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EXTERNAL BOUNDARY OF ELOY AND MARICOPA-STANFIELD SUB-BASINS

EXPLANATION

WELL IN WHICH DEPTH TO WATER WAS MEASURED IN 1'988-89, AND WHICH REFLECTS GROUNDWATER

493 CONDITIONS IN THE LOWER MAIN WATER ZONE---First number, 493, is depth to water in
1780 @ feet below 1and surface. Second number, 1280, is the altitude of the water level
in feet

WELL IN WHICH DEPTH TO WATER WAS MEASURED IN 11988-89, AND WHICH REFLECTS GROUNDWATER

107 CONDITIONS IN THE UPPER MAIN WATER ZONE-—First number, 107, is depth to water in

1326 ® feet below land surface. Second number, 1326, is the altitude of the water level
in feet

WELL IN WHICH DEPTH TO WATER WAS MEASURED IN 11988-89, AND WHICH REFLECTS GROUNDWATER

48 CONDITIONS IN A SIGNIFCANT LOCAL WATER ZOINE--First number, 48, is depth to water

1312 © in feet below land surface. Second number, 1312, is the altitude of the water

level in feet

WELL IN WHICH DEPTH TO WATER WAS MEASURED IN 1988-89, AND WHICH REFLECTS ANOMALOUS
283 GROUNDWATER CONDITIONS--First number, 283, is depth to water in feet below land
Second number, 1298, is the altitude of the water level in feet

ROCKS OF THE MOUNTAINS (MOSTLY GRANITIC, METAMORPHIC, OR VOLCANIC ROCK)--Water may
occur in weathered or fractured zones, joint systems, or thin veneer of alluvial
or fluvial deposits overlying consolidated rocks

BASIN-FILL DEPOSITS (Consist of silt, sand, clay, and gravel)

SIGNIFICANT LOCAL WATER ZONE (Important source of groundwater with characteristics
distinct from that in overlying and underlying zones, where present)

WATER-LEVEL CONTOUR--Shows approximate altitude of the water level in the lower main
850 water zone in 1988-89, Contour intervals 50 and 100 feet, datum is the National
Geodetic Vertical Datum of 1929

WATER-LEVEL CONTOUR--Shows approximate altitude of the water level in the upper main
water zone in 1988-89.
Vertical Datum of 1929 .

Contour interval 50 feet, datum is National Geodetic

=Y

)
w
N

w
=

i
w
By

—————e T T

(e
—
w
&

1

REENLEEM
o ———

o 50

(o} 50

INDEX MAP SHOWING AREA
OF REPORT (SHADED)

111°30°

111°45" R.

INTRODUCTION

The study area comprises the Eloy and the Maricopa-Stanfield sub-basins of the
Pinal Active Management Area. Created by the Arizona Groundwater Management Act of 1980
as an area for managing diminishing groundwater resources, the Pinal Active Management
Area also includes the sub-basins of Aguirre, Santa Rosa, and Vekol Valleys. However,
virtually all water use occurs in the Eloy and the Maricopa-Stanfield sub-basins, and
they have received extensive groundwater development. The Pinal Active Management Area
coincides approximately with what has been termed the lower Santa Cruz area by the U.S.
Geological Survey.

Large-scale groundwater withdrawal commenced in the early 1930's, and since that
time withdrawals have greatly exceeded recharge. As a result, water levels have
declined in most of the study area, causing increased real pumping costs. In some
places, land subsidence and earth fissuring have been effects of the removal of
groundwater from storage (Schumann, 1986, p. 533). The flood of October 1983 and
subsequent upstream releases in the Gila River did provide substantial recharge to the
groundwater system in the northern portion of the study area (Konieczki and Anderson,
1990, p. 28). In addition, extensive areas were inundated along the reaches of the
Santa Cruz River as a result of this flood (Roeske and others, 1989, p. 22-23), and a
large amount of recharge probably was added to the groundwater system.

During winter 1984-85, water-level measurements were made in most of the wells
susceptible to measurement in the two sub-basins and in some adjoining areas to
determine groundwater occurrence, movement, and changes in water levels since winter
1976-77. Water-quality samples, including many detailed samples, were collected and
analyzed ta determine chemical characteristics. Because of the apparent complexity of
the groundwater system, and in order to assist the Arizona Department of Water
Resources' groundwater modeling efforts, water-level measurements were again made in
most of the wells during winter 1988-89 to obtain additional data for analysis. These
datg and water-quality data collected during 1984 through 1986 form the basis of this
study.

Geographic Setting

Located in south-central Arizona between the metropolitan areas of Phoenix and
Tucson, the Eloy and Maricopa-Stanfield sub-basins encompass 1,260 square miles (mi?)
and 715 mi?, respectively. They are included in the Sonoran Desert section of the Basin
and Range physiographic province (Hunt, 1967, p. 310), and are gently sloping, oval-
shaped, sediment-filled valleys largely surrounded by low rugged mountains. Newman
Peak, at an altitude of 4,508 feet (ft) is located in the southeast portion of the Eloy
Sub-basin and is the highest point in the study area. The lowest point is near the
settlement of Komatke at an altitude of about 1,000 ft in the northwest portion of the
Maricopa-Stanfield sub-basin.

The study area is drained by the Gila and Santa Cruz Rivers. The Gila River,
which is generally dry through its reaches in the study area due to upstream control
and diversions, traverses the northern part of the Eloy sub-basin. It leaves the Pinal
Active Management Area and reenters in the northeast part of the Maricopa-Stanfield sub-
basin, then exits near Komatke in the northwest.

