Total 14,9 11.1 9,3 4,6 755.1 20
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FIGUREIO~ USE OF GROUND WATER FOR IRRIGATION — 1945
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FIGURE [| — INDUSTRIAL USE OF GROUND WATER — 1945
{not including water supplied from municipal systems)
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FIGURE 12 — MUNICIPAL USE OF GROUNC WATER - 1945
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FIGURE |3 — RURAL USE OF GROUND WATER — 1945 -
{not including use for irrigation) .
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FIGURE 14— TOTAL USE OF GROUND WATER — 1945
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FIGUREIS — USE OF GROUND WATER IN METROPOLITAN AREAS — 1945 "
(only areas with 20 mgd or more total use are included)
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It is estimated roughly that the use of ground water in the United
States approximately doubled from 1935 to 1945--from about 10 to sbout
20 billion gallons pe; day, and as stated above, it is now in the neigh-
borhood of 25 billion gallon§ per dey., It meets now from pérhaps a fifth
to an eighth of our total water reguirements; in £he future the use of
ground water and perhaps its proportion of the total water use will inorease.
It is up to us, then, to learn more reliably how much water we need and are
likely to need, and to find it, always considering the availebility and cost
of both surface water and ground water and the relation between them in each

area and basin.
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THE CURRENT SITUATION

We have laid the background for an understanding of the occurrence of
water in nature and as affected by use, with special reference to ground
water. Let us now consider the general water-resources conditions in the
United States, again with special reference to ground water but with
reéognition of the intimate relation between ground and surface water. Iy
is hot possible in a single report to give a comprehensive picture. We have
only & small part of the information, and even if we had it all some
hundreds of thousends of pages would be required to set it dom. We ocan,
however, present a general picture and call attention to some of the more
importent problems, possible solutions, and potential sources of water,

Water has always been an importent factor in the settlement and
development of our country, Cities and farms were located where favorable
conditions existed, and wa.fer was always one of the principal determining
factors, for domestic use, tremsportation, industrial use and power
generation, and irrigation. In meny places, however, factors cther than
water, such as soil, climate, strategic location on trade routes, and
availability of raw materials, have resulted in the development of areas
beyond the ability of the local water rescurces to keep up with the demand.
As a result, and in too many cases because of lack of foresight, once-plentiful
water supplies have become inadequate, and such problems will become
progressively more numerous and serious until we give water its rightful
place in our thinking.

The water supplies are most inadequate and the problems most serious in
the arid Wes’é, where there never has been and perhaps never will be emough
water for full development of the great egrioultural end industrial potential.
The relatively well watered East has numerous but so far less serious problems;

enormous supplies remain for development and they can be made still larger
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and more secure by reducing the widesbread pollution of our streams.

The general features of the four principal regions of the United States
and a few of the most important water problems are described in the following
sections.

Figure 17 is a map of the United States showing areas in which individual
Weils generally are capable of yielding at least 50 galions per minute of
water containing not more than 2,000 parts per million of dissolved solids
(the map includes some areas where more highly mineralized water is actually
used successfully). Five types of areas are shown: those with unconsolidated
aquifers, those with consolidated-rock aquifers, those with both, those
alluviun-filled valleys or "watercourses® where perennial streams recharge or
can be made to recharge the alluvium, and similar valleys not now occupied by
perennial streams.

Figure 17 is based on a map prepared for the Conservation Foundation,
New York, N. Y. The Foundation is making a survey of the ground-water conditions
and problems of the United States; the map is to form & part of the Foundation's
report, which will be & broad treatment of the ground-water situation as a basis
for its evaluation in relation to other national problems. The map was compiled
by Dr. H. E. Thomas, district geologist of the Geological Survey, Salt Lake City,
who was on leave from the Survey and whs In charge of the Foundation's ground-water
study. It is based on data furnished by the field oftices of the Geological
Survey and by other Federal and State agencies. It varies in eaccuracy in
accordance with the comprehensiveness of the available data for the different
parts of the country. For some large areas for which ground-water data are
scanty the map must be considered only tentative; it is subject to revisioﬁ '

throughout as additional data are obtained.
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Atlantic and Gulf Coastal Plains

The Atlantic and Gulf Coastal Flains begin at the northeast with the
group of sandy islands and capes including Long Island, Cape Cod, Marthas
Vineyard, and idantucket Island and extend south and west to include the
sontheastern half of Texas. The region includes the Mississippi Embayment,
which extends up to Cairo, I11,, and includes the cormers of Missouri and
Kentucky. The region is prevailingly humid, except for the subhumid to
socmiarid western part of the Texas section of the region. 'lv‘hev cl:i.msjute‘is
generally warmer then that of the east-central region, however, and the
oevaporation is higher though it is exceeded by the precipitation in much of
the region except the southwestern part. The average runoff is mostly around
20 inches in New Jersey and the adjacent area snd 20 to 30 inches in southern
Alabama and liississippi. It is generally 10 to 20 inches in the rest of the
region as far west as east-central Texas, whence it drops off to the west to
an inch or lesso,

The region is underlain by coastward-dipping strata of samnd, clay, marl,
and limestone. The total thickness ranges from a feather edge at the inner
border of Fall Line, where the underlying hard rocks come to the surface, to
meny thousands of feet in the extreme south. Except for the limestones of
Florida and the adjacent area in Georgia and South Carolina and those of the
Edwards Plateau in Texas, the rocks are largely wnoconsolidated. The lime-
stones and sands of the Coastal Plain constitute some of the most extemsive
and productive aquifers of the United States. Because of the favorable

structure of coastward-dipping permeable send and limestone beds alternating
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with tight clays and marls, artesian cénditions_prevail throuzhout the

region except in the beds near the surface. Flowing wells cen be obtained,
almost everywhere along the coast and in the deeper valleys extending back from
it. The water of the limestones is hard but in much of the region that in the
sands some distance down the dip has been softened naturally by base exchange
(exchange of sodium in the sedimeni;s’ for the hardness-producing calcium end
magnesium picked up by the water in the recherge areas). On the whole, the
Cosgtal Plain is perhaps fhe most productive ground-water region in the

United States, though in some areas incomplete flushing of the salt weter

Stringfield, V. T., U, S. Geol. Survey, Artesian water in the
Southeastern States. Paper prepared for symposium on mineral resources of
Southeastern States, held at the University of Kentucky, March 1950, and to
be published by the University.

that 6nce saturated the beds makes it difficult to obtain good water. The
Tamiami limestone of sbutheastem Florida is the most permeable agquifer ever
investigated in dgtail by the Geological Survey. Its transmissibility aversages
several million gellons a day per foot, in comparison with transmissibilities
in the gex_lera.l range of 50,000 to 500,000 for some of the productive aquifers
in other parts of the country. The Floridan aguifer, comprising the Ucala
limestone and associated limestones of northern Florida, southern-Georgia, and
southeastern South Carolina, supplies some of the largest springs and flowing
and pumped wells in the country. The Edwards limestone of Texas supplies the
largest kmown flowing well in the world at San Antonio, yielding nearly 25
million gallons a day.

The water supply of the region is large, but there are mmerous problems.



Middlesex County, N. J., is heavily pumped and about fully developed, but much
ground water remains untouched in the aouthernAhalf of the State. In the
Philadelphia - Camden area there is local overpumping, and contemination of
the ground water by polluted'wnter from the Delaware River. The area presents
an interstate problem that can be solved through cooperation such as that
providing for development of the Delaware River.

The Baltimore area is heavily pumped and there is a salt-water-contamination
problem. The Washington, D. C., area is not heavily pumped but ground water
is hard to get in some places where it is needed for domestic and induétrial
_use and public supply for suburban housing developments. Southeastern Virginia
and northeastern North Caroline are characterized by limited supplies of good
ground water, though braokish‘wator is ebundant. The Savannah aree, Ga., is
overpumped so far as long=term salt-water encroachment is concerned, but
encreachment is many years away, additional ground water is availeble to the
west, and the city has developed @ supply from the Savannah River,

Ground water of good quality is scarce in the.Everglades area and extreme
coastal area of southern Florida, and lovally aleng the soast elsewhere, but
on the whole Florida and adjacent areas in Georgia and South Carolina form
one of the most productive ground-water areas in the country.

Heavy pumping has caused local encroachment of salty water at Mobile,
Ala., and iozus City, Tex., and may be causing it in the rice-irrigation area
of southwestern Louisiana. Ground water is naturally brackish in the New ere;ns
area and in much of the southern Texas coastal area., The Grand Prairie region
in eastern Arkensas is overdeveloped. The Memphis, Baton Rouge, and Houston
areas, among others, are very heavily pumped and there may be some over=
development in parts of the latter two areas.

On the whole, however, ground-water problems in the CoastaliPlain are

local, and tremendous supplies await development in most parts of the region.
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~ Surface water is abundent throughout most of the Coastal Plain. There
are numerous problems of flooding because of the low gradients of the streams,
and problems of erosion in the higher areas and contribution of silt to the
streems, organio and chemical pollution from sources both upstream and within
the region, salt-water encroachment in the tidal portions of the streams
during periods of ldéw flow, and inadequate surface storage to provide
inoreased low flow, protection against floods, and dilution of the pollution
loade On the whole, however, with adeguate investiga’cion to determine the
ground-water potential and strecam=flow cheracteristios, intelligent development
of ground and surface water, and reduction of pollution, floods, and soil
erosion, the Coastal Plain will have ample water of good quality for the
indefinite future. |

East-Central Région

The east-ocentral region cen be defined as the part of the United States
east of the Great Plains and north and west of the Atlantic snd Gulf Coastal
Plains. The climate is generally humid., The precipitation decreases from
south to north, but so does the temperature and with it the"potential
;vaporation" or amount of water needed to meet evapo-transpiration demesnds.
Precipitation generally exceeds potential evaporation, except in the
western pa_rt. The runoff is relatively high, though it deoreases from east
to west. It is 20 inches or more in the muntain# end in most of New England,
New York, and Pemnsylvenia, and 10 to 15 inches in much of the area to the
west as far as the Mississippi River, and in Missouri end Arkensas beyond.
It then falls off rapidly to half an inch to a couple of inthes at the edge

of the Great Plains,

_/ Langbein, W, B., and others, Anmal runoff in the United States: U. S.
Geols Survey Circ. 52, ple. 1, June 1949, ‘
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The region is underlain by consolidated rocks - crystalline rocks in
New England, the Adirondacks, the Blue Ridge and Piedmoht,“ and jrvlmz;;'ﬁhérh h
¥iisconsin and Minﬁesota; and folded or flat-lying sadimez'xté;y’ ;;&sv‘éié‘é;ﬁefé;
These rocks are prMilingly of low or moderate pemeability, and at d-ep"bh‘ o
they gehera.lly cbntain little wa.ter- or water of poor quality. The”‘ pxiincibal ‘
exceptions are deep~lying fresh-water-bearing sandstones in lowa, Illinois,
and Wisconsin and some of the limestones of the Appalachian Valley‘e.nd
Ridge Province and the Ozark region. From the limestones of the Ozarks issue
some of the largest spriﬁgs in the United States, but the water travels
principally in large solution channels that are difficult to locate in
drilling wells, so that as sources of well water they are not especially
important.

Throughout New England é.nd New York, in northern Pennsylvania, and
farther west in the area generally north of the Ohio and Missouri Rivers, the
bedrocks are covered by glacial drift ranging widely in thickness and
permeability. It is thickest and most permeable in Michigan end northern
Indiana, but in all except the extreme western part of the region it contains
coarse deposits of glacial outwash gravel; also, the valleys of the Ohio,
Missouri, and Mississlppi Rivers and their principal tributaries contiin
thick and _produe%ive glacial gravels from which large supplies can be developed
by "induced infiltration." In western Minnesota and the eastern Dakotas the
unconsolideted mantle consists mostly of clayey lake beds or glacial drift
derived from the soft shale bedrock, and stringers ;f send and gravel axb'e‘few
and far between. |

In southern Iﬁdia.na, southern and western Illinois, northern Missouri,
and part of Iowa the g}qcia; drift is thin and not especiallyvproduotive. In
these areas and also 0 the south the bedrocks are thg principal or only source

of ground water, and with the exceptions noted above they are not highly
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productive., Domestic supplies are available, generally, however, -though even‘

these supplies are meager in such areas as the Bluegrass region of Kentucky

_/ Hamilton, D. K., Arcas and principles of ground-water ocourrence in
the inner Bluegrass region, Ky; Xentucky Geol. Survey Bulletin, in course of
publicetion. Prepared in cooperation with U, S, Geol. Survey.

and the Pennyroyal country of southern Kentucky end northern Tennessees In
the last-named area the drainalge is largely underground through cavernous
limestone, but it takes place so quickly that only small year-round supplies
are available. Ground water is difficult to obtain in the uplends of much of
eastern Kansas and in Cklahoma east of the Panhandle, but river alluvium and
terrace gravels yield small to moderate supplies in many places.

lew England's present water problems fortunately are minor in comparison
to those of some other parts of the country. On the average there is a
surplus of precipitation over evaporation, and the runoff is high and rather
well sustained because of the uniformity of precipitation during the year amd
the blanket of glacial drift and weathered bedrock. Total water use is not
heavy except for power production, and large additional supplies are available
from productive watersheds and from permeable glacial gravels in many valleys.
The chief problems in the past have been caused by floods, droughts, and
stream pollution. All have been under vigorous attack in recent years and
the situation has improved and is continuing to do so. Reservoirs have been
built to provide ﬂ;)od control and increased low=water flow. The inoreased
flow, and steps taken under the New England Interstate Water Pollution Control
Compact, are helping to reduce stream pollution. Domestic users of ground
water are turning from shallow dug wells, readily depleted by drought, to

more reliable deeper drilled wells.
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New York State has en abundant water supply but more serious problems of
water shortage due to heavy and increasing use, and a higher degree of stream
pollution in the densely populated areas. The current New York City water - -
shortgge has sparked the recent greatly increased national interest in water.
It is serious now but will be emeliorated by consﬁruction now under way,
after a period of considerable discomfort and inconvenience. In the
meantime it will have served as an excellent example and warning to other
water users that "it can happen here," and eventually it muy prove to be
a blessing in disguise.

Pennsylvania has a few gerious problems, including heavy stream pollution
and local overpumping of ground water at Pittsburgh and contamination of
ground water by polluted Delaware River water at Philadelphia (in the
Coastal Plain). The stream~pollution problem is under vigorous sttack by
the State,

The Piedmont and Blue Ridge provinces extending from Pemnsylvania to
Alabama make up an area of generally ample but widely polluted surface water
and generally small ground-water supplies, which,Ahdwever, meet the needs
of rural users, most small towns, and many industries. Adequate flood,
sedimentation, and pollution-control measures will make the surface-water
supply adequate and safe, and there is a promise thet ground-water research
will make'possible more sucaessful location of productive wells. Moderate

“to large supplies, hitherto almost untouched, can be developed by induced
infiltration in the thin alluvium of the river valleys.

The Appalachian Valley and Ridge province west of the Blue Ridge has
large surface= and ground-water supplies but considerable pollution of \the

str-ams, and also of the ground water because much of it occurs in
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cavernous limestone. There are difficult problems of mine drainage, and much
research is needed on the ocourrence of ground water.

The Appalachlian Plateaus and Interior Low Platedus extending from
western Pennsylvania through West Virginia and southeastern Chio soufhward
to Alabema and west to the Mississippi River form a region of variable water
supply. The rocks are of low average permeability, with some marked exceptions
such as the alluvium of the Ohio River and its 1argef tributaries and the
limestones of the Tennessee Valley, and the plateaus are well disseoted by
streams, so that runoff is flashy and there are problems of both floods and
deficient low flow. There is serious pollution of the Uhio River amd its
tributaries by sewage and industrial wastes and of smaller streams by acid
water draining from coal mines. More adequate storage of surface water would
go far to solve all these problems,

The Great Lakes States have an abundant water supply but numerous local
problems of inadequate water-supply facilities to meet increasing demends,
and pollution of streams and of the Great Lakes themselves at the larger
cities. Stream flow is well to poorly sustained, depending on the local
thiockness and permeability of the glecial drift that blankets most of the
area,

Greatiy increased development of ground water is possible in many
parts of the area, particularly northern Indiana and the Lower Peninsula of
Michigan. Possibly the ouﬁstanding ground-water problem is that in north-
eastern Illinois but there are many others, Increased use of ground water
in areas now lightly pumped end provision of more adequate surface storage
for dry-season water supply and flood and pollution ocontrol may be expected
to meet the mounting water demends of the area, though good reservoir sites

are scarce because of the flatness of the terrain.
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The Great Lakes themselves are a large and obvious source of water. .-
Though dependable data on precipitation on and eveporation from the lakes: . - - -
are meager, it is apparent that, on the average, precipitation exceeds -
evaporation. This excess and the water from tributary streams add up to a
‘total natural discharge into the St. Lawrence River averaging 226,000 cubiec

fset per second. Even the large diversions for power and other uses

U, 8, Geol. Survey Cire. 44, Large rivers of the United States,
Pe 5, May 1949. :

reduce the flow over Niagars Falls by only 80,000 to 60,000 cubic feet per
second, and of course the water diverted for power at the falls reburns to

the Niagara River below the falls, Navigation requirements preclude excessive
lowering of the lakes and diversion of water from the lakes must be governed
by international agreements, but even so, large additional use would be
feasible, as most of the water would return to the lakes. Control of
pellution, especia}ly in the highly industrialized areas in Chio, Indiana,
Illinois, and Micihigan, is one of the prinecipal problems, for both present

and poséible future uses.

The part of the region between the belt surrounding the Great Lakes and
the belt just east of the Great Plains has somewhat similar problems. It
includes Iowa, Missouri, southeastern Oklshoma, and northwestern Arkansas,
Surface water is generally abundant but storage is needed to even out the
cycle of floods and low-flow deficiency. Large ground-water supplies are
restricted mainly to the valleys of the principal streams, and to scattered -
areas of permeable bedrock like that supplying the springs of the Ozarks.,
There are numerous problems of chemical and orgenic pollution and heavy silt
loads in streams. Additional surface storage and prospecting for and develop-

e

ment of untapped ground water are called for,
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The belt just east of the Great Plains is one of gemerally deficient
water supply, with considerable oversupply at times in the Hfo:m of floods.
The rock formations are generally of rather low pemabilityl a.;d both total
and low-water runoff ere less than in the more hﬁnid are@a to the east. The
Missouri ﬁuin development is a coordinated program to provide more water for
the northern part of the belt.s Regulation of the Arkansas and Red Rivers
and their tributaries would do the same for the southern. There are serious
problems of chemical pollution, both man-made and natural, especially in the
southern part, end heavy silt loads in nearly all streams throughout the
belt. Ome of the principal ground-water problems, calling for interstate
cooperation and oareful planning of withdrawals, is that of the Tri-State
area in southeastern Kansas, northeastern Oklahoma, and southwestern Missouri.
Ample surface water can be developed in that area, but not always at small

cost to tovms and industries distant from the larger streams.

107



. Great Plains Region.

The Great Pla.:.ns reglon 1ncludes the part of the country, east of the
Rocky Mountains, extendlng from east.ern Montana to sou:bh—central Texas and
including western North Dakota, most of South Dakota and Nebraslm, western
Kansas and Texas, the Oklahama Penhandle, and eastem New Mexico. It is an
elevated easf—sloping prevailingly semiarid plain ‘6r‘pvlatea1i.' Potential evaporation
exceeds precipitation in'pr'lacﬁically the whole region, so that if the precip-
itation were distributed evenly there would be little surface rumff or ground-
water recharge. The runoff is mostly an inch or less except in the sand-hills
region of Nebré.ska,' v_)rhei‘e the sands absorb precipitation very reajdily and pay
it out slowly around the margins of an area of several thousand square miles,
80 that the runoff is 2.5 to 5 inches. | ‘

The region is underlain byfgent]y dipping stratified sedimentary rocks,
mostly sandstone and shale and some limestone. The sandstonés are the principal
water bearers in these bedrock formations. They are of lorvaenneability and
yield in compa;rison to more productive aquifers elsewhere, but they supply
thousands of domestic, stock, and public-supply wells in parts of the region
where better aquifers are not present. The Dakota sandstone, which underlies
most of the region, forms one of the largest artesian reservoirs in the world.
Though the sandstone 13 not very permeable, its water was originally under
high pressure because of the high altitude of its outcrop areas in the foot-
nills of ‘l‘;he Rockies and the Black Hills and of the presence above it of a
thick, tight confiming bed of shale. Many of the wells when drilled had
pressures of more than 100 pounds per square inch (230 feet of water) at the

surface and flows of several hundred gallons per minute.-/ The highest re-

_/ Venzel, L. K., and Sand, H. H., Water supply of the Dakota sandstone in the

Ellendale~Jamestown area, N. Dak.: U. S. Geol. Survey Water-Supply Paper 889-A,
pe 5, 1942. Prepared in cooperation with North Dakota Geol. Survey.
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ported pressure was 250 pounds per square inch (575 feet of water), possibly
somewhat in error. A well at Redfield, S. Dak., had a pressure of 177 pounds

per square inch (410 feet of water)../ The highest reported yield by natural

/[ 0p. <it.

flow was 4,350 gallons per minute from a well at Chamberlain, S. Dak../

_/ Darton, N. H., Preliminary report on artesian waters of a portion of the
mkom, _12 Ue Se Geol. Surve'y 1%11 Ann. Rep'b., pta 2, Pe m, 18960

The bulk of the water was derived from artesian storage, however, and the
head was dissipated rapidly in a large region, particularly the Dakotas. Now
many wells have ceased to flow and most of the remaining ones flow only a few
* gallons per minute, as in the Ellendale-Jamestown area, N. Dak._/

_/ Wenzel, L. K., and Sand, H. H., op. cit., pp. 39~40.

In the northermmost part of the Great Plains the bedrocks are overlain
by glacial drift, but it is neither extensive nor highly permeable and is not
a very productive source of water in most places. In the High Plains, however,
extending from eastern New Mexico and the Panhandle of Texas north to Nebraska,
the bedrocks are overlain by an extensive sheet of sand, gravel, and clsy washed
- out from the Rocky Mountains since they were raised. These deposits are
rather permeable and productive and furnish large yields to wells. They are
recharged at a rate ranging from a small fraction of an inch per year in the
south to several inches in parts of Nebraska. Where the recharge is low and
the pumpage high, as in the southern High Plains of Texas, the withdrawal is
largely from storage accumulated in the past and eventually the pumpage must

be reduced or the recharge increased by artificial means.
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The Great Plains is & region of prevailing deficient water supply, with
full development or overdevelopmenb of ground or surface water fm me.ny arees.
Current projects of the Bureau of Reclemation and the Corps of Engineers are
designed to provide additionel water supplies a.nd to rednce ﬂood damage and
sedimentation problems in the northern part of the region, including the besins
of the Platte and Republican Riverse The Arkenses end Canedien Rivers ere or
soon will be fully developed in their headwaters areasv, and their lower courses
are characterized by high silt loads end very heevy chemicel contemination,
both natural and men-made, Trensmountain diversion from the Colorado River
basin will help the southern part of the region to some extente. The Pecos
River basin, though strictly not a part of the Great Piains, oan be included
for the purpose of discussion, The surface water is fully developed; ground
weter is overdeveloped in some areas in both New Mexico and Texas and there
is depletion of stream flow &s a result, The water of the Pecos River in the
southern part of New Mexico and adjacent area in Texes is very salty, as the
result of reuse and of the natural discharge of salty spring water, end is
some of the most highly minerslized water in the world used for irrigatione
There is some possibility of reducing the salt load in the iower reach of the
/river by intercepting some of the salty spring water in New Mexicoe. The river
is freshened by springs snd tributary inflow before joining the Rio Grande.

Ground water is scanty in the northern part of the Great Plains, though
careful explorstion reveals supplies edequate for mll towms and industries.
In the High Plains there i§ a tremendous amount of stored water, but the re-
charge is low except in the sand-hills region of Nebraska, and large with-
drawals oome from storages The difficulty in deciding what to do about this
large but essentially irrepleacesble resource has been disoussed elsewhere,

A point that might be memtioned here is the interstate interference that is not
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important so far but that will inevitably appear as development increases.

On the whole, only the fullest development of the available supplies,
carefully planned to take into account the relations of surface and ground
water and the problems of interstate interference and established water rights,
will suffice to meet the existing and prospective needs of this region.

Western Mountain Region

The western mountain region includes the remaining part ot the country,
west of the longitude of the east front of the Rocky Mountains. It is a large
region and could well be broken up into a number of regions on the basis of
geology, physiography, or climate. It has the greatest range in altitude,
from below sea level to more than 14,000 feet ebove, and in climate, from sub-
tropical to arctic. It includes the driest areas in the country, with practi-
cally no precipitation, and the wettest, with more than 100 inches. However,
the region is characterized as a whole by mountains and high plateaus receiwe
ing relatively abundant precipitation and acting as sources of water that flows
into lowlands which receive relatively little precipitation and contribute
little runoff. Exoeptions to the general rule are the coastal lowlands of
the Pacific Northwest, which receive abundant precipitation, and, on the other
hand, the lower mountains of the southerrmost part of the region, which receive
very little, even though more than the adjacent basinse.

The msaximum runoff ranges from 10 to rarely more than 20 inches in the
Rocky Mountains, 20 to 40 inches in the higher part of the Sierra Nevada, and
40 to 80 inches in the Cascades of Oregon and Washington. In the Great Basin
between the Sierrs Nevada and the Roc{d.es it is rarely more than a few inches

even in the mountain ranges and is mostly an inch or less in the lowlands -
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less than a quarter of an inch in the driest areas. Many streams carry heavy
silt loads and, in some stretches, highly mineralized water.

The region is characterized by mountains built of dense rocks of low
permeability, though in most places having a fairly permeable surface mantle
of weathered rock; high dissected plateaus formed of stratified rocks of which
only the lava rocks of the Northwest are highly productive aquifers; and river
valleys and intermountain basins partly filled with alluvium washed from the
adjacent mountains. The river valleys and alluvial basins are the most import-
ant ground-water reservoirs of the region. From the developed ones is pumped
more ground water than in the rest of the country combined, with California in
first place and Arizona in second. The lava plains are important contributors
to stream flow, but so far the ground water has not been developed heavily by
means of wells, except in a few areas.

The water problems of the western mountain region curren‘biy are the Na-
tion's most serious and complex, and those calling for the most prompt and com—
prehensive study, most careful planming, and most complete interstate and inter—
national coorcination. Because of the general deficiency of and great value of
water the region is characterized by the Nation's most detailed hydrologic
studies, most ambitious water developments, and ‘greatest development' of systems
of establishing water rights. But the approach sc far has been piecemeal, and
there is a lack of fundamental hydrologic data and of an adequate understand-
ing of hydroloy on the part of both water users and the courts, and conflict
both between ground-water and surface-weter rights and between rights based
on different concepts of law in adjacent States. The present situation is one
of serious overuse of ground or surface water or both in some areas, while

water remains for development or is wasted in others; a part of the water not
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now vsed for beneficiel pruposes cennot be devaloped under existing laws be-
cause to do so would interfere with established rightse

Ths water needs of the West ocan be met to a large degree, though the cost
will be great and many ocomplex problems will have to be worked oute Large
developments in the major river basins will have to be made with an understend-
ing of their relation to each other and to the basin as a whole.

The closed basins of Nevede and Utah, on the whole, are inocompletely
developed, and they offer considersble promise for inoreased use of water
through salvege of evepo~transpiration waste and storage of flood waters that
still escape umsed to the pleyas, there to be evaporated, These basins fom
one of the brightest spots in the Western water picture, for many of them can
be developed successfully on the basis of scientific investigation-=largely
undone so far--without interbasin and interstate camplicetionse The serious
water problems of the West have arisen in parts of the major basins,

Other Aress

Water problems in which we are involved are not confined to the 48 States.
Soms brief mention should be made of problems in the territories and island
possessions and in foreign areas where we have interests.

Of the territories and islend possessions the one for which most informa-
tion is aveilable is the Territory of Heawaii, There surface~ end ground-water
studies have been under way for meny years, but mach additional information is
neededs The islands are of volcanic origin and are complex geologically end
hydrslogically, the water situation renging from island to island and evemn
within an islend from one of sbundance to one of extreme scarcity. There is
heavy development of water, where available, for irrigation snd mmicipal and
militery uses, On Lanai and Kehoolewe, the driest islands, relatively little
water is availsble and there is & constant need for more, On Hawail, the

largest island, there are large supplies eand considersble use, but much water



remains for development. On Oahu, the most heavily developed island, numerous
water problems exist, principally thosé of public water supply for Honolulu
and water for naval installations and irrigation. The gemeral geology and
ground-water conditions are described in a series of bulletins prepared by the
Geological Survey in cooperation with and published by the Territorial Division
of Hydrography. Much detailed work remains to be done, however, to assure
adequate water for the principal uses, especially on Oahu.

Alaska is largely unknown territory so far as water is concerned. Very
large potential sources are known to exist, but the growing importance of the
territory as a part of the United States and as a key point in our defense
means that we will have to accelerate our program of collecting water-resources
information to meet the increasing water demands. Water is abundant in many
areas but scarce in many areas of use. In the Yukon and Tanana Valleys there
are enormous supplies of water, but the surface water carries fine "glacial
flour” that settles out slowly and is hard to remove; most of the ground water
is high in iron and organic matter. Many communities, especially those along
the coast, are in areas of poor irater conditions and have difficulty in obtain-
ing good water at feasible coste The occurfence of permanently frozen ground
( permafrost) and the freezing of wells and pipe lines are a gerious complica-
tion that is not encoumtered in most parts of the United States.

Surface-water and ground-water¥investigations in Alaska are only in their
infancy. Only a few streams are gaged, and only the briefest of ground-water
reconnaissances have been made, in a small part of the area. The increased
water developments necessary in stepped-up industrial and defense activities
will be very costly if hydrologic studies are not made promptly to permit

economical designe
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Puerto Rico is a small island of rather large water resources and use.

A reconnaissance study of ground water made in cooperation with the Puerto
Rico Aqueduct and Sewer Authority showed that probably more than 250 million
gallons per day of ground water is pumped, mainly for irrigation of sugar cane
on the south coast. lLarge quantities of surface water are used for irrigation,
public supply, and power production. The general poverty of the island and the
rapidly increasing demand for water create problems difficult to solve, but
stremous efforts are being made to provide adequate safe water for domestic
use. The heavy, increasing, and uncomtrolled development of ground water
along the south coast is bound to cause overdevelopment and salt water en-
croachment eventually; they have already occurred in local areas. A large part
of the island's economy depends on the sugar cane raised in this coastal strip
of less than 200 square miles. Large ground-water supplies are available along
the coast in certain other parts of the island and small supplies in the ine
terior. Surface runoff in the interior is moderate but steep slopes make it
rapid and necessitate storage reservoirs. The island has a rather large addi-
tional water-resources potential, but projects the island can afford are diffi-
cult to achieve. Some stream gaging is done by the Water Resources Authority
but much more is needed, together with detailed ground-water studies, p;.rt.icu-
lariy along the south coast.

The American Virgin Islands are small islands of little water use but
very small available supplies. Reconnaissances by the Geological Survey for
the General Services Administration, which is developing public supplies, show
that water is scarce and expensive to develop and always will be. Detailed
ground-water studies are needed to make possible the most economical and largesi;

possible developments, particularly on Ste. Croix, where there is considerable
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irrigable land but apparently only a small over-all water supply. There is

no surface runoff from the islands except during occesional stomms, and storage
of surface water is diffioult beceuse of steep grediemts of streams and & high
eveporation rate.

Guam has & perpetual problem of soarcity of water for public and militery
uses, The Geological Survey has done considerable work on the island and has
outlined the principal needs for additional data. Many of the islends ocoupied
by the United States in the Pacific have water problems, inoluding the other
Marienss Islandse The Geologicel Survey has made brief studies of many of the
Pacifio islands, prinecipelly during the last war. The most recemt study by
the Geologicai Survey was on Angaur Island in the westemn Carolines, where &
salt-water-encroachment problem is involved. Many additional studies in the

Pacific are needed,



FZDiRAL CONCERN IN WATER RESOURCES
The interest of the Federal Government in water resources can be
summarized briefly as follows:

1. Gathering and interpretation of basic data.

2, Specific water-control and water-development projects s
including those for flood and pollution control,
reclamation and irrigation, navigatioh, recreation,
fish and wildlife protection, and others; water
development for Federal institutions and public
lands; and farmstead water supplies on private lands.

3. ZLegal interests.

hLe Development of a sound national water policy.

Basic-Data Program

The Federal Government has a broad responsibility for gathering basic
data on the occurrence, quantity, quality, and availability of water resources
and for making the data available to the public promptly in such form as to be
most useful in assisting and promoting sound, economical water developments,
both by the Government itself and by other public and private agencies., The
responsibility and justification for this activity are similar in principle
to those for providing a soﬁnd national currency, uniform laws regulating
interstate commerce, and an adeqguate national defense. In this phase of its
participation in the water-resources picture, the interest of the Federal
Government is, first, in providing general information useful in the develop~-
ment of water by anyone, no metter what the purpose; and, second, in providing
basic information essential for Federal projects involving water.

The basic data are in two principal cla.ssesz (1) Data on precipitation
and potential evaporation and on the general occurrence and movement of water
in the atmosphere; and (2) data on the occurrence of water on and under the
ground surface.

The first phese is chiefly the responsibility of the Weather Bureau. Other
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agencies, however, make intensive studies of precipitation, evaporation, and
other meteorological -factors as part of intensive hydrologic studies or in
'connectipn with specific water-development projects, and the resulting data
are published in part by the Weather Bureau.

The second phase is chiefly the responsibility of the Geological Survey.
A number of other Federal agencies make similar or related studies as a part
of development projects or as a part of research on such subjects as stream
pollution and utilization of water by cropsvand other vegetation. These
studies are made in part with the collaboration of the Geologicél Survey and
in part independently. ‘The principal other Federal agencies are the Bureau
of Reclamation, the Corps of Engineers, the Forest Service and Soil Conservation
Service of the Agriculture Department, and the Public Health Service.

Most states participate in the basic-data program on surface and ground
water. Their participation is largely in financial coeperation with the
Geological Survey, on a 50-50 basis, where the information produced is of the
generally useful type that justifies-Federal participation. All the States
cooperate . in stream gaging and most cooéergt‘ in ground-water studies.
Certain States--Maine, New Hampshire, Vermont, Illinois, Missouri,

South Dakota, and Montana--do not cooperate in State-wide ground-water studies
at present. Considerable work by the Geological Survgy is being done in

South Dakota and Montana under the Missouri Basin program, and a very small
amount of work is being done in the others under the program of Federal
observation wells. The studies by the States range in scale from rather

large, as in Illinois, to very small, as in the upper New England States

where ground water is not developed heavily so far. In many of the other
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States the cooperative programs are on a small scale.

Many county and municipal governments and water or flood-control districts
make water studies, mostly directed toward specific objectives. Where Federal
participation is warranted in the public interest, many of these studies are
made by the Geological Survey as cooperative projects.

Finally, water studies are made by private companies and consultants. To
& large extent thege studies utilize basic data gathered by the Weather Bureau,
the Geological Survey, and the State agencies as part of their over-all
programs, and additional basic data are gathered only where those available are
inadequate. The studies by private agencies are directed toward developing
water supplies to meet specific needs, and they go beyond the Federal basic-data
studies in that they involve computation of costs, selection of specific sources,

and design of water systems.

Accomplishments and Deficiencies

The Weather Bureau obtains precipitation data at about 9,000 stations
and evaporation data at about 220 stations equipped with standardized instru-
“ments. Owing to participation by thousands of unpaid observers, the data are
more comprehensive than would otherwise be possible, but they are far from
adequate. Many more precipitation and especially evaporation stations are
needed. Funds are needed for basic research on existing and needed data on
the movements of water in the air, in order to permit more reliable prediction
of occurrence and amount of precipitation in all parts of the country, on
development and movement of storms, and on evaporation requirements. One of

the most important needs is research to permit calculating evaporation on the

basis of the known physical properties of water and air, rather than by means

of empirical formulas based only on observed data.
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The Geological Survey has been gaging streams since 1888 and now measures
stream flow at about 6,000 stations in the United States. The data are pub=
lished in 15 annual volumes covering major drainage basins and groups of
basins. Some of the records are now more than 4O years long and so are of
considerable and increasing reliability for predicting flow, but most of the
records are still too short. Some fairly large streams are still ungaged, and
many more stations are needed on small tributary streams in headwater areas,
particularly those contributing large quantities of water. As important as
the need for more data on flow is the need for research in surface-water
hydrology, a field that has had to be neglected because of the demand for more
and ever more data on flow., Such research, which would involve largely the
correlation of stream flow with ground water,precipitation, evaporation,
water uses, and the geologic characteristics of the drainage basins, would
permit more reliable predictions of stream flow from short records, permit
the extension of records from stations of long records to those with short
records, and even permit reasonable prediction of flow from small ungaged
basinse In short, the needed research would increase the vaiue of existing
records, and those to be collected in the future, many times beyond. its cost.

The status of ground-water hydrology is paradoxical. As & science it
is considerably advanced; yet, so far as national coverage is concermed, it is
only in an early stage. The studies so far, and to a lafge extent those of
surface water, too, have been largely on a "disaster-relief" basis--they have
been made in response to compelling needs for information :m regard to specific
water needs and water shortages. Thus, detailed studies have been made in
areas of existing or propesed heavy withdrawal, and £he need for making

reliable estimates, yet with a minimum expenditure of time and money, of
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quantities of water availabie has stimulated research to the extent that
methods have been developed for making quantitative estimates under widely
different hydrologic conditions. At the same time, the basic studies to
determine ground-water conditions throughout the Nation have lagged. The
reason is that provision has never been made for a coordinated national
study of either ground water or surface water, to say nothing of water as
& whole. The bulk of the money available has been State funds and the match-
ipg Federal funds and the studies have had to be directed toward specific
needs. Unobligated Federal funds, though increasing, are still inadequate
for the balanced approach to the over-all occurrence and avai]ability‘ of
water that is the indispensable prerequisite for a sound national water policy.
Nearly 2,000 reports and papers on ground water have been published by
the Geological Survey and cooperating agencies. Those published through
January 1946 are listed in Water-Supply Paper 992,J and several hundred

_/ Waring, G. A., and Meinzer, 0. E., Bibliography and index of publi-
cations relating to ground water prepared by the Geological Survey and
cooperating agencies: U. S. Geol. Survey Water-Supply Paper 992, 1947.

have been published since. Also, several hundred unpublished reports are in
the files of the Geological Survey. The reports represent a large amount of
scientific investigation, but the coverage is far from complete. Perhaps a
quarter of the country is covered l;y basic reports, some a good deal more
complete than others, describing the general geology and occurrence and quality
of ground water. For the rest of the country only reconnaissance studies have
been made, or none. u.t all; in the latter areas the only way of predicting the
ooccurrence of ground water is from the geology, so far es known from gecloglc

studies made fer other purposes, and the climate. Probably less than 5 percent
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of the country is covered by detailed studies that permit reasonably reliable
statements as to actual quantities of water available and the basic conditions
governing their development for useful purposes. Figu:fe 18 shows in a general
way the areas for which substantial information is available~--areas for which'
existing data represent a large fraction of those needed for proper planning
of future developments so far as they can be predicted.

In addition to--or rather as a fundamental part of--the studies needed‘
to provide adequate information on our ground-water resources is research on

the following important subjects, ameng others:_/

~/ Meinzer, 0. E., U, S. Geol. Survey, Report on ground water by the -
Resgarch Committee of the Societyof Economic Geologists: Econ. Geology,
vol. 42, no. 7, pp. 672-675, November 1947.

