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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). This report was 
requested by the CEC during a Public Workshop held on March 12, 2008. 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. 

INTRODUCTION

URS understands that Carrizo Energy, LLC (Carrizo Energy) is considering the site for future 
development as a solar-powered electrical generation station. The site will occupy an entire section (640 
acres). We understand the project will produce up to a nominal 177 megawatt (MW) net.  The facility will 
be dry (air) cooled; therefore, the estimated water use for the facility is considerably less than other solar 
and conventional power generating facilities that require large volumes of water for cooling. 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. 

Historically, the vicinity has been used for dry farming of wheat and barley. Cattle and sheep ranching are 
also common on the Carrizo Plain.  Long-time residents indicate that the site has also been cultivated for 
the production of alfalfa, carrots and potatoes. Recently, there has been some planting of grape vineyards 
and olive groves. Data sources indicate that these intensive agricultural activities use considerably more 
water than the proposed CESF on a per-acre basis. Similarly, considerably more water is necessary to 
generate an equivalent amount of power for wet-cooled solar and other conventional type power-
generating facilities. 

SURFACE WATER HYDROLOGY 

The average annual precipitation ranges from 7 to 9 inches in the Carrizo Plain basin, but rainfall data 
from voluntary sources in the vicinity of the CESF is closer to 10 inches (San Luis Obispo County 
Department of Public Works). Most of the rainfall occurs from November through May with minimal 
rainfall during the summer months. 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 that is typically 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, including the Carrizo Plain. The Carrizo Plain watershed, including the 
alluvial floor of the plain, 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 three areas that include 
the main Carrizo Plain drainage channel, (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 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. 
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The Project site currently consists primarily 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.  Portions of the main Carrizo 
Plain drainage within the temporary construction staging area may be jurisdictional Waters of the United 
States (WUS). The Applicant is currently waiting for the determination from Headquarters and the United 
States Environmental Protection Agency (U.S. EPA) and hoping to receive a determination by July 2008. 

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 drainage swales. 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.

San Luis Obispo County hydrology and hydraulic standards were used for onsite stormwater calculations. 
Based upon 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 flowrates onsite. The amount of potential 
stormwater volume generated onsite was also evaluated on an average annual basis. Under existing 
conditions, approximately 203 afy of stormwater identified already could occur on the site assuming an 
average annual rainfall of 10 inches and a runoff coefficient of 0.38.  Under proposed conditions, the 640-
acre site would generate approximately 213 acre-feet (af) of stormwater volume annually with a runoff 
coefficient of 0.40; however, there would be no surface runoff from the site under normal conditions. 
Similar calculations assuming an average annual rainfall of 8 inches result in a pre-project stormwater 
volume of 162 afy and a post-project stormwater volume of 171 afy.  

United States Geographic Survey (USGS) regression equations within the National Flood Frequency 
(NFF) Program were used to quantify the runoff generated from the offsite watersheds based on data for 
the Central Coast Region. Of the 41.3 square miles of watershed, 31.6 square miles are tributary to the 
western boundary of the construction laydown area. Anticipated pre- and post-project surface runoff 
flowrates were estimated for the project construction laydown area; north end of Soda Lake; and entire 
Soda Lake watershed. 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.  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. Therefore, significant impacts to water resources 
downstream of the project and in the regional area including Soda Lake are not anticipated. 

Kemnitzer (1967) is the only basin-wide surface water and groundwater study completed on the plains 
and served as a basis for our study. He estimated that the balance between water recharge and discharge 
for the Carrizo basin involves a gross annual amount of some 177,000 af, 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 evapotranspiration and other 
natural processes.  The remaining 59,000 af or one-third of the gross, is considered to be the net average 
annual groundwater recharge. Based on these assumptions, the net average annual groundwater recharge, 
for the project site would contribute approximately 141 afy. When considering the upstream offsite 
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drainages directly tributary to the site (Basins 1 through 3), the total infiltration increases to 1,293 afy 
assuming 8 inches of annual rainfall over 9.2 square miles. These groundwater infiltration estimates far 
exceed the project's annual average water use of 20.8 afy. A little over 5% of the annual rainfall on the 
640-acre site would be required to infiltrate to the groundwater table to equal the annual average project 
water use of 20.8 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 
based on their quality. The groundwater with the poorest quality lies in the sediments immediately 
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.  

Results of our study indicate 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. 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 below ground surface (bgs) in the Upper Aquifer.  Kemnitzer (1967) refers to 
these wells as “Household and Livestock Wells” and in 1967, he identified 89 wells penetrating the Upper 
Aquifer, producing about 6 afy (4 gallons per minute (gpm) with continuous pumping). 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.  

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.  These wells are typically used for irrigation and it is from this 
zone that Carrizo Energy would derive its water supply for the proposed CESF.  No data on well yields 
are noted by Kemnitzer (1967). 

URS personnel conducted a well survey for the area within approximately 3 miles of the proposed site.  
URS personnel visited residents to identify the characteristics of their wells. Although a well may have 
been identified during the survey, it is possible that it may no longer be operating  This information was 
considered in the groundwater modeling conducted to evaluate the effects groundwater pumping related 
to this project will have on the surrounding area and the groundwater basin. As a result of the survey and 
other data sources, 118 wells have been identified. URS requested well data from 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. However, groundwater 
quality in the Lower Aquifer is generally inferior to the Upper Aquifer based on the limited water quality 
data available. URS evaluated the groundwater quality of the proposed pumping well. Some constituents 
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exceeded their respective Primary or Secondary Maximum Contaminant Levels for drinking water 
established by the State. The groundwater is not suitable to serve as drinking water without further 
treatment. Carrizo Energy will be using this inferior quality water from the Lower Aquifer for its water 
supply. 

Pump testing data is available for a Lower Aquifer well that was located right next to the site on the 
western edge of Section 27 at the former ARCO solar site.  These data were used in the groundwater 
modeling that was conducted to evaluate the potential affects of pumping by the CESF project. The 
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.  The data used were derived from the well survey completed by URS, Kemnitzer 
(1967) and other available sources.  The model simulated groundwater flow in six layers with data on a 
grid 2,000 feet square. The Upper Aquifer was Layer 1 and the Lower Aquifer was Layer 3. No-flow and 
general head boundaries were set to approximate basin conditions.  Average annual recharge was applied 
to Layer 1 (59,000 afy), consistent with Kemnitzer (1967). Pumping from the basin was simulated using 
the locations and available data for the 118 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 12 
gallons per minute (gpm), unless actual data were available.  In these cases, the reported pumping rates 
were used. Those wells known to penetrate the Lower Aquifer were included in Layer 3.  The proposed 
pumping well was included in Layer 3 pumping at a rate of 18,500 gallons per day (gpd), or 
approximately 13 gpm. The overall pumpage from the basin based on these assumptions was estimated to 
be 4,861 acre-feet/year (afy). This was approximately 25% greater than the estimate made by Kemnitzer 
in 1967. The pumpage from the proposed  CESF well is only 0.444% of the total pumpage from the basin. 

The model was run for project and no-project alternatives. Only the project scenario included the 
proposed CESF pumping well. The differences in the resulting heads for each model run for the basin 
provided an indication of the estimated drawdown associated with the proposed pumping well. Based on 
the results of these model runs, the maximum change in head (drawdown) in the Upper and Lower 
Aquifers is estimated to be approximately 0.2 and 1.6 feet adjacent to the site. These results indicate that 
pumping from 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 
water levels, the water supplied to it 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 are or the basin. 



SECTIONONE Introduction 

SECTION 1 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). This report was 
requested by the CEC during a public workshop held on March 12, 2008. Where applicable, responses to 
CEC Data Requests and public comments specific to water resources are included in this document. 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. 

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: 

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

Obtaining available well information from residents. 

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.  

Completing a surface water hydrology study.  

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

Reevaluating the input parameters to the model run presented at the workshop to show aquifer 
drawdown during pumping and adding aquifer recharge estimates based on published information 
and site recharge calculations. The model considers a six-layer system.  

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

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

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 
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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 reportedly 
7 to 9 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 use 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. 

1.2.1 Construction

Water will be needed during the 3-year construction phase of the project. Water will be used for dust 
control and for compaction during grading.  It is estimated that approximately 5 acre-feet (af) of water 
will be used for mixing concrete.  The total volume of water used during construction will be less than the 
total estimated volume of water that will be used during the operation of the facility each year (20.8 af). 

1.2.2 Operation

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

Makeup to the steam turbine system. 
Washing of solar system reflectors and collectors. 
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. 
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Fire Protection.

Water usage was summarized in Table 1-1 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 acre-feet/year (afy) assuming a full operating 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 af.  

Table 1-1 
Carrizo Energy Solar Farm  W ater Usage Rates 

Water Use
Average Annual 

(gpm)2
Average Daily 

(gpm)3
Maximum Daily 

(gpm)4

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 Wash5 0.01 0.01 0.009
Misc. Drains, etc. to OWS 1.4 0.6 1
Potable Water 5.3 5.3 5.3
Total Equipment Makeup Requirements 39 41 101
Recovered Water6

Steam Drum Flash Steam  3 3 6
Blowdown Flash Tank Condensate 24 24 44
Recovered from OWS  (clear water)  1.4 0.6 1
NET RAW WATER REQUIREMENT 10.6 13 51
Notes:
1Based 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. 

3 “Average Daily” is based on 13 hours per day operation, averaged over 24 hours. 
4 “Maximum Daily” is based on 13 hours per day, averaged over 13 hours, with ACC washing (10 cells over 10 hours). 
5 Based on one 20-second back flush every eight days at 64.35 liters per flush. 
6 Potable water includes water used for drinking, sanitation, and laboratory.

Onsite storage capability 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 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. 
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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). 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 1-2 through 1-5 shows 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 facility 
(20.8 afy) on a per-acre basis. 

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 1-2 
W ater Use Com parisons for Non-agricultural Land Uses 

Activity/Property Use Water Use 

Single Family Residential 0.52 afy 
Commercial/Institutional 1.66 afy
Industrial 6.27 afy
Urban 3.2 af/acre
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.  Evapotranspiration (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 1-3 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 
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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; however, the previous owner decided to forego these 
plans due to the E. Coli outbreak associated with spinach last year in the Salinas Valley that resulted in 
decreased demand (Pers. Comm.). 

Table 1-3 
W ater Use Com parisons for Agricultural Uses 

Activity/Property Use Water Use 
(feet) 

For 640 Acres 
(afy) 

Alfalfaa,d 4.7 – 5.5 3,520

Cottona,d 3.2 - 5.0 2,048 – 3,200 

Barleya 1.3 832
Grapesa 2.9 1,856
Tomatoesa,c 3.9 2,496
Corna,c 2.4 1,536
Deciduous Orcharda 3.5 2,240
Pasture (improved)a 4.5 2,880
Carrotse 5.4 3,467
Lettucee 4.0 2,560
Spinache 0.5 – 2.0 320 – 1,280 
Dry Beanse 1.8 1,152
Olives (for oil)e 2.0 1,280
Olives (for eating)e 2.5 1,600
Dry Farmingf 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. 
b    National Renewable Energy Laboratory, Parabolic Trough FAQs, www.nrel.gov.
c     Mean based on information provided for California. 
d      “Power Plants in Arizona--an Emerging Industry, a New Water User”, http://ag.arizona.edu.
e     www.vric.ucdavis.edu.
f     Based on average annual precipitation. 

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 
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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 
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 1-4 
Cattle Drinking W ater Requirem ents Based on Tem perature 

(for single head of cattle) 

Month Average Temperature 
(ºF)a

Daily Drinking Water 
Requirements (gallons)b No. of Days 

Monthly
Drinking

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 17.5 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. 
c     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). 
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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. 

1.3.3 Other Types of Power Generating Facilities 

Typical power generating facilities use large quantities of water for cooling.  Many solar facilities do use 
water for cooling as it is cheaper to construct than air-cooled facilities. Because Carrizo Energy has 
designed CESF 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 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. Per acre of site, the 
volume of water that will be needed at the CESF facility is considerably less than the other non-
agricultural and agricultural uses shown in Tables 1-2 and 1-3, respectively, some of which occur on the 
Carrizo Plain. 

Table 1-5 
W ater Use Com parisons for Other Power Generating Facilities 

Activity/Property Use Water Use 

   CESF (projected; 640 acres) 0.03 afy/acre 
   Solar, Wet Coolinga 1.3 afy/acre
   CESF (Average Daily) 0.12 afy/MW 
   Ivanpah 0.25 afy/MW 
   Victorville 2 Hybrid 5.6 afy/MW 
   Solar, Dry Coolinga 800 -1,000 gal/MWh 
   Former adjacent ARCO Facilityb 30.9 afy/MW
   Once Through Coolingc 300 gal/MWh
   Cooling Towersc 12.9 afy/MW
   Conventional Coal-firedd 11.2 afy/MW
Notes:
a.  National Renewable Energy Laboratory, Parabolic Trough FAQs, www.nrel.gov.
b. Stewardship Council Land Conservation Plan, http://lcpstewardshipcouncil.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. 

c. 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. 
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1.4 SITE HISTORICAL USES OF GROUNDWATER 

A review of historical documents by URS revealed that agricultural development on the Carrizo Plain has 
included primarily dry farming of wheat and barley and raising cattle and sheep.  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 were used to supply water for 
growing alfalfa, carrots and potatoes.  However, these 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). We 
understand that 80 acres at the southeast corner of the section 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 
was applied over a 6-month period, the estimated pumping rate would be approximately 50 gpm.  This 
pumping rate is approximately five times the flowrate expected for the CESF facility. According to a 
long-time resident of the site vicinity, it is our understanding that when the site was used for this purpose, 
there was no evidence that adjacent wells experienced any difficulties with low water levels, decreased 
flowrates/yields or water quality. 
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SECTION 2 SURFACE WATER HYDROLOGY 

2.1 REGIONAL HYDROLOGY SETTING 

2.1.1 Climate, Precipitation and Evapotranspiration 

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 A.   

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 summits of the 
adjoining mountains.   

Department of Water Resources (DWR) Bulletin 118 indicates that the average annual precipitation 
ranges from 7 to 9 inches in the Carrizo Plain basin. There are no official County rain gauges in the 
vicinity of the CESF; however, 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. 

Table 2-1 
Historic Seasonal Rainfall 

(reported in inches)

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

Average 0.03 0.03 0.14 0.33 0.85 1.51 2.01 1.93 1.68 0.95 0.21 0.03 9.68
Maximum  0.52 0.63 2.07 1.76 3.06 4.90 8.62 7.21 5.10 4.60 1.44 0.34 22.30 
Minimum  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 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 35º21'30", Long 120º02'30", Water Years 1938/39 to 1981/82. 
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During the winter, temperatures below freezing are common.  During the summer months daytime 
temperatures are frequently in the 90s 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.  

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 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 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.  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-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 about 4,000 feet, while the San Juan section of this latter range is 
considerably lower at about 2,500 feet. 
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The Carrizo Plain watershed, including the floor of the plain, covers approximately 414 square miles, or 
263,680 acres based upon 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 tributary to 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 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 that crosses through the southern portion of the construction laydown area, and then is tributary 
to Soda Lake over ten miles downstream.  Portions of the main Carrizo Plain drainage within the 
temporary construction staging area may be  jurisdictional Waters of the United States (WUS), but are not 
listed on the proposed 2006 Clean Water Act (CWA), Section 303(d) list of water quality limited 
segments (Figure 2-2).  The Jurisdictional Determination Request was submitted to the San Francisco 
Army Corps of Engineers (ACOE) in March 2008, and was submitted to the Washington DC 
Headquarters of ACOE and the United States Environmental Protection Agency (U.S. EPA) in April. The 
Applicant is currently waiting for the determination from Headquarters and U.S. EPA and hoping to 
receive a determination by July 2008. 

Federal Emergency Management Agency’s (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 m (570 ft) onto Section 28 is within the 100-year 
flood zone. Additionally, the main Carrizo Plain drainage feature 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 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 for the CESF is 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 
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is 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 any excess rainwater that is not absorbed into the ground. The infiltration areas will be used to 
store and infiltrate the stormwater runoff.   

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.   

The flows generated from the offsite watershed will be directed around the site via the proposed drainage 
swales.  The drainage swales will be constructed adjacent to the four sides of Section 28.  The swales will 
direct the runoff in the southwesterly direction and outlet at the southwestern corner of Section 28.  
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.   

The Project site’s perimeter swale is designed to intercept upgradient storm water runoff from adjoining 
land and convey that stormwater around the site, directing it to the existing natural water course located at 
the southwest corner of the Project site. 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 under existing conditions. The perimeter swales are not designed to convey 
significant runoff from the multiple onsite detention/infiltration areas. 

The depths and widths of the perimeter swale vary from approximately 3 to 7 feet deep to 50 to 124 feet 
wide. 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 as well as allowing that storm water to percolate 
into the ground.   

Ultimately, the offsite runoff and any excess onsite runoff that is not infiltrated will be conveyed into the 
main drainage channel. The smaller perimeter swales along the northerly section of the site currently have 
the capacity to convey approximately the 5 to 10-year storm event flows from the two northerly offsite 
drainage channels.  The larger swales along the westerly and easterly portions of the site have capacity for 
up to the 100-year storm event. Excess flows along the northerly Project boundary will sheet flow across 
the site (with the exception of the power production area) and be captured in the onsite 
detention/infiltration areas.   

There are two proposed permanent drainage crossings within the construction laydown area. These 
culverts will be designed to convey typical seasonal flows through the drainage. 

Based upon the current layout provided in the Project AFC, portions of the northeast corner of the 
temporary fueling station boundaries within the construction laydown area are within the FEMA 
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delineated 100-year, Zone A floodplain limits based upon a comparison of the fueling station boundaries 
with the FEMA Flood Insurance Rate Map.  However, the majority of the designated area, including the 
fuel storage tanks, is outside the 100-year floodplain. The FEMA designated 100-year floodplain widths 
in this area vary from approximately 400 to 600 feet in width. Based upon the 100-year flood flowrates, 
available topography, and Manning's normal depth calculations, the 100-year flood depths in this area are 
approximately 4 to 6 feet deep. The temporary fueling area would be placed above this depth or could be 
protected by berms along the channel side of the facility. The permanent fueling facility on the power 
block (along with 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 Waters 
of the United States delineation. The jurisdictional WUS delineation area is not a wetland or vernal pool 
that is reliant on annual flows from a biological standpoint. Therefore, the proposed hydrology condition 
will not adversely affect this area from a biological standpoint.  

2.2.3 Surface Water Hydrology 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 onsite stormwater calculations. 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.  Surface water hydrology calculations are provided in Appendix B.

2.2.3.1 On-Site Hydrology Calculations 

Onsite rainfall would be captured on the site in the terrace detention/infiltration areas and allowed to 
infiltrate and evaporate. The proposed site design will create numerous 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 upon 
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 flowrates onsite. The following information summarizes the pre 
and post Rational Method Hydrology runoff coefficients ('C' Values) used in the onsite Rational Method 
Analysis. Table 2-2 presents the results of the onsite rational method runoff flowrate calculations. This 
table was originally prepared in response to CEC Data Request 39. 

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. 
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Table 2-2 
On-site Storm water Runoff Flows 

Storm Event 
(yr)

Intensity 
(in/hr) 

Total Existing 
Onsite Flows*

(cfs) 

Total Proposed 
Onsite Flows* 

(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 upon 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 amount of potential stormwater volume generated onsite was also evaluated on an average annual 
basis. Under existing conditions approximately 203 afy identified already of stormwater could occur on 
the 640-acre site assuming an average annual rainfall of 10 inches and a runoff coefficient of 0.38.  Under 
proposed conditions, the 640-acre site would generate approximately 213 acre-feet (af) of stormwater 
volume annually with a runoff coefficient of 0.40; however, there would be no surface runoff from the 
site under normal conditions. Similar calculations assuming an average annual rainfall of 8 inches result 
in a pre-project stormwater volume of 162 afy and a post-project stormwater volume of 171 afy.  

2.2.3.2 Off-Site Hydrology Calculation 

USGS regression equations within the National Flood Frequency (NFF) Program were used to quantify 
the runoff generated from the offsite watersheds. The NFF Program includes regression equations for 
approximately 289 flood regions nationwide. The regression equations were developed from 
peak-discharge records of 10 years or longer, available as of 1975, at more than 700 gas stations 
throughout the State.  The project site is within the Central Coast Region. Therefore, the regression 
equations used were specific for that region.  

The total watershed including the project site and construction laydown area comprises approximately 
41.3 square miles of predominately 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 below 
updates the flowrate table 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. The table provides the anticipated pre- and post-project surface 
runoff flowrates at the following three locations within the watershed: project construction laydown area; 
north end of Soda Lake; and entire Soda Lake watershed. The watershed boundary tributary to the north 
end of Soda Lake is approximately 152 square miles, whereas the total Soda Lake Watershed is 
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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 resources downstream of the project and in the 
regional area are not anticipated, as indicated in Table 2-3.  There will be no significant change in runoff 
to Soda Lake post-construction.   

Table 2-3 
Pre- and Post-Project Off-site Flowrates 

Location 

Basin
Area

(square
miles)

2-year
Storm
(cfs) 

5-year
Storm
(cfs) 

10-year
Storm
(cfs) 

25-year
Storm
(cfs) 

50-year
Storm
(cfs) 

100-year
Storm
(cfs) 

Basin 1 31.6 22 134 328 784 1390 2220
Basin 2 3.9 3 20 49 120 214 349
Basin 3 4.3 3 21 53 130 231 377
Basin 4 (Site) 1.6 2 9 23 57 100 163
Pre-project Total 
at the Site 41.3 28 171 417 995 1770 2810

Post-project Total
at the Site 40.3 28 167 408 974 1730 2750

Basin 5 110.7 71 424 1020 2410 4280 6710
Pre-project Total 
at North  end of 
Soda Lake 

152 95 566 1360 3200 5670 8870

Post-project Total 
at North end of
Soda Lake 

151 95 563 1350 3180 5640 8820

Basin 6 262 151 902 2170 5090 9060 14200
Pre-project Total 
Soda Lake 
Watershed

414 229 1370 3270 7650 13600 21200

Post-project Total 
Soda Lake 
Watershed

413 229 1360 3260 7640 13600 21100

Notes:  

1.  Offsite flowrates calculated using the National Flood Frequency Program Regression Equations using an annual average precipitation of 10 inches per 
year.  

2.  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. 

3.  The runoff pre and post-project runoff flowrates presented in the table assume that all rainfall on the site will be detained and infiltrated onsite. 
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Table 2-4 
Annual Off-site Runoff Volum es 

8 Inches Annual Rainfall 10 Inches Annual Rainfall 

Location 
Pre-Project Annual 

Runoff Volume 
(afy) 

Post-Project 
Annual Runoff 

Volume
(afy) 

Pre-Project Annual 
Runoff Volume 

(afy) 

Post-Project 
Annual Runoff 

Volume
(afy) 

Project Site 6,696 6,534 8,375 8,167
Entering Soda Lake 24,644 30,805 24,482 30,602

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 8,375 afy, 
assuming 10 inches annual rainfall and a runoff coefficient of 0.38. 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 Water. 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 jurisdictional Water under this proposed condition, would be approximately 8,167 afy, a 
reduction of 208 afy. Assuming an annual average rainfall of 8 inches, the potential stormwater runoff 
flow volumes are 6,696 afy and 6,534 afy (a reduction of 162 afy) for the pre- and post-project 
conditions. This is a minor reduction and is not considered significant, because this area is not a wetland 
or vernal pool that relies on annual flows from a biological standpoint.  

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 volumes of approximately 24,644 afy and 30,805 afy 
assuming 8 inches and 10 inches of annual rainfall per year, respectively.  The corresponding post-project 
volumes are approximately 24,482 afy and 30,602 afy assuming 8 inches and 10 inches of annual rainfall 
per year, respectively. These are considered to be minor reductions (less than 1 percent) in the overall 
potential annual surface water flow volumes. Therefore, significant impacts to water resources dependent 
upon annual surface water flow volumes downstream of the site are not anticipated. 

2.2.4 Surface Water Infiltration 

Kemnitzer (1967) indicates that, "The balance between water recharge and discharge for the Carrizo basin 
involves a gross annual amount of some 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 evapotranspiration and other natural processes.  
The remaining 59,000 af, or one-third of the gross, is considered to be the net average annual ground 
water recharge (Kemnitzer 1967). 
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Based upon the assumption of 1/3 of the gross recharge, the net average annual groundwater recharge, 
rain falling on the project site and allowed to infiltrate would contribute approximately 141 afy. This is 
based upon the assumption of 8 inches of annual rainfall over the 640-acre solar field. When considering 
the upstream offsite drainages directly tributary to the site (Basins 3 and 4 on Figure 2-1) the total 
infiltration increases to 1,293 afy assuming 8 inches of annual rainfall over 9.2 square miles. These 
groundwater infiltration estimates are well in excess of the project's annual average water use of 20.8 afy.  
Assuming 8 inches of annual rainfall, at little over 5% of the annual rainfall on a 640 acre area would be 
required to infiltrate to the groundwater table to equal the annual average project water use of 20.8 afy.   
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SECTION 3 HYDROGEOLOGY

There has been only one comprehensive, basin-wide evaluation of groundwater conducted in 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 C. Another source of hydrogeologic 
information was a letter report prepared by Bechtel Civil & Minerals, Inc. (Bechtel) to evaluate water 
quality and availability for the Carrizo Plain Solar Project (ARCO) that was located on the northwest 
corner of the adjacent section 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 information is provided in Appendix D. URS has supplemented this 
information with the results of a well survey conducted by URS personnel 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 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 D. The 
majority of the Temblor and Caliente Ranges are composed of Miocene-age sedimentary rock 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 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 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 we are 
describing 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.  In the water budget of Kemnitzer (1967) for the basin, he assumed 
an average annual production from 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.  These wells are typically used for irrigation and it is from this 
zone that Carrizo Energy would derive its water supply for the proposed CESF. 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 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 their homes. 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  This information 
was considered in the groundwater modeling conducted to evaluate the effects groundwater pumping 
related to this project will have on the surrounding area and the groundwater basin.  

URS also made a well data request to 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 was released to URS 
by DWR. 

3.3.2 Results

The locations of well 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. The available 
information is summarized in Table 3-1. This includes wells identified on USGS topographic quadrangle 
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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, it is possible that it 
may no longer be operating. For example, Well G1 shown on the site has been abandoned. 

Table 3-1 
Sum m ary of Available W ell Com pletion Data    

Township,  
T##S

Range,
R##E Section

Quarter/   
Other 

Indicator 
Zone Northing Easting

Approx. 
Depth 

to
Water
(feet) 

Approx. 
Well

Depth 
(feet) 

Depth of 
Screen
Interval

(feet - feet) 

Approx. 
Pumping 

Rate
(gpm) 

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
--- --- --- --- 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
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Table 3-1 
Sum m ary of Available W ell Com pletion Data  

(Continued)
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Township,  
T##S

Range,
R##E Section

Quarter/   
Other 

Indicator 
Zone Northing Easting 

Approx. 
Depth 

to
Water
(feet) 

Approx. 
Well

Depth 
(feet) 

Depth of 
Screen
Interval

(feet - feet) 

Approx. 
Pumping 

Rate
(gpm) 

29 18 30 Lot1 --- --- --- 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
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 
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As a result of the survey and other data sources, 118 wells have been identified.  Based on the information 
provided by residents, the wells that generally penetrate the uppermost zone to 100 to 200 feet bgs have 
well yields ranging from 8 to 20 gpm. During the most recent public hearing, one nearby resident to the 
proposed site indicated that his well that penetrates the upper zone has a well yield of approximately 
12 gpm (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. 

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, information appearing in a 
hydrogeologic report prepared for the formerly adjacent ARCO solar facility and well information 
provided by Mr. Kenny Tab for California Valley that is greater than 3 miles from the site (Tab 2008). 
These data are provided in Appendices C and D.   

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 zone (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 C.   

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. 
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Table 3-2 
Available Groundwater Quality Data - Site W ells 

(constituents reported in mg/l, unless noted otherwise) 

Hardness

Well ID Date

pH
(unit 
less)

EC
(umhos/cm) Ca Mg Na K

Total 
Alk SO4 Cl NO3 B F TDS Total 

Non-
Carbonate

SAR
(%) 

29S/18E-
28G01* 10-22-68 7.4 1387 75 27 180 2.0 4 533 98 2.3 0.54 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 87.0 0.59 0.6 727 246 109 4.1
10-22-68 8.1 875 39 15 125 1.0 127 119 81 70.0 0.57 0.8 564 151 24 4.4
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 0.8 155 236 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  NO3: Nitrate   
Mg: Magnesium B: Boron   
Na: Sodium  F: Fluoride 
Alk: Alkalinity  SiO2 Silica 
K: Potassium TDS: Total Dissolved Solids 
SO4: Sulfate  SAR: Sodium Absorption Ratio 
Cl: Chloride  

* Abandoned site well with depth similar to proposed pumping well.  
** Upper Aquifer well on the CESF property. 
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Table 3-3 
Available Groundwater Quality Data - 2-M ile Radius 

(constituents reported in mg/l, unless noted otherwise) 

Hardness

Well ID Date

pH
(unit 
less)

EC
(umhos/cm) Ca Mg Na K

Total 
Alk. SO4 Cl NO3 B F SiO2 TDS Total 

Non-
Carbonate

SAR
(%) 

29S/18E-
29E01 10-21-53 8.1 885 47 15 135 0 153 166 57 34.3 0.60 0.7 -- 635 179 26 4.6

29S/18E-
29G01 10-04-72 8.3 1053 49 16 147 1.6 142 197 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 38.3 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 43.0 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 2.0 158 110 45 31.0 0.20 0.1 30.0 500 235 77 1.0
10-04-60 7.7 875 74 24 70 1.0 191 149 52 30.0 0.40 0.5 33.0 384 285 92 1.8
04-19-61 7.7 810 69 21 71 1.0 184 30 48 45.0 0.19 0.3 35.0 691 259 75 2.9
10-31-61 8.0 836 66 24 81 2.0 180 151 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 1.0 166 125 41 36.0 0.32 0.1 31.0 494 235 69 1.8
10-07-64 7.8 765 62 20 63 1.0 166 117 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 2.0 175 150 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 1.5 136 85 32 36.3 0.7 0.3 -- 356 169 31 1.9
10-22-68 7.9 514 34 12 52 1.0 136 83 32 56.3 0.7 0.3 -- 346 154 23 2.0

Notes: 

EC: Electrical Conductivity 
Ca: Calcium 
Mg: Magnesium 

Na: Sodium 
Alk: Alkalinity 
K: Potassium 
SO4: Sulfate 

NO3: Nitrate  
B: Boron 
F: Fluoride 
SiO2 Silica 

Cl: Chloride 
TDS: Total Dissolved Solids 
SAR: Sodium Absorption Ratio 
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3.4.2 Groundwater Levels 

There is no active groundwater level monitoring occurring near the site. However, based upon 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 m (14 feet) bgs to approximately 16 m (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 A).   

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 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 ID of T29S/R18E-L03. 

3.4.3.1 Groundwater Sampling Procedures 

On February 14, 2008, URS personnel conducted purging and 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 temporary pump was installed in the well to facilitate sampling. The well 
was purged of at least three casing volumes (approximately 19,000 gallons) prior to sampling.  
Parameters measured during purging included pH, temperature, conductivity and oxidation-reduction 
potential (ORP) using a YSI flow through cell. Once the parameters stabilized to within 10 percent 
between readings, purging stopped and 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). 

