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EFFECTS OF GROUND-WATER WITHDRAWAL IN PART OF
CENTRAL ARIZONA PROJECTED TO 1969

By

Natalie D. White, R. S. Stulik, and Clara L. Rauh

ABSTRACT

The agricultural economy of Arizona is greatly dependent on ground-
water supplies. About two-thirds of the State's water needs is supplied by
ground water, and about 90 percent of the ground water pumped in the State
is used to grow crops. Most of the ground water used is being withdrawn
from storage; the water levels are declining and the ground-water reser-
voirs gradually are being depleted,

The study area, which consists of the Salt River Valley and that
part of the lower Santa Cruz basin andthe adjacentarea alongthe Gila River
within Pinal County, accounts for about 75 percent of the ground water
pumped in the State. The effect of ground-water withdrawal in the area is
a regional lowering of the water table. The historical data—water-level
measurements and ground-water pumpage—have been used to predict the
status of the ground-water reservoir for 1969, These predictions are shown
in the form of depth-to-water maps for this future date. The method used
to make the predictions consisted mainly of determining past trends in
ground-water conditions, as indicated by water-level changes in individual
wells, and projecting these trends to the year 1969, The projections were
based on the assumption that ground-water pumpage during the next 5 years
(spring 1964 to spring 1969) will continue at about the same annual rate as
during the last few years.

In the Salt River Valley, the depth to water in the spring of 1964
ranged from only a few feet to more than 500 feet below land surface. Depth
to water is shallowest near the Salt and Gila Rivers and deepest along the
edges of the valley and in areas of concentrated pumping., The same gen-
eral pattern predominates for the predicted 1969 depth to water; however,
the predicted minimum depth to water is slightly less than 50 feet, and the
maximum is more than 500 feet in several parts of the area.

1
s



In the lower Santa Cruz basin the depthtowater is shallowest near
the Gila River and deepest in the areas of concentrated pumping. In 1969
the predicted depth to water along the Gila River is from 50 to 100 feet be-
low land surface; the predicted depth to water is more than 550 feet south-
west of Stanfield in spring 1969, '

INTRODUCTION

The ever increasing use of ground water in the highly developed
agricultural areas of Arizona has created the need for more specialized
studies of the results of ground-water withdrawal. In nearly all areas
where ground water is used extensively to irrigate crops, therate of with-
drawal is greatly in excess of the rate of replenishment. Thus, most of the
ground water used is being withdrawn from storage; the water levels are
declining and the ground-water reservoirs are being depleted. Towhatex-
tent and for how long these conditions can continue without adverse effects
on the economy of Arizona are not known.

The agricultural economy of Arizona is greatly dependent on ground-
water supplies., Abouttwo=-thirds of the State's entire water needs is supplied
by ground water, and about 90 percent of the ground water pumped in the
State is used to grow crops.

- Purpose and Scope of the Study

Many factors are involved in the effect of the withdrawal of ground
water on anaquifer; but, the most important ones probably are the charac-
teristics that determine the ability of the aquifer to store and transmit
water., The ability of the aquifer to store water (coefficient of storage) is
important on a long-term basis because it determines the amount of water
available for use from a given section of saturated material. The ability
of the aquifer to transmit water (coefficient of transmissibility) has a more
immediate effect because it determines the yield of wells. Transmissibility
and the coefficient of storage determine the amount of lowering of the water
level resulting from the withdrawal of a given amount of water from an
aquifer, Whenever water is withdrawn from an aquifer, water levels are
lowered near the discharging well. Water is removed from storage con-
currently with the lowering of water levels; thus, a cone of depression
is formed in the water table. Expansion of the cone and removal of water
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from storage must continue until recharge is increased, natural discharge
decreased, or a combination of both by an amount equal to the rate of pump-
ing the well, Development of the cone is determined by the rate at which
water moves through the aquifer, by the storage coefficient of the aquifer,
and by the aquifer boundaries. The radius of the cone at any given time
is inversely proportional to the square root of the coefficient of storage of
the aquifer; the depth of the cone, but not its rate of lateral growth, is
affected by the rate of discharge of a single well or a closely spaced group
of wells, When many wells are pumped in an area, the cones of depression
will in time overlap, which will result in a regional lowering of the water
table, If the pumping of wells continues at a rate in excess of any possible
increase in recharge or decrease in natural discharge, thenthe only source
of the water is continued removal from storage and expansion and deepen-
ing of the regional cone of depression, It is the magnitude of this effect
that must be determined inorder to properly manage and control the ground-
water resources of an area,

This investigation is a pilot study and was undertakento determine
the feasibility of making predictions of the future effects of ground-water
withdrawal with the data available; it is the first attempt to make such pre-
dictions for any area in Arizona.