The normally dry Santa Cruz River enters the Eloy sub-basin between the Picacho
and Silver Bell Mountains in the southeast, draining to the northwest. Its channel
becomes indistinct between the settlement of Friendly Corners and Arizona City. The
channel becomes more defined where it enters the Maricopa-Stanfield sub-basin between
the Casa Grande and Silver Reef Mountains, and continues northwest. It becomes
essentially a series of indistinct washes to its confluence with the Gila River near
Gila Crossing. Greene, Santa Rosa, and Vekol Washes are major tributaries in the Santa
Cruz River drainage during and after storm events that cause significant runoff.

The study area is mostly rural. The major population centers in the Eloy Sub-
basin are the Cities of Casa Grande, Coolidge, and Eloy, and the Town of Florence. The
major population centers in the Maricopa-Stanfield sub-basin include the communities
of Maricopa and Stanfield. A small part of the City of Phoenix lies in the northwest
part of the Maricopa-Stanfield sub-basin.

The economy is centered upon irrigated agriculture. Cotton is by far the most
important crop, but alfalfa and grains are also significant. During 1988, approximately
228,000 acres was irrigated in the study area (Duncan Galusha, Arizona Department of
Water Resources, Pinal Active Management Area, written commun., 1992); about two-thirds
of this area was irrigated in the Eloy sub-basin.

The climate is semiarid with hot summers and mild winters. Casa Grande,
centrally located in the study area, averages 8.36 inches of precipitation a year.
About 40 percent of this occurs during thunderstorms in July, August, and September.
The average daily maximum temperatare in Juty, the hottest month, 1s 106.9°F and 66.3°F
in January, the coolest month. The average daily minimum temperature in July is 75.7°F
and 34.3°F in January (Sellers and others, 1985, p. 88, 91, and 112).

GEOHYDROLOGIC SETTING

The general geologic and hydrologic characteristics of the two sub-basins are
similar. The sub-basins generally coincide with structural depressions containing
vertically and horizontally heterogenous sediments that are saturated at depth. They
are largely ringed and underlain by relatively impermeable rocks of the mountains and
pre-Basin and Range sedimentary rocks. Gravity studies indicate that the Eloy sub-basin
probably contains two main structural depressions (U.S. Bureau of Reclamation, 1977a,
p. 17), although they are hydraulically connected. Areally they are about the same
size, dividing the sub-basin into approximately north and south halves.

At present, very Tittle groundwater is exchanged between the Eloy and Maricopa-
Stanfield sub-basins. Extensive withdrawals have had major impacts on natural
groundwater flow paths. Under predevelopment conditions (prior to 1900), groundwater
moved essentially horizontally to the northwest across both sub-basins (Thomsen and
Baldys, 1985). At the present time, groundwater in the study area moves in a variety
of directions and has significant vertical and horizontal flow components. Unconfined
conditions prevail in the study area, although confined and semi-confined conditions
can be found in areas underlying fine-grained sediments.

Geology

The sub-basins had been formed by the late Tertiary Period as a result of
tectonic events associated with the Basin and Range disturbance. As the interiors of
the sub-basins subsided, thousands of feet of sediments accumulated. At times, exterior
drainages were blocked and thick sequences of fine-grained elastic sediments and
evaporite deposits accumulated in places. Active deposition continues today, especially
in alluvial fans and along the floodplains of the main drainages. For the purposes of
this study, the geological units that have potential to yield groundwater have been
divided, in ascending order, into hydrologic bedrock, lower basin fill, upper basin
fill, and stream alluvium, following approximately the divisions of Freethey and others
(1986, sheet 1).

Hydrologic Bedrock

Described by Hardt and Cattany (1965, p. 17-20), the hydrologic bedrock is a
consolidated unit underlying the more unconsolidated sediments in the sub-basins.
Whereas the rocks of the mountains are primarily Precambrian granitic and metamorphic
rocks with some Tertiary volcanics and other rocks, the hydrologic bedrock consists
mostly of well-cemented sedimentary rocks. Tertiary in age, it was laid down prior to
the Basin and Range disturbance and is generally faulted and tilted. It is termed Pre-
Basin and Range deposits by Freethey and others (1986, sheet 1).
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The hydrologic bedrock is only locally significant as a source of groundwater
because it is generally overlain by hundreds to thousands of feet of later sediments
and is generally not very permeable. However, it constitutes buried ridges which help
define the geohydrologic system. The Casa Grande Ridge lies between the Sataton and
Sawtooth Mountains and occurs as shallow as 200 ft below land surface, forming most of
the hydrologic boundary between the Eloy and Maricopa-Stanfield sub-basins. There is
also a significant buried ridge between Picacho Peak and the Silver Bell Mountains

(Hardt and Cattany, 1965, p. 19). Small to moderate amounts of water may be yielded
to wells where the unit is fractured.

Lower Basin Fill

The lower basin fill is a complex unit which includes the lower conglomerate
unit as well as the lower part of the middle fine-grained unit described by the U.S.
Bureau of Reclamation (1977a, p. 12-13; Don Pool, U.S. Geological Survey, written
commun., 1992). Anderson and others (1990, p. 21) recognize two basin-center fine-
grained facies in this unit. There is a basin-center very fine-grained facies of mostly
silt and clay with more than 80 percent of the sediments less than 0.0625 millimeters
(mm) in diameter; and a basin-center moderately fine-grained facies of mostly silt and
clay with between 55 and 80 percent of the sediments less than 0.0625 mm in diameter.
Thick evaporite deposits and gypsiferous mudstones are especially associated with the
former facies. Both fine-grained facies are found in the Eloy and Maricopa-Stanfield
sub-basins with the very fine-grained facies underlying the moderately fine-grained
facies where found. Grading into both basin-center fine-grained facies are coarser
sediments in the unit, which become increasingly coarser as they extend toward sub-basin
margins.  These also underlie and interfinger with the fine-grained facies and
unconformably overlie the hydrologic bedrock.

