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URS

February 27, 2009

Mr. John Kessler

California Energy Commission
1516 Ninth Street

Sacramento, CA 95814-5512

Subject: Hydrology and Hydrogeology Report for the
Vicinity of the Proposed Carrizo Energy Solar Farm (CESF)
San Luis Obispo County, California
URS Project No. 27658060.01805

Dear Mr. Kessler:

On behalf of Carrizo Energy, LLC ("Carrizo™), URS Corporation Americas (URS) is pleased to
provide the California Energy Commission (CEC) the following revised report presenting a
summary and evaluation of existing data related to the hydrology and hydrogeology of the
proposed Carrizo Energy Solar Farm (CESF) and vicinity. Hydrologic and hydrogeologic
information related to the site and vicinity that has been presented to the CEC and public to date
are provided in this single document, as well as additional information collected in support of our
evaluations provided herein. This report was prepared at the request of the CEC specific to its
comments during public workshops held on March 12 and December 15, 2008. The report was
originally issued June 26, 2008, revised September 24, 2008 and has been revised again to
address:

e CEC Preliminary Staff Assessment (PSA) issues listed in the Soil and Water Resources
Section on page 4.9-1 of the PSA.

e Public comments resulting from a data response workshop held on December 15, 2008.
o Additional public comments forwarded to the CEC subsequent to the last workshop.

The table below summarizes where PSA and public comments have been addressed in the
document. This submittal includes revised report text, tables, figures, and appendices.

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108

Tel: 619.294.9400 W:\27658060\01805\01805-c-r.doc\27-Feb-09\SDG
Fax: 619.293.7920
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Mr. John Kessler

California Energy Commission
February 27, 2009

Page 2

Comment

Response

PSA:

Two proposed crossings of "Carriza Creek" may increase flooding upstream
of the crossings. The applicant should re-examine the need for these
crossings to determine if the project can be successfully constructed without
placing fill in an existing stream channel. The crossing designs need to be
updated to ensure that upstream flood elevations are not increased as
compared to existing conditions.

This issue has been addressed in Section
2.2.2 and 2.2.2.2 of this report. Final design
of the crossings will facilitate drainage flow
and eliminate upstream or downstream
impacts from flooding, erosion, and
sedimentation.

Staff believes that it would be preferable to locate the construction fueling
area outside of the existing 100-year FEMA floodplain. Relocating the
fueling area to the north and east of "Carriza Creek" could eliminate the need
for the two creek crossings and the placement of fill in the creek.

This issue has been addressed in Section
2.2.2.2 of this report. The proposed fueling
area was relocated away from the
floodplain.

Water supply for construction appears to be significantly under-estimated.
The applicant should provide clear documentation demonstrating that all
construction requirements (including dust suppression) can be successfully
accomplished with the estimated (20.8 acre-feet per year) water supply.

This issue has been addressed in Section
1.2.1 of this report. Revised construction
water use estimates are approximately 144
afy, 72 afy, and 38 afy for the first, second,
and third years of construction,
respectively.

The applicant indicates that the proposed perimeter swales will capture and
detain the first 117 acre-feet of runoff from two up-gradient watersheds. On
the Carrizo Plain, with extremely limited water resources, capturing and
detaining up-gradient surface water resources including "Carriza Creek" and
Soda Lake and groundwater users. The applicant should include provisions
for this runoff to pass through the CESF project site.

This issue has been addressed in Section
2.2.2 and 2.2.2.1 of this report. Final project
design will allow for drainage of the
perimeter swales.

Potable water supply estimates are 5.3 gpm for average annual (averaged
over 8,760 hours) and maximum daily usage. The applicant should confirm
the average annual and maximum daily potable water supply estimates.

This issue has been addressed in Section
1.2.2 of this report.

The proposed sanitary waste water system includes a 1,000-gallon septic
tank and leach field. However, the septic tank appears to be undersized
given the number of employees and the applicant’s estimate of potable water
supply. The applicant should provide clear documentation demonstrating
that the septic system has been designed in accordance with San Luis
Obispo County and California Plumbing Code standards.

This issue has been addressed in Section
1.2.2 of this report. The proposed septic
tank size has been revised to 2,500
gallons.

Infiltration BMPs should be added to the detention/infiltration areas to limit
the potential for extended shallow ponding to increase mosquito production.

This issue has been addressed in Section
2.2.2 of this report. Infiltration BMPS will be
included for the detention/infiltration areas.

Post construction BMPs should be identified to stabilize soils in the laydown
area and at the Solar Field.

This issue has been addressed in Section
2.2.2 of this report. Post construction BMPs
will be provided for the laydown area and
solar field.
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Comment

Response

December 15, 2008 Workshop:

CEC Comment: One concern that CEC staff had was that there would be
enough water available during construction to control dust at the site, and to

provide for the moisture conditioning for compaction required for the cut-and-

fill operations...Is this mass grading really necessary?

See response above regarding updated
construction water use estimates.
Additionally, see Carrizo Energy response
to comments from CEC workshop held
March 12, 2008 (Response #65 regarding
valley fever and dust control).

CEC comment: Stormwater management is one area where the applicant
and staff have, | think, some issues to work out still. Staff was particularly
concerned with the crossings on, the proposed crossings of Carriza
Creek....As far as soil and water impacts, | just need to make sure that we
can move a hundred-year storm through there without causing flooding
upstream, and, you know, flooding on somebody's home or property.

See response above regarding the "Carriza
Creek" crossing design.

CEC Comment: "Another area that staff was concerned about was the
perimeter swales that go around the project site, around the 640-acre solar
site...And we think that in order to mitigate that impact, runoff that's captured
in the perimeter swales needs to be routed to the other side of state route 58
so that you don't detain runoff within those perimeter swales. There should
be positive drainage to transfer any runoff that's captured in those perimeter
swales downstream of the project site."

See response above regarding the
perimeter swale design.

Public Comment (M. Strobridge): "You guys stated that you ran a pump test
on this well, right? You ran a pump test on this well?...What size
submersible did you use? I'm under the understanding that this well has a
turbine situated on the top of it, a very old one. And it's very hard to drop a
submersible into a hole with a turbine that has a steel rod that goes all the
way to the bottom. So, | was just curious as to what size submersible pump
you guys used, and what depth...But | would like information on that onsite
well, whether the turbine was removed or not, and the size of the
submersible that you guys pumped at, rates."

"You just drop it in there and then state that this well puts out 50 gallons a
minute. Am | right, 50 gallons a minute?"

See response below regarding the water
quality testing procedure and setup.

Public Comment (M. Strobridge): "And they identify 86 wells on the Carriza
Plain, including the irrigation wells. And they put a one-acre-foot-a-year rate
to the domestic wells, and a 35 percent duty cycle to the irrigation wells.
According to the San Luis Obispo County master water plan, they classify
ranchettes differently than residential homes in town. Ranchettes are
classified as 2.5 acres to 20 acres and more. And they use more water than
a conventional home. The average water usage for a ranchette, according to
San Luis Obispo County, is 1.8 acre-feet a year for inland areas. So URS'
groundwater model is inaccurate.”

The model already accounts for this
additional rate of pumping because it has
been run using lower and higher pumpage
for the basin.

W:\27658060101805\01805-c-r.doc\27-Feb-09\SDG
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Comment

Response

Public Comments:

Public comment (M. Strobridge) regarding Ausra's on-site well test,
requesting submersible pump size, depth it was set at and how the well was
pumped with a turbine installed.

This comment has been addressed in
Section 3.4.3.1 of this report. Groundwater
quality sampling was performed by URS
using a Schafer 5hp pump set at a depth of
approximately 120 feet bgs, pumped at
rates between 95 gpm and 108 gpm over a
period of 4 hours to purge water from the
well prior to sampling. Field documentation
is provided in Appendix F. This activity was
not an aquifer test.

Public comment (M. Strobridge) requesting that the proposed SunPower
California Valley Solar Ranch water consumption be factored in to the CESF
water studies.

This comment has been addressed in
Section 3.6.2.3 of this report. The proposed
SunPower pumping was not included in the
revised groundwater model because the
well is located approximately 6 miles east
of the CESF project and this well is
accounted for when considering the range
of groundwater extraction that is estimated
for the basin. In addition, water use for
SunPower is expected to be similar to that
initially modeled for a residential well (12
afy) that suggested that there would be no
significant effects on groundwater levels.

Public comment (M. Strobridge) regarding discrepancies between rainfall
values listed in this report and the SunPower California Valley Solar Ranch
CUP Application.

This comment has been addressed in
Section 2.1.1.1 of this report. The
SunPower CUP Application states an
average annual rainfall of 1.5 inches. All
available information collected for the
CESF from a variety of sources indicates
that the average annual rainfall in the
project vicinity is approximately 7 to 10
inches.

Public comment (M. Strobridge) regarding differences in reported seasonal
temperature variations from the SunPower report.

Temperatures reported in Section 2.1.1.1
are typical seasonal values for the area and
do not reflect extreme record high and low
values.

W:\27658060101805\01805-c-r.doc\27-Feb-09\SDG




URS

Mr. John Kessler

California Energy Commission
February 27, 2009

Page 5

Comment

Response

Public comment (M. Strobridge) regarding cumulative impacts on water
resources related to the Ausra CESF, Topaz OptiSolar, and SunPower
California Valley Solar Ranch projects in light of the SLO County Master
Water Plan that indicates this area is an overdraft condition.

The overdraft issue is addressed in the first
paragraph of Section 3.5 of the report.
Furthermore, the Topaz OptiSolar project
was included in the combined projects
(cumulative) groundwater scenario.

Public comments (M. Strobridge) regarding Lewis family well test information
and Ausra/URS well test information. "It has been brought to my attention
that some well tests were done on this well by the Lewis family only a few
years ago. The well had been "sanded in" and the pump company blew the
well out as good as they could. Where are these pump tests? The Lewis
family is currently selling to Ausra. | am upset that no one has brought this
up. A well that is sanded in could easily lose a couple hundred feet of depth.
| would appreciate a response on this well report. If it has not been provided
then URS or the Lewis family should be required to supply the well test. |
have also been told this well has already been sleeved once."

Discussions with the property owner do not
indicate that aquifer testing has been
conducted with respect to the proposed
pumping well. The activities that Mr.
Strobridge references are maintenance
activities that would not involve measuring
water levels during an extended period of
pumping. Carrizo Energy will observe the
condition of the well and identify its
suitability for use to provide a water supply.

Public comments (J. Ruskovich) in letter dated January 6, 2009 to the CEC:

"We have proof that the Well Test (Calscience Work Order) that was
supposedly done on 2-15-08 is inaccurate, as we know the test was not
pulled out of the big Well on the Lottie King Ranch (Asura's Site)."

To clarify, the activities conducted on 2-15-
08 consisted of purging and groundwater
sampling of the well. The turbine had been
removed by the property owner to remove
the pump for repairs. URS placed a
temporary pump in the well to conduct
groundwater sampling while the well pump
was being serviced.

"Please re-read the Water Report and look into the many
problems/misinformation in this report, the first being that it is a 40 years old
report done in 1967."

The report to which you are referring is the
only available basin-wide study of
groundwater in the Carrizo Plain and
served as a starting point for analysis.
Groundwater evaluations rely on the
available information regardless of when it
was completed, as subsurface geology has
not changed.

"Remember the water report for the California Spring Lodge & Resort that
was submitted to Ausra (sic). The report was supposedly done on 7-2-02,
that stated there were Well drilled on my land, which never happened.”

URS has only relied on this report for
groundwater quality information. We are
aware that the wells are shown as being
located on your property. Locations are
specified on the driller’s logs provided in
Appendix D. Regardless of whether or not
the well is shown on our map on your
property, it does not affect the results of the
modeling completed for this project.

W:\27658060101805\01805-c-r.doc\27-Feb-09\SDG
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Response

"You keep referencing the 2 big Ag Wells;

e  The 1100 gallon per minute Well on Section 3 collapsed in the
early 90's.

e The 600 gallon per minute well on Section 2 collapsed in the late
80's.

e The Well listed on Section 27 does not exist.

We believe that you are referring to wells
on Sections 33 and 28 for the first two
bullets. Comment noted. As indicated in
response to Mr. Strobridge’s comments, a
range of pumpage from the basin has been
modeled to reflect various pumping
conditions.

"In conclusion, where is the 14 inch cast, 620 foot deep Well. It is not
anywhere on the old Arco section of land at all. Check our map and pictures
(see attachments 1 & 2); do you see a well anywhere?"

Section 3.4.4 indicates that the ARCO site
was dismantled. To meet DWR
requirements the well was likely
destroyed/abandoned.

This report has been peer reviewed by Dr. Eric La Bolle, P.E., hydrologist with the Hydrologic
Studies Program at the University of California, Davis. Dr. La Bolle also conducted the modeling
appearing herein based on hydrogeologic data available for the site vicinity. If you have any

questions, please contact us at (619) 294-9400.

Sincerely,

URS CORPORATION

Robert K. Scott, P.G., C.Hg. No. 734
Vice President and Principal Geologist

RKS/MCM:KI

Matthew C. Moore, P.E., CPESC,
Senior Project Engineer
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Executive Summary

URS Corporation Americas (URS) has prepared this report to serve as a summary of hydrologic and
hydrogeologic information that has been presented to the California Energy Commission (CEC) and the
public during the facility permitting process for the Carrizo Energy Solar Farm (CESF). The site is
located on the Carrizo Plain, which is an unincorporated area of San Luis Obispo County near the towns
of Simmler and California Valley, California.

This report was requested by the CEC during a Public Workshop held on March 12, 2008 and was
submitted on June 26, 2008. The report was revised September 24, 2008 to address CEC Data Requests
and public comments resulting from a data response workshop on August 5, 2008. On November 21,
2008, the CEC issued its Preliminary Staff Assessment (PSA). This report has been revised to address
comments appearing in the Soil and Water Resources Section on page 4.9-1 of the PSA and public
comments provided during and following a December 15, 2008 data response workshop.

INTRODUCTION

Carrizo Energy, LLC (Carrizo Energy) is considering an entire section (640 acres) for future development
as a solar-powered electrical generation station that will produce up to a nominal 177 megawatt (MW)
net. The facility will be dry (air) cooled; therefore, its estimated water use for the facility is considerably
less than other solar and conventional power generating facilities. It is estimated that the facility will use
approximately 20.8 acre-feet/year (afy) for the following purposes: Makeup to the steam turbine system,
washing of solar system reflectors and collector, potable water, service water, and fire protection. The
maximum water use is estimated for the first year of construction (144 afy, or an average annual rate of
89 gpm).

Historically, the site vicinity has been used for agriculture, including dry farming of wheat and barley,
alfalfa, carrots and potatoes. Cattle and sheep ranching are also common on the Carrizo Plain. Recently,
there has been some planting of grape vineyards and olive groves on the plains. Data sources indicate that
these intensive agricultural activities use considerably more water than the proposed CESF on a per-acre
basis. Discussions with local residents suggest that groundwater usage on the plains has become less
intensive with time.

SURFACE WATER HYDROLOGY

The average annual precipitation ranges from approximately 7 to 9 inches in the Carrizo Plain basin, but
may be closer to 10 inches (San Luis Obispo County Department of Public Works). Most rainfall occurs
from November through May. The Carrizo Plain basin is one of internal drainage (closed to surface water
outflow), such that surface water runoff accumulates in Soda Lake, a playa in the center of the basin that
is dry for part of the year.

The CESF is located within the Central Coast Hydrologic Region that covers approximately 11,300
square miles in central California. The Carrizo Plain watershed is approximately 54 miles long and 6
miles wide, and covers approximately 414 square miles, or 263,680 acres. The watershed areas tributary
to the site include the main Carrizo Plain drainage channel, ("Carriza Creek" Basin 1, 31.6 square miles)
and Basins 2 and 3 are directly tributary to the northerly site area (approximately 3.9 and 4.3 square
miles, respectively), for a total of 41.3 square miles. The total watershed area tributary to the north end of
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Soda Lake is approximately 152 square miles. The site and construction laydown area occupy
approximately one percent of the watershed tributary to the north end of Soda Lake.

The project site currently consists primarily of 1,024 acres of disturbed farmland/ranchland. The portion
of stormwater runoff that does not infiltrate into the ground, moves via sheet flow and follows the terrain
to the south and west, and then is tributary to Soda Lake over 10 miles downstream. The Carrizo Plain
drainage ("Carriza Creek™) within the temporary construction staging area has been identified as a
jurisdictional Waters of the United States (WUS). Carrizo Energy has received notice from the U.S. Army
Corps of Engineers (ACOE) that it has initiated the Section 7 Consultation permitting process with the
U.S. Fish and Wildlife Service.

Post-construction, the stormwater will be directed from the paved and non-paved areas to local collection
swales and infiltration areas where it will percolate and evaporate. The infiltration areas will store and
infiltrate the stormwater runoff. The flows generated from the offsite watershed will be directed around
the site via the proposed perimeter drainage swales. Ultimately, the runoff will flow across State Route
(SR) 58, confluence with the existing creek, traverse Section 33 and continue on its historical flow path in
the southeasterly direction.

URS performed a surface water hydrology analysis of total runoff and surface water infiltration for pre-
and post-project scenarios, considering upgradient basins, site drainage and Soda Lake. The results have
been included in the groundwater modeling conducted for the post-project scenario. The Rational Method
and the Soil Conservation Service (SCS) Curve Number Method with HEC-HMS were used to evaluate
on-site hydrology. The SCS Curve Number Method was used to provide realistic runoff flow volume and
rates that account for antecedent moisture conditions, while the Rational Method was used for flood
control infiltration basin sizing calculations. San Luis Obispo County hydrology and hydraulic standards
were used for preliminary design of onsite stormwater facilities.

The flow rates estimated for on-site runoff for the pre- and post-project scenario using both methods were
relatively similar for the 100-year event. The potential stormwater volume generated on site was also
evaluated on an average annual basis. Under existing conditions, approximately 316 afy of stormwater
could be generated on the site, including the construction laydown area. Under post-project conditions,
the on-site stormwater volume that could be generated would be approximately 388 afy; however, there
would be no surface runoff from the site under normal conditions.

The off-site hydrology calculations were performed using the SCS Curve Number method to provide
runoff estimates. The results of that analysis were used in the HEC-HMS hydrology model to estimate the
volume of runoff generated from the upstream, off-site watershed. This analysis evaluated the 6- and 24-
hour storm duration to estimate the range of potential runoff from individual storm events. The surface
water runoff rate reduction due to infiltration in the solar field is minimal compared to the overall
watershed surface water runoff rates. Therefore, significant impacts to water resources downstream of the
project and in the regional area are not anticipated for 6-hour and 24-hour storm events. There will be no
significant change in post-construction runoff to Soda Lake.

The primary purpose of the perimeter swales is to convey off-site runoff around the site and ultimately to
Soda Lake. The swales will be designed to drain and convey runoff downstream by either sheet flow
across State Route 58 or by placement of one or more culverts under State Route 58. This approach would
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minimize infiltration in the perimeter swales and would allow collected upstream runoff to drain to
"Carriza Creek".