In general, the effect of ground-water withdrawal in the study area
at the present time is the regional lowering of the water table. Water levels
have been measured and the amount of ground water pumped has been cal-
culated for this area for many years. These historical data have been used
to predict the status of the ground-water reservoir for 1969, The predic-
tions are shown in the form of depth-to-water maps for this future date.

The method used to make the predictions consists mainly of deter-
mining past trends in ground-water conditions, as indicated by water-level
changes in individual wells, and projectingthese trends intothe future. The
projections were based on an hypothesized regimen of ground-water with-
drawal, '

The amount of ground water pumped annually in the study area has
been about the same for the last few years; therefore, for purposes of pro-
jecting the effects of the withdrawal it was assumed that this rate will con-
tinue during the next 5 years (spring 1964 to spring 1969). It must be con-
sidered, however, that any deviation from the hypothesized set of conditions
will directly affect the amount of change in the water levels in the aquifer,
Further, any differences in the composition and texture of the subsurface
materials at greater depths would affect the rate of change in the water
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levels for a given amount of withdrawal of water. For example, if the de-
clining water table encounters a clay lens or any less permeable material,
less water will be available for the same amount of decline in water level
or the water level will decline at a faster rate for the same amount of with-
drawal, Changes inthe chemical quality of the water at greater depths must
also be considered in the appraisal of future conditions. If water of poorer
quality is encountered in the aquifer, the effect might be a shift of pumping
to another area or the pumping of larger amounts of water to leach away the
effects of the use of water of poor quality onthe cropland. Allthesefactors
directly affect the accuracy of the predictions made in this study.

Liocation and Extent of the Area

The study area consists principally of the Salt River Valley and
that part of the lower Santa Cruz basin and the adjacent area alongthe Gila
River inPinal County (fig. 1). The area is in the Basin and Range lowlands
province and, in general, maybe describedas a broad flat valley surrounded
by mountain masses ranging in height from a few hundred to as much as
.3, 000 feet above the alluvial valley, The overall difference in altitude of the
valley lands from the highest to the lowest point is only about 800 feet,

The lower Santa Cruz basin and the Salt River Valley meet in a
common boundary along the Gila River. The two areas constitute a single
hydrologic system; however, a ground-water divide is formed over a buried
ridge roughly paralleling the Gila River. For convenience, current ground-
water conditions and predictions for 1969 will be discussed separately for
the Salt River Valley and the lower Santa Cruz basin and the adjacent area
along the Gila River.

Previous Investigations

Several studies for the Salt River Valley and the lower Santa Cruz
basin have been reported in the literature,

1905, Lee, W, T., Underground waters of Salt River Valley, Arizona:
U, S. Geol, Survey Water~Supply Paper 136, 196 p.

1943, Turner, S, F., and others, Ground-water resources of the Santa
Cruz basin, Arizona: U.S. Geol. Survey open-file report, 84 p. ,
3 pls., 4 figs.
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1947, McDonald, H, R., Wolcott, H, N,, and Hem, J. D., Geology and
ground-water resources of the Salt River Valley area, Maricopa
and Pinal Counties, Arizona: U.S. Geol. Survey open-file report,
45 p., 4 pls., 3 figs., 7 tables.

1947, Turner, S. F., and others, Further investigations of the ground-
water resources of the Santa Cruz basin, Avizona: TU.S. Geol,
Survey open-file report, 7 p., 4 figs., 4 tables.

1952, Cushman, R. L., Lower Santa Cruz area, Pima and Pinal Counties,
in Ground water in the Gila River basin and adjacent areas, Ari-
zona—a summary, by L. C. Halpenay and others: U.S5. Geol,
Survey open~file report, p. 115-136,

1952, Hem, J. D., The "'salt balance'' concept and its application to the
Salt River Valley area, Arizona, in Ground water in the Gila River
basinand adjacent areas, Arizona—a summary, by L. C. Halpeony
and others: U,S. Geol, Survey open-file report, p., 147-149,

1952, Wolcott, H, N., Salt River Valley area, Maricopa and Pinal
Counties, in Ground water in the Gila River basin and adjacent
areas, Arizona—a summary, by L, C, Halpennyand others: U, S,
Geol,: Survey open=file report, p. 137-146, 4 pls,, 2 tables.

