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GEOLOGY AND GROUND WATER OF THE LUFE AREA,
MARICOPA COUNTY, ARIZONA

By R. S. Sturik and F. R. TWENTER

ABSTRACT

Luke Air Force Base, in the Salt River Valley in central Arizona. ix within an
intermontane basin—the Phoenix basin—in the Basin and Range lowlands
province. The Luke area, the subject of this study, extends beyond the limits
of the base.

Ground-water resources of the Luke area were studied to determine the possi-
bility of developing a water supply of optimum quantity and quality to supple-
ment the base supply. Several wells drilled for this purpose, prior to the study,
either produced an inadequate supply of water or produced water that had a
high dissolved-solids content.

The Phoenix basin is filled with unconsolidated to semiconsolideted Tertiary
and Quaternary sedimentary rocks that are referred to as valley fill. Although
its total thickness is unknown, 2,784 feet of valley fill—primarily consisting of
clay, silt, sand, and gravel—has been penetrated.

Percentage-distribution maps of fine-grained materials indicate a gross-facies
pattern and a selective depositional area of the valley-fill materials. The maps
also indicate that the areal distribution of fine-grained materials increases with
depth. In general, the better producing wells, regardless of depth, are in areas
where the valley fill is composed of less than 60 percent fine-grained materials.

The water table in the area is declining because large quantities of water are
withdrawn and recharge is negligible. The decline near Luke Air Force Base
during the period 1941-61 was about 150 feet.

Ground water was moving generally southwest in the spring of 1951, ILocally,
changes in the direction of movement indicate diversion toward two major
depressions.

The dissolved-solids content of the ground water ranged from about 190 to
6,300 ppm. The highest concentration of dissolved solids is in water from the
southern part of the area and seems to come from relatively shallow depths;
wells in the northern part generally vield water of good quality.

After a reconnaissance of the area, the U.S. Geological Survey located and
supervised the drilling of two test wells—wells (B—2-1) 9bcb and (B-2-1)5abc—on
Luke Air Force Base. The quantity of water produced by the wells was adequate.
The dissolved-solids content of water from the wells was low, and the overall
quality of water from well (B-2-1)5abc was good. When well (B-2-1)9bcb
was perforated between 907 and 977 feet, the water had a fluoride concentration
of 4.4 ppm; however, the fluoride concentration decreased to 2.8 ppm when new
perforations were cut at a shallower depth, and it was decided that dilution with
other base water supplies probably would alleviate any possible fluoride problem.

P1
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INTRODUCTION
LOCATION AND EXTENT OF AREA

Luke Air Force Base occupies an area of about 3 square miles in
the western half of the Salt River Valley (fig. 1), a valley that comprises
all the valley lands near Phoenix, Ariz. The west boundary of the
Salt River Valley is west of the area shown in figure 1.

The limits of the Luke area (pl. 1) were chosen arbitrerily to
encompass the El Mirage, Waddell, Perryville, and Tollesor quad-
rangles. The area is bounded on the west by the White Tank
Mountains and on the south by the Sierra Estrella and is drained by
the Gila, Salt, Agua Fria, and New Rivers. Included within the area
are the towns of El Mirage, Litchfield Park, Tolleson, and Avondale.
The area includes 238 square miles, most of which is used for
agriculture. The major agricultural enterprise in the area is Goodyear
Farms, which covers 13,000 acres, mostly in T. 2 N., R. 1 W.

The Luke area is in the arid region of the southwestern United
States. The climate is characterized by long, hot summers and short,
mild winters. The average annual precipitation at the Litchfield
Park station of the U.S. Weather Bureau is 7.79 inches.

WELL-NUMBERING SYSTEM

The well numbers used by the Ground Water Branch of the
Geological Survey in Arizona are based on 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 bese line,
which divide the State into four quadrants (fig. 2). These quadrants
are designated counterclockwise by the capital letters A, B, C, and D.
All 1and northeast of the intersection of the base line and meridian
is in A quadrant, that northwest is in B quadrant, that southwest
is in C quadrant, and that southeast is 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
Iocation within the section. The first letter denotes a particular
160-acre tract (fig. 2), the second the 40-acre tract, and the third the
10-acre tract. The letters are also assigned in a counterclockwise
direction, beginning in the northeast quarter. 1f the locationis
known within a 10-acre tract, three lowercase letters are shown in the
well number. In the example showa, well number (B-2-1)2baa
designates the well as being in the NE4YNEYNWY sec. 2, T. 2 N,,
R. 1 W. Where there is more than one well within a 10-acre tract,
consecutive numbers beginning with 1 are added as suffixes. '
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FIGURE 2.—Well-numbering system in Arizona.
PURPOSE OF INVESTIGATION

The primary objective of the study was to develop a water supply
of optimum quantity and quality to supplement that of Luke Air
Force Base. Prior to the study, the water supply for the base was
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obtained principally from two deep wells. Future development of
the base will require more water than these two wells can produce.

Well (B-2-1)3cbb was drilled to a depth of 1,200 feet under the
supervision of the Corps of Engineers in January 1959. The yield
of the well proved adequate, but the water contained more than 1,300
ppm (parts per million) dissolved solids and was considered unsuitable
for domestic use. Backfilling the well to different depths did not
immprove the water quality, and the well finally was destroyed.

Later in 1959, a second well—well (B-2-1)3dda;,—was drilled to a
depth of 600 feet. The water was of suitable quality but the yield
was inadequate. To increase the yield, the well was deepened to
1,060 feet; however, the dissolved-solids content increased, and an
analysis of the water from 1,060 feet showed that the chloride content
was more than 9,000 ppm. The well was then backfilled to 593 feet,
and its yield was later added to that of another 600-foot vell subse-
quently drilled nearby. The two wells produced about 900,000 gpd
callons per day).

