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ABSTRACT

The contemplated construction of an earth-{ill flood-control dam on
_the Gila River in the vicinity of Gila Bend, Ariz., required a preliminary
evaluation of the effects of such a structure upon the water supply of the
area. The proposed dam would temporarily impound the occasional

floods that constitute the only surface flow in this reach of the Gila River.

The damsite is in a narrows formed by volcanic rocks of the Gila
Bend and Painted Rock Mountains, and these narrows are the only outlet
for surface flow or underflow of the Gila River. The Gila Bend area
occupica two structural troughs that have been partially filled with alluvium,
This alluvial {ill i8 more than 1, 000 feet thick in places and constitutes the
reservoir in which all ground water in the area is stored. Although the
lower part of the fill ylelds some water to deep wells, most of the irriga-
tion water is pumped from the upper few hundred feet of less consolidated
materials.

The principal sources of recharge to the ground-water reservoir in
the Gila Bend area are surfece flow from occasional floods in the Gila
i .ver and secpage of water from canals and irrigated lands. The total
estimated recharge in 1953 from canal seepage was 23, 500 acre-feet, from
sccpage of water on irrigated lands, 28,700 acre-feet. Recharge from
suriace flow in the Gila River is estimated to have averaged between
i0, 000 and 13, 000 acre-feet annually since 1847. Recharge to ground-
water storage in the area from all sources in the 7-year period 1847-53
inclusive is estimated to be of the order of magnitude of 58, 000 acre-feet
annually.

Water is discharged from the Gila Bend area by surface flow, underflow,
evapotranspiration, and by pumping from wells. Pumping is the principal
means of discharge, and amounted to approximately 144, 000 acre-feet in
1953. A study was made of the loss of water by evapotranspiration in the
area which, it is estimated, amounted to about 38, 000 acre-feet in 1953.
Discharge from the area by surface flow occurs only rarely, and the
discharge in 1953 was negligible, Underflow leaving the area was esti-
mated, on the basis of partial data, to be less than 10 acre-feet per year.
It is estimated that total discharge from all sources in the Gila Bend area
amounted to less than 180, 000 acre-feet in 1953,

Because of the irregular distribution and relatively small number of
wells in the area, little information is available as to the geologic and
hydrologic character of the alluvial fill, and no estimate could be made
of the amount of water stored in the ground-water reservoir. It is cer-
tain, however, that withdrawals of ground water are currently greater
than recharge, and that the deficiency is being balanced by drawing upon
storage. This condition is reflected by declining water levels in parts of
the area. '



The water supply of the Gila Bend srea §s highly mineralized, and
only a few of the samples analyzed contained leas tha»s I, 000 ppm of
dissolved solids. The water is high in sodium and chioride, and most of
the samples analyzed contained more than 1. 5 ppm of fluoride. Although
the quality of the water cannot be considered good, crops are successfully

grown in the area.
1t is concluded that, if a flood-control dam were constructed, the

over-all effects on the downstream water supply would be beneficial because
flood waters would be recharged more readily.



INTRODUCTION

Purpose and scope of investigation

At the request of the Corps of Engineers, United States Army, Los
Angeles District, the Ground Water Branch of the U. S. Geological Survey
in 1853 conducted an investigation of the geology and ground-water resources
of the Gila River basin from Gillespie Dam to a point sbout 10 miles down-
stream from Painted Rock damsite (fig. 1). This report contains the
results of the investigation and brings up to date the data on the water
resources of the area (Babcock and Kendall, 1848)1/.

" The Flood Control Act of 1950 authorized the construction of an
earth-filled dam on the Gila River in the narrows between the Gila Bend
and the Painted Rock Mountains. The purpose of this dam would be to
provide flood protection for sbout 360, 000 acres along the Gila River as
well as lands along the Colorado River between Lagm’m Dam and the Inter-
national border and for the Imperial Valley, California. As the construction
of this dam would affect certain lands and water rights, it was necessary
that adequate and up-to-date information as to quantity, quality, source,
and movement of ground water be collected, compiled, and analyzed.

The scope of this investigation included not only the geologic,
hydrologic and quality-of-water aspects but also a special study of evapo-
transpiration by river-bottom vegetation and its effect on the area. The

a7
See references at end of report.
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phreatophyte study was financed by a direct grant of Federal funds and is
included ac part of this report.

Location and extent

The area described in this report is a portion of the Gila River
basin between Gillespie Dam in sec. 28, T. 2S., R. 6§ W., and a point
about 46 miles downstream in sec. 6, T. 58., R. 8 W., Maricopa
County, Ariz. (pl. 1). The area is bounded on the north by the Gila Bend
Mountains and the Buckeye Hills, on the east by the Maricopa and Sand
Tank Mountains, on the south by the Sauceda Mountains and the southern
boundary of T. 7 S., and on the west by the western boundary of R. 8 W.
The area includes sbout 1, 000 square miles, of which approximately 225
square miles consists of hard rocks and the remaining 775 square miles
is underlain by alluvial fill.

Well-numbering system

The numbering system used for well identification embodies an
abbreviated description of the well location. The system is based on divi-
sion of land areas into successively smaller quadrants, and describes
the well location to the nearest 10 acres. The land survey of Arizona
is based on the Gila and Salt River Base Line and Meridian, which divides
the State into four quadrants. These quadrants are assigned the capital
letters A, B, C, D, progressing counterclockwise from the northeast
quadrant. Thus, all the townships north and east of the base point are in
A quadrant; those north and west are in B quadrant, and those south and
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west or south and east are in C or D quadrants, respectively. The first
digit following the quadrant letter signifies the township; the second
signifies the range, and the third number, outside the parenthesis, in-
dicates the section within the township. For example, well number
(C~5-4)19 designates & well in the southwest quadrant inT. §S., R. 4 W.,
sec. 19. A section is divided into four quadrants of 160 acres each to

~ Which lowercased lettera a, b, ¢, and d, are assigned progressing counter-
clockwise from the northeast quadrant in the same manner as the capital
letters. Further subdivision into 40-acre quadranis and finally into 10-acre
quadrants, is designated by two additional lower-case letters. Therefore,
the example (C-5-4)19ddd indicates not only the location as given sbove

but also designates location to the nearest 10 acres. This well is in the
SEZ, SE$SEL, sec. 19. Where there is more than one well in a given 10-acre
tract, consecutive numbers beginning with 1 are added as suffixes:
(C-5-4)18ddd1 and (C-5-4)19ddda.

Ficld work and acknowledgments

Field work was started in the latter part of May 1858 with an in-
ventory of all the wells. During the pumping season, discharge and draw-
dovm.meaaurementa were taken and water-level measurements were made
on some stock and domestic wells. Samples of water were collected
from wells fbr analysis. Water-level measurements in the cultivated
areas were made late in December after the pumping season. Cultivated
areas and areal density of phreatophytes were mapped on coatact prints

Be



of aerial photographs on the basis of ground surveys and aerial check
flights, Four "transpiration" wells (observation wells for study of water-
level fluctuations due to trenspiration) were bored with hand augers and .‘ )
lined with 8-inch galvanized casing. Weekly water-stage recorders were
installed on these wells., Records from the wells were used as a tj“m for
computing the amount of water transpired by phreatophytes.

The investigation was under the general supervision of A; N. Sayre,
chief, Ground W;ter Branch, and under the immediate supervialgn of
L. C. Halpenny, district engineer. The phreatophyte studies were made
in. consultation with T. W. Robincon, staff engineer. Field work was done
by P. W. Johnson, géologht. and J. M. Cahill, engineer, assisted by
R. H. Garside, J. E. Mernagh, R. S. Stulik, N. P. Whaley, and C. B.
Yost, Jr. Mrs. N. D. White and other staff members of the district
office aided substantially in the preparation of maps and the compilation
of data. The water samples were analyzed by the Quality of Water Branch
at Albuquerque, New Mexico, under the direction of J. M. Stow, district .
chemist, Streamﬁow data were furnished by J. H. Gardiner, district
engineer, Surface Water Branch,

GEOLOGY AND ITS RELATION TO GROUND WATER

Land forme and drainage

Most of the a,ui studied is a broad plain broken only by mountain
ranges that rise above the valley floor, typical of the Basin and Range
G- |



province (Fenneman, 19831). The mountains are roughly parallel and trend
northwest except for the Buckeye Hills and parts of the Gila Bend Mountains,
which trend northeast. |

The basin probably occupies parts of two north-west-treanding struc~
tural troughs separated by the Gila Bend and Sand Tank Mountains. The
eastern trough is rather narrow, and well-developed pediments x"educo
the width of the ground-water reservoir in the alluvium to as little as
4 miles (pl. 1). In the westera trough, pediments are not extensive. All
the mountains bordering both troughs are erosional remnants of blocks that
have been upfaulted along & northwest alinement. The Gila River channel
in this part of the area lies along the northern side, and to the south gentle
alluvial slopes extead for 15 miles or more.

