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ANNUAL REPORT ON GROUND WATER IN ARIZONA,
SPRING 1967 TO SPRING 1968

Prepared under the direction of H. M. Babcock,
District Chief, Arizona District, Water Resources Division

INTRODUCTION

The availability of an adequate potable water supply has a greater in-
fluence on the economy of arid or semiarid regions, such as Arizona, than
any other factor. In a few places in Arizona, some water is obtained directly
from streamflow when it is available or from reservoirs that store runoff.
The amount of surface water available, however, is not sufficient to meet the
constantly increasing demand, and, for many years, nearly two -thirds of
Arizona's water supply has been withdrawn from the ground-water reservoirs.
In many areas in the State, the present rate of withdrawal far exceeds the
rate of replenishment, and the ground-water reservoirs are gradually being
depleted. Therefore, it is of prime importance to protect these water sup-
plies through effective management, which requires a comprehensive knowl-
edge of the storage capacity of the aquifers and of the factors that control the
transmission of water through them. Research projects, data collection, and
comprehensive hydrologic analyses are providing this knowledge.

Since 1939, a planned program of ground-water studies has been con-
ducted by the U.S. Geological Survey in cooperation with the State of Arizona.
The State hasbeen represented bythe State Land Department since 1942. The
program includes the collection and analysis of the geologic and hydrologic
datanecessaryto evaluate the ground-water resources of the State andis under
the immediate supervision of H. M. Babcock, district chief of the Water Re-
sources Division of the U.S. Geological Survey in Arizona.

This report is a result of the cooperative program between the U.S.
Geological Surveyand the State of Arizona. The report contains graphs show-
ing water levels in selected wells and estimated annual ground-water pumpage
in mostof the developed areas inthe State and maps showing (1) depth to water
in selected wells in spring 1968, (2) change in water levels in selected wells
from 1963 to 1968, and (3) potential well production by areas. Figure 1 shows
the areas for which ground - water data are given, and the well - numbering
system used in Arizona is explained and illustrated in figure 2.



EXPLANATION

BASIN AND RANGE LOWLANDS PROVINCE

Ground water mostly from alluvial deposits; small amounts from fractures
in consolidated rocks

1. DUNCAN BASIN 11. LOWER SANTA CRUZ BASIN 18. RANEGRAS PLAIN AREA
2. SAFFORD BASIN 12. SALT RIVER VALLEY 19. WELLTON-MOHAWK AREA
3. SAN SIMON BASIN 13. WATERMAN WASH AREA 20. YUMA AREA
4. ARAVAIPA VALLEY 14. GILA BEND BASIN 21. COLORADO RIVER FLOOD
5. WILLCOX BASIN 15, HARQUAHALA PLAINS AREA PLAIN FROM DAVIS DAM
6. DOUGLAS BASIN 16. MCMULLEN VALLEY TO IMPERIAL DAM
7. SAN PEDRO RIVER VALLEY 17. GILA RIVER DRAINAGE 22. BIG SANDY VALLEY
V 8. UPPER SANTA CRUZ BASIN FROM PAINTED ROCK DAM 23. SACRAMENTO VALLEY
! 9. ALTAR VALLEY TO TEXAS HILL 24. HUALAPAI VALLEY
—‘ 10. AVRA VALLEY
CENTRAL HIGHLANDS PROVINCE
Ground water from alluvial deposits in a few small valleys and from fractures and
joints in consolidated rocks; many springs issue from fractures
25. BIG CHINO VALLEY 27. WILLIAMSON VALLEY
26. LITTLE CHINO VALLEY 28. VERDE VALLEY
PLATEAU UPLANDS PROVINCE
Ground water mostly from fine-grained sandstone units in consolidated rocks;
siltstone and claystone layers act as aquicludes; moderate amounts of
ground water from narrow alluvial deposits
{Discussion of ground-water conditions by counties)
ALLUVIAL DEPOSITS CONSOLIDATED ROCKS
50 MILES ' ; AREA BOUNDARIES NOT DEFINED
BY CONTACT BETWEEN ALLUVIAL
Alluvial contacts by M. E. Cooley, 1967 DEPOSITS AND CONSOLIDATED ROCKS

FIGURE 1. --AREAS FOR WHICH GROUND-WATER DATA ARE GIVEN.




GILA AND SALT RIVER BASE LINE
4 s REE

E]
b3

=
=
m
~
-

GILA AND SALT RIVER MERIDIAN °
N
——
P
e
L

%
Well (D-4-5)19¢caa

R.5 E. \Sec. 19

bia b\'u
~b-t-a-+

[ Ratn

The well numbers used by the Geological Survey in Arizona
are in accordance with the Bureau of Land Management's system of land
subdivision. The land survey in Arizona is based on the Gila and Salt
River meridian and base line, which divide the State into four quadrants.
These quadrants are designated counterclockwise by the capitalletters A,
B, C, and D, All land north and east of the point of origin is in A quad-
rant, that north and west in B quadrant, that south and west in C quad-
rant, and that south and east in D quadrant. The first digit of a well
number indicates the township, the second the range, and the third the
section in which the well is situated. The lowercase letters a, b, ¢, and
d after the section number indicate the well location within the section.
The first letter denotes a particular 160-acre tract, the second the 40-
acre tract, and the third the 10-acre tract., These letters also are as -
signedina counterclockwise direction, beginning inthe northeast quarter,
If the location is known within the 10-acretract, threelowercase letters
are shown in the well number. In the example shown, well number
(D-4-5)19caa designates the well as beinginthe NEfNE{SW3 sec. 19, T.
4S., R, 5 E, Where there is more than one well within a 10-acre
tract, consecutive numbers beginning with 1 are added as suffixes.

FIGURE 2. --WELL-NUMBERING SYSTEM IN ARIZONA..



Purpose and Scope of the Ground-Water Programs in Arizona

The overall purpose of the several types of ground-water programs in
Arizona is to provide information for the analyses and studies necessary to
solve the State's water problems. Investigations are made under the Federal-
State cooperative ground-water program and in cooperation with universities,
cities, counties, and other Federalagencies. Figure 3 is a pictorial summary
of the status of current ground-water work in Arizona.

Federal-State cooperative ground-water program.--The current coop-
erative ground - water program in Arizona consists of three closely related
parts. The first is the statewide ground-water survey, which provides for the
collection of the basic hydrologic and geologic information that is necessary
for the study and analysis of the ground-water resources of the State. The work
includes well inventories, periodic water-level measurements, collection of
water samples for chemical analysis, and collection and cataloging of drill cut-
tings from new wells. The ‘‘Annual Report on Ground Water in Arizona’’ is a
result of this part of the cooperative program. The report is published by the
State Land Department, and copies are available to the public. Another phase
of the statewide ground-water survey provides for the detailed study of ground-
water conditions in selected areas on a periodic basis. For the period July1,
1967, to June 30, 1968, detailed studies were in progress under this phase of
the program for McMullen Valley, Waterman Wash area, and Gila Bend basin
( reports in review ); San Pedro River valley, Harquahala Plains area, and
Ranegras Plain area(reports in preparation); and Joseph City area and lower
Hassayampa area (fieldwork in progress). The second part of the Federal-
State cooperative program includes comprehensive ground-water investigations
inareas where ground-water conditions arebecomingcritical because of over-
development, areas where ground-water development is beginning, or areas
where there is some special problem or interest. These investigations result
in an overall evaluation of the water resources of the area. The third part of
the program includes studies related to specific hydrologic problems, such as
insufficient supplies, equitable distribution andprotectionof the available sup-
ply, and deterioration in quality of water. Reports in preparation under parts
2 and 3 of the cooperative program include:(1) Ground-water resources of the
western part of the Salt River Valley(Beardsley area); (2) Water resources in
southern Coconino County; (3) Geohydrology of Hualapai and Sacramento Val-
leys, Mohave County; (4) Geology and ground - water resources of Big Sandy
Valley, Mohave County; (5) Basin potential of Sycamore Creek; (6) Geohydrol-
ogy and water utilization in the Willcox basin; (7) Electrical - analog analysis
of ground-water depletion in central Arizona; (8) Electrical-analog analysis of
hydrologic data for AvraValley, Pima County; and (9) Electrical-analog anal-
ysis for the Tuba City area.




