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Attention: Mr, Paul Limburg

Subject: PRELIMINARY REPORT - Aquifer Analysis
LUZ Solar Energy Generating Systems
Harper Valley, California

Gentlemen:

This letter transmits a preliminary report by The MARK Group, Engineers
and Geologists, Inc. (MARK) describing aquifer testing and analysis performed
during December 1989 for LUZ Development and Finance. The aquifer test was
performed at LUZ Solar Energy Generating Station, In Harper Valley, San
Bernardino County, California to support our earlier Hydrogeologic Assessment
Report for the site dated April 7, 1989%. -

Due to time constraints, the analysis was not fully completed. However,
all the raw data and enough analysis is included in this report to adequately
support the results shown in the report., Generally, the data compiled and
analysis completed thus far support the conclusions in our earlier report
that there is adequate water supply for the proposed development. Water
Quality analysis was not a part of this preoject.

Sincerely,

The MARK Group, '
Engineers & Geologists, Inc.
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Ray on Moresco
Director of Operations
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1.0 INTRODUCTION

1.1 General

This letter is to report the results of aquifer testing and analysis
performed by The MARK Group, Engineers & Geologists, Inec. (MARK) for LUZ
Development and Finance Corporation (LUZ) at LUZ Solar Energy Generating
Station (SEGS) in Harper Valley, California (Vieinity Map, Drawing 1). MARK
was authorized by LUZ to perform an aquifer analysis to evaluate the
availability of groundwater resources based on current water level
measurements and a four-day aquifer test in comparison to conclusions from

previous studies as described in a MARK report dated April 7, 1989,

1.2 Objectives

The overall objective of this analysis is to approximate the effects of
projected groundwater pumping required to meet the water supply demands of
The Harper Valley SEGS operation over a 30-year period. Water supply demands
are estimated to be approximately 4800 acre-feet per year (AFY) wupon
completion of five 80 megawatt SEGS to be constructed over the next four
years. For comparison, and to allow for the possibility of other
developments increasing water supply demand; In the SEGS area, analyses
included scenarios of 6000 and 8000 AFY ground#ater extraction projected over
15 and 30 years., This analysis is also intended to estimate the effects of
projected groundwater pumping on water levels beneath a certain LaMont
property located approximately 2 miles west of the SEGS in Section 22 of
Township 11 North, Range 5 West, San Bernardino Meridian (Drawing 1).

Analysis of water quality was not a part of this project,

89409-18 .R1 1-1
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1.3 Executive Summary

Based on the results of a 72 hour aquifer test, calculations using the
Theis nonequilibrium equation, and a computer simulated model, projected
groundwater use to meet the demands of the Harper Valley SEGS appear to
impact groundwater levels mo more than the historic result of previous years
of groundwater pumping for agricultural purposes in the SEGS area. The
historic extraction of an estimated 380,000 total acre feet from 1953 to
1986 (MARK, 1989), or an average of 11,515 acre feet per year (AFY), lowered
the water table of the main aquifer as much as 80 feet to an elavation of
approximately 1850 feet in 1986 in the SEGS area (formerly the Lockhart and
Most Ranches). A digital model of aquifer drawdown was prepared using
aquifer characteristics calculated from our recent aquifer test, December
1989 water levels in the immediate SEGS area {approximately 1880 feet
elevation), and using the following conservative assumptions for conditions
outside the site area;

= No water recharge occurring to the basin during the projected 30
year period;

a  Water available only from the "main aquifer" estimated to be 300
feet thick in the Harper Lake area; and

= A "flat" water table at about the current elevation of groundwater
beneath the SEGS/Harper Lake vicinity, thereby ignoring water in

storage at higher elevations away from the central basin area.
Computer model analysis indicated a maximum drawdown of approximately 30 feet
in the SEGS area (a general elevation of about 1850 feet) using 4800 AFY
withdrawal, as is currently anticipated. Drawdown effects {lowering of the
water table) estimated for the LaMont property were calculated to be 17 feet

using the same analytical criteria and an interpreted current aquifer

thickness of 100 feet beneath the LaMont property. Actual groundwater

89409-18 .R1 1-2
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conditions at the LaMont property are currently unknown. Less refined Theis
time-drawdown calculations indicated a drawdown on the order of 5 to 10 feet
at the LaMont property using the same projected pumping rate and similar
aquifer characteristics,

Finally, based on the historic effects of decreased agricultural pumping
over the past 3 years, wherein the deepest portion of the 1986 "depression
cone” has recovered approximately 30 feet, the projected water use for the
SEGS alone may not actually lower the water table any more than current

conditions.

89409-18.R1 1-3
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2.0 SCOPE OF WORK

2.1 General
The following general tasks were completed by MARK for this project:
1. Well inventory in the immediate site vicinity.
2. Preparation for an aquifer test.

3a. Interim aquifer test at a well currently in use for SEGS
construction activities,

3b. Four-day aquifer test using a test-pump subcontractor,

4. Analysis of the aquifer test results to calculate projected effects
of SEGS water supply demands.

5. Report preparation.

2.2 Task } - Well Inventory

Obtaining accurate current well information was essential to achieve the
objectives of this project. To select theé best site for the aquifer test
the location and status of any wells that could be used as pumping oxr water
level observation wells were first established. It was desirable to have
several observation wells near the pumping well to properly analyze the
pumping test and evaluate possible interference by other actively pumping
wells in the area. This required locatiﬁg pwaping wells (high yield
irrigation rather than relatively insignificant domestic wells) and
monitoring water pumping rates.