A similar volume analysis for the watershed downstream of the project to Soda Lake indicates similar
results in terms of surface water volume reduction due to infiltration and evaporation of annual rainfall
onsite. The pre-project potential surface stormwater volume for the total watershed that drains to the north
end of Soda Lake is approximately 23,584 afy. The corresponding post-project rainfall volume is
approximately 23,429 afy. Therefore, the reduction in the overall potential annual surface water flow
volume to Soda Lake is approximately 1 percent. Therefore, no significant impacts to water resources
downstream of the site are anticipated, dependent upon annual surface water flow volumes.

An analysis was conducted for the site using HEC-HMS to estimate rainfall infiltration to the Upper
Aquifer for pre- and post-project scenarios. Daily rainfall data from a nearby rainfall gage served as the
basis for the rainfall, evapotranspiration, and infiltration calculations. The SCS Curve Number Method
was used for the analysis. Two antecedent soil moisture conditions were analyzed: dry (AMC 1) and
average (AMC II) to provide a range of potential infiltration values prior to rainfall. Evapotranspiration
rates were based on California Irrigation Management Information System (CIMIS) Reference
Evapotranspiration (ET) Map (Zone 10) and were prorated based on the number of days of rainfall per
month.

For the post-project scenario, the site will be terraced with multiple infiltration areas that should also
provide increased potential for recharge to the Upper Aquifer. In addition, the constructed site will have
reduced plant transpiration and evapotranspiration compared to the pre-project scenario due to increased
shading from the mirrors. Based on the geometry of the solar field and mirror layout, the initial
abstraction and ET rates for the post-project scenario were reduced by 70% to account for these changes.

Results of the infiltration analysis assuming average antecedent moisture conditions (AMC II) were the
following:

e Existing Onsite Infiltration = 144 afy
e Proposed Onsite Infiltration = 230 afy

The anticipated infiltration rates for the site for the post-project scenario a (230 afy) is over ten times
greater than the estimated groundwater use for the CESF of 20.8 afy and approximately 1.5 times greater
than the maximum water use projected for construction during Year 1 (144 afy).

HYDROGEOLOGY

Many studies have been done regarding the geology of the Carrizo Plain; however, few hydrogeological
studies have been conducted. The primary aquifers in the Carrizo Plain are found in alluvium, the Paso
Robles and Morales Formations. Kemnitzer (1967) described two water bodies beneath the Carrizo Plain.
The poorest quality groundwater lies beneath Soda Lake, 10 miles south of the site. This is hydraulically
isolated from the water body with better water quality. The better quality groundwater is probably best at
the margins of the basin and away from Soda Lake.
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Our study indicates that groundwater supply is generally produced from two zones, an upper zone (Upper
Aquifer) that is generally less than 300 feet and a lower zone (Lower Aquifer) that exists at the site at a
depth of approximately 450 to 600 feet below the ground surface (bgs). Limited well information
indicates that potable water supplied to most residences and ranches is derived from wells within a depth
of about 175 feet bgs in the Upper Aquifer. Kemnitzer (1967) identified 89 wells penetrating the Upper
Aquifer, and estimated their average production to be about 6 afy (4 gallons per minute (gpm) with
continuous pumping). Based on a well survey in March 2008, these wells penetrating the Upper Aquifer
probably yield from a few gpm up to 40 gpm. Wells in the Lower Aquifer typically yield on the order of
500 to 1,100 gpm (Kemnitzer, 1967). He identified 11 irrigation wells in 1967 and of these, it appears that
six were generally greater than 300 feet deep. It is from this zone that the CESF would derive its water

supply.

URS conducted a well survey within approximately 3 miles of the proposed site, and visited residents to
identify the characteristics of their wells. Although a well may have been identified during the survey,
discussion with residents indicate some are no longer operating. This information was considered in the
groundwater modeling conducted to evaluate the effects groundwater pumping related to this project. As
a result of the survey and other data sources, 86 wells have been identified and included in the model.
URS requested well data from California Department of Water Resources (DWR); however, release of
this information is considered proprietary under California Water Code Section 13752 and our request
was denied.

Groundwater quality appears to be variable within each of the aquifer zones, and is generally inferior in
the Lower Aquifer, based on the limited water quality data available. URS evaluated the groundwater
quality of the proposed CESF pumping well. Some constituents exceeded their respective Primary or
Secondary Maximum Contaminant Levels (MCLs) for drinking water established by the State indicating
that it is not suitable for drinking water without further treatment. The CESF will be using this inferior
quality water from the Lower Aquifer for its water supply.

Pump testing data are available for a Lower Aquifer well that was located immediately adjacent to the site
on the western edge of Section 27 at the former ARCO solar site. These data were considered in the
groundwater modeling conducted to evaluate the potential affects of pumping and substantiate accounts
that previous pumpage at the site at similar rates had no observable affects on neighboring wells. The
United State Geographic Survey (USGS) model, MODFLOW was used for the groundwater modeling to
simulate the potential affect of site pumping on neighboring wells and the Carrizo Basin. Actual geologic
and hydrogeologic conditions were used in the model including data derived from the URS well survey,
Kemnitzer (1967), information provided by the public and other available sources.

The model simulated groundwater flow in six layers for the basin. An inset model was used to be able to
more accurately simulate and identify estimated drawdown and groundwater elevations in the site
vicinity. The Upper Aquifer was Layer 1 and the Lower Aquifer was Layer 3 (greater than 400 ft below
land surface). No-flow and general head boundaries were set to approximate basin conditions. Average
annual recharge was applied to Layer 1 (60,000 afy), consistent with Kemnitzer (1967). Pumping from
the basin was simulated using the locations and available data for 86 wells identified in the basin. Of
these wells, it was assumed that the domestic supply wells penetrating the Upper Aquifer were pumped at
an average rate of 0.62 gpm or approximately 1 afy, consistent with residential water use expected on the
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plains. The actual rates of pumping for the irrigation wells were estimated based on discussions with local
residents, land use or reported well yields at the time of installation. The degree of irrigation well
pumpage in Layer 3 has some degree of uncertainty. To account for this uncertainty, a lower and upper
range of total pumpage was modeled for the basin. Those wells known to penetrate the Lower Aquifer
were included in Layer 3.

The model was run for Construction, Project and No-project Scenarios. A Combined Projects Scenario
was also performed including the Topaz Solar Farm LLC/Optisolar, Inc. (OptiSolar) facility. There is also
a SunPower facility proposed at least 6 miles east of CESF. This was not included in the model because
previous modeling using similar pumpage showed that the effects were not significant.

The Construction Scenario included pumping from the proposed CESF well at three different average
annual rates for the three years of the construction phase. The maximum average annual water use is
estimated to be 144 af [128,500 gallons per day (gpd), or approximately 89 gpm] for Year 1. The water
use for Years 2 and 3 decreases considerably to 72 af (64,300 gpd or approximately 45 gpm) in Year 2
and 38 af (33,900 gpd or 24 gpm) in Year 3. The construction scenario was simulated for transient flow
conditions. Both the Combined Projects and Project Scenario includes pumping from the proposed CESF
well at 18,500 gallons per day (gpd), approximately 13 gpm, the estimated average for operations. The
Combined Projects Scenario also assumed pumping at the OptiSolar site at the maximum proposed water
use appearing in its Conditional Use Permit Application. It was assumed that OptiSolar would also pump
from the Lower Aquifer at a location between (north) both sites. This is the most conservative scenario,
since there are residential wells between the sites. The overall pumpage in the model for the wells
identified is 2,678 afy, which is 30% less than the Kemnitzer estimate (Kemnitzer 1967). This is
consistent with the change in water use related to agriculture that has been reported by a number of long-
time residents of the plains. Each of the post-construction model scenarios was conservatively run to
steady state conditions to simulate the effects of long-term pumping.

In constructing the model, it was assumed that the proposed pumping well will be screened in the Lower
Aquifer only. Therefore, if the existing CESF well were to be used, then the existing screen above the
Lower Aquifer would be sleeved. The sleeve would serve to block flow from the Upper Aquifer into the
well so that flow would only come from the Lower Aquifer. Additional No Project scenarios were run
wherein the CESF well was included in Layers 1, 2 and 3 with no pumping to estimate borehole flow.
Borehole flow, the transfer of water between aquifers through flow within the wellbore, was simulated in
these scenarios using the multimodal well package of MODFLOW. A reduction in potential borehole
flow associated with installation of the sleeve has the potential to mitigate drawdown in the Upper
Aquifer.

Uncertainty in the hydrogeologic conditions was addressed through a sensitivity analysis that simulated
the response of the system (groundwater elevations) for a wide range of input parameters and an
alternative conceptual model for the basin. The differences in the resulting heads (groundwater
elevations) between the No Projects (no pumping from the proposed CESF and OptiSolar wells) and
Project and Construction scenarios (with pumping from the proposed CESF well and OptiSolar wells)
indicates a plausible range of drawdown in the basin associated with pumping from the proposed CESF
well. The results of these model runs for a range of hydrogeologic conditions indicated that the estimated
change in head (drawdown) at the CESF property boundary were as follows:
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e Construction Scenario (for the end of Year 1 at the maximum pumping rate of 89 gpm): Upper
Aquifer, negligible to 1.5 feet; Lower Aquifer, about 2.0 to 7.0 feet. The drawdown estimated
after Year 1 is temporary. During subsequent years of construction, the pumping rate will
decrease and the estimated drawdown is predicted to be even less than that estimated for Year 1.

e Project Scenario: Upper Aquifer, about —0.5 (water level rise) to -1.0 feet (water level rise),
Lower Aquifer -0.5 (water level rise) to 4.0 feet (drawdown).

The potential for an increase in groundwater levels in the Upper Aquifer during the Project Scenario
arises from both elimination of borehole flow from the Upper to the Lower Aquifer when the proposed
well sleeve is installed and an increase in the localized infiltration of surface water runoff resulting from
the project.

Overall, the modeling results indicate that pumping from the CESF well under the Project, Combined
Projects and Construction Scenarios will have a less than significant affect beyond the property boundary
on neighboring wells and groundwater levels in the basin. In addition, the water supplied to the proposed
pumping well in each of the scenarios will not be drawn from great distances (for example, poor quality
water from the Soda Lake area ten miles away). Therefore, pumping of the CESF well will not have a
significant effect on water quality in the site vicinity or the basin.
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SECTION1 INTRODUCTION

URS Corporation Americas (URS) has prepared this report to serve as a summary of hydrologic and
hydrogeologic information that has been presented to the California Energy Commission (CEC) and the
public during the facility permitting process for the Carrizo Energy Solar Farm (CESF). The site is
located on the Carrizo Plain, which is an unincorporated area of San Luis Obispo County near the towns
of Simmler and California Valley, California. The location of the site is shown on the vicinity map
provided as Figure 1-1.

This report was requested by the CEC during a public workshop held on March 12, 2008, and was
submitted to CEC on June 26, 2008. Where applicable, responses to CEC Data Requests and public
comments specific to water resources are included in this document. This report was revised on
September 24, 2008 to address:

o CEC Data Request Set 3, dated July 25, 2008, Comment #105 through #111.

o CEC Data Request Set 4, dated August 29, 2008, Comment #122 through #125.

e Public comments during a data response workshop held on August 5, 2008 appearing in the
transcript of that meeting.

On November 21, 2008, the CEC issued its Preliminary Staff Assessment (PSA). This report has been
revised to address comments appearing in the Soil and Water Resources Section on page 4.9-1 of the PSA
and public comments provided during and following a data response workshop held on December 15,
2008.

In order to meet the CEC’s and public’s request for a report summarizing hydrologic and hydrogeologic
information for the site and vicinity, URS’ services included:

e Conducting a survey of the site vicinity to identify the locations of water wells.

e Obtaining available well information from residents.

e Conducting an additional review of readily available data in support of our hydrogeological
evaluation and reviewing well information that may be provided by the public.

e Completing a surface water hydrology study.

e Tabulating chemistry data available for the site vicinity for the Upper and Lower Aquifers, as
available.

o Preparing a simple water budget (recharge/discharge) for the basin based on available
information.

e Reevaluating the input parameters to the groundwater model to address CEC, public and PSA
comments.

e Summarizing hydrological and hydrogeological data, the results of the model and water budget in
this report.
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1.1 PROJECT DESCRIPTION

URS understands that Carrizo Energy, LLC (Carrizo) is considering the site for future development as a
solar-powered electrical generation station. We understand the project will consist of approximately 195
Compact Linear Fresnel reflector (CLFR) solar concentrating lines, and associated steam drums, steam
turbine generators (STGs), air-cooled condensers (ACCs) and associated infrastructure producing up to a
nominal 177 megawatt (MW) net. A new single-circuit 230 kiloVolt (kV) overhead transmission line will
interconnect the facility with Pacific Gas & Electric’s (PG&E’s) existing Midway Substation by looping
into the existing Morro Bay—Midway 230 kV line located north and adjacent to the CESF site.

The 640 acres (one square mile) required for the power plant footprint is planned to be located on one
section of land (Section 28) north of State Route (SR) 58/Carrisa Highway. The solar arrays will cover the
majority of Section 28 and the steam drums will be located across the solar field. Most of the other
components, as well as a warehouse and workshops, water tanks, a switchyard and other equipment, will
be located within the ‘power block’ at the north-central side of the Section. A portion of Section 33
immediately to the south will be used as a construction laydown area.

Site grading will be performed to create level pads for the equipment and reflectors (arrays) with cuts and
fills across most of the site expected to be approximately 5 feet or less, with larger cuts and fills in
isolated areas. Localized grading with minor cuts and fills may be performed in the construction laydown
area.

Untreated raw water for the Project will be obtained from groundwater via an existing onsite well. The
design of the Project minimizes use and maximizes the recovery of process water. Blowdown and
oil/water separator (OWS) clear discharge are routed to the onsite raw water storage tank for reuse.
Stormwater will be collected onsite and directed to swales and detention areas for percolation into the
ground. The sanitary system will consist of a buried septic tank and sanitary leach field.

1.2 PROJECTED WATER USE

Groundwater will serve as a source of water during the construction and operation of the facility.
Alternative water sources such as agricultural wastewater, recycled water and surface water runoff were
evaluated in the Application for Certification (AFC) and were identified as not feasible. Due to the remote
location of the site and sparse population in its vicinity, there is no infrastructure (wastewater treatment
facilities) that could serve as a source of reclaimed water. Additionally, there are no sources of
agricultural wastewater in the vicinity of the site. Although precipitation on the Carrizo Plain is reported
to be approximately 7 to 10 inches per year, it is sporadic, infrequent and undependable. Infiltration of a
portion of the stormwater that falls on the site will offset the makeup water requirement for the facility
and also serve to recharge the Upper Aquifer that is used by the local community as a drinking water
supply. CESF is committed to using groundwater from the Lower Aquifer for its water supply, which is
of lesser quality compared to the Upper Aquifer. Projected water use during construction and operation is
described in the sections below.
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1.2.1 Construction

Water will be needed during the three-year construction phase of the project. Water will be used primarily
for dust control, compaction during grading, and mixing concrete. It was previously estimated that the
total volume of water used during construction would be less than the total estimated volume of water that
will be used during the operation of the facility each year (20.8 acre-feet per year [afy]). In the PSA, CEC
staff commented that this construction water use estimate appeared to be underestimated based on the
amount of grading and dust control required. Subsequently, the construction water use estimates were
reevaluated for the three year construction period. Table 1-1 includes the estimated construction water use
for dust control, grading, and concrete hydration. A table providing calculation details is provided in
Appendix A.

Table 1-1
CESF Construction Water Use Estimates
Construction Activity Estimated Water Use (af)
A. Dust Control 68.7 (for full grading operations)
B. Grading Compaction 71.6 (grading during one year)
C. Concrete Hydration 11 (total over three years)
Total for Year 1 144 (89 gpm yearly average)
Total for Year 2 72 (45 gpm yearly average)
Total for Year 3 38 (24 gpm yearly average)

Notes:

1. These estimates reflect construction related water uses and no partial operations use during the three-year construction period. Potable drinking water is estimated
at 0.23 afy, but is not included in the estimate totals because it is currently assumed that potable drinking water will be supplied through bottled water.

2. Year 1 total = Dust control for full grading (69 af) + Full Grading (72 af) + one-third concrete hydration (3.7 af).
3. Year 2 total = Dust control for full grading (69 af) + one-third concrete hydration (3.7 af).
4. Year 3 total = Dust control for partial grading (34.5 af) + one-third concrete hydration (3.7 af).

1.2.2 Operation
Groundwater will be used during operation of the facility for the following purposes:

o Makeup to the steam turbine system.

e Washing of solar system reflectors and collectors.

o Potable water: Potable water will be supplied from a potable water skid for use by plant
personnel.
Service Water: Untreated water will be required for general site uses.

e Fire protection.

Estimated water usage is summarized in Table 1-2 that also appears in the AFC, and the volume of
process water used by the CESF is expected to be reasonably consistent. The expected average daily
water consumption for the plant is approximately 18,500 gallons or 20.8 afy assuming a full operating
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load of 13 hours per day. The expected peak water consumption for the facility is approximately 51
gallons per minute (gpm) or 74,000 gallons per day (gpd). This is expected to occur one day per year to
clean the air-cooled condensers; however, the condensers at a similar facility in Nevada have required
cleaning only once in five years. This peak water consumption is included in the annual water
consumption of 20.8 acre-feet (af).

On-site storage capacity is sufficient for two days of full load operation to accommodate maintenance on
any of the water delivery and treatment equipment. However, in the event that the system is not
operational, water will be transported temporarily to the site from off-site supply sources from
surrounding areas, such as San Luis Obispo, Paso Robles, or Bakersfield. During such an event,
approximately three tanker trucks per day would be sufficient to sustain operations assuming average
daily usage of 18,500 gallons.

Potable Water Supply and Sanitary System Requirements

In the PSA, the CEC requested that the Applicant confirm the average annual and maximum daily potable
water supply estimates. Carrizo Energy subsequently re-evaluated the potable water usage rates with the
following assumptions and results. The potable water requirement of 5.3 gpm equates to approximately
100 gpd per person for 75 on-site workers during the operational phase. Estimates for average annual,
average daily, and maximum daily are the same assuming workers have similar potable water needs each
day. The average annual, average daily, and maximum daily water use differences (for not potable
sources) apply to various assumptions on operating hours per day and per year. Updated assumptions and
calculations for the sanitary waste water system using California Plumbing Code standards are provided
in Appendix A. The California Plumbing Code (Table K-3) indicates an estimated demand of 35 gpd per
person. This results in approximately 1,750 gpd of waste water using operation assumptions included in
Appendix A, and would require a 2,500-gallon septic tank.
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Table 1-2*
CESF Water Usage Rates

Average Annual | Average Daily | Maximum Daily

Water Use (gpm)? (gpm)? (gpm)*
Equipment Makeup Water Requirements
Steam Cycle Makeup to DI Tank 27 27 50
Reflector Wash Water 5 7 13
ACC Wash Water 0.25 0.25 32
Media Filter Back Washs 0.01 0.01 0.009
Misc. Drains, etc. to OWS 14 0.6 1
Potable Waters 53 5.3 53
Total Equipment Makeup Requirements 39 41 101
Recovered Water
Steam Drum Flash Steam 3 3 6
Blowdown Flash Tank Condensate 24 24 44
Recovered from OWS (clear water) 14 0.6 1
NET RAW WATER REQUIREMENT 10.6 13 51
Notes:

1 Based on two units at rated steam flow.

2 “Average Annual” is based on 35 °C at 100 percent Load for 4,745 hours per year, reflector washing 250 days per year and ACC washing of all
50 cells, averaged over 8,760 hours.

