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A PROGRESS REPORT AND PROPOSED TEST-WELL DRILLING PROGRAM FOR THE WATER- 

RESOURCES INVESTIGATION OF THE ANTELOPE VALLEY-EAST KERN WATER AGENCY

AREA, CALIFORNIA

By J. E. Weir, Jr., J. R. Crippen, and L. C. Dutcher

SUMMARY AND CONCLUSIONS

This report vas prepared in cooperation with the Antelope 

Valley-East Kern Water Agency and outlines the general purpose and 

scope of the overall vater-resources study; the progress of the 

investigation; the preliminary findings; and the need for quanti­ 

tative information from aquifer teats, test drilling, and further 

studies. The specific purpose of the report is to provide general 

background information on the area and its water problems, outline 

further studies to be completed, and outline a proposed program 

for drilling test veils to provide additional data vhere necessary.



The Antelope Valley-East Kern (AVEK) Water Agency is in the 

southwestern part of the Mojave Desert region of California about 

ko miles north of Los Angeles. The water-resources study includes 

nearly all of Antelope and Premont Valleys, an area of about 3,300 

square miles, of vhich about 800 square miles is uplands and the 

remainder is mainly alluvial plains below an altitude of 3,500 feet 

above sea level.

The irrigated agricultural acreage in the AVEK area has 

increased from about 10,000-15,000 in 1919 (Thompson, 1929, p. 39) 

to about 86,000 in 1955. Dry farming is also practiced but is of 

much less importance, being about 48,000 acres in 19^7 (California 

Division of Water Resources, 19^7, p. 2).

Mining is an important local industry, and military installations 

and industries related to national defense are becoming increasingly 

important to the economy of the area.

The development of the water resources was started in the early 

1890's when attempts were made to divert surface water .from streams 

for irrigation near Biladale* Meat of these attempts vere failures. 

Pumping for irrigation on a large scale was started in about 1900; 

by 1919 about 500 wells were in use; by 1960 the wells in use had 

increased to more than 3,000.
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Pumping, primarily for irrigation "but also increasingly for 

domestic and industrial use, has long exceeded the average annual 

recharge in the area. Water levels are declining, and if the with­ 

drawals are continued at the present rate pumping water from wells 

in much of the area will become impractical because of deep water 

levels. The water levels in wells ultimately determine the 

practical economic development of the ground water. Snyder (1955* 

p. 128) made a study of economic conditions in Antelope Valley and 

set a practical economic limit for pumping for irrigation at a 

depth of about 500 feet below the land surface. Trends of water- 

level decline are shown graphically on figures 3 and 4. These 

graphs support the agency's decision that imported water is needed 

and show clearly that the natural supply ultimately will become 

inadequate unless water is imported into Antelope Valley basin  

and in parts of Fremont Valley basin also.

The AVER Water Agency plans to import water from northern 

California via the California Aqueduct beginning with about 20,000 

. acre-feet scheduled for delivery in 1972. The quantity will be

increased periodically until 120,000 acre-feet is delivered annually 

after 1990. An additional amount of water probably will be needed 

before 2020.

~7Many problems related to importing water into the A7EK area 

are not directly connected with geohydrology and therefore are beyond 

the scope of this report. One of these concerns the water rights of 

the individual water users*
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Preliminary hydro logic findings, an appraisal of the quantitative 

aspects of the principal aquifers, and an appraisal of sites for 

storing imported water, are summarized in this report and are briefly 

outlined, as follows:

The climate is arid and most of the rain falls during the months 

December through March- The evaporation rate is very high, probably 

averaging more than 100 inches annually on the valley floor. Some 

storms bring precipitation and runoff which provide the temporary 

surpluses of water that contribute to streamflov and ground-water 

recharge*

Runoff to the valley areas is primarily from the bordering 

mountains and only part or this flow is measured. Additional gaging 

stations should be installed and operated during the next 2 years.

Almost all the important aquifers in the area are contained in 

alluvial deposits of Quaternary age; the older rocks are of low 

permeability and yieM little or no water to wells.

Ground water in the alluvial deposits move* from tbe bordering
__ _ _ _ _ _

mountains and hills toward the lowest points of the valleys, which 

are occupied by dry lakes or pl&yas. The area is divided by 

faults and outcrops of consolidated rocks into two major ground- 

water basins Antelope Valley basin and Srement Valley basin. Each 

Major basin is, in turn, divide* by ground-vat*r Carriers, faults,

or local areas of consolidated rocks into several smaller areas  

ground-water subunits.
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Ground-water movement between the major basins occurs only at 

two places along their common boundary. Although hydraulic continuity 

is restricted to two relatively small "gaps," this interconnection 

is of utmost importance to the area. The two major basins share & 

common source of recharge and, therefore, a common resource.

Ground-water recharge is estimated to be 76,000 acre-feet per 

year, of which Antelope Valley basin probably receives about 58?000 

acre-feet and Premont Valley basin about 18,000 acre-feet.

The best wells in the area yield about 500 to 2,000 gpn 

(gallons per minute). The principal aquifers, however, probably are 

not sufficiently permeable to act as natural pipelines which would 

efficiently distribute the water which the Agency plan* to import. 

Because the area is large, a distribution system must be built 

to carry water from the proposed aqueduct to points of use which 

are mostly at considerable - distance.

Reportedly the Agency plans to construct a surface reservoir 

having a storage capacity of about 25,000 acre-feet. To provide 

enough water for the probable daily and seasonal peak demand 

additional storage space in ground-water reservoirs may be needed. 

Four sites for potential surface reservoirs have been examined. 

Each will require further study to determine its suitability for 

use by the Agency. Several areas have been studied to determine 

those most suitable for temporary underground storage in aquifers 

that could be pumped later for use by the Agency.

11



Two ground--water subunits Chaffee subunit in the Fremont Valley 

basin and West Antelope subunit in the Antelope Valley basin have 

been selected for detailed study to determine if each would be 

suitable for^ large-scale recharge by spreading imported -water. Probably 

these two large ground-water subunits will be needed as repositories 

or "banks" where water not fully subscribed by users could be held 

in storage until needed; they are in an area of ml nlnnim outflow and 

pumping. Because these subunits may be very important during the 

first decade or two after 1972, detailed data on their principal aquifers 

are needed. For this purpose a program of drilling 7 to 12 test wells 

to determine the extent of the Randsburg-Mojave fault and the extent 

of the West Antelope ground-water subunit is outlined herein. Aquifer 

tests, at two sites will be needed also. All tba fieMrork should be 

completed early in the 1965 fiscal yea* so ttet the results can be 

incorporated in the final interpretive report on the water resources 

of the AVEK area scheduled for completion by July 1965.

12



HEERODUCTION

The U.S. Geological Survey "began the water-resources Investigation 

of the Antelope Valley-East Kern (AVEK) Water Agency area in May 1963 

in accordance with the terms of a cooperative agreement "between the 

two agencies. This report outlines: (l) The general purpose and 

scope of the overall water-resources investigation; (2) the progress 

of the investigation to date; (3) the preliminary findings; and 

(4) the need for quantitative information from aquifer tests, test 

drilling, and further studies. In addition, the history of ground- 

water development in the area and a previously determined need for 

importing water are briefly described. Also, the adequacy of the 

ground-water supply available for use during the period remaining 

before imported water becomes available (about 19T2) is briefly 

appraised.
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Purpose' and Scope of the Overall Investigation

The purpose and scope of the cooperative investigation of the 

water resources of the AVEK area are to provide, insofar as possible, 

a qualitative evaluation of the ground-water basins and the aquifer 

systems on which the AVEK Water Agency can base plans for conjunctive 

use of local and imported water supplies. Thus, as summarized during 

the early planning stages, the scope of the overall investigation 

includes :

1. Field and office work to bring up to date the

, . 

-

to delineate the watar-TDeecring deposit^.

3. Delineation aM description of the physical 

structure, boundaries, and subdivisions of the ground- 

vater basins and subunits.

k. Identification of areas susceptible to- natural 

and artificial recharge to the aquifer system and 

description of the relation of these areas to points of 

water use, natural discharge, and other areas.

5. A qualitative description of the aquifer system 

aa related to source, occurrence, movement, and subsurface 

inflow and outflow of ground water.



An, appraisal of the surface runoff and its relation
' , -  ' *'v- i ' !* «   ",'.

- ,-JiA- i'JlwLv"--- >''>\-^i** .- ;.V^-V^ -  : *V-  _ V »?Av.;i;C,V«.^ ^T  >: >.- - * h  -- - ' 4 - '"" *  -

to area* of probable natural reeharg* and the no«d for
^wr^jwr-r'-tr^T: -,  5f-r^-3F  7i 1;*!F7'~??-" ' "7" '"" ,"? "tl" " -  -»r~^-*>-'>-.-; -r"-^. .>/ . -/. '  <?*  ,. '" "v-» ; ->

additional ellmatologic and hydrologic d*ta for subsequent 

quantitative appraisal.

7» ^ie determination of coefficients of aquifer trans- 

missibility where studies indicate the need for these data 

and wherever existing facilities permit.



Purpose and Scope of This Report

The purpose of this report is to provide general background 

information on the area and its water problems. The scope of this 

report is to (1) describe the status of the overall Investigation 

and summarize the preliminary findings, (2) outline the further 

studies to be completed during this investigation, (3) estimate,

insofar as possible, the work needed to complete the studies,
Cr^ 

including work not definitely foreseen during the early planning

phases, and (k) outline a proposed program for drilling test wells 

to provide additional data where necessary.

The work is being done by the Geological Survey, Water Resources 

Division in cooperation with the Antelope Valley-East Kern Water 

Agency, under the direction of Fred Kunkel, district geologist in 

charge of ground-water investigations in California, and under the

direct supervision of L. C. Butcher, geologist in charge of the
) 
southern California subdistrict office.
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Location and Extent of Area

The AVEK area, the south border of which is about 40 miles 

north of Los Angeles, is in the southwestern part of the Mojave 

Desert region of California (fig. l). The area includes nearly 

all the combined drainage basins of Antelope and Fremont Valleys 

(fig. 2). These drainage basins include an area of about 3,300 

square miles, of which about 800 square miles in uplands in the 

mountains that border the desert valleys on the south, northwest, 

and southwest; the remainder includes the alluvial plains and 

low hills of a central region below an altitude of about 3,500 

feet above sea level.

Nearly two-thirds of the area is in eastern Kern County, and 

the remainder is in Los Angeles County; the San Bernardino County 

line delimits the AVEK area on the east.

The area is between lat 3^°15 f and 35°30' ft, and long llT°30 f 

and 119°OO fW. and is accessible from Los Angeles via U.S. Highway 6.

17



Progress of the Investigation

The long-range plans for importing supplemental water into the 

two large ground-water basins of the AVEK area have been completed. 

Planning for the best and most efficient means of storing and 

distributing the imported water must be based on a knowledge of the 

regional geology and hydrology. The acquiring of this knowledge 

requires an intensive study of the geology; the surface-water runoff; 

the ground-water recharge; the occurrence, source, and movement of 

ground water; and, in some critical areas, the determination of the 

coefficients of transmisslbility and storage of the deposits. 

Accordingly, the collection of nearly all existing geologic and 

hydrologic data in Antelope and Fremont Valleys has been in progress. 

This work includes the following elements;

1. Existing geologic maps are being compiled, and the 

geologic formations are being examined in the field to determine 

the extent and physical character of the unconsolidated water­ 

bearing deposits.

2. Data for nearly all wells in the western part of 

Antelope Valley have been assembled, and data collection in the 

eastern part of the valley is being continued in cooperation 

with the California Department of Water Resources. Available 

data for wells in the Willow Springs area (Kunkel and Dutcher,

I960), Premont Valley area (Dutcher, 1959), and Edwards Air
f

Force Base area (Dutcher, Bacler, Hiltgen and others, 1962) are

being used, and additional data are being assembled as new wells

are completed.
lo



3. In the Kern County; ^part -v of western Antelope 

Valley south of Willow Springs, where existing topographic 

maps show only 100-foot contour intervals, altitudes of 

all wells have been surveyed to provide precise control 

for making water-level -contour mapav

kr All earlier measurements of water levels in wells 

in Antelope and Fremont Valleys have been assembled. From 

. , these data a vat *r- level -contour- map was constructed.

5, All known aquifer -test data have "been assembled 

and are being analyzed*
*-'-' .-^v;-r;-->-.v^ " ' V-'-iv.-r -"-"^ "  ^ "":-* ; "':-"-'    

d aj3u^T|y raEbgic ^sections in Antelope 

eanpleted from veil data"
.- - -  .^--- x - . > - ' :,- . ... "  r
%^Ia*l^^^^ ^: *"-^£Sifc '   '

*"'*.-   ^^^*^^^<^^f--*^'x»-«tt&Bffi- !ri*~'S«<T =** ** *  "  ?'»'Si' T'-~a--' ^^*»I ' ; "*'t7?flS3K'T'?'^ "^r"?f *7»P"'   " "  '*e5r>   H^^^-"*",Kl^;>{ .^b^k-^:---*i^js^«S^^'*^Sife^-;wip^^   --**- " ***K^ 

?. Several potential sites for surface-water reservoirs

have been examined in the field, and 10 sites have been 

selected for additional studies to determine if some are 

suitable for use in artificial ground-water recharge projects 

and as small ground-water reservoirs for holdover storage of 

imported water*
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8. Two large ground-water siibunlts, one in Antelope Valley 

and one in Fremont Valley, have been selected as probably the 

best sites available in the ATOC area for use as large-capacity 

holdover storage reservoirs suitable for cyclic recharge and 

pumping. These subunits will require further intensive study 

to determine their suitability. It mus£ be feasible to recharge 

imported water into the sub units, they each much have a large 

storage capacity, and they must retain water for later recovery. 

The latter characteristic will b« particularly important if good 

water-management practices require that large-scale ground-water 

storage reservoirs be used in conjunction with, the planned 

surf ace-storage and water-distribution system. However, test 

drilling will be required to determine if the subunit in the 

western part of Antelope Valley is suitable. Aquifer tests in 

each of the subunits will be necessary before firm plans can be 

made to use these areas for cyclic pumping and recharge; test 

 wells will be needed to determine if imported water that may be 

recharged into the subunitB can be retained for later recovery 

by pumping from wells controlled by the Water Agency.

20



9. Available data on precipitation, evaporation, and 

surface-water runoff have been assembled and analyzed for 

use in making estiinates of annual ground-water recharge to 

the valleys.

10. In the Lancaster subunit of Antelope Valley basin, 

the average rate of water-level decline during past years 

was estimated to determine if the usable ground water in 

storage will be adequate to meet the probable needs of the 

area during the 20-year period ending in 1985* On the basis 

of these records, available water in storage probably will 

be adequate to supply most of the needs of the Lancaster 

subunit until 1985* However, to meet all the needs some 

water must be imported after 1975- The need for supplementing 

the natural supply is clear if use is to be continued 

indefinitely. The economy of much of the area cannot be 

supported continuously by pumping only the ground water 

recharged naturally. However, if water is imported in 

quantities as planned and beginning in about 1972, water users 

can be assured indefinitely of an adequate supply.