In August 1959, after completion of these wells, the Corps of
Engineers formally requested the Geological Survey to make a study
of the ground-water resources of the Luke area and to provide (1) the
location and specifications for one well by October 1, 1959; (2) an in-
terim report by November 1, 1960, on the ground-water resources of
the area; (3) technical assistance in drilling and testing the well; (4)
a second well location based on the results obtained from the first
well; and (5) a final report on the ground-water resources of the area
incorporating the results obtained from the two wells.

PREVIOUS INVESTIGATIONS

W. T. Lee, one of the first to study ground-water conditions in the
Salt River Valley, stated that the purpose of his paper (1905, p. 11)
was ‘‘to bring together the facts, so far as known, regarding the under-
ground waters of the Salt River Valley, with a view to ascertaining
their available quantity, the areas where they occur sufficiently near
the surface for economic pumping, and their adaptability for irriga-
tion.””  Although the primary subject of that report is ground water,
it also contains chapters on geology and physiography.

Meinzer and Ellis (1915) made a study of the ground-vrater con-
ditions in Paradise Valley (fig. 1). Other subjects discussed in their
report are physiography, geology, soil and vegetation, climate, and
irrigation.

C. P. Ross presented information on the Salt River Valley in his
report (1923, p. 1), which was ‘“‘designed, first, to give sperific infor-
mation in regard to watering places and routes of travel within the

T19-174—64——2
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region covered, and second, to give general information in regard to
the geography, geology, and hydrology of the region.”

The geology and ground-water resources of the Salt River Valley
area were described in a report by MecDonald and others (1947).
Some of the topics discussed in the section on geology are lar dforms,
geologic history, structure, pediments, and rock formations. Topics
discussed in the section on ground water include occurrence and move-
ment, recharge, discharge, fluctuations of the water table, and quality

of water.
METHODS OF INVESTIGATION

Well inventory.—The inventory of wells in the Luke area consisted
of collecting information regarding depths of wells; casing data,
including perforated zones; depths to water; pumping levels; use of the
wells; type of pumps; and, yields of the wells. Drillers’ logs and drill
cuttings also were collected and analyzed. Most of this information
appears in table 2. Depth-to-water measurements were made in
about 30 wells during January 1961. The water-table contours
(pl. 5) were based on these measurements and reported measurements
by Goodyear Farms.

Specific conductance.—The chemical quality of the water from the
wells previously drilled for the base supply made it obvious that
water quality was a major problem in the Luke area. Quality is best
determined by chemical analysis of the water; however, where chemical
analyses were not readily available, specific-conductance reasure-
ments were made, and, from the data obtained, the dissolved-solids
content was approximated. The approximation was determined from
the relation between specific conductance and dissolved solids. This
relation is expressed as:

Specific conductance (micromhos at 256°C) A= Dissolved solids (parts per million)

Hem (1959, p. 40) noted that usually “*** A hasa value between 0.55
and 0.75 unless the water has an unusual composition.” A comparison
of the chemical analyses with specific-conductance measurernents of
water in the Luke area indicated that the factor A generally has a
value of about 0.6, and this value was used to estimate the dissolved
solids, which are underlined on plate 6.

Water samples—About 30 water samples were collected from
wells in the Luke area for this study. The analyses of these samples
are shown in table 4. Also shown are analyses of samples collected
in conjunction with the basic-data collection program in the Salt River
Valley and reported data from samples collected and analyzed by
Goodyear Farms.

Test drilling.—Two test wells [(B-2-1)9bcb and (B—2-1)5abce] were
drilled for the Luke Air Force Base under the supervision of the U.S.
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Geological Survey and are now used as a part of the base water-supply
system. During the drilling of the two wells samples of materials
penetrated were collected, specific-conductance measurements of
water were made, bailer and pumping tests were conducted, and water
samples were obtained at selected horizons. The accurscy of the
data thus obtained was increased by several steps taken during con-
struction of the well. The well was drilled with a cable-tool rig and
cased with blank casing, which was kept as tight as possible against
the sides of the hole and was kept close to the bottom of the hole
during drilling. This procedure permitted the recovery of truer
samples of the materials penetrated because it prevented contamina-
tion from overlying beds.

When field analysis of the rock samples indicated a potentially
productive zone, the casing was driven to the top of the zone, and a
bailer test was made. After the well was bailed for a long enough
time to insure that most of the water in the well was from the selected
zone, a water sample was collected for analysis.

PERSONNEL AND ACKNOWLEDGMENTS

Personnel of the Ground Water Branch of the U.S. Geological
Survey who participated in the study for this report include: .J. M.
Cahill, original project chief and author of an interim report; Ann C.
Hill, who compiled a considerable part of the data; and D. G. Metzger
and William Kam, geologists successively in charge of the Phoenix
area office.

The authors wish to thank the many persons outside of the Geologi-
cal Survey who have contributed information and assistance during
the field investigation and preparation of this report. In particular,
thanks are expressed to Carroll Parkman, water engineer of Goodyear
Farms, who supplied information and data from Goodyerr Farms’
records, and to the personnel of Weber Driling Co. and Roscoe Moss
Drilling Co. who were especially helpful during the test drlling.

Irrigation districts, government agencies, and companies who pro-
vided information and assistance include Goodyear Farms, Maricopa
County Municipal Water Conservation District No. 1, Roosevelt
[rrigation District, U.S. Air Force, U.S. Army Corps of Engineers,
and the U.S. Weather Bureau.

