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1.0 INTRODUCTION

This report presents an investigation of hydrogeologic. conditions in the
Rarper Valley Groundwater Basin in San Bernardino County, California. LUZ
Development and Finance Corporation (LUZ) contracted The MARK Group, Engineers
& Geologists, Inc. (MARK) to evaluate the long-term feasibi{lity of withdrawing
approximately 4,750 acre-feet per year of groundwater from the Harper Valley
Basin. 1LUZ plans to install five 80-megawatt Solar Electric Generating Systems
that require the groundwater for cooling purposes. The facility will be located
near Harper Lake in the region labeled "site vicinity map* on Drawing 1. After
the water is used for cooling, it will be discharged into Harper Lake to maintain

the wetlands for use by wildlife.
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2.0 EXECUTIVE SUMMARY

The objective of this work is to estimate the feasibility of pumping 4,750
acre-feet/year of groundwater from the Harper Valley Groundwater Basin for a
total of 40 years. A review of available information on groundwater conditions
and geology indicates that LUZ will have sufficient water supply for the project.
Based on groundwater recharge estimates calculated by The MARK Group Engineers
and Geologists, Inc. (MARK) and the California Department of Water Resources
(DWR), the total worst-case groundwater deficit for each year of pumping would
be 3,200 acre-foot/year. This would indicate that the basin would continue tao
be in an overdraft situation; however, calculations by MARK indicate that
groundwater recharge may be greater than calculated by the DWR, and pumping
withdrawal may be partially offset by that additional recharge. These
calculations presented in this report, indicate that a water balance deficit of

from 0.0 to 1,500 acre-feet per year.
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3.0 SCOPE OF WORK

The project objective has been met by completing the following scope of

work:

88219-18.R1

Review the available literature pertaining to the
geologic and hydrogeologic conditions in the vicinity
of the project site,

Collect readily available information on groundwater
use, groundwater levels, and groundwater quality from
the California Department of Water Resources, San
Bernardino County Environmental Health Division, Mojave
Valley Water Agency, and U.5. Geclogical Survey.

Review iInformation as available from test wells
completed by LUZ,

Analyze the data c¢ollected and form a conceptual
hydrogeologic model of the Harper Valley Groundwater
Basin,

Prepare a report on groundwater conditions in the hasgin,

including an analysis to prediet the effects of
groundwater pumping on tha basin.

3-1
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4.0 BACKGROUND

4.1 Pravious Work

The foremost works concerning the geologic conditions of the area have
been published by Dibblee (1968) for the California Division of Mines and
Geology. Dibblee's works encompasses the portions of the basin within the
Fremont Peak and Opal Mountain 15 minute quadrangles. Additional geologic
information for the area is found in Dibblee, 1960,

Several water resource publications by the California Department of Water
Resources (DWR) partially address the groundwater conditions of the Harper
Valley Basin (DWR 1967, 1971, 197%9). DWR (1967) is a hydrogeologic evaluation
of the Mojave River Groundwater Basins that contains some information on the
Harper Basin. DWR (1971) contains water well information for the Harper Basin
and the Cuddleback and Superior basins to the north. DWR (1979) includes an
analyses of potential groundwater use for power plant cooling water and contains
a short summary of the Harper Valley Basin. Additional information on
hydrologic conditions for the southern part of the Harper Basin is found in
Mojave Water Agency (MWA), 1983,

Unpublished water level and water quality data were collected for selected
wells in the Harper Valley area from the California Department of Water
Resources (DWR) in Los Angeles. Drillers logs were collected from the San
Bernardino County Department of Environmental Health for the Harper Valley.

Previous studies for LUZ on the groundwater conditions in Harper Valley

have been complsted by Leroy Crandall (1986) and Robert Fox (1988), Additional
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water level information is available in Leroy Crandall {(1986), and Fox (1988)
contains a review of the Leroy Crandall report.
4.2 Climatology

The Harper Valley Groundwater Basin i{s located in the west central Mojave
Desert in northwestern San Bernardine County. In this portion of the desert the
mean annual precipitation is approximately five inches (DWR 1967). The daily
temperature ranges from 32°F to 61°F during the month of January. In th; summer
months however, the average diurnal temperatures range from 72°F to 104°F,
Average pan evaporation rate for the basin is 90 inches annually, with a maximum
monthly evaporation rate of approximately 12 inches in July, and a minimum
monthly evaporation rate of 2.5 inches In January (National Oceanic and
Atmospheric Administration, 1974),
4.3 $ite Background

The Harper Valley Groundwater Basin is located in northwestern San
Bernardino County, California with a small portion of the basin included in Kern
County (Drawing 1), The basin encompasses approximately 510 square niles. The
elevation of the basin floox ranges from approximately 2,000 feet above mean sea
level (msl) at Harper Lake to about 2,900 feet in the far northwest portions of
the basin. The basin is bordered on the northeast by Fremont Peak and the
Gravel Hills, on the southeast by a series of northerly trending low hills and
Iron Mountain, and on the west by a topographic divide that separates the basin
from the Antelope Valley Groundwater Basin,

The current permanent resident population in the vicinity of the proposed
site is estimated to be approximately 50 people. The primary land use in the
vicinity of the proposed site is agricultural production, although this is

gradually being reduced. Production Iin the vicinity of the site has been
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approximately 2,000 acres of alfalfa annually, with historic records indicating
that as much as 3,000 acres of alfalfa has been in production at times in the
past. An Ediseon power line, Santa Fe Rallroad right-of-way, and Pacific Gas and
Electric high pressure gas line traverse the central and southern portion of the
basin., A wildlife (waterfowl) preserve, created and watered by irrigation
runoff, is also located near the proposed site with the associated wetlands
encompassing portions of T1lN, R4W, Sections 20, 21, 27, and 28. Records from
the Bureau of Land Management do not indicate the presence of Indian
Reservations, springs, or state historic areas that would be impacted hy pumping
at the subject sirte.

