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CONVERSION FACTORS, VERTICAL DATUM,
AND WATER-QUALITY INFORMATION

Conversion Factors

Multiply By To obtain
acre 0.004047 square kilometer
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
foot 0.3048 meter
foot per year (ft/yr) 0.3048 meter per year
foot per day per foot [(ft/d%/ft] 1 meter per day per meter
foot squared per day (ft*/d) 0.09290 meter squared per day
gallon per minute (gal/min) 0.003785 cubic meter per minute
inch (in.) 254 millimeter
inch per year (in/yr) 254 millimeter per year
mile 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Vertical Datum

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum
of 1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment of the first-
order level nets of both the United States and Canada, formerly called Sea Level Datum

of 1929,

Water-Quality Information

Chemical concentration is given in milligrams per liter (mg/L). Milligrams per liter
is a unit expressing the weight of solute per unit volume (liter) of water. For concentrations
less than 7,000 mg/L, the numerical value is about the same as for concentrations in parts

per million.
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THE GROUND-WATER FLOW SYSTEM IN INDIAN WELLS VALLEY,

KERN, INYO, AND SAN BERNARDINO COUNTIES, CALIFORNIA

By Charles Berenbrock and Peter Martin

ABSTRACT

Ground water is virtually the sole source of water
supplies in Indian Wells Valley. Demand for ground water
has increased significantly for municipal and military uses
since 1945 and for agricultural uses since 1979. The study
described in this report involved updating and evaluating
the hydrologic data base compiled for the two-dimensional
ground-water flow model previously developed for Indian
Wells Valley and analyzing the three-dimensional aspects
of the ground-water flow system.

The valley floor covers an area of about 300 square
miles and is underlain by unconsolidated deposits that
range in thickness from 0 feet along the perimeter of the
valley to more than 2,000 feet in the west-central part. The
unconsolidated deposits have been divided into shallow
and deep aquifers. Prior to ground-water development in
the valley, water flowed from the deep aquifer to the
shallow aquifer, moving through the deep aquifer from
arcas of recharge along the margins of the valley toward
China Lake in the central part of the valley. Water was
discharged from the shallow aquifer by evapotranspiration
from the area in and around China Lake. Prior to ground-
water development, recharge to the deep aquifer was
balanced by evapotranspiration from the shallow aquifer.

Ground-water development since the 1920’s has
modified the direction of ground-water movement in both
the shallow and deep aquifers. From 1920 to 1985, ground-
water pumpage, predominantly from the deep aquifer,
increased from 1,000 to more than 22,000 acre-feet per
year. The pumping, centered in the intermediate area (be-
tween Ridgecrest and Inyokern), has caused water levels
in the deep aquifer to decline more than 80 feet in the
intermediate area.

finite-difference model was
calibrated to simulate steady-state

A three-dimensional
developed and

conditions as approximated by 1920-21 water levels and
transient-state conditions for 1920-85. The ground-water
system in the valley was simulated as two layers. Layer 1,
the upper layer, represents the shallow aquifer; and layer
2, the lower layer, represents the deep aquifer. Model
calibration was considered acceptable when the difference
between model-simulated heads and measured values was
5 feet or less. Because data in the northern part of the
valley are sparse, conditions there cannot be simulated
adequately.

From 1920 to 1985, 548,900 acre-feet of ground water
was pumped from Indian Wells Valley. Results of the
transient-state model simulation indicate that 86 percent
(469,560 acre-feet) of this pumpage was derived from
storage, about 10 percent (54,380 acre-feet) was derived
from decreases in evapotranspiration from layer 1, and
about 4 percent (24,410 acre-feet) was derived from
artificial recharge of wastewater and shrubbery-irrigation
water. The model indicated that pumping induced about
28,870 acre-feet of ground water to flow from layer 1 to
layer 2 during 1920-85. The rate of vertical leakage from
layer 1 to layer 2 increased from zero in 1920 to about
1,550 acre-feet in 1985. These model simulations indicate
that the ground-water quality of layer 2 could become
degraded by water of poor quality (dissolved-solids
concentration greater than 1,000 milligrams per liter)
contained in layer 1.

Several model simulations were used to estimate the
aquifer response to different pumpage patterns that could
be used as management alternatives. Results of the
simulations indicate that redistributing the pumping from
the intermediate and Ridgecrest areas to ecither the
southwestern or western parts of the valley would reduce
water-level declines in the intermediate and Ridgecrest
areas. However, vertical leakage from layer 1 to layer 2
would be reduced only if pumping were redistributed to
the southwestern part of the valley.