The Gila River is the principal stream that traverses the area. In
this reach, the river is through flowing only during rare periods of high
floods. However, in some places along the river channel the water table
is sufficiently near the land surface to form pools of standing water. The
many tributary washes which empty into the Gila River in the area are
intermittent. Downstream from Gillespie Dam the river channel trends
in a south-southeasterly direction, then swings west and northwest in a
wide arc 'around the tip of the Gila Bend Mountains. It continues on in
this dirccﬁon. until it reaches the narrows between the Painted Rock and
the Gila Bend Mountains. Here it turns sharply to the southwest and con-

; tinues on in this general direction to its confluence with the Colorado
5



River. The average gradient of the river is about 5§ to 8 feet to the mile
(fig. 2), and because of this gentle slope and infrequent flow the stream
channel has developed a braided pattern.

Geologic history

Schist and gneiss of probable pre-Cambrian age comprise part of the
mountaing in this portion of the Gila River basin, Although marine rocks
of Paleozoic age have not been observed in outcrops, their former existence
is proved by their presence as fragments in fanglomerate in the Sand Tank
and Gila Bend Mountains,

Intrusions of igneous rock and widespread earth movements in Meso-
zoic (Laramide?) time formed parts of the Gila Bend, Sand Tank, and
Maricopa Mountains, After the mountain building, and presumably in carly
Tertiary time, crosion reduced the mountains and coatributed rock debris
to the basin to form thick sequences of sediments, now consoliduted. The
erosional cycle was interrupted by volcanic activity and subsequent faulting
and uplift which formed fault-block mountains. Although most of the original
fault lines have been cbacured by erosion, present mountain forms are
the result of continuing degradation and faulting,

Deposition of more alluvium occurred later in Tertiary time, con-
tinuing tﬁto Quaternary time. This material is relatively unconsolidated.
Originally the alluvium that was washed from the adjacent mountains was
deposited in basinsg with no outlets, After these closed basins became filled

) with alluvium ths Gila River o@ﬂshod its pu@ through-drainage system.
8



Quaternary volcanfc eruptions developed cinder cones and basalt
flows that temporarily dammed the Gila River. Evideace of this is seen
in the northern part of the Painted Rock Mountains and in the vicinity of
Gillespie Dam. As the river breached these obstructions and deepened
its channcl, three sets of terraces were formed.

After the surface of the lower terrace was formed, the Gila River
incised a channel about 80 feet deep and about half a mile wide. The
channel was partly refilled with unconsolidated alluvium of Recent age
which forms the present inner valley. The braided channels of the Gila
River lie in & flood plain, about 5§ to 15 feet below the level of the inner
valley. The stream is now building up this flood plain with sediments.

Rocks of the area

Crystsalline and metamorphic rocks

Crystalline, metamorphic, and volcanic rocks éomprtse the major
mountain areas in this portion of the Gila River basin. The gneiss and
schist exposed in the Gila Bend, Sauceda, Sand Tank. and Maricopa
Mountains in various amounts are considered to be the oldest rocks in
the srea and are probably pre-Cambrian, Owing to the deep weathering
and highly fractured nature of these rockn.' it is conceivable that they
might Srield a little water to wells for stock or domestic purposes.

Granitic rocks, probably younger than pre-Cambrian, have intruded
the gneiss and schist and are exposed in great abundance in most of the
mountains in the area. These rocks range tromeo.ru to fine grained,
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arc occasionally porphyritic, and are associated with aplitic and pegma-
titic mate'rial. The granitic rocks are generally not deeply weathered
and are esscntially non-water-bearing. As no important supplics of
ground water are known to cccur in any of the hard rocks in this areas,
no detailed study of these rocks was made.
Volcanic rocks

Older volcanic rocka, of Tertiary (?) age, occur in parts of the Gila
‘Bend, Sand Tank, Sauceda, and Painted Rocks Mountains, and form
hogbacks, mesas, and irregular hills. They also occur interbedded with
consolidated sediments in the Sand Tank and Gila Bend Mountains and at a
depth of 1, 140 feet at Gila Bend (see log of well (C-5-4)31cbd, table 4).
These rocks are basaltic flows and tuffs. The tuff is well bedded, grayish
pink in color, and has lava fragments as inclusiom.i.

Younger volcanic rocks, of Quateranary age, occur as basaltic lava
flows in the Buckeye Hills, the Gila Bend and Painted Rock Mountaing,
and Oatman Liountain. The Sentinel lava flow, also Quateraary basalt,
occupies about 200 square miles south and west of tha Gila Bend area.
Ncneof the volcanic rocks in the area are known to be water besring.

Consolidated sediments

Consolidated sediments of Tertiary (7) age occur in the Sand Tank
and Gila Bend Mountaing, and uaderlle many areas covered by younger
volcanic rocks and anuv;um. These materials epparently were encountered
at depths of over 1, 100 feet, as shown by the log of well (C-5-4)31cbd at
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Gila Bend (table 4). The sediments consist mostly of cemented alluvial
material with fragments of limestone and are interbedded with volcanic
rock and sandstone.

Unsorted materials in a conglomeratic facies of these sediments
range in size from ailt to large boulders. Many of the fragments are grani-
tic but schist and fragments of other metamorphic rocks are proient. ;
This indurated unit forms high, rounded hills with steep slopes and
cliffa, | '

The sandstone is well sorted, cross bedded, porous, and arkosic. |
It is bright red in color and has varying degrees of cementation. Steeply
tilted sandstone beds 200 feet thick form a cliff in the southeastern part
of the Gila Bend Mountains.

The deep'wells at Gila Bend apparently obtain their water from this
sandstone, No irrigation wells are known to have been drilled deep enough
to encounter these sediments.

Alluvial fill
Alluvial {ill of Tertiary and Quaternary age occupies the inter-
montane troughs of the Gila River basin in this area. This fill has been
eroded from the surrounding mountains or brought into the area by the
Gila River and its tributary streams. It can best be described by assign-
mg the terms "older #il1" and "younger f£ill. " The lower part of the older
,/m is probably of Tertiary age.
elle
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In the westera trough of the Gila Bend area the earliest materials
were deposited when the basin had only interior drainage, and they con-
sist of about 800 feet of lake-bed clays and some sand. The deposits
rest on the consolidated sediments as shown by well logs (table 4). Above
the lake beds is about 300 feet of sand and gravel with some clay.

In the trough between the Gila Bend and Maricopa Mountains the
| older fill consists of more than 1, 000 feet of partly consolidated and poorly
sorted sand, gravel, and boulders. No lake-bed clays have been encoun=- —
tered in wells drilled in this area. The coarse texture of the alluvium
suggests that steep stream p:adients were maintainec during most of the
period of deposition and, possibly, that through drainage existed in this
trough in a channel that followed a course much different than at present.
Most of the irrigation wells in this part of the Gila Bend area have been
drilled in the older fill.

The younger {ill was deposited mainly alo.ng the course of the Gila
River and is considered to be of Recent age. It also extends as a thin
maatle over most of the valley floor and underlies the tributary stream
channels. The fill beneath the flood plain of the Gila River is about 80
feet thick and congists mostly of unconsolidated coarse sand and gravel
The younger fill is -an excellent aquifer and yields large amounts of water

to a few irrigation wells northwest of Gila Bend.
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GROUND-WATER HYDROLOGY

Source, occurrence, and mqvement

The primary source of all ground water in the Basin and Range pro-
vince in Arizona is precipitation that falls on the hard-rock areas and,-
in the form of runoff, moves toward the axes of the valleys. Infiltration
from runoif occurs primarily in the coarse sediments at the mour.atdn
fronts.

The yield of wells depends on the water-bearing character of the
material in the saturated zone. In the Gila Bend and Dendora areas the
best aquifers are in the alluvial fill. Both the older and the.younger fii
seem for the most part to be interconnected, so that the ground-water
reservoir is more or less continuous throughout the bagin. All the
irrigation wells in the area are in valley fill, and most of them are in the
older fill. The deepest known aquifer is in the sandstone beds beneath
the lake-bed clays, and the deep wells at Gila Bend are reported to have
yielded 150 gallona per minute (gpm) from these beds.

The direction of movement of ground ‘water in the area is shown
on the coatour map (pl. 2).. The movement is down the slope of the water
table, from areas of recharge to areas of discharge., The slope of the
water table is towa.;d the Gila River and downstream. It approximates
the conﬁguration of land surface but the gradient is gentler. I'igure 2
is a profile showing the relation of the land surface to the water table along
the Gila River from Gillespie Dam to approximately 10 miles west of the
Painted Rock narrows.
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Recharge
Recharge into the ground-water reserveir in the Gila Bend and Dendora

areas occurs from five sources: (1) Surface flow in the Gila River; (2)
scepage from canals and infiltration of water applied to irrigated lands;
(3) infiltration from runoff at the mountain frouts; (4) direct precipitation;
and (5) underflow of the Gila River. | .
Surface flow in the Gila River

Infiltration from the Gila River is one of the principal sources of
recharge to the area. Data collected by the Surface Water Branch of the
Geological Survey show that every year some of the water m‘tho river is

not diverted but flows into the aresa at Gillespie Dam, as given in the follow-

" ing tabulation:
Discharge, Gila River
Calendar year below Gillespie Dam
{acre-feet)
1946 31,010
1847 8, 240
1948 936
1949 11,870
1850 2,810
1951 105, 800
1052 2,880
1953 50
Total for 8 years 164, 800
Average per year 21, 000

Most of the water that passes over the dam percolates downward
through the coarse sand and gravel of the river bed and recharges the
ground-water reservoir, The effects of the drought conditions which have

-l4-



prevailed in Arizona since 1942 are reflacted in the total flow of the Gila

River at Gillespiec Dam (fig. 6). The amount of flow in the river varies

greatly from year to year, as shown in the preceding tabulation, and a

qQuantitative estimate of recharge from this source is diificult to make.

