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DISCLAIMER

Publication of the study results presented herein
should not be construed as representing
either the approval or disapproval of
the commissioner of the Bureau of
Reclamation or the Secretary
of the Interior.

The purpose of this document is to provide
the Indian Wells Valley community with
information concerning groundwater
resources and to provide optional
implementation plans for
future development.



PREFACE

Documentation of the Indian Wells Valley Groundwater Project is
contained in two report volumes. Volume I, the Summary Report, is
intended for a general audience. It contains an explanation of the
administrative, institutional, and financial aspects of the Project; a
description of Project activities; and a non-technical presentation of
Project activity results, conclusions, and recommendations.

Volume 11, the Technical Report, is intended for a technical audience.
It provides all of the technical details concerning the test wells, data
collected, data analysis, groundwater modeling, and recommendations
for future investigations. Technical discussion on groundwater recharge
quantities, recharge distribution, pneumatic slug testing, and a
hypothesis for the anomalously low transmissivites found in many of
the shallow piezometers are appended to this volume. Also included
in this volume, are all of the data collected as part of this Project.

Mr. John A. Johnson, civil engineer in the Bureau of Reclamation’s
Lower Colorado Regional office in Boulder City, Nevada, was the
primary author of Volume I, while Mr. Dennis E. Watt, hydrologist
for the Bureau of Reclamation in Boulder City, was the principal
contributor to Section A of Volume Il. Section B of Volume Il was
done by personnel in the Bureau of Reclamation’s Denver office

in Denver, Colorado. Mr. Leslie Pehrson, an engineering intern

in the Bureau of Reclamation’s Boulder City office, performed the
calculations in Section C of Volume 1l. Mr. Gail F. Moulton, chief
geologist for the North American Chemical Company of Trona,
California; Mr. Michael D. Stoner, geologist with the Naval Air
Weapons Station at China Lake, California; and Dr. Don Decker, a
physicist with the Naval Air Weapons Station, reviewed drafts of both
volumes and provided significant technical and editorial suggestions.
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PROJECT OBJECTIVE

The primary objective of the Indian Wells Valley Groundwater Project .
(Project) was to refine estimates of the life of the natural groundwater resource
in the Indian Wells Valley (Valley) and to identify management concepts to
conserve and extend the useful life of this resource.

APPROACH

In the Memorandum of Understanding which established the Project, the
participants agreed on the goals to be achieved:

v/ Refine groundwater resource quantity and quality
v Refine recharge quantities and locations to the extent possible

v Model aquifer performance under pumping scenarios that meet future
demands

v Develop future water resource management options, including
conservation

To accomplish these goals, the following approach was taken:
v Summarize existing data and findings

v Obtain additional information by drilling test wells and collecting data
from those wells

Evaluate existing recharge and aquifer performance studies

Analyze all data and integrate all information into potential water
resource utilization plans for the future

PROJECT DESCRIPTION

Ten monitoring wells were drilled during the Project—seven were funded
under the Project and three were funded separately by individual Project
participants. All wells, irrespective of funding source, were designed and
constructed in a similar manner. These wells were located to provide critical
water quality and recharge data in areas of the Valley where such information
was sparse. Areas of greatest need were in the Southwest, West, and
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Northwest Areas. All wells were completed with multiple piezometers or
sampling tubes within a given bore hole to obtain water samples and water
table elevations at selected zones down as deep as 2,000 feet. Data collected
and analyzed during the Project included drilling logs; electric, gamma ray,
and down-hole temperature logs; stratigraphic interpretations of drill cuttings;
static water table levels; water quality at selected depths; and measurements of
aquifer transmission characteristics. It was specifically intended that these
wells be located and constructed to allow convenient monitoring in the future.

MAJOR FINDINGS

The Valley fill consists predominantly of sands and fine gravels in the |
heavily pumped area west of Ridgecrest, in the southwest, and along
the extreme western boundary of the Valley.

Chemical analyses indicate a predominate sodium bicarbonate water in
most areas of the Valley.

Water quality patterns imply that the Sierra Nevada watershed
contributes a major portion of the groundwater recharge into the
Valley. '

Poor water quality was found in the northwest and north central
portions of the Valley associated with a thick organic-bearing clay
layer.

Good quality water was found down to the 2,000-foot drilling depth in
the Intermediate and Southwest Areas.

The west-to-east groundwater surface gradient in the Leliter area (about
4 miles north of Inyokern) indicates minimal recharge into this area
from the west.

A very steep apparent groundwater surface gradient exists in the
extreme south and southwest portion of the Valley. This is probably a
result of either faults or structural features which restrict groundwater
flow.

A fairly steep groundwater surface gradient exists in the northwest
corner of the Valley (Louisiana Pacific Sawmill site), which implies
groundwater recharge from the Sierran watershed to the northwest or
north (Rose Valley).
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®  In most cases, aquifer transmission properties, which were computed
from measurements made in each piezometer, are consistent with drill
log data.

