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GEOLOGIC AND HYDROLOGIC
FEATURES OF 

INDIAN WELLS VALLEY, CALIFORNIA

By L. C. BUTCHER and W. R. MOYLE, JR.

ABSTRACT
Ground-water pumpage in Indian Wells Valley, virtually a closed basin 

in the Mojave Desert of southern California, has gradually increased since 
1945 and in 1966 has exceeded the average annual water yield (perennial 
supply). Plans are being developed by local agencies, in coordination with 
the U.S. Naval Weapons Center, China Lake, Calif., to manage the ground- 
water basin. In order to understand the ground-water system, a b^sin model 
will be developed to test the adequacy of existing data. This report sum 
marizes the results of a study undertaken to develop the principal geologic 
and hydrologic parameters needed for a detailed quantitative study of the 
hydrology, including the future development of a ground-water brsin model.

The ground-water basin contains a single body of ground water in allu 
vial deposits locally as much as 2,000 feet thick. The deposits consist mainly 
of sand and gravel but grade to silt and silty clay beneath the lower parts 
of the valley surface. Now this valley is occupied by playas, but during the 
Pleistocene it was occupied by perennial lakes.

On the floor of the valley, coalescing alluvial fans grade into moist playas 
where ground water discharges by evapotranspiration. The bordering up 
lands and mountains, including the Sierra Nevada on the west, consist of 
crystalline rocks. The basin-filling alluvial deposits have been cut by several 
major and numerous minor faults, which were determined by seismic explo 
ration; several of these act as partial barriers to ground-water movement.

Coefficients of transmissivity range from almost zero at the basin margins 
to about 300,000 gallons per day per foot in the central part of the valley. 
Correspondingly, the storage coefficients in the area of unconfin^d ground 
water range from about 0.05 up to about 0.2. In the area of semiconfined 
to confined ground water, the estimated coefficient of storage is 1 X 10"3.

Beneath most of the valley area there has been relatively little ground- 
water decline since 1920. During the period 1953-65, net decline ranged from 
a maximum of about 20 feet near Ridgecrest to about 8 feet near Inyokern.

Estimated usable ground water in storage in the upper 200 feet of satu 
rated deposits underlying areas which total about 110 square miles is 
2,200,000 acre-feet. If users plan eventual pumping of all the recoverable 
water in storage, some type of hydraulic barrier will probably b« required 
along the east margin of the storage unit to prevent inflow of saline water 
from the playa areas.

The maximum developable yield of Indian Wells Valley ground-water 
basin, under existing conditions, is estimated to be 10,000 acre-feet. The 
total estimated ground-water discharge by evapotranspiration from Indian
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Wells Valley in 1953 was 8,000 acre-feet; this amount represents a decline 
from an estimated discharge of 11,000 acre-feet in 1912. Th?. maximum 
developable yield (10,000 acre-feet) is judged to be less than tt*j estimated 
1912 ground-water discharge, because it is assumed that a continuing 
evapotranspiration loss of not less than 1,000 acre-feet per year would be 
required to maintain a hydraulic gradient toward the playa areas where 
the water quality is poor. This loss would be necessary to prevent a reversal 
of the gradient and consequent deterioration of the water quality at estab 
lished well fields by flow of water of poor quality from beneath the playas.

Ground-water pumpage in 1966 was about 12,400 acre-feet, 2,400 acre- 
feet greater than the estimated developable yield. Total ground-water dis 
charge by pumping and evapotranspiration in 1966 however, was at least 
20,000 acre-feet or about twice the perennial yield.

Ground water in the valley may be grouped by chemical qualit TT into three 
general categories. The first category, the water of best qualit7, occurs in 
the alluvial deposits of shallow to medium thickness in the vestern and 
northwestern parts of the valley. The dissolved-solids content of the water 
there is generally less than 600 mg/1 (milligrams per liter), tve hardness 
100-200 mg/1, chloride less than 100 mg/1, and boron and fluoride each less 
than 1 mg/1. Water of the second category occurs mainly in the deep zones 
in the central and south-central part of the basin, and, perhaps, in the 
deep deposits in the western part of the basin. The dissolved-solids content 
is also generally less than 600 mg/1, the percent sodium is about 65-99, 
boron commonly between 3 and 10 mg/1, and fluoride 1-4 mg/1. In water of 
the third category, sodium and chloride ions are dominant. This vater occurs 
in the shallow deposits beneath the playa areas. The dissolved-sclids content 
is more than 1,000 mg/1 and chloride is more than 250 mg/1; locally the 
chloride ion content exceeds 3,000 mg/1.

INTRODUCTION
Indian Wells Valley is in the Mojave Desert east of the Sierra 

Nevada in southern California (fig. 1), about 125 miles north of 
Los Angeles. The valley is bounded on the east by the Argus 
Range, on the south by the El Paso Mountains, on the north by a 
low ridge and the Coso Range, and on the southeast by low bed 
rock hills. Most of the central part of the valley is less than 2,400 
feet above mean sea level, and the largest and lowest plr.ya, China 
Lake, is at an altitude of 2,152 feet.

The striking physiographic features of the valley are the steep 
fault scarp along the base of the Sierra Nevada and the broad 
alluvial fans that extend from the mouths of the Sierra Nevada 
canyons. The fans, which have coalesced to form alluvial plains 
several miles wide, slope with gradually decreasing steepness from 
the escarpment toward playas along the east side of the valley.

Indian Wells Valley has entirely internal surface drainage. Nu 
merous small intermittent streams in the canyons of the Sierra 
Nevada convey runoff to the fans where, after crossing the Sierra 
Nevada fault zone, the seepage recharges the ground-water body. 
Recharge is also derived from the runoff of the Argus Pange and
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from surface runoff and underflow from Rose Valley at Little 
Lake.

A narrow gorge southeast of China Lake (sees. 7 and f T. 26 S., 
R. 41 E.), now filled with windblown sand and part of the Salt 
Wells Valley drainage, once afforded the lowest exit for surface 
drainage from Indian Wells Valley. The divide on this gorge has 
a surface altitude of 2,190 feet. In sees. 30 and 31, T. 26 S., R. 41 
E., a granite ridge at an altitude of about 2,400 feet narks the 
apparent site of rapids of another outlet through which discharge 
occurred in an earlier period when the level of a perennial lake 
was above 2,400 feet.

The area considered in detail in this report comprise* the flat 
playas and alluvial slopes of Indian Wells Valley together with 
parts of the surrounding hills and mountains with the'r border 
ing alluvial fans. The larger part of the valley area li^s within 
the U.S. Naval Weapons Center, China Lake, Calif.

124" 123 i; 2 ' 121 120'

EXPLANATION

SAN FRANCISCoflS°9akran̂ r-'
v&

FIGURE 1. Location of Indian Wells Valley and report area.
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The old stage route from Mojave to Keeler runs along the west 
ern border of the valley past Indian Wells, the springs for which 
the valley was named. The Los Angeles Aqueduct, which carries 
water from Owens Valley, north of Indian Wells Valley, to Los 
Angeles, has been cut into the escarpment of the Sierra Nevada 
from Little Lake to Indian Wells. South of Indian Wells the aque 
duct skirts the base of the Sierra Nevada.

The climate of Indian Wells Valley is arid. Average rainfall on 
the valley ranges from about 6 inches to less than 4 inches. Most 
of the precipitation on the valley floor occurs during the period 
October through March; during the remainder of the rear, rain 
falls infrequently as summer thundershowers. Hot days and cool 
nights characterize the summers of Indian Wells Vallo.y; warm 
days and cold nights are usual in the winter. Relatively high 
wind velocities are common in the valley, and the prevailing winds 
blow from the southwest, although strong northerly vrinds are 
also recorded occasionally.