The records show that during the years 1946-53 inclusive a total of

164, 800 acre-feet of water flowed over the dam. Of this amount, only

6,460 acre-feet passed the gaging gtation at Dome, approximately 140

miles downstr/eam. It can be assumed that nearly 160, 000 acre-~feet

seeped into the stream bed or was lost by evapotranspiration. It can also

be assumed that a large part of these losses occurred in the reach of the

river between Gillespie Dam and Painted Rock narrows, because many

flood flows are abgorbed completely in that reach. Recharge experiments

conducted in other areas of Arizona have shown that about 50 percent of

the total flood flow of & desert stream is recharged to the ground-water

reservoirs, and that a larger percentage of low fiows of clear water can be

considered recharged (Babcock and Cushing, 1841; Turner and others, 1843). .

It is assumed, therefore, that a figure of 50 percent of total flow fér recharge

in the area is conservative. On the basis of these data and assumptions,

recharge to the basin in the last 8 years frox;z flow in the Gua River has been

at least 80, 000 acre-feet, a yearly average of about !0, Olod acre-feet.

Seepage frbm canals and infiltration of water applied to irrigated lands

Another major source of recharge in the area is scepage from canals

and infiltration of water applied to lands for irrigation. Water is diverted from

the Gila River at Gillespie Dam into the Enterprise and the Gila Bend canals,

-15-



ACRE - FEET

Year | Total water| Recharge from| Net quantity | Recharge from|Total water Recharge fromj Total
diverted this gource of canal water| this source pumped directly| this source estimate
and pumped| estimated as  javailable for |estimated as |[for irrigation |estimated as |of
into canals | 25 percent irrigation 20 percent of lands 20 percent recharge

1947} 102,000 25, 500 76, 500 ‘ 15, 800 8,500 1,700 42, 500
1848} 90,000 22, 500 617,500 13,500 20, 000 4,000 40, 000
1949 86,500 21,600 64, 900 13,000 28, 000 5, 600 40, 200
1950| 70,500 17, 600 52, 900 10, 600 25,000 5,000 33, 200
1951 84,000 21,000 63, 000 12, 600 64, 000 12, 000 45, 600
1952{ 96, 500 24, 100 12, 400 14, 500 - 67,500 18,500 52, 1n0
1053 90,000 22,500 67, 500 13, 500 76, 000 15, 200 51,200
Total| 619,500 154, 800 464, 700 83, 000 289, 000 57,000 304, 800




both of which are unlined. The le\ngth of the Enterprise canal is about 7
miles and the length of the Gila Bend canal is about 45 miles, a total of
about 52 miles. This does not include the many miles of laterals and
irrigation ditches which carry the water to the fields. In addition to a'ver-
sions of surface water, ground water is pumped into the canals from wells
| along their banks, partly as a supplemental supply and partly to dilute the
river water, which except in floods is relatively highly mineralized.

Since 1950 more land has come undef {:ultivatiou. Additional wells
have been drilled to irrigate these new lands and the water is carried oaly
relatively short distances.

Studies by the Geological Survey in Safford Valley (Turner and others,
.194 1), by the Cortaro Farms (personal communication), and by the Univer-
sity of Arizona (Rhenberg, 1951) show that, where conditions similar to
those in the Gila Bend area exist, at least 25 percent of all the water carried
in unlined canals and as much a8 20 percent of all water applied to lands
for irrigation is lost by scepage and infiltration to the ground-water reser-
voir. Based on these percentages the tabulation on the facing page indicates
the possible amount of recharge to the ground-water reservoir {rom these
sources. The estimated total recharge from canals and irrigated fields for
the years 1947-53 inclusive is of the magnitude of 300, 000 acre-feet, or

an average of about 44, 000 acre-feet per year.
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Inﬂ.ltratioxi from runoff at the mountain fronts
Recharge from runoff at the mountain fr&ma is derived from precipi-

tation which falls on the hard-rock areas and, in the form of runoff, finds
its way across the coarse alluvial materials at the mountain froats. It

is estimated that, of the amount of rain that falls on a hard-rock area, an
'average of about 10 percent becomes runofi (Coates and others, 1954).

Of this amohnt. about half can be assumed to recharge the ground-water
reservoir. The averaée annual precipitation in the Gila Bend area is about
6 inches. However, during the years 1946 to 1954 the average hag been
only about 5 inches. The total hard-rock area within the drainsge basin

is about 225 square miles. Using an annual precipitation of 5 inches, about
60, 000 acre-feet of water fell, of which presumably about 6, 000 acre-

feet became runoff. Of this amount it is assumed that about 3, 000 acre-
feet found 1t§ way as recharge to the ground-water reservoir, a negligible
amount in consideration of the size of the area.

Direct precipitation
Little of the direct precipitation on the valley floor reaches the water

table, as étudies of soil penetration from rainfall in arid climates and
desert conditions indicate that most of this moisture is lost by evapora-

tion or transpiration. The only possibility for recharge from direct prey
cipitation is fr;m rain that falls or enters as runoff into the coarse material
in the washes or minor stream channeh Most of the direct precipitation
on the bottom lands of the Gila mver is considered to be returned to the
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atmosphere by evapotranspiration, and the net recharge from this source
is estimated to be less than 500 acre-feet per year. Quantitative data
are not sufficient for the Gila Bend area to estimate the annual amount
of recharge from direct precipitation but it is doubtless small in compari-
son with the other sources. o
Underflow

Underflow into the area is a source of gain to the ground-water
regervoir, The ouly possible place where this occurs in the Gila Bend
area is at the narrows at Gillespie Dam. Basalt of Quaternary age crops
out there on both sides of the river. The dam was constructed across
the narrows in 1921 for the diversion of water into the Enterprise and Gila
Bend canals. As a result, the underflow entering the area was reduced.
The possibility that water is entering the area as underflow in or under-
neath the basalt has not been prov)ed or digsproved cohelusively. but it would
seem likely that the quantity is small in comparison with the other sources.

Discharge
Discharge from the ground-water reservoir takes place both by
natural means and by pumpin: ¢from wells, Natural discharge is by
evaporation, transpiration, or underflow and surface flow leaving the
area. |
Evaporation
4 There are no evaporation records available for this area but an annual
’ evaporation loss of 96 inches was assumed, based on records for stations
at Yuma and Mesa,
-18-



1/2 MILE

372

? 315
379
‘ 385

3786

377

_.:

, $\

*gure 3. -Portion of Gila River channel showing parcels of approximatecly umform

density of bottom-land vegetation (See also table 1).



Hell T=3==Saltoedar

Figure l,-Typical water-level fluctuations in transpiration wells.

g ’.J.: 19 20 4§ 22 23 2l 25
4 Killing
3 7.80 Well T=li~=irrowweed _—Frost
[ ﬁT’—-q
M
|
3 7.90
2 Nov, 13 1’4 ]5 16 17 16 19
g 7.80 l Well Tulj==firrowwesd
a _’ﬂ——— T —
'g 7.85
§ 7.0
= Nov, 20 2 22 23 2k 25 26




)

In various places along the river channel, mostly west of Gila
Bend, where the water table is slightly higher than parts of the stream
bed, open pools of water are formed. Ground water is discharged from
these pools by evaporation. In addition, where the capillary fringe reaches
the land surface, areas of wetted sand occur and evaporation of ground
water results, Evaporation of ground water is consl&ered to occur .. ...
from an estimated 400 acres of open pools and about 800 acreés of wetted
sand, Coefficients of 0.88 and 0. 7 were applicd, respectively, to these
classes of areas (Gatewood and others, 1950, 47-49) and an annual evapora-
tion rate of 86 inches was used. On the basis of these ﬂgurea: a total of
about 6, 000 acre-feet of ground water is discharged annually by evapora-
tion.

Transpiration

A brief but intensive investigation of water use by river-bottom
vegetation along the Gila River channel was made between Gillespie Dam
end the Painted Rock narrows. The methods used were developed in
Safford Valley, Ariz., and are described by Gatewood and others (1950).

The Corps of Engineers furnished a complete set of aerial
photographs on a scale of approximately 5 inches to the mile. The photo-
graphs were examined, and the entire bottomland was divided into numbered
parcels according to the apparent density of growth in each parcel. Th;
areas of each parcel were then measured by planimeter. Most of the field
observations were made from a light plane, flown at an altitude of about
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100 feet above the ground. Notes were made as to the types, heights, and
densities of the phreatophytes in each numbered parcel (fig. 3, table 1),
Checks were made at various sections on the ground to substantiate the
aerisl observations.