®  Temperature profiles indicate the presence of geothermal sources
'underlying the Valley at depth.

CONCLUSIONS AND RECOMMENDATIONS

Three very important major discoveries were made during the course of this
Project:

® A greater quantity of high quality water is in storage at depth in the
Intermediate and Southwest Areas than previously known. '

®  Data concerning recharge into the Southwest Area is contradictory and
will require additional exploration to reconcile data obtained during this
Project with earlier results from the southwest. Some earlier work
implies a very low recharge rate.

®  Much of the west and northwest parts of the Valley have relatively poor
water at depth associated with a very thick and extensive clay layer.

There are three major avenues for extending the life of the groundwater
resources in the Indian Wells Valley:

®  Blend good quality water with poorer quality water
®  Expand pumping to "new” areas, such as the southwest
®  Treat poorer quality water

Either blending or treatment would be governed by the appropriate water
quality standards for the application (potable, industrial, or agricultural).

From a technical perspective the near-term recommended approach to extend
the life of the groundwater resource is to immediately begin to blend water
from the northwest part of the Valley with water from the Intermediate Area.
In the long-term, the Southwest Area should be further studied to better define
availability of groundwater in that area. Water quality treatment technology
and costs should also be studied further.
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While this Project made significant contributions to the water resource data
base in the Valley, there are still many areas of uncertainty. In order to
accommodate this uncertainty in data, a probable data range from a worst or
conservative case to an optimistic case was established. An intermediate case
within those limits was then determined. Table 1 presents the assumptions
used to develop the intermediate case. More detailed information on these
values and how they were selected can be obtained in Volume II, Technical
Report, Section C.

, Table 1. Data used to determine intermediate case water resource life projections

Demand Projections NAWS, NACC, and agricultural users continue to pump
current levels; pumping from Water District, Inyokern
E CSD, and private residential wells increases by 50% by
5 the year 2010
Specific Yield 20% or 0.20 “
Saturated Thickness That Can | 200 feet '
be Dewatered . '
Natural Recharge 3,000 acre-ft/yr into the Southwest Area,
3,000 acre-ft/yr into the Northwest Area,
0 acre-ft/yr into the Intermediate Area
Migration of Surrounding Constant 5% of pumped volume "
Water Into Pumped Areas
Water Quality - | 250 mg/L in the Southwest and Intermediate Areas and
: surrounding the Southwest Area; 1,000 mg/L in the
Northwest Area and area surrounding the Northwest and
Intermediate Areas

Using the assumptions in table 1, the following calculated pro_;ecnons can be
made to guide future water producnon management:

®  Implementation of blending Intermediate Area and Northwest Area
water could extend the life to the Intermediate Area resource by
13 years, to a total of 42 years.

®  Expanding pumping into the Southwest Area and continued pumping

from the Intermediate Area could provide acceptable quality water for
68 years.

xiv
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®  Blending Northwest Area water with water from both the Intermediate
Area and Southwest Area could provide acceptable quality water for
92 years.

®  Because the Northwest Area appears to contain zones of water with
high concentrations of specific ions, treatment of Northwest Area water
may be necessary in order to do any blending.

Additional resource life would be obtained by not only practicing conservation
through pumping/blending management of the aquifer, but also through
continued and effective conservation at consumption.

Willingness to dewater a thickness greater than 200 feet would also
substantially increase the life of the water resources in the Intermediate and
Southwest Areas. For each 100 feet of additional dewatering in those areas,
the resource life would be extended about 30 years.
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|. INTRODUCTION
DESCRIPTION OF AREA

Indian Wells Valley (Valley) is located just east of the southern Sierra Nevada
about 150 miles north of Los Angeles. Prior to World War II human activity
in the Valley was largely confined to Indians, miners, pioneers, and
adventureis. Significant military presence began during and immediately after
the war when the Navy established the Naval Ordnance Test Station at China
Lake. This facility later became the Naval Weapons Center and now is called
the Naval Air Weapons Station. Establishment of a military base in the Valley
resulted in rapid development of an active on-base community. The town of
Ridgecrest—the outside-the-gate community—was little more than a crossroads
and general store in 1943 but began to grow rapidly in the 1950’s as the influx
of military personnel demanded goods and services beyond what the Navy
offered on base (Marcoa, 1990). Today Ridgecrest has a population of about
30,000 with a “trade area” of about 65,000 (Marcoa 1990).

U.S. 395 is the main route between population centers of southern California
and recreational opportunities in the eastern Sierra Nevada range and the high
desert. Located just a few miles east of U.S. 395, Ridgecrest offers food and
lodging opportunity for travelers. In addition to the Navy and tourism,
employment by the North American Chemical Company, a mining facility
located 25 miles to the east in Searles Valley, also makes a significant
contribution to the economic activity in the Valley.