Information was ohtained from three socurces:

1. IUZ Construction Management office at Harper Lake, primarily Mr.
Matthew Harris,

2. Don Most, proprietor of remaining agricultural operations on the
Lockhart/Most Ranch properties, and

3. Physical inspection of potential well locations based on field
observations.

89409-18.R1 2-1
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Data obtained from this task are summarized on Table 1, "1989 Well
Inventory Table" and corresponding well locations are shown on Drawing 2,
"Well Inventory Map and 1989 Water Levels". Several wells previously on
record in the area have been destroyed. Several wells not previously
recorded were located and measured.

Most domestic wells outside of Sections 19, 24, and 30 on Drawing 2 were
not inventoried because they will probably not be impacted by the aquifer
test. Certain wells on private property were not accessible.

2.3 Task 2 - Preparation for Pumping Test
Based on our well inventory, a location for an aquifer test was selected

using the following criteria:

- locations and peossible effects of active pumping wells that could
not be shut down during the test,

" location of potential pumping wells and examination of well
condition by downhole video,

= locations of potential water level observation wells within range
of pumping effects of the test well, and

" control of water discharge from the aquifer test.

An inactive irrigation well in tract "F" of Section 19 (11N4W) was
selected for the test well (Well 13 on Drawiné 2).

Howard Pump, Inc., Yermo, California was contracted by MARK to pull the
existing pump equipment, conduct a downhole video survey, and install test

pumping equipment,

2.4 Task 3 - Aquifer Tests {(Interim and 4-Day)

2.4.1 Interim Test

Any validated aquifer test data in the Harper Valley basin that could
be obtained was considered valuable to the objectives of this project,

89409-18.R1 2-2
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During the course of our well inventory, it was noted that a well
approximately 1/2 mile southeast of the LUZ Construction Management (LCM)
main gate (MARK Well No. 7 on Drawing 2, State well location 11N 4W 19Q) was
being operated as a water supply well by the earthwork subcontractor at the
site. Three potential observation wells were also located (No's. 6, 12, and
27 on Drawing 2). The construction supply well iIs fairly close to the
selected test pumping well (about 1/2 mile to the south); therefore it was
important to know the effects of pumping this well on nearby wells,

The construction supply well is pumped at a steady rate of 700 gallons
per minute (gpm) during working days and shut off during evenings and,
sometimes, shut down over the weekend,

Authorization was granted to conduct a groundwater recovery test at this
well over the weekend of December 2 and 3 (while the pump was scheduled to
be turned off) and perform a continuous discharge aquifer test starting
Monday, December 4 lasting until a convenlent stopping time. MARK well Nos.
6, 12, and 27 were monitored as observation wells.

This information was useful when analyzing the four-day aquifer test
because it provided additional and supplemental data on aquifer parameters
and static water levels, as well as allowing eonsideration of the effects of
pumping a well so near the longer 4 day test. Well No. 7 continued pumping
at 700 gpm from December 5 throughout the duration of the Four-Day Test in
well No. 13 and subsequent recovery monitoring. Drawdown effects from

pumping at well No. 7 had stabilized by the time the Four-Day Test commenced.

2.4.2 Four-Day Test
On Wednesday, December &, 1989 at 9:15 a.m., pumping began at the test

well (No. 13 on Drawing 2) at a constant pumping rate of 1400 gpm. The test

89409-18.R1 2-3
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was run continuously for over 72 hours until the following Saturday moruing,
Water levels in the pumping well and eight observation wells (MARK well No.'s
6, 12, 14, 16, 17, 25, 27, and 28 on Drawing 2) were monitored by MARK
personnel throughout the test. An automatic data recorder that measures
water 1e§e1 changes and barometric pressure at programmed time intervals was
installed in wells 14, 28, and 25 and used throughout the test. Water levels
were monitored in most of the same wells for approximately 48 hours after the
pump was turned off to analyze recovery effects,

Besides well No. 7, the only other wells known to be pumping within one
mile of the test well No. 13 were Nos. 10 and 11 located about 1/2 mile west
of No, 13, These two wells are small diameter and assumed to produce
quantities of water and related drawdowm levels which would net significantly
affect test results,

Also, a Most Ranch irrigationm well just south of the test pumping area
(No. 38 on Drawing 2, 11N4W30B) had been pumping continuously at about 1000
gpm for more than one week prior to either pumping test; the well was

coincidentally shut off at the beginning of the 4-day test on December 6.