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. 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. 

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 method) were as follows: 

Anions (sulfate, chloride, nitrate, orthophosphate and fluoride) by EPA Method 300.0. 
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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. 

Turbidity by SM 2130B. 

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

Specific conductance SM 2510B. 

Total Dissolved Solids (TDS) by SM 2540C. 

Total Suspended Solids (TSS) by SM 2540D. 

pH by SM 4500 H+B. 

Total Phosphorous by SM 4500 P B/E. 

Carbon dioxide by SM 4500 CO2D. 

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

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

Asbestos by EPA Method 100.2. 

Cyanide by SM 4500-CN E. 

3.4.3.3 Groundwater Analytical Results 

Analytical results for the groundwater sample collected from the proposed production 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 are developed to address human health risk.  Secondary MCLs are established primarily to 
address aesthetics, such as color, odor and taste. It is Carrizo Energy’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 
report and chain-of-custody form are provided in Appendix E. 
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Table 3-4 
Groundwater Analytical Results - Proposed Pum ping W ell 

(analytes reported in mg/l, unless noted otherwise) 

Analyte Concentration 
Primary/

Secondary 
MCL

Analyte Concentration 
Primary/

Secondary 
MCL

Title 22 Metals:  Anions:
Antimony 0.0262 0.006 Fluoride 1.4 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 o-Phosphate (as P) <0.10 NE

Cadmium <0.00500 0.005 Total Alkalinity  
(as CaCO3) 114 NE

Chromium 0.0181 0.05 Bicarbonate (as CaCO3) 114 NE
Copper <0.00500 1.0 Carbonate (as CaCO3) <1.0 NE
Lead <0.0100 0.015 Hydroxide (as CaCO3) <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 1.5 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 Sr90 1.03 8

Radium 226 0.237 5
Tritium 0.000 20000

Uranium 6.00 20
Ra-228 0.241 2

Notes:
NE:  None Established. 
ND:  None detected; see lab report for detection limits for specific compounds. 
MCL is primary, unless indicated with an asterisk  (*). 
BOLD indicates concentration is above MCL.
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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 total dissolved solids 
(TDS) concentration, 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 volatile and semivolatile organic compounds (VOCs and SVOCs) were 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 Pum ping W ell 

(analytes reported in mg/l, unless noted otherwise) 

Component Average
Concentration 

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) 7.4
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 14-inch diameter casing that is set to a depth of 591 feet 
bgs.  At the time the well was drilled in 1965, depth to groundwater was 30 feet bgs and the well yield 
was 500 gpm with  370 feet of drawdown after 8 hours. A well driller’s report is provided in Appendix D. 

No aquifer testing of the proposed pumping well was conducted since the well yield is known to far 
exceed the water needs for the project.  Additionally, a pump test was conducted on a Lower Aquifer well 
right next 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 well was installed to a depth similar to that of the proposed 
pumping well on site with two screen intervals from 530 to 550 and 570 to 600 feet bgs. A constant-rate 
pump test was performed by Bechtel.  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 of 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 below ground surface. 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 is calculated to be 170 gpm. A copy of this report is provided in Appendix D.  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. Transmissivity estimated using both drawdown and recovery data ranged from 
1,300 to 3,200 gallons per day per foot (gpd/ft). This range of values was used in the simple groundwater 
model simulation performed that is described in Section 3.6. 

3.5 GROUNDWATER BUDGET 

In general, there has been very little study of groundwater use and trends in groundwater elevations to 
identify the current status of the water budget in the Carrizo Plain basin. Some planning documents 
indicate that the Carrizo Plains area is currently in an overdraft situation; however, there is little 
confirmed or conclusive evidence that substantiates this opinion, since there is lack of information 
available regarding groundwater level trends per the DWR Bulletin 118 data and DWR and RWQCB 
groundwater well monitoring data.   

Kemnitzer (1967) estimated net consumption of groundwater in the Carrizo basin in 1967 as 
approximately 3,364 acre-feet annually, with approximately 534 acre-feet annually from the 89 shallower 
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wells (mostly less than 100 feet in depth) he identified that were for household and livestock use. 
Therefore, the total net consumption of groundwater in the Carrizo basin was estimated to be around 
3,898 acre-feet a year which is 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 acre-feet. 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 acre-feet, or nearly 67 percent, is estimated lost through 
evapotranspiration and other natural processes. The remaining 59,000 acre-feet, or 33 percent of the 
gross, is considered to be the net average annual ground water recharge. 

That part of the net average annual recharge of 59,000 acre-feet 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 La Yeguas and the San Juan subsurface drainage areas.  Kemnitzer (1967) 
concluded that this overflow 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. 

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 
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 zone would result in changes in water levels in the lower zone wells of generally 3 
feet or less immediately adjacent to the site as a result of approximately 20 years of pumping.  

The model was reevaluated to include infiltration of surface water and as requested by CEC, to include 
the groundwater budget and gross hydrogeologic characteristics of the basin. The model is steady state, 
and conservatively developed for dry periods when there is no surface water flow and no surface water in 
Soda Lake.  Simulations were performed using the USGS Software, MODFLOW.  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).  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.  The water-bearing deposits of all but Layer 1 (Upper Aquifer) and Layer 3 
(Lower Aquifer) terminate 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 
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450 to 600 feet bgs that includes the screen interval of the proposed 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 at greater depth. 

3.6.2 Boundary Conditions 

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 are applied 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). 

3.6.2.2 Recharge

Annual average recharge is applied to the upper layer of the model. This recharge varies spatially to 
represent greater precipitation rates in the northwest region of the basin (Kemnitzer 1967). The overall 
rate of recharge is 59,000 afy computed as the difference between the precipitation (177,000 ac-ft) and the 
estimated evapotranspiration (ET; including that from Soda Lake) of 118,000 afy. 

3.6.2.3 Pumping

Pumping was assigned to each of the 118 wells identified in the well survey. Wells with an estimated 
capacity were assigned pumping at that capacity and assuming a 35% duty cycle. Domestic wells were 
assigned a steady rate of 12 gpm. Where no information on pumping rate was available, wells were 
assumed to pump at 12 gpm. The overall pumpage in model is 4,861 afy, approximately 25% greater than 
the estimate made in 1967 (Kemnitzer 1967). Well depths were assigned based on reported screen 
intervals, where available; otherwise wells were assumed to be screened in the shallow aquifer. 

3.6.3 Hydraulic Conductivity (K)

Conceptual M odel. 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 A. 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 (Kh) than the Upper Aquifer and low 
enough vertical hydraulic conductivity (Kv) 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 Kh in the deep aquifers is consistent with the presence of ancestral channels of a stream 
that flowed northward.  In addition, a low Kv 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 Kh of the Upper 
Aquifer is expected to generally decrease near Soda Lake since it is underlain by lacustrine deposits 
consisting of clay and silt.   
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Specified K Values. The Kh varies spatially within each layer of the model.  The Kh of the Upper and 
Lower Aquifers ranges from 0.5 to 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.  Lower values of Kh were assigned near Soda Lake and east of the San Andreas 
Fault. The Kh values for Layers 4 and 5 range as high as 25.0 and 50.0 feet/day, respectively.  The Kh of 
Layer 6 (bedrock and the bottom of the model) was specified as 0.01 feet/day.  The specified ratio for 
Kv/Kh is approximately 1/1,000.  Most of the specified K values were adjusted during calibration of the 
model. 

3.6.4 Boundary Conditions 

3.6.4.1 No-flow and General-Head 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). The GHB conditions are applied using the MODFLOW GHB package.  No-flow 
boundaries are also applied to the bottom of the model. 

3.6.4.2 Recharge

Annual average recharge of 59,000 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).  Recharge was applied using the MODFLOW recharge package. 

3.6.4.3 Pumping

Pumping was assigned to each of the 118 wells identified in the well survey (Figure 3-3).  Domestic wells 
were assigned a steady rate of 12 gpm.  Wells with a known estimated maximum yield were assigned 
pumping at that yield assuming a 35% duty cycle.  Where no information on pumping rate was available, 
wells were assumed to pump at 12 gpm.  The overall pumpage in the model was 4,861 afy, approximately 
25 percent greater than the estimate made in 1967 by Kemnitzer (1967).  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 ft bgs).  The proposed pumping well at the site is assumed to withdrawal water from 
Layer 3 of the model at a rate of 18,500 gpd, or approximately 13 gpm.  In the no project scenario, no 
pumpage is assigned to this well.  Wells were simulated using the MODFLOW well package. 

3.6.4.4 Evapotranspiration (ET) 

An estimated 118,000 afy of ET was accounted for in estimates of the recharge as described above.  ET 
can also occur naturally when groundwater levels are near land surface (Figure 3-4).  This additional ET 
was simulated in the model using the MODFLOW ET package for a maximum ET rate of 5.5 feet/yr and 
an extinction depth (the depth at which there is no ET) of 15 feet. 
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3.6.4.5 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 MODFLOW 
HFB package . The locations of HFBs corresponding to the San Andreas Fault are shown on Figure 3-5. 

3.6.5 Results of Analysis 

The analysis results provide insight into the validity of the conceptual model of the basin, as well as the 
an evaluation of the possible impact of the project on groundwater in the basin and neighboring wells. 
Our assessment of the model results are provided below. 

3.6.5.1 Conceptual Model and Calibration  

A coarse 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.  Starting from the calibrated model, the conceptual hydrogeologic model of the basin proposed by 
Kemnitzer (1967) was tested through a series of experiments that explored a range of plausible alternative 
model parameters. These experiments suggest that the conceptual model of Kemnitzer (1967) 
overestimates flow out of the basin.  Excess water that does not flow out of the basin to the north is 
instead taken up by 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).  This alternative conceptual 
model is consistent with groundwater levels near the land surface from which groundwater ET may 
become significant (e.g., groundwater levels observed on site were as high as 14 bgs, see Section 3.4.2).  
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.  Nevertheless, the final model here assumes substantial 
underflow from the basin, but less than that suggested by the sole historical hydrogeologic analysis of the 
Carrizo Plain (Kemnitzer 1967).  The results discussed in the following section are sufficient to infer the 
expected project impacts for alternative conceptual models of the basin.  Groundwater budgets for the 
final model are shown in Table 3-6.  Simulated groundwater levels for the Upper and Lower Aquifers are 
shown on Figures 3-7 and 3-8, respectively. 

3.6.5.2  Project and No-project Scenarios 

Scenarios include the project (with pumping from the proposed on-site pumping well, T29S/R18E-28L3) 
and no project (no pumping from the proposed pumping well) scenarios.  The groundwater budgets from 
these scenarios are shown in Tables 3-6 through 3-8.  The increase in pumping at the project well is 
approximately 21 afy, or 0.444% of the estimated total pumping from the basin.  This increase in 
pumping from the project is offset by decreases of 0.043% (15 afy) in the total groundwater ET and 
0.028% (5 afy) in the total underflow from the basin.  Note that for an alternative model consistent with 
that proposed by Kemnitzer (1967), the pumping would result in a commensurate decrease in the 
underflow out the northern portion of the basin only. Similarly, for an alternative model in which there is 
no outflow from the basin, the pumping would result only in a commensurate decrease in the groundwater 
ET.  Thus, results from these scenarios are not shown.  The differences in heads (drawdown) between the 
No Project and Project Scenarios for the Upper and Lower Aquifers (Layers 1 and 3) are shown 
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Figures 3-9 and 3-10.  The maximum change in head (drawdown) in the Upper and Lower Aquifers is 0.2 
and 1.6 feet, respectively.  Note that these are average values of drawdown over a model grid block 
(2,000 feet square).  Drawdown on the property near the proposed pumping well in Lower Aquifer will be 
greater than 1.6 feet.  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 the CESF well will not have a significant affect on water quality in the area or 
basin.

Table 3-6 
Sim ulated Groundwater Budgets without Project 

Budget Component In
(afy) 

Out  
(afy) 

Recharge 59,629
Underflow 19,632
Groundwater ET 35,332
Pumping from Wells 4,665
TOTAL 59,629 59,629

Table 3-7 
Sim ulated Groundwater Budgets with Project 

Budget Component In
(afy) 

Out  
(afy) 

Recharge 59,629 -
Underflow - 19,626
Groundwater ET - 35,317
Pumping from Wells - 4,686
TOTAL 59,629 59,629

Table 3-8 
Change in Sim ulated Groundwater Budgets Due to Project 

Budget Component In
(afy) 

Out  
(afy) 

Recharge 0 0
Underflow 0 -5.4 (-0.028%) 
Groundwater ET 0 -15.3 (-0.043%) 
Pumping from Wells 0 20.7 (0.444%) 



SECTIONFOUR Conclusions

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 (up to 1,200 gpm vs. 13 gpm).  There were no indications that previous intensive water 
use on the property affected nearby wells.  Therefore, the proposed pumping at 1 percent of the 
historical pumping rate will not significantly affect water quality, water levels or well flow rates 
(yield) on adjacent properties. This is supported by the results of groundwater modeling 
conducted for the project. 

The facility will be constructed to allow infiltration of surface water that falls directly on the site.  
Infiltration will occur along parallel drainage swales and terraces.  Surface water that infiltrates 
the subsurface will recharge the Upper Aquifer zone. 

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 0.043% (15 afy) and 
0.028% (5 afy), respectively.  

Plausible alternative conceptual models of the basin are likely 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.  

Simulated drawdown (averaged over a grid cell) due to the proposed pumping was less than 2.0 
ft. in the Lower Aquifer (Layer 3), and less than 0.5 ft in the Upper Aquifer (Layer 1), with 
generally less drawdown off-site. 

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 the CESF well will not have a significant affect on water quality 
in the area or basin.
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SECTIONFIVE Uncertainty and Limitations 

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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GROmm WATER IN TEE CARRIZO PLAIN z CALIFORNIA 

by 

William J. Kemnitzer!! 

ABSTRACT 

The objectives of this investigation have been (1) to 

"ascertain the degree of development of ground water in the 

Carrizo Plain; and (2) to determine to what extent these 

waters might support maximum agricultural, livestock, and 

community development within the area. 

The Carrizo is a treeless but grassy flat to rolling 

plain lying at an average elevation of some 2,200 feet 

above sea level between two moderately high coastal ranges 

in southeastern San Luis Obispo County, California. It is 

120 miles in a straight line northwest of the city of Los 

Angeles. The floor of the plain has an area of around 

324 s~uare miles, or 207,000 acres, nearly all arable and 

about half irrigable. It is sparsely settled, mostly by 

a few old-time ranch families who, since the 1880's, have 

dry-farmed grain and grazed cattle and sheep during the 

natural grass-growing season. 

YEconomic Geologist, Menlo Park, Oalilornia. 
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In making this investigation, Government and private 

sources were consulted. Four field trips of several days' 

duration each were made into the area. Data obtained 

from these sources were correlated with geological investi

gations made intermittently over a period of several years. 

It was found that no comprehensive investigations or co

ordinated plans for water development in the Carrizo have 

been made, desp1te the fact that there exists an abundance 

of ground water and a large area of irrigable land. 

The surface of the Carrizo Plain is a basined topo

graphic feature comprising a hydrologic unit about 56 miles 

long and 8 miles wide within the limits of its watershed. 

This topographic basin superimposes and is in concurrence 

with a larger crescent-shaped structural geologic basin 

which is about· 75 miles long and 12 mile s wide at its 

center. 

The Carrizo topographic basin is shaped in non-marine 

.formations of post-Pliocene age. They consist mostly of 

loosely to well-consolidated sands, gravels, silts, and 

clays which overlay unconIormably older folded and faulted 

marine and continental strata. The younger non-marine beds 

lay in a wedge-shaped body more than 3,000 feet thick in 

places fronting the San Andreas fault. This body wedges 

out westward across the plain onto uplifted older rocks 

of the Caliente Range and San Juan Hills. It is within 

these younger non-marine formations that most of the fresh 

ground water of the Carrizo Plain is found. 
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The Carrizo Plain is dependent on precipitation mostly 

in the 'form of rainfall for its water 8upp-ly. Its water

shed, including the floor of the plain, comprises 418 s~uare 

miles, or 286,000 acres. An average of a little more than 

8 inches of rain falls annually upon this watershed. Be

cause the Carrizo basin is closed on all sides to surface 

water outflow, precipitation which does not find its way 

underground during the short season of intermittent rains, 

accumulates in Soda Lake in the center of the basin. 

Usually, however, these surface waters evaporate before . 

the end of the long s,ummer, leaving the lake bed dry 

during most of the year. Notwithstanding, water tables 

have remained high beneath most of the plain because ground 

water development to date has been on a small scale in 

relation to the annual natural recharge. 

At present (1967), less than 1,000 acres, all in the 

northwestern ~uarter of the plain, or less than 1 percent 

of the approximate total of 100,000 acres of irrigable 

land are irrigated mostly for alfalfa and pasture crops. 

Ground water for this irrigation is pUlIlped from 9 wells,. 

These wells range in depth from 200 to 700 feet and have 

output capacities rated at from 200 to 1,100 gallons per 

minute. 

Net consumption of ground water at present is esti

mated at the rate of 3,364 acre-feet annually. 
,. 

In addition, 

some .534 acre-feet annually are being pumped from 89 
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shallower wells (mostly less than 100 feet in depth) for 

household and livestock use. Thus, the total net consump

tion of ground water in the Carrizo at present is at the 

rate of around 3,898 acre-feet a year which is about 2 per

cent of the gross, and 5 percent of the net average annual 

recharge. In general, the ground waters outside the Soda 

Lake area and the deeper waters throughout the basin are 

from good to i,air quality J but even the best of them are 

moderately hardo 

The balance between water recharge and discharge for 

the Carrizo basin involves a gross annual amount of some 

177,000 acre-feet. This figure is based on the average 

precipitation of 8 inches (0.667 foot) of rainfall annually 

falling upon 266,000 acres of watershed. Of this gross 

recharge, at least 118,000 acre-feet, or nearly 67 percent, 

is estimated lost through evapo-transpiration and other 

natural processes. The remaining 55,000 acre-feet, or 31 

~ercent of the gross, is considered to be the net average 

annual .ground water recharge. (See SPECIAL NOTE, p. 5a.) 

That part of the net average annual recharge of 59,000 

acre-feet into the Carrizo ground water body which is not 

being utilized, is believed to pass out of the basin as 

underflow at its northern end into the adjacent La Yeguas 

and the San Juan subsurface drainage areas. It is believed 

that this overflow could be captured economically before it 

has opportunity to leave the basin, without lowering 
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appreciably the over-all ground water level. Recovery of 

this net recharge would then be sufficient to irrigate 

approximately 3-2,000 acres of hay and grain, alfalfa, 

pasture, truck and miscellaneous crops as well as to supply 

a modest community development, mostly in the northern half 

of the plain. Depths of wells to capture this underflow 

would fall within the range of from 500 to- 1,500 feet. 

In addition to the net average annual recharge of 

meteoric~ waters available for use, certain quantities of 

connatel! waters might be drawn upon during periods of 

deficient recharge in order to meet requirements established 

on the basis of annual average recharge. Of course, the 

ultimate extent to which ground waters of the Carrizo might 

be utilized profitably will depend upon the economic re

sults of balancing the cost of pumping water from deep wells 

with the revenue expected from the products of irrigation 

or other usage. It is here that feasibility st·udies in

volving the details of costs and revenues must be made before 

undertaking any extensive program of ground water develop-

mente 

~ 
Meteoric water is that which previously existed as 

atmospheric moisture or surface water, and that entered 
from the surface into the voids of the lithosphere. (Meinzer) 

21connate water is that which was deposited simulta
neously with the deposition of solid sediments, and which 
has not since deposition existed as surface water or at
mospherio moisture. (Meinzer) 
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SPE C1..1\.L NOTE 

A first estimate of 80,634 acre-feet net average 

annual recharge available for use was determined by 

deducting from gross recharge, the vegetal discharge 

through native unplanted veget,ation. A revised estimate 

of 55,232 acre-feet net average annual recharge available 

for use is derived by deducting from gross recharge, the 

vegetal discharge through planted dry-farmed vegetation. 

The difference is 25,402 acre-feet, based on 38,084 acres 

of planted vegetation (mostly dry-farmed grains) utilizing 

an average of 0.667 feet of seasonal rainfall. Obviously, 

the net average annual recharge available for use will 

vary according to the acreage of planted dry-farmed vege

tation. (See Table 4, p. 40). 
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INTRODUCTION
 

LOCATION AND SIZE OF THE AREA
 

The CarrizollPlain is a semi-arid area of flat, sloping, 

and rolling hills land in the southeastern part of San Luis 

Obispo County, California. The alluvial floor of this 

topographic basin is approximately 54 miles long and p miles 

wide. It comprises 324 s~uare miles, or 207,000 acres of 

arable land, about half of which is irrigable. It is 

elongated in a northwest-southeast direction between two 

coastal ranges, the Temblor on the east and the Caliente

San Juan Range on the west. 21 Elevation of the basin floor 

averages about 2,200 feet above sea level. That of the 

Temblor Range 3,000 feet and that of the Caliente about 

4,000 feet, while the San Juan section of this latter range 

is considerably lower at about 2,500 feet. 

A number of roads lead into the Carrizo Plain but pro

bably the most travelled connect with California State 

±I
The word "Carrizo ll is the Spanish name for common 

reed grass. The early Spanish explorers who crossed the 
plain in the 16th century, applied this name to the area 
£rom the abundance of reed grass growing on the fringes of 
the lacusttrine areas in the central part of the plain. 

21Actually the Temblor Range is on the n;rtheast and 
the Caliente-San Juan is on the southwest but common prac
tice is to re"fer to the east and the west sides of the 
plain or basin. 
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-..... , 

route 58 which crosses the northern part of the plain 

between Bakersfield on inland route U.S. 99, and Santa 

Margarita (9 miles north of San Luis Obispo) on coast route 

u.s. 101. In crossing the Carrizo Plain, State 58 inter

sects Soda Lake Road. About 2 miles south on this road is 

the settlement of California Valle·y, headCluarters of a new 

community development in the plain. Here there are an inn 

and other conveniences for visitors and residents. About 

1 mile south of this place is a small landing field for 

private airplanes. There is no commercial air service into 

the area or other means of public transportation. 

From San Francisco, the shortest route into the Carrizo 

is southward on U.S. 101 to Santa Margarita, thence 36 miles 

eastward on state 58 to California Valley, a total distance 

of 269 miles. From Los Angeles via Santa Margarita the 

total distance is 254 miles, but the shortest route from 

Los Angeles into the Carrizo is inland over U.S. 99 via 

the Maricopa turnoff (95 miles north of Los j~geles and 21 

miles south of Bakersfield) over State 166 to Maricopa 23 

miles, thence on State 33 northwestward 21 miles to State 

58, thence westward on 58 over the Temblor Range 26 miles 

to California Valley, a total distance of 166 miles. A 

summary of road distances and average driving times is 

given in Table 1. 
.~ 

The location of the Carrizo Plain is shown in Figure 1. 

Other features are shown on 1:250,OOO-scale quadrangles of 
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the U.S. Geological survey~covering Southern California, 

and on the San Luis Obispo County township, range and 

section map of the California Division of Forestry, both 

in separate envelopes accompanying and made a part of this 

report. Figure 2 shows main roads to the Carrizo Plain. 

TABLE 1.- Summar of road distances and average driving times to the 
Carrizo Plain California Valle from San Francisco and 

Los Angeles 

To Carrizo Plain 
(California Valley) 
from 

Road 
distance 
( fJul e s ) 

Driving 
time 

(Hrs:min) Remarks 

SAJ>r FM.NCISCO: 
via Santa Margarita ••••. ~ ••• 
via Paso Robles & Cholame .•• 

269 
265 

5:55 
5:25 

Pavedj all weather 
Last ,8 miles unpaved 

LOS ANGELES: 
via Santa Margarita .•••.•..• 
via Maricopa & Soda Lake Rd. 
via ~~ricopa & Taft •.••.•••• 

254 
172 
166 

5:10 
4:)0 
4:15 

Paved; all weather 
Last 45 miles unpaved 
Pavedj all weather 

CARRIZO PLAIN AS A hLTIROLOGIC UNIT 

The Carri.zQ Plain comprises one of six hydrologic units 

into which the County of San Luis Obispo has been diVidBd.lI 

~ 
Other more detailed maps on other scales covering all 

or a part of the Carrizo Plain may be obtained from the 
Geological Survey, United states Department of the Interior, 
Menlo Park, California. 

lIAccording to State Water Resources Board. San Luis 
Obispo County Investigation. Bull. No. 18, vol. 1, p. 27. 
Sacramento, Calif., May 1958. 