In addition to the above reports, a comprehensive study of the water
regsources of the area has been completed recently, and the report describ-
ing the results is in review, Among other detailed analyses of the ground-
water conditions, the report gives an evaluation of the amount of ground
water available from storage in the area,

In addition to the foregoing, current ground-water conditions in
both areas are discussed in the "Annual report on ground water in Ari-
" .
zona,

HYDROLOGIC SETTING

The hydrology of the study area ig typical of that throughout the
Basin and Range lowlands province of central and southern Arizona., Topo-
graphically the area is typically a broad, relatively flat valley whose floor
is surrounded and, in a few places, pierced by rugged mountain masses,
The lower Santa Cruz basin is drained by the Gila and Santa Cruz Rivers
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and by small washes emerging from the mountains, The Salt River Valley
is drained principally by the Salt, Agua Fria, and Hassayampa Rivers, but
a small part on the east and south is drained by the Gila River.

Ground Water

The most important source of ground water in the area is the al-
luvial fill, which is from a few hundred to several thousandfeet thick, The
principal aquifers inthe alluvial fill are permeable lenses of sand and gravel
interfingered with relatively impermeable lenses of clay and silt. Water-
bearing beds of sand and gravel occur at many depths, and a single well
may penetrate several water-bearing strata, The aguifers generally are
interconnected, and a single water table is common in most of the area, al-
though recent data indicate that in part of the area water-bearing beds may
be present at considerable depth below a relatively impermeable silt and
clay lens, Dataare insufficient at the present time to determine the extent
or the characteristics of this aquifer,

The movement of ground water is always in the direction of the
slope of the water table, Prior to extensive development of ground water
in the valley area, the slope of the water table conformed in generaltothat
of the land surface, The depth to water is greater near the mountains than
in the central part of the valley because, toward the mountain fronts, the
slope of the land surface is considerably greater than that of the water table,
In several places the natural pattern of movement has been disrupted by
pumping; in a few places the natural direction of movement has been re-
versed, and ground water is moving into cones of depression that have re-
sulted from extensive withdrawal,

The area described in this study accounts for about 75 percent of
the ground water pumped in the State, In the last 5 years, spring 1959 to
spring 1964, about 16 million acre=-feet of ground water was withdrawn from
the aquifer underlying the area,

Surface Water

Some surface water is used for irrigationin parts of the study area.
The total amount of surface water available in any given year affects the
amount of ground water needed to irrigate the valley lands.




Areservoir system on Salt River at and below Roosevelt Dam (sec,
20, T. 4 N., R. 12 E.) provides storage for 1,755, 000 acre-feet of water,
The system consists of four storage reservoirs created by four dams on
Salt River: Roosevelt Lake, formed by Roosevelt Dam; Apache Lake,
formed by Horse Mesa Dam, 17 miles downstream from Roosevelt Dam;
Canyon Lake, formed by Mormon Flat Dam, 27 miles downstream from
Roosevelt Dam; and Saguaro Lake, formed by Stewart Mountain Dam, 37
miles downstream from Roosevelt Dam. In addition, a reservoir system
on Verde River consisting of two storage reservoirs created by Horseshoe
and Bartlett Dams provides storage for 322, 300 acre-feet of water. Water
from both systems is used for irrigation in the Salt River Valley., During
the last 5 years (spring 1959 to spring 1964), about 3, 600, 000 acre-feet of
water was diverted at Granite Reef Dam downstream from the tworeservoir
systems for use in the Salt River Valley,

The San Carlos Reservoir, formed by Coolidge Dam on the Gila
River, provides storage for 1,206,000 acre-feet of water. From spring
1959tospring 1964, about 832, 000 acre-feet of water was released for ir-
rigation use on the San Carlos Project in part of the lower Santa Cruz basin
and the adjacent area along the Gila River,

The preceding paragraphs show that about 4, 400, 000 acre-feet of
surface water was diverted for irrigation use in the study area from 1959
to 1964,

APPRAISAL OF GROUMND-WATER CONDITIONS

The importance of ground water to the development and economy
of the study area can be shown by a comparison of the use of ground water
and surface water in recent years. In the preceding sections it was stated
that during the last 5 years about 16 million acre~feet of ground water was
used, but only about 4. 4 million acre-feet of surface water was diverted for
use. Thus, four-fifths of all water used in the area was ground water.

The current status of the ground-water reservoir in the study area
is the recult of manyyears of agricultural development and the accumulative
effects of large-scale withdrawal of ground water., Some agricultural lands
were irrigated with surface water in the Salt River Valley and the lower
Santa Cruz basin in the 1800's and to some extent in prehistoric times. It
was not until the early 1900's, however, that ground water was used to ir-
rigate crops. For the most part, development in the two areas has been
parallel, :




Inthe Salt River Valleyabout 36, 000 acre-feet of ground water was
pumped from wells in 1904 (Lee, 1905), By 1920, awater-logging problem
existedin alarge part of thearea, and wells were drilled to lower the water
table. Subsequently, these wells were used to pump water for supplemental
irrigation, andthe water table beganto decline, In 1922, more than 100, 000
acre-feet of ground water was pumped for irrigation (McDonald, Wolcott,
and Hem, 1947), and the amount pumped annually has continued to increase
since that time resulting in a continuing downward trend of the water table.