21



11. Estimated average rate of -water-level decline 

in North Muroc, California City, and Koehn subunits 

indicates that needs of these areas probably can be 

supplied tram, ground water in storage for at least 30 

years, unless projected increases in population are 

conservative. Of the three subunits, California City 

probably will require supplemental water first and 

North Muroc subunit will need imported water last, 

assuming continuation of recent withdrawals, develop­ 

mental trends, and rates of water-level decline.

22 
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Well-Numbering System

The well-numbering system used by the U.S* Geological Surrey in
-> 

California indicates the location of wells according to the rectangular

system for the subdivision of public land. For example, in the well 

number 32S/37E-36N1 the first two segments designate the township 

(T. 32 S.) and the range (R. 37 E«h the third gives the section 

(sec. 36); and the letter indicates the 40-acre subdivision of the 

section, as shown in the accompanying diagram. The letter £ indicates 

the well was plotted from an unverified location description.
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Surface-Water Drainage Basins

The combined drainage basin of Antelope and Fremont Valleys is 

hydrologically closed. Although the general land slope and the 

resulting direction of surface drainage is the local criterion - 

for separating the two valleys into two drainage basins, local usage 

of the two names is rather vague and sometimes no distinction is mads 

between them. The total drainage area includes about 3*300 square 

miles, of which about 2,420 i* directly tributary to Antelope Valley, 

, - «ad -&* remainder ie in the drainage area of Fremont Valley (fifr. 2).
&'  \-O .-.   '-. - : .  « -. ' -  - '"  #. ' - "  -'. - ' ,   ' -*t

two folleys are separated by a storface-vater divide, and each 

h&» a floor of alluvial fill derived from the adjacent mountains.

The lowest part of Fremont Valley is Kbehn (dry) Lake, a 

moist-type playa of about 5 sqiiare miles at an altitude of 1,9^0 

feet above sea level. Forty square miles of Fremont Valley lies 

below 2,000 feet, and about 2^0 square miles is below 2,500 feet 

in altitude. The lowest altitude in Antelope Valley is about 

2,270 feet at Rogers, Rosamond, and Buckhom (dry) Lakes, which 

have a total area of about 75 square miles. About 660 square 

miles of Antelope Valley is below 2,500 feet in altitude.



The low point along the surface-water drainage divide between 

Antelope and Fremont Valleys is near Castle Butte (fig. 10), 

northeast of Rogers Lake, at an altitude of about 2,36*0 feet. Any 

surface runoff from Antelope Valley into Fremont Valley would be 

past this low point in the divide.

The low point along the surface-water drainage divide that 

encloses the combined Ante lope-Fremont Valley basin is along the 

east margin near the town of Boron at an altitude of about 2,^80 

feet. Any overflow from the closed basin would occur throu^a a 

gap nearly 3 miles wide between the bordering uplands, but first 

a lake having a surface area of nearly 900 square miles would be 

formed. Such a large natural lake could not be formed in the 

present arid climate. Surface water now moves toward the playas 

at the low point of the basin in which the runoff originates, but 

runoff from the surrounding mountains only rarely reaches the 

playas in Antelope Valley. However, it frequently reaches Koehn 

Lake in Fremont Valley where the mountains are closer to the playa.



Despite a complex geologic history, the topography of the two
r + ~- '  &.

raXleys ia relatively ftlapae* 11i« »itt part of the ba»in is roughly'
i^
^^ -&£?-

Mountain* (fig. 2), on the northveet. by the wuth&vn end of the 

Sierra Nevada, which curves westward and merges with the Tehachapi 

Mountains which trend southwest to the San Gabriel Mountains --a 

part of the Transverse Ranges, Peak altitudes range from about 

^,800 feet on the north, in the El Paso Mountains, to 7>500 feet 

in the north part of the Tehachapi Mountains, and about 5>000 feet 

near the westernmost point, k miles east of Tejon Pass. The divide 

then drops to about 3,^00 feet just east of Quail Lake. The 

Transverse Ranges form an angle of about 70 degrees with the 

Tehachapi Mountains. Peak altitudes are about 5>000 feet near 

Tejon Pass and range to 9,000 feet in the San Gabriel Mountains in 

tile southeast part of the area*
^??H*,^  *: T-&': ~^?$&$T?S'^'&^'¥&'~ v^-Cf^ "'\'~-
^'^J'-'--^^k"-~^''^^'-'[-~^'^^':^'f^,^-'^-i.' -..vv -,:. A4 ~ ;*3k?" 

the (?arlocl: fault 'along the northwest side of Antelope and Fremcnt

Valleys and with the San Aadreas fault on the southwest side. Except 

at passes, the mountains descend steeply toward the valley floor, but 

near the 3,500-foot contour the slope gradually becomes gentler. The 

3,000-foot contour encircles the valley area and retains the arrowhead 

shape of the drainage boundary. At that altitude slopes are more gentle. 

areml 4fytttp&fe»<a£ 3*n& altitude £* a&cwa la'



Table 1. Distribution of Land-surf ace altitude 
in Antelope and Freaont Valleys

Altitude, 
feet 
above 

mean sea 
level

9,390

8,000

7,700

7,000

6,000

4,000

3,000

2,500

2,300

2,280

2,270

2,000

1,950

1,940

Area at less than the indicated altitude

Antelope Valley

Sq. mi.

2,1*20

2,4l3

2,407

2,367

2,117

1,597

660

144

75

0

Percent

100

99-92

99.46

97-8

87.5

66.0

27-3

6.0

3-1

0

Fremont Valley

Sq. mi.

880

880

878

870

613

367

240

1*0

5

0

Percent

100 '

100

99.78

98.87

69.7

41.7

27-3

4.5

  57

0

Combined

Sq. mi.

3,300

3,298.

3,285

3,237

2,730

1,964

900

40

5

0

Percent

100

99.94

99-55

98.09

82.7

59.5

27-3

1.21

.15

0
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Economic Geography

The AVE2C area, being largely within the Mojave Desert region of 

southern California, has a temperate climate featuring a long hot 

and dry growing season. Climate, the presence of ground water, and 

an abundance of relatively flat cultivable land have been responsible 

for the chief economic pursuit of the area, that of irrigated agri­ 

culture .

The acreage devoted to irrigated agriculture in the AVEK area 

has been estimated by several workers in the past. In 1919 probably 

between 10,000 and 15,000 acres were under cultivation in Antelope 

Valley (Cftiompson, 1929, p» 39) and most of this area was irrigated 

with ground water. % 19^7 the .area, uadjer irrigation had increased, 

mainly during the period 19^-^-7* to an estimated 52,000 acres 

(California Division of Water Resources, 19*4-7, p. 19). In 1955 

approximately 86,000 acres were irrigated in Antelope Valley 

(California Division of Water Resources, 1955, p. 13) including 

more than 7>000 acres in the vicinity of Willow Springs. The 

irrigated area in Fromont Valley was about 8,000 acres in 1958 

(Dutcher, 1959 * P» !&)  Only a very small area was under irrigation 

in Fremont Valley in 1919 (Kiompson> 1929, p. 219-220).
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Dry farming has been practiced with mixed success in the past 

but some dry farming is still done (1963). An area of about kQ,QQQ 

acres was dry farmed in Antelope Valley during 19^7 (California Divi­ 

sion of Water Resources, 19^7 > ?  2). However, most of the crops 

depend on irrigation by ground water. In 1955 vater pumped from

wells Irrigated more than 95 percent of the crops grown in Antelope
\^

Valley (Snyder, 1955> ?  l). All the water used in Fremont Valley 

is ground water.

The U.S. Air Force was attracted to Antelope Valley because of 

the flat surfaces of the playas or dry lakes which form excellent 

landing areas for airplanes. Edwards Air Force Base and Air Force 

Plant U2 are elements of major economic importance to the AVEK area. 

Several thousand persons living in the area derive their livelihood 

directly or indirectly from these installations.

The mining of minerals also contributes to the economy. Borate 

deposits are mined near Boron, and salt is extracted from the ground- 

water brine at Saltdale, on the north edge of Koehn lake.

Agriculture has had the major influence on economic development 

in the AVEK area, but irrigated agriculture will probably decline in 

the future as pumping costs increase and urban encroachment continues 

(California Department of Water Resources, 1959> fig* 2 and p. 157)- 

Industry will almost certainly assume a major role in the future 

economy of the area.
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History of Water Development and Overdraft

The development of surface water on streams vhich drain the San 

Gabriel Mountains south of Antelope Valley marked the start of irriga­ 

tion in the AVEK area during the early l890 f s. At that time six 

irrigation districts (Thompson, 1929, p. 291) vere formed. Drought 

conditions beginning in 189k caused the early failure of virtually 

all of this development. >

Although in the early l880 r s it vas discovered that flowing 

wells could be obtained in the central part of Antelope Valley, pump­ 

ing water from wells for irrigation was not practiced on a large scale 

until about 1900 (Thompson, 1929 / p. 29*0, when the use of turbine 

pumping plants was initiated. Development of ground water for irriga­ 

tion was slow, as shown by the fact that in 1909 fewer than kO wells 

out of a total of about 350 listed by Johnson in Antelope Valley 

(1911, p» 70) were equipped with pumps* However, many of the wells 

in the lower parts of the valley were artesian and water from these 

flowed onto the land for use.

3y 1919 an estimated total of 500 wells had been drilled in 

Antelope Valley (Thompson, 1929, p. 294). About 250 of these were 

equipped with improved models of turbine pumps, and most were driven 

by electric motors.



Development of ground water continued until about 1930 when 

the general economic depression slowed development for several years. 

Expansion of irrigation was resumed in 193*S but no marked growth 

occurred until after 19^K) (Snyder, 1955, P» 16).

In the years during and following World War II, the development 

of ground water in the AVEK area was extensive and rapid. Not only 

was the growth of irrigation large, but urban expansion which resulted 

froa the growth of the military installations also was rapid. In 19^0 

almost 600 wells equipped with pumps were used in Antelope Valley, but 

fry 1950 there were more than 1,000 (Snyder, 1955, P» 17 )  About 200 

wells having relatively large yields have been constructed in Antelope 

Valley since 1950* but some of these were installed to replace older 

wells which were no longer adequate.

Thcnpson (1929, p. 209) included data for only 57 wells in 

Fremont Valley in 1919. In 1958 there were 370 wells (Dutcher, 1959, 

p. 13) in that part of Fremont Valley north of the Muroc fault, and 

in the adjoining northeastern part of Antelope ̂ Valley. Only about 

10 percent of these hads.iarge yields fc, .... and most were located in the 

vicinity of Koehn lake or California City. South of the Muroc fault 

only about 10 wells, of a total of nearly 300,' were used for irriga­ 

tion during the period 195^-58 (Kimteel and Butcher, 1960, p. 7), 

mainly in the vicinity of Willow Springs.



As irrigated agriculture has expanded in the AVEK area, pumping 

from ground-water storage has increased greatly and an overdraft 

condition has become increasingly serious. Snyder (1955, p. 61-95) 

estimated the overdraft in Antelope Valley during the period 1924-51, 

based on the consumptive requirements for crops and electrical power. 

He then related the change in ground water in storage to total pumpage 

and projected the expected decline in the water table to 1979 for four 

sets of assumed developmental conditions (Snyder, 1955, table 5.2, 

p. 93)  Thus, an inference is made that water levels in wells ulti­ 

mately determine the practical economic development of ground water. 

Snyder (1955, P- 128) sets an economic limit of pumping in Antelope 

Valley at about 500 feet, a depth considered reasonable under existing 

economic conditions. Using only the average depth to the water levels 

in one of the most highly developed parts of Antelope Valley, a trend 

in the rate of water-level decline is shown on figure 3* The curve 

smoothly drawn through points of average historic water levels in wells 

clearly demonstrates a long-term downward trend in water levels. The 

dashed projection of the curve (fig. 3) shows the approximate rate 

of decline if water is not imported into the basin. If the decline 

continues as projected and 500 feet proves a limiting depth, pumping

become too costly by 1985 and will be discontinued. !Ehe dotted

projection shows the approximate water-level decline, assuming that
erv-r -- I  y**'«; -yyy^^i'^-t^'iil'y.'v. :,' ''^.ffK? -v" *y r: " -,*

* some erf ^e7^r»tt^3P«^ ""

plying urban needs in Antelope Valley beginning in about 1972. This 

simple manner of demonstrating overdraft and predicting by extrapolation 

when pumping lifts may approach an economic limit is also applicable in 

other parts of the area.
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The graphs for North Muroc, California City, and Koehn subunita 

(fig. k) shov various rates of water-level decline in these pumped 

areas. In the North Muroc subunit the rate of decline is small to 

moderate and re stilts largely frcn pumping for industrial or military 

use and only limited domestic use. In the California City subuait 

the rate of water-level decline is greater and the decline nov 

results mostly from pumping for urban use, although large-scale pump­ 

ing for irrigation was common prior to I960. The rate of water-level 

decline in the Koehn subunit is slightly greater than in the 

California City subunit and pumping for irrigation causes most of 

this. Depth to water initially was deeper in the California City 

subunit and the economic pumping limit will be reached earlier there 

than in the Koehn or North Muroc subunits.



Future Water Requirements

Irrigated agriculture in the area is expected to decrease in the 

future as a result of the continuing decline of water levels which 

 will ev«at»aiiy .agproacit the economic punping limit* The agricultural 

vater requirements will be supplied with ground waiter until the 

economic return from crops will no longer Justil^ the pumping costs. 

Moreover, the cost of the imported water, probably about $60 per 

acre-foot, may be too high for agricultural use. The present net 

agricultural water requirements are estimated to be more than 200,000

acre-feet annually; these requirements probably will decrease to about
.-   \ 

100,000 acre-feet by 1990 and to about 1*0,000.acre-feet by 2020, accord-

.ing to estimates made by the California Department of Water Resources 

(19-59 > table. 11, p. JQ) for a region larger than the AVBK area but 

including the AVEK area.

Future water requirements for urban use in the area are expected 

to increase greatly, based on a projected increase in population. <2foe 

urban requirements in 1970 may be about 20,000 acre-feet; in 19&O, 

about 65,000 acre-feet; and in 1990 > about 120,000 acre-feet (estimates 

adapted from those for an area including AVSK and the Mojave River area 

to the east; California Department of Water Resources, 1959 > table 8, 

p. 76). The urban requirements for water are to be met largely by 

importing water, and ultimately virtually all water for urban use may 

come from outside the area.
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The Antelope Valley-East Kern Water Agency has contracted for 

delivery of imported water to meet the above estimated urban require­ 

ments. Beginning in 1972 the Agency will receive 20,OOO acre-feet 

annually and the quantity delivered will be increased periodically 

until 1990, when 120,000 acre-feet will be delivered annually to the 

Agency. Probable population growth after 1990 vould create a demand 

for water in addition to the annual maximum of 120,000 acre-feet 

I included in the present contracted agreements.



