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FOREWORD

This is the third in the current series of technical bulletins
dealing with groundwater. It is a quantitative study of the
source of the great quantities of water pumped from wells in the
Eloy district, a newly developed irrigated area. The quantity
which could be pumped annually without progressive lowering
of the water table is determined by a new method. The quantity
pumped in excess of that amount is taken from storage—that is,
from the body of groundwater accumulated through centuries of
time.

Beginning 35 years ago this Station, through its publications
and personal service, urged the development of pump irrigation,
pointing out the proper types of wells and pumping machinery
and the changing economic considerations. Frequently a praise-
worthy innovation comes into use quickly and is soon overdone.
So with pumping for irrigation. During the last decade the in-
fluence of the Station has been directed toward applying the
brakes, lest important areas should eventually return to desert.
Better a moderate area of permanent homes than a promotional
development that must be short-lived. It is hoped that the pres-
ent study will lead to careful evaluation of the extent of water
supplies in future undertakings.

P. S. BURGESS, Director
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THE GROUND WATER SUPPLY OF THE ELOY
DISTRICT IN PINAL COUNTY, ARIZONA

BY G. E. P. SMITH

INTRODUCTION

West of the 100th meridian no natural resource is cherished
more highly than a water supply. This is true of groundwater as
well as of surface water.

Because of the dependence on water supplies, practically all
surface water supplies have been measured over a period of years,
and their extent and availability are determined; very little has
been known as to the extent of underground supplies, and devel-
opment has proceeded on the assumption that the supplies would
be adequate.

The difficulties in the way of studying groundwater supplies
quantitatively are well recognized. The geologic formations be-
neath the surface of a valley or a basin may be unknown or poorly
defined. The location, extent, frequency, and character of the
good aquifers, if any, may not have been revealed. Records of
the formations penetrated by wells may not have been kept, and
frequently the formations are poorly described and interpreted in
the records. Operators of irrigation pumping plants as a rule do
not keep records of duration of pumping, nor do they have means
of measuring the discharge of wells. The equation of input-output
balance for a groundwater basin—the terms of which on one side
represent the contributions to the supply and on the other side
the draft by pumping and the natural losses from the supply—
usually contains some terms which are indeterminate except
possibly at great expense or over a long period of years. In
consequence, many studies of groundwater have culminated in
publications which describe the general geology of the region
and present only miscellaneous data on the water supply so far
as it has been developed.

Desirable information on a groundwater basin includes know-
ledge of the sources of the supply, the movements, the locations
where development can best be made, the proper spacing of wells,
and especially the extent to which development can be carried
safely and beyond which it should cease. Both physical and
economic considerations are involved.

Groundwater supply should be taken to mean not the total
quantity of water stored in a valley or basin but the quantity
which can be pumped annually without progressive residual
lowering of the water table. Overdraft on the water supply leads
toward exhaustion. If the water table is much lowered, the re-
sult may be uneconomic pumping, and changes in the pumping
equipment will be necessitated.
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The groundwater supply should be used at a rate which can be
maintained permanently. Exception to this rule occurs in cases
where the well waters are merely supplemental to gravity sup-
plies during periods of shortage. In those periods excessive draft
on the groundwater is justifiable, if during the intervening years
of good rainfall the water table is allowed to recover.

Emphasis should be given to one useful method of determining
the safe yield of a groundwater supply—namely, the drilling of
some additional wells each year, thus increasing the pumping
draft cautiously year by year, until the residual lowering of the
water table due to a year's pumping indicates that no more wells
should be drilled. This method is direct and positive and can be
used readily when the water supply is controlled by a single
owner or agency or by a "district" so organized as to permit uni-
fied control.

An excellent opportunity to study and evaluate a groundwater
supply was presented, beginning in 1936, by the rapid develop-
ment of the Eloy district. Favorable conditions for the study were
the isolation of the district, the uniformity of the valley fill, the
large pumping units, and the fact that most of the acreage was
devoted to one crop, cotton. Furthermore, during the years
1936, 1937, and 1938 the rainfall was moderate, and the stream
flow was below the average so that recharge by absorption from
stream flow within the district was almost negligible. The
groundwater inflow therefore was practically all by subsurface
movement. Similar studies in 1939, a year of unusually good
stream flow, provided the indirect estimation of recharge from
stream flow, the other factors being already known.

The indirect method employed in these studies can be applied
to some of the groundwater basins in the semiarid states. The
unique requirement is that there be 2 years, preferably in se-
quence, in which the quantity of water pumped differs widely.
This condition is most likely to occur during the period of first
development, but may occur as the result of a business depression
or a year of great rainfall or an extensive shift from a crop of
heavy water requirements such as alfalfa to a crop of low require-
ments such as cotton. If the area is traversed by an important
stream, it is necessary to maintain stream-gaging stations at the
upper and lower ends of the area.

An equation involving the annual quantity of new water avail-
able for pumping and one other unknown factor can be written
for each year. Two equations (2 years) are required for a solu-
tion. If there is a third unknown factor, three equations will be
required, and a fourth equation is much needed to give a check.
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LOCATION AND PHYSIOGRAPHY

The Eloy district, map of which is shown in Plate I, occupies
the central part of an extensive, partially closed basin, which is
an enlarged section of the Santa Cruz Valley. It includes the
village of Eloy on the Southern Pacific Railroad, the principal
shipping point.

At the upper end of the basin near Sasco the Santa Cruz Valley
is constricted between the Samaniego Hills on the south side an'd
the group of volcanic hills culminating in Picacho Peak on the
north side. On the west side of the basin are the Sawtooth
Mountains and the Silver Reef Mountains. To the northwest are
the Casa Grande Mountains (or Arizola Mountains), the group of
hills called Three Peaks, and a lone hill 2 miles west of Three
Peaks. To the east, north of Picacho Peak, is the Picacho Range,
trending north and south. The surface and underground outlets
of the basin are separated into four parts by the Casa Grande
Mountains, the lone hill, and the Three Peaks, the eastern part
being the widest. There is no evidence as to which of the un-
derground outlets occupies the deepest trough in the underlying
rocks. All of the surrounding mountains are composed of rocks
of igneous origin.

The depth of the alluvial formation is very great. The deepest
well is in Section 25, T. 8 S., R. 7 E.; it was drilled to 938 feet and
ended in "sand and hard clay/' which is assumed to be of Pliocene
age. A well in the S.E.% of Sec. 12, T. 10 S., R. 8 E. was reported
to reach igneous rock at 407 feet, and that depth may be the ap-
proximate depth of the bedrock sill in the gap between the Sam-
aniego Hills and Picacho Peak.

In the southwest part of the basin is a great playa, a natural,
shallow, desert "dry lake," caused by deposition of Santa Cruz
silt between the base of the great fan and the Sawtooth Moun-
tains. At its overflow outlet toward the north a dam was built in
1910 by William C. Greene and associates in order to create an
irrigation reservoir. The playa has been known since that time by
the name, Greene Reservoir, although the dam was destroyed by
the first large flood. The Greene Canal, built to divert water from
the Santa Cruz River to the reservoir, has been greatly enlarged
by subsequent floods and during the years 1936 to 1938 it carried
most of the stream flow of the Santa Cruz River which passed
the Sasco flats.1 Ephemeral streams of minor importance enter
the reservoir from the south and southwest.

Red Rock Wash and Wymola Wash are ephemeral tributaries
from the east.

The width of the basin increases toward the northwest. At
Sasco the width is about 6 miles, and at Picacho it is 17 miles
from the Sawtooth Mountains to the Picacho Mountains. The
xThe smelter formerly in operation at Sasco has long since been dismantled,
and the smelter town of Sasco has disappeared. The railway from Red
Rock was abandoned; track and bridges were salvaged. The headquarters
ranch of the La Osa Livestock Company is located near the site of the town.
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length of the basin from Sasco to the Casa Grande Mountains is
23 miles. An arbitrary boundary line for the basin was drawn
north of Eloy and Toltec where the basin merges into the Casa
Grande Valley, the line being at sufficient distance from the
Florence Canal to assure freedom from direct recharge by per-
colation from the canal.

The topography is smooth, the desert vegetation is easily re-
moved, and the soil in general is good, varying from silty loam to
clay, except for some areas of dunelike sand. The most fertile
soil occurs on the most recently occupied flood plains. A soil in
the southeast corner of Sec. 35, T. 9 S., R. 8 E., through which
the irrigation water was observed to move laterally unusually
well, was tested in the laboratory and found to be clay loam.
This field was irrigated for the first time March 13, 1940. Soil
samples were taken May 8 and tested for soil moisture. The
results are shown in Table 1.
TABLE 1.—SOIL MOISTURE IN A TYPICAL SOIL OF THE ELOY

BASIN.

Depth

First foot
Second foot
Third foot
Fourth foot
Fifth foot..
Sixth foot

Average

200 ft. from
head of field

(per cent)

20.2
29.6
24.0
25.9
25.0
25.2
25.0

200 ft. from
foot of field
(per cent)

19.1
23.5
24.2
28.3
24.5
21.4
23.5

The results obtained 2 months after the application of water
indicate an excellent water-holding capacity.

The curvature of the surface contours (see PL I) shows that
the basin is a great delta fan with its apex or head near Sasco.
The ground slopes westerly toward Greene Reservoir and north-
westerly toward Eloy. It is a surface of aggradation, built by the
laterally migrating and spreading Santa Cruz River. The soils
of the basin, except close to the high mountains, are Recent
alluvium.