In the lower Santa Cruz basin the first irrigation wells were
drilled in 1914; by 1920, 140 irrigation wells were in use. In the early
1940's and with the beginning of World War II, there were large increases
in agricultural development, and in 1942 about 170, 000 acres of land was
cultivatedinthe area. Hundreds of new wells were drilled and water levels
began to decline at a rapid rate, The decline of the water levels has con-
tinued to the present, although few new wells have been drilled since
1956,

sSalt River Valley

The Salt River Valley (fig. 2) is comprised of the valleylands near
Phoenix, tributary valleys such as Paradise and Deer Valleys, lands west
of th= Hassayampa River, and the lower reaches of Centennial Wash. The
Salt River Valley is divided into the following subareas (fig. 2): (1) Queen
Creek-Higiey-Gilbert-Magma area, (2) Tempe-Mesa-Chandler area, (3)
Phoenix-Glendale-Tolleson-Deer Valley area, (4) Paradise Valley area,
(5) Litchfield Park - Beardsley - Marinette area, (6) Liberty-Buckeye-
Hassayampa area, (7) lower Hassayampa-Tonopah area, and (8) lower
Centennial area,

In the Salt River Valley the direction of ground-water movement
conforms, in general, to the direction of slope of the land surface. In sev-
eral places the natural direction of movement has been altered, and ground
water is now moving toward major cones of depression, which were caused
by intensive ground-water withdrawals, As ofthe spring of 1964, therewere
three such depressions in the area—northeast of Gilbert, in Deer Valley,
and northwest of Litchfield Park, Ground water in the eastern part of the
valley is moving toward the depression northeast of Gilbert, Inthe central
part of the valley most ground water moves toward the west; however, some
water moves toward the depression in Deer Valley. In the northwestern
part of the Salt River Valley most ground water moves southward toward
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the depression; northwest of Litchfield Park, however, some water moves
toward the depressionin Deer Valley, In the Liberty-Buckeye-Hassayampa
area ground-water movement is generallyina southwest direction parallel-
ingthe Gila and Salt Rivers, Thereis some movement of ground water from
this area toward the depression near Litchfield Park. In the area west of
the Hassayampa River, ground water generally moves southward toward
Gillespie Dam, and some water moves toward the small cone of depression
southeast of Tonopah.

The depth to water in the Salt River Valley in the spring of 1964
ranged from only a few feet to more than 500 feet below land surface (fig.
3). Topography, lithology, and areal concentration of pumping are the main
factors that control depth to water, Depth to water is shallowest near the
Salt and Gila Rivers, and deepest along the edges of the valley and in areas
of concentrated pumping. Water levels frequently are shallow near the
canals, due to recharge from the canals,

During the last few years, pumping of ground water in the Salt
River Valley has averaged about 2,200, 000 acre-feet annually. The pre-
‘diction of the depth to water for the spring of 1969 is based onthe assump-
tion that this rate of withdrawal will continue in the next 5 years (spring
1964 to spring 1969).

In general, ground-water conditions vary somewhat in the subareas
of the Salt River Valley. Consequently, the subareas willbe discussed sep-
arately in the following paragraphs,

Queen Creek-Higley-Gilbert-Magma area. --Water levels in the
Queen Creek-Higley~-Gilbert-Magma area continue to reflect the previously
observed downward trend of the water table. From spring 1959 to spring
1964, water-level changes ranged from small rises southeast of Chandler
todeclines of more than 60 feet in the areas northeast of Mesa and north of
Magma (fig. 2). As in previous years, the decline of the water table ap-
pears to be slight in the southwest part of the area. However, the measured
water surface in a part of this area may be that of a perched water table
that is recharged by seepage from nearby canals, This perchedwater table
is the probable source of the water that cascades into irrigation wells in
this part of the area. In the past the cascadingwater has causederroneous
water-level measurements; therefore, the rate of decline of the true water
table is not accurately known., In this part of the area, however, ground
water is used only to supplement surface water for irrigation, so the rate
of decline probably is not excessive.
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Ariz, showing change in ground-water level from spring 1959 to spring 1964 .




zoH

zod

13 P
Morristown

R

2o

X

Al 2 Y B ool A

o

LSS G
Tyville

SN

N

fgridalef s

kS

v

\

RESERVATIoy

Ne |1t

NAPHOENTXR
mmn

3

3

McDOWELL

|
Camp

S

Rl

I
cottsdalef:::