Relation of Water Supply to Water Rights

In the combined basin of Antelope and Premont Valleys the economy 

has long been sustained by pumping water for beneficial use, principally 

irrigation. In effect, the economic growth of the area has been made 

possible by a form of mining-rthe depletion of a large ground-water 

reservoir by pumping from many wells. Thus, in the AVEK area, the 

ground-water reserves are being depleted by annually pumping water 

greatly in excess of the natural recharge. The resulting depletion of 

the reserve in storage, in many respects, is similar to the depletion 

of petroleum in an oilfield. We are accustomed to the certain depletion 

of our petroleum reserves, as pumping progresses, but most of us think 

of our water supply in terms of its being a renewable resource which
c

will be available for u^e "annually and forever."

Because in the AVEK area not all the ground water being used is 

pumped from a perennial supply, many problems are caused by the 

continuously dwindling reserve of water stored in the basins. One of

the most important problems concerns whether or not all well owners 

have the right to pump ground water unrestrainedly until the dwindling 

reserve is exhausted or until water is imported to supplement the 

supply.
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Because the Antelope Valley and Fremont Valley basins are 

hydrologically connected at two places along their common boundary, 

the right of any user to pump from either basin, if the vater supply 

is insufficient, might be limited legally to his correlative share of 

the total supply available. Of course, vater rights can be determined

only by the courts; the consideration of water rights is beyond the
i 

scope of this report, which is to investigate the geologic and

hydrologic features of the ground-water basins in the AVEK area. 

However, in planning for the ultimate development of the area, water 

rights eventually must be considered, and the program finally selected 

should be compatible with the legal rights to the use of water.
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Climate
v ^

Precipitation

Antelope Valley-East Kern area is predominantly arid but 

has a wide range of precipitation-within ita drainage boundaries. 

An analysis of the precipitation ©f a region must include studies 

©f its tiae and areal distribution which involves the variation of 

mean annual values from year to-year, the distribution of rainfall 

within the year, intensities of precipitation, and the variation of 

all these preceding^ character!sties with respect to location.

Mean amuwl. precipitation in the AVEK area not only varies 

greatly from year to year but from place to place, an attribute 

common to most arid regions.

37



Average geographic distribution* In the valley area, the 

long-term average annual precipitation exceeds 10 inches in only 

a small region near the vestern apex. About 930 square miles 

receives between k and 5 inches of precipitation, most of which 

falls as rain; about 2,500 square miles has less than 10 inches, 

on the average. The precipitation is greater on the bordering 

uplands than on the valley floors. The mean annual precipitation 

is more than Uo Inches in a small area at high altitude in the 

San Gabriel Mountains, but decreases to about 10 inches with 

decreasing altitude. The geographic distribution of precipitation 

is shown on figure 5 emd in table 2.



Table 2. -Areal distribution of mean annual precipitation 
in Antelope and Fremcnt Valleys

Precipitation 
(inches)

Area receiving less than the indicated precipitation

Antelope Valley

Sq. mi. Percent

Fremont Valley

Sq. mi. Percent

Combined

Sq. mi. Percent

2,420 100 880 100 3,300 100

25

22

20

15

10

7

5

4.5

2,391

2,372

2,224

1,909

1,353

723

0

98.8

98.0

91.9

78.9

55.9

29.9

0

a880

864

806

595

506

211

0

100

98.18

91.58

67.6

57-5

24.0

0

3,271

3,236

3,030

2,504

1,859

934

0

99-1

98.1

91.8

75-9

56.3

28.3

0

a. Estimated.
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Average seasonal distribution. The monthly distribution of 

precipitation at Mojave and Palmdale and to the vest is similar to 

that along the Pacific Coast and is shovn on figure 6. Almost 80 

percent of the annual total occurs generally during the months 

December through March, and less than 10 percent comes in the period 

May through September. In the eastern end of the valley there is a 

slight tendency for the time distribution of precipitation to be less 

subject to the coastal regime and to show some characteristics simi­ 

lar to those of the lover desert region to the southeast, vith a 

larger proportion of annual precipitation coming as the result of 

summer thunderstorms. As a rule, the seasonal distribution is 

quite consistent. During the 55-year period 1876-1960, for vhich 

U.S. Weather Bureau records of precipitation at Mojave are avail­ 

able, no year had more than 1.85 inches of rain during the 6 months, 

April to September; during 13 of the 55 years no measurable rain fell 

during this 6-month period. However, intense summer thunderstorms 

sometimes occur, causing a high percentage of the rainfall to collect 

in streams and run off over the land surface.



Variations from average« There is considerable variation in 

the annual precipitation from year to year as shown on figure 7» 

While the curve of figure 7 is typical of the valley parts of the 

area, it is likely that the relationship is somewhat flatter in 

regions of high altitude with greater precipitation and probably is 

slightly steeper in the driest regions. In other words, the vari­ 

ability of annual precipitation, expressed as a percent of the mean, 

is generally greatest in regions of low average precipitation. The 

record at Mojave may be typical for the region and shows that in 

about 20 percent of the years the annual precipitation is more than 

50 percent greater than the long-term mean and in 25 percent of the 

years the total is leas than 50 percent of the mean.

At Mojave the longest period of record when no measurable 

precipitation occurred was during the 19 months from March 1882 to 

September 1883- This includes the only December-March period with­ 

out rain and two rainless summer periods, which are less rare. The 

wettest period of similar length was the 16-month period from 

December 19^2 to March 19^, which included two rainy winters and a 

dry summer. The total precipitation was 21.5**- inches. l



Evaporation

The average annual evaporation varies greatly from place to 

place in the AVEK area, depending largely on the altitude, and from 

month to month as the seasons change. At a given place> however, 

the monthly evaporation is fairly uniform frota year to year. Records 

of daily evaporation at the Backus Ranch (south of Mojave, fig. 8) 

are available for the period 1939-59* &&& this station Is probably 

fairly representative of the valley lands; the evaporation is prob­ 

ably greater than in the highest parts of the valleys and probably 

is somewhat less than would be recorded in the lowest areas.

The annual evaporation is very large and during the period 

1939-59 varied between a minimum of 104.6 inches in 1952 to a maxi­ 

mum of 128.8 inches in 19^O; the average was 114 inches annually.

The average monthly maximum and minimum evaporation at the 

Backus Ranch is shown on figure 8. The graph shows that the average 

evaporation is greatest in July about 16.8 inches and least in 

January when it is about 2.8 inches.



Net Water Supply from the Atmosphere

The average monthly precipitation at Backus Ranch is shown on 

figure 8 also, so that a comparison between average precipitation 

and average evaporation for at least one station could easily be 

made. Tb&t graph shows clearly that the average monthly precipita­ 

tion is less than the minimum monthly evaporation, even during the 

wettest season December through February. Thus, based on averages 

alone, precipitation never exceeds potential evaporation in the 

desert valleys of the AVEK area, and there is a continuous net 

deficiency of water from the atmosphere.

Fortunatelyg*for the area, averages alone are rather meaningless 

and there are short periods when there is a relative surplus of 

water when precipitation does exceed evaporation, when runoff occurs, 

and when recharge to the ground-water basins is made possible.



Storms

Records of daily and monthly precipitation at Palmdale for the 

30-year period 1933-62 show that some storms "bring frcm k to 6 

inches of rainfall during a 3- to 7-^ay period' and may be.expected 

occasionally during the winter months. Exceptional storms during 

the 30 years are listed below:

Storm precipitation 
Date (inches)

193^
1935
1936
1938

1939
19^1
I9k2
19^3

I9kk

I9k6
1952
1953
1962

October 18
August 25-27
December 25-31
Feb. 28 ,- Mar. k
December 1^-22
September 25, 26
March 1-5
August 10
January 22-27
December 10-12
February 20-26
November 10-15
November 12- Ik
January 13- IS
April 1-7
February 7-16

1.63 "
1.28
3-71
5*57
^.76
1.62
2.76
1.05
5.W
U-51
6.61
2.76
2. 8k
6.0^
2.26
k.ZT

Greatest 1-day 
precipitation 

(inches)

al.63
.52

1.32
2.39
1.07

al.02
1.28

al.05
2.ito

a3.^3
a2.^3
1.11

al.63
a.2.kk
a, 88
1.22

a. Highest daily precipitation for month during 30-year period.

All of the dates listed mark ifhe occurrence of area-wide general 

storms except that of August 10, 19^2* which was a local thunderstorm 

during a period in which conditions favorable to convective thunder­ 

storms were general throughout the desert region.

It is the storms of this type which bring water tc the area in 

quantities great- enough to create a temporary surplus, cause surface 

runoff, and result in recharge to ground water.
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Surface Water 

Contributing Basins and their Runoff Characteristics

The basins of Big Rock and Little Rock Creeks contribute a 

substantial part of the runoff which enters Antelope Valley. The 

outflow at the canyon mouths of these tvo streams has been measured 

for more than 30 years at tvo gaging stations (fig. 2) located 

vhere Tirtually all outflow from an area of 72 square miles must 

pass as surface flow.

Little Rock Creek drains a basin of ^9 square miles above the
c 

gaging station on the slope of the San Gabriel Mountains. Altitude

at the gage Is about 3*^0 feet, and altitudes along the southern 

drainage boundary are from 5,000 to 8,000 feet.

Big Rock Creek drains a basin of 23 square miles above the 

gaging station east of and adjacent to Little Rock Creek basin. 

The southvest and southeast sides are along the San Gabriel divide 

at altitudes ranging from 7,000 to 9>**QO feet.



The location of the two basins relative to the aountains, the 

Pacific Ocean, and the prevailing movement of air masses, together 

with their altitude, results in a climatic regimen and associated 

vegetal and erosional characteristics peculiar to stream basins in 

southern California. In seme parts of the basins at altitudes above 

about 6,000 feet the mean annual snowfall is more than 80 inches, and 

some exceptionally wet years may produce much greater totals; excep­ 

tionally deep snow cover sometimes is preserved for several weeks. On 

April 1, 1962, after some loss by melting, a snow pack more than JO 

inches deep (water content more than 30 inches) was measured at an 

altitude of about 7,500 feet near Islip Mountain in the Big Rock Creek 

basin.

In the mountain basins runoff varies from a small percentage of

precipitation in dry years to a much larger percentage in wet years.
.>

3&is indicates that there is more variation in runoff from year to year, 

expressed as percent of mean, than exists in precipitation, Figure 9 

shows a generalized frequency distribution of »-nrnmi runoff from moun­ 

tain basins and confirms that this is the case. Figure 9 is based on 

the records of Big Rock and Little Rock Creeks and is a "log -normal" 

distribution, de variation in precipitation from year to year at a 

typical valley-floor location was shown, on figure J. Because of the 

high altitude of the basins, the distribution of annual precipitation x 

would be flatter (less variation from year to year) than that shown on 

figure 7* ancL if data were available for making comparisons, the differ­

ence between variations in precipitation and runoff would be even more 

pronounced.



The 88 square miles included above the gaging stations in the 

Big Rock Creek, Little. Rock Creek, and Oak Creek drainage basins are 

mostly above the k,000-foot contour aad include the region subject 

to heaviest precipitation. Average annual runoff from these basins 

totals slightly less than 2k, 000 acre-feet. The records of precipi­ 

tation and runoff in the Big Rock Creek basin indicate that during a 

year vhen the basin-vide average precipitation is 10 inches (12,200 

acre-feet), about 8 percent or 1,000 acre-feet runs off. Luring a 

year when the precipitation is ^5 inches (55,000 acre-feet), about 

52 percent or 28,600 acre-feet runs off. ,The mean annual quantities 

of runoff for 1958, a vet year, and 19&1, a dry year, at both Big

Bock and Little Rock Creeks are in reasonably good agreement vith
r

this relationship* Very fev individual years vill exactly corre­ 

spond to this relationship because runoff also varies greatly with 

the manner of occurrence of the precipitation. Straight-line inter­ 

polation of these relative amounts of precipitation and the expect­ 

able percent which may appear as runoff is justifiable and can be 

used for making estimates of the precipitation-runoff relationship; 

this method has been applied by using the precipitation data to 

estimate runoff from the mountains that border Antelope and Fremont 

Valleys.



s

Isohyetal maps and streamflow records for the two Pock Creek 

basins have been compared for the long-term mean, for one wet year 

(1958), and for one dry year (l96l) > vith the folloving results:

Long-tern mean

Little Rock Creek basin: -, /
ffean annual precipitation-^. ....... 21.2 inches
Mean annual runoff ... ^ ........ 4.5 inches

^ (21 percent)

Big Rock Creek basin:
Mean annual precipitation ........ 28.1 inches
Mean annual runoff ............. 9-0 inches

(32 percent)

1958

4
Little Rock Creek basin:

Precipitation for .the year ........ 28.6 inches
Resulting runoff-/ ............ 11.3 inches

(39 percent)

Big Rock Creek basin:
Precipitation for the year ........ ^2.2 inches
Resulting runoff ............. 19.8 inches

percent)

1961

Little Rock Creek basin:
Precipitation for the year ........ 8.3 inches
Resulting runoff ............. .^9 inch

(5.9 percent)

Big Rock Creek basin:
Precipitation for the year ........ 11.5 inches
Resulting runoff ............. 1.05 inches

(9-1 percent)

1. Total precipitation expressed as average depth over entire 
basin.

2. Runoff adjusted for base flow resulting from precipitation 
prior to the period of reference. For mean annual runoff, this 
adjustment was not necessary.
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These values show that total precipitation varies from less than 

one-half the average to one and one-half times the average, while 

runoff, being a residual, varies from, about one-tenth of the average 

to more than tvice the average. The variation in runoff between wet 

and dry years probably is even greater,for most of the area contrib­ 

uting to Antelope and Premcnt Valleys, and of course the total runoff 

in inches for most of the area is considerably less than that from 

the Rock Creek basins.

Oak Creek is the northernmost important tributary to Antelope 

Valley and drains the southeast slope of the Tehachapi Range. Five

years of record are available (1958-62) from a gaging station at an
j 

altitude of about 4,100 feet where flow is present during most of

the year, but only 2 miles downstream the channel is usually dry. 

The area of the basin above the gage is 15*8 square miles and rises 

to an altitude of almost 8,000 feet. Records of runoff for 1958, 

196l, and 1962, and estimates of precipitation based on Weather 

Bureau records from a nearby station provide the following information:

Year

1958
1961
1962

-o

Precipitation 
(inches)

15.7
7.2 .
10.0

Runoff ' 
(inches)

. 1.8k
.058

1.02

Runoff, percent 
of precipitation

12
.8

10

k-9



Based on the short period of record, it is reasonable to assume 

that long-term precipitation may average about 12 inches, and runoff 

at the Oak Creek gage may average 1.2 inches, or 1,000 acre-feet 

(10 percent of precipitation).