.LI::;TC:~ 

WilIO..- s~r~'L 

I 
I 

fIr ,O"(("r,o,, 
lo1G"f sr.. 

~~~~ain roads --- --_.. 
____ Boundary San Luis Obispo CountYl 

_ \'latershed Carrizo Plain Basin 
*-' - ~_ •••_- ~ .---_... _... --_._._-.---' 

rRO-AO- MA_P' SAN.TA BARBARA 

W 
® 

lIo1\i;>iJ ~l i" _OIoQS 

IIjT(~'5hj( ~1\'HWAt "UIoI,U 

U ~ 141~.AT IoUI"(~ 

~ sTAlt ~1,'M ~OUT(IIU"Il(A 

SCAL£: IN MIL(S 
~ 



9 

The boundaries of these units have been defined after 

giving consideration to those factors of water supply and 

utilization, topography, and geology, which affect hydrologic 

analyses. The boundary of the Carrizo unit lies almost en

tirely within the County but in places along its eastern 

boundary, the topographic limits of the basin· overlap into 

adjoining Kern County. This unit comprises approximately 

286,000 acres within the limits of its watershed, or some

what more than 11 percent of the total for the County. A 

c9mparison of the sizes of the six hydrologic units of San 

Luis Obispo County is shown in Table 2. 

TABLE 2.- Hydrologic units of San Luis Obispo County, California, arran~

ed in order of largest areas 

-------------------Area (acres)-------------------
Name of unit -------------Coun~y------------- -----Total-----

San Luis Obispo Monterey Kern Acres Percent 

Upper Sa1ina~it•••••••• 989,000 408,000 1,000 1,398,000 54.5 
Coastal unit 1 ••••••••••. 492,000 
CARRIZO PLAIN UNIT •.•....• 271,000 
Cuyama unit............... 268,000 

12,000 
0 
a 

a 
15,000 

0 

504,000 
Y286,ooo 

268,000 

19.6 
11.2 
10.4 

Santa Maria unit •.•.•...•.• 55,000 ° 0 55,000 2.2 
San Joaquin unit ••••.•••.. 54,000 0 0 54,000 2.1 

Totals ....•.. ~ ....•.• 2,129,000 420,000 1,000 2,565,000 100.0 

Y Consists of subunits: Cambria 195,000 acres; San Luis Opispo 
177,000 acreSj and Arroyo Grande 1;2,000 acres. 

~ Area of watershed measured from drainage divides surrounding the 
plain and including the floor of the topographic basin us approximately 
416 square miles, or 266,000 acres according to a~thorls measurements. 
Area of the post-Pliocene water~bearing mantle is approximately ,50 square 
miles, or 224,000 acres. 



10 

DEVELOPMENT OF GROUlffi WATER 

The development of ground water in the Carrizo Plain 

hydrologic unit has been slow and small. The early settlers 

who came into the area before the turn of the century made 

little effort to develop water, mainly because both surface 

and subsurface evidences of any large supply of fresh water 

were lacking. They managed to obtain enough potable water 

to meet re~uirements for household and livestock by drill

ing shallow wells (generally less than 100 feet in depth) 

in the more favorable spots near seepages and springs. 

They became satisfied with dry-farming and the seasonal 

grazing of livestock, made a comfortable living from these 

occupations, and generally held on to their large land 

holdings. 

Under these conditions, and the fact that the Carrizo 

layoff the main road and rail transportation routes, the 

Carrizo has remained sparsely settled. Even at present 

there are only two small settlements in the plain. One is 

Simmler, a now practically deserted old ranch communi i;y in 

the nor·th central part of the plain; and the other, Califor

nia Valley, a new community real estate development several 

miles west and south of Simmler. 

Despite the lack of extensive water development, the 
much of 

fertility o~the soil has long been recognized, provided 

sufficient water could be placed on it. However, it was not 

until the close of 1'lorld \var II when water-well equipment 
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agaln became available that any significant attempt was 

made to develop water for irrigation.§! Probably the first 

wells for this purpose were two deeper wells drilled on the 

King Ranch in the northwestern part of the plain in 1945.2/ 

These two wells proved irrigation to be feasible, but 

in the 20-year period between 1946 and 1967, only 9 addi

tional irrigation wells were drilled, all in the same general 

area. Of the total ofll irrigation wells drilled to date, 

2 have been ~bandoned (for mechanical rea~ons), leaving 9 

wells at present pumping water for irrigation, mostly for 

alfalfa and forage crops to supplement range feed availabl~ 

only during the short natural grass-growing season. The 

total area irrigated comprises around 725 acres but from 

three to four cuttings of some forage crops are obtained 

per year. 

In addition to shallow water wells drilled for domestic 

and livestock re~uirements by the original settlers and the 

few deeper ones for irrigation, a number of mostly shallow 

§IVery little data on irrigation are available prior to 
1920, the first year in which such data were included in the 
Federal Census reports. Later, investigations were made by 
the California State Water Resources Board, but outside of 
the report on water in San Luis Obispo County in 1958, little 
data have been collected with reference to water in the 
Carrizo Plain. 

2/one well was drilled in section 28, T29S-Rl8E to a 
depth of 325 feet; the other in section 2, T30S-Rl8E to a 
depth o.f 300 feet. Output of each of the se wellS was rated 
at from 500 to 600 gallons per minute. 
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wells have been drilled in the area of the recent California 

Valley development. This community effort, however, has 

not added materially to water development in the Carrizo 

Plain. The purchase of a 2-1/2-acre plot usually carr~es 

with it the necessity of the owner to develop his own water 

supply. UnIortunately, most of the subdivision acreage 

lays on the western slopes of the plain where the main 

water-bearing formations are either absent or thin. As a 

result many of the 20-odd shalla", vlells drilled in this 

locality have not yielded satisfactory amounts of water. 

As a conse~uence of this unsatisfactory water develop

ment, efforts are being made to develop a community supply 

from deeper \vells drilled down-slope on the edge of the 

Soda Lake flat, where the water-bearing formations are 

thicker. Three wells have been drilled in this locality.lQ! 

The upper water-bearing formations in two of the wells 

located nearest the Soda Lake bed yielded water of poor 

and unsatisfactory Quality. However, deeper sands yielded 

water of better quality. As yet the final results of this 

effort are not known. Just how and at what cost water from 

lO/These wells are "Chilcote" in section 12, T30S-R18E 
drilled to a depth of 550 feet; and the t\vO "Cal Valleyrr. 
wells located within 135 feet of each other in section 34, 
T30S-R19E; the one completed at a depth of 995 feet, and the 
other drilled to a depth of about 1,865 feet but not known 
at what depth completed.~ 
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these wells is to be distributed to the community plots on 

higher elevations is also not known. 

PURPOSE AND SCOPE OF THE INVESTIGATION 

The purpose of this investigation is essentially to 

ascertain to what extent ground water in the Carrizo Plain 

may be developed to sustain maximum development of agricul

ture and livestock activities and related community develop

ment, thereby improving the local economy and increasing 

property values. It includes estimates of natural discharge, 

pumpage and yield of ground water, data on water levels, 

well records, and water ~uality available to the author up 

to January 1,,1967. 

This preliminary investigation does not attempt to 

determine the economics of ground-water development in 

relation to crop, livestock, domestic, community and other 

re~uirements. It was perforce limited by time and expense 

to a general survey to ascertain whether the potential 

water resources and extent of irrigable lands were suffi

cient to warrant a comprehensive and detailed feasibility 

study of water development in the Carrizo to determine its 

economic potentialities as a geographic unit of importance. 

Such an investigation is in line with government policies 

for land development, particularly as adapted to the improve

ment and growth of good beef stock which the Carrizo Plain 

and adjacent areas afford. 
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RELATED INVESTIGATIONS AND REPORTS 

Little has been published on the water resources of 

the Carrizo Plain. The three works listed below probably 

cover the subject as thoroughly as any. The author has 

drawn freely upon them for basic data and information but 

the interpretations made from them together with data 

collected as a result of his ovm efforts, are his own. 

Upson, J.E. and G.F. vlorts, Jr. Ground Water in 
the Cuyama ValleY,California. Geological Survey 
Water Supply Paper 1110-B, in Contributions to Hydrol
ogy, 1948-1951. u.s. Department of the Interior, 
Washington, D.C., 1951. 

Division of Resources Planning, California Depart
ment of ~rater Resources. San Luis Obispo County 
Investigation, Bull. 18, Vo1s. 1 and II. Sacramento, 
Calif., May 1958. 

Hackel, Otto; Chairman and others. Guidebook
Geology of Carrizo Plains and San Andreas Fault. San 
Joa~uin Geological Society. Bakersfield, Calif., 1962. 
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PHYSICAL FEATURES OF THE .s-\.REA 

GEOMORPHOLOGyll/ 

Probably the most notable physical aspects of the 

Carrizo Plain are: (1) the large expanse of treeless but 

grassy flat lands in the center of the basin sloping upward 

to the bare rolling hills along its periphery; (2) the 

elongation of the basin in a northwest-southeast direction 

be.tween two prominent coastal r8.-YJ.ges, the Temblor on the 

east and the Caliente-San Juan on the west; (3) the notable 

depression in the center of the basin, occupied by the 

intermittent Soda Lake; (4) the well-defined straight-line 

escarpment of the San Andreas fault along the eastern side 

of the plain; and (5) the curved Caliente-San Juan uplift 

and fault complex marking the western limits of the basin 

and abutting at each end against the San Andreas fault 

scarp to mold the crescent-shaped Carrizo basin. 

The topography of the surface terrain is largely the 

result of processes of deposition and erosion pertaining to 

11/
Geomorphology is that branch of physical geography 

which deals with the general configuration of the surface, 
the distribution of the land, water, etc., and! the history 
of geologic changes through the interpretation of topo
graphic fo rms. 
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the mantle of post-Pliocene soils, sands, gravels, silts, 

and, clays which blankets unconformably the structural 

basin 9f older folded and faulted strata which in turn 

overlay a granitic basement on the west and deeper-seated 

metamorpnic basement complex on the east. 

Whereas the eroded IJre-Pliocene folded and faulted strata 

are formed into a subsurface structural basin tilted slightly 

to the east and the north, the post-Pliocene cover forms a 

topographic sur£ace basin with elevations considerably 

higher on the east and the north than on the west and S"o·uth. 

The pre-Pliocene sedimentary beds overlay and in ~laces Qver

lap the basement granitic mass on the Caliente Range and 

San Juan Hills on the west while they terminate abruptly 

against the San Andreas f'ault on the east. 

Topographically, the surface of the basin is highest 

at its narrow southern end. The surface elevation here 

reaches 2,900 feet above sea level. In the center of the 

basin at Soda Lake, the elevation drops to 1,900 fe~t. To 

the north the elevation rises, but to less than 2,100 feet. 

The southern half of the Carrizo is an area which 

slopes upward from its center, gently eastward into the 

10vi Panorama Hills fronting the Temblor Range and more 

steeply westward into the Caliente Range. The floor of 

this half of the basin averages about 4 miles wide. The 
J 

land is largely unfenced. Most of it is used for cattle 

grazing, but some of it is dry-farmed. Within an area of 
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more than 100 s~uare miles, there are no settlements other 

than a few ranch houses. Most of the roads are gravel or 

dirt. Some of them are impassable in wet weather. 

The northern half of the basin is wider than the 

southern half. It averages about 7 miles in width. It 

contains more flat and gently sloping land, but in the 

northeast are low rolling hills. All of the land in the 

lower north half is arable. There are more ranch houses 

in the north than the south and the only two settlements 

in the Carrizo are here. Also, the only land irr~gated is 

in this part of the plain, and practically all of the 

remainder is dry-farmed. The roads are mostly black-topped. 

Aside from the plain itself, probably the mos~ promi

nent physical features of the area are the two coastal 

ranges which confine the plain. The Temblor Range on the 

east rises to more than 1,000 feet above the plain. Eleva

tions along its highest ridge average more than 3,000 feet 

above sea level. The Caliente Range on the southwest rises 

higher, but its north\iard extension into the S'an Juan Hills 

is much lower, ayeraging less than 2,500 feet along its 

highest ridge. The highest point in the Temblor is McKittrick 

Summit, 4,332 feet above sea level; in the Caliente is 

Caliente Mountain, 5,106 feet; and in the San Juan Hills, 

Freeborn Mountain, 3,311 feet. These ranges are usually 

covered with an abundance of native grasses, but other 

vegetation is scant. There are scattered oak and pine trees 
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on the higher elevations, and freQuently patches of brush, 

especially on the SQuthi,A/estern slopes which receive the 

full force of the seasonal rains. 

Along the northwestern rim of the Carrizo topographic 

basin, the divide between the Carrizo and the San Juan 

drainage area is in places barely more than 50 feet above 

the ground level of the adjoining San Juan. Nevertheless, 

this low divide has been high enough to prevent any surface 

waters of the Carrizo from flovling out of the basin even 

during the heaviest rai~s. The rains falling upon the 

Carrizo watershed have formed a reservoir of ground waters 

which rise above the surface in the depressed Soda Lake 

area during most of the rainy season and remain very close 

to the surface at other times. 

CLIT:i..u'E 

The climate of the Carrizo area has some of the features 

of a desert basin notwithstanding that it is a plain within 

the Coastal Ranges. This anomoly is because the uplifted 

plain is on the inland side of the Coastal Ranges near the 

southern end of the San Joa~uin Valley and is flanked by 

moderately high mountains. 

Rainfall over the plain and its watershed, although 

variable, has averaged over the years, 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 TIecember 
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through February. However, isolated thunder showers 

sometimes occur during the summer. Snow rarely falls on 

the Qasin floor but does rather fre~uently during the 

winter on the summits of the adjoining mountains. 

During the winter, temperatures below freezing are 

common. During the summer months daytime temperatures are 

mostly high. Frequently they are in the 90 0 ,s and occa

sionally go above 1000 F. Nights are usually cool even 

in the summertime. The long dry summers provide an ade~uate 

growing season for most crops but the relatively high alti

tude of the plain results in a shorter growing season which 

limits the types of some cr-ops. The time between frosts 

averages around 200 days. 

The air of the Carrizo is unpolluted. Most of the t/ 

time it is remarkably clear and exhilerating. During the 

winter, in the lower parts of the plain there may be occa

sional ground fog. However, tnese low,patchy fogs are 

usually "burned off lr before mid-day. 

Records of rairllall, temperature, and other meteorologi

cal da~a for the Carrizo are scanty. Within the Carrizo 

Plain and watershed, there are only two precipitation sta

tions. The records go back some thirty years but they are 

not complete. However, they do reveal the main features 

of seasonal variations, rainfall distribution and intensity. 

A sample of these records is shown in Table 3. Lines of 

eQual mean seasonal precipitation are shown in Figure 4. 



21 

TABLE 3.- Records of rainfall from precipitation stations in the Carrizo
 
Plain, San Luis Obispo County, California
 

Period of ------ -----Seasonal year--------- 
Precipitation Elevat recordl! Mean --Maximum-- --V~nimum--

station ion (ft.) From To (inches) Year Inches Year Inche~ 

Simmler Highwa~ 

l~intenance£7•.• 2,047 1958 1954 8.1 1941 18.1 1951 4.4 

Soda Lake21 1,975 1926 1954 8.7 1941 18.5 1934 5.4 

11 Data for more recent years not procured.
 

g; Source: State Division of High~lays, San Luis Obispo.
 

21 Source: U.S. Bureau of Reclamation and San Luis Obispo Farm Advisor.
 

SOILS 

The soils of the Carrizo vary in their physical and 

chemical properties in accordance with differences in 

parent materials, the method of formation or deposition, 

the age and degree of development since their deposition. 

The soils may be divided into three broad groups: (1) re

sidual soils; (2) older valley fills; and (3) Recent 

alluvial soils. 

Residual soils include those which have been developed 

in place on consolidated bedrock of sedimentary, igneous, 

and metamorphic origin. These soils are found only on the 

steeper slopes of the drainage area surroun ing the basin 

where the drainage is good; and they are usually shallow 

and of medium texture. Rock outcrops are fre~uently found. 
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Only a small percentage of these soils occur around the 

rims of the Carrizo and mostly in the southern half. 

Older valley fill which comprises most of the north

eastern part of the Carrizo and extends in scattered areas 

along both sides of the San _~dreas escarpment elsewhere 

but is generally absent in the central part of the Plain. 

Sinc~ their deposition, the soils of this group have been 

elevated and later eroded to varying degrees. As a result, 

a rolling topography characterizes the areas in which these 

soils occur. These soils cover most of the northeastern 

area. Textures vary fro~ lignt to medium at the surface 

to heavy in depth. Surface drainage is generally good but 

subsurface drainage is often retarded by heavier subsoils. 

Moisture holding capacities are fair to good in the upper 

zones but poor in the lower zones. In years of deficient 

rainfall, failures of s~e.llo\·l-rooted, dry-farmed crops 

occur. In general, hOi.,rever, good harvests of climatic

suited crops may be gro~~ in the older valley fills.~ 

Recent ~lluvium occupies the greater part of the 

Carrizo Plain arable area. It is estimated that the soils 

in this category, outside the Soda Lake area, cover approxi

mately 135,000 acres, or about 38 percent of the total 

arable land. Soil depths vary considerably--from a few 

feet on the periphery of the basin to several hundred feet 

l2/Large acreages of whee.t are prod.uced in these soils. 
The wheat produced is a high gluten Baart wheat which brings 
premium prices from the flour milling industry. 
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in the center of the Soda Lake bed. Textures vary from 

light to medium outside the Soda Lake area. In this area, 

they are for the most part heavy impervious clays that are 

heavily impregnated with miner~l salts. Away from the Soda 

Lake borders, stratified silts, sands, and gravels are 

often found beneath the surface, and drainage is usually 

good except in periods of in~~dation. In general, with the 

proper application of water and careful use of fertilizers 

where re~uired, the alluvial soils of the Carrizo have a 

high commercial valueo 
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GEOLOGIC FEATURES OF THE PJlliA 

STRA.TIGP~...PHY 

Within the confines of the structural basin lying 

between the Temblor uplift on the eastern side of the San 

Andreas fault and the Caliente-San Juan uplift on the west, 

is a stratigraphic section of post-Jurassic rocks. Most of 

these are unaltered sedimentary formations but there are 

some metamorphic base~ent rocks and interstratified Miocene 

volcanics. 

The stratigraphy (as well as the structure) is shown 
\ 
) in the cross sections I!l2.de of the basin by Dibblee.W 

Probably the most representa-cive of these are the ones 

across the central part of the basin. They show a section 

of sedimentary deposits ranging in tnickness from a few 

feet overlaying a granitic basement complex on the west to 

more than 15,000 feet on the do\~~tr~own eastern side of 

the structural basin fronting the S~~ FJldreas rift. 

Broadly, the stratigraphic se~uence in the Carrizo basin 

is as follows. A Mezozoic base~ent complex of granitic rocks, 

131 . '. 
D~bblee, Jr., T.\1'~ rtDlsplacements on the Sari. P.ndreas 

Rift Zone and Related structures in Carrizo Plain and Vicini
ty. tr GUid'ebo,?k -Geoloj,~~t of Car!'i~o Plain and San .P...ndreas 
Fault. San Joa~uin Geological Society, Bakersfield, Ca~if., 
r~ 
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exposed at the surface in places in the Caliente-San Juan 

uplift is overlain unconformably in varying thicknesses 

by Cretaceous conglomerates and sandstones, followed to a 

limited extent by Paleocene sandstones and shales. Over

laying the Cretaceous unconfor~ably is the widespread 

Simmler formation of non-marine sandstones and siltstones 

of Oligo-Miocene age. ~he Simmler is overlaid by marine 

Vaqueros (lower Miocene) which is divided into the Soda 

Lake shale and the Pai~ted Rock sandstone. Overlaying the 

Paint ed Racle are a \O'lide varie-cy of silicious shales , basalts, 

sa~dstones, and shales--some marine and some nonmarine--of 

the Monterey series (middle and upper Miocene). Above the 

Monterey is the widespread an~ often t~ick Santa Margarita 

s~ndstone of the upper Mioceneo 

On top of the Santa Margarita sandstone is the Rancho 

Pico shale followed by the Quatal clay, both lower Pliocene. 

These compact impervious beds where present, prevent ground 

waters in the overlaying Morales (upper Pliocene) and the 

Paso Robles (lower Pleistocene) ss~ds~ gravels, and silts 

from percolating dOv:nward into the older marine strata. 

A comparatively thin ma:_tle, from a few to several hundred 

feet thick, of Recent Alluvium covers much of the Paso 

Robles, especially through the center of the basin and in 

the Soda Lake depre ssion. Ho\\reverO, in the northeast, the 

Paso Robles is e:cposed. over mo-st of the surface. 
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The most notable ~~d important features of the 

stratigrap~y of the Carrizo from the standpoint of ground 

water accumulation is the position of the fresh water

bearing Pleistocene Paso Robles overlaying in marked un

conformity, the Tertiary and older beds; and the impervious 

nature of the lower Paso Robles \vhich prevents percolation 

of ground waters dowDward. These yo~~ger water-bearing 

forwations are superimposed upon ~he older strata in a 

wedge-shaped mass more than 3,000 feet thick fronting the 

SaL Andreas rift, thinning out westward on the eastern 

flaill{ of the Caliente-S21 Juan upliftg 

East of the S~~ ~SI~dreas fault, the stratigraphy fol

lo\vs the same general age pattern as that west of the fault 

but the formations are not specifically correlative with 

those on the Carrizo si&e. }~i exception is the Paso Robles 

formation and a few of tne post-Pliocene beds, thin patches 

of which occur on both sides of the San Anftreas, not~bly in 

the southeast. East of the San Arldreas, the basement COB

plex of Mezo-Cretaceous age, consists of diorites, intru

sive serpentine, and metamorphic rocks of the FrancisclliL 

series. The granite basement complex of the Caliente-San 

Juan does not appear east of the San Andreas fault. 
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STRlJCTDHE 

The geologic structure embodying the Carrizo Plain is 

essentially an elongated synclinori~ some 75 miles long 

and 12 miles wide at its center, in strata of P9st-Jurassic 

age, compressed between two uplifted basement masses. This 

structural basin is t:il ted dO"Vln\'lard on the east against the 
Red Hills-

San .P...ndree..s fault, and no:cthvrard against the/ San Juan 

faul t syste:cl. 

Besides marking eastern limit of the basin, the 

San Andreas fault is the dividing line between the dis

similar strata on ei~he~ side of the fault. Apparently, a 

lateral movement took place 210ng the San Andreas rift 

which shifted for many 2i1e8 what vIas originally a contiguous 

se~uence of formationsQ 

Subsequent to this extensive lateral movement, or pos

sijly contemporaneous theT8with, ~he formations on the 

western side of the S~1 .~dress fault in the Carrizo area 

we~e downthrown severa~ thousaLd feet~ Also, probably at 

the saffie time, both the west8r~ (Caliente-San Juan) side 

aile the eastern (TembloT) side of the basin were uplifted 

while compressive forces folded, faulted, and in places 

overt~~ust the pre-Pliocene SeQiillentary section from east 

to west'. 

In all of these orogenic movements, the San 1L~dreas 

rift remained virtually in a straight northwest-southeast 

trending line while on the western side of the basin a 
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co~]lex of folding and faulting formed into an arc which 

encompassed a 75-mile segment of the San Andreas fault, 

thus forming the crescent-shaped structural basin of the 

Carrizo. 

Follo\,ring these major struct11Tal m.ovements in the pre-

Pliocene rocks, vario~s processes of erosion and deposition 

took place which covered a large area with post-Pliocene 

boulders, gravels, sands, silts, and clays of terrestrial 

origin. In the Carrizo structU2~al basin these younger non

marine beds were laid d.O\'i!l 1.,.:~:1.coY.Lf·ormably over tilted, U11even

ly e!"ocled ar...c. folded anc. faulted pre-Pliocene stra·ta. 

TL~ough subse~uent movewents along old lines of stress, 

tt.;"e. se younger norl-me.Tir~e bec.s vlere gently fa lded and 

fa~lted while processes of secondary erosion and re-

deposition account for the wedge-shaped superimposition of 

the se younger continer.L-cal fO~["rJ.ati0118 llilconformably UPOYl 

the older marine strat~~ 

The Carrizo PlaiL is uniQue in that it involves two 

basins: (1) a topograp~ic basin superimposed unconformably 

upon (2) a structural basin. This situation is fortwlate 

from the standpoint of ground Vl~ter in that it affects 

favorably the movement and acc~ulation of such waters. 

The closed topographic basin preve~ts any fluvial flow from 
. , 
t:..c~e 

the surface basin. The top oftlli~derlying structural 

basin, covered for the most p~rt by impervious clays at the 

bottom of the Paso Robles anQ tilted eastwayd and northwarQ, / 
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channels ground water underflow in those directions 

whenever subsurface water reservoirs are filled. Wells 

properly located could prevent much if not all of this 

subsurface outflow. 

;1 . 

---LEGcl"\D--

~BOUndary Carrizo Plain watershe 

\ ~ ' ..... Ivfajor fault systems.J... 
.'~ 

\:::::; Carrizo ground v:ate:: 

~ Soda Lake ground V-later 

~- Morales ground. 'irate:::
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PRINCIPAL FOR}~~TIONS THAT YIELD WATER TO ViliLLS 

Tr.!.e GrolL.J.G. ';Iater ~od.y 

The geologic fo~~ations of the Carrizo Plain may be 

divided into non-fres~ water bearing and fresh water bear

ing groups. The nOl1-£'~"esh v·later· bearing group includes the 

pre-Cret~ceous gr~~itic rocks~ sedimentary rocks of the 

J1IT2.ssic through t11E: lO\'ler-Pliocell6? ~"'1.d volc8-Ylic s of 
1 // /

agee:!::.:.!:.! The fresl'l v,rs-Ge:r beax'ing group includes 

most of those sands a~Q gravels in the post-Pliocene sec

tiOll. The more impor·c2.::lt of tb.ese younger fresh watel~ 

bearing formations are the Quaternary alluvium (Qa), the 

Pleistocene Paso Robles (Qp) and the upper Pliocene Morales 

(Pm.) formations. 

Broadly, there are two extensive ground water bodies 