At an elevation of about 2,300 feet, Ridgecrest has a climate typical of the
high desert area. Summers are hot and normally very dry. Winters are cool,
but not unpleasant. Average annual precipitation ranges between 4 and

6 inches, with most of that coming as rainfall between October and March.
Occasional short duration thundershowers occur during summers (Krieger and
Stewart, 1990). :

Grant Bowman, a pioneering farmer in the Valley, recorded in his diary
pumping 500 miner inches (approximately 12.5 cubic feet a second) to irrigate
260 acres of alfalfa between the years 1910 and 1925. He pumped from two
24-inch diameter wells. Static water levels were 90 feet below ground
surface.! The first farming activity was along Bowman Road in the
southeastern part of the Valley, but in the early 1950’s farming expanded to
the northwest. Groundwater pumping for agricultural purposes has been
estimated at an annual average of 1,000 acre-feet from 1920 to 1951,
increasing to about 1,400 acre-feet a year from 1951 to 1968. Farming in the
Bowman Road area ceased in 1969, but pumping of 300 to 800 acre-feet a -
year to support farming along Brown Road in the Northwest Area

! Personal communication with Mr. Jim Bosanko, Grant Bowman’s grandson,
November 5, 1993.
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(see figure 2 of Section C, page C6 for the location of specific areas)
continued until 1976 when the major expansion of agricultural pursuits
occurred (Berenbrock and Martin, 1991). Early pumping for domestic needs
was from the Ridgecrest Area. Between 1930 and 1985 pumping gradually
increased to about 3,500 acre-feet a year. Then, as water quality worsened to
unacceptable levels, wells were abandoned and pumping volumes declined in
that Area (Berenbrock and Martin, 1991). Extraction of water from the Valley
for industrial purposes also began in the early 1920°s when West End
Chemical Company (later Stauffer Chemical Company) began pumping up to
1,000 gallons a minute for transfer to their facilities in Searles Valley.
American Potash and Chemical Company, the predecessor to North American
Chemical Company, began pumping about 750 gallons a minute from the
Valley in the early 1940’s.

PROJECT PURPOSE

Groundwater aquiférs are the sole source of water for the Valley, and pumping
has concentrated in areas where aquifer characteristics, water quality, and
water elevations are known. For domestic and industrial use, this has been in
an area immediately west of the city of Ridgecrest. Agricultural pumping has
been concentrated in the northwest portion of the Valley.

Data show a gradual, continuing rate of decline in water elevations in these
areas of most heavy pumping. This decline not only results in increasing
pumping heads and requires adjusting pumps to lower elevations, but it also
may signal a depletion of the groundwater resource.

For many years local water experts have been debating the natural recharge
quantity and safe yield from the groundwater aquifers underlying the Valley.
Average published recharge numbers range from 10,000 (St.-Amand, 1986) to
15,800 (Bean, 1989) acre-feet a year. Suggestions of recharge up to

30,000 acre-feet have been made.? With current withdrawals from the
groundwater of about 30,000 acre-feet a year (see chapter III, Summary
Report), it appears from the published reports that the Valley is in a state of
overdraft and pumping groundwater to meet expected future demands will
result in continued depletion of the resource.

Resolution of the disparity in recharge estimates would be very difficult under
any data collection program and, even with unlimited funding, answers may
never be obtained to everyone’s satisfaction. In the meantime, water -
purveyors must make plans for serving their customers’ needs in the future.

2 The Daily Independent, July 22, 1988.
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designed to obtain as much practical additional information on the groundwater
resource as possible within funding and temporal constraints. This additional
information would then be used; along with existing data, to:

®  Help define the groundwater resource extent in terms of both
volume and quality

B Help define recharge quantities and locations to the extent
possible

¥ Help define groundwater performance under pumping scenarios
that match future demands

8 Develop future water development plans, including conservation of
existing resources

PROJECT FORMULATION

Groundwater is the sole source of supply for meeting the increasing water
needs of the Valley. Groups responsible for nearly all utilization of the
groundwater resources include:

¥  Indian Wells Valley Water District (Water District), major water
purveyor to residents of the city of Ridgecrest, California

®  North American Chemical Company (NACC), which extracts water for
use in its facilities and to serve domestic needs in Searles Valley

B Naval Air Weapons Station (NAWS), which provides water for military
use and residents on the base

B Inyokern Community Services District (CSD), which serves the town of
Inyokemn, California

W Agricultural interests and individual well owners

The importance of the groundwater resource led many of these entities to
actively seek additional information on the extent and quality of the resource.
Through individual data collection efforts and financial participation with the
U.S. Geological Survey (USGS), Soil Conservation Service, and Kern County
Water Agency, local entities have attempted to increase knowledge of the
resource so they could make better future water management decisions.
However, many of these efforts were limited by funding constraints or
institutional considerations, such as access to well sites and jurisdictional
responsibilities.
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The absence of hard data in many areas of the Valley and at depth has
contributed to differences of opinion over the expected life of the groundwater
resource. This debate and the necessity to make long-term plans for continued
provision of future water delivery service resulted in the Water District and the
Bureau of Reclamation (Reclamation) initiating discussions in 1988 on a joint
groundwater investigation. Those discussions were then expanded to include
all local entities with an interest in water issues and eventually led to the

development of a work plan for a $1-million data collection and analysis
effort.