Most of the runoff to Fremont Valley is derived from these 

basins:

Cottonvood Creek, drainage area about 175 sq. ni.. 
(in Javbone Canyon)

Cache Creek, drainage area about 110 sq. mi.

Redrock Wash, drainage area about 50 sq_. mi.

Pine Tree Creek,  . drainage area about 3^ sq. mi.

Last Chance Wash, drainage area about 2k sq. mi.

None of these basins produces surface flov except for short 

periods following vinter storms (sometimes for perhaps a few weeks) 

in exceptionally wet years, or during or immediately after the 

occasional intense summer convective storms. Such storms sometimes 

bring several thousand acre-feet of runoff onto the valley floor in 

short periods of 6 hours or less. When outflow occurs in this 

manner it usually carries a heavy load of sediment, and often spreads 

over a vide area on the alluvial fans sometimes part of it reaches 

the surface of Koehn Lake. Percolation into the ground-water aqui­ 

fers is thus enhanced, but so is evaporation. Only a small propor­ 

tion of Such runoff is believed to reach the vater table and contrib­ 

ute to useful ground water.



The two large basins, those of Cache and Cottonvood Creeks, 

include fairly large and relatively level upland valleys which 

appear to support a vegetation that may consume most of the available 

moisture. These basins show little evidence of surface outflow. 

It appears that sizable flow into the valley may usually represent 

runoff from only that precipitation which falls on the southeastern 

spurs of the lower ranges which separate the upper basin valleys from 

Premont Valley proper.
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Net Supply

Surface runoff can, in theory, be intercepted and either be used 

alnost immediately or stored under evaporatioa-free.conditions, thus 

to a large degree avoiding loss by evaporation. The loss of precipi­ 

tation by evaporation from the soil nan-fe^e can "he changed but little, 

however, vithout causing a change in the natural balance now exist­ 

ing between climate and plant life.



As vas previously stated, heavy winter precipitation at high 

altitudes often occurs at a rate sufficient to cause runoff. Ihe 

amount of runoff depends en the rate and amount of precipitation and 

on antecedent conditions; some moisture goas to recnarge ground water 

and to increase soil-moisture content. Almost every year enough 

moisture is retained to enable a relatively flourishing forest to 

exist in the mountains at altitudes of 5,000 to 6, -000 feet or higher. 

Here the slopes are fairly steep , however, and there are some areas 

of impermeable rock. These conditions lead to fairly high evapo- 

transpiration rates, as well as relatively high amounts of surface

runoff, but small losses due to direct evaporation. As a result of
o 

these climatic and topographic factors Big Rock, Little Rock, and Oak

Creeks usually have flow above the b, 000-foot contour. This runoff 

from, the high, steep perimeter of the AVEK area is found intermittently
V

along almost all parts of the surrounding slopes during wetter-than- 

average winter seasons. Frernont Valley receives less winter runoff 

than does Antelope Valley, and a somewhat higher percentage of its 

runoff comes from sunnier thunderstorms. The detached buttes and 

ranges of low hills which rise above the general level of the allu­ 

vial plains have only slightly more precipitation than the lowlands; 

this increased precipitation is not enough to have any effect, except 

on rare occasions, and only where very rocky steep slopes cause rapid 

runoff from random summer thundershowers.



All surface runoff and the water discharged from springs along 

the valley perimeter makes its way toward lower altitudes where there 

are alluvial deposits and the slopes become gentler. As the flow 

descends it has more opportunity to seep into the permeable deposits,

but evaporation a{Lso becomes greater. The lack of a protective vege-
/ 

tal cover allows evaporation from the soil surface to progress as long

as moisture remains which can be lifted to the surface by solar energy. 

Losses from surface flow under these conditions are so great that only 

rarely does streamflow continue below about the 3/500-foot altitude. 

However, during exceptionally wet seasons flow may extend well out onto 

the valley floor, as is indicated by the long distributaries that extend 

valleyward from the canyons of Big Rock and some other creeks.

Precipitation which falls on the valley floor is usually subjected 

immediately to high losses from evaporation and transpiration; neverthe­ 

less, runoff occasionally originates on or crosses the valley floor and 

sometimes reaches the playas. The lenses and layers of alluvium and 

lake deposits which underlie the playas are nearly impermeable and prob­ 

ably very little surface water ever reaches any of the aquifers of the 

valley where these exist beneath the playa. Nearly all water which

reaches the playas is eventually lost by evaporation.
1 

It may be seen, from this discussion of water losses, that they

are influenced by many hydrologic factors, and vary considerably in 

time and from place to place.



Floods

The flood history of Antelope and Fremont Valleys is largely 

unknown, a condition common to most desert areas. The stratification 

of -water-borne deposits in canyons and the debris-strewn outvashes 

below many of the canyon mouths are evidence of the large flovs that 

must have occurred in the past. Occasional floods during the histor­ 

ical period of about the past 90 years have caused erosion and sedi­ 

ment deposition, as well as inconvenience and sometimes even danger 

or disaster to man.

Available streamflov data, together vith less reliable records 

such as newspaper accounts and observations of residents, serve 

mainly to point out our lade of knowledge of the flood potential. At 

scattered paints, measurements of precipitation have been made for 

many years, but most of these provide only daily values and in desert 

regions are usually not good criteria for estimating the potential of 

major floods. These measurements generally have been made in popu­ 

lated areas rather than in the mountainous regions which are the 

principal source of damaging runoff. At present the only available 

records of streamflow which are of sufficient length to be useful in 

an analysis of flood events, on a frequency basis, are those from 

Little Rock and Big Rock Creeks.
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The peak recorded discharge on both of these streams was in
 - *. 

March 1938> and from both basins was about 350 cubic feet per second
<? 

for each square mile of drainage area. It is probable that, on the

average, discharge of this magnitude may occur at intervals separated 

by periods of 30 years or more* It was not possible to make a 

comprehensive analysis of these records vithin the short time available 

for this interim report, and a basin-wide study of the frequency and 

magnitude of flood events in Antelope and Fremont Valleys cannot be 

completed without the collection of data from several representative 

key areas for a period of at least 5 or 10 years.



Summary and Weed for Additional Data

On the preceding pages are described- some characteristics of the 

surface-water hydrology of Antelope and Fremont Valleys. Data avail­ 

able presently are sufficient, to provide a fair estimate of long-term 

average annual precipitation in t..e combined basin, to permit somewhat 

poorer estimates of annual runoff, and to provide only the poorest jf 

estimates of total ground-water recharge. Very little can be done in 

the analysis of potential flood hazard outside the regions affected 

by Big Reck and Little Rock Creeks until data are obtained. The 

locale of the study possesses yearly precipitation variations greater 

than those of almost any other region in the nation, and therefore it 

will be necessary to measure the extent of these variations for a 

relatively long period before reasonably accurate estimates of long- 

term means can be made. Variation in the climatic and. environmental 

factors from place to place within the basins is great; this varia­ 

tion results in a need for data from many locations. Some surface- 

water problems have been recognised and others may be recognized in 

the future. The known hydrologic characteristics of the basin have 

been described, as have been the analytical procedures now being used 

in hydrologic investigations to formulate answers. Based on the 

present data available and an appraisal of probable future needs for 

data in the AY1DK area, the following suggestions are made pertaining 

to further vork in the area:



1. The installation and operation of flood hydrograph recorders 

at seven locations during a period of at least 10 years: 

a. Amargosa Creek in Leona Valley. 

b» Spencer Canyon Creek at Route 138.

c. Cottonwood Creek below West Antelope Aqueduct Station, 

d. Cache Creek at Aqueduct spillway, 

e. Cottonwood Creek at Jawbone Siphon, 

f. Last Chance Creek near Garlock. 

g. Goler Creek near Garlock.

2. Establishment and operation of recording rain gages in the

basins of the streams listed under items Ic, le, If, and Ig, 

above*

3. Infiltration tests at selected points near the western and 

southern margins of the valleys.

4. Studies to determine the water losses due to evaporation from 

the playa surfaces and lowland areas.

5. Investigation, as circumstances dictate, of sizable runoff 

events occurring at ungaged locations.

Data obtained from the suggested program would aid in the evaluation 

of flood hazards, and might lead to some refinement in* the estimate of 

mean annual recharge. These suggestions for extensions of the data- 

collection program are beyond the scope of the present project, but the data 

would have great value to those who are charged with solving problems in 

Antelope and Fremont Valleys and are concerned with che economy of the area. 

An expansion in the economy of the basin is almost inevitable and any 

expansion of activity in this arid area will require foresight on the part 

of water-management planners who must anticipate the needs for hydrologic

data during future years*
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Geology .

Consolidated rocks, Tertiary and older in age, form the mountains 

and hills in the area. These rocks form the boundaries of ground- 

water basins and locally bodies of consolidated rocks, largely buried, 

separate subunits within the basins. The various consolidated rocks 

are shown as a unit on the geologic map (fig. 10) because of their ( . ' 

general lack of ira*rtaa** la yielding water to weOla* . . .-" ,. -....   ' ~- ~" -
. ^f - - - '^ : ~ . **^ - . V .- - ,* > -~- - - ' ; **~*'~r> -" ' .'--. " t* *" 
..- ','. -Hi,'. .*' ~^-. £. - -.  ' ... . . '. ".'' '  ' *!*- ..<«/--' -. , ; -. -~Ci^u      .". rtC.^-"- ... *^s -_?    -. .-al-: -t : S--?~.-v.-.*^at-    * ^r "' VA' J1S

UnocBSolidated deposits, Tertiaxy(T) and Quaternary in age, comprise

the a$edf errs of th« «r«a« The«« dapesit* are widespread ia tfc« ,- v:: "

valleys (fig. 10) and locally are more than 1,000 feet in thickness.

Many faults border the area and several transect the ground- 

water basins and form barriers to ground-water flow between several 

of the ground-water basins or units of the area. Fractional heat and 

pressure caused by movement along the faults have made the unconsoli- 

dated materials less permeable and in some instances very nearly 

impervious to water. These barriers form the physical boundaries 

between the ground-water basins and subunits. Many of these features 

are not visible at the surface, but they are indicated by disparities 

in the water levels on opposite sides of the fault. Therefore, where 

reliable data on water levels in wells are available, concealed traces 

of fault barriers can be approximately shown and mapped with reason­ 

able accuracy.
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Concealed traces of several such faults have been determined 

from water-level data. The Randsburg-MoJave fault is concealed 

(fig. 10) throughout most of its length, but the disparity of water
o

levels in several places shows the approximate position of its trace. 

The Heenach fault, shown on figure 10 trending west-southwesterly 

through the west-central part of Antelope Valley, is postulated to 

exist solely on the basis of water-level disparities. A part of the 

trace of the Maroc fault was delineated by a large water-level dis­ 

parity along its northwestern extent. Several other less prominent 

barriers, presumed to be faults, exist in the area.

Some faults do not now appear to be barriers to ground-water 

movement. One notable example is the concealed branch of the 

Gar lock fault beneath Kbehn Lake. However, that particular fault 

may'act as a barrier to water if pumping from the basin continues 

to lower the water levels and change the direction of ground-water 

movement.
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Consolidated Rocks

The consolidated rocks include the igneous and metamorphic rocks 

which constitute the basement complex of p re-Tertiary age and sedimentary 

and volcanic rocks of Tertiary age. The sedimentary rocks of Tertiary age 

are continental and marine in origin. Most of the volcanic rocks are 

interbedded vith the sedimentary rocks of continental origin.

consolidated rocka of Tertiary age ar« locally a« much as 

1,500 feet thick, as shova by a few logs of deep exploratory borings, 

but these rocks are absent in much of the area and beneath large 

parts of the valleys the unconsolidated deposits rest on the basement 

complex*

The igneous and metamorphic rocks are nearly impermeable except 

locally where they are deeply weathered; these rocks yield very snail 

quantities of water to wells and springs. Tlie consolidated rocks of 

Tertiary age are also poorly permeable and yield little vater to 

wells.
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Unconsolidated Deposits

15ie unconsolidated deposits of the area include the older allu­ 

vium, playa deposits, and the undifferentiated surficial deposits 

consisting of younger alluvium, lakeshore deposits, and windblown 

sand. These contain ground water and are the major water-yielding 

deposits of the area.

Tne older alluvium consists of gravel, sand, silt, and clay 

deposited mainly in older alluvial fans and stream channels; Most of 

it is Pleistocene in age, but the lower part of the deposit locally is 

probably Pliocene in age.

The older alluvium ranges in thickness from about 50 to as much 

as 1,900 feet. It constitutes almost the full thickness of the uncon­ 

solidated deposits, except for materials of Recent age which are 20 to

as much as 200 feet thick locally. Variations in the thickness of j-

unconsolidated deposits (largely older alluvium) are shown on the f 

geologic sections (figs. 11 through 15).

Along section A-A 1 (fig. 11) the maximum thickness of the uncon­ 

solidated deposits is 1,800 feet in the structural depression west of 

Little Buttes (fig. 10) and 1,*4OO feet southeast of Lancaster.

Section 3-B* (fig. 12) shows that the unconsolidated deposits in 

Premont Valley are thickest in the central part of the valley; they 

are about *4QO feet thick west of Mojave and slightly more than 1,0<X> 

feet thick northwest of California City.
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The unconsolidated deposits along section C-C* (fig. 13) reach 

a mftYlmmr thickness of about 1,900 feet vest of the intersection with 

section A-A* and about 1,000 feet north of Willow Springs.

The unconsolidated deposits in the stnictural graben near Pair- 

mont are about 1,800 feet thick as shown on section D-D* (fig. lU). 

Also a marked thickening of these deposits, to about 1,^00 feet, 

occurs at the northeast extremity of this geologic section.

Along section E-E* (fig. 15)* the unconsolidated deposits are a 

maximum of about 1,700 feet thick east of Lancaster, 1,100 feet in 

the vicinity of California City, and about 1,000 feet beneath the 

southern part of Kbehn Lake.

In general the older alluvium is moderately permeable and yields 

water freely to wells where 200 feet of this saturated material is 

penetrated by a well. /

The playa deposits consist mostly Ojf clay and silt deposited in 

the vicinity of dry lakes, Ihey are fairly thin in most localities, 

but locally, as near the south end of Rogers Lake, they are about 200 

feet thick. The playa deposits are very poorly permeable and yield 

virtually no water to wells, although they contain some water locally.



The alluvium, lakeshore deposits, and windblown sand are widespread, 

particularly in the valley areas* These materials form the uppermost 

part of the unconsolidated deposits and are generally much less than 

150 feet thick and probably are mainly Recent in age. In drill 

cuttings these deposits can be distinguished from the older alluvium 

only with difficulty, and the two units have not been separated on the 

geologic sections. These thin deposits are above the water table in 

much of the area. However, locally the alluvium contains water and 

yields small quantities to shallow wells.