PURPOSE AND SCOPE

This report was prepared by the U.S. Geological Survey, Water 
Resources Division, in cooperation with the California Department 
of Water Resources, as a part of the continuing studies of water 
resources of the arid areas of California. The work was done dur 
ing 1968 under the general supervision of R. Stanley Lord, district 
chief in charge of water-resources investigations in California.

Much geologic and hydrologic data for Indian Wells Valley 
were collected in a program that extended over a period of many 
years prior to this study. The facts include well logs, water-level 
measurements in wells, chemical analyses of water, data from 
geophysical explorations, data from surface and subsurface geo 
logic mapping, and estimates of water yield and ground water in 
storage. Despite this long history of data collection there remains 
a large area, nearly half of that part of the valley which is under 
lain by thick alluvial deposits, where wells have not be^.n drilled 
and are lacking.

Long-range plans to assure an economical water supp^ for the 
future of Indian Wells Valley are being developed by the Naval 
Weapons Center, China Lake, Calif., and the Indian Wells Valley 
County Water District. In order to carry out these plan? a knowl 
edge of the hydrologic system is required. Hydrologic studies of 
Indian Wells Valley are being continued by the Geologic?! Survey, 
in cooperation with the Naval Weapons Center and the Indian 
Wells Valley County Water District, in order to construct and 
use a ground-water basin model of Indian Wells Valley (R. M.



INTRODUCTION 5

Bloyd, Jr., written commun., 1969). The data and interpretations 
presented in this report will serve as the substantial initial input 
to such a model.

The system concept is valid for studies of ground-water basin 
management; the advent of hydrologic simulation mode's affords 
opportunities to analyze hydrologic systems in ways not possible 
before. The hydrological end results of a systems study are: (1) 
Understanding how the system works in nature and (2) predict 
ing the effects of various proposed water-management practices. 
Simulation, as applied to hydrologic systems, can be defined as 
the representation of the system with all its inherent character 
istics and probable responses to water management. Su?h a rep 
resentation implies the artificial creation of conditions for model 
operation which are analogous to those that are likely to be 
experienced in actuality. In general, there are five phases of 
ground-water basin management; the phases are interdependent as 
to timing and data collection, and each phase can be broVen down 
into smaller work tasks. The five general phases are: (1) Defini 
tion of the physical nature of the basin; (2) development of a 
working hydrologic model; (3) analysis of management factors, 
including economic and social factors which relate to the manage 
ment plan; (4) analysis of alternative management plans; and 
(5) implementation of plans.

This report has two principal purposes: (1) To provide the 
necessary initial input to fulfill only the first phase of tl e overall 
management tasks outlined above, and (2) to document the ini 
tially developed input data so it can be readily compared with the 
final data. The development of a useful hydrologic irodel will 
undoubtedly necessitate the modification of some of tl ° hydro- 
logic inferences presented in this report. The degree ard nature 
of the needed modifications may prove useful to hydrologists work 
ing in similar ground-water basins.

The principal units of work to be accomplished during the defini 
tion phase preceding ground-water basin modeling are outlined 
below: (1) Select a grid network for modeling the basin related 
to the size of basin, density of data, and need for modeling detail; 
(2) define the distribution of aquifer coefficients of storage and 
transmissivity; (3) define geologic control such as basin bound 
aries, ground-water barriers, depth of basin, vertical separation 
of aquifers, and relation of aquifers; (4) determine historic pump 
ing rate and quantity; (5) determine historic ground-^ater re 
charge; and (6) determine historic ground-water altitudes.

Therefore, the scope of the work included the qualitative de 
scription or quantitative assessment of the several features, char-
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acteristics, and variables listed above. Additionally, the chemical 
quality of the ground water and its relation to the geologic and 
hydrologic framework were described to provide the background 
needed by those responsible for developing the water supply.

Previous studies of the area necessarily resulted in conclusions 
and interpretations principally related to elements of the hydro- 
logic budget. More data have become available since those studies 
were made; consequently, the estimates in this report diverge 
somewhat from those derived earlier. Data are still deficient for 
many parameters, and considerable subjective judgment was 
exercised in developing both the older estimates and those in this 
report.

For this report some of the estimates of the principal data 
components were made with few direct data whereas others could 
be made only by extrapolation if data were not available. Despite 
these complications, the resulting geologic and hydrologric param 
eters probably are a reasonably valid representation of actual 
conditions, even though there may be considerable error in detail.

Additional units of work will be needed during 1he basin- 
modeling phase: measurements of vertical permeability of the 
deposits in the area of natural ground-water discharge were not 
obtained, and transmissivities of the fault zones are not measur 
able. These values, however, can be estimated during the model 
ing process by computations, and the adjusted values can then 
be used without introducing significant modeling error in addition 
to errors introduced by using standard geologic and hydrologic 
data which inherently do not have high accuracy.

PREVIOUS WORK AND ACKNOWLEDGMENTS
Hydrologic work in Indian Wells Valley was started by the 

Geological Survey in 1912 by C. H. Lee (1913) who estimated the 
perennial yield. In 1920 D. G. Thompson (1929) included the 
valley in a general investigation of the Mojave Desert Region. 
During the period 1925-55, Kunkel and Chase (1969) studied the 
geology and hydrology of the valley, collected a large quantity of 
data, and estimated the recharge, discharge, perennial yield, and 
storage in two large ground-water units in the central and west 
ern parts of the valley. By 1962 Moyle (1963) had compiled a 
reconnaissance geologic map of the valley and a report tabulating 
the hydrologic data collected by all workers and agencies prior to 
that time.

Subsequent to the completion of the work by Kunkel and Chase 
in 1955, the Geological Survey has continuously maintained a 
data-collection program in the valley in collaboration with the 
Naval Weapons Center.
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In addition to the work and reports by the Geological Survey 
cited above, other hydrologic investigations included those by 
Whistler (1923), J. P. Buwalda (written commun., 1944), Paul 
Bailey (written commun., 1946), and Wilcox, Hatcher, rnd Blair 
(1951).

Samsel (1950) mapped the southeastern part of the Cross 
Mountain quadrangle, and Dibblee (1952) mapped the Saltdale 
quadrangle; Moyle (1963) did much of the field geologic mapping 
used in this report.

A refraction seismic investigation of Indian Wells Valley was 
completed by Zbur (1963), who was assisted in the fieldwork by 
W. R. Moyle, Jr. Other geophysical studies, including gravity and 
magnetic surveys, were completed by the Naval Weapon"* Center.

Data and work from the previous studies and reports were 
freely used by the authors in the preparation of this report; 
without the contributions of the previous workers, this study 
would not have been possible.

WELL-NUMBERING SYSTEM

Wells are numbered according to their location in the rectangu 
lar system for subdivision of public land (fig. 2). That part of
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the number preceding the slash (as in 26S/39E-24K1) indicates 
the township (T. 26 S.); the number after the slash indicates the 
range (R. 39 E.); the number after the dash indicates the section 
(sec. 24); the letter after the section number indicates the 40-acre 
subdivision of the section according to the lettered diagram. The 
final digit is a serial number for wells in each 40-acre subdivision. 
The area lies entirely in the southeast quadrant of the Mount 
Diablo base line and meridian.