“Average Daily” is based on 13 hours per day operation, averaged over 24 hours.

“Maximum Daily” is based on 13 hours per day, averaged over 13 hours, with ACC washing (10 cells over 10 hours).

Based on one 20-second back flush every eight days at 64.35 liters per flush.

Potable water includes water used for drinking, sanitation, and laboratory. Estimates are the same for average annual, average daily, and
maximum daily during operations because it is assumed the same number of workers will be onsite each day consuming potable water.

o o s w

1.3 WATER USE COMPARISONS

URS reviewed available water consumption data for other land uses to serve as a comparison to the water
needs for the CESF. Some of these land uses are consistent with those that occur in the vicinity of the
proposed site. The water uses included, residential, commercial, industrial, and agricultural for crops and
livestock. Water use for other types of power generating facilities was also identified. These data appear
in URS’ “Responses to CEC Data Requests (#1-78)”, dated February 26, 2008 (URS 2008) and have been
supplemented with additional data that has become available. Water use for specific land use activities is
provided below. The data were obtained through Internet sources and personal communications with
experts in the agriculture and agronomy fields.

Tables 1-3 through 1-6 show the estimated volume of water that would be used on average annually, if
the property were used for the other land uses described below. In almost all instances, the amount of
water used by these other land uses is considerably greater than the anticipated water use for the operating
facility (20.8 afy) on a per-acre basis.
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1.3.1 Non-agricultural Land Uses

According to published information, the standard residential property in southern California uses on
average, 0.52 afy. The water is approximately equally split between use for irrigation landscaping and
other household water needs. Commercial/institutional facilities are reported on average to use 1.66 afy
and industrial facilities average 3.2 afy for each acre. Average urban water use for the Fresno
metropolitan area considering each of the above uses averages approximately 3.2 feet per acre.

Table 1-3
Water Use Comparisons for Non-agricultural Land Uses
Activity/Property Use Water Use

(afy)
Single-family Residential 0.52
Commercial/Institutional 1.66
Industrial 6.27
Urban 32

Note:
Integrated Water Resources Plan, MWD, Report No. 1107, March 1996. From Southern California
Association of Governments and San Diego Association of Governments.

1.3.2  Agricultural Land Uses

1.3.2.1 Crops

Several sources of information were consulted to identify water use for areas with a similar climate, since
the amount of water needed to sustain crops is dependent on evapotranspiration (ET). ET is the sum of the
amount of water lost to evaporation from the soil and plant surfaces and that lost through plant
transpiration. The data reported in Table 1-4 are for southern portions of the Central Valley, Imperial
Valley and Arizona. Figure 1-2 is a graphical representation of agricultural water use for crops and
livestock compared to the CESF on a per-acre basis and an area of equal size to the site (640 acres).
Historically, the Carrizo Plain has been dry farmed to produce grain (wheat and barley), but some areas
have been planted with grape vineyards and olive groves. Some cultivation of truck crops has occurred on
a small scale on the Carrizo Plain. The previous owner had intended to plant truck crops on a portion of
the section, including spinach, lettuce and carrots, but decided to forego these plans due to the 2006 E.
Coli outbreak associated with spinach from the Salinas Valley that resulted in decreased demand (Pers.
Comm.).
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Table 1-4
Water Use Comparisons for Agricultural Uses

Activity/Property Use Weﬁz;tl;se For (S(i(f)y/)xcres
Alfalfaae 4.7-55 3,520
Cottonae 3.2-50 2,048 - 3,200
Barleya 13 832
Grapesa 2.9 1,856
Tomatoesad 3.9 2,496
Cornad 24 1,536
Deciduous Orchard2 35 2,240
Pasture (improved)? 45 2,880
Carrotsd 54 3,467
Lettuced 4.0 2,560
Spinachd 05-20 320-1,280
Dry Beansd 1.8 1,152
Olives (for oil)d 2.0 1,280
Olives (for eating)d 25 1,600
Dry Farminge 0.67 427
CESF 0.03 20.8

Notes:

a  California Department of Water Resources, The California Water Plan Update, Bulletin 160-98. Value
appearing for San Joaquin Valley unless noted.

Mean based on information provided for California.

“Power Plants in Arizona--an Emerging Industry, a New Water User”, http://ag.arizona.edu.
www.vric.ucdavis.edu.

Based on average annual precipitation.

® o o o

1.3.2.2 Livestock

Much of the Carrizo Plain is open range used for cattle grazing that depends on the natural grasses for a
food supply. The area does not include irrigated pastureland like areas of the Central Valley. Based on
communication with Mr. Jim Oltjen, Professor in the Department of Animal Science at the University of
California, Davis, full-grown cattle require on average roughly 20 gallons of drinking water on a daily
basis. The amount of drinking water needed depends on daily average temperature. To calculate the total
annual average drinking water needs for a single head of cattle, the average monthly temperatures were
used for a weather station in Buttonwillow, California as shown in Table 1-4. Based on monthly average
temperatures, this would be approximately 5,513 gallons (0.017 af) of drinking water per head of cattle
for a year. If the number of cattle on the 640 acres were 100 head, the annual water consumption for the
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cattle would be approximately 1.7 afy. This does not include the water that evaporates from the water
bodies that supply drinking water to the cattle.

Table 1-5
Cattle Drinking Water Requirements Based on Temperature
(for single head of cattle)

Average Temperature Daily Drinking Water No. of Monthly D'r inking
Month (°F)2 Requirements (gallons)® Days Water Requirements
(gallons)
January 45 12.0 31 372.0
February 51 12.8 28 358.4
March 56 13.7 31 424.7
April 61 14.7 30 441.0
May 68 16.4 31 508.4
June 76 175 30 525.0
July 81 17.7 31 548.7
August 80 17.9 31 554.9
September 74 17.3 30 519.0
October 65 15.7 31 486.7
November 54 13.4 30 402.0
December 45 12.0 31 372.0
Total Annual Water (gallons per year) 5512.8
Total Annual Water (afy) 0.017
Total Annual Water (feet/year)c 0.42

Notes:

a Average monthly temperature for Buttonwillow, CA from http://countrystudies.us/united-states/weather.

b For single mature (lactating) cow, 900 pounds. From "Nutrient Requirements of Beef Cattle; Seventh Revised Edition: Update 2000", Board of
Agriculture.

¢ Each head of cattle requires approximately 25 acres of open rangeland (Oltjen, J., Pers. Comm.) Assumes that there would be 25 head of cattle
on the site (640 acres).

Drinking water for cattle is stored in stock ponds, shallow depressions and may be supplied by local
springs. During the rainy season, the water in storage maybe partially derived from precipitation. At other
times of the year, these ponds may be filled using groundwater. Evaporation from the water surface in
these ponds in the arid environment of the Carrizo Plain would be expected to be 4 to 6 feet each year. As
an example, a one-acre stockpond would lose approximately 4 to 6 afy to evaporation. This is roughly
25% of the water that will be used annually by the CESF facility.

1.3.3 Other Types of Power Generating Facilities

Conventional power generating facilities use large quantities of water for cooling. Many solar facilities do
use water for cooling as these facilities are cheaper to construct compared to air-cooled facilities. Because
the CESF designed to be air-cooled, the facility will use considerably less water per acre than a wet-
cooled facility. An air-cooled facility uses about 40 times less water than a wet-cooled facility. When
compared to the water used to generate a megawatt of power, the air-cooled solar facility will use the
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least amount of water compared to other types of power generating facilities, such as new hybrid types
and those with flow through cooling, conventional cooling towers and conventional coal-fired plants.

Table 1-6
Water Use Comparisons for Other Power Generating Facilities
Power Generating Facility Type Water Use
(afyIMW)

CESF (Average Daily) 0.12
lvanpah 0.25
Victorville 2 Hybrid 5.6
Solar, Parabolic Trough, Wet Cooling? 21.5-26.9
Solar, Parabolic Trough, Dry Cooling? 2.2
Former adjacent ARCO Facility? 30.9
Once Through Cooling® 8.1
Cooling Towerse 12.9
Conventional Coal-firedd 112
Stand-alone Steama 20.2
Simple-cycle Gas Turbine? 4.0
Combined-cyclea 9.4
Combined-cycle, Dry Cooling? 3.0
Stand-alone Steam, Dry Cooling? 0.81

Notes:

a. National Renewable Energy Laboratory, Parabolic Trough FAQs, www.nrel.gov; .

b.  Stewardship Council Land Conservation Plan, http:/Icpstewardshipcouncil.org.

c. Freedman, P.L. and J.R. Wolfe, “Thermal Electric Power Plant Water Uses; Improvements Promote
Sustainability and Increase Profits”, LimnoTech, Canadian-U.S. Water Policy Workshop, October 2,
2007.

d. A 880-MW plant reportedly uses an average of 11 million gpd, of which 80% is lost to atmosphere as

steam. www.deq.virginia.gov.

One acre-foot of water equals approximately 326,000 gallons.

1.4 HISTORICAL USES OF GROUNDWATER

The following information is based on a review of historical documents and anecdotal information
provided by property owners on the plains. Agricultural development on the Carrizo Plain began prior to
the turn of the 20" Century and many ranches conducted some degree of irrigated agriculture that was
supported by the extraction of large volumes of groundwater. Current agricultural land uses primarily dry
farming of wheat and barley and raising cattle and sheep. It is our understanding based on discussion with
long-time residents that irrigation wells are typically pumped for a period of a few months to support the
cultivation of spring hay.
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Previous property owners grew wheat on Section 28 and wheat and barley were grown on Section 33.
According to the previous property owner, in addition to the two current wells on site, one that served the
residences at the ranch and an irrigation well, there were two other irrigation wells on the property that
each produced approximately 1,000 to 1,200 gpm. Water from these irrigation wells was used to supply
water for growing alfalfa, carrots and potatoes. One local resident indicates that potatoes were only grown
on the property sometime in the 1930s. However, the irrigation wells experienced some caving, and
required abandonment. It is our understanding in discussions with some long-time local residents that
during the period of time when these wells pumped groundwater for the purposes of irrigation, no nearby
residents experienced any difficulties associated with their wells (water quality, water level or well yields)
except when the wells were pumped at the highest rates (1,000 to 1,200 gpm). This preceded the
subdivision of land into 40-acre residential parcels that are currently supported by water wells penetrating
the Upper Aquifer.

A long-time resident also indicated that 80 acres at the southeast corner of Section 28 was used
historically for growing wheat, and approximately 0.5 feet of water was used annually. This would equal
approximately 40 afy, which is approximately twice the volume of water that will be used by CESF. If it
were assumed that this water (40 afy or 13 million gallons) was applied over a 6-month period, the
estimated pumping rate that would be required would be approximately 50 gpm. This pumping rate is
approximately four times the flowrate expected for the operating CESF facility. According to a long-time
resident of the site vicinity, it is our understanding that when the site was used for growing wheat, there
was no evidence that adjacent wells experienced any difficulties with low water levels, decreased
flowrates/yields or water quality. The projected long-term water use for the CESF is similar to that used
historically at the site, and based on this and other historical accounts, pumpage at these rates had no
effect on neighboring wells. Therefore, the proposed project is not likely to have a significant effect on
neighboring wells.
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SECTION 2 SURFACE WATER HYDROLOGY
2.1 REGIONAL HYDROLOGY SETTING

2.1.1 Climate, Precipitation and Evapotranspiration

Unless otherwise noted, the following information was excerpted from “Groundwater in the Carrizo
Plain”, an unpublished study by William J. Kemnitzer (1967). A copy of the Kemnitzer report is provided
in Appendix B.

2.1.1.1 Climate and Precipitation

The climate of the Carrizo Plain has some of the features of a desert basin notwithstanding that it is a
plain within the Coastal Ranges. This anomaly is because the uplifted plain is on the inland side of the
Coastal Ranges near the southern end of the San Joaquin Valley and is flanked by moderately high
mountains.

Rainfall over the Carrizo Plain and its watershed, although variable, averages a little more than 8 inches
annually. Nearly all of the precipitation is in the form of rain which falls mostly during the months of
December through February. However, isolated thundershowers sometimes occur during the summer.
Snow rarely falls on the basin floor, but does rather frequently during the winter on the peaks of the
adjoining mountains.

The DWR Bulletin 118 indicates that the average annual precipitation ranges from approximately 7 to 9
inches in the Carrizo Plain basin. The County provides access to active and historic rainfall data from
other voluntary sources. Evaluation of this data indicates that the average annual precipitation in the
vicinity of the CESF is closer to 10 inches. Most of the rainfall occurs from November through May with
minimal rainfall during the summer months. The historic rainfall distribution for the closest (inactive)
rainfall gauge to the CESF is provided in Table 2-1. The records from a nearby County gage, Simmler
#71, are included in AFC Section 5.05 which has similar monthly averages as shown in Table 2-1.
Additional County historic rainfall summary data is provided in Appendix C that confirms the historic
average annual precipitation on the plain of approximately 10 inches.

During the winter, temperatures below freezing are common. During the summer months daytime
temperatures are frequently in the 90°F range and are occasionally above 100 °F. Nights are usually cool
even in the summer. The long dry summers provide an adequate growing season for most crops, but the
relatively high altitude of the plain results in a shorter growing season, which limits the types of crops that
can be cultivated. The time between frosts averages around 200 days.
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Table 2-1
Historic Seasonal Rainfall

Yearly
Month Jul | Aug | Sep Oct | Nov | Dec | Jan Feb Mar | Apr | May | Jun | Total

Average | 003 | 003 | 014 | 033 | 0.8 | 151 | 201 | 193 | 168 | 095 | 021 | 0.03 | 9.68

Maximum | 052 | 063 | 207 | 1.76 | 3.06 | 490 | 862 | 721 | 510 | 460 | 144 | 034 | 2230

Minimum | 0.00 [ 0.00 [ 0.00 | 0.00 | 0.0 | 0.00 | 0.00 | 000 | 000 | 000 | 000 | 000 | 3.88

Reference: San Luis Obispo County Public Works, Volunteer Precipitation Gauge Station, Monthly Precipitation Report.

Notes:
Station Name: Cavanaugh Ranch #78 (Inactive).
Station Location - Lat 35°21'30", Long 120°02'30", Water Years 1938/39 to 1981/82.

2.1.1.2 Evaporation

Because the Carrizo Plain basin is one of internal drainage (closed to surface water outflow), precipitation
that does not infiltrate the soil accumulates in Soda Lake, a playa in the center of the basin. These surface
waters typically evaporate before the end of the summer, leaving the lake bed dry during most of the year.

Evaporation discharge of groundwater may by divided into (a) vegetal discharge and (b) soil discharge.
Vegetal discharge of groundwater occurs as a result of the physiological functioning of plants. The water
may be taken into the roots of plants directly from the zone of saturation or from the capillary fringe,
which in turn is supplied from the zone of saturation. It is discharged from the plants by a process of
transpiration. Soil discharge of groundwater occurs through evaporation directly from the soil or rocks.
Discharge of this kind can only take place where the water table is close to the surface.

The above evaporation discharges apply to groundwater only. In the Carrizo Plain basin, discharges must
also include evaporation of surface waters, nearly all of which accumulate in Soda Lake and are
prevented from any extensive downward percolation by the presence of a thick and largely impermeable
mud and clay bottom (at Soda Lake). Most of the surface water in Soda Lake is evaporated before the end
of the summer season. It is estimated that an average of nearly 45,000 af, or more than 25 percent of the
total water falling upon the Carrizo Plain watershed annually, evaporates from this lake.

The losses through natural vegetal transpiration are comparatively small, but those through planted non-
irrigated vegetal transpiration are large. Soil discharge of subsurface water is large due mainly to the arid
conditions prevailing in the Carrizo Plain during most of the year. Together, vegetal and soil discharge is
estimated to range from 46,000 to 72,000 afy, depending on the extent of non-irrigated crops.

2.1.2 Watershed Boundaries

The CESF is located within the Central Coast Hydrologic Region that covers approximately 11,300
square miles in central California including the Carrizo Plain. A map showing the Carrizo basin
watershed is provided as Figure 2-1. The boundaries of the basin appearing on this map include the area
considered in the hydrologic and hydrogeologic model included in this study. The Carrizo Plain is a semi-
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arid area dominated by flat topography with sloping, and rolling hills on its margins in the southeastern
part of San Luis Obispo County, California. The alluvial floor of this topographic basin is approximately
54 miles long and 6 miles wide. It is elongated in a northwest-southeast direction between two coastal
ranges, the Temblor Range on the east and the Caliente-San Juan Range on the west. Elevation of the
basin floor averages about 2,200 feet above mean sea level (MSL). Elevation of the Temblor Range is
approximately 3,000 feet and that of the Caliente-San Juan Range is about 4,000 feet, while the San Juan
section of this latter range is considerably lower at about 2,500 feet.

The Carrizo Plain watershed, including the floor of the plain, covers approximately 414 square miles, or
263,680 acres based on watershed delineation using recent United States Geographic Survey (USGS)
topographic maps of the area. Kemnitzer (1967) estimated the area of the watershed to be approximately
418 square miles.

The watershed areas that are tributary to and upstream of the site include three areas shown on Figure 2-2.
Basin 1 (as shown on Figure 2-2) includes the main Carrizo Plain drainage channel (referred to as
"Carriza Creek" in the PSA) that runs through the construction laydown area and is approximately 31.6
square miles. Basins 2 and 3 are directly tributary to the northerly site area and are approximately 3.9 and
4.3 square miles, respectively, for a total of 41.3 square miles including the solar field and construction
laydown area. The total watershed area tributary to the north end of Soda Lake is approximately 152
square miles (see Figure 2-1). The site and construction laydown area occupy approximately one percent
of the watershed tributary to the north end of Soda Lake.

2.2 SURFACE DRAINAGE AND HYDROLOGY

2.2.1 Pre-Construction Drainage Patterns

The project site currently consists primarily of disturbed farmland/ranchland. The Project site is generally
flat, sloping gently to the southwest with elevations ranging from approximately 2,064 feet to 2,014 feet
MSL. The portion of stormwater runoff that does not infiltrate into the ground moves via sheet flow and
follows the terrain to the south and west, is tributary to the main Carrizo Plain ephemeral drainage
channel ("Carriza Creek") that crosses through the southern portion of the construction laydown area, and
then is tributary to Soda Lake over ten miles downstream. The Carrizo Plain drainage ("Carriza Creek")
within the temporary construction staging area has been identified as a jurisdictional Waters of the United
States (WUS). Carrizo Energy has received notice from the U.S. Army Corps of Engineers (ACOE) that it
has initiated the Section 7 Consultation permitting process with the U.S. Fish and Wildlife Service.

Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) Community Panel
Numbers 0603040550B and 0603040575B (1982) show that the CESF and temporary construction
laydown area are within FEMA designated 100-year 'Zone A’ floodplain areas within Sections 28 and 33.
As discussed in the project description, the CESF site is generally not subject to flooding; however, an
area along Tracy Lane beginning approximately 174 meters (570 feet) onto Section 28 is within the 100-
year flood zone. Additionally, the main Carrizo Plain drainage feature ("Carriza Creek™) running through
the southern portion of Section 33 within the temporary construction laydown area is within a FEMA
designated 'Zone 'A' floodplain boundary. Base Flood Elevations (BFE) and hazard factors have not been
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determined for these areas. The BFE will be established during final engineering design if necessary for
design purposes.