Mean annual precipitation in the basin is 4 inches at the basin floor to
8 inches in the surrounding mountains. Rainfall occurs mostly in the winter

months, with summer rainfall being rare.
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5.0 GEOLOGY

The geologic studies have included a review of published papers and
unpublished data velevant to the study area., The primary objective of this
geologic investigation is to estimate the availability and movement of
groundwater by developing and understanding the nature of the geologic materials
found within the Harper Valley Groundwater Basin.

Rocks exposed within and adjacent to the basin inelude ignecus,
metamorphic and sedimentary rocks ranging in age from Precambrian to Recent
(Holocena). For this study the approach will be to focus on rock units of
hydrologic significance and briefly discuss their characteristics and define
groundwater flow in the groundwater basin.

5.1 Reglonal Geology

The geologic units in the Harper, Superior, and Cuddleback Valley areas
can be divided into two main groups, the consolidated rocks and the
unconsolidated deposits, The formations within these groups have dissimilar
water-bearing characteristics, but in general, the unconsolidated gravel, sand,
and clay deposits of Quaternary age are mors porous and permeable than the
consolidated basalts, schists, and granites of pre-Tertiary, Tertiary, and
Quaternary age. The consolidated rocks form the mountains and hills
surrounding the valley. These consolidated rocks also underlie the sediments
forming the "bottom" of the basin for production water wells. The consolidated
rocks have generally low primary permeability, and unknowvm storage capacity in
‘broken areas of secondary permeability. They receive a major part of the
precipitation where exposed within the drainage area surrounding the basin. It
is the runoff from these mountains and hills that contributes recharge to the

aquifers contained in the unconsolidated deposits. The unconsolidated deposits
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occur in the valleys and contain most of the groundwater stored in the area
(Drawing 2). The unconsolidated deposits are generally interbedded layers of
gravel, sand, silt, and clay-with sand baing thea most abundant constituent,

The oldest unit in tha area is the basement complex, of pre-Tertiary ape,
which consists of undifferentiated igneous and metamorphic rocks (Drawing 3).
This unit is commonly referred to as basement complex, or bedrock, in the well
logs, and is mainly composed of quartz monzonite and gneiss. The basement
complex, or bedrock, is generally low in permeabllity except in fractures and
wveathered zones that yileld small quantities of water. Compared to the amount
of water available in the unconsolidated formations, stored water available in
the basement complex is small.

The sedimentary rocks (Drawing 3). of Tertiary age, overlying the basement
complex consist of beds of sandstone and shale with some intrusive basalt flows.
These rocks are generally located to the north of the proposed site. Rocks of
this unit yield little water to wells and springs.

The basalt flows, called the Black Mountain Basalt, of Pleistocene age
overlie the older unconsolidated slluvial deposits in parts of the areas, and
in other parts rest directly on Tertiary Sandatone or pre-Tertiary bedrock
units. The Black Mountain Basalt is not considered an aquifer. The location
of the Black Mountain Baszalt is discussed in more detail In the local geology
saction.

‘The older alluvium, of Pleistocene age, underlies most of the valley-floor
areas and i3 commonly overlain by a layer of younger alluvium, It is deposited
above the igneous, metamorphic, and consélidated sedimentary rocks previously
explained, but is transected in places by basalt flows {Drawing 3). The older

alluvium consists mainly of moderately sorted sand with gravel, silt, and clay.
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It is generally unconsolidated, but in some places it is slightly cemented.
This unit is porous and permeable, extends below the water table, yields water
freely to wells, and is the principal water-bearing unit in the area. This unit
is also shown as the principal aquifer material shown in the local geologic
cross section as Qal in Drawings 35, 6, and 7. The Black Mountain Basalt
formation is generally located somewhere within the older alluvium.

The older alluvial fan deposits, of Pleistocene age, are composed of
gravel, boulders, and sand derived from the granitic and metamorphic rocks and,
vhere saturated, yield water to wells, This formation is located principally
near the mountain fronts, and provides for racharge to the basin from
percolation of runoff from the mountains,

The younger alluvium of Holocene age, deposited asbove the older alluvium
consists of sand with small quantities of gravel, silt, and clay. Deposition
of this material is still taking place in the valley areas during infrequent
time of streamflow (intermittent). This unit is permeable and, where saturated,
will yield water to wells. It is generally thin and i{s not an important water-
bearing unit, because it generally lies above the water table. However, it does
transmit precipitation and water from the intermittent streams to the older
alluvium’s aquifer.

The windblown sand, of Holocene age, is composed of actively drifting fine
to medium sand, ranging from a few feet to more than 25 feet in thickness. In
parts of the area the sand may be saturated, but generally it is above the
regional water table,

5.2 Regional Structure
There are three major northwest trending fault zones located within the

Harper Valley Groundwater Basin: the Blackwater-Mud Hills Fault Zone, the Harper
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Fault Zone, and the Lockhart Fault Zone. For the most part, these faults
control the surface exposures of the bedrock materials adjacent to the basin and
have resulted in the formation of the Harper Dry Lake.