The total river-bottom area occupies approximately 30, 000 acres,
of which all but about 1, 000 acres is covered by phreatophytes. The princi-

pal plants are saltcedar (Tamarix gallica), mesquite (Prosopis juliflora),

and arrowweed (Pluchea sericea). These plants comprise approximately

95 percent of the vegetation in the river channel. To evaluate the quantity
of vegetation it was necessary to determine the volume density, which is
the product of areal density and vertical density (Robinson, T. W., in
Gatewood and others, 1950, p. 25). Computed in terms of 100-percent
volume density, the efiective area of evapotranspiration was about 4, 600
acres, made up of 2, 250 acres of saltcédar. 1, 750 acres of mesquite,
and 600 acres of arrowweed and miscellaneous brush. The compgted
total area of 100-percent volume density is only about 18 percent of the
gross area. The field work disclosed that a few hundred acres of phreato-
phytes along the river for about 8 miles downstream from Gillespie Dam
have died within the past few years. The cause is not definitely known
but is believed to be a decline of the water tabie. The current depth to
water in this reach of the channel is 40 to 75 feet (fig. 2). The cause is
not believed to have been changes in quality of the ground water or spraying
the plants with chemicals.
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) To determine the use of ground water by the three principal plant

i

species, 'transpiration wells" 8 inches in diameter were augered in areas
of dense growth (pl. 1). Scil samples were collected from each well in the
zone of saturation to determine the coefficient of dfainage (Gatewood and
others, p. 82). Water-stage recorders were installed on the wells to
measure daily fluctuations caused by plant transpiration. Graphs of typical
fluctuations are shown in figure 4. The middle graph shows that a frost
reduces transpiration 10 a negligible amouat and effectively ends the growing
season., The formula developed by White (1332), q=y(24r¥s), was used,
adjusted for night transpiration (Gatewood and others, 1050, p. 146-150).
From the data, the mean monthly use of groun& water in the vicinity of each ¢
transpiration well was computed for the period of record. Because of‘th‘e
limited time the recorders provided usable records, data for a complete
year could not be obtained. Therefore, the more comprehecusive Safford
.data were utilized, Table 2 illustrates the method employed to estimate
use of ground water by saltcedar and arrowweed for the full growing season.
Owing to similarity in leaves, stalks, and length of growing season,
arrowweed was considered comparable to baccharis, for which Safford data
were available.

The work described by Gatewood and others (1850) included six
methods of determining use of water by phreatophytes, and the final x:esults
were a mzan of results by all six methods. The transpiration-well method
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‘le 1, --Method of computing arcas o

N
)

”

f 100-percen’olume density for’parcela shown in figure 3.

')

| Saltcedar M Nesquite Arrowweed
Area of Area of Area of
Gross 100-percent 100-percent 100-percent

areal |Gross Areal | Volume volume Areal | Volume volume Areal | Volume volume

Plot| density | area || density | density density density | density density density | density density

no. j(percent)|{acres)!| (percent){{percent)] (acres) (percent){(percent)] (ccres) (percent)i(percent)] (-cres)

372 ] 80 36. 7 0 0 0 60 100 17.6 (b 40 90 10,5

373 50 116. 9 0 0 0 0 0 0 100 100 43.8
374 5 12.4 0 0 0 100 100 0.6 0 0 0

375 90 85. 17 100 100 7.2 0 0 0 0 0 0
376 5 125, 1 100 100 6.3 0 0 0 0 0 0
377 95 7i.9 100 100 68, 2 0 0 0 0 0 0
370 10 25.2 50 100 1.3 50 100 1.3 0 0 1)
380 25 12. 9 100 100 3.2 0 0 0 0 0 0

331 8 62.3 30 100 1.5 30 100 1.5 40 100 2.0
382 7 65.8 0 0 0 .00 ¢0 4.1 _0 0 0

383 &0 67.8 0 0- 0 30 100 16. 3 70 90 34.1

384 60 50.4 0 0 0 40 100 12. 1 60 100 18. 2
385 35 26. 6 100 100 9.3 0 0 0 0 0 0
386 4 45.8 0 0 0 100 100 1.8 0 0 0
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"1'.e 2. --Mean monthly use of ground water by bottom-land vegetation of 100-percent
volume density in Gila Bend area and Safford Valley, Ariz., on the basis .

of the transpiration-well method.

Saltcedar . Arrowweed - baccharis
Determined mean| Ratio, |Computed [Determined mean| Ratio, | Computed
monthly use, |use at| mean monthly use, use at mean
inches Safford| monthly inches Safford|monthly use,
to use |use, Gila Gila |to use | Gila Bend
at Gila| Bend, [Safford | Bend |at Gila|(arrowweed)
Month Gila| Bend | inches | (bac- |(arrow-| Bend inches
Safford Bend charis) | weed)
o 0 - | - 0 0 - = 0
Feb. 0 - | - 0 0 - - 0
Mar. | 0 - |- 0 o1 - 1,0a/ .1
Apr. | L2 - | L1/ 11 1.8 - 1.0a/ 1.6
M 11.0 - | L1a/| 10,0 7.9 - 1. 1a/ 7.1
_ June | 17.0 14. 14 1,2 14.1 10.8 - : I 23/ 8.6
July | 14.8 15.4 .9 | 158 | 0.7 - .0a/| 107
) 1. 13.5 3 12.6 1. 1 12.6 7.0 11.5 06 11.5
Sept. | 11.6 8.8 1.3 8.8 5.5 6.2 .9 6.2
Oct. 3.1 7.7% .4 7.7 1.3 5.5 .3 5.5
Nov. .2 4.6f .05 4.6 .1 1.8 .1 1.8
DGCQ 0 0 e 0 o . 1 - . 1
Total | 72.4 - |- 74.17 44.0 - - 53.2

a/ Estimated on basis of data for subsequent months.
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was found to yield results 6. 4 percent less than the mean of all six methods.
This factor was applied as an adjustment to the figures for the Gila Bend
area (table 2).

The figures for mean total uge of ground water by the phreatophytes
common to the Gila Bend area, computed for a full growing season and for
100-percent volume density, ai;e as ifollows: Saltcedar, 6..7 feet; meaquite,
2.7 feet; and arrowweed, 4.7 feet. Applying thece aanual rates, it was
computed that the river-bottom vegetation in the Gila Bend area withdraws
nearly 23, 000 acre-feet of water annually from ground-water storage.. In
addition, all the precipitation falling on the gross arca of phreatophyte-
covered lands was considered to be discharged by evapotranspiration. The
40-year annual average precipitation at Gila Bend is 5. 9 inches. Mean
precipitation during the period 1846-58, inclusive, has been about § inches
per year. Applying a rate of 5 inches to the 29, 000 acres of phreatophyte-
covered lands, it is apparent that an average of about 12, 000 acre-feet
of water from precipitation has becn discharged annually since 1948.
However, in 1953 precipitation was only about 2. 7 inches and only about
8, 500 acre-feet of discharge was derived from this source.

The total annual discharge of water from the river-bottom area in
1953 was, therefore, approximately as follows:

Transpiration of ground water 23, 000 acre-feet
Evaporation of ground water 6, 000

Evapotranspiration of precipitation _6, 500
TOTAL Approximately 36, 000 acre-fcet
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Underflow and surface flow leaving the area

Present studies {ndicate that there is no underflow leaving the Gila
Bend area except at the Painted itock narrows, where the Gila River passes
through the narrow gap between the Painted Rock and Gila Bend mountains
(pl. 1). These mountains and a rock outcrop in the bed of the river form
a partial barrier that divides the stream into two narrow channels and
usually forces ground water to the surface. There is no likelihood of
movement Sf ground water through or underneath the volcanic rocks of
the Painted Rock Mountains, on the basis of data from test holes drilled
by the Corps of Engineers (B. D, Jorgensen, personal communication,
1954). At times the water table in the narrows declines, reducing the
eifective area through which underflow moves.

Using a hydraulic gradient of 2 feet per mile, a cross-gectional
area of 34, 000 square feet, and a permeability of 400 Meinzer units
(gallons per day per square foot), it is estimated_: that the underflow through
the narrows is about 5, 000 gallons per day (gpd) or about 54 acre-feet
per year. This quantity would probably be increased to about 30, 000 gpd
during the time seasonal rains fully saturate the sediments in the channel.
The factor used for hydraulic gradient was based on the profile (fig. 2),
the cross-sectional area on data furnished by the Corps of Engineers, and
the permeability on laboratory tests of alluvium from the transpiration wells.

Unfortunately the figure used for permeability was based on inadequate

) datz, and a better figure could be obtained if a pumping test were made in
«25=



the narrows. Current plans of the Corps of iingineers are to conduct such

a test in February 1954, too late for inclusion in the present report. Although
the estimate of 5, 000 gpd is, therefore, provisional and subject to revision,

it at least indicates the small magnitude of the underflow leavtxig the Gila
Bend area and entering the Dendora area,

As there is no gaging station on the Gila River at the narrows, the
annual quantity of surface water leaving the Gila Bend area is not known,
The average quantity of surface flow leaving the area was estimated by
Babcock and Kendall (1948) to be less than 4, 500 acre-feet per year, and
the present investigation did not indicate that their eati;nafe would require
substautial revision.

Pumping from wells

Gila Bend area, =-Withdrawal of ground water for i'frijgation currently con-
stitutes the main means of discharge in the area. In 1953 there was about
33, 500 acres of cleared or cultivated land in the area (pl. 1), of which
about 32, 000 acres was irrigated. About 15, 000 acrea was supplied with
water from the Gila Bend and Enterprise canals. | In 1953 about three-fourths
of the water delivered from the caasals was grouad water pumped into them
within the Gila Bend area. The remaining 17,000 acres was irrigated
with water pumped directly from wells, The irrigation wells are, for the
most part, in two areas-one 'nlong the river channel from Ruinbow Valley
almost to Gila Bend and the other along the river channel in the western
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part of the erea, mostly in Tps. 6 and 7T W..