Southeast of Sasco 2 or 3 miles is the nominal junction of the
Santa Cruz River and Robles Wash, a large tributary which
drains a great area reaching from near Ruby and Sasabe on the
international boundary line. Since observations began about
1910, the junction of these rivers has been indefinite. For 5 miles
they flow side by side on the broad Sasco flat if the flows are
small; on the occasions of large flows in the Santa Cruz a large
part of the water moves over onto the Robles Wash side, and
when a large flow comes down the Robles Wash part of it spreads
toward the right side onto the Santa Cruz flood plain. These ex-
tensive broad overflow lands are covered in part by mesquite
forest, and a part is utilized for growing Johnson grass and other
feeds for cattle, mostly by natural flooding.
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The waters along the east side are regathered into the old
Santa Cruz channel which at Rancho Grande is about 20 feet
wide and 12 feet deep. This channel is adequate for that part of
the ordinary floods which moves down the east side. Four miles
south of Eloy this channel dwindles and terminates, and the wa-
ters are again spread over the land.

The waters of the west side of the Sasco flat are captured by
the large channel which developed from the Greene Canal and are
carried westward. The overflow into the channel has started many
new gullies and some of them have grown backward nearly a
mile. If the cutting continues it may'reach through the flat to
the main channels of Robles Wash and the Santa Cruz River. If
the back cutting is controlled, the overflow flat can be preserved.
The intricate control problem should be resolved as soon as pos-
sible. If the water spreading is continued, the utilization of the
flat for growing feed as at present can be continued, and the
spreading undoubtedly slows down the floods and flattens the
flood crests materially, a result of much benefit, since farther
downstream the new land use has left no definite place for the
floodwaters to flow.

The great floods of 1905 to 1916 cut several deep gorges through
the flats. Subsequently, a rancher, P. B. Hogue, placed earth
dams in the arroyos and dispersed the waters over the flats again.
About the same time the Johnson grass came in and spread rap-
idly and the mesquite trees flourished. Aided by the new vege-
tation and the absence of any more great floods, Mr. Hogue's
efforts have succeeded in restoring the flats at least temporarily.

A half mile south of the Hogue ranch, where the Santa Cruz
channel terminates, the aggradation in recent years has been so
rapid that mesquite trees which were probably 10 feet in height
are now buried except for 2 or 3 feet of the tree tops.

About 5 miles east of the Greene Reservoir the Greene channel
terminates and the floodwaters spread over the land, creating a
control problem for the farmers near the Reservoir.

Except for some injury to fields planted on the bed of the
Greene Reservoir, the floods of 1939'were not seriously destruc-
tive, indeed some of the water was diverted onto cotton fields,
but much larger floods have occurred and may be expected in the
future.

RAINFALL AND STREAM FLOW
Groundwaters like surface waters have their origin in rainfall,

and hydrologic studies must begin with a study of precipitation.
The five rainfall stations of the United States Weather Bureau
within the Santa Cruz drainage basin are at Canelo (formerly
called Canille), Nogales, and Ruby in Santa Cruz County; Tuc-
son in Pima County; and Casa Grande in Final County. The
first three are in the mountain foothills, Tucson and Casa Grande
are in mldvalley. The location of Tucson is quite central in the
drainage basin, while Casa Grande is in the lower part and is
close to the Eloy district.
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In general the rainfall increases with altitude, but the general
rule is modified by the local topography and other factors. Stand-
ard rainfall records are not kept on the high mountains in the
winter months.

The drainage area of the Santa Cruz River above Sasco, ex-
clusive of the Robles Wash, is 3,570 square miles, and the drainage
area of the Robles Wash is 1,360 square miles.

Most of the water which falls as rain is evaporated from the
soil and from vegetation not far from where it falls. Compara-
tively little of the water reaches the main streams and very little
water escapes to the Gila River. A study of the rainfall on the
drainage basin above Tucson2 shows that on a normal year only
three fourths of 1 per cent of the rain water reaches Tucson as
stream flow, and the corresponding percentage at Sasco must be
even smaller. Probably less than one tenth of 1 per cent of the
rain which falls on the drainage basin above Tucson reaches the
Gila River.

The rainfall records for the 4 years involved in the present
study are given in Table 2.

TABLE 2.—RAINFALL RECORDS FOR THE YEARS 1936 TO 1939 (INCHES).

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

Canelo—altitude 5,225 feet

1936
1937
1938
1939

1.04
1.92
0,80
0.77

1.01
0.25
0.92
1.24

0.20
1.40
1.26
0,59

0.00
0.10
0.15
0.11

0.10
0.01
0.22
0.00

0.62
1.50
1.51
0.40

4.16 5.29 2.27
2.26 4.08 2.00
2.88 4.08 2.15
2.55 4.52 2.80

0.12
1.11
Tr.
1.10

202
Tr.
Tr.
0.55

154
2.18
1.93
0.67

18.37
16.81
15.90
15.30

Nogales— altitude 3,900 feet

1936
1937
1938
1939

0,60
199
0.48
079

0.59
0.20
1.00
1.86

0.48
0.89
1.68
0.10

0.05
0.00
0.12
0.10

0.00
0.24
0.17
0.00

0.11
0.47
0.97
0.10

1.88 4.46 2.79
5.60 8.16 3.35
2.76 4.24 0.90
5.58 7.01 1.54

0.29
0.82
0.11
0.90

1.65
0.00
0.00
0.62

1.17
0.99
1.48
0.35

14.07
22.71
13.91
18.95

Ruby—altitude 4,265 feet

1936 1.55 0.92 0.57 Tr. Tr. 0.23 3.07 5.82 3.43 _ 0.21 2.03 1.64 19.47
1937 291 0.58 1.42 0.00 0.24 0.47 2.59 3.72 1.42 0.36 Tr. 1.28 14.99
1938 0.75 1.67 1.33 0.12 0.04 2.01 5.68 2.50 2.57 Tr. 0.05 1.57 18.29
1939 0.96 2.25 0.10 0.31 0.00 0.38 4.10 6.10 1.15 0.99 0.74 0.50 17.58

Tucson—altitude 2,424 feet

1936 0.96 0.92 0.55 0.07 Tr. 0.06 2.82 3.03 1.51 0.34 1.13 0.85 12J24
1937 1.62 0.23 0.63 0.01 0.25 Tr. 2.06 1.29 1.43 0.05 0.19 0.67 8.43
1938 0.65 0.88 0.43 0.08 0.11 2.07 0.78 2.37 0.50 0.00 0.09 0.93 8.89
1939 0.35 1.60 0.69 0.04 0.00 Tr. 0.61 1.24 1.53 0.18 0.54 0.27 7.05

Casa Grande*—altitude 1,390 feet

1936 0.80 0.75 0.37 Tr. 0.00 0.00 5.75 1.60 1.15 0.20 0.60 2.55..'"_ 1JT77
1937 1.15 0.30 1.05 0.00 0.25 0.00 0.62 1.10 0.95 Tr. 0.00 0.85 6.27
1938 0.32 0.70 0.45 0.15 0.00 0.75 0.75 0.95 0.00 0.00 0.00 1.88 5.95
1939 0.45 0.85 0.30 0,22 0.00 Tr. 0.13 0.96 0.68 0.10 0.59 0.13 4.41
* For the last 5 months of 1939 the record of rainfall at Casa Grande Ruins was sub-

stituted, since no records were kept at Casa Grande during those months.

2Ariz. Agr. Exp. Sta., 47th Ann. Kept, p. 20.
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The winter rains are of the cyclonic type, widespread, slow and
penetrating. The summer rains are of the thunderstorm type and
are usually local and torrential. The high rainfall at Casa Grande
for July, 1936, was due to a rain of 4.50 inches on the twenty-
sixth, most of it between 8 and 9 o'clock in the evening The
storm was moving northwesterly and was very local. The rain-
fall in the Eloy district was estimated at not over 1 inch by a res-
ident 4 miles south of Eloy.

The longest record is the one at Tucson, 72 years, and the av-
erage annual rainfall for the entire period is 11.34 inches. The
length of the Nogales record is 26 years, the average being 16.47
inches. The average of the 56-year record at Casa Grande is 7."l2
inches. By comparison, the average rainfall during the years
1936 to 1939 is seen to have been about normal.

The rainfall, though indicative, is a poor basis for estimating
stream discharge. Other factors, including the concentration of
the rain in single storms and the synchronizing of rains on many
tributary areas, have much influence on the extent of runoff and
the size of floods.

The runoff or stream flow was not measured in or near the
Eloy district because of the difficulties, especially the total absence
of bridges. The nearest gaging stations are those on the Santa
Cruz River at Tucson at the West Congress Street bridge and on
the Rillito Creek directly north of Tucson at the Oracle road
bridge. Those stations were established by the Arizona Agricul-
tural Experiment Station in 1905 and 1908, respectively, and were
relinquished to the United States Geological Survey iii 1926. The
records for the years 1936 to 1939 are given in Table 3.

TABLE 3.—STBEAM FLOW FOR THE YEARS 1936 TO 1939 (ACRE-FEET).

Year Jan. Feb. Mar. Apr, May June July Aug. Sept. Oct. Nov. Dec. Total

The Santa Cruz River at Tucson

1936
1937
1938
1939

54
2

22
0

131
0
0
2

0
0
0
0

The Rillito

1936
1937
1938
1939

258
0
0
0

902
3,040

0
0

0
383

1,880
0

0
0
0
0

Creek

0
0
0
0

0
0
0
0

at
0
0
0
0

0
0

438
0

Oracle

0
0

60
0

3,720 3,310
1,760 5,400

994 6,010
2,600 20,830

801
1,100

44
1,000

Road Bridge near
272 2,130
184 770
83 470

1,740 5,090

16
67
4

48

0
0
0

30

Tucson

0
0
0
4

0
0
0

40

0
0
0
2

0 8,020
111 8,370

0 7,510
0 24,500

2 3,580
0 4,440
0 2,500
0 6,880

Except during the summer of 1939 the stream flow of the Santa
Cruz and the Rillito has been low, considerably below the aver-
age. The mean discharge of the Santa Cruz River at Tucson since
October, 1905, has been 16,900 acre-feet per year, and the mean
for the Rillito since October, 1908, has been 17,800 acre-feet.