EXPLANATION

SUMMARY OF GROUND-WATER PROGRAMS

Navajo-Hopi Indian Reservations

Cottonwood Wash

Big Sandy Valley

Southern Coconino County

Sacramento and Hualapai Valleys (Kingman area)
Arid-lands study (Safford basin)

Willcox basin

San Pedro River valley

Tucson basin

10. Avra Valley (electrical-analog analysis)

11, Part of central Arizona (electrical-analog analysis)
12. Paradise Valley

Western part of the Salt River Valley (Beardsley area)
14. Waterman Wash area

15. Gila Bend basin

16. Harquahala Plains area

17. McMullen Valley

18. Ranegras Plain area

19, Sycamore Creek

20, Lower Tonto Creek basin

21. Joseph City area

22, Tuba City area

23. Lower Hassayampa area
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Area where field investigation is in progress
(As of June 1968)
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"’4’* 4 Area for which a report is in preparation
SAFFOR % % (As of June 1968)
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Area for which a report was released
(July 1967-June 1968)

A multiple pattern indicates that, although a report was released in the
prescribed period, further work and (or) reports also are in progress
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FIGURE 3. --SUMMARY OF CURRENT GROUND-WATER PROGRAMS.




Programs in cooperation with other agencies. --In 1967 ground-water
studies were being conducted in cooperation with the foliowing agencies:

City of Flagstaff

City of Scottsdale

City of Tucson

Maricopa County Municipal Water Conservation District
Navajo Tribe

Salt River Valley Water Users' Association
University of Arizona

U.S. Army

Bureau of Indian Affairs

Bureau of Reclamation

Bureau of Sport Fisheries and Wildlife
National Park Service.

SRSESES
DR n Y

Current Publications of the Arizona District

The following reports on the water resources and geology of Arizona
were published or released to the open file from July1, 1967, through June 30,
1968.

Arizona highway geologic map, by M. E. Cooley and others: Arizona Geol.
Soc. Map, 1967.

Ground water in the Window Rock-Lukachukai area, NavajoIndianReservation,
Arizona and New Mexico, by R. J. Edmonds: New Mexico Geol. Soc.
18th Field Conf., 1967, Guidebook of Defiance-Zuni-Mt. Taylor region,
Arizona and New Mexico, 1967. p. 86-91, 1 fig.

Water-resources data for Arizona, 1965—Part 2: Water-quality records, by
U.S. Geological Survey: U.S. Geol. Survey open-file report, 1965.
89 p., 1 fig.

Water resources of lower Sycamore Creek, Maricopa County, Arizona, by
H. H. Schumann: U.S. Geol. Survey open-file report, 1967. 54 p.,
15 figs., 5 tables.

Synopsis of ground-water conditions in the vicinityof T. 11 S., R. 6 E., Pima
County, Arizona, by Otto Moosburner: U.S. Geol. Survey open-file
report, July 1967, 7 p., 3 figs., 1 table.

Activities of Water Resources Division in Arizona, by U.S. Geological Survey:
U.S. Geol. Survey open-file report, 1968. 13 p., 1 fig.
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Some notes on the late Cenozoic drainage patterns in southeastern Arizona and
southwestern New Mexico, by M. E. Cooley: Arizona Geol. Soc.,
Southern Arizona Guidebook III, 1968. p. 75-78, 2 figs.

Use of water by riparianvegetation, Cottonwood Wash, Arizona, byJ. E. Bowie
and William Kam, with a section on Vegetation by F. A. Branson and
R. S. Aro: U.S. Geol. Survey Water-Supply Paper 1858, 1968. 62 p.,
1 pl., 17 figs., 10 tables.

Water-resources data for Arizona, 1966—Part 1: Surface-water records, by
U.S. Geological Survey: U.S. Geol. Survey open-file report, 1967,
230 p., 2 figs.

Error analysis of streamflow data for an alluvial stream, by D. E. Burkham
and D. R. Dawdy: U.S. Geol. Survey open-file report, February 1968.
51 p., 15 figs., 3 tables.

Basic ground-water data for southern Coconino County, Arizona, by E. H.
McGavock: Arizona State Land Dept. Water-Resources Rept. 33,
March 1968. 49 p., 4 figs., 4 tables.

Spring flow into the Colorado River—Lees Ferry to Lake Mead, Arizona, by
P. W. Johnson and R. B. Sanderson: Arizona State Land Dept. Water-
Resources Rept. 34, April 1968. 26 p., 5 figs., 3 tables.

Annual report on ground water in Arizona, spring 1966 to spring 1967, byC. J.
Cox and others: Arizona State Land Dept. Water-Resources Rept. 386,
May 1968. 43 p., 30 figs., 1 table.

Ground water in Paradise Valley, Maricopa County, Arizona, by F. E. Arteaga,
N. D. White, M. E. Cooley, and A. F. Sutheimer: Arizona State Land
Dept. Water-Resources Rept. 35, May 1968. 76 p., 15 figs., 5 tables.

Riverbed degradation below dams [a discussion], by M. E. Moss: Am. Soc.
Civil Engineers Proc., Hydraulics Div., v. 94, no. HY3, May 1968.
p. 757-759, 1 table.

SUMMARY OF GROUND-WATER CONDITIONS

The ground-water reservoirs are the source of nearly two-thirds of
Arizona's water supply; for about the last 15 years, the withdrawal of ground
water in the Statehas been morethan 4 million acre-feetper year. The great-
est use of water is for the cultivation of crops. Figure 4 shows the amount of
ground water pumped and the cultivated acreage for each year from 1940-67.




THOUSANDS OF ACRE-FEET

THOUSANDS OF ACRES

6000 —1
5000 —
4000 —
3000 —

2000 —

GROUND-WATER PUMPAGE

1000 ~

1500 —

1000 —

IRRIGATED ACREAGE

500 —

1940

FIGURE 4. --ESTIMATED ANNUAL GROUND-WATER PUMPAGE AND IRRIGATED ACREAGE IN ARIZONA.

1950

1960

1967
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In1967nearly 5.2 million acre-feet of ground water was withdrawn from
the ground-water reservoirs in Arizona—the largest amount for any year to the
present time. Table1l shows the amount of water pumped in each of the major
developed areas in the State in 1967 and the accumulatedtotal since thebegin-
ning of record. The large withdrawal of ground water has resulted in the de-
cline of water levels in many areas in the State. Figure 5 shows the approx-
imate average change in water levels in the developed areas inthe State from
1940 through 1968; the greatest water-leveldeclines are inthe areas of great-
est ground-water withdrawal.