Ground-Water Hydrology 

Ground-Water Subdivisions

There are two major ground-water basins in the AVEK area: Antelope 

Valley and Premont Valley basins (figs. 2 and IDA). Each is further 

divided into subunits by faults, bodies of consolidated rock, ground- 

water divides, and locally by convenient and arbitrary boundaries. 

The preliminary findings do not conclusively show all the boundaries 

of these subunits, but most of the subunits are sufficiently well

delinearted to indicate the boundaries.
/ v

Bie Antelope Valley basdLn includes West Antelope, Ifeenach, 

Lancaster, Horth Muroc, and Beerless sufcunits (fig. 10). Sazaes of 

"basins* proposed by W. H. 0!hayer of the Los Angeles County Flood

Control District (written cenmunication, 1946) and used by the
^ 

California Division of Water Resources (19^T) are used for subunits,

insofar as practical, in tnis report. Subunits that mignt exist in the

southeastern part of the Antelope Valley basin have not yet been 

defined, but data on wells in this area are being collected and these 

data should make it possible to define the boundaries of these sub- 

units fc*for* the eoziclttftioa ef tbe Investigation*

The West Antelope subunit is bounded on the south and northwest 

by consolidated rocks and on the northeast and southeast by faults 

(fig. 10). The extension of the Randsburg-Mojave fault is inferred 

because of the paucity of wells along the fault trace. Test wells 

to be drilled along the trace of the fault have been proposed herein 

to augment existing data and determine the extent and position of this 

important fault.



The ITeenach subunit adjoins the West Antelope subunit along the 

Randsburg-Mojave fault. The subunit is bounded on the north by the 

Rosamond fanlt and on the south by the consolidated rocks of the 

mountains. On the southeast the boundary of the subunit extends from 

Antelope Buttes to the Rosamond fault following the body of consoli­ 

dated rock, largely buried, trending northeasterly from Antelope 

Buttes to Little Buttes, thence northward. Gaps occur in the south­ 

east boundary both south and north of Little Buttes and the Neenach 

subunit is interconnected hydraulically with the Lancaster subunit 

through these gaps. The gap. south of Little Buttes is less than 

1 mile vide, but the gap on the north is complex, is more than k 

miles vide, and spans the vest side of a pumping depression bisected 

by a concealed fault which trends slightly south of west, and is- 

called, for convenience, ffeenach fault (fig. 10). This concealed 

fault may extend completely across the ffeenach subunit dividing it 

into separate north and south segments. Data from proposed test 

drilling should help to determine if this fault Is continuous across 

the subunit. Another fault, partly concealed, parallels the mountain 

front on the south side or the subunit and may further subdivide the 

subunit (fig. 10).



The lancaster subunit is separated from the Neenach subunit by 

Antelope Buttes and the buried body of consolidated rocks between 

Antelope Buttes and Little Buttes, except at narrow gaps near Little 

Buttes. The Lancaster subunit is bounded on the north by the 

Rosamond fault, the consolidated rocks of the Rosamond Hills, and a 

bedrock body which is mostly buried beneath the northern part of 

Rogers Lake (fig. 15). The approximate eastern boundary of the sub- 

unit is the consolidated rocks of the hills along the east edge of 

Antelope Valley. The southern boundary of the subunit from Falmdale 

westward is the consolidated rock of the mountains. The southern 

boundary eastward from Palmdale has not been determined, but the 

available data tend to indicate the presence of a complex system of 

en echelon faults in the area, each trending northwestward.

The North Muroc subunit is separated from the Lancaster subunit 

by the body of consolidated rock that is mostly burled beneath the 

northern part of Rogers Lake playa. The crest of this bedrock 

barrier is locally a fsw feet below the water table (fig. 15) and 

the two subunits are Joined through these thin, saturated intervals 

of unconsolidated deposits.

The approximate boundaries of the North Muroc subunit on the 

west, north, east, and southeast sides are discontinuous consolidated 

rocks of the hills flanking the subunit, and gaps occur in three 

places where the subunit is connected with other ground-water sub- 

units and basins. Thus, the subunit joins the California City and 

Peerless subunits through gaps in the northern boundary.
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The Peerless subunit Joins the North Muroc subunit through the 

alluviated gap centered in sees. 11 and 12, T. 11 N., R. 9 T̂ » The 

approximate western and northern boundaries of the Peerless subunit 

are the consolidated rocks of the hills which border the subunit on 

those sides; the approximate eastern boundary is shown by the heavy 

line drawn on figure 10 which designates the approximate eastern 

limit of important water-bearing deposits.

The Fremont Valley basin includes the California City, Koehn, 

Chaffee, Gloster, Oak Creek, and Willow Springs subunits. The Muroc 

and Randsburg-Mojave faults form the most important boundaries between 

the subdivisions within the basin.

The California City subunit is connected hydrologically with the 

North Muroc subunit of the Antelope Valley basin through the alluvi­ 

ated gap between Desert and Castle Buttes (fig. 10). The southwest 

boundary of the California City subunit is the Muroc fault and the 

consolidated rock of the hill south of Desert Butte. The northwest 

boundary is the Randsburg-Mojave fault and the approximate eastern 

boundary is the consolidated rocks of the hills arcuately linking 

Castle Butte with the southwest end of the Rand Mountains  
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The Kbehn subunit is bounded on the southeast by the Randsburg- 

Mojave fault and the consolidated rocks of the Rand Mountains. The 

northwest boundary of the subunit is the consolidated rock of the 

El Paso Mountains and a northeast-trending branch of the Garlock fault 

vhich passes through Saltdale. The Kbehn subunit and the Oak Creek 

subunit to the southwest may be joined hydrologically, although veil 

data are not available to substantiate this continuity* The north­ 

east boundary of the Koehn subunit is arbitrarily selected as being 

at the Kern-San Bernardlno County line but the subunit may extend 

eastward a short distance into San Bernardino County.

The Chaffee subunit is bounded on the northeast by the Muroc 

fault, a coamon boundary with the California City subunit. TSie east­ 

ern and southern boundaries of the Chaffee subunit are the consolidated

rocks of the northern part of the Bissell Hills and the general east-
5 

west line of scattered hills trending through Elephant Butte projected

westward to- the Randsburg-Mojave fault. The southern bedrock boundary 

is discontinuous and in several places along this boundary the Chaffee 

subunit is hydran 11 rally connected with the Gloster subunit. The 

northwest boundary of the Chaffee subunit is the Randsburg-Mojave 

fault.



The northern boundary of the Gloster subunit is the consolidated 

rocks of Soledad Mountain and the general east-vest line of scattered 

hills trending through Elephant Butte and extended westward to the 

Randsburg-Mojave fault* The east and south boundaries of the Gloster 

subunit are the consolidated rocks of the southern part of the Bissell 

Hills and the Rosamond Hills* The western boundary of the subunit is 

partly the Randsburg-MoJave fault and partly the consolidated rock of 

the butte k miles west of Soledad Mountain. Elsewhere, ground-water 

divides extend northwest to the Randsburg-MoJave fault and southeast 

to the Rosamond Hills from the butte and these form, the boundary of 

the subunit. The Gloster and Willow Springs subunits are connected 

hydrologically along the ground-water divides.

The Oak Creek subunit is bounded on the southeast by the 

Randsburg-MoJave fault and on the northwest by the consolidated rock 

of the Tehachapi Mountains. The northeast boundary cannot be defined

and the unit may be connected with the Koehn subunit* The southwest
>

boundary of the Oak Creek subunit is at the Cottonwood fault north­ 

east of Cottonwood Creek.

The Willow Springs subunit borders the Oak Creek subunit along 

the Randsburg-Mojave fault. The south boundary of the Willow Springs 

subunit is at the Rosamond fault, and at the consolidated rock of Tropico 

Hill and several adjacent hills. The northeast boundary of the subunit 

is the bedrock of the Rosamond Hills, the butte k miles west of Soledad 

Mountain, and the ground-water divides which extend northwest and south­ 

east ot the butte.
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Ground-Water Occurrence and Movement

In Antelope Valley and Fremont Valley basins where the unconsoli- 

dated deposits are thick and extend 200 feet or more belov .the water 

table, moderate yields have been obtained from deep wells that 

penetrate these saturated materials.

Movement of the ground water is from areas of higher water-level 

altitude into those areas of lower water-level altitude. The general 

movement is at right angles to the water-level contours shown on 

figure 10. In Antelope Valley basin the movement is eastward from the 

west part of the basin but in the east part of the basin it is toward 

the north or northeast. This pattern of movement is complicated by 

depressions in the water table where there is extensive pumping.

In Fremont Valley basin the general movement of ground water is 

eastward and northeastward toward the Koehn Lake playa. Northeast of 

Kbehn Lake movement is southwestward, also toward the playa.

Antelope Valley basin*--In the West Antelope subunit ground water 

has been developed by drilling wells in the southwest part of the sub- 

unit. As shown by flgare 10, iwvement of ground wt&r ia generally 

eastward, except in the vicinity of the veils where the movement is 

toward a pumping depression centered in sec. 8, T. 8 H»* R« 16 W.
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In the Neenach subunit water moves eastward. This general 

movement is complicated somewhat by the presence of the so-called 

Neenach fault which bisects a pumping depression formed at the 

northeast end of the subunit where it joins the Lancaster subunit. 

Ground water moves eastward from the Neenach subunit and westward 

from the Lancaster subunit into the pumping depression.

Water occurs in the unconsolidated deposits, both the older 

alluvium and the younger alluvium, in the Lancaster subunit. The 

younger alluvium contains water mainly in the vicinity of the playas.

Ground water in the Lancaster subunit moves toward the depres­ 

sions in the water table caused by pumping. Some water moves north­ 

ward into the North Muroc subunit over the bedrock barrier beneath 

the north part of Rogers lake playaj in places (fig. 15) the crest 

of the buried bedrock body is below the water table. Prior to the 

development of ground water in the Lancaster subunit, the movement 

of ground water was toward the North Muroc subunit and the northward 

gradient across the bedrock body under the north part of Rogers Lake 

playa was steeper than it is now.
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In the North Muroc subunit ground water occurs in older alluvium 

and possibly in the basa". part of the younger alluvium near Rogers 

Lake. Ground-water moven^nt in the subunit is generally westward in 

the east part of the subunit and northward in the west part, toward 

the alluviated gap through which the subunit is connected with the 

Fremont Valley basin. Pimping in the central and northern part of the 

subunit has caused a shallow depression in the water table, elongated 

north-south, toward which the ground water moves. North of this 

pumping depression and within the alluviated gap which extends north­ 

ward into Peerless Valley, the water moves northward into the Peerless 

subunit. The water-table gradient is extremely flat in most of the 

North Muroc subunit and locally the direction of movement is difficult 

to determine.

In the Peerless subunit movement of water is centripetal toward 

the pumping depression in the water table centered in sec. 35, 

T. 12 ff., R. 9 W.
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Fremont Valley ba»in. In the California City subunit of the 

Fremont Valley basin the ground vater moves generally northward but 

locally, in the vicinity of California City, it moves into depres­ 

sions caused by pumping (fig. 10). A small amount of vater moves 

across the Randsburg-Mojave fault into the Koehn suhunit on -toe north, 

mainly along the 3-mile-wide ertent of the fault vest of the Rand 

Mountains.

In tiie Koehn subunit ground-vater movement is tovard the Koehn 

Lake playa, the area of lowest altitude in the hydrclogic system 

where ground water discharges and is evaporated from the moist playa 

surface. Ground vater moves eastward in the vest part of Chaffee 

subunit and northward in the central and east part of the subunit f 

where the water-table gradient is extremely flat. Some water moves 

across the Muroc fault into the California City subunit.

The movement of ground water in the Gloster subunit is mainly 

eastward, but east of Soledad Mountain, where the subunit borders the 

Chaffee Subunit, it moves northward.

Movement of the ground water in the Oak Creek subunit is pre­ 

dominantly southeastward, but some water may move northeastward into
1 " y.

the Koehn subunit.

In general, ground water in the Willow Springs subunit moves 

southeastward through the alluvium in the gap between Rosamond Hills 

and Tropico Hill* Some subsurface outflow crosses the Eosamond fault, 

principally east of 'Tropico Kill, into the Antelope Valley basin.



Ground-Water Flow Between Basins

Ground water flows from the Antelope Valley "basin into the 

Fremont Valley basin via the alluviated gap between the consolidated 

rocks of Castle Butte and nearby hills along the northeast side of 

the gap, and Desert Butte and nearby hills along the southwest side 

of the gap. The narrowest alluviated part, or throat of this gap is 

slightly more than 1 mile in width (sees. 8, 17, and 18, ?. 11 N., 

R. 9 w.), A crude estimate of the quantity of subflow which passes 

through the throat of the gap annually is about 100 to 500 acre-feet.

Ground water flows from the Fremont Valley basin into Antelope 

Valley basin through the alluviated gap between the consolidated 

rocks of Tropico Hill on the southwest and the Rosamond Hills on the 

northeast, crossing the Rosamond fault near the mouth of the gap. 

The throat of the gap (sees* 2 and II, 1% 9 H, y R«r 13 W*). is abcufc

0.5 Bile wide. Subsurface flow from Fremont Valley basin into Antelope 

Valley basin is about 300 to 700 acre-feet.
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Chemical Quality of the Water

The water which occurs in the older alluvium is generally suit­ 

able for domestic, irrigation, and many industrial uses. Water from 

the older alluvium contains low to moderate concentrations of dis­ 

solved solids, ranging from about 200 to 800 ppm (parts per million). 

Locally higher concentrations of dissolved solids occur, where water 

from younger alluvium has leaked into the deeper aquifers.

Ground water in the younger alluvium contains low to very high 

concentrations of dissolved solids. The better water from the 

younger alluvium ranges in dissolved-solids content from 200 to 1*00 

ppm, whereas the poorer water ranges from about 1,000 to 28,000 or 

more ppm in sand lenses beneath Koehn Lake playa.

Ground water in the Antelope Valley basin is exceedingly variable 

in chemical character, depending on the area. The quality of water in 

the west and south parts of the basin is generally best and water in 

the northeast part of the basin is poorest, although most of the 

water of the basin contains less than 800 ppm of dissolved solids.

Locally, water largely from the shallower, younger alluvium, has
c 

concentrations of dissolved solids ranging from 1,000 to 7,000 ppm.