in the Carrizo basin: (1) the Soda Lake; and (2) the 

Carrizo. ~he Soda L~::e ground \/.Jater body is confined to a 

11+/ 
Of course I) an:;r fOl"'rrration of pre-Pliocene age rn.ay 

yield some fresh \'rate:c locally 2-C or near surface expos~e 

bu~ in .depth waters in ~hese alter fornations yield eit~er 

brackish or salty waterso They are not considered fresh
water bearing on any large scale. 
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cOill9aratively shallow platter-shaped area about 12 miles 

long and 2 miles wide beneath the lake bed. This body lays 

below several hundred fee~ of muds and clays, and contains 

vlater highly contamina-ced. Vii th mineral salts. The Soda 

L8.-1.:e ground \Alaters are either ill the lO\ver part of the 

Quaternary Alluvium or upper section of the Paso Robles. 

The Carrizo ground water body lies below the Soda Lake 

in t:;he middle and lOvler' parts of the Paso ROble s. Tllis 

codil1.ed body of grouy~~ \;late:'" lS overlain by m.aterials 

s1,;2=iciently impervio us to sever llydraulic cOlli:l.ection \'lith 

ove~-lying water, and woves ur~Qer pressure caused by the 

diiferellce ir.l. head betvlee:.'1 i::'1-cake and discharge areas of 

the confine d \~la ter bo 0..21- Tri.e Ca~c:''''izo ground viater body0 

spreads beneath most of ~he ~iddle and eastern parts of 

the entire basin viliere t~e p~so RObles formation is extant. 

Tile \'l2.ters of this boo.y j illllike those of the Soda Lake 

rac.ge from. good. to fair over-all <luality. (See Figu.re 9, p. 37a) 

Quater~s~y ~lluviDL (Qa) 

Recent E_lluviUI.1 oi' the Qu.a.-cern2r::l period (Qa) covel~S 

Eost of the surface of tn6 Carrizo Plaine It is estimated 

tl~t this alluvium is s~read in varying thicknesses up to 

several hundred fe et o":rer approxi1!:2. tely 142,000 acre s, or 

63 percent of the basin floor~ The thickest alluvi~ centers 

i~ the Soda Lake depression in the central part of the sur

face basin. 
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In general, the alluvial beds rest with angular 

unconformity on older continental deposits and locally 

on still older formations. There are few Quaternary Ter

race deposits within the area of the Carrizo Plain. There 

is little or no evidence that streams or other fluvial 

conditions necessary for the formation of terrace deposits, 

ever existed after the original structural depression was 

formed. 

Most of the alluvial beds in the Carrizo appear mas

sive, but some are evenly stratified or slightly cross-

bedded. As revealed in well logs, the alluvial deposits 

are highly variable in composition and thickness. In 

general, however, they are unconsolidated or loosely con

solidated sands, gravels, and silts with a few beds of 

compacted clays. An exception is -~:~e Soda Lake area where 

they are mostly thick compacted heavily mineralized muds 

and clays. 

The alluvium absorbs water readily in most parts of 

the basin, particularly where it is not already saturated; 

that is, where the water table is well below the surface. 

In th~ center of the basin around Soda Lake, although the 

more permeable upper parts of the alluvium underlying the 

thick layer of muds and clays may be heaVily mineralized, 

there exist impermeable beds which prevent percolation of 

these contaminated waters dOwnward into the underlying 

reservoir of better quality waters. In the central part of 



3'+
 

the basin, especially in the Soda Lake ar'ea, it is believed 

that the alluvium does not readily transmit water downward, 

but elsewhere' precipitation absorbed by the alluvium may 

find its way into the underlying Paso Robles formation. 

The Alluvium is not the principal water-bearing for

mation of the Carrizo, except possibly in the east central 

part of the basin where it is in direct contact with the 

runoff from the Temblor watershed. So far only in the 

western part adjacent to the narrow Caliente watershed has 

any water been developed from it and this not to any con

siderable estent. In most other parts, the top of the 

saturated zone is either deep in the alluvium or below its 

base. In some localities, even this Recent Alluvium is 

saturated but not very permeable. It is, therefore, neces

sary to drill deeper into the underlying continental de

posits to obtain any appreciable ~ount of water. Little 

or nothing is directly, known about the water-bearing 

characteristic of the undrilled alluvium over most of the 

basin. 

Pleistocene Paso Robles (Qp) 

This 'formation of Quaternary Pleistocene age consists 

of poorly sorted mostly loosely consolidated gravels, sands, 

and silts. It is exposed over the surface of a large section 

of the plain especially in the rolling hills of the northeast. 

Elsewhere it is covered by a mantle of alluvium. The Paso 

Robles is Widely distributed beneath the floor of the Carrizo 

Plain. 
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The Paso Robles "wedge", more than 3000 feet thick 

fronting the San Andreas rift, thins out across the basin 

onto the C~liente-San Juan uplift. In general, well logs 

indicate that the Paso Robles is more permeable on the 

western side of the basin where it is thinnest than on the 

eastern side where it is thickest. However, most of the 

formation appears to be permeable or faulted enough to 

transmit and store ground water in considerable quantities. 

Contours on the base of the Paso Robles show that this 

floor slopes in general from west to east and from south 

to north; is thickest in the depressed areas of the under

lying older strata and thinnest over the uplifted sections 

of the older beds. Once the depressions in the Paso Robles 

are filled with ground waters, the recharge waters flow 

dO\\1!l dip eastwa.rd and northward along channels in the 

top of older strata at the unconformity between the base 

of the Paso Robles and the immediately underlying older 

strata. 

The Paso Robles is by far the most important formation 

for the migration and storage of ground waters in the Carrizo 

basin. Though few deep wells have been completed for water 

in this formation, those that have, have yielded substantial 

amounts of fresh water of fair ~uality. 

Pliocene Morales (Pm) 

This formation, of upper-Pliocene age, is the lowest of 

Q the fresh water bearing formations in t4e Carrizo Plain. It 
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crops out on the surface over relativ~ly small areas in the 

northwest beyond the limits of the Carrizo surface basin 

but within the limits of the structural basin; and in the 

extreme southeast. It underlays the Paso RObles uncon

formably but overlays the Miocene strata conformably. Al

though it has not been mapped as being present beneath the 

entire surface of the Carrizo Plain, its presence in explor~

tory wells drilled for oil within the confines of the Carrizo 

would indicate that the Morales is more widespread than 

depicted by areal geology. 

The Morales, like the Paso Robles, is made up mainly 

of sands, gravels, and silts, but generally these beds are 

more stratified and compact in the Morales than those in 

the Paso Robles. The thickness of the Morales ranges from 

a few feet to more than 3000 feet. structurally, the 

Morales extends the length of the basin in a syncline off 

the eastern flank of the San Juan uplift in the northwest. 

It is not recognizable southward until it appea~s in a 

somewhat tightly folded syncline at the southern end of the 

basin off the eastern flank of the Caliente uplift. 

As a water-bearing sand, the Morales may hold considerable 

water, but its waters are believed to be somewhat brackish due· v 

to percolation of salt waters into the formation from under

lying marine beds. Notwithstanding, some of the waters in 

the Morales may be locally suitable for livestock and 

selected irrigation. However, depth to any considerable 
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amount of water in the Morales may be prohibitive to economic 

recovery, and unless the volume discharge would be large, the 

wells would not be economical. In general, the Morales i q 

not to be considered a major source of fresh water develop

ment in the Carrizo. 

NON-WATER BEARING FORMATIONS . 

Formations that do not carry appreciable amounts of 

water or that carry water which cannot be e~onomically re

covered by means of wells consist essentially of the pre

Pliocene marine and older continental deposits. Although 

some of these older formations contain permeable beds, they 

are not generally in favorable positions or of sufficient 

areal extent to absorb much precipitation. 

Some of the older formations may store small ~uantities 

of fresh water in cracks and joints but they do not transmit 

much of it. They are, therefore, not important sources for 

any considerable amounts of free fresh water. Even in a 

few localities where they are known to be substantially 

water-bearing, they underlay land which, for the most part, 

is topographically unsuited for agriculture. Only the 

most ~avorable locations in valley bottoms have been tapped 

by a few water wells for limited domestic and stock use. 

These waters are of no practical value as sources for ex

tensive irrigation. The real value of these older beds is 

their structural function to transmit water to the alluvial o plain. 
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. .. 
rURE 9.- Longitudinal section showing relative 

positions o~ main ground water zones in 
the Carrizo Plain Basin) Calif • 

. , 
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WATER SUPPLY AND DEMAND 

BALANCE BETWEEN WATER RECHARGE AND DISCHARGE 

Water supply and demand are generally expressed in 

hydrologic terms as water recharge and water discharge. 

Recharge is that water which replaces water discharged 

from a hydrologic unit. 151 Discharge is that water which 

is taken or escapes from a hydrologic. unit. A hydrologic 

unit is a topographic basin into which water is fed by 

natural precipitation within the confines of a watershed 

limited by the topographic ,divides surrounding the basin. 

The Carrizo Plain is entirely dependent upon precipi

tation for its water supply. No waters are brought in from 

the outside. The discharge of waters from the Carrizo re

sults from ~atural processes and frQm pumping water from 

wells. 

In any undeveloped ground water basin, the long-term 

natural recharge must e~ual the long-term discharge. Be

cause the Carrizo Plain so far is a practically undeveloped 

closed ground water basin, it is not difficult to arrive at 

meaningful figur es for it s water recbarge and di scharge. 

l2I More specifically, recharge may consist of waters 
originating naturally in the form of precipitation and flow
ing into the basin e·i ther by surface or subsurface channels; 
or by being imported into the basin from outside units via 
pipe lines. a~ueducts or other means. 
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The area of the Carrizo topographic basin up to the 

crest of its watershed is approximately 416 s~uare miles, 

or 266,000 acres. Over a long period of years, precipitation 

of rain over this area has averaged a little more than 8 

inches annually. By multiplying the 226,000 acres of water

shed by 0.667 foot (8 inches) of precipitation, the gross 

volume of water falling upon the area averages around 

177,000 acre-feet per year. 

Of course, not all of this estimated recharge of 

~.	 177,000 acre-feet of water annually results in stored ground 

water. From this gross figure must be deducted that amount 

of water which is discharged from the original source by 

natural processes plus that which is consumed by pumping
) 

from wells. 

The amount of ground water which is discharged by 

natural processes is estimated roughly to be around 118,000 Ii 

acre-feet annually, or 67 percent of the gross. The amount v/ 

of water discharged at present by pumping from wells is 

estimated at the rate of something less than 4,000 acre

'P".feet a year, leaving approximately 55,000 acre-feet to be 

recovered before it might escape as ground water overflow 

at the northern end of the structural basin into the Las 

Yeguas and the San Juan drainage areas. The figures of 

estimated recharge and discharge are given in the following 

Table 4 • 

o
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TABLE 4.- Balance sheet of estimated ground water recharge and discharge for the 
Carrizo Plain hydrologio unit, San Luis Obispo County, California 

Discharge basis: 
Natural Dry-farmed 

Item vegetal vegetal 

NATUFAL BALANCE 
RECHA.RGE: 

Gross annual average recharge (266,240 ac. x 0.667 ft.)!!. 
DISOHA.RGE: 

Evapo~transpiration: 

From Soda Lake natural s~face catchment (8,960 ac. x 5 rt.)g{.. 
From soil and vegetation ••••••••••••••••.••••••• 47••.•••••••••• 
From springs and Beepagea (1% of 177,582 ac.~ft.)~............. 

Subtotal .•. · •• • •• • • • ••••• • • · • • ••••• · •••• • ••••• • •• • • • • • · • • . • • • • 
Outflow: 

Surface fl'e-\fial •.•••••••••••.•••••.•••••••••.•••••••••••••••••. 
Sub sur f a c e.JI. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Subtotal .••.•.••••••••••••••••..•••••••.•••••••••••••••••••••• 
Total natural discharge •••••••••••••.••.•••••...••...•••.••••.•••• 

USE BALANCE 
NET AVERAGE ANNUAL ~RGE: 

Subsurface outflow •.•.••.••.•••.•..•.••••••• ~ ••••..••...••••••••• 
USE DISCH.ARGE: 
~ped from wells: 6 

For irrigation (725 ac. x 5.8 ft.)31. ........•............... ... 
Less return to ground water reservoir (20% of 4,205 ac.-ft.)'l1.•• 

Net used for irrigation•...•••.•••••••.••••••••••••.•...• ~8J •• 
For household, livestock, and community (89 wells aVe 6 ft.~••• 

Total pumpage net discharge •••••.••.....•••.•••••••.•••••••••••••• 
Ul'1U SED BALANC~ AVAILABLE FOR USE •••••••••••••••••••••••••••••••••••• 

(Acre-feet) 

177,582 177,582 

44,800 44,800 
46,474 71,871 
1,776 1,776 

9,,050 118,447 

a o 
84,532 59,125 
84,552 59,155 

177,582 177,582 

84,532 59,130 

4,205 4,205 
841 841 

3,364 ),,64 
534~ 

,,898 5,8QA 
80,634 55,23?

!IBasis: 266,240 ac. total area of Carrizo watershed times average annual precipi
tation of 8 inches (0.667 ft.) per year. 

g/Basis: water area of lake 8,960 ac. times average depth of 5 ft. at height of 
ra~ny season all of which water is evaporated during summer. 

21Based on observations by U~S.G.S. for Cuyama Valley that natural discharge is 
nearly two-thirds of total discharge (pumpage plus natural discharge). Thus, 66.7 per 
cer:t of 177,582 equals 118,447 minus (44,800 plus 1,776) equals 71,871 ac. ft. estim
ated evaporated from ooil and transpiration through vegetation. 

j(Rough estimate based on natural flow from springs and other seepages in general. 

LlBased on natural subsurface reservoirs being filled to capacity whence subsurface 
recharge waters will move northward along underflow conduits and overflow into the Las 
Yeguas and San Juan subsurface drainage areas. 

£IBasis of alfalfa and other forage crops averaging from three to four cuttings 
per year utilizing an average of 5.8 ft. of net applied water per acre. 

1/Based on 0 bservations by U.5 .G.S. fo·r Cuyc.ma Valley and discounting for Carrizo 
conditions. 

§lBased on rough estimate for 89 wells averaging 6 ac. ft. discharge each annually. 

http:�����.��.....���.�������
http:�.�.��.��.���.�..�
http:�������������.��.�����...��...���.����
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WATER RECHARGE 

Source, Movement, and Accumulation 

Most of the precipitation which falls upon the surface 

of the Carrizo watershed, seeps into the porous alluvial 

cover of the basin, and percolates downward into the sub

surface reservoir rocks. In times of heavy rainfall or 

cloudbursts, the surface flow of water may be in the form 

of swift-flowing rivulets or flash floods of intense but 

short duration. In the se times, conside.rable water may 

flow into the Soda Lake depression where it forms a shallow 

lake sometimes covering as much as 10,000 acres but rapidly 

diminishing in size, and usually becoming a dry lake bed 

before the end of the summer. 

Eventually, nearly all recharge waters find their way 

either over the surface or through subsurface channels into 

various parts of the post-Pliocene water bearing formations. 

However, during migration, some of the waters may be trapped 

in underground catchments dammed by faulting or impervious 

barriers, and rise to the surface in the form of springs 

or moisture areas. 

At times of saturation, ground water discharges 

naturally by upward leakage into the Soda Lake depression. 

When this lake is filled to a certain level, the ground 

waters will tend to move toward the lower sections of the 

ground water body mainly e~stward thence northward along 

the San Andreas fault; or northward along other structural 
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channels to the northern end of the basin. It is when the 

ground water body is filled to capacity, that recharge 

waters will overflow the subsurface north rim of the 

structural basin and thus maintain the natural balance 

between recharge and discharge. 

Quality of Waters 

The ~uality of waters of the Carrizo Plain is naturally 

variable. Their ~uality depends largely on the path of flow 

and the locality of accumulation of recharge waters. For 

example, the ground waters of the northern and southern 

parts of the basin are of considerably better ~uality than 

those which migrate into the Soda Lake area. Here the 

continuing 9ycle of evaporation-recharge-evaporation over 

long periods of geologic time has resulted in a high con

centration of dissolved minerals in the upper ground-water 

body above the impervious clay beds near the bottom of the 

lacustrine Quaternary Alluvium which here is several hundred 

feet thick. In the deeper ground water bodies beneath this 

impervious clay barrier in the Soda Lake area are waters 

of better quality, but the surface and upper ground waters 

of this area are of poor quality. 

In general, the meteoric waters of the Carrizo basin 

deteriorate in ~uality as they migrate from the watershed 

around the periphery of the basin into the Soda Lake area. 

Those waters which do not reach this area, however, are of 
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from good to fair quality. This change in ground water 

quality is shown in the ianalyses of waters from selected 

wells listed in the following Table 5· 

TABLE 5.- Chemical and mineral analyses of ground waters from selected wells in the 
Carrizo Plain, California 

(In parts per million unless otherwise designated) 

Tovmship-Range ....•.• T29S-Rl7E T29S-R18E T30S-R18E T29S-R19E T.30S-R18E 
Section-viell number.. l;-Rl 28-L1 12-Nl )l-Fl 54-1Il 
Identification....•.• Cooper E.R. King Chilcote Thompson Spr Soda Lake 

Date sampled ....••••• 10-22-65 10-22-65 2 - 9-66 9 - 1-54 12-16-63 
THe!rerature.......... 7 9 

7.8 7.9 7.9 8.1
~ond~~~~~~~:::::::: 832" 847 587 1,236 27,500 
Ca . 40 7, ,7 67 152 
liig • ................... 13 22 17 28 584 
Na ••••••••••••••••••• 125 86 70 166 9,400 
K•••••••••••••••••••• 0.9 1.0 1.2 1.2 1.0 

o o	 o o oco =s .. • • • • • • • • • • • • • • • • • 
HCO, .•.••••••••••••••	 162 227 214 192 355 

120 144 65 271 7,096S04· · · · · · · · · · • · • · · • · • 
01 ..........•....•.••	 80 51 )3 103 1,085 

71 41 68 oNO3" • • .. • • • • • • • .. • • .. • 
F	 . 0.90 0.51 0.50 0.60 0.20 

...lj. s . 0.04 0.04 
Bo ron . 0.50 0.26 ' 0.67 ).12 
Si02 ...............•. 42 26 29 1.0 
Total solids/sum..... 545 404 8,8 28, 740 
Hardness/NO.......... 154 161 283 2,780 
Effective salinity... 7.24 25·,2 

Depth (ft)........... 200 300 550 
Distance to wate~ (ft) 47 41 
Output capacity (gpm)'. 100 500 50° 

11 Hydrogen ion concentration. 

~ EO x lOb @ 250 0 (Oonductance) carries the unit micro mho/em, and is an indi
cator of total ~issolved solids. For most waters, the total dissolved solids con
te~t in parts per million can be approximated by multiplying the conductance by 0.7. 

~ Completed depthj total depth 1,028 feet. 

http:Si02...............�
http:Identification....�


Irrigation. 

Criteria commonly used to jUdge the suitability of 

6 0 
water for irrigation are (1) corductance (EO x 10 @ 25 0) 

as an indicator of dissolved solids; (2) chloride concentra

tion; (3) sodium percent; and (4) boron concentration. 

Tentative standards for the classification of irrigation 

waters, ~taking into account these four factors or constitu

ents, are listed in Table 6. 

TABLE 6.- Tentative standards for irrigation waters.l! 

------------------ Irrigation waters-------------------------
Factor Class I Class II Class III 

Ex cellent to good Good to injtlrious Injurious to unsatisfl ty 

Conductance ••••••• Less than 1,000 1,000-3,000 More than ,,000 

r) 
Chloride, epm••••• Less than 5 

Sodium, percent .•• Less than 60 

5-10 

60-75 

More than 10 

More than 75 

Boron, ppm•••••••• Less than 0.5 0.5-2.0 More than 2.0 

1/ Doreen, L.D. -Excerpt from paper by. Division of Irrigation, University 
of California, Davis, Calif., 1958 

With the exception of the Soda Lake area, ground waters 

of the Carrizo Plain fall mostly within Class II, partly in 

Class I, and rarely in Class III. 

Conductance. Conductance is an indicator of total 

dissolved solids. The presence of excessive amounts of 

dissolved solids in irrigation water will result in reduced 

crop yields. Conductance of most of the ground waters in 



the Carrizo Plain outside of the Soda Lake area is less than 

1,000, placing them in the excellent to good category. 

Chlorides. Chlorides are not considered essential to 

plant growth. They may be harmful in high concentrations 

as they cause subnormal growing rates and the burning of 

plant leaves. Outside the Soda Lake area, ground waters 

developed in the Carrizo show a range of from 30 to 100 ppm 

and probably average less than 60 ppm, placing them in the 

excellent to good category. Their epm value in general is 

less than 5. 

Sodium. Water containing high percent sOdium~ can 

have an adverse affect on the physical structure of the soil 

by dispersing the soil colloids and making the soil "tight·u , 

thus retarding the movement of water through the soil. This, 

in turn, retards the percolation of water and makes the soil 

difficult to work. However, because most of the soils of 

the Carrizo are open, deep percolation of water is easily 

accomplished. Sodium percent in most of the shallower 

Carrizo waters is rather high. They probably average 75 

percent, placing them in the injurious to unsatisfactory 

~Percent sodium (Na) as shown in water analysis is 
the proportion of the sodium cation (negative ion) to the 
sum of all cations. It is computed by dividing sodium con
tent measured in e~uivalents per million (epm) by the sum 
of the calcium, magnesium, and sodium contents also measured 
in equivalents per million, all multiplied by 100. 
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category. However, the effective salinity (in epm) of 

most waters falls within the 7-15 range, placing most of 

them in the satisfa.ctory category. 

Boron. Boron in small amounts (less than 0.1 ppm) is 

re~uired for the growth of most plants. However, plants 

usually will not tolerate more than 0.5 to 2 ppm boron 

depending on the crop concerned. Outside the Soda Lake 

area, the boron content of Carrizo ground waters rarely 

exceeds 0.5 ppm but is always present in smaller ~uantities 

sufficient for re~uired growth. 

Household, Livestock, and Community. 

Total hardness is an important factor in determining. ) 
the suitabili~ of water for household and community use. 

Compounds of calcium and magnesium are the principal causes 

of hardness although other substances such as iron, mag

nesium, aluminum, barium, silica, strontium, and free hydro

gen contribute to the total hardness. 

Hardness is generally expressed as parts per million 

of calcium carbonate. Waters containing 100 ppm or less 

of hardness (as CaC0 ) are considered soft; those containing3
101 to 200 ppm, moderately hard; and those in excess of 201, 

ppm, very hard. In general, the ground waters of the Carrizo 

are moderately hard to very hard, falling within the range 

l50 ppm to 300 ppm. It is believed that sufficient waters 

of not over 200 ppm hardness can be developed at selected.J 



localities for any moderately-sized community use. Of 

course, hard waters with proper treatment, can be reduced 

to acceptable limits. 

As for drinking water, most of the waters outside 

those in the upper ground water bodies in the Soda Lake 

area, are potable. However, the potability of waters in 

the Carrizo varies widely, and appropriate analyses for 

such use should be made of every water developed within the 

basin. 

Industria.l and Other 

The standards for domestic and municipal use apply in 

general to industrial use. Depending on the economics of 

the matter, waters can be treated to provide softening, 

demineralizing, and other treatment as re~uired. However, 

it is not likely that the Carrizo within the predictable 

future will be industrially developed. 

Impairment of Water Recharge 

The intermittent streams which flow down from the 

higher portions of the Carrizo watershed and are not absorbed 

by the loose soils and find their way underground, gather 

mostly in the Soda Lake depression in the center of the 

basin. Ultimately, concentration of their mineral constiu

ents forms the saline and alkaline dry bed of solid residues. 

Fortunately most of the waters flowing into Soda Lake are 
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retained and evaporated there. Due to the highly impermeable 

mud and clay bottom of the lake bed little of these con

taminated waters percolate downward into the lesser

contaminated waters beneath the highly mineralized upper 

(Soda Lake) ground-water body. 

Of course, locally, some contamination takes place in 

other parts of the basin. Increased mineralization has been 

noted in some localities where the ground water is exposed 

to faulted and fractured gouge zones containing water 

soluble materials. However, outside the San Andreas fault 

zone and along a few other major lines of faulting, im

purities from these conditions do not play an important 

part in ground-water contamination in the Carrizo basin. 

Although the quality of ground waters may vary considerably 

from one locality to another depending on local conditions, 

outside of the Soda Lake area, impairment of ground waters 

in the Carrizo basin is believed not to be such as to pre

clude adaptability of most of the waters to the uses 

desired. 

In localities where residential subdivision reQuires 

that each unit develop its own domestic water from wells, 

and at the same locality dispose of its own sewage by 

underground septic means, there is, of course, a condition 

for contamination which should be recognized. 

Irrigation of. agricultural crops re~uires application 

of water in excess of the consumptive re~uirement foro 



water in order to prevent undue build-up o-f salts in the 

root zones. This excess water may contain from two to as 

many as ten times the salt concentrations found in the 

original water supply. In areas where irrigation return 

water can percolate to the ground water, it may constitute 

a source of degradation to the water supply. However, 

proper disposal of irrigation runoff can largely solve this 

problem. 

\il~TER DISCH.A.RGE 

Natural Processesll! 

The discharge of ground water by natural processes in 

the Carrizo Plain takes place mainly in three ways: (1) 

through evaEo-tra,nspiration (evaporation at the surface 

from zones of saturation, and transpiration by vegetation); 

(2) through springs and seepages (discharge of water in 

the li~uid state without the agency of man); and (3) through 

underflow conduits. A fourth "'lay, t1:1rough surface wa.ter 

outflow, does not apply to the Carrizo basin. 

1:1/
Most definitions used in the paragraphs following 

are those of Meinzer. Meinzer, O. E. Outline of Ground
'vater Hydrology with Definitions. U.S. Dept. of' the In
terior, Geolo.gical Survey: \flater-supply Paper 494: u.s. 