There are 21 wells along

the Gila Bend canal between the Gila Bend and Maricopa Mountains, all

of waich pump directly into the canal. In 1953 an additional 52 wells were

pumped for irrigation. The quantity withdrawn from the ground-water

reservoir for irrigation in the Gila Bend area in 1958 was about 144, 000

acre-feet.

-—

Pumpage of ground water for uses other than irrigation is estimated

to be less than 500 acre-feet per year, including pumpage for municipal,

military, industrial, domestic, and livestock use.

The following tabulation shows total water pumped for irrigation

in the Gila Bend area in the years 1947 through 1953, the quaatitics # '

. surface water diverted for irrigation, aand ratios among the categories.

Acre-feet Ratio, Ratio, Ratic,
Diverted Pumped | Pumped Total water water water
into ianto direct- pump- | pumped pumped pumped
canals canals ly for age into into directly
(roundec) irriga- canals to | canals to | for irri-
tion total total gation to
flow in water total
canals purmaped water
{percent) | (percent) | pumped
Year {percent)
1947 €9, 500 32, 0600 8,500 40,500 32 79 21
1948 ' | 49,000 40, 500 . 20, 300 60, 800 45 67 33
1249 47,500 39,000 | 28,000 67,000 45 58 42
1950 36, 5001 33,500 | 25,500 59, 000 48 - S7 - 43
1951 44, 000 40,000 | 64,000 104, 000 48 38 62
lg 44, 000 52,000 | 68,000 120, 000 54 43 53
1953 ' 22,000 ' 68,000 ‘76,000 144,000 ' 75 47 53
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Dendora area. -~There is about 1, 500 acres of land cleared for farming

in the Dendora area (pl. 1), of which 1,400 acres was irrigated in 1953,
Ground water, pumped from 10 wells, is the sole source of supply. The

quantity pumped during the period 1946-53 inclusive is given in the follow-

ing table:

Tear 1946 1947 1948 1849 1950 1851 1852 1933
Quantity
pumped 6,700 6,700 1,900 5,000 6,000 6,000 6,000 6,000

(acre-fect)

Wells. --In the Gila Bend and Dendora areas 83 wells were pumped for
irrigation in i953. Most of the wells are 20 inches in diameter, range
in depth from 350 to 900 feet, and yield from 1, 300 to 8, 000 gpm (table 3).
Logs of selected wells are given in table 4. NMost of the wells are equipped
with electric~-powered turbine pumps. Along the Gila Bend canal the average
drawdown in 1946 was about 43 feet and the average yield was about 2, 400
gpm; by 1853 the average yield had declined to about 2, 000 ghm. In the
area west of Gila Bend along the river chaunel the average drawdown in 1833
was about 65 feet and the average yield about 2, 500 gpm.

The depth to the water table in the Gila Bend and Dendora areas is
shown on plate 8. Ranges in depth to the water table are as follows:
Irrigated areas between the Gila Bend and Maricopa Mountaing, 60 to 250
feet; in the vicinity of Gila Bend, 15 to 240 fcet; irrigated area west of
Gila Bend along the river chamnel, 15 to 60 feet; in vicinity of Theba, 80

to 120 feet; and Dendora area, 20 to 60 feet. The greatest mcasured depth
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' to water in the area was more than 400 feet in a well near the Sauceda
Mountains,

Summary of recharge and discharge to the ground-water reservoir

The following is a summary of the average estimated gains to and
losses from the ground-water reservoir in the Gila Bend area for the

years 1947-53, inclusive:

Gains ; Acre-feet Losses Acre-feet

Seepage from flow
in Gila River 10,-000 Evaporation 6, 000

Seepage from canals and , :
irrigated lands 44, 000 Trangpiration 23,000

Infiltration from runoff
at the Lountain fronts 3,000  Underflow out of area b/

Precipitation on washes

and stream beds 500 Pumpage 85, 000
Underflow into area al
Rounded totals 58, 060 115, 000

2/ Armount unknowm but probably small.
b/ Negligible.

This summary indicates that withdrawals by discharge from the ground-
water reservolr exceed the amount replaced by recharge. The difference
is being supplied by the removal of ground water from storage.
Storage
Most of the Gila Bend area is desert land and, until about 4 years ago,
the cultivated lands, mostly in the vicinity of 'L;heba. were supplied princi-
’pauy with surface wateé diverted at Gillespie Dam and ground water pumped
' -28-



into the upstream portion of the canals. Thus, the water was applied to
lands many miles distant from the points of withdrawal, and little benefit
to the pumped area was derived from seepage recharge. This condition
accounts for the ground-water mound in the vicinity of Theba (pl. 2).
However, with the expansion of agricultural development and the drilling
of new wells noﬁhwgst of Gila Bend, some of this seecpage will be recovered.
The scarcity of wells and the consequent lack of information as to the
depth, character, and extent of valley fill and as to other pertinent features
makes it impossible to calculate the amount of ground water stored in the
‘area.

Fluctuations oi the water table

Periodic measurements in a limited number of observation wells
confirm other data indicating a general decline throughout the Gila Bend
area. The trend is more noticeable in the heavily pumped area along the
upstream portion of the Gila Bend canal. From the water-table contour
map (pl. 2), it can be seen that continuous pumping has caused a sharp
depressicn there. This area probably is receiving water from storage
in Rainbow Valley. Increasing pumping for new development in Rzinbow
Valley will make less water available to the area along the canal, and an
accelerated lowering of the water table may be expected. The following
tabulation shows the declines that have occurred during the period 1945-53

inclusive in various parts of the Gila Bend area:
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Heavily pumped area between Gila Bend and Maricopa Mountains

Water level,

Water level,

Well in feet below_ in fect below Decline
No. land-surface land-surface (feet)
datum 1945-46 datum 1952-1953

(C-2-5)20=a 24. 06 28. 93 4. 87
36cbd 54, 93 103, 87 438. 94

(C-3-4)7aab 64. 72 100, 25 35.53
21bba 63. 67 104, 80 36. 13

nRemainder of Gila Bend area

(C-4-6)29%aab 34i.50 44, 86 13. 36

(C-5-4)2ibde 94. 06 97. 42 3. 36 ‘

(C-5-6)2dba 19. 93 47.89 27. 86 ~—

(C-6-6)40zb 121,77 126.75 4.98

(C-T7-5)6aab 225. 25 . 225,24 0

The hydrograph of well (C-6-6)4asb {fig. 5) shows the spring water-

level measurements for the period 1945-53 inclusive.

This well is on the

eastern edge of the irrigated area near Theba, where recharge has been

occurring for about 30 years and there hag been no pumping for irrigation.

It is considered that, prior to the {irst measurements in the well in 1945, a

near-equilibrium condition may have developed between recharge from

irrigation and a compensating increase in natural discharge. Thus, the

fact that the water level in the well was not rising rapidly would not mean

that substantial recharge was not occurring in the area. The decline since

1947 could be attributed to the drought or to the effects of pumping in the

newly developed area to the north, along the river.

The sharp decline in

the spring of 1853 tends to gshow that pumping to the north has at least

some efiect on water levels in the vicinity of this well.

Well (C-5-5)24bba is not far.from the river channel, and the water-

level fluctuations probably reflect periodic recharge resulting from heavy

rains or from floods in the river.,

.



QUALITY OF WATER
Samples of water from 80 wells were collected and analyzed during
the investigation. Selected analyses are shown in table § and the range in
dissolved solids is shown on plate 4. Twenty-five samples collected in
1946 afford a partial basis for evaluating changes in quality of the ground
water since that time. Samples of surface water from the Gila River at
Gillespie Dam have been collected on a continuing basis since 1934, Figure
6 shows mean dissolved-solids content of the river water for the period
‘1943-53 inclusive. The samples collected prior to October 1950 were
analyzed by the Salt River Valley Water Users' Association and those collected
- since that date, by the Geological Survey

Ground water

Area between Gila Bend and Maricopa Mountains
Most of the wells in this area obtain water only from the older fill
and the dissolved-solids content of the water is generally less than 1, 500
parts per millicn (ppm) &s shown in plate 4. According to the standards of
the U. S. Department of Agriculture (Wilcox, 1943) these waters may be
considered 'doubtful to unsuitable" for irrigation use, owing to their high
sodium and chloride content. Many of the wat=rs contain more than 1 ppm
‘of boron, a concentration that is undesirable for use in irrigating citrus
and some other fruit trees (Wilcox, 1948). Most of the waters in this area
‘are hard, have a noticeable salty taste, and contain more thaa 1.5 ppm of
) fluoride. In the northern part of the area, nearest to Gillespie Dam, the
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dissolved-solids content is, in general, somewhat higher than in wells
farther south,

On the basis of comparison of all the 1946 and 1953 analyses of water_
from wells in the ares, little or no change in dissolved-golids content
occurred in the interval. If anything, there was a very slight reduction
in dissolved solids, Figure € indicates a slight trend toward an increase
in dissolved solids in river water eatering the area, which would be
expected to increase the concentration of dissolved material in the ground
water. The apparent contradiction is attributed to recharge from flood
flows that were fairly low in dissolved solids, particularly in August
and September 1951,

Area along Gila River northwest of Gila Bend

Most of the wells in the irrigated area along the Gila River in Rs. 6
and 7 W. obtain water from both the younger and the older iill. The
waters are, on the average, more highly mineralized than thos: farther
upstream, a feature common to the valleys along the Gila River (Halpenny
and others, 1952, p. 206). Sodium and chloride are the predominant con-
stituents and the waters have a definitely salty taste. According to the
standards set forth by Wilcox (1948), waters from this area range from
"doubtful" to "'unsuitable' for irrigation.