Abstract 1



INTRODUCTION

Ground water is virtually the sole source of
water in Indian Wells Valley for municipal,
military, industrial, and agricultural uses.
Demand for ground water in Indian Wells
Valley has increased significantly for municipal
and military uses since 1945, and for agricul-
tural uses since 1979. Future municipal growth
at Ridgecrest and Inyokern and planned pro-
grams at China Lake Naval Weapons Center
(NWC) will further increase the demand for
water in the valley. Since 1966, annual ground-
water pumpage has exceeded estimates of mean
annual recharge (Dutcher and Moyle, 1973;
Lipinski and Knochenmus, 1981). To plan for
anticipated growth in Indian Wells Valley, there
is a need to evaluate ground-water conditions
and to estimate changes resulting from current
and projected pumpages and recharge in the
valley.

In 1971, a two-dimensional mathematical
ground-water flow model was developed by the
U.S. Geological Survey (Bloyd and Robson,
1971) to make a quantitative assessment of the
geohydrology of Indian Wells Valley. The
model has proved to be a useful tool to simu-
late water levels in the deep aquifer. However,
because of the two-dimensional structure of the
model, it cannot simulate vertical ground-water
movement between the deep and shallow
aquifers. In recent years, there has been a
growing concern about the possible movement
of water from the shallow aquifer, which locally
contains water of poor quality, to the heavily
pumped deep aquifer. Increased understanding
of the three-dimensional aspects of the aquifer
system is needed to efficiently manage the
ground-water resources of Indian Wells Valley.

Purpose and Scope

In 1980 the U.S. Geological Survey, in coop-
eration with the China Lake Naval Weapons

Center and the Indian Wells Valley Water
District, developed a 10-year plan to study the
aquifer system of Indian Wells Valley (Lipinski
and Knochenmus, 1981). One of the objectives
of the plan was to collect data that could be
used to gain an understanding of the three-
dimensional aspects of the deep and shallow
aquifers in the valley. Initial information indi-
cated that the ground-water flow model previ-
ously developed for the valley (Bloyd and
Robson, 1971) does not adequately represent
the three-dimensional flow system.

The purpose of the study described in this
report was to update and evaluate the
hydrologic data base compiled for the two-
dimensional flow model previously developed
and then to evaluate the three-dimensional
aspects of the ground-water flow system. The
scope of the study included developing a three-
dimensional mathematical ground-water flow
model for the valley. The model was developed
and calibrated using geologic and hydrologic
data presented in the Bloyd and Robson report
and data collected for the 10-year-plan study.
After the model had been calibrated, it was
used to simulate the response of the aquifer
system to three hypothetical pumpage pat-
terns that represented possible ground-water-
resources management alternatives.

Description of the Study Area

Indian Wells Valley (fig. 1) is in the north-
western part of the Mojave Desert in southern
California, about 125 miles north of Los
Angeles. The valley is bounded on the west by
the Sierra Nevada, on the north by a low ridge
of volcanic rocks and the Coso Range, on the
east by the Argus Range, and on the south by
the El Paso Mountains. The surrounding moun-
tains and hills slope steeply to the broad
valley floor, which in turn slopes gently
toward China Lake, a large dry lake, or playa,
in the east-central part of the valley. Most of

2 Ground-Water Flow System in Indian Wells Valley, California
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the 300-square-mile valley floor ranges in
altitude from 2,175 to 2,400 feet above sea
level. China Lake, at an altitude of about 2,150
feet, is at the lowest part of the valley.

Indian Wells Valley has an arid climate;
average annual precipitation on the valley floor
is 4 to 6 inches. Although rainfall occurs infre-
quently during the summer, most of the precipi-
tation (which includes occasional snowfall)
occurs during October-March. Summers are
characterized by very hot days and warm nights,
and winters by generally warm days and cool
nights.

The communities of Ridgecrest and China
Lake, with a combined population of about
25,000 in 1986, cover about 18 mi? in the south-
eastern part of the valley (fig. 1). The town of
Inyokern, with a population of about 2,500,
covers 0.25 miZ in the southwestern part of the
valley. The area between Ridgecrest on the east
and Inyokern on the west side of the valley is
known as the intermediate area (fig. 1). There
is no perennial surface flow on the valley floor,
and current water needs in the wvalley are
met through development of ground-water
resources.