House of Representatives, 67th Congress, 2nd Session, Doc. No. 
209. Government Printing Office, Washington, D.C., 1923. 
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Ground-water discharge may be divided into hydraulic 

discharge and evaporation discharge. Hydraulic discharge 

of ground water is discharge of water in the li~uid state 

directly from the zone of saturation upon the land into a 

body of surface water. Hydraulic discharge may be divided 

into (a) discharge through springs and seepages; and (b) 

18 1 
discharge through wells and other man-made devises.~ 

Evaporation discharge of ground water is discharge into the 

atmosphere, in a gaseous state, of water derived from the 

zone of saturation. 

Evapo-transpiration 

Evaporation discharge of ground water may be divided 

()	 into (a) vegetal discharge and (b) soil discharge. Vegetal 

discharge of ground water is discharge through the physio

logical 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!2lSoil discharge of 

ground water is discharge' through evaporation directly from 

the soil or rocks. TIischarge of this kind can only take 

place where the water table is close to the surface. 

W 
This latter category of discharge, subsection (b), 

is not a natural process. It is, therefore, considered 
below under uPumping from Wells." 

l2/TransPiration. In bot., the exhalation of watery vapor from the 
surface of aeri.al parts of plants. 
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The above evaporation discharges apply to ground water 

only. In the Carrizo Plain Basin, discharges must also 

include evapor-ation of surface waters, nearly all of which 

accumulate in the Soda Lake bed and are prevented from any 

extensive downward percolation by the presence of a thick 

and largely impermeable mud and clay bottom. Thus most of 

the surface water here is totally evaporated before the 

end of the long dry summer season. It is estimated that an 

average of nearly 45,000 acre-feet, or more than 25 percent 

of the t'otal water falling upon the Carrizo watershed 

annually, evaporates from this lake. 

Natural vegetation in the Carrizo Plain is scant, but 

planted vegetation of dry-farmed grains is substantial. 

The losses through na.tural vegetal transpiration are com

paratively small but those through planted non-irrigated 

vegetal transpiration are large. Soil discharge of sub

surface water is large due mainly to the arid conditions 

prevailing in the Carrizo during most of the year. Together, 

vegetal and soil discharge is estimated to range from 46,000 

acre-feet to 72,000 acre-feet per year, depending on the 

extent of non-irrigated crops. 

Springs and Seepages 

There are few springs of importance in the Carrizo 

Plain but there are areas of substantial seepages of perched 

waters along some fault lines, especially during times of 

heavy rainfall. Even so, hydraulic discharge from these 
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u natural vents combined is not believed to be large in com

parison to the whole. It is estimated at less than 2,000 

acre-feet per year. 

Underflow Conduits 

Underflow is the movement of ground water in an under

flow co~duit. An underflow conduit consists of a permeable 

deposit which underlies a surface streamway but as herein 

used, the term also includes those natural sUbsurface con

duits in the form of buried streams at or near the base of 

the water-bearing formations. These buried underflow 

conduits connect with underground reservoirs which, as they 

are filled with recharge waters, permit excess ground 

waters to flow downdip to points where such waters overflow 

into lower subterranean reservoirs outside th.e Carrizo 

structural basin. 

As ground water is withdrawn from the water body by 

pumping or other means, this underflow may be lessened or 

prevented. In the case of the Carrizo, it is estimated 

that the 55,000 - 80,000 acre-feet of ground-water recharge 

annually, most of which currently escapes the basin as 

underflow, could be captured by pumping this additional 

amount from properly-located wells. 

Surface Water Outflow 

There is no surface water outflow from the Carrizo 

topographic basin. This situation means that all of the 

waters falling upon the Carrizo watershed which do not find 
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their way underground evaporate before they do so, or are 

consumed through transpiration, collect in the Soda Lake 

depre ssion whenc e they:L.YJ. part percolate underground but 

are mostly ultimately evaporated. Because there is no 

surface outflow, the amount of water in this lake (or the 

depth of the water table below the lake bed when it is dry) 

functions, more or less, as a barometer which indicates 

the degree to which the ground-water body of the Carrizo 

is filled. 

Unlike the Cuyama hydrologic unit joining the Carrizo 

on the south, which has a much larger watershed and gross 

recharge than-the Carrizo, the Cuyama has a large surface 

outflow ·mainJ.y down the Cuyama River. As a re sult the 

Cuyama Basin has even a lesser average annual net recharge 

than the Carrizo.~ 

Pumping from Wells 

To date, the discharge of ground water in the Carrizo 

Plain through pumping from wells has been small. As hereto

fore pointed out, the total net amount of ground water being 

withdrawn through wells is currently at the rate of less 

than 4,000 acre-feet annually, or less than 5 percent of 

2_0/ 
For the Cuyama, 1l0"lmstead and Bradshaw estimate 

average yearly recharge to be about 12,000 acre-feet, and 
the United States Bureau of Reclamation estimates it to be 
not more than 8,000 acre-feet. II Upson, J .E. and G.F. v{orts, 
Jr., G~ound Water in the Cuyama Valley, California. Geologi
cal Survey ~'fater-SupplTy Paper llIO-B, p. 47, u.s. Department 
of the Interior, Washington, D.C., 1951. 



the estimated maximum average annual recharge, and less 

than 7 percent of the minimum average annual recharge (see 

Ta bl e 4, p. 40). 

Well Classification and Numbering 

Data from the. pumping of water wells together with 

those data from other perforations into the subsurface, such 

as bore holes for oil and gas, are used in determining the 

potentialities of ground water development. In the Carrizo 

Plain 89 wells have been drilled for water, 43 deep test 

vlells have been drilled for oil and gas, and 19 shallower 

core holes have been drilled for stratigraphic information 

relating to oil and gas exploration. All of these wells 

()	 have been invaluable to the interpreta.tion of the ground vlater 

potentialities of the Carrizo. Water wells are listed in 

Table 8. Following is a classification of wells, the number 

drilled, and range in depths for each class of 'well drilled 

in the Carrizo Plain to date. 

TABLE 7.- Classification of wells, number drilled, and range in depths in the 
Carrizo Plain area, California, Jacuary 1, 1967 

Class of wells	 I'l'umber drilled Depth range (feet) 

Water wells: 
Irrigation wells ..•••••••.•••••.•• 11 
Household and livestock wells .•..• 89 
Cornmunity well s. • • • • • • • • • • • • • • • • •• --2 

Total water wells ..•••...••••....•.•..... 

Wells for oil and gas: 
Exploratory wells ....•••..••...•.• 43 
Core holes •....•.•••••••..••••.•.. 19 

200- 700 
50- 100 

550-1,865 
103· · · · · · . · · · .... · • · · · .• 50- 1,865 

1,44;'-11,684 
568- 5,906 

Total wells for	 oil and gas .••.•••••••••• 62··················.··568-11,654o 
Total wells: .•.• ~ .•••••••••••••••..•.•.•..••• 165	 50-11,684 

http:���������������..�.�.�
http:�....�.�������..����.�
http:wells....���..��...�
http:wells..���...����....�.�
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Water Wells. Water wells are numbered within each of 

sixteen 40-acre plots in a 640-acre sectio~ according to 
~ 

the chronological order in which they are located in the 
./ 

plot. For example, a well in Township 29 South, Range 18 

East, in Section 28 and plot L, and the- third well to be 

drilled in that plot, would be designated as T29S-R18E/S28-L3. 

Most of the wells in the Carrizo Platn refer ~o the Mount 

Diablo Base Line and Meridian- (MDB&M) except those in the 

southernmost part of the Plair.: where the numbers refer to 

the San Bernardino Ease Line and Meridian (SBB&M). Follow

ing ~s a diagram showing the water well numbering system. 

i. A...~ro·--~ 
J.~. l 

T:'T-:

._~L F : J-G ~R~ 

L.:,._ I 

~--t----: 2;8 -I__!-- ~I 
r
 

l ••. _. 

L ' l K . J ;.J \ .. ~ j:-ry~I 
I

1_

Q 
w-' ..... i 
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TABLE 8.- List of water \'lells in the Carrizo Plain area, San Luis Obispo County, 
California, January 1, 1967, by township, range, and section 

i Total I Depth Vlater level: Rated r 

Township-Range Property Year depth!~o water above sea- capacityISec.-well no. orowne:r ·comple~ed ~(feet). '(feet) level (ft) (gpm) Remarks 
T28S-R17E '! I ! ! 

Sl7-01. . . . . . ..! ~lind.millI I 

S18-L1........ ii'wDin~~111
 
S22-Fl ... __ • • • • I" .__ ome s w~c'::l
 

I I . 

T2~~~~~~ •••••• . __.__ -_-1.- \1 _ _ __.' _ __' Pinole Spring 

820-C1 !__VL.J1_r~_~~~!p~_~~~258_t_105_._1 ;2~302 ._~__~__ .~ Vlindmill_~ __
S20-El. · W.Wreden 1 - - .._._;--- - __1 .· -_.--- ..-----.------- =---_._- Vfindmi11·.---__ .. 

S28-Hl .••••••. __. . ._.. .;pre~195.8---1.-.------:.------ _2,405__________ Vlindmill j not in 1. 

S34-Al lijLr.ed.eILi -----_.~.- ._._---J--- Windmill 
T29S-R17E ! 

S2-Fl.. • . . .. • • • • .. ·---·--1-------·----·- ~ -.-----.--.. Carnaza Spring 
Sll-nl .....••• H.Wredeh 1~~5~OO Ao-----~~.50 Irrigation 
S13-Rl ..R.ilitQp.~pI:ed95~20Q_--'5_-----2.~O-Q6 ---lao--: Irrigation 
S25-Jl __- lp.red-9-58 '80 59 ] ~9Si-4 \~indrnill1 

T29S-R18E I I 
Sl4-Dl -C..-Vlr.e_den ! ! lfustang Sp-;ring 
316-1-:1 .••..••. -Eo.l.in-Jpr.~58~OO 3-7 2~Q43 ~ Domestic 
S20-El -_.__ PQlin-.~p..r.8.--19.5L-- - ..---19----.. ·2.,..0l5 .1 T,Vindmill;not in 1 

S21-Pl Le'·lis 1pre-1958 __.. : 70 -._.._- 55 ---. 2.,..005-------------..··-1 Vlindmill 
S28-Gl --King . ] 9-~ i Irrigation 

n I I 

52.8-Kl," ••.•••••JLL.•_Kin.~p.l:e--l958--·- 500----- .-.__. --------- ; Irrigation; abd. 
'"'28 - 1 W Kin ! - 1958 : 1 7·· ,- ~l ! D .~ -L •• J ••••• __ ... &-_!pr~- . ... -) .__.'-'- ./ --_ .._.,. .. I omest~c 

S28-L2 ..•••.• . Kjng -ipr.e~l958_-; 325-- - ... -----.-..- ... ----! Irrigation;abd. 
S28-L3 ~ I(ing----~ -----.1965-~·-60o.-~-.-------~--.._--- !-. Irrio-ation 
S29-El. . . • • • . • Le\·:i 5 '.p.x.ed.9-58 ; 700 3-6 1~99-5 5oCL-1 Irri~ation 
S.30-Nl........ Garcja: 19]8 80 ._! Domestic 

T29S-P~19Z 

331-Fl. • • • • • • • Beck 'pre-1958 -l6_--..]..I--loO~ _ I D .r... 
I i- ames L"lC 

331-Fi 2 ~_e.ck-::--· _ ~-Thompson Spring 
T38S-P~18E :! 

131 -:2:,1........ .- ----:-----------_.- .----.--.--.---

Sl -B2 iL- ~_--~--__--- - -"'- _e 

Sl -G1 .....•••_....__ 
t 
I 

31- Dl........ :}ll.e.::l95.8 -~~_-_-_--_'-~_-~l=· =~_-_.-_- Domestic
 

31 -Ll........ 'pJ:.ed9-58 . -.---- Domestic
 
32 -Dl....... ipre-1958 ;. Irrigation
1 

~s; _k=i ;p ..... o_loC;o 300· 1., 1 9 It J, 60"~ I · t·Tl"o: -0" j i\o,J7"' J....J ............ • --~o-. ..a........,,;:.- ....-..... ~-;- _"-t..l-__._.---.,.._.~ , v-.. rr~ga ~on
 

~~ -~~ •••••• - __-.. F_Kj .,g--lpJ:e.",.l95a--~- 6oO"-_-.22.......--~----49-7a 11,100- Irrigation
 
~~ _~~........ i ~I __
I 

~9 -~~ iC) .J.r.. • .. • .. • • .. • " . t-..-_._ _ 

'':::1'"'' ToTl Chil t! 196~ i 550' I I !~ C-J.'\ - co e..~_._ /'--i'·· .. -- -.-- --·~--1-·- '-------'---r-- ~.. i Community 
S13-I·D..... . . .. Smitb 1pJ:.ed9-58 : 2&5 15----l.,..9-68---i-500--! Irrigation
""'I1L' " I I ~ Io ,-Jl.l......... f -l-- ~
I 

), I I 

_ - _. --,...Sl~A2.. .. • • • • .. • Ipr.e~1958.. - -. .... L_ ".'-'- -l
i I. 

(Continued ••• 

U lIuDoI:lestic ll includes household, livestock, etc. 
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TABLE 8.- (Continued) 

\1 e 11 1 0 C at.. i 011. Total Depth Water level Rated 
TO\'!nship-Range Property Year depth to water above sea- capacity 

Sec .-\'lell no. or O\\.;,1er completed (feet) (feet level (rt) (gpm) Re!ll2..rk:s 

T30~~18E (Continued) 
S17-Gl ..•...•.----- Domestic 
S23-31 __ Domestic 
S23-Dl ......• Do~estic 

s25-Bl ......• Dooes"tic 

S2-~1 .••••••• 
E8-Z1 ~ 

81-21 .....•• --- -v 

Do~estic;not useQ 

S19-:(1 . Do~tSstic 

S19-Ll .•...• DO:les:.icL

sl9-Pl -.----------------------- Dor.:estic 
522-::1 .. Do:::es"t.ic 
~2.2-I(1 •.•••• _- DOZi.est:.c 

S25-Jl _-------'-- _._--,-- - Do=es~ic 

82)-32 ......•---------- Domest::'c 
:::25-1(1 •.•••• -----.---  Dox.est~c 

325->:::" •••••• .-  D02l:Gst::.c 

32L.-El •••.••• Do::es-:.ic 
;325-J1 ..•..••- DOlI..es~ic 

S27-~~l •••.•• ---- --- DO:-.18 st:..c 
827-31.~ ....•• Do::::.es-c.ic 
S27-:-:: .•... · • DOX.8St.:"C 

229-Il --------------- Do:r:cstic 
S29-:·:~ ......•- pre-195.3 DO~:03:':i.C 

pre-1955
-- , ..., ..._

--,-''-- ! 
-'--/ -'._ - ---------- Do::es-c,::'c 
c.,~,;: ,~J.. L.- .._,._ ~_ _. _ . __.. ........- _
 JCiill8st:..C 
.- .-..--........''- _I j""""""'-", 

""~- DO~e:3~:i.C~ - -_._~ ~_._--

DOD6stic 
DO::2e:::.~~c;~~v-~_ •••••• ~.--------------~--

C, ;<J-~·2 _ _.
 
s3C-J_ . Do~est,=-c
 
-". - .. ,... .,.
U)IV-~':" w ••••• ~ Dor..:es-c:"c 

Do::est:.c 
552-:~ ........ · .. ]o::est:..c 
S)2-C-:" ~ D02l.e~-::-c 

S52-(:<2 -
S52-Jl ... JO:::"8st::.C 

532-:2 . Do~e8tic 

S 32..-~ =- . .. . . . .. ll- Cal •Valley 1962 1,019 10 Co=.:-...:.::::i "c. ~1 j cor;::9 •99:5 :: 
s32..-:~:: CallLValley 1962 1,865 CO::'=-0_1:':"~:T 

...., -.... " .. .....,-
It 

~ ')c-_--' _ ·Do::::.es~ic 

r'I. 0 or - .: or" - , 
( V _......... .,;.. • .:.1...<. C _ •••
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Exploratory Wells for Oil and Gas. Exploratory 

wells for oil and gas, and core holes for stratigraphic 

information relating to oil and gss are named and 

numbered in a fairly conformable wanner but they do not 

correspond to the standardized system used for water wells. 

Wells and core holes relating to oil and gas usually first 

bear the name of the owner of ~he well, such as Shell Oil 

Company. This is followed by the name of the prope~~y 

o"l;111er or some other Iflore or 1e ss 2..I'bi trary name li1:e 

t1:'~cJ)oYlald Estate- One. If Lastly, will appear 8.l1y orle 01' 

a combination of figlrres such 2S a number in the well 

owner's drilling patter~, the se~uence in which the well 

was drilled, or the numoer of the Section in which ~he 

~vlell is drilled. sue11 as 83-25. 'l'hus -c:-.:.~s vrell vlould be 

f"'\designated Shell Oil vOI:lpany tt~·'~cJ)oI:'3.1d Estate- One ff 83-25. 

Tne list of wells in TaJ~e 8 i~Qicates the ma~er of 

naming and numbering wells in this category. 



6J 

U TABLE: 9.- List of ';lells drilled for oil and gas and co:.-e holes drilled £'0:: ,~e()102;ic8.l 
infor~ation in the Carrizo Plain, San Luis Obispo County, California 

\'Je11 location 
TO-~·i:;J.ship-Range 

Sec .-\!ell no. COrnpaJ1Y Na.rr:.e N"Ulrlber 
'Iotal 
deptlk 

Year 
abtd 

Elevation 
ground a
bove SL(ft) RG~~rks 

T27S-R17Z 
S17 Shell a.rI.ll 87-17 2,993 2,000 Base:~e11t 

T28S-R17~ 

S2-+ Sunray Vlreden 1 5,087 1936 2,269 
829 San Juan Vlreden 1 4,770 1917 927 
833 Union Vlreden 1+ 5,113 1949 2,107 Sta l":arga:rita. 12 

T2B3-P~152 

326 Carrizo Carrizo 1 2,20 l ; 1950 2,325 Paso Rooles 2.204 

S3~'
836

Grey 
Reid 

Vlreden 
Intex

1 
67-36 

2,773 
5,204 

1965 
19-49 

2,419 

T293-R17:2 
824 SD.e11 Stauffer -41-24 5,120 1955 2,062 
-,,-, J. 
Q~"" Sb.ell c.:-:. l~6=;·:-2~ 2,073 
221. Shell c.::. 472..:-24 810 1952 2,077 

) 

524
32L:

Shell 
Shell 

C.H. 
C.2. 

55::-24 
56:-:-24 

761 
0
",L1J.. 

i I 

1954 
10;:::'1.:..
//1 

2,060 
2,075 

./ C.E. 652·:-24 
St'.l.ell c.::. 72:(-24 563 1952 2,063 

~25 Shell £vicDonal d 53-25 4,921 1953 2,039 

c ~ 

j,. U~1:'Ol1 VI::eden 7 3,700 2,515 
2 5 Union Vlredel1 5 6,055 19J..~9 2,166 St.a l<args.rita IcC 
~ :;- SurJoray Vlrede::1 63-5 10,995 1952 '2,176 
SlO Youn~ l"lu.st~ng 61): 3,676 1957 2,295 
810 YOi.lll.g Jars.mas 1 3,4c2 1958 2 r"'7r, 

'~lC 

330 Le\'lis 96-30 9,651 1955 2,028 Terr;.b1or 1070 
630 C.I-{. 76-50 ),1J.·97 1949 2,010 
2;0 8~.ell ~'~cDona1d 28-30 11,682.: 1951 2, 06L~ 

S3J 3r.ell C.E. 132:-;0 880 1952 2,033 
850 S~all C.E. l4~':-30 1,OOl 1952 2,01.;.1 
S30 ~l1.ell O.H. 37X-30 1,216 1952 2,035 

T29S-R19Z 
320 .A.ssociated 1 5,506 1913 2,337 

~'30S-218Z 

.3 ) Snell C.E • 71-5 2,245 19L.-9 1,)98 
35 Shell C.E. 58X-5 945 1954 2,080 
8 5 S(:..ell C.E. 56Y-5 1,171 1954 2,057 
s ')- Siell O.H. 67):-5 976 1954 2,035 
S 0 Shell C.H. 32X-8 1,205 1954 2,145 

II Core Dole 
( C0 ""'\ -:'" ~ "~U - ~ .:. _ '-' .i..l ... ' t; ~ ••• 
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r:~'--ELE 9.- (Contir.Lued) 

',,'ell 1 o ca-c i or... 21evation 
TO'r,-r:.1.s11ip-Rc:.!:ge Total Yeur ground a

Sec.-~ell no. Company l~1).mber dep-ch. abtd Dove SiJ (ft) Re:::.crlcs 

T.50 S-?~19E 

S 8
815

S::e11 
3h.ell 

S~ith 

T\·:issel:nan 
61-5 
84-15 

7,556
L 2;;:,'"\ 

' , ,,)./V 

1955 
1951 

2,144 
1,999 

816 S:C.l.ell C.H. 36-16 3,906 1949 1,958 
318
819

Da\'lSOn 

De..'\'lson 
C.E. 
C.E. 

2 
1 

2,091 
"' ~,...., /"
.L, ?VO 

1955 
1955 

1,955 
2,000 

S19
52.9

Snell 
S~.ell 

C.H. 
O.H. 

48JC-19 
2+5Y-19 

c26 
90 l ;. 

1954 
1951:

1,91"3 
1, 9L~'5 

62.2- Snell Sr.1ith 52.-22 5,506 1951, 1,95JJ Paso ~ob10s 2155 (tot 
830 Shell C.H. 5:':":-30 71L;. 195L;. 1,947 
S30 Snell f""\ .,.v.n. 3:'::-30 675 19517 1,970 
530 Sllell C.:-:. 57~'~-50 1; 216 1952 
850 3b.ell C.i-:. 41:{-30 600 1954 1,943 

S:'30S-:720E 
851 Berry 1 2,665 1921 

T32. S-:,19~ 

6l2 von Glahn Soda Lake 1 2,575 19lr9 1,964 

T51S-R202 
s ? }.:cCar"'thy Polizzoto 86-5 Lr,765 19L~9 1,944 
i..2C Richfield Blal~ey 1 2,462 1942 1,924 

T52c-R20~ 

~ .!-. Sunray 3arnsdall , 
J. 57 22.7 1957 1,933 

wlo
-. - ",. 

~)O-

Tex.aco 
von Glahn 

Blalcey 
Vlashburn 

1 
1 

5 ~ 321:
7!J 20 5 

1950 
1954 

2,560 
2,560 

'I';:2::-2212 
322 no 'i'le11 Pam 1 86 1949 

l' ll:\-:25'~I 

319 Carlisle 1 2,690 1926 2,500 Cretaceous ? 

1i 11:<:-?26:3: 
c 

..... 
~- G.& "\'j • Oil ., 

..L. 1, 7lL~ 1964 
~) - };:\lrray l\orth DOr:le 

, 
J. 2,530 192,.3 2,175 

u 

u 

",. 

c
/'

0

I\Tayy Oil 
D &, D 

Navy 2 , 
J. 

5,02.L;. 
1,905 

1952 
1950 2,400 ?leis"::'oc~::'~~0 2,400 ? 

/,...J 9 1'J:id Cal CO~"'U.l1ity 1 1 ). j,.... , ......-:- ') 19~:'9 Plioce:.::e r' r.- '""\ 
.:::, c.L·..,j ? 

U Q
./ ]:·1id C::..1 C.H. C-9 1,190 191.;.9 Pl ei s"t,o c e~:€. 2,355 r. 

c'· ?...:J __-

212
Texaco 
Le~',~is 

I{CL-Travers. 1 
1 

5,999
2 ..,.,.,')_c:.. 

195~ 
1920 l·:i 0 C 2:r.3 2)50:; '? 

3:5 ~:eeker Smith 1 2,714 1950 Pliocel1e 2,692 
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'~: Flu..ctu2-cions in the GrollYi.c. .TJ2.ter Level 

Fluctuations in t118 grouTi.d \'fater levels of tlle C2.~Tizo 

Basin have been of low amplitude between seasonal periods 

of recharge and discharge 

has been relatively small 

rech&rge and discharge has 

tl:.e groll..-v:td \va.ter table irl 

w~err the lake bet is try, 

m2i~ly because pumping froK \lells 

and the long-~erm bal~nce be~we2~ 

been li0tle disturbed. Dep~~ to 

tr~e ce11t~al Soda La}:::e area, 2V2Y'.l 

is rarely more t~2n 10 feet ~elGw 

"tJ:1e slITfe.ce. "i~.\'lay froL1 tr1.8 la1'ce bed proper, tIle Vl&ter 

CO:'l.""Cours on trJ.e top of -c:r~e 30;:2. Ls.}~e groUl1d. \Ha~er table 

~a~ge in elevation above sea level from 1,910 feet a-c its 

- ..........,
 
lo~est point in the cen~~r of this depression, to Do~e t~a~

I.J 

1,930 feet along its ~e~iphery~ 

Eelow the SOQc LaL8 

ReC8YJ.""C ..s.lluviill!l a.nd uppeT' 

";·_r'-'-·~·,"""gro~~d ~J 04 c~ b 0 G.jTLJ 

?leis-cocer...'e Paso Rooles fOl~D8.tioY'.l. 

is t~e more extensive C~r~izo grODrlQ wa~er body cOLfiLed 

GO ~ne ~iddle and lowe~ ?2S0 Robles and w~ich has beeL 

tapped by the deeper irl'"lig2.1:ioT.. "\f!clls irl the 

:;.--:.~J."""I 0 7-- Tv...le bt:J ::::::l" '~.l.. 21./ -" -,... ,~~ u _ uU ~~ l.J ~~0a re~a~lLg ~o ~De 

-cr.l.e Ca:c'rizo gI'OlUld \·!2.te~ bod~r are liL1i-ced to 

northidesterrl 

. 1 ... ~ wa~er eve~ 01 

a fevi VI2..1...1.8, 

g/ 
.s.. confined '·:1s,-ce=..--- boo.;r is c. body of grolW.'1d \'late:r 

oV ·-::"~·"J..-~l·'"Ij b\T ......'a...:..er-l·':::l-\S S";,-:-,-rol"C"':-r"~~:Y l·-nl-oc...-·~Vl"O"-" ~o sev"::l-" -''''---ev ...... c......J. J l..1. l; Co _ vl...J.. .1.. J... c: .... .l l; -'- ' ~ ~..... 1.A:.:i LJ '-' .... __ __ c 

l'l~Tdraulic cor.Jlectiorl "'I,'Ii-ctJ. over-lying Vl'atel~, anci nOViYlg -u.:."'1Qer 
pressure caused by the difference in head between inta~e 

(,.,...--.~ and discharge areas of a confined water body. 
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bu-c such data as are ava.ilable s.c..O\/ tha.""C t11e dep-ch to \~12l:er 

-belov" the surface in t£.is area ral'lges from a,rOlli1d 40 to 80 

feet below the surface. Contours on Lhe ~op of the Carrizo 

water body range from 1,970 feet ~bove sea level jU2t so~th 

of state Highway 58 to 2,040 feet 4 miles to ~he norG~. 

In r.J.ei-cher of t11ese groUl1.d ,,-later bod.ies rl:E..ve eYJ,ol-lb1l 

\'18118 been drilled or Dei.S sufficisY'i.t vlater been discr...e.I"ged 

fro:::.: \-Jells to lO\'ler the grOilllQ "\1ateI"S frOITl their or~6=-r... c:l 

levels eSL;ablished by the l.L.atill"al ·oc.12uce betv!een rec[-_arge 

~ 
2.YlG. 

:l'"G.lscnarge. -:\7 ,~ 
lvie8.SUT'e:neIlL;S GI - ,;.:j 22 / 

araWuO\lr:...=.!:::.I 
. -:lar.tc" • .....specl::lc I" 

Capacity~ have not b&e~ made over any regular periods 

of time to indicate ap9reciaole cnanges in water levels. 

Even if such records hat beeL ~e9~, it is doubtful th~t 

disch~rge enough \vater between ~he periods of recharge 

and discharge to show any appreciable change or pat~ern 

in ground water levels. Con~ours on gro~~d water levels 

of the Soda Lake and t~e Carrizo grou~d water bodies are 

SLOv/n in Figure 

22/ 
DraVldo\Irl is tr.:.e lo\,rel""ing of -wjle '.'1ater level i:L'1 

2. \'1811 in the local area aro1.lllG. t:-...2 \:'/81-.1 caused by pu:r.~~11g9 

measured in feet. 

Specific cap~c~tv is :~e nUDber of gallons per 
minute per foot of drawdov~~ by a pump~ng well. 
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The over-all re~uirements for ground water in the 

Carrizo Plain in the long run are certain to be 8JCCe s s 

of -C:-ie ground water SUI;~jl:)T--:r~c-c oec8,use the vlater stl?ply 

is s=all (which it is no~) bu~ beca~se the area of irrigsble 

lcL~ is so large. There exi8~s w~~hin the Carrizo, a 

pc-::e~l~ial area of irriga-ole 12,:r.L.d 0:: s.rollYld 100,000 2.CTes. 

To ~rrigate all of this acre~se for p~sture, alfGlfa, hay 

and grain and a few othe~ crops, would reQuire so~e 172,000 

acre-feet of water annually, or ~r~ctically as much as t~e 

total rainfall over t~e Carrizo wa~ers~ea. 

Actually, only :ro~ less ~Dan o~e-thiTd (31%) ~o less 

tt'J.&i: orie-half (4550) of L;j~e 177,000 acre-feet of Vl2.-cer 

i'2.J.J..iYlg uporJ. tl1e Carl'"'i zo i.-'lB. ter·sr.:.e6. s.iuluallJT , or froi: 

55,000 acre-feet to 80 'j000 2.c:'"'e-feet G:.' groUYJ.d \'I2..ver 

s~~~211y is esti~ateQ to oe ~vail~Gle for irrigatio~ 0= 

~hese selected crops, fepen~ing l~rgely on the acreage of 

crops dry-farmed. As ~s indic&~eQ in Table 10 t~.:.e 2e 

irrigate from 32,000 to 46,000 ~cres o~ land. 

It is anticipata~ ~~a~ ~~e p~e~o=~~&nt irriga~e~ 

p&sture, alfalfa, hsy &nd gr~in8 is 2.11tic i P 2.. ted 
.. ~. 

the livestock industry will incresse in valuation wit~ ~ 
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T.[~3L:: 10.- Esti:c.:ates of zround wate~ recuired for irriza~~cn of selected craDS i~ t~e 
l, ( u .. . . . . . .~ • d ..L. ,. ..... ~~ "1 /

Carrizo Plain Basin based on ir~igable land ~nd en groun wa~er aVQllac~e~ 

Unit of -------Cu basls of----- ---On b~sis of ground wate~ available--
applied irrigable land available ------l,'~::w:iI11:m----- -----l..:ini~---- ....- 

'water LandY' 't\';a.ter tater Water L~~~
 

(f.. eet, ..g~ available ~ec-~ired av~ilable available re~~ired
 

Crop deutl~ aG;e-feet' (acT8-feet acre-~eet\ ~c~e2) 

?8..stUl"'e. · . · · ··.~3.2 
.::'.Lfalfa. .a ).2· . · · ·· 
E8..~i anc. gr8.ir~ • .· 0.7 
Tru.clc 6.11.C. l·:isc. · 1 .. 7 

S~b-cotal,. · .. 'yl-54
Dor.:estic '. .0 0 .. 8· · · 

Total. · .. · .. ··.· 1.75 

19,000 
20,000 
53,800 

6,,700 
99,500
 

1,000
 
100,500
 

,::...... ,- '"",f"\, 
vJ;;CVV 

61;., 000 
37,600 
l:" )90 

173,[50 
6eo 

174)650 

36,160 
20,059 
14,404 

6 L..r;;.~ .. ~-v 

11,300 
6,278 

20,665 
),781 

77:J lL.-2 42,022 
).~ 211.;- ~~Ol7 

24,85~ 
13,206 
9,9,2 
L L~-' c" 
., 1-./ 

55,025 
2,2.89 

80~3)b 46,059 55,232

77767
it ~7-. 

" )-) 

11.,2C5 
2 ~ 5;S~ 

2S~3c4 
r.. 7<~ 
.:::.;: \.-i"':" 

51,cL.:5 

y 1\0 i'ac~or hc:.s been applied. fo:: Y"'-"''..!.r::1 of i:::,.. i,gatio::: \'12..ter to the groc:..::-"c. ,..,'8.:~e:: ooc:.~," 
_2/ P:"obable ultiraate \'later service ~ccordir:.3 to ~;:e Calif. Dept. of \'l~"ter Resc/l..-:rcl3s, 

i'-D i c. Ii' -0. 1.51. 
_3/ -

To ob~&in total seasonal con~-~p~~o~, ad~ O~7 ft. rro~ precipit~tion~ 

y Based. 0::1 average of :5 crops pe:..- year •
 
..... /

::J Irribation equivalent for dc~estic consu.:.:p"c:"or: (b.ot~ sehol c., 1 i vesta clc,
 

grea~er proportion of ~he ani~21s being raised on per

IDa11er1L; pasL;ure. Demand \dill i~.:.crease ::0-:::- 8upplernen-cs.l 

fee6, and proportional i~~re&ses are expected for irrigate~ 

rl.ay and grain. 

Under ul~imate conditions of Q2Ve~opment in ~he 

Carl"'izo Plain Unit , it is aS8tu:~ed -clJ.2.t la:'1ds \/l/ill reLl8.irl 

in rela~ively large holdings as a~ present, and ~~a~ =ost 

of the urban develop~eLt servi~g tL&0 D~i~ will contiLL2 

to be located outside of t~e ~~i~. Of course some SliO

divisions may take place in ~ne fO~D of small plo~s fOT 

inGermittent residence ~y perso~s Qe3iri~g to take a~v2~t&6c 
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of tIle clean air and irivigora.tirlg cli:os. te but sucrl sut

divisions are not expected to resul~ in any large pe~-

manent settlements of 0De urban type. 

ye2:r "'vIi l;110U"t depletillG l:~le gro~... Q iJa-ce~c stor2.ge to SlJ.. cr.;. 

a~'1 extent that a vIi thdraVlal ~-c tl1.is :rate is no lOLl-gel'"' 

In the case of ~he Carrizo B~sin, tte peren~ial yield 

101: gr()ur~d \\T2.ter recllc.T·~2 v(rlic:_ ::sy be 2. ecovered befo~e 

t~e northern end of t~e struc~urEl ba8i~ into tLe Las 

Yeguas 2Y~d San Juan dr2i~sge a~e2S. S~C~ recovery cou:d 

2~10L.L.l}t to from 55,000 to 80,000 acre-fee-c, tile Ir.ir... i~:t:..:: 8.::~c:. 

OaSiYl "ti.~'"'ough natul'"'al ili'lc.erfl.o"t// cO::.i.Qui ts as a res'lJ..l-c o~ 

keepil1.6 the natural balance -G8L;\/eei... rec~c... 8.I"ge aY'~d discl:2.:cgco 

In a newly-develope~ basin suc~ as ~he Carrizo Pl~in? 

there is usually alarge a:L~O t:,.:'1 ~ ofs tor' e d ~tla L; e r t1:~~ t c a:t.l. 

be dravm upon before the eco~omic li~iG of pumying is 

a})pr oacl18 d. As this licit is apprc&ched, the ye2rly r~~e 

at w~ich withdrawals C~~ be m~de t~e~ oeco~es the di=fere~ce 

be~ween average yearly recharge an~ ~he average yearly 

natural discharge. 
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~he Carrizo, it is practically i£)ossible ~o ascertain 

wi tl.1in 3. rea 90na01 e d. e gre e of ac cU:~C2..C:l V!{':..& t the e C orlorJ.ic 

limit of recovering suc~ wa~er3 wi~~ the maximu~ of 

efficiency and minimum of waSG6 wight be. 

a ~ractical figure of perennl&~ yiel6 involves the collec

tioD of much basic da~~ such ss ~C~~uate coverage of 

aCC1IT2.te precipital;ior. =..-"\ecor·~s, 110:''ltl11~l me2.SU1~eIents of 

ld2..tel'"l levels iYl OOS8:--'vc-C:l.Oil \'/ells; weaS1;..rement of c.rE..\'.,i2."l

by f~eld ~esGs of )erillestllity~ 

The maxi:n.1l.LID. rate ai' Y.:.e""C e }:-c:."sc ti erl from the gTO~~llci 

, . ... 
Vla -cel~ basin vlnictl, if C: Oll ~::.rluec.. eve::: iLdefi~itely lOLg 

period of years, and wo~ld res~l~ in ~&in~en~Lce of cer~ain 

~esirable fixed co~di~ions, is ~er~ed ~he S&I2 yie~d. 

- ~,

safe yie:c. is Qe~e::QeY:-c OYi 8any f e.c ~o l~ S 

Sli Cfl. 

0= \-/2. -cer fro= 
L~e ground wa~er b~8i~ dO~3 ~c~ e :.:c e e ci ill e an sec:.. 
sonal replace~en~ ~o the tcs~~. 

2 . Ida t e:c levels a::c'c ::.:.Ol: 80 l C'..~2re (5. CiS to c a-J~S e 
llarnful ir;Jpair:::ell-c of Cl-:..;:.s.~:i.-c~;r of 0~(_e g:coOUT_C. \'1S.-'C2-::· 

OjT in"'Grusion of O""C?-l8J.." ''is-~2r 0: -L-:~..'lc.esirable ClU2.l=- 0~T ') 

or by accumulation sud co~cen~rs~iG~ of oojec~ion
able elements. 