Although all local entities with an interest in water issues had input into the
work plan, three entities elected to provide financial contributions to the
investigation—Indian Wells Valley Water District, North American Chemical
Company (formerly Kerr-McGee Chemical Corporation), and the Naval Air
Weapons Station (formerly Naval Weapons Center). These three entities
agreed to provide half of the funding for the effort on an equal basis, with the
other half coming from Reclamation.

With the investigation having been defined to the satisfaction of participating
entities and the funding commitments having been made, the work plan was
initiated in March 1990.

PROJECT PARTICIPANTS

The Project was a cooperative effort among Reclamation and local entities. As
pointed out above, while a number of local entities expressed interest in and
provided input to the Project, three entities participated financially. The Kem
County Water Agency could not provide funding for the Project, but that
agency did contribute the expertise of a staff geologist to help formulate
Project activities and assist in data collection and interpretation.

The original Project budget was $1,050,000 over a 3-year period.
Commitments for Project financing were:

Bureau of Reclamation $ 525,000
Indian Wells Valley Water District 175,000
North American Chemical Company 175,000
Naval Air Weapons Station 175,000

Under the original agreement among the participating parties, Reclamation
would conduct the investigation, and the local entities would transfer their
funding commitment to Reclamation for use in Project activities. However,
early in the Project it became apparent that more efficient use would be made
of Project funds by contracting for test well drilling locally. Consequently,

6
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local entities used their funds for contract drilling, while Reclamation funds
were used for data collection and analysis activities, as well as for drilling.

Because information obtained from the early drilling activity were so valuable
in helping define the groundwater resource, the Water District and NAWS
determined that funding additional wells would be of benefit to their respective
agencies and to the Project. In order to ensure compatibility of data from all
wells, the design, drilling, installation, and data collection procedures were
made consistent among all the wells, irrespective of funding source.
Contributions to the drilling program by each of the participating entities is
shown below.

Bureau of Reclamation ® Drilled Test Well BR-4 with in-
house drilling crews
e Partially funded Test Well BR-10.

Indian Wells Valley Water District ¢ Fully funded Test Wells BR-1,
BR-3, NR-1, NR-2, and MW-32.

North American Chemical Company * Fully funded Test Well BR-2
e Partially funded BR-10.

Naval Air Weapons Station * Fully funded Test Wells BR-5 and
BR-6 and partially funded BR-10.

The final identifiable contributions to the Project are given below:

Bureau of Reclamation $525,000.00
Indian Wells Valley Water District 635,247.56
North American Chemical Company 175,000.00
Naval Air Weapons Station 298,000.00

 TOTAL - -  $1,633,247.56

In addition to the increased funding for drilling shown above, each of the local
participants provided professional services and equipment that have not been
recorded separately as services to the Project. Local participants contributed
personnel and equipment necessary for contract administration, compilation of
information required to develop an estimate of future water demands for the
Valley, surveying services, environmental field inspection and evaluation in
support of access permit applications, drilling administration and logging the
drill holes, installation of security devices on the wells, and obtaining
temperature profiles at each of the wells. In addition, many hundreds of hours
of volunteer labor were offered. The total value of these activities is no doubt
in the range of tens of thousands of dollars.



Introduction

COMMUNICATION WITH THE PUBLIC

During the course of the Project, aggressive efforts were made to maintain
contact with the general public in order to provide information on Project
progress and solicit input on Project direction. Presentations were made at
public meetings in Ridgecrest and at briefings to the Water District board of
directors. Communication was established early in the Project with local
residents having multiple views on water issues in the Valley in order to obtain
a wide perspective of how the Project might be formulated. Frequent technical
briefings were made to local groups with interest in the progress of the
Project. Local newspapers covered Project activities and published press
releases concerning the Project.

PROJECT MANAGEMENT

In order to ensure
appropriate
direction and
progress of the
Project, an
administrative
structure was
implemented that
established clear
responsibilities and
accountability.
Figure 1 illustrates et . :
the structure that was Photo by J. Johnson
employed. Each of the

participating entities Technical Subcommittee in session. From left to right:
named a manager from Dennis Watt, Gail Moulton, Don Decker, Ken Turner,
its organization as a Mike Stoner, Frank Monastero and Mike Lovejoy.
Tepresentative to a

Steering Committee. This committee acted as the executive group that
provided overall direction and guidance to the Project effort. The committee
met on an approximate monthly basis to review Project progress, approve
technical activities, approve budgets, and make any other executive decisions

necessary. Reclamation’s representative to the Steering Committee chaired the
meetings.