T
SRVAT)

Broni

ife Reel
g

5%

o] Pegitic

=

L

~ JGillespie
Dam 5

5

R.5 W

HARD-ROCK AREA

20000000000
BOUNDARY OF SUBAREA

EXPLANATION
DEPTH TO WATER IN ALLUVIAL WELLS

IN FEET BELOW LAND SURFAGE

U

LESS THAN 50

i

50-100

]

100-150

B

150-200

200-250

250-300

300~350

|

350-400

400 - 450

GREATER THAN 500

L]

NO WATER-LEVEL DATA OR NOT ANALYZED

]

cha\d
i

-

(

RIVER

t
B TEMPE-— MESA—

i

T

!
T T T T
RESERVATION

PCHANDLER AREA |

SMARICOPA

COUNTYL,

PINAL

COUNTYr—\.\__

Zao

Stéwart
. oa

s

3

oA
% Apache

R AR A
COUNTY

COUNTY

[COPA

—

R.4E.

S

o

AL

914

R 8E.

pJunction

UEEN CREEK—

HI G L

Figure 3.~-Map of Salt

River Valley, Maricopa and Pinal Counties, Ariz, showing depth to water as of spring

1964,

ELE ]

61 LB ERT—

grett

P

o
<
S

R 9E.

LT

5,

o3us ol




13

Depth to water (fig. 3) in the Queen Creek-Higley-Gilbert-Magma
area in the spring of 1964 ranged from less than 100 feet to more than 500
feetbelow land surface. The deepwater levels were east of Mesa; the shal-
low water levels were southwest of Higley,

Figure 4 shows that the predicted depth to water for spring 1969
ranges from less than 100 to more than 500 feet below land surface.

Tempe-Mesa-Chandler area,--The overall downward trend of water
levels in the Tempe-Mesa-Chandler area, observed since 1940, continued
through the spring of 1964 (fig. 2). For the most part the larger declines
were northeast of Mesa where pumping is concentrated., The water levels
declined least near Tempe and south of Chandler, From spring 1959 to
spring 1964 the water table declined more than 50 feet northeast of Mesa
and about 20 feet in Tempe,

Depth to water (fig., 3) in the Tempe-Mesa-Chandler area in the
spring of 1964 ranged from less than 100 to more than 300 feet below land

-surface. The shallow water levels were near Tempe and south of Chandler;

the deep water levels were northeast of Mesa.

The predicted depth to water for spring 1969 (fig. 4) ranges from
less than 100 feet below land surface south of Chandler to about 400 feet
northeast of Mesa,

Phoenix-Glendale-Tolleson-Deer Valleyarea. --Although much of
the cropland in the Phoenix-Glendale-Tolleson-Deer Valley area has been
converted to residential use, water levels in the area continue to decline.,
From spring 1959 to spring 1964 water-level declines (fig. 2)ranged from
almost no change to more than 60 feet; the maximum declines were in Deer
Valley where pumping is concentrated. South of the Arizona Canal in the
Salt River Project, the water-level declines decreased toward Tolleson and
ranged from 20 to 40 feet from spring 1959 to spring 1964, Ground water
is used in the Salt River Project to supplement surface-water supplies;
therefore, ground-water demands in the project are not as great as else-
where, Alongthe mountains north and south of Phoenix the water-level de-
clines were small because of canal seepage and the lack of concentrated
pumping.

Depth to water (fig. 3) in the Phoenix-Glendale-Tolleson-Deer
Valley area in the spring of 1964 ranged from less than 50 to more than
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450 feet below land surface, The shallow water levels were in Phoenix
near the main canals and along the Salt and Gila Rivers near Laveen; the
deep water levels were in Deer Valley,

The predicted depth to water for spring 1969 (fig, 4) ranges from
less than 100 feet below land surface along the Salt River to more than 500
feet in Deer Valley, : '

Paradise Valley area, --Withdrawal of ground water for agricul-
tural purposes in Paradise Valley is minor compared to that in other parts
of the Salt River Valley. As a result, the rate of water-level decline has
been minimal except in several small areas where concentrated pumping
has formed localized cones of depression. For the most part, water-level
declines in Paradise Valley (fig. 2) were less than 20feetfrom spring 1959
to spring 1964,

Depthtowater (fig. 3) in the Paradise Valley area in the spring of
1964 ranged from slightly more than 150 to more than 400 feet below land

- surface, Water levels in the southern part of the area are comparatively

shallow but are deeper toward the north,

The predicted depth to water for spring 1969 (fig. 4) ranges from
less than 200 to more than 450 feet below land surface,