GROUND-WATER GEOLOGY

GEOHYDROLOGIC UNITS OF THE BASIN

The material shown as alluvium in the geologic sections and on 
the geologic map (pi. 1) includes all the material mapped by 
Moyle (1963) as landslide deposits, dune sand, sand and interdune 
playa deposits, younger fan deposits, younger alluvium, older 
alluvium, older fan deposits, old lacustrine deposits, old lakeshore 
deposits, and old dune sand. They are all of late Quaternary age.

In this report the stratigraphic units of Indian Wells Valley are 
divided into two main groups on the basis of capacity to contain 
and yield ground water (pi. 1). The first group, nonwate1- bearing, 
includes the basement-complex rocks of pre-Tertiary age, the 
volcanic rocks of Tertiary and Quaternary age, and the basalt, of 
Quaternary age. The second group, water bearing, includes the 
continental deposits of Tertiary and Quaternary (?) ag?., and the 
alluvium and playa deposits of Quaternary age.

The alluvium of Pleistocene and Holocene age is the principal 
water-bearing unit of Indian Wells Valley. It is unconsolidated, 
moderately to well-sorted gravel, sand, silt, and clay; it is mod 
erately to poorly permeable and, where saturated and well sorted, 
yields water to wells at rates of more than 4,000 gpm (gallons per 
minute). The alluvium consists of lenticular beds of clastic ma 
terial derived from the surrounding mountains and hills. Local 
units of alluvium are heterogeneous mixtures ranging in grain 
size from gravel to silt or clay. In general, however, much of the 
alluvium is fairly well-sorted coarse sand and gravel with a gradual 
decrease in grain size and a relatively higher proportion of bedded 
sand and silt toward the central part of the valley. In the eastern 
part of the valley, extensive silt and clay beds, presumably de 
posited in perennial lakes, partly confine ground water, in the 
deep aquifers.

The thickness of the alluvium in the central part of the valley 
was determined during a geophysical study by Zbur (1963). 
Mainly on the basis of the refraction seismic data collected along
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more than 89 miles of refraction recordings (pi. 1) and of the 
data from a few relatively deep test holes, he detenrined the 
thickness of the alluvium to be nearly 2,000 feet in the deepest 
part of the basin.

The seismic data reveal four main layers of rocks and deposits, 
which, from deepest to shallowest, have average seismic veloci 
ties, in feet per second, as follows: 15,600-16,000; 9,600; 7,300- 
7,400; and 5,700-6,100. The highest velocity layer represents the 
basement complex, the velocity of the continental deposits is about 
9,600 fps (feet per second), and the alluvium consistr of two 
layers, the upper of which has a velocity considerably less than 
the lower. A refracting horizon between the deeper and shallower 
parts of the alluvium was found consistently throughout the 
valley during the seismic work and was a reliable marker. Al 
though careful logging of the deep test wells failed to disclose a 
recognizable lithologic change at the refracting horizon separat 
ing the two units of the alluvium, the authors theorize that the 
average velocity differences are caused by compaction or consoli 
dation of the deeper alluvium. A weathered zone could have de 
veloped on the surface of the valley floor during a pause in the 
depositional cycle. If such a depositional pause did in fa".t occur, 
a soil horizon or weathering zone which now acts as a widespread 
refractor might have developed. Carefully collected samples or 
cores from deep test wells would reveal the lithology of such a 
refractor.

The playa deposits of Holocene age consist mainly of silt and 
clay and are of low permeability. Water contained in these de 
posits usually has a moderate to very high concentration of dis 
solved solids. Because of their relatively small thickness, 1he playa 
deposits are not distinguished on the geologic sections; these 
deposits are underlain by the alluvium.

GROUND-WATER BARRIERS

The Indian Wells Valley area is an intensely faulted structural 
depression. Major faults border the Sierra Nevada along the west 
margin of the valley, and many faults of smaller disp'acement 
border the east margin of the valley. Geologic, geophys^.al, and 
hydrologic data within the valley indicate several major faults 
(pi. 1) along which the basement-complex rocks, the continental 
deposits, and the alluvium have been displaced. Several of the 
faults that cut the alluvium restrict the movement of ground 
water between the recharge areas on the west and the discharge, 
or playa, areas on the east (pis. 2, 3). Most of the major faults 
in the valley strike northwest; the faults subdivide the basin into
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a series of ground-water subunits. Many of the short faults along 
or near the east margin of the basin presumably strike northeast. 

Although the faults in the valley area displace the alluvium 
and influence the movement of ground water, most are concealed 
beneath the shallowest alluvial deposits. For most places, data 
are not available to determine the depth below the surface where 
the zone of reduced permeability caused by movement along the 
fault becomes effective. In some places the barrier may b^ effective 
through all the alluvial deposits from the base up to the water 
table; in other places unfaulted alluvial deposits may extend 
across the concealed faults, and water in the shallow materials 
could flow across the barrier without interruption. The question 
of the effectiveness of the barriers in the shallow materials can 
not be answered at this time; neither can the permeability of the 
barrier-producing materials nor the coefficient of tran^missivity 
of the faulted zones be determined. These values, therefore, must 
be estimated by future workers before a calibrated gronnd-water 
basin model of the area can be developed.

COEFFICIENTS OF TRANSMISSIVITY AND STORAGE

Lines of equal coefficients of transmissivity 1 of the alluvium, 
exclusive of the continental deposits, (pi. 4) were compiled using 
data from aquifer tests (McClelland, 1964), drillers' log's of wells 
(Morris and Johnson, 1967), and selected specific capacity 2 tests 
using the formula:

T - C8B, 
where

T is the coefficient of transmissivity,
Ca is the tested specific capacity of the well, and
B is a factor which was estimated to be 2,000 for Indian

Wells Valley.
The factor B was estimated by a method similar to that used 

by Bredehoeft and Farvolden (1964, fig. 9, p. 209). The errors 
involved are such that the transmissivities interpreted tend to be 
low. Well losses tend to lower the specific-capacity values; partial 
penetration of the aquifers by the wells also tends to lower the 
values, as does sedimentary anisotropy. On the basis of experi 
ence gained in other valleys having similar geologic conditions

1 Coefficient of transmissivity: Expressed as the rate of flow of water, in gallons per day, 
at the prevailing: water temperature through each vertical strip of the aquife~ 1 foot wide, 
having: a height equal to the saturated thickness of the aquifer and under a hydraulic 
gradient of 1 foot per foot.

3 Specific capacity: The well discharge, in gallons per minute, divided by the drawdown, in 
feet.
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and where verified ground-water basin models have been com 
pleted, the writers find that original transmissivity values esti 
mated by the specific capacity-transmissivity relations according 
to Bredehoeft and Farvolden (1964), using a B factor of 1,200- 
1,500, have consistently proved about 40-60 percent low. There 
fore, for water-table conditions a B factor value of 2,000 was 
used in estimating transmissivity in this report.

In some small areas, existing wells penetrate all or nearly all 
the alluvium, and thus the well tests and data were used directly 
to estimate the coefficient of transmissivity of virtually the entire 
thickness of the water-bearing material; the very small trans 
missivity of the continental deposits was not considered. In most 
of the area, however, pump tests and drillers' logs of v^ells that 
penetrate only the upper part of the water-bearing materials were 
used to estimate formation permeability.3 In those areas a relation 
between permeability and aquifer thickness was developed, and 
then it was extrapolated downward to estimate the transmissivity 
of the full thickness of the aquifers.

The transmissivity of the saturated alluvium ranges from about 
300,000 gallons per day per foot in the central part of the valley 
to almost zero at the basin margins (pi. 4).