The discharge on years of great floods, such as 1905, 1914, 1916,
1919, 1921, and 1931 swells the averages. Most of the great floods
occur in winter and are due to heavy rains which are general
over the drainage basin. Excluding the 10 years when the dis*
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charge of the Santa Cruz at Tucson exceeded 21,100 acre-feet, the
average for the remaining 24 years is 9,900 acre-feet. The aver-
age discharge for all the years since 1921 is 12,900 acre-feet. If
the stream'flow due to extraordinary winter rains is excluded,
then the stream flow of the Santa Cruz during 1936-38 was under
the normal, and therefore the period was favorable for studies
of the groundwater supply in the Eloy district. The influence of
the great floods must be evaluated separately.

If the combined flow of the Santa Cruz at Tucson and the
Rillito is considered, the discharge on the median year was
22,300 acre-feet. Eliminating the discharges of the 15 years above
the median year, the average discharge for the remaining 16
years was 11,300 acre-feet. The average for the years 1936 to
1938 was 11,500 acre-feet; therefore these 3 years represent one
half of the total time.

It is difficult to estimate the stream discharge at Sasco from the
records kept at Tucson. Probably more than half of the flow at
Tucson during the years 1936 to 1938 was absorbed into the
sandy river bed before it reached Sasco. Studies of the absorp-
tion 'into the river bed of the Rillito have been made and pub-
lished,3 and they exhibit very high seepage losses from the flood
flows. The conditions are favorable for rapid seepage loss along
the river bed from the mouth of the Rillito to the Sasco flats.
Two large tributaries, however, Canada del Oro and Robles Wash,
join the Santa Cruz below the mouth of the Rillito. Stream flow
measurments were maintained at Sasco for the years 1916 to
1926 inclusive when the railway bridges were intact, but the con-
ditions were not such as to secure desirable accuracy. The records
show an average discharge at Sasco, including the Robles Wash,
70 per cent as great as the combined discharges of the Santa
Cruz at Tucson and the Rillito.

A study of the relation of flood discharge at Sasco to the dis-
charge passing the gaging stations at and near Tucson when it is
probable there was no inflow from lower tributaries, is given in
Figure 1. The graph indicates that very little water of floods
less than 1,500 acre-feet reached Sasco. Summer floods are more
flashy and are laden with fine silt, and the percentage of water
reaching Sasco is larger than for winter floods of equal size. The
graph is approximate only, for much variance was found in the
plotted points. Figure 1 includes also a curve showing the time
of transit of flood crests from Tucson to Sasco. The higher flood
crests travel the 32 miles in 4 to 8 hours while small floods re-
quire 12 to 20 hours.

At Sasco the flood flows are spread out over the Sasco flats
which are from 1 to 1% miles in width, and may cover from 5 to
10 square miles depending on the size of the floods. Much of the
water of small floods, sometimes all of it, is absorbed or directly
evaporated; the water absorbed from small floods may not sink
below the root zone, and most of it may be evaporated from the

"Ariz. Agr. Exp. Sta. Bull. 64, p. 119.
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Figure 1.—Relation of river discharge at Sasco to the discharge near Tuc-
son, and the time of transit of the flood crest. The line ascending toward
the right shows the approximate quantity of floodwater reaching Sasco and
by subtraction the quantity lost by percolation and evaporation. The curve
descending toward the right shows that the time of transit varies widely,
depending on the height of the flood crest.

Johnson grass and the mesquite forest and other vegetation. The
evaporation and transpiration losses from the Sasco flats, assum-
ing the area to include 2,500 acres of Johnson grass and 3,000 acres
of mesquite, may well reach 10,000 acre-feet per year.

A total of ninety-six soil samples was taken September 21 to
23, 1939, on four cross sections of overflow lands, two of which
were on the Sasco flats. The samples were tested to determine
the soil moisture percentages. The results indicated that in only
a few places did the floodwaters penetrate to a depth of 6 feet,
and that in the 20 days after the last flood the soil moisture in
mesquite forest had been largely removed, and in most cases
moisture in land covered with Johnson grass had been greatly
depleted. On some slick lands there had been little penetration.
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Little of the water which reached the Sasco flats during the
years 1936 to 1938 flowed down the east channel toward Eloy, and
little or none of it reached either Eloy or Greene Reservoir. The
small flows which passed the flats were partly evaporated directly
and partly absorbed in the Greene Canal and to a shallow depth
on the spreading fans. It can be assumed that not more than a
couple thousand acre-feet per year reached the groundwater
table. Water level measurements in wells at Rancho Grande
and at Poso Laguna showed no rise at any time. The ground-
water recharge, therefore, was mostly by movement underground.

THE SUMMER FLOODS OF 1939

The Santa Cruz floods of August, 1939, were unusually large
and it would be fair to presume that considerable downward
percolation to the groundwater table occurred, thus modifying
the problem of normal recharge.

The August floods are not explained by a study of the rainfall
records. Inquiry revealed that they originated mainly in the
region between Nogales and Tucson. (The great winter floods
come from the mountains primarily, summer floods to a large
extent from the valley and foothills.) If the storm area had
covered the whole watershed at one time, the flood discharges
would have been many times as great as they were. The stream
discharge for the month at the gaging station near the interna-
tional boundry was 11,560 acre-feet, much of which did not reach
Tucson.

There were six floods in the Santa Cruz during the month. The
highest peak flow at Tucson was 7,050 second-feet of water at 3
a.m., August 3, and that flood was merged with one in the Rillito
which peaked at 6 a.m. with 9,000 second-feet. The average dis-
charge of the Santa Cruz for 24 hours on August 7 was 2,420
second-feet and on August 3, 2,110 second-feet. There was prac-
tically no flow on 15 days of the month at the Tucson gaging
station.

An estimate of the quantity of water which reached the Sasco
flats in August, based on the 1916-26 studies, is of the order of
20,000 acre-feet. It would be of value to know just what became
of the water, but only certain limiting considerations can be set
forth.

The texture of the soil on the Sasco flats is not indicative of
rapid absorption of floodwater. The rank growth of Johnson grass
and the vigorous condition of the mesquite forest, however, must
have required at least 12 inches depth of water if their transpira-
tion rates are comparable with cultivated plants whose transpira-
tion rates have been measured. Probably 6,000 to 8,000 acre-feet
of water were retained and evaporated * or transpired from the
flats while a larger quantity escaped. It is estimated that roughly
one third of the latter flowed down the old channel toward Eloy,
augmented on the night of August 5 by an unusually heavy flood
in Red Rock Wash. Wymola Wash also carried a heavy flood at
that time.
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The old channel toward Eloy is narrow and its bed is of silt
or silty clay; absorption of water in its bed must be slow. The
channel terminates 4 miles south of Eloy and the floodwaters
spread out fanwise 3 to 4 miles wide, with some high island
areas, the east edge of the fan being near Eloy; the waters were
dispersed over the plain. A small quantity may have united with
the waters of Red Rock Wash and passed through the four rail-
way culverts % mile southeast of Eloy. (A large quantity of the
great 1916 flood followed this route.) A small quantity passed
the culverts between Eloy and Toltec.

Observations at the Eloy gin were as follows: The great flood
which peaked at Sasco at 10 a.m., August 3, began to arrive at
Eloy at 7 p.m. and peaked the next morning. A little water was
flowing in ditches on the fifth. The flood due to the near-by Red
Rock rain arrived August 6, at 7 a.m. and peaked at noon.

The greatest flood of the month at Picacho occurred the morn-
ing of August 6. The waters which passed the railway culverts
continued down the plain northwesterly, and a part reached the
main Florence-Casa Grande Canal and was utilized. The hydrog-
rapher of the San Carlos Irrigation District estimated that be-
tween 900 and 1,000 acre-feet was received into the canal between
August 6 and 9; a minor part of it was Santa Cruz water.

Returning now to the Sasco flats, the larger part of water which
escaped absorption there was captured by the Greene Canal and
flowed westerly in the canal about 9 miles to the terminus of the
canal where it spread out to a width of 3 miles on another fan.
Much of the water on this fan flowed into the playa, the Greene
Reservoir, breaking dykes and submerging cotton fields to a
depth of 3 feet, and overflowing to the northward. The part
which escaped the route through the playa flowed across culti-
vated fields or followed the roads between fields and rejoined the
water overflowing from the Reservoir.

Twelve miles down the course of the Santa Cruz below Greene
Dam, and 9 miles south of Casa Grande there are a subagency
and school of the United States Indian Service situated close to
the Santa Cruz channel which here is 30 feet wide and 4 feet deep.
Evidence collected by M. T. Swenson, teacher at the school, is
helpful. He stated that a flood arrived in the evening of August
3, and the channel was "banks full" at 10 p.m and the peak oc-
curred at midday on the fourth; the flow receded till 3 p.m. on the
fifth, when the channel was one-third full (about 100 second-feet).
Then another rise occurred and overflowed both banks and was
at a peak in late afternoon of the sixth. The channel was quite
full to the eleventh, and gradually receded to the sixteenth. There
was no water in the channel from the sixteenth until September
4, when a flood occurred from near-by rainfall, for that flood did
not pass Tucson.

Excluding the flood of August 6, which was due to the near-by
heavy rain in the region of Red Rock and the Tortolita Mountains,
the three floods which passed Tucson August 3 to 7 passed the



14 TECHNICAL BULLETIN NO. 87

agency August 4 to 16 much flattened and aggregating, from rough
calculations, perhaps 6,000 acre-feet.