Most of the land in Indian Wells Valley is
Federal land under the jurisdiction of China
Lake Naval Weapons Center (NWC) (fig. 2).
The valley is predominantly undeveloped desert
except near the communities of Ridgecrest,
Inyokern, and China Lake and about 1,700
acres of land in the northwestern part of the
valley that has been extensively irrigated for
alfalfa since 1979.

Well-Numbering System

Wells are numbered according to their loca-
tion in the rectangular system for subdivision of
public lands in California. For example, in well
number 26S/39E-24K1, the part of the number

preceding the hyphen indicates the township
(T. 26 S.) and range (R. 39 E.); the number
following the hyphen indicates the section (sec.
24); and the letter (K) following the section
number indicates the 40-acre subdivision.
Within the 40-acre subdivision, wells are se-
quentially numbered in the order in which they
are inventoried (1). The area covered by this
report lies entirely in the southeast quadrant of
the Mount Diablo base line and meridian.
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EXPLANATION FOR FIGURE 2

LAND USE AND OWNERSHIP--
China Lake Naval Weapons Center
U.S. Bureau of Land Management
Urban and built-up land

Private (patented) land
State land
Irrigated alfalfa

Irrigated fruits, pistachio trees, and
grapes
WASTEWATER-TREATMENT PLANTS--

Ridgecrest Regional Wastewater
Treatment Facility

o 2 Ridgecrest Sanitation District
Treatment Plant

- 3 Inyokern Community Services District
Plant
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Figure 2. Land use and ownership in study area, 1985.



GROUND-WATER SYSTEM

The geohydrology of Indian Wells Valley is
discussed in detail in reports by Von Huene
(1960), Zbur (1963), Kunkel and Chase (1969),
and Dutcher and Moyle (1973), and only a brief
summary of the geohydrology is included here.
Active faults and earthquakes in the valley and
vicinity are discussed in detail in reports by
Roquemore and Zellmer (1983a, 1983b, 1986).
The reader is referred to these reports for a
more complete description of the geohydrology
of Indian Wells Valley.

Definition of the Aquifer System

Indian Wells Valley is a structural and topo-
graphic depression in the southwestern part of
the Basin and Range province. For this study,
the lithologic units mapped by Von Huene
(1960), Zbur (1963), and Kunkel and Chase
(1969) are grouped in the Indian Wells Valley
area into two categories: (1) consolidated rocks,
which commonly have low porosity and perme-
ability and do not readily transmit water, except
where highly fractured, and (2) unconsolidated
deposits, which generally transmit water readily.

The consolidated rocks include the basement
complex, continental deposits, and volcanic
rocks. The basement complex consists of pre-
Tertiary igneous and metamorphic rocks and
underlies the younger rocks and deposits of
Indian Wells Valley and composes the sur-
rounding mountains and hills (fig. 3). The
continental deposits of Tertiary age overlie the
basement complex. A seismic refraction study
by Zbur (1963) and geologic and electric logs of
several wells that penetrate the continental
deposits (fig. 4) indicate that these deposits
become consolidated with depth and probably
have low permeability. Kunkel and Chase
(1969, p. 16) reported that the continental
deposits are indurated and poorly sorted;
they considered the deposits to be virtually

non-water bearing. The volcanic rocks include
the Miocene Black Mountain Basalt near the El
Paso Mountains (Diggles and others, 1985, p.
C6) and Quaternary unnamed volcanic rocks
(Kunkel and Chase, 1969, p. 22). The volcanic
rocks are nearly impermeable except where
weathered or fractured and are not considered
an important source of ground water.

The unconsolidated deposits include alluvi-
um, and lacustrine, playa, and sand-dune depos-
its. The alluvium of Pleistocene and Holocene
age includes older alluvium, younger alluvium,
alluvial fans, and elevated pediment veneers
and stream-terrace deposits. These deposits
consist of unconsolidated moderately to well-
sorted gravel, sand, silt, and clay and generally
are highly permeable. The percentage of silt
and clay increases toward the central part of
the wvalley and China Lake. The lacustrine

EXPLANATION FOR FIGURE 3

GEOLOGIC UNITS
UNCONSOLIDATED DEPOSITS --
Quaternary
. Sand dunes (Holocene)

Sand dunes and playa deposits (Holocene)

