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1.0 INTRODUCTION

1.1  Scope of Work

Environmental Simulations, Inc. (ESI) has prepared this groundwater flow model on behalf of
AECOM Environment (AECOM) for their client NextEra Energy, LLC (NextEra, formerly FPL
Energy, LLC). The model is part of a larger investigation of groundwater conditions below the
proposed Beacon Solar Energy Project (BSEP), Kern County, California (referred to as the
Project). The model was prepared as part of an Application for Certification (AFC) submitted to
the California Energy Commission (CEC) on March 13, 2008.

The Project is located at the western edge of the Mojave Desert, just east of the extreme southern
end of the Sierra Nevada Mountains. The Project is located along the California State Route 14
corridor, approximately four miles north-northwest of California City’s northern boundary,
approximately 15 miles north of the Town of Mojave, and approximately 24 miles northeast of
the City of Tehachapi. Koehn Lake (usually dry) is located approximately five miles to the east-

northeast.

The groundwater model was constructed and calibrated to assess resource sustainability and

impacts to the groundwater basin and adjacent water supply wells from proposed groundwater
withdrawal below the Project site. The groundwater model generally includes the Koehn Sub-
basin of the larger Fremont Valley Groundwater basin just north of California City eastward to

the edge of the valley fill sediments in Fremont Valley.

The model was calibrated to steady-state conditions assumed to be prevailing in 1958. This time
period was chosen because a significant number of water level measurements were collected in
the basin at that time. While there was some agricultural pumping in 1958, total withdrawals
were low. The model was then further developed to simulate three aquifer tests conducted in
2008 on the Project site in support of the AFC.
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The construction and calibration of the model is documented in this report. Information
contained in the AECOM conceptual model report is not repeated in detail in the current report
and was provided in the AFC (Appendix J2). The reader should, therefore, review both

documents to get a good understanding of the basis for the groundwater model.

1.2 CEC Review Comments

The current document represents a revision to the original model for the Project. The original
model submitted to the CEC in March 2008 was reviewed by the CEC and updated as part of the
data response process. A summary of the CEC review of the groundwater model was provided
in the Preliminary Staff Assessment (PSA), Soil and Water Resources Section dated April 2009
(docketed April 1, 2009). Preliminary comments to the PSA were provided by NextEra on April
8, 2009, and were discussed during a public meeting held on April 14, 2009 in California City.
During that meeting, NextEra agreed to review the comments to the groundwater model and
revise the model accordingly. The following revised model should also serve as a supplement
and update to data already provided in the AFC and in response to Data Requests 104 through
123 (October 13 and December 8, 2008).

Appendix B of the PSA provided a detailed review of the groundwater model and presented six
key findings and outstanding issues. These findings are summarized below along with a general

response and reference to locations in this document where further discussion is provided:

1. The model assigns a constant 1,000 acre-feet per year (AF/yr) as inflow from the
Antelope Valley (California City) along the southeastern edge of the model. The CEC
believes that this inflow is currently less than 200 AF/yr.

Response: The long-term verification simulation and predictive runs were modified such
that the inflow along this boundary was 1,000 AF/yr in the steady state period (e.g. 1958)
and linearly declined to 200 AF/yr in 2007. The inflow remained at 200 AF/yr through

the predictive period.
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2. The model uses drain cells to simulate discharge of groundwater to Koehn Lake, given
that discharge to the lake ceased by 1976. Data and analysis presented by AECOM and
SAMDA (1997) seem to indicate that groundwater discharge continued beyond 1976.
The CEC also believe that the hydraulic conductivity of the aquifer beneath the lake

should be lower due to clayey deposits in this area.

Response: A response to this comment was provided in the May 1, 2009 Final Response
to PSA Comments (page SW-15). Currently Koehn Lake is dry and is not receiving any
groundwater discharge. Water levels in the closest well to the lake appear to be about

10 feet (ft) below the lake bed. At present, it is not interpreted that groundwater is
discharging to the lake, though in the near future as the groundwater basin continues to
recover it will discharge to the lake as it had prior to development of the Koehn Sub-
basin. Additional discussion on this issue is contained in Chapter 3. A lower hydraulic
conductivity zone was also added to the model beneath the lake to address the second

part of this comment.

3. The model report did not document the constraints used to calibrate conductivity in the

eastern valley area.

Response: There is only limited data for the eastern valley area. Water levels in this area
were used to constrain the calibration. However, there are no independent estimates of
hydraulic conductivity in this area. As pointed out by the CEC, Koehler (1977) did not

study this part of the basin. Additional discussion on this issue is contained in Chapter 3.

4. The magnitude, distribution, and timing of historical agricultural return flows are not
explicitly considered by the model. The analysis by Leighton and Phillips (2003) for the
Antelope Valley assumed a 10-year delay in agricultural return flows to percolate

through the thick unsaturated zone and reach the water table.

Response: This comment was addressed through an additional sensitivity analysis, which
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is presented in Chapter 3.

The reported short-term pumping impacts during project grading activities need to be
qualified as minimum impacts owing to possible delayed yield effects. The assumption
is probably reasonable for long-term simulations; however the simulated water level
response to shorter pumping periods may underestimate the short-term water level

decline.

Response: The aquifer system is simulated as a single-layer water table aquifer. With
this type of model, the long-term impacts from dewatering are worst case in terms of
drawdown impacts. However, in order to make all of the simulations more consistent, all
predictive simulations include the full verification period (1958 to 2007) plus the 5-
month construction period and the 30-year project period. In addition, one sensitivity
simulation was added with the lower storage coefficients at the site to maximize local

impacts from the 5-month construction period.

The model calibration was updated in December 2008, but a number of previously
reported simulations were not updated to reflect changes in the modeled aquifer

parameters.
Response: All model simulations were run with the current model, which includes

changes made in December 2008 and changes made to address these April 2009

comments.
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2.0 Model Construction

2.1 Code Selection

The groundwater model for the Fremont Valley was constructed using the MODFLOW2000
model (Harbaugh et al, 2000) developed by the United States Geological Survey (USGS).
MODFLOW2000 is the latest version of the MODFLOW family of models. MODFLOW is the
most popular groundwater flow model used in the U.S. and has become the standard for
groundwater flow modeling in the country. The model was designed using ESI’s Groundwater
Vistas software (ESI, 2005), which creates the MODFLOW?2000 input files and allows for

analysis of the results.

MODFLOW is capable of simulating steady-state or transient groundwater flow in one, two, or
three dimensions. A wide variety of boundary conditions may be simulated, including constant
head, constant flux (wells, recharge), and head-dependent flux (evapotranspiration, drains, rivers,
streams, and general head) boundaries. The types of boundaries used in this model are described
below. MODFLOW can simulate aquifer systems that are unconfined, confined, or a

combination of confined and unconfined.

MODFLOW was chosen for this study because it has all of the requisite capabilities to simulate
flow in the Fremont Valley and MODFLOW?2000 was chosen in particular because it is one of
the newest and most up-to-date versions of MODFLOW. MODFLOW is also thoroughly
documented (McDonald and Harbaugh, 1988 and Harbaugh et al. 2000), and has been

extensively tested (see for example Andersen, 1993).

2.2 The Model Grid

The flow of groundwater can be described using mathematical equations that form the basis for
all computer models used in the field of hydrogeology. Computer models may be subdivided
into two broad categories, called numerical and analytical models. Analytical models are exact

solutions of the groundwater flow equations, and numerical models are approximate solutions.
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Given the choice between an exact solution and an approximate one, it seems logical that one
would choose an analytical model over a numerical model. However, analytical models are
usually limited to ideal aquifers that are homogeneous with simple boundaries. Most real world

aquifers are not that simple. Consequently, numerical models are used most often in practice.

Because numerical models are approximate, they typically compute hydraulic head (water
levels) at fixed points within the aquifer. These points are called nodes or cells, and are often
arranged in a rectangular pattern called a grid. There are many different types of numerical
techniques that are used to solve the groundwater flow equations. MODFLOW2000 uses a

technique called the finite-difference method.

The finite-difference technique requires that the aquifer system be divided into a set of discrete
blocks or cells. These blocks are rectangular in shape and form the model grid. The process of
creating the grid is call discretization. Water levels computed for a block represent the average
water level over that rectangular region of the aquifer. Thus, adequate discretization is required
to resolve features of interest, such as the location of the wells, faults, and basin boundaries in

the Fremont Valley.