The Lockhart group of faults includes the Noxrth Lockhart fault, the South
Lockhart fault and the Lockhart Fault (Drawing 2). The Lockhart Fault is
located three miles south of the Lockhart ranch. The fault trace is not exposed
and is difficult to recognize on the ground, but it appears p:omin;ntly on
aerizl photographs as a straight line running N50°W for about 10 miles. It has
been known to be active in very late Quaternary time because it breaks the older
alluvium, which indicates that the major aquifer (water-bearing zone) in the
Harper Valiey has been displaced by the fault, altering its water bearing
characteristics.

The South Lockhart fault lies 2 2o 3 miles southwest of the Lockhart
fault. Northwest of the lake it approaches and probably joihs the Lockhart
fault. To the southeast it diverges from it and dies out in older alluvium.
The fault is within the older alluvium and its position is marked by the surface
expression of weak scarps which show on aerial photographs.

The Harper Valley Fault Zone and the Black Water Fault Zone are located
to the northeast of Harper lake. The Harper Valley Fault Zone Is located
principally within the bedrock units of the valley, and does not appear to
influence groundwater flow in the site area. The Black Water Fault Zones is
also located too far from Harper Lake to influence local groundwater flow.

5.3 Local Geology

The geology in the area of the LUZ development site {s shown in three

cross-sections. The locations of these cross-sections are shown in Drawing 4,

The local geologlc cross-sections are labeled A-A', A’'-A", and B.B' and are
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presented in Drawings 5, 6, and 7. Many of the wells shown are projected to the
cross-section line. The cross-sections are intended to depict the thickness of
the major aquifer below the site. This representation can be useful in choosing
locations and depths for additional wells at the gite.

Cross section A-A' (Drawing 5) extends weat to east showing the thickness
of the main aquifer (water bearing zone) labeled Qal at approximately 300 feet.
This main aquifer generally extends vertically from the basalt labeled Qb to the
top of the water table. Most water supply wells are generally drilled to the
tep of this basalt layer. Below the basalt, additional alluvium provides =
second water-bearing zone. The quality of water from this lower water-bearing
zone is not known.

Cross section A‘-A" (Drawing 6) extends further to the northwest beyond
¢ross section A-A’'. This cross section shows that the thickness of the main
aquifer (labeled Qal) to the west is generally about 400 feet. Apparently, the
alluvial water-bearing zone below the basalt layer is not present at the east
end of Harper Lake as indicated by well 11N4W23Cl. This indicates that any
wells to be drilled through the basalt to pump from the lower water-bearing zone
below the b;salt should only originate in the site vicinity west of Harper Lake.

Cross section B-B' (Drawing 7) contains the most well data, and shows the
shape of the main aquifer below the proposed site. This cross section can be
used to estimate the depth of additienal production wells in the site
vicinity. It also confirms the general aquifer thickness below the site of
approximately 300 to 400 feet, Well No. 11N5W29G2 also called test well #3,
encountered the basalt layer from a depth of 490 to 530 feet below land surface.
This test well then encounterad gravel and clay from 530 feet to a total of 950

feet. At a depth of 950 feet the well encountered bedrock.
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In summary, cross-sections A-A’, A'-A", and B-B' show the presence of the
main water supply aquifer, and a second water-bearing zone balow where the
basalt layer is present. Well production indicates that groundwater yield is

higher from the main water supply aquifer than the lower water-bearing zone.
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6.0 HYDROGEOLOGY

Croundwater for the proposed LUZ project is planned to be extracted from
the Harper Valley Groundwater Basin (Drawing 1). The California Department of
Water Resources defines the basin as within the Harper Hydrologic Subunit.

Hydrologic information on the basin has been obtained from the water wells
and gas exploratory wells drilled over the years and has been presented in the
cross-sections. Additional hydrogeology information available related to the
basin iIncludes groundwater elevations, groundwater recharge, aquifer
characteristies, and groundwater use. The groundwater elevations were obtained
mainly from the data collected by the California Deparfment of Water Resaurces
and Leroy Crandall, Inc. Informationh on aquifer characteristics, groundwater
rechargé. and groundwater use was collected mainly from the DWR.

6.1 Groundwater Elevations

Water levels within the vicinity of the Harper Valley Groundwater Basin
vary from ground surface near Harper Lake (perched water) to nearly 300 feet
below ground surface 10 miles west of the study area near Kramer Junction,

Elevations of groundwater vary from a high of approximately 2,500 feet msl
in the noxthwest for well 315/42E-23L1 to approximately 1,850 feet msl for well
115/5W-24N2 at Harper Lake. Locations of select wells are shown in
Drawing A-1. A comparison of elevations 1s required because groundwater flows
from areas of higher groundwater elevation to areas of lower groundwater
elevation. Drawing 8 documents that the levels are consistently lower at Harper
Lake, allowing for groundwater to move from the perimeters of the basin to the

central lazke area.
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There are approximately 30 irrigation wells in the vicinity of the site
location area where LUZ plans to install the power plants. Many of these wells
were required when agricultural production in the area was higher. Water levels
recorded during 1986 through 1988 from 1l of these wells were used to create the
contour map, as well as the historic water levels obtained from the DWR (Drawing
8). The wells in the vicinity of the site are generally perforated at depths
of 200 to 500 feet below land surface for a total perforated interval of 300
feet. This includes well number 11N/5W-13Hl, 11N/5W-24Gl, and 11N/SW-24N1.
Well yields, calculated by the Southern California Edison Company, for the 30
wells in the site vicinity wells vary from 371 gallons per minute (gpm) for well
11N/5W-24Q2 to 1,333 gpm for well 1IN/4W-19D1 with an average yield of B85
gallons per minute. This indicates that LUZ Development should plan for an
average well yleld of 800 to 1,000 gpm from properly constructed production
wells,