GEOLOGY OF VALLEY FILL

GENERAL FEATURES

The Luke area is in the Basin and Range lowlands province and is
a part of an intermontane basin which, in this report, is called the
Phoenix basin (fig. 1). The rocks that form the mountains sur-
rounding the basin are chiefly Precambrian granite, gneiss, and
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schist, which locally are overlain by Tertiary volcanic and sedi-
mentary rocks. The White Tank and Sierra Estrella Mountains,
which are along the west and south boundaries of the report area, are
composed of Precambrian rocks. The basin contains an unknown
thickness of Tertiary and Quaternary sedimentary rocks.

EXTENT OF VALLEY FILL

The term ‘““valley fill,”” as used in this report, includes all sediments
and sedimentary rocks penetrated by wells in the Luke area (pl. 1),
and also the surficial deposits, including those in the stream channels
and flood plains of the Salt, Gila, Agua Fria, and New Rivers. The
valley fill is the surface formation in inore than 95 percent of the area
described in this report.

Although there are more than 500 wells in the area, the geologic
interpretations described herein are from about 150 wells (pl. 1),
which were selected on the basis of well depth and completeness of
data. Wells that are less than 250 feet deep and wells for which the
lithologic data are meager are not included. The total thickness of
the valley fill is unknown, but well (3-2-1)19baa—the deepest well
in the area—penetrated 2,784 feet of sedimentary rock without reach-
ing basement rock.

LITHOLOGY

The valley fill is composed primarily of unconsolidated to semi-
consolidated clay, silt, sand, and gravel, which locally contair caliche
and evaporites.

Lithologic and stratigraphic studies of the wvalley-fill material
indicated that, in general, the material is in lenticular layers or beds
that apparently are not widely distributed horizontally. Only in the
southeastern part of the area, where a 100- to 300-foot thickness of
sand and gravel overlies a 600-foot thickness of clay and silt, is there
some indication of horizontal continuity of the material.

Because of the lack of extensive horizontally correlative beds in
most of the valley fill, another approach to the study of the geo-
hydrologic and geochemical features of the Luke area was necessary.
A study of the lithologic data for the selected wells indicated a gross-
facies pattern of the valley-fill materials. Therefore, percentage-
distribution maps (pls. 2 and 3) were constructed that slow the
percentage of fine-grained materials (silt, clay, and evaporites) and
which, in turn, delineate the areas of coarse-grained materials (sand
and gravel). The maps were drawn primarily on the basis of data
from drillers’ logs. The drillers’ terminology was interpreted and
generalized into uniform terms that could be applied to percentage
groups of fine-grained materials. These percentages were estimated
as follows:
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Percent of
fine-grained
Lithology muerials

Clay and (or) silt___ . ... 100
Clay, sandy - o - ... 100
Caliche . o i 100
Clay and silt, some gravel . - . ________________. 80
Clay, some gravel . _ _ _ __ . ... R0
Sand, silt, and elay - - o .. 65
Clay and gravel  __ i llo_.__. 50
Gravel, sand, and silt . .. ________ . ____ 3
Gravel, some clay_ . _ . _____. 20
Sand and (or) gravel . ______ . _._. 0

The entire procedure for computing the percentage of fine-grained
materials in a well is shown in table 1, where it is applied to the driller’s
log for well (B-1-1)3baa. The computed quantity of fine-grained
materials in this well is 380 {eet, which is 53 percent of the total depth
of 714 feet.

Plate 2 shows the distribution of coarse- and fine-grainec materials
by plotting and contouring the percentage of fine-grained materials
from land surface to a datum plane 700 feet above mean sea level;
the map is referred to as the 700-foot altitude percentage-distribution
map. Plate 3 shows the distribution of coarse- and fine-grained
materials by plotting and contouring the percentage of fine-grained
materials from land surface to the bottom of the wells (only wells
more than 500 feet deep were used); the map is referred to es the total
depth percentage-distribution map. To obtain a complete geologic
picture of the area it would be necessary to construct percentage-
distribution maps at closely spaced vertical intervals for the entire
Phoenix basin. However, the two maps included in this report
provide a generalized picture of geologic conditions in the Luke area,
and they may serve as a framework for future more detailed geo-
hydrologic studies.

A comparison of plates 2 and 3 shows that the percentage of fine-
grained materials increases with depth; therefore, the per-entage of
coarse-grained materials decreases. At depths of 800 feet to about
1,200 feet, few coarse-grained materials are present in the valley fill.
The trend of the areal pattern formed by the coarse-grained materials
is very similar on both maps, indicating a selective depositional area
for the materials during part of Tertiary and Quaternary time.