3. \'later le\lels a:ce Y:o-c so lO;:vT8l"ec. 2.S to i:c..1)e:.."il 
the econony of grc·;;I.:.c":. \"I~-C2r -c~seI'S b~l eJ-ccessive cos-cs 
of pumping frorJ -c:-.1.(; grolJ.. ~:c.. 1/12,,-::;81-' basil.!. or b'j~ e:l:clu
sian of the users irom a sup~ly ~~erefrom. 
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u Despite any favors~:2 b&l~nce be~ween water sup~ly 

development, ana es~eci~~~y SG la tL8 Carrizo. 
t}--~e 

\'1i th further utili ZE.. -ci O~... v f \/,/2. Ger 3.11d//re sul "'CCl11 t 

consequent degrada~ion of ~he be~~er ~~ality wa~er is 

yossible. Also, t~e ~hr62t o~ &~ unfsvorable salt balance, 

~~ic~ could be obtai~e~~ HO~2ver, o~ly further ~evelop-

-. :uel1.t of ground 'daters :. I'G~. \::1.":; seve~a~ ~eservoirs of 

differen~ geological agss wil~ ;rcve the various Qu&li~ies 

of "f~13.-cers to be dealt i:l:"-c:-_ vl~... e~:ce a)?lication C2l1 be so 

Cl:i.s-cributed a11d othel""'\'lise cor....:rollsG. tll:-'ough a SjTSL;e= of 

unit operation or coope~a~io~ iL ~~e best i~~e~es~s o~ 

=-u.r..C-CiOll as a dispos2.1 ~~o~d :or- irr'iga-cio:'l rl)I~off "fv,r:lel"S 

~ost of the salts coulQ be de)osited 2iQ concen~~aGec 

t~~cug~ evayoration ~s Das bee~ do~e n~tvxally over G~2 

:yee.rs. ~hus the proble~ of re~~rn ir~iga~ion flows Day 

-oe sOlved. Wit~ full developmen~ o~ the irrigable 

acreage, the lake ~ay increase i~ size u~til a stcbiliz6c 

co~dition would be re&c~ed wterein ~he Le~ evaporation 

f:o~ the lake surface would eO~21 ~~e to~al return flow 

irOE GDe applied irrig~~ion wa~eY. 
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The total area 0= arable la~d in t~e Carrizo Plai~ 

sp~e2ds over the en~i~e a~ea of ~~e topograpnic basin 

floor which is estima~ed to cover SODe 350 square miles, 

or 224,000 acres. £bou~ ~alf 0: ~~is vas~ acreage, or 

~round 100,000 acres is ~r~ig&ble~ a~Q there is calcu120ed 

to be enough ground W~~2r av&~lable ~o irriga~e an avera~e 

of aroUl'ld 4-0,000 acr'c 8 2..::-.-.Y'...U2..J....l..y =01~ pe.st"'l1.:ce, alfa.lfE.., Y.ay 

., "' grain. Just no VI r.:.-\"'~c':~ 

~ ..l..is to be applied to i/'f.D.. :"C::-. \f1.C.. S. L" cr01JS are faCl;ors 

to be deterwined by 0Lc eCG~o=ics of wile prooleGs. I~ 

general, however, i~ is su)~ose~ ~~a~ =ost of the l~n~s ~o 

ca~ be developed, aLd a~y c~assi~ic2~io~ of land for grGun~-

c.eve:'opmerlL; "':_"',--..~ 
LJ ...... c.u 

3ro2d~y, tne classiiica~ion )~esen~ed heyein is 02 

Plain is nivided in~o 0~e ~or~~ 0&T~izo, Cen0r21 (Soda 

Carrizo, ana 00~0h Ca~~izo. T~e 2resl exte~~ of 

Lrle 6rOlll1d-\vater 00 di e s in t~t~e se ~ce spe c wive divis ions 0 =: 

t~e Plain, are outli~ed in Ji;u~a 

This area, north o~ ~~e nort~ern limits of the SO~2 

Lake depression, offers the test soil 2nd ~ost f~vorable 
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topography, and the oesG ~u21~ty 2~d lar;est ~~2~~i0Y of 

ground w&ter in the CaTrizo. subterraneaY.;. c':_2.rJ.:.C ...L 

0= ground vlater unde:i.nflo\'l curves :rJ.ort~.l\~lest\"Jard in. 2.. 02.:':.i.Q 

averaging so~ething mere th2TI GWO ml~es wide throug~ the 

Within the confiL8s of ~his underflow, the w~~e~-

be~ring formations raLoe i~ thic~~ess fros 200 GO 900 ~e2~, 

-. _. _. 4 - -. I .. ~ 

2~~ coc~_e~~c~ ~ec~nl~ue, ..... 1e l...l.. S ...: .. ':'-_l8.:.: 

~o 1,000 gallons per =~Lute f~02 dept~s ~~~ging fro= 500 

-:;0 1,000 feet. 

~~e Sa~ ~ndreas iaul~ zo~e. 

~~ ~&y be t~a~ the s~a~lower V2~2~S would be too cO~~2~i-

na~e~ wi~~ soluble ~i~e~al sal~2 a~~ alk&lis a~~ th&t 

tlOL, but both zones Ere WO~~~j of ~GS~S. Depths ~o 

. . 
".-", lrI'lg2..t 

' 

c -C:-.:.2 l'liII 121';.0. s . I . 
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loL ...L.. ...:j ) 

o -,  c:This area is confi~ed l v ...... 

iLZ1ediate borders. 

\llS-c 8 1'"' development frorn --:1.18 S~2.1~l.cpoiIlt of soil and vfatel'"' 

JI1he Socia Lal":e g:~{~our...ci \"!s.-cer cody is so C0::2t2.iLiYl2.tec. 

·v/i --en. winere.l 82.1 ts ar~cl al:L&:is -c:~&-C it \·loul6. not serve i'c~ 

ei~~er irrigation or QG3~ O~L2T ~S2S. 

-:-rcof fro::l ~o seve~~l hundred ~f e e t bel 0 \'1 u ......... 1..,..
 

:.~ 0 S -c 0 -c 11e r US 2 S • 

~&s~ward from ~he Soda ~a~e be~7 ~La soils i~prove In 

C~larac~er but the def~~8 to tLe oe~~cr groand waters i~-

cre&se. It is a ~ues~ion, ~he~e~c=e, w~ethe~ exploits~~c~ 

'_'':_l S ar e a af I 0 ~6. S ::1& -c 1;2'"' 8.:i :~r ') c =·:c e =-=- e 1J. 0 C OYld i t icY'... S 

r"< ...... for lives-cocl: grs..zir.:.s ''''' v~ LJ 

~ro;ram of irrigatiG~. ~astwsr6, along ~he San An6Ye~s 

,~' .~..""" ~ --. 
....... v U-'-C c
 

~ore than 3,000 fee~ ~~ic~, &~~ ~~y ~cl~ consi6erable 

W2~er where the porosi~y a~d ~2r~~2~i~:~y of the beds ~re 
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suitable. This Z011e 113.5 not been ~estec.. E:x:ceptiYlg 

possibly in the nortrle2.st Q.uar-ce~:· of' tl1e area, the CaY'~izo 

ground-\vater body :n&y lie too dee~ below the surface to be 

commercially exploitaole. 

The southwestern p~rt of ~~e Scu~~ Carrizo may hold 

COYlsiderCible ground "\"later in the ij~'lo:r8,les Sub-Basin ll (see 

:2igures 6 and. 7 011 lJ2.ges 30 ar.:.G 302.) Vll'licl1 is "\tlell c.e-velOflco. 

1:ere. - .,... . 
SliO- ::J8,S 2.1'1 .. 

large acreages of the i~riga~:e 12nd lying at lower elev&

tions in this area. 

-.... 

/..--...," 
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The conclusions t~~\Q fTO~ t~is preliminary investiga

-cioj,~ of grol.l.rJ.d Vla--cer iy~ ~J:le C2..l~~izo Pl2.in Basin are as 

1. 

actual 6xis~ence &~~ ap)l~C2~lOL of considerable 

I-~ is 

es~ima~ed aver&ge L6~ a~L~~~ ~ro~Lj water rec~arge is 

2. ~here appear ~o ~2 ~wo {~s~inc~ive gTou~d 

(1 ) 

the Carrizo, ex~entins benea~~ nearly all of ~~e 

Plain. 

- r - ......practically use~ess ..... u..L 

adap~able for ir~~;&~ion sn6 ~ost other wa~er re~uir6-

ments. 



..........
 

3. 

to the Carrizo ground-wa~er body will range from a 

(minimum of around 55,000 acre-feet alli1ually to 2 
./ 

maximun of 80,000 2cre-fe8G 9 depe~ding largely o~ 

tne amount of veGetal discha~2e related to the 

,....., ..p ., / -", 0 -~ .: - ... -I'- -i ,...... r-. -'- r- r--; )acreage OI Qry- __ ar=ec~ \.1..... .I.-..L.1..l.. ...... esc. veu crops SOVrl.i.. 

4. I~ is oe:ieved 0~a~ the ultimate re~uire82~ts 

for gro11rL.d \~!2.te:.:-- il: "01:e C2.~~:-cizo J?l~i11 area vlill be 

mostly for t~e ir~i;2tic~ o~ 9aa~~re and o~her forage 

crops and supple~s~~arJ ~e~62 for a~ expanded live

stock industry. ~T:i.8=-C GiY:i~L;..IQ of 55,000 s.c~e-

J 
../	 la~d in ~hese cro)s; a~c t~e ~~XiDUW of 80,000 acr2

feet would be 8~~~~c~e~~ =o~ ~5,COO acres. 

reserves in naGursl w:cergToU~Q reservoirs are believed 

to be large enough ~o )er2~~ witLdrswal ~here~roD ~cr 

balance be~ween rec~~rge a~t discharge is rees~ablishe~. 

6, Tbe Soda ~a~e bet ~2S been function~~g 

Laturally ~hroughG~t geologic ~i~e as a disyosal ~G~C 

for the collec~io~ OI sur=sce waters, and could se~ve 

beco~e contami~2GeG by Te-~S2, 2~C are not reacscrced 

into the subso~l. 



, .;e 

i 

~f 

l ~ J 

.~) :t

, ., _.; CARRIZO PLA~N BASIN-WATERSHED' (54 MI.) i..__,;., ., l~ VEF?TLCRL. 

• \ . SCA l S 

{~o.••. _ ": \ ._ _ .. _. .~sod.a LakeBe"<i (ii'DiL)' . (Oirecf;;p", 01' .6urfa<!e I'k-urJ Uee~)
';>-...;...s.1U'~ce-'Level " ~ ~_." ~ .. -~ ~~ .' 3000I 

;;,-_'._~---b~~:_O_O_: _ 
.... ,f 

01.2.34S
o -:HO R rZ.ON TAL"
 
i 

- .sCAl,.E :-LEGEND
-(mLLes)- -

4 1 Impervious barrier 

r ' f 
~-- Soda Lake ground wutor zona 

/ .'." _.-.:--:.:~,.~- Carrizo grcur... d. W~ tfJr zot'.. eJ 
:.-.--~~ 

~ ,I'Direction of flow
-(_0 ._ 

t 

~ I 

~ 

;FIGti'Illi-9'. -f Longituci.inal section showing r,e"la.1
I 

: :::2 ":0 sitiona of 'the r::afn "'round Hater zor~es' in .the Carrizo Plain Basin, c'alifornia. 
-~- __J . 'Section is along .a ..~~~·~{est-s~utneas~ line ~~ou _t e. ~.ent.?! ?.f tn.~ __S~qa .LBlZe d~prea8ion) ~ . 

.~;: 
~-



b 

s-
O 

n 

·~ ~,. 

-q.. ft' ....c...
", . /' A;~ 

'6e~- ~,.,,~ •• , .0
"'-... .,,-- ---;.. , 

"\ /;;";'" -
'.. ·-"r '" II 

. , ...~ 

';'~'" 

,, 

'. 

~, 

r-.'.~ I''''
\ 'L...~···~ ... 

/ 



i C J~_RIZO_ P~A.~~J 
~I .A..<l HY ROLOqJf~~~~J~~_._. 

• •• _ ......... Q.t _Or'
 

I
 

Percel 
26.8 
18.2 
45.0 
55·0 

100.0 

---.--- .-- -

Acres 
72,580 
49,350 

121,930 
149,070 
271 OOQ 

LEGEND 

URBAN AHO SUBURBAN LANOS 

IRRIGATED LANQS 

IRRtGA8L£ VAL LEY LA NOS 

~ .. _~.:e"_ :-:.;:"... ""'__, ~ •. 

'I~
.-------~._- - "

.,06 

, SCALE OF WILES 
o , z 

SAN LUIS OS;SPO COUNTY INVESTIGATION 
' ' . -

; [i~58~ ,

~\._. ~ ....4 

I 

____.... Mpdii'fed- tr;;~ ~ .. .__ 
STATe: OF CAl.lFORNIA 

DEPARTMENT OF WATER RESOURCES 
~""'ISI:>N OF RESOURCES P~NNING 

~.....-._. _ c. _ _. _. -.-. 

I 

. Classificat]on of land 
1 - • . I 

1Irr~gable V~ll.eYllandS •••••••• 
~Irr~gable h~ll l~nds •••••••••• 
~ Tot~l';" irrigabl lands ••••••• 
i Other arable a d non-arable. 
1 .,Total all lands • ••••••••••••• 

---~'. ~ . ..., .... \. 

L---:-...----_..._.__.. 

,,' C LAS S I FIe A 1:. lOa FAR A B L E LAN D
L--=--=.,.- --=t:'~=-:'-: .-:....  =.....=-=._-= -=.-~.: ..=.-:'-.:.-:: .: 

" 

-' 

,..-' 

" / 
..\ .r 

U.~~~- '. 
......~ 

:../ 
j . 

/ 











APPENDIXB Surface Water Hydrology Calculations 

 W:\27658060\01805\01805-a-r.doc\26-Jun-08\SDG  

 

 



CESF03
National Flood Frequency Program
Version 3.0
Based on Water-Resources Investigations Report 02-4168
Equations from database C:\Program Files\NFF\NFFv3.2_2004-12-14.mdb
Updated by kries 9/22/2004 at 4:03:24 PM fixed decimal place in constant
Equations for California developed using English units

Site: CESF, California
User: matt_moore
Date: Wednesday, June 18, 2008 01:13 PM

Rural Estimate: Basin 1
   Basin Drainage Area: 31.6 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 31.6 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.13 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Basin 2
   Basin Drainage Area: 3.9 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 3.9 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.19 thousand feet
   Crippen & Bue Region 17

Rural Estimate: BAsin 3
   Basin Drainage Area: 4.3 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 4.3 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.24 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Basin 4
   Basin Drainage Area: 1.6 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 1.6 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.03 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Pre-Project Overall at Site
   Basin Drainage Area: 41.3 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 41.3 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.13 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Pos-Project Overall at Site
   Basin Drainage Area: 40.3 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 40.3 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.13 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Basin 5
   Basin Drainage Area: 111 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 111 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.1 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Pre-Project Overall at North Soda Lake
   Basin Drainage Area: 152 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 152 mi2
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CESF03
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.1 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Pos-Project Overall at North Sodal Lake
   Basin Drainage Area: 151 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 151 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.1 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Basin 6
   Basin Drainage Area: 262 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 262 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.18 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Pre-Project Total for Entire Soda Lake
   Basin Drainage Area: 414 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 414 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.18 thousand feet
   Crippen & Bue Region 17

Rural Estimate: Pos-Project Total for Entire Soda Lake
   Basin Drainage Area: 413 mi2
   1 Region
   Region: Central_Coast_Region
      Drainage_Area = 413 mi2
      Mean_Annual_Precipitation = 10 in
      Altitude_Index = 2.18 thousand feet
   Crippen & Bue Region 17

Flood Peak Discharges, in cubic feet per second

                     Recurrence     Peak,  Standard  Equivalent
Estimate             Interval, yrs   cfs   Error, %  Years     
____________________ _____________  _____  ________  __________

Basin 1                    2         22.1     150          
                           5          134     110          
                          10          328      96          
                          25          784      96          
                          50         1390     110          
                         100         2220     120          
                         500         5650                  
                     maximum: 87500 (for C&B region 17)

BAsin 2                    2         3.12     150          
                           5         19.5     110          
                          10         48.9      96          
                          25          120      96          
                          50          214     110          
                         100          349     120          
                         500          912                  
                     maximum: 19000 (for C&B region 17)

Basin 3                    2         3.33     150          
                           5           21     110          
                          10         52.7      96          
                          25          130      96          
                          50          231     110          
                         100          377     120          
                         500          989                  
                     maximum: 20600 (for C&B region 17)

Basin 4                    2          1.5     150          
                           5         9.22     110          
                          10           23      96          
                          25         56.5      96          
                          50         99.9     110          
                         100          163     120          
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                         500          427                  
                     maximum: 8920 (for C&B region 17)

Pre-Project at Site        2         28.2     150          
                           5          171     110          
                          10          417      96          
                          25          995      96          
                          50         1770     110          
                         100         2810     120          
                         500         7140                  
                     maximum: 103000 (for C&B region 17)

Post-Project at Site       2         27.6     150          
                           5          167     110          
                          10          408      96          
                          25          974      96          
                          50         1730     110          
                         100         2750     120          
                         500         6990                  
                     maximum: 102000 (for C&B region 17)

Basin 5                    2           71     150          
                           5          424     110          
                          10         1020      96          
                          25         2410      96          
                          50         4280     110          
                         100         6710     120          
                         500        16900                  
                     maximum: 182000 (for C&B region 17)

Pre-Project at             2         95.1     150          
North Soda Lake            5          566     110          
                          10         1360      96          
                          25         3200      96          
                          50         5670     110          
                         100         8870     120          
                         500        22200                  
                     maximum: 214000 (for C&B region 17)

Post-Project at            2         94.5     150          
North Soda Lake            5          563     110          
                          10         1350      96          
                          25         3180      96          
                          50         5640     110          
                         100         8820     120          
                         500        22100                  
                     maximum: 213000 (for C&B region 17)

Basin 6                    2          151     150          
                           5          902     110          
                          10         2170      96          
                          25         5090      96          
                          50         9060     110          
                         100        14200     120          
                         500        35400                  
                     maximum: 278000 (for C&B region 17)

Pre-Project Total          2          229     150          
Soda Lake                  5         1370     110          
                          10         3270      96          
                          25         7650      96          
                          50        13600     110          
                         100        21200     120          
                         500        52700                  
                     maximum: 342000 (for C&B region 17)

Post Project Total         2          229     150          
Soda Lake                  5         1360     110          
                          10         3260      96          
                          25         7640      96          
                          50        13600     110          
                         100        21100     120          
                         500        52600                  
                     maximum: 342000 (for C&B region 17)
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CALIFORNIA SERENGETI CORP 
12900 Soda lake Road (p.O. Box 3058) 

Santa Margarita, CA. 93453 
Tel.805-475-2200, Lodge 805-475-2363 

Fax 805-475-2203 

Please Note enclosed is information about water studies that we have done In 
California Valley, CA and we are happy to share them with you. Info includes 
Triton's Report of 2002 and some New well reports after that study, if you have 
any question please feel free to call me at Lodge Number 805-475-2363. 

Sincerely .£L 
~,~~ 3/19/2- 007 

Kenneth Tab, president 
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I C_R_E_EK_EN_V_I_R_O_~ ~5t~~~~ine~~e~r2 RATORI ES/ INC.
 
,ff;i. 141 SUBURBAN ROAD, SUITE C-5 • SAN LUIS OBISPO, CA 93401 • (805) 545-9838 • FAX (805) 545-0107 

CC!MM~lZ.c.tA-L. We:-/{ 3uljJ7uJ~ Mo~L 
~ £"E57lJt:lI2A/T ~t5W/ tfl;;u.-S 

$ 51 ~ ({7C,7"btJ {(EP6',e r~ 2~~;-;-
Kenneth Tab Log Number: 07-C15404
 
California Serengetti Order: 06253
 
P.O. Box 3058 Project: 12900 Soda Lake Road
 
Santa Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

SampLed 
SampLe Description SampLed By Date @Time Matrix 

===================================== =====~======================= =================== ============================================ 
072 201 023 (MoteL) Kenneth Tab 11/29/07@10:30 Drinking Water 

===================================== ============================= =================== ============================================ 
Ana Lyte ResuLt DLR Di Lution Units Method Date Date Batch 

Factor AnaLyzed Prepared 

Carbonate ALkaLinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
Bicarbonate ALkaLinity as CaC03 190 2 1 mg/L SM 2320B 12/10/07 2344 
Hydroxide ALkaLinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
TotaL ALkaLinity as CaC03 190 2 1 mg/L SM 2320B 12/10/07 2344 
ChLoride 30 1 1 mg/L EPA 300.0 11/29/07 1998 
TotaL Cyanide Not Detected 0.005 1 mg/L SM 4500-CN C,E 12/10/07 12/10/07 2328 
CoLor Not Detected 1 1 units SM 2120B 11/29/07 1966 
ELectricaL Conductance 650 1 1 umhos/cm SM 2510 B 11/29/07 1966 
Fluoride 0.5 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Langlier Index (Corrosivity) 0.1 1 pH uni ts SM 2330B 12/14/07 2542 
MBAS(Anionic Surfactants MW=340) Not Detected 0.05 1 rng/L SM 5540 C 11/30/07 11/30/07 2040 
Nit rate as N 5.3 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Nitrate as N03 23 0.4 1 mg/L EPA 300.0 
Nitrite as N Not Detected 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Odor Not Detected 1 1 TON SM 2150B 11/29/07 1966 
pH 7.7 0.1 1 pH units SM 4500-H B 11/29/07 1966 
SuLfate 75 0.5 1 mg/L EPA 300.0 11/29/07 1998 
TotaL DissoLved soLids 410 10 1 mg/L SM 2540 C 12/04/07 2209 
Turbidity 0.1 0.1 1 NTU SM 2130 B 11/29/07 1966 
TotaL Coliform Bacteria Absent NA SM 9223 11/29/07 1990 
CaLcium 44 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Hardness 190 1 NA mg/L CaC03 EPA 200.7 
Iron 0.07 0.02 1 mg/L EPA 200.7 12/13/07 2523 
Mercury Not Detected 0.001 1 mg/L EPA 245.1 12/06/07 12/5/07 2220 
Potassium 1.6 0.1 1 mg/L EPA 200.7 12/13/07 2523 
Magnesium 19 0.03 1 rng/L EPA 200.7 12/13/07 2523 
SOd.urn 76 0.05 1 mg/L EPA 200.7 12/13/07 2523 
ALurdnum Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2564 
Antimony Not Detected 0.006 1 mg/L EPA 200.8 12/10/07 2363 

{) PRINTED ON RECYCLED PAPER 
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Kenneth Tab Log Number: 07-C15404
 
California Serengetti Order: 06253
 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ====:======================================= 
072 201 023 (Motel) Kenneth Tab 11/29/07@10:30 Drinking Water 
===================================== ============================= =================== ============================================ 

Analyte Resul t DLR Di luti on Units Method Date Date Batch 
Factor Analyzed Prepared 

---------------------------------- -_ .. ------------ ---------- ------------ ----------- ---------------- ---------- ----------

Arsenic Not Detected 0.002 mg/L EPA 200.8 12/10/07 2363
 
Barium Not Detected 0.1 mg/L EPA 200.8 12/10/07 2363
 
Beryll ium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Cadmium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Chromium Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Copper Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 
Lead Not Detected 0.005 mg/L EPA 200.8 12/10/07 2363
 
Manganese Not Detected 0.02 mg/L EPA 200.8 12/10/07 2363
 
Nickel Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Selenium 0.005 0.005 mg/L EPA 200.8 12/10/07 2363
 
Silver Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Thall ium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Zinc 0.25 0.05 mg/L EPA 200.8 12/10/07 2363
 
---------------------------------- --------------- ---------. ------------ ----------- ---------------- ---------- ----------

DLR =Detection Limit for Reporting. Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab DirEctor, Michael Ng 

o PRINTED o,,~ RECYCLED PAj-:R 
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Kenneth Tab Log Number: 07-Cl5400 
California Serengetti Order: 06253 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

SampLed 
SampLe Description SampLed By Date @Time Matrix 

========~========================================================= =================== ============================================ 
072 201 008 N (GLade) Kenneth Tab	 11/28/07@15:00 Drinking Water 
===================================== ============================= =================== ============================================ 

AnaLyte ResuLt DLR Di Lution Units Method Date Date Batch 
Factor AnaLyzed Prepared 

Carbonate ALkaLinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
Bicarbonate ALkaLinity as CaC03 180 2 1 mg/L SM 2320B 12/10/07 2344 
Hydroxide ALkaLinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
TotaL ALkaLinity as CaC03 180 2 1 mg/L SM 2320B 12/10/07 2344 
ChLoride 28 1 1 mg/L EPA 300.0 11/29/07 1998 
TotaL Cyanide Not Detected 0.005 1 mg/L SM 4500-CN C,E 12/10/07 12/07/07 2323 
CoLor Not Detected 1 1 units SM 2120B 11/29/07 1966 
ELectricaL Conductance 910 1 1 umhos/cm SM 2510 B 11/29/07 1966 
FLuoride 1.3 0.1 1 mg/L EPA 300.0 11/29/07 1998 
LangLier Index (Corrosivity) 0.0 1 pH uni ts SM 2330B 12/14/07 2542 
MBAS(Anionic Surfactants MW=340) Not Detected 0.05 1 mg/L SM 5540 C 11/30/07 11/30/07 2040 
Nitrate as N 4.5 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Nitrate as N03 20 0.4 1 mg/L EPA 300.0 
Nitrite as N Not Detected 0.1 1 mg/L EPA 300.0 11/29/07 1998 
odor Not Detected 1 1 TON SM 2150B 11/29/07 1966 
pH 7.5 0.1 1 pH uni ts SM 4500-H B 11/29/07 1966 
SuLfate 220 0.5 1 mg/L EPA 300.0 11/29/07 1998 
TotaL DissoLved SoLids 600 10 1 mg/L SM 2540 C 12/04/07 2209 
Turbi dity 0.3 0.1 1 NTU SM 2130 B 11/29/07 1966 
TotaL CoLiform Bacteria Present NA SM 9223 11/29/07 1990 
E. coL i Absent NA SM 9223 11/29/07 1990 
CaLcium 60 0.2 5 mg/L EPA 200.7 12/11/07 2404 
Hardness 230 1 NA mg/L CaC03 EPA 200.7 
Iron Not Detected 0.1 5 mg/L EPA 200.7 12/11/07 2404 
Mercury Not Detected 0.001 1 mg/L EPA 245.1 12/06/07 12/5/07 2220 
Potassium 1.4 0.5 5 mg/L EPA 200.7 12/11/07 2404 
Magnesium 19 0.2 ) mg/L EPA 200.7 12/11/07 2404 
Sodium 120 0.2 mg/L EPA 200.7 12/11/07 2404 
ALuminum Not Detected 0.05 mg/L EPA 200.8 12/10/07 2564 

Q PRINTED ON RECYC cD PAf'ER 
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Kenneth Tab Log Number: 07-C15400
 
California Serengetti Order: 06253
 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 
072 201 008 N (Glade) Kenneth Tab 11/28/07@15:00 Drinking Water 

============================= =================== ================================================================================= 
Analyte Result DLR Di lution Units Method Date Date Batch 

Factor Analyzed Prepared 

--------------------~---------------------------- ---------- ------------ ----------- ---------------- ---------- ----------

Antimony Not Detected 0.006 1 mg/L EPA 200.8 12/10/07 2363
 

Arsenic Not Detected 0.002 1 mg/L EPA 200.8 12/10/07 2363
 

Barium Not Detected 0.1 1 mg/L EPA 200.8 12/10/07 2363
 

Beryllium Not Detected 0.001 1 mg/L EPA 200.8 12/10/07 2363
 

Cadmium Not Detected 0.001 1 mg/L EPA 200.8 12/10/07 2363
 

Chromium Not Detected 0.01 1 mg/L EPA 200.8 12/10/07 2363
 

Copper Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2363
 

Lead Not Detected 0.005 1 mg/L EPA 200.8 12/10/07 2363
 

Manganese Not Detected 0.02 1 mg/L EPA 200.8 12/10/07 2363
 

Nickel Not Detected 0.01 1 mg/L EPA 200.8 12/10/07 2363
 

Selenium 0.008 0.005 1 mg/L EPA 200.8 12/10/07 2363
 

Silver Not Detected 0.01 1 mg/L EPA 200.8 12/10/07 2363
 

Thallium Not Detected 0.001 1 mg/L EPA 200.8 12/10/07 2363
 

Zinc Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2363
 
---------------------------------- --------------- ---------- ------------ ----------- ---------------- -----~---- ----------

DLR = Detection Limit for Reporting. Results of "Not Detectedll are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

{} PRINTED ON ECYCLED PAPER 
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Kenneth Tab Log Number: 07-C15403 
California Serengetti Order: 06253 
P.O. Box 3058 Project: 12900 Soda Lake Road
 
Santa Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description sampled By Date @Time Matrix 
===================================== ============================= =================== ============================================ 

072 201 008 S (Gaviota) Kenneth Tab 11/28/07@15:00 Drinking Yater 
===================================== ============================= =================== ============================================ 

Analyte Result DLR Di luti on Units Method Date Date Batch 
Factor Analyzed Prepared 

Carbonate Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
Bicarbonate Alkalinity as CaC03 150 2 1 mg/L SM 2320B 12/10/07 2344 
Hydroxide Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
Total Alkalinity as CaC03 150 2 1 mg/L SM 2320B 12/10/07 2344 
Chloride 48 1 1 mg/L EPA 300.0 11/29/07 1998 
Total Cyanide Not Detected 0.005 1 mg/L SM 4500-CN C,E 12/10/07 12/07/07 2323 