Deposition of the lower basin fill occurred during the early stages of the Basin
and Range disturbance. The basin-center fine-grained facies were deposited during
periods of blockage of exterior drainage when playas formed. In general, the unit is
bounded by high-angle normal faults at depth near sub-basin margins.

Coarse sediments such as sand and gravel lenses within the fine-grained facies,
and sediments nearing the sub-basin margins can be significant sources of groundwater.
They may yield up to 2,000 gallons per minute (gal/min) of water to wells. The fine-
grained facies, though storing much groundwater, do not readily yield groundwater to
wells completed in fine-grained sediments alone.

Upper Basin Fill

) In general, the upper basin fill is coarser grained than the lower basin fill,
although some fine-grained deposits are present (Anderson and others, 1990, p. 24-25).
It consists largely of moderately consolidated to unconsolidated gravel, sand, silt,
and clay with finer materials grading toward the centers of the sub-basins. There may
be some evaporites. The upper basin fill includes the upper part of the middle fine-
grained unit as well as all but those portions of the upper alluvial unit, described
by the U.S. Bureau of Reclamation (1977a, p. 12-14), that are classified as stream
alluvium (Don Pool, U.S. Geological Survey, written commun., 1992; Konieczki and
Anderson, 1990, p. 16). It was deposited during the latter stages of the Basin and
Range disturbance, when the sub-basins were being infilled and the drainages were
throug?-{}owing most of the time. Faulting is much less apparent than in the lower
basin fill.

The upper basin fi1l has been and continues to be the most significant source of
groundwater in the study area. It may yield more than 2,000 gal/min of water to wells.
Some parts of it have been dewatered, particularly in the Maricopa-Stanfield sub-basin.

Stream Alluvium

The stream alluvium consists of sediments deposited along surface drainages under
essentially recent flow conditions, notwithstanding human development which has altered
predevelopment patterns. These sediments are primarily unconsolidated sands and gravels
within the flood plains of the Gila and Santa Cruz Rivers. Some fine-grained sediments
are also found. These flood plains may be up to several miles wide in the study area
and, in the Florence area, the stream alluvium is at least 100 ft thick. This unit is
equivalent to portions of the upper part of the upper alluvium of the U.S. Bureau of
Reclamation (1977a; Konieczki and Anderson, 1990, p. 16). Rather than being a major
source of water to wells, the stream alluvium primarily serves as a conduit for water
moving through to the underlying sediments.

Groundwater

The groundwater system in the study area, prior to about 1900, was in approximate
dynamic equilibriwm. Over the long term, the amount of water entering the groundwater
system would be about the same as that leaving the groundwater system with no change
in storage. Although the sediments in most places are vertically heterogenous, head
differences (differences between water-level altitudes in shallow wells and those in
deep wells at the same locations) were slight or non-existent. Cushman (1952, p. 126)
noted that in years prior to 1952, a few deep wells drilled in the Eloy area exhibited
water levels h¥gher than prevailing ones in shallow wells in their vicinities. However,
these high water 1evels were temporary. With pumping, the head differences disappeared
and he believed that the temporary differences were merely indicative of the remoteness
of the connections among deeper and shallower aquifers.

Groundwater withdrawals in excess of recharge over time have differentially
lowered water levels in most places in the study area. Vertical head differences and
other indicatorssimply that the groundwater system has been separated into distinct
zones. These zones are semi-independent with groundwater in a particular zone
exhibiting hydrologic and chemical characteristics that usually differ from those in
another zone at that same location.

For this study, the static water-level data collected in winter 1984-85 were
plotted and roughly contoured. It was apparent that there were two principal water-
bearing zones in each sub-basin, as well as several separate smaller zones, especially
in the Eloy sub-basin. Before plotting the data collected in winter 1988-89, the wells
from which the data were collected were categorized according to the zone for which they
represented hydrologic conditions. The categorization was based on six factors
including: (1) water-level changes from 1984-85 to 1988-89; (2) water-level altitudes
in 1988-89; (3) water-level altitudes in 1984-85; (4) water-level changes from 1976-77
to 1988-89; (5) recent water-quality data; and (6) well-construction information. In
general, wells in proximity that matched in at least two factors and were not otherwise
convincingly contradicted were assigned the same zone. Much of the data was rejected
because many of the wells could not be categorized due to the lack of collaborating
data. For instance, many wells had only a single water-level measurement or single
water-quality sampling event. It was recognized also that some of the retained data
was from wells that had probable communication of water between two or more zones.
However, only single zones were being substantially represented by these wells as
evidenced by associations of factors among proximate wells.
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Groundwater Occurrence and Movement

The 1988-89 water-level data and associated water-quality data define a lower
main water zone and upper main water zone in both the Eloy and Maricopa-Stanfield sub-
basins. Also defined is a significant 1ocal water zone straddling the two sub-basins
approximately coextensive with the Casa Grande Ridge, and is herein called the Casa
Grande water zone. Another local zone, which extends from near the Gila River to
several miles southwest of Eloy and averages about 5 mi wide, is called the Picacho
Reservoir water zone. Finally, a Tocal zone which extends from the southeast part of
T. 9S., R. 8 E. to the northeast part of T. 10 S., R. 6 E., and averages about 3 mi
wide, is called the Friendly Corners water zone. Other local water zones probably
exist, but data are lacking to delineate them.

Lower Main_MWater Zone--This zone is the most extensive one in the two sub-
basins. It is largely contained in the lower basin fill except along the
sub-basins’' margins where it may be partially in the upper basin fill.
In the Eloy sub-basin, the zone 1is assumed to be continuous, even though
no wells penetrate it in much of T. 6 S., R. 8 E., T. 7 S., R. 7 E.,
and T. 7 S., R. 8 E. The lack of wells here is probably due to the thickness of
unproductive fine-grained facies and because groundwater is readily obtainable in wells
compieted in shallower zones. Unconfined, confined, and semi-confined conditions are
found in the lower main water zone.