2.2.2 Post-Construction Drainage Patterns

Stormwater runoff on the CESF will be directed from the paved (i.e., roads and parking lots) and non-
paved areas to local collection swales and infiltration areas and allowed to percolate and evaporate. Area
grading will be used to direct the runoff into a number of localized detention/infiltration areas located
throughout the solar farm. Given its desert nature and the very limited rainfall that occurs on the Carrizo
Plain, the majority of the water from this low intensity rainfall will be absorbed into the ground. The
detention/infiltration basins are integrated with the solar farm equipment and throughout the solar field to
collect excess rainwater that is not absorbed into the ground. The infiltration areas will be used to store
and infiltrate the stormwater runoff. Infiltration BMPs will be used such that ponding of on-site runoff
volume will not occur. The BMP will ensure that the runoff volume will infiltrate within 72 hours to limit
the potential for increased mosquito production. Additionally, post-construction BMPs, such as
hydroseeding and hydraulic mulch, or an equivalent, will be used to stabilize soils to control erosion for
both the solar farm and construction laydown area.

Rain falling in the power block area will be collected and directed to the surrounding solar field using a
system of swales integrated with the site grading plan. Rainfall from vehicle parking and paved areas in
the power block will be collected and directed to an OWS prior to discharge to the raw water tank for
recovery. Rainwater collected from active areas (i.e., potentially contaminated by oil) is routed to an
OWS. Following inspection, water from the OWS is sent to the wastewater tank and then to the water
treatment system for recovery.

2.2.2.1 Perimeter Swales

In the existing condition, runoff generated up gradient of the site sheet flows across it, either infiltrating
into the ground or sheet flowing across State Route 58 to the Carriza Creek downstream. The proposed
swales will direct flows from the upstream off-site watershed around the site and convey the off-site
runoff volume downstream to Soda Lake. The drainage swales will be constructed adjacent to the sides of
Section 28. The swales will direct the runoff to SR 58. Ultimately, the runoff will flow across SR 58,
confluence with the existing creek, traverse Section 33 and continue on its historical flow path in the
southeasterly direction toward Soda Lake.

Upgradient flows that cannot be contained in the perimeter swales will sheet flow across the site
(excluding the power block) and either infiltrate or sheet flow to the southwest corner as it does under the
existing conditions. The perimeter swales are not designed to convey significant runoff from the multiple
on-site detention/infiltration areas.

Based on the preliminary design of the swales, the total estimated swale volume is approximately 117 af.
Slopes vary from approximately one percent to less than one-tenth of one percent. As designed, the
capacity and velocity control provided by the perimeter swales provide the capability of channeling
typical annual upgradient storm water around the site. The final swale design will facilitate the
conveyance of up gradient surface storm water downstream to the creek either by sheet flow across State
Route 58 or the installation of pipe culverts under State Route 58 to facilitate swale drainage.
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Ultimately, the off-site runoff and any excess on-site runoff that is not infiltrated on site will be conveyed
into "Carriza Creek". Excess flows will sheet flow across the site (with the exception of the power
production area) and be captured in the onsite detention/infiltration areas.

2.2.2.2 "Carriza Creek™ Crossings

Carrizo Energy has determined that the two proposed creek crossings are a necessary component of the
project for it to be successfully completed and operated. Construction of the access road and two
permanent crossings will serve as a turnaround onto SR 58 for large construction vehicles during
construction of the CESF.

A hydraulic model, using the HEC-RAS program, was used to simulate potential changes in water surface
elevation (WSEL) in the creek that could result from construction of the crossings. The analysis was
based on available data from field photos and topographic maps. The assumed dimensions for the
"Carriza Creek™ channel were a 20-foot bottom width, side slopes varying from 2:1 to 4:1 and Manning's
N Value of 0.035. Preliminary design suggests that three, 3-foot by 5-foot reinforced concrete boxes
(RCBs) will be sufficient to convey the average annual runoff or the 2-year Design Storm from the
"Carriza Creek" at each of the two crossings with little increase to the WSELs. The upstream crossing
will be designed to ensure that no negative impacts will occur in the up gradient property adjacent to the
construction laydown area.

This general analysis suggests that the greater flow rates will have little increase in WSEL resulting from
construction of the two crossings. For final design, a detailed survey will be conducted to obtain final
design-level data on "Carriza Creek" within the construction laydown area. It should be noted that the
FEMA FIRM Panel 0603040575B, effective date July 5, 1982, has designated "Carriza Creek" as Zone
'A'. Zone 'A' is "the flood insurance rate zone that corresponds to the 1-percent annual chance floodplains
that are determined in the Flood Insurance Study by approximate methods of analysis. Because detailed
hydraulic analyses are not performed for such areas, no Base Flood Elevations or depths are shown within
this zone..." A second HEC-RAS analysis will be conducted prior to final design in order to further refine
the impacts analysis of the proposed crossings on the creek and neighboring properties. The design of
these crossings is not finalized, but the final crossing design will be updated accordingly, based upon
further detailed survey of "Carriza Creek" so that there will be no significant impacts on surrounding
properties with respect to upstream sedimentation or downstream erosion.

The proposed location of the temporary fueling area within the construction laydown area has been
relocated outside the area of the FEMA designated 100-year Zone 'A' floodplain and is now proposed to
be located in its northeast corner, as shown on Figure 2-3. The permanent fueling facility on the power
block (and all other facilities on the power block) will be elevated above the 100-year flood level.

Per the biological analysis, there are no vernal pools or vernal pool habitat areas on the project site or
construction laydown area. Additionally, there are no wetlands associated with the jurisdictional WUS
delineation. The jurisdictional WUS delineation area is not a wetland or vernal pool that relies on annual
flows. Therefore, the proposed hydrology condition will not adversely affect this area from a biological
standpoint.
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2.2.3 Surface Water Hydrology Analysis

The following sections provide a basis and results for an analysis of total runoff and surface water
infiltration for pre- and post-project scenarios, considering upgradient basins and Soda Lake. Calculations
related to this analysis are provided in Appendix C. This section of the report has been revised to address
CEC Data Request Sets 3 and 4, and the results of the on-site infiltration analysis have been included in
the groundwater modeling conducted for the post-project scenario.

2.2.3.1 On-site Runoff Analysis

Two methods were used to evaluate on-site hydrology. These included the Rational Method and the Soil
Conservation Service (SCS) Curve Number Method with HEC-HMS. The SCS Curve Number Method
was used to provide realistic runoff flow volume and rates that account for antecedent moisture
conditions, while the Rational Method was used for flood control infiltration basin sizing calculations.

The site is located in an unincorporated area of San Luis Obispo County, therefore, San Luis Obispo
County hydrology and hydraulic standards were used for preliminary design of onsite stormwater
facilities. San Luis Obispo County standards require the 100-year design for drainage areas greater than 4
square miles, the 50-year design storm for drainage areas from 1 to 4 square miles, and the 25-year design
storm for drainage areas less than 1 square mile.

Based on the project design, some onsite rainfall may be captured in the terrace detention/infiltration
areas and allowed to infiltrate and evaporate. The proposed site design includes detention/infiltration
areas that will capture the generated stormwater runoff. The retention requirement for the County of San
Luis Obispo is based on holding the 50-year storm, 10-hour intensity for 10-hour duration. Calculations
were performed to verify that the multiple onsite detention/infiltration areas have adequate volume to
store the stormwater runoff generated from a 50-year storm per San Luis Obispo County standards. Based
on these calculations, all proposed onsite runoff up through the 50-year storm can be stored onsite without
generating runoff to the perimeter swales. The Rational Method hydrology analysis was used to compute
pre- and post-project runoff volumes and flow rates onsite. The following information summarizes the
pre- and post-Rational Method hydrology runoff coefficients ('C' Values) used in the on-site Rational
Method Analysis and includes the following:

Total site area (including construction laydown area) = 1020 acres
Percentage impervious area before construction <1%

Runoff coefficient before construction = 0.38

Percentage impervious area after construction* <5%

Runoff coefficient after construction = 0.40

* Percentage impervious conservatively assumes entire power block, access road, and parking areas are impervious. Areas under the
reflectors are pervious.

Table 2-2a presents the results of the on-site Rational Method runoff flow rate calculations. This table
was prepared in response to CEC Data Request 39.
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Table 2-2a
On-site Stormwater Runoff Flows Using Rational Method
Total Existing | Total Proposed
Storm Event Intensity Onsite Flows* | Onsite Flows*
(yn) (in/hr) (cfs) (cfs)
2 0.50 122 128
5 0.70 170 179
10 0.80 195 205
25 1.00 243 256
50 1.10 268 282
100 1.20 292 307

Notes:

* These runoff values are based on the Rational Method and are conservative estimates of flow for
comparison purposes.

yr = year

in/hr = inches per hour

cfs = cubic feet per second

The SCS (now called the Natural Resources Conservation Service [NRCS]) hydrologic method requires
basic data similar to the Rational Method: drainage area, a “runoff curve number” (CN) describing the
proportion of rainfall that runs off, time to peak, the elapsed time from the beginning of unit effective
rainfall to the peak flow for the point of concentration, and total precipitation (P). This approach considers
the time distribution of the rainfall, the initial rainfall losses to interception and depression storage, and an
infiltration rate that decreases during the course of a storm event. The SCS hydrologic method is typically
used for study areas approximately 1 square mile or greater.

The SCS unit hydrograph method was originally developed from observed data collected in small,
agricultural watersheds. The hydrograph of storm runoff from a drainage area is also based in part on the
physical characteristics of the watershed. The principal physical watershed characteristics affecting the
relationship between rainfall and runoff are land use, land treatment, soil types, and land slope. The SCS
method uses a combination of soil conditions and land uses (ground cover) and land treatment (generally
agricultural practices) to assign a runoff factor to an area. The runoff factors, or CNs, indicate the runoff
potential of an area. The runoff potential increases with increasing value of CN. The CN does not account
for land slope; however, watershed lag time accounts for land slope in the SCS Method. In general, the
CN assumed for the analysis for this site was 85, based on Hydrologic Soil Group Type “C”. The Initial
Abstraction Rate for the pre-project condition, based on a CN of 85, is 0.35. The Initial Abstraction Rate
for the post-project condition, based on a CN of 91, is 0.20. The 2- through 100-year storm event rainfall
depths were obtained from the National Oceanic and Atmospheric Administration (NOAA) isopluvial
map for the southern half of California. Use of the NOAA isopluvial map to estimate these data are more
representative of basinwide conditions as compared to using rainfall data from nearby rain gauges. The
results of the on-site analysis using the SCS Method are summarized in Table 2-2b.
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Table 2-2b
On-site Stormwater Runoff Flows Using HEC-HMS (SCS Curve Number Method)
Basin Area 2-year S-year 10-year 25-year 50-year 100-year
Location (square Storm Storm Storm Storm Storm Storm
miles) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Basin 4 (Site) 1.6 63 78 121 167 265 316
Basin 4 (Site) 16 105 124 175 207 334 388
Post-Project

Based on the results appearing in Tables 2-2a and 2-2b, the flow rates estimated for the pre- and post-
project using both methods are relatively similar for the 100-year event. The amount of potential
stormwater volume generated onsite was also evaluated on an average annual basis. Under existing
conditions, approximately 316 afy of stormwater could be generated on the 1,024-acre project site,
including the construction laydown area. The site would generate approximately 388 af of stormwater
annually for the post-project scenario; however, there would be no surface runoff from the site under
normal conditions.

2.2.3.2 Off-site Runoff Analysis

The off-site hydrology calculations were performed initially using USGS Regression Equations to
quantify runoff generated from off-site, upstream watersheds. In Data Request Set 4, the CEC requested
that the SCS Curve Number method be used to provide runoff estimates. A description of the method and
its input parameters for this site are provided in the previous section. The results of that analysis were
used in the HEC-HMS hydrology model to estimate the volume of runoff generated from the upgradient,
off-site watershed areas.

The total watershed including the project site and construction laydown area comprises approximately
41.3 square miles of predominantly agricultural and undeveloped land. Of the 41.3 square miles, 31.6
square miles are tributary to the western boundary of the construction laydown area. Table 2-3 updates
the table that previously presented in response to CEC Data Request 38. This includes more refined basin
area delineations, the watershed basin downstream of the project to Soda Lake, as well as the entire Soda
Lake watershed basin.

This analysis evaluated the 6- and 24-hour storm duration in order to estimate the range of potential
runoff from individual storm events. Table 2-3 provides the anticipated pre- and post-project surface
runoff flow rates for a 6-hour storm event at the following three locations within the watershed: project
construction laydown area; north end of Soda Lake; and entire Soda Lake watershed. Table 2-4 provides
the anticipated pre- and post-project runoff flow rates for a 24-hour storm event for the same watershed
locations.

The watershed boundary tributary to the north end of Soda Lake is approximately 152 square miles,
whereas the total Soda Lake Watershed is approximately 414 square miles as shown on Figures 2-1 and
2-2. The surface water runoff rate reduction due to infiltration in the solar field area is minimal in
comparison to the overall watershed surface water runoff rates, and therefore, significant impacts to water
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resources downstream of the project and in the regional area are not anticipated for 6-hour and 24-hour
storm events, as indicated in Tables 2-3 and 2-4. There will be no significant change in the volume of
post-construction runoff to Soda Lake.

Table 2-3
Pre- and Post-Project Off-site Flow Rates (6-Hour Duration),
HEC-HMS Model Results for the SCS Curve Number Method

ie:j; 2-year 5-year 10-year 25-year 50-year 100-year
Location (square Storm Storm Storm Storm Storm Storm
miles) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

Basin 1 31.6 109 243 322 406 495 734
Basin 2 3.9 23 51 68 86 105 156
Basin 3 4.3 27 61 82 104 127 190
Basin 4 (Site) 16 14 35 48 63 78 121
Basin 4 (Site) 16 35 68 86 105 124 175
Post-Project
Pre-project Total |, 5 139 311 412 520 634 939
at the Site
Postproject Total | 5 136 303 402 507 618 916
at the Site
Pre-project Total
at North End of 152 365 820 1086 1372 1673 2480
Soda Lake
Post-project Total
at North End of 151 363 815 1079 1363 1662 2464
Soda Lake
Pre-project Total
Soda Lake 414 1183 2653 3513 4436 5410 8019
Watershed
Post-project Total
Soda Lake 413 1180 2647 3505 4425 5397 8000
Watershed

Notes:

1. Post-project total basin area does not include the approximately 0.6-square mile construction laydown area because that area is not part of the

permanent solar field.

2. The runoff pre- and post-project runoff flow rates presented in the table assume that all rainfall on the site will be detained and infiltrated onsite.

W:\27658060101805\01805-c-r.doc\27-Feb-09\SDG 2‘9




SECTIONTWO Surface Water Hydrology

Table 2-4
Pre- and Post-project Off-site Flow Rates (24-Hour Duration),
HEC-HMS Model Results for the SCS Curve Number Method

B;z: 2-year 5-year 10-year 25-year 50-year 100-year
Location (square Storm Storm Storm Storm Storm Storm
miles) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

Basin 1 31.6 406 495 734 989 1529 1810
Basin 2 3.9 86 105 156 211 327 388
Basin 3 4.3 104 127 190 258 403 478
Basin 4 (Site) 1.6 63 78 121 167 265 316
Basin 4 (Site) 16 105 124 175 227 334 388
Post-project
Pre-project Total |, 5 520 634 939 1266 1958 2317
at the Site
Post-project Total | 5 507 618 916 1235 1911 2261
at the Site
Pre-project Total
at North End of 152 1372 1673 2480 3343 5172 6121
Soda Lake
Post-project Total
at North End of 151 1363 1662 2464 3321 5138 6081
Soda Lake
Pre-project Total
Soda Lake 414 4436 5410 8019 10809 16727 19798
Watershed
Post-project Total
Soda Lake 413 4425 5397 8000 10783 16687 19750
Watershed

Notes:

1. Post-project total basin area does not include the approximately 0.6-square mile construction laydown area, because that area is not part of the
permanent solar field.

2. The runoff pre- and post-project runoff flow rates presented in the table assume that all rainfall on the site will be detained and infiltrated onsite.

2.2.3.3 Runoff Volume Analysis

The CEC previously requested the total runoff that could be captured by the perimeter swales. The swale
volumes were provided in the September 24, 2008 version of the report. However, the primary purpose of
the perimeter swales is to convey off-site runoff around the site and ultimately to Soda Lake. There is no
intention for the project to capture surface water runoff within the perimeter swales. In addition, in
response to comments appearing in the PSA, the project will be designed to either grade the swales back
to natural grade near SR 58 to allow for natural conditions, or install pipe culverts beneath SR 58 to
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facilitate drainage to "Carriza Creek". Therefore, the perimeter swale capture volume analysis was
removed from the report as it no longer applies to the proposed swale condition (no detention).

Three off-site areas and the site were considered in the 100-year, 24-hour runoff volume analysis
summarized in Table 2-5. These included the off-site areas west, north and east of the site and also the
project site.

Table 2-5
Annual Off-site Runoff VVolumes,
HEC-HMS Model Results for the SCS Curve Number Method

Location (sg.r?r?i.) Vo(lauf;ne Project Boundary
Basin 1 316 4,902 West
Basin 2 39 605 North
Basin 3 4.3 667 East
Project Site (post-project) 1.6 299 East
TOTAL -- 6,473

Note:
Project site area includes both the 1.0 sqg. mi. permanent operations area and the 0.6 sg. mi. temporary construction
staging area (to be restored after construction). Volume for the permanent project site area is approximately 187 af.

The pre- and post-project annual runoff volumes for the site and Soda Lake are summarized in Table 2-6.

Table 2-6
Pre- and Post-project Annual
Project Site and Soda Lake Runoff Volumes

10 Inches Annual Rainfall
Location Pre-project Annual Runoff | Post-project Annual Runoff Volume
Volume (afy) (afy)
Project Site 6,473 6,286
Entering Soda Lake 23,584 23,429

The total tributary area to the jurisdictional WUS within the construction laydown area is approximately
41.3 square miles. The associated total potential runoff flow volume is approximately 6,473 afy,
assuming 10 inches annual rainfall. This is a conservative flow volume that does not consider storage and
infiltration areas within the watershed upstream of the construction laydown area. Under the proposed
condition, the onsite average annual rainfall will be collected and infiltrated/evaporated onsite, and the
existing upstream flows will be routed around the site and flow to the jurisdictional WUS. Under the
proposed annual average condition, there will be a reduction in tributary area from 41.3 square miles to
40.3 square miles (a 2 percent decrease). Total runoff volume tributary to the WUS under this proposed
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condition, would be approximately 6,286 afy, a reduction of 187 afy (annual onsite project runoff volume
from 1.0 square miles).

A similar volume analysis for the watershed downstream of the project to Soda Lake indicates similar
results in terms of surface water volume reduction due to infiltration and evaporation of annual rainfall
onsite. The total tributary area to the north end of Soda Lake is approximately 152 square miles, resulting
in pre-project potential surface stormwater volume of approximately 23,584 afy. The corresponding post-
project volume is approximately 23,429 afy. Therefore, the reduction in the overall potential annual
surface water flow volume is approximately 1 percent. Therefore, no significant impacts to water
resources, dependent upon annual surface water flow volumes, are anticipated downstream of the site.