Day-to-day management of the Project was the responsibility of a program
manager, employed by Reclamation, who tracked technical activities,
expenditures, and schedules. Deviations from the program were taken to the
Steering Committee for action or adjustments.
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STEERING COMMITTEE
RECLAMATION NORTH AMERICAN
Gary Bryant Bob Garrod

WATER DISTRICT NAVY
Roy Tucker Tom McGill
PROGRAM MANAGER

John A. Johnson, Reclamation

TECHNICAL PUBLIC INVOLVEMENT
SUBCOMMITTEE SUBCOMMITTEE
Gall Moutton, North Amer Chem Co Judith Decker, Water District
Mike Stoner, Naval Alr Weapons Sta Jim Smith, North Amer Chem Co
Dennis Watt, Reclamation Tom McGill, Naval Alr Weapons Sta
Ken Tumer, Kem Co Water Agency '
Don Decker, Water District

Figure 1: Project Administrative

Structure
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A Technical Subcommittee was established to develop technical requirements,
determine appropriate data collection techniques, provide quality assurance
during drilling and sampling, evaluate data as it became available, and provide
technical advice to the Steering Committee. Technical experts from each of
the participating entities and the Kern County Water Agency made up this
subcommittee. The Technical Subcommittee often solicited input from
technical specialists within other interested organizations. :

A Public Involvement Subcommittee was established to provide a link between
the Project and interested publics and news media. This subcommittee was
responsible for hosting public forums and producing news releases that kept
the public informed of Project progress and solicited public comment and
input. . .

AUTHORITY

This Project was undertaken by Reclamation under the authority of the Act of
June 17, 1902 (32 Stat. 388) and its amendments and the Contributed Funds
Acts of 1921 (41 Stat. 1404, 43 U.S.C. 395). First year Federal funding was
provided by Public Law 100-371, the Energy and Water Development
Appropriations Act of 1989. Remaining Federal funding was provided by
subsequent appropriations acts.

ACKNOWLEDGMENTS

Bureau of Reclamation: Reclamation personnel in the Lower Colorado
Regional office located in Boulder City, Nevada, were responsible for overall
accomplishment of the Project. Project management was performed by

Mr. John A. Johnson. Mr. Gary L. Bryant, Planning and Loans Officer, was
responsible for administrative supervision and management. Mr. Dennis Watt
performed major portions of the geohydrologic research and analysis.

Ms. Shirley Nutter, Ms. Sierra Slentz, Ms. Christina Robinson, and

Ms. Tina Bellis provided the graphic, editorial, and layout expertise required
to produce this report.

While Reclamation personnel were responsible for Project oversight and many
of the technical aspects of the investigation, the enthusiastic technical and
management support of personnel from local participating entities was crucial
to successful accomplishment of Project objectives.

Naval Air Weapons Station: Mr. Michael D. Stoner, geologist with NAWS,
provided not only technical capability in the field of geology, but also many
hours of field work and local coordination. He played a critical role in doing
the necessary field work in siting the wells, advising the drilling contractors,
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obtaining environmental clearance for drilling, surveying, and many other
tasks that were necessary for smooth accomplishment of the Project. When
Dr. Francis C. Monastero became head of the NAWS Geothermal Project
Office late in the Project, he immediately saw a cooperative opportunity and
followed up on that opportunity by providing his staff, particularly

Mr. Michael A. Hasting, for technical consultation and contract
administration. He also provided funding from his budget for mutually
beneficial activities, as well as invaluable technical advice.

Dr. Thomas J. McGill, head of the Environmental Project Office, provided
management support from the NAWS.

Indian Wells Valley Water District: The Water District Board of Directors’
support for the Project went beyond normal expectations. They consistently
supported the Project by providing funding beyond contractual requirements.
Several hundreds of thousands of dollars worth of test well construction and
other Project features would not have been possible without the funding
approval of the Water District board. Mrs. Judith A. Decker, one of the
board members, took a special interest in the Project, and her staunch
advocacy position was of frequent help. Dr. Don Decker represented the
Water District as technical expert. His depth of knowledge in many relevant
technical areas, his willingness to listen to and consider different points of
view, and his ability to present Project accomplishments with aplomb were
irreplaceable benefits to the Project. The Project was actively supported by
former General Manager, Mr. Joe B. Mont-Eton; present General Manager,
Mr. Warren McGowen; and Mr. LeRoy O. Tucker, Assistant General
Manager, who also represented the Water District in providing management
direction to the Project. Mr. Tucker contributed further to the Project by
successfully arguing the merits of designing and completing the Water District
monitoring wells using Project well specifications.