Several groundwater depressions exist toward which movement occurs. These are
caused by the large-scale, long-term withdrawal of groundwater from wells in the
immediate area of the depression. In the Eloy sub-basin two major depressions exist
northeast of Casa Grande and south and east of the Casa Grande Mountains. A minor one
is present south and southeast of Eloy. One major depression dominates the Maricopa-
Stanfield sub-basin. It extends from the northeast part of T. 5§ S., R. 2 E., to the
southwest part of 7. 6 S., R. 3 E. Some groundwater movement in the lower main zone
occurs toward the Gila River in the northern part of the Eloy sub-basin where the
groundwater probably discharges to the upper main water zone. There may be underflow
into the East Salt River Valley sub-basin of the Phoenix Active Management Area in the
area north of the Gila River west of Florence, but this is not clear.

Most recharge to the Tower main water zone is probably from natural sources. In
the Eloy sub-basin a major underflow from the Avra Valley sub-basin of the Tucson Active
Management Area occurs between Picacho Peak and the Silver Bell Mountains. There is
also some underflow between the Sawtooth and West Silver Bell Mountains from the Aguirre
Valley sub-basin (Hollett and Garrett, 1984, sheet 1). Some recharge moves into the
area between Florence and Eloy, presumably mountain-front recharge from the unnamed
highlands to the east and the Picacho Mountains. In addition, significant flow into
the lTower main zome appears to occur from overlying saturated sediments, especially
around some of the margins of the upper main zone, and from the release of water in the
fine-grained facies.
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In the Maricopa-Stanfield sub-basin some underflow occurs between the Vaiva Hills
and the Tat Momoli Mountains from the Santa Rosa sub-basin (Hollett and Garrett, 1984,
sheet 1). There also appears to be underflow between the Haley Hills and Palo Verde
Mountains from the Rainbow Valley sub-basin of the Phoenix Active Management Area. The
Casa Grande water zone appears to be a major source of flux into the lower main zone,
especially in the western part of T. 6 S., R. 5 E. Other sources of water include the
dewatering of fine-grained facies, the upper main water zone along its margins, and
recharge from the northern part of the sub-basin in the vicinity of the Gila River.

Depth to water in the lower main water zone in the Eloy sub-basin ranges from
about 200 ft below land surface in the area southeast of Coolidge, to nearly 550 ft
below Tand surface in the area southeast of Friendly Corners. In the Maricopa-Stanfield
sub-basin depth to water ranges from more than 100 ft below land surface in the northern
part near the Santa Cruz River, to more than 725 ft below land surface in the area
southwest of Stanfield.

Upper Main Water Zone--Contained mostly within the upper basin fill, this zone generally
overlies the extensive fine-grained facies in both sub-basins. It is the primary zone
of groundwater for well production in the area, although it is somewhat more important
in the Eloy sub-basin than the Maricopa-Stanfield sub-basin, as it probably does not
exist in the area south and east of Stanfield. Part of the zone is probably contained
within the stream alluvium in the Gila River sediments east of Florence in the Eloy sub-
basin and in the northern part of the Maricopa-Stanfield sub-basin.

Groundwater depressions in this zone are located primarily around its periphery
in each sub-basin, and these correspond with depressions in the lower main water zone.
The depressions are probably largely caused by discharge to the lower zone, and are not
solely the result of groundwater withdrawal from the upper main water zone. Exceptions
to this are depressions in the immediate vicinity of Eloy in the Eloy sub-basin which
are caused primarily by groundwater withdrawal in this zone, as well as an extensive
depression in the vicinity of Maricopa in the Maricopa-Stanfield sub-basin.

In the Eloy sub-basin, groundwater in the upper main water zone moves out as
underflow into the East Salt River Valley sub-basin between Florence and the Santan
Mountains, and between the Santan and Sacaton Mountains. In the Maricopa-Stanfield sub-
basin there is underflow into the West Salt River Valley sub-basin between the Sierra
Estrella and South Mountains.

Man-induced and natural sources contribute recharge to this zone. In both sub-
basins, excess irrigation water filters downward in the form of deep percolation. In
the Eloy sub-basin there are also extensive unlined canals for the distribution of
surface water and groundwater which allow infiltration of large volumes of water into
the subsurface to this zone. A prominent feature in the Eloy sub-basin is a groundwater
ridge or divide which extends approximately along the Casa Grande Canal alignment. The
groundwater divide largely prevents flow in this zone between the northern and southern
halves of the sub-basin.

Multiply inch-pound unit

inch

foot

mile

square mile
acre
acre-foot

Underflow into this zone in the Eloy sub-basin occurs under the Gila River and
between the Sawtooth and West Silver Bell Mountains from the Aguirre Valley sub-basin.
Discharge into the upper main water zone occurs from the Casa Grande and Picacho
Reservoir water zones. Recharge occurs from the major drainages as a result of storm
events or releases from storage. Some recharge also probably comes from the mountain-
front areas in the eastern part of the sub-basin.

The underflow into this zone in the Maricopa-Stanfield sub-basin is primarily
from the Gila River area in the East Salt River Valley sub-basin. Some underflow may
also occur between the Sierra Estrella and Palo Verde Mountains from the Rainbow Valley
sub-basin, but this is not clear.

Depth to water in the upper main water zone in the Eloy sub-basin is from about
20 ft below land surface where the Gila River enters, to nearly 450 ft below land
surface in the area north of Friendly Corners. In the Maricopa-Stanfield sub-basin it
ranges from over 50 ft below land surface in the area of the Gila River in the north,
to more than 400 ft below land surface in sec. 18, T. 6 S., R. 3 E.