An algebraic equation that describes groundwater flow is written for each block in terms of the
surrounding blocks, and the complete set of linear equations is iteratively solved until the change
in head between iterations meets a set criterion. An iterative solution is required because the

model is an approximate solution to the groundwater flow equations.

The model grid developed for the Fremont Valley covers approximately 320 square miles. The
model domain measures approximately 9.5 miles from north to south and 34 miles from east to
west.  The southwest corner of the model grid is located at Easting 1,306,833 ft and Northing
12,748,208 ft. These coordinates are in UTM Zone 11N, NAD 1927, ft.

The model grid spacings vary from 250 ft to 1,000 ft. The model grid was finer in the vicinity of

the Project site where the aquifer tests were simulated by the model. The model grid contains 66
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rows, 206 columns, and 1 layer for a total of 13,596 cells. There are 8,033 active cells. The
model simulates only the area up to the mountain blocks. Mountain block recharge was applied
at the base of the mountain fronts using recharge cells. The model area is shown in Figure 1.

No-flow cells are those outside the active portion of the model grid.

The model contains one layer representing the saturated valley fill deposits and was modeled as
an unconfined aquifer. The elevation of the top of the model was interpolated from the USGS
digital elevation model (DEM) for the area. Detailed data on the thickness of the aquifer was not
available for the entire model domain. However, a thickness of 800 ft was assumed north of the
Cantil Valley Fault and a thickness of 500 ft was assumed south of that same fault. These

assumptions were based on a report by Koehler (1977).

2.3  Boundary Conditions

Once the aquifer system has been discretized, it is implicitly assumed that groundwater outside
the model grid can be ignored. The model, however, must account for areas where groundwater
enters or leaves the system. These effects are included in a model using boundary conditions.
Ideally, boundary conditions should represent identifiable regional hydrologic features at which

some characteristic of groundwater flow is easily described (Franke et al., 1984).

In the case of the current model, the regional hydrologic boundaries for the Fremont Valley are
the edges of the surrounding mountain blocks or the basin boundaries. The Fremont Valley
groundwater basin was assumed to extend from the Muroc Fault on the west to the eastern edge

of the Fremont Valley.

Groundwater enters closed basins in California and Nevada in three main ways: (1) recharge
from the mountain blocks, (2) infiltration of stream flow, and (3) lateral movement of water from
adjacent basins.  Groundwater leaves the basins through evapotranspiration (ET) by
phreatophytes and through direct evaporation from the playa lakes. In the current model, water

enters the basin from recharge and stream infiltration that occurs in the mountain blocks. The
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area between the Muroc Fault and the Rand Mountains, just north of California City was
assumed to be an area of groundwater inflow to the Fremont Valley. All groundwater that enters

Fremont Valley is discharged to wells or to Koehn Lake, in the northeastern corner of the valley.

Numerical groundwater models, such as MODFLOW, use three types of boundary conditions to
simulate ways in which water may enter or leave the model domain. These include the
specified-head, specified-flux, and head-dependent flux boundaries. A description of each type
is given below as applied in the current model. Boundary conditions (including wells) are shown

in Figure 1.

The specified-head boundary condition is called a constant head in MODFLOW. The head or
water level at a constant head boundary is specified independently of the simulation results and
is fixed at the specified elevation throughout the simulation. Constant head boundaries were not

used in the Fremont Valley model.

Specified flux boundary conditions are implemented in MODFLOW using wells, recharge, or
no-flow (i.e., flux equals zero) cells. Constant flux boundary conditions (i.e., recharge) were
used extensively in the Fremont Valley model to simulate flow of water into the basin from the
mountain blocks. The flow rates were determined from the basin water budget presented in the
conceptual model report (ENSR, 2008). This recharge was distributed to the model, as shown in

Figure 2.

At steady state (circa 1958), mountain front recharge was divided into two sources, 10,500 AF/yr
was assumed to occur near the mountain blocks and 4,500 AF/yr was assumed to infiltrate in
stream channels emanating from the mountain blocks. Total recharge to the basin was therefore
15,000 AF/yr. These same recharge rates were assumed to be constant during the transient

portion of the simulation as well.

In addition to recharge, some inflow (1,000 AF/yr) was assumed to come from the California

City area through the gap between the Muroc Fault and the Rand Mountains into the Fremont
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Valley (see AFC Appendix J2, ENSR 2008). This inflow was simulated with a series of
injection wells in MODFLOW2000. Based on CEC Comment 1, this inflow from California
City was reduced to 200 AF/yr by 2007 in the verification run. The inflow was decreased

linearly over time.

Pumping in the valley in 1958 was assumed to be concentrated east of Koehn Lake in an
agricultural area. Based on acreage and crop type (ENSR, 2008), a total pumping rate of 843
AF/yr was assumed in 1958. Pumping for the transient calibration was from three wells
(numbers 43, 48, and 63) on the Project site. The latter will be described in more detail for the

transient calibration.

No-flow boundaries are placed in a model where the aquifer is not present or where leakage of
water into the model is negligible. No-flow boundaries were placed along the mountain blocks

in the model and at basin boundaries.

Head-dependent flux boundary conditions are a hybrid between the specified head and specified
flux boundary conditions. In a head-dependent flux boundary, the flux flow rate) of water into
or out of the cell is computed by the model based upon the head calculated for the cell, the head
specified for the boundary, and a conductance term. MODFLOW offers five different types of
head-dependent flux boundary conditions, including the drain, river, stream, general-head, and
ET packages. Each type is slightly different. Only general head and drain boundaries were used

in the current model, as described below.

General-head boundaries (GHBSs) are typically used at the lateral margins of a model to allow
groundwater to enter or leave the model domain. GHBs were assigned in the current model to
simulate inflow of water across the Muroc Fault. Heads were assigned to these GHB cells based
on water level data from wells outside the basin, as presented in the conceptual model report
(ENSR, 2008). The conductance of the GHB cells was based on the transmissivity of the aquifer

derived during model calibration. Figure 1 shows the location of the GHB cells.
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The conductance value assigned to each GHB boundary cell is computed using the following

equation:

C=(Kwl)D

Where C is the conductance value in units of square feet per day, K is the hydraulic conductivity
of the aquifer in units of feet per day (ft/d), w is the width of the cell in ft, | is the saturated

thickness of the cell in ft, and D is the distance to the external head assigned to the GHB in ft.

Koehn Lake was simulated as a drain boundary condition to allow groundwater to discharge to
the lake when water levels rise above the lake bed elevation. This effect could also have been
simulated using the MODFLOW ET package. However, using drains rather than ET keeps the
model more stable. The ultimate effect of a drain is the same as ET. If the water level rises to a
certain level, water is extracted. Below that level, water is not extracted. The USGS model of

the Death Valley flow system also simulated all playa lakes as drains instead of ET, for example.

The elevation of the drain was taken from the USGS DEM of the area. The conductance was not
sensitive during calibration and was computed with a vertical hydraulic conductivity of 1 ft/d

(fine sand), bed thickness of 1 ft., and area of the grid cell containing the drain.

Fremont Valley is heavily faulted, as described in the conceptual model report. Faults included
in the model include the Muroc Fault, Randsburg-Mojave Fault, Cantil Valley Fault, and the

Garlock Fault. These faults are shown on Figure 1.

Faults in MODFLOW?2000 are simulated using the Horizontal Flow Barrier (HFB) Package of
Hsieh and Freckleton (1993). The HFB Package requires a value of hydraulic conductivity and a
thickness. The thickness of each fault was assumed to be 1 ft for each HFB cell. The hydraulic
conductivity values were determined through calibration to match water levels in the vicinity of

each fault. The hydraulic conductivity of each fault will be described in the next section.
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2.4 Model Parameters

Model parameters required by MODFLOW2000 for the model include aquifer hydraulic
conductivity, fault hydraulic conductivity, and storage values for each cell in the model.
Hydraulic conductivity determines the ease with which groundwater flows horizontally. Storage
coefficients were also assigned for the transient portion of the model simulation. This section
describes the final distribution of parameters in the model derived during calibration. The

calibration process will be described in the next chapter.