The accuracy of the estimates, particularly in the large areas 
where available data are meager or lacking, cannot to verified 
until some type of ground-water basin model is developed whereby 
the data can be tested by simulation of ground-water flow.

Lines of equal coefficients of storage 4 (pi. 4) were compiled 
from drillers' logs of wells, using pumping tests, geologic data, 
and specific-yield 5 values developed for the various alluvial ma 
terials during studies elsewhere in California (Johnson, 1967).

Like the estimated coefficients of transmissivity, the accuracy 
of the estimated storage coefficients cannot be verified until some 
type of ground-water basin model is developed; when th?t is done 
all the geohydrologic parameters can be tested.

The coefficient of storage was estimated from the drillers' logs 
in the water-table system and from long-term aquifer tests in 
the artesian system; however, the coefficient of storage is difficult

3 Permeability: A measure of the capacity of a material to transmit water. The coefficient 
of permeability is the rate of flow of water, in gallons per day, through a cross-sectional 
area of 1 square foot under a hydraulic gradient of 1 foot per foot at the field water 
temperature.

* Coefficient of storage: The volume of water an aquifer releases from o- takes into 
storage per unit of surface area of the aquifer per unit change in the compOTent of head 
normal to that surface.

5 Specific yield: As used in this report, specific yield is the ratio of the volvme of water 
which, on the average and after a long period, would drain by gravity from a given volume 
of the originally saturated material.
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to determine accurately because generalizations are frequently 
used in compiling drillers' logs. In the water-table system, the 
coefficient of storage ranges from 0.05 to 0.30. If the pumping is 
small, any error in estimating the value of the coefficiert of stor 
age will not be significant in terms of comparing actual with pre 
dicted water levels in wells; however, if the ground water extrac 
tions are large, the value of the coefficient of storage is s'gnificant. 
In the artesian (confined) system, the coefficient of storage can 
range from 1 x 10~5 to 1 x 10~3 . Confinement begins near the 
center of the valley and continues to the playa area. Local con 
finement may occur throughout the valley because of stringers 
of impervious materials.

No attempt was made to estimate the coefficients of transmis- 
sivity of the fault zones; the estimates shown on plate 4 do not 
account for the reduced transmissivity of the faults- even in 
those areas where the faults coincide with the lines showing equal 
transmissivity. In those places, the estimated transmissivity are 
meant to apply only to the alluvial materials near the fault zones. 
For modeling purposes, the fault-zone transmissivity can be com 
puted by assigning a thickness to the fault zone, determining the 
apparent hydraulic gradient from the assumed thickness and 
hydraulic head on either side, and then computing transmissivity 
by assuming that the flow on either side and through the fault 
zone is constant.

In the eastern part of the area where ground-wate^* is con 
fined beneath clay or silt lenses, the coefficients of tranrmissivity 
and storage shown on plate 4 apply only to the deposits that con 
tain the main water body of Kunkel and Chase (1969). The coeffi 
cients of transmissivity and storage are unknown for the deposits 
that contain the shallow water body of Kunkel and Chase (1969). 
In the western part of the area, where the coefficients cf storage 
(pi. 4) are greater than 0.01, the coefficients of transmissivity and 
storage represent all the alluvial deposits beneath the w^ter table 
in 1968.

CONCEPTUAL MODEL OF THE GROUND-WATER FLOW SYSTEM

The writers' concept of the physical ground-water fkrv system 
in Indian Wells Valley is presented in simplified form in figure 3. 
Figure 3A shows the flow system through a single ground-water 
body contained in alluvial deposits which everywhere are con 
siderably more permeable in the horizontal direction than in the 
vertical.

Also shown are greatly magnified natural differences in vertical 
and horizontal permeability caused by the presence of fine-grained
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silt and clay interbedded with much more permeable sand. Such 
clay and silt lenses and beds are common in the central and eastern 
parts of Indian Wells Valley; therefore, throughout the single 
water-body system, head differences will be measurabh even in 
closely spaced wells of different depths wherever the ground- 
water flow has a considerable vertical component. This system 
occurs in areas of natural recharge by infiltration of water from 
the surface or in areas where water is discharged by e^apotran- 
spiration from the earth's surface into the atmosphere. Such a 
system, as described above and sketched in simplified1 form in 
figure 3A, seems most nearly to represent the true ground-water 
flow system of Indian Wells Valley. If it is the true system, 
separate or distinct water bodies do not exist. Instead, the body 
of ground water is contained in heterogeneous alluvial deposits; 
the water body is locally unconfined or is only semiconfined, and 
the vertical heterogeneity is most marked in the eastern part of 
the valley near the playas.

Because no single potentiometric surface can be illustrated 
where water levels in all wells are depth-dependent, such a simple 
conceptual model of the ground-water flow system introduces com 
plications in: (1) The presentation of hydrologic data on maps 
and (2) the quantitative calculations or simulations inherent to 
three-dimensional ground-water basin modeling. Solutiors for the 
needed three-dimensional flow equations have not yet (1972) been 
found; therefore, in order to present the hydrologic data on maps 
or to proceed with the planned ground-water basin modeling, sim 
plified but workable generalizations of the flow system must be 
made.

A diagram of the most suitable generalization of the actual 
flow system in Indian Wells Valley is presented in simplified form 
in figure 3#. Here the small head differentials between deep and 
shallow wells in the recharge (western) part of the area are 
ignored and two water bodies, separated by distinct clay beds, 
are assumed to exist in the discharge (eastern) part of the area. 
Presumably a model of the ground-water basin will be constructed 
by using the same or a similar generalization. The hydrologic 
data presented on maps in this report reflect this simph'fied gen 
eralization.

GROUND-WATER HYDROLOGY
OCCURRENCE AND MOVEMENT OF GROUND WATFR

All the ground water in Indian Wells Valley is derived from 
precipitation. No evidence exists of any underground source or
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movement of water from outside the drainage area. More than 
580 wells (Moyle, 1963) have been drilled in the area; most of 
these have been drilled into the alluvium of the central valley 
area. Although most of the wells have penetrated the main water 
body several hundred feet, many shallow wells in the northeastern 
part of the valley have penetrated fine-grained deposits only a 
few feet below the water table near the surface. Tl «*se fine 
grained deposits overlie extensive clay beds and lenses in the allu 
vium ; the underlying clay beds confine the ground water in aqui 
fers at greater depth. Data on the full extent of the shallow 
water body, which may be needed to solve the basin-modeling 
problems, are lacking because of the paucity of wells in large parts 
of the area. If such a body is assumed to extend throughout the 
same area where the estimated storage coefficient is 1 x 10~3 (pi. 
4), simulation of the actual flow system will be possible.

Data on vertical permeability of the silt and clay beds in the 
alluvium between the shallow and deep parts of the. alluvial 
deposits are not available; therefore, estimates of the coefficients 
of storage and transmissivity for the materials containing the 
shallow water body have not been made.

The long-term average ground-water recharge to the Hsin and 
the perennial yield are estimated from long-term discharge by 
evapotranspiration in the lowest parts of the valley. Tl ^se esti 
mates are presented in a following section of the report.

Ground water moves from the areas of recharge along the west 
margin of the basin, across the several ground-water subunits of 
the basin separated by faults, to the areas of ground-water dis 
charge by evapotranspiration on or near the playas. According to 
the earliest available measurements which were affected little by 
pumping, small water-level displacements occurred at each barrier 
as the water moved toward the playas where it was discharged 
into the atmosphere. The water-level contour map for 1920-21 
(pi. 2) indicates the general pattern of ground-water flow and 
shows three shallow depressions caused by pumping had developed 
in the water table even at that early stage of development. One 
shallow pumping depression, presumably only about 2 feet deep, 
was near Leliter north of Inyokern; another depression centered 
near what is now the town of China Lake; and a third very shal 
low depression, less than 2 feet deep, existed about midway 
between the other two depressions and between the two faults 
northeast of Inyokern.