2.2.3.4 On-site Infiltration Analysis

An infiltration analysis was conducted for the site using HEC-HMS to estimate infiltration to the Upper
Aquifer from rainfall on the CESF project site (both on-site and perimeter drainage swales) for pre- and
post-project scenarios. Daily rainfall data from a nearby rainfall gage served as the basis for the rainfall,
evapotranspiration, and infiltration calculations. The goal of the analysis was to provide an estimate of the
annual average infiltration onsite as a result of rainfall, evapotranspiration, and runoff processes.

In order to approximate the infiltration rate for the project area, daily rainfall data was used from the San
Luis Obispo County Simmler Rain Gage #71, located approximately 3 miles southeast of the center of the
proposed site (Lat: 35° 21’ 06” Long: 119° 59’ 51”). The continuous daily rainfall records are available
for this gage since the 1930s (see Appendix C) and the analysis used data for the period from 1981/1982
to 1993/1994 (12 years). Maximum and minimum yearly rainfall ranged from 4.7 to 17.0 inches, with an
average annual rainfall of 10 inches. The annual average rainfall amount of 10.1 inches was calculated
based on twelve years of continuous daily rainfall data, which are comparable to the precipitation data
provided in Table 2-1.

The CEC requested that the project evaluate the infiltration condition using the SCS Curve Number
Method. Soil types and land use in the area were evaluated using existing soil maps, topographic maps
and aerial photos to establish the average runoff CN for the area. Two antecedent soil moisture conditions
were analyzed. A dry antecedent soil moisture condition (AMC I) and an average antecedent soil moisture
condition (AMC II) were used in the analysis to provide a range of potential infiltration values based on
different soil moisture conditions preceding rainfall. The CNs allow calculation of the Initial Soil
Abstraction, or the amount of rainfall that is absorbed by the ground prior to runoff. AMC | and AMC II
conditions result in CNs of 70 and 85, respectively, and Initial Abstraction Values of 0.85 and 0.35
inches, respectively.

The initial abstraction consists of interception, surface detention, evaporation, and infiltration. The water
held by interception, surface detention, and the infiltration at the beginning of a storm returns to the
atmosphere through evaporation. The higher the amount of initial abstraction, the lower the runoff will be
for a given rainfall amount in a watershed. Thus, the initial abstraction reduces the runoff potential of the
watershed and the CN.

ET rates were based on California Irrigation Management Information System (CIMIS) Reference Evapo-
transpiration Map (Zone 10). The CIMIS map provides a table indicating maximum potential ET rates per
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month for various areas throughout California. The ET rates are maximum potential rates assuming
available water supply. In this case, water supply is available only after storm events, so the ET amounts
were prorated based on the number of days of rainfall per month.

Calculation of potential infiltration into the Upper Aquifer is based on the following assumptions:
o Rainfall — initial abstraction = runoff
o Initial abstraction — evapotranspiration = actual infiltration

The water balance for the daily values were calculated in spreadsheets and averaged for each year to
determine the average yearly rainfall, runoff, and infiltration values for the project site (in inches). The
values were converted to afy by multiplying the various values in inches by the total site area.
Calculations are included in Appendix C.

The CEC requested an evaluation of the potential infiltration into the proposed perimeter swales. The
perimeter swales are designed to function first as flood control facilities to route upstream, off-site
stormwater around the site and convey the water downstream. The perimeter swales, as currently
designed, would be unlined, graded and compacted. The total estimated swale volume is approximately
117 af. However, it is not currently anticipated that the swales will function as infiltration areas, but
primarily as stormwater conveyance facilities.

Potential infiltration within the swales was calculated based on the swale dimensions (the capacity
appearing in Section 2.2.3.3) and assumed saturated infiltration rate (clay soils with Hydrologic Soil
Group D and saturated infiltration rate of 0.05 inch/hour) assuming a total of 5 days (120 hours) of
infiltration time. This results in approximately 7.3 af of groundwater recharge, assuming that ET in the
swales is negligible due to the short residence time of the water.

For the post-project scenario, the site will also be terraced with multiple infiltration areas onsite that
should provide increased opportunity for recharge to the Upper Aquifer. In addition, the constructed site
will have reduced plant transpiration and ET compared to the pre-project scenario resulting from
increased shading from the mirrors. Based on the geometry of the solar field and mirror layout, the initial
abstraction and ET rates for the post-project scenario were reduced by 70% to account for the changes.

Results of the analysis assuming average antecedent moisture conditions (AMC Il) indicated the
following infiltration values for the site and the perimeter swales:

e Existing Onsite Infiltration = 144 afy
e Proposed Onsite Infiltration (without perimeter swales) = 230 afy

The anticipated infiltration rates for the site for the post-project scenario is over ten times greater than the
estimated groundwater use for the CESF of 20.8 afy.
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SECTION 3 HYDROGEOLOGY

There has been only one comprehensive, basin-wide evaluation of groundwater that was conducted on the
Carrizo Plain by William J. Kemnitzer in 1967. This unpublished document serves as the basis for the
regional hydrogeologic setting for the site vicinity. Other studies have been conducted by Jon Cooper
specific to the area surrounding California Valley (Cooper 1990). Some information of a hydrogeologic
nature performed by Mr. Cooper was provided by Mr. Kenny Tab of California Valley and has been
included in our evaluation of hydrogeology and is provided in Appendix D. Another source of
hydrogeologic information was a letter report prepared by Bechtel Civil & Minerals, Inc. (Bechtel) to
evaluate water quality and availability for the Atlantic Richfield Corporation (ARCOQO) Carrizo Plain Solar
Project that was located on the northwest corner of the adjacent section immediately to the east of the
project site. At the time of the preparation of the AFC, this was the most informative document regarding
local aquifer characteristics near the site. Appendix K from the AFC includes these reports and this
information is provided in Appendix E of this document. URS has supplemented this information with the
results of a well survey for an area within approximately 3 miles of the site. The CEC requested URS to
conduct a 2-mile radius search for well information at the March 12, 2008 Public Workshop.

3.1 GEOLOGIC AND HYDROGEOLOGIC SETTING

Many studies have been done regarding the geology of the Carrizo Plain. The primary geologic sources of
published information used for this report include the USGS, the California Geological Survey (CGS)
(formerly California Division of Mines and Geology, CGMG) and the United States Department of
Agriculture (USDA), Much of the geologic information in this region is based on geologic mapping
performed by Tom Dibblee, Jr. The geology described herein appears in Dibblee, Jr. (1962). Specific
references include: “Regional Geologic Map of San Andreas and related faults in Carrizo Plain, Temblor,
Caliente, La Panza Ranges, and vicinity, California: A Digital Database” (USGS 1999); and the “Soil
Survey of San Luis Obispo County, California, Carrizo Plain Area” (USDA 2003). URS also performed a
preliminary geotechnical investigation. The results were presented in a report titled, “Preliminary
Geotechnical Investigation, CESF, San Luis Obispo County, California,” dated October 1, 2007 (final).
The stratigraphy and structure presented below is rather elementary to set the framework for the
hydrogeology that appears in this report. Some of this information was provided in the AFC for the
subject project.

A regional geologic map is presented on Figure 3-1 and the associated legend is included as Figure 3-2
(Dibblee, Jr. 1999). As shown on the map, the San Andreas Fault dominates the geology in the Carrizo
Plain and significantly affects the movement of groundwater in the Carrizo Plain basin. It forms the
northeast boundary of the Carrizo Plain, passing through the foothills of the Temblor Range. The San
Juan, Big Spring, and Morales faults pass through the hills to the west and southwest of the plain.
Faulting has caused deformation and uplift of the hills, which have been subsequently eroded.

A stratigraphic column showing the geologic units of the Carrizo Plain is provided in Appendix E. The
majority of the Temblor and Caliente Ranges are composed of Miocene-age sedimentary rocks consisting
of sandstone, shale, conglomerate, and siltstone that have been folded. These materials were originally
deposited in marine and non-marine environments. These Tertiary-age sedimentary rocks and Cretaceous-
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age strata overlie a granitic complex of Mesozoic age. Similarly, fault movements, uplift, folding and
erosion of these formations has resulted in a complicated stratigraphic sequence.

The primary aquifers in the Carrizo Plain are found in alluvium, the Paso Robles and Morales
Formations. Each water-bearing stratigraphic unit is described below.

Alluvium: Quaternary-age alluvium blankets the Carrizo Plain. It is up to several hundred feet thick, and
is thickest at Soda Lake. The upper Pleistocene- to Holocene-age alluvium consists of unconsolidated to
loosely consolidated sands, gravels, and silts with a few beds of compacted clays. The alluvium is highly
variable in composition, and based on the preliminary geotechnical investigation conducted by URS;
these sediments consist primarily of clay and clayey sand to a depth of approximately 100 feet at the site.

Paso Robles Formation: The alluvium is underlain by the Paso Robles Formation, which outcrops in the
hills along the northeast side of the plain. The Paso Robles Formation is a Pleistocene-age alluvial deposit
and is about 3,000 feet thick near the San Andreas Fault (USDA 2003). It consists of poorly sorted,
mostly loosely consolidated gravels, sands, and silts. Both the younger alluvium and the Paso Robles
Formation are derived from material eroded off the surrounding mountains. According to Kemnitzer
(1967), the western portion of the basin where the formation is thinnest, appears to have the best well
yields based on well log information. The lower portion of the Paso Robles Formation is fine-grained and
serves as an aquitard and barrier to the mixing of fresh water with poorer quality water that may be
present at depth below this formation.

Morales Formation: The Paso Robles Formation unconformably overlies the Morales Formation. The
upper Pliocene-age Morales Formation consists of sands, gravels, and silts, which are generally more
stratified and compacted than those in the overlying Paso Robles. The Morales Formation ranges in
thickness from just a few feet to more than 3,000 feet. The Morales is conformable with the underlying
Miocene-age strata.

Kemnitzer (1967) described that there are two water bodies beneath the Carrizo Plain based on their
quality. The groundwater with the poorest quality lies in the sediments immediately beneath Soda Lake.
Kemnitzer (1967) referred to this aquifer as the Soda Lake. Soda Lake is the sink for this closed basin and
repeated evaporation of surface inflows results in increased salinity of the groundwater in this area. These
lacustrine sediments consist primarily of clay. As such, these highly saline waters present in the sediments
beneath Soda Lake are hydraulically separated from better water quality at depth. Kemnitzer (1967)
referred to this water body at depth the Carrizo (aquifer). The water quality of the Carrizo is probably best
at the margins of the basin and further away from Soda Lake.

3.2 GROUNDWATER SUPPLY

Groundwater supply in the site vicinity is generally produced from two zones, an upper zone that is
generally less than 300 feet and a lower zone that exists at the site at a depth of approximately 450 to 600
feet below the ground surface. These are referred to as the Upper and Lower Aquifers, respectively, in
this document. There are water-bearing strata below these zones, as described in Section 3.6. This naming
convention should not be construed to indicate that there are no aquifers below what is being described as
the Lower Aquifer. It should be noted, some wells also produce groundwater in an interval from 100 to
200 feet bgs.
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3.2.1 Upper Aquifer

Based on a review of limited well information, potable water supplied to most residences and ranches for
domestic use is derived from shallow wells typically within a depth of about 175 feet bgs. Kemnitzer
(1967) refers to these wells as “Household and Livestock Wells”. In 1967, he identified 89 wells
penetrating the Upper Aquifer. No well yields were reported for these wells, however, based on a well
survey conducted by URS in March 2008; these shallow wells penetrating the Upper Aquifer probably
yield from a few gpm up to 40 gpm. There is much lateral variability in the grain-size of strata as
evidenced by URS’ geotechnical investigation. Much of the strata consist of clay and sandy clay with thin
layers of sand. It is these thin sand layers that are responsible for the well yields. Problems with water
availability have been noted by some residents. Many parcels have been subdivided into 40-acre parcels
for residential use that derive water supply from this zone, thereby increasing demand. Because the
permeable zones are relatively thin, additional pumping from the Upper Aquifer can result in lower water
levels and decreasing well yields.

In the water budget of Kemnitzer (1967) for the basin, he assumed an average annual production from
each of the 89 household and livestock wells to be approximately 6 afy. With continuous pumping, the
average well yield for these wells would be approximately 4 gpm.

3.2.2 Lower Aquifer

The Lower Aquifer from which groundwater is derived for use by residents of the plains is typically
present at a depth of greater than 450 feet. According to Kemnitzer (1967), these wells typically yield on
the order of 500 to 1,100 gpm. He identified 11 irrigation wells in 1967 and of these; it appears that six
were generally greater than 300 feet deep. It is from this zone that the CESF would derive its water
supply. He also identified three community wells. One was drilled into this Lower Aquifer. The other two
were located in California Valley, with depths of 1,019 and 1,865. No data on well yields for the
community wells are noted by Kemnitzer (1967).

3.3 WELL SURVEY

3.3.1 Methods

URS personnel conducted a land use survey in March 2008 that included identifying the location of water
wells within approximately 3 miles of the proposed site. The locations of wells were identified using a
portable Global Positioning System (GPS) unit and marked on a field map. URS personnel visited
residents to identify the characteristics of their wells. Many residents were not at home when URS
personnel visited. Residents were asked of their knowledge regarding well depth, screen intervals and
pumping rates for the wells on their property. It should be noted that although a well may have been
identified during the survey, it is possible that it may no longer be operating. Some additional information
was obtained following the August 5, 2008 workshop from residents regarding well location,
construction, approximate yield and current operation. The information collected during the well survey
and that obtained after the August 5, 2008 workshop was considered to evaluate the effects groundwater
pumping related to this project will have on the surrounding area and the groundwater basin through
groundwater modeling.
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URS also made a well data request to the California Department of Water Resources (DWR) through
completion of a Well Completion Report Release Agreement for an Agency Study under California Water
Code Section 13752. Our request was denied because URS is not an agent for an Agency, in this case the
CEC. No additional data were released to URS by the DWR.

3.3.2 Results

The locations of wells identified during the survey are shown on Figure 3-3. A limited set of data was
obtained from the residents concerning well construction and yield information which has been included
in Table 3-1. This includes wells identified on USGS topographic quadrangle maps for the site vicinity.
These wells are shown with a number following the well symbol on Figure 3-3. It should be noted that
although a well may have been identified during the survey, a local resident indicated after the August 5,
2008 workshop that some no longer operate. For example, Well G1 shown on the site has been
abandoned. This information is noted in Table 3-1 and on Figure 3-3.

As a result of the survey and other data sources, 86 wells have been identified. Based on the information
provided by residents, the wells that generally penetrate the uppermost zone to 100 to 200 feet below
ground surface (bgs) have well yields ranging from 8 to 20 gpm. During one of the public hearings, one
nearby resident to the proposed site indicated that his well that penetrates the Upper Aquifer has a well
yield of approximately 12 gpm (M. Strobridge, April 14, 2008 Public Hearing). Some of the wells are
screened through this interval to a depth of 200 to 300 feet. These wells appear to yield 40 to 150 gpm.
The wells with higher yields appear to be used for irrigation. Of the limited information provided by
residents, none of the wells appeared to be screened at a depth of 450 to 600 feet similar to the proposed
pumping well at the CESF site. As indicated above, Kemnitzer (1967) identified six wells that penetrate
to depths ranging from 300 to 700 feet bgs. These data served as a basis for the assumptions used in the
groundwater model included in this study.

Table 3-1
Summary of Available Well Completion Data
Approx.
Approx. | Depthof | Approx.
: Quarter/ Depth .
Township, | Range, Section | Other | Zone | Northin Eastin to Well Screen Pumping
THES RHHE . g g Depth | Interval Rate
Indicator Water (feet) | (fet-feet) | (gpm)
(feet) 9p
Well Survey Data
10S | 766991 | 3917437 20 300 100-300 100-150
10S | 765654 | 3918034 250 40
10S | 764165 | 3918391 30 250 30
10S | 764002 | 3920573 20 250 100-250 40
10S | 763990 | 3920704 20 200 100-200 40
10S | 763990 | 3920704 20 200 100-200 40
10S | 764775 | 3920692 20 140 20-100 25
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Table 3-1
Summary of Available Well Completion Data
(Continued)
Approx. Approx. | Depthof | Approx.
Township, | Range, Section ng::‘lrr/ Zone | Northing | Easting Detgth Well Screen Pumping
THHS RH#HE indicator Water Depth Interval Rate
(feet) (feet) | (feet - feet) (gpm)
- 10S | 772383 | 3912938 15 600 100-600 100
- 10S | 772346 3912871 15 600 100-600 100
- 10S | 227726 3914824 18 120 100-120 20
- 10S | 227726 | 3914824 18 120 100-120 20
- 10S | 227726 3914824 18 120 100-120 25
- 10S | 227391 | 3915931 20 150 80-150 20
10S | 228532 | 3915275 20 160 100-160 8
- 10S | 228532 3915275 20 80(?) UNK 8
Other Available Well Completion Data
29 17 25 - - - - 155 263 180 - 260 15
29 17 25 - - -- - 177 300 140 - 300 10
29 18 16 - - - 37 150 55-151 UNK
29 18 18 - - - 18 150 72 -150 UNK
29 18 28 - - - - 30 630 75-630 500
29 18 29 - - - - 10 610 100 - 360 300
29 18 29 - - - - 15 260 115- 255 150
29 18 29 -- - -- - 20 250 130 - 250 150
29 18 29 - - - - 15 340 40 - 300 300
29 18 30 - - -- - 30 263 100 - 260 150
29 18 30 Lotl - - - 60 200 40-195 50
29 18 30 Lot2 - - - 40 180 60 - 180 75
29 18 30 Lot3 - - - 40 175 55-175 75
29 18 30 Lot4 - - - 55 160 40 - 160 50
29 18 33 - - - 44 103 43-103 UNK
29 18 34 - - - UNK 460 155 - 380 UNK
29 18 34 -- - -- 15 102 42 -102 UNK
29 18 34 NE1/4 - - 40 204 66 - 204 UNK
29 18 35 - - - - 15 160 60 - 160 200
29 19 19 NE1/4 - - 26 101 30-102 UNK
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Table 3-1
Summary of Available Well Completion Data
(Continued)
Approx. Approx. | Depthof | Approx.
Township, | Range, Section QCL;?r:Zerr/ Zone | Northing | Easting Detgth Well Screen Pumping
THHS RH#HE indicator Water Depth Interval Rate
(feet) (feet) | (feet - feet) (gpm)
29 19 19 w 18 58 18- 58 UNK
29 19 21 SW1/4 22 98 38-98 UNK
29 19 27 NE1/4 36 126 0-126 UNK
30 18 1 N 42 106 50 - 102 20
30 18 1 75 140 70-130 UNK
30 18 1 N 38 150 40 - 141 30
30 18 10 15 160 20 - 160 70
30 18 11 63 111 63-111 UNK
30 18 12 UNK 520 100 - 520 UNK
30 18 13 55 170 110- 170 30
30 18 13 30 160 60 - 160 UNK
30 18 14 18 285 95 - 275 100
30 18 17 38 300 60 - 275 70
30 18 24 35 100 50 - 100 UNK

Notes:

Wells identified during the survey with well data are shown in yellow on Figure 3-3.