1. Hydraulics of ground water. The fundamentals of ground-water flow
under ideal conditions are fairly well known, but there is a possibility that
additional reseérch would make fundamental changes in existing concepts. Also,
" because aquifers in nature ao not meet the ideal conditions assumed in the
basic equations, much additional laboratory and field research is needed to
permit determining ground-water flow in nonuniform aquifers, such as those
bounded by impermeable rocks or sources of recharge like rivers, those which
change rapidly in thickness and permeability, those artesian aquifers having
leaky confining beds, and those aquifers bounded by faults which may either
impede or facilitate the flow of water.

2. Physics of soil moisture in relation to ground-water recharge,
discharge, &nd storage. Intensive studies have been made by soil physicists
of infiltration into the soil, but these studies are not complete and the

related subject of unsaturated flow above the water table is little known.
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3+ Artificial recharge. Research is needed to develop practical methods
for artificial recharge, in relation to different geologic conditions, quality
of water, and variable rate of supply.

ke Correlation of records of water-level fluctuations in wells. The
water levels in wells show the stage of the underground reservoirs. Their
fluctuations reflect all the natural and artificial factors that affect the
passage of water into, through, and out of the reservbirs, in addition to
such forces as changes in atmospheric pressure; tides in the earth's crust;
changes in load on the earth's crust as a result of tides in coastal areas,
changes in water level in lakes, streams, and reservoirs, and even the
passage of railroad ﬁrains 3 and earthquakes.s Methods must be developed for
separating and identifying fluctuations caused by the different agencies, in
order to permit interpreting the fluctuations in terms of quantities of
water available,

5. Geophysical exploration. Geophysical techniques, some already used
widely in searching for oil, are finding increased usefulness in locating and
identifying aquifers as a low-cost supplement to test drilling; in determin-
ing the precise depth to water-bearing and non~water~bearing beds in drill
holes and the approximate quality of the water; in exploring wells to locate
leaks and determine movement of water between separate aquifers in which the
water is under different heads; and in many other ways. Much additional re-
gsearch on instruments and methods is needed.

6. Texture and structure of rocks in relation to ground weter. The
occurrence in and movement of water through rock formations in relation to

the texture of the rocks and the attitude of water-bearing and non-water-bearing
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rocks is incompletely understood. A good example is limestone, perhaps the
most variable water-bearing rock,

7+ Geochemistry of ground water. Research is needed to determine the
sources of chemical constituents in ground water and the way in which they
are dissoived. This field has great promise in identifying sources of water
and routes of movement, and in studying the occurrence of minerals in the
deposition of which ground water may have had a part—-~for example, uranium-
bearing minerals of the Colorado Plateau and the iron minerals of the Great
Iakes region. Such research may lead to more successful and economical
prospecting for and estimation of reserves of such minerals.

8, Salt-water balance. Considerable work has been done in coastal
areas, but much remains to be learned concerning the physical principles
governing the occurrence and movement of salty ground water. The importance
of such research to the many coastal areas depending on ground water is

obvious.

9. Bacterial and industrial pollution of ground water and the purifying
.capacity of rocks. This broad field, of great and increasing importance, is
still poorly understood. Coordinated research by hydrologists, bacteriologists,

and sanitary engineers is much needed.
10, Interrelationship of ground water and stream flow. Studies in this

vast field, one of the most important in hydrology and one with which we will

be concerned more and more as the use of water increases, are in a very early

stage.



The Geological Survey has been making studies of water qualityand sediment
loads of streams for nearly half a century. In coordination with stream-flow
studies, the suitability of water supplies for municipal, industrial, or
agricultural uses is determined by systematic sampling programs at nearly
200 points in major drainage basins throughout the United States. Observations
of temperature of surface waters are also being made at hundreds of locations
over the country. Measurement of fluvial sediment transported by streams is
undertaken at more than 100 regular stations in several major drainage basins,
notably in the western part of the United States. The data are published in
annual volumes, bringing under one cover all such information available for
the United States during any particular year. Notwithstanding the scope of
past and present studies, there are vast area_s'in the United States where
little or no information is available concerning the chemical quality and
suspended loads of the surface-vater supplies. Present comprehensive studies
are being made of surface waters in only a few areas, largely in cooperation
with State agencies as local needs arise. Though water quality has been
considered in previous ground-water investigations, there are wide areas of
the country for which little or no information is available concerning the
chemical composition of ground-water supplies. In addition to deficiencies
in the scope of such basic programs, research in certain fundamental problems
in sediment transportation and factors governing the chemical composition of
natural waters would be fruitful. Such research would be pointed to the
fundamental factors governing the quantities of material in solution and in
suspension in natural waters, including the variations in suspended and
dissolved material as related to precipitation, topographic and geologic

features, vegetation, and humen activities.

Time has not been available for a review of the accomplishments of other
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agenoies making hesic-data ztudies on water, such as the §oll Conservetion
8ervice, the Forest Service and other agencies of the Agriculture Department,
the Army Engineers, the Bureau of Reclemstion, the Public Health Service,
State agencies, universities, and private companies and consultants, All of
them have made substantisl contritutions to hydrology, and all of them have
much work yet to do., A general review of deficienscies in hydrologic informe-

tion is found in two reports of the National Rescurces Planning Board, Many

Deficiencies in basic hydrologic date: Nat. Resources Committee,
Sep r 1936; Defioiencies in hydrologic research: Speciel Advisory Commit-
tee on Hydrologic Data, Net. Resaurces Plemning Board, 1940.

of the agencles will be preparing réports for the Water Resources Policy Com-
mission that will rovicw their past work end the needs for future studies,

Though e more comprehensive picture of the needs for basic data and
research on water would be desirable, the preceding is sufficient to show that
we ere still a have-not Nation in basic informetion on water. The most oriti-
cal needs for basic data might be summarized as follows:

1. A comprehensive inventory of all water uses--~in terms of gross volume
at source and of net volumes dissipated and rendered unfit for reuse, by areas
which are both econamic and hydrologic units. Once established, this inventory
should be maintaeined on a current basis. Only the crudest of over-all estimates
are now aveilable,

2. A comprehensive sppraisel of the Nation's water-yielding capecity, by
natural hydrologic unite, Here, "capacity" has the sense of all water avail-
able in each unit area, whether in the streams or in the ground. We have only
incomplete, basic records, largely not analyszed.

3. A ocontimal determination of water quality--in terms of chemical

constituents, temperature, and sediment--for both natural waters end domestio,
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industrisl, and irrigation effluents. We have only fragmentary information,
by no means up to date,

4, A belance-sheet accounting of all available waters against current
and prospective uses--with appropriate encumbrences for the dilution of wastes,
conservation of fish and wild life, navigation, and other obligations. Such
an accounting should be instituted just as soon as a nucleus of basic facts
can be assembled, as it is essential to economic security.

5. In general, a store of water data adequate to assure economical
design and ultimate full-scale operation of water projects now contemplated
or apt to be needed in the not-too-distant future. For no State or major
dreinege basin do currently aveilable water facts satisfy this standerd.
Against the needs of a decade hence, adequete strengthening of basic networks

of water-messuring stations should be undertaken promptly.
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Specific Water Projects

The largest Maction programs" in the water field in which the Federal
Government participates are the conpreheﬁsive flood-control and naﬁgation
projects of the Army Engineers throughout the country and the reclamation
projects of the Bureau of Reclamation in the 17 Western States. Closely re-
lated are the soil- and moisture-conservation and farmstead water-supply
projects of the Soil Conservation Service on private lands and of the Interi-
or Department on public lands, and the forest-management work of the Forest
Service.

Increasing Federal participation in water projects is inevitable, es—
pecially where interstate and international drainage basins are concerned, or
where the economy of an important segment of the population is affected even
though the basin is entirely within a State--for example, the Centrai Valley -
of California. In order that the projects may be carried out in accordance
with the Constitution and the rights of the States and of private enterprise,
there must be close cooperation and coordination of effort among Federal,
State, county, municipal, and private agencies. Nothing could be more damag-
ing to the effort to make our water supplies secure than a feeling on the part
of Federal agencies that only Federal interests need be considered or on the
part of State and local interests that the Federal Govermment has no place in
the solution of water problems that affect the public welfare.

The Federal Govermnment has a direct interest in providing water supplies
for Federal institutions and public lands. Among these supplies are those for
military installations both here and abroad, veterans' hospitals, Coast Guard

installations, Federal prisons, national parks and monuments, stock and domes-
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tic uses on public and Indian lands, public systems developed with the assistance
of the General Services Administration, Federal housing projects, and others.
These water supplies are developed by the responsible agencies or by contract
with private construction firms. The Geological Survey is generally asked to
furnish the data upon which to base the design; in its work on water problems

of Federal installations and public lands the Geological Survey often furnishes
consulting service also. A substantial part of the Survey's water-resources
investigations are financed by direct appropriation for Federal needs or by
repayment by the agency concerned. |

The water problems of the public lands, in the solution of which the Sur-
vey acts both as source of basic data and consultant, are discussed below in a
littie more detail, as one phase of Federal water activity in which the Survey
plays more than its usual part.

The water problems of the public lands center largely on (1) their utili-
zation for grazing, (2) safeguarding the water supplies of the streams that
originate on the public lands or flow through them, and (3) maintaining the
productivity of the public lands.

The efficient utilization of the public lands for grazing requires, as
an ideal, sources of stock water at a maximum spacing of 6 miles. Such a
distribution has been attained in few areas so far. Vast areas of forage are
ungrazed or lightly grazed because of remoteness from water; others close to
water are overgrazed to the poimt of destruction of the range. Geologic and
hydrologic studies are needed to develop additional water supplies.

Wells, where they can be developed, are the ideal source because of their
dependability. Impounding surface water in reservoirs provides dependable water
in many places, but the watér is dependent on rainfall, and the reservoirs are
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subject to evaporation, seepage, and sedimentatlon, As a result, many stock-
vater reservoirs are failures, However, such reservoirs are the only feasi-
ble means of developing water in many parts of the range, Studies are needed
to determine places where sﬁrfaoe—water supplies can be developed, and the
basis of proper design to assure dependable water. The question as to the
avgregate éffects of the large numbers of stock-water reservoirs upon downe
stream water users has been raised in many quarters, Very little is known
about the matter, despite the importance of the problem in the Western
mountain region,

Soil erosion on the public lands, particularly gullying, is a serious
problem. The gullies, most of them now 60 to 70 years old and some of them
as deep as 40 to 50 feet and tens of miles in length, are subdraining many
valleys of their ground water and lowering the streams so that they are no
longer useful for irrigating pasture or farm lands., The causes of this large-
scale erosion are as yet obscure, and coordinated studies by soil scientists,
hydrologists, geologlsts, and ecologists are needed to work out the basic causes,
so that practical methods can be evolved for arresting or retarding the further

development of the existing gullies and to prevent new ones from forming,

Logal Interogte
The Federal Government has the responsibility of making agreements pro-

viding for the division of the waters of international drainage basins, and
for seeing that the conditions of the agreements are met by this country.
dmong the international agreements made thus far are those made under the
Jurisdiction of the International Joint Commission, set up in accordance with
the treaty of 1909 between the United States and Canada, Water questions
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involving the United States and Mexico are under the jurisdiction of the In-
ternational Boundary and Water Commission.

The Federal Government also has a substantial interest in the formulatieon
of interstate compacts covering agreements on water questions. Among the typ-
ical interstate campacts are those for the Colorado, Delaware, Republican,
Arkansas, and Pecos Rivers and the Rio Grande. Many more are in existence, and
a still larger number will have to be made in the future as water development
increases and the knotty problems of interstate division of water are worked
out. Interstate ‘ground-water problems have not yet come to the fore in most
parts of the country, but they are bound to be increasingly important, and
future agreememts will have to take all water, surface and ground, into ac-
count.

The Federal Govermment also has the problem of protecting, by legal means,
the water supply of Federal installations, and of determining the extent to
which the Govermment is bound by State water law. Such problems have not been
serious so far but more are bound to develop as water use increases.

A large part of this report has dealt with the necessity of coordinated
development of the water resources of the Nation and with the great possibil-
ities offered by manipulation of the underground reservoirs and the associated
surface streams to provide adequate water supplies when and where needed and
to prevent or mimimize floods and pollution. Such manipulation means legal
control. Intelligent development cannot be made except within a framework of
law that will permit achieving the desired objective and preventing activities
that would defeat the purpose of the development. The subject of water law,
which will be covered in a separate report, represents one of the most compli-

cated phases of the water-resources picture and one of the most difficult to
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treat, yet legal problems must be worked ocut if our water develommerts are to
be successful and ocur water supplies secure,

The Geologico,l. Survey, 86 a besic-data agency, has no part in the enforce-
ment of water law, It has, however, an important part to play in helping to
evaluate, from e hydrologic siandpoint, the soundness and enforceability of
exiating or proposed legislation. Much of the existing water law is unsound
hydrologically end cen be enforced not at all or only at the expense of effi-
cient development and maximum utilization of water, It is essential, therefore,
that a body of workeble water law be built up and put to use, The degree of
regulation should be the minimum necessary for effective control., Voluntary
cooperation by water users is essentisl and should be depended on sc far as
possible; without such cooperation, achieved through an adequate educational
effort, any law, even the most stringent, is likely to be partially or wholly
unsuccessful,

It is the opinion of the Geological Survey that, constitutional objeotions
aside, a uniform Federal law for control of water would be impractical because
of the wide veriation in ocourrence and utilization of water and in existing
ﬁte laws. It is believed that legal problems involved in the ocontrol of
water can be enescted most effectively at the State level, and interstate prob-
lems cen be handled by éonpacts. What should be uniform throughout the country
is the soundness of the State laws from a hydrologic standpoint: If they are
sound hydrologically then those of adjacent States will be compatible, or, if
not based én the same principle of law, at least will not interfere with form-
lation of interstate campects where they are necessary.

Our National Water Policy

Should there or can there be such a thing as a National water policy?
The tremendous variety of water conditions in the Nation, the extreme ease

with which large supplies of good water can be obtained in some areas and the
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difficulty and expense of getting even smell supplies of poor water in others,
the shortages of water in some areas and the undisturbed natural oconditions

in others, all point to the difficulty of establishing @& uniform over-all
policy., Yet on all sides we can see & trend toward increasing use of water
and increasing cost of getting it, and so we can come tc the conclusion that
if a National water polioy will help to make our water supplies secure for the
future we ghould establish one. With respeot to such a policy, the Geological
Survey suggests considersation of five principles within the scope of its direct
concern, as follows:

1, The Federal Goverrment will gather, analyze, end disseminate oomprehen-
sive and balanced water facts adeguate to overcome the deficiencies outlined
previously; also, commensurate with its responsibility for the economic and
physical security of the Nation, and with its "action" programs for development
and management of water and soil resources,

2. Recognizing a mutuality of interest in water problems, the Federal
Government will collaborate with States and their agencies in ecquiring and
disseminating supplemental water facts essential to State functions. Currently
the Federal Govermment bears not to exceed half the total cost of such inves-
tigations,

3., To assure the integrity and impartiality of such service and to assure
public confidence, the determination of these basic water faots shall, to the
meximum extent practicable, be a responsibility of an egency or agencies admin-
istratively distinct from those charged with Federal "action" programs.

4, The current water situation shall be reported to the public as promptly
as feasible, in underastandable terms., The American publio, heretofore inade-
quately informed ebout water and somewhat complacent as to its availability, is

becoming aroused to the gravity of water problems and will welcome assistanoce
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toward prudent, long-range water management. It can so act only with an
understanding of the impect that each new development may have on the optimun
water oapaoity of each basin involved.

5. The Federal Govermment will encourage enactment of State laws and
interstate compacts that foster water management for optimum yield, especially
with respect to ground water. Present water law involves some principles in-
compatible with ground-water hydrology, and with fundamentels of basin-wide
optimum-yield management, In various localities the growing demand soon may
force water users to achieve equitable allocations through mutual and hydrologio-

ally sound aotion within a framework of hydrologically sound statutes.
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APPENDIX

SUMMARY OF CURRENT WATER SITUATION
BY STATES

The accompanying itable was prepared to accompany the report to the
Presidentts Water Resources Policy Commission entitled, "Water facts in
relation to a national water-resources policy." Although the table does
not give a complete picture for any State, it presents some of the general
water conditions, problems, deficiencies in basic data, and steps that
have been taken or could be taken to solve the problems or provide addi-
tional water supplies.

The table was prepared mainly from the data that could be assembled
in the field offices of the Geological Survey in the brief time available,
Because the investigative programs vary widely from State to State in
scope, completeness, and objectives, and because time was n.ot. available
for thorough coordination of the data, the presentation is spotty, in
places the data are inadequate, and the emphasis is most uneven. The
table does, however, give some idea of the tremendous number and variety
of water problems in the Nation, and its very inadequacy serves to empha-
size the lack of uniformity and coordination that exists in both water
investigations ;md water projects.

The table presents information on all phases of water problems and
possible solutions as the Geological Survey understands them on the basis
of the available data. It is not intended to imply that the Geological
Survey is concerned directly with problems outside the basic-data field



and the sblution of water problems on the public lands--that is, that
the Survey is concefned with problems involving the economic evaluation
or selection of water sources, design of systems, or enforcement of water
law, Thus, when specific mention is made of the apparent avaiiability |
or unavailability of an economical source of water to meet an existing
deficiency, or of the need for data on feasible methods of pollution
control, or of the need for regulation of‘..ground-water use to avoici over-
development, it is intended only to point out the existence of a problem
as known to the Geolog:l.cél Survey, whether or nc;t the Survey is directly
. concerned with its solution., The position of the Geological Survey is
set forth in the following statement ,,ad‘aptéd from "Uriited States .Geoclogical
Survey: Water-resources responsibility and participation," prepared. for
the Presidentt!s Water Resources Policy Commission as a part of “Agency N
Reports--Legal," item I: |
The responsibility of the United Stateé Geglogical Survey in the
field of water resources relates essentially to its recognized position
as the primary agency of the Federal Government for the collection of the
relevant basic data. Although the information it collects co‘ntributeaA
importantly to the development, utilization, and conservation of the water
resources, it is not directly responsible for such activities, except 1n.
connection with some aspects of the administration of public lands. It
performs research and functions in advisory phases of land-use practices
for the land-management agencies of the Interior Department concerned
with the above-mentioned responsibilities. Ité- participation in all these

activities is, however ,' indispensable to the assurance of soundly based

programs of water-resources development, utilization, and conservation,

2



The Geological Survey's primary function in regard to our water
resources is to perform surveys, investigations, and research covering
the water resources of the United States and its territories and possessions,
and to publish and disseminate data relative to these activities. It engages
in the investigation and evaluation of the Nation's water resources for all
uses, both governmental and nongovernmental, insofar as they relate to the
pub11§ interest. It is a research and service agency whose findings provide
the basis for 1nnumcrnble projects, large and small, Its activities provide
a guide to the formulation of water-development plans. Furthermore, its
findings are impartials and it has no authority to enforce the ucéeptance

of its coi.clusions,



AFPERDIX

SUMMARY OF CURRENT WATER SITUATION BY STATES

Alabume

About 50 m.g.de of ground water and 100 m.g.d. of surface water used for public supply. Moderate to large supplies of ground water available in

Coastal Plain and in parts of area of Paleozoic rocks in northern part of State,

Smaller supplies available in Piedmont, where larger municipal and

industrial uses are from streams, Fow water problems except in limited areas, Ample water available if properly investigated and developed, Some
small towns mey have diffioulty in financing adequate developments, Additional geging stations needed, and studies of problems relating to flood

flows, Studies of ground water needed to determine safe yleld in developed areas,

Area or
—-gublect

Current situation

Deficiencies in
information

Studies needed also in Piedmont Plateau of east-ceniral Alabema.

Corrective measures and
furthe:

Mobile

Tuscaloosa=
Birmingham-
Gadsden area

Montgouﬂ

Selua

Encroachment of salt water into shallow
aquifers, by infiltration from brackish
Mobile River, Public supply a&s now
developed inadequate for present and
future needs. :

No serious problem at present, Birmingham
will need expanded supply, possibly within
5 years, Base flow of streams in
Birmingham-Tuscaloosa part of ares ine
adequate; storage needed, Base flow in
Gadsden part of area adequate,  Ground
water in Birmingham-Tuscaloosa part ine
adequate for large development, Black
Warrior River polluted from Birmingham
past Tuscaloosa, )

Increased demand and lowering of water
levels in closely spaced wells in old
well fieldhave necessitated a new well
fields

Possible inadequacy of present wells,

Information on ground-water potential
for industrial use,

Ground~water potential for small-scale
industrial and other use,

Intensive studies to determine amount
of ground water available from wells
located over an increasingly larger
area,

Hydraulic characteristios of aquifers
and proper spacing of wells,

Mobile is building new surface public-
supply reservoir to provide adequate water
for domestic and industrial use, Additional
ground water may be available from deeper
aquifers within and north of city for in-
dustrial and suburban use,

Ample supplies probably can be obtained by
building storage reservoirs on small streams,

Additional water appears to be available
from wells, but they should be located on
the basis of detailed studies that have
not been made, Water available from
Alsbama River if ever needed, either
directly or by river infiltration,.

Additional water available from properly

located wells, Water available from

Alabama River if ever needed,



Area or
—Bubject Current situation

Alabans-~Contimed

Deficiencies in
Anformation

Huntsville Large supply developed from Huntsville
area Spring,

Tuscumbia= Large ground-water developments made,
Sheffisld area,

Dothan area,

Andalusia area

Corrective measures and

Detailed study needed to determine
dependable yield,

Detailed studies needed to guard against
overdevelopment,




Arizona

Second largest ground-water user in Nation, Ground water overdeveloped in principal basins of southern Arizoma because of increasing withdrewal for

irrigation of new lands and to supplement surface-water supplies made inadequate by drought in recent years,

Intensive studies of safe ylields of principel

basine and of potential yields of a number of undeveloped basins needed. No major source of water to reduce overdraft apparent, except Colorado River,
Total use about 5 million acre-feet in 1949, 1.8 surface water and 3,2 ground water, Weste by nonbeneficial vegetation estimated crudely at 1.4 miliion
acre-feet per year, of which about half possibly could be salvaged,

Area or

—Subject

Currept situatdon

Deficiencies in
information

Corrective measures and
Further development

San Simon Basin,
Cochise County

Willcox Basin,
Cochise County

Douglaes Basin,
Cochise County

Upper San Pedro
Basin, Cochise

Cooonino County

Withdrawal of ground water 5,800 acre=
feet in 1946, larger now. about /4 of
water from flowing wells wasted or used
inefficiently. New develoment starting
in Rodeo area, in New Mexico part of
besin, Potential interstate water
probl@.

Waste of water by water~loving plents
(phreatophytes), Withdrawal from
wells about 28,000 acre-feet in 1949,
about 75,000 acre-feet wasted by
evapo-transpiration in and near
Willoox le.

At present rate of development, safe yield
of basin may eventually be exceededs with~
drawal 30,000 acre=feet in 1949, Basin
is part of larger basin extending into
Mexioo; possible international inter-
ference and legal complications,

Many of o0ld flowing artesian wells are
leaky and much water is lost underground.
This loss and that by phreatophytes
along San Pedro River channel may exceed
amount of water used by crops. :

Surface~water supplies not reliable in
time of drought, Large supplies of
ground water probably not available
except with extreme pumping lifis.

Accurate determination of peremnial
yield of basin, Information as to
effect on present development of
new development in Rodeo area,
Amount of artesian water dilscharged
underground at shallow depth
beceuse of inadequately cased
wells,

Determination of amount of water
salvageable from present waste, Safe
yield of basin under present conditions
and with salvage of some of natural
mtﬂ.

Saefe yleld of basin as a whole,

Amounts of water used and lost and
safe .yield of basin not known at
present.,

Availability of ground water,

Stopping underground leakage from defective
wells and increasing efficiency of use

mey bring withdrewal within safe 1limit,

if not increased otherwise,

Salvage of natural waste would make presgent
withdrawal safe and perhaps permit increasing
it substantially.

Development of maximum safe yield by intere
national agreement,

Salvage of losses,

Ground water may be available for use of
towns, ut probably not for irrigation,




Area or
—Sublegt

~Qurrent sitvation

" Ardsopa—Contimed

Deficiencies in
Anformation..

Corrective measures and

Globe-Miami ares,
Gila County ‘

Safford Basin,
Graham County

Cactus Flat=
Artesia aree,
Graham County

Duncen Basin,
Greenlse County

~ Salt springs in
Greenlee County

Salt River Valley
area, Maricopa

Developed supplies of water of good -
quality inadequate; water of poor
quality used from mines, Acid
drainage from waste piles at mines
reported to have contemimatbed
several wells supplying domestic
water at Miami, Towns and mines
are searching for new supplies,

32,000 scres irrigated, partly from
Gila River and partly from wells,
depending on availability of river
vater, Of 210,000 acre-feet used
in 1949, 40,000 or 19 percent was
from wells, In 1946,62 percent of
the total of 185,000 came from wells,
About 30,000 acre~feet per year is
wasted by phreatophytes in lower 2/3
of basin,

Withdrawval from artesien wells about
16,000 acre-feet in 1949, Water lost
through leaky well casings and by non=
beneficial phreatophytes,

. Possible interstate problem, as basin

is part of larger Duncan=Virden Basin

into New Mexico, Withdrawal
about 15,000 acre~feet Sn 1949 for
45700 acres in Arizona .amd 3,000 in
New Mexico; has ranged from 1,350 to
27,000 acre-feet since 1939,

Salt springs discharge into San Francisco
River, and into Gila River near west
border of county,

Ground water overdrawn, surface water
inadequate, Draft from wells 1,680,000
acre~feet in area in 1949, Declines in
water level most rapid in Deer Valley
and Queen Creek areas and others where
1ittle or no surface water is avallable,
Salt content of ground water increasing
at west end of Salt River Valley area.

Availability of ground or surfece
water within ressonable distance,

Practicability of eliminating -
phreatophytes, Ownership of the
water that would be saved if the
phreatophytes were elimineted,

Amounts of water lost and practicabile
ity of reducing waste by phreatophytes.

Safe yield of basin as a whole, which
is not known, Close relatiomship of
ground-vwater developments to flow of

_ Gila River,

Detailed study of springs, including
possible methods of intercepting salt-
water flow and disposing of it.

Determination of safe yield of ground
water under different conditions of
stream flow; minimm cutflow necessary
to keep s2lt content down; use of water
by phreatophytes and possible salvage,

Touns end mines could cooperate to bring
in sufficient quantities of water fram
nearest dependable scurce,

Salvage of waste by phreatophytes, .

Repair of leaky well casings; salvage of
wvater now wasted by phreatophytes.

Meximum safe development by interstate
agreement.,

Interception of salt water would improve
conditions in entire part of Gila Basin
below:the springs,

Bureau of Reclametion proposes to divert
1,200,000 acre-feet per year from Colorado
River for Central Arizona project, Salvage
of water wasted by phreatophytes, Intercep-
tion of salt water upstream on Selt River
would improve conditions in Salt River
Valley area,




Area or

Current gituation

Arizopa—Contirued

Deficiencies in
information

Corrective measures and
fur -

~—ubject

Gila Bend area,
Maricopa County

Vaterman Wash
area, Mericopa
County

Colorado River
Valley, Fohave
County C

Santa Cruz Basin,
Pinal, Pima, and
Senta Crus
Counties

Avra area, Pima

Wellton-Mohavk
area, Yuma
County

Yuma area,
including "South
Gila Valley,"
Yuma County

Dateland area,
Yuma County,

. upper part.

Salt content of ground water increasing,
owing to decreased outflow, Withdrawal
about 70,000 acre~feet in 1949; water
levels declining only in areas of
heaviest pumping,

New development starting, Available
supnly pay be small,

Irrigation from shallow wells along
Colorado River flood plain; question of
water rights, '

Cround-water withdrawal in 1949, 1,100,000
acre=feet in lower part, 150,000 in

. middle, and 31,000 in upper, Safe yield

exceeded, especially in lower part where
recharge is estimated at 135,000 acre-feet
per yeer; situation less serious so far in
Supply supplemented by surface
water only in northeasternmost part of
basin,

Water levels declinring at northern end of
area because of local pumping and pumping
to the north,

* Ground water overdeveloped (withdrawal

49,900 acre-~feet in 1948); salt content
of weter increasing hecause of decressed
inflowe

Water table rising in flood plain because
of irrigation with Colorado River water
on both flood plain and higher “Yuma
Mesa®; waterlogging end salt accumulation

Small areas between Wellton-tohawk and Gila
Bend areas, Withdrawal 5,300 acre~feet in
Dateland area in 19/8; develomment just
beginning in Hyder area, Existing or poten=
tial problems similar to those in Welltom-
Mohavk area,

Methods of decreasing salinity of
ground water, by increasing outflow
through salvage of waste and reduction
of withdrawal, Use of weter by
phreatophytes and possible salvage.

Determination of safe yleld,

Effect of ground=water withdrawals on
flow of Colorado and on prior rights-
to its water,

Better determination of safe yleld and
of precticable withdrawals in each part
of basin, Possibility of selvaging
waste by phreatophytes, especially at
north end of basin along Gila River,

Information on safe yield,

Determination of minimm ocutflow
necessery to keep salt content down,

Practicability of stopping rise of water
table and accummlation of salt,

Determination of safe yield, Determina-

tion of minimum outflow necessary to keep -

salt content down,

Proposed Central Arizona project by Buream
of Reclamation would increase inflow to
this area,

Holding withdrawael to safe yleld,

Reduction of withdrawal to safe yileld,
("Eloy critical area® established by
State in 1948; no new development
permitted.) Importation of water if
available, Agreement with Mexico, into
vhich upper part of basin extends, may
eventuelly be necessary,

Holding or reducing withdrawal to safe
yield,

Holding ground-water withdrawal to safe
yield, Bureau of Reclamstion building canals
for importation from Colorado River,

Pumping to lower watér table and prevent

waterlogging (already done in places);
use of water in such a way as to prevent
salt scoumlation,

Holding groﬁnd-uater withdrawal to safe

1d.



Area or

Lurrent gituatdon

St. Johns and Hunt areas,
Apache County

Lower San Pedro Basin,
Pinal, Cochise, Pima,
and Graham Counties

Arivaipa area, Graham
County

Centennial Wash ares,
Maricopa Cownty

Valentine and Wickieup
areas, Mohave County

Holbrook and Show Low-
Taylor areas, Navajo
County

Chino Valley, Yavapai
County

Arizona--Continued

Deficiencies in
information

Corrective measures and
further development

Principal ground-water development is
from Cooonino sandstone, Water is under
artesian pressure. Some surface water
is available in St. Johns area.

Present development is principally from
nonartesian aquifers; a few successful
artesian wells have bsen developed.

Nonbeneficial use of water by phreatophytes

along river bottom.

Small amount of ground water pumped for
irrigation, Some surface water in
northern end of area. Amount of arable
land probably will limit ground-water

development.

Development of ground water is increas-
ing slowly, Increase in depth to water
in a northwesterly direction probably
will limit development.

Ground water used to irrigate a few
small tracts in Valentine area and to
supplement surface-water supply in
Wiokieup area. Total pumpage is small,

Coconino sandstone is principal aguifer
from which water is being developed at
present. Recharge area of sandstone
is along southern rim of Colorado
Plateau. The water in the sandstone
near Holbrook is under sufficient
pressure to produce flowing wells.
Cround=water development is on small
scale.

Artesian system is being depleted by
loss to permeable beds at shallow depth
because of inadequate casing in some
wells.

Success-
ful irrigation wells have been developed.
Safe yield of area has not been exceeded.

Amount of additional ground water
available,

Determination of safe yield of basin,
Apount of water used by phreatophytes.
Practicability of elimineting phreato-

phytes.

Safe yield of area, More information
about ground-water movement in area,

Safe yield of area,

Safe yield of areas.
additional supplies,

Availability of

Amount of additional ground water
available,

Determination of amount of water dis-
charged from artesien system at the
surface and as loss to permeable beds
at shallow depth. Safe yield of basin
as & whole,

Some additional ground-water development
oan be made without exceeding safe yield.

Salvage of waste by eliminating phreato-
phytes. Hold development to annual safe
yiald.

Hold development to safe yield.

Hold development to safe yield.

Hold development to safe yield.

Soms additional ground-water development

can be made without exceeding safe yield.

Stopping underground leakage from inade-
quately cased wells., Controlling all
nonbeneficial surface flow. Bold develope
ment to safe yield of basim.




Area or
subjeoct

Arigona~-Continued

Deficiencies in
Current situation i information

Corrective measure and
further development

Bouse area,
Yuma County

Area of new ground-water development Annual safe yield of the area,
for irrigation. Difficult and expen-

sive to locate and develop a satis-

faotory irrigation well .

Hold development to annual safe yleld.

ot
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Relatively few water-supply problems, that in Grand Prairie region most serious.

Arkansas

Large reserve supplies available in many other areas.

Water-resources data scanty; information neeled on quantity and quality 6f water available from smaller streams and on extent and yield of

ground=water reservoirs.

especially in Coastal Plain.

El Dorado area

Ground water especially important in Coastal Plain, surface water in northwest half of State.

Deficiencies in
information

Area or
subject Current situation

Arkanses River Quality of river water unsuitadble for

Valley in "Palee- irrigation of certain types of soils,

goic upland" and river carries sediment. Large ground-

(northwest half water supplies aveilable from river

of State) alluviumn, and developament on a 1a.rgo scale
probadble,

" "Paleosoic Only small to moderats ground-water supplies

upland® availgble.

Streams in Impounding streams generally not practicable

Coastal Plain because of low gradients; thus only large

(southeast half streans like Arkansas, St. Francis, Ouachita,

of State) White, Red, and Missiseippi Bivers are de-
pendable for large susteined yields. Arkansas
River water of poor quality and river carries
sediment. Red River carries heavy sediment
‘load, Lower Ouachita River po‘nutod and
needs treatment for meny uses. Flood
problems in valleys of larger streams.

Grand Prairie Shellow aquifer overdéveloped by pumping for

region rice irrigation; water from deeper aquifers

insufficient to make up deficiency or too
costly %0 develop.

Some lowering of ground-water levels due
to local development of more than 10 million
gallons per day.

Flood control needed,

Corrective measures and
further davelopment

Infornation on availability of water from
alluvium, and on present quality of ntor
end possible changes with pumping.

More data on avalladbility of ground water
vhere surface-water development is im-
practicable. Information on water from
the smaller streems.

General studies of pollution and flood

control.

“Effect of application of surface water on

shallow ground~water. Practicability of
recharge of surplus surface water into
shallow aquifer,

" pumping.

Developing ground water in such a way
as to preveni undesirsble changes

in quality of the water by "induced
rechar®e" from river.

Large supplies of surface water of
good quel ity available from base flow
or by constructing storage reservoirs,

Very large additional developments of
surface water possible., Pollution
should be reduced and erosion checked
in headwater areas to reduce sediment
content, where- these conditions exist
and correction is feasible. Flood-
control measures needed. Large supplies
of ground water aveilable in many areas
vhere surface~water development is too
costly. ’

Development of surface-water supnly to
supplement ground water. Project now

proposed by Army Engineers, to get
water from White River.

Decline not believed to indicate
regional overdevelopment; more ground
water available outside area ¢f hesvy
Ouachita River, 11 niles
northeast, potential source if needed;
treatment of water required,




Arkansas~—~Continued

Area or . Deficiencies in Corrective measures and
subject Ourrent situstion informe tion further development

_ Crossett area

Pine Bluff
Arsenal

Ground v’atcr in
Coastal Plain in
general

Local decline of ground-water levels due
to heavy pumping.

Contamination of certain wells by arsenical
waste,

Recharge of shallow aquifer (eastern gquarter
of State) and of some deeper aquifers
linited by overlying impermeable beds,
Supplies generally abundent except in

local areas.

Occurrence and potential yleld of aquifers;
quelity of water in different aquifers and
at different depths,

Regional overdevelopment not indicsted.
More ground water availsble outside
heavily pumped aree. Ouachite River
nearby if noeded; treatment required.

Contamination readily controllable
by proper disposal practices end
well-construction methods,

Lzrge supplies avellable from both
shallow and deep acuifers in arcas
not now heevily pumped. Withdrewals
should be made in accordance with

results of basic studies still to be
made.



California

Leads Nation in total use of ground water and in use of surface water for irrigation., Annual runoff has averaged 70 million acre-feet but in
driest 10-year period of record averaged only half as much, In areas of heavy water use a large part of runoff does not reach the sea. Present water
use (excluding hydro-power) ebout 20 million, ultimate requirement according to State about 39 million acre-feet per year (including 10 milliom for
Great Basin area). Total water supply, including that wumler Colorado River rights, adequate to meet needs but extensive systems required for trans~
porting water, mainly from relatively wet north to water-short south., Flood=oomtrol works necessary in all parts of State; many oan be combined with
conservation works. Full use of storage capacity of ground-water basins needed in California Water Plan. Salt-water or other chemical contaminafion
ocourring in several important areas, principally Sacramento~San Joaquin Delta, Salinas and Santa Clara Valleys, and South Coastal Basin in los Angeles
and Orange Counties; levels declining in pert of Sacramento and much of San Joaquin Yalleys and in 29 of 36 other principal ground-water basins; actual
overdraft known to be occurring in small part of Sacramento and much of San Joaquin, and in parts or all of 13 others.

Area or Deficiencies in Corrective measures and
subject Current situation information further development
North Coast area No importeant problems except flood control Better data on runoff as source of surplus

Includes 10.1 percent on lower Smith, Eel, and Russian Rivers. water for other areas. )

of area of State and
837,000 (2 percent)
of total of 16,670,000
acres of irrigable
land, but has 41.4
percent of runoff;
largest undeveloped
source of water.
Average amnual run-
off 29 million
acre=feet, present
use # million or
less, and uktimate
only 1 million,.

Modoc lava plateau Ground-water potential, large yields of wells in Butte area
suggest possible ground-water develop-
ments in Modoc plateau to utilize
water now escaping to ocean or atmos-

phere,
Santa Rosa Valley Only one of the half dozen ground-water Perennial yield of basin; ground-water
basins in North Coast area now developed studies now in progress. Studies to
appreciably; estimated 10,000-15,000 determine necessity for and practica~

acre-feet pumped annually. No over-all bility of importing Russian River water,
depletion but some local shortages.

Increased irrigation development expected.

Local bacterial contamination of wells,

including iron bacteria in Santa Rosa

city wells.




Area or

gubject

Current siﬁmtion

California——Continued

Deficiencies in
information

Corrective measures and
further development

Sen Francisco Bay
area

Includes 2.8 per—
cent of totel and
5.2 percent of
irrigable land in
State. Average
runoff 1.4 percent
of total, or 1.24
million acre-feet
per year; in driest
10-year periocd vas
only half as much
and in driest year
less than 1/8 as
much,

Petalume Valley

Nepa and Sonoma -
Valleys

Vater requirement now half a million
acre~feet per year, ultimate 2.72 million
or 6.9 percent of State total. Area de-
pends in part and will continue to depend
on imported water.

Ground water not now overpumped but develop-
ment limited by brackish water beneath tide

lends; incresse in draft (probsbly not more

than 3,000 acro-feet per year now) mey cause
salt-water encroachment.

Present draft on ground water 10,000 to
15,000 acre-feet per year. HNo genersl over-
draft epperent, but locel shortaeges due to
poor aquifers or brackish water, Increased
draft msy cause salt~-water encrsachment,

. Locally boron content of ground waters is

Tgnacio Valley

Livermore Valley

too high for irrigation.