Ground water occurs under different conditions in each of the three
water provinces in Arizona (fig. 1)—the Basin and Range lowlands province,
the Central highlands province, and the Plateau uplands province. In the Basin
and Range lowlands the unconsolidated or weakly consolidated deposits in the
basins storelarge amounts of ground water andyield the water readily to wells.
In the Central highlands the igneous and metamorphic rocks and the well-
consolidated sedimentary rocks contain only small amounts of space for the
storage of ground water. In the Plateau uplands, water-bearing sandstone con-
stitutes a large storage reservoir for ground water, but well yields generally
are small. The use of ground water and current ground-water conditions in
each of the three provinces are discussed separately.

Basin and Range Lowlands Province

The Basin and Range lowlands province(fig. 1) comprises about 45 per-
cent of the State, but it contains morethan 90 percent of the cultivated land and
more than 80 percent of the population; therefore, the demand for water is
great. The extensive development of the ground-water supply has resulted in
a decline in water levels in a large part of the province. The following para-
graphs give briefdiscussions of ground-water conditions in most of the devel-
oped areas in the province.

Duncan and Safford basins. --Although the Duncan and Safford basins
(fig. 1, Nos. 1 and 2) are separated topographically and by a ground-water
divide, the occurrence of ground water and current ground-water conditions
are similar in thetwo areas. The alluvium that underlies the flood plain of the
Gila River and its tributaries constitutes the principal developed aquifer. The
alluvium is from about 40 to 100 feet thick and, in general, is capable of yield-
ing from 50 to more than 2, 500 gpm (gallons per minute) of water to wells
(fig. 6). Most irrigation wells drilled in the alluvium produce from about 100
to 1, 500 gpm, but a few wells produce as much as 2, 000 gpm. The water in
the alluvium is unconfined. Some artesianwateris available from deep aquifers
in the basins, but it is not used extensively for irrigation because of the high
dissolved-solids content.
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Table 1. --Estimated ground-water pumpage in Arizona, by areas

[Numbers rounded to nearest thousand acre-feet. Area: See figure 1 for lo-
cation. Other areas: Aravaipa Valley, Big Sandy Valley, Date Creek area,
Peeples Valley, Skull Valley, Verde Valley, Little Colorado River basin,
areas in the Plateau uplands, and small areas not identifiable with any par-
ticular basin]

Pumpage, in thousands of acre-feet
Area Accumulated total
In 1967 through 1967

Duncanbasin .......civvivinnnnenn. 25 543
Safford basin .......ccvviiiivians 145 2,430
San Simon basin ..... .0t 76 1, 028
Willcox basin .......... e et 300 2,903
Douglas basin .....vceveieoonararas 120 1, 241
San Pedro River valley ............. 63 1/
Upper Santa Cruz basin ............. 200 5,207
AvraValley ......cciivienennn e 121 2,178
Lower Santa Cruz basin ............ 1,120 31, 202
Salt River Valley ........ e e 1,763 58, 817
Waterman Wash area .......cco000.. 52 724
Gila Bend basin .. vvin i i i ene ooy 198 3,183
Harquahala Plains area ............. 170 1, 715
McMullen Valley .......coevvieen. 98 818
Gila River drainage from Painted

Rock Dam to Texas Hill ........... 100 891
Ranegras Plainarea ............c... 12 211
Wellton-Mohawk area .............. 2/213 2, 250
Yuma area i/ ....... et e e 224 2,714
Colorado River flood plain from

Davis Dam to Imperial Dam ....... 20 115
Sacramento Valley ................. 4 12
Hualapai Valley .............. e i 4 14
Big Chino Valley .......... ...t 9 349
Little Chino Valley ... .....civuevonn 12 325
Williamson Valley ........co0veeesn 2 36
Other areas ...... ot eirnensnees 100 1,780

Total L ittt i e i 5,151 120, 686

1/ Pumpage for San Pedro River valley was not computed prior to 1966;
estimated pumpage before 1966 is included under other areas.

2/ Withdrawal for drainage purposes only.

3/ Yuma area includes South Gila Valley, Yuma Mesa, and Yuma Valley.
Beginning in 1947 in Yuma Valley and in 1961 in South Gila Valley, part of the
pumpage was for drainage of waterlogged lands.




50 MILES
— 1

EXPLANATION

CONSOLIDATED ROCKS

CHANGE IN WATER LEVEL IN ALLUVIAL DEPOSITS, IN FEET
RISE

NO DATA
OR NOT ANALYZED

675 (SEE NOTE)

GENERALLY LESS THAN 10 NOTE: IN THE PLATEAU UPLANDS

AND PART OF THE CENTRAL HIGH-

DECLINE 76-125 LANDS, WATER LEVELS IN THE
% CONSOLIDATED ROCKS AND ALLUVIAL
DEPOSITS FLUCTUATE ERRATICALLY
LESS THAN 10 - IN RESPONSE TO INTERMITTENT RE-
MORE THAN 125 CHARGE AND PUMPING; THEREFORE,
Hﬂ[ﬂﬂﬂmﬂm NO LONG-TERM TRENDS HAVE BEEN
10-25 ESTABLISHED

FIGURE 5. --APPROXIMATE AVERAGE CHANGE IN WATER LEVELS IN
DEVELOPED AREAS, 1940-68.
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In the Duncan and Safford basins ground water is used to supplement
surface water from the Gila River for the irrigation of a specified amount of
acreage decreed by law. Therefore, the amount of ground water pumped in any
given year depends upon the availability of surface water. In 1967 no surface
water was diverted into the Arizona partof the Duncanbasin, and ground-water
pumpage was about 25,000 acre-feet. In the Safford basin about 145,000 acre-
feet of ground water was pumpedin 1967to supplement slightly more than 90,000
acre-feet of surface water. The total withdrawal of ground water through 1967
was about 543,000 acre-feet in the Duncan basin and 2,430,000 acre-feet in the
Safford basin (table 1).

Water levels in the flood-plain alluvium in the basins fluctuate with
pumping cycles and with the flow in the river. Waterlevels in the basins gen-
erally rose from 1967 to 1968and from 1963 to 1968. Figure 6 shows the depth
towater in spring 1968 and the change in waterlevels from 1963 to 1968 in se-
lected wells in the basins. Graphs showing the depth to water in selected wells
and estimated annual pumpage in each of the basins are given in figure 7.

San Simon basin. --In the southern part of the San Simon basin ground
water occurs in a single unconfined aquifer. In the rest of the basin (fig. 1,
No. 3) ground water occurs under artesian conditions in a lower aquifer and
under water-table conditions in an upper aquifer. The upper and lower aquifers
are separated byan extensive clayunit, which forms an aquiclude, except in a
marginal zone along the mountain fronts where ground water is under water-
table conditions. In general, the aquifer materials in the basin are capable of
yielding from 50 to more than 2,500 gpm of water to wells (fig. 6). Individual
wellyields differ, however, depending onthe aquifer penetrated and on the lo-
cation of the well in the basin, Wells completed in the artesian aquifer yield
from about 100 to 2, 500 gpm; the higher yields are from wells in the Bowie
area. Wells completed in the water-table aquifer yield from about 200 to 400
gpm in the San Simon area; the upper materials are dry in the Bowie area.
South of Bowie, wells in the marginal zone yield from about 1,000 to 3,000 gpm;
southeast of San Simon, two wells in the marginal zone yield only 100 to 300
gpm. In the Rodeo area, well yields range from about 200 to 1, 500 gpm.

In 1967 about 76, 000 acre-feet of ground water was pumped in the San
Simon basin; total withdrawal since 1915, when pumping began, has been more
than a million acre-feet(table 1). Nearly all the water is used for the irriga-
tion of crops; in 1967 slightlyless than 32,000 acres was cultivated, all of which
was irrigated with ground water.