From the Indian school to the pile bridges of the Southern
Pacific Railroad between Maricopa and Lirim the network of
drainage lines followed by floods are from 22 to 26 miles long.
The retention of water through this section which is well covered
with desert vegetation must be considerable. Notations in the
section foreman's time book indicate considerable flow August
7 to 9, partly from Vekol Wash. An employee of the Indian
Service who drives from Maricopa to Casa Grande every other
day stated that no flows of importance occurred except those
from local rainfall.

The flood of August 14 at Tucson, 2,200 acre-feet, apparently did
not reach the agency school, nor did the flood of August 29, 2,900
acre-feet, or that of August 2, 2,500 acre-feet.

Much difficulty was had in correlating the record of floods at
Eloy and at the Indian School with the record of floods at Tucson
until a study was made of the time of transit of floods. The study
of time of transit between Tucson and Sasco is shown in Figure i.

For the purposes of the present research problem, the evidence
may be summarized as follows. An inconsequential part of the
floodwaters of the Santa Cruz and its tributaries which passed
Tucson in August reached the Southern Pacific railway; flood-
waters were absorbed in the river bed and were dispersed on the
Sasco flats and on 40,000 to 50,000 acres of the plain, which there-
by received the equivalent of a good irrigation. Subsequently
the water was evaporated for the most part.

During 10 or 15 days, however, some water flowed in the
Greene Canal, and it might be expected that considerable water
would be absorbed in its bed and would sink downward to re-
charge the groundwater. Evidence must next be sought in the
records of water levels in wells, especially those near the Greene
Canal and the old channel toward Eloy. The loss in water at
Rancho Grande for the 1939-40 year was 0.7 foot less than the loss
during the 1938-39 year, and the Kinney abandoned well near
Poso Laguna showed a loss of 1.88 feet in 1938 and no loss in 1939.
At other wells along the canal and on the Sasco flats the losses in
the 2 years were about the same. It appears that the recharge
was very limited.

The river bed between Tucson and the Sasco flats is favorable
for percolation downward, and probably between 12,000 and 15,-
000 acre-feet of water were absorbed during the month of August
and from 16,000 to 20,000 acre-feet during the 3 summer months.
The line sloping upward to the right in Figure 1 gives an ap-
proximate relationship between the volume of flood discharge at
Tucson and the volume reaching Sasco. The line was obtained
by plotting data from the old records of 1916 to 1926. The plotted
points were in poor agreement due to differences in flashiness of
the floods, muddiness of the water, and the condition of the river
bed. The line therefore is only a rough average.
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The floods of the Eloy Valley which were rated as the big floods
were those caused by local and near-by rainfall.

Opportunity for study of Santa Cruz floodwaters occurs infre-
quently. The above analysis of the 1939 floods is of value in con-
nection with studies of flood control of the lower Santa Cruz
River which are now being made by federal agencies.

THE DEVELOPMENT OF PUMPING
The Eloy district was one of the latest areas to be developed by

irrigation in southern Arizona. The surface waters of the Santa
Cruz River were not much utilized, chiefly because the stream
flow was extremely variable. On some years there might be
short-lived flows in July, August, and early September, sufficient
to raise quick-maturing crops, but the July flows might be absent,
or the August flows might be absent. The occurrence of stream
flows in winter was even more unreliable than in summer. Oc-
casionally there was a large flood that was troublesome.

When the area was visited by the author in 1907, there were
an established ranch at Rancho Grande and a group of three
ranches 4 miles west of Picacho at the end of the small stream
channel, the only active channel of the great alluvial fan at that
time. The crops cultivated were wheat, beans, squash, chili,
melons, and corn, and if there were favorable well-timed flood
flows good crops were harvested.

The drilling of wells for irrigation began about 1914 and was
intensified after 1918 because of the inflated prices of agricultural
products prevailing at the end of the World War. The first wells
were within a few miles of the railway in the region of Toltec,
where the depth to the water table was from 60 to 90 feet. The
water costs were high and many of the early plants became dor-
mant or were abandoned.

The first drilled well in the region of Eloy was drilled in 1916
on the homestead of M. O. Tuttle in Sec. 8, T. 8 S., R. 8 E. but was
only 110 feet in depth. The first deep well was drilled 2 years
later for the promoters of Cotton City (now Eloy) and was 320
feet in depth. The A. B. Hauser well "was drilled in 1927.

About 1924 it was discovered that the overflow and other re-
cently deposited alluvial lands were adapted to winter vegetables,
especially winter lettuce. The best lands were known locally as
the "black lands." By 1930 about a dozen wells of large yields
were in operation in the Eloy district. The pumping lift was over
100 feet but the high value of the lettuce crop justified the high
cost of water. In 1934 the growing of lettuce was abandoned due
to the spread of a destructive fungus in the district. Peas, as-
paragus, carrots, and some other crops were continued. The total
area cultivated in 1930, however, did not exceed 4,000 acres.

The big development occurred in 1936 and 1937 and was the
result of four factors. The price of cotton advanced in 1935 and
1936; notable improvements had been made in the design and
the efficiency of deep-well turbine pumps; pumping plants were
offered on a credit basis; and electric power rates were reduced.
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About 4,000 acres of newly cleared land were planted in 1936 and
13,500 acres additional in 1937. Forty-four new wells were drilled,
all of them of 20-inch diameter and nearly all of them to depths
of 400 to 600 feet, each well in most cases serving to water a half
section of land.

With the sudden expansion of pumping it became important to
determine as soon as possible the extent and permanence of the
irrigation supply.

The number of irrigation wells operating during the year 1939
within the area described herein as the Eloy groundwater basin
was ninety, of which sixty-nine were south of the railroad. In
addition, there were eleven wells operating in the Greene Reser-
voir area. Although there was abundant evidence that the
groundwater supply was fully developed, another spurt of well
drilling occurred in the fall and winter of 1939-40 when more
than thirty new irrigation wells were drilled in the Eloy basin and
one more in the Greene Reservoir area.

WELLS AND PUMPING PLANTS

The character of the valley fill, with few exceptions, is reason-
ably similar over the entire district. The valley fill is composed
of the alluvium deposited by the spreading Santa Cruz River
waters on the slowly aggrading fan. There were periods of in-
terruption when continuous river channels were cut in the sur-
face. These channels carried river sand and gravel, creating the
now buried trains and lenses and beds of sand and gravel. The
horizon from 80 to 130 feet in depth is notable for the thick beds
of gravel which it includes.

The formation as shown by the logs of wells varies from clayey
loam to coarse sand and occasionally gravel. The gravel may range
in size up to 2 or 4 inches. Strata of caliche, a secondary deposi-
tion of calcium carbonate from percolating water, are found in
all wells. If the caliche was formed by deposition of the calcium
carbonate in silt or clayey silt or sandy clay, it is recorded by
drillers as caliche and clay or as clay caliche or merely as caliche.
If it occurs in gravel, it is called caliche and gravel or cemented
gravel or concrete. A thin, hard stratum may be called a hard
shell or a concrete ledge. (Drillers choose their own names in
describing the formations encountered in wells, and some drillers
use better, more descriptive terms than others.) Whatever the
original material may have been, the deposition of calcium car-
bonate tended to solidify the mass. Formerly the caliche beds
were assumed to be poor aquifers, but it is now known that some
forms of caliche yield much water, probably through seams and
openings, and the caliche beds therefore assume more importance.

The log of a typical well is given in Table 4. The groundwater
in this well was first noticed by the driller at 130 feet in a thick
bed of caliche—a condition often noted. When the well was
completed, the water level was at 121 feet. Below this bed there
were five gravel aquifers aggregating 22 feet in depth.
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TABLE 4.—LOG OF THE PRETZER NO. 1 WELL (DRILLER J N
OLSON).

Thick-
ness
Feet
12
30

6
8
5
4
3

62
5

10
1

14
38
29

2
61

To

Feet
12
42
48
56
61
65
68

130
135
145
146
160
198
227
229
290

Material

Silt
Caliche
Sandy clay
Sand and gravel
Gravel to 6"
Gravel mixed with clay
Caliche
Caliche clay
Caliche, water
Hard clay and gravel
Sharp gravel to IVz"
Clay and gravel
Hard clay
Sandy clay
Caliche
Hard clay

Thick-
ness
Feet

7
23
15

2
18
1
4

20
6

17
20
25
13
7

14

To

Feet
297
320
335
337
355
356
360
380
386
403
423
448
461
468
482

Material

Sand and gravel to %"
Sandy clay
Hard sandy clay
Cemented sand
Hard clay
Gravel to 2"
Caliche
Sandy clay
Sand and gravel to 1"
Hard clay
Sticky sandy clay
Hard clay
Soft clay and gravel
Sand and gravel to 1%"
Hard white clay

At a depth of between 500 and 600 feet, there is an important
change in the character of the valley fill, one evidence being the
increasing water pressure below that depth, and another, the
change in character of dissolved salts in the water. The deepest
well is that of J. Pretzer, Jr., in Section 25, T 8 S., R. 7 K, which
was drilled in November, 1936, and reached a depth of 938 feet.
The driller's log is presented in full in Table 5.

The driller reported a subnormal water pressure to 557 feet,
with water level at 140 feet, and sharp increases in pressure at
depths of 557, 607, 655, 887, and 916 feet, the greatest increase
being at 655 feet. The increase may have been more gradual than
as reported. On March 10, 1937, when measurements were taken
in the district, the water level in the well was at 58 feet and was
about 60 feet higher than the levels in the nearest wells.

The well was perforated with % by 4-inch holes from 595 feet
depth to 920 feet. When the pump and motor were in place and
operating, the yield was estimated to be about 1,500 gallons a
minute, considerably less than that of the other wells in the dis-
trict. In June the well was perforated from 495 to 595 feet with-
out any definitely sustained increase in yield. Below 158 feet the
well missed all the good gravel aquifers which may have been in
its vicinity.