In the Fremont Valley basin the ground water has a low to high 

concentration of dissolved solids; concentrations range from about
o

200 ppm locally in the Willow Springs subunit to 28,000 ppm in the 

Koehn subunit near the playa. In general, the dissolved-solids con­ 

tent in most of the water in Fremont Valley basin is between 400 and 

800 ppm.
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Ground-Water Racharge
/

Almost all recharge of the ground water reservoirs of the Antelope- 

Fremont basin is by runoff from the bordering mountains. On the basis of 

an analysis of the isohyetal map (fig. 5), the existing runoff, precipitatioi 

and evaporation data, and the relationships between topography, precipitatioi 

runoff, evaporation, and other factors, it is estimated that runoff to 

Antelope Valley (excluding Fremont Valley) annually averages about 55,000 

acre-feet from the mountain region above 4,000 feet elevation, or about 26 

percent of the total average precipitation. Much of the runoff of Big 

Rock and Little Rock Creeks is intercepted for use before reaching the low­ 

lands. Probably about 10,000 acre-feet is lost through the processes 

of evapotranspiration by beneficial plants. Of the 45,000 acre-feet 

remaining, further losses are incurred before ground-water recharge 

is effected losses principally through consumptive use by the scanty 

riparian vegetation and by evaporation from open-water surfaces and 

moist soil surfaces. Such losses are much higher during rare wet 

seasons than during other times, and are estimated to average less 

than 5 percent of the annual quantity. An arbitrary loss of 1,500

acre-feet is assigned to these processes.

r
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In addition to these losses from the runoff of the perimeter 

mountains, some flow terminates in small, closed basins in the San 

Andreas fault zone, where it sustains rather dense plant life on the 

beds of "sag ponds" and is thus not available to Antelope Valley 

users. However, these small ground-water reservoirs may be tapped 

by wells belonging to local landowners. An arbitrary estimate of 

the magnitude of such use is 500 acre-feet per year. Thus, the 

estimate of an annual runoff of 55>000 acre-feet may be reduced by 

a total of about 12,000 acre-feet to only ^3,000 acre-feet annually.

The line of 10 inches of precipitation roughly follows the 

3,500-foot contour, and the line of 15 inches of precipitation 

approximates the hf 000-foot contour; an assumption was made that 

about 10 percent of the precipitation falling between those altitudes 

runs off to the valley. Thus, an additional 12,000 acre-feet of 

runoff may be available but only about three-quarters of this prob­ 

ably percolates to ground water. Of the precipitation which falls 

on the valley floor proper, the California Division of Water Resources 

(19^*7; 1955) made an assumption that none percolates to the water 

table. Precipitation falling at altitudes below the 3,500-foot con­ 

tour may average about 637*000 acre-feet per year. A mftytTmim of one 

percent, or about 6,^00 acre-feet annually is probably all that should 

be considered to recharge ground water.

Estimates of mean annual ground-water recharge in Antelope Valley 

are summarized below:
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Contributing Runoff Losses 
region (acre-feet) (acre-feet)

Area above 4,000-foot altitude 55,000 12,000 
Area between 3,500-foot and 

4,000-foot altitude 12,000 3,000 
Area below 3,500-foot altitude

Total (Antelope Valley)

Ground-water 
recharge 

(acre-feet)

43,000

-9,000 
6.400

58,000

Recharge to Freraont Valley is much less than to Antelope Valley, 

per unit area. Almost all runoff is from the mountains on the north­ 

west and 'these are not subjected to coastal storms as frequently as are 

the San Gabriel Mountains which contribute runoff to Antelope Valley. 

Mean annual precipitation on these northern ranges is less than that on 

the more southerly mountains, and therefore the percent of precipitation 

that remains as runoff is less. The altitude-precipitation relation 

in the region contributing to Fremont Valley is not as well defined by 

data as it is in the region bordering Antelope Valley, consequently the 

isohyetal contours have been used to estimate the recharge characteristics 

of Fvemont Valley. It is assumed that in those areas where the precipitation 

is greater than 10 inches per year, about 7 percent ultimately goes to 

recharge ground water; in areas having a mean annual precipitation of 

7 to 10 inches per year only 3 percent percolates to ground water; and 

in areas having less than 7 inches of precipitation only one percent 

recharges ground water. Thus, the average annual ground-water recharge 

to Fremont Valley may be on the order of 18,000 acre-feet.
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To summarize, the entire Antelope Valley-Fremont Valley drainage 

basin receives, on the average, about 1.5 million acre-feet of water a 

year in the form of precipitation. Of this amount, only about 76,000 

acre-feet or about 5 percent, may ultimately percolate to ground-water 

reservoirs, and the rejnainder probably is lost by natural processes, 

although perhaps 10,000 acre-feet may be consumptively used by man 

before reaching the valley floor.
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Brief Quantitative Appraisal of the Principal Aquifers

The older alluvium, the principal aquifer in the area, is videly 

distributed and in most places is of considerable thickness. The 

unit has a moderate permeability and, where 200 to 500 feet of the 

older alluvium is saturated, wells yield about 500 to 2,000 gpm.

A preliminary quantitative appraisal of the principal aquifer 

of the area was made to determine whether it is feasible to plan to 

use the aquifer to distribute the water from place to place without 

using large pipelines, or for storing imported water* The quantity 

of water that will move through a cross-sectional area of the aquifer 

and, of more Importance, the estimated head changes some distance 

away from recharge areas are characteristics which must be estimated 

in order to evaluate the capability of the aquifer to distribute the 

imported water. The aquifer coefficient of transmissibility^, T, 

determined from results of aquifer tests, or estimated from specific 

capacities of weUs, can be used to determine the quantity of water 

which could be transmitted through the principal aquifer.

1. The coefficient of transmissibility of an aquifer is defined 

as the rate of flow, at the prevailing water temperature, in gallons 

per day, through a vertical strip of aquifer 1 foot wide, extending 

the full thickness of the aquifer under a hydraulic gradient of 1 

foot per foot.



The coefficient of storage^, £>, of an aquifer must be knovn in 

order to determine the capability of an aquifer to store and yield 

vater. The storage coefficient can be determined from pumping tests, 

but values obtained for S in the region usually have been considered

uncertain because of possible inter-aquifer leakage. This phenomenon 

introduces errors Into the results of tests unless corrections are

made to compensate for the leakage.
2/ Tlie specific yield ' of a water-table or nonartesian aquifer, such

as the principal aquifer in the area, is practically the same as its 

coefficient of storage. The specific yield of an aquifer material can 

be estimated, based on tests made in a laboratory, using similar mate­ 

rials. Estimates of specific yield can also be made by comparing mate­ 

rials of knovn specific yield from similar areas, where more intensive 

studies have been completed, with those described in logs of wells in 

the AVEK area. This was done for Edwards Air Force Base and vicinity 

(Dutcher and Worts, 1962, p. 210-316) and these values of specific yield, 

ranging from 3 to 15 percent, were used, in estimating aquifer storage 

capacity of the upper 50 to 200 feet of saturated materials underlying 

the base and some of the adjacent areas.

1. The coefficient of storage of an aquifer may be defined as 
the volume of water released from or taken into storage per unit 
surface area of aquifer per unit change in the component of head 
normal to that surface.

2. Specific yield of an aquifer is defined as the ratio of 
the volume of water which it will yield by gravity to its own volume, 
expressed in percent.
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Summary of available aquifer pumping testa. Transmissibility 

values for the principal aquifer have been determined graphically 

from aquifer tests by two methods: (a) By analysis of drawdown 

data from one or more idle observation wells near a pumped well, and 

(b) by analysis of water-level recovery data from a single well after 

it has been -pumped for a considerable length of time. The first 

method usually gives more reliable results. Two aquifer tests have 

been rade (McClelland, 1963, p. 17-18) near wells UN/9W-36ZL and 

32S/36E-35R1 in the area, using method (a), and one test was made at 

well 8N/10W-1C1, wherein method (b) was used. However, the test 

near well 323/362-35^1 gave inconclusive results because of incom­ 

plete development of the observation well.

The results of the test at well 11H/9W-36Z1, in the North Muroc 

subunlt, indicated an aquifer coefficient of transmissibility of 

about 90,000 gpd (gallons per day) per foot. The test results also 

indicated a coefficient of storage of 0.13. Hiis value is the same 

as the 13 percent (or expressed fractionally, 0.13) specific yield 

of the aquifer estimated from materials described in logs of wells 

in the area.

The results of the test of well 8N/10W-1C1 indicated an aquifer 

coefficient of transmissibility of about 35/000 gpd per foot. 

test was near the south end of Rogers Lake playa in the Lancaster 

subunit.
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Summary of available specif ic-capacity tests *-~Tfae specific 

capacity of a veil la expressed as the yi&Ld, in gpia, divided by 

ttte dravdovn, la feet> pref ermbly: ; computed near th* esxd :o^ a

poda r& tftly .tong period of puwptng» Ifa ttse A'fc»sL tfreft'iHDK
.._ -  . -- " ' . ^ . -  *   " -
 value tosK aquifer transmlssibility can be obtained by multiplying 

specific capacity by a factor which for large-diameter mills is 

approximately 2,000 (Tbo3.99 Brown, and Meyer, 1963 }«
^^^^S*3^l^^^^<^^^S^^i^'^^^;*^^.;?a .; ..,,,, . -,-^".  

:^"lji '/ttee ̂ tore highly developed parts of the" Antelope Valley basin, 

abundaot specific capacity tests of wells have "been made by drillers, 

electrical pover con$an!e«* and weli service companiea. .Specific 

.capacities of veils detenained from these tests vary, widely .and range; 

about  < 2 and 200 gpm per foot of drawdown. Additional work is

"&UK approxiaate aquifer transiaissilxiiit^ values 

:.ca3>ei:Ifttedf'froa: 'a|3aeeific capacities of veils in eaclt

yater suBunitir. For. ttoe present appraisal,, an average specif ic

\1"" ;  - r *;, * , : --i :  f±

Ttelng
^r?tS£g£v- a^.^»£?^t^ l'**^ '***rt*w ̂ MPTC
t-'^-'v*''-'7 '*'"- ' " Tii*- " ' '* -" v" '"'/ '""*2r ~"' * ' '  "



Approximate quantity of water transmitted by the aquifer.  'The 

average of all available transmisaibility values for the principal 

aquifer is about 65,000 gpd per foot* Although the transmissibility 

of the principal aquifer deviates from this average value in many 

parts of the area, the average transmissibility gives an estimate of 

the capacity of the aquifer to transmit water.

The modified equation for the quantity of water which can be 

transmitted through a finite part of an aquifer, based on a modifica­ 

tion of Darcy's law, is:

Q » TIL 

where T » transmissibility in gpd per foot » 65,000;

I * average hydraulic gradient in feet per mile, for the

larger more permeable parts of the aquifer, * 15; 

L * length, in miles, for any cross-sectional area considered. 

Substituting the above values in the Darcy equation shows that

Q » 65,000 X 15 X 1 » 975/000 gpd, or nearly 1,100 acre-feet of 

water per year is transmitted through a crosa-seetlonel area 1 mile 

long measured normal to the direction of movement.



Adequacy of the principal aquifer as a distributor of water> In 

general, water-distribution distances are too great, ground-water 

movement is too slow, and water movement through the principal aqui­ 

fer in the area is impeded in too many places by barriers for the 

aquifer to replace substantially large portions of a surface distribu­ 

tion system. Dependency on water distribution through the aquifer 

within a single ground-water subunit also might not be practical, as 

discussed below.

It is essential to estimate the expected hydraulic head change 

within the principal aquifer which would result from recharging with 

imported water la order to determine if the aquifer would serve to 

distribute the water within a ground-water subunit. Therefore, the 

approximate magnitude of the change in head with regard to distance
4

from the recharge site and with respect to time after recharging is 

started are important considerations.



In the principal aquifer, which has moderate permeability, head 

rise resulting from recharging with several thousands of acre-feet 

of water annually would be large near the recharge site, and a mound

would build up in the vicinity of the site. The height of the mound
i 

would diminish with distance from the recharge site. At a distance

of 2 miles the change in head caused by recharging would still be
~i 

small after a year of recharging, and at greater distances the amount

of change would be less. Furthermore, the net effect of the recharge, 

with regard to the declining water levels in wells in a heavily pumped 

area some distance away, would be to cause only a decrease in the rate

of the water-level decline.

Because recharge at any particular selected site would cause 

only small head changes within most of the principal aquifer, 

measured during a relatively short period and at a distance of 

several miles from the recharge site, it is concluded that the 

aquifers would not serve adequately as a means of distributing 

imported water throughout this large area of complex geology.
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Appraisal of Sites for Storing Imported Water

AVEK will receive its first imported water (20,000 acre-feet) in 

about 1972. The quantity of water imported will be increased periodically 

during the ensuing 18 years until a total of 120,000 acre-feet will be 

delivered annually to AVEK beginning in about 1990. Present plans 

reportedly are for delivery of this water throughout the year and at a 

nearly uniform rate. On the basis of the anticipated usage, it will be 

necessary to store about a fourth of this water, or about 30,000 acre- 

feet, during periods of low demand, for use during periods of peak demand. 

To do this, a surface reservoir, having a capacity of about 25,000 acre- 

feet, is planned. The balance of about 5»000 acre-feet annually probably 

should be stored underground. During some years underground storage of 

more than 5>000 acre-feet probably will be desirable.

A brief general appraisal has been made of four potential sites 

where it might be feasible to store imported water in a surface reservoir. 

More attention has been given to selecting suitable sites where water 

could be recharged into ground-water basins for both temporary and long- 

term storage.
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Potc-ntiai site_o f 'JT "torin ~ v^at^^^i n - jrfac^e reservoir>s .. Four 

natural sites for j;os.~ 1 .\l.<- surfac-? reservoirs arc su^rested for further 

study to :etermine if construction of dans by the Antelope Yaliey-rJast 

"Cern Wit or Agency would bo feasible. These possible sites are located 

(fig. 10), as f ollovs: ;!) The canyon separating Antelope and Fairmont

"AT -f-hoe -f-r>r- OO 'J^ - "  O'-M-"! ~)^ T1 ft "" P ill   '   ^ ^ ^ f-iti T«O c, r ^ r"3 n  »--JUOOCb* otC^t t-XJ _u- J -^-*-> li*»>-«- _"-> -t» O -  » ik« J-^T '<ej \*-/ bilS itj£-Ii Li i CJUIl/

near the east end of hcvejoy Buttes in sees. 1^, 1C, and 22> T. o II., 

E. 9 ' ' ; (3) northeast of Hi Vista in sec. 9, T. 3 1%., R. 9 W. ; and 

('4} near Bissell in the northern part of T, 10 ;?., R. 11 W, Other 

potential sites for surface reservoirs cay exist in the AVEK area 

but vere not evaluated in this study.

The reservoir site in the canyon between Antelope and Pairmoat 

Buttes irJL^ht impound, about 20,000 to 25,000 acre-feet behind a dam 

approximately 100 feet, high (maximum) and 0.3 rile long as measured 

along the top of the can. The top of the bum would be at an altitude 

of about 2,?60 feet above sea level and would span the canyon at a 

point about G«5 raile upstrean from its mouth. Granitic rock or* the 

east canyon "well and sedimentary and volcanic recks en the vest ^all 

are virtually impervious and leakage from the reservoir should be 

small. 'This canyon dro.ir>j only a small aro a upstream fron: Fairmont 

Buttes, ar.d ruiioff through the reservoir site is sna.3.1.