The extensive pumping has caused a continuing decline in water levels
in the basin. The largest declines have been in the Bowie area, where the av-
erage decline was about 29 feet from 1963 to 1968 and about 5 feet from 1967
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t0 1968, based on measurements in 14wells. IntheSan Simon areathe average
decline in water levelwas about 17 feet for the 5-year period, based on meas-
urements in 17 wells; in the Rodeo area the average decline was about 6 feet,
based on measurements in 13 wells. In the San Simon and Rodeo areasthe av-
erage change in water level from 1967 to 1968 was zero, although water-level
changes ranged from rises of about 8 feet to declines of about 8 feet. The depth
to water in the San Simon basin varies greatly, depending on the aquifer pene-
trated and the location of the well (figs. 6 and 8).

Willcox basin. --In most of Willcox basin (fig. 1, No. 5) ground water
is under water-table conditions, although, in a few places, lake-bed deposits
act as a confining layer and cause local artesian conditions near the Willcox
Playa. Figure 6 shows the general potential well production from the aquifer
materials in the Willcox basin; however, individual well yields vary greatly.
Although mostirrigation wells yield from 750 to 1,200 gpm of water, some yield
only about 400 to 500 gpm, and afew are reported toyield morethan 2,000 gpm.
In general, wells east of the Willcox Playa and south of Willcoxhavethehighest
yields, and the lowest yields are from wells near the playa.

In1967about 106,000 acres of land was cultivatedin the basin, and about
300,000 acre-feet of ground water was pumped—anincrease in pumpage of about
25 percent since 1966. A partof the increase was the result of extensivepre-
planting irrigation necessitated by the extremely dry weather conditions in
winter 1966-67. However, some of the increase inpumpage was because of the
development of new land, mostly in the Sierra Bonita Ranch and Turkey Creek
areas. The total withdrawal of ground water through 1967 was more than 2.9
million acre-feet in the Willcox basin (table 1).

Water levels in most of thebasinhave continued to decline. The great-
est declines are in the developed area southeast of the Willcox Playa, but im-
mediately adjacent to the playa water-level declines are small. Northwest of
Willcox, the area of water-level decline has extended farther northward(figs. 6
and 9).

Douglas basin. --The ground water in the alluvial deposits, which are
the principal aquifers in Douglas basin(fig. 1, No. 6), is generally unconfined;
however, in a fewplaces wells yield water under artesianpressure. The allu-
vium is capable of yielding from 50 to more than 2, 500 gpm of water to wells
(fig. 6). Most of the irrigation wells in the basin produce from 200 to 1, 200
gpm of water.

Most of the ground water pumpedin the Douglas basin is used for irri-
gation, although some is used for industrial(smelting) and municipal purposes.
In1967 about 120,000 acre-feet of ground water was withdrawn, of which slightly
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DEPTH TO WATER, IN FEET ABOVE OR BELOW LAND SURFACE
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DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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more than 116, 000 acre-feet was used to irrigate crops. Through 1967 more
than 1.2 million acre-feet of ground water had been withdrawn from the aquifers

in Douglas basin.

Water levels in the Douglas basir generally continued to decline from
spring 1967 to spring 1968; the average decline for the year was about 1 foot,
slightly less than during the last few years. From 1963 to 1968, the average
decline was about 8 feet. Depth to water is least along the center of the basin
and greatest near the mountain fronts (figs. 6 and 10).

San Pedro River valley. --In the San Pedro River valley (fig. 1, No. 7)
the valley-fill deposits, which have beendivided intothree principal units, con-
tain ground water under water-table and artesian conditions. In places the ar-
tesian pressureis sufficient to cause wells to flow, but in other places the arte-
sian pressure has been reduced by nearby pumping and wells have ceased to
flow. Figure 6 shows the generalpotential well productionfrom the valley fill;
individual well yields vary greatlyand range from about 5 to as much as 2,000

gpm.

In 1967 about 63, 000 acre-feet of ground water was pumped in the San
PedroRiver valley. About 38,000 acre-feet of water was used toirrigate crops,
and the remainder was used for municipal and industrial purposes. Ground-
water withdrawal was not computed prior to 1967 because the necessary data
were not available; therefore, the total withdrawal from the aquifers is not
known (table 1). ‘

In general, ground water is in transit along the flood plains of the San
Pedro River and its tributaries—that is, the aquifer is being recharged at a
ratethat is about equivalent to the rate of discharge. The water levels in wells
along the flood plain fluctuate with pumping schedules and recharge from flow
in the river. From 1963 to 1968 and from 1967 to 1968, water levels generally
rose in this area. The water levels in deep wells along the flanks of the valley
showed no pattern of rise or decline in these periods. In the Fort Huachuca-
Sierra Vista area water levels are declining (figs. 6 and 11).

Upper Santa Cruz basin. --The water-bearing alluvial materials in most
of the upper Santa Cruz basin (fig. 1, No. 8) are interconnected, and ground
water occurs under water-table conditions. Figure 12 shows the general poten-
tial well production from the alluvium; however, individual well yields vary
greatly depending on well location, depth, and construction.

In 1967 about 200, 000 acre-feet of ground water was withdrawn from
the alluvialaquifers in the upper Santa Cruz basin; of this amount about 118,000
was used to irrigate crops. Ground-water withdrawal by the City of Tucson
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DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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Water Utility has increased steadily because of increasing population, and in
1967 about 61, 000 acre-feet of ground water was pumped for municipal use.
Large-scale pumping in the upper Santa Cruz basin began in about 1940, and,
through 1967, about 5.2 million acre-feet of ground water had been withdrawn

(table 1).

Water levels in wells near the Santa Cruz River and near Sonoita and
Rillito Creeks generally rose from 1967 to 1968 and from 1963 to 1968. Exces-
sive runoff in the main streams in December 1967 mayhave provided some re-
charge to the ground-water reservoir. Water levels in wells farther from the
maindrainages, especiallyin the centralpart of Tucson and west of Sahuarita,
declined from 1963 to 1968 (figs. 12 and 13).

Altar and Avra Valleys. --In general, the water-bearing materials in
Altar and Avra Valleys(fig. 1, Nos. 9 and 10) are interconnected to a depth of
at least 700 feet, and theyform a single water-table aquifer. Below a depth of
about 1,100 feet, however, there is some evidence that the water is confined
beneath less permeable materials and that it mayrise above the regional water
table in places. Data are insufficient to determine the extent of the confined
aquifer. Figure 12 shows the general potential well production from the satu-
rated materials in the area. Individual well yields vary greatly; most irriga-
tion wells in Avra Valley produce more than 1,000 gpm, and a few produce as
much as 3,000 gpm. Most of the wells in Altar Valleyare equipped to produce
only small amounts of water.

In Altar Valley ground water is used mainly for domestic and stock pur-
poses, and a small amount is used for irrigation; the amount of ground-water
pumpage has not been calculated. In Avra Valleythe main use of ground water
is for the irrigation of crops. In1967 about 34,000 acres of landwas irrigated
using about 121,000 acre-feet of ground water; the total amount of ground-water
withdrawal through 1967 was slightly less than 2.2 million acre-feet(table 1).

Water-level changes in Altar Valley are minor, and no pattern of rise
or decline is discernible. Waterlevels in Avra Valleyare declining in response
tothe withdrawal of ground water in excess of the rate of replenishment. From
1963 to 1968, the average decline in water level in Avra Valley was about 16
feet, based on measurements in 26 wells; the largest declines arein the north-
ernpartof thearea, where the withdrawal of ground water is greatest(figs. 12
and 14).