Withdrawals probably exceeded safe yield
of ground waters in past.

Ground-water draft about 17,000 acre-feet
in 1948 for irrigetion, industrial, and
municipal supply, including a well field
for San Francisco. Small overdreft.

Analysis of stream-flow records for
prediction of average and minimum yields,

Safe yield of ground water under present
conditions and with importation of water.
Study now under way.

Sa.f; yield of ground water (etudy under
way).

Conservation works to increase supply
from locsl sources; increased use of
irrigation-retwrn water from ground-
water reservoir as importetions in-
crease; incressed importation from Sierra
Nevada, from present sources and from
proposed Folsom Reservoir on American
River or Oroville Reservoir on Feather
Biver, proposed as part of California Water
Plan, Possible importation from north
coastal streams,

Importation of Bussian River water if
safe yleld of ground water proves in~
adecuate for present and proposed needs.

Importation of water if necessary.

VWater nov available from Contra Costa
Canal of Central Valley Project.

Overdraft on ground water has crested
usable underground storage capacity of
gbout 100,000 acre=feet; possibly cen
be utilized by construction of detentiorn
reservoirs on Arroyo Mocho amnd Arroyo
del Valle, which would permit flood
water now wasted to recharge ground~
water reservoir.




Area or
subject

California-~Continued

Deficiencies in

9t

Corrective measures and

further development . —

Current situation

Central Valley
area

Includes 37.4
percent of total
area and 59.8
percent of irri-
gable land.
Average runoff
48,6 percent of
total, or 34
million acre-feet
per year, btut in
individual years
has varied from
a fourth to twice
as much, Ultimate
requirement 52.7
percent of State
total, or about
18.2 million
acre-feet plus
2.4 million for
salinity repul-
sion in Sacra-
mento--San
Joaquin Delta.
Runoff of Sacra-
mento Valley
portion over 2/3
of total, irri-
gable land a
little over 40
percent,

Sacramento Velley
"Peach Bowl" area
of Sutter County
west of Feather
River and parts
of Yuba and Placer
Counties east of
river.

Sacramento Valley part of area is one of
surplus water and San Joagquin ome of
shortage, Central Valley Project, initial
unit of California Water Plan, designed to
distribute water more evenly, prevent
waste, provide flood control, and halt en-
oroachment of salt water in Upper Bay and
Dolta region. Shasta Reservoir will pro-
vide flood control and water for power
generation, navigation, and salinity ocon-
trol, and for irrigation and other uses
in Sacramento Valley and delta area; and
water for lower San Joaquin Valley, via
Delta Cross Channels and Delta-Mendota
Canal, to replace water now used from San
Joaquin River, Ground-water storage
capacity of San Joaquin Valley will be
used to bridge dry years. Friant Reser-
voir, via Madera and Friant-Kern Canals,
will supply water to central and upper
San Joaquin Valley, now largely pumped
from wells, Artificial recharge of
aquifers in upper San Joaquin Valley will
be essential to restore depleted supplies
and store flood waters, Additional pro-
Jects proposed by Bureau of Reclamation
and Army Engineers will provide for irri-
gation of 3 million acres not now irri-
gated, for other uses, and for flood
control snd power production.

Local overdraft of ground water,

informetion
Additional stream-flow data on ungaged
streams aud on releases and spill from
new reservoirs; analysis of reocords to
onable better prediction of water
available in different parts of Central
Valley. Btorage capacity of grounde
water reservoirs in Sacramento Valley
(preliminary report prepared.) Loca=
tion of favorable areas and methods
for artificial recharge in upper San
Joaquin Valley (study in progress).
Data on quality of water--natural
runoff, irrigation return water, and
ground water, to assist in operatiom
of project; data scant except in delta
region. Data on gediment in streams
where reservoirs or flood-control works
are planned, Data on contamination by
industrial waste and sewage. The prin-
cipal need is for careful investigationm
of the oocurrence and movement of
ground water and the underground storage
volume and recharge potential of the
San Joaquin Valley.

Present gross draft on ground water in Sacra-
mento Valley is 1 million aore-feet per year,
net draft less than half as much, More unused
ground-water storage available than i» any
other area of State. Groundewsater storage
capacity bstween depths of 20 and 200 feet
estimated at 28 million eore-feet. Utilizs-
tion of ground water not only would provide
useful storage space but would salvage large
amount of water now wasted by phreatophytes,
providing additional surplus water feor export
to south,.

Importing water from adjacent areas of high
water table caused by surface-water irriga-
tion (now under investigation by State).



Area or
sub ject

OCurrent situation

California~Continued

Deficiencies in
information

Corrective measures and
further development

Kelseyville area

Fairfield aree,
Solano County
" (part of San
Francisco Bay
area)

Southwestern
Sutter Oounty

Areas irri-
gated from Cache
Creek in Yolo
County

San Joaquin
Valley

Ground-water dreft of 14,000, scre-feet per
Yyear; overdraft estimated at 5,000, .

Overdraft of ground water; aquifers thin
and storage virtually depleted.

Encroachment of salty water ceaused by heavy
pumping from wells.

High boron content in irrigation water,

Draft estimated at 7 million acre-feet from
40,000 wells in year ending March 1948, of
which 1 million was from deep wells on west
side. Water levels still high and only

local overdrafts in Kern River fan ond in

and north of Kings River fan., Severe over-
draft on east side of valley between Kings
end Kern River fans and south of Kern River
fan, estimated § to 1 million acre-~feet per
year. Severe overdraft also on west side
south of Fresno-Merced County line, estimated
at § million acre-feet per year or more.
Shallower waters high in salt, which is being
edded to land and must be disposed of, Water
levels declining and may reach economic limit
within the relatively near ruture, salt

Practicability of artificial recharge
and best areas for it.
not adequate to assume success of the

project.

accumlation may yuin large areas of productive

land,

Available data

State studying methods of alleviating
overdraft.

Importing water from main part of Sacra~
mento Valley, or construction of Monti-
cello Reservoir.

Reduction of draft and importation of
water.

Inportation of better water.

Tor east side, artificlal recharge with
flood water for use in dry years, as
part of Central Valley project. As much
es 16. 88 18 million acre-feet must be
put underground, at rates of as much as
2 million per year, without waterlogging -
land, and must be available by pumping
from wells, For west side, importation
of water to halt overdraft and prevent
salt accumulation in soil.

&




Area or
subject

Current situation

Califorpia—~Continued

Deficiencies in
information

Corrective measures and .
further development

Santa Clara
Valley

Central Cosst area
Includes 7.1 per—
cent of total and
3.7 percent of
irrigeble land in
State. Runoff

2.9 percent of
total or 2 million
acre~-feet.

Hollister area

Salinas Basin

Cuyama Valley,
Sente Barbara
County

Ground water chief source of water. Draft
row probably more than 200,000 acre-feet
per year. Water levels in Santa Clara
County declined average of 108 feet from
1915 to 1934, recovered 70 feet to 1943,
and have declined nearly 100 feet since
1943, Present deficiency of water esti-
mated to be 38,000 acre-feets possibly
100000 vltimately. Serious salt-water en~
croachment from bay.

Ultimate requirement about 1.5 million acre-

fect per year; supplies now available slightly

deficient on averege and seriocusly de-
ficient in certain areas, particularly some
in Santa Barbara County.

Southern extension of Santa Clara Valley,
but drains to Monterey Bay. Ground-water
draft estimated at 60,000 to 70,007 acre-
feet per ymar; overdraft exists but
magnitude not known. ZExcess boron in
ground water in eastern part of area,

Ground-water draft of 360,000 acre-feet per
vear supplies most of irrigation require-
ment. Total water supply in basin exceeds
ultimate requirement but cverdraft exists
in two major subareas. Salt-water encroach~
ment from Monterey Bay and concentration of
salt by evaporation of shallovw water also
create problems,

Ground-water draft about 20,000 acre~feet
in 1948, nearly twice estimated perennial
recharge under natural conditions; local
concentration of salt in soil,

Detailed study of water resources,fiow
being completed in Santa Clara County
and started in Alameda County by State,

Additional stream-flow data in most of
area; fairly good data available for Santa
Barbara County and Salinas and 8an Benito
(Hollister) Besins. Ground-water data
needed for most of srea; good dats avail-
able for Senta Barbara County and Salinas
Basin. Data on quality and sediment con-
tent of water needed for much of area.

Perennial yield of basin (now being studied
by Bureau of Reclamation).

Reduction of overdraft to halt salt-
water encroachment and drive salt

water back. Existing and proposed
storage reservoirs will reduce deficiency
in part; recismetion of part of 250,000
acre~feet per year of sewege effluent
discharging into San Francisco Bay being
considered. HNew reserveir on Coyote
Creek now under counstruction.

Full development of water resources of
area, with importation of water as needed.

Construction of e etorsge reservoir or
use of ground-water storage created by
overdraft, to salvage flood waters, if
found economically fessible,

State suggests salvage of naturel waste
end more efficient irrigation practices;
possidle use of sewage effluent for
irrigation; repair of defective wells;

snd pumplng and transportation of water
from areas of surplus to those of shortage.
Construction of storage reservoirs on

tributaries of Salinas River,

Importation of water.

8t




Californis--Continued

Area of Deficiencies in Corrective measures and

subject Current situation N information further development

Santa Maria Valley, Ground-water draft about 100,000 acre-feet Conservation of flood weters to im-
Santa Barbara per year, perennial yield under present orease total supply and prevent flood
County conditions about 63,000, Salt-water intru- damage; may not meet ultimate require-

Senta Ynes River
Valley, Santa
Barbara County

Goleta Basin and city
of Santa Barbarse,
Sante Barbara County

Carpinteria Basin,
Sante Barbara County

South Coast area
Includes basins drain-
ing to Pacifioc from
Ventura County south-
ward, Includes 6.8
percent of total and
12 percent of irriga-
ble land in State.
Runoff 1.4 percent of
total or 1 million
acre~feet per year;

sion will ocour if present overdraft con-
tinues.

Includes several basins along Santa Ynes
River. Total ground-water draft about
30,000 aore-feet per year; replenishment
depends in part on amount of runoff in
river., Average amnual runoff about
124,000 acre-feet, Sea-water emcroach-
ment possible, but only with increased
ground-water draft,

Present ground-water draft in Goleta
Basin about 9,000, perennial yield
under natural oonditions about 3,100
acre~feet per year. Salt-water contami-
nation threatened. 8Silting and drought
foroed temporary disuse of surface
reservoir of City of Sants Barbara and
draft of about 3,000 acre-~feet of
ground water in 1948; continued pump-
ing may cause sea-water encroachment.

Ground-water draft 3,000 to 5,000 acre-
feet in recent years; estimated perennial
yield under natural oonditions 1,700 aore-
feet per year, Sea-water encroachment
appears to be starting. Ground water high
in boron in one area.

Area is one of severe deficiency. Develop-
ed practioally all local water by 1900 and
began importing water, first from Owens
Valley and then from Colorado River. Loss
of flood water to sea ocours irregularly
and salvage is impractioable. Sedimente~
tion of reservoirs a serious problem.
Local contemination of surface water by
irrigation-return water high in chloride,
and by industrial wastes in Los Angeles and
San Gabriel Rivers. Some surface waters

Surfece-mater data fairly adequate exoept
for special studies, Ground-water studies
substantial but more sdequate dats needed
on peremnial yield snd methods of inoreas-
ing gromd-water recharge and halting salt-
water encroachwent. Data needed on quality
and sediment content of water, including
practicability of reclsiming sewage. Com-
prohensive ground-weter date available for
parts of area; more ascurate determinations
of safe yield needed.

ment and importation of water may be
ROCOSEArY.

Cachuma Reservoir under construction
by Bureau of Reclamation will store
210,000 acre-feet, reducing waste of
water to sea and flood damege and
making avallable part of proposed
ultimate yield of 33,000 sore-feet
per year for use in Santa Ynes River
vlll'yo v

Cachuma project will supply water
from Santa Ynez River to overcome
deficiency in Goleta Basin and City
of Senta Barbars.

Cachuma project will supply water to
overcome deficiency.

Importation of water to meet deficlemcy.

ST




Aree of
subject

Current situation

California~=Continued

Deficiencies in
information

Co;rootive measures and

ultimate require~ -
ment 3.3 million
acre-feet per

year or 8,4 per-
cent of State
total,

Oxnard-Sante Clara
Basin

Sean Fernando and
San Gadbriel Valleys

Coastal Plain in
Los Angeles and
Orange Counties

high in boron. Ground-water basins, and
water of area as a whole, about as fully
developed as in any area of the United
States. Current annual pumpage is about
1 miilion acre-feet,

Ground=water draft about 200,000 acre=-
feet per year, Draft in Oxnard Plain,
where water is largely artesian, about
60,000 aore-feet and overdraft in dry
periods about 30,000 aore-feet per year.
Water levels now below sea level in much
of plain; salt water encroaching in vi-
cinity of Ventura and threatening entire
coastal section. Santa Clara part of
basin inland recharged freely by Santa
Clara River and not overdrawn. Con=-
temination by industrial wastes possi-
ble locally.

Total ground-water draft about 200,000
acre=fest per year. Basins not appre-
clably overdrawn but water levels de-
clining in San Gabriel Valley. Contami-
nation by recharge from polluted waters
of los Angeles and San Gabriel Rivers is
principal problem.

Ground water principal source except for
Owens River and Colorado River water used
for public supply and two water districts;
surface water diverted for irrigation at
Whittier Narrows and in Sante Ana Canyon.
Ground-water draft about 400,000 acre-
feet per year, 80 percent in main basin
and 20 percent in West Basin. Draft in
main basin about 25,000 acre-feet more
than recharge as of 1947; about twice re-
charge in West Basin., Water levels below
sea level in most of coastal plain, and
salt water encroaching along coast of West
Basin in Los Angeles County and of main

Availability of water within basin to
meet deficiency (now under study by
Santa Clara Water Conservation Dis-
trict).

Studies of methods of pollution control
(under way by State and Los Angeles
County)«

Feasibility of artificial recharge and
reduction of pumpage to raise water
levels at coast; reclamation of sewsge
water (under study by State and local
areas).

About 100,000 acre-feet annually needed to
meet deficiency and future needs and prevent
salt-water enoroachment, If found to be not
aveileble within basin through conservation,
surface storage, and utilization of grounde
water storage, lmportation from outside basin
will be needed.

Alluvium of San Fermendo Valley being used
for artificial recharge of some flood water
and some water from Owens Valley; water
levels have risen since 1934,

Water of West Basin under adjudication by
State; water being imported from Colorsdo
River Aqueduct., Attempts being made to reduce
draft in main basin to rate of replenishment;
adjudication may be necessary. Pollution~
control measures under way.
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Area or

subject Current situation

California=--Continued

Deficiencies in
information

Corrective measures and
further developments

basin in Orange County; has moved as much
as 2 miles inland, Contamination also by
oil-field and industrial wastes, from sur=-
face and from los Angeles River.

Upper Santa Ana
Valley

Ground-water overdraft of about 20,000
scre-feet per year. Water of Senta Ana
River system fully utilized, Contamina-
tion by industrial wastes and other water
of poor quality possible locally.

Total ground-water draft about 30,000 acre-
feet per year. Salt-water encroachment in
Santa Margearita, San Diego, and Tia Juana
Valleys. .

San Diego County
coastal basins

Ultimate water requirement according to
State is about 10 million acre-feet. Area
thus is seriously deficient in water if
such a requirement is to be met.

Great Basin area
Includes area east
of Sierra Nevada
except Goose Lake
Basin and area
directly tribu-
tary to Colorado
River; 34.8 per-
cent of total and
17.3 percent of
irrigable land in
State., Bunoff
4.3 percent of
total or about 3
million aore-feet

per year.

Owens Valley In 1929-31 Los Angeles pumped a total of
340,000 acre=feet of water from wells,

and water levels deoclined.

Pollution-control studies (under way by
State and local agencies).

Stream-flow data for area north of Lake
Tahoe, in vicinity of Salton Sea, and
tributaries of Owens River. Ground water
largely wnstudied,

Importation of water. Certain local
agencies are planning to join Metropoli-
tan Water District and use Colorado River
water; this and perhaps other outside
sources will be used to meet deficiency.

Pumpage curtailed by State in Tia Juana
Valley, water supply under adjudication.
Colorado River water being imported
(70,000 acre~feet in 1948?. Additional
importation will be necessary if about
400,000 acres of land suitable for irriga-
tion or home sites are to be utilized.

For area as a whole, importation of water
would be necessary to meet ultimate re-
quirement. Large ground-water storage
available in certain valleys but perennial
recharge probably small because of aridity.
Moderate developments probably feasible,
however, if adequate studies are made.

Basin fully recharged now and comparatively
little use is made of ground water, which
constitutes a reserve supply for lLos Angeles.

T2
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Area or Deficiencies in Corrective measures and
subjeot Current situation information further development
indian Wells About 100,000 sores suitable for agriculture. More accurate determination of peremnial

Valley (Inyokern
area)

Antelope Valley

Mo jave River
basins

Coachella. and
Imperial Valleys

Perennial yield of ground water estimated in
1912 to be sufficient only for perhaps
1,600-2,500 sores; only 800 under oultiva-
tion by 1919, Curremt draft about 2,000
acre-feet per year,

Total available water supply estimated at
63,000 acre-feet per year; net draft about
109,000 acre-feet in 1947, Importatiom of
about 400,000 acre-feet annually needed to
meet ultimate requirements, About 7,000
acre~feet recharged from Owens Valley aque~
duot in year 1946-47.

Includes large and more or less connected
alluvial besins along Mojave River. Re-
charge largely from river.

Two basins lie in a structural depression
and are separated by Saltom Sea. Ground-
water withdrawal in Coachella Valley about
125,000 aore-feet per yoar and may be with-
in peremnial yield., Some water imported
from Colorado River. If more is imported,
-vaterlogging may develop near Salton See,
as in Imperial Valley where ground water
is not abundant and irrigation with Colo-
rado River-water has raised water table

in the slightly permeable valley fill,

yi.ldo

Peronnial yield, '

Safe yield of Coachella Valley and methods
to avoid waterlogging if irrigation is in-
creased. Drainage conditions in Imperial
Valley (comprehensive studies made by Soil
Conservation Service).

Importation of water and utilisa-
tion of ground-water storage, as
feasible, to meet deficiency and
provide for additional development.

Development of maximum supply, ine-
cluding salvage of natural waste by
phreatophytes, estimated by State at
40,000 aore-feet per year,
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Colorado

More surface water originates in Colorado than in adjacent States but muet de shared with States in which downstream parts of basins lie. Surface

supply east of Continental Divide long overdeveloped; auch more irrigable land than water for it.

Diversion from west side only source of large new

surface supplies; such diversion, and development of area west of divide, will be accelerated now that Upper Basin water of Colorado River hase been
allocated. Data needed on availability of surface water for specific purposes; on relation of surface to ground water; and on occurrence of ground water

throughout State.

Princi pal ground-water supplies are east of divide.

Area or
sub ject Current situation

Deficiencies in
information

South Platte River
Valley and adjacent
valleys

High Plains of
northeastern
Colorado

Denver bdasin,
including “Denver
artesian basin®

Large withdraval of ground water for irri-
gation, supplied mainly by infiltration of
surface water; about 154,800 acre-feet in
1948 between Hardin and Sterling, Colo.,
and 43,500 acre-feet between Sterling,
Colo., and Paxton, Nebr. No data for area
west of Hardin and for most of tributary
valleys, but pumpage believed large.

Ground water and surface water closely re-
lated and form a common supply. Some over-
development in tridbutary valleys such as
Bijou and Big Beaver Creek Valleys, Box
Elder Valley near Wellington, and Prospect
Valley {latter area now recovering). Some
present and potential waterlogging. FPo-
tential prodlem of interstate interference
from ground-water pumping.

Surficial sands and gravels (Ogallala and
Arikaree formations) form an important
ground-water reservoir; this and minor
aquifers furnish all wvater used in area.

No known areas of overdevelopment yet, but
some areas have only scanty supplies; also,
there is a possidility that large-scale de-

- velopment wauld have same result as in

geologically similar High Plains of Texas.

Small to moderate supplies of ground water
of good-to fair quality available. Irri-
gation supplies not available. *Denver
artesian basin" overdeveloped.

Corrective measurecs and
further development

Studies above Hardin and in tributary
valleys, and continuing studies in main
part of valley needed to determine all
factors related to safe yield of basin,
especially relation of ground and sur-
face water and possible salvage of waste
by coordinated development.

Practically no studies made so far.
Data needed on all phases of occurrence
and quality of water.

Availability and quality of water through-
out basin. Studies made so far only in
Big Sandy Creek area and to a limited ex~
tent in "Denver artesian dasin®. Safe
yield of latter not known.

Coordinated development of basin to
prevent local overdevelopment, water-
logging, and waste of water; inter-
state agreement on ground water as
well as surface water to permit full
development.

Development of supply to full potential,
but held within safe limits; can be
done only on basis of studies not yet
made.

Deteruining safe yield of “Denver
artesian basin® and holding with-
draval to it; developing remainder of
basin safely in accordance with results
of studies yet to be made.




Area or
sub ject

Current situation

Colorado=~Continued

Deficiencies in
informs tion

Corrective measures and
further development

Arkansas Biver
Basgin

High Plains of
southeastern
Colorado

Bear Creek
Artesian orea, .
Baca County

Arkensas
Valley artesian
area

Canon City
artesian area

Sen Luis
Valley

Oonditions and problems similar to those of
South Platte River Valley. Quality of river
vater deteriorates downstreem. Overdevelop-
ment of tributary valleys possidle, but date
inadequate.

Conditions similar to those in northeastern
Colorado except that aquifer is less pro~
ductive, Irrigation supplies availadle only
in favorable parts of area. No serious
problems so far.

No serious problem so far. Overdevelopment
likely if too memny irrigation wells are
drilled., Interstate aspects.

Artesian water available in Arkansas Valley
from Pueblo: County to Kansas line. Vater
of better quality than that in alluvium,
has been overdeveloped locally as at Rocky
Yord, and has had to be replaced by hard
water from alluvium or river.

Small but productive area; larger ylelds than
average from Dakote sandstone, and large
yield of highly mineralized water from a
deeper limestone,

A major basin having both artesian and un-
confined water. Irrigetion with Rio Grande
weter and pumping from wells, Waterlogging
and accummlation of salt in low area has
nigrated westward, ruining more and more farm
lend. ' Pumping from shallow beds has lowered
water table and interfered with practice of
"subirrigetion” (irrigation depending on
shallow water .teble rather than application
of water at surface) in other areas. No
prodlems of overpumping yet; local over=
development possible south of Ft. Garland if
too many wells are drilled,

Comnrehensive water-resources study of
whole basin. Ground water studied so far
only in upper Big Sendy Creek area and in
Huerfano Couaty.

Study of Baca County, covering most of
erea, completed, Studiee needed for rest
of area.

Safe yleld of artesien water.

Potentisl yleld of artesian aquifers.

Information on safe yield,

" Safe yield of basin as a whole and of

individual parts. Feasibility of in-
creasing irrigation withdrawals from
wells. Poesibility of locating drains
in waterlogzed area and discharging
water into Rio Greande in exchange for
increased diversions upstreem. Poor .
quality of this water is a problem, be-
cense of standards set in Rio Grande
cmp&ct.

Coordinated development of water,
considering interrelationship of
ground and surface water and interstate
aspect. Additional irrigation develop-
ment feasible in perts of basin if
adequately controlled.

Developuent based on sound hydrolqgic
information, to prevent overdevelop-
ment as in High Pleins of Texas.

Holding withdrawal to safe yield.
Integration of use on either side of
State line,

Artesian water represents valuable
supply in area otherwise having only
hard water. Development should be
held within safe limits in each
locality.

Controlled development to hold with-
drawal to safe yield.

Coordinated development of basin to
permit maximum beneficial use and
elimination of waste by phreatophytes,
and yet adhere to terms of Bio Grende
Compact with regard to quantity and
quality of water passing the New.
Hexico line. :
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Area or
gsubject

Current situation

Colorado—~Continued

Deficiencies in
information

Alluvium in
valleys of
Colorado River
and tributaries
in western
Colorado

Crand Junction
artesian basin

Artesia artesian
basin

Montrose artesian
basin ’

No problem at present.

Artesian supplies avallable in an area of
otherwise scanty supplies; local overdevelop~
ment has occurred.

Water of good quality from flowing artesian
wells supplies several small towns,

Artesian supplies available locally in an
area of otherwise soanty supplies.

9T

Corrective measures and
further development

Extent to which water cem be developed
from alluvium within this part of
Colorado, where ground-water supplies
are scanty.

Detailed study, nearing completion.

Geologio ocourrence of water, limits
and extent of aquifers, quality of
water, potential yield.

Data lacking as to quantity and quality
of water, extent of area, and depth to
.q“‘f.r.

Development appears to be practi-
cable only in limited areas.
lation of ground-water use to sur-
face water must be considered.

Wider spacing of wells to prevent

local excessive drawdown; shutting
off all flowing wells whes not in

use; repairing or plugging leaky casings,
Purther development may be possible.

Additional development for needed .
stock and domestic water dependent
upon studies yet to be made.







Connectiocut

Some local water problems but good promise for additional development, as sources are located and evaluated by scientific investigation. Stream

pollution sericus in some areas but being abated.

No serious declines of ground-water levels, but local contamination by salt water or by wastes in

streams. Large additional ground-water supplies appear to be available in Still River, Canean, Quinnipiac River-Farmington, northern Conneoticut Valley,

Willimantic-Shetucket River, and Quinebaug River areas; need evaluation.
not readily reached in all cases.

Ample surface supplies appear to be available for prospective uses also, but ~
Irrigation with ground water in tobacco-vegetable-growing area in northern Connecticut Valley especially promising,.

Basic data on availability and quality of water from small streams and ground-water reservoirs rather meager; needed for water-supply, highway and dem
design, and pollution-abatement purposes.

Area or
subject

Current situation

Deficiencies in
information |

Corrective measures and
further development

Stream pollution

Flood control

Bridgeport area

Of 6,000 $miles of stream channels, about

200 miles are excessively and 400 more miles

detrimentally polluted. About 196 million
gallons per day of domestic sewage, 62 per-
cent treated, and 120 m.g.d. of industrial
wastes, 20 percent treated, are discharged
into streams. Principal badly polluted

streams are Byram, Noroton, Still, Naugatuck,

Quinnipiac, Pequabuck, Park, Mattabesset,
Scantic, Hockanum, Willimantic, Yantio,
Little, Quinebaug, French, Moosup, Pachaug,
and Pawcatuck Rivers and Roaring and
Oxg¢boxo Brooks.

Pfoblols exist at soattered looalities,

Looal overpumping has induced salt water to

encroach into ground-water bodies, and oare

is necessary to avoid contamination by in-
filtration of polluted surface water also,

Economical methods for eliminating
pollution or treating polluted water.

Data on ground-water withdrawal and °
determination of safe yield with
various distributions of wells.

Excellent progress made through State and
private aotion. It is expected that with-
in & years 96 percent of sewage and 76

_percent of industrial waste will be

treated.

Projects already in operation on Connec~
ticut River and tributaries in Hartford
area, Projeots under way on Shetucket,
Natchaug, sand Mad Rivers. Projects under
oonsideration by Army Engineers and State
inolude Andover Dam on Hop River, Coven-
try Dam on Willimantic River, Thomaston

" Dam on Naugetuck River, sand comprehensive

project for Housatonio River.

Reduotion of pumping in localities of
heaviest withdrawal, wider spacing of
wells, and reduction of pollution in
swrface water. Substantial progress being
made.



Area or
swb ject

Current situation

Connecticut——Continued

Deficiencies in
information

Corrective nmeasures end -

Yew Haven area

Waterbury-
Haugatuck area

Local overpumping has lowered ground-water
levels end induced encroachment of salty and
polluted water from Long Island Sound and
Quinnipiac and Mill Rivers, Withdrawal of
ebout 4,4 m.g.d. does not exceed sefe yield
of area as a whole. Vater used mainly for
vrocessing and cooling, where bacteriological
quality is not so importent.

Care is pecesmary to avoid contamination of
ground- water-by industrial-and humig wastes
in Nsugstuck River. - Safe-yield of area s

#_whols not exceeded by withdrawal of about

A a.gAd.

Determinstion of safe wvield. Data
largely lacking.

Determination of safe yield and of:
relation of distence from river to

extent of pollution. Evsluation of
nearby sources of ground water.

further develoument

Similar to Bridgezort area.

Lgcating wells as far as possible
from river; reduction of pollution
in river., Additional ground water
available in tributary velleys.



Relatively few serious problems, tut basic date on surface water inadequa
additional developments if based on adequate data,

Dalavare

a small fraction of potential,

Area or

—subiect

Surpent gltuation

Wilmington ares

New Cestle area

Lewes area

Stream pollution

Drainage problems

Iron in ground
wvater

te and almost lacking for ground water.

Deficiencies in
information

Ground-water withdrawals in southern part of
area approaching or exc recharge,
Brandywine Creek (source of city supply)
polluted,

Local overdevelopment of ground water in
shallow terrace deposits used by city;
problem of contamination also,

Salt=uater encroachment into aquifers
through overpumping and construction of
a canal admitting salt water,

Delavare River and Brandywine Creek polluted;
also lower stretches of most other principal
streams,

Large areas, especially southwestern Kent
and northwestern Sussex Counties, have too
mich vater and need draining,

Most ground water in State has excessive
iron Oonmt.

Considerable promise for
Supplemental irrigation with ground water promising in southern part of Stete, Present use only

Corrective measurss and

Deteiled study to determine safe yleld,

Study to determine availability of water
in terrace deposits outaside area of heavy
pumping, and in deeper aquifers. .

Safe yield under present conditions;
availability of additionsl supplies withim
economical distance,

Extent of pollution and methods of abate-
ment,

Study to determine areas needing drainage
and most economical methods,

Study of methods of removing irom econome
deally for domestic use,

Holding ground-water withdrawal
to safe yleld, Additional water
available from Brandywine Creek
by construction of storage reser-
voir, Pollution beimg corrected
by Brandywine Valley Asscciatiom
and others,

Well field installed on opposite
side of town from contaminated
field,

See Wilmington area,

It is proposed eventually to drain
300,000 acres in Sussex County
ard 150,000 in Kent County.
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Area or
subject

Current situation

District of Columbia

Deficiencies in
information

Public supply

Ground water

Public supply diverted from Potomac

River in Maryland. low flow about
500 m. go de; withdrawal about 168
m. g. de in 1949. Water in river
polluted.

Ground-water withdrawal not large
because of lack of industry.

Corrective measures and
further development

Ground-water data badly needed;
no adequate study ever made.

Water-supply source adequate but additional
treatment and distribution facilities needed.
Pollution control, possibly in part by up-
stream storage to obtain larger low flow and
greater dilution, is a possibility.

Small supplies available for domestic use in
northwest part, small to large supplies in
Coastal Plain, increasing to southeast. Ade~
quate data would assist development for
Yheat~pump® heating and cooling installations
and other uses.



General situation favorable.

good quality not abundant in some areas.

Area or
subject

Current situation

Jacksonville=
Fernandina area,
Duval and Nassau
Counties

‘Kingsley Lake area,
Clay County

Hastings area, St.
Johns County

Sanford area, Semi-
nole County

Indian River area

Large supplies available for development in most of State.
day; about 850 million gallons used in a dozen areas of heavy development, about 70 percent ground water and 30 percent surface water.
General information available on most of State, but insufficient detailed data to form adequate basis for
present and prospective future uses, State includes some of most productive limestone aquifers in the world.

Florida

Deficiencies in
information

Total draft about 90 million
gallons per day, almost entirely from
limestone aquifer. No overdraft.

About 5 m. g. de pumped for use in
mining heavy minerals.

Flowing wells used for irrigating
truck farms, draft unknown.

Water from 2,000 wells used to irri-
gate 7,000 acres of truck crops;
draft about 15 m. g. de Some water
salty.

One of areas where artesian water is
salty, as is common in southern part
of Florida Peninsula. Surface water
and water from shallow aquifers used
for public suppiies; inadequate in
places. Contamination by upward
seepage of artesian water at Ft.
Pierce and Stuart well fields. About
100 m. go de used for irrigation,
mostly surface water.

Current total use of water about 1 billion gallons a

Water of

Corrective measures and
further development

Information on quality and availability
of deeper water at Jacksonville.

Determination of draft and of yield from
adequately spaced wells.

Occurrence of salty water, to determine
whether salinity is increasing.

Extent of salt-water contamination, avail-
ability of surface water, effects of drain-
age on quality and availability of surface
and ground water, perennial yield of
shallow aquifers.

Large additional supply available from
properly spaced wells. Use of artesian
water at Jacksonville may be doubled if
studies show deeper water to be of good
quality. Black Creek and St. Ma:'ys River
available if needed.

Large additional supply available from
ground and surface water.

Large additional supply available if
properly developsed.

Weter supplies undoubtedly edequate, but
only if properly developed on basis of
better data than now available.
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Area or
subject

Curyent situation

Florida--Continued

Deficiencies in
infornation

Corrective measures and
further development

Southeast coastal
area

Miami area

Everglades area

Highlands area of
central Florida

Area of heaviest water use in
State, and of most productive
aquifers ever iavestigated by
Geological Survey. Total use
about 145 m. g. de, of which 120
m. go de is ground water. Use
soon expected to be 200 m. g. d.
Iocal problems of salt-water en-
croachment, floods, drainage,
and poilution.

Salt-water encroachment along

shore, and via canal into

principal well field in 1939 and

later, due to excessive lowering
ter.table and reduction of canal

t}{ a:abyr e 0 re o

Ground water of good quality
scarce. About 110 m. 8o de. used
in area, mostly from Lake
Okeechobee and drainage canals.
Lack of waterindry season, and
floods in wet season, create _
complex problems, Overdrainage has
permitted drying of muck soil and
settling of as much as 6 feet in
last 35~40 years.

About 200 m. g. d. used, mostly
for citrus growing and packing
and phosphate mining; about 90
percent ground water. Principal
area of recharge of artesian
water of central Florida.

Comprehensive water-resources study made,

.continuing studies needed to guide design

of projects to eliminate problems.

Comprehensive study made.

Basic hydrologic data seriously laciing
for design of control structures.

Data on recharge of artesian water and on
relations of water at various depths, to
determine how to obtain maximum yield with
least drawdown.

Water available to meet total expected
demand and much more, if proper steps
are taken. Projects are needed to con~
trol both floods and excessive drainage,
to halt salt-water encroachment in and
beneath drainage canals, and to eliminate
pollution of Biscayne Bay by sewage.
(Pollution control now under way.

Dams in tidal canals will keep water level
up and prevent encroachment both in canal
and beneath it in permeable limestons. New
well field located for development as
needed.

Ample water available but control is diffi-
cult and handicapped by lack of basic data.

Iocate wells so as to avoid lowering levels
of lakes, which would impair their moderating
effect on temperature and permit more freez~
ing of citrus groves.




Area or
subject;

Current situation

Florida~-Continued

Deficiencies in
information

Southwest coastal
area

Pinellas County

Western Hillsborough

Pensacola area

Water obtained mostly from
wells. About 45 m. g. d. used
for irrigation, mostly highly
mineralized water from artesian
wells, Public supplies from
shallow wells and surface
sources, about 6 m. g. d. Some
salt-water encroaclment along
tidal streams.

About 21 m. ge de used in Oomy,
11 from ground, 1 from streams,
and 9 from wells in western
Hillsborough County. Overdraft
on ground water has caused salt-

water encroachment along most of

coastal part of peninsula, total-
ing about a fourth of its area.
Lake Tarpon available but water
salty because of underground
connection with sea. St.
Petersburg abandoned wells in
1930 and deveioped new well
field in Hillsborough County.

Area closely reiated to Pinellas
County. 4bout 50 m. g. d. used
in area, about 60 percent
ground water. Salt-water en~
croachment along coast; Tampa
wells abandoned and supply de~
veloped from Hillsborough River.

About 35 m. g de of ground
water used at Pensacola. Salt-
water encroachment from Bayou
Chico ruined old Naval Station
well field and several industrial
wells.

Co. tive measures and

£ er development

Extent of salt-water encroachment,
effects on ground-water levels of

drainage and pwmping, availability
of water from streams, quality of

water.

Possibility of closing connection of
Lake Tarpon to sea. Amount of ground
water remaining for development in
center of peninsula.

Potential yleld of ground water under
conditions preventing salt-water en-
croachment :

Strean~-flow data for reservoir design
as necessary. - Further studies to guide
development of ground water in such a
way as to avoid salt-water. engroachment.

Meqnaq‘é water available to meet ex-
pected needs, but available data
insufficient for economicai deveiop-

ment.

Water available from Lake Tarpon if
comection with sea can be closed; in
northwestern Hillsborough County and
Pasco County; and, if necessary, Weeki-
watchee Springs 25 miles to north.

Avple water available to meet future
ngeds, both surface and ground water.
Ground water should be developed at
suffitient distance from bay.

additional ground-water supplies

if developed a mile or more
’no Pensacola Bay. Large surface run-
off 'availabie also.




Florida-~Continued

Area or Deficiencies in Corrective measures and
subject Current situation information further development

Panama City area

Pollution problems

Floods

About 13 m. g. d. used, mostly Availability of ground water under
by paper mill. Salt-water en- conditions preventing salt-water
croachment has ruined a few mill ' encroachment,

wells.

Pollution by umtreated wastes of
several inland lakes, lower stretches
of St. Johns River and several
other rivers, and shallow coastal
waters in Nassau, St. Johns,
Volusia, Brevard, Indien River,
St. Lucie, Martin, Palm Beach,
Broward, Dade (Miami), Iee, Char-
lotte, Sarasota, Msnatee, Hills-
borough, Pinellas, Citrus, levy,
Dixie, Wakulla, Franklin,

Gulf, Bay, Walton, Oksloosa, Santa
Rose, Escambia Counties. Pollu-
tion of ground water in Suwammee,
Marion,Orange, and Polk Counties
by waste disposal through wells.

Everglades, Miami and other
coastal areas; Kissimmee, upper St. design of control structures and
Johns, and Suwarmee River areas bridge openings.

and Tampa area; and certain

smaeller areas are subject to

flood damage, particulerly dur-

ing hurricanes.

More adequate surface-water date for

kore water available, but only by dispers—
ing wells widely and locating them suffi-
ciently far from salt water.

Adequate pollution—control measures to pre-
vent danger to public health and adverse
effect on tourist industry.




Georgla

Large water resources available and largely undeveloped tut limited in some areas of rapid industrial and municipsl expansion, Only moderate
flood damages and local pollution so far tut potential danger with further development, Lack of basic date hampers plamning, Among principal problems
are limited ground-water supplies in Piedmont section; rapid growth of North Georgia industries and towns overtaxing water-supply and sewage-~disposel
systems; waste of flowing artesian water in Coastal Plain; potential salt-water encroachment along coast, especially in Savannah area; cornflict betweem
hydro-power and water-supply uses of low river flows; design of bridges across broad swampy flood plains; siltation of reservoirs sed Savannsh Harbor;
lack of good reservoir sites and hydro-power in South Georgia and adjacent Florida; control of potential widespread pollution; potential flood danger
in Coastal Plain as industry develops there to utilize abundant grounde and surface-water supplies and river navigation; agricultural supplies for
supplemental irrigation and stock water; rural supplies adequate for electric-driven runnimg-water systems.

Note:' Estimates of water consumption include most domestic and municipal supplies tut are very incomplete for industrial supplies.