In most of Tertiary and Quaternary time, the Phoenix basin was
subsiding. The lithologic characteristics of most materials indicate
a typical intermontane basin, fed entirely by fresh-water streams
flowing from the north and east. For the most part, the coarse-
grained sediments were deposited in stream channels crossing the
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TaBLE L.—Driller’s log and estimated percentage of fine-grained materials from
well (B—1-1)3baa

Driller’s log Interpreted log Estimated | Computed
percentage | quantity
of fine- of fine-
Depth Depth Thick- grained grained
(ft) Materials penetrated (ft) Materials penetrated rz;ats)s materials ma&etr)ials
18 | Clay et 18 100 18
105 | Sand and gravel._ 87 (] 0
Sand and gravel, some
} 127 cay. 4 22 15 3
140 | Graveland clay .- 13 50 6
} 162 | Sand, some gravel.__._._ 22 0 0
} 0 38 0 0
210 10 0 [4]
Clay and gravel 218 8 50 4
Sandstone._____
250 32 0 0
Clay, some sand and
} 282 gra’vel. 32 75 24
291 | Gravel oo oo . 9 0 0
} 314 | Clay,somesand._._..... 23 80 18
299-314 C]a .....................
314-328 band and gravel__ 328 | Sand and gravel...._.__. 14 0 0
Clay and gravel_-.- 384 | Clay and gravel ... 56 50 28
394 [ Sand_.__._._.._ .. ... 10 0 0
404 | Clay._._..... 10 100 10
422 | Clay, sandy 18 100 18
435 | Clay, sand, and gravel.. 13 30 4
448 | Clay, some gravel._.__._ 13 80 10
462 | Sand, some clay.._-.__._. 14 20 3
510 | Clay oo oo 48 100 48
524 | Clay, some gravel.-...._ 14 80 11
s F lay 5 537 | Cla¥oecoeoeocomaamas 13 100 13
~542 ine sand_ . --ooo...._
542-560 | Clay with sand_____._.. } 560 | Clay, some sand.._.._.___ 23 80 18
560-602 | Clay with gravel._. 602 | Clay, some gravel..__.__ 42 80 34
602-610 | Clay.._—.-...__.
610~620 Hard cla,y ......
620-638 | Clay.. ceecooeaeaoo 650 | Clay.cmomooccmimaaaas 48 100 48
638639 | Sand
639-650 | Clay-..-_-—.__
650-660 Clay with gravel. 660 | Clay, some gravel...._._ 10 80 8
660-672 | Clay...———cccnv
672~673 | Hard clay-
673-702 | Clay-..._._ 714 | Clay e 54 100 54
702-703 | Hard sand_______________
703-714 | Clay - oo

subsiding basin. Along the margin of the White Tank Mountains,
some coarse-grained materials were spread out from the mountains
basinward by smaller streams. In areas outside of the channels,
where circulation was restricted, the fine-grained sediments, in-
cluding shallow-water lacustrine deposits, were laid down. Locally,
evaporites are interbedded with the fine-grained sediments.

Most evaporites, especially in the upper 1,500 feet of the valley
fill, are gypsum. However, the material at depth in well (B-2-1)-
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19baa is largely halite; material from 2,350 feet was more than 97
percent halite.

Thick and thin zones of evaporites in the valley fill thet occur at
different altitudes are shown below.

Thickness | Altitude at top Thickness | Altitude at top
of zone of zone (ft; of zone of zone (ft;
Well containing | datum is mean Well containing |datum is mean
evaporites sea level) evaporites sea level)
(ft) (ft)
(A-1-1)6chbb________ 195 —40 || (B-2-1)12cad.___.._. 13 630
(B-1-2)%ada. . ...... 219 959 14abd._ _____ 740 193
16bbb { 21 939 l4cbb. ... 75 470
"""" 13 843 19baa_...... 1, 5024 —224
(B-2-1)2bbba.._.__._ 260 28 23dce - aaenn 19 833
3chb__._.___ 250 799 || (B-2~2)25abb_______ 18 227
3ddat.. ... 105 134 25¢cbba...__. 460 335
8dbar. - ... 50 483

EARTH CRACKS

In recent years several earth cracks have appeared in the Phoenix
basin. At least two conspicuous cracks (pl. 1) are within the Luke
area (Robinson and Peterson, 1962, p. 4). The movements that pro-
duced the earth cracks also caused local damage, including collapse
of the casings in nearby wells. The cracks probably are due to the
dewatering of the valley fill, which has caused compaction and sub-
sidence of the materials therein; however, they may be the surface
expression of deep-seated structural movement,.

GROUND WATER
HISTORY AND USE

In 1960 more than 2,000,000 acre-feet of ground water was used to
irrigate lands within the Salt River Valley. Ground water is also the
chief source of water for homes, industries, and military installations
throughout the valley. The quantity of ground water withdrawn
from the Luke area is not known; however, Goodyear Farms used
about 51,000 acre-feet in 1960.

Irrigation in the Salt River Valley, of which the Luke area is a part,
dates back to the time of prehistoric Indian tribes. Ancient hand-
dug irrigation canals are evidence that the Indians made u~e of crude
dams to divert water from perennial streams. Later, white settlers
also used dams and canals to bring water from the Salt River to
adjacent farmlands. By 1892, there were at least 10 such canals and
more than 100,000 acres of land under cultivation. In 1901, the first
deep irrigation well was put into use near Mesa, Ariz. The success
of this well resulted in the construction of other wells, and today
ground water is the major source of irrigation water.
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THE WATER TABLE

The most important source of ground water in the Luke area is the
valley fill; the water in the pore spaces of the sediments constitutes a
ground-water storage reservoir. The upper surface of the saturated
part of the valley fill is referred to as the water table; the position of
this surface can be approximated by measuring the depth to vrater in
wells penetrating the valley fill. A change in the water level in a well
generally indicates a change in storage in the ground-water reservoir
that the well penetrates. When recharge exceeds discharge, water
levels in wells rise, and when discharge exceeds recharge, water levels
decline.

Table 2 is a compilation of well data collected from about 235 wells
in the Luke area. These data and data that were coliected prior to
the study were used to determine the position and declines of the
water levels. The depth and perforation data contained in table 2
were essential to the study of quality of water in the area.