The usual philosophy in model construction and calibration is to start with a simple distribution
of parameters and add complexity (heterogeneity) as required during calibration. In calibrating
the Fremont Valley model, the hydraulic conductivity distribution was initially homogeneous
and additional hydraulic conductivity zones were added as necessary to match the observed
water levels and changes in hydraulic gradient in the valley. The final ten hydraulic conductivity

zones are shown in Figure 3.

The hydraulic conductivity values range from a low of 0.11 ft/d in the northeastern corner of the
Project site to a high of 68.8 ft/d on the northern edge of the model. Hydraulic conductivity
values were low in the eastern portion of the model in order to match very high water levels in
that area. The hydraulic conductivity values for areas outside the Project site were derived
mainly from the steady-state calibration. The transient calibration to the three on-site aquifer

tests provided the detailed hydraulic conductivity on the Project site.

Hydraulic conductivity zone 6 was added to the model in response to CEC Comment 2

suggesting that lower conductivity sediments are present below Koehn Lake. The CEC believed
that since the sediments beneath Koehn Lake contain more clay than surrounding sediments, the
hydraulic conductivity should be lower. Zone 6 was added and the calibration was revised. The

calibration did result in a slightly lower hydraulic conductivity of 15.3 ft/d in that area.

The specific yield in the aquifer was homogeneous for the areas outside the Project site and

assigned a value of 0.11 (Koehler, 1977). Specific yield values on the site, as with hydraulic
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conductivity, were calibrated to the aquifer test. These values ranged from 0.000435 to 0.00968.
The same zone numbers were used for both storage and hydraulic conductivity. The final values

for both storage and hydraulic conductivity are shown in Table 1.

Table 1 lists specific yield and storage coefficient values for zones 7 through 10 (on-site zones).
The specific yield values were all 0.11 and were derived from Koehler’s report of the area.
These values are representative of the long-term decline and recovery of the water table in the
valley due to agricultural pumping. The value of 0.11 was confirmed by comparison of several
hydrographs in the area during model calibration. The storage coefficient values are smaller and
represent values obtained from the calibration to short-term pumping tests at the Project site.
The aquifer tests were not long enough to provide estimates of specific yield, which is the reason

these values are different from the specific yield values.

The hydraulic conductivity values for each fault were also determined through calibration.
These values range from a low of 3.7 x 10™ ft/d for the Muroc Fault to a high of 1.0 ft/d for the
Garlock Fault. The latter, with such a high value of hydraulic conductivity, would have little
impact on groundwater flow. The hydraulic conductivity values are summarized on Table 1 for

each fault.

Model parameters, such as hydraulic conductivity, fault conductance, and specific yield, were
derived through calibration to three different types of data. The first was a collection of water
level measurements from 1958, thought to be close to equilibrium conditions. This was the
steady-state calibration. The second set of measurements consisted of drawdowns measured
during three short-term aquifer tests conducted at the Project site. The third dataset contained

long-term hydrographs from 14 wells in the Fremont Valley.
The steady-state simulation and aquifer test simulations were calibrated together so that a

consistent set of parameters could be derived. The long-term simulation from 1958 through

2007 was used as a verification run, as described in the next chapter.
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The philosophy used was to keep the hydraulic conductivity values between the major faults
homogeneous. During calibration of the aquifer tests, however, it became apparent that local
heterogeneities could be identified by the aquifer tests. In order to match these tests better, four

additional zones of hydraulic conductivity were added around each test well.

In addition, water levels at the northeast end of the valley were much higher than those to the
west. The decision was made to keep the water budget for the valley at the initial estimate and
adjust hydraulic conductivity downward in that area to increase water table elevations to match
those northeastern wells. CEC Comment 3 (see Chapter 1) asked what constraints were used in
the calibration of this area. Essentially the only data available in the northeast area were water
levels in a few wells. No data regarding hydraulic characteristics of the aquifer exist in this area.
However, this area is far removed from the Project site and inaccuracies in estimation of aquifer
characteristics in the northeast area would not affect the predictions significantly. If anything,
the very low hydraulic conductivity values used in the northeast area would increase drawdown

from the Project site, making these values conservative in terms of model predictions.

The third type of calibration was to long-term hydrographs from 1958 through 2007. The
purpose of this calibration was simply to confirm Koehler’s specific yield estimate of 0.11. A
detailed calibration to these hydrographs was not possible because pumping data for the area is
only known in general. Koehler presents estimated total pumping for the valley from 1960 to
1976. Koehler did not give any indication as to the distribution of this pumping and no other
data exists on pumping in the valley. Consequently, the pumping was distributed in the valley
such that the total pumping rates matched Koehler’s data and the locations were placed based on
observed drawdown in the hydrographs from a few wells in the area. This calibration did
corroborate Koehler’s specific yield value and, in a regional sense, showed that the

transmissivity in the model is reasonable.
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3.0 Model Calibration

3.1  Calibration Concepts

It is important to understand the terms and concepts used in describing the calibration effort.
Many of these terms come from the statistical literature and some are unique to groundwater
modeling. Calibration is the process of adjusting parameters in the model so that the model-
computed water levels match water levels measured in wells. Calibrating a groundwater model
is difficult because we have relatively little information on subsurface conditions. Most of the
parameters in a model, such as hydraulic conductivity, are only known at a few points where
measurements have been taken. Even at those “known” points, the measurement of subsurface
properties is an inexact science. Thus, calibration is a necessary part of groundwater modeling
where the initial estimates of aquifer properties, entered when the model is first created, are

changed so that the model computes more realistic water level elevations.

During the calibration, the model-computed water levels are compared to those water levels
measured in wells. These measured water levels are called calibration targets or just targets.
The targets represent water levels measured at a particular time during the simulation or they can
represent steady-state conditions. In the case of the Fremont Valley model, steady-state
conditions represent water levels measured in 1958 when water development in the valley was
relatively minor. These water levels are not ideal, however, because they were measured over a

range of dates and it is not clear how accurate these measurements were.

Accepted practice in groundwater modeling is to match water level elevations in a steady-state
calibration and then water level changes during transient calibration. This was the approach

taken in the Fremont Valley model. Measured water level elevations in ft above sea level were
matched by the model for steady-state conditions and then changes in water levels for selected

wells were matched transiently to three aquifer tests conducted on the Project site.

After each simulation, the target water levels are compared to model-computed water levels.

The model-computed water levels are subtracted from the field measurements to produce a
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residual. Positive residuals represent computed water levels that are lower than those measured
in the field. Conversely, negative residuals are those where the model is computing water levels

higher than the measured ones.

A statistical analysis is performed on the collection of residuals from all targets used in the
model (Konikow, 1978). Simple statistics such as the mean, standard deviation (sometimes
called root-mean-square error), and absolute mean are commonly used. The mean residual
should be close to zero, indicating that the positive and negative residuals are balanced. The
absolute mean is computed by making all residuals positive and thus represents the average error
in the calibration. These statistical measures are used to determine the quality of the calibration.
Goals should be established for acceptable values of the mean, standard deviation, and absolute

mean. These goals are discussed later in this chapter.

In addition to statistics computed for residuals, the distribution of residuals should be analyzed
during calibration. It is desirable to have positive and negative residuals randomly scattered
throughout the model. Clustering of positive or negative residuals over large areas is called
spatial bias. One goal of calibration is to reduce spatial bias as much as possible. It is virtually

impossible, however, to eliminate spatial bias because of the lack of subsurface data.

In traditional calibration techniques, a relatively small number of zones are used to calibrate the
model. Each zone covers many cells in the model and within each zone properties such as
hydraulic conductivity are constant. The result is a piece-wise homogeneous aquifer
configuration in which large areas of each aquifer have homogeneous properties. This was the

approach used in the Fremont Valley model.

3.2 Calibration Results

There are many ways to assess the quality of a calibration. The Fremont Valley model
calibration was assessed by comparing the calibration statistics to the goals used by ESI in all

company modeling projects and by a visual comparison of hydrographs at selected wells.
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What constitutes an acceptable calibration is very subjective. Woessner and Anderson (1992)
suggest that goals should be established before the calibration starts. However, no standards
have ever been put forth by American Society of Testing and Materials (ASTM) or in the
scientific literature that describe what these goals should be. Goals were established in the
protocol for this model, and are based on goals used by ESI in all models and goals which have
undergone peer review from U.S. Environmental Protection Agency (EPA) and many state

government agencies. These goals are summarized as follows:

e Residual standard deviation divided by range in head for all targets should be less
than 0.10 (10 percent),

e Absolute residual mean divided by range in head for all targets should be
less than 0.10 (10 percent),

e Residual mean divided by range in head for all targets should be less than 0.05
(5 percent), and

e There will be limited spatial bias in the distribution of residuals.