2.5 Task 4 - Analysis and Calculation

2.5.1 Transmissivity and Storativity !

Water level monitoring data taken during the interim test at MARK well
No. 7 and corresponding aquifer transmissivity analyses are in Appendix A.
Transmissivity is the rate at which water is transmitted through a unit width
of the aquifer under a unit hydraulic gradient. Data and transmissivity
analysis for the 72 hour test at MARK well No. 13 are in Appendix B. Data

has been analyzed for transmissivity and storativity using the Cooper-Jacob

89409-18.R1 2-4
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straight-line method. Results of transmissivity caleulations are summarized
in Table 2,

Storativity is the volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per unit change in head.
A common storage coefficient of 0.10 was used for all subsequent projections

of pumping effects for reasons described in detail in Appendix B,

2.5.2 Projected Average Water Level Decline
The method of average watex level declines is a first cut approach which
assumes that the drawdown induced by pumping is spread evenly across the
entire acquifer area being considered with no recharge allowed to replenish
the aquifer. It estimates the average thickness of aquifer which must be
dewatered to account for the volume of water to be produced over 30 years.
The result of this analysis is a single number that represents the average
water level change.
A 12 x 12 mile area (indicated in Drawing 3) was used in the following
formula:
s = V /SA
where s = average drawdown in feet
S5 = storativity' (0.10 was used)

Ay = total area of the aquifer, (l44 square
miles)

Vw = total volume of the projected water in
storage to be pumped (4800 AFY x 30 years
= 144,000 AF)

An average drawdown of 19.9 feet was calculated for the entire aquifer

area. Actually, water level declines will be greatest in the vicinity of

pumping wells and least in areas far from pumping. For example, drawdown

89409-18.R1 2-5
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four miles away.

could be 50 feet within 1000 feet of the pumping area and less than 20 feet

2.5.3 Theis Nonequilibrium Analysis

The Theis non-equilibrium

distribution of drawdown induced by pumping.

analysis allows for some consideration of the

For this analysis, projected

pumping was concentrated at one point and the predicted water level decline

was calculated at various times and distances from the pumping point,

The fellowing Theils equation and assumptions were utilized:

4T

where:

T AHOtH®

assumptions;

5 = 0 x Wlw

drawdown

radius from pumping well

time since pumping started

pumping rate

transmissivity (from pumping tests)

well function (an exponential integral)

transmissivity does not change with a change
in head;

aquifer is homogeneous and isotropic,
uniform in thickness, and infinite in areal
extent,;

no recharge from any source;

the pumped well penetrates, and receives water
from, the full. thickness of the aquifer;
water removed from storage is discharged
instantaneously when the head is lowered:
the pumping well is 100% efficient;

all water removed from the well comes Ffrom
aquifer storage;

laminar flow exists throughout the well;

the water table has no initial slope.

The effects of pumping for various scenarios were calculated and are

summarized on Table 3 and drawings 5 and 6.

89409-18.R1
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2.5.4 Computer Simulated Digital Model

For more sophisticated analysis of the effects of projected groundwater
pumping for SEGS, a portion of the Harper Valley basin was simulated with the
PLASM (Prickett and Lonnquist, 1971) digital medel.

PLASM allows for needed flexibility in considering distribution of
pumping and variability in hydraulic parameters of the aquifer. Time
constraints required that hydraulic parameters be generalized. Calibration
of hydraulic parameters with historical pumping data was not performed. The
model results are an estimate of future water levels.

The area modeled is a l44-square-mile, rectangular grid (12 x 12 miles)
with Harper Dry Lake centrally located as shown on Drawing 3, The northern
and western boundaries of the model area are near the limits of the basin
defined by bedrock of low transmissivity. Bedrock outecrops have been
deseribed in previous geologic reports of the area (see references).
Potential recharge sources (saturated alluvium) exist at the southern and
eastern boundaries of the model. In particular the eastern model boundary
extends through the portion of the basin that is in hydrologic continuity
with, and downgradient from, the higher potentiometric heads associated with
the Mojave River/Hinkley portion of the Middlé-Mojave basin.

The model area is divided into 576, 1/2 x 1/2-mile areas. The
individual nodes are not shown on Drawing 3, but the l-square-mile survey
grid sections from the USGS 15 minute quadrangle base map on Drawing 3 each
include 4 nodes.

The.parameters that can be varied at each individual node are as
follows:

»  Transmissivity (entered as a function of aquifer thickness and
hydraulic conductivity),

89409-18.R1 2-7
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Storativity,
Potentiometric head elevation ("water table" surface elevation),
Elevation of aquifer bottom, and

Recharge conditions (if any).

For this initial stage of modeling, certain parameters were simplified

to be conservative. They are:

"No-flow" recharge conditions were used along the outer boundaries
of the model, thereby nullifying any argument concerning the
currently unknown actual groundwater recharge conditions. However,
it should be pointed out that historic conditions support the
conclusion in our April 1989 report that there could be recharge to

Harper Valley groundwater basin in volumes ranging from 2000 to 6000
AFY,

A constant initial potentiometric head was used. This was done
because of data and time constraints involved in setting up the
model to represent actual dynamic equilibrium flow conditions at the
start of projected pumping iterations.

Groundwater storage was considered within the "main aquifer" only,
estimated to lie between elevations of approximately 1900 and 1600
feet (above mean sea level), thereby ignoring the so-called "deep
aquifer" and the poorer-quality, "perched" groundwater zone known
to exist within the general Harper Dry Lake area.

The Lockhart Fault Zone was considered (refer to MARK April 7
report) to be a significant impedance to groundwater flow from
higher elevations in the southern portion of the model, even though
there is no observed evidence that the fault does cause significant
impedance to groundwater flow.

Also, a constant storativity of 0.10 was'used in all nodes for reasons

explained in Appendix C.