The water table in the Luke area is declining because larg> quan-
tities of water are withdrawn and recharge is negligible. During
1941-61 the water levels in the immediate vicinity of Luke Air Force
Base declined about 150 feet. The annual rate of decline during the
past few years has been about 13 feet.

Water-level anomalies were observed in two wells. In December
1960 the water level in well (B-2-1)14cbb was 80 feet above the main
water table. The well was drilled in 1960 and was abandoned because
the water had a high dissolved-solids content. The driller’s log pro-
vided no information on possible artesian conditions during drilling,
but such an anomalous water level might be due to artesian pressure.
However, data from well (B-2-1)21abb, which was started in Sep-
tember 1961, virtually eliminated artesian pressure as the cause of
the anomaly. This well reached water at a depth of 100 feet—a level
which was about 130 feet above the main water table—and as drilling
progressed the water remained at about this same level. Data are
insufficient to explain conclusively the anomalous water-level phe-
nomena, but several possibilities are indicated. Interpretetion of
drillers’ logs shows that clay and silt lenses of low permeability occur
throughout the area. The anomalous water levels might be the
result of water from rainfall, irrigated fields, and the Agua Fria River,
piling up on the surface of these relatively impermeable lenses. The
anomalous water levels also may be produced by residual water that
has been trapped temporarily as the water table declines.
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AQUIFER CHARACTERISTICS

Although many cubic feet of valley fill in the Luke area has been
dewatered, a great thickness of the material is still saturated. The
thickness of the saturated valley fill is not known; however, several
wells were still in saturated materials at depths of 1,200 feet, and one
well was in saturated materials at a depth of 2,700 feet. The maxi-
mum depth to water in the area is now about 400 feet; thus, a con-
siderable amount of water remains in the reservoir.

One of the most important aquifer characteristics of the valley fill
is its permeability—a measure of the aquifers’ ability to transmit
water. Well-sorted coarse-grained materials have large intercon-
nected interstices and release water readily; therefore, these materials
can transmit large volumes of water. Fine-grained materials, such
as silt and clay, and poorly sorted materials, which have small inter-
stices, do not readily release water; therefore, these materials can
transmit only small quantities of water. The percentage-distribution
maps (pls. 2 and 3) show the distribution of fine-grained materials in
the Luke area and, in effect, show the relative differences in per-
meability throughout the area.

Permeability, in turn, affects the specific capacity (yield in gallons
per minute per foot of drawdown) of a well. Well depth, construc-
tion, type and number of perforations, and thoroughress of well
development also affect the specific capacity. However, when the
construction of wells is similar, differences in specific capacities may
be attributed mainly to differences in the permeability of the material
penetrated. Thus, other factors being equal, a well in an area where
the penetrated materials are predominantly coarse grained will have
a greater specific capacity than a well in an area where the materials
are predominantly fine grained. Specific capacities of about 60 wells
were computed from data reported by Goodyear Farms (table 3) and
were plotted on the total depth percentage-distribution map (pl. 4).
The specific capacities ranged fromx about 3 to 55 gpm per foot of
drawdown. In most places, regardless of depth, wells that had specific
capacities of 20 or greater are in areas where the valley fill is composed
of less than 60 percent fine-grained materials. A notable exception
is in the southwest corner of T. 2 N., R. 1 W. and the southeast
corner of T. 2 N., R. 2 W., where several wells have specific capacities
lower than expected from the indicated lithology. The reasons for
this occurrence may be related to differences in well construction or
to the limited control inherent in the method used to determine the
geology. In general, however, specific-capacity data corroborate the
interpretation of the geologic data that were used to drew the per-
centage-distribution maps.
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TABLE 3.—Specific capacities of selected wells
[Depths to water given on table 2]
Well number: For explanation see section on “Well-numbering system,””

Pumping lift; Discharge: All figures reported except those indicated by M.
Specific capacity: All figures rounded.