The North American Chemical Company: NACC was also generous in
providing top quality personnel and equipment to support the Project.

Mr. Gail F. Moulton, chief geologist, was actively involved in providing input
to all technical aspects of the Project and was instrumental in obtaining
company equipment for collecting water samples, measuring water levels, and
measuring down-hole temperatures. Mr. Moulton also served as chairman of
the Technical Subcommittee. Technical expertise, including much of the
logging of the drill cuttings, was provided by Mrs. Dipti Barari, staff
geologist. Mr. Robert R. Garrod provided the management link between the
Project and NACC. His committed support was responsible for the active
financial and technical involvement by the company. The Project was also the
beneficiary of the creative and thoughtful mind of Mr. Thomas S. Bunn III,
legal counsel for NACC. '
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Kern County Water Agency: This agency, represented by Mr. Darrell D.
Sorenson, graciously extended the services of Mr. Ken Turner, staff

. hydrogeologist. Mr. Tumner helped develop the work plan, logged some of the
drill cuttings, and provided technical expertise throughout the investigation.

Other: Many people and organizations contributed to the Project by providing
background information, a forum for discussing Project activities and new
ideas, or previously published data. These include Mr. Leroy Marquardt of
the East Kern County Resource Conservation District, the San Diego office of
the USGS, and Ms. Peggy Breeden, past president of the local Well Owners’
Association.

PROBLEM DEFINITION

Prior to establishment of a military base in 1943, population in the Indian
Wells Valley was sparse. In 1953, the population of Ridgecrest was only
about 2,000 and Inyokemn had a population of about 800, while the base itself
had a population of about 10,000 (Kunkel and Chase, 1969). Through the
1950’s and early 1960°s the population of Ridgecrest grew slowly—about three
percent a year (Marcoa, 1990). During the late 1960’s more and more
employees at the Naval facility chose to reside outside the base. Growth in
Ridgecrest accelerated in the 1970’s due to a NAWS policy which encouraged
employees to live off base. Irrigation of larger parcels of agriculture,
primarily alfalfa, also began in the 1970’s. Population growth of Ridgecrest
continued to accelerate uatil annual growth rates reached 8 to 10 percent in the
late 1980’s (Krieger and Stewart, 1990); since then, however, rates have
declined somewhat. Data from the 1980 and 1990 census show a population in
Ridgecrest of 15,929 and 27,725, respectively. Population in the Valley
outside the city boundaries grew in paralle] with Ridgecrest.

Increasing population has resulted in increasing demands on the groundwater
as a source of domestic, industrial, and agricultural use. Major users of water
from the groundwater aquifer underlying Indian Wells Valley include the
agricultural sector, consisting primarily of the Brown Road Land and Farming
Company; the Indian Wells Valley Water District, serving the city of
Ridgecrest and surrounding county areas; the NACC, serving domestic water
to the town of Trona as well as industrial needs of the company; the Inyokem
Community Services District, serving the town of Inyokern; the Naval Air
Weapons Station, serving base residents and providing water for military
pl;ulpows; and private wells, serving individual houses or small groups of
ouses.
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Estimates of water produced by each of these segments in 1990 and estimated
pumping requirements through the year 2010 are shown in figure 2. 1t is
obvious from this graph that the future water needs of the Valley are being
driven by the Indian Wells Valley Water District. Future water production by
other entities are expected to remain fairly constant, relative to the total
Valley-wide pumping quantity. An exception is the Community Services
District where future demand is projected to increase significantly. More
detail on future water use projections are contained in Section B of this
volume,

Data used to develop the water demand projections on figure 2 were based on
information available through the late 1980’s. High population growth rates in
the Valley during the 1980°s have more recently moderated or even declined
and agricultural use has not expanded as anticipated. These conditions led to
consideration of revising the future demand projections. This was not done,
however, because the altered conditions are so recent that a trend cannot be
established and it is possibly only a temporary phenomenon.

Except for pumping by large agricultural users, which is confined to the
northwest portion of the Valley, most of the pumping occurs in an area known
as the intermediate pumping zone, Intermediate Area, or Intermediate
Wellfield. This is an area immediately west of Ridgecrest with good quality
groundwater at fairly shallow depths. Since 1921 groundwater elevations have
been declining. The water table has declined about 80 feet in the Intermediate
Area, 70 feet in the Ridgecrest area, 30 feet in Inyokern, and 15 feet or more
in the agricultural area. Declining water table elevations in the Intermediate
Area has introduced a reverse gradient potential for poor quality water to
backflow into the Intermediate Area from the brackish and salty water areas,
although no noticeable degradation has occurred at this time (Krieger and
Stewart, 1988). Poor quality water surrounding the Intermediate and
Southwest Areas could, therefore, pose a threat to existing and additional wells
in those areas.