Values for specific capacity, a measure of well yield in gallons per
minute per foot (gpm/ft) of drawdown, have been calculated by the Southern
California Edison Company for production wells in the study area. The specific
capacity of twelve (12) wells are available from wells {n township 11N, range
4W, sections 19, 24, 29, 32, and 33, Specific capacities vary from 20 gallons
per minute per foot (gpm/ft) for well 1IN/4W-19F1 to 48 (gpm/ft) for well
11N/4W-29L1. The average specific capacity for wells in the vicinity of the
site is 37 gpm/ft. Results from these specific capacity tests indicate that
pumping water level drawdown within a production well during pumping will be in
the range of 50 to 100 feet. |

The regional groundwater elevations in Drawing 8 represent groundwater in

first major water supply aquifer, generally occurring from a depth of 100 to 500
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feet below ground surface. Groundwater elevations In the northeast portion of
the basin, in the vicinity of Black's Ranch, vary from 1,998 feet msl for well
11N/3W-28R2 to 2,038 feet msl for well 1IN/3W.15El. Water level elevations in
the Middle Mojave Groundwater Basin near Barstow, California (Drawing 8) vary
from 2,113 feet msl for well 10N/4W-29M1 to 2,041, feet msl for well 10N/3W-
27R1. These groundwater elevations are higher than groundwater elevations in
the Harper Valley Groundwater Basin, indicating that the groundwat;r flow
gradient is from the Middle Mojave Basin into the Harper Valley Basin. Records
from wells and geologic maps from Mojave Water Agency (MWA) (1983) indicate that
the thickness of the aquifer betwsen the basins is approximately 75 feet,
allowing for underflow between the basins. The past pumping at Hinkley in the
Middle Mojave does not appear to have influenced water levels in the Harper
Basin.

Groundwater elevations in the western portion of the Harper Valley near
Kramer Junction vary from 2,243 feet msl for well 1ON/6W-5El to 2,300 feet msl
for 10N/6W-6L1. These water levels indicate groundwater flow from the west
towards Harper Lake. Aquifer thickness from geologic maps and well logs
indicate that the thickness of sediments in the area of Kramer Junction are 400
to 500 feet thick.

Shallow borings completed by Applied Geotechnical Engineering, Ine. (1987)
for the site construction indicated that shallow (perched) groundwater is
present west of Harper Lake. Beneath the proposed construction site, {Drawing
1) groundwater levels vary from 9 to 26 fest below ground surface. The
groundwater elevations show that groundwater flow is toward the waetlands from

the site area. The groundwater flow direction from the irrigated farmland

8§8219-18.R1 6-3

me



towards the wetlands indicates that -applied irrigation water is the source of
this shallow perched water.
6.2 Groundwater Recharge

The amount of groundwater recharge to the Harper Valley Groundwater Basin
is important in the overall water balance at the site. The estimated amount of
recharge for the basin is taken from estimates compiled by the California
Department of Water Resources (DWR) and calculations completed by MARK.

Recharge to the basin occurs by the following sources. 1) storm runoff
from the highlands that enters the ephemeral straams and ultimﬁcaly percolates
inte the basin’s alluvial aquifer, 2) recharge on the basin floor from rainfall,
3) recharge on the surrounding mountain areas that percolates into the bedrock
and flows into the basin, 4) and underflow from the Middle Mojave Basin (see
Drawing B-1). The Department of Watef Resources (1967) claims that
precipitation less than eight inches annually is used to satisfy the growth and
transpiration requirements of native vegetation, or is lost to evaporation
allowing virtually no direct groundwater recharge; however, more recent work
with stable isotope tests shows that recharge in desert enviromments varies from
0.34 to 0.51 percent of precipitation (Stone, 1986), For the 297,200 acre
Harper Valley Basin Floor, calculations indicate that 420 acre-feet/year may be
recharging (Appendix C). Percolation of rainwater into the 100,800 acres of
hills surrounding the basin flowing into the basin aquifer may represent another
300 ahre-feet/yr of recharge (Appendix C). Estimates in DWR (1967) lists the
amount of recharge to Harper Valley Basin from storm surface runoff during
storms from the highlands that recharges the alluvium at 550 acre-feet/year.
This number represents approximately 1% of the 6 to 8 inches of annual

precipitation that falls on the 100,800 acres of mountains and hills surrounding
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the basin that drains into Harper Valley. We question the earlier DWR {1967)
recharge estimate as it appesrs, in our opinion, conservative. We balfeve that
a significantly higher net recharge estimate is feagible based on the recent
studies. However, the 550 acre-feet/year net recharge will be used in our
calculations because it is consistent with estimates from other similar basins
(DWR, 1967).

Underflow from basin to basin also provides additional recharge to the
Harper Valley. The amount of groundwater from the adjacent Cuddleback Basin to
the north has been estimated as negligible by the DWR. An analysis of 1955
water 1e§els in the narrow pass between the basins indicates that the hydraulic
gradient was nearly 0.0, vhich would indicate a subsurface drainage divide with
little or no groundwater flow into the Harper Basin from Cuddleback Basin.
However, there is surface water inflow from the Cuddleback Basin to Harper
Valley in intermittent streams, and that volume has not been estimated.