As this area was practically undeveloped in 1946, few samples could

be collected for analysis during the previous investigation (Hem, J. D., in
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Babcock and Kendall, 1948, pp. 14-17). The meager data available indicate
that practically no change in dissolved solids has occurred since 1946,

Although all the fill, in efiect, forms one ground-water reservoir”
in this area, the few data available indicate that water from the younger :
fill apparently is more highly mineralized than that from the older fill,
Table 5 lists threc analysecs from wellsin T. § S., R. 6 W. The analyses
indicate that the most highly mineralized water w:.m obtained from the
shallowest well, the one obtaining the greatest portion of water from younger
ﬁn. Collection of additional samples in the future, especially if
additional wells are drilled, will indicate the extent of the difference
in dissolved-solids content of water in the younger and older fill and
may indicate the cause.

Remainder of Gila Bend area

Most of the water samples collected from wells in the older fill in
the remainder of the Gila Bend area contained 1,000 to 1,500 ppm. The
wells are used primarily for domestic and livestock purposes. The waters
generally are hard, have a noticeable taste, and contain more than 1 S
ppm of fluoride. Changes in the quality of these waters from 1946 to 1953
were negligible,

The deep well at Gila Bend taps a sandstone aquifer in consolidated
sediments underlying the lake-bed sequence of the older fill. A sample
collected from this well in February 1946 contained 1, 060 ppm of dissolved
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solids, including 6.9 ppm of fluoride.-f. Sodium and chloride predominate,
and the water is soft in comparison with water from wells supplied from
alluvial fill. No significant change in concentration of soluble material
has occurred since 1946,
Dendora area

Samples of water from wells in this aree were not collected in 1953,
Three analyses of samples collected in 1946 indicate that at the time
ground water in the Dendora area ranged in dissolved-solids content
from 1,420 to 4,010 ppm. All were high in sodium and chloride and lie in
the class "unsuitable'’ for irrigation on the basis of the Department of
Agriculture standards (Wilcox, 1948).

Surface water

The Gila River supplies the only surface water for irrigation in the
Gila Bend area. Surface waters diverted into the Gila Bend and Enterprise
canals at Gillespie Dam are, on the average, considerably more highly
mineralized than the ground waters that are pumped into the canals.

The period 1842-53 inclusive has been one of drought in mort of the
Southwest. Figure 6 shows that, except for the effects of flonds of short
duration, the flow of the river at Gillespie: Dam gradually decreased in
the period 1944-53. In 1947 69, 500 acre~-feet was diverted into the canals;
in 1953 the quantity available for diversion was only 22, 600 acre-feei.
During this same pex"iod the Qvatera became more highly mineralized. In

) the water year 1943-44 the weighted average dissolved-sclids content was
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‘ about 3, 800 ppm; in the water year 1952-53, about 5, 000 ppm. Except

when diluted with lood flows, the surface water diverted into the canals

is high in sodium and chloride and is classed as "unsuitable" for irriga-

tion (Wilcox, 1948),

Flood flows in the Gila River contain much less dissolved material

than low flows, The water is of excellent quality in comparison with

normal river flow, though it is hard. The following tabulation indicates

the difference in dissolved-solids content between flows greater than 500

cubic feet per second (cfs) and flows less than 500 cfs.

Flows greater than 500 cis Flovis less than 500 cfs
Mean discharge Dissolved Mean discharge Dissolved
Date cfs solids (ppm) cfs solids (ppm)
1951
_ July 11-20 21.8 5, 450
July 21-27, Aug, 2 29,9 4, 640
July 28-31 457 1,460
Aug. 1, 3 207 1,860
. ‘g 4,5 2,075 487
" Aug. 6-10 734 877
- Aug. 11-15, .18-26 86.7 5,220
Aug. 16, i7 176 2,110
Aug. 27 586 881
Aug, 28-31 8,500 417
Sept. 1 4, 640 262
Sept., 2 2, 540 543
Sept. 3, 4 507 2, 140
Sept. 5-10 248 5, 660
Sept. 11-20 174 5,760
Sept. 21=30 i00 6, 000

Ground-water--surface-water interrelationships

The effect of the guality of the surface water in the Gila River upon

. the quality of the ground-water supply of the Gila Bend area is of great import-
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ance. For example, by mixing ground water with the surface water diverted
into the canals, the dissolved-solids cantent can be reduced sufficiently
to make the water suitable for irrigation of some crops. Some of this
mixture recharges the ground-water reservoir by downward seepage from
canals and fields. Some leaching of the alluvial materiale is likely to occur
as this water moves downward to the water table, and the net effect may
be to increase the concentration of dissolved material in the ground water,

| An important source of recharge of river water in the Gila Bend area
is floed flows. These better-quality waters tend to reduce the concentration
of dissolved materials in the ground-water supply.

It is considered likely that a long-term tendency exists for the quality
of the water supply in the Gila B.nd area to deteriorate, at least in tiie
downstream part. This tendency exists because more’ digsolved material
is being brought into the area than is leavii&/as has occurred also in
Safford Valley, the Salt River Valley area, and the Wellton-Nohawk area.

Relation of quality of water to use

Irrigation
Although most of the water used for irrigation in the Gila Bend area
"is classed as "'doubtful to unsuitable” for irrigation, crops currently are
being raised successirlly. Certain features of the situation, not all fully
related to the water supply, partially offset the high sodium content of the

water and help explain the seaming contradiction.
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A good irrigation water must be low in dissolved-solids content
and percent sodium. However, it is difficult to classify irrigation water
on the basis of dissolved-solids content and percent sodium alone, as |
the proportions of the various constituents, the character of the soil,
and the type of crop to be grown also must be considered (Smith and
others, 1949),

The percentage of sodium is greater than that of calcium and

| magnesium in the majority of irrigation waters in the area. However,
the total hardness is high, which partially offsets the high sodium per-
cen.tage.

Crops grown in the Gila Bend area consist mostly of cotton, alfalfa,
barley, and sorghum. These crops are comparatively salt tolerant.
However, because of the poor quality of the water, sometimes more than
one seceding is required for germination. The soil in the Gila Bend area
is sandy rather than clayey. When irrigated, sandy soils drain readily,
whereas clay soils tend to accumulate scluble salts. |

Domestic use

Practically all the waters sampled in the Gila Bend and Dendora
areas exceed the suggested limits for dissolved mineral matter in drinking
water, on the basis of U. S. -Pubuc Health Service standards (1646). The
waters are hard and most of them contain more thén 1.5 ppm of fluoride,
the lower limit of fluoride concentrations that may cause mottling of the

tooth enamel of chikidren.
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Exceptions are mainly in waters from v:'ls on the fringes of the
Gila Bend area, nearest the mountains., These waters were of the best
quality sampled during the present investigation.

COMPARISON OF PRESENT AND PREVIOUS CONDITIONS

The investigation in 1853 afiorded an opportunity to compare curreant .
ground-water conditions with those prevailing in 1947, when the recon-
naissance work by Babcock cnd Kendall (1948) was done.

Expansion of agriculture since 1847 has been principally in the
area along the Gila River northwest of Gila Bend, most of the remainder
occurring near the Gila Bend~canal in lower Rainbow Valley. The cones
of depression in the water table in the vicinity of these areas, caused by
pumping for irrigation, are shown by the ground-water contours (pl. 2).
The lowering of the water table in the cone of de_:pr;:ssiou along the river
south of Gillespic Dam has reduced the loss of ground water by transpira-
tion by native vegetation in that area.

The 1953 estimates for recharge and discharge were .averages for
a T-year period, 1047-53 incluzive; the previous estimates were for only
the first year of the period. The estimate for recharge in 1L47 was
438, 000 acre-feet, and for the 7-year period.' an annual average of 57, 000
acre-feet. The increase is attributed mainly to additional recharge from
the ﬂodd flows in 1951, a part of it is sttributed io the expansion in the
irrigated area. The estimate for discharge in 1947 was 88, 000 to 138, 000
acre-fecet, not including underflow at Gillespie Dam; and for the 7-ycar
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period, an annual average of 115, 000 acre-feet, not including the negligible
underilow. The 115, 000 acre-foot figure includes an increase in pumpage
since 1947 and a downward revision in the estimates ;)f evapotranspiration
along the river channel.

CONCLUSIONS

The investigation described in this report provided data that led to the
following conclusions:

1. The quantitative estimates indicate that the mean annual dis-
charge of ground water in the Gila Bend area exceeded the mecan annual
recharge in the 7-year period 1947-53, inclusive. During this period,
annual withdrawals of ground wéter for irrigation increased by more than
three times. The difference betyecen recharge and discharge must have .
been provided from ground-water storage, as is confirmed by the fact that
the water table is declining in the heavily pumped areas.