Because of the projected increases in pumping requirements and concerns over
the ability of the Intermediate Area to tolerate this increased pumping without
potential adverse impacts, water purveyors needed additional information on
the quality and availability of groundwater in other areas of the Valley so that
“expansion could occur in the most appropriate way.

This need for additional information on groundwater resources in the Valley
led to discussion among local water purveyors and Reclamation on ways of
addressing the future water supply problem. Those discussions, in turn, led to
the development of the Indian Wells Valley Groundwater Project.
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PROJECT DESCRIPTION

The Project was originally
designed to be completed in three
phases--compilation of existing
data, collection of additional
data, and development of
implementation plans for future
development of the groundwater
resource. However, there was
an understanding that the plan
was open to adjustment as
additional information became
available.

Compilation, evaluation, and
display of existing data was
essentially completed during the
first six months of the Project.
During that time a field data
collection program was defined.

The nucleus of the field data Photo by Mike Stoner
collection program was the

installation of up to ten multi- Indian Wells Valley Groundwater well
piezometer test wells. drilling in progress.

Ten wells were eventually installed under this project, but not necessarily in
the original priority order or original location. Details concerning the design
of the test wells can be found in the Test Wells chapter of Section A in this
volume.

BR-4 (number is the priority, 1 being the highest priority) was drilled first
with Reclamation drill crews; all other wells were drilled by contract. Table 1
shows the order of drilling, the funding source, and the contracting entity for
each well installed under this Project. In addition to the wells shown on table
1, the Navy’s Geothermal Project Office drilled a very deep well (7,400 feet)
between the proposed location of BR-7 and BR-8 to test for geothermal
potential in the middle of the Valley.

Designated SNORT-1, this well offered groundwater data unavailable from
other sources. Adjustments in the location of BR-5 and BR-6 and the
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installation of SNORT-1 eliminated the need to drill BR-7 and BR-8. After
installation of the casing in SNORT-1, perforations at appropriate levels were
made under Project funding contributed by the Navy. After review of all data
obtained prior to drilling the Iast well, the decision was made to construct BR-
10 rather than complete a well at one of the BR-7, BR-8, or BR-9 sites.
Construction costs for Project wells contracted by both the NAWS and the
Water District exceeded those participant’s cost share under the Project
agreement. Those additional costs were contributed by the respective entity.

Table 1. Wells drilled under Project

WELL FUNDING SOURCE | CONTRACTING ENTITY |

BR-4 Project Reclamation Force Account ”
| BR-2 Project NACC

NR-1 Water District Water District "
I NR-2 Water District Water District

BR-1 Project Water District Al
';BR-?’ Project Water District

MW-32 Water District Water District I

BR-5 Project NAWS
| BR-6 Project NAWS

BR-10 Project NAWS |

SNORT-1 | NAWS/Project NAWS |
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Berenbrock and Martin (1991) note that the geohydrology of the Valley is
discussed in detail in reports by Von Huene (1960), Zbur (1963), Kunkel and
Chase (1969), and Dutcher and Moyle (1973). The reader is referred to these
reports for a more complete description of the geology and hydrology of the
Valley. Only a brief summary of the geohydrology from Berenbrock and
Martin (1991) is given below.

DESCRIPTION OF AQUIFER SYSTEM

All of the following summary description of the valley geohydrology is from
Berenbrock and Martin (1991); however, it is not their complete description.

See figure 2 for the surface distribution of most of the features described
below. '

"Indian Wells Valley is a structural and topographic depression in the
-southwestern part of the Basin and Range province. The lithologic units
mapped by Von Huene (1960), Zbur (1963), and Kunkel and Chase (1969)
can be grouped into two categories: (1) consolidated rocks, which
commonly have low porosity and permeability and do not readily transmit
water, except where highly fractured, and (2) unconsolidated deposits,
which generally transmit water readily. "

CONSOLIDATED ROCKS

“The consolidated rocks include the basement complex, continental
deposits, and volcanic rocks. The basement complex consists of pre-
Tertiary igneous and metamorphic rocks and underlies the younger rocks
and deposits of the Valley and composes the surrounding mountains and
hills. The continental deposits of Tertiary age overlie the basement
complex. Kunkel and Chase (1969) reported that the continental deposits
are indurated and poorly sorted and they considered the deposits to be
virtually non-water bearing. The volcanic rocks include the Miocene
Black Mountain Basalt near the El Paso Mountains (Diggles and others,
1985) and the Quaternary unnamed volcanic rocks described by Kunkel
and Chase (1969). The volcanic rocks are nearly impermeable except
where weathered or fractured and are not considered an important source
of groundwater."”