Local Water Zones--The local water zones are significant sources of water in their
respective areas. The Casa Grande water zone lies mainly on top of the Casa Grande
Ridge, but may be perched along its western edge and in a large area south and east of

Casa Grande and south of the Casa Grande Mountains. Presumably, it is perched on fine-.

grained deposits in the upper basin fill. The zone discharges to underlying sediments
along its margins and receives mostly man-induced recharge, although it probably
received considerable natural recharge during the flood of October 1983 along the Santa
Cruz River. Depth to water ranges from about 25 ft below 1and surface in the north part
of the zone, to more than 150 ft below land surface in the south part.

The Picacho Reservoir water zone is at least partially perched, presumably on
fine-grained deposits in the upper basin fill. It also discharges to the underlying
sediments, primarily along its margins, and receives mostly man-induced recharge. Depth
to water ranges from about 50 ft below land surface in the vicinity of Picacho
Reservoir, to more than 300 ft below Tand surface in the area between Eloy and Friendly
Corners.

The Friendly Corners water zone is situated between the Tower and upper main
water zones. It probably discharges to the Tower zone, primarily in its northwest part
and around some of its margin, and receives water from the lower zone in the area west
of Picacho Peak and Silver Bell Mountains, and perhaps underflow from the Aguirre Valley
sub-basin. Depth to water ranges from more than 350 ft below land surface near the
mouth of the Aguirre Valley sub-basin, to almost 500 ft below land surface at the
eastern terminus of the zone.
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MAPS SHOWING GROUNDWATER CONDITIONS IN THE ELOY AND MARICOPA-STANFIELD SUB-BASINS
OF THE PINAL ACTIVE MANAGEMENT AREA, PINAL, PIMA, AND MARICOPA COUNTIES, ARIZONA--1989
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D.W.R. HYDROLOGIC MAP SERIES REPORT NO. 23

SHEET 2 OF 3
PREPARED IN COOPERATION WITH THE UNITED STATES GEOLOGICAL SURVEY ARIZONA DEPARTMENT OF WATER RESOURCES CHANGES IN WATER LEVEL AND HYDROGRAPHS OF SELECTED WELLS

ESTIMATED GROUNDWATER PUMPAGE IN THE FLORENCE
LOWER SANTA CRUZ AREA ’
e LIDGE
[Numbers rounded to nearest [: MSAT‘TSSZLAE" (( coot
thousand acre-feet] i EfA;AGRANDE ELoy
]
Pumpage, in Pumpage, in Pumpage, in VEKOL H L
Year | thousands of | Year |thousands of | Year | thousands of An 7 o
acre-feet acre-feet acre-feet VALLEY { e { ELoy
:: (A‘)"‘L >
S VIS
prior/| 1915 200 1939 352 1964 1,150 i y
1915 82 1940 372 1965 910
1916 83 1941 421 1966 915
1917 84 1942 500 1967 1,120 SANTA ROSA
1918 85 1943 515 1968 910 VALLEY
1919 86 1944 530 1969 1,043 -
1920 88 1945 610 1970 890 i AGUIRRE
1921 90 1946 660 1971 819 L VALLEY
1922 93 1947 700 1972 798
1923 96 1948 950 1973 990
1924 99 1949 1,100 1974 1,171
1925 101 1950 1,000 1975 1,016
1926 104 1951 1,030 1976 1,007
1927 106 1952 950 1977 1,037
1928 109 1953 1,400 1978 748
1929 111 1954 1,200 1979 737
i 1930 135 1955 1,200 1980 898
A 1930 e 1955 1300 1050 598 PINAL ACTIVE MANAGEMENT AREA SUB-BASINS
1932 185 1957 1,100 1982 858
1933 210 1958 1,200 1983 | 495 - : , ; NO SCALE
1934 235 1959 1,200 1984 629
1935 260 1960 1,100 1985 ©612*
1936 285 1961 1,150 1986 578*
1937 305 1962 1,050 1987 610*
1938 325 1963 1,000 1988 556%*
TOTAL 47,602
* Unpublished U.S. Geological Survey estimate for lower Santa Cruz area.
** Unpublished A.D.W.R. estimate for Eloy and Maricopa-Stanfield sub-basins.
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EXPLANATION

WELL IN WHICH WATER LEVEL WAS MEASURED IN 1976-77 AND 1988-89 AND WHICH REFLECTS
-86 e GROUNDWATER CONDITIONS IN THE LOWER MAIN WATER ZONE--Number, -86, is the
difference, in feet, between the 1976-77 and 1988-89 water levels. Time periods

for differences other than 1976-77 and 1988-89 are noted in parentheses

+12 @ WELL IN WHICH WATER LEVEL WAS MEASURED IN 1976-77 AND 1988-89 AND WHICH REFLECTS
(1/78 to 11/88) GROUNDWATER CONDITIONS IN THE UPPER MAIN WATER ZONE--Number, +12, is the
difference, in feet, between the 1976-77 and 1988-89 water levels. Time periods

for differences other than 1976-77 and 1988-89 are noted in parentheses

WELL IN WHICH WATER LEVEL WAS MEASURED IN 1976-77 AND 1988-89 AND WHICH REFLECTS

+58 O GROUNDWATER CONDITIONS IN A SIGNIFICANT LOCAL WATER ZONE--Number, +58, is the

(12/75 to 11/88) difference, in feet, between the 1976-77 and 1988-89 water levels. Time periods
for differences other than 1976-77 and 1988-89 are noted in parentheses

e ntnott pgesnons

+3 O WELL IN WHICH WATER LEVEL WAS MEASURED IN 1976-77 AND 1988-89 AND WHICH REFLECTS
ANOMALOUS GROUNDWATER CONDITIONS--Number, +3, is the difference, in feet, between
the 1976-77 and 1988-89 water levels, unless otherwise noted