Nearly all natural discharge was from the playa areas I y evapo 
transpiration, and except near pumped wells, the ground-water
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pattern of movement under natural conditions was about as rep 
resented on the watel-level contour map for 1920-21 (pL 2).

The 1953 measurements by Kunkel and Chase (1969) afforded 
the most complete records for use in depicting the subsurface 
flow patterns for the entire basin (pi. 2). The generr.l pattern 
shown for that year was used as a guide in constructing the 
contour maps for earlier and later periods. Presumably, little 
change in the ground-water flow pattern occurred between 1920 
and 1953; the two shallow pumping depressions near Leliter and 
northeast of Inyokern had nearly disappeared, probably because 
wells at the old ranches were no longer being used. The pumping 
depression near the town of China Lake, however, had grown 
deeper and shifted to the south where new industrial and public- 
supply wells were being pumped. Hydrographs shown en plate 5 
indicate the areas where water levels were declining and the mag 
nitude of the declines.

The contour map for 1953, although somewhat generalized as 
explained earlier, clearly shows the closed contours near the China 
Lake playa. There the ground water, discharged by evapotranspi- 
ration from the shallowest deposits, was replenished by flow 
through the confining clays and silts from the principal water 
bearing deposits below. Plate 2 also shows that, near the sewage- 
disposal plant of the Naval Weapons Center north of China Lake, 
the water level rose a few feet between 1921 and 1953. This 
water-level rise presumably was confined to the shallowest deposits 
and probably did not affect the head in the deeper water-bearing 
zones.

A water-level contour map for 1965 (pi. 3) indicates that in 
creasing pumping caused a water-level decline in some areas. 
Conversely, since about 1953, recharge of treated sewage placed 
in ponds north of the weapons center headquarters, used to irri 
gate the golf course, caused a water-level rise in a limited area. 
Also, the 1965 map shows that large pumping depressions were 
developing around the pumped wells near Inyokern, ne^.r Ridge- 
crest, and about 4 miles west of China Lake.

Some ground-water flow was being diverted into those three 
pumping depressions, but the contours near the playas vere little 
changed from those of 1953 and presumably from those since 
1921 or earlier.

WATER-LEVEL CHANGES, 1953-65

Lines of equal net change in water-level in Indian Wells Valley 
between spring 1953 and spring 1965 are shown on plate 3. Two
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sets of lines are shown: One set shows net change in water level 
in the main water body and the second set shows net change in 
water level in the shallow water-bearing zone.

The water-level changes in the main water body during the 
period 1953-65 were negative. There was a measured net decline 
ranging from a maximum of more than 20 feet northwest of Ridge- 
crest to a minimum of about 8 feet near Inyokern anc1 about 7 
feet south of Satellite Lake playa (sec. 35, T. 26 S., R. 40 E.). In 
most of the marginal areas, however, the changes were negligible 
where known, and in the area of natural ground-water discharge 
near China Lake playa, the changes in the main water tody were 
less than 1 foot or undetectable.

Most of the water-level changes in the shallow water body dur 
ing the period 1953-65 were positive; the net recovery was due 
to recharging sewage and irrigating the golf course. T^e maxi 
mum water-level rise, about 6 feet, was near Richmond School 
in the weapons center, north of the headquarters area.

Hydrographs of water-level fluctuations in wells (pi. 5) show 
the rising levels in the shallow water body where recharge is 
occurring, the declining levels around the pumping holes : and the 
relatively unchanging conditions in most of the area where pump 
ing is limited.

GROUND-WATER STORAGE CAPACITY

Ground-water storage capacity is defined as the reservoir space 
contained in a given volume of deposits. To be usable, the ground 
water in storage must be able to drain by gravity during periods 
of pumping or other discharge; that is, the deposits must be 
capable of being dewatered. Because the discharge from ground 
water during the period 1920-68 was supplied almost entirely from 
storage and because pumpage now (1972) exceeds the perennial 
yield, the ground-water storage capacity of Indian Wells Valley is 
an important factor in regard to the future supply. Thu^ ground 
water in storage may be considered as a reserve to be utilized in 
conjunction with perennial yield.

STORAGE UNITS AND DEPTH ZONES

The ground-water storage capacity was computed for three 
principal contiguous areas in Indian Wells Valley. The selection 
of the storage units was based on the good water-yield'ng char 
acter of the deposits, the good quality of water, the economic 
pumping level (average depth to water about 180 feet), and the 
presence of ground water available for utilization. The extent of
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the three units, which cover about 110 square miles, is shown on 
plate 4.

Storage unit 1 has an area of about 21,800 acres. It is shown 
on plate 4 as the area where the estimated coefficient of storage 
ranges from 0.05 to 0.1. The average specific yield used in making 
the storage estimates was 10 percent.

Storage unit 2 has an area of about 19,500 acres. It is shown 
on plate 4 as the area where the estimated coefficient of storage 
ranges from 0.1 to 0.15. The average specific yield used in making 
the storage estimates was 15 percent.

Storage unit 3 occupies the west-central part of the valley and 
has an area of about 29,500 acres. Its estimated coefficient of 
storage shown on plate 4 ranges from 0.15 to 0.2 Th^ average 
specific yield used in making the storage estimates was 20 percent.

In the valley-bordering area where the coefficient of storage 
shown on plate 4 is estimated to be less than 0.05, the storage was 
not computed because the deposits are thin and relatively im 
permeable. Also, storage was not computed for the erst-central 
part of the area where the ground water is confined beneath clay 
beds or lenses and the water quality, though imperfectly known, 
is likely to be poor.

The problem of estimating the maximum distance that ground 
water can be lifted to the surface and still be considered usable 
involves the following economic considerations: (1) Tl e cost of 
obtaining water from alternative sources, (2) the use of the water 
for domestic, agricultural, or other purposes, and (3) the question 
of whether or not the withdrawal of water will induce inflow of 
chemically inferior water from other parts of the basir.

Ground-water storage capacity in the three storage units has 
been estimated for the upper 200 feet of saturated deposits; the 
storage units extend downward 200 feet from the 1921 water 
level. A water level decline of 200 feet from the 1921 l<wel prob 
ably would not be so great as to cause economical puirping lifts 
to be exceeded.

Estimating whether or not withdrawal of water for use to a 
depth of 200 feet below the 1921 water level will induce inflow of 
chemically inferior water from the playa area or elsewhere is 
much more complicated. Several effects are imperfect! y known: 
The possible barrier effect of faults between the ground-water 
storage units and the playa area, and the extent of vater con 
taining objectionable constituents or high concentrations of dis 
solved solids beneath the playas or at depths not yet reached by 
wells beneath the storage units. Because of the uncertainties 
regarding the chemical quality of water which might eventually
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be pumped from the storage units, water-basin manager? desiring 
to deplete fully the recoverable ground water in storage in the 
three storage units should be aware that a need to protect against 
the intrusion of water of inferior chemical quality, either from 
the playa areas or from deep deposits, might occur at some pump 
ing stage in the future.