Area o

—sublect _Current situation

Deficiencies in
information

Mountain and Piedmont
areas of hard rocks

Moderate ground-water supplies
aveilable in many places tut
meager in much of Piedmont
area; generally adequate for
towns no larger than 2,500, or
equivalent demand, Surface~
water supplies avajlable mostly
by using small stresms but
require treatment plants and
reservoirs, Estimated domestic
and mmicipal use of ground
water 34 million gallons per
day; known use of surface water
about 115 million gallons per
day, including some of the
manufacturing use,

Northwestern area of

Estimated domestic use of ground
Paleosoic rocks

water 20 million gallons per day,
of surface water 5 million gallons
per day.

Scarcity of shallow ground water
for domestic supply in some
areas, Domestic use of artesian
water estimated 22 million gallons
per day, of surface water 18
million gallons per day., Drainage
and flood problems; 11 percent of
lands subject to overflow, Poten=
tial pollution of streams,

Upper Coastal Plain

Corrective meagures and
further development

Data on ground water to permit
increased use; data on flow of
small streams,

Data on availability of water from
wells and springs; on stream flow,

Occurrence and potential yield of
artesian aquifers; availability of
"rejected recharge,” Data on
stream flow and potential power-dem
sites,

Large surface-~water supplies aveilable tut
reservoirs needed, Small streams with
reservoirs will be main source of water for
all but a few of the largest cities, Control
of pollution imperative, Moderate ground-water
supplies aveilable if adequate studies are

nmade to evaluate different types of rocks as
aquifers, Erosion control on farms and road-
sides essential to prevent siltation of
reserveirs,

Estimated 300 million gallons per day availe
able from wells and springs, Large surface
supplies available; reservoirs needed,

Large undeveloped supply of artesisn water =
recharge area for lower Coastal Plain, Largs
surface supplies available because ground-vater
reservoirs provide natural equalization of
seasonal flow, Potentially one of the finest
sources of great amounts of best-quality indus.
trial supplies; area lacks only transportation
facilities for development,




Area or
—subject

Current situation

Georgig=—Continued

Deficiencies in
information

Corrective measures and

Lower Coastal Plain

Estimated domestic and industrial
use of ground water 150 million
gallons per day, of surface
water 6 million gallons per day.
Much waste of flowing artesian
water in low areas, No regional
overdraft of ground water, but
potential saltewater encroache
ment in Savannah area, Shallow
ground water scarce in some
areas, About 15 percent of
lands subject to flooding,
Scarcity of dam sites for power.

Safe yield of ground-water reservoirs,
especially in coastal areas where
overdraft may cause salt-water
encroachment, Data on stream flow,
especially of small streams, Infore
mation especially needed on flow in
swamps in broad river bottoms and
across deltas,

Large supplies of ground and surface water
available if properly developed, Small
rivers require large reservoir storage for
development, Larger rivers, well regulated
by ground-water storage in upper Coastsal
Plain, have abundant water but river swamps
remain flooded for long periods, Extensive
drainage, flood protection, and bridging
needed,

Le



1daho

Ideho 'is a major contributor to stresms originating in or passing through State. Surfsmce weter is lergely epnropriated or esrmarked in meny basins,
however, and much irrigeble land remsins which must be irrigated with ground water, if at all. Irrigeation msinly in southern pert of State, less essen-
tisl in north, which contributes much water used for power generation downstream, Dats on ground weter sre grossly insdequste to determine arees of
gotential irrigation from wells, and of the effects on surfzce water so as to permit co~rdinated development and prevent both interference -and weste.

otentislities are consicersble, but basis for design and development is lergely lacking. Data on aquality of sveilable weter and changes caused by use

Are needed to evaluste life of existing and proposed projects. Estimrted ground-water draft for irrigstion within 2 to 5 yesrs will be perhaps 4 million
acre~feet, plus a large smount for other uses,

Area or Deficiencies in . Corrective measures and
sub ject Current situation information further development

Kootensi River Basin Flood-control problems. Coor- Alternate means of flood control

dinetion of present and pro- and utilization of water, esvecially
posed power developments with for power generation, coordinzted

Conrdinated development of surface water
for different uses. Drzinsge of water-
logged =rezs, guided by sdequate information.

Clark Fork-Pend Oreille
Basin

Spokene River Basin -
Rethdrum Prairie

British Columbia, Washington, ani with downsteam users; effects of

Oregon. Little irrigation with
surface water; most is "subirriga-
tion" in areas of shsllow water

‘table. Excess ground water re-

cuires drainage,

Little use of surface water in
Idaho, except for transportationm
of logs and for recreation. No
‘imnortant ground-water problems
within surfece drzinsge basin ex~
cept determination of underflow
from leke Pend Oreille,

Flood threat above Coeur d'Alene
Lake, Sedimentstion and mining
pollution of Coenr d'Alene River.
Hpyden Lake, which hes no unatural
surface outlet, has just risen
to highest stege of record, and
bordering recreational oroperty

ie being damaged. Present grouni-

wzter development largely for
domestic and farm suoplies.

provosed projects upstream (Libby or
slternative project); relstion of

river level and water table; sedimente-
tion in river chennel; continued obser-
vation of ground-water levels to guide
drainage operstions,

Possibility of increesing storsge in Pend
Oreille lske; of sdjustmeut of storage

and flow re-irements to recreational uses..
Flow and slope of Clark Fork River for use
in dam design, especislly to permit com=
verison of flow and slope between Sandpoint
and Albeni Fells before and after construc-
tion of Albeni Falls Dem, Dats needed on
flow of tributeries. General ground-water
data needed, especially on quantity of under-
flow from Lake Pend Oreille to Spokane Velley.

Studies of alternate mesns of flood control
ond water utilization. Determination of
present ground-water flow into Sookane River
and of probsble chonges caused by proposed
new irrigation project on Rathdrum Prairie

and by increased storege in Pend Oreille leake,
in relation to power end irrigation uses down-
stream. Intensive study of relations of
ground and surface water end of hydrologle
regimen as a whole.

8¢



Area or

sub ject

Current situation

Clearwater River Basin

Selmon River Basin

Weiger River Basin

Payette Basin

I = Cont

Deficiencies in
information

Corrective measures and
further development

Flood and sedimentation probe-
lems, Few large ground-water
developments, Overdraft in
Moacow area; interference be-
tween uses in same aquifers in
Idsho. and Weshington. Lewiston
and some other towns have had
trouble in getting enough water.

Belatively little development
in basin; about 100,000 acres
irrigated,

About 40,600 acres irrigated,
about a third needs supplementsl
water, Additional land suscep-

tible to irrigation, .Development

difficult because of scattered

irrigated and irrigable acreages.

Difficulty in obtaining adequate
ground water in places, as for
City of Weiser,

Need for adjustment of water

rights in connection with proposed

increased irrigation and exporta~
tion of water to Boise Basin,
Waterlogging in lower Pgyette
Valley. Adjustment of storage in
Payette Ieke to fit increased re-
creatinnal use. Balance between

surface-water and ground-water uses.

Basic data on surface water to

guide existing and proposed

developments are very mesger, Infor~
mation need on ground-water resources

of whole basin. Palouse Basin promising
for research on relation of ground-water
levels to stream flow, for predicting

low flows. Iocel mality-of-water studies
needed.

Opportunities for research on some rela-
tions of runoff to geology and topogrephy,
precipitation, tempersture, and vegetstive
cover in a major basin little affected by
regulation, Data neceded on ground water
in Lemhi and Pahsimerol Vdl leys, esvecially
if surface-water irrigation is developed
as proposed. General ground-weter studies
needed in main part of besin to determine
potentialities; detailed studies needed in
local areas.

Additional stream-flow records and reser-
voir-content data to facilitate distribu-
tion of water for irrigation. Possibility
of furnishing sdditionsl water for new or
inadequately irrigated lands (considersble
studies mede by Buresu of Reclamation),
Study needed to determine ground-water
potential, relation of potentisl pumping
to reclamation of wet lands, etc.

Additionsl strecm-flow records to guide
reservoir operation, water "routing,"
runoff prediction; more accurate data on
reservoir content, Thorough ground-water
study.

Po:sible undeveloped sources in or nesr
Moscow area. OGround-water potential con~
siderable but largely unknown,

Possibilities for intermountain diversions
to other basins., Several plans proposed,
but only reconnsissence studies mede so
fer.

Additionsl surface- and ground-water
development spoesrs to be possible if ade-
quate studies are made.

Pumping to relieve wsterlogging and permit
increased irrigation. Considersble in~
cressed development of surface and ground
water possible if done on basis of better
data than now aveilable. lerge diversion
to Boise Basin being considered,



Area or
——subject

Current situation

Boise River Basin

Snske River Basin

Upper Basin in Idaho
(downstresm to Milner
Dem)

b - t

Deficiencies in
information

o7

Corrective measures and
further development

Boise River essentially fully

used for irrigation, additional
water needed, even in average
yeers, XExtensive waterlogging from
irrigation. Sedimentation of
Arrowrock and lucky Pesk Reservoirs
and river chsnnel above Eagle.

Large basin of diverse geologic
and hydrologic characteristics,

Can be divided into Uoper and
Central Basins at Milner Dam, above
which sppropriation is so complete
that in time of low flow only

Comprehensive ground-water study
needed to determine feasibility
of drainage and supplementel
irrigation by puming from wells.

Forms lerge and complex hydrologic
unit in Idaho and edjacent St=tes in
which basic data are scattered and
greatly inadequate to guide meximum
use and equitsble allocation of water.
Surface water and ground water cannot

enough water passes dam to meet down- be considered separately.

stresm power righte.

About 1,175,000 acres irrigated;
total diversion in 1949 irrigation
season 7,540,000 scre~feet, Six
reservoirs store 2,872,000 acre-feet.
Industrial uses small, except for
power., Additional storage needed
for proposed increased irrigation.

Problems include insterstate division in lost River-Beaver Creek district.
- of water with Wyoming, segregation of teiled ground-water study of entire Lost

natural end stored water, possible
interference between surface-water

Additionel strear-flow data for operation
of Palisades and Hobeck Reservoirs and
for operation of compect. Additional
snow surveys for prediction of runoff.
Ground water in Henrys Fork and Teton
Basins, Stream-flow data to determine
contribution from stream to ground wat]e):_

River-Beaver Creek district; availability
of ground water at econmmical depth.

Availsble data indicste substantial

part of weter needed can be obtained by
pumping from wells, which would also lower
water levels and relieve waterlogging.
Diversion of surface water to Mountain Home
district considered; to be replaced in part
by diversion from Payette Basin.

Integrated development of whole basin based
on hydrologic studies of which only a small
fraction have been made. Folloving discusw
sion gives only a piecemeal idea of com-
plexity of problem and need for data,

Palisades Reservoir and Hoback Reservoir in
Wyoming proposed for storsge of 1,200,000

and sbout. 1,250,000 acre-~feet, respectively.
Uoper Snake River Compect spproved by Idsho
and Wyoming. Minidoks. North Side Pumping
Division and private users plen to pump up to
600,000 acre-feet per year. Incressed irrige~
tion in Blackfoot~Portneuf district should be
controlled so as to interfere as little as
possible with downstream(uses, \yet reduce or
prevent waterlogging, Increased storsge in

and ground-water uses, and allocation Depth and aveilsbility of ground water be- Raft River Valley; integreted development of

of water within basin. Additional
water needed in Lost River-Beaver
Creek district. Lack of sufficient
over-all supply for Mud Lake-Beaver
Basin; interference between ground-
water and surface-water uses. Water
needed for Central Leva Plaia, now
used mostly for grazing, Critical
need for more irrigation water ia
Raft River Valley, Shortage of sur=

- face water for good arable land im

Goose Creek and Salmow Falls Creek
Basins; conflict vith

neath Central Lsva Plain; relstion to sur-
face water of proposed Minidoka and other
developments. Additional stream-flow data
for Blackfoot-Portneuf district, including
effect on return flow of increased irri-
gation at Fort Hzll and Michsud. Relation
of grouna water im Haft River Valley to
leks Walcott, Posaibility of ground water
use in Gooss Creek Basin to relieve short-
age of surface water.

ground water and surface water.




Area or
subject

Current situation

Uoper Basin in Idaho
(downstreem to Milner
Dam

(~ontinued)

Central Basin (Milner
Dam to Hells Cenyon dem
site; excluding tribu-
tary Boise, Payette, and
Weiser Basins, treated
sepsarately).

Maled-Deep
District

Creek

Idaho - Continued

Deficiencies in
information

Covrective measures and
further development

Revada interests over water
rights. Shellow ground water
polluted by underground sewage
dispoeal at Burley, Rupert,and
many other localities.

Irrigetion along main stem smell so
far; oower use extensive and ine
cressing. Suverimposition of vro-
posed on existing projects will cre~
ate difficult problems of menagement
and allocation of water. Surface
water - fully sppropriated in Wood
River Basin; additionsl water needed;
interference between surface-water
and increasing ground-water use. Sur-
face water rather fully appropriated
in Twin Falis district and ground-
water use increseing; interference
between wells and with surface water;
interstate rights; waterlogging from
irrigation, especisd ly in South Side
project. Water needed for extensive
unreclaimed lands in Mountain Home
district; waterlogging will occur as
soils are tight. Similar problems in
Grand View-Bruneau district in connec~
tion with vroposed Bruneau project.
Problems of water shortage, wat:rlog-
ging, dreinage, atc,, in parts of
Owyhee Basin in¢Idaho similar to

. those in Payette and Boise Basins,

Drains to Oreat Basin, Considerable
ground-water development in Malad

V4 ley but probably m overdevelop~
ment. Severe shortage of surface
water in Deep Creeck Velley. Shallow
ground water not sbundant, Possible
interference between ground-water and
surface-water uses; interstate aspects,

Availability of water for large unre-
clasimed areas between Milner and Weiser,
Effect of proposed power, flood-control,
and reclammtion projects on present proj-
ects. Data for ooeration of Snake River
Compact. Relation of Magic nroject to .
others proposed in Wood River Basin; ex-
tent of interference between surface-water
and ground-water uses. Characteristics of
aquifers in Twin Falls district and proper
well-construction methods. Feasibility of
ground-water pumping and other drainasge
methods to prevent waterlogging in Mountain
Home project. Same for Brunean project and
Owyhee Baein,

Comprehensive ground-water studies in
whole district, especislly in Deep Creek
Valley to determine avsilsbility of deep
water, and to determine relation of sur-
face water to ground water, Data for
control of artesian wells and under=
ground migrstion of water in Malad Valley.

Proposed irrigetion developments in-
clude 400,000-acre Bruneau project and
380,000~acre Mountain Home pro ject.

Carey Reservoir on Little Wood River
teing enlayged. Ground-weter development
may be possible in parts of Wood River
Basin to relieve surface-water shortage.
Same in Twin Falls district, but compli-
cated by low yields of wells. Proposed
first unit of Mountein Home project ine
volves diversion from Boise Basin for
230,000 acres, to be revlaced in part by
water from Pgyette Basin, Operation of
entire Mountain Home project to aveid
weterlogging; same for proposed Bruneau
project, Ground-water pumping may be more
economical or otherwise preferable to sur-
face-water use in parts of Brunesu project.

Efforts to seal Elkhorn Reservoir con-
tinuing. Samaria Reservoir No. 2 and
Deep Creek Reservoir No. 2 completed
recently. Additional small reservoir
units proposed on Malad River tribu-
taries.




Ares or

subject

Current situation

I4aho - Contimed

Deficiencies in
information

Corrective measures and
further development

Bear River Basin

Drains to Great Basin in Utgh,
About 1,000,000 acre-feet per year

‘used in Idaho, Wyoming, and Utah,

but about 750,000 acre~feet ver year
wasteg to Great Salt Lake in flcods.
Controversy among Stztes on water
!igltSo E

Comprehensive water-resources ine
ventory; basic data of sll types very
meager.

Additionsl storsge to prevent flood
waste and dry-season shortage; interstate
compact, Integrated development of both
surface water and ground water.






Over-all water resources adequate and capable of large additional development.
end reservoir sedimentation. Ground water scarce in southern part of State for substantial uses, except locally.

1llinois

Problems of locsl shortages, flood control and routing, pollutionm,

Coordinsted study of interstate aspects

Of deep aquifers of northern Illinois and southern Wisconsin eventually may be needed, State Water and Geological Surveys have made extensive ground-

weter studies and are actively pursuing systematic programs.

Area or subject Current situation

Drainsge and flood
control

Stream pollation

Reservoir sedimente~
tion

Ground water for muni-
cipal use

Northeastern Illinois,
including Chicego and
Joliet areas

Deficiencies in
information

Surface-water data needed for some of smaller streems.

Corrective messures and
further development

Widespread and increasing problems, due
in part to encroschment of growing cities
on river flood plains, end restriction or
lack o maintenance of channels.

Pollution by domestic and industrial
wastes in a mumber of heavily popu-
lated areas. Financing mmicipal treat-
ment works is & major problem,

Meny municipel reservoirs have lost a
substantial part of their capacity.

A number of cities, as demand has ine
creased beyond cspacity of local ground-
water sources, bove shifted from early
ground-water to surface supplies for
public use, including Springfield,
Bloomington, Decatur, and some smaller
cities and towns,

Chicego and some 59 other manicipalities
in metropolitan area obtain water from
lake Michigen, but meny industries in
Chicago and some suburban municipslities
uge ground water, spproximately 23 percent
from shallow limestones and glacial drift
and 77 percent from deep aquifers, chiefly
Galesville sandstone, Deep aguifers had
large initial yields but sppear to be of
only moderate permeability, and heavy
pumping is at expense of withdrawal from
storage, Nonmpumping levels, formwerly near

Studies of effect of city growth
in decreasing infiltration and
increasing rapidity of runoff,
Studies of flood routing.

Studies of extent and effect of
pollution and methode of reducing
it; being made by State but hampered
by lack of funds and personnel,

Studies of extent of sedimentation
and methods of erosion comtrol
(veing made by State).

More data on avallability of ground
water, to determine whether addi-
tional development might be more

Increase in channel cspacities as needed
to compensats for increased runoff; pre~
vention of encroachment on channels.
Systematic, continuing program of channel
maintenance,

Public education on necessity of control;
making rapid progress. A number of in-
dustries have made substantial progress
in alleviating pollution by industrial
wastes,

Problem receiving increased recognition.
Beed for erosion control and for in-
creasing reservoir capacity for a given
size of drainage ares.

economical than surface-water develop-
ment; being gathered by State sgencies
in State-wide ground-water studies and
in detailed studies of problem greas.

State agencies have been actively The economics of deep pump settings, a dis-

studying this area since 1942, greatly couraging factor in further ground-water

extenling previous studies; will re- development, is stimulating a shift from

sult in quantitative sporaisals of safe ground water to lake water. The effect on

potential yields in the areas of heavy lake level probably will be negligible.

development, However, increased withdrawals, if aay,
from the lake for sewsge dilution in the
Des Plaines and Illinois Rivers may re-
quire interstate and international agree-
ment,



Area or subject Current gituation

Northeastern I1linois,
including Chicago and
Joliet areas
(continued)

Peoria area

Champaign-Urbana Area

Egst St, Iouis Area

I1linois -~ continued

Deficiencies in
information

Corrective measures and
further development

the ground surface, are now from
300 to 450 feet below it, but still
850 to 1,000 feet above the top of
the Galesville sandstons, In-
creasing depths of pump settings by
reason of cost are discouraging
further ground-water development in
the local heavily pumped srea and
encouraging sm increasing use of
Leke Michigan water, Some aquifers
tapped in southeastera Wisconsin and
to a smaller extent in Northwestern

Indians; potential interstate problem

but negligible so far,

Local overpumping reported.

Former local overpumping largely

remedied by development of new ground-

water sources outside city, based on
extensive studies by State.

local overpumping reported, but water
table not yet depressed enough to ine
duce large-scale infiltration fmn
Mississippi River,

Studies to determine ground-
water potential outside area
of heavy pumping, and also the
practicability of artificial re=
charge and "induced infiltration”
tentiality of Illinois River
fo ensive studies being made by
stat’ .

Detailed geologic and hydrologic
study of alluvial materials with

" respect to river-infiltration possi-

bilities; under way by State.

Available data suggest that Illinois
River may recharge water-bearing

gravels substantially; thus, additional
water might be obtained by locating wells
nearer river,

Large sdditionsl supplies probably avail-
able by induced infiltration from
Mississippi River, or from wells located

away from present areas of heavy pumping,



No serious over-all shortage of water.

Some locael problems of shortsge,

Indiana

meny of which are due more to economic than to hydrologic factors. Probe

lems of flood control and prediction, hydrologic factors in bridge design, and pollution of streams and local pollution of ground water. Present water

use, exclusive of power production, estimated at 660 million gallons a day, 275 surface water and 385 ground water,
areas, but basic data inadequate for locating additional supplies to meet deficiencies and provide for increased use.

mentation especially meager., lLargest ground-water supplies avsilable in northern two-thirds of State.

Deficiencies in
information

Large increased use possible in most
Data on quality of water and sedi-

Flood problems exist in practicdly all
basins of State, especially serious in
Wabash and White River basins. lack of
data on flow of small basins hsmpers
proper bridge and culvert design and

Area or subject Current situation
Flood control
erosion-control activities,
Pollution

Public water supply

Industrial ground-

water supply in
general

Widespread pollution of streams and
some lakes, Local pollution of wells.

Generd ly adequate. Iack of known
additionsl supply bampers mmnicipal
and industrial growth in many locali-
ties, especially those dependent on
ground-water supply. Original develop-
ment generslly not based on adequate
study of hydrologic factors., Critical
shortages at Bloomington and potential
shortages and pollution problems in
Muscatatuck River Basin. Potential
ground-water shortages at New Castle,
Elwood, and many others,

Few serious shortages reported. Mmy
industries unable to locate in otherwise
desirable areas because of lack of assur-
ance of adequate water supply.

Data on flow characteristics and
maximum discharge relations under
various levee conditions are ine
adequate. Studies of major basins
under way by Army Engincers and of
minor basins by Indiana Flood Control
and Water Resources Commission. Data
on flond flows and flow character-
istics of small basins inesdequate.

Extent of pollution and methods of
sbatement, especially for treating
industrial wastes for public-health
and recreational needs; situation
not known, Aress of grouni-water
pollution not determined., Pollution
of major streams and basins being
studied by Indiana Pollution Board
and State Board of Bealth,

Information on surface-water supply
generally adequate except for small
basins, many of which are used for
municipal supply., Data on extent,
recharge, and perennial yield of
ground-water reservoirs inadequate,
Detailed ground-water studies needed
to determine adequacy of local sources
which supply 281 of 323 municipal
systems and 92 of the 260 million gal-
lons a day used for municipal supply.

Data on safe yield of ground-water
reservoirs inadequate; needed to en-
courage industrial growth,

Storage reservoir considered for
Bloomington. Reservoir needed for
Muscatatuck Basin,

Large sunplies available but must be
developed on bzsis of data yet to be
gathered, to prevent overdevelopment.




Ares or subject

Indiang = Contime(}

_Current situation

Deficiencies in
information

Corrective measures and
further development

Qrlity-of -water and
sedimentation problems

Indianapolis area

Serious lack of data on quality of water

and suitability for various uses., No sedi-

mentation studies under way.

Present supply for Indianspolis ade-
quate; more surface storage or greater
use of grouni~water storage necessary
for future growth of city. Ground-water
situation critical in 1941 but has im-
proved since, owing to reduced consump-

tion and increased precipitatiom. Ground
vater used mainly for industrial purposes.

Chemical quality-of-water data

needed generally, especially in south=
western part of State. Sedimentation
studies needed especislly in Wabash,
White, Maumee, and St. Joseph basins
and in small basins in southern part
of State. Quality-of-water data now
being collected as part of ground-water
investigations.

Revised estimate of perennial yield:
relation of pumping to flow of West
Fork of White River, Investigation
of ground-water supplies in residential
fringe area of Marion County now in

progress.

Ly



lova

Ko over-all shortage of water, but numerous problems of flood control, drainsge, inadequacy of water in dry periods, pollution, and sedimentation.

local critical shortages of surface and ground water.
surface-water supplies without building storsge reservoirs,

Basic data inadequate,

Only cities on Mississippi and Missouri Rivers have assurance of large
Estimated total use of ground water 340 million gallons a day, moderste to large addi-

tional supplies available outside heavily pumped sreas im northeastern two-thirds of State and slong Missouri and Missiseippi Rivers, HNo estimate of
surface-water use available,

Ares or subject Current situation

Ground-water shortages

Surface~water shortages
and pollution

Flood and sediment
problems

Southern Iowa

Deficiencies in
infornation

Corrective measures and
further development

Water levels down to critical point in
shallow aaxifor at Cedar Rapids, Declinme
at Mason City; situation may become
critical. May become critical also at
Oskaloosa,

Inadequate water in streass during

period of low flow to provide sufficient
water supply and dilution of polluting
materisls, Situstion critical at Ottumwa,
Mason City, Waterloo, and Fort Dodge;
serious at Des Moines, Ames, and Cedar
Rapids, Similar situations may develop
in sny city of 10,000 or more in next few
years.

Acute flood problems on Indian Creek at
Council Bluffs, Dee Moines River below
Des Moines, Black Hawk Creek and Cedar
River at Waterloo, Perry Creek at Sioux
City, Iowa River and tributaries at
Marshaelltown, Iowa River below Iowa City,
and Boyer, Chariton, and Grand Rivers,
among many others. Problem complicated
by deposition of silt in channels.

In roughly southern two tiers of counties
productive shallow aquifers are generd ly
abeent and base flow of streams is there-
fore low, cansing shortage of water in per-
iod of low flow, especislly in drought
year:(.1 Deeper aquifers not adequately
tested,

Safe yield of aquifers used
at present; potential eddi-
tional supplies.

Additional stream-flow data to
determine dependable yield of
basins and to guide reservoir
design, pollution control, water
use and conservation, flood con-
trol, and bridge design.

Studies to determine most
economical methods of flood end
sediment control, Additional
sediment data.

Careful study to locate sll
potential sources of ground
water, Surface-water studies
to locate sites for reservoirs.

Deeper aquifers available at Cedar
Rapids but wells more expensive,

Storsge reservoirs needed to permit
increasing low flow; eize and cost will
depend on extent of pollution abatement
found practicable, Des Moines infiltra~
tion gallery depends on Raccoon River,
supplemented by artificial recharge,
Possibly other cities could meke similar
developments.

Erosion and sediment control. Soil
Conservation Service has begun large
soil=conservation project in Little
Sioux Basin.

Increased surface-water storsge based
on most economical design,



t situation

Western Iowa

Iowa ~ Continned

Deficiencies in
information

Corrective measures and further
development

Productive aquifers largsly

absent beneath uplands and in small
valleys. Shallow aquifers of low
perweability more widespread them in
south, however, and bagse flow of
streams more adequate,
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Kansas

Precipitation increases from west to east; productive water-bearing formations mainly in west and lacking in much of esst. Thus surface runoff is
relatively high in east, but low flows poorly sustained and meny problems of alternating flood and shortsge, and erosiom and sedimentation. Ground water
relatively sbundant in west, but recharge low in Righ Plains uplands. Only one area of ground-water shortage in State at present, and greatly increased
development poseible, but it should be guided by proper estimates of optimum yield. Much increagsed development of surface water possible; storage needed
in most cases. Basic data reasonably adequate for substantial part of State but investigative program far from complete. Ground-wster and sediment
stulies needed to guide irrigation and sediment control, Stream-flow data especially lacking for south-central and southwestern parts of State,

Deficiencies in Corrective meesures and
Ares or subject Current situation information further development

Southeastern Kansas Water of gond quality from deep aquifer Quantitative appraisal of Gradusl reduction of draft on basis of
but peremnial supply probably less than aquifer as a whole in the interstate agresment, development cf
current withirawal, Aquifer extends into three States. Availability other sourcee as necessary. Vater
Oklshoma end Missouri; interst=te problem, of water from other sources. aveilable in shellower limestones but
Aquifer similar hydrasulically to Dakota quality not as good; may be useful for
sanistone. Problem of drainage of mines some purposes,
in shallower water-bearing limestones.

High Plains Much water in storage and many productive Determination of perennial Developrent of water to produce maximum
wells. Recharge low, however, though yield and yield from storage benefit for longest time,
higher than in Texas; problem of deter- under various conditions of
mining how to utilize stored water, development,

Arksrs as Val ley Abundant ground water, but of poor Studies to determine how maximum

gality between Great Bend end Arkansas amount of water of good quality
ty. can be developed,

Saline and Republican Ground water highly mineralized in Studies as sbove.
Val leys places.






a few gnall areas.

——Area or smbject

Keptucky
Over-all water supply adequate. Many problems of slternating flood and shortsge. Ground water scarce in much of State, and data scanty except in

Inventory of present and prospective demands is necessary,

Corrent situation

Ohio River flood plain

Iouisville area

Jackson Purchase (area
west of Cumberland River)

Plateau of Mississippien
rocks in central, soutb-
central, and west-central

Kentucky

Deficiencies in
informetion

lerge surface supply availsble from Ohio
River, and large undeveloped ground-water
supply from valley fill beneath plain.
Total municipal use about 85 million gal-
lons per day, about 81 surface water and
4 ground water. Totel industrial use un~
kmown, but more then 50 million gallons per
day of ground water and more than 600
million  gallons per dsy of eurface water
(grester part for steam-power gemeration).
Biver badly polluted; too warm in summer
for many industrial uses. Flood damage
serious along msin stem,

Ground«ater situation critical early in
war; improved greatly by cooperative
energency effort after safe yleld of existe
ing instellations determined by comprehen-
sive study, Treatment and use of Ohio
River water still complicated by pollution.

Repid industrisl expension expected, due
to cheap power and river transportation,
Heed for cool water for industrial use
will increase rapidly. lLend-drainage snd
flood~control problems dus to flat sur-
face, Mmicipal use of ground water is
5l . gallons per day, of surface
water(Faducab), 3 million gallons per
day, industrial use umkmown,

About 4.5 million gallons per day of
surface water used for 24 towns and 1
million gallons per day of ground

water for 21 towns. Industrial use small
but increasing. Ground water scenty in
some areas, a8 is low flow of streams

awey from main stems, Flood problems along
lower Oumberland River,

Corrective measures and further deve.

Availsbility of ground
water slong river, mainly
by "induced infiltration."
Studies of pollution and
flood control,

Comprehensive study of
ground -~water resources,
Data on flow of small
streams, and on quality
and sediment content of
water,

Availability of ground
water for snall industries
snd towns. Data on flow

of sm=1l streams, especially
in Green River Basin, Data
on quality, temperature, and
sediment load of streams,

Greatly increased use of ground and surfece
water possible, Redvction of pollution
needed, and gradually getting under way by
cooperative efforts of States and industries
in basin, Development of ground water by
induced infiltration promising, oe water is
cooler in summer even though derived largely
from river, Passage of water through river
bed and ground appears to remove pollution.

- Flood control by construction of reservoirs

on tributaries and protection structures on
main stresm,

large additional ground-water supplies
shown to be available northeast and soutbe
west of city by induced infiltration.

Lerge supolies of surface water aveilable,
but cool water needed in summer, Iarge
ground - water supplies known to exist, but
almost no data on occurrence, quantity, and
q}]alitYQ

large supply aveilable along Chio River,

Moderate to large ground-water supplies
avsilable in some areas unlerlain by limestons,



—dres or sybiect

Kentucky — Coptinued

Ourrent situetion

Deficlencies in

information

Western coal field

Bluegrass region of
northeast-centrsl Kentucky

Hagtern coal field

About 2 million gallons per day of sur-
face water used for 14 touns end 1 million
gallons per day of ground water for 9

towns, Industrial use not known, . Small
quantities of artesian ground water widely
eveilable but large supplies scarce, De-
cline of water level at Beaver Dem, Care
needed to avoid pollution of ground water oy
oil=field wastea; water needed for repressur-
ing, Flood and drainage problems, and dry-

. mmaaon ghortage of surface weter,

Mundcipel use of water 13 million
gallons per . day of surface water for 34
tons and 1,5 to 1.75 million gallons per day
of ground water for 14 towns. Most ground
water used is from springs, Industrial
and rursl use mot known but fairly large.
Supplemental irrigation from wells probab-
1y will increase greatly. Ground water in
outer part of region scarce and poor in-
quality; supplies for stock raising diffi-
calt to obtain, Water in limestone of ine
ner Blnegrass region erratic in occurrence
and subject to pollution in places, Frob-
lems of stream pollution, shortage in dry
periods, and some flooding,

About 5 million gallons per day from
stresms and 2 million gollons per day
from wells used for public supply. Indns-
trial use not kmown but substantial, es-
pecially for coal industry. Iocal ghorte
ages of ground water with increasing popue
lation of towns; Cordbin and Iondon have
abandoned, wells in favor of surface water,
Iow ground.wvater storage leads to flash
floods and low flow in stresms in dry
weather., FPollution of streams, especislly
at low stages.

Availability of ground
water and dependable yleld
with different well spac~
w. Methods of under--
ground dieposal of oil-
field wastes without pole
luting usable water, Data
on flov of small streams
end quality of water,

Occurrence of ground
water in outer pa't of
region. Data on flow of
smaller streams, pollution

and methods of flood control,

Ground-water studies to
encoursge maximm econom=
ical use of this resource.
Stream-flow data for de-
sign of flood-control and
flow-gtabilizetion reser-
voirs, Data on quality
of water, extent of pollu~
tion, and eilt load,

Corrective measures and further development

Wider spacing of wells at Beaver Dem; pos-
sible ultimate use of surface water, now
beyond economic reach, Considerable addi-
tional development of ground water and
especially surface water ﬂr ssible if planned
on basis of sound data. ge water supply
available along Ohlo River,

Ground-water study in imner Bluegrass reglon
showed close correlation among geology, to-
pography, and water, end has greatly increased
chances for obteining successful wells, Sim=
ilar study needed in outer region, where con-
ditions are even more spotty. large supply
available along Ohio River,
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leulsiana

Very large supplies anihbip from large rivers: Mississippi, Atchafelays, Red (quality poor), Pearl, and Sabine Rivers, and from ground, Main
probhl:’m f‘lood control, drainage, and dry-season shortage of sl’n'rm ator,’and some local and ;m regional overdevelopment of ground waters

Total ground-water use sstimated to be more than 800 million galloms per day.
Little or no ground water of good quali

Deficisncies in
~dnformation

Basic data inadequate for eoonomical planning of water control and uss.
ty available in small area in west~oentral pert, in extreme southern part, and in some areas in northwestern

Corrective measures and

pert of State,

Area or
—fubdect Surrent situation
Southwestern Louisiana Seasonal from surface

Lake Charles area

Noew Orleans area

streans to irrigate rioce lands
exceeds natural flow during
periods of below=normal rumoff.
During these periods, salt water
intrudes into the streams and
causes crop losses of greater
or less degree, About 660,000
acre=feet of surface water was
used in 1949, Ground water is
used to irrigate nearly half
the total acreage under rice
cultivation; withirawvals smount
to 400,000 to 600,000 acre-feet
per year, Ground-water levels
declining; salt-water encroech=
ment believed ocourring,

Ground-vater withdrawal increased
fron 2 million galloms per day
in 1935 to 60 million gallons per
day in 1949, Local overpumping.
Pollution of surface water,

Public supplies from Mississippi
River, Aireconditioning and
industrial

puspage from wells is

50 million gallons per day or
more, Water level declining,
Poseible salt-water encroachment.
Drainage and flood-control
problems,

Groundewater draft of 20 million
gallons per day for oil ref. .
Declining water levels; salt-wa
encroachmsnt possibly ocourring.

Comprehensive water-resources inves-

tigation (now under way) should be
contimued to give factual data
required for alleviating works to
be constructed on surface streams
and determinetion of maximm yield
of ground water without salt-water

encroachment, and to guide necessary
measures for assuring adequate overw

all supply,

Detailed water-resources investi-
gations as above, Extensive and
contimous records on quality of
ﬂm.

Study to determine maximum rate

of pumping vithout inducing salt-
water encroachment fyom
Mississippi River or other sources,

Detailed ground-water stucy as

Storage or diversion to save flood waters

now vasted to Gulf and assure dry-season
availability of water, to meet present defie
ciency and future needs, and to permit reducing
ground-water withdrawal to safe yield, Artie
ficial recharge if feasible,

Wells can be distributed to avoid local over-
pumping, but question whether combined draft

for industry, public supply, end riocs irrigation
may be in excess of safe limit, Pollution
abatement may be necessary, Artificial

recharge if practicable,

Holding ground-water withdrawal to safe
vield, Spreading wells and development of
new areas would possibly increase yield,
Artificial recharge if practicable,



Area or
subject

Leulaiang—Contimed

Current situation

Deficiencies in
information

Corrective measures and
further development

Baton Rouge area

Other declines in
ground-sater levels

Southeastern Louisiana

Ground water is main source for
public and domestic uses and a

Availability, quantity, qnantr. and
temperature of water from de

aquifers and Mississippi Rim
alluvium,

hensive water-resources inves-
tigations to determine safe yield of
known aquifers, possible ocourrence
of other fresh-water-bearing sands,
and possible utilization of additional
surface-water supplies.

General study of water resources,

Large supplies available from deeper aqui-
fors tut water warmer, Large supplies of
0001 but hard water available from
Mississippi River alluvium, but principelly
across river from Baton Rouge, Poasibility
of meking greater use of Mississippi River
and Comite River waters,

Water probably available outside arsas of
dealine if developed properly.

Very large supply of soft ground water appears
to be available but needs evaluation. Waste
of flowing artesian water, though it has not
caused overdevelopment, should be reduced,
Large supplies of good surfece water available,




Abundant over-all water supply, with cspacity for greatly increased development.

Maine

Three~guarters of State forested and very lightly populated,

Probably something less than 10 million gallons per day of ground water used by some 65 public systems and more than 80 million gellons per dsy of sur-

face water by about 95 systems; total of 201 communities served, Few data on other uses of water,

Some problems of pollution and flood control, amd

locel or dry~ceason shortages of water for smaller users. Almxt mo ground-water information available for State.

Deficiencies in

Corrective measures and
further development

Area or subject Current situation information
Stream pollution Most of main rivers show some pollution.

Ground-water supplies

Farm water supnlies in
general

Androscoggin, Penobscot, and Eennebec
Rivers are among mos t serious, Presumpscot
River excessively contaminated below
Westbrook and Seco River heavily contami-
nated below Biddefard and Saco.

Floods are not a serious problem in most
areas, partly because of regulsation of
rivers by reservoirs built for power pro-
duction, Greatest flood on record, in
1936, caused damages of about $6,500,000,
Problems will increase with growth of
population on land subject to overflow,

Ground water used on only a smsll scale so General ground-water study of
far, The few studies made so far, at vwhole State.

Bangor, lewiston and Auburn, and Portland,

show no overdevelopment, snd the few obser—

vation wells show no decline, Ground water

is locslly scarce, as at Corinna where sure

face water is polluted and test drilling for

ground water has been unsuccessful so far,

Shortages common in dry weathsr,

Pollution control began on Androscoggin
as result of legal action. r on

Penobscot and Richmond on Kenneb®c have
had to build elaborate treatment plants
to obtaia good water for public supply,
and Richmond is seeking a new supply.

Additional pollution control necessary.