As previously discussed, a residual is the difference between a measured water level and the
model-computed water level. The residual is calculated as the observed head minus the model-
computed head. Thus, a negative residual occurs where the model-computed head is too high

and a positive residual is where the model-computed head is too low.

The statistical analysis of the regional calibration is provided in Table 2 for the steady-state
calibration. The table shows the residual mean, residual standard deviation and absolute residual
mean. The residual mean uses both positive and negative residuals and thus should be close to
zero if the positive and negative residuals balance each other. The absolute residual mean is

computed after all residuals are made positive and is thus an average error in the model.

The statistics for the Fremont Valley model calibration met the calibration goals described

above. The goal for residual mean divided by range in head is 0.3 percent, well below the goal
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of 5 percent. The standard deviation divided by range in head was 4.1 percent, again well below
the goal of 10 percent. The absolute residual mean divided by range in head was 3.5 percent,
significantly less than the goal of 10 percent. Therefore, all of these statistical measures are

substantially better than the established goals.

In addition to statistics, another standard method of judging calibration quality is to plot the
measured water levels versus the computed water levels. In a perfect calibration, the points
would lie along a straight line at a 45-degree angle indicating that the computed water levels
match the observed water levels exactly. In reality, this never happens; however, the spread of
data points about the perfect line is an overall indication of spatial bias in the model. Figure 4
shows that there is no large-scale bias in the calibration with each broad area having the same
degree of scatter about the 45-degree line. The higher water levels in the regional model
represent the eastern portion of the model domain, while the lower water levels are found in the

center of the basin near Koehn Lake.

The transient calibration matched drawdown observed in three aquifer tests on the Project site.
Wells 43, 48, and 63 were pumped for three days at a constant rate of about 2,000 gallons per

minute (gpm). Drawdown was measured in three surrounding wells for each test and matched
with the model. Four data points were chosen from each test at a time after pumping started of
0.5, 1.0, 2.0, and 3.0 days. All three tests were calibrated simultaneously to make sure that the

hydraulic properties were consistent between all tests and the steady-state model.

The statistics for the transient calibration to the three aquifer tests also met the goals for model
calibration, as shown in Table 3. The goal for residual mean divided by range in head is

2.4 percent, well below the goal of 5 percent. The standard deviation divided by range in head
was 3.7 percent, again well below the goal of 10 percent. The absolute residual mean divided by
range in head was 3.5 percent, significantly less than the goal of 10 percent. Therefore, all of
these statistical measures are substantially better than the established goals. Figure 5 shows that

there is no large-scale bias in the transient calibration.
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Figure 6a shows the the steady-state calibration for 1958 and compares to those mapped by
Koehler (1977). Flow is from the west towards Koehn Lake and from the east towards Koehn
Lake. Gradients are steepest in the east where the low hydraulic conductivity zones are located.
The water table is somewhat discontinuous across the Randsburg-Mojave and Cantil Valley
Faults. Figure 6b shows the water table contours in 1959 with the start of agricultural pumping
in the valley and represents adjustments to the model to account for local pumping conditions
that are apparent in Koehler’s interpretation. This figure is also compared to the 1958 water
level map developed by Kohler’s (1977) and shows a better match to the water levels interpreted
by Koehler (1977) for 1958.

3.3 Model Verification

In model verification, the calibrated model is applied to a different time period than the
calibration period. If the only model inputs that need to change are related to stresses (e.g.
pumping, recharge, etc.) then the calibration has been verified. That is, the hydraulic properties
(hydraulic conductivity, storage, boundary conditions) have been shown to be valid for an
untested time period. Thus, more confidence can be placed in the predictions than if the model

had not been verified.

The Fremont Valley calibration was verified by simulating the period from 1958 through 2007.
The primary verification period was from 1958 through 1976 because good estimates of
agricultural pumping are available from Koehler (1977). After 1976, agricultural pumping had

to be inferred from the water level hydrographs in the area.

While Koehler did estimate agricultural pumping from 1960 to 1976, he did not show the
distribution of pumping. The location of pumping wells was estimated by using Koehler’s water
table map for 1976 that showed two cones of depression in the vicinity of the Project site and the
Honda facility to the east. One cone of depression was located north of the Cantil Valley Fault
and the other south of the fault. Five production well locations were placed in the model with

two north of the fault and three south of the fault. More wells were placed south of the fault
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because the cone of depression was much larger than the one to the north. Although the
transmissivity is also lower south of the fault, it was found during verification that having three

wells south of the fault produced a better match to the hydrographs.

Three wells in the vicinity of the pumping center had a long period of water level measurements
from 1958 through the 1980s and 1990s. Most other wells had only short periods of water level
measurements or were in areas relatively unaffected by the agricultural pumping. These wells

were not used initially in the verification.

Well 31S38E06E001M lies south of the Cantil Valley Fault within the Honda test track. This
well is closest to the largest cone of depression in Koehler’s 1976 water table map. The
hydrograph for this well is shown in Figure 7. The model predicts slightly more drawdown at
the peak period of 1980. However, the overall match between observed and simulated water

levels is very good.

Well 30S37E36G001M is close to the Cantil Valley Fault on the northern side of the Honda test
track. This well has the longest period of record, as shown in Figure 8. The observed data
oscillates over time, probably in response to seasonal pumping. The model was not designed to
simulate seasonal pumping. Average pumping over each year was assumed. However, the

match between the observed water levels and the simulated water levels is quite good.

Well 30S37E27H002M is north of the Cantil Valley Fault, about one mile north of the Honda
test track. Figure 9 shows that the model also matches quite well with the water level record of

this well.
These three wells show that the model, without any changes except for pumping, can match a

long-term water level record in the area of the Project site. This provides confidence in the

predictive capabilities of the model.
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In response to previous comments from the CEC on the verification run, additional hydrographs
have been created for wells throughout the Fremont Valley that have long-term water level data.
The locations and hydrographs for all long-term wells are provided in Appendix A. Plate A-1
in Appendix A is a D-size a layout of the hydrographs referencing the wells within the Koehn
Sub-basin. These same hydrographs will be used, along with other key points of interest, in the

predictive sensitivity analysis presented at the end of this chapter.

Obviously no calibration is perfect and so there will always be mismatches between the model
results and water levels measured in the field. The mismatch in the case of the Fremont Valley
model is primarily due to lack of data on pumping locations and rates. This is most obvious in
the long-term hydrographs that have been presented. For example, a couple of the hydrographs
show steep recovery that the model cannot match because we did not place a pumping well at
that location. Mismatch in the steady-state calibration is also related to lack of pumping
knowledge. In the area between the Project site and Koehn Lake, some water levels show
indications that pumping was occurring in that area. Other water levels do not show such
affects. It is likely that 1958 was close to the time when agricultural pumping was just starting
to increase significantly so there are local drawdown affects that the model cannot match
because there is no knowledge of where those wells might have been and what rate they might

have pumped.

3.4  Calibration Sensitivity Analysis

There are two main types of sensitivity analysis often performed in groundwater modeling

studies. One is the sensitivity of the model calibration to changes in parameters. The second is
the sensitivity of predictions to changes in parameters. Both were conducted in this study. The
calibration sensitivity analysis is discussed in this section and the predictive sensitivity analysis

is presented in a later section.

The purpose of a calibration sensitivity analysis is to document the relative importance of

model parameters on calibration statistics. This provides the user and the CEC with additional
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information about which parameters are most important to the calibration process. The most

sensitive parameters are those that are usually best estimated in the calibration.

Eleven model simulations were run for each parameter. During each simulation, the parameter
was multiplied by a factor between of 0.5 and 2.0 for hydraulic conductivity. Recharge and
specific yield values were multiplied by factors between 0.1 and 10. The calibration statistics
were compiled for each of these simulations. Graphs were created that plot the sum of squared
residuals versus parameter multiplier. The sum of squared errors for a multiplier of 1.0 refers to
the calibrated model parameters. Figure 10 presents the results for hydraulic conductivity
zones, Figure 11 represents specific yield, Figure 12 represents fault conductance, and Figure
13 presents the recharge sensitivity analysis. When viewing the curves in Figures 10 through

13, flat curves are insensitive parameters and steep curves are sensitive parameters.