Spe- | Date of Spe- | Date of
Pump- cificca-| pump- Pump- cificca-| pump-
ing Dis- | pacity | ing-lift ing Dis- pacity | ing-lift
Well lift charge | (gpm | and dis- Well lift charge | (gpm |and dis-
(613} (gpm) | perft { charge (ft) (gpm) | perft | charge
of draw-{ measure- of draw- measure-
down) | ments down) | ments
1961 1961
(B-1-1)3haa _._| 193 1,935 26 | Aug. 18 || (B~2-1)2lcche. .| 292 669 6 | Aug. 10
4aab ___| 208 1,953 21 | Aug. 3 21dda._.| 309 341 3| June 1
6bba____| 315 1,545 10 | Ang. 26 23dce_ .| 239 1,311 22 | July 3
(B-1-2)1baa _._| 283 1,140 9| Aug. 8 26chea_ | 254 1,787 22 | July 18
1bbb.._| 359 1,140 6 | July 19 28dch_..| 188 1,217 7 | July 2
(B-2-1)2aca_._.| 311 1,046 14 | Sept. 11 29bab...| 279 1,446 19 | Aug. 17
2haa _..| 361 1,697 14 | July 17 302ba...| 281 1,536 26 | July 13
2bhb___| 326 2,002 30 [ July 3 30caa...| 332 1,271 11| May 5
2bbhe ___{ 344 1,344 15 Do. 31abby .| 298 1,347 14| July 25
2phd.._| 362 1,181 11 Do. 31bhas__| 37 1,280 9| July 1
3lcaa...| 302 929 8 | July 17
1969 31dbha...| 305 1, 136 91 Aug. 11
Sabe._.| 324M | 1,230M 23 | Sept. 9 33bbb__} 184 1,495 32 | July 28
i 33hdad_ .| 189 1,926 28 | July 7
1961 ! 34aad._.} 206 1, 558 23 | May 2¢
fabb____| 308 1,634 26 | Sept. 7 34cagz .| 194 1,729 28 { Apr. &
6ebho___| 371 1,369 26 | Aug. 7 34dda__.| 201 2,061 28 | July 25
6dbba___| 353 1,733 7 | Aug. © (B-2-2)1aba .__| 393 1,455 32 | Aug. 7
7abb____} 345 1,639 32 | Aug. 4 lach..._} 392 1,841 40 Do.
Tehbo_ | 356 1,322 25 Do. 12abhb___| 323 1,7°6 27 | Sept. 6
S8dbar-__| 356 1,098 10 | Aug. 31 13abb.._| 363 1,428 30 | Aug. 11
24baa_._| 370 1,917 25 | July 12
1969 24bbb._| 334 1,239 50 | Aug. 30
9beb___.} 302M 645M 14 | Feb. 23 24chb___| 365 1,284 23 | July 31
24dbbe._| 331 1,760 39 | June 7
1961 25aaaz_ | 312 1,39 27 { July b
12hdh_ | 386 1,158 6 | July 18 25abb___| 383 1,131 11 | Aug. 16
1Zhdd__| 352 1,818 11| July 6 25bbbs. .| 375 1,491 26 | Apr. 24
14abd.__| 400 1,316 91 July 1 25¢cbbs. .| 375 1,800 19 | June 6
14dbb._] 398 1,315 9 | Aug. 29 25daa__.i 331 1,087 13 | July 5
181'bby | 330 956 31| July 3 25dbbs..| 374 1,289 12 | Aug. 10
18¢hba. | 321 1,836 59 | Aug. 30 36abbh___[ 363 1,073 8 | July 18
19baa___| 329 2,038 33 | Aug. 15 36bbbs..| 380 1,468 12| July 1
18c¢bha. | 322 1,984 55 | Aug. 22 36cbbg- | 474 1,253 5| Apr. 17
1adbb__| 348 1, 500 16 | July 28 36dbbg..| 341 1,293 9 Aug. 2
20bba_..| 445 870 5| July 11

The specific-capacity data also suggest that the permeabil'ty of
the coarse-grained materials decreases with depth. Examination of
well data showed that deepening a shallow well or replacing a shallow
well with a deeper well generally did not increase the specific capacity.
One new deep replacement well, which was not perforated above 300
feet, had a specific capacity that was less than the specific capacity
of the shallow well it replaced. At present a more detailed investi-
gation in the area is designed to study this situation.

The percentage-distribution maps show that much of the Luke
area is underlain by predominantly fine-grained materials, which do
not yield water readily, and that their areal distribution increases
with depth. The permeability of the predominantly coarse-grained
materials also decreases with depth. Therefore, specific cap-cities
of wells will decrease at an increasing rate as the water table declines,
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and the annual rate of water-table decline will increase as the volume
of saturated coarse-grained materials decreases with depth.

MOVEMENT

Ground-water movement through an aquifer is controlled by the
permeability of the material and the gradient of the water table.
The direction and the rate of the movement also is influenced by
pumping. A contour map of the water table depicting the general
configuration of the water table by contour lines drawn through
points of equal water-table altitude may be used to show direction of
ground-water movement. Ground water moves from high to low
altitudes in a direction perpendicular to the contour line. The
contour map of the water table in the Luke area (pl. 5) shows that
in the spring of 1961 the ground water in the Luke area was moving
generally southwest.

In spring 1961 ground water in the area was moving toward two
conspicuous depressions—one in T.2 N,, R. 1 W., and onein T. 2 N,
R.2 W. The depression in T. 2 N., R. 1 W., apparently is the result
of the pumping of wells (B-2-1)14dbb and (B-2-1)14abd. The wells
are about & quarter of a mile apart and are between 700 ard 750 feet
deep. During the summer of 1960, well (B-2-1)14dbb was producing
about 1,300 gpm and well (B—2-1)14abd was producing about 1,600
gpm. Both wells were pumping from about 400 feet below the land
surface. Plate 5 shows that the wells are in a peripheral area of pre-
dominantly fine-grained materials. The flatness of the water table
west of the cone and the steepness of the cone suggest that the fine-
grained materials retard the movement of water to the cone of de-
pression. Most water moves to the cone from the east and the south.
The axis of the limb of the troughlike depression in T.2 N., R. 2 W_,
is primarily in an area of fine-grained materials and heavy pumping.
This depression is the combined result of low permeability end pump-
ing. The area of fine-grained materials becomes more extensive with
depth, and the present cones of depression probably will expand at an
accelerated rate each succeeding year.

CHEMICAL CHARACTER

The high dissolved-solids content of ground-water samples taken
from several wells drilled for Luke Air Force Base prior to this study
indicated that the vertical and areal distribution of poor-quality
ground water on the base and in the Luke area should be determined.

Chemical analyses of the ground water from wells in the Luke area
are given in table 4. The current standards (U.S. Public Health
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Service, 1962) for preferable concentration limits of some of the chem-
ical constituents in public and domestic water supplies are as follows:

Concentration

Constituent (ppm)
Magnesium - - .. _.. 125
Chloride__ e 250
Sulfate . e 250
Fluoride e 1.5
Total dissolved solids:

Good quality. ____ ... 500
Where no better water available___________________ 1, 000

A lithologic study of the valley fill revealed, as previouslr men-
tioned, that evaporite-bearing zones occur at random. Consecuently,
the areas having ground water of poor quality were delineated initially
on the basis of the sum of the dissolved solids in the wate~. The
sum of dissolved solids computed from chemical analyses and specific-
conductance measurements of samples collected during 199 were
plotted owr a map, and isopleths were drawn through points of equal
dissolved-solids content (pl. 6). Only wells of 1,000-foot depth or
less were used.