Litchfield Park-Beardsley-Marinette area, --Ground water is the
major source of water available for agricultural use in the Litchfield Park-
Beardsley-Marinette area, From spring 1959 to spring 1964 water-level
declines (fig. 2) ranged from more than 80 to less than 20 feet. The maxi-
mum decline was northeast of Litchfield Park where a small steep cone of
depression has resulted from several wells pumping from a zone of pre-
dominantly fine-grained material. Major water-level declines also occurred
northwest of Litchfield Park and north of Peoria—areas where concentrated
ground-water withdrawal has caused large cones of depression, The mini-
mum declines were observed in the southern part of the area and near the
canal that borders the area on the west, Cascading water in wells in this
part of the area suggests that perched water tables exist here also,

Depthtowater (fig. 3) in the Litchfield Park-Beardsley-Marinette
area in the spring of 1964 ranged from slightly less than 150 to about 450
feet below land surface, The shallow water levels were in the southern part
of the area; the deep water levels were near New River in the northeast
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corner of the area,

The predicted depth to water for spring 1969 (fig. 4) ranges from
about 150 to more than 500 feet below land surface.

Liberty-Buckeye-Hassayampa area. --Generally, water levels in
the Liberty-Buckeye-Hassayampa area follow the same downward trend that
is typical for the Salt River Valley. However, the rate of decline is much
less, probably because the shallow water table is recharged by irrigation
water applied to cultivated land upstream, From spring 1959 to spring
1964 water levels near Perryville and Avondale declined from 20 to 40 feet
(fig. 2); in the rest of the area declines were less than 20 feet (fig, 2),

Depth to water (fig. 3) in the Liberty-Buckeye-Hassayampa area
in the spring of 1964 ranged from less than 50 to about 300 feet below land
surface. The shallower water levels were along the Gila River; the deeper
water levels were north of Perryville,

The predicted minimum depth to water for spring 1969 (fig, 4) is
less than 50 feet below land surface along the Gila River, Datawere insuf-
ficient to estimate the maximum depth to water for this area.

Lower Hassayampa-Tonopah area.--The accelerating rate of water-
level decline in the lower Hassayampa~-Tonopah area has accompanied the
increasing withdrawal of ground water for irrigation., Atpresent there are
about 60 irrigation wells in the area; most of these are near Tonopah. In
this part of the area water-level declines from spring 1959 to spring 1964
were more than 20 feet (fig. 2)., Declines were progressively less to the
east, and some smallrises were observed near the Hassayampa River where
water levels are readily affected by surface-water flow,

Depth to water (fig. 3) in the lower Hassayampa-Tonopah area in
the spring of 1964 ranged from less than 100 feet below land surface along
the Hassayampa River to more than 200 feet near Tonopah,

The predicted depth to water for spring 1969 (fig. 4) ranges from

less than 100 to more than 250 feet below land surface.

Lower Centennial area.--From spring 1959 to spring 1964 water-
level declines (fig, 2)inthe lower Centennial area generally were less than
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20 feet, In the center of the area there is a prominent depression in the
water=-table surface, and it is here that the maximum declines occur.

Depth to water (fig. 3) in the lower Centennial area in the spring
of 1964 ranged from less than 50feetbelow land surface along the Gila River
to more than 200 feet in the western part of the area,

Datawere insufficient topredict the depth to water for spring 1969
(fig. 4) in the lower Centennial area;however, the maximum predicted depth
to water probably is more than 200 feet,

Lower Santa Cruz Basin and Adjacent Area Along the Gila River

The lower Santa Cruz basin and adjacent area along the Gila River
(fig. 5) consists of more than 1, 000 square miles of valley floor of low re-
lief, In 1963, 253, 540 acres was cropped in Pinal County (Hillman, 1964),
mostly in this area. This amount of cultivated acreage reflects the trend
of a slight decrease that has continued for the last few years. The conver-
sion of agricultural land to residential use may have taken some land from
agriculture, but the decrease incultivated acreage probablyis related more
directly to the economics of deep pumping lifts in parts of the area.