The amount of basin underflow from the Mliddle Mojave Basin to the Harper
Valley Basin is calculated in DWR (1967) to be 1,000 acre-feet/year. This value
1s probably a comservative estimate reflecting the estimated gradient and
thickness of saturated sediments at the time. Calculations by MARK from data
in MWA, 1983 indfcate that the value for recharge from Middle Mojave Basin may
be closer to 3,000 acre-feet/year (Appendix C). Groundwater contours as shown
in Drawing 8 indicate that the natural basin groundwater flow direction is from
the Middle Mojave Basin into the Harper Valley Basin. In addition, during
 periods of severe flooding the Mojave River overflows northward_into Harper Lakse
(MWA, 1983),

The Lockhart fault, trending northwesterly, is located approximately in

the center of the basin, to the west of the site. The Lockhart fault reduces
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the amount of groundwater flow in the Harper Valley Basin from the
west/scuthwest to the northeast (CDWR, 1967). This 1is supported by the
generally higher levels of the water table southwest of the fahlts (CDWR, 1967).
The amount of groundwater flew reduced by the fault {3 not known.

6.3 Aquifer Characteristics

The parameters that define the groundwater flow to wells within Harper
Valley Basin are transmissivity, aquifer thickness, and storage coefficient.
The value for transmissivity represents an aquifer’s ability to transfer water
to wells and these values are often used in calculations of well spacing and
groundwater flow rates. Reliable values for transmissivity in the basin are
generally unavailable. Transmissivity has been roughly calculated for various
wells in the vicinity of Harper Laké from specific capacity values. Spec1f1¢
capacity calculations, are usually provided by drillers testing a new well or
electrical power companies as part of a service to identify pumping We'.!_.l
efficiencies, These tests generaliy indicate that transmissivity values are °
sufficient for production rates of 800 to 1,000 gallons per minute. Estimated
transmissivities range from 10,000 gpd/ft to nearly 100,000 gpd/ft in the Harper
Valley area.

The value for storage coefficlent is a unitless measuré of the amount of
water in storage available to withdraw by wells based on extended pumping versus
drawdown correlations. The DWR has estimated a storage coefficient of 0.12 for
the aquifer materials in the basin, This i{s wicthin the commonly calculated
storage coefficient values for basins like the Harper Valley. The estimated
water table storage coefficient Iindicates that the total amount of water 1e§el
decline can be reduced by spreading the production wells further apart in the

site vieinity,

88219-18.R1 6-6

nme




Total storage capacity in the Harper Valley groundwater basin, using 0.12
as the storage coefficient, is estimated at 2,497,000 acre-feet (DWR, 1979).
This estimate includes water in the entire basin. Some of this water would not
be available for pumping because the aquifer materials below the alluvium, such
as the basalt layer has a low permeability, and groundwater barriers, such as
the Lockhart Fault, may impede groundwater flow.

6.4 Groundwater Use

Groundwater use in the Harper Valley area has historically been fox
frrigated agriculture, This water has principally been withdrawn from the main
water supply aquifer. Groundwater from shallow sources, such as the shallow
groundwater zone recharged by irrigation water contribute moisture to the
natural consumptive use of plants and general evaporation.

The estimated amount of consumptive groundwater use in the basin includes
the agricultural areas near Harper Lake. Water use by the valley's scattered
residents {domestic use) 1s negligible compared to ifrigation usage at the
Lockhart Ranch. References to the Lockhart Ranch includes the Most and Baker
Ranches. ‘

Historic water well pumping values could not be obtained from the State
Division of Water Rescurces because no records were kept. Historie water use
¢an best be estimated by assuming that approximately 5 acre-feet/acre was
applied for agricultural production sach year (MWA, 1983). Records of
agricultural production were collected from the San Bernardino County
Agricultural Commissioner for the Lockhart, Most, and Baker ranches. Annual
agricultural production in the Harper Valley site location has generally varied
from 1,800 acres in 1953, to 2,300 acres in 1955, and to 2,500 acres during

1968. Annual production varied from 2,000 to 2,500 acres from 1968 until 1983,

88219-18.R1 6-7
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Annual production from 1984 until 1988 was approximately 1,500 acres. The
reported value for acreage planted per year at the Lockhart Ranch is shown in
Appendix A, Based on an average pumping value of 5 acre-feet/acre, this
indicates that approximately 6,500 to 18,000 acre-feet annually of groundwater
has been used for agricultural production in the vicinity of the site. Some of
this water (drain waters) may have recharged the shallow, perched groundwater
system near the wetlands area. h

Water level declines due to agricultural pumping from 1953 through 1986
are documented in Drawing 9. Levels of drawdown vary from 80 feet at the center
of the study area to 20 feet in the area of Black’'s Ranch. The drop in water
levels of 10's of feet without recovery indicates that groundwater extraction
in Harper Basin has historically exceeded recharge., Appendix A documents the
total estimated pumping for the period 1953-1986 at 380,000 acre-feet from the
Lockhart Ranch, Records from the San Bernardine County Agricultural
Commissioner indicate that the Lockhart Ranch was the only farm in the Harper
Valley. The pumping records consider acreage for the Most, Baker, and Lockhart
ranches together, The Oasis Ranch, located east of the lake in the Black’s
Ranch area has been operating for approximately 5 years beginning iﬁ 1984,

The historic change in water levels (Drawing 9) documents a drawdown
depression cone centered around the agricultural activities just west and south
of Harper lake. The volume of un-watered sediments in the cone of depression,
represents approximately 94,300 acre-feet depletion of groundwater storage,
using the storage coefficient of 0.12 (Appendix B). These values will be used

in the following water balance calculations.
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6.5 VWatex Balapnce

Two separate water balances are completed for the Harper Valley. The
first water balance is for the years 1953-1986 to evaluate ovarall long-term
pumping discharge and recharge. The second water balance is for expected future
withdrawals in the basin to estimate the effects of the 4,750 acre-feet of
pumping by the LUZ project.