The effective transmissivity was varied by using different aquifer

thicknesses and hydraulic conductivities according to the grid shown on

Drawing 3 based on the following factors:

Transmissivities of 300,000 gpd/ft were used for a 300-foot-thick
aquifer in the SEGS site area as a conservative average of pumping
test analysis results and geologic well logs.

89409-18.R1 2-8
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= Transmissivities of 100,000 gpd/ft were used for most of the
remaining central basin based on geologic logs and certain well-
yield data from Sections 2 and 4 of T.11N/R.4W.

=  Other transmissivities (including 2500 gpd/ft in the Lockhart Fault
Zone) were based on a combination of geclogic interpretations from
the present investigation combined  with transmissivicy
interpretations made in U.S.G.S. Open File Report 72-157, Hydrologic
Analysis of Mojave River Basin, California, (Hardt, 1971).

89409-18.R1 2-9
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3.0 RESULTS

3.1 Groundwater Elevations

A generalized groundwater contour map of the "main aquifer" is shown on
Drawing 4 using MARK December 1989 water level measurements (described in
detall on Drawing 2 and Table 1) for the SEGS area, and 1986 measurements
(Crandall 1986) for most of the outlying wells surrounding Harper Lake.
(Perched groundwater is known at depths on the order of 10 to 20 feet in the
general SEGS area, but analysis of the perched groundwater zone was not a
part of this study.) We are assuming that the groundwater elevations in the
outlying wells have not changed significantly since the 1986 measurements.
The groundwater elevations within the SEGS area are considered accurate to
within approximately % 2 feet based on ground surface elevations at the
measuring points interpolated from USGS 7.5 minute quadrangles for Lockhart
and Twelve Gauge Lake, California. Therefore, the approximate elevations
have been averaged to represent a general elevation of approximately 1880
feet above sea level throughout the immediate SEGS area. In comparisen to
1986 well elevations measured by Leroy Crandall and Associates, current data
indicates a general recovery of water levels in the main aquifer in the
ggricultural irrigation area (Drawing 2) of 20 to 30 feet over the past three
years, probably due to decreased irrigation pumping. There are no reliable
measuring points for the main aquifer in the basin area west and north of the
SEGS property but it is reasonable to assume that the main aquifer water
table roughly corresponds to elevations similar to the easterly and scutherly
contours shown on Drawing &4, and that the main aquifer water table lies

approximately 100 to 200 feet beneath ground surface.

89409-18.R1 3-1

meG



3.2 Aquifer Characteristics

3.2.1 Transmissivity

Table 2 summarizes transmissivity calculations made from 1989 aquifer
test data (Appendices A and B) that were available for this report. Some of
the data were not plotted, calculated, and checked in time for this report
and will be provided in an addendum.

Transmissivities shown in Table 2 were calculated using the Cooper-
Jacob straight line method. The remaining data will be analyzed using the
Theis curve-fitting technique. The results on Table 2 combined with
preliminary results from Theis-method analyses of the remaining wells
indicate an approximate transmissivity of 300,000 gallons per day per foot
(gpd/ft) can be used for the aquifer area tested. The final results of

transmissivity calculations will be included as an addendum later.

3.2.2 Storativity

Storativity values were also calculated as shown in Appendices A and B.
However, because the aquifer appears to be unconfined, a storativity value
of 0.10 has been used in drawdown calculations and the PLASM model. The
rationale for using 0.10 for storativity is described in detail in Appendix

C.

3.2.3 Aquifer Thickness

Based on a study of the well logs in Harper Valley Basin, the "bottom"
of the main aquifer is conservatively interpreted to be at an average
elevation of approximately 1600 feet. This translates into an average
aquifer thickness of about 300 feet. This is considered conservative because

the so-called "deeper" aquifer is ignored. Water in storage and leakage from
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perched groundwater (known to exist at depths of 5 to 20 feet in the western

Harper Dry Lake and SEGS area) are also ignored.

3.3 Projected Drawdowns at SEGS
3.3.1 Theis Time - Drawdown Projections

Table 3 summarizes the results of Theis time-drawdown calculations for
various scenarios. Groundwater extractions range from the anticipated SEGS
demand of approximately 4800 AFY to quantities of 6000 and 8000 AFY for
comparison and to evaluate the possibility of other developments in the area.
These scenarios were projected over 15 and 30 vyear periods using
transmissivity variables of 70,000, 100,000 and 300,000 and 630,000 gpd/ft.

The first four calculations on Table 1, using 4800 AFY extraction
effects at 1/2 to 1 mile from the theoretical single well, showing drawdowns
of 15 to 20 feet, are the most realistic representations caleculated for Table
2 of possible drawdowns in the SEGS area. The same 30 year scenario is shown
in plan view on Drawing 6. It is Iimportant to note that several wells spaced
several hundred or a few thousand feet apart will actually be used for the
well field to avoid drawdown concentrated at a single point.
3.3.2 PLASM Projections for SEGS area

Table 4 summarizes the results of PLASM calculations of water level
declines for 8 scenarios including total annual extractions of 4800, 6000 and
8000 AFY projected over approximately 15 and 30 years using a conservative
"no recharge” assumption. The most realistic projection calculated, of 4800
AFY over 15 and 30 years, resulted in calculated maximum drawdowns of 20 and
31 feet in the SEGS well field. Estimated water level declines predicted by
the PLASM for the 8 scenarios on Table 4 are shown as generalized contour

maps of the model area on Drawings 7 through 14,
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3.4 Projected Drawdowns at LaMont Property