Lower Santa Cruz basin. --Three units of unconsolidated alluvium form
the principal aquifers in the lower Santa Cruz basin (fig. 1, No. 11). In places
the units combine hydrologically to form a single aquifer system in which ground
water is under water-table conditions. Inother places, however, the units are
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DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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separated by confiningbeds, and water in the underlying aquifer is under arte-
sianpressure. Figure 12 shows the general potential well production from the
aquifers. Individual well yields vary greatly in the area and depend not only
onthe aquifer or aquifers penetrated but also on well construction. Most irri-
gation wells produce from 750 to 2,000 gpm of water, but some produce more
than 3, 000 gpm.

The lower Santa Cruz basin is one of the most highly developed areas in
the State, and it is second onlyto the Salt River Valley in the amount of ground
waterusedandin irrigatedacreage. In1967about 1,120,000 acre-feet of ground
water was pumped fromthe alluvial aquifers in thebasin; the total amount with-
drawn through 1967 was about 31.2 million acre-feet (table 1).

Water levels are declining in most of the area. From 1940 through 1967,
the average water-level decline was about 160, 112, and 185 feet in the Eloy,
Casa Grande-Florence, and Stanfield-Maricopa areas, respectively (fig. 15).
Figure 12 shows the depthto water in spring 1968 and the change in water level
from 1963 to 1968 in selected wells in the basin.

SaltRiver Valley. --In the Salt River Valley(fig. 1, No. 12) ground water
is under water-table conditions where the units of the unconsolidated alluvium
combine hydrologically to form a single aquifer system; where the units are
separated by confining beds, water in the underlying aquifer is under artesian
conditions. Figure 16 shows the general potential well production from the
aquifers in the area.

The Salt River Valley is the most highly developed area in the State and
contains the most cultivated acreage, the greatest concentration of people, and
the most industry. Therefore, it is in this area that the demand for water is
greatest. The surface-water supplyis not adequate tomeet the needs and large
amounts of ground water are pumped each year—more than in any other area.
In 1967 about 1, 763, 000 acre-feet of ground water was pumped, and the total
withdrawal through 1967 was more than 58. 8 million acre-feet (table 1).

The general trend of water-level changes in the Salt River Valley is a
decline, although the rate of decline has lessened during the last few years
(figs. 17 and 18). From 1967 to 1968, water levels in most wells declined 0-6
feet, although in some wells the water levels rose druingthe year. InDecember
1967 Cave Creek, New River, Skunk Creek, and the Agua Fria River had sur-
face flow, and some water was released into the normally drySalt River from
Granite Reef Dam. Most of the rises in water level occurred in wells near
these streams (fig. 16).
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DESIGNATION OF POTENTIAL WELL PRODUCTION
BY E, 5, DAVIDSON AND OTHERS, 1968 :

EXPLANATION

POTENTIAL WELL PRODUCTION, IN

GALLONS PER MINUTE (GPM

50 TO MORE THAN 2, 500
MOST WELLS IN AREA CAPABLE OF
PRODUCING 1, 000 GPM OR MORE

10 70 500
MOST WELLS CAPABLE OF PRODUCING 100 GEM

070 100
MOST WELLS CAPABLE OF PRODUCING 10 GPM.

BOTE: THE ABOVE VALUES ARE BASED ON THE
ASSUMPTION THAT THE WELL IS LOCATED FAVOR-
ARLY, IS SUFFICIENTLY DEEP TO TAP THE AQUIFER,
AND 15 PROPERLY CONSTRUCTED

5 20 MILES

(19}
o206
o
INDEX WELL
UFFER PART OF FRACTION, 108, IS DEPTH TO WATER,
IN FEET, 1968; LOWER PART OF FRACTION, -9, IS
CHANGE IN WATER LEVEL, IN FEET, 10863-58; {10}
INDICATES HYDROGRAPH FOR THIS WELL 1S SHOWN IN
FIGURE 18. AREAS INCLUDED ON THIS MAP (SEE FIG,
1) ARE: SALT RIVER VALLEY, WATERMAN WASH
AREA, AND GILA BEND BASIN

FIGURE 16. --POTENTIAL WELL PRODUCTION, DEPTH TO WATER, 1968,
AND CHANGE IN WATER LEVEL, 1963-68, IN SELECTED WELLS IN THE
CENTRAL PART OF THE BASIN AND RANGE LOWLANDS PROVINCE.




CUMULATIVE AVERAGE CHANGE IN WATER LEVEL, IN FEET
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FIGURE 17. --CUMULATIVE AVERAGE CHANGE IN WATER LEVEL IN THE QUEEN CREEK-HIGLEY-GILBERT, TEMPE-MESA-
CHANDLER, AND PHOENIX-GLENDALE-TOLLESON AREAS OF THE SALT RIVER VALLEY.
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Waterman Wash area. --The alluvial materials in the Waterman Wash
area(fig. 1, No. 13)arehydrologically interconnected and actas a single aqui-
fer; generally, ground water in the area is under water-table conditions, al-
though some water may be under artesianpressure in places. Figure 16 shows
the general potential well productionfrom the permeable materials in the area.
Individual well yields vary depending on the depth of aquifer penetrated and on
the well construction. Nearly all the irrigated land is in the northern part of
the area, wheremostirrigation wells produce 1,000 gpm or more of water, and
some produce more than 2,000 gpm. Onlya few wells have been drilled in the
southern part of the area, and well yields generally are small.

Nearly all the ground water pumped in the WatermanWash area is used
for the irrigation of crops. In1967 about 52,000 acre-feet of ground water was
pumped from 48 wells in the area. Agricultural development has been compar-
atively recent, and thetotal amount of ground water withdrawnthrough 1967 was
only about 724, 000 acre-feet (table 1).

Large water-level declineshavetakenplace in the developedpart of the
area—as much as 7 feet from 1967 to 1968 and as much as 27 feet from 1963
to 1968. In the undeveloped south end of the areathere hasbeen essentially no
change in the water level (figs. 16 and 19).

Gila Bend basin,. --The older and younger alluvial-fill deposits inthe Gila
Bend basin(fig. 1, No. 14) are interconnected and form a continuous ground-
water reservoir. In general, ground water occurs under water-table conditions.
Figure 16 shows the general potential well production from the alluvium.

Inthe Gila Bend basin some surface water is available for irrigation from
diversions into canals at Gillespie Dam; however, the amount available is not
adequate to meet all irrigation needs, and large amounts of ground water are
pumped each year. In 1967 about 198,000 acre-feet of ground water was with-
drawn fromthe aquifers, and the total amount withdrawnthrough 1967 was about
3,183, 000 acre-feet (table 1).

Althoughthere has been a generaldecline in the watertable in the Gila
Bend basin, the decline has been slight in places(figs. 16 and 20). From 1967
to 1968 water levels in most wells in and near the floodplain of the Gila River
rose as a result of greater than average flow. Data are insufficient to deter-
mine the average change in water level for the 5-year period 1963-68.