6.5.1 Long Term Water Halance

The 1953-1986 water balance for the Harper Valley groundwater basin

assumes the following:

o Evaporation and consumptive use asccounts for 80% groundwater pumped
for irrigation. Therefore, once water is removed from the ground,
203 of it returns as recharge, with B80% being is used by
agriculture, evaporation, or the wetlands area.

° Recharge to the basin occurs from storm runoff from the highlands
that enters the ephemeral streams and ultimately percolates into the
basin’s alluvial aquifer, recharge on the basin floor from rainfall,
recharge on the surrounding mountain areas that parcolates inte the
bedrock and flows into the basin, and underflow from the Middle
Mojave Basin (See Drawing B-1 of Appendix B).

o Sources of groundwater discharge are agricultural pumping at the
Lockhart Ranch.

Appendix A outlines the pumping estimates for the Lockhart Ranch from 1953
through 1986. For this 34 year pericd the estimated pumping for the Lockhart
Ranch is 380,000 acre-feet. Appendix B outlines the 1953-1986 water balance
caleculations. This 34 year period was selected since the data on pumping and
the change in water levels was available for that period. The caleculated loss
in storage (Appendix B) for the period is 76,000 acre-feet of groundwater. The

difference in these two numbers is shown below:

© Total Pumping (1953-1984) 380,000 acre-feet

© Loss In Storage (1953-1986) = «fea

¢ Recharge (1953-1986) 304,000 acre-feet
88219-18.R1 6-9
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This indicates that approximately 304,000 acre-feet of water recharged the
basin, based on the assumptions listed in Appendix B. Without this recharge the
pumping depression would be much bigger than shown in Drawing 9. Assuming that
approximately 20% of pumping withdrawals recharges the basin (76,000 acre-feet)
this leaves a total of 228,000 acre-feet of recharge from ocutside sources to the

basin over the 34 year period as shown below:

Estimated Total Recharge (1953-1986) 304,000 acre-feet
Irrigation Percolation Recharge =26.000 acre-feet
Recharge to Basin (1953-1986) 228,000 acre-feet

This recharge value of 228,000 acre-feet represents an annual recharge of
approximately 6,500 acre-feet/year.

A review of literature and calculations by MARK was completed to confirm
this estimate of annual recharge. A detailed explanation of the recharge
estimates shown below is contained in Appendix C. Listed below are the

components of estimated recharge (Drawing B-1}.

o Runoff from Mountains 550 acre-feet/year
o Recharge tc Basin Floor 420 acre-feet/year
o Recharge to Mountaln Areas 300 acre-feet/year
o Recharge from Mojave Basin 1.000-2 700 acre-feet/vear

approximately 2,300-4,000 acre-feet/year
The recharge from the Middle Mojave Basin is underflow calculated based
on Darcy's Law through the sediments between the basins. This Middle Mojave
recharge value of 2,700 acre-feet/year is calculated by MARK and the value of
1,000 acre-feet/year is reported in DWR (1967). Storm runoff from the highlands
of 550 acre-feet that enters the ephemeral streams and recharges the basin is
estimated from DWR (1973)., Direct recharge to the basin floor is estimated from

a recharge value to 0.34% of precipitarion. Recharge to the mountain areas

88219-18.R1 6-10
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represent 0.51% of precipitation, and underflow from these highland areas will
most likely recharge the basin sediments,

In summary, the Harper Valley recharge calculations and the separate long-
term water balance indicate approximately 2,300 to 6,500 acre-feet/year of
recharge per year to the Harper Valley Groundwater Basin, The 2,300 can be
considered a conservative minimum with 6,500 being a realistic maximum.

6.5.2 Projected Water Balancs

The projected water balance is used to estimate the impacts of future
groundwater use, The projected water balance is based the following
assumptions:

o Groundwater pumping for the LUZ project will be 4,750 acre-feet/year.

¢ Additional groundwater withdrawals in the basin are agsumed to be for
" the Oasis Ranch totalling 675 acre-feet/yr.

o Additional consumptive use for the wvalleys scattered residents is
assumed negligible,

o Recharge to the basin occurs from storm runoff from the highlands that
enters the ephemeral streams and ultimately percolates into the basin's
alluvial aquifer, recharge on the basin floor from rainfall, recharge
on the surrounding mountain areas that percolates inte the bedrock and
flows into the basin, and underflow from the Middle Mojave Basin,.

The estimate for total disghaxrge is shown below:

Pumping for the LUZ Powerplants k,?Sb acre-feet/year
Oasis Ranch 675 acre-feet/year
Total Discharge 5,425 acre-feet/year

(assume 5,500)

The estimates for total recharge are shown below and explained in Appendix C.