<::}__. WELL FOR WHICH A HYDROGRAPH DEPICTING CHANGES IN DEPTH TO WATER IN THE LOWER MAIN WATER
ZONE IS SHOWN

GSE}__. WELL FOR WHICH A HYDROGRAPH DEPICTING CHANGES IN DEPTH TO WATER IN THE UPPER MAIN WATER
ZONE IS SHOWN

) WELL FOR WHICH A HYDROGRAPH DEPICTING CHANGES IN DEPTH TO WATER IN A SIGNIFICANT LOCAL
& WATER ZONE IS SHOWN

ROCKS OF THE MOUNTAINS (MOSTLY GRANITlc; METAMORPHIC, OR VOLCANIC ROCK)--Water may
occur in weathered or fractured zones, joint systems, or thin veneer of alluvial
or fluvial deposits overlying consolidated rocks

BASIN-FILL DEPOSITS (Consist of silt, sand, clay, and gravel)

SIGNIFICANT LOCAL WATER ZONE (Important source of groundwater with characteristics
distinct from that in overlying and underlying zones, where present)

-50 APPROXIMATE LINE OF EQUAL CHANGE IN WATER LEVEL IN LOWER MAIN WATER ZONE, 1976-77 to
1988-89,--Intervals 25 feet and 50 feet

IS — APPROXIMATE LINE OF EQUAL CHANGE IN WATER LEVEL IN UPPER MAIN WATER ZONE, 1976-77 to Y 111°30’
1988-89,--Interval 25 feet
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Water-Level Changes

From the time pumping began in the lower Santa Cruz area through 1987, more than
47 million acre-feet (ac-ft) of groundwater had been withdrawn (U.S. Geological Survey,
1986; Alice Konieczki, U.S. Geological Survey, oral commun., 1992). Withdrawals in the
Eloy and Maricopa-Stanfield sub-basins have accounted for more than 95 percent of this
total. The result has been dramatic water-level declines since large-scale withdrawals
began in parts of the two sub-basins. By 1983, water levels had declined more
than 550 ft near Stanfield, and more than 350 ft near Eloy (Thomsen and Baldys, 1985).
Those areas in which water levels have declined the most coincide, in general, with the
areas of maximum land subsidence (Schumann, 1986, p. 545). For the period from 1952
to 1977, Laney and others (1978, sheet 1) report that about 120 mi? in the Eloy and
Stanfield areas subsided more than 7 ft, with maximum values around 12 ft. Accompanying
the subsidence has been the formation of earth fissures, especially near contacts of
basin-fill deposits and hard-rock areas.

Annual withdrawals in excess of 1 million ac-ft were common in the study area
as recently as the mid-1970's. Since that time, changing economics, federal set-aside
programs and acreage restrictions, increasing farming efficiencies, and the introduction
of Colorado River water through the Central Arizona Project have had the effect of
reducing pumpage. In 1988, a total of 555,900 ac-ft of groundwater was withdrawn in
the Eloy and Maricopa-Stanfield sub-basins (Duncan Galusha, Arizona Department of Water
Resources, Pinal Active Management Area, written commun., 1992}.

With the upstream control of the Gila River, very little natural recharge from
surface sources takes place in the study area on an annual basis (Freethey and Anderson,
1986) . However, major flooding and subsequent water releases in the Gila River occurred
from October 1983 to March 1984 which added a substantial amount of recharge in the
vicinity of the river. Konieczki and Anderson (1990, p. 12, 28) estimate that between
449,000 and 640,000 ac-ft was added to the groundwater system in an area which is
largely contained within the two sub-basins. This slug of recharge caused rises in
water levels near the river that were commanly more than 50 ft. Flooding was also
extensive along the Santa Cruz River in October 1983 which likely supplied recharge to
the area. At Interstate Highway 8 southwest of Casa Grande, the inundated area was
more than 8 mi wide (Roeske and others, 1989, p. 23). In general, the period since 1978
has been one of above normal precipitation which has likely stimulated increased
recharge along the major drainages (Arizona Department of Water Resources, 1988, p. 19).

Since 1976-77, when the U.S. Geological Survey made extensive water-level
measurements in the study area, water-level changes have been highly variable. Water
levels have generally declined in the lower main water zone, and have generally risen
in the upper main water zone, especially in the Eloy sub-basin.

Lower Main Water Zone--Water levels have declined in this zone in both sub-basins except
in the northern parts where infiltration of flows in the Gila River has had influence.
During the period from 1976-77 to 1988-89, declines in excess of 75 ft occurred in the
southern half of the Eloy sub-basin, and most of this area declined at least 50 ft.
Similar declines occurred near Casa Grande in the western part of the northern half of
the Eloy sub-basin. Water levels rose considerably in the Coolidge area. The water
level in one well in sec. 19, T. 5 S., R. 8 E. rose 57 ft during this period.

In the Maricopa-Stanfield sub-basin, declines in excess of 100 ft occurred in the
vicinity of Stanfield, and declines of at least 50 ft occurred throughout most of the
center of the sub-basin. Rises in excess of 50 ft occurred in the northeast area near
the Gila River.

Upper Main Water Zone--In this zone, most water levels have risen. From 1976-77 to
1988-89, declines as much as 10 ft occurred ih the western part of the south half of
the Eloy sub-basin, but most of the south half had rises between 0 ft and 25 ft. Rises
of more than 50 ft occurred in much of the northern half.

Water levels in the Maricopa-Stanfield sub-basin rose a maximum of about 20 ft
in the northern area, and declined a maximum of about 30 ft where the zone exists in
the middle of the sub-basin. Data are lacking in this zone for areas near the Gila
River.