Harquahala Plains area. --The principal aquifers in the Harquahala
Plains area(fig. 1, No. 1b)are sand and gravel lenses in the alluvium; the ag-
uifers arehydrologically interconnected, and ground water occurs under water-
table conditions. Figure 21 shows the general potential well production from
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EXPLANATION /eaRKER

POTENTIAL §ELL PNODUCTION, IN /
GALLONS FER MINUTE (GPM

50 TO MORE THAN 2, 5
MOST WELLS IN AREA CAPABLE OF
PRODUCING 1, 000 GPM OR MORE

z

10 TO 500
MOST WELLS CAPABLE OF PRODUCING 109 GEM

070 10
MOST WELLS CAPABLE OF PRODUCING 10 GPM

NOTE: THE ABOVE VALUES ARE BASED ON THE
ASSUMPTION THAT THE WELL IS LOCATED FAVOR-
ABLY, IS SUFFICIENTLY DEEP TO TAP THE AQUIFER,
AND 15 PROPERLY CONSTRUCTED

CHANGE IN WATER LEVEL, IN FEET, 1863~
INDICATES HYDROGRAPH FOR THIS WELL 1S SHOWN I¥
FIGURE 2J. AREAS INCLUDED ON THIS MAP (SEE FIG.
1) ARE; HARQUAHALA PLAINS AREA, MCMULLEN
VALLEY, GILA FIVER DRAINAGE FROM PAINTED ROCK
DAM TO TEXAS HILL, RANEGRAS PLAIN AREA,
WELLTON-MOHAWK AREA, AND YUMA AREA

HASE FROM U, §. GEOLOGICAL SURVEY R 22 W

R 8 W R. 6 W
nze

DESIGNATION OF POTENTIAL WELL PRODUCTION

BY E. 5. DAVIDSON AND OTHERS, 1988

5 o [} MILES

[ } I d & ME

FIGURE 21. --POTENTIAL WELL PRODUCTION, DEPTH TO WATER, 1968,
AND CHANGE IN WATER LEVEL, 1963-68, IN SELECTED WELLS IN THE
SOUTHWEST PART OF THE BASIN AND RANGE LOWLANDS PROVINCE.
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the alluvium inthe area. Individualwell yields vary greatly; inthe south-central
part of the area, many irrigation wells produce from slightly less than 1, 000
to more than 2,000 gpm of water. At the southeast end of the area, wells gen-
erally produce less water.

Nearly all the ground water pumped in the Harquahala Plains area is
used forthe irrigation of crops. Althoughagricultural developmentin the area
has been comparatively recent, it has taken place rapidly, and large amounts
of ground water have been pumped during the last several years. In 1967 about
170,000 acre-feet of ground water was pumped from about 130 irrigation wells;
the total withdrawal through 1967 was about 1,715,000 acre-feet (table 1).

Water levels are decliningin most of the area, but the amount of decline
varies greatly. The largest water-level declines havetaken place in the lower
or southeast part of thearea, where ground-water withdrawalhas been greatest.
Inthe upper or northwest part of theareaalong Centennial Wash water-levelde-
clines have been less (figs. 21 and 22).

McMullen Valley. ~--The four units of the valley-fill deposits that con-
stitute the principal ground-water reservoir in McMullen Valley (fig. 1, No.
16) are interconnected, and water occurs chiefly under water-table conditions.
In places, however, fine-grained deposits retard the downward movement of
ground water, and a perched water table overlies the deposits. Figure 21 shows
the general potential well production from the valley fill. The amount of water
produced by wells depends on the unit or units penetrated and on the well con-
struction.

Most of the water pumped in McMullen Valleyis usedforirrigation. Ag-
ricultural development has beencomparatively recent, and ground-water with-
drawals have not been large. In 1967 about 98, 000 acre-feet of ground water
was pumped in thearea, and the total withdrawal through 1967 was about 818,000
acre-feet (table 1).

Water-level declines in McMullen Valley are greatest in the areas where
ground-water development has been concentrated-—one areanearthenortheast
end and one area at the southwest end of the valley. On the fringes of the area
and in shallow wells along Centennial Wash, water-level declinesareless(figs.
21 and 23).

Gila River drainage from Painted Rock Dam to Texas Hill. --The area
includes the flood plain of the GilaRiver and the extensive alluvial-filled val-
leys and plains north and south of the river from Painted Rock Dam to Texas Hill.
Ground-water data, however, are available for only a part of the area (fig. 1,
No. 17). The valleys to the north and south are hydraulically connected along
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the course of the river, althoughinplaces the underflowalongthe river is con-
stricted bynarrow openings between the mountains that extend along both sides
of the river. In general, the alluvial deposits constitute the main aquifer, al-
though small amounts of water maybe obtained from the volcanic rocks. Fig-
ure 21 shows the generalpotential well production from the aquifer materials
in the area. Well yields vary greatly, but, in general the largest yields are
from wells nearest the flood plain of the river.

Althoughthe area is large, agricultural development and ground-water
withdrawal have been minor, and development has been confined to a few small
areas, mostly near the Gila River. Agricultural development is increasing,
however, and in spring 1968 about 19,000 acres of land was under cultivation.
The only water supply available is from the ground-water reservoir, and about
100,000 acre-feet of ground water was withdrawn in 1967. Through 1967 about
891, 000 acre-feet of ground water had been withdrawn in the area (table 1).

Water-level changes have been minor in this area. From 1967 to 1968,
water-level rises and declines occurred in wells in the area(figs. 21 and 24).

Ranegras Plain area. --Ground water occurs in the older and younger
alluvium in the Ranegras Plain area (fig. 1, No. 18), but the best aquifers are
the sand and gravel lenses in the younger alluvium. Figure 21 shows the gen-
eral potential well production from the alluvium in the area.

The withdrawal of ground water in the Ranegras Plain area has been
small, and only a few irrigation wells are in operation. In 1967 about 12, 000
acre-feet of ground water was pumped, and the total withdrawal through 1967
was only about 211, 000 acre-feet (table 1). Water levels in most wells in the
area have changed very little since the beginning of record (figs. 21 and 24).

Wellton-Mohawk area. --The unconsolidated flood-plain alluvium con-
stitutes the principal aquifer in the Wellton-Mohawk area (fig. 1, No. 19), and
ground water generally occurs under water-table conditions. Figure 21 shows
the general potential well production from the alluvium in the area.

Pumping of ground water for irrigationbegan in the early 1900's and in-
creased steadily until 1952, when surface water from the Colorado River be-
came available and ground-water pumping was curtailed. The application of
large amounts of surface water to cultivated lands and the small amount of
ground-water withdrawal have caused water levels to rise, which has created
a water-logging problem. Since 1961, the pumping of ground water has been for
drainage purposes only, and in 1967about 213,000 acre-feet of ground water was
withdrawn to drain the land. Thetotal withdrawal of ground water through 1967
was about 2, 250, 000 acre-feet (table 1).
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Yuma area. --Most of the ground water in the Yuma area is from wells
drilled in the younger and older alluvium. The coarse gravelaquifer in the basal
part of the younger alluvium supplies most of the water to the wells in the flood
plains of the Gila and Colorado Rivers. The older alluvium, which is exposed
in the mesas adjacent to the flood plains and underlies the coarse gravel in the
flood plains, also contains a large volume of ground water. The general poten-
tial well production from the alluvium is shown in figure 21.