2. On a long-term basis, floods in the Gila River are likely to con-
stitute a major source of the recharge to the area, even though the larger

ioods are usually several years apart. Recharge from this source occurs
where it is most readily usable - in the two major cones of depressioa,
However, the frequency and intensity of floods cannot be precisely pre-
dicted, and the probable quantity and irequency of recharge from floods

is impossible to estimate.

3. It is believed that a trend exists toward a gradual increase in
) dissolved mineral matter in at least a part of the ground-water supply,
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because more dissolved mincral matter enters the area than leaves.
Low-flow waters of the Gila River enteriung the area at Gillespie Dam in

1953 were more highly mineralized than in 1943. Recirculation of ground-
water will tend to increase the ;:oncentration of dissolved matter. An
offsetting factor is that flood flows in the Gila River are not high in dis-
solved solids and will provide water of considerably better quality th:;n

the average for the arca. Although the flood flows have always provided
water of relatively low mineralization, their effect {5 becoming progressively
greater because of the increased recharge opportunity provided by the major
cones of depression.

4, Underflow out of the Gila Bend area occurs only at the narrows
between the Painted Rock and Gila Bend Mountains., On the basis of limited
data from the few wells in the vicinity of Theba, it is believed that no
ground water leaves the Gila Bend area by moving westward gouth of the
Painted Rock Mountains, -

5. Construction of a flood-control dam at the Painted Rock narrows
would affect the ground-water supply of the region as follows:

(a) Underflow 2t the narrows would be reduced or stopped.
However, the underilow at the narrows is negligible, and stopping it would
have practically no effect on downstream water users. .

(b) It is considered likely that the over-ull effect of a dam
on the gréund-water supply of downstream users would be beneficial,
The flood waters would be at least partially desilted and would move
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downstream more slowly than if uncontrolled. Both factors would increase

the proportion of flocd flows in the river that would be recharged.
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“able 3. --Itecords of selécted wells in Gila Bcnc‘xd Dendora arecs, Arizona,

. Water level Altitude vigcharge
Depth below of lend Type
Depth of | land surlace Date of surface of Use of . Date of
Vell well datum measure- (icet a- lift | water | Gallons per | mcasure-
no, (feet) | (feet) &/ ment bove 2i8L); b/ cl minute ment RNemarks
(C-2-5)
36chd ¢ 345 103, 87 5/6/53 750 T, L 1 1750 9/9/53 See table 4,
(C-3-4) 1
4baa 250 159. 68 2/13/51 8156 T, & I 1750 5/6/53 Sec teble 5
4cba 240 171,70 5/6/53 800 None N - - Sce table 4,
8bab 406 105. 10 4/1/52 765 T, E I 1300 5/8/53 See tables 4 and 5,
16daa - 159, 30 4/1/52 806 T, E I 2650 5/5/53 B
224443 465 248, 33 5/6/53 854 T, B I 2600 09/9/53 Sce tables 4 aad 5.
z7bea = 203,53 5/6/53 815 T,E I 2500 9/9/53
33aba 800 738. 35 12/18/45 745 T, & 1 3000 4/24/53 Sec tables 4 and 5.
33dab - 133. GO 4/24/53 730 T, | D, I - ~
(C-3-5)
2bhcc ! - { 60. C4 12/30/53 737 T, E I - -
(C-4-1)
Sbce 543 121,44 5/8/53 745 T,B I 1700 9/9/53
4hdd 316 84, 06 12/30/53 710 T, I 2400 4/24/53 Sec tables 4 and 5.
Obaa 300 70,90 . 4/24/53 705 T, B I - - .
1sbbb { 385 | 7. 36 4/23/53 ! 715 C,E D - - See table 5.
18aab | 378 37.26 4/23/53 620 |T,Bu 1 - e Sec table 4.
32bbb : il - - 683 T, ¥ 1 2450 9/4/53
(C-2-6) !
2Tbdb - 47,95 4/16/53 595 T,E I 2200 7/24/53 See table 5.
3lcad ¢ 600 23.04 | 12/30/53 572 T, & 1 2550 4/15/53 |Sce table 5.
~ S6adce . 960 | 33. 03 ' 12/30/53 615 T, 1B 1 2550 4/16/53 Sece table 0.

al Depth was adjusted to land-surface datum {rom measuring point.
}_J_I T, turbine; Cf, ceatrifugal; C, cylinder; J, jack; Bu, butane; G, gasoline; D, diesel; L, electric; V., windmill,
_g:_l I, irrigation; P, public supply; D, domestic; S, stock; RiZ, railroad; N, not used.
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. Table 3, ~-Records of selected wells in Gila B&i and Dendora areas--continued,

1 Water level Altitude Discharge
Depth below of land | Type .
Depth of | land surface Date of surface of | Usec of Date of
Well well datum | measure- (feet a- lift | water | Gallons per | measure-
no, (foet) (feet) a/ ment bove 1iSL) | b/ c/ minute ment Remarks
(C-4-7) ‘
25ada 16 14, 10 4/16/53 570 C,Ww N - -
34ccd 830 37.23 4/15/53 580 T,E I - -
34dde 1000 29, 90 12/30/53 575 T, B I 2400 4/15/53 See table 5.
3Gdaa 600 30. 78 4/15/53 569 None| N - -
(C-2-9) 5
15bad 40 - - 540 Cf,G 1 - - Dug wicll,
23ddd 180 70.84 | 12/17/53 535 T,D 1 - - .
264dd 152 50, 57 i 12/17/53 560 T,E I - - See tables 4 aad 5,
34ddd | 100 37. 89 1 12/17/53 535 T, B I - - Sec table 5.
(C-5-3) :
8bbe ! - 297.0 i 4/23[53 950 C,Ww S - - Sce table 5.
(C-5-4) | . |
8dbd | 135 S2. 88 ; 12/29/53 670 T, Du I 1050 " 4/23/53 See table 5.
13add i 501 .20, 44 i 4/22/53 655 T, - 1300 7/3/53 See tables 4 and 5,
16dad | 926 77.35 1 12/18/53 705 T, L I 1950 4/23/53 See tables 4 and 5.
3lchdl! 1752 129,10  © 12/30/53 735 T, L P - - Sec tables 4 and 5,
(C-5-5) | ;
18dcb ; 945 - Po- 635 T,E I 470 4/16/53 Sec table 5.
24bba | ? 650 35.18  112/18/53 650 C,wW! D - - See table 5; fig. 5.
(C-5-0) !
2dba 418 47. 89 . 4/16/53 600 T, E | 1600 7/20/53 Sec table 5.
4ddd 650 .16, 70 1 4/16/53 602 None{ N - -
Gada 956 25, 83 1 12/18/53 585 T,E I - 2200 4/15/53
11dcb 440 57.22 4/16/53 617 T,E I 2900 7/24/53 See table 5.
13add 280 62. 55 4/10/53 622 T, I 1 1600 9/4/53 See table 5.
(C-5-17)
laaa 700 21,42 4/15/53 570 T, B I 2050 4/16/53 Sce table 5.
labb 700 - - 575 T,E I 2000 4/15/53

s
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Table 3. --Records of selected wells in Gila Bend and Dendora areas--céntinued.

\/ater level Altitude Discharge
Ocpth below of land Type
Depth of | land surface Date of surface of | Use of Date of
Viell well daturn measure- (fect a- lift water | Gallons per | measure=-
no. (feet) (feet) 2/ ment bhove (:GL) b/ cl minute ment Remarks
(C-G-4) :
" 5aba 229 - - 115 TE| D - - See table 5.
Tbech 160 152,78 4/17/53 780 None N - -
28caa 302 - - 890 C. W S - - Sce table 5.
{C-6-3) .
Giad - 80. 26 4/17/53 730 C,G| D,RR - " - Sec table 5.
20aaa 3201 242,65 12/17/53 355 T, B D - -
(C-3-0)
4uab 161 126. 75 . 5/8/53 730 Wone N - - Sce fig, 5.
Sded 325 119, 26 4/17/53 730 T, &5 D - - Sce table 5,
i8.ce 300 83, 25 4/17/53 730 T, B D,S - - See table 5,
(o=T-4) .
Scha - 275.7 4/17/53 230 J, G S - - See table 5.
(C-7-3)
Caab 220 255, 14 4/22]53 860 J,G S - - Sce table 5.
{2-5-3)
T 2bad 495 407. 9 4/22/53 1120 J,G S - - See tuble 5.

ov
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. Tzable 4, --Logs of selected wells in Gila Bend and Dendora aress, Arizona.

'l“hickness Thickness|Ddepth

(feet) [ (fect) |(feect)

(C-2-5)36chd Viater gravelececeeocces 280 400

Silt ® % 9 0 9 0 0 PSR P L E NN RN 30 Cen}ented graveL *o 9 000 00 6 406
Gravel to 10 inches . ... 32 TOTAL DEPTH 406

Coarse sand cceveosess
Clay and gravel ceoevee
Caliche seeceevenccces
oy and gravel voveves
s-wrd clay and gravel ..