3.4.1 Thels Time - Drawdown Projections

The 4-mile radius represents the distance from the proposed SEGS
groundwater extraction well field area, centered at the northwest corner of
Section 32 of 1lIN/4W (Drawing No. 1), to the LaMont property in Section 22
of 11N/5W. Using an annual volume of 4800 AFY discharge, values for
transmissivity of 100,000 and 300,000 gpd/ft, and a storage coefficlent of
0.10, we calculate projected drawdowns at 4 miles distance of 2.8 to 5.2

feet over 15 years and 3.6 to 7.1 feet over 30 years (Table 3 and Drawing 6).

3.4.2 PLASM projections at LaMont Property

Table 4 includes a summary of projected water level declines at the
LaMont property for the various scenarios calculated by the PLASM model. For
the most realist groundwater extraction discharge of 4800 AFY, and using a
conservative "no recharge" scenario, the model calculated water level
declines of approximately 7 and 17 feet for 15 and 30 years, respectively,
in Section 22, Again, generalized water level declinme contours calculated

by PLASM are shown on Drawings 7 through 14.

89409-18.R1 3-4

me



4.0 REFERENCES

 Applied Geotechnical Engineering, Inc. (1987) "Geotechnical Engineering

Study, Proposed Solar Electric Generating Systems (SEGS), Harper Lake,
San Bernardino County, California.

Department of Water Resources, 1960, Data on Wells in the Western Part of the
Middle Mojave Valley Area, San Bernardino County, California, Bulletin
91-1.

Department of Water Resources, 1960, Data on Wells in the Eastern Part of the

Middle Mojave Valley Area, San Bernardino Gounty, California, Bulletin
Basin 91-3. )

Department of Water Resources, 1964, Earthquake Epicenter and Fault Map of
California, South Area.

Department of Water Resources, 1967, Mojave River Ground Water Basins
Investigation, Bulletin 84,

Department of Water Resources, 1971, Water Wells in the Harper,
Superior, and Cuddleback Areas, San Bernardine County, California,
Bulletin 91-19,

Department of Water Resources, 1975, Galifornia’'s Ground Water, Bulletin 118.

Department of Water Resources, 1979, Sources of Power Plant Cooling Water in
the Desert Area of Southern California - Reconnaissance Study, Bulletin

91 - 24,

Department of Water Resources, 1980, Ground Water Basins in California,
Bulletin 118-80,

Department of Water Resources, Hydrologic Data, Bulletin 130 Series.

Dibblee, T.W., Jr., 1968, "Geology of the Rogers Lake and Kramer
Quadrangles", U.§5,G.5. Bulletin 1089-B, !

Dibblee, T.W., Jr., 1968, "Geology of the Fremont Peak and Opal Mountain
Quadrangles", California Division of Mines and Geology Bulletin 188,

Fox, Robert C., 1988, "Review of Leroy Crandall Report and Reassessment of
Hydrogeologlic Features of the Harper Valley Basin".

Fox, Robert C., 1989, "Investigation of Groundwater Resources for the Solar
Electric Generating Systems at Harper Lake".

Hardt, William F., 1971, "Hydrologic Analysis of Mojave River Basin,
California Using Electric Analog Model", U.S.G.S. Open-File Report,

89409-18.R1 4-1

nme



LeRoy Crandall and Associates, 1986, Hydrogeologic Investigation for
Groundwater Availability - Harper Valley Groundwater Basin - San
Bernardino Gounty, California, 46 p.

The MARK Group, 1989, “Hydrogeologic Assessment Report Harper Lake,
California®,

Mojave Water Agency, 1982, Report on Historic and Present Conditions,
Newberry Ground Water Basin.

Mojave Water Agency, 1983, Report on Mojave River Ground Water Basins,
Helendale Fault to Calico-Newberry Fault,

Mojave Water Agency, 1985, Historic and Present Conditions, Upper Mojave
River Basin.

National Oceanic and Atmospheric Administration, 1974 Climatological Data,
Annual Summary for California.

Stone, W.J., 1386 "Natural Recharge in Southwestern Landscapes- - -Examples
from New Mexico" Proceedings of the Conference on Southwestern
Groundwater Issues National Water Well Association, QOctober, 1986,

89409-18.R1 4-2

G



v jo | 8824g

=

-

—]

—

*su01186 222'242"Y = 69-82-11 0§19l 10 Bupdeng -dund a)qpsssugns uotyeb1dJ] 8502 % 361 -my/NLL al
*68-82- 11 Butdand 0N

!payajeyie dung launsesw 03 I|geun ‘uoijeBagg s902 9 dOg-Me/HiL F3

6@-82-11 Buidind o8 uotyebilid] 751} agoz €E'502  68/82/11 19 X0L-ny/NLL ]

9315 UOLIMLIISUOD 403 JIBA SBPiAcdd  C(wdb pgL = 0) 1719M Buldung UO13MNIISU0D 8502 S 5L -nY/NLL P

*dund of *559228 Bulanseaw Ase3 -dea YilH paidaco Buised JOJ LUOK 2191 8502 Gl 58l 68740721 véL-Ny/NLL 9
"68-6-21 Buidund joN