The map shows that the water in the northern half of the Luke
area is generally of good quality. The dissolved-solids content in-
creases southward, and data (not included in this report) from shallow
wells indicate ground water of very poor quality in the southernmost
part of the Luke area.

To determine if there existed prominent and correlative zones of
valley-fill materials that produced ground water of poor quality, an
attempt was made to establish a relation between the dissolved-solids
content and the zones yielding water to wells based on an analysis
of well-casing perforation data. The well data delineated by the
isopleths showed that the shallow and deep wells yield poor-quality
water. Table 5 is a compilation of data collected from wells that are
between the 1,000- and 2,000-ppm isopleths.

Table 5 shows that the poor-quality water yielded by wells (B-2-1)
28dch, (B—2-1)33bbb, and (B—2-1)33bce enters these wells at rela-
tively shallow depths. The table also shows that these three shallow
wells have specific capacities that are greater than or similar to the
specific capacities of the deeper wells. This may indicate that all
the wells listed in table 5 obtained their water from relatively shallow
depths. Most of the wells that lie outside of the 1,000-ppm isopleth
are perforated in the same shallow zone but produce water of good
quality, indicating that salinity is a relatively localized problem.
The area of high salinity apparently is expanding because a study
of analyses collected during 1946 shows that the quality of water
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TABLE 5.—Quality of water and well-casing data from selected wells

Altitude (ft, datum is mean sea level) Total
dissolved Specific
Well solids in capacity
Bottom of | Perfora- Water- 1959 in 1959
well tions table sur- (ppm)
face in 1959
(B-1-1)4abb. 289 851-307 883 2,016 30
(B-2-1)28deb__ - 735 906-749 881 2,299 24
30caa. . 469 928-483 826 2,078 (oo
3labb.__ 261 847-279 843 2,162 25
3leaa_ ... ... 548 868-566 846 1,772 14
33bbb 691 899-731 881 2,278 32
33bce_..._ 778 902-816 882 2,677 50
33bdd 73 805-87 881 2,069 28
34caa; ~16 848-6 875 2,649 26

in this area has generally deteriorated between 1946 and 1959. Also,
the configuration of the isopleths is, in general, similar to the con-
figuration of the ground-water contour lines in the area. It is
therefore possible that the area of poor-quality water delineated
by the isopleths is caused by poor-quality water moving northward
through the relatively shallow coarse materials.

The occurrence of poor-quality water in wells (B~2-1)3cbb and
(B-2-1)3dda; is not related to the area previously discussed. No
water samples were collected during drilling, so the altitude of zones
containing poor-quality water is not known; however, the water
probably came from below 600 feet. Well (B—-2-1)3dda; yielded
water of good quality before it was deepened from 600 to 1,060 feet.
An analysis of the water collected from the well after it had been
deepened showed that the chloride concentration was in excess of
9,000 ppm, so the well was backfilled to 593 feet. The well now
yields water of good quality. Well (B—2-1)3dda,, drilled to a depth
of 600 feet, also yields water of good quality. Wells (B-2-1)4dad,
and (B-2-1)4dad,, less than a quarter of a mile from well (B—2--1)3¢bb,
also yield water of good quality; these wells are only 500 fe~t deep.

Well (B-2-1)18bbb yields water of poor quality; this well is con-
siderably deeper than the surrounding wells that yield water of good
quality. Well (B—2-1)19baa contained highly saline water when
drilled to a depth of 2,784 feet. It was plugged at a depth of 1,282
feet and now yields water of good quality. The bottom of well
(B-2-1)18bbb is almost 200 feet above the horizon at which well
(B-2-1)19baa was plugged ; the two wells apparently are not obtaining
water of high salinity from the same depth. Although these wells and
wells (B-2-1)3cbb and (B—2-1)3dda; obtained water of poor quality
from relatively deep zones, it does not follow that all deep wells in
the Luke area would yield poor-quality water; several that are deeper
than 1,000 feet yield water of good quality.
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Both of the wells previously mentioned as having anomalous water
levels contain water of poor quality. Water from well (B-2-1)14cbb
was reported to be of poor quality, and conductivity measurements
made during the drilling of well (B-2-1)21abb indicated a dissolved-
solids content as high as 1,800 ppm at a depth of 140 feet. In this
well it is apparent that the shallow part of the aquifer contains water
of poor quality.

In summary, poor-quality water is not distributed uniformly
throughout the Luke area. In general, wells in the southern half of
the area seem to obtain poor-quality water from relatively shallow
depths. Most wells in the northern half of the area yield water of
good quality; however, the water from five of these wells is high in
dissolved solids. In these wells the zones of poor-quality water
occur at random depths. Insufficient data have been accumulated
to accurately predict which locations and depths might yield water
of poor quality. Therefore, drilling and sampling techniques, such
as those used during the construction of test wells (B-2-1)9beb and
(B-2-1)5abe, should be used during the construction of wells in the

future.
LUKE AIR FORCE BASE TEST WELLS

Two test wells were drilled at Luke Air Force Base under the
supervision of the U.S. Geological Survey. The first was drilled in
sec. 9, T. 2 N, R. 1 W, and was completed in January 1960; the
second was drilled in sec. 5, T. 2 N., R. 1 W., and was completed

in August 1960.
FIRST TEST WELL

The site for the first test well (B-2-1)9bcb was selected on the
basis of availability of water and access to the water system. Al-
though the northwestern part of the base showed the greatest promise
for a well of optimum quality and quantity of water, no waterlines
were available on that part of the base. As a result, the well site
was located in the NWY sec. 9, T. 2 N., R. 1 W., a location which
satisfied both requirements.