The most sensitive hydraulic conductivity zones in the calibration are zones 1 through 4,
representing the central part of the aquifer in Fremont Valley. The zones on the Project site are
not as sensitive because relatively few calibration targets are found in those zones. Specific
yield is also very sensitive in the verification run (Figure 11) with Koehler’s estimate of 0.11
providing the best calibration results. Three out of the four fault zones are very sensitive,
including the Muroc Fault, the Cantil Valley Fault, and the Randsburg-Mojave Fault. Only the
Garlock Fault was not sensitive during calibration. Recharge was also quite sensitive, which

makes sense since that is the majority of the available water in the model.

3.5 Impact Assessment for BSEP

The calibrated model was used to predict the impact of a proposed 1,600 AF/yr withdrawal from
a single on-site well along with higher pumping for five months during the initial phase of

the Project. The verification simulation described in the last section was extended through 2010.
The five-month construction period was added to that run in five 1-month stress periods,

followed by 30 years of a constant pumping rate of 1,600 AF/y.

Page: 21



During the construction period, groundwater pumping will be higher than the long-term average
pumping. The construction period was divided into five 1-month stress periods with 5.0 million
gallons per day (MGD) for the first and last month and 10 MGD for the middle three months of
construction. The pumping was assumed to be equally distributed between wells 41, 42, 47, 48,

49, 63, and the domestic well.

The long-term average pumping for the project lasted 30 years and assumed that one well was
pumping continuously at a rate of 1,600 AF/yr. Two scenarios were simulated for the 30 year

period. In the first, Well 48 was pumped and in the second, Well 63 was pumped.

Results of the predictive simulations are presented in two ways. The first shows the predicted
change in water levels from water levels at the end of the verification run (2010). Because water
levels are rising in the valley, these predictions mainly show higher water levels with project
pumping. That is, the impact of the project is to simply reduce the amount of future rise in the
water table (i.e., effect on overall groundwater recovery). The figures show a negative number

which in the model indicates increasing water levels.

The second method of presenting the results shows the predicted impact from project pumping
on the water level rise over the model period (i.e., either five or 30 years). The impact figures
show the difference in water levels between those that would occur under the natural future rise
in the water table without the Project and the added impact of project pumping. In other words,
these figures essentially show how much less the well will rise as influenced by project pumping

(i.e., effect on the amount of recovery).

Changes in water level and impacts are presented at the end of the construction period (five
months after project start), at five years after the end of the construction period, and at 30 years
after the end of the construction period. Figures 14, 15, and 16 are the changes in water level
(ft) for Well 48 pumping. Figures 17, 18, and 19 are the impacts with Well 48 pumping.
Figures 20, 21, and 22 are the changes in water level with Well 63 pumping. Figures 23, 24,

and 25 are the impacts with Well 63 pumping. Since there is very little difference between the
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figures with Well 48 pumping and Well 63 pumping, the Well 63 scenario will be discussed

below.

Effect on the Regional Water Level Recovery

During the construction period (five months), the model predicts that changes in water level will
be about 5 to 10 ft on the Project site (Figure 20). However, there will be no lowering of the
water table off site due to the continued rise of the water table into the future. The change in
water level after five years (Figure 21) and 30 years (Figure 22) show that the Project pumping
will not result in any lowering of the water table, again due to the continued rise of the water

table. The model predicts that the on-site water table rise will be about 35 ft after 30 years.

Effect on the Amount of Water Level Recovery

The impact of construction pumping is shown in Figure 23. Total impact on site will be about
12 ft but off-site areas will be affected by less than 1 foot. After five years of project pumping
(Figure 24), the maximum off-site impact will be about 5 ft. With continuing pumping, Project
impacts at 30 years (Figure 25) will be about 20 ft on site and 15 ft off site. The distance from
the Project site to the 5 ft impact contour is about 3 miles. Little impact is observed to the

southeast of the Cantil Valley Fault due to the barrier effect of the fault.

The CEC in Comment 5 pointed out that short-term impacts from construction pumping might be
higher than those described above due to lower specific yield values observed in the aquifer
testing. Figure 26 presents the five month impacts from construction pumping with these lower
specific yield values. These lower values result in an additional 5 ft of drawdown on site but the
off-site effects are still less than 5 ft to the northeast of the site where the closest neighboring

wells are located.

3.6 Predictive Sensitivity Analysis

A series of simulations were conducted to test the model response to changes in parameters,

boundary conditions, and other assumptions. Because impacts are not significantly different
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between Well 48 or Well 63 pumping, all simulations assume Well 63 is pumping in the future.
Results are presented in Appendix B (model sensitivity), which includes hydrographs at the
same wells from the verification as well as additional wells at key locations throughout the study
area. Plate B-1 in Appendix B is an E-size a layout of the hydrographs referencing the wells
within the Koehn Sub-basin that were evaluated in sensitivity analysis. Maximum impacts at all
wells are also shown in Table 4. Impacts shown in Table 4 are the difference in future water
levels with and without Well 63 pumping. Because water levels are rising in the valley, these
impacts do not mean that these wells will experience a decline in water level. Rather, the

amount of rise in water level will be less than if Well 63 were not pumping.

The following simulations were included in the sensitivity analysis:
e Hydraulic conductivity was increased by a factor of 2.0.
e Hydraulic conductivity was decreased by a factor of 0.5.
e Specific yield was increased by a factor of 2.0.
e Specific yield was decreased by a factor of 0.5.
e Cantil Valley Fault was removed.
e Hydraulic Conductivity Zone 7 (low-K on-site zone) was removed.

e Agricultural return flows were added with a 10-year lag.

Impacts greater than 10 ft are generally only seen in wells within a mile of Well 63. The
exception is Well 30S37E34H02, which is 2.7 miles from Well 63 and has 11.4 ft of impact in
the base case. This is true in virtually all of the sensitivity simulations. Worst-case impacts are
predicted if the hydraulic conductivity is half the calibrated value. Even under those conditions,
though, the extra impact is less than 10 ft. The next most sensitive parameter is specific yield.

Lowering specific yield allows the impacts to propagate further during the 30 years of pumping.
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4.0 Conclusions

The model calibration was adjusted slightly from the version presented in December 2008. A
zone of lower hydraulic conductivity was added beneath Koehn Lake and the inflow of water
from California City was reduced over time. These changes were made based on comments

received from CEC.

The calibration results meet the goals established for calibration quality and are very similar to
those presented in the previous version of the model. Results of the simulations under the new
calibration show no significant change over the prior model predictions. In the previous model
report, only impacts were shown. In the current model report the meaning of these impacts has
been clarified. That is, the impact from the project will not be a lowering of water levels off-site

but a reduction in the amount of recovery or water level rise in the future.

The predictive sensitivity analysis shows the degree of uncertainty in simulated impacts from
project pumping. Impacts predicted in the sensitivity analysis are greater than 10 feet generally
within a mile of Well 63 (the project pumping well). While one or two simulations showed

impacts at greater distances, none were over 12 ft.

Model input files are provided in Appendix C.
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Table 1. Summary of Calibrated Model Parameters for the Fremont Valley Model.