Color 10 1 1 units SM 2120B 11/29/07 1966 
Electrical Conductance 830 1 1 umhos/cm SM 2510 B 11/29/07 1966 
Fluoride 1.0 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Langlier Index (Corrosivity) 0.1 1 pH uni ts SM 2330B 12/14/07 2542 
MBAS(Anionic Surfactants MY=340) Not Detected 0.05 1 mg/L SM 5540 C 11/30/07 11/30/07 2040 
Nitrate as N 8.3 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Nitrate as N03 37 0.4 1 mg/L EPA 300.0 
Nitrite as N Not Detected 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Odor Not Detected 1 1 TON SM 2150B 11/29/07 1966 
pH 7.6 0.1 1 pH units SM 4500-H B 11/29/07 1966 
Sulfate 170 0.5 1 mg/L EPA 300.0 11/29/07 1998 
Total Dissolved Sol ids 550 10 1 mg/L SM 2540 C 12/04/07 2209 
Turbidity 8.0 0.1 1 NTU SM 2130 B 11/29/07 1966 
Total Coliform Bacteria Present NA SM 9223 11/29/07 1990 
E. col i Absent NA SM 9223 11/29/07 1990 
Calcium 69 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Hardness 290 1 NA mg/L CaC03 EPA 200.7 
I ron 0.16 0.02 1 mg/L EPA 200.7 12/13/07 2523 
Mercury Not Detected 0.001 1 mg/L EPA 245.1 12/06/07 12/5/07 2220 
Potassium 1.9 0.1 1 mg/L EPA 200.7 12/13/07 2523 
Magnesium 29 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Sodium 62 0.05 1 mg/L EPA 200.7 12/13/07 2523 
Aluminum 0 17 0.05 1 mg/L EPA 200.8 12/10/07 2564 

o PRI;,HO ON RECYClED PAI'ER 
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Kenneth Tab Log Number: 07-C15403
 
California Serengetti Order: 06253
 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 

072 201 008 S (Gaviota) Kenneth Tab 11/28/07@15:00 Drinking Water 
===================================== ============================= =================== ============================================ 

Analyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Antimony Not Detected 0.006 mg/L EPA 200.8 12/10/07 2363
 

Arsenic Not Detected 0.002 mg/L EPA 200.8 12/10/07 2363
 

Barium Not Detected 0.1 mg/L EPA 200.8 12/10/07 2363
 
Beryll ium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Cadmium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Chromium Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Copper Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 
Lead Not Detected 0.005 mg/L EPA 200.8 12/10/07 2363
 
Manganese Not Detected 0.02 mg/L EPA 200.8 12/10/07 2363
 
Nickel Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Selenium Not Detected 0.005 mg/L EPA 200.8 12/10/07 2363
 
si lver Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Thall ium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Zinc Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 
- - - - - - - - - - - - -- - - - --- -- - -- - - - - - - _.. - --------------- ---------- ------------ ----------- ---------------- ---------- ----------

DLR = Detection Limit for Reporting~ Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

o PRINTED ON RECYCLED PAPER 
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Kenneth Tab Log Number: 07-C15401 
California Serengetti Order: 06253 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @Time Matrix 
===================================== ============================= =================== ============================================ 
Unit 31 Lot 149 Kenneth Tab 11/29/07@10:00 Drinking Water 
===================================== ============================= =================== ============================================ 
Analyte Result DLR Di lution Units Method Date Date Batch 

Factor Analyzed Prepared 

Carbonate Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 

Bicarbonate Alkalinity as CaC03 150 2 1 mg/L SM 2320B 12/10/07 2344 

Hydroxide Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 

Total Alkalinity as CaC03 150 2 1 mg/L SM 2320B 12/10/07 2344 

Chloride 81 1 1 mg/L EPA 300.0 11/29/07 1998 

Total Cyanide Not Detected 0.005 1 mg/L SM 4500-CN C,E 12/10/07 12/07/07 2323 

Color Not Detected 1 1 units SM 2120B 11/29/07 1966 

Electrical Conductance 2,200 1 1 umhos/cm SM 2510 B 11/29/07 1966 

Fluoride 1.1 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Langlier Index (Corrosivity) 0.4 1 pH units SM 2330B 12/14/07 2542 
MBAS(Anionic Surfactants MW=340) Not Detected 0.05 1 mg/L SM 5540 C 11/30/07 11/30/07 2040 
Nitrate as N 6.6 0.1 1 mg/L EPA 300.0 11/29/07 1998 

Nitrate as N03 29 0.4 1 mg/L EPA 300.0 

Nitrite as N Not Detected 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Odor Not Detected 1 1 TON SM 2150B 11/29/07 1966 

pH 7.5 0.1 1 pH units SM 4500-H B 11/29/07 1966 
Sulfate 1,000 5 10 mg/L EPA 300.0 12/03/07 2077 
Total Dissolved Solids 1,800 10 1 mg/L SM 2540 C 12/04/07 2209 
Turbidity 0.3 0.1 1 NTU SM 2130 B 11/29/07 1966 
Total Coliform Bacteria Present NA SM 9223 11/29/07 1990 
E. col i Absent NA SM 9223 11/29/07 1990 
Calcium 180 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Hardness 760 1 NA mg/L CaC03 EPA 200.7 
I ron Not Detected 0.02 1 mg/L EPA 200.7 12/13/07 2523 
Mercury Not Detected 0.001 1 mg/L EPA 245.1 12/06/07 12/5/07 2220 
Potassium 1.7 0.1 1 mg/L EPA 200.7 12/13/07 2523 
Magnesium 75 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Sodium 270 0.05 1 mg/L EPA 200.7 12/13/07 2523 
Aluminum Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2564 

.~ PRINTI ) ON RECYCLED PAI'ER 
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---------------------------------- --------------- ---------- ------------ ----------- ---------------- ---------- -----------
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Kenneth Tab Log Number: 07-C15401
 
California Serengetti Order: 06253
 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled
 
Sample Description Sampled By Date @ Time Mat ri x
 
===================================== ============================= =================== ============================================
 
Unit 31 Lot 149 Kenneth Tab 11/29/07@10:00 Drinking Water
 
===================================== ============================= =================== ============================================
 

Analyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Antimony Not Detected 0.006 mg/L EPA 200.8 12/10/07 2363
 
Arsenic 0.002 0.002 mg/L EPA 200.8 12/10/07 2363
 
Barium Not Detected 0.1 mg/L EPA 200.8 12/10/07 2363
 
Beryll ium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Cadmium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Chromium Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Copper Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 
Lead Not Detected 0.005 mg/L EPA 200.8 12/10/07 2363
 
Manganese 0.04 0.02 mg/L EPA 200.8 12/10/07 2363
 
Nickel Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Selenium 0.015 0.005 mg/L EPA 200.8 12/10/07 2363
 
Si lver Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Thallium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Zinc Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 

DLR = Detection Limit for Reporting. Results of "Not Detected" -are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

00 RINTED ON RECYCLED PAPER 
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Kenneth Tab Log Number: 07-C15402 
California Serengetti Order: 06253 
P.O. Box 3058	 Project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @Time Mat r ix 
===================================== ============================= =================== ============================================ 
Unit 31 Lot 164 Kenneth Tab 11/29/07@10:00 Drinking Water 
===================================== ============================= =================== ============================================ 

Analyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Carbonate Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
Bicarbonate Alkalinity as CaC03 170 2 1 mg/L SM 2320B 12/10/07 2344 
Hydroxide Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/10/07 2344 
Total Alkalinity as CaC03 170 2 1 mg/L SM 2320B 12/10/07 2344 
Chloride 34 1 1 mg/L EPA 300.0 11/29/07 1998 
Total Cyanide Not Detected 0.005 1 mg/L SM 4500-CN C,E 12/10/07 12/07/07 2323 
Color Not Detected 1 1 units SM 2120B 11/29/07 1966 
Electrical Conductance 1,200 1 1 umhos/cm SM 2510 B 11/29/07 1966 
Fluoride 1.3 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Langlier Index (Corrosivity) 0.3 1 pH units SM 2330B 12/14/07 2542 
MBAS(Anionic Surfactants MW=340) Not Detected 0.05 1 mg/L SM 5540 C 11/30/07 11/30/07 2040 
Nitrate as N 3.4 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Nitrate as N03 15 0.4 1 mg/L EPA 300.0 
Nitrite as N Not Detected 0.1 1 mg/L EPA 300.0 11/29/07 1998 
Odor Not Detected 1 1 TON SM 2150B 11/29/07 1966 
pH 7.6 0.1 1 pH units SM 4500-HB 11/29/07 1966 
Sulfate 420 5 10 mg/L EPA 300.0 12/03/07 2077 
Total Dissolved Solids 870 10 1 mg/L SM 2540 C 12/04/07 2209 
Turbidity 0.5 0.1 1 NTU SM 2130 B 11/29/07 1966 
Total Coliform Bacteria Present NA SM 9223 11/29/07 1990 
E. col i Absent NA SM 9223 11/29/07 1990 
Calcium 92 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Hardness 360 1 NA mg/L CaC03 EPA 200.7 
Iron Not Detected 0.02 1 mg/L EPA 200.7 12/13/07 2523 
Mercury Not Detected 0.001 1 mg/L EPA 245.1 12/06/07 12/5/07 2220 
Potassium 1.8 0.1 1 mg/L EPA 200.7 12/13/07 2523 
Magnesium 32 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Sodium 150 0.05 1 mg/L EPA 200.7 12/13/07 2523 
Aluminum Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2564 

o PRI~TED o.'! RECYCLED PAPER 
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---------------------------------- --------------- ---------- ------------ ----------- ---------------- ---------- -----------
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Kenneth Tab Log Number: 07-C15402
 
California Serengetti Order: 06253
 
P.O. Box 3058	 project: 12900 Soda Lake Road 
Santa	 Margarita, CA 93453 Received: 11/29/07
 

Printed: 12/17/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 
Unit 31 Lot 164	 Kenneth Tab 11/29/07@10:00 Drinking Water 
===================================== ============================= =================== ============================================ 
Analyte Result DLR Di lution Units Method Date Date Batch 

Factor Analyzed Prepared 

Antimony Not Detected 0.006 1 mg/L EPA 200.8 12/10/07 2363
 

Arsenic Not Detected 0.002 1 mg/L EPA 200.8 12/10/07 2363
 

Barium Not Detected 0.1 1 mg/L EPA 200.8 12/10/07 2363
 

Beryllium Not Detected 0.001 1 mg/L EPA 200.8 12/10/07 2363
 

Cadmium Not Detected 0.001 1 mg/L EPA 200.8 12/10/07 2363
 

Chromium Not Detected 0.01 1 mg/L EPA 200.8 12/10/07 2363
 

Copper Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2363
 

Lead Not Detected 0.005 1 mg/L EPA 200.8 12/10/07 2363
 

Manganese Not Detected 0.02 1 mg/L EPA 200.8 12/10/07 2363
 

Nickel Not Detected 0.01 1 mg/L EPA 200.8 12/10/07 2363
 

Selenium 0.006 0.005 1 mg/L EPA 200.8 12/10/07 2363
 

Si lver Not Detected 0.01 1 mg/L EPA 200.8 12/10/07 2363
 

Thallium Not Detected 0.001 1 mg/L EPA 200.8 12/10/07 2363
 
Zinc Not Detected 0.05 1 mg/L EPA 200.8 12/10/07 2363
 

DLR = Detection Limit for Reporting. Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

Q PRINTED O''! RECYCLED PAPER 
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Kenneth Tab Log Number: 07-C15458 
California Serengetti Order: 06279 
P.O. Box 3058 Received: 11/30/07
 
Santa Margarita, CA 93453 Printed: 12/18/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 

Unit 33 Lot l1 Kenneth Tab 11/29/07@16:30 Drinking Water 
===================================== ============================= =================== ============================================ 

Analyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Carbonate Alkalinity as CaC03 Not Detected 2 1 mg/L SM 2320B 12/11/07 2346 
Bicarbonate Alkalinity as CaC03 160 2 1 mg/L SM 2320B 12/11/07 2346 
Hydroxide Alkalinity as CaCo3 Not Detected 2 1 mg/L SM 2320B 12/11/07 2346 
Total Alkalinity as CaC03 160 2 1 mg/L SM 2320B 12/11/07 2346 
Chloride 70 1 1 mg/L EPA 300.0 11/30/07 2030 
Total Cyanide Not Detected 0.005 1 mg/L SM 4500-CN C,E 12/10/07 12/10/07 2328 
Color Not Detected 1 1 units SM 2120B 11/30/07 2069 
Electrical Conductance 1,800 1 1 umhos/cm SM 2510 B 11/30/07 2069 
Fluoride 1. 1 0.1 1 mg/L EPA 300.0 11/30/07 2030 

Langlier Index CCorrosivity) 0.4 1 pH units SM 2330B 12/14/07 2544 
MBASCAnionic Surfactants MW=340) Not Detected 0.05 1 mg/L SM 5540 C 11/30/07 11/30/07 2040 

Nitrate as N 6.6 0.1 1 mg/L EPA 300.0 11/30/07 2030 
Nitrate as N03 29 0.4 1 mg/L EPA 300.0 

Nitrite as N Not Detected 0.1 1 mg/L EPA 300.0 11/30/07 2030 
Odor Not Detected 1 1 TON SM 2150B 11/30/07 2069 
pH 7.6 0.1 1 pH units SM 4500-H B 11/30/07 2069 
Sul fate 720 5 10 mg/L EPA 300.0 12/03/07 2077 
Total Dissolved Sol ids 1,300 10 1 mg/L SM 2540 C 12/05/07 2343 
Turbidity 2.1 0.1 1 NTU SM 2130 B 11/30/07 2069 
Total Coliform Bacteria Absent NA SM 9223 11/30/07 2037 
Calcium 120 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Hardness 520 1 NA mg/L CaC03 EPA 200.7 
Iron 0.02 0.02 1 mg/L EPA 200.7 12/13/07 2523 
Mercury Not Detected 0.001 1 mg/L EPA 245.1 12/06/07 12/5/07 2220 
Potassium 0.8 0.1 1 mg/L EPA 200.7 12/13/07 2523 
Magnesium 51 0.03 1 mg/L EPA 200.7 12/13/07 2523 
Sodium 220 0.05 1 mg/L EPA 200.7 12/13/07 2523 
Aluminum tJot Detected 0.05 1 mg/L EPA 200.8 12/17/07 2631 
Antimony ,~ot Detected 0.006 1 mg/L EPA 200.8 12/10/07 2363 
Arsenic Not Detected 0.002 1 mg/L EPA 200.8 12/10/07 2363 

o PRINTED ON RECYClED PAPER 



- - - - - - - - - - - - - -- - - - - - - - - - - - -- - - - - -- --------------- ---------- ------------ ---------------- ---------- -----------
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Kenneth Tab Log Number: 07-C15458
 
California Serengetti Order: 06279
 
P.O. Box 3058 Received: 11/30/07
 
Santa Margarita, CA 93453 Printed: 12/18/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 

Unit 33 Lot 29 Kenneth Tab 11/29/07@16:30 Drinking Water 
===================================== ============================= =================== ============================================ 

Ana lyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

---~-~-----

Barium Not Detected 0.1 mg/L EPA 200.8 12/10/07 2363
 
Beryll ium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Cadmium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Chromium 0.01 0.01 mg/L EPA 200.8 12/10/07 2363
 
Copper Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 
Lead Not Detected 0.005 mg/L EPA 200.8 12/10/07 2363
 
Manganese Not Detected 0.02 mg/L EPA 200.8 12/10/07 2363
 
Nickel Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Selenium Not Detected 0.005 mg/L EPA 200.8 12/10/07 2363
 
Si lver Not Detected 0.01 mg/L EPA 200.8 12/10/07 2363
 
Thallium Not Detected 0.001 mg/L EPA 200.8 12/10/07 2363
 
Zinc Not Detected 0.05 mg/L EPA 200.8 12/10/07 2363
 
--- --- ----- ------------ -- ----- ---- --------------- --------~- ------------ ----------- ---------------- ---------- ----------

DLR = Detection Limit for Reporting. Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

o PRINTm O~1 I~ECYCLED P'IPER 



I C_R_EE_K_E_N_V_'R_O_~~~t~~~~ine~~e~r9 RATO RI ES, INC.
#l 141 SUBURBAN ROAD, SUITE C-5 • SAN LUIS OBISPO, CA 93401 • (805) 545-9838 • FAX (805) 545-0107 

Page 3 
Kenneth Tab Log Number: 07-C15459 
California Serengetti Order: 06279 
P.O. Box 3058 Received: 11/30/07
 
Santa Margarita, CA 93453 Printed: 12/18/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 

==================~=============================================== =================== ============================================ 

Motel Room 14 Kenneth Tab 11/30/07@08:30 Drinking Water 
===================================== ============================= =================== ============================================ 
Analyte Result DLR Di luti on Units Method Date Date Batch 

Factor Analyzed Prepared 

Total Coliform Bacteria Absent NA SM 9223 11/30/07 

DLR = Detection Limit for Reporting. Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

o PRINTED ON RECYCLED PAPER 

2037 



I C_R_EE_K_E_N_V_IR_O_~~Et~~~~ne~~e~r2RATORIES, INC.
 .£ 141 SUBURBAN ROAD, SUITE C-5 • SAN LUIS OBISPO, CA 93401 • (805) 545-9838 • FAX (805) 545-0107 

Page 4 
Kenneth Tab Log Number: 07-C15460 
California Serengetti Order: 06279 
P.O. Box 3058 Received: 11/30/07
 
Santa Margarita, CA 93453 Printed: 12/18/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 

Restaurant Sink Kenneth Tab 11/30/07@08:30 Drinking Water 
===================================== ============================= =================== ============================================ 

Analyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Total Coliform Bacteria Absent NA SM 9223 11/30/07 2037 

DLR = Detection Limit for Reporting. Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

o PRINTED 0'< RECYCLED P,APER 



I C_R_EE_K_E_N_V_'R_O_~~~t~~~~ine~~e~5?RATOR' ES/ 'NC.
 
~ 141 SUBURBAN ROAD, SUITE C-5 • SAN LUIS OBISPO, CA 93401 • (805) 545-9838 • FAX (805) 545-0107 

Page 5 
Kenneth Tab Log Number: 07-C15461 
California Serengetti Order: 06279 
P.O. Box 3058 Received: 11/30/07
 
Santa Margarita, CA 93453 Printed: 12/18/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 

Restaurant Rest Room Kenneth Tab 11/30/07@08:30 Drinking Water 
===================================== ============================= =================== ============================================ 

Analyte Result DLR Di lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Total Coliform Bacteria Absent NA SM 9223 11/30/07 2037 

DLR =Detection Limit for Reporting. Results of "Not Detected" are below DLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

o PRi" TED O~' RECYCLED r,~PER 



I C_R_EE_K_E_N_V_IR_O_~~5t~~~~ne~~e~5?RATORI ES, INC.
 .«i.. 141 SUBURBAN ROAD, SUITE C-5 • SAN LUIS OBISPO, CA 93401 • (805) 545-9838 • FAX (805) 545-0107 

Page 6 
Kenneth Tab Log Number: 07-C15462 
California Serengetti Order: 06279 
P.O. Box 3058 Received: 11/30/07
 
Santa Margarita, CA 93453 Printed: 12/18/07
 

REPORT OF ANALYTICAL RESULTS 

Sampled 
Sample Description Sampled By Date @ Time Matrix 
===================================== ============================= =================== ============================================ 

Store Sink Kenneth Tab 11/30/07@08:30 Drinking Water 
===================================== ============================= =================== ============================================ 

Ana lyte Result DLR oi lution Units Method Date Date Batch 
Factor Analyzed Prepared 

Total Coliform Bacteria Absent NA SM 9223 11/30/07 2037 

DLR = Detection Limit for Reporting. Results of "Not Detected" are below OLR. 

CREEK ENVIRONMENTAL LABORATORIES 

Lab Director, Michael Ng 

o PRI:~TED ON RECYCLED PA~)ER 



- Filipponi & 
Thompsontr Drilling Inc. 

STATE LICENSE NO. C&1432680 
P.O. Box 845 • ATASCADERO,CA93423 • PHONE466-1271 

December 4, 2007 

Kenny Tab 
P.O. Box 3058 
Santa Margarita, CA 93453 

Re: 13531 Soda Lake Road - CA Valley - APN - 072·201·008 - Glade Trail Site 
4.0 Hour Test Pump + 1.0 Hour Recovery 

Date Time flow Rate Water Level 
11/28/07 10:40 a.m. 11.9 

10:42 23.530 
10:45 24.730 
10:50 I 
11:00 t 

I 11:15 
! 12:40 p.m. 1 

I 1:00 
2:00 ! 

2:40 

30 
30 
30 
30 
30 
30 
30 

,25.2 I 

25.6 I 
25.7 

i26.2 t 

26.2 I 
26.7 ! 
26.8 ! 

I 
! 

I 
, 

I 
i 
! 

RECOVERY DATA
 

Date Time Water Level
 
11/28/07 2:40 p.m. 26.8 

I 2:42 13.3 
12.9 
12.8 
12.6 

I 

I 

, 2:45 
2:50 
3:00 
3:10 12.4 

12.3 
12.3 
12.2 i 

I 

3:20 
3:30 
3:40 - ~ 

Please contact our office at (805) 466-1271 with any questions regarding the information 
provided in this letter. 

Thank you, 

~'-\i~~~ 
Ned M. Thompson 
NMT/kf 



---~jfT Filipponi & 
Thompson.. Drilling Inc. 

STI\TE LICENSE NO. C57 432Sll0 

P.O. Box 845 • ATASCADERO. CA 93423 • PHONE 466-1211 

December 4 J 2007 

Kenny Tab 
P.O. Box 3058 
Santa Margarita, CA 93453 

Re: 13531 Soda Lake Road - CA Valley - APN - 072-201-008 - Gaviota Trail Site 
4.0 Hour Test Pump + 1.0 Hour Recovery 

Date Time Flow Rate Water Level 
12:45 p.m. i

I 
I
l11/28/07 20.8 i 

12:47 30 34.6 I 
12:50 35.5 I30 

35.912:55 30 
,1:05 30 36.1 ,,

1: 15 I 30 36.3 
1:45 30 36.9 I 

2:15 30 I 37.3 
3:15 30 37.9 
3:45 I 30 38.1 i 
4:45 30 t 38.3I 

I 
I 

RECOVERY DATA
 

Date Time Water Level
 
I 11/28/07 I 4:45 p.m. 38.3 ! 

4:47 22.9 i 

4:50 22.4 I 
4:55 22.0 ! 
5:05 I

I 21.7 !
i 

5:15 ! 21.5 I 
I 

5:25 21.4 ;r--. 21.3 I5:35 
-" 
II 5:45 21.2I ._._----' 

Please contact our office at (805) 466-1271 with any questions regarding the information 
provided in this letter. 

Thank you, 
~--""""_~'---"-.i 

Ned M. Thompson 
NMT/kf 



--tr Filipponi & 
Thompson
 
Drilling Inc.
 

STATE UCENSE NO. C57 432680 
P.O. Box 845 • ATASC4DERO. CA 93423 • PHONE 46&-1271 

December 4, 2007 

Margaret Camara 
P.O. Box 1072 
Seaside, CA 93955 

Re: Devil's Den Trail - CA Valley - APN - 082-131·057 
4.0 Hour Test Pump + 1.0 Hour Recovery 

Date Time Flow Rate Water Level 
11129/07 I 8:55 a.m. r I 09.9 i 

8:57 I 30 24.7 i 
9:00 ! 30 29.2 I 
9:05 30 30.1 -~! 

f-----I----~~--+--~~--__+-~,--.---~-~-~,--j 

9:10 I 30 31.8 i 
9:15 30 

r--------~--=-'9:--::.-;25::-----+------=--c30::---+--~-
~ 

34.1 __~ 

10:25 30 36.7 I 

I 1 10:55 30 i 37.0 I 
---r----,1-:-1.-=·5=5--+--------=-c::--------r--,---:::3=7----=.5-----1I 30 j 1 

12:55 p.m. I 30 , 37.9 I 

RECOVERY DATA
 

Date Time Water Level
 
37.9 i 

12:57 21.4 i 
1:00 17.2 i 

15.2 i1:05 
'11: 10 14.4 

1:15 13.7 
1:25 

11/29/07 12:55 p.m.

1-. 

12.8 
I! ______11:35 12.3I ""I I 1:45 

..
11.9 

="=,,<==_.~"_~M..~____...·._~_....,, 
11.61:55 

=~--

L 

Please contact our office at (805) 466-1271 with any questions regarding the information 
provided in this letter. 

Thank you, 

MU-'-"'-~ 
Ned M. Thom~son 
NMT/kf 



__

"-'F;- Filipponi & 
Thompson 

. Drilling Inc. 
STATE LlCEUSE NO. C51 432680 

p.o. Box 845 • ATASCADeRO, CA 93423 • PHONE 466-1:m 
December 4, 2007 

Margaret Camara 
P.O. Box 1072 
Seaside, CA 93955 

Re: Ginger Road - CA Valley - APN - 082-212-015 
4.0 Hour Test Pump + 1.0 Hour Recovery 

Date Time Flow Rate Water Level 
11/29/07 12:15 p.m. i

I 10.2 I 
12:17 I 30 23.2 

~
 
12:20 L 

! 30 24.5 
12:25 ! 30 I 25.9 ~ 112:30 , 30 26.5 I

I 
l 12:35 ! 30 

12:45 I 30 
1:15 30 
2:15 30 
3:15 i 30 

27.0 
27.4 
27.9 
29.1 
29.3 

i 
I 
I 
I 

~ 
I 

4:15 I 30 29.4 I 

RECOVERY DATA
 

Date Time Water Level
 
I 294f 11/29/07 I 4 15I ! p.m. I 

I 4:17 16.5 I 

4:20 13.7 
I 4:25 12.8 

4:30 12.3 I 

I 4:35 12.1 
4:45 11.5 

i 4:55 11.2 
5:05 11.0 
5.15 10.9 

! 

i 
i 

i 

I 

Please contact our office at (805) 466-1271 with any questions regarding the information 
provided in this letter. 

Thank you, 
~.,.Q..~_~. _~_.-r-~ 

Ned M. Thompson
 
NMT/kf
 



-

'~1T Filipponi & 

Thompson 
. Drilling Inc. 

STATE LICENSE NO, C57 432680 

P.O. Box 845 • ATASCADeRO, CA 93423 • PHONE 466-1271 
December 4, 2007 

Margaret Camara 
P.O. Box 1072 
Seaside, CA 93955 

Re: Dos Palos Road - CA Valley - APN - 082-131-019 
4.0 Hour Test Pump + 1.0 Hour Recovery 

Date Time Flow Rate 

t--------t--,_7",..:..",,20=-_-t-_.--;:-:30,-__+__20_,'L---J 
I 7:35 30 I 21.4.. I 

7:50 30 I 21.7 i 

10:50 30 I 23.0 I 

RECOVERY DATA
 

Date Time Water Level
 
11/29/07 10:50 a.m. 

10:52 
23.0 
14.3 

!----., 
10:55 13.5 f 

! 

I 11:00 13.0 I 
I 11.05 ! 12.6 

11:10 12.3 
11:20 12.0 

I 11 :30 11.8 
I 11 :40 11.6 
I 11 :50 I 11.4I 

Please contact our office at (805) 466-1271 with any questions regarding the information 
provided in this letter. 

Thank you, _~~ 

~~.U~ 
Ned M. Thompson 
NMT/kf 



ORIGINAL STATE OF CALIFORNIA OWR USE IN 

!! IFile with DWR	 -ILL COMPLETION REPORT I	 II 
STATE WEllNO/STATlON NO.Pqe 1 of 1	 Reftr to /n.strI«:ti<RI Pomphkl 

r!-----,---'In, , ! ~ ~,Owner's Wdl No. -""De=,-"vil,-",'s-",De=n~~__ No. E057368 Lr I Ii! jUt 1,1, f ,1 
l.ATmJOE LONGITUDE
 

Local Permit Agency Sao I !lis Obispo COI.lOiyC--. , <

t i
! 

i I
 

Date Work Began 11/7/2007 , Ended11/7J:",,2=00,,-,,7 ~ 

Permit No, 2007~32a	 .,Pemu=:·t...:D:::a:te:...::9/=1=21=2=OO=7~======- ...::----,-APNITRSIOTHER_._·..._-	 -------- 
GEOLOGIC LOG -	 WELL OWNER 

ORIENTATION (Ll .L.. VERTICAl. _ HORIZONTAL ,__ ANGLE. _(sPECIFY) Name ""Ma=:.;rQ""8""re.:::;t:-;C""8=:m=ara=.- _
 
DR~UNG .
 

OEPTH FROM ! METHOD BQIABY FLUID Bentomte Mailing Address -1,p~Q B""OX"'-'1....	 ~--==;__......... Q7u2"'
'iiJRi:Ar.i I DESCRIPTION :-"sea~='si=de"----_---- __----C-A-----'9.;;;.3.;..95-5

R.	 fD Fl, DescrilH material. grain. size. calor, etc, CITY STATE ZIP 

O~ 3: TOP SOIL Address De~i!'s PEl" Trail\tt LOCATIO 
3:	 30: SANOY BROWN CLAY WITH THIN GRAVEL City .=Ca=I~ifom:::.~ia=-=V.=al::.:le~'t,.:,CA~ _ 

; STRfNGERS_ ~ sa~~n'-"Lu:l::!l.l!is~O~b:lJiis9:!po~ _ 
30 ' 38iSAND&GRAVEL . APN BookQ82..-~. Page131 Parcel-""05><,J7,,,_, _ 

t--------c:3::-o8-;.-'_-o:-50__'-,.S_A!'lDY BROWN CLAY & GRAVE~ . Township 30 S _ Range 111L_ Section =24..::- , 
50 62: SAND & GRAVEL _ Latitude 35 ,18 ,03,0 N 11959122 W 
62 i 80: SANDY BROWN CLAY & GRAVEL OlQ. MIN, SEC. OEG, MIN. SEC, 

80 85: SAND & GRAVEL LOCAT=THSl<ETCH ACTIVffY (:() 

85 i 96 iBROWN CLAY .,L NEW WELL 
1----96~i--1.c:.0CC-O~: S:::.cA-'-N"-D;"':"& GRAVEL ' '0	 MOOFICA~AIR• 

t--_17':0:-::0-,-~__-,.10-:":8=-i:",,B,..,.R~WN CLAY ._.~ __~~_, __._._	 - 0Ilet \$p«fV) 

108. 115 i SAND & GRAVEL 
1---:7::"':---;~"_===~C_7:7-'-'-"-~.--~,-----.-~,~ ..

--~~115: 120; GREEN. CLAY 
Unde< "GEOLOGIC ~ 

PLANNED USES ( ,£.)
 
WATER suPPly

.L DomelIli<'. _ PubIi:
 

t--_-.-., ---,:'7T_h_8_A_ir_Uft_', Testis only approximate, -A Test Pump ~	 I 

~ ~ lrIIiaIlon _ InausIr\aI 
'. ~ is recommended for an accurate account (WP) S 

MONITORlNG -_ 

• TEST WELL ._ 
::ATHOOlC PROTECTlON_ 

• 
HEAT EXCtW«>E_ 

DlRECTPUSH_ 
INJECTION _, 

VN"Oft EXT1'V.CTION 
SPARGlNG __ 

-------------'------~------- SOUTH ---------  REUEOlAT1ON _ 
I---"---,·---··~-----------·---"--------,-·---·,---I .... DosCl'fb# Ditrm.:. q'",,111>- R"",,", JJIliI.ii_,1_ 

OTHE.R (SPEClF't) __,'I--__'---__~ ,.	 1 ~R~i~·;st'iM'~'d.=n:u.:~Jft if•	 ,__, 

WATER LEVEL &: VIEW OF COMPLETED WELL 
1DEPTH TO FIRST WA~ (Ft.) BELOW SURFACE 

1---""----.;.... DEPTH OF STATIC.-------··-,·-·------~-,~~---1

1----;--------·-·-------·-·--····-,--------1 WATER LEVEL • .12.-__ (Fl,) & DATEtEASUREO, 11f712Q07 
I---'------'--·--,--~~-"--------_ ....·~-- ..,---I ESTIMATED YIELD· 50+ (GPM)& TEST TYPE----'-Ai--""r'-'Uft""·~· _ 
TOTAL DEPTIf OF BORING 120 (Feet) TEST LENQTH_1__ (HIs,) TOTAL. DRAWOOWN_.__ (Ft.) 

TOTAL DEPTIi OF COMPLETED WELL ~_ (Feel)	 MtIIt not be reDruenta/ive ofa well's lDrw-term ~'ield 

DEPTH I CASING (8),:.•, OEPTH L AJ"iNUIAR ~fATERt-\'L
 
FROM SURFACE ~~~~.. TYPE tv IT FROM SURFACE i TYPE
I 

~~) ~lffil:t2 ~I ~=' =~~il' Jt~ i S~~E -::----F'-'i~ENrIT~~t FlU. I AlTER PACK 
I't ta Ft ~ I ~ g~ ;;i'l ' (lnches) . THICKNESS I ~/ICbe!I) n, ta . , I ; , (TYPEISlZE)

t-----::-;----+--------:-+-+1~,,+--'9 ...	 I __ LHQ.i.JtLL. C!':l 1c	 ..,_ 

3~i 30 \ 10 1.E~ l--r~..4Rf\ P\/r. i 1\ 1 ~n~?1 i O. ~_j-L~-_!_.-~.------~-, 
t-------.C_-,,-,;,::12..9.1...-.., 10 .. F I j F-4aQE'le...t~-_- 51 SDB 21! ' J>.4Q... ~-~- ..--12...Q..4,---._:_+__4Mooteredl1JK. ,. 
I--------'----+!-- j! t 1 ~ \ --J __ ,_~ . .j_. ,~_+_.______-l.. "....:~_.-,.'", ... ;_.~_. __. ...~._'~. 

----:.. ~ •. ••..•== ~--, -~-t,!,·.'~:~----=~I'!.=.--~':·,-~.~~~~-==~
'. _~ J--L~-.,,=-~'"'_~ -,,-_"..........-.-- "


'!,'·-.. --,,----.. I:-.-':=?ti'=~+T-~-=-Tj---T,.,
'.	 

•. .,~=~ ~' ..- ....,_.~_,._.,
.._."~,_~"',_c_~__ L,~------...."'~,=_., .... 

ATtACHMENTS (L)	 CERTIFICATION STATEMENT 
- GeoIolIIc lAg I, "'" undmlgned, eeItiI)' hI"'is report is=_~ II> Ille be$! of my knoWte<lge and behI.
 
-- Well Conslructlon 0iItg,.,,,, NAME FILlPPpt.l1 & THOMPSONR!LLING . .,_"_. ,_cc~ .."__.__
 
___ Gl(lllhysical Log,s} (PERSON. FIRM, OR CORf'OAATlON) (TYPEO OR PRINTED)
 

- SoIUWIII8r Chemical Analysia .......EJLBOX 845 ,.. . "..".c"_ ." __AIMC.8QEBQ._~__..Q8,_,, ,.,,i342..J._,.c_
 
-	 Othe< .-.._~.._".------- AOORfSS r-t.o ~ 11 .'.. ' CITY 11112107 STATE 43z6§O 

ATTACH AOOITIO/lIAL INI'ORMATION. IF IT mSTS. . Signed WaL ORllLERlA!JTHORIZEl: R,EPRESENT~ '"'' "'----- i5A~' C-57 ~NSE NI.iM!lER 

DWR In REV. \1.97 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTlVEl.:!'NUMBERED FORM 



ORIGINAL STATE OF CALIFORNIA 

File with DWR~. ELL COMPLETION REPORT -rl.---'---l-.-~j =+,.,1:::-JI,-:-:::-,:--=-!=~~'---l--' 
Page 1 of 1 Refer (D ImInIJ:Ik1n p~ STATE we.u. NO} STATION NO_ 

Owner's Well No. ....!:Do=s.....,Pc..::!8=los"'--___ No. E057367 I i j ! I0 ! i I ! i I 