Inparts of the Yuma area surface water from the Colorado River is sup-
plemented by ground water for irrigation. In other parts of the area ground
water is pumped for drainage purposes. The use of the surface water and ground
water differs inthree subareas—South Gila Valley, Yuma Mesa, and Yuma Val-
ley(fig. 21). In the South Gila Valley ground water was pumped for irrigation
use beginning in the early 1900's. Since 1961, some ground water also has been
pumped for drainage purposes. Since 1965, some surface water has been avail-
able for irrigation use, and the amount of ground water pumped for irrigation
has decreased. InYuma Mesa most of the cultivated land is irrigated with sur-
face water, and only a small amount of ground water is pumped, although the
amountis increasing. InYuma Valley ground water has been pumped for drain-
age purposes since about 1947; some ground water alsois pumped for irrigation.
In1967 the total withdrawal of ground waterin the Yuma area was about 224,000
acre-feet; of this amount, about 128, 000 acre-feet was pumped for drainage
purposes. Prior to 1967, data were not available to distinguish the amount of
water pumped for drainage from the amount pumped for irrigation. The total
withdrawal of ground water through 1967 was more than 2, 714, 000 acre-feet
(table 1).

In the Yuma area, waterlevels fluctuate withthe application of surface
water for irrigation, pumping of irrigation and drainage wells, and flow of the
Colorado River. In the South Gila Valley, water levels are controlled bya sys-
tem of drainage wells, and changes are minor; the depth to water is generally
from 15 to 20 feet below the land surface. InYuma Mesa water levels fluctuate
inresponseto theapplication of surface water for irrigation; the overall trend
is a rise in waterlevel. InYuma Valley, water levels are controlled by a sys-
tem of surfacedrains and drainage wells. The depth to water generallyis from
5 to 15 feet below the land surface, and changes in water level are minor(figs.
21 and 25).

Sacramento and Hualapai Valleys. --The older alluvium is the principal
aquifer in Sacramento and Hualapai Valleys (fig. 1, Nos. 23 and 24); in a few
places the older volcanic rocks yield small amounts of water to wells, and the
younger volcanic rocks form an important aquifer near Kingman. Figure 26
shows the general potential well production from the aquifer materials.

Development of ground water in Sacramento and Hualapai Valleys has
been slight, and in 1967 about 4, 000 acre-feet of ground water was withdrawn
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EXPLANATION

POTENTIAL WELL PRODUCTION, IN
GALLONS PER MINUTE (GPM

2 THAN 2, 500
MOST WELLS IN AREA CAPABLE OF
PRODUCING 1, 000 GFM OR MORE

10 TO 500
MOST WELLS CAPABLE OF PRODUCING 100 GPM

00 10
MOST WELLS CAPABLE OF PRODUCING 10 GEM

NOIE: THE ABOVE VALUES ARE BASED ON THE
ASSUMPTION THAT THE WELL 15 LOCATED FAVOR-
ABLY, 1S SUFFICIENTLY DEEP TO TAP THE AQUIFER,
AND TS FROPERLY CONSTRUCTED, 1IN SOME AREAS,
WELL PRODUCTION IN THE 0 7O 10 GPM RANGE COULD

BE INCREASED AT DEPTHS OF MORE THAN 2,000 FEET

L
UPFER PART OF FRACTION, 118, IS DEPTH TO WATER,
N FEET, 1868; LOWER PART OF FRACTION, +, IS
CHANGE IN WATER LEVEL, IN FEET, 1863-68; (27)
INDICATES HYDROGRAPH FOR THIS WELL IS SHOWN
IN FIGURE 27, AREAS INCLUDED ON THIS MAP (SEE
FIG. 1) ARE: HIG SANDY VALLEY, SACRAMENTO
VALLEY, AND HUALAPAT VAL]

FIGURE 26. --POTENTIAL WELL PRODUCTION, DEPTH TO WATER, 1968,

.

BASE FROM U.$. GEOLOGICAL SURVEY

g

20 MILES
N——

DESIGRATION OF POTENTIAL WELL PRODUCTION
BY T. 5, DAVIDSON AND OTHERS, 1068

IEY

AND CHANGE IN WATER LEVEL, 1963-68, IN SELECTED WELLS IN THE
NORTHWEST PART OF THE BASIN AND RANGE LOWLANDS PROVINCE.
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in each of the valleys. The total withdrawal through 1967 was only 12,000 and
14, 000 acre-feet in Sacramento and Hualapai Valleys, respectively.

No large regional water-level declineshave occurred in these valleys,

but in a few small areas of concentrated pumping some water-level declines
havetakenplace. The depth to water in the area varies greatly(figs. 26 and 27).

Central Highlands Province

The Central highlands province is the smallest of the three water prov-
inces in Arizona; onlya few thousand acres of landis under cultivation, and the
amount of ground water pumped is small. Ground water is withdrawn in a few
small alluvial valleys betweenthe mountains, and the largest and most developed
of these are Big Chino, Little Chino, Williamson, and Verde Valleys (fig. 1).
Ground water occurs under similar conditions in Big Chino, Little Chino, and
Williamson Valleys and under slightly different conditions in Verde Valley.

BigChino, Little Chino, and Williamson Valleys.~--Ground water occurs
under water-table conditions in the alluvium and under artesian conditions in the
buried lava flows in Big Chino, Little Chino, and Williamson Valleys (fig. 1,
Nos. 25, 26, and 27). In many places the lava flows are interbedded with vol-
canic ash, cinders, and alluvial deposits, and in other places they are inter-
bedded with layers of clay, sand, and gravel. The general potential well pro-
duction from the aquifers in the valleys is shown in figure 28. Individual well
yields vary greatly, depending on the aquifer penetrated and the construction of
the well. Some small wells produce less than 10 gpm of water, mostly for do-
mestic and stock use, and a fewirrigation wells produce more than 1,000 gpm.

Ground-water withdrawal inthese valleys has been slight. In 1967 about
9,000 acre-feet of ground water was pumped in Big Chino Valley, 12,000 acre-
feet in Little Chino Valley, and only 2,000 acre-feet in Williamson Valley. Most
of the water is used for irrigation in Little Chino Valley; about 2,000 acre-feet
of the total withdrawal was for municipaluse bythe city of Prescott. The total
withdrawal of ground water through 1967 was 349,000, 325,000, and 36,000 acre-
feet in Big Chino, Little Chino, and Williamson Valleys, respectively.

Water-level changes in the valleys are minor(figs. 28 and 29). In Big
Chino and Williamson Valleys, slight rises in water level have occurred in the
last few years. In Little Chino Valley water levels continued to decline slightly.

Verde Valley. --In Verde Valley(fig. 1, No. 28) ground water is present
in the Verde Formation, Supai Formation, and streamwash deposits. The lime-
stone beds in the Verde Formation are the chief aquifer in the area, and most
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T.14-1/2 N,

BASE FROM U,5. OEOLOGICAL SURVEY.
EXPLANATION

POTENTIAL WELL ERQDUCTION, IN

GALLONS PER WINGTE [GPil

%070 sioRE THAN 7,500
MOST WELLS IN AREA CAPABLE OF
ERGTUEING 1 59 GEA: OF 210

1070 860
ST WELLS CAPABLE OF PEOBUCING 100 G

910 10
MOST WELLS CAPABLE OF PRODUCING 10 GFt

NQIE: TIE ABOVE VALUES ARE RASED ON THE
“ASTHPTION THAT THE WELL IS LOCATED FAYOR.