UNK: Unknown

3.4 AVAILABLE WELL INFORMATION

Publicly available well information for the Carrizo Plain is limited. The information provided below relies
on the following:

Kemnitzer (1967).

Proposed pumping well data on the site.

Data appearing in a hydrogeologic report prepared for the formerly adjacent ARCO solar facility.

o Well information provided by Mr. Kenny Tab for California Valley that is greater than 3 miles
from the site (Tab 2008).

o Well information provided by Mr. John Ruskovich following the August 5, 2008 Workshop.

These data are provided in Appendices B. D and E.

URS
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3.4.1 Groundwater Quality

Limited groundwater quality data are available for the site vicinity. Data for two on-site wells, one that
penetrates the Upper Aquifer (the ranch well, T29S/R18E-28L1), and a well that has been abandoned
(T29S/R18E-28G1) that pumped from the Lower Aquifer are summarized in Table 3-2. Based on the
review conducted by Bechtel for the ARCO groundwater availability study conducted in 1984, limited
water quality data were available for 8 wells from DWR. The data are summarized in Table 3-3. Although
not located within 2 miles of the site, water quality data from wells drilled for Mr. Kenny Tab are
provided in Appendix D.

The total dissolved solids (TDS) in these wells ranged from 346 to 1,102 mg/l. Other than the data for the
two wells located on site 29S/18E-28G1 (abandoned Lower Aquifer well) and 29S/18E-28L1 (ranch well,
100 feet bgs), it is not known what aquifers (Upper or Lower) these other wells represent. It is possible
that these wells could be screened across both the Upper and Lower Aquifers.
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Table 3-2
Available Groundwater Quality Data - Site Wells
(constituents reported in mg/l, unless noted otherwise)
pH Hardness
(unit EC Total Non- SAR
Well ID Date less) (umhos/cm) Ca | Mg Na K Alk | SOs | ClI | NOs B F TDS | Total | Carbonate (%)
29S/18E-
28G01* 10-22-68 7.4 1387 75 27 180 | 2.0 4 533 | 98 23 | 054 | 0.7 | 957 298 294 4.5
29S/18E-
28L01** 10-22-65 7.9 1143 71 20 145 | 1.0 | 136 | 260 | 74 | 80.0 | 0.68 | 0.6 | 750 259 121 3.9
10-11-66 8.0 1150 - - - - 131 - 70 | 70.0 - - - - - -
11-04-67 8.2 1123 72 16 148 | 1.0 | 137 | 239 | 74 | 870 | 059 | 0.6 | 727 246 109 4.1
10-22-68 8.1 875 39 15 125 | 1.0 | 127 | 119 | 81 | 70.0 | 057 | 0.8 | 564 151 24 44
11-18-70 8.0 1191 81 18 143 - 147 | 223 | 65 | 130 | 0.75 | 0.6 | 805 276 129 3.7
11-04-74 8.3 1111 71 17 148 | 1.2 | 148 | 215 | 75 | 104 | 0.67 | 0.6 | 727 247 90 3.9
10-25-76 8.0 1156 78 20 142 | 08 | 155 | 236 | 80 | 97.0 | 0.69 | 0.5 | 797 274 122 3.7
10-31-77 8.2 1040 80 19 150 | 0.2 | 167 | 239 | 77 | 88.2 | 0.65 | 0.6 | 847 278 111 3.9
Notes:
EC: Electrical Conductivity
Ca: Calcium NOs: Nitrate
Mg: Magnesium B: Boron
Na: Sodium F: Fluoride
Alk: Alkalinity SiO2 Silica
K: Potassium TDS: Total Dissolved Solids
SOq: Sulfate SAR: Sodium Absorption Ratio
Cl: Chloride
* Abandoned site well with depth similar to proposed pumping well.
ok Upper Aquifer well on the CESF property.
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Table 3-3
Available Groundwater Quality Data - 2-Mile Radius
(constituents reported in mg/l, unless noted otherwise)
pH Hardness
(unit EC Total Non- SAR
Well ID Date less) (umhos/cm) | Ca Mg Na K Alk. | SOs | Cl | NOs B F Si0; | TDS Total Carbonate (%)
29S/18E-
29E01 10-21-53 8.1 885 47 15 135 0 153 | 166 | 57 | 343 | 060 | 0.7 - 635 179 26 4.6
29S/18E-
29G01 10-04-72 8.3 1053 49 16 147 16 | 142 | 197 | 69 | 33.0 | 0.64 | 0.8 - 691 169 47 4.7
30S/18E-
02D01 10-22-68 7.4 1478 118 28 157 1.0 | 136 | 515 | 83 | 383 | 0.75 | 0.7 - 1102 410 274 4.0
30S/18E-
02N01 03-12-54 7.7 602 52 16 60 1.0 | 152 73 | 39 | 430 | 0.18 | 0.6 - 396 187 35 1.9
10-02-58 7.2 792 60 25 33 3.0 | 194 69 | 64 | 6.0 | 0.20 | 0.4 | 20.0 505 255 59 2.3
07-30-59 7.2 685 58 22 58 20 | 158 | 110 | 45 | 31.0 | 0.20 | 0.1 | 30.0 500 235 77 1.0
10-04-60 7.7 875 74 24 70 10 | 191 | 149 | 52 | 30.0 | 040 | 05 | 33.0 384 285 92 1.8
04-19-61 7.7 810 69 21 71 1.0 | 184 30 | 48 | 450 | 019 | 0.3 | 35.0 691 259 75 2.9
10-31-61 8.0 836 66 24 81 20 | 180 | 151 | 57 | 31.0 | 0.16 | 0.3 | 32.0 541 263 63 2.3
10-22-62 7.9 720 61 20 60 1.0 | 162 15 | 39 | 36.0 | 0.20 | 0.4 | 40.0 430 234 72 1.7
10-10-63 8.0 670 48 28 62 10 | 166 | 125 | 41 | 36.0 | 0.32 | 0.1 | 31.0 494 235 69 1.8
10-07-64 7.8 765 62 20 63 10 | 166 | 117 | 36 | 10.0 | 0.24 | 0.4 | 38.0 440 237 71 1.8
10-22-65 7.9 884 77 22 60 1.0 | 180 | 158 | 34 | 39.0 | 0.26 | 0.3 600 293 95 2.0
11-04-67 8.2 866 77 19 83 20 | 175 | 150 | 62 | 40.0 | 0.20 | 0.4 570 270 95 2.2
10-22-68 8.0 909 76 24 86 1.0 | 167 | 176 | 62 | 45.0 | 0.29 | 0.3 625 289 121 2.5
11-18-70 7.8 1030 94 50 101 - 180 | 205 | 74 | 55.0 | 0.26 | 0.3 706 317 131 2.2
11-09-72 7.9 513 43 15 38 15 | 136 8 | 32 | 363 | 0.7 |03 - 356 169 31 1.9
10-22-68 7.9 514 34 12 52 1.0 | 136 83 | 32 | 563 | 0.7 | 0.3 - 346 154 23 2.0
Notes: Cl: Chloride
EC: Electrical Conductivity Na: Sodiqm NOs: Nitrate TDS: Totgl Dissolved fSoIids .
Ca: Calcium Alk; AIka||n|.ty B: Borop SAR: Sodium Absorption Ratio
Mg: Magnesium K: Potassium F F!qorlde
SOs: Sulfate SiO2 Silica
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3.4.2 Groundwater Levels

There is no active groundwater level monitoring occurring near the site. However, based on historic
groundwater well data obtained from the Regional Water Quality Control Board (RWQCB), DWR, and
other local well data, groundwater levels in the area have fluctuated over the years between a minimum of
4.3 meters (14 feet) bgs to approximately 16 meters (54 feet) bgs. Historical water levels for the northern
region of the basin in 1967 are shown on a figure provided in Kemnitzer (1967; Appendix B).

The depth to groundwater was measured in the proposed pumping well on February 14, 2008. On that
date, the depth to water was 37.49 feet bgs. In 1965, the water level was approximately 30 feet bgs. Depth
to groundwater fluctuates seasonally as a result of recharge and discharge (groundwater pumping, ET and
outflow from the basin). Although these measurements represent only two widely separated data points, it
is likely that the difference in water levels is a function of seasonal variation.

3.4.3 Proposed Pumping Well
The proposed pumping well, shown on Figure 3-3, has a DWR well 1D of T29S/R18E-L03.
3.4.3.1 Groundwater Sampling Procedures

On February 14, 2008, URS personnel conducted purging and water quality sampling of the proposed
pumping well at the CESF site. Prior to purging and sampling of the well, the depth to groundwater was
measured to the nearest 0.01 foot using a Solinst electronic water-level indicator. The depth to
groundwater was approximately 37.49 feet bgs. A Schafer 5-horsepower (hp) pump was installed in the
well temporarily at a depth of approximately 120 feet bgs to facilitate purging and sampling. At the time
of the water quality sampling and temporary pump installation, the turbine was not present on top of the
well. The property owner had removed the turbine and the pump so that the pump could be serviced. A
15,000-Watt portable generator was used to provide electricity to power the pump. The well was pumped
at rates between 95 and 108 gpm and purged of at least three casing volumes (approximately 19,000
gallons) prior to sampling. Parameters measured during purging included potential of hydrogen (pH),
temperature, conductivity and oxidation-reduction potential (ORP) using an YSI flow through cell. Once
the parameters stabilized to within 10 percent between readings, purging stopped after approximately 4
hours of pumping. Approximately 47.65 feet of drawdown was observed in the well during purging. The
water level in the well was allowed to return to at least 80 percent of its original water column height.
Ferrous iron was also monitored during purging. Ferrous iron was not present in the discharge at
detectable concentrations (<0.2 mg/l). A purge log is provided in Appendix F.

Groundwater was collected using a bailer suspended using a nylon cord. The groundwater was decanted
into laboratory-supplied containers with preservative as required for specific analyses. The groundwater
samples were sealed, labeled, placed in an insulated cooler with ice and transported under chain-of-
custody procedures to Calscience Environmental Laboratories, Inc. (Calscience), a state-certified
laboratory in Garden Grove, California for analyses. Some analyses were contracted to other laboratories
by Calscience. The bailer and sampling equipment was decontaminated prior to use by washing in a non-
phosphate detergent solution followed by rinsing twice with distilled water.
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3.4.3.2 Groundwater Analysis Methods

The groundwater sample was analyzed for parameters to evaluate general water quality, address CEC
Data Request 50, and provide specific water quality information to the facility design engineers. The
parameters analyzed (and the analytical methods) were as follows:

e Anions (sulfate, chloride, nitrate, orthophosphate and fluoride) by U.S. Environmental Protection
Agency (EPA) Method 300.0.

e Dissolved and total metals (calcium, magnesium, sodium, potassium, silicon, chromium, copper,
iron, manganese, arsenic, cadmium, nickel, lead, zinc, aluminum, mercury, antimony, barium,
beryllium, selenium and thallium) by EPA Methods 6010B and 7470A.

e Turbidity by SM 2130B.

o Alkalinity (Total, Bicarbonate and Hydroxide) by SM 2320B.

e Specific conductance SM 2510B.

e Total Dissolved Solids (TDS) by SM 2540C.

o Total Suspended Solids (TSS) by SM 2540D.

e pH by SM 4500 H+B.

e Total Phosphorous by SM 4500 P B/E.

e Carbon dioxide by SM 4500 CO2D.

¢ Radionuclides by EPA Method 900.0, 903.0, 905.0, 906.0, 908.0 and RA-05.

e Volatile organic compounds (VOCs) by EPA Method 8260B Semivolatile organic compounds
(SVOCs) by EPA Method 8270C.

e Asbestos by EPA Method 100.2.
e Cyanide by SM 4500-CN E.

3.4.3.3 Groundwater Analytical Results

Analytical results for the groundwater sample collected from the proposed pumping well to address CEC
Data Request 50 are summarized in Table 3-4. Primary and secondary Maximum Contaminant Levels
(MCLs) for drinking water in California are provided on the table for comparative purposes. Primary
MCLs were developed to address human health risk associated with drinking water. Secondary MCLs
were established primarily to address aesthetics, such as color, odor and taste. It is Carrizo’s intent to use
inferior quality water as a supply, since it will be treated to meet specifications for site use. A copy of the
laboratory analytical reports and chain-of-custody form are provided in Appendix F.
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NE: None Established.
ND: None detected; see lab report for detection limits for specific compounds.
MCL: Maximum Containment Level.
MCL is primary, unless indicated with an asterisk (*).
BOLD indicates concentration is above MCL.

The symbol “<” (less than) indicates the constituent was not detected above the analytical detection limit specified.

SECTIONTHREE Hydrogeology
Table 3-4
Groundwater Analytical Results - Proposed Pumping Well
(analytes reported in mg/l, unless noted otherwise)
Primary/ Primary/

Analyte Concentration | Secondary Analyte Concentration | Secondary

MCL MCL
Title 22 Metals: Anions:

Antimony 0.0262 0.006 Fluoride 14 2.0
Arsenic <0.0100 0.05 Chloride 66 NE
Barium 0.019 1.0 Nitrate (as N) 13 10

Beryllium <0.00100 0.004 0-Phosphate (as P) <0.10 NE

Cadmium <0.00500 0.005 TE’;"’S" é;k(fi"c')’;')ty 114 NE

Chromium 0.0181 0.05 Bicarbonate (as CaCO0s) 114 NE
Copper <0.00500 1.0 Carbonate (as CaCOs) <1.0 NE

Lead <0.0100 0.015 Hydroxide (as CaCOs) <1.0 NE
Mercury <0.000500 0.002 General Water Quality Parameters:

Nickel <0.00500 0.1 EC (umhos/cm) 1600 900*
Selenium <0.0150 0.05 TDS 1140 500*
Thallium 0.0278 0.002 TSS 15 NE

Zinc 0.0194 5.0 pH (unitless) 6.88 NE

Base Cations: Total P 0.4 NE

Calcium 107 NE Carbon Dioxide 6.3 NE

Magnesium 23.7 NE Other Priority Pollutants:
Sodium 183 NE VOCs (ug/l) ND

Potassium 0.9 NE SVOCs (ug/l) ND

Other Metals: Total Cyanide <0.050 NE

Aluminum <0.0500 1.0* Asbestos 0.19 7

Iron 0.733 0.3* Radionuclides (pCi/L):
Manganese 0.0616 0.05* Gross Alpha 9.36 15

Silicon 19.8 NE Gross Beta 0.00 50

Silica 42.4 NE Strontium 90 1.03 8

Radium 226 0.237 5
Tritium 0.000 20000
Uranium 6.00 20
Radium 228 0.241 2
Notes:
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Both dissolved antimony and thallium concentrations detected in groundwater are present at
concentrations above their respective primary MCLs for these metals. Nitrate (as Nitrogen) is present at a
concentration that is above its primary MCL. Total manganese and iron are also present at concentrations
that are above their respective secondary MCLs. Analytical results indicate that the TDS specific
conductance and sulfate in the groundwater were also above their respective secondary MCLs for
drinking water. Therefore, the groundwater from the Lower Aquifer is not suitable for use as drinking
water without treatment.

None of the VOCs and SVOCs was detected in the groundwater sample analyzed; therefore, none of the
specific compounds was present above its primary MCL. The radionuclides analyzed were not present in
the groundwater sample at levels above their respective primary MCLs. Asbestos was also not present in
the groundwater sample above its primary MCL.

In December 2005, groundwater samples from the proposed pumping well were analyzed for general
water quality parameters by BC Laboratories, Inc. These data are included Table 3-5.

Table 3-5
Historical Groundwater Analytical Results - Proposed Pumping Well
(analytes reported in mg/l, unless noted otherwise)

Component Co:;/:r:?gtaion
Bicarbonate 150
Boron 0.77
Calcium 90
Carbonate ND
Chloride 69
Hardness (total) 290
Hydroxide Alkalinity ND
Magnesium 17
Nitrate as N 15
Nitrite as NO2 65
pH, Field (unitless) 8.0
pH, Lab (unitless) 74
Potassium ND
Sodium 150
Specific Conductance (umhos/cm) 1100
Sulfate 330
Total Dissolved Solids 790
Total Cations 12
Total Anions 12
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3.4.4 Aquifer Characteristics

The proposed pumping well is constructed of a 16-inch diameter casing that is set to a depth of 603 feet
bgs. At the time the well was drilled in 1965, depth to groundwater was 30 feet bgs and the well yield was
approximately 500 gpm with 370 feet of drawdown after 8 hours. A well driller’s report is provided in
Appendix E.

No aquifer testing of the proposed pumping well was conducted since the well yield has been reported to
be considerably greater than the water needed for construction and operation of the project. Additionally,
a pump test was conducted on a Lower Aquifer well immediately adjacent to the site. The now dismantled
ARCO solar site was located on the adjacent section to the east of the CESF (Section 27) from
approximately the mid-1980s to the late 1990s. Research and testing was conducted prior to construction
to determine whether the underlying Carrizo Plain Groundwater Basin could support the proposed water
requirements for that project. A design long-term mean of 115 gpm was proposed (maximum seasonal
water requirement of 190 gpm for 4 months from June to September and 24-hour peak demands of
250 gpm).

A groundwater exploration program was conducted in 1984 and three test borings were drilled (W-1
through -3). Borings W-1 and -2 were drilled to approximately 620 and 600 feet bgs, respectively. No
significant sand or gravel zones were encountered at these locations, so no test wells were installed.
Another exploratory boring was drilled approximately 120 feet north and 120 east of the southwest corner
of Section 27 (test boring W-3) where sand and gravel was encountered at depths ranging from
approximately 460 to 610 feet bgs. The boring was reamed and a 12-inch diameter well was installed. The
Bechtel report indicated that the well was abandoned since the well screen had been broken during
installation or development. A replacement boring was drilled about 36 feet to the north of W-3A and a
well installed with a 10- and 8- inch diameter casing and 8-inch diameter screen. The screen was installed
at depths ranging from 530 to 550 and 570 to 600 feet bgs. The screen consisted of 0.030-inch slots. A
gravel filter pack was installed from 220 to 620 feet bgs.

Bechtel reported that it conducted a constant-rate pump test. A review of the data and analyses of the
pumping test conducted at test well 3A (W-3A) indicated that the well was capable of yielding the design
water requirements (115 gpm) and could meet both seasonal and peak demands. The static level of water
in the well before pumping was 40 feet bgs and the pumping rate was set to 305 gpm initially. There was
333 feet of drawdown, resulting in a water level that was 373 feet below ground surface. Pumping rates
over the following 3 days varied between 254 to 268 gpm, with an average pumping rate of 265 gpm. The
depth to water recovered to 340 feet bgs and then again began dropping slowly. At the end of 3 days, the
water level was 368 feet bgs. Based on the well’s performance and adjusting the well’s performance to a
rate of the desired 115 gpm over 20 years (projected operational period of the ARCO Site), Bechtel
indicated that “the aquifer is capable of providing the water requirement and the extraction would not
interfere with existing users.” Similarly, Bechtel noted that preliminary literature reviews followed by
discussions with local farmers indicated that the groundwater resources at the proposed site should be
sufficient to meet the water requirements. Bechtel concluded that the maximum long-term mean capacity
of the well was estimated to be 170 gpm. A copy of this report is provided in Appendix E. Based on the
results of the aquifer test, the transmissivity of the aquifer was estimated based on the Theis solution to
the non-steady state flow equation. Conservative estimates of transmissivity estimated using both
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drawdown and recovery data ranged from 1,300 to 3,200 gallons per day per foot (gpd/ft). This range of
values was considered in the groundwater model simulation performed that is described in Section 3.6.