All the water stored within the full 200-foot depth beneath the 
1921 water table has been included in the estimates, however, 
because it is assumed that dewatering the 200-foot internal would 
induce inflow of good-quality water from the areas southwest, 
west, and northwest of China Lake. It was assumed also that, if 
necessary, some type of hydraulic barrier, either a line of injec 
tion wells or pumped wells, could be put into use along the east 
margin of the ground-water storage units to prevent intrusion of 
chemically inferior water from the playa areas. If such a barrier 
proved necessary, the economics of pumping ground water would 
be changed because of the expense of installing, operating, and 
maintaining it.

ESTIMATED USABLE GROUND-WATER STORAGE CAPACITY

The estimated ground-water storage capacity of storage units 1, 
2, and 3 (pi. 4), was computed as the product of the area, in acres, 
the saturated thickness of 200 feet, and the average specific-yield 
value for the depth zone in each unit. The estimates so derived 
are shown in table 1. This table shows that the estimated total

TABLE 1. Estimated ground-water storage capacity in the uppe~ 200 feet
of saturated deposits

Total 
Storage unit area 

( acres )

1 ____ 21,800
2 .__ __ 19,500
3 ____ 29,500

Total _ 70,800

Total 
volume 

(acre-ft)

4,360,000
3,900,000
5,900,000

14,160,000

Average 
specific 

yield 
(percent)

10
15
20

2 15.5

Total 
storage 

capacity * 
(acre-ft)

440,000
580,000

1,180,000

2,200,000
1 Rounded to nearest 10,000 acre-feet.
2 Weighted average.

ground-water storage capacity is approximately 2,200,000 acre-feet 
for the three storage units.

Utilization of all this storage would, however, be impossible 
with the existing distribution of pumping plants. For any con 
templated future expansion, additional wells, judiciously spaced 
within the storage units, would be necessary.
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GROUND-WATER PERENNIAL YIELD

Prior to the advent of man in Indian Wells Valley, gro'ind-water 
discharge occurred almost entirely by evapotranspiration and in 
very small part by ground-water underflow or outflow to Salt 
Wells Valley. Since the development of large-capacity wells, dis 
charge by pumping has increased steadily and in 1966 was greater 
than the natural discharge.

EVAPOTRANSPIRATION

Evapotranspiration, which is the combined processes of evapo 
ration from moist soil and transpiration from plants, occurs in 
the eastern part of Indian Wells Valley, near China Lake (pi. 6).

Detailed field mapping of the principal ground-water discharge 
units and of depths to water in 1953, shown on plate 6, was com 
pleted by Kunkel and Chase (1969). The map data as well as the 
computations of evapotranspiration by Kunkel and Chsse (1969, 
figs. 12 and 13 and tables 7-9) were used in estimating perennial 
yield of the Indian Wells Valley ground-water basin.

The rate of evaporation from soil varies, among other factors, 
with the depth to the water table. Significant evaporation virtually 
ceases when the water table is below a depth of 9 feet; actually, 
evaporation continues at a very low rate in some small areas 
where levels are at much greater depth. Field observations in 
Indian Wells Valley indicate that in very tight clay, evaporation 
may lower the water level in wells to as much as 10 feet below 
the land surface.

The dominant phreatophytes are pickleweed (Allenrolfea occi- 
dentalis) and saltgrass (Distichlis spicata), and where these 
grow, the rate of transpiration of ground water varies both with 
density of plant growth and depth to ground water. These species 
generally do not draw water from a depth greater than 8 feet 
(Meinzer, 1927).

Water levels in wells in the area of evapotranspiration fluctuate 
annually. Generally the highest water level occurs about March 
15-30, and the level gradually recedes until about September 
15-30 after which it begins to rise. During the period 1912-66, 
intermittent records from wells in the area of evapotrar^piration 
indicate that the yearly range in water-level fluctuations was from 
0.2 foot to more than 3.2 feet and averaged less than 1 foot.

Lee (1913) classified the moist lands in and around CHna Lake 
into six types; to each type he assigned annual rates of evapora 
tion for the purpose of determining total evapotranspiration from
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ground water in the discharging area. The rates of Lee are reli- 
aible for those types which have data, but his estimated rate of 
evapotranspiration of 31,600 acre-feet per year is no longer con 
sidered valid because he worked when only poor map'' and no 
aerial photographs were available and when little work had been 
done on rates of evapotranspiration.

More recent work in other areas by Smith and Skarn (1927), 
Lee (1942), Young and Blaney (1942), Blaney (1952) indicated 
that the rates of evaporation assigned in 1913 to the var'ous units 
of discharge were probably too high; therefore, Kunkel and 
Chase (1969) revised the values for evapotranspiration. Rates for 
bare soil or for soil with a very sparse growth of pickleweed or 
saltgrass (10-percent density or less) were determined largely 
from work by Smith and Skarn (1927).

The consumptive use (evapotranspiration) for areas covered 
by saltgrass or pickleweed was calculated by Kunkel and Chase 
(1969) from the formula developed by Blaney and Griddle (1949) 
and Blaney (1951). The formula follows:

U = *kf - KF, 
where

U is the consumptive use of vegetation for any period,
k is the monthly empirical consumptive-use coefficient for

the type of vegetation in a particular locality, 
/ is a monthly consumptive-use factor obtained by multi 

plying the mean monthly temperature by the monthly 
percentage of daytime hours of the year, 

K is an empirical consumptive-use coefficient for the grow 
ing period, and 

F is the sum of the monthly consumptive-use factors for
the growing period.

Consumptive-use coefficients (k) for a dense (100 percent) 
saltgrass growth for various depths to ground water in Indian 
Wells Valley are shown in the table below. These values also have 
been applied to pickleweed.

Depth to water Coefficient' 
(ft) k
1 _________0.8
2 ______ .6
3 _______ .4

Depth to water Coefficient' 
(ft) k
5 _______0.3
6 _______ .2
7 _______ .2

1 Values suggested by H. F. Blaney, Senior Irrigation Engineer, Di 
vision of Irrigation and Water Conservation, Soil Conservation Service 
Research, U.S. Dept. of Agriculture.

The graph prepared by Kunkel and Chase (1969, fig. 12) show 
ing rates of evaporation and evapotranspiration assignee1 to areas 
of fine-grained bare soil, of 100-percent saltgrass cove", and of 
25-percent saltgrass or pickleweed cover for various depths to
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ground water is shown on plate 6. The table on plate 6, also from 
Kunkel and Chase (1969 p. 69), shows the estimated total evapo- 
transpiration from moist lands in and around China Lake in 1912 
and 1953.

Measurements of water levels in 1953 indicated that since the 
time Lee (1913) calculated the evapotranspiration, there was a 
net decline of the water table. The estimated total discharge by 
evapotranspiration was 8,000 acre-feet in 1953 compared with the 
estimated discharge of 11,000 acre-feet in 1912. The apparent 
decrease of about 3,000 acre-feet is presumably due to the increase 
in ground-water pumpage since 1912. Ground water that was 
earlier lost by natural processes is now lost by pumping and so 
has caused a net decline of water levels beneath the moist areas.

PUMPAGE

All agriculture in Indian Wells Valley requires irrigation. Prior 
to 1944 irrigation was the main use of ground water; s : nce 1944 
the ground water has been mainly used by the Naval Weapons 
Center or for public supply.

Other large users of ground water have been the town of Trona, 
the Stauffer Chemical Co. (formerly Westend Chemical Co.), and 
the American Potash and Chemical Co.; these users export water 
to Trona, Westend, and Searles, which are outside the watershed 
and study area. In addition, relatively small quantities, of ground 
water are used to supply the needs of scattered small ranches.