359090 Juawaanseaw Mo]1e o3 dund pasiea ssa11Ldd uoLiebiad] y74]! 2802 Lita02 68/50/21 LA QE-N/NLL S
-sasodand uoizebiadt

404 UIE31449 Jabuo) ou Jjan  “dund paAcwal SJ9)JLI0 YES = OL uoliebita] 28l 1802 Sie 68/8E/ 11 41} 30€-M2/NLL Y
*68-82-11 Burdind 308

*£53008 1238] Joj Mo}ie 03 dund paAclt 54a1]11ag@  “3Jod S$3238 ON uolleBLid] L6891 2602 102 68782711 12 NOE-N9/NLL £
*6g-82-L1 buidund oK

“JURINSEAN ULEIGe 0} 2jqeun "M 03Ul Bul)je} Jajes Bulpeose) uollebLad] oLz 92 NOE-RYINLL z

65-82-11 Burdund JoN voijeblaa] A 088l Yz | B0T¥EE 68/82/11 ¥l NoE-n7/NLE i

(14} ED) (GF)]
SANVHIAY asn NOIAVA3TE NOILVATTA ¥31¥h QL GIINSYIH 1S0W 31V¥1S AUV
Y3a1vh TV4YNS Hid34 31¥0

B3gWNH 113N

AUQLN3ANT 37130 ég6lL =} 3781



“furdund 108  “119M J13sSswoq

~durd of - 1}19M 21359W0(Q

“JUDWAINSEI JO4 SSII0B ON  "6@/C0/ZL 3¢ S8 Bujdund joN ~dund Moy
SJUNIINSEIE SO S50I08 ON EUCIIBLS J21500q JO |19

"0E% = QL "§8/S0/2) pRACWS.Y
(6841 X04) dund 3)gissaugng “3115S UOLIINJISUOD ZMTT YIYI LM paledoe]

dund opN
"S3all PeEoJ)1Es AQ PaJIaol Bulses ‘dund oN

“(6965 - X04) walpeJsb 1ev1349A pdendn - aajinbe Jamoy
Ul paleJojJad ~Ja3inbe I|PPIW MOIG ISLYISSSOIUEINOA - ,5lh = QL

68760721 - 68/90/21 1531 Buidund Joy pasn
"68-40-21 Euldund JoN

*uUARINSEaN Jo) 552208 of dund 3jgisJougns sel

SXAVHIY

% 3o 7 ¥8eq

211S800¢
aysawog

(Uoi3ondlisuny)
uoijebiradg

uolyebLasg

uatieByag
JOIIUoH

JO) LUOKH

403 LUOW
tollebraag
uollebLaJdg

uorleBLalgf

AHOLNIANE 1131 686!

HOILVA3ZT3

2881

Fari]]

w291

£89l

cent

4881

1181

881

2502

5602

7602

4802

5802

Yeoe

£202

8702

Y02

6502

8502

0Ll

CO"ELL

€9 ole

et LSl

27251

2£°191

9e 2il

6L7081

6/&2/1y

65/62/11

68/50/721

sefaeiiL

&8/82/11

&8/62/1L

&68/62/11

68/%0/2L

3

oL

HOE-NY/NLL

oLE-NYy/NLL

dy2-ne/NLL

by2-ne/NLL

AYZ-NS/NLE
Y&L-N2/NLL

HEL-AY/NLL

941-Ma/NLL
461-MY/NEL
A5L-Ma/HLE

36L-A%/NLL

mneG

0z

(13

824

il

ot

st

k!

£

4}

b

(14}

LEIL))

(id)
NO1LYA3T3
AIV4UNS

L 3navi

(1)

d31v¥H 0L

Hld3a

a3ANSYIM

31vd

150K

31vis

Y3ERNN 1731

JUVH



*3Jod ssaade o

uLeys Asaans ")Jod ssasae ui sul)Jdle sey

“ud6 000t =

uigyd AsAdng - luswaunsEal paldually

*68/62/11 Buidund 30N

* (991 pIonJs1sgo
*68/6¢/11 Buidund jop

0 ‘é8/62/11 Bulding

*500L paiandisqo
68/62/11 Burdund 3oj

"B U1 Joun) -uoy Ja33W Mol ‘49762714 Buidung

68/21 'parowad ding

rdund ou fBuisea uadg

Teg21 0% Adg

*ped 23332002 UL 2oy uxdg “dund on

"42A02 JO WOlloq O} papiaM bulses ,9

~dund op

*113m Bursojiuom (payasad) Jajinbe mMojjeys

¥ 3o ¢ o3eg

uoriebiaag

gmummmk.:

uglLiebiaag

uoLjebras]
uoiaebradg
Jo11uoy
Jo3 1oy
Joltuon
Jo3 juoy
Joj tuoy

Joy (uol

e L L L L L T T T e o e ol

SAIYWIN

AMOLNIANT 173M 6861

g8

2481

gyl

££02

%402

650¢

0902

0%02

6%02

s%0e

950¢

9508

oYoe

6202

oz

0502

557291

128l

S% 651

497851

g7

68/50/21
68/70/21
&8/62/11
68/62/11%
68762711

63/6271L

L

aze-ny/nLl

HES-MP/NLL

BEC-AY/NLL

agE-Ae/NLL
25E-NY/NLL
HEL-AY/NLL
IW5L-NY/NLL
51 -MANLL
H6L-AY/NLL
PoL-NY/NLL
BoL-Nr/NLL

062-myfiLL

me

14

41

3

0t

62

74

prd

9<

&

n

£2

&

Y L L L L L T e T T P L R P LR P LY R L )