3.5 GROUNDWATER BUDGET

Relative to other basins in California, there has been little historical study of groundwater use, monitoring
of trends in groundwater elevations, and characterization of the hydrogeologic conditions in the Carrizo
Plain basin. The resulting lack of data leads to more than the usual hydrogeologic uncertainty regarding a
current water budget for the basin. Some planning documents indicate that the Carrizo Plain is currently
in an overdraft situation. In contrast, the only hydrogeologic characterization of the basin suggests that
there is a substantial net flow of water from the basin as discussed below (Kemnitzer 1967).

Kemnitzer (1967) estimated total net consumption of groundwater in the Carrizo basin in 1967 as
approximately 3,898 afy, of which approximately 534 afy was from the 89 shallower wells (mostly less
than 100 feet in depth) he identified that were for household and livestock use. This total net consumption
was estimated to be about 2 percent of the gross and 5 percent of the net average annual recharge.
Kemnitzer (1967) estimated the balance between water recharge and discharge for the Carrizo basin
involves a gross annual amount of approximately 177,000 af. This figure is based on the average
precipitation of 8 inches of rainfall annually falling upon 266,000 acres of watershed. Of this gross
recharge, at least 118,000 af, or nearly 67 percent, is estimated lost through ET and other natural
processes. The remaining 59,000 af, or 33 percent of the gross, is considered to be the net average annual
groundwater recharge.

That part of the net average annual recharge of 59,000 af or 33 percent into the Carrizo groundwater body
which is not being utilized is believed to pass out of the basin as underflow at its northern end into the
adjacent Las Yeguas and the San Juan subsurface drainage areas. Kemnitzer (1967) concluded that this
outflow could be captured economically before it has opportunity to leave the basin, without lowering
appreciably the overall groundwater levels. He also concluded that recovery this net recharge would then
be sufficient to irrigate approximately 32,000 acres of hay and grain, alfalfa, pasture, truck and
miscellaneous crops as well as to supply a modest community development in the northern half of the
plain.

Based on his analysis and a historical review of the available data, Kemnitzer (1967) concluded that:

“In neither of these groundwater bodies [the upper and lower aquifers comprising the
water bearing zones of the basin], have enough wells been drilled or has sufficient water
been discharged from wells to lower the groundwaters from their original levels
established by the natural balance between recharge and discharge.”

Recent discussions with local residents indicate that the current pumpage may be substantially less than in
1967, when Kemnitzer authored his assessment of the groundwater budget for the Carrizo Plain.

3.6 GROUNDWATER MODELING ANALYSIS

URS prepared a basin-wide model to simulate steady-state flow and estimate the movement of
groundwater in the basin and to evaluate the potential effects that the proposed groundwater withdrawals
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for the proposed project may have on surrounding wells and the aquifers. A simple analytical solution to
steady-state groundwater flow to estimate possible effects on surrounding wells was prepared and
presented at the March 12, 2008 public workshop. The analysis was preliminary and it showed that
pumping in the Lower Aquifer would result in changes in water levels in the wells penetrating this aquifer
of generally 3 feet or less immediately adjacent to the site as a result of approximately 20 years of
pumping. This model did not account for basin recharge or infiltration, and therefore the results were
considered to conservatively overestimate the potential affects of pumping.

At the request of the CEC, a scoping-level model was developed to include infiltration, basin-wide
groundwater budgets, and basin-wide hydrogeologic characteristics. This model can be used to explore
the range of plausible hydrogeologic conditions in the site vicinity in a sensitivity analysis. Local grid
refinement and a local “inset” model with a finer (more dense) grid were developed for the site vicinity to
more accurately simulate drawdown in this region. As a result of more recent CEC data requests and
discussion during the August 5, 2008 workshop, the potential infiltration resulting from the project
(infiltration areas on-site has also been included in subsequent model runs described herein. The models
were run for steady state Project and transient Construction Scenarios and, with the exception of
calculations for on-site infiltration, is conservatively developed for dry periods when there is no surface
water flow and no assumed surface water in Soda Lake. Simulations were performed using the USGS
Software, MODFLOW 2000. The rationale for characterization of the groundwater system is described
below.

3.6.1 Model Domain and Grid

The model domain is bounded laterally by the watershed divide for the Carrizo Plain and the top of the
land surface elevation (Figure 3-4). The domain is discretized (divided) horizontally into square grid
blocks 2,000 feet on each side (Figure 3-5). The local grid refinement has a discretization of 125 feet and
the local inset model grid has a discretization of 100 feet on each side (Figure 3-5). Vertically the water
bearing formations as described in Dibblee, Jr. (1962) and Kemnitzer (1967) are divided into six layers
(Figure 3-6). These layers become thicker from west to east to mimic the stratigraphy of the basin. The
water-bearing deposits of all but Layer 1 (Upper Aquifer) and Layer 3 (Lower Aquifer) terminate on the
east at the San Andreas Fault. Layer 1 represents the Upper Aquifer that supplies domestic, livestock and
irrigation water to residences on the plains. This layer extends to a depth of approximately 300 feet bgs on
the site. Layer 3 on the site includes the depth interval from approximately 450 to 600 feet bgs that
includes the screen interval of the proposed CESF pumping well (T29S, R18E-28L03). Layers 4 and 5
comprise deeper, high-conductivity (permeability) water-bearing formations. Layer 6 includes bedrock
and low-conductivity (permeability) strata present at greater depth.

3.6.2 Boundary Conditions

Boundary conditions for the base model, as well as changes used in sensitivity analyses are discussed
below.
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3.6.2.1 No Flow and General Head Basin Boundaries

The watershed divide comprises a no-flow boundary, with the exception of the northern end of the basin,
where general head boundaries (GHB) are applied (see Figure 3-5) to represent underflow from the basin
at its northern end into the adjacent La Yeguas and the San Juan subsurface drainage areas as described in
Kemnitzer (1967). In a sensitivity analysis, flow out these GHBs was eliminated to yield an alternative
conceptual model of the basin from which there is no underflow leaving to the north as proposed by
Kemnitzer (1967). The GHB conditions are applied using the MODFLOW GHB package. No-flow
boundaries are also applied to the bottom of the model.

3.6.2.2 Recharge

Annual average recharge of 60,000 afy was applied to Layer 1 of the model. The recharge rate was
computed as the difference between precipitation (177,000 af) and the estimated evapotranspiration (ET)
(including that from Soda Lake) of 118,000 afy (Kemnitzer 1967). The estimated recharge varies spatially
to represent greater precipitation rates in the northwest region of the basin and the ET effects of dry-land
farming (Kemnitzer 1967). This rate of recharge falls within the range of the AMC | and AMC II
estimates for existing recharge on the CESF project site (see Section 2.2.3.4). The Project Scenario
includes a net increase in recharge in the project area of 86 afy (230 afy Project less 144 afy existing) to
the Upper Aquifer resulting from the infiltration of surface water in the drainage swales on the site. This
water would otherwise infiltrate or evaporate along the drainage channel that extends beyond the site to
Soda Lake for no net gain to the basin. In the Project Scenario, an equal amount of recharge (86 afy) was
removed from the model nodes that represent the drainage channel extending south of the site to Soda
Lake. This recharge is conservatively assumed to offset recharge that would have occurred along the main
channel en route to Soda Lake, i.e., the proposed project does not result in a net increase in recharge.
Recharge was applied using the MODFLOW recharge package.

3.6.2.3 Pumping

Pumping was assigned to each of the 86 wells identified in the well survey and that fall within the model
domain. Pumping rates from domestic and irrigation wells were reevaluated based on discussions at the
August 5, 2008 public workshop and CEC data requests. The pumping rates for the wells identified were
as follows:

Domestic Wells: Domestic wells penetrating the Upper Aquifer were pumped at an average rate of 0.62
gpm or approximately 1 afy as requested by the CEC to reflect expected residential water use in the area.
Many of the wells identified during the survey are located on subdivided 40-acre parcels that the local
residents indicate are used primarily for residential use and penetrate the Upper Aquifer only.

Irrigation Wells: Although the actual rate of pumpage from irrigation wells is not known, local feedback
indicates that the overall rate of pumpage from irrigation wells is less than when last estimated in the
1960s (Kemnitzer 1967). It was assumed that the irrigation wells are those that have been identified in the
Lower Aquifer (Layer 3). For some wells, irrigation pumpage was calculated from known land use (see
below). For the remaining wells, land use is uncertain and estimates from such an analysis would be
correspondingly characterized by a great degree of uncertainty. Therefore, an approach was taken wherein
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two rates of pumpage were considered to conservatively bracket a range of probable irrigation pumpage
within the basin.

For the base model, it was assumed that the irrigation wells identified are operated year round using a
35% duty cycle at their estimated well yield at the time of their construction. Based on information
provided by Mr. John Ruskovich, some of the irrigation wells are only pumped for three months out of
the year to support the cultivation of spring hay. Others are also likely to be used for only part of the year.
Others may not be used at all. Furthermore, during periods of the year when wells are being used for
irrigation, a 35% duty cycle likely overestimates the duration of operation. Therefore, year-round
operation with a 35% duty cycle represents an upper bound estimate for irrigation pumpage that
conservatively maximizes groundwater withdrawal and drawdown, and therefore, maximizes any
potential impacts of the CESF project and the proposed OptiSolar project on groundwater in the
surrounding area. A lower bound for irrigation pumpage was considered in sensitivity analyses. To
bracket a lower bound, it was assumed that all irrigation wells were only used for three months out of the
year with a 35% duty cycle. Note also that Mr. John Ruskovich informed URS that several of the
irrigation wells are no longer used and the pumping rates for these wells were set to zero in all model
runs. In addition, there are a number of specific wells where water use has been estimated based on land
use.

Pumpage was calculated for two properties where specific land use is known. First, there is a Lower
Aquifer well at the California Valley restaurant and hotel that is not used to support agriculture, located in
T30S R18E Section 12. A recent discussion with the owner, Mr. Kenny Tab, indicates that the well has an
estimated yield of 500 gpm and supplies water to his restaurant, hotel and provides irrigation for
landscaping. The landscaping includes a 3,000-foot row of trees (assumed to occupy approximately 3
acres). Based on calculations, it is assumed that the water use from this well for irrigation and other uses
is the equivalent of 26 residential homes or approximately 14 afy. There are also approximately 8 water
wells that provide irrigation supply to approximately 160 acres of olive groves at La Panza Ranch,
approximately 3 miles southwest of the site in T30S R18E Section 6. It was assumed that 2.5 feet/year are
required for irrigation to sustain the olive groves (see data appearing in Table 1-3). Each well was
designated a pumping rate that is one-eighth of the total estimated annual water demand for the groves.

Site (CESF) Pumping Well: It was assumed that the site well will pump at a rate of 144 afy for the
Construction Scenario and 20.8 afy for the Project Scenario from the Lower Aquifer (Layer 3).

Hypothetical Topaz/OptiSolar Well: The combined effect of pumping from the CESF project and the
proposed Topaz/OptiSolar project to the north was also evaluated as requested by the CEC. The
Topaz/OptiSolar well was included because the nearest areas of that project lie within a 3-mile radius of
the CESF site and there are private parcels with residential wells located between the two projects that
may have the potential to be affected by groundwater pumping. Topaz Solar Farms LLC/OptiSolar, Inc.
(OptiSolar) indicates in its Conditional Use Permit (CUP) Application submitted to San Luis Obispo
County that groundwater will be supplied to the project from existing wells within the site footprint. The
document provides no further detail on the location of the wells or the aquifer that will be pumped. To
provide a conservative evaluation of the combined effect of the CESF and OptiSolar pumping wells on
the surrounding area, it was assumed that: 1) the OptiSolar well is located near the CESF site in a
location where there are residential wells between the two proposed sites and, 2) the well will be pumping
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at a rate of 26.7 afy. This is the rate of maximum anticipated water use at the OptiSolar site during three
years of construction. After construction, the facility is expected to use approximately 3.5 afy. In addition,
it was assumed that OptiSolar would be required to use water of lesser quality, and as such, water would
be pumped from the Lower Aquifer (Layer 3).

Hypothetical SunPower California Valley Solar Ranch: A CUP Application was submitted to San
Luis Obispo County in January 2009 for the proposed SunPower California Valley Solar Ranch. Expected
daily water demand indicated in the application is estimated as 32,500 gpd (22.6 gpm or 36.4 afy) for
construction and 10,400 gpd (7.2 gpm or 11.7 afy) for operations. This well was not included in the
model simulations, since:

e The nearest point of the SunPower project is approximately 6 miles east of the CESF project
boundary, which is too far away to have a combined impact on the site vicinity.

e The proposed groundwater withdrawals for SunPower and any other well that may be located in
the site vicinity are essentially accounted for in the range of withdrawals considered for the basin
in the model runs.

e Previous model runs that considered groundwater withdrawals for the residential wells of 12 afy
did not result in any significant impact of the pumping site well on surrounding wells.

The overall pumpage in the model for the wells identified is 2,624 afy, which is 30% less than the
estimate made in 1967 (Kemnitzer 1967). This reflects the change in water use practices related to
agriculture that has been reported by a number of long-time residents of the plains. Well depths were
assigned based on reported screen intervals, where available; otherwise wells were assumed to be
screened in the Upper Aquifer (up to 300 feet bgs). The proposed pumping well at the site is assumed to
withdrawal water from Layer 3 of the model during construction and operation of the facility.
Conservatively it assumes pumping of 144 afy for three years during construction and 20.8 afy (18,500
gpd, or approximately 13 gpm) for site operations following construction. The model was also run for 144
afy for the first year of construction. In the No-project Scenario, no pumpage is assigned to this well. The
base model includes combined CESF and OptiSolar projects where pumpage is also assigned to the
OptiSolar well. Wells were simulated using the MODFLOW well package.

3.6.2.4 Model Parameters: Hydraulic Conductivity (K), Specific Storage (Ss) and Specific Yield
(Sy)

Conceptual Model. Hydraulic conductivity (permeability) values are based on the measured data and the
geologic interpretation. Flow in the Upper Aquifer (Layer 1) generally follows the topography and is
directed towards Soda Lake. Historical groundwater levels in the Upper Aquifer appear in Kemnitzer
(1967) provided in Appendix B. Kemnitzer (1967) suggests that there is substantial underflow in a
northwest direction out of the basin. To accommodate this conceptual model, the deeper aquifers (Layers
4 and 5) must have higher horizontal hydraulic conductivities (K,) than the Upper Aquifer and low
enough vertical hydraulic conductivity (K,) to allow for this substantial flow, as well as trends in
hydraulic heads that oppose those of the Upper Aquifer north of Soda Lake. This conceptual model
indicating high K, in the deep aquifers is consistent with the presence of ancestral channels of a stream
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that flowed northward. In addition, a low K, is consistent with the well logs that indicate substantial
heterogeneity with a significant volume fraction of clay, and the need for multiple borings to find
substantial high K sediments in the Upper and Lower Aquifers (Bechtel 1984). The K, of the Upper
Aquifer is expected to generally decrease near Soda Lake since it is underlain by lacustrine deposits
consisting of clay and silt.

Specified K Values. The K, varies spatially within each layer of the model. The Ky of the Upper and
Lower Aquifers ranges from 1.0 to 2.5 feet/day. The higher end of this range is consistent with the results
of the aquifer test on the adjacent ARCO well and is generally assigned to developed regions in the north
basin including the site. The K, for the pumping well was estimated based on the thickness of the sand
lenses described on the drilling log, compared to those observed during drilling in the ARCO well boring.
These model runs also consider the estimated hydraulic conductivities for the gravel pack, based on
information provided on the boring log, which extends from a depth of 70 feet bgs to the total depth of the
well. During pumping, it was assumed that there will be no well screen present in the Upper Aquifer in
the proposed pumping well,

Lower values of K;, were assigned near Soda Lake and east of the San Andreas Fault. The Ky values for
Layers 4 and 5 are as high as 5.0 feet/day. The K, of Layer 6 (bedrock and the bottom of the model) was
specified as 0.01 feet/day. The specified ratio for K,/K;, in the base model was approximately 1/100. The
smaller the K,, the less pumpage from the Lower Aquifer affects the Upper Aquifer. The specified ratio
for K\/Ky, was selected from the upper range of plausible values and then both adjusted even higher by a
factor of 4 to 1/25 and lower by a factor of 10 to 1/1,000 in a sensitivity analysis to consider uncertainty
in this parameter. Most of the specified K values were adjusted during calibration of the model.

Specified Storage Values. Aquifer storage parameters describe the ability to yield water from a decline
in groundwater levels. The specific storage was specified as a constant 2.0 x 10°ft* for the system.
Typical values of S, range from 0.01 to 0.3, with the smaller values associated with semi-confined
systems that yield less water and experience greater water level declines in response to pumping. It was
assumed that much of the Upper Aquifer behaves as a semi-confined system. Values of specific yield of
approximately 0.01 were therefore assigned to Layer 1 in the project vicinity.

3.6.2.5 Evapotranspiration (ET)

An estimated 118,000 afy of ET was accounted for in estimates of the recharge as described above. As
noted by Kemnitzer (1967), groundwater heads (elevations) in many parts of the basin near Soda Lake are
rarely more than 10 feet bgs. In addition, heads in other parts of the basin periodically rise to near land
surface. Under such conditions, when groundwater levels are near land surface, ET from groundwater will
occur naturally (Figure 3-4). This additional ET was simulated in the model using the MODFLOW ET
package and an ET rate of 5.5 feet/yr with an extinction depth (the depth at which there is no ET) of 15
feet bgs.

3.6.2.6 San Andreas Fault

The San Andreas Fault is assumed to impede the flow of groundwater from east to west. The hydraulic
effects of the San Andreas Fault are simulated with horizontal flow barriers (HFBs) using the
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MODFLOW HFB package. The locations of HFBs corresponding to the San Andreas Fault are shown on
Figure 3-5.

3.6.3 Results of Analysis

The model was run for Construction, Project and No-project Scenarios. A Combined Projects Scenario
was also performed at the request of the CEC to include the proposed Topaz Solar Farm LLC/Optisolar,
Inc. (OptiSolar) facility that is proposed immediately to the north of the CESF. The results of the analysis
provide insight into the validity of the conceptual model of the basin, as well as an evaluation of the
potential impacts of the project on groundwater flow in the basin and neighboring wells. Model results are
provided below. Sensitivity analysis results are provided in Appendix G.

3.6.3.1 Conceptual Model and Calibration

A hand calibration was performed to match the general character of the observed heads in the Upper
Aquifer (Layer 1) and the measured head in the Lower Aquifer (Layer 3) at the proposed pumping well.
Calibration involved changing (hydraulic conductivity) K values and the distribution of recharge. The
calibrated recharge rate in the vicinity of the CESF property, estimated independently of the infiltration
analysis for the CESF property (Section 2.2.3.4), falls between the AMC | and AMC Il estimates for
existing recharge on the property. The base model includes substantial underflow from the basin, but less
than that suggested by the sole historical hydrogeologic analysis (Kemnitzer, 1967) of the Carrizo Plain
(see Section 3.6.5.4 and Appendix G for additional discussion of alternative conceptual models). The
results discussed in the following section and appearing in Appendix G is sufficient to infer the potential
project impacts for alternative conceptual models of the basin. Groundwater budgets for the final base
model are shown in Table 3-6. Simulated groundwater levels for the Upper and Lower Aquifers for the
basin are shown on Figures 3-7 and 3-8, respectively. Simulated groundwater levels for the Upper and
Lower Aquifers for the site vicinity (inset model) are shown on Figures 3-9 and 3-10, respectively.