The general direction of ground-water movement in the lower Santa
Cruz basin is northwestward toward the Gila River. Prior to extensive
pumping in the area, .ground water moved down the valley through the Red
Rock and Eloy areas towardthe Sacaton Mountains; at the base of the moun-
tains part of the flow was diverted toward Coolidge and thence to the Gila
River, and part was diverted toward Stanfield, Maricopa, and the Gila
River. Inthe adjacent area along the Gila River the direction of movement
was essentially parallel to the river. However, large ground-water with-
drawals beginning in the early 1940's have altered the direction of ground-
water movement in the area, and two large depressions have formed in the
water table—one centering principally near Eloyand Coolidge and the other
near Maricopa and Stanfield, Hardt (1963, p. 86)states: "A ground-water
divide has formed between the cones of depressionnear Casa Grande; ground
water moves east toward Coolidge and west toward Stanfield. The ground-
water divide is above a north-trending buried ridge consisting of nonwater-
yielding materials, The permeable alluvial sediments overlying the buried
ridge are comparatively thin; well yields from these sediments are small,
and the quality of water is poor. Because of the cone of depression near
Eloy and Coolidge, little ground water now moves northwestward parallel
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to the Santa Cruz River to the Stanfield area, except possibly through the
gap between the Casa Grande and Silver Reef Mountains. Ground-water de-
pressions are deep and numerous between Stanfield and Maricopa. The
deepest ones are along the eastern flank of the Table Top and Palo Verde
Mountains and the Haley Hills and at the southwest corner of the Sacaton
Mountains, "

The southern part of the studyarea is a single hydrologic basin and
has been divided arbitrarily into four parts. Three of the subareas—the
Casa Grande-Florence area, the Eloy area, and the Stanfield-Maricopa
area—are in the lower Santa Cruz basin; the adjacent area along the Gila
River (called the Gila River area) is the fourth subarea (fig. 5). The Eloy
area includes about 440 square miles, the Casa Grande-Florence area in-
cludes about 260 square miles, the Stanfield-Maricopa area includes about
400 square miles, andthe Gila River area includes about 475 square miles,
The Casa Grande-Florence area and the Gila River areareceive some sur-
face water from the Gila River and the canal system of the San Carlos Ir-
rigation and Drainage District; the Eloy area and the Stanfield-Maricopa

area are dependent entirely on ground water for irrigation of crops.

During the last few years, pumping of ground water in the area has
averaged about 1, 100, 000 acre-feet annually, The prediction of the depth
to water for spring 1969 was based on the assumption that this rate of with-
drawal will continue in the 5-year period spring 1964 to spring 1969,

About 27 million acre-feet of sediments was dewatered in the lower
Santa Cruz basin and adjacent area along the Gila River from spring 1959 to
spring 1964, This value was obtained by planimetering the areaunder suc-
cessive contours of the change in water level (fig. 5) and multiplying this
area by the average change. Nearly 5.5 million acre-feet of ground water
was pumped during this period. If the average specific yield of the sediments
in this area is about 0,15 (written communication, W, F, Hardt, U.S,
Geological Survey, 1964), then the dewatering of this volume of sediments
would produce slightly more than 4 million acre-feet of water., Thatis, this
amount of water was withdrawn from storage in the alluvialreservoir, and
less than 1.5 million acre-feet was supplied by recharge or underflow of
"new' water into the area during the 5-year period.

The amount of ground water pumped, the change in water levels,
the volume of sediments dewatered, and the annual recharge vary greatly
for the four subareas, Consequently, these areas will be discussed sep-
arately.

|
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Eloy area, --Water-level declines (fig. 5) in the Eloy area from
spring 1959 to spring 1964 ranged from less than 20 feet west of the Casa
Grande Mountains and south of Red Rock to nearly 60 feet in a large area
extending from the north edge of the Silverbell Mountains through the cen-
ter of the area as far north as Eloy. In one small area about 3-1/2 miles
east of the Casa Grande Mountains and just south of the Florence-Casa
Grande Extension, the water table declined more than 60 feet from spring
1959 to spring 1964.

From spring 1959 to spring 1964 nearly 9 million acre-feet of sedi-
ments was dewatered in the Eloy area; nearly 1. 5 million acre-feet of ground
water was pumped during this period, Recharge to the ground-water res-
ervoir in this area is known to be small; if it is assumed that there was no
recharge to the ground-water reservoir during this period, the maximum
specific yield of the sediments would be 0. 17, Considering that some small
amount of recharge does occur, then the value of 0. 15 for specific yield as
used in the preceding section probably is valid. Computations using a spe-
cific yield of 0, 15 indicate that about 1. 35 million acre-feet of water was
removed from storage, and only about 150, 000 acre-feet was supplied by
recharge or underflow of new water into the area.

Depthtowater (fig, 6)inthe Eloy area in the spring of 1964 ranged
from less than 120 to nearly 350 feet below land surface. The deeper water
levels were south of Eloy on the east side of the area; the shallower water
levels were west of the Casa Grande Mountains,

Figure 7 shows that the predicted depth to water for spring 1969
ranges from about 120 to more than 400 feet below land surface, Com-
parison of the two maps —depth to water, spring 1964 (fig. 6) and predicted
depth to water, spring 1969 (fig, 7)—indicates an average decline in water
level of about 30 to 35 feet for the 5-year period in the Eloy area.