At other points in the Santa Cruz Valley in Pima County wells
of comparable depths show subartesian pressure, but in all cases
the specific yield of the deep formations is very small. Drilling
below 500 or 600 feet for irrigation supplies cannot be recom-
mended, inasmuch as the investment cost is increased and such
water supplies as are available permanently can be obtained
from shallower wells. And furthermore the chemical quality of
the deep water is not so favorable for irrigation use as that of
the shallower water.
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TABLE 5—LOG OF THE JACK PRETZER, JR., WELL.

Thick-
ness

Feet
14
38
28
12
9

19
20
18
12
12
15
7

14
42

8
12
6

10
21
81
26
4

32
7

15
8

16
6

42
3
1

14

To

Feet
14
52
80
92

101
120
140
158
170
182
197
204
218
260
268
280
286
296
317
398
424
428
460
467
482
490
506
512
554
557
558
572

Material

Fine sand
Caliche
Gravel — tight
Caliche clay
Caliche
Sandy clay
Caliche
Gravel to 4"
Sticky clay
Caliche clay
Soft sandy clay
Caliche clay
Caliche
Hard caliche clay
Soft sandy clay
Hard clay
Hard caliche clay
Hard sandy clay
Sticky sandy clay
Hard caliche clay
Soft sandy clay
Hard white clay
Hard brown clay
Caliche
Sticky clay
Sand
Hard gray clay
Sand
Hard caliche clay
Sandy clay
Gravel to 2"
Soft sticky clay

Thick-
ness

Feet
18
5

12
2
6

17
10
8
5
9

8
20

6
48
39
23
22

2
22

4

8
6

15
1
1

16
11
2

20

To

Feet
590
595
607
609
615
632
642
650
655
664

672
692
698
746
785
808
830
832
854
858

866
872
887
888
889

905
916
918
938

Material

Hard brown clay
Sticky clay
Hard gray clay
Sand
Gray sticky clay
Hard brown clay
Caliche
Soft sandy silt
Hard sticky clay
Hard caliche — broken

formation
Sand
Hard sticky clay
Silt
Sticky clay
Hard clay
Hard clay
Soft sandy clay
Sand
Hard clay
Sandy clay and 3 lay-

ers of cemented sand
Hard sticky clay
Soft sandy clay
Hard clay
Cemented sand
Cemented sand broken

formation
Soft sandy silt
Hard sandy clay
Sand
Sand and hard clay

The depth of the A. B. Davis well in Section 1, T. 9 S., R. 7 E. is
634 feet. The driller noted that the water was found first at 148
feet. It rose to 93 feet when the well reached a depth of 592 feet
and stood at 102 feet after perforating, when presumably the
deeper water was rising in the casing and escaping into the upper
strata of gravel.

The water level in the Wolfe No. 2 well in Section 17, T. 9 S., R.
8 E. rose to the 109-foot level at the depth of 600 feet but receded
to 116 feet after perforating, indicating that the water from the
deep strata was escaping into the strata higher in the well. At
the beginning of the irrigation season 1 year later the depth to
water was 133.35 feet.

The Pretzer No. 11 well on the east line of Sec. 31, T. 8 S., R. 8
E. was drilled to a depth of 660 feet. The driller reported that
when the well reached a "sand" at 627 feet, the water level rose
and stood at a level 63 feet above the normal water level of the
vicinity, the upper strata being then shut off by the casing. After
the casing was perforated, the water level dropped 24 feet. After
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the well was put in service the water level was approximately the
same as in the neighboring wells, indicating that the yield of the
deep stratum was small compared with that of the upper aquifers.

An additional evidence that the aquifers below 500 feet are
artesian in character is seen in the fact that after the pumps are
shut down at some of these wells water can be heard falling
within the well for several days. Reduction of hydraulic pres-
sure as a result of pumping extends to great distances in an
artesian stratum, and the subsequent recovery may be slow.
There is a reversal of flow, from the upper aquifers to the lower
ones.

The locations of wells in the Eloy district and in the Greene
Reservoir district are listed in Table 11, and many of them are
shown in Plate I and Plate III. In some areas there is a well for
each quarter section of land, making the intervals l/2 mile; in
other areas the intervals are 1 mile. In no instance was the well
so poor that a pumping plant was not installed, but in some in-
stances too large a pump was installed.

Two longitudinal sections of the valley showing the ground
surface, the water levels, and the gravel strata are exhibited in
Plate II. The locations of the two sections are shown in Plate I.
The longer section extends northwesterly through the Pretzer
No. 5 (P5) well to the Sell well. The shorter section runs north-
erly from well P5 to the Jones well. The well locations were
projected perpendicularly onto the sections, and small irregular-
ities in the successive water levels shown in Plate II are caused
by this projection, since the groundwater contours do not follow
the lines of projection exactly. The strong subartesian pressure
of the Jack Pretzer, Jr., well and the pressure in the Davis well
are shown by the position of the water levels. In general the
number and thickness of the gravel aquifers diminish somewhat
with depth.

Great improvement in well drilling has occurred in the past
20 years. Wells of 20-inch diameter are now drilled in the for-
mation of the Eloy district, largely with mud scows, to a depth
of 500 feet in 15 to 30 days, and the contract price has been cor-
respondingly reduced. Ten-gage, "red iron," double stovepipe
casing is used, most of it having welded longitudinal joints. The
casing will be long-lived because the quality of the water in the
district is relatively good. Deep-well turbine pumps are in use
at all of the wells and prior to 1940 electric power was used at all
but eight of the pumping plants. The general rule is one well for
each half section of land.

The plant efficiencies at some of the motor-driven pumping
plants are given in Table 6. In each case the theoretical or "wa-
ter" power is obtained from the discharge and the lift. The
theoretical power divided by power input gives the efficiency.
More tests of plant efficiencies would be desirable but were not
made because of the cost of needed facilities. Prior to 1940 only
one plant in the district was provided with a weir, and that one
was not properly built. At many plants the discharge is at ground
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elevation or lower, too low for the installation of a weir. In
many cases the horizontal discharge pipe is submerged or is too
short for use of an end-cap orifice or devices using the principle
of the Pitot tube.

The plant tested in 1936 was belt driven at the time but has been
changed. All the other plants tested have vertical motors direct-
ly connected to the pumps.
' In many cases higher efficiency would have resulted if the well

had been tested before the pumping plant was purchased. Based
on present-day standards of practice, the plant efficiencies in the
Eloy district are rather low.

The drawdowns and specific capacities are very variable. The
list of wells in Table 6 does not include many of the best wells
in the district.

CROP SURVEYS

The method adopted for determining the quantity of water
pumped each year necessitated crop surveys. In 1936 and 1937
the surveys were made by noting the crop on each half section or
smaller area; in 1938 and 1939 the acreages as determined by the
local agents of the Agricultural Adjustment Administration were
used. There were no gardens or other small areas. During the
first 2 years gross areas were taken, a half section of land being
assumed to be 320 acres and a quarter section to be 160 acres.
The areas obtained through the courtesy of the Agricultural
Adjustment Administration were net—that is, the actual areas
covered by the crop exclusive of roads, farmsteads, and waste
land.

The Greene Reservoir district is not included, since the develop-
ment there was not started until 1937, and it was found difficult to
define the groundwater contours in the environs of that area.

The areas devoted to each crop in 1936 and 1937 are given in
Table 7; the areas for 1938 and 1939 are presented in Table 8. The
principal crop, cotton, occupied about three fourths of the cropped
area, and winter grain was next in importance. Some winter
grain was cut early for hay and was followed by cotton or by
hegari or Sudan grass. The sugar beets were grown for seed and
required irrigation from September to July. Peas are a fall crop
harvested before severe frost. After 1936 the cotton acreage was
segregated into groups, depending on the soil types and on wheth-
er it was the first year under irrigation or had been irrigated pre-
viously.

Inspection of the net areas as measured in 1938 and 1939 in-
dicated an average area in crop about 3 per cent lower than the
nominal area of 160 acres per quarter section. The explanation
of so small differences is that there is very little waste land, and
presumably the actual areas in the land subdivisions overrun the
nominal areas somewhat. In a few cases where adjustments
were necessary, they were made on the basis of 3 per cent differ-
ence between net and gross area.

A crop survey map was made for each year. The map of 1937,
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condensed, is shown in Plate III, as an example. Cotton is indi-
cated by hachures downward to the left, grain by stippling, and
all the minor crops by hachures downward to the right. Plate III
shows the location of wells also, and in general indicates the areas
of heavy use of water and the areas where cultivated fields were
interspersed with unused desert lands. The map shows areas of
heavy pumping north, south, and southwest of Eloy.

The maximum area irrigated was in 1937. The considerable re-
duction in area in 1938 was caused by the drop in the price of
cotton and by restrictions imposed by the Argicultural Adjust-
ment Administration. In 1939 two additional sections of land were
cleared and planted, and more than twenty sections have been
cleared for first planting in 1940.

THE QUANTITY OF WATER PUMPED

In the present study the year is assumed to extend from March
1 to March 1, the reason being that the most reliable determina-
tion of the water table can be made in late February or early
March. It may be called the groundwater year.

The quantity of water pumped each groundwater year—that
is, the draft on the groundwater supply for the year—might be
obtained in three possible ways.

1. Records of the time of starting and the time of stopping of
the pump at each well could be kept by the attendants, and fre-
quent measurement of the pump discharge could be made if
facilities for measuring the discharge were available.

2. The efficiencies of all pumping plants could be determined
(or assumed in some cases) one or more times each year, records
of the lift in feet could be kept, and then from the records of
power consumption the quantity of water pumped could be
deduced.

3. The duty of water for cotton, the principal crop, could be
determined at those plants where it is possible to measure the
discharge and thereby determine the efficiency, and the duty
could be applied to the total acreage of cotton shown by the crop
survey. The duty of water for the minor crops could be assumed
to be the same as in the Salt River Valley.