Parameter Type

Hydraulic Conductivity
Hydraulic Conductivity

Hydraulic Conductivity

Hydraulic Conductivity

Hydraulic Conductivity
Hydraulic Conductivity
Hydraulic Conductivity
Hydraulic Conductivity
Hydraulic Conductivity
Hydraulic Conductivity

Specific Yield
Specific Yield

Specific Yield

Specific Yield

Specific Yield
Specific Yield
Specific Yield
Specific Yield
Specific Yield

Storage Coefficient
Storage Coefficient
Storage Coefficient
Storage Coefficient

Fault Hydraulic Conductivity
Fault Hydraulic Conductivity
Fault Hydraulic Conductivity
Fault Hydraulic Conductivity

Zone

1
2

©oo~NO O b

-
o

N —

©oO~N gSOo~NG A

-
o

W N -0

Location

Between Cantil Valley and Garlock Faults
South of Cantil Valley Fault

East End of Valley Between North of Cantil
Valley Fault

East End of Valley Between South of Cantil
Valley Fault

North of Garlock Fault

Beneath Koehn Lake

Northeast corner of Project Beacon Site
Western edge of Project Beacon Site
Central part of Project Beacon Site
Southeastern corner of Project Beacon Site

Between Cantil Valley and Garlock Faults
South of Cantil Valley Fault

East End of Valley Between North of Cantil
Valley Fault

East End of Valley Between South of Cantil
Valley Fault

North of Garlock Fault

Northeast corner of Project Beacon Site
Western edge of Project Beacon Site
Central part of Project Beacon Site
Southeastern corner of Project Beacon Site

Northeast corner of Project Beacon Site
Western edge of Project Beacon Site
Central part of Project Beacon Site
Southeastern corner of Project Beacon Site

Garlock Fault

Cantil Valley Fault
Randsburg-Mojave Fault
Muroc Fault

Parameter

Value
20.00
43.51

0.40

0.53

68.80
15.30
0.11
51.70
50.23
58.08

0.1100
0.1100

0.1100

0.1100

0.1100
0.1100
0.1100
0.1100
0.1100

0.0138
0.0097
0.0004
0.0027

1

0.00020
0.00197
0.000037

Units

ft/d
ft/d

ft/d

ft/d

ft/d
ft/d
ft/d
ft/d
ft/d
ft/d

dimensionless
dimensionless

dimensionless

dimensionless

dimensionless
dimensionless
dimensionless
dimensionless
dimensionless

dimensionless
dimensionless
dimensionless
dimensionless

ft/d
ft/d
ft/d
ft/d



Table 2. Residuals and Statistics for the Steadystate Calibration to Water Levels

Name

29S39E26A01
29S39E28H01
29S39E35H01
29S39E33H01
29S39E33K01
29S39E15M01
29839E22D01
29S839E32C01
29S39E32E01
30S38E24F01

30S38E08G01
30S38E20E01
30S38E20F01

30S38E20C03
30S38E20C04
30S38E20B01
30S38E34C02
30S38E32D01
30S38E31L01

30S38E31F01

30S38E30P01
30S38E30R01
30S38E30E01
30S38E19K01
30S37E24R02
30S37E24R01
30S38E19M01
30S37E24J01

30S37E24K01
30S37E24G01
30S37E24R01
30S37E24K02
30S37E23D01
30S37E24M01
30S37E25M01
30S37E36G01
30S37E36K01
30S37E36N01
31S37E01HO1
31S37E01R01
31S37E12H01
31S37E13B01
31837E22Q01
31S37E10A01
31S37E02P01
31S37E02D01
30S37E35Q01
30S37E34F01

30S37E34H01
30S37E27P01
30S37E28J01

30S37E26E01
30S37E27H01
30S37E26K01
31S37E05M01
31S37E30F01

31S37E28P01
31S37E33H01
32837E04D01
32837E04P01
32836E22B01
30S38E05R01
30S38E05R02
30S38E08K01
30S38E30Q01
30S38E32E01
30S39E08A01
30S38E08E02
30S38E20C01
30S38E30R02
29S39N29N01

Residual Mean

Easting

1,415,707
1,404,738
1,414,297
1,404,878
1,402,374
1,406,594
1,405,542
1,396,105
1,394,263
1,385,320
1,365,192
1,363,433
1,363,523
1,363,682
1,364,695
1,364,931
1,375,193
1,362,351
1,359,431
1,357,209
1,359,201
1,361,027
1,356,898
1,359,453
1,356,779
1,355,948
1,356,950
1,356,145
1,355,637
1,354,993
1,354,524
1,354,473
1,346,198
1,351,807
1,351,677
1,355,876
1,355,850
1,352,108
1,355,824
1,356,623
1,356,596
1,355,070
1,343,783
1,344,999
1,347,672
1,347,201
1,349,959
1,342,448
1,346,025
1,342,652
1,338,946
1,346,463
1,346,071
1,349,050
1,331,025
1,326,909
1,337,571
1,340,472
1,335,601
1,338,378
1,311,344
1,367,517
1,367,608
1,365,187
1,359,380
1,361,832
1,399,181
1,362,357
1,364,783
1,361,029
1,394,465

Residual Standard Deviation

Absolute Residual Mean
Minimum Residual
Maximum Residual
Range in Head

Residual Mean/Range

Residual Standard Deviation/Range
Absolute Residual Mean/Range

Northing

12,848,465
12,846,295
12,841,453
12,841,418
12,841,438
12,854,424
12,852,476
12,843,818
12,840,995
12,820,257
12,830,553
12,821,072
12,821,071
12,822,161
12,821,970
12,821,750
12,811,468
12,810,675
12,807,973
12,809,596
12,812,015
12,812,799
12,814,548
12,819,691
12,817,678
12,818,123
12,819,933
12,820,013
12,819,945
12,821,152
12,821,977
12,819,847
12,821,639
12,818,637
12,814,525
12,810,519
12,808,007
12,806,734
12,805,279
12,801,414
12,798,576
12,795,170
12,785,375
12,800,108
12,801,828
12,805,472
12,806,755
12,810,650
12,810,214
12,813,086
12,809,594
12,815,268
12,814,872
12,814,442
12,803,475
12,783,118
12,780,169
12,777,520
12,774,440
12,770,095
12,757,606
12,833,661
12,833,879
12,830,044
12,812,013
12,809,370
12,833,676
12,830,289
12,821,860
12,812,906
12,843,831

Observed Water
Level (ft)
2,132.0
1,925.5
1,924.0
1,918.0
1,919.0
2,231.0
2,112.0
1,911.0
1,911.0
1,927.0
1,927.0
1,922.0
1,924.0
1,923.0
1,923.0
1,916.0
1,912.0
1,937.0
1,928.0
1,930.0
1,933.0
1,941.0
1,942.0
1,944.4
1,944.0
1,951.0
1,944.0
1,949.3
1,956.0
1,949.0
1,951.0
1,952.0
1,935.0
1,943.2
1,944.0
1,934.7
1,955.0
1,930.5
1,938.0
1,929.0
1,929.0
1,962.0
1,990.7
1,980.0
1,918.0
1,925.0
1,952.0
1,951.0
1,949.0
1,942.0
1,975.0
1,951.0
1,940.0
1,948.0
1,994.0
2,064.5
2,074.0
2,066.0
2,054.8
2,065.1
2,105.0
1,899.0
1,901.0
1,929.0
1,944.0
1,932.9
1,912.1
1,954.0
1,918.0
1,943.0
1,914.0

Computed Water
Level (ft)
2,125.6
1,940.0
1,935.8
1,925.4
1,923.4
2,242.0
2,103.9
1,932.6
1,930.1
1,906.6
1,912.1
1,913.9
1,913.7
1,911.6
1,908.5
1,908.0
1,904.1
1,926.1
1,936.0
1,937.8
1,930.5
1,925.7
1,937.5
1,926.3
1,934.3
1,935.5
1,931.5
1,933.1
1,934.2
1,934.3
1,934.5
1,936.7
1,948.7
1,943.3
1,947.4
1,939.0
1,942.6
1,950.5
1,946.9
1,952.5
1,958.4
1,965.2
1,996.1
1,970.8
1,922.7
1,928.6
1,954.2
1,962.7
1,958.6
1,961.7
1,965.1
1,955.2
1,956.0
1,951.8
1,976.0
2,027.9
2,070.0
2,055.3
2,065.5
2,069.0
2,121.5
1,916.0
1,916.3
1,910.8
1,930.1
1,929.1
1,917.9
1,950.4
1,908.3
1,925.5
1,932.0

Residual (ft)

6.40
-14.49
-11.78

-7.43
-4.44
-10.97

8.07
-21.57
-19.05

20.35
14.87
8.07
10.35
11.39
14.54
8.01
7.94
10.88
-8.03
-7.79
251
15.34
4.48
18.08
9.67
15.46
12.46
16.11
21.75
14.67
16.55
15.31
-13.67
-0.05
-3.39
-4.31
12.45
-20.00
-8.89
-23.53
-29.40
-3.17
-5.47
9.17
-4.66
-3.58
-2.24
-11.68
-9.63
-19.72
9.90
-4.22
-16.03
-3.84
17.99
36.60
4.05
10.67
-10.69
-3.92
-16.51
-17.04
-15.26
18.21
13.87
3.72
-5.83
3.65
9.68
17.50
-18.02
0.99
13.49
11.70
-29.40
36.60
332.00

0.3%

4.1%

3.5%



Table 3. Residuals and Statistics for the Transient Calibration to Pump Test Drawdown.