Casa Grande-Florence area, --Water-level declines (fig. 5)in the
Casa Grande-Florence area from spring 1959 to spring 1964 ranged from
less than 20 tomore than 60 feet. The lesser declines were along the canals
on the east edge of the area and near Casa Grande; the greatest declines
were northwest of Picacho Reservoir, Alongthe south side of the Gila River
water-level declines were generally between 20 and 40 feet.

From spring 1959 to spring 1964 about 4. 5 millionacre-feet of sedi-
ments was dewatered in the Casa Grande-Florence area; about 1.4 million
acre-feet of ground water was pumped during the same period. Applying a
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specific yield of 0,15 to this volume of sediments dewatered and comparing
this figure tothe total amount of ground water withdrawn indicates that near-
ly 700, 000 acre-feet of water was supplied by recharge or underflow of new
water into the area, and slightly morethan 700, 000 acre-feet was withdrawn
from storage. This area receives some surface water from the Gila River
and the canal system of the San Carlos Irrigation and Drainage District;
part of this water is recharged to the ground-water reservoir,

Depth to water (fig. 6) in the Casa Grande-Florence area in the
spring of 1964 rangedfrom less than 100 feet in a small area south and west
of Casa Grande to more than 200 feet near the center of the area and along
the east edge. Depth to water was less than 150 feet along the Gila River,

The predicted depth to water (fig. 7) for spring 1969 in the Casa
Grande-Florence arearanges from about 100 feet near Casa Grande to more
than 250 feet near the center of the area. The predicted depth to water is
less than 200 feet along the Gila River, Comparison of figures 6 and.7 in-
dicates an average decline in the water level of about 30 to 35 feet from
spring 1964 to spring 1969,

Stanfield - Maricopa area, --Water-level declines (fig, 5) in the
Stanfield-Maricopa area from spring 1959 to spring 1964 ranged from less
than 20 to as much as 100 feet. Declines were generally less than 20 feet
on the east side of the area near Casa Grande, on the fringe of the area
north of Maricopa, and in a part of the elongated depression between Stan-
field and Maricopa., The largest declines were on the northwest edge of the
area atthe base of the Sacaton Mountains and in a band extending from about
a mile south of the Palo Verde Mountains to south of Stanfield. Declines
were as much as 80 feet in a large part of the area between Stanfield and
Maricopa.,

From spring 1959 to spring 1964 more than 12 million acre-feet
of sediments was dewatered in the Stanfield-Maricopa area. Nearly 2,2
million acre-feet of ground water was pumped during this period. Com-
putations using a specific yield of 0. 15 indicate that about 1. 8 million acre-
feet of water was removed from storage, and only about 400, 000 acre-feet
of water was supplied by recharge or underflow of new water into the area.

Inthe spring of 1964 depthtowater (fig, 6) inthe Stanfield-Maricopa
area ranged from less than 100 feet below land surface ina small areanorth
and slightly west of Maricopa tomore than 500 feet in a small area west and
slightly north of Stanfield, The depth to water was more than 350 feet below
land surface in a large part of the area,
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Figure 7 shows that the predicted depth to water for spring 1969
ranges from about 100 feet below land surface to more than 550 feet. The
predicted depth to water is more than 400 feet in a large part of the area,
Comparison of figures 6 and 7 indicates an average decline in the water
level of about 60 feet from spring 1964 to spring 1969,

Gila River area, --Water-level declines (fig. 5) in the Gila River
area from spring 1959 to spring 1964 ranged from less than 20 to about 40
feet, Declines are smaller inthis area due to less pumping and to recharge
from the river.

Less than 1, 8 million acre-feet of sediments was dewaieredinthe
Gila River areafrom 1959 to 1964; it is estimated that about 400, 000 acre~-
feet of water was pumped during this period. Computations using a gpecific
yvield of 0, 15 indicate that about 260, 000 acre-~feet of this water was removed
from storage and the remainder was supplied by recharge and underflow of
new water into the area, This area receives some surface water from the
Gila River and the canal system of the San Carlos Irrigation and Drainage
- District, A part of this water is recharged to the ground-water reservoir.
Some recharge also may occur from floodflow of the Gila River,

Depth to water (fig. 6) in the Gila River area in spring 1964 was,
for the most part, between 50 and 150 feet below land surface, The water
levels in this area are influenced by the Gila River and are shallower than
in the three areas in the lower Santa Cruz basin,

Figure 7 shows that the predicted depth to water for spring 1969 in
the Gila River area ranges from less than 100 to nearly 200 feet below land
surface in most of the area, Comparison of figures 6 and 7 indicates an
average decline in the water level of only about 20 feet from spring 1964 to
gpring 1969,
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