Flood walls built at Madison and Rumford
by private interests,

large ground-water suprlies probably
available in places, principally glacial
outwash gravel in velleys and plains of
south slops, Adequate studies needed to
locate productive aquifere and so to en~
coursge development, and to provide basis
for preventing overdevelopment. Town of
South Paris has located sn ample supply

of ground water; Clinton supply adeguate,
Artesian water known to be aveilable at
Portage and Presque Isle, Abundsnt ground-
water supply located at Fatten, for future
use,

Development of more adequste supplies, par-
ticularly for fire protection. Meny ponds
now being built for this purpose. Ground
woter a promising source in some sreas, but
infsrmatimlacking,






: Marylend

Fo over-all shortfige of water. Total use of water about 100 million gallons per dsy, of fresh surface water about 400 million gallons per
day (about 90 percent for Baltimore and Washington); plus about 500 million gmllons per day of brackish water from Patapsco River for industrial use in
Baltimore, Probleme are chiefly economic, reouiring careful study to find most economical solution, and basic data on stream flow, ground water, end
quality of water are far from adequate.

Deficiencies in Corrective messures and further
Areacor subject Current situation : information ___Qevelopment
area (western Total use of water small, but shortages Data on gronnd water and Increased development of ground water where
third of State) occur in dry weather because of low strean flow. POsSgible; storsge reservoirs on streams as
ground-water storage; streaus "flashy'. needed,
Piedmont Flateau Ground water widely available in small Research on occurrence of water Soil-conservation practices needed in some

quantities, but no large supplies, Soil in the complex rocks, to deter- areas.
erosion in meny farmed areas and streams mine vhether criteria can be

generally turbid, established for more successful
' , location of thousands of farm and
suburban wells ) ,
Coastal Plain = Western Ground water moderately to highly devel- Basic studies of ground water large ground-water supplies available cutside
Shore _ oped from Baltimore mortheasstwerd, with (under way in practically the heavily pumped areas but potential yield not
some overdevelopment, Iron content of vhole ares). known for entire area. Supplementel irrigation
ground water high in some of the aresa, 3 . from wells romising if done on basis of ade-
- quate data,

Baltimore srea : Local overpuming; encroachment of salt Vomprehensive ground-water Repair of wells, spreading of pumpsge as prace
water from Patapsco River in large part of study completed. ticsble. Tunnel from Patapsco River nearing
asrea, of industriel waste in places, completion; will add 50 million gellons per
largely through defective wells, Few major day to public supply; or 95 million gallons
well fields free of contesmination. Total per day vhen proposed reservoir is built,
Wm withdrawal 50 million gallons . About 35 million gallons per day of sewsge

or more in 1942; now 35 to 40 mil- effluent treated for industrial uce to permit
lion gallons per day. Public supply from reduction of draft on conteminated wells.
Gumpowder Falls; safe yield of 148 million »
gollons per dsy exceeded (190 million gal-
lons per day in 1949).
Washington suburban Development of suburban water supoly. from Rocky Gorge dam on Patuxent River, %o be com~
area » Patuxent River and Northwest Branch of pleted in 1953. will increase totsl supply to
Anacostia River, is barely keeping pace 40 million gallons per day., Anecostia River
with demand, Anacostia River water polluted. supply mey be asbandoned. Consideration being

gven to lerger sanitary district including
licott City, Annspolis, Upper Marlboro, anﬂ
Rockville; available water from Patuxeat and
Isttle Patuxent possidbly about 150 million gal=
lons per day.
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land - £

Deficiencies in
information

Corrective measures and

Ares or subject Current situation further development

Coastal Plain - Eastern About 20 million gallons per day of Basic ground-water studies
Shore ground water used for public and domestic (now under way in parts of
supplies. Streams small and many brack- area).
ish in lower courses. Ground water high

lerge additional ground-water supplies avail-
able if properly planned and located on basis
of adequate dats. Supplemental irrigation

Crisfield

Ocean City

Cambridge

Easton

Pocomoke

Pollution and sediment
problems

in iron in meny places.
Ground water of poor quality.

City teking maximom amount available
with present pumps and wells,

Salt~water contamination through

"lesky wells.

Manicipality and industries derive
water from five aquifers ranging in

. depth to as mach as 1,188 feet.

Uncertainty as to adequacy of
present supply.

Potomac River polluted by acid mine
drainage, industrial waste, and sewage
in loke-Cumberland area, and by sewage
at Washington, Monocacy River carries
silt from soil erosion. Patspsco River
contaminated by industrial waste,

Availebility of better water;
analysis of available data.

Pumping tests and other studies
to determine yield of the 13
individusl wells and of the
different water-bearing forma-
tions.

Detailed study to determines
levels at which salt water
enters wells.

Detailed study to determine
quantity tsken from and safe
yield of each aguifer,

Yield and drawdown of present
wells; pumping test of new
wells,

Studies of pollution and silt
control (under way for Monocacy
River).

from wells especially prouising,

Reconstruction of wells to exclude salt water;
location of new wells if necessary to avoid
contamination.




lalppchnsettq

Water available to meet practically any need, but economic factors limit some of smaller developments. Almost dll water soft (hard ground water ia
Western limestone belt); ground water gemerally corrosive and some high in iron, especially on Cspe Cod and in northeastern Middlesex County. No siit
oroblems, Some drought and flood problems. OGround water available principally in glacial deposits throughout the State, especislly in eastern, southeastern
(including Cape Cod and neerby islemis), and west-central (Comnecticut Valley) perts of State; in bedrock in extrems western part and in parts of Cornecticut
Valley. Bedrock furnishes small supplies for domestic use throughout the State, Among basic-data needs are flow of small stresma, groundewater studies ine
cluding test drilling and geophysical studies and determination of safe yield, and quelity data for industrial and pollution-control uses,

‘ Deficiencies in Corrective measures and
Area or subject Current situation informetion further development
Public and industrial In 1948, of 260 public gystems serving Considersble data svailsble; Much additional water available, but studies
supply 98 percent of population, 150 used 100 more nseded, needed to locate unpolluted sources that can
million gallogs per day of ground water be developed economically,
. and 110 used 300 million gsllons ver day
of surface water. About 100 milliom gal-
lons per day of ground water used by in-
dustry, and unknown but much lerger amount
of surface water by industry,

Pollution Serious problem of stream and tidewater Problem under study by several Streams being classified by State Public
pollution. About 320 million gallons per agencies. Bealth Department. Pollution=control measures
day of treated and untreated sewage dis- under way or beimg stulied,
charged (300 into tidewater near Boston),
plus much industrial waste,

Salt-water encroachment Hot a serious problem at present. Occurred Development of ground watsr near coast in
in one public-supply well field on Cepe Cod accordance with local hydrologic conditions
and also reported in one or more cranberry- (not completely known for Massachusetts) and
irrigation areas. known physical principles of fresh water-szlt

g water relations,

Oroughts Shortages common in smaller towns with less Problems are economic or due to lack of
adequate supplies.  Occurred in 44 of 260 plapning. In both ceses more sdequate basic
communities having public supplies iz 1949-50, data may peramit a satisfactory solution.

Ground~water depletion No general decline of ground-water levels, In most cases deeper wells have given adequate
Many shallow wells failed in last 2 years supply.

because of dw ught,



—Area or subject

lhsnohusetts-Contimed

Deficiencies in

Supplemental irrigation

Water power

Corrective measures and

further development

Current situation information

Floods in 1527, 1936, and 1938 affected
36,000 acres and caunsed damage of about

$112,000,000,
Practice is growing = 2,049 acres in Studies to determine
1959 and 11,355 acres in 1944, availability of the rela-

tively small supplies needed,
and to prevent local over-
development.

Largely developed - reported total
245,700 kilowatts. Mo new large
reservoir sites available, Present
storage reported at 8,200,000,000
cubic feet.

local protection works cnstructed at
Springfield, West Springfield, Holyoke,
Chicopee, Northampton, Haverhill, lowell,
and Fitchburg; in progress at Adams and
North Adams. Three flood-control reservoirs
built in State; one in Vermont and four ia
Bew Heapshire on streams tributary to the
Connecticut and Merrimack Rivers above
Massachusetts line; 21 more scheduled for
future, mostly in Vermont and New Hampshire,

Practice has much promise. Either surface
water or ground water can be used, depending
on which is available or cheaper.

Undeveloped power variously estimated at
18,000 to 106,500 kilowatts.

1




Michigan

Kearly surrounded by the Nation's largest fresh-water lakes, Michigan is often erromeously considered free of water problems. State has enormous
water potential, but there are local problems of ground=water overdevelopment; stream and ground-water pollution; undesirable laks-level fluctuations;

end floods and drainage.

Moderate to large ground-water supplies available gemerally throughout the State with the exception of perimeter arssz sur~

rounding the "Thumb"” and the western half of the Northern Peninsula; available locally in the excepted aress. Basic data on ground water adequate for
a few areas; accelerated ground-water, surface-water, and quality-of-water studies needed.

Area of Deficiencies in Corrective messures and
subject Current situation information further developmsnt

Water supply

Drainage

Flood control

Lake-level stabilisza-
tion

Publicesupply and domestic use about 700
million gallons per day, about 200 million
gallons per day ground water and 500 mile
lion gallons per day surface water (De-
troit, 375 million gallons per day). In=
dustrial use estimated at about 2 billion
gallons per day, mostly surface water. Ir-
rigation use about 26,000 acre-feet for
62,000 acres in 1949; increasing rapidly.
Mostly surface water so far but ground-
water use increasing because of relative
availability and confused legal status of
surface-water rights.

About 14,000 square miles drained, some
inefficiently or overdrained. About 211
million gallons per day pumped from iron
mines in Iron River distrist alone. Direct
costs of drainage range from 20 to 30 cents
per ton of ore produced; indirect costs
perhaps 5 to 10 times as great,

Flood problems in lower stretches of Kaw-
kawlin, Clinton, Rouge, Huron, and Raisin
Rivers and in parts of Kalamazoo, Grand,
Au Gres, St. Joseph, and Saginaw Basins
and on Red Run.

Conflioting demands for roomﬁion, irri-
gation, and drainage uses.

Quantitative date on stream
flow and ground-water re-
sources,

Establishment of relation
between drainage, flood con-
trol, ground-water levels,
and lake levels. Economio
studies of drainage of agri-
cultural land and mines, in-
eluding adequate program of
research on design of agri-
cultural drains.

Basio data on stream flow,
precipitation, and siltation.
Topographic mapping only one-
third completed in State.

Comprehensive collection of
pertinent hydrologioc data and
comprehansive interpretive
studies on inland lakes and
amall drainage basins,

Establish & workable water-<rights systez for
proper allocation of water and protection of
all water rights.

State legislation patterned after Chio's
Water Conservency District laws to provide
for the handling of major drainage-basin
improvemonts.

Enactment of Conservancy District legisla-
tion drafted to ocoordinate the study and
mutual sclution of all water probleme to
the benefit of all intereste.

Revision of State law, giving the State
greater responsibility in stabilizing laksa
and coordinating lake-level ocontrcl with
other water-rescurcss problems,




Area of
subject

Mioh.

Current situation

an-=-Continued

Deficiencies in
information

Corrective measures and
further development

Pollution of streams

Pollution of ground
water

Battle Creek area

Kalamazoo area

Flint area

Pontiac-Oakland area

Lansing area

Serious problems in St. Joseph, Kalamazoo,
Grend, Saginaw, Black, Clinton, Rouge,
Raisin, and Menominee Rivers, and othsrse

Looal pollutism of ground water by use of
wolls and pits for sewage and industrial-
waste disposal, Widespread contamination
of water in glacial drift in Saginaw Bay
region by highly mineralized water leaking
upward through abandoned oo-l-exploution
Loles and salt wells.

Ground-water withdrawal about 6 million
gallons per day for public supply and 10
million gallons per day for industry.

Aquifer connected with surface streams.

Large ground-water developments for public
supply and especially paper mills depend
in part on recharge from Kalamazoo River,
which is impeded by deposition of waste on
river bottom.

Public supply from Flint River; use about
26 million gallons per day. Low-flow of
river inadequate and conservation measures
ordered several times in past., Future
growth of city depends on solution of
water problem,

Heavy and increasing use of ground water
for public and industrial supply. Decline
of water levels in Pontiac. Surface supply
from Clinton River developed for Pontiac 30
yeoars ago but abandoned because of inade~
quete treatment facilities,

About 20 million gallons per day withdrawm
from sandstones for public and industrial
use, water levels have declined,

Comprehensive collection of
pertinent data and interpre-
tive studies of quality-of-
water fluoctuation from opera-
tion of natural causes.

Comprehensive and continuing
program of quality-of-water

sampling. Intensive surveys
of geology and hydrology im

affected areas,

Maintain continuing program
of data collesction and study
of local d evelopments,

Relation of lake levels to
regional ground-water withe
drawals to assist stabiliza-
tion,.

Comprehensive information on
regional hydrology to permit
determination of safe yield
from available sources.

As above.

As above.

Pollution abatement by cooperative means or
cowrt order.

‘Large ground-water developments in Saginaw
Bay area now limited to induced-infiltration
supplies near streams., Contamination by oil
wells controlled by adequate statutes sinoce
1929, 8imilar control needed for abandoned
water wells.

Pollution- and flood=control measures should
recognize interconnection of surface and
ground water to avoid depletion or contemina-
tion of ground water.

Pollution-control measures that will prevent
sealing of river bottom. Control of base flow
of river needed to assure recharge and also to
stabilize ground-water levels.

Possible sources of increased supply are a
reservoir on Flint River, pipe line to Lake
Huron, and ground water. Studies needed to’
determine most economical source.

Lake-level stabiliszation ioodod: Possibilities
of recharging ground-water aquifer with Clinton
River water should be investigated.

Wider spacing of wells if potential legal
problems can be worked out. Investigate possi-~
bility of induced-infiltration supply from
gravels along Grand and Red Cedar Rivers,with
artificial recharge of sandstones through pres-
ent wells during periods of peak river flow, to
provide water for periods of low flow whem
induced-infiltration supply might be inadequate,
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Minnesota

Large available supply of ground water and few serious problems. Ground water available in glacial drift over most of State, (but good aquifers
scarce in extreme western part) and in Paleozoic bedrock in southesst, Reconnaissance ground-water studies made for whole State but data lacking on
current uses and local problems; detailed studies made in only three areas, only onc vering a whole county, Some stream pollution from municipal,
nining, and industrial waste; draingge and flond-control problems.

Ares or subject

Deficiencies in

Current situation information

Twin Cities area

Iron Range

Plood control

Drainege and
lalte~sutlet dems

Stream pollution

Corrective measures and
further development

Public and some industrial supplies from
Migsissippi River, Off-river industries reliable estimate of de~
and suburban commanities pump water from pendable yield under given
deep wells, Considersble decline in water conditions of witbdrawal.
levels in heavily pumped areas, but thought

to be approaching stability in Minnespolis

at present withdrawal, Contamination of

deep aquifers by polluted or mineralized

water from shallower beds through which

wells pass,

Detailed study to obtain

Area bounded by Mississippi and South Comprehensive water-resources
EKawishi Rivers; lies on divide and streams study to determine most economical
within area are small, Ground water scanty sources of water, including wells,
except in iron-ore bodies, water drained mines (research needed on drainsge
from which is used for such cities as design), and streams.

Virginia and Hibbing. Ooncentration of low-

grade ore will require large amounts of water

for processing and increased domestic use.

All large river basins in the State are
subject to flooding from abnormal condi-
tions of spring rumoff, Most small basins
are subject to flooding from heavy concen-
trations of rainfall due to local storms.

About 10 percent of total area is swamp} Detailed studies of relation of
mch of s0il very rich when drained, Com~ drainage snd cultivation to run=
flict among drainage amd recreation and off and lake levels,
conservation interests,

Problems widespread; most critical in
droughts of 1929=39 and would be re-
peated in another drought. Present
critical areas incluie Minnesota River
from Mankato to mouth, Crow River below
VWatertown, Zumbro River at Rochester,

Effective legal control by local or State
agency to limit pumping to safe smount
and require sealing or repair of wells
conteminating acuifers,

Formation of a conservency district is a
possibility. Water avsilable from
Mississippi amd South Kawishi Rivers if
sources within area are shown by careful
study to be inadequate.

Projects in operation on Red River of the
North and Minnesota Rivera: being considered
for Bosean, Whitewater, and Root Rivers
and others,

Integration of effect of drainsge om lske-
levels to serve all interests.

Control measures based on adequate study
to deternmine most economical methods.



Arvea or subject

Minnegta ~—~Continued

Deficiencies in
Current situation informstion

Stream pollution
(Continued)

Corrective measures and
further development

Blue Earth River and tributsries

at Fairmmount and Blue Earth River

at Winnebago, le Susur River at
Waseca, Straight River at Owatonna,

and Cannon River at Faribault. Stresms
in iron ranges affected by mins taile
ings and waste dumps.




Mississippi

Well-watered State with abundant supplies but some serious water problm.k which include floods, erosion, pollution, snd local overdevelopment of

ground water.
Studies,

Area or subject

Most rain in winter when water needs are smallest.
for great majority of domestic, municipsl, and industrial uses,

Ourrent situation

Floods

Erosion

Pollution

Ground-water levels

Selt-~water encroachment
into aquifers

Deficiencies in
information

Demage mostly to agricultural lands, chiefly

in Yazoo River flood plain. Problems on
Upper Tallahatchie River at New Albany,
Pearl River and Town creek at Jackson,
Tombigbee River and Iuxspalila Creek at
Columbus, Sowashee Creek at Meridian, Leaf
River at Hattiesburg, Mississippi River in
southwestern part of State, and locally on
most of other streams.

Hundreds of thousands of acres ruined, much
permanently.

Problems not as severe as in highly in-
dustrialized States; principal ones at
Jackson, Meridian, Leurel, and near
Gulfport.

Some declines have occurred in large parts
of State, in part by waste of water from
Tlowing wells., No regional depletion but
some local overdevelopment.

Encroachment occurred locally during war:
likely to occur again as development of
Coast by industries and resorts increases.

Most of State in Coastal Plain and ground-water supplies abundant in most areas and used
Whole State covered by reconnaissance ground-wster studies and about half by more detailed
Annual runoff about 20 inches, but stream~flow date needed particularly for emall basins where moet problems occur. Quslity-of-water data msager.

Corrective measures and
further devel nt

Studies of flood flow in wide,
shallow valleys, particularly
in emall basins, with respect
to control messures and highway,
bridge, and railroad design.

 Studies of economical soil~

conservation snd silt-control
measures; of flood flows and silt
transportation in smell streams.

Data on flow amd purifying cepscity

of streams receiving sewage. Studies
of ground-water contemination.

Basic and detailed stulies of yield
of aquifers.

Dependable yield of aquifers nesr
coast.

Flood-control reservoirs on four
largest tributeries of Yazoo under
construction by Army Engineers; will
largely solve problem in Delta, Similar
messures needed for the othesr areas.

Erosion control based on sdeguate
studies.

Sewgge~treatment plents designed economi-
cally on baeis of good data.

Reduction of waste from fiowing wells;
development of ground water based on
sound information.

location of developments and regulation of
withdrawal to preveat encroachment.



Ample over-all water supply.

Missouri

Few problems, chief ones being floods and drainage. Some local pollution.

Moderate to large ground-water supplies

available in southern part of State, around "Ozark uplift® and in Coastal Plain in southeast; in northern part of State abundant supplies available only

along present major streams or fin buried preglacial valleys. Two~thirds of publioc-supply systems use ground water and larger ones use swrface water,
use of ground water estimated at 150~-200 million gnllons per day.
No estimate of surface-water use available.

Area or subjlect

Current situation

Ground-water use and
problems

Joplin=Carthage district
and rest of southwestern
Missouri

St. louis area

Ozark area

Sedimentation and
stream pollution

Flood and drainsge
problems

Deficiencies in
information

Principal areas of heavy use are
Columbia, Jefferson City, Springfield,
Joplin=Carthage district, Neosho, and
Sedalia, Water-level declines in deep-
well areas, but local.

Good water from deep aquifer but recharge
and transmission rates rather low,

Ground water of good quality limited; only
mall ares of permeable Miessissippi River
alluvium on St. louis side. Deep wells
yield little water or poor water; some prob-
lems of contsmination of shallow water
through defective or sbandoned deep wells.

Some grouni-water pollution in areas of
limestone sinkholes.

Practically all streams carry much silt in
floods; Migsouri River, and its tributaries
above Osage, carry silt most of time.
Chemizal quality generally good, Present
or potential pollution at St. Iouis and
Kansas City and several minor areas.

Flooding of agricultural lands in practi-
cally all streams, principally on Missouri,
Grand, and Mississippi Rivers and in Coastal
Plain or "delta® in southeast. Also some
flooding in lower Meramec Basin (St. Louis)
and at St. Joseph, Kansas City, and other
cities,

Corrective measures and further

development

Detailed studies in areas of
heavy use to determine yield
under various conditions of
withdrawal,

Regional study of principal
aquifer and other possible
sources,

Data on flow of emall
stresms is lacking for
design of many flood~control
projects.

Total
Spring discharge, mainly in Ozarks, ebout 2.1 billion gallons per day, lergely ummed.
Quality~of-water and silt data needed.

Supplies available outside areas of heavy
pumping, or in some areas from other aquifers,

Integrated development of aquifer in Missouri,
Konsas, and Oklshoma; difficult because of un-
certainties as to concept of "safe yield" of
this type of aquifer.
but may be useful for some purposes; creates
mine-drainage problems.

Repair or sealing of lesky deep wells,

Chlorination or other sterilization; readily
practiced on larger supplies but difficult
for domestic users.

Silt- and pollution-control measures based on
asdequate data, not now available.

Extensive flood~control structures bave been

built or sre under construction., Future pro-
Jects conld be designed more economically if

based on more adequate date,

Shallower water is harder
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Water situation variable,
tions required preliminary to drainage.

Alternating floods and soarcity in many areas.

Montana

Extensive irrigated areas waterlogged; detailed ground-water investiga-
Ground water supplies 80,000 people in 78 commmities and practically all of rural population.

Some large

ground-water reservoirs in State, capable of development for irrigation, municipal, or industrial uses, in some areas with boneficial effect on water-

iogging. Ground-water data almost lacking; only recent studies being made as part of Missouri Basin program.
but inadequate for detailed appraisal.

Area or
subject

Current situstion

Quality and sediment data meager.

Deficiencies in
information

Genoral ddta on surface water collected

Corrective measures. snd .
further davelopment

Northeastern area

North-oentral area

Western area

Looal shortages of ground water for some
of principal towns. Ground water largely
of poor quality, even in productive aqui-
fers in Miassouri River flood plain and
buried valleys under Medicine Lake and
Culbertson-Bainville area. Surface sup-
plies inadequate except along Missouri
Valloy.

Ground water generally of poor quality in
western part of area, except in alluvial
deposits whose oscurrence is poorly kmown.
Local depletion and encroachment of poor
water at Havre, now shifting to Milk River
for public supply. Potential serious
problem of waterlogging in proposed Lower
Marias irrigation project. Extensive
waterlogging along Milk Eiver and loocally
on Teton River, Blackfeet Indian Reserva-
tion, and Valier projects. Shortage of
surface water for irrigation in dry season.

Relatively abundant surface water and lim-
ited irrigable area. Drainage needed in
Missoula Valley, Mission Valley, Flathead
Indian Reservation, Little Bitterroot
Valley, and between Kalispell and Flathead
Lake.

Extent to which irrigation might
affeot quality of water in prin-
cipal aquifers. . More adequate
stream-flow records for design
of reservoirs, General ground-
water studies made along Missouri
River and in eastern Sheridan and
Roosevelt Counties to evaluate
ground=water supply and possibil-
ity of waterlogging from future
irrigation,

General ground-water studies. Only
Lower Marias area studied to date.
Stream~-flow and quality data inade-
quate, especially on tributary
streams,

Ground=water data inadequate.
More stream~-flow records needed
for design of irrigeation, flood-
oontrol, drainage, and power
developments.

8torage rel;ﬂoiu-cnd canals to provide
irrigation water on tributary streams.

Drainage of waterlogged lands, based on
more adequate ground-water studies, Stor-
age reservoirs for increased irrigation
supplies. Coordinated irrigation develop-
ment to achieve maximum utilization of
water and prevent waterlogging.

Area has considerable promise for addition-
al development, if adequate studies are
made.,



Area of
subject

Current situation

Montana=--Continued

Deficiencies in
information

Corrective measures and
further development

Upper Missouri River
area

Central area

Southeastern area

South-central area

Southwestern area

Large undeveloped ground-water reser-
voirs present in Helena and Townsend
Valleys. Drainage needed in parts of
all prinocipal irrigation projects, in-
cluding Sun River, Helena Valley,
Townsend Valley, and White Sulphur
Springs area on Smith River, Surface-
water supplies of tri streams
fully utilized up to limits of present
storage.

Large undeveloped ground-water reser-
voirs believed to exist in Judith
River Basin and along Musselshell
Valley. Irrigable land in Judith
River Dasin exceeds available surface
supply, and storage is diffiocult be~
cause of flashy flow. 8ilt content
of water high in lower Musselshell
Basin, Drainsge needed in Musselshell
anloy .

Surface water generally deficient ex-
cept on Yellowstone River end major
tributaries. Drainage needed along
Bighorn, Little Bighorn, and Yellow-
stone Rivers., Much of ground water
is of poor quality. Silt econtent of
most streams is a problem, especially
along Powder River.

Drainage needed in some irrigated dis-
tricts.
north of Yellowstone River and on Pryor
Creek south of river.

Large undeveloped ground-water reser-
voirs present in all principal valleys.
Shortage of surface water for irriga-
tion of higher lands.
logged in lower parts of Gallatin,
Beaverhead, Jefferson, and Madison
Valleys.

Inadequate water for irrigation

Large areas water-

Ground-water studies made recently
in Helena Valley and parts of Towns-
end Valley. Data needed elsewhere,

Ground-water study needed in Judith
River basin and Musselshell Valley.
No recent studies in area, BReocords
of stream flow needed to determine
possibilities of further development.

Detailed ground-water study to deter-
mine best methods of drainage (plans
made for study of Buffalo Rapids pro-
ject No. 1 near Glendive). Studies
of availability of water for potential
synthetic-fuel plents, Surface-water
data lacking for small streams,

Practically no data on ground water;
studies needed to determine possibili=-
ties of development. Data on flow of
small streams, especislly tributaries
of Shields and Yellowstone Rivers,
needed for design of flood-storage
reservoirs,

No recent ground-water studies., Needed
in all irrigated areas, especially
Galletin, Beaverhead, Jefferson, and
Madison Valleys,.

Possibilities of ground-water development
in Helena end Townsend Valleys to lower
water table and provide irrigation supplies
should be considered before large surface
supplies are imported, Similar possibili-
ties exist in other valleys snd should be
studied. Additional surfece storage to

.permit fuller utilization for irrigetiom,

especislly in Sun and Smith River basins.

Coordinated development of ground and sur-
face water. Possibility of groundewater
development in Musselshell Valley to
relieve waterlogging and increase supply.

Coordinated irrigation development to re-
lieve waterlogging and provide increased

water for irrigation and other purposes,

including synthetic-fuel plants,

Inoreased surface-water storsage north of
Yellowstone.

Coordinated development of ground water in
Gallatin Valley and other areas, to relieve
waterlogging and provide water for lands

not now irrigated. Some increasse by surface
storage possible; deta reasonably adequate,
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Water supply generally adequate and few serious prodlems so far.

Nebraska

State contributions about 4.8 of 6 million acre~fest of water that

flows out of it each year. Base flov of streams draining northecentral area (Niobrara, Loup, and North Platte Rivers) unusually large and

stable because of large ground-water recharge and storage in sand hills and underlying aquifers.

in uplands of eastern quarter of State and extreme northeast and northwest.

300,000 from wells. Ground water and surface water closely related.

Ground water widely available; scarce only
About 1,000,000 acres irrigated, 700,000 by gravity ditch and
General data more adequate than in many other States becmuse of long-

continued cooperative studies; however, detailed information, including quality and sediment data, badly needed for design of specific pro~

Jects, to prevent expensive overdesign or disastrous underdesign.

Presently anthorized construction will cost more than a dillion dollars and

will have to be based on records of only 4 years for sedimentation and quality of water, and with few exceptions records of less than 20 years

for surface and ground water, insufficieant for most economical design.

studies that should have but have not been made.

Area or subject

Curreat situation

Deficiencies in
information

Cost of nverdesign necessary for safety will be many times that of

Corrective measures and
further developmeat

Niobrara River basin

North Flatte River basin

South Platte River dasin

Local minor problems of dry-season shortage
and floods. Possidle minor shortages in
time of drought when development increases
to contemplated maximum; alsoc potential pro-
blem of waterlogging from increased irriga-
tion.

Surface water almost fully utilised for
irrigation. One of the most completely
developed streams in country; flow largely
stabilised. Surface water and ground
water intimately related. JXven with full
utilization of available supply there is
not sufficient water for all irrigabdle
land,

Tlov of river alleceted by interstate com-
pact. Except for flood flows not con-
trolled at present, water entering from
Colorado is fully utiliged. Ground-water
development increasing and will interfere
with surface flow.

Stream-flow data greatly
inadequate for dasign of
irrigation and power pro-
Jects., Hydrologic studies
needed for prediction of
effects of development,
which will change aatural

_ conditions.

Studies of complex rela-
tionship between ground
water and surface water.
Studies of water use and
water loas to determine
how much salvage can be
accomplished, and the
ultimate development that
can be made. Quality of
irrigation-retura water
especially importent.

Effect of present and fu-
ture grouand-water pumping
on river flow; extent to
which salvege of natural
waste will be possidle.

Greatly increased development
oesible for irrigaticn
100,000~200,000 acres addi~

tional proposed for irrigation),

and for hydroelectric power
because of large base flow and
availability of dam sites.

Relatively large potentisl pump-

age of ground water for irriga-

tion; should be integrated with
surfece~water development.

Increase of irrigation with
ground water is possible to
extent that it will relieve
waterlogging and salvage natursl
waste by evapo-transpirstion.

Integrated development to reduce
waterlogging and natural waste dy
evapo-transpiration and achieve
maximum utilization of water with
minisun effect on quality of water
leaving dbasin, ' ' '

oL



Area or subject

Nebraska -- Continued

Current situation

Deficiencies in
information

‘Corrective measures and further
development

Lower Platte River basin

Loup River subwbasin

Elkhern River sub-basin

Kansas River basin ~
Republican River sub-basin

Kansas River basin-
Blue River sub-basin

A major basinc requiring integrated develop-
ment of the intimately related surface water
and ground water. Over-all supply appears to
be adequate, but there are problems of inter-
ference with surface-water rights caused by
inoreasing ground-water pumpsge not now con-
trolled by law; of loss of water from dasin dy
underground flov to Republican River from lands
south of Platte River irrigated by Platte River
water, also creating a legal prodlem; of local
declines of ground-water levels as in Grand

Island-Kearney area, with more likely to occur as

ground-water development increases; of drainage,
also likely to increase; and of flash floods on
tridbutaries.

Bunoff, stabilised by ground-water storage
in sand-hills region, is more than 1,500,000
acre-feet per year, more than adequate for
expansion of irrigated acreage from present
39,000 to 350,000, However, prior rights to
flow for power generation complicate develop-
ment. Some drainage problems, more will
develop. JFloods in lower dasin.

Serious floods in lower basin, though flow in
upper reaches is stabilised by sand-hills
storage. Little irrigation development so far,

Ground-water reservoirs less important than
in Platte Basin, base flow less, and floods
and droughts severs.

Relatively little development except for
power; Big Blue River almost campletely
developed for power. Ground water res-
ervoirs less important than in Platte
basin. Floods severe,

Comprehensive hydrologic
studies to guide design

of projects to svoid local
shortage or waterlogging
(under way, in part).

Data on distribution and
storage capacity of ground-
water reservoirs and their
use for regulating and
transmitting water in oper-
ation of projects,

Studies of relationship

of ground water and surface
water and how operation of
projects will be affected dy
this relationship. Quality
of irrigationereturn water
especially important; also
effests of channel aggraia-
tion and degradation.

Proposed to provide supplemental
water for 418,000 acres now irri-
gated and provide water for
1,270,000 acres of new land; legal
control by State over water of
basin as a whole needed, which
might be a stumbling dlock for
whole project. Substantial pro-
gress being made in development
as a whole.

Integrated development for power,
irrigation, and flood control.
Ground-water development as

As above,

As above.

Comprehensive hydrologic
studies to predict effects
of irrigation and determine
potentialities of ground-
water puspage &s part of
coordinated development.
Some studies in progress.
Effects of channel aggra-
dation and degradation.

Comprebensive hydrologic
studies as above (in prog-
ress, in part).

ty to control waterlogging
and circulate water for reuse.

As above.

Surfece-water storage to stabilize
flows and reduce effecte of flood
and permit extension of irrigation.
Development proceeding rapidly by
Bureau of Reclamation and Corps of
Engineers.

Flood-control reservoirs would re-
duce flood damage but are opposed
by owners of land that would bde in-
undated. Consideradble additional
irrigation and some power develop-
ment possidle if adequately planned.

17



Area ,or sudbject

Nebraska -~ Continued

Current situation

Deficiencies in
_information

Basins of minor tributaries
of Missouri River

Little development of water resources so far.
Irrigation need less than in drier western
part of the State.  Low ground-water storage
and severe floods.

Corrective measures and further
development

As above.

Nood control complicated by relation to
flood flow in Missouri River and by poten~
tial sedimentation of proposed control
reservoirs. Many projects bdeing designed
without adequate basic data and will have
to be expensively overdesigned to be safe.
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Nevada

One of tke fev arid States of the Wpst where ground water is only slightly developed. Surface supply largely appropriated. Future develop~
ment depends on salvage of flood flows still escaping to areas belov points of diversion, there to be evaporated, and of ground water evaporated

and transpired along stresns and in the many closed basins.
Pahrusp Valley alwost fully developed.

Of the more than 30 principsl ground=-weter basins only Las Vegas Valley is fully and
Total use ir 1949 abdout 2 million acre=feet, about 1.8 surface water and 0.2 ground water. Loses by evapo-

transpiration about 1.5 million acre~feet, of which possidly O.4 million could be salveged, Basic data inadeguate but cooperative studies are

being carried on as rapidly as possidle to assure full and safe development.
lininary and have not been deterained reliadly dy adequate studies.

Elko area, Elko County

Crescent Valley, Bureka
and Lander Counties

Reese River Valley,
Lander County

Rye Patch Reservoir, and salvage of evapo-
transpiration losses in middle sectioa of river.

Curreat ground-water use 1,500 acre~feet Ocourrence and quality of
por year, future use 3,000 scre-feet dy ware water; studies of
1970. Occurrence of warm to hot water proper well spacing.

locally limite use. Local decline of
water levels. :

Current ground-water use 1,000 acre-feet Precipitation data,

per year. stresa=flov records, use
of water by phreatophytes
and data on direct
ration, guality o water,
ocscurrence and character
of aquifers, to detormine
pereanial yield, Topographic

aaps.
Present ground=water use 1,000 acre-feet As abovs. Study of best well-
per year., Potential ground-water yield construction methods,

25,000 to 35,000 acre-feet per year,
tly at expense of flow of Hoamdoldt
ver; legal problem. Wells have lov yislds.

Availadie estimates of ground=water potential ia most casse are pre-

Area or m:.dt Current situation Deficiencies in Corrective measares and further
. information development
Salmon Falls Creek dasin About 8,000 acre=-feet per year used in Data on flow above points Interstate agreement based on
(Snake River drainags) Nevada. Controversy detween users in of diversion in Nevada. better data as to total contribution
Nevada and Idaho over water rights. - in Nevads.
Owyhee River basin (Sanake About 70,000 acre=fest per year used Flov data for South Fork of Agresnent with Idaho as to use of
River drainage) in Nevada. Some flood prodlems. Owyhee River. water. Possidle salvage of aome
evapo-transpiration waste.
. Great Basia - Humboldt About 288,000 acres ir ted, surface- Tov data and comprehensive Additional upstream storage would
River basin water requirement about ,000 acre-feet. study of grounde-water condi- prevent wet-ysor vasts of water to
Prodlems include flood control, drainage tion for middle section of area delow diversions.
in Lovelock Valley, effect of future up- river if salvage of water ia and lowering of water tadle io re-
stresa storage on quality of water bdelow to be attempted. duce evapo-transpiration would

selvage some wvater.

Safe yield several timea present
use if propsrly developed.

Total of about 10,000 acre-~feet per
year of ground water available.

Integrated development to saivage
waste and mininise interference with
river,

Y




Area or subject

Nevada -~ Continued

Current situation

Paradise Valley, Humboldt
County

Grass Valley, Pershing and
Humboldt Counties

Lovslock Valley, Pershing
County

Great Basin = Truckes
River dasin

Truckee Mepdows -~ Reno
Sparks ares, Washoe
County

Great Basin « Carson
River basin

Carson Valley, Douglas
County

Great Basin - Walker River
Basia

Current ground-water use 1,000 acre=feet
per year.

Present ground-water use 300 acre-feet per
yoar. Potential 15,000, in part at expense
of Humboldt Bhor; legal problem.

Current ground-water use 1,000 acre~feet
per year. Highly mineralised water in
southern part and much of northera part.
Drainage needed.

Current surface-water use adout 300,000
acre-~feet per year, including diversion of
210,000 acre~feet to Hewlands Project in
Carson River basin and 10,000 acre=feet
for public use in Reno-Sparks area - larg-
est surface-water use for pudlic supply.
Insufficient storage to stabilize level
of Lake Tahoe. TFloodwcontrol and drain-
age problems. Interstate legal prodlems.

Groundewater use about 4,000 acre-~feet per
year, perhaps 10,000 in future. Wara water
occurs locally. Possible pollution by sep~
tic tanks.

About 18,000 acres in Nevada above Lahonten
Reservoir irrigated with about 129,000 acre-
feet of surface water per year, and 50,000
acres in Newlands Project with 470,000 acre-
feet, including 210,000 diverted from
Truckee River. Part of water wasted. Some
flood prodlems, and drainage problems oan
part of Newlands Project. Interstate
problems.

Current ground-water use 5,000 acre-feet
per year. High water table in many areas;
drainage nesded locally.

Average total flow of river about 300,000
acre-feet per year, used mainly for irrig-
ating 110,000 acres in Nevads and Califor-
nia. Stream about fully controlled. Some
flo0d and drainsge problems.

Deficiencies in Corrective measures and further
information development
As gbove. Total ground water available, about
15,000 acre~feet por year.
As above. As above.
As above, Safe yield several times curreat

use. Wells on northeast flank of
valley will get better water.

Additional streem-flow Upstream storage to stabilize level

records, evaporation of Lake Tahoe and permit increased

data on Lake Tahoe for use. Possibility of salveging about
" full year, 50,000 acro~feet per year flowing

into Pyramid Lake. Salvage of water
by drainage in Truckee Meadows east
of Reno and of evapo-transpiration

losses,
As under Crescent Valley. Total of consideradbly more than
Also occurrence of ther- 10,000 acre-feet per year of ground
mal water. water avallable, Sewage-disposal
system needed,
Stream-flow data to deter- M¥ore upstream storage to prevent
mine magnitude of evapo- wet~season waste and excess irriga-
transpiration waste. tion, improved irrigation practices

to prevent wvaste, salvage of natural
evapo~transpiration waste. and
salvage of water by drainage.

As under Crescent Valley. Total of about 10,000 acre~feet of
ground water per ysar available.

Surface flow into Smith Power development possidle. Sal-
Valley as source of ground vage of water wasted by evapo~trans-
water; flow of Walker River piration would permit increased irri-
into Walker Lake. gation,

A




Area or subject

Nevada -~ Continued

Current situation

Deficiencies in

information _______ _develgpment

Smith Valley, Lyon County

and EBureka Counties.