Name Time (d)
46 0.5
46 1
46 2
46 3
50 0.5
50 1
50 2
50 3

USGS 0.5

USGS 1

USGS 2

USGS 3
41 0.5
41 1
41 2
41 3
47 0.5
47 1
47 2
47 3
49 0.5
49 1
49 2
49 3
44 0.5
44 1
44 2
44 3

45B 0.5
45B 1
45B 2
45B 3
49 0.5
49 1
49 2
49 3

Residual Mean

Residual Standard Deviation
Absolute Residual Mean

Minimum Residual

Maximum Residual

Range in Head

Residual Mean/Range

Residual Standard Deviation/Range
Absolute Residual Mean/Range

Pumping Well

43
43
43
43
43
43
43
43
43
43
43
43
48
48
48
48
48
48
48
48
48
48
48
48

Easting

1,342,509
1,342,509
1,342,509
1,342,509
1,338,386
1,338,386
1,338,386
1,338,386
1,339,694
1,339,694
1,339,694
1,339,694
1,333,612
1,333,612
1,333,612
1,333,612
1,329,846
1,329,846
1,329,846
1,329,846
1,334,463
1,334,463
1,334,463
1,334,463
1,335,918
1,335,918
1,335,918
1,335,918
1,336,096
1,336,096
1,336,096
1,336,096
1,334,463
1,334,463
1,334,463
1,334,463

Northing

12,804,500
12,804,500
12,804,500
12,804,500
12,803,743
12,803,743
12,803,743
12,803,743
12,801,248
12,801,248
12,801,248
12,801,248
12,798,544
12,798,544
12,798,544
12,798,544
12,797,459
12,797,459
12,797,459
12,797,459
12,800,146
12,800,146
12,800,146
12,800,146
12,799,848
12,799,848
12,799,848
12,799,848
12,801,531
12,801,531
12,801,531
12,801,531
12,800,146
12,800,146
12,800,146
12,800,146

Observed
Drawdown (ft)
0.15
0.30
0.57
1.05
0.04
0.26
0.53
0.85
3.20
5.70
9.50
12.37
1.22
1.55
1.81
1.93
1.14
1.57
2.25
2.75
0.12
0.22
0.31
0.41
4.01
5.12
6.37
7.26
0.43
0.70
0.86
0.92
5.05
5.66
6.09
6.17

Computed
Drawdown (ft)
0.06
0.21
0.63
1.07
0.00
0.00
0.02
0.05
3.12
5.87
9.06
11.75
0.25
0.67
1.34
1.97
0.44
0.86
1.41
1.89
0.12
0.39
0.88
1.35
3.93
4.62
5.47
6.21
0.14
0.31
0.70
1.09
4.47
5.08
5.83
6.49

Residual (ft)

0.09
0.09
-0.06
-0.02
0.04
0.26
0.51
0.80
0.08
-0.17
0.44
0.62
0.97
0.88
0.46
-0.04
0.70
0.71
0.84
0.86
0.00
-0.17
-0.57
-0.94
0.08
0.50
0.90
1.05
0.29
0.39
0.16
-0.17
0.58
0.58
0.26
-0.32
0.30
0.45
0.43
-0.94
1.05
12.25
2.4%
3.7%
3.5%



Table 4. Maximum Impact at Key Wells in Predictive Sensitivity Analysis

Well
Pumping Well 63
31S37E08C001M
31S37E05M01
Pumping Well 48
31S37E10A01
30S37E34H02
31S37E14L01
30S37E27H002M
31S37E30F001M
Well 24
31S38EO6E001M
30S37E36G001M
31S37E33H001M
31S37E35N001M
30S37E24J001M
30S38E32D03
30S38E19K01
30S38E03K002M
30S38E24F001M
29S39E32E001M
30S39E08A001M
29S39N29N01
29S39E33K001M
29S39E28H001M

Notes:

Impact is the change in head caused by pumping Well 63. Since water levels are rising, impacts are simply less rise in the future.
Distance is in miles

Base run is the calibrated model

K is hydraulic conductivity

Sy is specific yield

Distance to Well 63

0.0
0.6
0.9
1.0
1.9
2.7
3.0
34
3.6
4.1
4.2
4.3
4.5
53
5.4
5.6
5.9
10.2
10.2
13.6
13.7
13.9
14.9
15.8

Base
24.5
214
20.5
21.2
2.9
11.4
2.6
9.3
2.0
2.0
1.9
7.3
0.6
0.5
5.4
1.3
4.5
1.7
0.3
1.3
0.4
13
0.4
11

K Times 2
16.3
14.8
14.2
14.8
2.4
8.5
2.2
7.1
0.5
2.0
2.0
5.8
0.3
0.3
4.4
1.7
3.7
1.8
1.2
19
1.2
1.9
1.3
1.9

K Times 0.5
34.6
28.5
27.1
27.7
4.8
14.0
3.9
11.2
2.7
3.1
3.0
8.6
1.0
0.8
6.4
1.9
5.2
1.6
0.1
1.0
0.2
1.0
0.3
0.7

Maximum Impact (ft) With Well 63 Pumping

Sy Times 2
20.2
16.9
16.1
16.6
1.6
8.2
13
6.5
0.8
1.0
1.0
4.9
0.1
0.1
3.5
0.6
2.9
0.9
0.1
0.5
0.1
0.5
0.1
0.4

Return Flow simulates an added 30% of pumping which is then returned as recharge with a lag time of 10 years

Sy Times 0.5
26.6
23.6
22.7
235
4.2
131
3.8
10.8
34
2.9
2.7
8.5
1.6
1.6
6.5
1.8
5.4
2.2
0.6
2.0
0.9
2.0
1.1
1.9

No Canthill Fault
15.7
12.6
12.1
12.0
8.4
6.4
7.7
5.3
6.6
5.1
4.7
4.2
2.1
1.9
3.1
2.9
2.5
0.8
0.5
0.6
0.5
0.6
0.5
0.5

No Zone 7
22.1
19.4
18.8
19.2
2.8
11.8
2.5
9.6
1.8
2.0
1.9
7.5
0.6
0.5
5.6
13
4.7
1.7
0.3
1.4
0.4
14
0.4
1.2

Return Flow
24.0
21.0
20.1
20.8
2.9
11.2
2.5
9.2
2.0
1.9
1.8
7.2
0.6
0.6
5.4
1.2
4.5
1.6
0.2
1.3
0.3
1.3
0.4
1.1
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Figure 1. Model Area for the Project Beacon (Fremont Valley) Groundwater Flow Model Showing Boundary Conditions.
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Figure 4. Observed vs. Simulated Water Levels for 1958.
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Figure 5. Observed vs. Simulated Drawdown from 3 On-Site Aquifer Tests

14.0
12.0— -
iy
= 10.0— .
S
S
8.0 —
=
@© -
= N O
o) s
}B 6.0 — +}-s
) O
Y i
S5 o
g 4.0 iz
o
O
2.0
O O [m]
O |
DD
O g 0
gh D
0.0 | | | | | |
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Measured Drawdown (ft)

14.0

Layer 1



75 77 76 B 0 29 29 28 27 20\ 28 27/ % 26 B
@ 29N01 s 2
4 34 A 2 298 3732E 29S 38E 3 i 295N39E
36 32
29S 36E
05A01 om
5 ‘5\“'
4 3 %3
2 q 6 5 5 4 \)\\.‘\;‘ 3
.
3 ?‘?“
*
9 10 7
11 8 10
12 12 11 12 7 gos
““
A
WP000444 1
13F01
16 15 14 13 18 17 15 . WP0004439
1o g WR002512 [ @ 47 16
“ ')
30S: 36E 30S| 36.5E K We002900 /\g SR000766110 ,4*°
30S 37E 124G01 e
! / 22 19K01 o0 WP0011337,
21 22 o, SierraNevada 19 20 { 19 B WP0008696
0 SR0007660
SR0008196
= SRooo“st:99
28 27 26 25 30 29 «* % \ WP0003423
2 27 +SR0008141 . &
* WP0004259
O B 30S37E35D01 ) o
% 3 35 36 34H02 WELL 35255 200 ® 2
33 o, \ (RANCHO CORDOVA) 31032003
\\35““ 36
, s % o
g -6(’90_.40 O—~WELL*17 i .
>
o \] o \
4 3 2 1 4 3 2 1 6 5 4 3 2 1
Active Wells
O Agriculture
BSEP Plant Site Ree Y O Industra -
9 10 o 2 @ Multiple Family
© Municipal
31S 36E 31S 38E @ Single Family
16 15 14 13 18 13
16 15 14 O Honda
® Unknown Status
34H02 State Well Number
21 22 23 24 19 ‘ 24
21 20 23 Z WP0004259 Kern County Permit Number
<
By
28 2. P 28 27 26 25 30 29 28 27 26 25
Map Location Legend
Predicted Water Table
L OR | 1D ~— Groundwater Contour (feet amsl) (Koehler, 1977) Beaﬂlon
mmm Fault BSEP
l:l Township Range
Sedions Figure 6a