Runoff from Mountains 550 acre-feet/year

Recharge to the Basin Floor 420 acre-feet/year

Recharge to the Mountain Areas 300 acre-feet/year

Underflow from Mojave Basin 1,000-2,700 acre-feet/year

Total Recharge approximately 2,300-4,000 acre-feet/yr
B8219-18.R1 6-11
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Recharge estimates from both the long-term water balance (section 6.5.1) and the
short term water balance above are used to calculate the groundwater overdraft
or surplus. These values for recharge and discharge have been used to calculate
the following annual change in storage:

o Recharge from long-term water balance (section 6.5.1) of 6,500 acre-
feet/year 6500-5,500 = 41,000 acre-feet/year surplus

o Recharge from MARK calculations and DWR reported values presented gbove
(High recharge) 4,000-5,500 = -1,500 acre-feet/year overdraft
(Low recharge) 2,300-5,500 = -3,200 acrz-feet/year overdraftc

The long-term water balances' estimated recharge of 6,500 acre-feet por
year indicates that the basin would not be in a condition of overdraft. The
separate recharge estimates calculated by MARK and the DWR, with annual recharge
varying from 4,000 to 2,300 acre-feet/year respectively, estimate annual.
overdraft of 1,500 to 3,200 acre-feet/year xtespectively. Selecting the 3,200
acre-faet/year as a worst case value for overdraft, over a 40 year period the-
total overdraft would be 128,000 acre-feet withdrawn from the basin. This
amount of overdraft would represent roughly 5% of the total basin storage of
2,497,000 acre-feet. The amount of additional drawdown would be approximately
twice the drawdown observed to date. Total drawdown would be approximately
twice the present 80 feet. This estimate of drawdawn is taken from a comparison
of historic storage loss and resulting drawdown and estimated storage loss. |

In summary, the expected recharge to the basin varies from 2,300 acre-
feet/year to 6,500 acre-feet/year, The lowest value for recharge (2,300 acre-
feet) uses the DWR (1967) estimate of recharge from the Middle Mojave Basin of
1,000 feet. This estimate was made in 1967 without the additional water well
information outlined in the Mojave Water Agency Report 1983. Therefore, MARK's
use of a refined estimate of 2,700 acre-feet/year of recharge from the Mojave

Basin is based on considerably more data. Using this estimate combined with the
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long-term water balance, the recharge value would be 4,000 to 6,500
acre-feet year. This would result in a 40 year deficit of zero (0) to 60{000

acre-feet total. This i1s smaller than the 34 year, 1953-1986 deficit of 95,000

acre-feet per year.
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7.0 VWATER QUALITY

Water Quality, generslly for Harper Valley, and particularly in the area
of the LUZ Development (Lockhart Ranch), 1s of interest in relation to the
projected groundwater use, The better the water quality, the less costs for
processing LUZ will have to incur.

.water in the desert environment is usually higher in disselved salts than
typically found elsewhere. These dissolved salts are composed of minerals that
are generally mot hazardous, but create poor taste and residue problems such as
pipe scaling and "bathtub stains". From cursory analysis, the irrigation wells
in Harper Valley show values ranging from approximately 400 milligrams per litre
(mg/l) total dissolved solids (TDS) to 2600 mg/1 TDS (Drawing 10). This map.
shows TDS concentrations for the main water supply aquifer in the Harper Valley. |
The shallow "perched zone" water within some 20 feet of the surface, especially
near the lake, is very high in salts due to concentration by irrigation runoff
surface evaporation. This "perched" horizon i{s typically avoided in screening
wells, but may be a source of poor quality recharge to the water table. Water
quality appears to wvary with depth in several water quality horizons found
beneath the area. One of the test wells used for a current investigatien,
listed as 11N/5W-19G, with a screened interval of 544-670 feet below land
surface had a TDS of only 4535 mg/l. The well is located almost in the center
of liN/SH Section 19, and is within half a mile of the lake as well as existing
irrigation wells with IDS values of 1,000 to 2,700 mg/l. 1Its yield was low,
making water from this well useful for small volume domestic water
purposes only. It represents s potential source of lower-demand, good-quality

water in the LUZ energy development program.

88219-18.R1 7-1

mn



A water sample from an additional test well located in the center of

section 24 and labeled 11N/5W24L1 recorded a TDS value of 2140 mg/l at a depth

of 280 to 320 feet. This well is further from the wetlands area, and has a

lower TDS wvalue than some wells adjacent to the wetlands, The TDS

concentrations tend to be higher near the lake area as shown in Drawing 10.

One well, 11N/4519H1, has a long history of sampling for water quality.

This well is approximately 210 feet deep, drilled in 1936 for domestic and

ixrigation purposes with a2 driller reported low yield of less than 100 gpm in
a variably reported 12-inch or 10-inch diameter casing. |

The TDS for this well in a period of 25 years, extending up until 1978,
varied from an initial 2,310 mg/l in 1953, to 2,806 mg/l in 1978. (Parts per
million (ppm) and milligrams per litre (mg/l) values for TDS can be considered
analogous.) There are a couple of anomalies of 981 mg/l and 990 mg/l in 1971
and 1972, that are thought to be ascribed to this well incorrectly.

The series of analyses indicated that TDS has increased by some 500 mg/l
in the 25-year period from 1953 to 1978. Although the tremd for this well is
not alarﬁing, it does appear to indicate that some increasing TDS conceantration
with time.

Another well, with more limited documentation, shows some increasing TDS
concentration. This well, 11N/5W-24G1 was drilled in about 1938, producing 720
gpm from a depth of 250 feet. Water quality analyses from 1953, recorded 875
mg/l TDS., A water quality sample taken in 1968 was reported to have 1250 mg/l

_IDS, or an approximate increase of 300 mg/l in 15 years. Increases in TDS
concentration over time are probably largely the result movement of higher TDS
groundwater from the irrigated farmland westward toward the pumping depression

ereated by pumping at the ranch wells. Irrigation in dry areas generally.causes
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increases in shallow groundwater salinity. In general, wells located further
from the dry lake, exhibit better water quality readings than those adjacent to
the dry lake.