Local Water Zones--In the Casa Grande water zone, water levels rose everywhere except
for a small area in the southwest portion. The rises were generally between 0 ft and
25 ft. Data are scarce for the Picacho Reservoir water zone, but water levels rose more
than 50 ft in the vicinity of Picacho Reservoir itself. Data for one well in the
Friendly Corners water zone indicate a decline of 46 ft in that well for the period.
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Quality of Water

Chemical and physical characteristics of the groundwater in the study area also
tend to be variable horizontally and vertically. Kister and Hardt note that dissolved
constituents in the groundwater are mainly derived from solution of materials in the
basin-fill deposits, and partially from introduction by surface water infiltrating
through the stream alluvium and mountain-front sediments (1966, p. E4). They also state
that water quality and sediment types can be correlated (p. E1). Deep percolation of
water from human activities must also be considered as a factor contributing to
dissolved constituents, especially with regard to shallower water-bearing zones, and
cross-contamination in wells completed in more than one zone.

A typical groundwater sample in the Basin and Range physiographic province is
necessarily a water composite derived from not only different layers of sediments within
the same geological unit, but also often including that derived from different units.
Analyzed properties also vary to some degree over time in water from the same well.
However, many wells in the study area derive water primarily from a single water zone
that is generally found in a single geological unit. With the categorization used in
this study, there is high relative homogeniety of water-quality characteristics for
water sampled from proximate wells that are assumed to substantially represent
conditions in the same zone. This is evidenced by specific conductance, fluoride
concentrations, and especially by the depicted Stiff pattern diagrams. These diagrams,
which indicate the ionic content of samples, can be used to compare and contrast water-
quality analyses (Hem, 1970, p. 260).

Chemical Characteristics

The diverse chemistry of the water is indicated by the Stiff pattern diagrams
derived from detailed water-quality sampling. However, because of the large number of
available grab samples collected from 1984 through 1986 and analyzed for specific
conductance and fluoride, it is easier to characterize general conditions in terms of
these variables. Specific conductance, measured in microsiemens per centimeter at 25°C
(uS/cm) can be used to approximate the concentration of dissolved solids.! Multiply
the specific-conductance value in uS/cm by 0.6 to obtain the approximate dissolved-
solids value in milligrams per liter (mg/L).

Lower Main Water Zone--The chemical quality in this zone is extremely variable in the
Eloy sub-basin, especially when contrasted between the northern and southern halves.
Most of the water in the northern half exceeds 1,000 uS/cm. An area primarily located
in the southeast part of T. 5 S., R. 7 E. and the east part of T. 6 S., R. 7 E. exceeds
2,000 uS/cm, with a maximum value of 2,200 uS/cm determined for a sample from a well
in sec. 13, T. 6 S., R. 7 E. The high specific-conductance values in this area are
probably associated with evaporite deposits in the fine-grained facies in the lower
basin fill. Some degradation in this zone may be occurring in the vicinity of Casa
Grande by discharge from upper zones.

In the south half of the sub-basin, the specific conductance is consistently near
500 uS/cm in most of the area. Around Eloy, values in excess of 1,000 uS/cm are found,
and water from one well sampled in sec. 4, T. 8 S., R. 8 E. had a value of 6,550 uS/cm.
This value is extreme for the zone. Values in excess of 1,000 uS/cm are also found
south of the Casa Grande Mountains, where degradation is probably occurring from upper
zones.

111°45’ R.6E

Fluoride concentrations® are generally below 4.0 mg/L in the sub-basin, although
higher values are found, especially in the area north of Casa Grande; in
the area between Eloy and Arizona City; and in T. 6 S., R. 7 E. A well
sampled in sec, 21, T. 5 S., R. 6 E. yielded water with a value of
12.0 mg/L. Higher fluoride concentrations in the study area are generally associated
with proximity to fluoride-bearing minerals in ignecus rocks where the groundwater has
a low concentration of calcium (Kister and Hardt, 1966, p. E15-16). Also, hydroxide
ions on certain clay minerals may be replaced over time (ion exchange) by fluoride ions
1g7water of h;gh pH, increasing locally the concentration of fluoride in the water (Hem,

0, p. 297).

In the Maricopa-Stanfield sub-basin the specific-conductance values increase as
the sub-basin margins are approached. Through the central area, values are generally
below 500 uS/cm. A maximum value of 4,410 uS/cm was determined for a sample from a well
in sec. 35, T. 4 S., R, 2 E. Values for fluoride concentration are practically all at
or below 4.0 mg/L. Only a few wells in the western and southwestern parts of the sub-
basin yielded water that exceeded this value.

Upper Main Water Zone--As is the case in the lower main water zone, chemical quality
differs markedly in the two halves of the Eloy sub-basin. Much of the north half,
especially between Coolidge and Casa Grande, contains groundwater that exceeds 1,000
uS/cm.  The maximum value of 6,950 uS/cm was determined for a sample from a well in
sec. 19, T. 5S., R. 8 E. Naturally occurring evaporite deposits, man-induced recharge,
water from overlying zones, and recharge from the Gila River area probably contribute
to elevated dissolved-solids concentrations in this zone. Fluoride concentrations are
below 4.0 mg/L and most areas in the north half have concentrations below 1.0 mg/L.

The specific-conductance values in the south half of the Eloy sub-basin are
generally below 1,000 uS/cm. The maximum value of 1,680 uS/cm was determined for water
from a well in sec. 1, 7. 8 S., R. 8 E. Some degradation in this zone may be occurring
in areas overlain by the Picacho Reservoir and Casa Grande water zones. Fluoride
concentrations are at or below 1.0 mg/L except for that in a sample from one well in
sec. 32, T. 7 S., R. 7 E.