"he ^efi'> -v, lr &.tc at hcvt\'::y Putt'23 might inrp'^ur:-.- as r-uch 03

 r'---''?.'-^ r. J w£ter. Hevevr.r, three oa^s spaiviuv gcp:-: b<?tv: -:: 

the butter  -  jul^ be riq'jirsd to clore the reservoir en th^ tcv.tr; anr. 

east. The :.:^xinij^ height of tr.e claims vouli need to be betveen 1 c. one 

60 feet one the tot-il length would be approximately 0.7 mlic. Crt?sts 

cf all t-hc '.lEjr.s vovJ v bt- at an a^tituce- of about 2,7^-0 ^est. 7L" 

butt^G r-r«- -roinoo^e^ of s-r&.r-.it:;: roch and the prospective reservoir 

shv-ld be v" r';ua?."!.y vat'.'r t-lglit.. I'uncff from the mountains very

The pr-:-.-p-O'-t jve rrser^oir /!te northc^Gi of Hi V: dta ml^nt r tore 

a"i-"i:*  "!,'"'" " ar-rfj-fPri-t or' -.ratpr Vj^hjr ; c. tvo ."'on?; or.-? Oar: :./:ould b^

*. '.  loot h I,:rr -. The tr 1- ?' "  -r.^f- of bet/, fan:? voulu be abooi. -." .^ ::.ile



ce> ukgfrr site near Bis sell, partly on Edwards Air
*
liresi
«*p ' * .-* . * - 

Force-Base, wol|Ld store approximately 75 1 000 acre-feet of water

behind aSflam about 50 feet high and 0.75 mile long. The crest of a 

dam whiclj, might be corns true te<^at a narrow part of the canyon in**' ' i '«L*
sees. 12* and 13, T* iQ*N*^ &.*^ttf., would be at an altitude of about 

2,500 feet an£*the reserve ijgfwould be relatively shallow; the area of 

a lake behind a d*c at ttoe proposed site would cover about 6 square 

miles. Granitic rocks at the dam site and flanking a large part of 

the reservoir would preclude most leakage. Hunoff through the site 

is relatively small. The main disadvantages of the site near Bissell 

are: (a) Pumping would be necessary in order to transport water from 

the prospective reservoir, and (b) large losses would occur due to 

evaporation from the water surface.



Potential sites for storing water underground.--A preliminary 

selection of sites for storing imported water underground is shown 

on figure 10. The criteria used to select the sites and determine 

their suitability for ground-water recharge and storage are:

1. A land-surface altitude sufficiently high to allow surface 

distribution by gravity flow from the site to the point of use.

2. The presence of permeable materials between the surface 

and the water table.

3« A location where the depth to water is not more than about 

koo feet in order to minimize the recovery costs.

k. Locations where yields from wells would be at least 500 gpn.

5* Locations near power-transmission lines or natural gas 

pipelines so that power costs would be minimized.

6. An adequate storage capacity above the water table.

7- Locations where ground water would be impounded behind c 

faults so that outflow from the reservoir would be reduced.

8. Locations where ground-water and other development are at 

a minimum so that the cost of land purchases would be low and where 

water recharged at the site would be available for later use.

At present only two subunlta appear to be suitable repositories 

or "banks" where water not fully subscribed by users could be held 

in long-term storage without waste and be pumped by the Agency for 

use when needed. These are the Chaffee and West Antelope sub unite of 

JVemont Valley and Antelope Valley basins. Long-term or carryover 

storage in these subunits may be very important during the first 

decade or longer after water importation is started. Also, parts of 

these subunits could be used for temporary storage of water underground.
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A summary of the findings of infiltration tests made by the 

Department of Agriculture indicated an average infiltration rate 

of 3 acre-feet per vetted acre per day during 115 days of water 

spreading in Antelope Valley at the Kings Canyon percolation basin 

vest of Fairmont and at an infiltration basin near the mouth of 

Cettonvood Creek. Also, a few permeabilities for surface materials 

near Wagon Wheel Ranch north of Willov Springs were determined in 

the laboratory, and these may be obtained at a later date. 

Infiltration tests would be desirable at each of the storage 

sites chosen for further study in order to definitely determine if 

rates of recharge vould be sufficiently rapid*



Conservative estimates for the rate of infiltration and the 

probable size of the basins needed to recharge the available water can 

be made by estimating the vertical permeability of the deposits, on the 

basis of the results of the infiltration tests by the U.S. Department 

of Agriculture. The average permeability at most recharge sites is 

estimated to be at least 20 gpd per square foot. Therefore, a 20-acre

area should infiltrate about 10,000 acre-feet of water during a 6-month
j 

period, provided that the surface materials do not become plugged vith

clay and algae during steady use. This quantity compares favorably with 

the values obtained during the completed tests.

Because of probable plugging at the surface, infiltration facilities 

should each include tvo spreading basins so that the surface of one can 

be dried to eliminate algae and reconditioned while the other is in use. 

Each spreading basin should have an intake capacity sufficient to carry 

the flow desired during the period that recharge is underway.

The necessity for a large storage capacity, the presence of a 

barrier to impound water, and the need for only a minimum of ground- 

water development are of particular importance to the proposed long- 

term storage reservoirs in the West Antelope and Chaffee subunits.
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The usable storage capacity of the subunits near the proposed sites 

for large-scale recharge and long-term storage is estimated to exceed 

500,000 acre-feet. During several consecutive years any unused water, or 

the entire flow of imported water, could be stored in these reservoirs.

Ground-water development in the Chaffee subunit is limited to one 

municipal well (32S/36E-3^E2) belonging to the Mojave Public Utility 

District and several irrigation wells on the Jameson Ranch (11N/12W-26) 

belonging to Monolith Portland Cement Co. Well 32S/36E-3UE2 reportedly 

yields about 1,650 gpm which is used to supply the city of Mojave. Data 

for wells presently used at Jameson Ranch are not available, but the yield 

of one well formerly used in the area was about 800 gpm.
A

Ground-water development in the Vest Antelope subunit is limited

to about 12 irrigation wells, most of which belong to the Metier and
\

Bury Ranch. These wells reportedly yield about 500 to 1,800 gpm.



Areas suitable for storing unused vater for as long as 5 to 10 years 

should be located where there will be a maximum retention of water  

where losses from local pumping and outflow from the reservoir will 

be at a minimum. Fault barriers, such as the Muroc fault and the probable 

southwesterly extension of the Randsburg-Mojave fault, would insure a 

maximum retention of water in the reservoir by impeding outflow from 

these storage units. Pumping also would be at a minimum. Although a 

small amount of water moves across these fault barriers, the loss of 

vater recharged into the subunits would be far less than from areas 

not flanked by faults..

Leakage might be greater where the fault barriers are above the 

present water table than where they are below. Thus, more vater might 

move across the barriers if vater levels are raised by recharging. It 

is not feasible to determine this increased leakage from the prospective 

long-term storage reservoirs until after water levels are raised in the 

subunits behind the barriers. However, the possibility of increased 

leakage is not a great problem, because most of the outflow probably 

would be replaced by water recharged naturally from runoff or deep 

penetration of rain.
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In addition to use of the two large ground-water subunita for 

proposed long-term storage of imported water, the use of several 

smaller ground-water areas as reservoirs for temporary storage of water 

near places of large usage would make it possible to reduce the overall 

size of the planned surface-distribution pipes. This practice of 

using the ground-water storage reservoirs would also facilitate the 

regulation of surface storage and the distribution of water throughout 

the area.; The imported water could be placed underground during seasonal 

or short periods of low demand and recovered without loss to the Agency 

and used during subsequent periods of high or peak demands.

Consequently* 10 sites, which in part overlie the West Antelope 

and Chaffee subunits, have been selected for further study to determine 

if ground-water recharge and temporary storage of water in them would 

be feasible. These sites are shown on figure 10 and are listed in 

table 3, which also contains a synopsis of data and criteria used in 

evaluating the probable relative merits of each site.

At some of the sites suggested for further study, few data were 

available on which to base an evaluation. Nevertheless, in order to 

limit further studies to the most promising sites, all the sites were 

evaluated,and estimates regarding their suitability were made on the 

basis of the available data.
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Recharge Sites Proposed for Additional Study

The two large underground reservoirs in West Antelope and Chaffee 

subunits may become the most important parts of the area with regard to 

finding solutions to the pressing water problems of the Agency. 

Ground-water occurrence and movement, the storage capacity, and the 

permeability of the deposits in these two subunits must be thoroughly 

understood if the Agency plans to use these subunits in conjunction 

with a large-scale program of using imported water. Therefore, these 

two subunits and all 10 sites shown on figure 10 and listed in table 3 

will require some further study to determine their feasibility for 

use as recharge-storage reservoirs.

For temporary storage six sites~-Cottonwood, Cache, Jackrabbit, 

Wilsona» Mirage, and Aqueduct have the most favorable hydro logic 

attributes and should be given the highest priority for further study 

unless eliminated from consideration by the Antelope Valley-East Kern 

Water Agency because of incompatibility with the planned surface 

distribution system, because the Agency may decide to use the large 

Chaffee and West Antelope ground-water subunits in preference to the 

smaller areas,or for other reasons.

Hear some of these sites, such as Cottonwood, Cache, and Jackrabbit, 

there are very few or no wells; therefore, test drilling and aquifer 

tests might be needed to determine their adequacy as reservoirs and the 

practical methods of recharging the imported water and recovering it 

for subsequent use.
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Feasibility of uglng Injection veils to recharge underground 

reservoirs .   The primary factors to be considered in assessing 

the feasibility of using wells instead of spreading besins to 

recharge the aquifers are, as follows:

1* The number of wells needed and their approximate 

construction and maintenance costs.

2. The type and cost of treating the water. Some treat­ 

ment is usually necessary to prevent clogging the recharge 

wells.

3« The geologic conditions in the basin to be recharged. 

In mgnxL to the technics! feasibility of using recharge veils, 

considered separately from the economic aspects, tha rate of water 

injection into a properly constructed recharge well should be about

the same as the yield from a discharging well in the same area  
i 

about 1,000 to 1,200 gpm at most of the suggested recharge sites.

Therefore, each well would inject about five acre-feet of water 

per day or approximately 900 acre- feet during six months of 

recharging activities. If 5*000 acre-feet of water were available 

for recharge and storage in a ground-water reservoir, six injection 

wells would be required.

The cost of constructing each injection well might be about 

$25,000. Enough wells to recharge 5,000 acre-feet of

6-month period, therefore, might cost about $150,000, plus the cost 

for pipelines and the distribution facilities to carry water to 

these wells,
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Combination injection-discharge wells have been used at some 

recharge projects in the southwestern United States. These installa- 

tions have met with varying degrees of success, but in general they 

are less desirable and more expensive than recharging ground water^ 

by using surface basins.

Water injected through wella should be virtually free of all 

suspended matter to avoid clogging, which must be remedied by diffi­ 

cult and expensive redeveloping programs or by replacing the wells. 

Treatment of water for injection by filtering is usually necessary; 

this added expense is usually not necessary for recharging by surface 

infiltration.

Where geologic work indicates the presence of beds of low perme­ 

ability above the water table, injection .through wells may be the 

only possible method of recharging the aquifers. In such areas, the
'»";

expense of injection might be warranted.- Present geologic knowledge 

of the suggested recharge^sites doea not indicate that injection 

will be necessary in order to. get the water into the aquifers.

101



Feasibility of recovering recharged vater. The feasibility of 

recovering recharged water by pumping is dependent on: (a) The yields 

and number of veils needed in the vicinity of the recharge-storage 

sites, (b) the optimum spacing of the veils and their position vith 

respect to the recharge basins, and (c) the capability of the subunits

to retain the vater in storage.
i

In those recharge-storage sites that appear to be most favorable, 

veils $00 to 800 feet deep yield, on the average, about 1,000 to 

1,200 gpm, or about $ acre-feet per day. During the period May 

through September, an average veil, therefore, should yield about 

900 acre-feet of vater. Thus, in a storage site vhere it is desired 

to recover 5,000 acre-feet of stored vater during one season of peak 

usage, six veils vould be needed.

Selecting the optimum spacings for veils is a problem concerning 

mainly the economics of pipeline and power line costs, rather than 

hydrology. This is not intended to infer that veils should be placed 

vithin a few feet of each other. A logical minimum spacing for veils 

might be about 500 feet. Also, veils should be positioned vithin or 

adjacent to the recharge area in order to take advanta^ of minimum 

lift in the areas of shallovest vater levels. As an example, if tvo 

20-acre recharge basins located side by side vere used, having overall 

dimensions of about 1,?00 by 1,000 feet, three recovery veils could be 

placed at 500-foot intervals along a berm dividing the tvo infiltration 

basins* and one other veil could be drilled at an end of one of the 

recharge basins.



; :;: f J;- v STATUS OF THE

-.- ; Tbe study of water resources in the Antelope Valley- East Kern. 

Water "Agency area is approximately one-half . completed as of June 

. Mueh of the available pertinent data have been compiled and 

The data analysis is far enough advanced to permit
.» . .

an indica%J!c&.ji6 to what areas and types of study warrant the great - 

es^ emphas is during the remaining part of the investigation. Some
i.-Sfc' ' . -
additional work not originally planned would be desirable.



Summary of Work Doge

The work accomplished on the water-resources study, as of June 

1964, includes the following:

1. The geology of most of the area has been compiled (fig. 

10) on a preliminary base nap. Only the geology of the extreme 

southern and southvestern mountainous parts of Antelope Valley- 

East Kern Water Agency remains to be completed; this vork is 

awaiting the drafting of the final base map which is nearly com­ 

pleted.

2. The structural boundaries of most of the ground-water 

subunits have been tentatively delineated through preliminary 

appraisal of water-level data.

3. The results of available aquifer tests have been com­ 

piled and very briefly analyzed.

U, Several potential reservoir sites for surface storage 

of water have been appraised briefly.

5. Rainfall, evaporation, and runoff data have been compiled 

and analyzed.

6. Several potential reservoirs for storing water under­ 

ground have been appraised.

T. The altitudesLof wells in a large area west of Rosamond 

were determined by spirit leveling.

8. Water-level recorders have been installed in three 

wells to obtain pumping and fault-barrier effects.



Summary of Vork to be Done.,

Emphasis should be placed on evaluation of potential sites for 

storing water underground during the remaining period of study. A 

comprehensive physical description of the aquifer system is important 

for a full evaluation of potential storage sites,-| The following work 

remains to be done on the investigation:

1. Evaluate pertinent ground-water data presently being 

collected in southeastern Antelope Valley basin as part of the 

Geological Survey program with the California Department of 

Water Resources,

2. Collect, field check, and evaluate additional selected 

essential data on wells drilled in the northern part of the area

since available basic data reports on that area were completed.
( 

3« Obtain and appraise a few selected well data in the

extreme southern and southwestern mountainous areas of AVSK, 

U» Make water-level observations, by measurement and

short-term recorder operation, in the vicinity of inferred fault
   "--    *^--- ; V- ~ ^>--' ; "'; '-  ' . - -  ". ,'*', -*., -:*:--   -. -. .-

^i^L^iii^'^Si. ^£>^t^ssl' '^:i'-z?^~3<ii£'   ^»^-^f&^ 

5» Make aquifer tests, as facilities are provided and

need is demonstrated, in the Chaffee and West Antelope subunits 

6. Appraise the many specific-capacity tests of wells in 

the area.
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7. Conduct an infiltration test and perhaps an injection 

test in the West Antelope subunit if facilities are provided and 

the needs are demonstrated.