In 1912 eight wells were equipped with "modern powev pumps" 
which delivered water for irrigation (Lee, 1913); the best of the 
wells tested had yields of less than 540 gpm. By 1919 many acres 
of land had been filed on at the U.S. Land Office, and corsiderable 
prospecting for ground water had been done; however, little actual 
development of ground water had taken place. According to 
Thompson (1929), the irrigated acreage did not exceed 800 acres 
in 1919. On the basis of these reports, ground-water pump age prior 
to 1919 probably did not exceed 2,000 to 4,000 acre-feet per year 
and possibly was considerably less.

For the period 1920-42 data are not available on whic? to base 
an estimate of the ground-water pumpage. Bailey (1946) inspected 
many of the ranches in Indian Wells Valley in 1921, and at that 
time only one, the Bowman property, seemed to be commercially 
productive. Reports of longtime residents support this obs ervation. 
Paul Bailey (written commun., 1946) estimated 1943 pumpage for 
irrigation in Indian Wells Valley as 1,590 acre-feet, and between 
1919 and 1943 the ground-water pumpage for irrigation probably 
did not exceed 2,000 acre-feet per year.
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In 1944 ground-water pumpage for irrigation was greatly re 
duced when the Navy acquired a large part of Indian Wells Val 
ley; much of the land purchased had been used for ranching. 
Pumpage for irrigation in 1946 was estimated at 900 acre-feet, 
and, since then, agricultural development has shifted to land out 
side the weapons center. From 1951 through 1969 averrge annual 
pumpage for irrigation has increased only slightly.

Estimates of pumpage for all uses in the period 1£42-69 are 
shown in table 2. These data were compiled from availab1 ? metered

TABLE 2. Estimated pumpage, in acre-feet, for calendar years 19^2-69

Year Pumpage Year Pumpage Year Pumpage Year Pumpage

1942 _
1943 __
1944 __
1945 __
1946 _
1947 __
1948 __

2,300
_ 2,800

3,200
_ 3,600

4,200
  4,600

5.000

1949  
1950  
1951 __
1952 __
1953 __
1954 _
1955 __

__ 5,600
6,000

_ 6,500
7 900

  8,200
8,400
9.000

1956 _.
1957  
1958 _.
1959 .
1960  
1961 _.
1962 _.

.__ 9,400

._ 9,400
Q 400

. 10,000
  10,600
.__ 10,300

_ 11.000

1963 _ .
1964  
1965 -
1966 _ .
1967 .
1968  
1969 .

. _ 11,000
  11,600
.__ 11,600
  12,400
  12,300
.__ 13,000
__ 13,500

records. Every well and pumping plant in Indian Wells Valley was 
inspected by Kunkel and Chase (1969) in 1953, and for immetered 
wells annual pumpage was estimated on the basis of the use of the 
water.

Pumpage for the Inyokern Water District and the Pidgecrest 
Water Co. was compiled from records of metered accounts, esti 
mated unmetered accounts, and estimated line loss. Additional 
pumpage was computed by totaling the estimated pumpage of 10 
small water companies and cooperatives around Ridgecr^st. Those 
estimates were based on reports of owners and users, and on an 
estimate of the number of persons served, using 200 gallons per 
day per person.

Pumpage for the American Potash and Chemical Co. was com 
piled wholly from metered records furnished by Village Service, a 
subsidiary of the company. Pumpage for the Stauffer Chemical 
Co. was compiled from metered records and estimates by the 
company.

Pumpage for irrigation is based on an estimate of consumptive 
use of the crops grown in the valley, and therefore is more nearly 
an estimate of the net draft rather than gross pumpage. Wilcox, 
Hatcher, and Blair (1951) indicated that the only irrgation in 
Indian Wells Valley in 1946 was on the Lynn (later Henderson) 
and Smith (later Hedrick) ranches which irrigated a reported total 
of 341 acres as follows: 217 acres of alfalfa, 100 acres of wheat, 
and 24 acres of barley. Irrigated acreage of crops f~om 1951
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through 1953 was 315 acres in 1951, 365 acres in 1952, and 560 
acres in 1953. All the crops were alfalfa except in 1953 when 40 
acres was planted to both oats and alfalfa and 70 acres to potatoes. 
On the basis of work of the U.S. Bureau of Reclamation (1952) in 
the Victorville and Bars tow areas along the Mojave River, the con 
sumptive use of water by these crops in Indian Wells Valley, esti 
mated to be the same as in the Mojave River valley, is 3!/2 acre-feet 
per acre for alfalfa and iy% acre-feet per acre for potatoes, wheat, 
oats, and barley.

Pumpage for domestic and stock use is the total estimated pump- 
age of 34 small-capacity wells. These totals include small quanti 
ties for yard and garden irrigation.

USABLE GROUND-WATER YIELD

An estimate of perennial yield for a ground-water basin is usual 
ly developed from the basic concept that, under natural conditions 
prior to pumping, the recharge equals the natural d'scharge. 
Hence, perennial yield is equal to the recharge or the natural dis 
charge, minus any unrecoverable natural ground-water d'scharge, 
plus any salvable induced recharge. For all practical purposes, in 
Indian Wells Valley there is no salvable induced recharge; there 
fore, the amount of natural discharge pumped each yeg.r should 
not deplete the ground-water storage to the depth that vould in 
duce the inflow of chemically inferior water. The methoc1 used to 
estimate the perennial yield in Indian Wells Valley is: 
Perennial yield = Recoverable evaporation and plant transpiration 

(evapotranspiration) plus any recoverable 
ground water that may discharge by under 
flow out of Indian Wells Valley (estimated to 
be less than 50 acre-feet per year).

To intercept all recharge into the valley would require reducing 
the natural water loss to zero. There is an evapotranspiration loss 
in and near China Lake and east of Ridgecrest because the water 
managers maintain a slight hydraulic gradient toward the areas of 
poor-quality water. Furthermore, under normal pumping prac 
tices, controlling the gradient, and hence, the natural discharge, is 
difficult. Accordingly, natural water loss by evapotranspirc tion and 
ground-water outflow probably could not be reduced to l°.ss than 
1,000 acre-feet per year.

Thus, the developable yield of the basin is equal to the long-term 
average annual natural discharge (perennial yield), prio~ to any 
pumping, of about 11,000 acre-feet (Kunkel and Chase, 1969) 
minus the loss of at least 1,000 acre-feet, annually tolerated in 
order to prevent quality deterioration of the remaining supply, or:
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Developable yield = 11,000 (perennial yield) - 1,000 = 10,000 
acre-feet.

Ground-water pumpage in 1966 was about 12,400 acre-feet (table 
2) or about 2,400 acre-feet greater than the estimated developable 
yield, and total discharge was at least 20,000 acre-feet, or about 
10,000 acre-feet more than the estimated developable yield. Total 
discharge in excess of the developable yield is increasing and will 
probably continue to increase because pumping is not ab1 ^ to inter 
cept a large part of the ground water that continues to be dis 
charged by natural processes on the playas. This fact is supported 
by the small estimated reduction in natural discharge, possibly 
only 3,000 acre-feet per year, during the period 1912-53. In fact, 
water-level-contour maps indicate that water levels in t^e shallow 
deposits near China Lake are now rising owing to recharged sew 
age effluent and that evapotranspiration from the playas may now 
(1972) be increasing rather than decreasing.