The first method was impracticable in the Eloy district. The
third method was more promising than the second method and
was adopted.

The determination of the annual use of water on cotton in 1937
is shown in Table 9. The fields selected for this study were those
where the pumping lift in midseason was known and where the
efficiency of the plant had been determined or could be reason-
ably well assumed.

The fields were classified into three groups: those on medium
heavy soil, which had been cropped the previous year and there-
fore started with some moisture in the subsoil, those on similar
soil cropped for the first time and requiring more water, and those
on sandy soil which required the greatest quantity of water per
acre.
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All of the wells represented in Table 9 were drilled in 1936 or
in the first 3 months of 1937, and the pumping plants were new
and modern. The assumed efficiencies were based on those listed
in Table 6, all of the plants having similar standard new equip-
ment.

The power consumption was obtained from the records of the
vendors, the Salt River Valley Water Users Association, whose
field agents read the meters once a month. The quantity of water
pumped is the quotient of total power consumption divided by
the power required per acre-foot. The quantity pumped divided
by the gross area, in acres, gives the average quantity of water,
in acre-feet, applied per acre. This quantity is called the annual
use, or the duty; it is also the average total depth, in feet, of the
water applied, based on the gross area.

The average annual use is shown to have been practically 2.5
acre-feet per acre on good land previously cropped, 3 acre-feet
per acre on newly cleared land of the same character, and 3.3
acre-feet per acre on sandy soil. The cotton quite generally in
1937 showed some suffering due to inadequate irrigation, and the
shortage of water accounts for the five low values in Table 9. In
1938, with a reduced acreage, the cotton was irrigated more
liberally.

The average annual use or duty for cotton, as obtained in Table
9, is applied in Table 7 to the entire gross areas of cotton in the
three groups. The duty of water for the minor crops listed in
Table 7 is based on experience in the Salt River Valley and can-
not be much in error. The total quantity of water used in the
groundwater year 1937-38 was 63,600 acre-feet.

The data for the 1938 and 1939 years were based on the net
area. The duty of water was determined on that basis and was
then applied to the total net area to obtain the total quantity of
water used. The quantity for each year is shown in Table 8. '

The annual use in 1938 was higher than in 1937 for several
reasons: more water was available, there was a considerable
acreage of long-staple cotton which requires one more irrigation
than upland cotton, and the duty in 1938 was based on the net
area instead of the gross area.

During the first 3 years there was little or no floodwater which
could be used for irrigation. But in the summer of 1939 there
were several floods in the Santa Cruz River and one large flood
in Red Rock Wash which overflowed some of the cropped land
in its path, a few fields being badly washed. A few operators of
adjacent lands diverted the water into their ditches and obtained
one or more irrigations without any cost for pumping. Very
large heads were used, partly because the duration of the floods
was limited, and much damage was done to some of the distribut-
ing systems. Some farmers threw up dykes to keep the flood-
waters from their fields.

Several inspection trips were made to determine the use of
floodwater on each field, and estimates were made for each field
of the quantity of pumped water replaced by the floodwater.
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Even though a depth of a foot or 2 of water was absorbed by the
land, some of it would penetrate below the root zone, and within
a month the crop showed the need of irrigation. The total re-
duction in quantity of water pumped by reason of the floodwater
was estimated to have been 2,000 acre-feet, the area affected being
7,700 acres.

Deducting 2,000 acre-feet from the total quantity used for ir-
rigation in 1939 leaves 62,300 acre-feet as the quantity of water
pumped from wells.
THE RESIDUAL LOWERING OF THE WATER TABLE AND

THE VOLUME OF GROUND UNWATERED
A few measurements of the depth to the water level in wells

were made in 1930 and 1931 when the culture of lettuce was at
its height. There appeared to be no danger of overdraft at that
time. Those early measurements are of value for comparison
with those taken in later years.

Beginning in 1936 many measurements have been taken. Ef-
fort was made to obtain records of depth at all wells about March
1 and in October. It was believed that the lowest position of the
water table would be in October at the end of the summer pump-
ing season and that the top of the winter recovery curve would
be in early March just before pumping for the cotton began. Ex-
perience since 1936 has indicated that February is preferable to
early March because of earlier pumping at some wells.

Many miscellaneous measurements were made also, mostly
during the summer, the purpose being to determine the progress
of lowering of the water table.

Table 11 (in pocket on back cover) gives the depth to water
level in the wells, the townships being arranged in order from
north to south and from west to east. The list includes all of the
irrigation wells to which access was possible and all of the out-
lying wells which could be found. The measurements were made
with an engineer's tape even though air-gage lines were in place.
The latter are not always reliable and at best they can be read
only to the nearest foot, while the tape can be read to hundredths
of a foot.4

The long tabulation in Table 11 permits various studies. More
intermediate measurements would have been taken were it not
that often a pumping plant was found in operation when visited.
The letter R in the table means that the pump was running. The
heaviest pumping was in late March and April and in July,
August, and September. In a few instances cotton was irrigated
in early October.

The most valuable measurements are those of late February
and early March. If it were possible to do so, a complete set of

*Every pump installation should have provision for inserting a tape through
the base of the pump. The purchaser should insist on it. A hole drilled
for this purpose can be tapped and closed with a pipe plug. In many cases
there is an opening in the pump base, but it is blocked by the concrete
foundation. The concrete should be chipped off to permit entrance of the
tape.
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measurements might be taken on a single day, but there is not
much fluctuation in water level for some weeks just prior to the
pumping for the preparation of the cotton lands. During that
period the water table is smoothed and its position is indicated
accurately by the water levels in wells. During the pumping
season the water table of the district is wavy and irregular, with
depressions around the wells and around the groups of wells, and
domes or high places between the wells.

Inspection of the record of a pumped well or of a house well
near or between pumped wells shows decline of the water level
during each pumping season and recovery during the winter.
Thus, the water level in Pretzer No. 8 well (see Table 11) de-
clined during the season of 1936 from 106.9 feet below the ground
surface in March to 115.58 feet in October, but it recovered dur-
ing the winter to 109.76 feet, the residual loss for the 12 months
being 2.86 feet. During the season of 1937 the water level re-
ceded to 122.53 feet in October, but it recovered part of the loss
and stood at a depth of 115.32 feet the following March 1, the
residual loss for the 12 months being 5.56 feet. In 1938 the water
level reached a depth of 124.48 feet late in July, and in October
after some recovery, it was at 123.30 feet. On February 25, 1939,
the water level had recovered to 119.95 feet, the loss for the year
being 4.63 feet. The residual loss for the 1939 year was 4.13 feet.

In April, 1937, an autographic water-level recorder was in-
stalled on the unused Wagner No. 1 well with the permission of
the owner. This well is centrally located in the area of heavy
pumping south of the railroad. The pump and motor had been
removed prior to 1937. A large float was used in the well to make
the instrument sensitive. It was visited at intervals of a few
weeks, checked each time with a measurement by tape, and a
section of the chart removed. The record thus obtained for 1937
is presented in Figure 2. The records for other years were sim-
ilar.

The daily records of the autographic recorder show plainly the
starting and stopping of pumps at other wells, the nearest one
being 0.7 mile away, while two others are each at a distance of 1
mile. These minor fluctuations cannot be shown in the com-
pressed record of Figure 2, but the record for 1 day, shown in the
inset, exhibits the responses due to starting and stopping the
distant pumps.

A study is presented in Figure 3 to show the changing position
of the water table in the immediate vicinity of pumped wells.
The records of the water table taken during the pumping season,
though few in number, indicate that the cone of depression sur-
rounding a well persists in some degree at the times of observa-
tion which are usually a day or a few days after the pump has
been shut down. The recovery, much of which is in October, is
from 5 to 8 feet, as compared with the 1-foot recovery shown for
the Wagner unused well in Figure 2.

The four records in the figure are of wells representative of
different areas. The top one is of a well north of the railway, the
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Figure 3.—Records of water levels in pumped wells in four different loca-
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The deep depression cones were filled in the fall and winter.
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next one of a well 5 miles south of Eloy, the third one is of a well
in the Greene Reservoir district, and the fourth one is of a well
at the south edge of the pumping district. All of them show resid-
ual losses from year to year comparable to that shown in Figure
2. The greater residual loss the first year in the third well is
characteristic of the wells drawing their supply from the deeper
strata.

In contrast with the records of pumped wells are those of out-
lying wells at some distance from the irrigated areas. Thus, the
Griggs Service Station well, which had been in use when first
measured in 1930 but was unused after 1935, had a slowly declin-
ing water level throughout the 4 years and throughout the 12
months of each year. The Griggs well is 2.5 miles from the near-
est irrigation well. The recession of the water table, advancing
like a wave,5 must have reached the Picacho Mountains in 1937.
But the winter-recovery waves were not strong enough to reach
the Griggs well. The rate of lowering at the Griggs well increased
with the increasing slope toward the great central depression.

The record of the water table at the Griggs well is shown in
Figure 4, The descent of the water level beginning in 1936 has
continued at an accelerating rate. On 2 years there was some
evidence of response to the heavy pumping for cotton which be-
gins late in May.

The smooth water table in February of any year may be likened
to a blanket not stretched taut but fairly smooth. Its position is
accurately defined by the many well measurements. On the fol-
lowing February the blanket is in a lower position, and its shape
is changed a little here and there. The space between the two
positions has been unwatered, or drained. The volume of ground
unwatered—that is, the volume of space between the two posi-
tions of the blanket—can be determined readily.

To determine the volume of ground unwatered in a 12-month
period from March 1 to March 1, the depth of residual lowering
at each well was penciled on a map, and then the lines of equal
lowering were drawn on the map. Thus, on Plate III the large
irregular oval line reaching almost the full length of the map and
labeled 3 feet (3') represents a line along which the residual
lowering was 3 feet. The somewhat smaller oval labeled 4 feet
is the line along which the residual lowering for the 12 months
was 4 feet.