8. Further analyze surface-water hydrology to show flood 

hazard and natural recharge mainly in western Antelope Valley.

9» Prepare a final report summarizing all the findings of 

the investigations.

In addition to the work, outlined above, the following work and 

studies are proposed:

1. Supervision of the drilling of test wells in western 

Antelope Valley (minimum of 7 test wells, $2,600; maximum of 

12 test wells, $5,200). This work is described in the section 

on need for additional studies and test wells.

2. Surface-water study in western Antelope Valley includ­ 

ing instrumentation for four stream gages and a precipitation 

station. The rainfall and runoff records should be collected 

continuously for about 10 years to provide meaningful average 

values for evaluating natural recharge, flood hazard, etc. When, 

sufficiently long records have been obtained, a small amount of 

additional funds would be needed to interpret the data and pre­ 

pare a short report on the findings.
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3. A study of chemical quality of water vith particular 

emphasis on the rate of accretion of dissolved salts from 

imported water. All dissolved salts in imported water will 

remain in the area, as there is no apparent means of exit from 

this closed hydrologic system. These salts will continue to 

accumulate and eventually could become a problem. Determining 

the rate of salt accumulation will show when this problem might 

require remedial attention.
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NEED FOR ADDITIOHAL STUDIES AND TEST WELLS

The overall water-resources investigation of the AVEK area must 

be completed before the regional geologic and hydrologic features of 

the area can be appraised in sufficient detail to permit the AVEK 

Water Agency to complete plans for using imported water in conjunc­ 

tion with the natural water supply. This is necessary if the Agency 

is to plan an efficient basin-^rlde water-management program. An 

analysis of data from existing wells shows that in some critical areas 

test wells must be drilled and test pumping will be needed to provide 

information not otherwise available. The probability that some test 

wells would be needed was foreseen from the beginning of the woriu 

Some aspects of the geologic structure are related to the location of 

the boundaries of certain ground-water subunits. The positions and 

effectiveness of these features are of critical importance but cannot 

be determined before a program of test-well drilling and test pumping 

is completed, about as outlined below:
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Phase I. Test-veil drilling.

About 7 to 10 veils cased vith 3-inch pipe a total of

about 2,500 feet of hole. 

Phase II. Aquifer test in Chaffee subunit.

Develope existing veil 323/36E-35R2 and equip and pump

veil 32S/36E-35R1 during long-term aquifer test. 

Phase III* Aquifer test (provisional) in West Antelope subunit.

Collect data to determine if existing veil facilities are 

adequate for testing; if inadequate, construct one 

observation veil about 800 feet deep and 8 inches in

diameter. 
c 

Phase IV. Recharge rate determ-t nation in West Antelope aubunit.

Construct mull spreading-infiltration basin near Los 

Angeles Aqueduct; drill observation veil near spreading 

basin. Make a veil injection test using the aquifer 

test facilities described above (provided that infiltra^ 

tion is not sufficiently rapid, as determined by infil­ 

tration tests).

Ihe depths of proposed test wells are shown in table k and the 

locations are plotted on figure 10. The test veils are numbered in 

logical drilling order through test well J.
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Hie purpose of the test wells is to provide: (a) Additional 

control points for obtaining vater-level measurements for use in prep­ 

aration of vater-level contour maps and profiles; (b) hydrologic infor­ 

mation relative to the position and extent of tvo possible faults vhich 

may act as ground-vater barriers in the vestem part of the (area. The 

position of these barrier features and the degree of their effective­ 

ness is of critical importance. Unless the wells are drilled, data 

will not be available to determine if a large ground-water subunit 

exists in the western part of Antelope Valley and if that area can be 

used efficiently as a large-scale storage reservoir vhere vater can be

readily recharged and later pumped from veils for use;, (c) geologic(_

information relative to thickness, character, extent, and correlation 

of the various subsurface deposits; (d) necessary control to use in 

conjunction with existing wells for making aquifer rating tests to 

determine transndssibility and storage coefficients (necessary only if 

previous testing proves the existence of a separate ground-water sub- 

unit in the area); and (e) necessary control to use in conjunction with 

existing wells for obtaining periodic water-level measurements to deter­ 

mine the effectiveness of proposed water-spreading tests in the western 

part of the area, and for related purposes. In most cases the wells 

will be multipurpose, and in all cases they will supply necessary data 

not readily or economically available in any other way.
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Although reconnaissance geolqgic mapping andavailable data 

from vel34 indicate the probable existence of two faults^ in the 

western part of the Antelope* Valley basin, these are not yet known 

to act, as barriers to, ground vat er.r If these faults are located 

about as shown on figure 10, ft migbrt be possible to" re tain large 

quantities of ground water in storage in the ground-water subunits 

upgradient from the barriers; water could be rec&arged and stored 

for later recovery and use. If the% suspected faults' are proved to 

exist and do .act as barriers to ground w«%er,, outdTlOw wuld.'bej 

restricted anit the barriers irqtild pa^eyen^ moslioF th^e. losses which 

voUld; otiier^ to the areas of large-

-.|ftan^ing' .farther'^JBft^.w.r:l^:j*-:V.;f* .';£ :  '/. .};'- ''-    ̂ ' &~ :t~-~l'l^;:' 1 :/" -;,"'' -  - ; ." ,. 

 > there are numerous problet^^npt yet^answeredr (r) Bi^

ay bef in' about 4dbe position} shown on figure 3? or 

they may be; ^rther^east--or west; (2) the so-calied Bandsburg-Mojave 

fault may be an effective barrier along only a part of the reach 

between the Rosamond and San Andreas faults; and (3) the deposits 

west of the possible fault-barrier may be permeable and of sufficient

extent a^.t&icJcoes3r to constituted air "ia^portant storage

beneath most; ;of the "area wes^;^ the^^&tjilate^-fauit or^ In places,

they may be*t^iin or^poorl^r permeable* ? «J ; ;
-:JMil.



^;*r ^ jureu wcutuuK  tlled fo^ any one of the purposes fcutliaed^?^^^M^*.A;-i.^* : '/v- -^^vi'^-','' a - vr: -'  "-- '^' ; ; ~-.\A. ;.'. "    V'^'V',^
In mddt1&bn> supply other needed inforaation as tot the occurrenceof

vater in the laost productive zones. However,, it probably

t»e necessary to, drill all the welis for which proposed sites aare

6b {figure 10. As drilling progresses the geohydrologic data 

be analyzed concurrently aad a test well will be drilled at 

subsequent well site, or the site will be abandoned as way be 

the need for dtata. Based on analysis of existing <3ata 

appraisal of the ao,st probable geohydro logic condi- 

fewer than four and not n»re

tfe-existeace
-.. . i*ii'"';-"- k *  ._>->'*'. '.,! » (,  ;' - "f . -V.vj.: :> *' i-'3,V'.-'i**-*' -,. -' .- ' -."*f-i,;<-,-:,   .. '-<*  _ '.  ' -  :  ' ' -* >}; **. .

postula^e^;;^aiidpli»grTOjav^-:;?|^^ : '- : ,. ">..'V^
^^^'-'"f",?; - -- "'- <ite?: "^ />^^^ ^v'''^37^: -'^d^: -:i- ^ ^   :'- ;7;%*5ii^ 
teatt .wells, (ixianbers^S and^J will be retired to

v. "'"..."-' -" ;  - .  '-*.' . i - "*   ' ;v\i'" ' '' ' '\ . S-y-j,-/' 1 '''i->'i-''' '^^^ - -'*. »-': "      '- "     ! 
i -v  '..» '..  -"  " " ::7:ri; *,. 1r.,.>  " . ,-"', '.."^ #'*;;  ?--  '' ':... "" * *~~  ' ' '   "''"' ?~~ '"-,-,

the so-called Reenach fault extends southwest

the!'arear ; shown oti jfigure 10. However^ .JEf test wells drilled

fault*is effective as, a

pbstktlatei reach to ^e;^es;te<l, the drillin&pg \ 

could, tee'assigned * io^? priority. On the attter hand, 

:dto£ed J-ndlcat» that; jbie^BBmdsbttrgr^Jave ̂ i^aaft
«.^;^::.:- :- ^:^: ';: r -;t '". "r ^- ; -   "i-.^'^
*, or If conditions in the ground-water

for

"be iMgsrtant 'te determine whether the leenach, fault 

serv^;ta, separate the area from the imtn part of



Selection of Test-Well Sites and Well Specifications

On the basis of the previous presentation of findings and the 

need for additional critical data for the completion of the ground- 

water investigation of the AVEK area, the sites for 12 test wells 

have been selected; drilling of these sites should provide the neces­ 

sary data. Not all will be required if results of the first few 

wells are successful. The 12 sites are shown on figure 10, and the 

numbers correspond to those in table k. For each test well listed 

in table k, there is indicated its approximate location, diameter, 

the estimated maximum depth, probable depth to water, and type of

    taftiil ^^^&^^^^:̂ ^^ '^' ^' ^^' & *'  ^^4;"^»'>^4^t^~-^
. 'J^^7!^Sf^^-^^M^^^^^^^ ̂^^%^:$£zJ&:̂ ^&
AM a matter of speed and economy in logging, all the test wells 

probably will be. drilled by the rotary method. Also, an electric log 

of each test well will be essential. Test wells 1 to 11 (if each is 

required) should be cased with small-diameter (perhaps 3-inch) slotted 

pipe and developed by balling.

Test well 12 should be equipped with a casing not less than 8 

inches in diameter and should be developed thoroughly for use as an 

observation well during an aquifer test, if previous drilling has 

shown the existence of a separate ground-water subunit west of the 

postulated Randsburg-MoJave fault. The well will not be required if 

testing indicates that the area is not suitable for ground-water 

holdover storage.
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the locations of the test veils are shown vithin a, 

tract,, it may be neeessary to change t&e locations

% ;-:»dE:-. .some. qC the specifications as more inf&raa^ioa ds obtained iit^i
: '"3fsj-^L>Ci "'°';:> :£,/    --. -.'"'/'   ' ; V'.v- '-   ''  , - ( ,.,.     . s ,'- ""'-"." !.vv--" : .. .- --  v ; -. --.   *-  /..'-: ; v*i'?i.l

    : -f/$^^V>K;.*.,v-="^;;; '" * -,.  .- *''; " -'- *-'" _ -. _ ___> ; -,,*"'..."''" ' - "' - :- ~ $

- ',; ;  the fiel^ami from further study. -Accordingly, f lexibility $

iis a^ necessity in order to secure the most usable data- from

;test*ire3 :' dri3J.iag program. 'In this connect ion, ; -Qie Geological: 

ill desire to consult vitli AVKK engineers during the :&c
v   :'" «. "-*  '-'  - f        - :  '. . , "-. ., . ;.:  ' .- ' - l-'^';

.^reparatios or the "detail clauses of the test-velE drilling bids v'"* '"
r^ife',,-;:*'-^ ;^-. _ . , T -";-'-" :rt-...- ,,. , .;.:  ' i .^;-.. ,.   I,/" ' "\ . ^.-' '.-.- '. .   .. - -?"* -  '^. v ;;.;-

speelfl cat ions. '"  '"- ':^ :J ; .   ' ,.'* ' r-'"^-Xv.'''. T* ^ ?:-'; .;..^:.. - ......"" = _ ;: . f-^^



Time Schedule for Completion of the Test-Well Drilling

Completion of the current investigation of the AVEK area is 

scheduled for July 1965* To complete the final report on schedule, 

the proposed test-well drilling should be completed as soon as possible 

and not later than December 196U. If test drilling extends beyond 

December, additional time and funds vill be required to complete the 

report.

Upon conclusion of the proposed drilling and testing, the 

Geological Survey vill prepare a brief report summarizing the data 

and results obtained. The contemplated drilling and testing possibly 

vill indicate a need for further data, which cannot be foreseen at 

this time. If the investigation cannot be concluded successfully 

vithout additional drilling, these needs and the data required vill 

be described in the report«
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Other Studies and Tests

An aquifer test in the Chaffee aubunit probably can be
<£'-*   T^r*- '  -*£v^Tl?^-:t*  J ' *

Pacific Land Co0 where an aquifer* test previeusly v«.s attempted* 

The previous test was unsuccessful because the observation well, 

35^2, had not been properly developed. This veil must be developed 

by extensive bailing and pumping before a satisfactory test can be 

run; treatment with a mud defloceulant may be necessary. Assurance 

©f sucooss is not certain, -but if it can be dene, the expense of 

constructing an observation -veil can be averted1*

A ptmp for veil 32S/36E-35R1 also^will be needed for: the test;
«r -

it should be a«t at. about 275 feet and should be capable of yielding
" » .'". . * t

1? 500 gpm* 'Other dctills of testing can.be arraaged when^ the speci­ 

fications are beling^ prepared.

Delineation of fault barriers in the western part of Antelope 

Valley basin may indicate that the northern part of the Heenach 

subunit is the best long-term storage unit for the basin. If

an aquifer test will be planned somewhere near the east end
^^^^^^

"' the iat**hl>*- R. 13 WV Existing ^ 

wells will be used, if possible, for this test. However, construc­ 

tion of a test well near an existing well might be necessary.
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Additional standing water-level measurements vill be obtained 

in existing veils along the Inferred fault barrier trending vest- 

sotcthvest through the Heenach subunit. Some of these water levels 

vere not Measured during the recent veil canvass done in cooperation . 

with the California Department of Water Resources because the veils 

were being pumped when they were visited. These measurements vill 

aid in more conclusively and accurately delineating this fault. In 

addition to these measurements, water-level recorders vill be 

installed for short-term operation on either side of the fault if
r
\

satisfactory unused wells are available. These short-term records 

also will help to delineate the fault.

A program of stream gaging and precipitation-data collection 

should be started. The broad aspects of .such a program as described 

in the surface-water section of this report, are beyond the scope of 

the present investigation. However, a segment of a broad program of 

data collection should be commenced in western Antelope Valley to 

augment the ground-water appraisal of the West Antelope subunit.

To implement the surface-water study in the western part of 

Antelope Valley four*stream gages at suitable locations on Oso Canyon, 

Sycamore Canyon, Canyon del Gato-Montes, and Cottonvood Creek should 

be. installed. A precipitation station at one of the stream-gage sites 

also should be installed. These installations should be planned for 

long-term operation to increase the utility of records obtained.
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