. 38e gravel to 4 iaches
Clay and gravel cemented
Clay and gravel so.ve0e
Louose gravel to 3 inches
Clay and gravel s2e0000
=008 gravel, ssuvesees
Clay and gravel ¢oeeeee
Granitc..............o
TCTAL DEPTI

8
24
8
64
8
10
2
22
32
66
6
12

21 |

(C-3-4)22ddd
Surface sand cseeeoecess
Sand, gravel..csseenses
Boulders, gravel ceeeees
Sand, gravel with some

boulders..eecescccess
Sand with streaks clay ..
Sand, ClaY cevssvsennnes
Sand, gravel sosssvsesns
CGrey sand .ceocvevecace
Hard granite formation, .
TOTAL DEPTH

107

35 .
80
145

170
275
330
343
4590
465
465

Y
(C-3-4)4cha

0P 1ormatiol, sssnsess
SR o 5 awiwsimmnme mi b0
~~liche and gravel ....

8y and gravel ,ccee0e
Cravel and clay ceeeces
Gravel s.ssssvannsnsns
Gravel scvsevavvnsnsne
CleY. csssnssssnsmnnvmn

Grovel and hard streaks ]’:f

Sa:ld................

Gravel aad small boulders

CGravel ..ossenssnvunns
Rock (large boulders) ,,
TCTAL DEPTH

(C-3-4)33aba
Sandy gravel ccveeeecene
Sandy clay ceeesesvsosce
Gravel covseosessvesose
Gravel #2 cicesssvovens
ClaY sonsosssssavsnavesn
Decomposed granite, not

1008 s vusunnscncnena
Decomposed graaite, -t

with loose streaks,...
TOTAL DIPTH

19
34
39
14

466

200

27
61
120
134

600

800
800

(C-3-4)Cbab
SOill.OQOOOOOOIOOCQDQO
Gravel, strezks of sand-

Stone...Cl...Q..Oi..

(C-4-4)4bhdd
Silt 8OLL s sessssnnsnuns
Gravel (Ary) coveeccvenss
37 £
Gravel (dry) c.vevvenens
ClaY civscnsssnvsunssvs

Lgravel inclay....oo0eee

lay L0 I B B B B B BN

OO N -IW

10
12
18
20
28

33
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. Table 4, -=-L.ogs of selected wells in Gila Bend and Dendora areas, --continued,

Thickness| Deptl Thickness| Deptl
(fcet) | (fect) (fcet) | ({cet
(C-4-4)4bdd (Con,) (C-4-8)26add
Gravel ({irst water), ..., 3 40 H'Top 808 s s yuswswnes smuns 3 3
BaRd ;e ssen nuens e 11 87 HCallehs ,isssvsssvsssnus 3 6
Gravel Gila (coarse), , .. 11 62 |l Dry mountain wash ...... 18 24
Cravel granite ,,,...... 16 84 }|Cley and caliche mixed witn
Clay , iiverennnnnnannans 2 86 mountain Wash, eeeeees. 12 36
Gravelinelay ,.,...... 2 83 {{Sand, gravel, aad boulders,

TaVeL | . insssansnns 4 92 water ot 46 feet v, 18 54
L P T & 98 }l Cernented sand and gravel 5 59
O ) S 12 108 §| Dry mountain wash mixed
Clay . iveiinenecnnanss 8 116 with clay and strata of .

Gravel .. csssesnsens 12 128 )| - cemented mountain wash

Clay and sand ,,,,,.,.. 30 158 water bearing cvveee... 51 110

Clay iieeenrenonnnes 4 162 {f iicuntain wash and loose

Sandy elay |, ,....00... 11 173 mountain rock, water

Bhell . sospsnsnnenses 2 175 bearBig,sesnesssnsvans 34 144

Clay and sand mucky ,,, 15 190 !l »iountain wash and moun-

By o viiinnneenennnan 25 218 tain rock, dry....ce... 8 152
wofgravel . ,,... 30 248 | TOTAL DZPTH 152

Clay . viiiiiiinnnnnes 3 249

Cravel in clayecececeoss 17 266

Strata of clay and gravel 18 284 (C-5-4)i8add

Clay eecencennnnnennnns 4 288 1 5andy Silt.eeeeecooncenss 13 .18

ravel and clay stratas . 15 303 ] Band vrvrereenoeeennss 6 24
Clay eeosescceccccsssns 3 306 | Sand and gravel with a
'Zackysani............ 10 318 Httle clay cosvswsvesess 6 30
TOTAL DEPT 316 j} Sand gravel and boulders 24 54

Stratas of clay and sand
(from 24-100, water bear=-
(C-4-4)18aab ING) swsnsmnsrumamemnns 46 100
Surface 80il vscwssssns 18" 18 H Ory cloy, wswssnsesms on e 22 122
Sand and gravel (water) . 20 38 |} Clay and stratas of sand
Tight sandy clay ceeees. 56 94 $rater) sewsns snasssess 82 204
Tight sand and gravel... 20 174 HOryclay veveievncennees 210
Gravel and streaks of Sandy clay with small gravel
/ boulders ...ceeeneens 76 250 [ §7-1 1 o R —— 40 250
’C\_m\.nted gravel seeeees 10 260 HDry clay..sassssiisnavss 10 260
’"Gravel and boulders .... 118 378 {} Stratas of clay, pack sand '
TCTAL DEPTH 378 and 880dcvs suvernenone 20 280
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. Table 4, --Liogs of selected wells in Gila Eend and Cendora areas, --continued,

ThicknessjUepthy Thickness|Ucpth
(feet) |(fect) (feet) | (feet)
{C-5-4)18add (Con. ) DEF CIaY s o 00 ensnansmnnns 11 451
Stratas of cemented sand and Sand clay with strata of '
BEDE swbernmvomnwnonsn 20 300 dry clay, some water in
Sondy ClaY o anvnnonansn 20 320 sandy clay ceeeevenecns 49 500
Stratas of cemented sand, Dry clay with small gravel 20 520
sand and small gravel. 10 380 RDry ey cvsvsovsovunann 58 578
Stratas of clay and sand. 14 344 ‘Strata of sand clay and '
JADAY CIBY sonmmrrnsasns 66 410 l cemented cand, sorae
. ‘tratas of dry clay and WBEL sswrmsinansnnais 6 584
sandy clay (280-422 "Dry - 48 630
same water) cveeseees 12 422 |ISilty clay, a little water,. 20 650
Stratas ol sandy clay and | - DYy ClaYscunwssonnsns nns 6 656
Sandstone ceeevseccns 18 440 |{Strata of clay, pack zand,
Cryclay covececveceses 12 452 and small gravel, water 34 GSo
‘Sondy clay (water?)..... 18 470 IDry clay cececesececevess 10 ({1
Clay with emall gravel Strata of sand, gravel,
BT s veuminsnn@amus 31 501 cemented sand gravel .., 33 738
.TAL DEPTH 501 JIStrata of clay, sana, gravel,
' cemented sand, gravel, 20 753
Strata sand gravel, clay
(C-5-4)19ad4d with mountain rock .... 43 801
SOLL & 55 46 0% k'S &5 FE R DA 3 J flilountain wash sand and
$ilk, gravel, clay ...... 15 18 mountain rock..ceeev.. 125 020
<«nd, small gravel ..... 16 3« WTOUTAL DEPTIL- 228
S.ad, gravel, boulders.. 6 40 %
Sand, sandstone, clay... 50 20
Strata of sand, clay..... 74 164 (C-5-4)3icbhal
sond, small gravel with ‘ DYy gravel ;.ssssessasss 30 30
strata of cemented LIBY ssivsssissnnannnnss 20 50
BONd sysssnsnunvasnns 21 80 P8ARd cvssepensnsnrgnnons 20 70
Strata of sand, gravel, ey graval .iovoswsssvgs 4 74
clay, cemcnted sand .. 51 236 ||ICemented gravel voveiees. 15 90
Dryclay veveeeeeee-enn 19 255 fSandy clay seeeesenenncan 150 240
Sandy clay with strata CIOY vovsonsssnrveenanss ] 860 1,100
of sand YOOK .coversnns 71 323 |{Shells end mud .. .e00... 25 |4, 125
DEY CYY srvessssnasnse 14 340 }iClay and Malapai cevvoun. 15 |1, 140
Strata of clay, sand, . ROER s sanunsssrs bt ss 36 i, 176
cemented sand (water), 42 332 }|iFine Sa0Ad vivevcnvocncan 2 1,178
OrY Clay e eieeneonnoncns 9 SEL HBOCK o oo ivvinomsmsonmese 381 i, 238
Strata of clay, sand, sand- Clay with gravel ...c.... 12 #6271
.tone(water).........l 49 MO HROCKR ssosvsssanssnsssna 13 1,284
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. Toble 4, --Logs of selected wells in Gila Bend and Cendora arcas, --coantinucd,

Thickness

(feet)

oepth
({eat)

Thickness
(feet)

wepth
(fcet)
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.‘10 S. --nnalyses of water from selected wells inW#la Bend and Dendora areas, Arizona, . |
(Parts per million except specific conductance and percent sodium, )
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‘ble 5, --Analysee of water from selected wells i‘ila Bend and Dendoera areas--continue:l, .
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Table 5. --Analyses of water from selected wells in Gila Bead'and Dendora arcas--continuzd,
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Figure 2. -Profile of Gila River channel and of mean position of water table beneath river-bottom lands, from Gillespie Dam to 6 miles acwastream from Pantea
Rock narrows.
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