3.6.3.2 Project and No-project Scenarios

Both the Combined Projects and Project Scenarios include the proposed CESF pumping well
(T29S/R18E-28L03). The No-project Scenario includes no pumping from this well. The proposed
pumping well at the CESF is currently screened in the Upper and Lower Aquifers, from 75 feet bgs to
approximately 600 ft bgs. When used in the proposed CESF, the upper portion of the screen will be
sealed with a sleeve so that water can only enter the well casing through the screen interval that
corresponds with the Lower Aquifer. In the No Project, Project and Combined Projects Scenarios, the
CESF well was included in Layer 3. Additional No Project scenarios were run where the CESF well was
included in Layers 1, 2 and 3 with no pumping to estimate borehole flow. Borehole flow, the transfer of
water between aquifers through flow within the wellbore, was simulated in these scenarios using the
multimodal well package of MODFLOW. A reduction in potential borehole flow associated with
installation of the sleeve has the potential to mitigate drawdown in the Upper Aquifer.

In the Project Scenario, it was assumed that the CESF well is pumped at an average annual rate of 18,500
gpd, or 13 gpm. The overall pumpage in the model for the wells identified is 2,678 afy, which is 30% less
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than the estimate made in 1967 (Kemnitzer 1967). This reflects the change in water use practices related
to agriculture that has been reported by a number of long-time residents of the plains.

Modeling results for the Project and No-project Scenarios are described below. The Project Scenario
includes pumping from the on-site pumping well, Sensitivity analyses are presented in Section 3.6.5.4.

Budgets. The groundwater budgets from these Project and No-project Scenarios are shown in Tables 3-6
through 3-8. The increase in pumping at the project well is approximately 20.7 afy, or 0.78% of the
estimated total pumping from the basin. This increase in pumping is compensated for locally by the
estimated local increase of 86 afy of recharge from the CESF project; nevertheless, as discussed
previously, the model does not include a net increase in recharge due to the project. The project results in
a decrease of 22.1 afy in the total groundwater ET and an increase in the total underflow from the basin of
1.6 afy.

Table 3-6
Simulated Groundwater Budgets without Project
In Out
Budget Component
geL-ome (afy) (afy)
Recharge 60,641
Underflow -- 11,676
Groundwater ET -- 46,317
Pumping from Wells -- 2,648
TOTAL 60,641 60,641
Table 3-7

Change in Simulated Groundwater Budgets Due to Project

In Out
Budget Component (afy) (afy)
Recharge 0 0
Underflow 0 1.6 (0.014%)
Groundwater ET 0 221 (-0.048%)
Pumping from Wells 0 20.7 (0.783%)
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Table 3-8
Simulated Groundwater Budgets with Project

In Out
Budget Component (afy) (afy)
Recharge 60,641
Underflow -- 11,678
Groundwater ET -- 46,295
Pumping from Wells -- 2,668
TOTAL 60,641 60,641

Groundwater Elevations. Simulated groundwater elevations for the Upper (Layer 1) and Lower (Layer
3) Aquifers from the basin-scale model are shown on Figures 3-7 and 3-8, respectively. Groundwater
levels simulated with the inset model for the Upper and Lower Aquifers in the site vicinity are shown on
Figures 3-9 and 3-10, respectively. Note that because results show little combined effects due to the CESF
and OptiSolar projects, these figures (Figures 3-7 through 3-10) are shown for the results of the
Combined Projects Scenario. The differences in heads (drawdown) between the No-Project and Project
Scenarios for the Upper and Lower Aquifers (Layers 1 and 3) at the project property boundary are shown
on Figures 3-11 and 3-12, respectively. The approximate change in head in the Upper and Lower Aquifers
at the property boundary are -1.5 and 0.2 feet, respectively. Changes in groundwater elevations on the
property near the proposed pumping well in the Lower Aquifer will be greater than 0.2 feet. Note also that
groundwater levels in the Upper Aquifer (Layer 1) actually rise due to the local increase in recharge
calculated for the project considering local increase in infiltration. Results not shown show that an
additional increase in water levels may result from the placement of a sleeve in the upper portion of the
existing well screen (Layers 1 and 2 of the model). These results indicate that pumping the CESF well
will not have a significant affect on neighboring wells and groundwater levels in the basin. Because the
effect of pumping the CESF well will not result in a significant change in groundwater levels, the water
supplied to it will not be drawn from great distances (for example, poor quality water from the Soda Lake
area 10 miles away). Therefore, pumping of these wells will not have a significant affect on water quality
in the area or basin. In addition, due to the relatively low rates of proposed pumpage for the projects, no
significant impacts will result from other plausible alternative models and sensitivity.

3.6.3.3 Combined Projects Scenario

As requested by CEC, a model run considering the possible combined effects of both the project and the
proposed OptiSolar project (Combined Projects Scenario) was completed. This scenario includes
pumping from the CESF well considered in the Project Scenario and a hypothetical OptiSolar well that
has been located on T29S/R18E Section 21 where residential wells lie between the two sites, as this
would be the most conservative geometry. The hypothetical OptiSolar well was also assumed to be
pumping from the Lower Aquifer. The results of modeling for the Combined Projects Scenario are
summarized below.
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Budgets. The groundwater budgets from these scenarios are shown in Tables 3-9 and 3-10. The total
pumpage for the Combined Projects Scenario is 47.5 afy, or 1.8% of the estimated current total pumpage
from the basin. The Combined Projects Scenario results in an decrease of 43.6 afy in the total
groundwater ET and an decrease in the total underflow from the basin of 4.8 afy.

Table 3-9
Simulated Groundwater Budgets with Combined Projects
In Out
Budget Component (afy) (afy)
Recharge 60,641
Underflow -- 11,671
Groundwater ET -- 46,275
Pumping from Wells -- 2,695
TOTAL 60,641 60,641
Table 3-10
Change in Simulated Groundwater Budgets Due to Combined Projects
In Out
Budget Component (afy) (afy)
Recharge
Underflow -- -3.9 (-0.033%)
Groundwater ET -- -43.6  (-0.094%)
Pumping from Wells -- 475 (1.794%)
Note:

Budget does not account for potential decrease in ET and increased
recharge to the Upper Aquifer resulting from construction of the OptiSolar
project.

Groundwater Levels. The differences in heads (drawdown) between the No Project and Combined
Project Scenarios for the Upper and Lower Aquifers (Layers 1 and 3) for the inset model are shown
Figures 3-11 and 3-12. The approximate change in head in the Upper and Lower Aquifers is -1.2 and +0.2
feet, respectively. As noted previously, drawdown on the property near the proposed pumping well in the
Lower Aquifer will be greater than 0.2 feet. Note also that groundwater levels in Layer 1 rise due to the
local increase in recharge resulting from construction of the CESF project. It should be noted that the
results do not take into account the potential reduction in ET that is likely to be associated with
construction of the OptiSolar project that would also potentially enhance and increase recharge to the
Upper Aquifer. These results indicate that pumping the Combined Projects wells will not have a
significant affect on neighboring wells and groundwater levels in the basin. Because the effect of
pumping the wells will not result in a significant change in groundwater levels, the water supplied to it
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will not be drawn from great distances (for example, poor quality water from the Soda Lake area 10 miles
away). Therefore, pumping of the wells will not have a significant effect on water quality in the area or
basin. In addition, due to the relatively low rates of proposed pumpage for the projects, no significant
impacts will result from other plausible alternative models and sensitivity.

3.6.3.4 Construction Scenario

The Construction Scenario includes pumping from the proposed CESF well at three projected average
annual rates for Years 1 through 3 during the construction phase of the project. The highest average
annual use is expected during Year 1 (128,500 gpd; 89 gpm). The water use during the subsequent years
of construction decreases considerably. During Year 2 the projected water use for construction is 64,300
gpd (45 gpm) and during Year 3, water use is projected to be 33,900 gpd (24 gpm). In addition to on-site
groundwater pumping, the model simulations also assumed that the Optisolar well was also being pumped
at the rate indicated in its CUP Application. The construction scenario model runs were conducted to
simulate transient flow conditions. The results of modeling for the Construction Scenario are summarized
below.

Groundwater Levels. The differences in heads (drawdown) between the No Project and Construction
Scenarios for the Upper and Lower Aquifers (Layers 1 and 3 for the model) are shown on Figures 3-13
and 3-14 following pumping at the highest rates that is project to occur in Year 1 (144 afy, 89 gpm). The
approximate change in head in the Upper and Lower Aquifers on the property boundary is 0.9 and +2.1
feet, respectively. Drawdown of 0.9 feet in the Upper Aquifer (where nearby local residents obtain their
groundwater) during construction conditions is not considered a significant impact considering the
analysis includes conservative aquifer parameter and response assumptions and that this is a temporary
drawdown that will decrease as the project uses less water in the transition from construction to operation
as shown for the Upper Aquifer following Years 2 and 3 of construction (Figures 4-14 and 4-15) and the
Combined Projects Scenario previously presented on Figure 3-11.

As noted previously, drawdown on the property near the proposed pumping well in the Lower Aquifer
will be greater than 3.0 feet. It should be noted that the results do not take into account the potential
reduction in ET that is likely to be associated with construction of the OptiSolar project that would also
potentially enhance and increase recharge to the Upper Aquifer. Results also do not include the changes
in borehole flow that will occur when the upper section of the well screen is sleeved and that are also
likely to reduce drawdown. Results show that the water supplied to the well will not be drawn from great
distances (for example, poor quality water from the Soda Lake area 10 miles away). Therefore, it is not
anticipated that pumping of the wells will have a significant effect on water quality in the area or basin.

These results indicate that pumping during construction at the specified rate will not have a significant
effect on neighboring wells and groundwater levels in the basin. However, results for the Construction
Scenario are sensitive to changes in hydrogeologic conditions; results for other plausible alternative
models and sensitivity analyses discussed below suggest that there is some drawdown (less than
approximately 3 feet) in the Lower Aquifer beyond the property boundary that can result from pumping
during construction under specific hydrogeologic conditions.
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3.6.3.5 Sensitivity Analysis

Sensitivity analyses including lower pumpage, higher vertical conductivity, and an alternative conceptual
model were conducted to evaluate effects of changes in particular parameters and boundary conditions on
groundwater drawdown resulting from the combined pumping of the CESF and hypothetical OptiSolar
wells. Maps showing the results of the sensitivity analysis are provided in Appendix G as Figures G-1
through G-8. Note that the maximum drawdown in the Construction Scenario occurs at the end of the first
year of pumping (Year 1), after which drawdown decreases due to the corresponding decrease in the
pumping that will occur during Years 2 and 3. Estimated drawdown in the upper Aquifer in the site
vicinity related to the decreased pumping during Years 2 and 3 are shown on Figures G-1 and G-2,
respectivelly.

Lower Overall Pumpage. As previously indicated, there were lower and upperbound pumping rates
estimated for the basin. The lower pumping rate for the irrigation wells in the basin had little effect on the
drawdown for the Construction Scenario compared to the upperbound pumpage used in the base model as
shown for the Upper and Lower Aquifers on Figures G-3 and -4, respectively.

Vertical Hydraulic Conductivity (K,). The specified ratio for K,/Ky in the base model was 1/100. By
increasing or decreasing the K,, drawdown in the Upper Aquifer, groundwater levels either increase or
decrease, respectively, in response to pumpage in the Lower Aquifer. An increase in K, can result in more
drawdown in the Upper Aquifer because this results in an increase in vertical connection allowing water
to move from the Upper to the Lower Aquifer in response to pumping. Similarly, a decrease in K, will
focus drawdown to the Lower Aquifer and decrease drawdown in the Upper Aquifer. Therefore, scenarios
with the specified ratio for K,/K; adjusted higher and lower by a factor of 4 to 1/25 and 1/1,000,
respectively, were run in a sensitivity analysis for the Combined Projects and the Construction Scenarios.
It is noteworthy that the scenario with an increase in overall K, includes two additional conservative
assumptions: (1) no borehole flow (see below), and (2) an increase in the vertical conductivity due to the
gravel pack of the well assuming a hydraulic conductivity of 2,000 feet/day (Driscoll 1989).

Increasing or decreasing K, (the ability for water to move vertically) had little effect on changes in
groundwater levels in Layers 1 and 3 between the Combined Projects and No-Project Scenarios for the
site vicinity (results not shown). For the Construction Scenario at Year 1 and the decrease in K,,
drawdown in the Upper and Lower Aquifers at the boundary of the proposed CESF property was
negligible (results not shown) and 7.0 feet, respectively (Figures G-5 and -6 respectively). For the
Construction Scenario at Year 1 and an increase in K,, estimated drawdown in the Upper Aquifer at the
boundary of the proposed CESF property was approximately 2.0 feet (Figure G-7). In addition, drawdown
in the Lower Aquifer at the property boundary (Figure G-8) is virtually identical to that in the Upper
Aquifer due to the high K,. Note that, as discussed above, this scenario includes additional assumptions
including no borehole flow and an accounting for an increase in the vertical conductivity due to the gravel
pack of the CESF well.

Borehole Flow. As previously indicated, the No Project no project scenarios were also run to estimate the
potential borehole flow under current conditions. The magnitude of borehole flow is sensitive to K, as
well as the conceptual model of the basin. Specifying a lower value for K, will tend to focus vertical flow
between layers to the wellbore, increasing wellbore flow. Wellbore flow was estimated to range from
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negligibe (high K,) to more than 65 afy (approximately 40 gpm for the low vertical K) from Layer 1 to
Layer 3. Wellbore flow in the base model was substantial at 34 afy (21 gpm) from Layer 1 to Layer 3.
These results suggest the potential for a substantial reduction in wellbore flow that can significantly offset
drawdown or increase the water level rise in the Upper Aquifer due to the project once the screen in the
Upper Aquifer is sleeved.

Alternative Conceptual Model. Starting from the calibrated model, the conceptual hydrogeologic model
of the basin proposed by Kemnitzer (1967) was tested through a series of analyses that adjusted a range of
plausible alternative model parameters. These analyses suggest that the conceptual model of Kemnitzer
(1967) overestimates flow out of the basin. Instead, excess water that does not flow out of the basin to the
north is lost through groundwater ET (Tables 3-6 through 3-8). In fact, it appears that groundwater ET is
not an explicit component of the water budget presented in Kemnitzer (1967). The calibrated model
includes this groundwater ET and is consistent with groundwater levels near the land surface from which
groundwater ET may become significant (e.g., historical depths to groundwater observed onsite were as
shallow as 14 bgs, see Section 3.4.2). As noted previously, groundwater levels in many parts of the basin
near Soda Lake are rarely more than 10 feet bgs (Kemnitzer 1967). Under such conditions, when
groundwater levels are near land surface, ET from groundwater will occur naturally. The base model
includes substantial underflow (flow out of the basin). Thus, it is noteworthy that an alternative
hydrogeologic conceptual model for the Carrizo Plain is one in which there is minimal underflow from
the basin.
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SECTION 4 CONCLUSIONS

Based on the information described herein, URS concludes the following:

The CESF will use considerably less water than irrigated agricultural uses that have occurred
historically on the plains.

The CESF will use considerably less water than wet-cooled solar power and conventional power
generating facilities.

Historical information suggests that previous agricultural activities on the property pumped the
existing well and other wells at considerably higher pumping rates compared to that proposed for
the CESF Project. There were no indications that previous water use on the property affected
nearby wells. Therefore, the proposed pumping that is considerably less than the historical
pumping rate (Project scenario) will not significantly affect water quality, water levels or well
flow rates (yield) on adjacent properties.

The facility will be constructed to allow infiltration of surface water that falls directly on the site.
It is estimated that the average annual infiltration post-construction will be approximately 230
afy. This is 1.5 times the projected water use during Year 1 of construction, and 10 times the
annual water use estimated during facility operations.

The facility will use inferior quality groundwater for its water supply. The results of groundwater
sampling from the proposed pumping well indicate that several parameters are above their
respective drinking water standards.

The increase in pumping from the proposed project is likely to be offset by decreases in
groundwater ET and underflow out of the basin. Model-simulated changes in groundwater ET
and underflow out of the basin as a result of this proposed pumping were 0.048% (24 afy) and
0.014% (3.4 afy), respectively.

Plausible alternative models of the basin will lead to results comparable to those presented herein,
i.e., the proposed pumping would likely result in commensurate decreases in either underflow, ET
or a combination of both, with similar levels of drawdown.

The results for the Project Scenario indicate negligible drawdown in the Lower Aquifer (Layer 3)
at the property boundary, less than 3.0 feet of drawdown in the Lower Aquifer on site, and an
actual water level rise in the Upper Aquifer (Layer 1), since some localized recharge is estimated
as a result of the project.

The results for the Project Scenario confirm historical accounts that pumping from the site well at
the proposed pumpage rates will not have a significant effect on shallow neighboring wells and
groundwater levels in the basin. Because the effect of pumping the CESF well will not result in a
significant change in groundwater levels, the water supplied to it will not be drawn from great
distances (for example, poor quality water from the Soda Lake area 10 miles away). Therefore,
pumping of the CESF well will not have a significant effect on water quality in the area or basin.
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e The results for the Combined Projects Scenario indicate that the combined effect of the pumping
wells from both projects will not have a significant impact on neighboring shallow wells and
water quality in the surrounding area. This also confirms historical accounts and observations that
there have been no effects on neighboring shallow wells related to pumping of the proposed
production well.

e Results for the Construction Scenarios indicate that drawdown in the Upper Aquifer (where
nearby local residents obtain their groundwater) at the end of Year 1 (144 afy, 89 gpm) ranges
from negligible (low K, scenario) to less than 2.0 feet (high K, scenario) at the property boundary
and from negligible to less than 1.0 foot at the nearest offsite wells in the Upper Aquifer. This
range of drawdown is not considered significant, particularly given that the upper end of the
range is associated with analyses that include conservative assumptions regarding aquifer
conditions and response. The maximum drawdown estimated for the end of Year 1 is a temporary
condition. During subsequent years of construction, the pumping rate will decrease and the
estimated drawdown is predicted to be even less than that estimated for Year 1.
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SECTION 5 UNCERTAINTY AND LIMITATIONS

Geology and hydrogeology are inexact sciences, and data and interpretations commonly contain some
degree of uncertainty. The movement of groundwater is a complex phenomenon. Our findings and
opinions are based on limited published information related to the groundwater conditions in the Carrizo
Plain and information gathered from a variety of public sources. URS cannot verify the accuracy of well
information provided by individuals during our well survey. Unless we have knowledge to the contrary,
information obtained from interviews or provided by property owners has been assumed to be correct and
complete. URS does not assume any liability for information that has been misrepresented. Services have
been performed by URS in a manner consistent with that level of care and skill ordinarily exercised by
members of the same profession currently practicing in the same locality under similar conditions. No
expressed or implied representation or warranty is included or intended in our reports, except that our
services were performed, within the limits prescribed by our client, with the customary thoroughness and
competence of our profession.
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