= BSEP Plant Site Boundary

Note: Fault locations are approximate
Source: Koehler, 1977

0 2

4

] Miles

1:126,720

Calibrated Water Table
Elevation Contours in the
Fremont Valley - 1958
(Steady-State)

AECOM

Project: 10056-014
Date: May 2009

J:\GIS\Projects\10056-Beacon\mxd\Updated GW Model Figures - May 09\Figure 6a.mxd



28 2% 28 25 30 29 30 29 28 27 26 25,9°* 30 29 28 27,* 26 25
.\(\9 $ @ 29N01 e
£ ) 29S 37E @ 29S\39E ah
2 36 31 32 oV 31 32 N ¥ 35 36
29S 36E W R
() e o SO
7 % a )\\Q’é
4 3
2 d 6 5 6 1
1
9 10 o
11 12 15 7 8 9 10 1 i - 11 ““‘12
.
R ““‘
WP0004441
o o 13F01 {.‘ 1
12 18 AL 15 s
LR 4 19\ WPP00‘2512 14 13
“ ')
30S 36E 30S] 36.5E T i S Y‘VBOOOZ“? (8 SRO0076614 ,**
. 5, ,as'24601 @ \P0011337
21 2 o, SierraNevada 19 20 19 WP0008696 3 » Y
SR0007660
3 27 26 25 )
29 R 28 27 26 25
2
38 34 35 36
33 34 35 36
4 3 2 i 4 3 2 1
Active Wells
O Agriculture
BSEP Plant Site 10 # 15 - O Industrial 12
£ 0 5 e @ Multiple Family
o b © Municipal
31S 36E RS 318,378 318 38'515 ~ 7 il @ Single Family o
16 15 14 3 / @0\6 e O Honda
@) 7
{9&0 31S 2 ® Unknown Status
$e 34H02 State Well Number
o 21 22 23 24 19 ‘ 24
21 2 23 < \)\54 WP0004259 Kern County Permit Number
*
\o&"“ %)
28 2 G’Zﬁo‘,‘“ 25 28 27 26 25 30 29 28 27 26 25
Legend
Predicted Water Table B
~— Groundwater Contour (feet amsl) (Koehler, 1977) Eaﬂ'c”
mmm Fault BSEP
l:l Township Range
Sedions Figure 6b

= BSEP Plant Site Boundary

Note: Fault locations are approximate
Source: Koehler, 1977

0 2 4
| ] Miles

1:126,720

Calibrated Water Table
Elevation Contours in the
Fremont Valley - 1959

(Onset of Agricultural Pumping)

AECOM

Project: 10056-014
Date: May 2009

J:\GIS\Projects\10056-Beacon\mxd\Updated GW Model Figures - May 09\Figure 6b.mxd



Figure 7. Hydrograph for Well 31S38EO06EOQ01M
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Figure 8. Hydrograph for Well 30S37E36G001M
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Figure 9. Hydrograph for Well 30S37E27H002M
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Figure 10. Hydraulic Conductivity (K) Sensitivity Analysis
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Figure 11. Specific Yield Sensitivity Analysis (Verification Run)
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Figure 12. Fault Conductance Sensitivity Analysis
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Figure 13. Recharge Sensitivity Analysis
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Appendix A
Hydrographs for the Verification Run
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Hydrograph for Well 30S38E24F001M
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Hydrograph for Well 30S37E27H002M

Measured and Base Levels
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Hydrograph for Well 30S37E24J001M

Measured and Base Levels
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Hydrograph for Well 29S39E33K001M

Measured and Base Levels

£00¢/0¢/cl

- G00c/0¢/cl

- €00¢/Le/ct

- L00¢/Le/ct

- 666lL/Cc/cl

- ,661/2¢/cl

- G66L/EC/CL

- €661/€¢/Cl

- 1661/ve/cl

- 686L/v2/Cl

- /861/G2/Cl

- G861/G¢/Cl

- €861/9¢/Cl

- 1861/9¢/Cl

- 6.61/.¢/Cl

- 2261/.¢2/Cl

- G/61/8¢/Cl

- €.61/8¢/C1

- Ll6L/6c/cl

- 6961/6¢/Cl

- 2961/0€/Cl

- G961/0€/CL

- €961/LE/CI

- L96L/LE/CL

- 096L/L/1

2150

2100 -

2050 +

2000 -

1950
1900 -

(1)) uonrens|g

o
0
el
~

M

)

1800 -

1750 -

1700 -

8G61L/L/1L

1650

Time Since Jan 1, 1958

‘+ Measured —¢— Base ‘
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Appendix B
Hydrographs for the Predictive Sensitivity Analysis



Hydrograph for Well 24
Model Sensitivity Analysis
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Hydrograph for Well 63
Model Sensitivity Analysis

2150

2100 -

2050 +

2000 -

1950
1900 -

(1)) uonrens|g

o
0
el
~

M

)

1800 -

1750 -

1700 -

1650

800¢/L/1

900¢/1L/1

¥00¢c/L/1

c0oc/L/L

0ooc/L/L

8661/1/1

9661/L/1

¥661/1/1

c66lL/LIL

0661L/1/1

8861/L/1

9861L/L/1

¥861/1/1

c861L/LIL

0861/1/1

8.161/L/1

9.61L/1/1

v.6L/L/1

cL6L/LIL

04617171

8961/L/1

9961/1/1

¥961/1/1

c96lL/LIL

0961/1/1

8G61L/L/1L

Time Since Jan 1, 1958

Sy Times 0.5 —«— No Canthil Fault —— No Zone 7 —— Return Flow ‘

Sy Times 2

| —e—Base ——K Times 2 ——K Times 0.5



Hydrograph for Well 48
Model Sensitivity Analysis
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Hydrograph for Well 31S38EO6E001M

Model Sensitivity Analysis
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Hydrograph for Well 31S37E35N001M
Model Sensitivity Analysis
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Hydrograph for Well 31S37E33H001M
Model Sensitivity Analysis
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Hydrograph for Well 31S37E30F001M
Model Sensitivity Analysis
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Hydrograph for Well 31S37E14L01

Model Sensitivity Analysis
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Hydrograph for Well 31S37E10A01

Model Sensitivity Analysis
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Hydrograph for Well 31S37E08C001M
Model Sensitivity Analysis
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Hydrograph for Well 31S37E05M01

Model Sensitivity Analysis
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Hydrograph for Well 30S39E08A001M
Model Sensitivity Analysis
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Hydrograph for Well 30S38E32D03
Model Sensitivity Analysis
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Hydrograph for Well 30S38E24F001M
Model Sensitivity Analysis
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Hydrograph for Well 30S38E19K01
Model Sensitivity Analysis
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Hydrograph for Well 30S38E03K002M
Model Sensitivity Analysis
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Hydrograph for Well 30S37E36G001M
Model Sensitivity Analysis
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Hydrograph for Well 30S37E34H02

Model Sensitivity Analysis
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Hydrograph for Well 30S37E27H002M
Model Sensitivity Analysis
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Hydrograph for Well 30S37E24J001M
Model Sensitivity Analysis
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Hydrograph for Well 29S39E29N01
Model Sensitivity Analysis
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Hydrograph for Well 29S39E33K001M
Model Sensitivity Analysis
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Hydrograph for Well 29S39E32E001M
Model Sensitivity Analysis
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Hydrograph for Well 29S39E28H001M
Model Sensitivity Analysis
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Appendix C
Numerical Groundwater Model Electronic Files — See Attached CD
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