The well was drilled and cased to a depth of 1,200 feet. During
construction of the well, drill-cutting samples were collected at inter-
vals of 5 feet. A baller test was made whenever field analysis of the
cuttings indicated the possibility of a productive zone. Specific-con-
ductance measurements were taken of the bailer water every 5 feet
to determine quality-of-water zones. Water samples were taken
during each bailer test and chemical analyses were made (table 4).

Specific-conductance measurements, laboratory analyses of drill
cuttings, and data from the bailer tests were compiled and used to
position casing perforations. The casing was first perforsted from
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907 to 924 feet and from 969 to 977 feet, because bailer tests had
indicated that coarse-grained beds at these depths might yield an
adequate amount of water. The bottom of the hole was plugged
with cement, a pump was installed, and the well was surged for
several hours. The water level was allowed to recover, and the well
was then tested by pumping at a rate of 330 gpm for 9 hours. The
test was discontinued because the water level had drawn down 200
feet to the pump bowls, which were at 440 feet. An analysis of the
water sample collected at the end of the test showed a fluoride con-
tent of 4.4 ppm. 'This is considerably above the standard maximum
of 1.5 ppm (U.S. Public Health Service, 1962).

Because the well did not yield sufficient water, new perforations
were cut from 535 to 561 feet and from 564 to 572 feet. A second
pumping test was run at a rate of about 950 gpm for 24 hours. At
the end of 24 hours the drawdown was 66 feet. Analyses of water
samples collected during the test showed a fluoride content of 2.8
ppm. Although the fluoride content was still high, it was decided
that mixing this water with the water in the system would dilute the
fluoride content sufficiently to produce water acceptable for domestic
e SECOND TEST WELL

The second test well, (B-2-1) 5abe, was drilled to a depth of 1,000
feet and was constructed in the same manner as the first well. The
well casing was perforated at selected zones (table 2), and the well
was developed by sand-pumping and surging for several days.

A pumping test was made after the well was developed. The test
consisted of measuring the drawdown periodically during continuous
pumping at different rates of discharge. The well was pumped first
at 1,000 gpm for 8 hours. For the next 8 hours, the well was pumped
at 1,250 gpm, and for the last 8 hours, it was pumped at 1,800 gpm.
When the well had been pumped for 24 hours, periodic measurements
of the recovery of the water level were made.

The first 8 hours of pumping at 1,000 gpm produced a maximum
drawdown of about 44 feet. During the 8 hours of pumping at 1,250
gpm, the drawdown increased about 10 feet; the 8 hours of pumping
at 1,500 gpm increased the drawdown an additional 15 feet. Six
hours after pumping had been discontinued, the water level had
recovered to within 2 feet of its original level.

The step-drawdown test did not lend itself readily to analysis
because of difficulty in controlling the discharge rate. Estimates of
the coeflicient of transmissibility ! ranged from about 40,000 to

1 The coeflicient of transinissibility may he expressed as the number of gallons of water per day transmitted
through each section of aquifer 1 mile wide extending the height of the aquifer under a hydralic gradient
of 1 foot per milc at the prevailing temperature.
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68,000. An analysis of water collected during the test showed a total
dissolved-solids content of 269 ppm and a fluoride content of 1.4
ppm (table 4).

CONCLUSIONS

Ground water in the Luke area has been and will continue to be
the most important source of domestic and irrigation wate~ supplies.
The water levels in the Luke area declined about 150 feet during the
20-year period 1941-61. The amount of annual decline is now about
13 feet.

There are several areas of predominantly fine-grained materials
within the Luke area. Wells that obtain their water from these areas
generally have specific capacities of 15 or less. Wells that obtain
their water from predominantly coarse-grained materials generally
have specific capacities of 20 or greater.

The areal distribution of fine-grained materials incresses with
depth, and specific-capacity data indicate the permeability of the
coarse-grained materials decreases with depth. Therefore, as the
volume of saturated coarse-grained materials decreases with depth,
the annual rate of decline will increase and the specific capacities of
wells will decrease.

In recent years several earth cracks have occurred in the Phoenix
basin. The authors believe these cracks may be the result of dewater-
ing of the valley fill, thereby causing compaction and subsidence.
Severe damage to well casings observed near these cracks may be
caused by the movement which caused the cracks. As the water
table continues to decline, the valley-fill materials may continue to
undergo compaction and subsidence, and, consequently, more well
casings and other construction may suffer damage.

Chemical quality of water varies throughout the Luke area. Wells
in the southern half of the area yield water of poor quality from
shallow depths. While wells in the northern half of the area generally
yield water of good quality, analyses from several wells showed a
high dissolved-solids content, and data for these wells indicated that
they obtained their poor-quality water from zones at random depths.

If it is necessary to drill new wells to supplement the Luke Air
Force Base water supply, these wells should be located in the north-
west corner of the base. Wells located here would have good specific
capacities because this part of the base is in an area of predominantly
coarse-grained materials. Also, quality-of-water data indicate that
water of suitable quality would be obtained more easily in the north-
west corner than elsewhere on the base; however, drilling and sampling
techniques such as those used during the construction of the two Luke
Air Force Base test wells should be used to construct future wells.

719-174—64——3
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