Playa deposits (Holocene)

Alluvium (Holocene and Pleistocene)

Lacustrine deposits (Pleistocene)
CONSOLIDATED ROCKS --
Quaternary and Tertiary

Volcanic rocks (Pleistocene and Miocene)

Tertiary

Continental deposits (Pliocene and Miocene)

Pre-Tertiary

Basement complex

FAULTS--Dashed where approximate

~ <l
A A LINE OF GEOLOGIC SECTION
—_—— BOUNDARY OF SHALLOW AQUIFER
( Kunkel and Chase, 1969)
® WELL SHOWN IN GEOLOGIC SECTION

(figure 4)
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deposits include both the older and younger
lacustrine deposits of Kunkel and Chase (1969,
p. 19, 27). These low-permeability deposits
consist predominantly of silt and silty clay of
Pleistocene age (Kunkel and Chase, 1969, p. 19,
22, 27-28). The lacustrine deposits are inter-
bedded with and overlie the alluvial deposits in
the central part of the valley. The playa depos-
its, of Holocene age, also generally are of low
permeability, consisting of silt and clay with
occasional sand lenses. The sand-dune deposits,
of Holocene age, consist of a thin veneer of
windblown sand (100 feet or less in thickness)
covering the underlying deposits (Warner, 1975,
p- 8). These sand deposits are not considered a
source of ground water because they generally
are above the water table.

The greatest thickness of unconsolidated
deposits, about 2,000 feet, occurs in the west-
central part of the valley (Zbur, 1963; Dutcher
and Moyle, 1973, p. 9). The unconsolidated
deposits vary greatly in lithology, both vertically
and areally, toward the central and eastern
parts of the valley. On the basis of lithologic
logs from wells, previous investigators have
divided the unconsolidated deposits in the
valley into two main aquifers: (1) the shallow
aquifer (shallow water body of Kunkel and
Chase, 1969) and (2) the deep aquifer (main
water body of Kunkel and Chase, 1969).

The shallow aquifer includes (from land
surface to the top of the deep aquifer) sand-
dune deposits, playa deposits, younger lacust-
rine deposits, shallow alluvium where underlain
by lacustrine deposits, and probably some older
lacustrine deposits. The shallow aquifer as
defined by Kunkel and Chase (1969) extends
from China Lake westward to the center of the
valley and from the area south of Airport Lake
southward to the community of China Lake (fig.
3). The base of the shallow aquifer is poorly
defined. For the purpose of this study, however,
the base was assumed to slope from an altitude
of 1,950 feet above sea level on the west to an

altitude of 1,850 feet on the east beneath China
Lake. This assumption was based in part on the
geologic and electric logs of several wells that
were drilled through the shallow aquifer near
the community of China Lake (fig. 4).

The water-bearing deposits in the shallow
aquifer consist primarily of fine sand, silt, and
clay of low permeability. These deposits confine
or partly confine the underlying deep aquifer in
the eastern part of the valley. The shallow
aquifer does not yield water freely to wells and
contains water of poor quality (dissolved-solids
concentration greater than 1,000 mg/L)
(Warner, 1975; Berenbrock, 1987). Prior to the
1940’s some wells perforated in this aquifer
were used for domestic and ranching supplies;
since the 1940’s, however, this aquifer (probably
because of its poor quality) has supplied water
only for fire protection and maintenance of
buildings for NWC. Most of the wells drilled in
this aquifer are used as observation wells to
monitor ground-water quality and levels.

The deep aquifer includes the total saturated
thickness of the alluvium and lacustrine depos-
its where the shallow aquifer is not present and
the alluvium and lacustrine deposits that under-
lie the shallow aquifer in the eastern part of the
valley (fig. 3). The base of the deep aquifer is
the base of the alluvium. Beneath most of the
central part of the valley, the saturated thick-
ness of the deep aquifer is estimated to be at
least 1,000 feet (Kunkel and Chase, 1969, p.
39). The deep aquifer in most places is uncon-
fined; however, in the eastern part of the valley
the deep aquifer is confined by silt and clay
lenses of the lacustrine and playa deposits. This
aquifer consists of medium-to-coarse sand and
gravel of high permeability and is the main
source of water to wells in Indian Wells Valley.
The deep aquifer commonly yields more than
1,000 gal/min to wells, and some wells in the
intermediate and Inyokern areas yield more
than 2,000 gal/min. The dissolved-solids-
concentration in samples from wells perforated

8 Ground-Water Flow System in Indian Wells Valley, California



in the deep aquifer generally is less than 1,000
mg/L (Warner, 1975). Wells perforated in the
deep aquifer near Inyokern; in the intermediate
area; and in the southwest part of the study
area near the Little Dixie Wash (fig. 1) have
dissolved-solids concentrations less than 400
mg/L (Berenbrock, 1987).