(14}
HOILVA3I3
HILVH

(Ld)
NOLLVYATTE
3IV4UNS

378Vl

(14)
43iva ol
Hid3aq

QIANSYIN
Alvd

1504

31vis

A38HAR 1138

AW



y 3o v a8eg

=
A
F
[ ]
‘wdb gooL = & "£8/62/11 Euldung uoi3eblad] <902 58/62/11 2 YOS-ny/uLL 8t
-wdb gooL = ® "&8/62/11 Buldung uoL3e6Ldd] 0402 62 WgZ-MY/NLL iy
“(6861 ‘X0d) Jajinbe daap 01 pausalds 869 = OL JO3 luoK 6691 1902 9L 68/621L NS2-N7/NLL 9€
tJ23m MOY} ON °]119M UCLIRAJDSQO $ISN "6@/62/ 1L Buldung uotyebLis] . 2902 vZE-ny/uLL 14
-adod $59398 ON  "68/62/11 Buldund joN uoLyebLLL] 0502 6L Ds2Z-ny/KRLL 27
(D (1) (§F})

SAYYWI asn NOILWAZ13  NOIEVAIIE  ¥3IVA O1  Q3UNSYIW  1SOK Lvis UM

u3LYH 234305 Hid3a 3iva

430RON 131

AYOLNIANT T13M 6861 =1 318V)



Observation
Well Number

TABLE 2: Summary of Transmissivity Calculations

WELL NO, 7

r
Distance from Total
Pumping Well (ft) Drawdowm
During Test

Transmissivity (T)

gpd/fe
Pumping Recovery

------------------------------------------------------------------------

27

Observation
Well Number

12
13
27

(fe)
80 3.7
1120 1.1
1850 0.8
WELL NO. 13
r
Distance from Total

Pumping Well (ft) Drawdown
During Test

70,000 82,000
297,000 420,000
260,000 267,000

Transmissivity (T)
gpd/ft
Pumping Recovery

(ft)
1630 2.8 199,000 215,000
pumping well 77 30,000
1150 7.2 127,000 89,000
1860 1.7 369,000 420,000

28

meG



TASLE 3: Results of Time-Drawdown Analyses

q r
Discharge bigtance time Transmissivity Storage Predicted
acre-ft/year from (yrs) {gpd/ft) Coefficient Drawdown (ft)
pumping

well (miles)

................ P L L L L L T R L L L T T TR L Y )

4200 .5 15 100, 600 .10 18.3
4800 .5 30 100,000 .10 2%.0
4800 1 15 100,000 .10 14.0
4800 1 30 100,000 .10 16.3
4800 2 15 100,000 .10 9.3
4800 2 30 100,000 .10 11.6
4800 & 15 100,000 .10 5.2
4800 4 30 100,000 .10 7.1
4800 .5 15 300,000 10 7.5
4800 .5 30 300,000 .10 8.3
4800 1 15 300,000 .10 5.7
4800 i 30 300,000 10 6.7
4800 2 15 300,000 .10 4.4
4800 2 30 300,000 .10 5.1
4800 4 15 300, 600 .10 2.8
4800 4 30 300, 000 .10 3.6
8000 4 1 70,000 .10 a.9
8000 4 10 70,000 .10 6.9
BOOO 4 20 70,000 .10 1.3
BOOO S 30 70,000 .10 13.9
8000 4 ! 1 630,000 .10 0.7
8000 4 10 630,000 10 2.5
8000 4 20 430,000 .10 3.1
8000 4 30 630,000 .10 . 3.5

neG



Discharge
{acre-fr/yx)

8,000
8,000
8,000
8,000
6,000
6,000
4,800
4,800

TABLE 4: SUMMARY OF COMPUTER SIMULATIONS

Max imum
Transmissivity

(gpd/£fc)

100,000
100,000
300,000
300,000
300,000
300,000
300,000
300,000

Predicted Drawdown (ft)

-------------------------

SEGS
Well Field*

44
65
33
53
25
i9
20
i1

Section 22

-----------------------------------------------------------------------

10
27
11
28

9
21

7
17

* 4 wells distributed within sections 28, 32, and 33 of TIIN/4W

(Drawing No.
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EXPLANATION

HARPER LAKE GROUNDWATER
7~ BASIN BOUNDARY

}\._..____\...,____

O STUDY AREA

NORTH

0 5 10 MILES

SCALE

SOURCES:

USGS SAN BERNARDING AND TRONA 1:250,000 SHEETS,
DWH BULLETM 84.

DWR SULLETN 106-1.