Dismond Valley, Eureka and
Elko Counties

Dixie Valley, Churchill and
Pershing Counties

Buena Vista Valley,
Pershing County

Ground-water use 2,000 acre~feet per year.
Adout 5,000 acre=feet per year could be
withdrawn, depending on interference with
flow of Walker River. Prodlem of drain-

acre~feet from springs and 100 from wells.

Current annual ground-water use 4,000 acre-
feet from springs and 1,000 from wells,

Current annual ground-water use about 500
acre-feet. Water of poor quality in parts
of valley.

Current annual ground-water use about 100
acre-feet.

As for Crescent Valley.

spring-flov data.

As above, plus spring -
flov data and data on
deep ground water in re-
lation to mining.

As ebove plus occurrence
of water of poor quality,

As adbove.

Corrective measures and further

Salvage of water by pumping in
areas of high water tadble, or by
means of drainage ditches.

age.
Mason Valley, Lyon County Current ground-water use adout 1,800 acre- As above. As above.
feet per year. Posseible future use 5,000
acre~feet, depending on interference with
flow of Walker River. Excessively high
water table in parts of the valley.
Great Basin -~ ground-water
basins not draining to
principal streams of Nevada.
Quinn BRiver Valley, Hum- Current ground-water use about 800 acre- As above. Total of about 15,000 acre~feet of
boldt County feet per year. ground water per year available.
Pish Lake Valley, Esmeral- Current annual use of ground water about As above. Total ground water available
da County, Heveda, and Mono 5,000 acre-feet from springs and 3,000 annuslly estimated at 15,000 acre-
and Inyo Counties, Califor- from wells, feet under present conditions and
nias. 30,000 under long-term average pre-
cipitation conditions. Proposed
development of 100,000 acre-feet
per year for irrigation probably
will be linited to annual recharge
by State under existing lav.
Newark Valley, White Pine Current annual ground water use about 5,000 As above, plus Total ground-water supply abau t

20,000 acre~feet per year.

Total ground water available esti-
mated at 15,000 to 20,000 acre~feet
per yar.

Total of 10,000 acre-feet per year
of ground water available.

Total of about 5,000 acre-~feet per
year of ground water available.



Ares or subject

Nevads — Continued

Current situation

Deficiencies in

Corrective measures and further

information

Railroad Valley, Nye,
White Pine, and Lincoln
Counties

Hot Creek Valley, Nye
County

Big Smoky Valley, Nye,
Lander, and Esmeralda
Counties

Goshute-iAntelope Valley,
Elko County

Clover Yalley, Elko
County

Ruby Valley, Elko and
White Pine Counties

Snake Valley, White
Pine County, Nevada, and
Utah (Hevada part)

Spring Valley, White Pine
County

Steptoe Valley, White
Pine and Elko Counties

Butte Yalley, Wnite
Pine County

Long Val ley, White Pine
County

Ash Meadowvs, Nye
County

Curreat annual ground-water use 10,000 acre-
feet from springs and 1,000 from wells.

Current annual ground-water use about 1,000
acre-feet from springs and 100 from wells,

Current annual ground-water use sbout 1,000
acre-feet.

Current annual ground-water use about 2,00C acre-
feet from springs and 300 from wells, Water of

unsuitable quality at some places,

Current annual ground-water use about 3,000
acre-feet from springs and 100 from wells,

Current annual ground-water use about
5,000 acre-feet from springs and 100
from wells.

Several thousand acre~feet from springs pro-

bably used annually for irrigation, plus
about 1,000 from wells.

Current annual ground-water use sbout
5,000 acre~feet from springs and 1,000
from wells.

Current annual ground-water use about 5,000
acre=feet from springs and 1,000 from wells.

Current annusl ground-water use 100 acre-
feet from wells,

Ourrent snnual ground-water use 50 acre-
feet from wells.

Current annual ground-water use about 500

acre-feet from springs. High water table and

lack of land suitadle for irrigation.

As above, plus spring-
flov data.

As above.
As sbove.

As ebove, plus spring-
flow dete, occurrence
of water of poor quality.

As above, plus spring-
flow data.

As above, plus addi-
tional spring-flow
records and special atten~
tion to occurrence of
poor-quality water.

As above, plus spring-
flow data.

Ag above, plus spring-
flow data.

As above, plus spring-
flow data.

As above,

As sbove,

As above, plus spring-
flov data.

development
Total of about 25,000 acre-feet
per year of ground water avail-
able.

Total of sbout 5,000 acre-feet
per year of ground water avail-
able.

Total of about 20,000-30,000 acre-
feet per year of ground water avail-
able.

Total of about 2,500 acre-feet per
year of ground water available
from springs and 2,500 from wells.
Large emergency withdrawels from
storage possible, as during last
war (true for meny basins).

Total of abcut 5,000 acre-feet per
year of ground water available
fron springs snd 12,00C from wells.

Total of about 20,000 acre~feet per
year of grcand water availlable north
of Franklin Lake.

Totul of about 10,000 acre-feet per
year available from wells.

Total of about 25,000 acre-feet per
year of ground water available.

Total of about 45,000 acre-feet per
year of ground water available.

Total of about 5,000 acre-feet per
yoar of ground water available.

Total of about 2,000 acre-feet per
year of ground water availabls.

Total of about 10,000 acre-feet .
per yYear of ground water availadble, some
possidly for export.



Area or subject

Nevada -- Contimued

Current situation

Deficiencies in

Corrective measures and further
development

Pahrusp Valley, Clark
and Nye Counties

Colorado River basin
Colorado River (main stem)

Las Vegas Valley, Clark
County

White River Valley,
White Pine, Nye, and
Lincoln Counties

Meadov Valley Wash above
Caliente, Lincoln County

Pahranagat Valley,
Lincoln County

Virgin River drainage

Muddy River Drain-

Current annual ground-water use 20,000 acre-
feet from wells and springs.

Present use of Colorado River water in
Nevada less than 20,000 acre~feet per
year, at Basic Magnesium Plant at
Henderson.

Current ground-water use adbout 35,000 acre-
feet por year, equal to estimated annual
recharge. Local overdraft at Las Vegas.
Water of poor quality in southern part of
area, dbut not known to be encroaching.

Current ground-water use about 20,000 acre-
feet per year from springs and 1,000 from
wells,

Current annual ground-water use about 3,000
acre~foet. Water locally of poor quality in
area of irrigation pumping and near Caliente.

Current annual ground-water use about 15,000
acre=feet from springs and 1,000 from wells.
Vaterlogging from spring flow in excess of
use.

Current snnual use of river water about
10,000 acre-feet. Quality poor, espe-
cially at low flov, and usable only dy
salt-tolerant crops. Silt content high
during floods,

Current annual use of river water about
20,000 scre-feet and of ground water about
400 acre-foet.

As adowe, plus spring-
flov data.

As for Crescsnt Velley,
plus data on cccurrence
ﬁoprun and on spring

As abo¥s, with special
attention to occurrence
of vater of poor
quality.

As above, plus compre-
hensive study of springs.

Qality-of=water data.

Lack of long-term stream-
flow records.

Total of about 23,000 acre-feet
per year of ground water avail-
able. Withdrawals sbould be held
to safe yield.

Proposed future devalopment along
river and in Las Vegas Valley to
incresss total to 197,000 mcre-feet

per year.

Potential water damand estimatsed
80,000 acre-fest per year by 1970.
Only sppareat scurce of incressed
amount is Colorado River. Vater
district formed and negotiations
under vay vith Color ado River
Commission.

Total ground vater available
annually, about 40,000 acrefest
from gpringsand 19,000 from wells,

Tetal ground water amilsdle
annually, about 6,000 acre~feot.
Restriction of pumping in some
arsas to preveat encroachaesnt of
water of poor quality.

Totel spring discharge sbout 25,900
acre-feet per year. Possidle punping
froz wells to dispose of surplus
wator recharged from spring flsw and
provide for additional irrigatioa.

Proposed additional use about
15,000 acre-feet annually, in part
by pumping from Lake Nead. Flood
control and s torage for irrigation-
season requirements neesded.



Ample water of good quality available, and few water-supply prodlems.

New shire

0f total population of 525,000 to 550,000, about 290,000 are served

with 32 million gallons per day of surface water and 110,000 with 10.4 million gallons per day of ground water from public supplies; remainder
use largely grourd water in rural areas. No great conceantrations of industry and no serious shortuges of supply.

Area or sudject

Current situstion

Water power

Irrigation

Pollution

Floods

Ground-water supplies

Deficiencies in
information

Corrective measures and
further development

Total developed power 328,700 kilowatts in
1948. Principal storage 30 billion cubic
feet. Coordination with recreational use
needed.

Minor so far, but may increase in next
few ysars.

Hot serious from water-supply standpoint;
affects chiefly recreational activities.
Floods of 1927, 1936, and 1938 flooded
34 000 scres and cansed damage of

$31, 300, 000.

Ho serious prodlems; some failure of pri-
vate wells during droughts.

opment,

Basic data largely lacking
except for some on public
supplies. Water<level data
needed to guide future devel-

Estimates of feasible undeveloped
power range from 121,000 to 422,700
kilowatts; feasible new storage 19
billion cubic feet. Conservation
reservoirs used for power give some
flood control and s tadilization of lake
levels for recreational uses.

State studying possidle irrigation
laws to prevent prodlems from aris-

ing.

Coordim tion of pollution-control
measures and industrial needs (dome
by State).

Considerable control afforded by
power reservoirs and by flood-con-
trol reservoirs of Army Engiaeers.

Considerable additional data nesded.
Nany productive glacial-gravel aqui-
fers present but location and poten-
tial yleld largely unknown. Bedrock
yields small supplies,
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Generally ample supplies but serious shortages or other problems in some areas.
Pollution of some streams serious.

Proposed or under way.

Ares or subject

- Hew Jersey

Current lifuﬂon

Os .

Flood control needed on certain streams, sad projects

Deficiencies in

Northern metropolitan
district

Southern metropolitan
area

Atlantic Coastal region

Thirty-three public-supply systems have total

dependable yield of about 370 million gallons per

day, 85 percent surface water and 15 percent ground

water. About 525 million gallons per day needed by

1975 and 600 million gallons per day by 2000.

goround water developed rather fully as in Middlesex
unty.

Ares about 20 miles wide parallel to Delaware
River froa Prianceton to Salem County lime. Total
sunicipal and industrial use adbout 125 million
gellons per day, substantially over half groumd
water. Additional large quantities of surface
wvater are used for cooling. Need 200 millioa
gallons by the year 2000, Ground water heavily
developed in Camden area; some interference between
Camden and Philadelphis.

Ares from Raritan to Cape May, mainly a resort
area but industry increasing. Total use of

water about 60 million gallons per day, about 3/h
ground water. Need may bde 100 million gallons per
day by 2000. Salt-water encroachment in several
places, notably the coastal part of Middlesex
County and the earea from Beach Haven to Cape May,
which includes Atlantic City.

More detatled studies of
ground water to evaluate
potential eupply and
relation to surface water;
surface~-water studies to
permit most economical
design.

Safe yield of comstal
ground-water supplies;
additional gaging sta-~
tions on streams.

Supplemental irrigation growing rapidly and will lead to some problems.

Corrective measures in

information further development

About 25 million gallons per day
can be developed from Bamapo

River; and another 20 million
gallons per day from Rockaway
River for Jersey City. Tridut-
aries of Raritan and Delaware
Rivers could bring total to
about 600 million gallons per
day, . 4ncluding water that
may be made availadle from amin
stem of Delavare River. Perhaps
about 25 million gallons per day
of additional groanmd water could
be developed.

Afditional water available from
Delaware River for Trenton. Use
downstream limited by pollution
and salt water. Much ground water
availeble in Coastal Plain out-
side Camden and adjacent area,
particularly Burlington County
and part of Mercer County; safe
yield uncertain but studies under
way. Delaware River may be subd-
stantial source of recharge at
Canden; if so, draft could dbe ine
creased, but pollution may make
river undesirable as source of
recharge.

Azple water avalladble if developed
properly to prevent salt-water encroedie
ment.




Area or subject

New Jersey -- Continued

Curreant situation

Deficiencies in
information

Corrective measures in further
development

Southern interior
district

Flood coatrol

Supplemental irrigation

Present use about 25 million ganoui per
day.

Problem on Passaic River and other
streams.

Practice growing rapidly. From U to 12
inches of water spplied from most con-

" venient source, including some from

public supplies. Perhaps 30 to 100
million gallons per day now used; total
will increase greatly. Water largely
evaporated and transpired; not availe
able for reuse.

Detailed ground-water
studies; additional gag-
ing stations on streams.

Additional stream-flow
dsta, and analysis of
data to predict flood
frequencies.

Safe yield of ground-
water reservoirs in culti-
vated aress; data on flow
of small streams usable
for irrigation.

" Estimeted safe yield of ground water and

surface water together about 500 million
gallons per day. Dam sites lacking;
necessary to use unregulated flow of sur-
face streams. Use of ground water in
periods of low stream flow and of sur-
face water in wet weather wonuid keep
ground-water reservoirs recharged and
pernit maximum development.

Proposed Army Engineers project would pro-
vide multiple-purpose reservoirs sbove
Two Bridges, plus channel improvement.
Conservation pool would be available for
limited recreation use and for water
supply, power, increased low flow, and
pollution abatement. Dry detention res-
ervoir above would provide flood control.
Channel improvement completed on four
other streams and work planned on others,
including some detention reservoirs.

Regulatory authority over surface waters
lacking. State haes suthority to control
ground~vater withdrawals, and should be
able to do so on the basis of good data
to prevent over-development but avoid
discouraging full development.




Largely semi-arid State with relatively small over-all water supply.
(Colorado River tributary) Rivers.
per year from San Jusn under Upper Colorado Biver Compact.
Some additional supplies available by salvage of natural waste.

gation.

New Mexico

blems, and flow of certain streams. .

Area or sudject

Current situation Deficiencies in

information

Dreined by Rio Grande and Pecos, Canadian, Gile, and San Juan
Rio Grande and Pecos fully developed; soms aveilable from Cansdisn and Gila; about 800,000 acre-feet
Something more than 500,000 acre-feet of ground water used, chiefly for irri-
Basic date needed on ground water, quality of water, silt pro-

Corrective measures and
further developments

High Plains

Little surface runoff except in storms.
Chief use of ground water in other than
developed areas is for municipal, ranch,
and oilewell-drilling supplies. High
fluoride content in some of ground water.
Ground-water recharge low; heavy devel-
opments deplete stored water. Situation
similar in principle to that in southern
High Plains of Texas.

Gaging of ephemeral arroyos for
design of flood-detention reser-
voirs for recreation and other
uses. Data on availability of
ground water for towns and small
irrigation districts,

Lea County Irrigation

District

Portales Valley

House area

Pecos Valley

Roswell Basin -
artesian water

" Intensive use of ground water for irriga-

Heavy development of ground water for
irrigation started in 1948; 39,000 acre-
feet pumped in that year. Water levels
lovered 2 feet over 24 square miles in a
yoar and will continue to fall.

Continuing records of pumpage
and water levels to show rate of

Intensive developmeant of ground water Ag above.
for irrigation started in 1930; 44,000 acre-
feet pumped ir 1947. Water levels declined
20 fest or more in 11 square miles from
1942 to 19%9 and will continue to fall.
Intensive development of ground water for As above.
irrigation started in 1940; 4,000 acre-

feet pumped in 194&, Water level declined

6 feet or more in 2.4 square miles, 1942-4g,

and will continue tec fall,

Pecos River Compact provides that New Mexico Abeut 16 new gaging stations

will not deplets river below 1947 conditions. neecded for administration of
compact and cperation of
existing and possible new
projects. Study of sediment
load of Pecos River.

Detailed data on pumpage and
water levels to guide control
by State. ZEffect on ground
water of proposed flood-con-
trol works. Study of possidle

tion started in 1915; 211,000 acre-feet
withdrawn in 1948. VWater levels declined
average of 11.8 feet from 19Ul to 1949.

depletion of ground-water storage.

Except for areae described below, devel-
opmeat is light. Control of withdrawals
necessary; probably possible under State law,
but difficult bscause of uncertainty as to
best use of an exhaustible resource. (See
discussion of High Plains of Texas in text).

Administrative decision as to best way to
control depletion of storage, Further
extension of irrigation stopped dy State.
Optimum development difficult to deter-
mine bacause of uncertainty as to best
use of an exhaustible resource,

As above, but development not yst cur-
tailed by State.

As abdove,

Additionsl use of surfece water
possible only by reducing waste by
phreatophytes, principally saltcedar
i Lake McMillan, and by importation
of water.

Irrigation with artesian water pro-
bably will stebilize at about preseat
level. Possibility of metering wells
to prevent withdra~alsfrom some in
excess of water rights.



Area or subject

Hew Mexico -- Continued

Current situation

Deficiencies in
information

Corrective measures and
further developments

Roswell Basin ~—=
., shallow ground water

Roswell Basin -

Salt Creek artesian area

Carlsbad srea

Rio Grande Valley

Elephant Butte
Irrigation District

Intensive we o

irrig?tlon ltarfefr 2n 9&3}

acx'oi 3
evels dec! ined 20 ()
] % e miles, ﬁ oF nor:‘ﬂ:
tion orere 1°"°§' &
ow of Pec
occur as a result. “ ver '1 1

‘go cﬂdn.oog. of cul iu }on osﬁc

water leve

Intensive development ot ground
water for irrigation started in
1948. Pumpags not kmown. Devel-
opment might reduce salt-water
encroschmnent into main basin but
mere likely will accelerate it.

or for
121°ooo

Intensive use of ground water for
irrigation started in 1948 mainly
to supplement water from Pecos
River. Pumpsge not known, Water
level lowered 6 feet or more in ¥
square miles, 1948-49. Pumping
will reduce flow of Pecos River.

Maximum development reached with
present water supply. New Mexico
has been unable for past 7 years
to deliver to Texas full amount

required under Rio Grande Compact,

oving largely to increased waste
by saltcedars above San Marcial.
River carries much silt, contri-
buted mostly by Chama, Jemes,
Puerco, and Salado Rivers,

Use of ground water for supple-
mental irrigation started in
1948. Amount used so far com-
paratively small, Pumping
will reduce flow of river.

- river flow.

salt-water encroachment from
northeast part of basin, in-
cluding additional quality-of-water
date.

More data on effect of pumpimg on
Study of possidble -
salvage by eliminating saltcedars.
Continning data to gulde regulation
by State. Effect of withdrawal on
artesian dasin; quality data needed
for this purpose.

‘EBffect of development on main Eos-

well Basin and on flow of Pecos
River. Quality data badly needed.

Possibility of interception and
disposal of salt spring water dis-
chargiag about 325 tons of salt
per day into Pecos at Malaga Bend.
Quality~of=wvater data to assist in
determining source and movemeat of
fresh and salt water in area.

Possidility of reducing waste by
saltcedars (under study by Corps
of lx):ctnuru snd Bureaun of Reclana-
tion).

Continuing detailed data on water
levels und effect of pumping.

Further extension stopped by State. Adjustment
of New Mexico-Texas interests as affected by
flood control.

Elimination of artificisl and natural weste so
far as possidble. Development stopped by State
to prevent an incresse in rate of depletion.

Extension of present irrigation stopped by
State to prevent overdevelopment, injury to
main basin, and interference with prior rights
there.

Regulation by State to prevent overdevelopment
sud to satisfy terms of Pecos River Compact.

FNood-control and silt-storage reservoirs
authorigzed for Chama and Jemes. Wagonwhesl
Gap dam on Rio Orande would further stabilize
flow and reduce silt movement. Possidility of
diversion from San Juan Basin (Colorado Biver
drainage) to increase supply for Rio Grande.

Use of ground-water storage by pumping will help
provide water to those having wells when sur-
face supply is low, to the detriment of thamse
without wells. BHEegulation needed to adjust in~
equities between thes ¢ haviag no wells and those
who éo and who alsc receive a full share of
surface supply. Pumping may salvage small
amounts now wasted by evapo~transpiration.

€8



Area or subject

Hew Mexico =~ Continued

Current situation

Deficiencies in

Corrective measures and further
developaent

information

Middle Rio Grande
Conservancy District

Valle Grande ares

Upper Rio Grande .
Valley in New Mexico

Bluewater area

Remainder of Rio Grande
Valley

Possible deterioration in quality of ground
water pumped for Albuquerque pudlic supply.
Drainage problems acute becsuse of rise of
water table caused by surface-water irriga-
tion and rise of river bed caused dy silt
deposition. Sediment load limits useful-
ness of surface water. Intensive munici-
pal use of ground water started im 1940,
current total use 15,000 acre-feet per
year. Little lowering of water level.
Pumping will reduce flow of Rio Grande,
already inadequate.

Tentatively proposed use of 3,000 acre-
feet of ground water per year for Los
Alamos. would deplete by like amount the

- flow of water used by Indian pueblos

along Jemes River, High fluoride in
some water of Valle Grande area and
high boron in hot spring “water.

Chief use of ground water is for Los
Alanos; entiweé demand fer has Alanbs
likely will be met by wells west of
Rio Grande. Pumping will eventually
reduce flow of river at Otowi, key gag-
ing station for operation of Rio Grande
Compact.

Iatensive use of ground water for irri-
gation started in 19U5; 9,300 acre-feet
used in 1948. Average vater level lowvered

8.2 feot, 1946~50. Pumping will affect
flow of springs into Bluewater River.

Use chiefly for ranches.

Studies of changes in quality,
methods of drainage, and sedi-
ment (latter under way).
Possibility of salvaging evapo-
transpiration waste., Kffect
of development of ground water
upon over-all supply. Legal
relationship of ground and sur-
face water. Need for 63 new
geging stations in middle Rio
Grande for studying water-
conservation possibilities

and methods of rehabilitat-
ing present irrigation system.

Study under way to determine
seriousness of problenm. )

Detailed data on effect of
pumping on river flow, lag
in effect, and adequacy of
supply.

Study of possible adverse effect
of proposed flood-control meas-
ures on Indian water rights;

Regulation to prevent over-use of water supply
as a whole. Continued shortage of surface water
is providing incentive for development of ground
water for irrigation, which in turn may cause
greater shortage of surface flow,

Adjustment, if needed, of interests of both

Los Alamos and Indians, subject of recent ne-
gotiations. Proposed supply would not be devel-
oped for Los Alamos if sdequate water could be
found to the east.

To bs determined after further study.

Food-control measures that will not affect
water rights adversely; adjustment of water
rights for affects of pumping.

effects of pumping on prior rights.

Effecte of pumping on quality of
water.

Quality-of=water and sediment

data. Studies of ground-water
occurrence to determine best

areas for ranch wells and possi-

bilities of local irrigation.
Studies to determine whether
flood-detention dams on arroyos

will increass recharge and total

water supply of valley.



Area or subject Qnrrut situation

Hew Moxico —= Comtinued

Deficiencies in
iaforaation

Corrective measures and furthcr
development

Closed dasins

No surface outflow, excopt from northwest
part of Virden Valley (part of interstate
Duncan-Virden Valley), drained into
Arizona by Gila mnr.

Gila River Basin
in New Mexico
(Virden Valley)

Irrigation from streams and wells.

Basin of internal drainage in New Mexico
and'Texas. Successful irrigation from
wells in Texas part has led to more than
1,000 homestead applications in New
Mexico. IEncroachment of salt water from
lwo:t part of basin may be caused by
puRping.
Oround water mainly of poor quality.
Vater supply of Alamogordo and Hollomsma
Alr Torce Base inadequate; supplementary
supply of latter increasing in salt con-
tent. Recharge of basin small,

Crow FMats area
(extends into T
as Balt Flats ar

Tulaross Basin

Intensive use of ground water for irri-
gation started in 19us; 5,400 acre-feet
withdrawn ia that year. Water level
declined 1 foot or more in 72 square
miles, 1948-49. Water of poor quality
in M of basin.

Estancia Valley

Sen Augmetin Plzins Present use meinly on ranches.

Additional gaging stations to
determine inflow of streams into

the closed basins, as part of studies
to deteraine ground-wvater recharge
and possidility of increasing it

by constructing dams on arroyos to
catch flood waters now mtod to dry
'plm' lakes.

Studies to-determine safe yield.

Studies to determine poesibilities
of develoyment and effects of

pamping.

Studies to detormine source of
additional water for Alsmogordo area;
of occurrence of salt water and of
possible fresh water for irrigation
and other uses in all parts of
basin. Availadility of water for
¥hite Sands Proving Ground.

Studies of peremnic® yield; occur-
rence of salty water and mov ement
under pumping conditions.

Studies to determine whether larze
quantities of water of good quality
are availadle for irrigation or
defense establishments.

Additional development appears possibdle.
Should be coordinated with use in Arisona
to produce maximun utilisation and
equitable distridbution of water. Good
reservoir sites at Hooker and Red Rock.
Lands near Gila, Cliff 6 and Red Rock
eould bde irrigated.

Potential development likely to be smcll.
Heeded are regultion of excessive develop-
ment in order to limit encroachment of
salt water; coordination of developnent
with Texas.

Regulation to prevent cverdevelopment
and salt-water encroachment.

Probodly mors waler 4s avalladle than
is being used.
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Ares or subject

New Mexico ~~ Continued

Current situation

Deficiencies in
information

Corrective measures and further
development

Mimbres Valley

Animas and Playas
Valleys

Other closed basias in

southwestern New Mexico'

Saz Jusn Basin

Havajo Reservation

Canadian River basin

Remainder of New Mexico

Intensive use of ground water for irriga-
tion started in 1923; 58,000 acre~fest used
1n 1948. Water level lowersd 10 feet or more
in 10 square miles, 1942-48. Recharge mainly
from Mimbres River, reduced by full develop-
ment in headwaters. As ground water is
mainly from storsge, water levels
will continue to lower. Some water high in
fluoride,

Intensive use of ground vater for irrigation
started in 1948; 7,000 acre-feet withdrswn
in that year. Water level declined 3 feet or
more in U square miles, 1948-19. Water
rather high in sodium and may give troudble

on heavy soils; high in fluoride in some

. places.

Use now chiefly on ranches.

Wew Maxico alleotted about 200,000 acre--
feet por year under Upper Colorado River
Compact. Reported losses from Sen Juan
River suggest substantial underflow
from State or evapo~transpiration.
Estimates probadbly in error.

Vater needed for Indian schools and

settlements. Water scarce and careful

cixgutig ;.u.m needed to locate ecomomi-
{ 1 T

Irrigated areas on Cimarron, Rayado, Vermejo,
and upper Cansdian Rivers now deficient in

water supply.

Water needed for municipalities, ranches,
and defense establisbments. Irrigation
would be desiredle also.

Continuing records of pumpage
and water levels nesded to
show effects of pumping and
rate of depletion of storage.

Determim tion of perennial
n.m.

Availability of water for
municipalities and perhaps
for irrigation. Possidili-
ty of increasing recharge
by dammiag arroyos to catch
flocd flows,

Carefnl stndy of loeses to
determine effects on Upper
Colorado River Compact.

Studies under way; should de
continued to cover reserva-
tion,

Seven additional gaging ste-

Regulation in accordance with policy decision
as to best way to utilice water where with-
drawal exceeds recharge, as in developed
areas of High Plains. Nurther dsvelopment in
main area stopped by State.

Hold withdrawal to perennial yield, or make
decision as to best rate of depletion of
storage if recharge proves to be smell.

Some development of ground water for irriga-
tion may be possidble,

Use 2 water $o he desterainsd efter farther
study.

Pousibility of diversion froi Hed Biver

tions needed to deteraine amount (tributary of Rioc Grande) when diversion

and distribution of water in

streans; quality of irrigation~

return water from Tucumcari
Project in relation $o reuse,

Studies to locate supplies.

is made from San Juan to Ric Grande, for
use in Aantelope Valley in Raysdo Rivar
basin. Possibility of storing water on
Ute Creek, tributary to Canadian.

Development of ground water for irrigation

in local areas probably feasible. Coutrol
be .aucd‘d where flow of streams may de
ected.






Vest water-resources potential and large use.

New York

Less than § percent of watershed area developed so far., Much of remaining water used for power but

most plants are "run of the river" rather than depending on storage, and interference between power and other uses is small. Water-supply problems acute
in few places; chiefly economic or caused by delay in development, rather tham hydrologic or engineering difficulties, Some flood problems, largely under

control or in process of being controlled.

Considerable stream pollution.

Ground water abundant on Long Island and in present or buried preglacial valleys

in Upstate New York; supplies from bedrock smeller but developments of O.1 million gallons per day or more possible in much of western part and in scattered

areas slsewhere.

Overdevelopment in western Long Island; only local depletion elsewhere.

State has 1 area using more than 1 billion gallons per day (New

York City); b areas using 100 million gel lons per day to 1 billion; 6 using 10~100 million gallons per day; and 47 using 1-10 million gallons per day(large

power plants and pulp mills not included).
specific projects.

Area or
subject

Current situation

ﬁeﬁ.oienoies in
information

Stream-flow data good on the whole; more data on small streams and analysis of all date needed for use in

Ground=water information good for Long Island and Upstate studies progressing. Quality-of-water data badly deficient,

Corrective measures and
further development

New York City

Pudblic supply in
general

Supplies a little more than 8,000,000
people in the five counties of New York
City plus large population in Westchester
County end communities above Catskill and
Croton Aqueducts (32 million gallons per
day to these areas outside city in 1948).
Demand rose to 1,200 million gel loms per
day by 1949, about 20 percent beyond de-
pendable yield (315 million gallons per
day from Croton, 10 from Bronx and Byran,
526 from Schoharie and Esopus, 20 surface
water and 80 ground water from Long Island,
snd § ground water from Staten Island; will
be inoreased by up to 100 (not dependable)
from Rondout Creek into Catskill Aqueduct
at Lackawack). Above-normal precipitation
permitted overdraft in 1945-48, but drought
of 1949 reduced supply. War and ocourt
actions have delayed additions to supply in
last 16 years. Storage was 90 percent of
capacity (122 percent of normal) at end of
Pebruary 1949, and 100 percent by the emd
of April; was as low as 33 or 34 percent
of capacity late in 1949 and at end of
February 1950 vas 47 percent of capacity
(64 percent of mormal).

In 1948, 354 surface-water systems served
10,891,482 people in 637 commmities, 479
gromd-water systems 1,749,315 in 479 oom-
munities, and combination supplies 123,524
in 43 commumities, for a total populatiom
of 12,764,321, Rural population (remainder

Data on present water demands
and future needs. Loocal studies
as needed to determine most
economical sources,

Demand reduced by 200-300 million gallons
per day by conservation measures. It is
new proposed to divert 100 million gallons
per day frow Hudson River to Catskill
Aqueduct by late summer 1950. Development
of upper Delaware supply being rushed..
Ground-water pumpags on Long Island being
accelerated to permissible maximum of 100
million gallons per day{averaged 55 million
gallons per day in 1949). BEondout supply of
100 and Weversink supply of 105 million
gallons per day to be completed in 1953;
East Branch Delaware supply of 335 million
zallons per day in 1956. Total dependatle
yield will then be 1,495 million gallonms
per day; expected demand 1,350 iam 1956.
Additional developments needed for expected
continued increases in demand after 19%56.
Continued conservatioa needed until
reservoirs retura to normal stages, and
afterward uatil development catches up
with demand.

Principal needs for increased supply at
present are New York City end in north-~
western part of State.



Area or
subiut

New York -= Continued

Deficiencies in

Current situatiom information

Corrective measures and

Northwestern area
(BErie, Niagara, Orlesns,
Deneseo, Monroe, and
Wayne Counties and parts
of Livington and (ntario
Counties)

Groyrd water in Upstate
New York

of total now estimated at 14,750,000) uses
largely ground water.’

In area at east snd of lake Brie and south
side of Laks Ontario most ocmmunities need

to expmd their water supply, as shown by
effects of drought of 1949, 1In 1948,
1,457,686 people were served with 235,886,000
gellons per day of surface water, 4,245,000

of ground water, and 1,625,000 from combination
supplies, and demand has increased sinoe then,

Total ground-water use about 400 million
gallons per day. large supplies, 4-30
million gallons per day, developed only

in "Southern Tier" of counties and in

east. Prinoipal areas are "Triple Cities"
(Binghamton, Johnson City, and Endicott),
30 million gallons per day; Schemectady
ares, 26 million gallons per dey; James-
tomn, 5-6 million gallons per day; Corning,
5 million gallons per day; Elmira-Horseheads,
4 million gallons per day; Cortlend, 4-§
million gellons per day; plus 1 to 4 milliom
gallons per day at 16 to 20 other places. -
Looal water-level declines in several
places, notably Triple Cities and Jamestown,
but no regiomal overdevelopment imowm.
Drought of 1949 affected many shallow

rural wells and also shallow public wells
of lathams Water Distriet; no long=term
declines. Quality limits ground-water
development in some areas, especially in
sastward-narrowing bdelt extending from
Buffalo through Syracuse and Utica nearly
to Albany.

Extension of present coverage
by cooperative studies with
State Water Power and Coutrol
Commission to cover the many
areas of deficient ground-mater
and quality-of-water information.
Records of only 10,000 of esti-
meted 500,000 wells collected
so far. Date needed include
records of use of ground water,
quality data, completion of
geologic mapping, locatiom of
aquifers by geologie study,
test drilling, and geophysioal
studies, and observation-well
rzoords in both pumped and um-
pumped areas.

further development

Northwestern New York Water Authority
District formed, as recommended in
Hollimger Report of State Committee
on Northwestern New York State Water
Supply. Recommended to develop 121
million galloas per day of gravity
surface vater immediately, mostly at
south edge of area. Possidble later
construction of pipe lins from Lake
Eris east about to Rochester, Buffalo,
Rochester, and some other large cities
may develop supplies individually
rathar than under an autherity,
Ground-water supplies not available in
sizable gquantities except possibly in
buried walley in Genesee River basin.

Demands to increase, as in Triple Citles
area, Schnectady, Cortland, possibly
certain places in Westchester County,
Beacon area, Lathams Water District near
Albany, Rensselaer, Utica, Syracuse, and
Rochester. Greatly increased development
appears possible if based on good data.
State considering extension cf present
legal authority over ground-water withe
drawal on Long Island to whole State, to,
provide against overdevelopment.



Area or subject

New York ~= Continued

Current situation

Deficiencies in
information

Flood control

Follution

Long lsland

Principal problem on Susquehanna and Genesee
Bivers and Onondags Creex &bove Syracuse, also
on Hudson, Mohawk, Hoosic, and Little EHoosic
Rivers and Kinderhook Creek.

ecial Committee on Pollution Abatement lists

9 sources of stream pollution, 4l percent
sevage, 19 percent milk-plant wastes, and 37
percent other, Hudson Kiver from Troy to New
York City, Niagars River, Mohawk River, and
Onondage Lake are among principal polluted
surface-water bodies.

One of the most prodactive ground-water areas
in country, formed largely of sendy glacial
deposits underlain by Coastal Plain deposits
including some sands. Limited surface runcff,
largely reflecting drainage from ground-water
reservoir. Average potential ground-water
recharge estimated at half of precipitation
or 1 million gallons per day per square mile,
or 1,374 million gallons per day total.
Minimum dry-year potential recharge estimated
at 955 million gallons per day. Recharge re~
duced by sdbout 90 million gallons per day dy
pavenonts,buildings, drainage into sewers, etc.
Rstinated safe pumpage, 1,284 million gallons

per day ip average year and 85 million gallons
per day in driest year (requiring wells scattered
over entire island and requiriag return of part

of water to ground all along shore to prevent
salt-vater encroachment). Withdrawal inm 1949

was 270 million gallons per day including 55 by New

Corrective measures and
further developmeat

Analysis of existing and
future stream-flow records
to determine design of
systems providing adequate
dilution at low flow. Data
on silt as a phase of pol-
lution. Present stream-flow
records very inadsquate to
determine classification

of stresms under new law.

Continuing detailed studies
to guide control dy State;
additional data wherever

new problems arise, as in-
creased pumping by New York
City in Bassau County end
increased irrigation develop-

ments in eastern part of island.

Strean~-flow data inadequate
to guide pollution control
and operation of fish-rearing
ponds and shellfish industry.

York City; net pumpage reduced to 150 million gallons

per day by recharge through artificial-recharge
wells and basins, treatment plants, septic tanks

and cesspools, etc. Overdevelopment and salt~-water encroachment
in Kings and Queens Counties, though less than formerly.

Howover, accelerated pumping in Nassau County by New
York City in present water shortage is being watched

carefully to see hat salt-water encroachment does not
result. Local probdlems of pollution by organic or other
wastes, such ss prodblem of high nitrate in shallow aquifers

Susquehanna project by Army Engineers
in cooaoutton with State involves §
dams (4 completed), and 1% local im-

rovements (12 completed); total cost
282,007.300. Other projects con-
structed or authorised total
$126,701,720.

Sewage-treatment plants serve
6,964,000 people; 4,694,000 more are
in communities having sewer systems
but no treatment. Under considera-
tion are 118 new projects. Few data
avallable on industrial-waste pro-
blems. Water Pollution Control Board
formed under law recently passed.

Continued reduction of net

in Kings and Queens Counties by re-
duced withdrawal and artificial re~
charge until it is within safe yield.
Large additional developments posgi-
ble in umpumped areas of Nasseu
County and especially Suffolk County
where concentration of pumping ie
least. Supplemental irrigation

from wells promising and inc reasing
rapidly,






North Carolina

Large potential supply with proper development. Local shortages of surface water and overpumping Jf ground water are common, but problems

are mainly economic ard there is no regional overdevelopment.

Stream pollution is most important surface-water problem, followed by flood con=

trol and drainage. Main ground-water problem i{s need for information on occurrence and availability of water of good quality, to permit most

economical solution of problems of overpumping and increasing demand.

be tapped increasingly for new supplies.

Area or subject

Current situation

Deficiencies in
informgtion

Coastal Plain

Piednont FPlateau

Area not industrialized heavily but development
increasing, especially for paper mills and steam-
power plants. Surface-water supplies large and of
good chemical quelity exceptnear mouths of streams
and for iron-bearing high-color waters in Dismal
Swamp region. At least 50 million gallons per day of
surface water used at paper mills,and steam-power
plants have maximum demand of more than Y50 million
gallons per day. About 3,000 horsepower of hydro-
power developed at small mills. About 25 million
gallons per day of surface water used for 20 public
systems. About 16 million gallons per day of
ground water used for 90 pudlic supplies; about 50
million gallons per day for industrial uses,

During the war defense establishments used about

20 million gallons per day, all from ground water
except Ft. Bragg, which uses surface water. Pollu-
tion common, esmcimlly in Neuse, Roanoke, and upper
Cape Fear Rivers. Major flood problems in Roanoke,
Cape Fear, and Neuse River basims. Ground water high
in fluoride north of Greenville, high in iron in
many parts of ares, and salty in many coastsl areas.

Most heavily populated and industrialized region.
Water of generally good chemical quality except
for iron in ground water in places. More than
520,000 horsepower of hydro-power, and s teanm-
power plants capable of using 900 million gallons
per day of surface water. Amounts used for other
industrial purposes unknown, but larger mills
develop more than 20,000 horsepower of hydro-power
with surface water. About 63 million gallons per
day of surface water used for public supply in 64
communi ties; about 5 million gallons per day of
ground water for 53 communities, Ground-water
supplies in bedrock smell to moderate; heavily
pumped for towns and industries and locally over-
drawn., Stream pollution acute in Dan River, Keuse
River below Durhem, Haw and Deep Rivers, hesad-
quarters of Rocky River, and Ysdkin River from

Occurrence of ground water

of good guality; extent of salt-
water encroachment, if any; safe
yield of aquifers as a whole,
but especially with regard to
local developments and aveils-
bility of fresh water near coast.
Research on prodlem of iron in
water,

Occurrence of ground water in
bedrock, to help locate success-
ful wells (considerable data
already gathered). Flow of
small streams and research on
relation of ground-water levels
to stream flow to assist in pre-
dicting low flow. Increasing
need for temperature dats. on
ground and surface water.
Information on silt movement

in streams and silt deposits

in reservoirs.