Natural Recharge and Discharge

Natural recharge to the ground-water system
in the valley consists almost entirely of runoff
from the surrounding mountains. Because
infiltration of the runoff occurs near the moun-
tain front where the runoff first crosses the
unconsolidated deposits of the valley, the natu-
ral recharge is termed "mountain-front
recharge." Little, if any, direct infiltration of
precipitation recharges the ground-water system
in Indian Wells Valley. Precipitation averages
only 4 to 6 in/yr on the valley floor, and most
is lost to evaporation, which averages about 80
in/yr from ponded waters (Farnsworth and
others, 1982). Precipitation that infiltrates into
the soil eventually is consumed by natural and
cultivated plants that can transpire several feet
of water per year if the water is available in the
root zone.

Prior to extensive pumping in the valley,
recharge to the ground-water system was bal-
anced by natural discharge. Except for a small
amount of ground-water outflow to Salt Wells
Valley, natural discharge occurred almost
entirely by evapotranspiration from the shallow
aquifer in the vicinity of China Lake in the
eastern part of the valley. By mapping areas of
phreatophytes and moist lands present in 1912
in and around China Lake and multiplying the
areas by assigned evapotranspiration rates, Lee
(1912, p. 422) estimated evapotranspiration in
the valley to be 31,600 acre-ft/yr. The total area
of evapotranspiration as determined by Lee was
about 9,400 acres. The assigned evapotrans-
piration rates were determined from a linear

relation between a maximum evapotranspiration
rate when the water table is at land surface and
a zero evapotranspiration rate at a depth of 8
feet below land surface where evapotranspira-
tion ceases (Lee, 1912, p. 413).

Kunkel and Chase (1969, p. 64) considered
Lee’s estimate to be inaccurate because when
the estimate was made in 1912, maps of the
area were poor, aerial photographs were not
available, and little work had been done on
evapotranspiration rates for the various phreat-
ophytes. Using modern maps, Kunkel and
Chase (1969, p. 69) classified 33,000 acres of
moist lands in and around China Lake as areas
of evapotranspiration. They then assigned
evapotranspiration rates to the area on the
basis of a nonlinear relation between a maxi-
mum evapotranspiration rate when the water
table is at land surface and zero evapotranspira-
tion when the depth to water approaches 10
feet below land surface. The nonlinear relation
was based on research in other desert basins
since Lee’s work in 1912 (Smith and Skarn,
1927; Lee, 1942; Young and Blaney, 1942;
Blaney, 1952).

Using the revised values for area and evapo-
transpiration rates, Kunkel and Chase (1969, p.
69) estimated the total ground-water discharge
by evapotranspiration for 1912 to be 11,000
acre-ft/yr, about 20,600 acre-ft/yr less than
Lee’s (1912) estimate. The main reason for the
difference in the estimates is that Kunkle and
Chase used a nonlinear relation between
evapotranspiration and depth to water. The
maximum evapotranspiration rates used by both
Lee (1912) and Kunkel and Chase (1969, p. 69)
are about the same; however, the nonlinear
relation between evapotranspiration and depth
to water (used by Kunkel and Chase) predicts
much lower evapotranspiration rates than the
linear relation (used by Lee) as the depth to
water increases. For example, for bare soil
where the depth to water is 5 feet below the
land surface, the nonlinear relation predicts
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EXPLANATION

GEOLOGIC UNITS
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Alluvium (Holocene and Pleistocene)-

Includes Qya (younger), Qoa (older)
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Includes Qyl (younger) and
Qol (older)

CONSOLIDATED ROCKS -

Continental deposits (Pliocene and
Miocene)

TERTIARY
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Pemccmms CONTACT--Queried where doubtful

WELL, LITHOLOGY, AND OTHER
DATA--

Well number
Land surface
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Figure 4. Diagrammatic geologic sections of the Indian Wells Valley ground-water basin.
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Figure 4. Diagrammatic geologic sections of the Indian Wells Valley ground-water basin--
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