UNCONSOLIDATED BASIN FILL

"The unconsolidated basin fill deposits include alluvium, and lacustrine,
playa, and sand-dune deposits. The alluvium of Pleistocene and Holocene
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age includes older alluvium, younger alluvium, alluvial fans, and elevated
pediment veneers and stream-terrace deposits. These deposits consist of
unconsolidated moderately to well-sorted gravel, sand, silt, and clay and
generally are highly permeable. The percentage of silt and clay increases
toward the central part of the Valley and China Lake. The lacustrine
deposits consist predominantly of silt and silty clay of Pleistocene age
(Kunkel and Chase, 1960). The lacustrine deposits are interbedded with
and overlie the alluvial deposits in the central part of the Valley. The
playa deposits, of Holocene age, also generally are of low permeability,
consisting of silt and clay with occasional sand lenses. The sand-dune
deposits, of Holocene age, consist of a thin veneer of windblown sand
(100 feet or less in thickness) covering the underlying deposits (Wamer,
1975). These sand deposits are not considered a source of ground water
because they generally are above the water table."

"On the basis of lithologic logs from wells, previous investigators have

divided the unconsolidated deposits in the Valley into two main aquifers:
(1) the shallow aquifer (shallow water body of Kunkel and Chase, 1969)
and (2) the deep aquifer (main water body of Kunkel and Chase, 1969)."

SHALLOW AQUIFER

A6

"The shallow aquifer includes (from land surface to the top of the deep
aquifer) sand-dune deposits, playa deposits, younger lacustrine deposits,
shallow alluvium where underlain by lacustrine deposits, and probably
some older lacustrine deposits. The shallow aquifer as defined by Kunkel
and Chase (1969) extends from China Lake westward to the center of the
Valley and from the area south of Airport Lake southward to the
community of China Lake. The base of the shallow aquifer is poorly
defined. For the purpose of this study, however, the base was assumed to
slope from an altitude of 1,950 feet above sea level on the west to an
altitude of 1,850 feet on the east beneath China Lake. This assumption
was based in part on the geologic and electric logs of several wells that

were drilled through the shallow aquifer near the community of China
Lake."

“The water-bearing deposits in the shallow aquifer consists primarily of
fine sand, silt, and clay of low permeability. These deposits confine or
partly confine the underlying deep aquifer in the eastern part of the Valley.
The shallow aquifer does not yield water freely to wells and contains water
of poor quality (dissolved-solids concentration greater that 1,000
milligrams per liter (mg/L)) (Warner, 1975; Berenbrock, 1987)."
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DEEP AQUIFER

"The deep aquifer includes the total saturated thickness of the alluvium and
lacustrine deposits where the shallow aquifer is not present and the
alluvium and lacustrine deposits that underlie the shallow aquifer in the
eastern part of the Valley. The base of the deep aquifer is the base of the
alluvium. Beneath most of the central part of the Valley, the saturated
thickness of the deep aquifer is estimated to be at least 1,000 feet (Kunkel
and Chase, 1969)."

At Project well MW-32, completed in the center of the Valley as part of this
project, the saturated thickness was found to be at least 1,700 feet.

"The deep aquifer in most places is unconfined; however, in the eastem
part of the Valley the deep aquifer is confined by silt and clay lenses of
the lacustrine and playa deposits. This aquifer consists of medium-to-
coarse sand and gravel of high permeability and is the main source of
water to wells in the Valley. The deep aquifer commonly yields more
than 1,000 gal/min to wells, and some wells in the Intermediate and
Inyokern areas yield more than 2,000 gal/min. The dissolved-solids-
concentration in samples from wells perforated in the deep aquifer
generally is less than 1,000 mg/L (Warner, 1975). Wells perforated in the
deep aquifer near Inyokern; in the Intermediate Area; and in the southwest
part of the Valley near the Little Dixie Wash have dissolved-solids
concentration less than 400 mg/L (Berenbrock, 1987)."

NATURAL RECHARGE AND DISCHARGE

A8

"Natural recharge to the groundwater system in the Valley consists almost
entirely of runoff from the surrounding mountains. Because infiltration of
the runoff occurs near the mountain front where the runoff first crosses the
unconsolidated deposits of the Valley, the natural recharge is termed
mountain-front recharge. Little, if any, direct infiltration of precipitation
recharges the Valley groundwater system. Precipitation averages only 4 to
6 in/yr on the Valley floor, and most is lost to evaporation, which

averages about 80 in/yr from ponded water (Farnsworth and others,
1982)."

"Prior to extensive pumping in the Valley, recharge to the groundwater
system was balanced by natural discharge. Except for a small amount of
groundwater outflow to Salt Wells Valley, natural discharge occurred
almost entirely by evapotranspiration from the shallow aquifer in the
vicinity of China Lake in the eastern part of the Valley. By mapping areas
of phreatophytes and moist lands present in 1912 in and around China
Lake and multiplying the areas by assigned evapotranspiration rates, Lee