The area affected by the pumping was cut off on the north by
a line running due east from Three Peaks, this line being 5 miles
north of Eloy. An arbitrary line was drawn cutting off the area
affected by the pumping in the Greene Reservoir district. By
means of the lines of equal lowering the average lowering for
each 160 acres is noted from the map, and thus the total volume
of unwatering was computed. The total for the 1937-38 year was
408,000 acre-feet.

Demonstration of the wavelike progression is given in Ariz. Agr. Exp. Sta.
Bull. 64, p. 184.
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Figure 4—Record of the water level in the well of the Griggs Service
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well, 2.5 miles, there was no recovery at any time.

Another query now arises. What is the volume of water drained
from the unwatered ground? How much water is yielded when
an acre-foot of saturated ground is unwatered? The percentage
of the original volume must vary according to the character of
the alluvial materials. Even in the case of sand the percentage
depends on the degree of sorting at the time of deposition. But
since the problem involves wholly the delta deposits of one river,
there is a usable average percentage which can be assumed to
apply to the entire volume of ground unwatered. The percentage
has a technical name; it is called the "specific yield." It is not
important to know the specific yield, but as will be seen in the
following discussion the specific yield is determined incidentally
in the solution of the main problem.

The delineation of some parts of the lines of equal lowering,
for areas where the observation wells are widely spaced, re-
quires discretion and judgment. For that reason and to obviate
the danger of error due to "personal equation," the same man, J.
C. Killer, drew the lines for the 1936, 1937, and 1938 maps. The
lines for the 1939 map were drawn by L. J. Booher.
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VALIDITY OF THE METHOD OF ESTIMATING CHANGES IN
THE QUANTITY OF STORED GROUNDWATER

Hydrologists have assumed that the groundwater plane, the wa-
ter table, is defined by the water levels in wells, that if the posi-
tions of the water levels in three wells are obtained at a consider-
able time interval after periods of pumping they do define ac-
curately the plane of the intervening water table, and that the
changes in elevation of the water table as determined at these
wells provide a means of determining changes in the volume of
stored water.

This assumption and the method based upon it have been chal-
lenged by the late F. H. Tibbetts,6 consulting engineer and chief
engineer of the Santa Clara Valley Water Conservation District.
Discussing the groundwaters of Santa Clara Valley, California,
he said,

In a valley of this type, serious errors may be involved in the method
most common in the past of estimating the change of ground-water storage
during a season, or from one season to another, from well-measurements.
A large portion of the total volume between the ground-water levels at the
beginning and end of a season and between wells may have changed its
total storage-water content but little.

It is desirable therefore to re-examine the validity of the
method which has been used widely by hydrologists in ground-
water investigations. The question is, can the water table be-
tween three wells be considered as a plane. (If the water table
is somewhat arched between the three wells, but the arching re-
mains constant, the effect will be the same as though the surface
is a plane.)

A vertical section through two wells is shown in Figure 5. The
upper position of the water table is for the winter period preced-
ing pumping, the lower position is for the succeeding winter a
few months after the end of the pumping season. The water level
in well B at the right of the figure has lowered a distance D. The
formation is alluvial valley fill composed of myriad strata of clay,
silt, sand, gravel, and perhaps boulders. There may be thick
strata of silty clay or of fine sand with intermixed silt and clay,
relatively impervious or slowly pervious. The occasional strata
of coarse sand and gravel are the aquifers. The more the aquifers
are interconnected, the better is the groundwater circulation.
The aquifers penetrated by a well furnish the large stream of
water needed for irrigation. The aquifers occur irregularly in the
formation; it may happen that there are very few or no aquifers
in the zone between the two positions of the water table.

If that zone is occupied by clays and silts, how does it become
unwatered? Tibbetts assumed that the movement of water would
be laterally through the clay and silt strata toward the well and
might take hundreds of years to reach the well. That assump-
tion is unnecessary. Beneath each point, at some depth, there is
an aquifer, and as the water is withdrawn from the aquifer the

'Transactions, American Geophysical Union, 1936, p. 459.
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A
GROUND SURFACE

.WELL B

T _£WATER TABLE BEFORE PUMPING

--—, ^AA/ATER TABLE AFTER PUMPING

\
CONE OF DEPRESSION AT A TIME \
DURING PUMPING

Figure 5.—Wells A and B are presumed to be M> mile or more apart. The
position of the water table at the beginning of the pumping season is shown
as a smooth plane. The lower position of the water table occurs some time
after the end of the pumping season when the water plane has become
smooth again. The distance D is the residual lowering, or the loss due to the
season's pumping draft. The zone of ground between the two positions of
the water table is the ground unwatered.

overlying body of water sinks vertically through the clay, and the
outflow is through the aquifer. The free water in a body of clay
need only sink through the distance D in 1 year; the downward
movement may be a fraction of an inch per 24 hours.7

About 1920 the water table in the Salt River Valley had risen
dangerously near to the surface, and the project of drainage by
pumping was initiated. In some large areas of the valley the for-
mations were tight, and the yield of the drainage wells was small.
However, as the water was withdrawn from the deep aquifers,
the water table sank promptly over a large area surrounding
each well.

Investigation of this question in the field should be directed to
the water table at a distance from a pumped well, or between
two pumped wells. In Figure 6, upper, the water level records
of the Frazier and the Cantillo wells are presented. The Frazier
well is deep and is heavily pumped. The Cantillo well is used
only for domestic service. It is 167 feet in depth and penetrates
only about 50 feet below the water table. The wells are % mile
apart. The water level rises and falls in the Cantillo well in har-
mony with the rise and fall in the Frazier irrigation well and
shows very little lag.
7In the case of a tightly enclosed artesian aquifer there is no water table.
The theory has been advanced by Dr. O. E. Meinzer, Geologist in Charge,
Division of Groundwater, United States Geological Survey, that an artesian
aquifer is elastic and shrinks if the water is withdrawn at a faster rate
than it is replaced.
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Figure 6 —Studies of the lowering of the water table at unused or domestic
wells due to pumping at irrigation wells. The Cantillo, Bartlett, and
Wagner No. 1 wells are the unused wells. The distances to the pumped
wells are shown in the insets. Wagner No. 2 well was used only in the
spring of 1937.
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In Figure 6, center, are the records of the Sommerfeld irriga-
tion well, 316 feet deep, and the Bartlett unused dug well, which
had only a few feet of water. The lag in the summer is evident,
but during each winter the interval is about 2.5 feet. In Figure
6, lower, the lowest graph is for the Wagner No. 1 well which has
not been used. The Wagner No. 2 well is equipped and was used
in the spring of 1937. The Swink well is one of the surrounding
"cordon" of used wells. Both Wagner wells are seen to be very
responsive to the composite effect of pumping in the surround-
ing wells. Always in March the interval between the two graphs
is 5 feet.

It is commonly observed that dug domestic wells in pump-
irrigated areas go dry and have to be deepened repeatedly as the
water table is lowered by pumping in the irrigation wells. No
exceptions in Arizona valleys have been noted.

In the movement of underground water time is an important
factor, and therefore when measurements of groundwater levels
in wells are made a few hours or a few days after cessation of
pumping, there is considerable doming of the water table between
the wells. But during the fall and winter the domes become flat-
tened, and the water table in February and early March is one
smoothed surface. At that time the water table between three
wells is accurately defined by the water levels in the wells, except
in some instances where an irrigation has been given to winter
crops
DIVISION OF THE PUMP AGE INTO QUANTITY OF WATER

DRAWN FROM STORAGE AND QUANTITY OF WATER
DERIVED FROM INFLOW TO THE DISTRICT

Obviously, of the great quantity of water pumped from the
wells, a part was obtained out of the volume of water stored in
the alluvial valley fill, thereby reducing the total volume stored.
The balance came from or was replaced by, the slow-moving un-
derflow, most of which enters the Eloy valley through the nar-
rows between Sasco and the hills culminating in Picacho Peak.

The distinction between the two parts is similar to that between
the water standing in a surface reservoir and the annual inflow
from some creek or river. Clearly it is undesirable to draw ex-
cessively on the stored groundwater, more so than in the case of
surface" storage, since excessive pumping draft results in in-
creasing the lift and the cost of pumping and finally in exhaus-
tion of the stored supply.

The problem is to determine first, how much of the water
pumped in each of the 4 years came from the slow-moving inflow
and second, how much came from storage. The first item may be
considered as constant for the 3 years 1936, 1937, and 1938, inas-
much as the surface stream flow for those years was very low.
The changing gradient of the water table must have some effect
on the inflow, but it is small, of the order of 2 or 3 per cent, and
can be neglected. If the recharge to the groundwater supply was
greater in 1939 by reason of the unusually large summer floods, it
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is desirable to determine how much greater it was, and this also
will be attempted.

An equation can be written for each year as follows: the volume
of ground unwatered multiplied by the specific yield plus the
quantity obtained from the inflow to the district (the new water)
equals the quantity of water pumped. The unit of measure is the
acre-foot.

Let V = volume of ground unwatered in any 1 year
S = specific yield, a percentage
IV = quantity obtained from the inflow, the new water
P = quantity of water pumped

The equation for the year is:
V X S + N = P

The quantities V and P are obtained from the field investiga-
tions and the records. The quantity IV and the specific yield S are
unknown, but they can be obtained by solving the equations for
any 2 years. The"equations for 1936, 1937, and 1938 are:

(1) 1936 170,OOOS+N:=37,600
OC f*

(2) 1937 408,0005+ ̂ ^=63,600

361
(3) 1938 292,0005+3gg-N=53,700

Provision is made for the fact that the periods involved were
365, 356, and 361 days, respectively.