Many additional records of flow of small streame needed, as these will

Corrective measures

and further development

Very large ground-water
potential if adequate
data are obtained.
Control of floods in
Neuse and Cape Fear
Basins needed; will be
effected to some extent
on Roancke River when
Buggs Island Regervoir
in Virginie is completed.
Pollution-control meas-
ures would increuse
availability of surface
water, limited by this
and by salt water near
coast.

Pollution control needed.
Flood-control measures
proposed for study in
major prodblem areas. Kkro-
sion and silt control
needed in areas of severe
erosion. Wider spmcing of
wells in heavily pumped

- areas will solve most pro-

blems of local overdraft,
Studies show moderate to
large supplies available
from thin alluvium along
streams; almost untapped.



Area or
subject

North Carolina =~ Continued

Deficiencies in
Current situation information

Corrective measures and
further development

Appalachian region

Wilkesboro to Winston-Salem. Flood problems om
upper Yadkin River and on Cape Fear and Neuse
Rivers. Local shortages of surface water and
ground water common, especially at Raleigh and
Winston-Salem. Soil erosion snd sedimentation
problems,

Use of water not heavy. Water of good quality. As above.
Five large plants use 110 million gallons per day
of surface weter. About 11.5 million gallons

per day of surface water used for 36 publio
supplies, 900,000 gallons per day of ground water
for 26 public supplies. Hydroelectric-power
development more than 500,000 horsepower. Stream
pollution serious on French Broad River from
Foesman to State line, Tuckasegee River from Sylva
to Fontana Reservoir, and Pigeon River from Canton
to State line; also from wmica-plant waste in
North Toe River. Flood problem in Frenoch Broed
River; less serious elsewhere. Drainage of some
high plateau land needed for agriculture.

As above.



North Dekots

Water is limiting factor in development of almost all of State. Bulk of 15 to 22 inches of precipitation occurs in growing season and is consumed by
evapo-transpiration, leaving 1ittle for ground~water recharge and stream flow; runoff an inch or less in almost all of State, Ground water used for over

70 percent of domestic, stock, industrial, railroad, and public supplies.

Surface-water use mainly along Missouri and Red@ Rivers, Increased surface water

to be made available under Missouri Basin program; irrigeting will increase ground-water supplies in some areas tut will lead to drainage and salinity
problems; increasing ferming, and industrialization resulting from increased hydro=-power, will increase demand for ground water for domestic and industrial
use, Ground water available in limited quantities in glacial deposits in northeastern two-thirds of State, in bedrock mainly in western half but some

water from Dakota sandstone in eastern part. Few large supplies except along major streams,
from glacial drift and from other bedrock aquifers also poor in many places.

Area or
subject

Surrent situation

Deficiencies in
information

Principal problems are lack of water of good
quality to meet all wunicipal, industrial, end
irrigation needs; and of water of any quality
for sewage dilution, Infrequent but severe
floods on all streams; for example, recent
floods on Red River, which were most severe
north of international boundary, Pollution in
nmany streams., Drainage in Red River Valley,
and lack of suitable reservoir sites; reservoirs
would cover valuesble land and would have high
evaporation losses. Soil erosion and sediment
in streams,

Water from Dakota sandstone generally of poor quality; that

Corrective measures and
further development

Expanai~n of ground-water studies

under Missouri Basin program ana

in cooperation with State to pro-
vide adequate data for most economi-
cel solution of local problems,
Quality data for this purpose and

to guide irrigation development
vhen large return flows become
available, Increased stream-flow
data and analysis, in relation to
flood and low flows, movement of
salty return water from irrigated
lands, proposed flushing of salty
water from Devils Lake besin into
Sheyenne River and Red River, Sedi-
mentation in relation to reservoir
operation and life,

Adequate surfece water along
Missourl River; storage in reser-
voirs at Garrison, N. Dak., and
Oahe, S, Dak., will provide irri-
gation weter for northwestern and
central parts of State, Diversion
from Missouri.to Sheyenne and then
to Red River &t Fargo will bhelp
eastern area, Ground water can be
made available for most domestic
needs, but not always at low cost
or of good quality, Full coordi-
nation of Federal, State, county,
ard municipel activities needed to
achieve maximum use of the limited
water resources.




Generally ample water supply but some p
largely economic rather than hydrologic or engineering; solutions exist but camot

Area or
subject

Chio

Current situation

always be applied economically.

Deficiencies in
information

roblems of local overdevelopment, stream pollution, flood control, soil erosion, and sedimentation. Problems

Corrective measures and
further development

Ground water

Surface water

Quality of water

Ground-water use about 550 million gallons per
day, 400 by industries and 150 for public supply,
mostly from gravel-filled preglacial valleys. Much
of water derived from streams by induced infil-
tration. Similar aquifers scattered over State
but mostly in southern half. Limestones yield
moderate supplies in western part and scattered
sandstones in east, Ground-water pumpage of 1
million gallons per day or more in 33 areas. Mill
Creek Valley fully developed as a whole; loocal
overpumping in some other areas. Ground water
socarce and of poor quality, except loocally, in
area adjacent to Lake Erie and eastern and
southeastern areas.

Problems similar to those in other heavily farmed
and industrialized States in humid region; large
supply but pollution, floods, and erosion and
sedimentation widespread. Use of surface water
not known but very large, much larger than ground-
water use. Numerous cases of local shortage or
overdevelopment; Youngstomn ares on Mshoning
River is outstanding example, where river water
is reused many times and heavily polluted and
heated. Ohio River extensively polluted.

Most ground water, and river water in time of

low flow, is hard. Water in poorly productive
glacial deposits near Lake Erie and in bedrock
below stream level likely to be highly mineral-

_ized.

Adequate general studies com-
pleted in only 7 counties and
under way in 9 more; gquantitative

studies made in only a few areas such

as Cincinnati, Dayton, and
Canton; under way in a few others.
General studies needed in rest

of State and quantitative studies
in all areas of heavy withdrawal,
More adequate mapping of sand-
stones in eastern Ohio, where
substantial ground-water supplies
are otherwise limited to buried
valleys.

Stream-flow records reasonably
sdequate except for a dogen un-
gaged basins of 100-400 square
miles, mostly adjacent to Ohio
River. Analysis of data needed
for correlation of flow with
ground-water levels, flood pre-
diction, relation of runoff to
precipitation in oultivated and
uncultivated areas, etec.

Quality data extremely soanty.
Geological Survey had made less
then 100 analyses of ground water

in State and has short-term records

of river-water quality for only
about 25 stations. Sediment data
to be collected on Maumee River,
first Geological Survey station

in State. Quality data needed es-
pecially for ground water in areas

where it is not abundant,

Buried valleys, especially Ohio
Valley where there are few large
developments so far on Ohio side,
have great potential for large
supplies by. induced infiltration.
Water slightly more mineralized
than river but bacterial and
some industrial pollution largely
filtered out, Effect of induced
infiltrgtion on flow of smaller
streams must be considered.

Eoonomical development of addi-
tional supplies, in addition to
collection and analysis of stream-
flow data, depends on control of
floods, pollution, and channel
and reservoir sedimentatiom.
Miami and Muskingum River flood-
ocontrol projects are outstanding
examples. Pollution-control
projects of similar scope are
under way. Gaging stations need
rehebilitation (true for most of
country).
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‘Oklahoma

A semiarid to sublumid State in which water 18 not sufficiently abundant to be developed or used haphazardly, but in which careful development ,based
on better hydrologic information than now exists,will be able to meet present end future needs. Use limited by quality rather than quantity in some areas,
Surface supply large but poorly distributed in both time and place and highly variable in quality; best in quantity and quality in eastern helf. Ground
water widely distributed in numerous aquifers, underlying total area of less than half of State, whose occurrence and distribution are known in detail in
few areas; quality highly varisble, Few highly productive aquifers; especially lacking in most of eastern Oklahoma, where, however, surface water is
most abundant, Total ground-water use estimated at 48 million gallons per day (about 55,000 acre-feet) in 1945 and substantially larger now; includes
domestic water for about 68 percent of population. Totel surface runoff from State about 32,000,000 acre-feet per yesr, of which 18,700,000 originates in
State., Surface-water use in 1949 estimated at 131,000 acre-feet for public supply and industry, 27,000 for irrigation, and 3,800,000 for hydro-power.
Flood am sediment problems and low flow in dry season indicate need for storage.

Arkansas River Basin

Northern two-thirds of State. Surface water scarce in west; surplus in east. Large stored supply of ground water in High Plains but recharge limited.
Ground water also in alluvium and, in west, in terrace deposits flanking streams which are above stream level and not subject to induced infiltration.
Ground water also in Rush Springs sandstone in west, Garber and Wellington sandstones and Vamoosa and Nelegoney formations in center, and Boons formation
and Arbuckle group (including Roubidoux formation) in northeast,

Ares or subject

_Current situation

Deficiencies in
information

Corrective measures and

further development

High Plains and rest of
Cimarron and Canadian
River basins

Verdigris, Neosho (Grand),
Illinois, and Poteau
River basins

Low runoff; large storage necessary for
use of surface water, limited by deep
entrenchment of streams, Cimarron and
Salt Fork Rivers cross salt beds in
Woods end Alfalfa Counties and largely
urusable downstream; Cimarron one of
chief contributors of silt to Arkansas
River, North Canadian River will be most
fully developed stream in State; heavily
polluted by industrial waste below
Oklahoma City. Local ground-water supply
at Enid overdeveloped, Floods and heavy
sediment loed in main Canadian River,
Ground water along North Canadian below
Oklehoma City polluted by industrial
waste; Shawnee wells abandoned. Heavy
pumping from Garber end Wellington for-
mations in Oklahoma City = Norman area
but no serious overdevelopment,

Floods on all streams, Possible overe
development of good water in Roubidoux
formation in Ottawa County and adjacent

Additional data on stream
flow and sediment loads and
analysis for economical de-
sign of s torage and flood-
and pollution=control pro-
Jects, Expanded ground-
water studles to locate
aquifers and evaluate supply
in heavily pumped areas;
present data largely on a
"spot® basis,

Study of regional safe
yield of Roubidoux formatiosu.,

Control of silt needed in Cimarron Basin,

North Canadian uged by Oklahoma City and may

be used for Enid, which is also considering
ground water some distance from city., Canton
and proposed Optima (Hardesty) Reservoirs will
control North Canadian River fully; good
irrigation possibilities with full development,
Interstate compact needed among Oklahoma, Texas,
and New Mexico for mein Canadian River, Pro-
posed Eufaula Reservoir near mouth would provide
silt detention and flood control; erosion
control needed in basin, Pollution control
needed, High Plains aquifer and terrace de-
posits yield good water but recharge is from
precipitation and is small; careful develop~
ment necessary to prevent depletion., Alluvium
yields large ground-water supplies but relation
to quantity and quality of river water must be
considered,

Oologah Reservoir d=signed to control floods on
Verdigris; authorized reservoirs on other streams
will control them and provide very large supplies




Oklshong~—Contimed

Deficiencies in

Corrective messures and

further development

——Axes or subject —Current situation information
area in Oklahoma, Kansas, and Missouri,
Declines of ground-water levels in
Mismi end adjacent ares (locally over-
developed).
Red River Basin

for power, navigation and recreation, and
irrigation as needed. Coordinated interstate
development of ground water in Roubidoux needed.
This supply could be supplemented or replaced
by surface water, tut at considerable cost in
areas distant from streams. Among formations
above’ $he Roubidoux, the Boone 1s promising
source of ground water, which, however, is
hardsr end more subject to contamination,
Limited development of ground water possible
from alluvium; additional information needed
on occurence and quality of water,

Southern third of State. Acute problems of water supply for mnicipalities and irrigation, and flood and sediment control in western part. Considersble
surface water available in east. Ground water in alluvium of major streams, terrace deposits and Blaine (?) formation in west, Rush Springs sanrdstone and
Clear Fork and Wichita formations in oenter, and Trinity group in south-center and southeast,

Red River basin west General shortage of water for all desired

of Washita River uses, especially irrigation end municipal.
Irrigetion with ground water in Duke area
expanding; water from gypsum beds and of
poor quality for other uses,

Washita River basia Area of greatest need for water conserva-
tion and development in State, Public
supplies inadequate or of poor quality at
several places, including Clinton,
Anadarko, and Chickasha. Floods end sedi-
mentation are serious problems; also flow
of mineraliszed water from gypsum beds into
Washita River, Irrigation with water from
Rush Springs sandstone increasing rapidly in
Pond Creek basin in wvestern Caddo County.

Additional stream-flow data
and anelysis, Additional
ground-water and quality=-of-
water studies,

Expanded ground-water studies,
especially in regard to
mnicipel supplies, Data on
flow of small streams.

We C. Austin project on North Fork of Red River
is only major irrigation project completed so

far in State (50,000 acres), Additional water
will be néeded when irrigation is fully developed.
Salt Fork, Elk, Otter, Cache, and Beaver Creeks,
and Deep Red Run are possibilities tut flow

data inadequate for evaluation, Elk City has
developed water in alluvium of North Fork of

Red River,

Storage reservoirs to increase aveilability
of water for irrigation end municipal supplies
and to provide flood control, Erosion control
on uplands is improving conditions there but
floods will still occur on main streams, Pond
(Cobb) Creek promising for additional water of
good quality if storage provided.



Okl ghomg~=Continued

Deficiencies in
information

Corrective measures and

further development

——Area or subject Current situation
Eastern part of Red River Water problems less acute , principally
basin floods, and low=flow shortage on small

streams, Surface vater generally of good
quality, Sands of Trinity group yield
water of verlable quality; pumping of
fine sand is a problem,

Additional flow data for
srmall streams, Detailed
study of Trinity group
(under way in MoCurtain
County) to determine po-
tential yield; data on
proper well-construction
methods,

Texoma Reservoir provides flood control,
recreation, and power, Storage needed on
small streams to provide flood control, and
water supply in time of low flow; includes
Mountain Fork, Little, Kiamichi, and Boggy
Rivers, )



Qrecon

Streems rather fully appropriated in State as a whole, especially indry years; additional water can be provided by storage in most areas. Many

flood=control and drainage problems,
create shortages even on streams having little consumptive use.
3,000,000 acre~feet per year, net diversion perhaps 25 percent less because of return flow,

in some areas tut relation to surface water must always be considered.
in Walla Walla, The Dalles, and Prineville areas.

Surface water

Ground water

b [

Deficiencies in
information

Conflict of interests among irrigatiom, power, flood-control, navigation, fish, and recreational interests may
Surface water irrigates about 1,200,000 acres; total diversion probably 2,000,000 to
Ground-water occurrence variasble, Large supplies available
Probably no overdeveloped areas but considerable interference between some wells

Corrective measures and

Surface weter in Alvord Lake basin over-
appropriated, . Pollution in lower Malheur
River, but does not affect irrigation.
Flooding in Powder River below Baker

and in upper Grande Ronde River. Soms
flooding on Walla Walla and Umatilla
Rivers and on Willow Creek at Heppner,
Floods end pollution in Willamette River,
Flooding in Umpqua and Rogue Rivers;
pollution of Bear Creek. Control and
management of Snake and Columbia Riverd
for multiple purposes far from complete,

Use of ground water not kmown; small in
comparison with surface water, Consider-
able pumping in Willamette Valley. Milton-
Freewater erea in Walla Walla Basin, The
Dalles area, and Prineville area fully
developed, Development of fresh water in
sands of Pacific beaches just beginning,
Irrigetion pumping neer Yonng and Summer
Lake may be depleting flow of Lost and
Ans Rivers, respectively. Ground-water
levels about normal according to available
records,

Much additional stream- .
flow data and snalysis

for design of the nmumere

ous power, flood-control,
and irrigation developments
proposed; for exammle, no
good records e Willow Creek,
where 1903 flood killed

200 people and no flood
protection yet provided,

Ground-water data adequate
for only a few areas; not
even reconnalssance data
for most of southeagtern
part of State.

Substantiel additional storage possible in
most basins, Streams not fully appropriated
include Ana River (Summer Lake bagin), -
Wallowa River below Minam, Grande Ronde River
below Elgin, lower John Day River (not much
irrigable land near river; proposed Clarno
Reservoir would provide water for northern
Gilliam end Morrow Counties), lower Desciutes
River (irrigeble lend 1,000 feet above river),
lower Umpqua River, and Rogue River,
Coordirated development of Columbia and

Snake Rivers necessary because of inter-
state and international aspects,

Considereble promise for additional dewelop-
ment in the few low=lying or basin areas of
State; Willamette Basin is the largest,
Dalles-Umatilla lowland is another, tut
developed near the Dalles, Some basins in
south-central and eastern parts of State,
including some nesrly enclosed fault—block
besins such as those in Lake County. Ground
water present benesth platesu and mountain
aress in rest of State, tut mostly nqt much
above stream level and too deep to reasch
economlcally except in river valleys, Any
large ground-water developments must be con~
sidered in relation to streams, which are fed
by ground-weter discharge in time of low flow,

Ground water may be more economical to develop

than surface water for meny smesll to moderate
uses, particularly for small towns, but data
inadequate.



Pepnavlvania

00T

About half of 33 trillion gallons of water falling on Pennsylvania runs off in streams and is available for use = about 4,500 gallons per day per
capita, yet serious water problems exist in State, Among them are floods like that of 1936 and droughts like that of 1930-31, Stream pollution serious
now but excellent progress being made. Data on fiow of small streams insdequate, Reconnaissance ground-water studies made for whole State tut many

detailed studies needed,

Area or subject Current situation

Deficiencies in
information

Corrective measures and
further development

Surface-water supplies Drought of 1930-31 caused severe shortages
for many cities having inadequate storage.
Use of surface water not known but very

large and increasing.

Flood control Severe floods have damaged many areas in

past and still threaten many,

Stream pollution Pollution widespread in streams from
sewage and industrial wastes, Among prob-
lem areas are Pittsburgh and many areas
in southwestern Pennsylvania, and
Philadelphia ~ Reading, Allemtown - Easton,
Altoona = Johnstown, Harristurg = York =
Lancaster, Wilkes-Barre = Soranton,
Pottsville - Hagelton, Williamsporte .
Lock Haven, and acid mine waters and
coal wastes in anthracite-mining area
of eastern Pemnsylvania,
Ground water Total use (1945) estimated at 100 million
gallons per day for public supply, 250
million gallons per day for industry, and
90 million gallons per day in rural areas;
substantially larger now, Principal areas
Beaver qnd Allegheny Counties (Pittsburgh
and surrounding area), 108 million zalloms

Hydrologic data for small watexr-
sheds, More than 90 percent of
public surface-water supplies
from watersheds of less than 20
square miles,

Strean-flow records and
analysis for economical design
of protection works,

Studies of economical pollution-
control measures, AQuality data
adequate only for upper -
Schuylkill River basin,

Reconnaissance studies made
for State, Detailed studies
needed in areas of preseat or
prospective development, espe-
clally continuing studies in
Pittsburgh and Philadelphia
areas and new studies in such

Many cities have constructed storage
reservoirs since 1930-31 and tendency to
go to small upland watersheds increasing
to avoid use of polluted larger streems,
Hamisburg has shifted from Susquehanne
River to Clark Creek besing
Bethlehem from Lehigh River to 17-square-
mile Wild Creek basin, State has btuilt six
flood=control and recreation reservoirs on
streams draining 1 to 37 square miles,
Many additional developments possible but
data for economical design lacking,

Substantial progress made, Pittsturgh
now lergely protected; also cities like
Wilkes~Barre, Williamsport, end Sunbury
vhich were nearly destroyed by 1936 f£lood,
More than 200 other projects completed in
last 5 years; many more needed,

Substantial progress being made under
State direction. By June 1, 1952, all
minioipalities and industries are
scheduled to put pollution-control
measures into operation,

Large additional supplies available in
glacial gravel in Allegheny and Ohio River
Valleys outside heavily pumped part of
Pittsburgh and in main valleys of northe
eastern and northwestern perts of State

and along Delaware River above Philadelphia,
tut location and potential yield of aquifers



Area or subject

Rennsvlvania—Continued

Current situation

Deficiencies in
information

Corrective measures and
further development

per day, Philadelphia area more than 30
million gallons per day, Bucks County
18 million gallons per day, Sericus
ground-water pollution in Philadelphia
area, due in part to induced infiltre-
tion from Delavare River, Full devel-
opment in Triangle area of Pittsburgh;
some local overpumping, Problems of
nine drainage in anthracite area, both
diffioulty and expense of draining and
formation of acid waters that pollute
streams, Interference between

tely
nm; Triassic, tapped for industry
and public supply north of Philadelphia,
in Bucks and Montgomery Counties,

areas as Altoona, Johnstownm,
Herrisburg, Bethlehem, and
Allontown, Studies of rela~
tion of ground-water levels
to stream flow to assist
industries depending on

low flow, such as studies
made by Pennsylvania Power
Co. using Geological Survey
data; some work being done
at Forest Service experi~
ment station in Pooono
Mountains; work needed in
Schuylkill, Lehigh, and
Brandywine Basins, Ocoure
rence of water in limestone
and in creviced rocks in
southeast, Intensive study
in Morrisville area where
new large steel plant is pro-

rocks to determine possibdil-
ity of arresting declines at
such places as Lansdale, Lo-
ocation and evaluation of pro-
ductive sand and gravel
aquifers in northwest and
northeast, County-by-county
inventories of ground-water
uses, future needs, and
possible sources, as in
mqw,m,mmq,

nn.im.cmmu

poorly known, Small to moderate supplies
available elsevhere but erratic occurrence
of productive rocks necessitates much
research and deteiled local studies, Ground-
wvater supplies can be developed more econom—

ically than surface-water supplies in many
places for small towns, industries, and

tal irrigation, tut only on basis

of more detailed data than now aveilshle,

0t



Rhode Islapd

Industrial activity per squere mile of area greatest in Nation. Water resources are most valuable resource and are adequate if properly developed.
Froblems include local shortage of water supply, stream pollution, and minor flooding,

Area or subject

Current situatiop

Deficiencies in
_Information

Corrective meessures and

further development

Ground water

Stream pollution

Surface-water supply

Floods

Irrigation

Local areas of heavy pumping scattered
throughout State tut no serious overdevelop-
ment noted. Local declines at Providence
and Woonsocket, but involving only closely
spaced wells of individual industries.
Total pumpege & few tens of millions of
gallons per day, including 14.5 million
gallons per day for public supply in

cibies and towns over 1,000,

About 85 percent of municipal sewage but
only 10 to 15 percent of industrial wastes
receive treatment, Grossly polluted streams
include stretches of Blackstone River below
Woonsocket and Pawtucket, the Moshassuck
River, and short stretches on other streams,

Providence water supply used by half of popu~
lation (386,000); from Scituate Reservoir -on
North Branch Pawtuxet River. Designed safe
yield 85 million gallons per day; use in
1949 about 37 million gallons per dey; no
problem, Pawtucket supply short in 1949.
Bristol-Warren=Barrington, East Providence,
Woonsocket, and Newport supplies probably
inadequate for future needs. Total use of
surface water for public supply in State (for
towns over 100) was 67.6 million gallons per
day in 1949.

Relatively minor problem. Greatest flood in
1886, Lesser floods of 1927, 1936, and 1938
caused damage amounting to only 1.2 percent
of total for New England,

Minor so far but increasing., About 53 million
gallons used in 1949 from 135 ponds fed by
precipitation and ground weter, 14 ponds and
reservoirs fed by precipitation and surface
runoff, and 3 river sources.

Detailed studies made in
Woonsocket, Pawtucket, and
Providence areas; needed

for reat of State to outline
ground-water potential,

Study of possible salt-water
encroachment along Woonas~
quatucket River in Providence,

Methods for economical waste
treatment, especlally at
textile plants not discharging
waste into municipal systems,

More stream-flow data,
especially for small basins,
to guide future surface-water
developments for all uses,
including pollution control,

Data on economical sources of-
ground water and surface
water, Studies to determine
safe yleld of ground-weter
reservoirs,

Ground water used by many industries and small
commmities and much further development pos=
sible if done properly. Best sources are
gravel-filled valleys, including many not now
ocoupied by streams, particulerly in north-
eastern, centrel, and southern parts of State.

Substantial progress being made., Blackstone
Valley District Sewer Commission formed in 1947.
New trunk line sewer and treatment plgnt under
construction to serve municipalitie& @nd
industries in the lower. Blackstone ¥illey., New
treatment facilities planned for Providence,
East Providence, Cranston, Warren, and Newport,

Supplementary ground-water supplies developed
for Pawtucket and’ for Bristol-Warren-Barrington.
Ground-water source located for East Providence
tut not yet developed, Increased storage on
South Branch Pawtumet River possible for

future needs, including power. Headwaters of
Pawcatuck River also promising btut remote '

from highly developed part of State,

Some flood control desirable for lower
Pawtuxet Basin but not thought economically
Justified. Many swemps and ponds, and reser-
voirs intended for other uses, provide con~
siderable protection,

Greatly increased development of supplemental
irrigetion possible, as in mich of lumid East,
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Large available water supply but basic data very inadequate.
salt-water encroachment in groundewater reservoirs, and problems of chemical quality of ground water,

south Carolina

70 million gallons per day; no estimate of surface~water use,

Area or subject

Current situation

Deficiencies in
information

Problems include floods, silting of reservoirs, stream pollution, local overdraft or
Total use of ground water in State estimated at

Corrective measures and

further development

Coastal Plain

Piedmont

Mountein area

Large use of surface water for industries,
public supply at Charleston and Orangeburg,
and power at Santee-Cooper project. Stresm
pollution not serious so far, tut salinity
of coastal stretches of streams limits use=-
fulness, Surface water of good chemical
quality tut high in color, Flooding wide=
spread because of flat slopes and inade-
quate channel capacity of streams; slow
drainage leads to prevelence of malaria

in some areas, Some silting of reservoirs,
Ground water high in iron in central coastal
plain and in fluoride near coast, Posaible
local overdraft at Georgetoun and neay
Florence, Salt~water encroachment in
Georgetown, Beaufort, and Charleston areas,

Most heavily populated and developed part

of State, Large surface-water use for
industries, for public supply of most cities,
and for power, Stream pollution becoming
more serious, Extensive flooding in valleys
and silting of reservoirs, especially those
of power plants, Ground water used for
small towns and many industries; yields of
wells less than in Coastal Plain, '

Little use of water, Considerable flooding
in vallayn.

Stream~flow records of
short length and inadsquate
coverage, Ground-water
studies needed for whole
area, including study of
iron and fluoride and possi-
ble sources of good water
in affected areas; safe
yield of ground-water reser-
voire in developed areas,
particularly near coaste

Additional stresm-flow data
for flood and pollution mon-
trol and proposed power pro-
Jects. Detailed ground-
vater studies, especially of
occurrence of water in the
hard rocks and possibility
of more successful predic-
tion of well locationa for
maximm ylelds., Temperature
data for surfece water and
gronndr watere

Stream~flow data for proposed
povwer and flood-gcontrol pro-
Jectss Occurrence of ground
water in alluvimm in valleys.

Flood control and drainage needed for
reclamation of land and malaria control,
Large additional ground-water supplies
available; wells average 300 gallons per
mimte and yield up to 2,000, but ocourrence
of aquifers inadequately kmown, Large expane
sion of supplemental irrigation with surface
water and especially ground water possible,

Considerable additional use of both surface
water and ground water feasible if based
on better data,

Lerge additional development of surface water
possible, and development of ground water in
valleys if areas of thickest alluvimm are
loeatod.
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South Dakota

Semiarid to subhumid State of generally deficient water supply under natural conditions, Most of precipitation ocours in growing season, permitting
productive agriculture but being dissipated by evapo-transpiration., Principal local source of surface runoff and ground-water recharge is melting of
winter snowfall, Generally low storage capeecity of grounj-water reservoirs and low stream flow in summer mean that substantial use of surface water
depends on impounding water. Eastern part of State poorly drained end lacking in good reservoir sites because of flat slopes and large reservoir losses,
Missouri Besin development will provide substantial additional water end improve situation considerably.

’ Area or subject

Current_situation

v

Deficiencies in
information

Ground water

Surface water

Ground-water sources not fully exploited and
potential yield unkmown, Ground water occurs
in alluvium along Missouri and principal
tributaries, in glacial deposits in eastern
part of State, in shallow sandstones in north=-
west, in some rocks near Black Hills, and in
the Dakota sandstone beneath most of State
(more than 2,000 feet deep in western part
except beneath major stream valleys and in
vicinity of Black Hills), 'Ground water is
source of 70 percent or more of domestic, stock,
mnicipal, industrial, and railroad needs,
Ground water is generally of substendard
quality. Dakota sandstone artesian pressures
reduced by waste from flowing wells (presently
esti:sxated at more then 20,000 acre-feet per
year . N

Floods in spring and inadequate dry-season
supply. Some stresms draining Black Hills
have better sustained flow; one such stream is
Rapid Creek but its low flow is fully utilized,
Even with maximm development of surface water
there will not be enough for all desired uses,

. Corrective measures and
further development

Detailed ground-water studies
needed in all parts of State
to locate productive aquifers
and evaluate yleld in arees.
of present or proposed devel-
opment and to determine possi-
bility of waterlogging from
fature irrigation, Study of
ground=water recharge end
movement especially needed in
Black Hills area where streams
lose water to exposed bedrock
formations, Need for detailed
studies being partly satisfied
by current studies under
Missouri Basin development
progrem,

More stream=-flow records,
especially on small streams,
to guide future municipal and
irrigation developments and
flood=control projects, Es-
pecially importeant to permit
most efficient use of water

in view of overall deficiency
in weter even with maximm
development,

Ground water available for many future develop=-
ments, especially in alluvium of Missouri
River and in some bedrock formations near
Black Hills, Substandard quelity end high

cogt of development will cause many problems,
Drainage needed in some areas, as Putney Slough
and Sand Lake area of James River Valley., Wasie
from floving wells should be reduced. Future
irrigation will increase ground-water recharge
and improve quality in certain areas but may
cause waterlogging and create new demands for
domestlc and other uses in areas where local
supply will not be improved by irrigation.
Application of irrigation watérs should be
within 1imits of control by economical drainage
measures .

Additional storage reservoirs even on Black
Hills streams, including Rapid Creek. Rela-
tively few large reservoirs so far; one on
Belle Fourche River, built in 1906, was first
large one, . Multiple-purpose reservoirs on
Cheyenne River at Angostura and Grand River at
Shadehill nearing completion; others. being
studied, Reservoirs being constructed on
Missouri at Oahe and Fort Randall will control
river completely and provide much additiomal
water, including water for a million acres

in James River Valley. Need for careful
integration of all water developments to provide
maximum supply and minimm waste,

40t




‘105



Tennesses

90T

Large over-all water supply but many problems of flood control, pollution, and water supply remain, even in places within Tennessee Valley where much
work twﬁrd control of the river for flood prevéention, navigation, ;nd power péodnction has been completed. Central Basin is area most seriously deficient

in ground water and dry-season flow of streams, Basic data inadequate for ground water and smaller streams,

——drea _or subject

Current situation

Deficiencies in
Anformation

Corrective measures ana

Blue Ridge

Ridge and Valley area

Cumberland Plateau

Highland Rim area
(surrounding Central
Basin)

Many springs tut only small ground-water
supplies available from wells, Chief
function of ground water is in sustaining
low flow of streams, Area probably will
never be highly developed for ground-
water supply., Surface water used in
Elizabethton and Copperhill areas; low flow
of streams supplying these areas supple-
mented by surface storage most of the time.
Pigeon, French Broad, and Ocoee Rivers
polluted and contaminated,

Ground water mainly in calcareous rocks;
quantity highly variable from place to
place, Heavy use at Chattanooga, Knoxville,
end Elizabethton, Qround water hard and
subject to pollution as in most areas of
cavernous limestone. Serious problems of
mine drainsge; in some cases cost is so high
es to limit ore production., Industrial use
of river water has created pollution and
contamipation problems, especially at
Bristol, Harrimsn, Kingsport, Knoxville,
and Chattanooga.

Stream flow poorly sustained at low flow,
Area thinly mettled. Ground water available
for domestic use., Local shortages of water
for public supply, .

Ground water appears to be available in suf-
ficient quantities for domestic end small
industrial use. Mineralized water encountered
at depth, Stream flow poorly to well sus-
tained, Ground water probably polluted locally
as in other limestone areas. Lower Piney
River is seriously polluted. There is also
pollution on the main Cumberland River and on
Sulphr Fork of Red River,

Data on flow of small
streams, -

Detalled ground-water studies,
especially of ocourrence of
water in limestone in relation
to wat. and mine-
drainage problems, Data on
small streams,

Almost no ground<water data
available, Data on small
streams needed,

Ground-water and surface-
water data to guide increas-
ing development, as for Air
Corps research center at
Tullahoma, where estimated
use may approach totel flow
of Elk River,

Large supplies of good water, cold most of
year, available from streams, especially when
low flow is supplemented by storage. FPollution
cohtrol needed,

Large additional supplies available from surface
water and properly located wells if based on
adequate data, Pollution contro! needed.

Ground water probably available for some
mnicipal and industrial uses but occurrence
not well understood, Storage possible to
increase ‘low flow of streanms,

Considerable additional development may occur,
and should be based on better data to provide
water supply, flood protection, and pollution
control at feasible cost,



Tennessee—Continued

Deficiencies in
information

Corrective measures and
fu;

Current gituation

Central Basin

y

Mississippl Embayment

Ground water generally scenty, but domestic
supplies generally available, Critical
shortages of water for some public supplies
and difficulty in making economical devel=
opments, Stream flow poorly sustained.
Flood=control problems on Cumberland, Duck,
and Elk Rivers at towns along their courses,
such as Shelbyville, Columbia, Fayetteville,
and Nashville, Few good dam sites available
on smaller streams, Pollution by sewage
and industrial waste below prineipal towns,
most serious at Columbia on Duck River and
Nashville on Cumberlend River, On the whole,
the most oritical area in State as regards
availability of water at reasonable cost.

Most productive ground-water area in State,
Ground water of good quality except for
iron, Large developments few except at
Memphis (120 million gallons per day), and
no apparent areal or regional depletion in
spite of declining water levels at Memphis,

. Relatively 1ittle use of surface water, tut

problems of floods, pollution (especially
Wolf River in Memphis area and Forked Deer
River at Jackson), drainage, and soil
erosion,

Ground-water data meager

except for some local areas;
imperative need for additional
informetion, Small streams
almost entirely ungaged; data
needed for guiding storage pro-
jects, especially because most
economical design is of extreme
importance.,

Contimuation of studies in
Memphis area to evaluate
perennial yield under given
conditions of pumping and
water levels, Studies in
rest of area to evaluate
aquifers, Data needed on
£low of small streams,

Flood and pollution control, additional
developments for public water supply.

large ground-water and surface-water supplies
remain available for development and should
be developed on basis of better data than
now available, .

ot
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Average annual precipitation ranges from 8 inches in the west to 55 inches in the east; surface runoff from less than 0,25 inch to nearly 20
inches, With coordinated development of surface- and ter resources in east Texas, water of satisfactory quantity and quality will be
more than ample for foreseeable needs, but storage facilities generally necessary for surface-water supplies, In west Texas water resources, vhen
properly developed, ample for foreseceable needs in localized areas tut gemerally deficient in quantity and in some places always deficlent in
quelity even if developed, Use of water large and may double in next decade, Additional data needed on surface-water flow, quality, temperature,
and sediment, particularly in small streams, and on ground water to guide foresecable developmente, Total quantity of water used, excluding hydro-
power, estimated at 7,140 million gallons per day in 1949, about three-fifths surface water and two-fifths ground water; about 8,000 million galloms
per day used for hydrcelectric power and reused in part for other purposes, remainder available for future uses. Corrective measures and further
development require public education for effisient utilization,

Area or
subject

Deficiencies in

Current aituat‘ion information

Corrective measures and

further development

Northern High Plains
(north of Canadian
River)

Southern High Plains
(including the
Canadian River)

Total supply, with minor excep~ Evaluation of ground-water supply.
tions, comes from wells, Surface

runoff small and intermittent,

- surface storage limited to

minor activities, Large amount
of stored ground water tut recharge
amall, About 8 million gallons
per day pumped from wells to
irrigate 9,000 acres in north-
western Daila County; pumpage

in center of district exceeds
recharge, About 50 million
gallons per day pumped in Sunray-
Etter, Herring, and Kay imius
trial aress tut no serious
depletion of storage,

Total supply, with minor excep-
tions, now comes from wells,
Surface runoff small except for
Canadian River, Storage limited
to minor activities, About

1,050 million gallons per day
(1,155,000 acre-feet) pumped

from wells in 1949, about 97
percent to irrigate 1-2/3 million
acres of land, Recharge roughly
50,000 acre-feet per year in irri.
gated district, Average anmal
recharge only about 5 percent of
current pumpage, Total storage esti-
mated at 150,000,000 acre-feet,

Detailed studies to get better
estimates of recharge and of local
and regional storage capacity;
records of pumpage and depletion
of storage,

- Creation of local ground-water conservation

district being considered under recent State
legislation, Large quantity of stored water
available, tut perennial yield small,

(See discussion in text.) Storage on
Canadian River being considered for mmmicipal
and industrial supply, Creation of local
ground-water conservation district being
considered under recent State legislation,

801



Area or
subject

Texag~-Contimed

Current situation

Deficiencies in
information

Corrective measures and
further development

E]l Paso area in
Texas

Salt Basin,
Hudspeth and
Culberson Counties

Pecos Valley

Winter Garden
area, Dimmit,
Zavala, and
Maverick Counties

Principal mmicipal and industrial
supplies obtained from wells, surfaoce
water from Elephant Butte Reservoir
supplies about 400 million gallons

per day for irrigation of about

80,000 acres of land, Total pumpsge
rrom deep wells in El Paso area and

in Juareg, Mexioo, about 22 million gal-
lons per day in 1948, Storage reduced
by pumping in part of "Mesa” immediately
north of city, Water in artesian aquifers
subjeot to salt-water encroachment,

Total supply, with minor exceptions, comes
from wells, Closed basin in a semi-desert
region of western Texas into which streams
discharge small quantities of water only
after heavy rains, Development of stored
ground vater recently begun for irrigation;
in 1949 about 16 million gallons per day
pumped for 6,000 acres in Dell City area
near New Mexico line and about 14 million
gallons per day in lLobo Flats area in
south,

Surface supply fully appropriated for irrie
gating 32,000 acres, Pecos River water
salty but satisfactory if enough is applied
to leach salts from soil, Ground-water
development increasing rapidly in scattered
areas; water highly mineralised in some

areas; about 88,000 aores irrigated, Springs

at Fort Stookton and Balmorhea yield about
53 million gallons per day, fully utilized,
Pecos area believed overdrawn. Pumping will
eventually affect flow of springs,

About 17,000 acres irrigated from Nueces
River and tributeries, About 50 million
gallons per day pumped from wells, 98 pere
cent used to irrigate 50,000 acres, Pumpage
about twice recharge,

Studies of avallable storage
beneath Mesa; of occurrence

of salty water in valley

and methods to reduce emcrocach-
ment; of evailability of flood
waters for artificial recharge

of ground water,

Studies of recharge, stored
ground water, and possibility
of encroachment of salt water
from “playa" lakes in middle
of basin.