SITE VICINITY MAP _ PROJECT MO,
Aquifer Study 89-03409.18
m'( LUZ Development and Finance Corporation ORAWING NO.
‘amup Harper Valley, Callifornia

ENGINEERS & GEOLOGISTS, INC. 1
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APPENDIX C

Storativity Values in Harper Valley,
San Bernardino County, Califormnia
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Introduction

For the "main" aquifer within the Harper Valley basin, a long-term
average storativity on the order of 0.1 is anticipated for the reasons
described in the subsequent paragraphs. Groundwater in the main aquifer is
first encountered at depths usually greater than 100 feet and excludes the
perched groundwater which lies at depths of about 10 feet in the Harper Dry

Lake area.

Theis Assumptions

It is common practice to use the Theis equation (Theis, 1935, pp. 519-
524) ox éppropriate simplifications to calculate storativity. A number of
assumptions are inherent in the Theis equation. Storativity wvalues
determined via the Theis equation are valid only to thé extent that Theis
assumptions approximate actual aquifer comditions. As will be detailed in
the paragraphs below, the following Theis assumptions do not appear to be
valid for the main aquifer of Harper Valley:

a  The aquifer is confined;

» Hydraullc conductivity is isotropic and homogeneous; and

s All water is released from storage instantaneously with decline in

head.

Coufined Versus Water Table Conditions

Uoder confined conditions, the only water available during pumping of
a well is released from storage via expansion of the water and compression
of the aquifer. Under such conditions, storativity would range between .005
and ,00005 (Freeze and Cherry, 1979, p. 60). In a water table aquifer, the
available volume of water which can be pumped from a well equals the entire
volume which can flow from the pore space of the rock. This is the same as

the effective porosity and could range from 0.0l to 0.30 (Freeze and Cherry,
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1979, p. 61). Confined conditions can arise when an extensive layer of lower
permeability lies over an aquifer. A continuous layer of very fine-grained
lithology could cause confinement in alluvium.

Within the alluvium in Harper Valley, numerous well driller’s logs show

a heterogeneous stratigraphy of poorly-sorted clay through sand and gravel

sized particles. Variation between wells indicates highly lenticular
deposits. Such deposits are typical of sediment deposited under desert
alluvial conditions (Friedman and Sanders, 1978, pp. 202-209). The

lithologic data give no indication of a regionally extensive impermeable
layer. For this reason it is expected that the aquifer will behave as a

water table aquifer in the context of Harper Valley as a whole.

Delaved Yield FEffects

In a water table aquifer, the Theis assumption that water is
instantaneously discharged from storage with a decline in head is rarely
valid (U.S. Department of the Interior, 1981, p. 101). Any time the vertical
hydraulic conductivitf is significantly less than the horizontal hydraulic
conductivity, release of water from storage will be delayed (S5.P. Neuman,
June 1988, personal communication). Such a directional dependence in
hydraullie conductivity is typiecal of stratified (including lenticular)
deposits. Using short duration aguifer tests under such conditions as were
encountered in Harper Valley, the calculated storativities can be several
orders of magnitude less than the true long-term storativity of the aquifer.
This effect is widely considered to be typical of alluvial basins of the
southwestern United States (see list of contacts).

When delayed yleld effects are present, a longer than usual pump test
must be run to obtaln a realistiec, long-term storativity. Walton (1987, pp.

2-4) presents an equation to determine the length of pumping test required,

nmeG



given the approximate hydraulic parameters of an aquifer. Applying this
equation and considering the other hydraulic parameters obssrved at the SEGS
well field in Harper Valley indicates a month-long aquifer pumping test would

be required to obtain a valid long-term storativity.

Standard Practice for Approximating Storativity

Aquifer test of several weeks or more are not usually economically
justified and judgement of known or inferred aquifer conditions should be
used in analysis (U.S. Department of the Interior, 1981, p. 129). Standard
practice is exemplified by Harrill and Moore (1970, p. 24), who write:

"No storage coefficients were calculated for deposits in either Paradise
Valley or Eden Valley; however, the lenticular nature of the deposits
suggests that the horizontal permeability of the valley £fill is greater
than the vertical permeability and that the flow system, for short
periods, will respond to pumping stress as an artesian system. Artesian
storage coefficients typically have values of less than 0.00l. Over the
long term, howe@er, all deposits will drain slowly in response to
pumping, and the storage coefficient will be nearly equal to the
specific yield. Thus, in analyzing long-term cause and effect
relations, the valley-fill reservoir must be considered as a water-
table system. Storage coefficients iIn water-table aquifers are
effectively equal to the specific yield values..."

It is stated in Ground Water and Wells (Johnson Division, 1972, p. 144)
that if storativity cannot be reliably calculated, it is reasonable to employ
a storage coefficient of 0.1 if geologic data indicate water table conditions

will exist over the long term.

Conclusions and Recommendations
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Contacts

The following individuals all have verified that short (24-72 hours)
aquifer pump tests of alluvial aquifers often give storativity wvalues which
are 2-3 orders of magnitude low: ‘

Mr. Thomas Anderson, Water Resources Division, U,5.G.S5., Tucson

Mr. Jim Harrill, District Chief, Water Resources Division,
U.8.G.8,, Carson City

Dr. Terry Katzer, Director of Conservation and Research, Las Vegas Valley
Water District

Dr. Shlomo P. Neuman, Professor of Hydrology, University of Arizona
Mr. Frank Putman, Arizona Division of Water Resources
Dr. Kenneth Schmidt, Consultant (Phoenix, Fresno)

Mr. Herbert Schuman, U.S.G.S., Phoenix
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