The solutions give values for S and N as follows:
Equations 1 and 2, 8=11.13%, IV~18,700 acre-feet
Equations 1 and 3, 5=13.36%, IVrz:14,900 acre-feet
Equations 2 and 3, S=8.86%, IV—28,200 acre-feet

The solution is shown graphically in Figure 7. The three
straight-line equations are plotted and the intersections give the
values of S and IV. The slope of the line for any year is deter-
mined by the volume of ground unwatered.

The three values for N are not in close agreement; they can-
not be expected to be because of the indirect methods of obtain-
ing the quantity P. The values are close enough, however, for
the intended purpose. The value IV-—that is, the quantity which
could be pumped annually without lowering the water table
permanently—is of the order of 20,000 acre-feet. The pumped
water over and above that amount was taken from storage.

It does not appear simple to find a name for the quantity IV,
That quantity of water represents a part of the newly arrived
water, the inflow. Yet it is not the recharge, a term long used by
hydrologists; the recharge is the sum total of incoming water
from all sources without reference to the natural outflow and
other losses. The quantity IV does include also, the undeter-
mined, but very small, direct contribution to the groundwater
from direct rainfall and local runoff and from the floods which
reach Sasco on a normal or "usual" year, for the studies were
made in 1936 to 1938 which were normal years.

The quantity IV includes also the recharge by percolation down-
ward to the water table of some of the water applied in irrigation.
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EQUATION

V S+ fl * P
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6 8 10 12 14
PERCENTAGE OF WATER BY VOLUME IN GROUND

SPECIFIC YIELD "S"

Figure 7.—The equations involving the new water N and the specific yield
for the years 1936 to 1938. The quantities pumped are the Y intercepts.
The intersections show that the new water averaged about 20,000 acre-feet
a year. The rest of the water pumped was drawn from storage.

Since the depth to the water table is of the order of 100 feet, the
percolation may require weeks, possibly months. The quantity
of water which escapes downward is probably less than 10 per
cent of the quantity applied, inasmuch as the lift and the cost of
pumping are high, the water is used sparingly, the cotton and
winter grain both are deep-rooted plants, and the run of water
in ditches is short, averaging perhaps only a/4 mile. However,
the disparity in downward percolation during the 3 years may
account in part for the lack of agreement shown in Figure 7.

It is probable that the downward percolation from fields and
ditches to the water table was relatively larger in 1938. A small
correction reducing the value of P in the third equation would
bring the second and third values of N closer to the first value,
18,700 acre-feet.

The investigations of 1939 were expected to show a relative-
ly low volume of unwatered ground in proportion to the quantity
pumped because of abnormally high beneficial recharge of the
groundwater supply by the floods of August, 1939. Contrarily,
the volume of ground unwatered between February 25, 1939, and
February 24, 1940, was found to be high relatively. The equation
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for the 1939-40 year is 4Q8,OOOS+M=62,300 acre-feet, M being
somewhat larger or smaller than the IV used in equations of 1936,
1937, and 1938.

If the average value of S, as already determined, 11.12 per cent
is used in the 1939 equation, then the value of M is 17,000 acre-
feet, indicating less recharge in 1939 than in the previous years.
This is an unwanted result, both from the standpoint of the inves-
tigator and from the standpoint of the farmers who will be de-
pendent on the continuance of the water supply.

If a reason for the low value of M is sought, several explana-
tions present themselves.

1. The value of S, the specific yield, may have changed.
2. The indirect method of obtaining the pumpage (due to the

impracticability of measuring the quantities pumped at the indi-
vidual wells) may introduce larger errors than had been thought.

3. The shift from cotton to other crops, some of which require
irrigation in February, tends to prevent the smoothing of the
water table in some areas prior to the survey of water levels late
in February.

4. Perhaps the deduction of 2,000 acre-feet from the computed
total use of water for the year was not justified—that is, the
pumped water applied may not have been reduced so much by
reason of the floodwater applied during August.

The most likely explanation is the second one. At any rate, the
1939 studies tend to the conclusion that the values of IV arrived at
previously were too high rather than too low and to the con-
clusion that little direct recharge was derived from the unusually
large floods of August.

SUMMARY AND CONCLUSIONS

Knowledge concerning groundwater supplies is needed in con-
nection with irrigation and other industrial development and
municipal use. However, the nature of quantitative studies of
groundwater is such that long periods of time and considerable
costs are involved usually, and closely accurate results cannot
be expected.

The unique requirement for the method of investigation in
the Eloy district is a sequence of 2 or more years with widely
different pumping draft, while the inflow and other recharge
factors remain practically constant or are measurable.

The quantity sought is the amount of water which can be
pumped annually without progressive lowering of the water
table. The factors obtained by studies in the field are the vol-
ume of ground unwatered and the quantity of water pumped.

The groundwater year should be taken from February 15 to
February 15 or from March 1 to March 1.

The Eloy district is a partially closed basin about 25 miles long
by 17 miles wide. Most of it is the delta or fan built by the Santa
Cruz River with the apex or head of the fan near Sasco.

Development of pumping in the district, beginning in 1914, was
slow until 1936, since which time it has proceeded rapidly.
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Because of low rainfall and absence of great floods during the
3 years 1936 to 1938, the period was favorable for the study of
groundwater. The large summer floods of 1939 presented a new
factor for study.

There were ninety operating irrigation wells in the Eloy dis-
trict in 1939 and eleven active wells in the adjacent Greene
Reservoir district.

The logs of wells show successive strata of stream-laid silts,
sands, and occasional gravel, many layers of which have been
cemented by the deposition of calcium carbonate within the
pore spaces.

The waters below a depth of 500 or 600 feet are under sub-
artesian pressure.

All of the irrigation wells are equipped with deep-well turbine
pumps, and nearly all use electric power. In general pump
efficiencies are not high for the reason that few wells were tested
before the pumps were purchased.

The principal crop raised is cotton, and next in importance is
winter grain. There is a considerable acreage of winter vege-
tables, to which the district is well adapted by reason of its cli-
mate and soil. Crop surveys were made twice each year.

The quantity of water pumped was determined by indirect
methods. The maximum was 63,600 acre-feet in 1937.

Measurements of the depth to the water table at the wells
were made by tape about March 1 and at various other times
throughout the year. The water table near each well was de-
pressed during each pumping season but recovered partially
during the fall and winter as the water table of the district be-
came leveled again.

The groundwater supply is developed adequately where the
intervals between wells is 1 mile. Closer spacing is not justified.

From the March (or February) readings the volume of ground
permanently unwatered during each groundwater year was com-
puted.

The water pumped in any year was derived partly from the
slow-moving underground inflow, and the balance was drawn
from the stored supply.

The equation for each year involves two unknown factors,
but the equations for 2 years give a solution.

For the 3 years 1936 to 1938 the quantity of water which could
be pumped without a residual loss to the stored supply was of
the order of 20,000 acre-feet per year. The excess over that
quantity was drawn from storage.

The heavy summer floods of 1939 were expected to contribute
an important additional recharge by downward percolation to
the water table. And yet the evidence deduced from the field
observations indicated very little effect, pointing to the con-
clusion that the surface waters penetrated only to shallow depths
and were lost subsequently by evaporation.

The pumping operations in 1936 were nearly twice as great
as they should be if a permanent agriculture in the valley is
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contemplated. Operations in 1937 and 1939 were at a rate three
times as great as desirable from the standpoint of permanence.

There is no legal restriction applicable to the district which
can function to reduce the pumping draft or to put a brake on
still further expansion of agriculture. The legal status of ground-
water in Arizona offers little protection to present users. Some
farmers, especially newcomers, doubtless see the problem as
parallel to that of mining out a pocket of gold-bearing ore. An
extremist of another type might believe that the water being
limited and of great value should be husbanded and used only
for crops of high value, particularly human foods. Perhaps all
would agree that less investment should be made in homes,
roads, and schoolhouses if the water is to be mined instead of
being used at the rate of replenishment.

Much of the desert land within the Eloy district which poten-
tially is agricultural land belongs to the state. It is within the
power of the state to refuse to sell any more land or to lease it
for other than grazing purposes.

The increasing pumping operations in the Marana district and
farther upstream must affect the Eloy district adversely. The
time element, however, is so uncertain that any estimates would
be mere conjecture. Likewise the increasing pumping opera-
tions in the Eloy district must decrease the slow-moving under-
flow from the district to the San Carlos Irrigation District.

The possibilities of increasing the water supply by surface
storage or some form of conservation such as water-spreading
should be thoroughly explored. There are some small storage
reservoir sites on tributaries but none on the main Santa Cruz
River within the United States. Storage on the headwaters
would probably be demanded by projects nearer to the reservoirs.
It would not be justifiable to store floods which can be expected
at intervals of 15 or 20 years. Detention reservoir projects, even
though costly, might be found feasible; they demand further
study. But the total surface discharge reaching Sasco in the
last 18 years has averaged only about 12,000 to 16,000 acre-feet
and if all of it were stored solely for the Eloy district, it would
provide a supply for only about 5,000 acres.

Despite the erratic character of the runoff, the possibilities of
water-spreading should be examined. A diversion canal from the
Sasco flats with lateral distributaries both north and south of the
Greene Canal to the most porous lands might be helpful, and
an area on the east side of the valley could be utilized also for
water-spreading, if the soil can be made to take water. There
are no gravelly spreading grounds. The Greene Reservoir site
could be utilized to store a supplemental supply for the lands
south of Toltec. Any project for spreading or for diverting water
to the Greene Reservoir should include provision for a reason-
able floodway through the irrigated lands south of Eloy so that
excessive erosion and damage to crops will not result when
floods such as those of 1914 and 1916 occur again. A straight
river channel of ample capacity all the way through the Eloy
district might be definitely advantageous.