The highest specific-coaductance values in the Maricopa-Stanfield sub-basin are
found in the northeast area near the Gila River and along the western margin where they
exceed 3,000 uS/cm. The highest value shown is 4,600 uS/cm for a sample from a well
in sec. 33, T. 5S., R. 3 E. The lowest values are found in the center of the sub-basin
where they are less than 1,000 uS/cm. Degradation in this zone is probably mostly from
natural sources. Fluoride concentrations are below 4.0 mg/L.

Local Water Zones--Specific-conductance values in the Casa Grande water zone generally
exceed 2,000 uS/cm and some exceed 3,000 uS/cm around its margins.  Fluoride
concentrations can exceed 4.0 mg/L in portions of the area north of the Casa Grande
Mountains.

In the Picacho Reservoir water zone, specific-conductance values in the north
half of the Eloy sub-basin are generally greater than 2,000 uS/cm, and between 1,000
and 2,000 uS/cm in the south half. Fluoride concentrations are at or below 1.5 mg/L.
Water quality in this zone, as well as that in the Casa Grande water zone, is probably
being degraded by man-induced recharge.

Very limited data exist for the Friendly Corners water zone. The one detailed
sample demonstrates affinity with water in the lower main water zone to the east
underneath the Santa Cruz River.

Temperature

An analysis was conducted on the results of 774 samples collected from wells in
the two sub-basins from 1984 through 1989 in order to establish relationships among high
temperature, specific conductance, and fluoride concentration. High temperature was
defined as greater than or equal to 33.0°C (91.4°F); high specific conductance as
greater than or equal to 2,000 uS/cm; and high fluoride concentration as greater than
or equal to 2.0 mg/L. The temperatures in 10 of these wells exceeded 50.0°C (122.0°F).
OQut of 593 samples analyzed from the Eloy sub-basin, 75 had high temperatures. Out of
181 samples analyzed from the Maricopa-Stanfield sub-basin, 14 had high temperatures.

The results are so far preliminary. However, it appears that high temperature
is a characteristic solely of some of the wells in the Tower main water zone and occurs
in much of the Eloy sub-basin. 1In the Maricopa-Stanfield sub-basin it is mostly
confined to the area around Maricopa. In addition, high-temperature water-tends to be
low in specific conductance, but relatively high in fluoride concentration, especially

in the north half of the Eloy sub-basin and near Maricopa.

'The U.S. Environmental Protection Agency has set the secondary maximum contaminant
level (SMCL) for total dissolved solids at 500 mg/L, which is roughly equivalent to 833
uS/cm. SCML's are guidelines only and are not enforceable standards (U.S. Environmental
Protection Agency 1988, p. 9). SCML's are associated with the aesthetic quality of the

water, such as taste, odor, or color.

not necessarily a health risk.

Water with contaminant levels above the SCML is

?The maximum contaminant level (MCL) for fluoride in Arizona has recently been
established as 4.0 or 6.0 mg/L by the Arizona Department of Environmental Quality,
depending on the number of the year-round residents that a water system serves (Arizona

Department of Environmental Quality, 1989, p. 7).
set by the U.S.E.P.A. for public-supply drinking water.

The MCL is an enforceahle standard
States must comply with the

standard, but are free to set levels which are more stringent than the Federal MCL.

R. 10 E.
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EXPLANATION

WELL FOR WHICH A WATER SAMPLE WAS COLLECTED BETWEEN 1984-86 AND WHICH REFLECTS
GROUNDWATER CONDITIONS IN THE LOWER MAIN WATER ZONE--Upper number, 550, is

specific conductance in microsiemens per centimeter at 25°C.
is the fiuoride concentration in milligrams per liter

WELL FOR WHICH A WATER SAMPLE WAS COLLECTED BETWEEN 1984-86 AND WHICH REFLECTS
GROUNDWATER CONDITIONS IN THE UPPER MAIN WATER ZONE--Upper number, 1440, is

specific conductance in microsiemens per centimeter at 25°C.
is the fluoride concentration in milligrams per liter

WELL FOR WHICH A WATER SAMPLE WAS COLLECTED BETWEEN 1984-86 AND WHICH REFLECTS
GROUNDWATER CONDITIONS IN A SIGNIFICANT LOCAL WATER ZONE--Upper number, 3040, is

specific conductance in microsiemens per centimeter at 25°C.
is the fluoride concentration in milligrams per liter

ROCKS OF THE MOUNTAINS (MOSTLY GRANITIC, METAMORPHIC, OR VOLCANIC ROCK)--Water may
occur in weathered or fractured zones, joint systems, or thin veneer of alluvial

or fluvial deposits overlying consolidated rocks

BASIN-FILL DEPOSITS (Consist of silt, sand, clay, and gravel)

SIGNIFICANT LOCAL WATER ZONE (Important source of groundwater with characteristics
distinct from that in overlying and underlying zones, where present)

SPECIFIC-CONDUCTANCE CONTOUR--Shows approximate specific conductance in the lower main
water zone 1984-86. Contour interval 1000 microsiemens per centimeter at 25°C

SPECIFIC-CONDUCTANCE CONTOUR-~-Shows approximate specific conductance in the upper main
water zone 1984-86. Contour interval 1000 microsiemens per centimeter at 25°C

EXTERNAL BOUNDARY OF ELQY AND MARICOPA-STANFIELD SUB-BASINNS

CHEMICAL QUALITY DIAGRAM--Shows major constituents in milliequivalents per liter. The
diagrams are in a variety of shapes and sizes, providing a means of comparing,
correlating, and characterizing similar or dissimilar types of water. 1984,
below diagram, indicates year in which sample was collected

MILLIEQUIVALENTS PER LITER

CALCIUM

MAGNESIUM
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