Drawing 9 presents a computer-generated water quality (TDS) map, using
data points from samples collected during 1986 through 1988. The map shows
improved water quality with distance from the Harper Dry Lake area. The water
quality contours document that relatively better quality water is contributed
from the Mojave River underflow area to the south and west and from the Harper
Basin recharge areas to the north.

The water quality data generally indicates that the maeximum TDS
concentration from wells in the Harper Valley is 2,500 mg/l. Samples from some
wells are higher, but many wall§ are also lower in TDS concentrations. To
obtain éhe derived well yield and water quality of equal to o£ less than 2,500
mg/l it may be necessary to mix water from several wells. Water from wells with
lower TDS concentrations would be mixed with water from wells with higher TDS
concentration to maintain an overall TDS concentration below 2,500 mg/l. Using
this method, LUZ should be able to maintain TDS concentration values in the

2,000 to 2,500 mg/l range.
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Total Dissolved Solids Concentrations Over Time for Well 11N/4W-19H1

—DATE
06/24/53
07/27/71
08/22/72
04/19/73
11/20/74
04/28/75

Q4727776

88219-18.TAB

12/10/76
04/25/77
12/14/77

04/19/78

TABLE 1

ELECTRICAL
CONDUCTIVITY

TOTAL DISSOLVED

IN _MICROMOHS/CM = SOLIDS IN Mg/l

1584
1587
1527
1817
1861
1956
3861
4043
4124
3400

3944

2310
981
990

2382

2505

2310

2413

2430

2462

2686

2806
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project. Wells can be strategically pumped to maintain TDS concentrations

lower, in the range of 2,000 mg/l.
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8.0 CONCLUSIONS

Based on the worst case groundwater recharge and discharge estimates,
the total worst case groundwater deficit for each year of pumping projected by
LUZ would be 3,200 acre-feet/yr, making a total 40 year projected groundwater
deficit of 128,000 acre-feet. Using the conservatively estimated total deficit °
of 128,000 acre-feet, this would represent a total of 5% of estimated storage
in the Harper Valley Basin of 2,497,000 acre-feet. Even with this worse-case
deficic, the LUZ project will have sufficient water for the power plant project
at a withdrawal rate of 4,750 acre-feet/year, which is less than the prior 50
year average withdrawal.

Calculations by The MARK Group indicates that groundwater recharge may be
greater than calculated by the DWR estimates, based on more recent data, and
puping withdrawal may be offset by recharge. For example, a long-term water
balance and calculations by MARK indicate that annual basin recharge is 4,000
to 6,500 acre-feet/year. These higher recharge estimates should result in far
smaller deficits, and may even result in a condition where groundwater pumping
is offset by recharge.

The successful past operation of the ranch withdrawing 6,000 to 15,000
acre-feet/yr over a 50 year period also supports the continued reliable
availability of groundwater. The LUZ project plan to withdraw approximately
4,750 acre-feet/year 1is less than the historic average annual amount of
groundwater extraction by pumping for the Lockhart Ranch.

Groundwater Quality in the vieinity of the Harper Valley area indicates
that the highest TDS concentrations are located in the area west of Harper Lake.

TDS concentrations will generally be below the 2,500 requirements for the
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APPENDIX A

Pumping Estimates for the Lockhart/Most Ranch

To correspond with the map created from pumping withdrawal wvalues from
Figure 9 of the report, pumping wvalues for the Lockhart and Most wells are
estimated from 1953-1986. Based on unpublished records from the San Bernardino
County Agricultural Commissioner, the Most/Lockhart/Baker Ranches ware the only
agricultural operations in the Harper Valley during that period. These three
ranches are calculated as one total value of acreage by the County. In
approximately 1984, an additional ranch, called the Oasis Ranch, was develcped
on the east end of Harper Lake. It contains approximately 4 irrigation pivots,
each with 135 acres. Infermation on total acreage from 1953 through 1988 is

obtained from the following sources:

ear - Source
1953-1970 DWR, 1973
1970-1988 San Bernardinoe County Agricultural Commissioner

Data previous to 19533 on agricultural production is too sparse for accurate
calculations. The calculation of total pumpage is made by assuming that each
_ planted acre requires 5 acre-feet of water per acre (MWA, 1982). Therefore, the
total acreage per year is multiplied by 5 acre-feet/scre to obtain the value for

pumpage (Table A-1).
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TABLE A-1 PUMPING ESTIMATES

PUMPING ESTIMATES FROM THE LOCKHART RANCH, HARPER VALLEY, CALIFORNIA

YEAR ACRES OF CROPS AC-FT/ AC/YR AC-FT OF WATER
1953 1800 3 9000
1954 1800 5 9000
1955 2300 S 11500
1956 2300 5 11500
1957 2300 3 11500
1958 2300 5 11500
1959 2300 5 11500
1960 2300 5 11500
1961 2300 3 11500
1962 2300 5 11500
1963 2300 5 11500
1964 2300 5 11500
1965 2300 5 11500
1966 2300 5 11500
1967 2300 5 11500
1968 2520 5 12600
1969 2520 3 12600
1970 2520 5 12600
1971 2520 3 12800
1972 2165 5 10825
1973 2540 5 12700
1974 2140 5 10700
1975 2140 3 10700
1976 21490 5 10700
1977 2720 3 13600
1978 2990 5 14950
1979 2700 5 13500
1980 2230 3 11150
1981 1480 5 7400
1982 2500 5 12500
1983 2500 5 12500
1984 1300 5 6300
1985 1300 3 6500
1986 1300 5 6500
TOTAL: 378625

88-03219.18.TAB.A-1
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