Studies to determine maximm
yield of ground water in all
parts of basin and relation
to flow of springs, Duty of
water for irrigation,

Strean=flow data for small
streams for economical design
of storage reservoirs, Possi-
bility of artificial recharge,
and additional geologic studies,

More ground water available beneath Mesa
farther north, River water and shallow ground
water, though of poor quality, being treated

at El Paso waterworks built in 1943, Additional
flood water appropriated by El1 Paso and storage
anticipated, Foreseeable demand exceeds poten~
tial supply,

Perennial ground-water yield may be amall and

nay already be exceeded locally. May be another
area of low recharge. Some additional withdrawals
possible in undeveloped areas,

Water needs exceed resources, Need for reduction
of water consumption by “phreatophytes" along
streams and canals; for rehabilitation of canal
systems, Creation of groundewater conservation
district in Pecos area being considered under
recent, State legislation,

Future water needs will exceed resources, Moderats
quantities of surface water available by additional
storage on Nueces River and tributaries,
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Area or
subject

Current situation

Texag—Continued

Deficiencies in
information

Corrective measures and
further development

Lower Rio Grande

Valley, principally
in Hidalgo, GCameron,
and Willacy Counties

Atascosa County

San Antonio area,
Bexar County end
adjacent ares

Coastal Plain

About 600,000 acres irrigated from unregu-
lated flow of Rio Grande, requiring about
1,100 million galloms per day frocm the

river,
years,

Water shortages occur during most
Lands becoming waterlogged and

mineral concentration of water increasing,

Municipalities use about 11 million gallons

per day from surface-weter sources,
Ground water of good quality not availe

able in large quantities,

About 300 acres irrigated with surface

water,

gellons per day; flow erratic,
4,000 acres irrigated from wells,

Average runoff about 100 million

About
Current

draft about 14 million gallons per day,
about 40 percent by uncontrolled flow,

No overdevelopment apparent,

encroachment possibilities small,

Salt-water-
Sure

face= and ground-water resources capable

of further development,

Medina Reservoir, with capacity of 82,6
billion gallons, supplies water for irrie
gation of about 20,000 acres, Ground-
water reservoir in Edwards limestome
yields about 130 million gallons per day
to wells in Bexar County and supplies
springs ylelding about 400 million
gallons per day between Uvalde and Austin,

including 200 million gallons

per day at

Comal Springs, New Braunfels, which
supplies most of low flow of Guedalupe

River and is used for power and irrigation,

About 560 million gallons per day of
ground vater ard 1,525 million gellons per
day of surface vater used in 1949 in upper
part, from Victoria to Sabine River; and
about 30 million gallons per day of ground
water and 516 million gallons per day of
surface water in lower part, extending to

but not including Rio Grande,

—~1lution by o*? Tield waste in Jan ’acinto,

Danger of

Comprehensive hydrologic
study of the irrigated area,
including study of chemical
quality of water, for
improving drainsge, Duty
of water and most effective
method of appliocation not

fully known,

Study of safe yield of
ground water, Basic data
on water resources of small
streams,

Comprehensive hydrologic
studies to determine water
supply of all reservoirs
and relations of ground
water and surface water,
Basic data on water
reacurces of small streams,

Contiming ground-water
studies to evaluate ground-
water supplies, especially
in pumped areas as draft
increases, Analysis of
surface=water regords to
permit economical design of
water=supply and other

surlace-water projects,

The Rio Grande, an internatiomel stream, is
principal source of water for future developments,
Average flow about 4,600 million gallems per day.
Through treaty, Mexico may use about half of total
flow, Construction of Falcon Reservoir neer

Zapata will begin soon, It will pertly regulate
flow and relieve most water shortages for currently
irrigated areas, Two other upstream reservoirs
proposed for future, Proper regulation of flow
will permit some expansion in irrigation, municipel,
and industrial development, Need for practice of
most conservative type of distribution and appli-
cation of water to prevent waterlogging.

Proper storage would permit expanded use of surface
water, Additional development may be possible
from adequately spaced wells, and by utiliszing

all water from flowing wells,

Integrated development of surface- and ground-water
resources, Other than Medina Reservoir, facilities
have not been built to utilize surface-water resources.
No major developments can be sustained but develop-
ment of runoff on selected small streams would permit
expanded uses of surface water, ‘

Total demand probebly will double in next decade,
Probably not more than 10 percent of ground-water
reservoire are being drawn on heavily, Large reserves
in unpumped parts of area, partioularly in a belt
40=-50 miles wide extending from Victoria County on

the Guadalupe to Jasper and Newtom Gounties on the
Sabine, Limit of pumping is largely a matter of
determining whether pumping from greater depths is
cheaper than importing suriace water, or ground
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Area or
subject

Current situation

Texag-~Contimed

Deficiencies in
information

Corrective measures and
further development

Trinity, Neches, and Sabine Basins,
especially during periods of low

flow, Also salt-water encroachment

from Gulf in above-named rivers at

low flowe Water from Brazos River

has been developed to permit

reducing draft on wells in Texas
City=Galveston area and Freeport-
Velasco area; Possum Kingdom

Reservoir (capacity 241 billion gal-
lons) on Brasos River 600 miles upstream
aids in stabilizing that river's flow
across the Coastal Plain, Buchanan and
Marshall Ford Reservoirs (combined capacity
of conservation storage about 670 billion
gallons) on the Colorado River in central
Texes stabilizes flow of that stream
across Coastal Plain, In addition to

the production of power, these rivers
supply irrigation water for about
400,000 acres of rice on the Coastal
Plain, Ground water of poor quality
south of Corpus Christi and in most of
Chambers County and southern Jefferson

County, Only areas of known overdevelopment

are Texas City and the Alta Loma well field
in Gelveston County; Pasadena industrial
area in Harris County eand Freeport-Velaseo
area in Brazoria County may be overdrawn.
Danger of ground-water contamination in
oll-field areas, Ground-water decline

in Katy rice-growing area west of Houston,
ut not believed important, In Orange area
supply of fresh ground water is limited,

Heavy pumping in Lufkin-Nacogdoches area has
lowered water levels but ground=-water reser-

voir thought not to be overdrawn,

Study of possibilities of ground-
wvater contamination in oil-field
areas, Continued detailed studies
in HoustonePasadena~Ship Channel=
Baytown area, where more

water is pumped for mumicipal and
industrial uses than anywhere else
in Nation except western Long
Island, Studies in Lufkine
Nacogdoches area, most heavily
pumped in northeast Texas, Studies
of surface water available in
small creeks,

water from adjacent lightly pumped areas,
Total surface runoff (including Sebine and
Rio Grande) averages about 11,3 billion
gallons per day, Houston has developed an
industrial water supply from unregulated flow
of San Jacinto River, now furnishing 30 million
gallons per day to Pasadena area, and is plane
ning a large storage reservoir to increase
supply. Additional large supplies are availe
able from Sabine, Trinity, Neches, Brazos, and
Colorado Rivers, In addition to existing
reservoirs, the Corps of Engineers is now
conatructing eight major reservoirs in the
Brazos, Trinity, and Neches watersheds that
will further regulate the water supplies of
these streams on the Coastal Plain, State
river authorities and other agencies are
planning the construction of other flood-
control and conservation reservoirs,
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Texag~~Contimed
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Area or Deficiencies in Corrective measures and
subject Current situation information further development
Dallas«Fort Worth Large arsa extending from Hill County to Safe yield of ground-water Four more flood-control and storage reservoirs
and adjacent area the Red River, Ground-water reservoir reservoir under various cone with capacity totaling 1,600,000 acre-feet are
overdrawn in Fort Worth area and may be ditions of development, under construction by Army Engineers. Ample
overdrawn, though less seriously, in the Basic hydrologic data on water will be available and there are still more
region as a whole, Total pumpage from small streams, chemical storage possibilities i1f needed, However, indivi-
wells about 34 million galloms per day, quality and temperature dual cases may involve economic hardship where
about 16 million gallons per day for investigations, wells must be abandoned,

industries at fort Worth and Dallas,
Bridgeport, Eegle Mountain, Lake Worth,
Lake Dallas, and Mountain Creek Reservoirs,
having combined capacity of 251 billion
gallons, provids water for industrial

and most municipal uses of Dallas and

Fort Worth. In 1949 Dallas used an
average of 52 million sellons per day,

and Fort Worth used about 30 million
gallons per day.
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Utah

State prevailingly arid or semiarid and contains mich more arable land than can be irrigated with present and prospective water supplies, However,
ground water in many valleys of Southwestern Bolson province (Great Basin) is undeveloped or only partially developed, and these potential supplies and
the unused part of the Utah share of Upper Colorado River supply will permit developments substantially larger than the present, Surface-water data

greatly inadequate for increased developments now proposed,
water potential is to be realized,

Ground-water studies made in only a few basins and mst be expanded greatly if ground-
Quality and sediment data meager for almost whole State; will be essential to successful developments, State

ground-water law of 1935 has assisted in orderly development, and has been invaluable in preventing overdevelopment,

Area or
subject

Current situation

Deficiencies in
information

Corrective measures and
further development

Southwestern Bolson
province

Surfacewwater available at time of
need is fully appropriated, Local
overdevelopment probably exists in
part of Escalante Valley, Problems
include extensive waterlogging;
floods, including destructive mud
flows; present or possible inter-
ference between groundewater and
surface~water use; ocourrence of
salty water; waste of water fram
flowing wells, ete, Present
beneficial use of ground water more
than 200,000 acre-feet per year, ut
accurate data not available; demand
increasing rapidly in basins at east
edge of the province,

Surface-water data inadequate

for practically all of pro-
posed and possible develop-
ments, Ground-water studies
needed in all basina, Pre=-
liminary studies made in Cedar
City, Parowan, Escalante, Pavant,
northern Jusb, Tooele, Jordan,
and Cachs Valleys, Bountiful
distrist and Ogden portion of
Weber Delta district of East
Shore srea, and northern part

of Utah Lake Valley, Quality-ofe
water data meager, Ground-water
potentialities should be studied
thoroughly before detailed plans
are made for large trans-basin
diversions into the valleys, to
insure most beneficial use of

all water avallable, Fairly ex-
tensive observation-well program
in operation since 1935 will be
of great value in future studies
and in guiding increased develop-
ment, Virtually nothing is

known of water resources of the
very dry valleys in the extreme
woestern part of the State, and in
the Salt Lake Desert and the adja=
cent Skull and Dugway Valleys,

The principal surface-water developments

that appear to be practicable include surplus
Bear River supply of 750,000 acre-feet per
year wasting into Great Salt Lake (distribu-
tion among Utah and adjacent States should be
determined by compact); Weber River project

to make about 300,000 acre-feet per year of
snow-runoff water available; and proposed
Central Utah project to divert 600,000 acre=
feet per year from Colorado River basin,
Basins that may be capable of some further
ground-water development (though a few are
locally overpumped) include Beaver, Blue
Springs, Cache, Cedar, Curlew, Goshen, Grouse
Creek, Jordan, Juab, Lower Bear River, Park,
Parowan, Pavant, Rush, Snake, Tooele, end
Utah Lake Valleys, Sevier Desert, and the East
Shore area, Water wasted by man or by evapo-
transpiration or unused stream flow into dry
or salt lakes amounts to considerably more
than a million acre-feset per year (including
Bear River surplus), much of which could be
salvaged by building storage reservoirs, ground-
water pumping, elimination of phreatophytes,
and control of pollution that makes some of
surface-wvater umsable, Coordinated develop-
ment of ground and surfaos water with compree
hensive knowledge of quality will be essential,
Drainage needed in Utah Lake, Jordan, Tooele,
Escalante, Beaver, and Lower Bear River Valleys,
Sevier Desert, and East Shore area,
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Utah=~Continued

Deficiencies in
informaticn

Corrective measures and
further development

Area or
subject Current situation
7
Montana-Arigona Ground-water supplies small except in the

Platesn Province

Northern Rocky
Mountains province

Uinta Basin and a few valleys, The Green,
Colorado, and San Juan rivers carry large
amounts of water, chiefly from outside the
area, across the plateau, Soils generally
thin, and excessively alkaline in many
areas, Substantial ground-water develop-
ments in Central Sevier, Sanpete, and
Fremont valleys, Colorado River and San

-Juan River areas in southeastern Utah are

poor ground-water areas, even stock and
domestic supplies being difficult or
expensive to obtain in many places,
Only irrigable lend is elong Colorado
River and its larger tributaries,

Area contritutes water to Southwestern
Bolson and Montana-Arizona Flateau pro-
vinces, Littls water used in area itself,
except for mmicipal supply for Ogden,

Almost nothing is kmown of ground
water in this large area, and very
little of surface water except the
flow of large streams, Preliminary
studies of ground water have been
made in Sanpete Valley and in the
Ashley Valley portiom of the Uinta
Basin, A recent hydrologic recon-
naissance of Green River shows that
important possibilities may exist,

Very little known of ground water,
Preliminary study made in Ogden
Valley. Considerable strean=-flow
data available, but only a fraction

from artesian wells covered by water of Pine= of that needed for proposed dovolopment.

view Reservoir in Ogden Valloy, and some use

in Bear Lake Valley.

State plans to divert much of Upper
Colorado River supply allocated to
Utah from this province to the

Southwestern Bolson province, There

are some potentialities for groundm
water development, as in the Uvoper,
East, and Jentral Sevier, Sanpete,
Fremont, and Grass Valleys, and the
Uinta Basin, Drainage needed in
Sanpete, Central Sevier, and Castle
Valleys, Ground~water prospects in
Castle Valley not promising,

Area includes several intermountain
valleys or basins, some of which have
gome ground-water possibilities,
Included are Ogden, Morgan, Heber,
Kimball, Upper Bear River, and Bear
Lake Valleys,
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Large potential water supplies and relatively light use.

supplies available, Public supplies serve most industries, relatively few developing their own thus fer,.

Yermopt

9Tt

Precipitation of 32 inches and runoff generally from 20 to 30 inches mgke large surface
Publiec-supply use about 30 million gallons per

day of surface water and 6 million gallons per day of ground water for 61 percent of population, Remainder uses largely ground water for domestic use,
Chemical quality of water generally good. Some problems of flood control and pollution, Basic data on surface water needed for smell besins for design

- of small dams, culverts, etc.

Area or subject

Very 1ittle information available on ground water.

Deficiencies in
Current situation information

Corrective measures and
further development

Ground vater

Strear pollution

Floods

Power

Small supplies for damestic use available
from consolidated rocks end from glacial
drift on uplends, ILarger supplies from
glacial deposits in valleys., Use not
large but increasing, No declines
reported except temporary ones im
droughts, which have affected many
shallow wells on uplands,

Most sewage discharged untreated but
dilution generally adequate, Pollution
at St, Albans, Manchester, and Brattlebero
sufficient to interfere with recreational
uses,

Besic data of all types.
Very little information
is availlable,

Surface-weter data for
economical design of
future projects,

Floods of 1927, 1936, and 1938 caused
damages of $62,100,000 and, in 1927,
loas of 84 lives. Flooding common
in valleys but not as serious as in
other parts of country,

Hydro-power development considerable
(173,299 kilowatts installed capacity
in 1949), plus some steam and internal-
combustion, About 220,000,000 kilowatte
hours of power imported in 1948,

Largest supplies at shallow depth in glacial
gravel in valleys of Connecticut River and
tributaries, Lamoille River, and stretches
of Winooski, Poultney, and Hoosic Rivers

and Otter Creek, Trend toward deeper domege
tic wells in bedrock to avoid shortage in

drought .

Primary-treatment plants built at St, Albans
and Manchester; needed at other cities,
Chlorination during swimming hours at
Brattleboro. State has reserved all bodies
of water used for public supplies, including
tributaries, and all others larger than 20

" acres, irfeluding tributaries,

Three flood-control reservoirs built in

Winooski Basin and one in Connecticut Basin

by Army Engineers, Six mére to be tuilt in
Connecticut River basin, Other needed pro=
Jecte depend on economic feasibility. Power
reservoirs provide considerable flood protection,

Projects considered at Waterbury Dsm, Boulton
Falls, and American Woolen Mills on Winooski
River, on Connectiocut River below White River
and nesr junction, and on Moose River near
Victory. Project under construction at
Wilder Dam on Connectiocut River,
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Large over-all water supply.
end stream pollution.

Yirginia

Basic data inadequate for economical design of many projects proposed for comstruction in near future,

and industrial purposes about 1.6 billion gallons per day, about 90 percent surface water.

Area or subject

Current situation

Deficiencies in
information

Problems include shortages in droughts and as a result of greatly increasing demand; flood and sedimentation problems;

Use of water for municipal

Corrective measures and
further development

Coastal Plain

Piedmont Plateau

Blue Ridge

Valley and Ridge
area

Local heavy withdrawals of ground water for
industrial use, particularly south of James
River, Ground water used by most small
commnities and for almost all rural uses,
Pumpage of 7 million gallons per day at
Franklin has lowered water levels for 20 miles,
ut area not overdeveloped., About 6 million
gallons per day pumped at West Point, end 2
million gallons per day at Hopewell in summer,
Difficulty in getting adequate water for towns
and industries in some areas, such as northern
part near Washington, and in southeastern part
where most of ground water is brackish., Low-
water flow of streems small and storage diffi-
oult because of flat gradiente; streams brackish
far inland in time of low flow.

Relatively small water supplies available from
the hard rocks of the province for domestic
use and small towns and industries., Sustained
flow of streams higher than in Coastal Plain
and storage possibilities better,

Water needs are small, chiefly for domestic
use, and likely to remain so, No serious prob-
lems except occasional floods and need for pre-
venting pollution of streams at low flow. :

Considerable ground-water development at
Roanoke (10 million gallons per day or more),
Waynesboro (20 million gallons per day or
more), and Elkton. No overdevelopment known,
Stream flow well sustained, largely because of
ground-water flow from cavernous limestone,

Reconnaissance ground-water studies
made in most of Coastal Plain and
detailed studies in a few creas;
needed in a1l other ereas of heavy
pumping, Test drilling and pumping
tests needed to cutline productive
aquifers, particularly in north=
eastern part of area. Quallty data
inadequate to show character of
water in deeper beds in northeastern
part of area, not developed much to
dete,

Research on occurrence of weter in
the hard rocks, to permit better
prediction of successful well sites,
Quality of water in rocks of differe
ent types; few data available,

Research on occurrence of water in
limestone, dolomite, and shale to
permit successful well location and
construction, Few data on quality
of water available,

Large additional ground-water withdrawals
possible in central end northeastern parts
of Coastal Plain, including parts of Eastern
Shore. Lerge developments of good water in
Norfolk-~Hampton Roads area must be made in
areas of proved supplies such as between
Franklin and Bacons Castle, Development
farther east and scutheast must be cautious
to avoid saltewater encroachment,

Large additional developments must be made
from surface water, but a moderate increase

in pumping from wells may be possible and theres
is promise of larger yields from carefully
located wells,

Some possibility of obtaining limited
quantities of ground water locally in thin
alluvium of mountain streams, if needed, at
lower cost then filtering surface water,

Large industrial expansion probable in south-
western part of area, Both ground water and
surface water are available. Ocourrence of
water in the rocks somewhat erratic probably
because of variable stratigraphy amd structure 3
more detailed information needed on hoth
quality and quentity of water.



Virginia-—~Contimed

Deficiencies in

Corrective measures and

further development

Area or subject Current gituation information

Appalachian Plateau Includes only small area in southwest. General information on ground
Ground water not sbundant, low flow of streams water, and on flow of small streams
poorly sustained, Water short in droughts to aid construction of reservoirs
unless storage provided. where needed.

Stream pollution Pollution has been serious on James, upper Surface~water data for design of

end floods Roanoke, South Fork Shenandoah, and North combination flood= and pollution-
Fork Holston Rivers, and locally elsewhere. control reservoirs. Few data on
Flood damage on main streams and certain sediment in streams available; no
tritutaries, ) sediment-sampling stations in State,

Demand small and likely not to increase
greatly; however, observation wells needed
near areas of proposed reservoirs for re-
charge and quality studies,

Substantial progress in pollution control
being made by Virginia Stete Water Control
Board, though much remains to be done., Army
Engineers propose combination reservoirs for
flood and pollution control and increased
low flow for water supply, Erosion control
needed, especially in some areas in Piedmont.
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Washington

Large over-all water supply, with surplus in west and local or regiqpasl deficiency in east. Runoff ranges from less than half an inch in east-

central part to 20 inches in northeesst cornmer and 40 to 150 inches in Cascades and along coast.

Reservoirs east of Cascades have total usable capacity

of 7,101,500 acre-feet, of which 5,975,700 is nsed for power. Consumptive use of water from streams (depletion) east of Cascades about 1,410,000 acre=

feet per year.

Use of surface water for cities and industries in State more than 275,000 acre-feet per year.

Ground water supplies most smaller cities,

many industries, and irrigation; use is more than 300,000 acre-feet per year in the 13 principal sreas of use. Large additional developments of ground

 water and surface water can be made, but mutual interference and interstate and international aspects must be considered.
Irrigation in eastern part of State predominantly from surface water; in ultimate irrigation development

floods, pollution, and reservoir sedimentation.
State law requires that sufficient water for maintenance of

of western part ground and surface waters probably will be used to about the same extent,

fish life must be left in the streams,

Area or subject

Current situation

Deficiencies in
information

Problems of dry-season shortage,

Corrective measures and
further development

Northeastern area

North~central area

Eagstecentral area

Central area west
of Columbia River

Spokane River is most heevily used stream,

‘for municipal, industrisl, power, end irri-

gation use, Large ground-water reservoir
in and northeast of Spokane Valley adds a=
bout 750,000 acre-feet per year to river,

. Much irrigation with surface water practiéed
in Okanogan Basin and some in Colville Indian.

Reservation, but much more could be done,
Some ground-water development (about 8,600
acre-feet per year) in Lower Okanogan ares,

Considerable irrigation practiced; to be ex-
panded by 1,000,000 acres in Columbia Basin
Project. About 45,000 acre-~feet per year of
ground water pumped for irrigation in Quiney
Basin. Quincy-Winchester area about at maxi-
mmm yield, Also heavy pumping in Moses Lake
area,

Large irrigation developments from surface
waters, particularly in Yakima Basin where
depletion is about 1,000,000 acre-feet per
year and more water is needed, yet critical
drainage problems have developed., About
25,000 acre-feet of ground water per year
noyw pumped in Yekima area.

Studies of hydrology of river,
under present and proposed future
conditions, Data needed on Little
Spokane and Colville Rivers and on
ground water in their basins end
along Columbia and Pend Oreille
Rivers,

Very 1ittle information on avail-
ability end relationship of surface
water and ground water.,

Effects of new diversion on flow of
Columbia River end tributary streams
and on ground water; ground-water
studies especially needed.

- Surface-water data for design of

storage reservoirs to supplement
sunmer supply; ground-water studies,
especially in Yakima Basin, to de-
termine feasibility of drainage and
supplemental irrigation by pumping
from wells, .

Major diversion proposed in Idaho, This and
effect of proposed increased storzge in Lake
Pend Oreille will change regimen of Spokane
River and necessitate some changes in present
uses, Area in Washington not likely to become
criticel if developments are based on sound
hydrologic data, hoyever, Ground water avail-
able along Golumbia:;!Colville, Pend Oreille,
Spokane, and Little Spokane Valleys; also west
of Spokene, but effects of development on
stream flow unknown,.

Ground water available along Okanogan River,
may be available elsewhere but data not
available, :

Increased irrigation with Columbia River water
will raise water table, making increased
supplies available and halting water-level
decline at Quincy, but 'will create water-
logging problems,

Use of ground water in Yakima Besin and of both

0.l

ground water and surface weter in others can be

increased, but basic data necessary for econ~
omical developments, Ground water believed to
be available in Ellensburg and Wenatchee aress
Increased irrigation in Yakima-Sunnyside area
will depend largely on ground water, Weonas
and Ahtamm Valleys and others might be helped
by artificial recharge.



Area oy gubject

\

hghglgjgg—c' ontinued

Current gituation

Deficiencies in
ipformation

Corrective measures and

further development

Southeastern area

South-central aree

* Southwestern area

(1ower Columbia
River besin)

Pacific Coast and
Puget Sound areas

Present surface~water and ground-water supply
fully developed in surmer in Walla Walla area,
Local overdraft of ground water at College
Place near Walla Walla and at Pullman; regional
overdraft not indicated.

Potentially valuable agricultural areas vire.
tuelly undeveloped because of low precipitation.
Future of area dependent upon complete utili-
zation of surface and ground water.

Industrial and irrigation use of water increas-
ing rapidly. Current status as fisheries
sanctuary prohibiits further lerge dams., Fed-
eral-State program for increased salmon pro-
pagation is under way.

Area of heavy and increasing water use, Sup-
plemental irrigation increasing, Pollution of
lower Chehalis River and small streams near
Shelton, Tacoma, and Seattle. Flood problems
in much of area; sedimentation of flood-
control reservoirs, especially in Nooksack and
Skagit River besins, lLocal overdraft of
ground water near Everett.

Deteailed studies of ground-water
potential and of avallability of
water from Palouse and Tucannon
Rivers and others,

Basic data of all types inade-
quate for design of power and
irrigation projects. Little
ground-water information aveil-
able,

Increasing development has
oreated a critical need for date
on svailable weter resources, in-
cluding extent, character, and
safe yleld of aquifers, ’

Detailed ground-water studies to
determine safe ylelds of aquifers
and methods of development: to pre-
vent salt-water encroachment along
the toast end near Puget Sound,
Data on flow of small streams for
design of headwater reservoirs,

Some additional surface storage and artificisl
Techarge of ground water may be feasible in
Walla Walla area. Ground water widely available
in southeastern area tut little known of po-
tential yield and relation to surface water,

Considerable power production and irrigation
probably feasible, if done ontasis of good data,
Development must be made to conform to require-
ments of Lower Columbia fish sanctuery. Ground
water probably availasble in Glenwood and Golden-
dale areas and in Horse Heaven Plateau.

Considerable potential power and irrigation
development, Ground water available in Clark
County and Jackson Prairie~Cowlitz River area
but potential unknown.

Increased use of ground water and development of
reservoirs in headwater areas will be source of
moat of increased supply. Ground water known
or believed to be abundent in much of Puget
Besin area. Flood, pollution, and sediment
control essential,



West Virginia

Substantial rainfall end runoff but steep slopes and rocks of low average permeebility csuse rapid runoff and short surface-water supplies in summer

and fall unless storage is provided,
Serious problem of water quality in coal-mining areas.

Current situation

Deficiencies in
information

Except along major stresms developments are not large but they are widespread and of critical importance in each
Large ground-water supplies along valley of Ohlo River.

Corrective measures and

further development .

area,

Area or subject
Ground water
Surface~water
supply

Stream pollution

Few areas of large use but many of small use
totaling about 116 m.g.d. About 70 percent

of people get domestic water from wells;
Parkersburg is largest city using ground water.
Drainage of acid water from coal mines pollutes
streams, requiring costly treatment or making
ground-water development necessary in places
where supplies can be developed only with
great care, At Bramwell, such a development
was unsuccessful because wells were spaced

too closely. Local overdevelopment at Penns—
boro., Many mining communities have lnadew-
quate supplies of poor quality developed mainly
for use at the mines and especially inadequate
in dry weather, .

About 175 comrmities, ineluding all large ones
except Parkersburg, use surface water for
piblic and industrial use, Major centers along
Monongahela River below Clarksburg, Kanawha
River below Kanawha Falls, and Ohio River,
Shortage of water from polluted West Fork
River for Clarksburg and from Elk River at
Charleston, Other towns with occasional short-
eges are Glenville, Milton, Richwood, Weston,
and reportedly West Liberty and Bethany. -
Similar industrial shortage in dry years, es=
pecially at Charleston,

Pollution by acid mine waters serious problem,
especially at times of low flow; West Fork
and Monongashela Basiris particularly affected,
Strip-mining operations will lead to future
sedimentation problems. Ohio River badly
polluted,

Basic deta inadequate in all parts
of State, Information needed on
occurrence of ground water, quality
and quantity avaeilable in areas of
use and for future uses in une
tapped areas, Except for large
supplies along Ohio River, requir-
ing comprehensive studies such as
that made at West Virginia Ordnance
Works at Pt, Pleasant, most of
supplies to be developed are small
and adequate data can be obtained
through modest studies,

Data on flow of streams to deter-
mine necessity for and to permit
econanical design of reservoirs.

A recent request for data on
quantity and duration of flow at
34 localities could be answered
definitely for only 7 and by

rough estimate at others, Quality-
of-water studies needed,

Data on quality of water to deter-
mine degree of pollution and
methods of control,

Small to moderate ground-water supplies (7,000~
80,000 g.p.d.) available in main part of State.
In area of Permian rocks in northwest, wells
seldom yield more than 20,000 g,p.d. In areas
of folded rocks in east, limestones yield 100,000-
500,000 g.p.d. to deep wells and supply all
lurge springs, Largest supplies svailable in
alluvium of Ohio Valley - almost unlimited
supplies by induced infiltration where alluvium
is thick and permeable, Smaller supplies in
Kanawha, Little Kanewha, ané Monongahela Valleys
and possibly from thin alluyium in tributaries
of Potomac. Wheeling considering ground water
to replace polluted water from Ohio River.
Surface water probably necessary at Pennsboro,

Storsge on tributary streems to provide ample
water in dry season, and flood and pollution
control as well., Tygart Dam on Tygert River
near Grafton is good example, Probable large
future synthetic-fuel development will require
great quentities of water and make storage
imperative.

State actively engaged in control of sewage
and industrial pollution, except that from
mine drainage, so far exempt by law. Ohio
River problem under attack in conperation with
other States in basin, Additional storage
needed for dilution in time of low flow,



Area or subject

Hest, Virxginia—~Continued

Floods

tuat

Deficiencies in
inforpation

Flash floods in spring common on unregulated
streams,

Corrective measures and

further development

Stream~flow data for reservoir
design.

Federal flood-control dems on Tygart River near
Grafton and Bluestone River at Hinton,and West
Penn Co. dam on Cheat River at Lake Lym, Pa.,
provide considerable protection in their basins,
also greater low flow for water supply and
dilution of polluting material. Dam under
construction on Elk River at Suttor, Navi-
gation dams on Chio River provide no flood
protection, Additional dams on tributaries not
nov regulated are needed,



Wiscongin

Aversge precipitation about 30 inches; no noticeable decrease since 1837, Runoff about 10 inches; distrilution in year about same as in past.
Stream flow fairly well sustained because of blanket of glacial drift and many lakes that act as regulating reservoirs. Some minor flood problems,
Some problems of pollution of streams and lakes by industrial and municipal wastes, Large over-all water supply and relatively few serious problems.
Large ground-water supplies in glacial valleys and plains in all but southwestern part of State, and 1n sandstones in southern, western, and eastern
parts. About 280 m.g.d. of water used for public supply; other uses not known,

Deficiencies in Corrective measures and
Area or subject Current situation information further development

Surface water for Surface water used for 26 of larger cities; Additional stream-flow data for Large additional development possible,

public and industrial about 145 m.g.d. supplied. Most industries reservoir control; analysis in

supply in these cities use water from public supply, conjunction with observation=well
except in Milwaukee area where many wells records to predict stream flow,
are used., Considerable power development, as by Wisconsin Valley Improvement
especially on Wisconisn River, one of most Company. Recorde on small streams
completely developed streams in country, to guide increasing development,

. especially irrigation,

Irrigation Increasing rapidly; now being done in at Stream-flow data as above., Ground- Large additional development possible, Ground.
least 35 of 71 oom;lties; about 12,000 acres water studies to locate and eval-  Weter use likaly to. increase faster then surface
irrigated in 1948 with 3,600 acre-feet of uate aress of possible irrigation, vater, especially in central sand-plain area,
surface water and 1,400 acre-feet of ground which are incompletely kmowm, Integrated development needed in sand-plain area,
water, . as ground water supplies all stream flow except

: that of Wisconsin River itself and much of that
. in dry weather,

Ground water -Ground water used by 385 of 411 municipal Ground-water studies on small Greatly increased use possible in most of State,
supplies (about 135 m.g.d,) and almost all scale so far, Substantial ine even in vicinlty of heavily pumped areas if
rarel uses, Most industries use public crease needed to evaluate supplies wells ore spaced properly. Especially promising
supplies but some have their own wells, pare in both developed and undeveloped sources are glacial valleys ard plains, and

ticularly Milweukee and Green Bay areas, ereas. sandstones. in middle part of State in and near

: . recharge area. Glacial valleys are poorly known;
they include valleys of Wisconsin and Rock Rivers
and a valley extending through Lake’ Puakavay
and Green Lake in Green lLake and adjscent -
counties, Bedrock in northern part of State
poorly productive and glacial aqui:l’era more
scattered than elaewhere- surface wateu' relatively
abundant,



Ares or subject

Hisconsip—Contimed

Deficiencies in
—information

Corrective measures and
furt

Current situation

Milvaukee~Waukesha
area -

Green Bay area

Fond du Lac

Marshfield-
Niellsville area

Artesisn area awsy
from centers of

heavy pumping

About 20 m.g.d., pumped from artesian sandstones
in Milwaukee County plus some in eastern
Waukesha County., Water levels have dropped
continuously at least since 1877, maximum known
lowering 370 feet, Lowering in shallow aquifers
also where wells tap both shallow and deep,

and some local overpumping of shallow aquifers
vhere domestic wells are numerous,

Pumpage about 10 m.g.d. for public supply and
all other uses except irrigation, and cooling
and washing with surface water at paper mills,
Water levels have dropped maximum of about
400 feet since 1886, Decline also occurring
above Green Bay in Fox River Valley beyond

DePere,

Difficulty in obbaining adequate ground water
for public supply because sandstone is thin
and low in permeability,

Difficulty in getting adequate public supply
from thin glacial deposits above impervious
bedrock,

Water levels have declined because of discharge
from flowing and pumped wells and most have
stopped flowing, No serious problems yet, but
great lowering of water levels will oscur in
areas that are heavily pumped in future, es-
pecially in southeast as distance from recharge
aree increases,

Studies under way; contimation
needed to provide estimates of
yield under various conditions

of pumping.

Studies under way; continuation
needed to provide estimates of
yield under various conditions

of plmping.

Ground-water studles under way.
Gaging stations needed to determine
evallabllity of water from streams.

As above,

General studies, detailed studies
in areas of use,

Problem largely economic--a matter of pumping
lift=mgo far, as aquifers have not. been un-
watered, Problem similar to that in other
artesian areas distant from area of recharge
(Chicago area, Dakota sandstone) where with-
drawal is largely or entirely from storage so
far.

As above, Additional ground water aveilable
west of area of heavy pumping. Surface water
available from Fox River and Green Bay but
polluted, Surface water from unpolluted part of
Lake Michigan available to east across peninsula
by means of pipe line 25 to 30 miles long.

Test wells being drilled in areas indicated by
astudies, Lake Winnebago available but water
of poor quality.

Ground-water possibilities not exhauated though
not highly promising, Surface water probably
available tut data needed,

(744



Substantial precipitation on and runoff from mountainous areas.
flow out for downetream uses under existing decrees.
limit irrigation development.

Wyoming

Practically all wateér originates within State and much of it must be allowed to
Shortage of water, lack of irrigable land, or high altitude and cold climate in areas of good soil
Green Hiver basin is only major basin where water supply is believed to exceed need under conditions of fall development.

Ground water available in alluvium of principal streams; Tertiary rocks in northeastern, southeastern, southwestern, and west-central and northwest-
Serious problems of erosion and reservoir sedimentation and quality of water.

central areas; and pre~Tertiary artesian stratain a few narrow velts.
Basic data deficient on emall streams, ground water, and quality of water.

Deficiencies in
information

program.
Area or
sub ject Current situation
North Platte Area of largest water use, principally for

River basin

South Platte
Biver basin

Powder, Belle
Tourche,
Cheyenne, and
Tongue Biver
basins

Big Horn River
vasin (including
Wind River
basin)

irrigation, Further development limited by
court decrees, Serious sediment and water-
quality problems. Ground water used for
irrigation and other purposes in Goshen
County and adjacent Scotts Bluff and Morrill
Counties, Nebr., Glendo area, Pumpkin Creek
area, Horse-Bear Creek area, Laramie area,
and northern Platte County.

Only smell part of basin lies in Wyoming.

Ground water used for part of public supply at
Cheyenne, Used for public supply and especially
for irrigation in Egbert-Pine Bluffs-Carpenter
area (13,500 acre=feet in 1947).

Considered area of most deficient water supply
in State under present conditions. Alternating
floods and deficient low flow in streams.
Serious sedimentation prodlems. Ground water
used for domestic, stock, and limited railrocad
and industrial use.

Basin is area of heavy water use. Extensive
irrigation along Wind and Big Horn Rivers and
tributaries. Flash floods on tributaries and
ice=jam floods on Big Forn River. Seriocus
problems of sedimentation, and of changes in
quality resulting from irrigation. "Existing or
patantinl V&?e?lﬂﬂfl“; LEY many areas.

Some studies being made in cooperation with State and under Missouri Basin

Corrective measures and
further development

Greatly increased ground-water studies
to evaluate aquifers, Some general
studies made in Goshen County and in
Laramie, Wheatland Flats, and Glendo
areas.

Safe yleld of Egbert-Pine Bluffs-
Carpenter area.

Careful inventory of ground water in
entire area to determine availability
for possible large future developments.

Detailed sediment, quality, ground-water,
and stream~flow studies to permit more
adequate planning of basin development,

Reservoirs on the two principal streams
provide flood protection. Considerable
ground-water development poseible in
areas named in first column, especially
Goshen County, and in Wheatland Flats
area, in Sweetwater Valley, and in
Laramie, Carbon, and Platte Counties.
Interference with surface water should
be considered, Salvage of waste and
drainage would be useful effects of
developmaent in parts of Goshen County
and in Wheatland Flats area.

Some additional ground-water -develop—
ment feasible outside present areas

of pumping.

Additional surface storage to prevent
floods and provide increased low flow.
Soileconservation and other sediment-
control measures. Ground-water supplies
appear to be generally small but should

'be carefully studied because synthetic—

fuel industry may develop. Alluvium
offers promise for large dry-season
supply if recharged naturally or arti-
ficially from stroam flow in time of
flood.

Careful development of basin to provide
naximum water and minimize floods, low=
flow shortage, s sdimentation, and water-
logging. Ground water available in
alluviua of main streams, in small
gquantities and of poor quality in

Teriiary rocks in moat o¢ dasin, and in
artasion 2frnte need 2 T



Area or subjlect

Yyoming==Contimed

Current situation

Deficiencies in
_information

Corrective measures and

Green River basin

Snake River basgin

Bear River basin

T1287

Irrigable area about 500,000 acres; about
half receiving water, chiefly for hay. .
Little use of ground water, chiefly municipal,
stock, and domestic,

No serious problesms yet.

Interstate stream., About 750,000 acre~feet
per year wastes to Great Salt Lake in Utah,
Distribution of water among Wyoming, Idaho,
and Utah disputed. ‘

General studies to outline
ground-water potential.
Sediment, quality, and flow
data on small streems.

General surface-weter and

ter studies to out-
line future possibilities,
especially in regard to di-
vision of water with down-
strean users.

Comprehensive hydrologic
study of basin in all three
States,

fﬂ&m ngglomg )

Apparently more surface water available than
needed for irrigable area. Large ground-water
supply in alluvial fan at west side of Wind
River Mountaina; essentially undeveloped so far
at contributes to flow of Greem River. Only
small supplies available in bedrock in most

of basin,

Large surface supply available; also ground
water in alluvium along streams, Considerable
additional development feasible,

Integrated development under compact to reduce
waste and provide maxiimm utilization end
equitable distribution of water.