BE INCREASED AT DEPTHS OF MORE THAN 2, 03) FEET

UPPER PART OF FRACTION, b5, IS BEPTR TO waTEn.
I FEET, 1923; LOKER PART OF FRACTION, -3, IS
CLARGE 1N WATER LEVEL, N FEET, 1993-50; (29
INDICATES AYDROGIAPH FOR THIS
B FGURg 3 1+ WELL TARS AERIONAT AQuTEn

; 1, - WE

A LER OF LIMITRD AREAL PTENT

pam
WELL WHENE MISCELLABOUS SATER-LEVEL BEASUNE-
'MENTS WEFE MADE DURLWG PERIOD 1953-7; 383 15

DEFTI TO WATER, IN FEET. TIKING PERIOD 188367,
T mene To£s T ARE NOT AVATIARLE AND
CHANGES IN WATER LEVELS ARE REGUIGH

1ee

SRS,
HWOODYMT!

o

340 YAVAPAL GOUN

MARIGOPA GOUNTY

DESTGEATION OT FOTENTUAL WELL PRODUCTIN
Y E. 5. DAVIOSON AND OTHERS, 161

1o i 20 MiLES

340

FIGURE 28. --POTENTIAL WELL PRODUCTION, DEPTH TO WATER, 1968,
AND CHANGE IN WATER LEVEL, 1963-68, IN SELECTED WELLS IN THE
WEST PART OF THE CENTRAL HIGHLANDS PROVINCE AND THE
SOUTH-CENTRAL PART OF THE PLATEAU UPLANDS PROVINCE.
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of the water occurs under artesian conditions. Sandstone beds in the Supai For-
mation are permeable and yield water under artesian pressure to wells and
springs. The sand and gravel in the streamwash deposits form a good water-
table aquifer in and near the channels of streams. Figure 28 shows the gen-
eral potential well production from the aquifers in the area.

In Verde Valley ground water is used to supplement surface water for
irrigation; ground water also is used for industrial, domestic, and stock pur-
poses. Most of the ground water used in the valley is from springs, although
the use of ground water from wells is increasing. The amount of ground water
pumped eachyear is not known. Water-level changes in the areahave been slight
(figs. 28 and 29), and recharge to the aquifers probably is about equal to the
discharge.

Plateau Uplands Province

Ground-water development in the Plateau uplands province (fig. 1) is
small compared to that in the Basin and Range lowlands, but it is somewhat
greater than that in the Central highlands. Only about 35, 000 acres of land is
under cultivationin the Plateau uplands province. Except for the few population
centers, such as Flagstaff, Holbrook, and the White Mountain recreationareas,
the use of ground water is confined to scattered farms and homesites. The
Navajo and Hopi Indian Reservations make up a largepart of the province. As
there are no large areas of concentrated pumping in the Plateau uplands, the
ground-water conditions in this province are discussed by counties.

Apache County. --Ground water in Apache County(fig. 1) is under water-
table and artesian conditions in the consolidated sedimentaryrocks and under
water-table conditions in the weakly consolidated alluvial fill. The mainwater-
yielding units are the Coconino Sandstone and the gravel thatunderlies the vol-
canic rocks in the southernpart of the area and the De Chelly and Navajo Sand-
stones in the northernpart of the area. Water is withdrawn from the alluvium
in severalplaces; wellyields range from 100 to more than 900 gpm. Figure 30
shows the general potential well production from the aquifers in the Hunt-St.
Johns area. Mostwells in Apache County produce water for stock and domestic
purposes, and the yields range from 5 to 50 gpm. Some irrigation wells in the
Hunt-St. Johns area, however, yield from 800 to 2,000 gpm from the Coconino
Sandstone aquifer system.

In most of Apache County ground-water withdrawalis small and has not
caused any significant long-term declines inwater levels(figs. 30 and 31). The
water levels in many irrigation wells decline in the summer because of heavy
pumping, but they generally recover during the winter.
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* DESIGNATION OF FOTENTIAL WELL FRODV/CTION
BY E, 5, DAVIDSON AND OTHERS, 1663

EXPLANATION

POIENTIAL WELL FRODUCTION, 1N
GALLONS PER MINUTE (GEM

2
MOST WELLS IN AREA CAPABLE OF
e PRODUCING 1,690 GFM OR MORE

5 9 3 [ i 20 WiLES

5370 53
MOST WELLS CAPABLE OF PRODUCING 165 GPIL
SOUTROF T, 1l I LIMITS ARE 10 T0 53 GEM

0To 80
MOST WELLS CAPABLE OF PRODUCIEG 10 GFM;
SOUTIOF T. 1L N, LIMITS ARE 0 T0 10 GPM

KOTE: THE ABOVE YALUES ARE HASED ON THE

3 s )
WELL PEODUCTION IN THE 0 TO 50 GPM RANGE COULD
EEINCREASED AT DEPTES OF MORE THAN 2,05 FEET

UPPER BARY OF FRACTION, 231, 1S DEPTH 1O WATER,
i

AQUIFER GF 0
LOCAL AQUIFER OF LISITED AREAL EXTENT

e
WELL WHERE MISCELLANEDUS WATER- LEVEL MEASURE-
ENTS 'DE DURTG PERIOD 1¢83-57; 46015 DERTH
"WATERL 4 FEET, DURIYG PERIOD 1963-61. USED

T I3 FEI
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FIGURE 30. --POTENTIAL WELL PRODUCTION, DEPTH TO WATER, 1968,
AND CHANGE IN WATER LEVEL, 1963-68, IN SELECTED WELLS IN THE
EAST PART OF THE CENTRAL HIGHLANDS PROVINCE AND THE
SOUTHEAST PART OF THE PLATEAU UPLANDS PROVINCE.
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FIGURE 31, --DEPTH TO WATER IN SELECTED WELLS IN SEVERAL AREAS IN THE PLATEAU UPLANDS PROVINCE.
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Navajo County.--The CoconinoSandstone is the principal aquifer south
of the Little Colorado River in Navajo County (fig. 1). The Navajo Sandstone,
which yields 50 to 400 gpm of water, is the major aquifer in the northerntwo-
thirds of the county. The Dakota Sandstone and the Toreva Formation yield
small amounts of water to many wells in the area. South of the Little Colorado
River ground water is under water-table and artesian conditions, and north of
the river it is under artesian conditions. Figure 30 shows the general potential
well production for the southern part of the county.

The major development of ground-water supplies in Navajo County has
been in the area betweenthe Little ColoradoRiver and the Mogollon Rim. Most
of the withdrawal has been concentrated in the Holbrook-Joseph City and the
Snowflake-Taylor areas, where water is withdrawn for irrigation and industrial
use. Wells throughout the county produce water for domestic and stock use.
Most water-level declines are seasonal, exceptnear Snowflake where the water
level declined about 25 feet from 1963 to 1968 (figs. 30 and 31).

Coconino County. --The chief aquifer in Coconino County(fig. 1) is the
Coconino Sandstone, which is present in the subsurface in most of the area.
Well yields from the Coconino Sandstone generally range from less than 5 to
about 600 gpm; the yield is dependent mainly on the amount of fracturing in the
rocks. Figures 28, 30, and 32 show the general potential well production in
parts of the county.

Most of the ground-water withdrawal in Coconino Countyis fromthe mu-
nicipal well fields near Winslow and Flagstaff. Wells throughout the county pro-
duce water for stock and domestic use. Water levels in the countyhave remain-
ed relatively stable except for seasonal fluctuations (figs. 28, 30, 31, and 32).
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EXPLANATION

POTENTIAL WELL PRODUCTION, 1N

GALLONS PER MINUTE (GFIL

500 TO MORE THAN 2,
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50 70 509
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61050
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¥, IS SUFFICIENTLY DEEP TO TAP THE e,
N4 15 PHOPERLY CONSTRUCTED, TN SOME ARESS,
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FIGURE 32. --POTENTIAL WELL PRODUCTION AND DEPTH TO WATER
IN SELECTED WELLS IN THE NORTH-CENTRAL PART OF THE
PLATEAU UPLANDS PROVINCE.
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