The fact that in 1966 the total discharge exceeded the estimated 
developable yield by more than 10,000 acre-feet clearly indicates 
that pumping ground water at the present rate cannot be continued 
indefinitely. Eventually pumpage must be reduced or water must 
be imported into the valley. On the other hand, the estimated co 
efficients of storage in much of the valley are large; the total quan 
tity of ground water in storage is enormous. The estimated usable 
ground water in storage is 2,200,000 acre-feet, and if wells are 
properly spaced for withdrawing the water without crusing the 
water quality to be impaired by inflow of poor water to pumped 
areas, the present pumping rates could be continued for many 
years. By a conservative estimate, at the 1966 pumping1 rate, the 
usable ground water in storage in the upper 200 feet of saturated 
deposits would constitute a supply great enough to laft at least 
180 years.

CHEMICAL QUALITY OF GROUND WATEF

Representative chemical analyses of ground water punped from 
wells in the valley are shown by diagrams of the chemical quality 
of water (pi. 5). These diagrams show the general quality of the 
water, areal differences in water quality, and areas where water 
quality is similar. Guidelines for good domestic and irrigation 
water, described in the following sections, are empirical and in a 
sense arbitrary; therefore, they are best used to compare water 
and should not be considered standards.

In general the dominant cations and anions in ground water in 
Indian Wells Valley are either sodium and bicarbonate or sodium
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and chloride. Ground water in the valley may be grouped into three 
general categories which are summarized in the following table.

Sodium plus
potassium Total Total

Category range dissolved hardness Chloride Boron Fluoride 
(percent of solids (mg/l) (mg/l) (mg/l) (mg/l)

total (mg/l) 
cations)

I      __ 35-60 >600 100-200 <100 <1.0 <1.0
II ______ 65-99 <600   <1,000 30-100 >100 3->10 <1.0->4.0
III  ____ 65-99 >1,000 >100 >250->3,000 3-10 1.0->4.0

The chemical quality of water of the first category is the best 
available in Indian Wells Valley. Water of the first category occurs 
in the deposits of medium depth in the western part of the basin 
and throughout most of the area north of Inyokern. It is highly 
variable in ratios among the principal ions.

In water of the second category, sodium and bicarbonate ions are 
dominant. In general, the dissolved solids approximate o1* are less 
than the concentrations of the water of the first category. Water 
of the second category occurs mainly in deeper zones near the 
weapons center main gate and extends westward within the limits 
of the ground-water subunit underlying Ridgecrest as far as the 
western extension of the two bordering faults. Water in the deep 
parts of the main body in the vicinity of China Lake and in the 
area east of Ridgecrest may be in the second category because it 
contains fewer dissolved solids than water from shallower wells 
which contain water from the third category.

Because of the low calcium and magnesium content, the water of 
the second category is generally moderately soft and for this 
reason is desirable for domestic use. However, water from some 
wells has a fluoride concentration between 2.5 and 4.0 mg/l (milli 
grams per liter); that concentration range is above the recom 
mended limit of the U.S. Public Health Service (1962). If used for 
human consumption, it should be blended with other water of lower 
fluoride concentration.

The boron concentration of the water of the second category 
commonly ranges from 3 to 10 mg/l or more and thus is generally 
unsuitable for irrigation of all but the most boron-tolerant crops. 
This concentration range is not known to be critical for domestic 
use, but in part accounts for the poor yield of orchards in earlier 
agricultural developments in Indian Wells Valley.

Water of the second category is generally similar to that of the 
first category, but it had probably undergone cation exchange a 
natural process in which calcium and magnesium cations in the 
eastward-migrating ground water are exchanged for sodium and 
potassium cations contained in the water-bearing beds.

Sodium and chloride ions are dominant in water of the third
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category. The concentration of the chloride ion is generally above 
250 mg/1 and may be greater than 3,000 mg/1. In gereral, this 
water has a much higher concentration of dissolved solids than 
water of the first and second categories. Water of the third cate 
gory generally occurs in the vicinity of China Lake playa and in 
the southeastern parts of the basin south and east of RMgecrest. 
The dissolved-solids content of this water is generally above the 
desired limits for either irrigation or domestic uses. Locally, the 
water of the third category may be used for domestic consumption, 
but only if no other supply is available.

Several miles east and southeast of Ridgecrest, ground water 
probably is not contaminated by water from China Lake, but the 
quality reflects the presence of residual saline water of a former 
lake or lakes in that area. Although the water in the vicinity of 
China Lake and east of Ridgecrest is of the third category, it is in 
poor hydraulic continuity with the main water body to the west; 
the water-level-contour maps indicate that the movement of 
ground water has been from the area east of Ridgecrert toward 
China Lake. A thick clay zone in the alluvial deposits east of the 
main gate at the weapons center may form an effective barrier to 
such movement. Many local residents think that the high-chloride 
water east and southeast of Ridgecrest is related to inflow of saline 
water from China Lake. The heavy pumping in and near Ridge 
crest may cause a deterioration of water quality by drawing in 
naturally occurring high-chloride water from the area to the east 
and southeast.

Although the general conclusions regarding the existence of the 
three general water types and their vertical and lateral extent 
seem tenable, meager chemical data now available indicate that 
water samples obtained from wells that tap thick aquifers may 
represent blends of two or more fairly distinct water ty~>es in the 
aquifers.

A deterioration in the chemical quality of the wate~ pumped 
from well 26S/39E-19K1 was indicated by an increase in the dis 
solved solids from 632 mg/1 in 1960 to 1,250 mg/1 in 196f, In 1964, 
however, dissolved solids decreased to 707 mg/1. The well was 
tested in January 1965 to determine the source of the ground water 
containing the high dissolved-solids content. This well penetrates 
three permeable zones; opposite each zone the well casing is per 
forated. Inflatable packers were installed during the test so that 
the water samples could be selectively collected from the different 
perforated intervals during each of the five pumping everts. Water 
samples were collected at the end of each pumping event; chemical 
analysis of these samples (table 3) indicated that the water from
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TABLE 3. Chemical analyses of water from several depth zon?s in well
26S/89E-19K1 

[Constituents given in milligrams per liter]

Constituents

Depth packers set. (ft) _ 
Duration of pumping 

(hr)_ 
Calcium (Ca) ___ _
Sodium (Na)     _
Bicarbonate (HCO3 ) _ 
Sulfate (SO4 ) ._   
Chloride (Cl) _______
Dissolved solids, resi 

due on evaporation 
at 180°C ___ _ _

Hardness as CaCOs _ 
Specific conductance 

(micromhos at 25°C)- 
pH ...._._..._..__._..

Date of collection
January 12, 1965

1 590-625

3
155 
160 

15 
150
444

1,170 
428

1,670 
7.1

2 540-803

2 
189 
188 

34 
175 
540

1,660 
520

2,370 
7.0

3 625

9 
128 
134 

49 
120 
360

1,400 
364

1,870

Jrne 21, 1965-

4 540

"112 
114 

78
98 

300

1,090 
316

1,560 
7.6

5 570

69 
76 
51 

172

798 
236

1,000 
8.2

1 Water from middle perforated interval only.
2 Water from middle and lower perforated intervals only.
3 Water from upper and middle perforated intervals only. 
* Water from upper perforated interval only. 
5 Well sealed below 570 feet.

the upper perforated interval was lower in dissolved soUds than 
the water from either the middle or lower perforated intervals.

After January 1965j the well was permanently sealed 570 feet 
below land surface; the water sample taken in June 19*5 had a 
dissolved-solids content of 798 mg/1. The chemical-quality diagram 
of sample 1 from this well (pi. 5) represents water pumped from 
the middle and lower perforated intervals; the diagram of sample 
2 represents water pumped after the seal was installed.

Fluctuations in the dissolved solids from 1960 through 1964 were 
probably due to the variation in the percentage of water taken 
from the lower and middle perforated zones present in the 
sample.
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