Date Work Began 111712007 • Ended 1,-1,!-n!..!.I2~00,,-,·<-'.7____ LAl'ffi./OE LONGlTlJOE 

Local Permit Agency San lIds Obispo QOIWy ! I I I I I ! 

Pennit No 2007.329p..emut:=·~D::ate:.:9=1=1212=OO==7::;::=====--- ~ 
GEOLOGIC LOG - WELL OWNER -------..., 

j ....." "'....~""" N Marnarel CamaraCORIENTATlON (L} -><- y.-n, - HORIZONTAl.. _ "'........ _\__ ~_ '1 :JlI
 

I----====----, ~~~g 8QTARY FlUID Bentonite Mailing Address .rP:.,:.O!>o<!:"-.BIOl!OIl.lXL11.10lJ.7-"2 ~_~~-_::::::=...__ 
~~ DESCRIPTION seaside CA 93955 

A. III Fl I Delcribe mal.rial, grain. lize. ector, elf:. CITY STATE tIP 
t--.'::---=O~;'---.!:~3±1T~O;::-;:P~S:=:O~I:7L::..:::;::-:::::=:.:::::..-.st:-==...:=---=.:..:~=·--+-A-ddress--Do-s-ea-lo-s-R-o-al(lfeLLOCA._TI~O_~~•. ._ 

1-_~3:.;..i_-=:3O~l~SA~N~Oc.:,Y:..::G~R~E:..:Y~C~LA~y--------__lCity California Valley CA 
1----:30 County San Luis ObisPQ:..::-;.[_--=-38::..!;..::SA~N;.:;O,..,;8o;::..G.:,:.;_;:AA~VE.;,.;=L~----,---~__I 
1----::38 APN Book Q84_ Page 131 _==+:_~50=-:,...::B:-::R70=W:=_:N::_=C=LA7.y:.:;---------__I Plifcel .!:!O:.!,;t9~ 

501----..::,:::'+1_-..:58:.::..;.:.:::SA:..;;N:...::O=-=&...;:G::.:...RA~VE=L== .,...-_-=--::-:::o:::c-:-:-=-==-I Township 30 S Range 1~ Section .,,24"-- _ 
1---=58:=::~i_1:...:1.=:.5~~B:::,R~O~WN.:..:,::..C~LA~Y~W~/...:T..:..:H::.:.IN:..:G=.;RA~VE:.=L..:::S:..:..TR:..::I::..:N=G=ER:...::S=___i Latitude 35 .18.1&9 N t 19 59 ,11.9 W 

115 j 123 ~ SAND & GRAVEL OEG. MIN. SEC. OEG. MIN. SEC. 
1---=-123":'=";;.--1:'::3O:'=":-:G=-=-R:"'::E~E-=N:":C~LA~y:'=::------------I-·_-- LOCATION SKETCH ACTIVITY (!:: 1 
1--.!~4-:-~~:~~~~~-------------r------ NORTH JL NEWWEU. 

MOOIF1CATlClN/REPAlR 
-o..pen 
- Ohr (Speciry)i'the Air Uft Test is only approximate. A Test Pump 

: Is recommended for an accufllte account. (WP) 
-~=e:=lIb 

Undw "GEOLOGIC i."w 
PLANNED vstS(Jl.) 
WATER SUPPI-Y 

I  ..L ~ _ Publi: 
~ _ In;g.ticn _ IndusIriII1---->---.-;..,------------,-<---- ~ 

MONITORING - 
TESTWEU_1----+--+-,-------------- 

I:ATHOOIC PROTECTlON __ 

HEAT EXCl-WIGE_ 
DIRECT I'USH_ 

INJECTlON _ 

VN'OR EXTRACTION _ 

t---+---:-------~---------I_------ SPARGI'«>_
SOUTH --------- ReMEDlATION_1---+----+'------------------1 llhuwu CJ'" Duat1l<n- r¥W.Ut>-Road<, fhd/d;ttp. 

F-. RMu, .... """ -" • aoop. U.. acldIIioDII. paper if OTl-ER (SPECIFV) 
I----'-----i-------------------I --.y. PLEASE BE ACCURATE & CQIIlPLE'I'E. 

j 

1 

, ,
 
,
 

DEPTH CASING (8) __ DEPTH Al'o'NUlAR MATERIALI 
FROM SURFACE ~dIt 'TYPE <.... l II I FROM SURFACE ! ". iYPEI 

1
DlA. Z ~ t' MA.TERJALI INTERNAl.. GAUGE SLOT SIZE 1---------- CE. I BeN- ! i!!

I OIAMEA. "A. (IncIlea}' lL GRAO£ . TER ORWALL IF ANY A. to F\ i'~EI.(1'!,TONITf F1ll ~ 
l--_~,----!__-_:_::_t___~:'..-p~~~~~----....,If__(lI-!CI'-""-) -ii THICKNESS (1ncIleol . I ILl !~, w :

I, 

._ 
o 30 10 "I I F...480 pvc r I'J~?1f------ ,_"._~_3.Q! ./ L~.._\ i .. 

30' 120 10 P ~RJ 'F:4!iQPYC I 5[ SOB 21 •..M.Q F--,._~Q-: . 120 I !'! ~! Montere-YMiL.• 

~===========~=====~=~=~=~I=i~·==-----T _I ~_.:...""--t.- I I t-:=- = 
I I 1-t-------+1 I "•._- ~·--~-++-l--i·-----", 

ATIACHMENTS (:L) CERTIFICATION STATEMENT 
- ~ log I. Ihll ~. CIftIfy It18IIhis '-' 10 oompIotIe and llCCUl'abIto !he best 01 my kno\Oledge and belie!'
 
- Well ConaIrut:tion Dillgram NAME FIUPPONI & THOMPSON DRll!,JNG . •• . ._. _
 
___ ~ I.og(o) (PERSON. F1RM. OR COl'tPOAATlONl (TYPEOORPRINiEOJ
 
_ SoIVN_ CMmlcal AnaIrsIs p.Q. BQX 845 _._.. AIASQADERO. ~Ca;8"__ __ali034"".2.L-.._
 
_ 0lMr ADORE,,SS~\ . ":.. 7 f) CITY STATE ZIP
 

r--t.D vu.. 11/12107 43268Q 
ATTACH AlXXTIONAJ. INFORMATION. IF fT EXISTS. SIQned weLL ORIl..J..EWAUTHl'iRltEOREPRESElIrATlVE aA.1'ESiGN£P--- c.67 LICENSE NI.l/toI&R 

OWR In REV. 11-97 IF ADDITIONAl SPACE IS NeeOED. USE NEXT cONsebuJ"IVELY NUMBERED FORM 



pWR USE QNlY - DO NOT F,u. 'NC:.;~!GINAL STATE Of CALIFORNIA 

File with DWR W ... COMPLETION REPORT 
Page I ofl Reftr to J1ISlntetion Pamphlet 

Owner's Well No._...,#..,:..1______ No. 782652 
Date Work Began 8130J02 Ended81l'.1.13~O:(!./Q~2!i!_ _ 

Local Permit Agency ... ...Oh"'!spn...... I IS""sWOul-lI""lis ...... ......

Permit No. 2002-315 .Pe:::nn.::it~Da:te:.:8=1=1=5102==::::;::=::::::::::::=_ -,.:-----A-PNIT-,-R-Sl-OTH-.-ER-----

GEOLOGIC LOG - . WELL OWNER 

ORIENTATION (Ll ..L VERTICAl - HORIZONT"'l _._ NlGlE _tSPeC!FYl Name Kenny Tab _.. .__._.. _ 
r----:==-==-=.,----. g~:t~g ROTARY FLUID Bentonite Mailing Addressj2900SodaLake.B.mu1 ... .-. 

o~~f~1A DESCRIPTION California Val!.e): ._.._~~_ 93453 
I--'F-"I.-;;~IO'-----..:..F"-t ~-,-;;:I=;-;;:.;;Desc;;:· • ..;:c.::;ol=Dr.:.!.._:e::;/c:.:. -+_CiTY_________ STATE ZiP;;::~n:.;:.·he;.._:f1U1=:::I=er..;;ia:::l'-. ~tp1!:.:a=i:.;!n,_:.s:::iz:::e::.. __

r--_-::0__.....,3,......,...T-::::O-::::P:-:S-::O:-::ll"-=.,.."...,:-c-:- -1 Address 12900 Soda Lak':ffc>~aOCATI~.N-· -..-..-.__-__-....-_.-.----I 
1__.=:3'---_..:8~V'_"'E"_'R'_'_Y__'S"'_AN=Di:.-'Y..:Cc::::LA~Y~__, ----I City California Valle): CA __.,,_. •.__.._.~. 

-;:;-;:-8;;--._----:2:-':&--=S-=A::;;N-:-:Dc:::&--;-G~RA_:_:_:_VE=-L=-------------l CountySan lUIs Obi!!P.Q. _ 
285 31 BROWN CLAY

----31-'-----'3::-::7,......:::S;.,:.A:::::ND=-=-=&-=-:G~RA:=-:-:::V~E=L-------- ------- APN Book JlZ2..._ Page J~l Parcel ._Q~1_ - . 
-~ . --I Township 30 S Range18 E Sectiong . __ ,__ _ 

37 51.BROWNSANDYCLAY Latitude35 ,19 ...L.2-7 N_ _J1Q_ ... QO. 16 1>,1 
51 55, SAND & GRAVEL DEG MIN SEC. DEG, MIN'SEC"
55 124 BROWN CLAY LOCATION SKETCH ACTIVITY ({) -

HORTl-! --~---_.-.- .L NEW WELL 

WATER LEVEL & YIELD OF COMPUTED WELL 

DEPTtl TO FIRST WATER ~ (I'Ll BELOW SURFACE 

DEPTH OF STATIC7WATER LEVEL ~-
.. 8/30l02

(Fl.) 8. DATE MEASURED _._. __... ._. 

TOTAl. DEPTH OF BORlNG 240 (Feet) 

TOTAL DEPTH OF COMPLETED WELL 240 (Feet) 

ESTIMATED YIELD' 53 . _(GPM) &. TEST TYPE..__f\ir lift ._ 
TEST LENGTl-l_1_ (tl",.) TOTAL DAAWOOWN_._,.~._.___ 1Ft ~ 

}.f(W 1101 be reDresentative ofa well's lonf.'-term weld, 

124 130 SAND & GRAVEL 
-130 ----164-=B-::::R-=Oc:c:W"""N-C-'-LA------ c--Y
 

164 176 BROWN SAND ---------.-.--- 
.c-=-----c-~_c.__'--.:-_OC_-'-c---.-..-.-~----.--------
176 190 BROWN SANDY CLAY 

--190 206 ......I-N-..".G=E=RS=I=S-M~G~RA,--V=E-LBROWN CLAYISAND-=S=TR


206 240 BROWN SANDY CLAY W/SAND LAYERS
 

-.-- ••------ ...• --.-- Air Lift Test is only approximate. A Test Pump is .• $ ;
~ 

recommended for an accurate Scroll"t. (WP) s: 

~·  ~  . __..__ ._.~  .. .c· ·_· . c_. _ 
-------------- SOUTH .--- ......----.-.--.-.. C 

IIIMIt"'.. '" {)f""k /)1.,.,,« <if I+"II/rom floo>dJ. 801/4"'8', 
F_ItiYcn, eto, U1d It"'" l iNI'. U.. oddidooal papct" if 
..........,.. PLEASE DE ACC\.IMTE &. COMPUTE.
 

M001F1CA'tiONIKEPAlR I 
~n 

OIN!f ,SpK>!Y1 
~-- -.~-._. __._---.. 

OESTRCY {{)es.ct'ibe 
Procedures a.'ld Maienat.'" 
Ur>der "GEOLOGiC LOG" 

PLANNED USES ( ". l 
WATER SVPPLY
 
--.L. Dcme5t~ _r~_ P"..:tJ;-{;
 

__ !ITtgabcn __ ~<._ l.n¢..:s;,"'l.a"
 

ATHOOIC l'RO'fEc-nON 

HEAT EXCHANGE 

DiRECT PUSH .. 

SP,l}iGiNG _ 

REMEDi'A liON _ 

OTtii::R fSPECiFYi . 



ORIGINAL ST~TE OF CALlFORMA 
File with DWR ~.JLL COMPLETION REPORT 
Pagel of1 Re{tt to l/lSt1'lll:tion Pamplrkt 

Owner's Wdl No. Devil's. Den No. E057368 
Dale Work Began 11nl2007 , Ended 1w1,w/7..../2"-"!OO"'-7'-- _
 

Local Permit Agency Sao Luis Obispo County
 

OWR USE ONLY - 00 NOT 

STATE WEll NO}STATION NO. 

r---j-!-/-j'in, I ii ! 
l.ATITlJOE LONGITUDE 

iii !! " 
Pennit No. 2007·328 "Pemu::'t:...::D:ate:.::91:::1=2J:::2::00::7::::;:=====-__ ~ 

GEOLOGIC LOG - WELL OWNER -------.., 

ORIENTATION (.!!.) -L.. VERTlCAl _. HORU:ONTAL _ ANGLe -($PEClFY) Name Margaret camara
 
ORIl.UNG . D Q eo 1n72
CEPTH FROM METHOD ROTARY FLUID BentomteMailingAddres$-.tr:.:.!Io!..JIOlJI.UX..-J.lv.u·-'"~------;;;~---z=:;;;-

.SURFACE i DESCIUPTION Seaside CA 93955 
FI. ~ Fl.! Describe materia!, grain. size, color, efc. CITY STATE ZIP 

t-_-:;0:-+1_---::c=3't'!T:=-07:-';P;;;::SO;-.;.·-:;;:IL=:::·7:7.7-:=~:77;=:-:-=~-:-:;;:=-:-=-=;-----t Address Devil" Den Trail~L LOC~ n~._. _ 
........_~3.;--' _-.:3:::;:0:..;..1~SA:..::N~O!::...Y:....a=R~O::.W=N~C:::::LA~Y.:....:.W1:.l.TH~·.:-T.!..!H,-"I-':..:!N-=G~RA=-.:..!.VE=L~_-l City California Valley CA
 
t----:~------::c=__!"::.S::-:T:7R;::'NG:--::-,e-=R-=S~. :-:=::--------------f County San Luis Obispo
 
f---:3~O-:.!-__;.38=-:;..::S~A.::-N~D~&~G,:.,RA:c-:V;:,;e:::;L=::___:_....,.....,:_=_~:::__---~~ APN Book08.2.-Page 131 Parcel 057 _. _
 
f-----:3:.;:8-;-.:_~50,:-' ;.-:j Township 30 $ Range 16 E Section !!::24:!.- _
SA~N=D:-:Y::_'B'::'-~-=O':-'Wc'-:N=-=C.:=LA:....:y..;.-=.&...;G'-"RA.:...:.Vcc:::e---L------- __ 
1----.::..:...;-:_-=6:.::,:2-;-.:S..:..;A.,...,N-'-:0':-7&"'---"GRA...,...... ~-=:----------I Latitude 35 ,18 ,OaQ N 119 59 ,120 W50 .... V,;;;;.EL"'----,. 

62! 80 ~ SANDY BROWN CLAY &GAAVEL 000. MIN. sec. 00<> MIN. SEC. 
1-'-":8===0'+.',--;::8-=-5-;-:,:S='A:':N:7.0::-':-&.":::G:-:.RA~:-::-V==E-:::L=...:..:-""'-'=.::...;.;;.,,:=-~-----I---- LOC~TION SKETCH ACTIVITY <:L l -
1--"'-'-..---"-'-.........----'..:-.--'--.;..;;..;;.;::.;;'-----------.-- -.----- NORTH ..:L, NEW WEll. 

85 ! 96 j BROWN CLAY MOOIFlCA1lONIREPAlR 

96 [ 100 [SAND & GRAVEL __ 0Npen 

100: 108 ;BROWN eLAY - 0Itter (~) 

10Bj 115~SAND&GRAVEL
 

115; 120 i GREEN cLAy
 --~~. 
U<tcNr 'GEOLOGIC Leii': 

PLANNED USES (,£) 
WATf!R SUPPlY 

I  ...:L!loPtGslle _ Pul>Iie.The Air Uft Test is only approximate. A Test Pump 13 
'" ,.....- IndusIriaI.,-, : is recommended for an accurate account. (WP) s: ~--

MONITORING 
TEST WELL_


p,THOOlC PROTECTION_
 

HEAT EXcrw«ilE_
 

DIRECT F'Ul>H_
 
INJECTION _ 

VN>Ofl EXTRACTION _ 

SPIIRGlNG_ 
REI.lEOlATION _ 

OTHER (SPECIf"{) _ 

WATER LEVEL 8< YIELD OF COMPLETED WELL 
1DePTH TO FlftST WATEfl..--..,..-... (Ft) BELOW SURFACE 

DEPTH Of'STAT1C
 
/----'------'--..--------- ,-------1 WATER l.E\IEl. _llL (Ft)& DATE MEASURED .. 111712007
 

~----I eSTIMATED YIELD' _S2±.-.- (OPM) & TEST TYPE-----"Aj~·'_r =Uft~'-- I 
TOTAL DEPTH OF BORING 120 (Feet) TEST LENOTH_1__. (Ht5.) TOTAL DRAWOOWN_._ (Fl.)
 

TOTAL DEPTH OF COMPLETED WELL 120 (Feet)
 Mav not be reoresentative of() ...'t!ll's lomt-tenn vield 

ATIACHMENTS (01 ) CERTIFICATION STATEMENT 
-
-

GecI«lIc Lag 
Well Constr\Icliol1 Oialll'lOlt\ 

I, the ul\del$ig/lOd. cMlfy l!lat lI1il! report is eornpIeI8 and aeante to lI!e besl of my ImoWledge and belieI. 
NAME FILlPPQNI &. THOMPI,?ON DRILLING .. . ._.._ ... ~__ 

__ ~ LOO(s) (PERSON, FIRM, OR CORPORATION) (TYPEr OR PfIlNTED) 
_ $oIlM1llof Cll4mlcal Anolyai$ __-f.O BOX 845 .. _._,.._ .......__AJ~.AQf&L __....QA .,.,j_~.23. _ 

-- 0Iher --  ~_.._..~.___ ~~ """"""" (Ii CITY 11/12107 STATE 43?680 
ATTACH ADDITIONAL INFORMATION, IF rr EXISTS. 1rJned WELL DRILLeItl), REPRESSNT/,TI'I1?\ bATE SIGNED c.57l.lCCN$l; NUMBER 

DWR lU !ttV. 11·97 IF ADDITIONAL SPACE IS NEEDED. USE NEXT CQNSECUTIVEl.:!1NUMBERED FORM 



__ 

ORIGINAL 
FiJe with DWR LL 

STATE OF CA11FOllJ.l1A 
COMPLETION REPOaT 

Page 1 oft 

Owner's Well No. -"G""'18,....,de"-----_~~_ 
Rifer 10 l~ PamphlItl 

No. E063575 
Dille Work Began 11/9/2007 • Ended 1w1~/9"'""2""OO"".!....7 

Local Permit Agency San I !lis Obispo Count)' 

_ 
i j 

LATlTUOE 

f 
, 
I i 1 

lONGlTUO£ 

1 I 
Permit No. 2007-311prcenm~~'~t~D:ate:.:9=f7=/::200=7=;::::=====

ill I I"-, -.L--4.-::S::.lTA'=TE:::-l."we""LL-l.-NQ,J.J:"::S""'TA'=TION::::L.,--NQ::"-...L............--> 

"'---1--1--"1 !j ! ' , i "'--',1,i. 

I II IU, i! i i 'l......-J 

GEOLOGIC LOG - WELL OWNER
 

ORIENTATION (,l.) ..L. VERllCAL _. HORIZONTAl.. _ ANGlE _._(SPECll'Y) Name ~J<,~e:!!n!.1nyLT.1.~ab~ _
 
ORIl,L1NG . • U .. ".I- P Q CIA -.:l058
h0EP1ll FROM METHOO ROTARY FLUID Bentonite ~ess ..r:..·lloi:....lilWY!llX6,,~WW. ~il.. -;::;.-_-;:~...--

SuAt:ri DESCRIPTION s.maMamarita CA 93453 
Fl ~ Fl Describe materioLgrain, size. color, elc. CITY STATE ZIP 

Or 3iTO? SOIL' Address 13531 SodaGikfflolaJ'?8tJl3''fiN"''ra-i~1 S~it~e-----l 
3; 30 1SANDY BROWN CLAY •...City ~ca~l~ifom~ia=-.!.Va~lI!:::eYL.':::::CA.~ _ 

301 36 iSAND & GRAVEL. . . ~" _County '.?:San!!!!!...!L:.!!u!l:!!is~Oabi~·SPO!it:!· . 

36 i 54 iSANDY BROWN CLAY WI GRAVEL STRINGERS APN Book O1.2..-.-Page 201 Parcel ""OO,.,,8"-__~_. _ 
54 i 60; SAND 0& GRAVEL . . Township 30 S Range 1...!t.S.-- Section 24 
SOl 1041 SANDY BROWN CLAY WI GRAVEL STRINGERS Latitude 35 ,17 ,6§0 N ~1-1-9-.s-9-·-!2-ts~·-W-

.104; 112' SAND & GRAVEL OEG. MIN. SEC. DEG MIN sec, 
112 :, 120 ;GREEN eLAY LOCATION SKETCH ACTIVITY l!:.) 

: NORTH Jl. NEW weu. 
MOOfflCATlONIRfPAIR 

- Deepen 
- oe... ($peclfyj:The Air Lift Test is only approximate. A Test Pump 

: is recommended for an accurate account. (WP) 
--~~..::n. 

Under ~EOLOGIC [00:
PLANNED USES (L) 
WATSR SUPl't.y 

I  ..L Oomtts& _ Pubflclii Cil 
I--~-'----i--------------I~ ;ii - ini;atictl - 1f\dlIslMl 

MONITORlNG~

TESTWEll_~ 

I;ATHOO!C PROTECTION_ 

HEAT EXCHMlGiE_ 

OIRECT I'USH_ 
INJECTION _ 

VN>Of/. EXTRACllON _ 

SPARGlNG_ 
RELIEOIATlON __ 

Oll-lER (SPECIFY) _ 

, WATER LEVEL & YIELD OF COMPLETED WELL 
1DEPTH TO l'lRST WATER---------- (Ft) BElOW SURFACE 

; ; DEPTH 01' STATIC 
1---'----.;------------·--------1 WATERUVEL 10 (Fl)&OAl'EM£ASU~ 11/9/2007 
1-----'---'---'--i_· ~__·~ ,, ~__,_1 ESTIMATEO VlEl.O· 50 (GPMJ \\ TEST TYPE.....:.A.J,!jr'----""Uft'!! ~ 1 

TOTAL DEPTH OF BORING 120 (Feet) 1 , TEST l.fNGTH__. (Hts.) TOTAL DAAWDOWN (Fl.) 

TOTAL DEPTH OF COMPLETED WElL 120 (Feet) Mav nol be retxtsentativtt offA Wi/(['s IQnJl-tenn Yield. 

ATfACHMENTS (-i.) CERTIFICATION STATEMENT 
--- Geologlc Log I. the undeIwlgned, C8Itily lhGllhls noport Is COIt1PI* er>Q ..,.,.,....10 the beol of my knowIeOge and beW. 
-- Well Co~ Oiagrllm NAME FILIPPONI & THOMPSON DRIUING ..•~_. ..._. ...__._._..~_~ __ .. 
_.. GeopI!ysicaJ Logts) (PERSON. ARM, OR COR!"ORATlON) TIPeO OR PRlNTEO)==- CMmbI Aoal~ AOORE~~ a _.. "-··,--AI8~~AQ~~:~~~~~4~:;~---' ..·

ATTACH ADD/1lONAL INFORMAnON, IF If EXiSTS, SIf1r*1 'NEw. tJRlLI.ERJAUTHORIieo REPRf.SENTAn:JE bATE SIGNEO C.5fUceNSf NUMii;R 

D'W'R IU REV 11·97 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTrvew NUMBERED FORM 



ORIGINAL STATE OF CALIFORNIA 

File with DWR .LL COMPLETION REPORT 
Page 1of 1 &fer 10 InstrllCtton Pamplrkt 

Owner's WeD No•....>G....av=IO!2!t8!!-____ No. E063676 I I I '---'-,-±-:=':::::t=--,---,ll~i 
Date Work Began 11/8/2007 > Ended 1,-"1"...,181"..,2""00"'-7'---___ r~LA==TITlJDE:..::.=- --===;:;_._......, 

LoeaI Permit AsencY San l vis Obispo County , I I i I 

Pennit No. 2007·312 ..Pemu:::·:.l.:D::ate:..:9rl==I2O~~O~7=;:::===:::=--- N'NlTRSIQTliER 
GEOLOGIC LOG - WELL OWNER -------.... 

ORIENTATION (Ll ..L.. \IE~ -,- HORIZONTAl.. __ ANGlE _(SPEQf'Y) Name Kenny Tab
 
MWOO . ~Q


0Ef>'TH!'ROM IMETHOO ROTARY FLUID Bentomte Mailing Address ...P...:.O""'-JB...Q...x...,3...llL..,loI\ot""'-- ---=--:--_-=..-To:::r
"AIlDi-W DESCRIPTION Santa Margarita CA 93453 

l'l III Fl I Delcrlbe maltrl!1l. grain, $i~. cowr, etc. CITY STATE ZIP 
1--=-';0':"-:--'-":""';;3+:T;;O~P;;;--.i:SO;;;I;;-'L:c..;·~~:.;..=.::.....£:~~:..:.-c-=.........c.'---+Address---13-!5-3,-.1-Sod-ia-La-k~flola~~Na-=T~ra":':'il"=S::-i.tte-.. ------i
 

1---:-=.3+\__3':"O=-;l-=S~A::..:N:;:::O..:.,Y-=B==_RO==:..:.WN.:..;..,. ~_---1 City Califomia Valley CA. .::C=LA..:.,y'-
t-........,3=-'O~\-~34_=_,;..:SA~N,..;,:D~&=G=RA.,:;,:_:V~E:,.;.L~:_::_:_='="'~=~=c__--l C:oimty san Luis ObisPQ 
1__ 34--i--'_1_1_0-:-:SA~N...:O;:...,Y_8=_R_O=_W_N----'CC~LA=_Y._W=_f _TH_I...:N...:G=_RA.:..._V_E...:l_._ APN Book 012......- Page ,01 Parwl -'1<008=- _ 
l---""-;---:-~:LA::--Y.....E__R-S---~------------- Township 30 S Range ~ Section =:25=0.. _ 
f--_1...:1.;::..O+--:_1..:.:3::;::5-7-i ::-:=O=-=--:RO=C::-:K --1 Latitude 35 ,17 1365 N 119 69 ,205 WRE

CEG. MIN. sec. ClEO. MIN. sec. 
.-----:----;i-=Th=--e-=Aj-:-·r-=U"::·f\=-T=e-s-=t":j·s·-o-n-:'ly-a-p-p-ro-X1-:-·m-at--:-"e-.A-:-'::T:--est-:~p:-u-m-p-f.---·- LOCATION SKETCH ACTIVITY (£) 
I--_........_-~~~~~~~~~~~~~~~~~~Ir------- NORTH ..:L NEWWEU 

: is recommended for an accurate account. (We) 
MOCllFlCAT\ONIR£PAIR 

-- 0Mp0n 
- Olhor lSpolc:lfy) 

-~~iIIf 
IJndIt -oeOUXllC [00-: 

PL.\NNED USES{"-) 
WATER SUPPI.Y

I----i----~+----------------------It- ...£ ~ _ P\!bIic 
~ _ tnIQlIllon _ hMlriIoII-----i----i--------.----------I~ 
>

MONITORING 
1'ESTWEU._ 

::ATHOOlC PROTECTION_ 
HEAT eJCC!'WIGE_ 

DIRECT PUSH_ 
I----~----'-~--------~-_._-_.---_._._- INJECllON _ 

VAPOR EXTJW::llON _, 
SPAAGING_ 

~-----~---.~-.- SOUTH -.-------\ R£ltUlI:Ml1ON _,_ 
I----;----~--------------------llhulr_ or D<J<rt«D"_<lW.Ujromlloado. ihlildinp. 

OTHER (SPECFY) _ \--_---:__---' . . /:.=.,.~-:E":"2'et~u: '~tM if 

. WATER LEVEL & YIELD OF COMPLETED Wt:LL 

DePTH TO FIRST WATiR---- (R.) BELOW SURFACE 
1----;.---........--·---------·-------1 DePTH OF STATlC 

WATER LEVEl 1O (1'1.) & DATE MEASUfUm 11/Bf2007 
1---'-----'--------------------1 ESTiMATED YIELD' 50 lOPMl & TeST TYl'E---:;Ai",·:...r=Uft""- ~_I 
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1.0 INTRODUCTION 

Mr. Kenneth Tab of California Springs Lodge & Resort (CSLR) authorized Triton 
Environmental Group, Inc. (Triton) to prepare this Groundwater Resources 
Evaluation (Evaluation) for Section 12 and part of Section 24, Township 30 South, 
Range 18 East, Mount Diablo Base and Meridian (MDBM), located in the Carrizo 
Plain and shown on Figure 1 and 2 (Site). In accordance with a discussion between 
Mr. Jon Cooper of Triton and Mr. Tab on June 7, 2002, Triton understands that 
CSLR is planning to develop groundwater resources on the Site by drilling 
exploratory and production water supply wells for both drinking water and 
recreational use. The purpose of the Evaluation is to investigate the hydrogeology 
of the Site vicinity and to provide recommendations for well location and design 
using data preViously generated by others. A summary of the background, records 
review, findings, conclusions, and recommendations follows. 

2.0 BACKGROUND 

Formerly part of a grain and cattle ranch, the Site vicinity is included in a 
subdivision that was approved by San Luis Obispo County in the late 1950s or early 
1960s. A group of structures formerly operated as a service station, motel, store, 
and restaurant is located on the Site near the southwest corner of Section 12 
(Figure 2). The purpose of anticipated groundwater resource development is to 
supply drinking water for use in the structures and for a planned recreational lake 
in the northward half of Section 12. 

3.0 SITE SETTING 

The Site consists of two non-contiguous parcels. The northern parcel, Section 12, 
occupies apprOXimately 640 acres. The southern parcel occupies approximately 114 
acres along the eastward side of Section 24. A northwest to southeast-trending 
intermittent stream channel transects Section 12. Soda Lake Road, a paved county 
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road, also transects Section 12, trending north-northwest to south-southeast from 
the northwest corner of Section 12. Section 12 slopes toward the intermitten 
stream channel at an approximate rate of 30 feet per mile, and the southern parcel 
slopes eastward at the same approximate rate. Site elevation ranges from 1,980 
feet above mean sea level (MSL) to 1,950 feet MSL. 

4.0 CLIMATIC CONDITIONS 

Local rainfall records in the Carrizo Plain for the ten-year average from 1960 to 
1970 show annual rainfall of approximately 9.5 inches. In his Rainfall and 
Temperature Analysis of the Carrizo Plain, Joseph Lima states that: 

Rainfall amounts typically are less in the southern portion of the Carrizo Plain 
than in the northern portion. The summer days are hot and the nights are 
cool. A cool wind chill, both night and day, is not uncommon during the 
summer. The humidity stays fairly low most of the summer and winter. 
Breezes in the afternoon, from five to ten miles per hour, are also common 
during the summer months. Fog is very rare and frosts are quite common 
for at least six to eight months of the year (Lima, 1975). 

5.0 HYDROGEOLOGY 

The Carrizo Plain is an internally drained basin apprOXimately 56 miles long and 
eight miles wide, bounded by the Temblor Range to the northeast and the Caliente 
Range to the southwest. The San Andreas Fault Rift Zone (SAF) is aligned with the 
southwestward foot of the Temblor range. Northeast of the SAF, Cretaceous to 
recent sediments rest on Franciscan basement rocks of Jurassic and Cretaceous 
age. Southwest of the SAF, Cretaceous to Recent sediments overlie Santa Lucia 
Granodiorite of Late Cretaceous age (Galehouse, 1967). Surface flow within the 
basin is toward Soda Lake; a desert playa located approximately six miles 
southwest of the Site that is a sag pond associated with the SAF. 

The Site is located on Quaternary-aged alluvium containing alkaline, fine-grained 
soils that flank the intermittent stream channel conducting stormwater surface flow 
to Soda Lake (Figure 2). The channel conducts flow to Soda Lake from the 
northward portion of the Carrizo Plain drainage basin where annual rainfall is 
greatest. 

A review of paired stereoscopic aerial photographs of the Site revealed a soil color 
pattern suggesting that an ancient channel conducting storm flow to Soda Lake was 
located apprOXimately 0.4 miles southwest of the current channel and passed near 
the southwest corner of Section 12. 

2 



California Springs Lodge & Resort 
Groundwater Resources Evaluation, California Valley 
July 3, 2002 

Most of the fresh groundwater in the Carrizo Plain is found in non-marine 
formations of post-Pliocene age located southwestward of the SAF. They consist 
mostly of loosely to well-consolidated sands, gravels, silts and clays, which overlay 
unconformably older folded and faulted marine and continental deposits. The post
Pliocene formation is wedge-shaped, thinning from approximately 3,000 feet in 
thickness along the west side of the SAF to zero along the Caliente Range and San 
Juan Hills that form the westward boundary of the Carrizo Plain. 

Groundwater quality generally improves with increasing distance northward and 
westward from Soda Lake, and is generally poor between Soda Lake and the SAF 
(Cooper, 1990). Water samples from selected wells have varied in concentration of 
total dissolved solids (TDS) from 545 parts per million (ppm) in Section 13, T29S, 
R17E MDBM to 28,740 ppm near Soda Lake in Section 34, T30S, R18E, MDBM 
(Kemnitzer, 1967). 

6.0 WELL DATABASE REVIEW 

No local well measurement data were located upon review of the United States 
Geological Survey's Groundwater Site Information for California. Similarly, no local 
data were available on the California Department of Water Resources well database 
website. 

A review of Triton's proprietary database yielded a summary of information as 
discussed below for the wells and test holes located on Figure 2. The summaries 
provided are Triton's interpretation of data reviewed in Water Well Drillers Reports. 

Location 1. Location 1 was drilled to a total depth of 111 feet below ground 
surface (bgs). Although the water table was measured at a static level of 
63.5 feet bgs, the formation encountered was described as yellow clay with 
very little sand. The well was screened from 63 feet to 111 feet bgs. 

Location 2. Location 2 was drilled to a total depth of 50 feet bgs. The 
formation encountered was described as clay. The water table was 
measured at a static level of 22.5 feet bgs. 

Location 3. Location 3 was drilled to a total depth of 480 feet bgs. The 
formation was analyzed using geophysical logging techniques. Formation 
sands encountered were described as poor in porosity and permeability, and 
the depth interval between 160 and 480 feet bgs is described as clay. 

Location 4. Location 4 was drilled to a total depth of 580 feet bgs. The 
formation was analyzed using geophysical logging techniques. The total 
formation sand encountered at location 4 was estimated at 205 linear feet. 
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The sand intervals described as the best aquifer material were 103 feet to 
140 feet bgs and 185 feet to 237 feet bgs. 

Location 5. Location 5 is the current supply well. The well was constructed 
using a 10.75-inch diameter casing placed inside a 24-inch diameter boring 
drilled to a total depth of 520 feet bgs. The 10.75-inch diameter casing is 
screened from 100 feet to 520 feet bgs. A geophysical log was not available 
for the well. The total formation sand encountered at location 5 was 
estimated at 52 linear feet. The well's output capacity was estimated at 500 
gallons per minute (Kemnitzer, 1967). 

Location 6. Location 6 was drilled to a total depth of 275 feet bgs. The 
cumulative thickness of sand and gravel encountered at location 6 was 
estimated at 123 feet and the well was screened from 95 feet to 275 feet 
bgs. The water table was measured at a static level of 18 feet bgs. The well 
reportedly yielded 100 gallons per minute (gpm) during preliminary testing. 

Location 7. Location 7 was drilled to a total depth of 160 feet bgs. The 
cumulative thickness of sand and gravel encountered at location 7 was 
estimated at 48 feet and the well was screened from 80 feet to 145 feet bgs. 
The depth interval between 145 feet and 160 feet bgs was described as clay. 
The water table was measured at a static level of 35 feet bgs. 

Location 8. Location 8 was drilled to a total depth of 160 feet bgs. The 
cumulative thickness of sand and gravel encountered at location 8 was 
estimated at 105 feet and the well was screened from 60 feet to 160 feet 
bgs. The depth interval between 140 feet and 160 feet bgs was described as 
the best aquifer material. The water table was measured at a static level of 
30 feet bgs. 

Location 9. Location 9 was drilled to a total depth of 100 feet bgs. The 
cumulative thickness of sand, gravel and clay encountered at location 9 was 
estimated at 45 feet and the well was screened from 50 feet to 100 feet bgs. 
The water table was measured at a static level of 35 feet bgs. 

7.0 FINDINGS 

Based on Triton's document review, our findings and the relevance of the findings 
to the value of groundwater resources at the Site are summarized below. 

7.1 Groundwater Well Yields 
Well yields vary widely, depending on the details of well construction and 
design, pump specifications, and aquifer characteristics. Additionally, well 
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yield is controlled by such factors as aquifer porosity, permeability, 
transmissivity and recharge. 

The data relating to groundwater well yields obtained from Triton's record 
review is limited; however, the data from Locations 5 and 6 suggest that well 
pumping rates of 100 gpm to 500 gpm can be reasonably expected at 
selected locations in the Site vicinity. 

Locations 1, 2, and 3 are associated with a large fraction of clay and clayey 
gravel in the subsurface formation, suggesting that well yields would be low 
beneath the northward portion of the Site. Locations 4, 5, and 6 are 
associated with formations containing greater fractions of sand and gravel, 
from which greater groundwater yields are likely. 

Locations 7, 8, and 9 also have large fractions of sand and gravel. None of 
the wells was completed below a depth of 160 feet bgs; therefore, the 
estimated yield of deeper wells in this area is less certain. 

7.2 Groundwater Quality 
Well water from location 5 has been analyzed to identify chemical 
characteristics related to groundwater quality. In 1966, analyses indicated 
the water was excellent for drinking water uses, with TDS of 404 ppm. 
Results for nitrate concentration were not available (Kemnitzer, 1967). 
Detailed chemical data was not available for wells at the other locations 
listed; however, Triton personnel have previously completed field tests on 
groundwater from a well in the vicinity of Location 7 and determined the 
electrical conductivity to be within drinking water limits. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the information presented above, Triton concludes that there are three 
groundwater resources available on the Site for development by CSLR: 

• Rehabilitation of the existing well; 
• Completion of a new well in Section 12; and 
• Completion of a new well in Section 24. 

A brief discussion of each alternative, with recommendations, follows. 

8.1 Rehabilitation of Existing Well 
A pumping test of the existing well should be conducted for a minimum 
duration of 24 hours. A detailed record of drawdown with pumping time 
should be completed under the direction of a Certified Hydrogeologist (C 
HG). FolloWing the pumping test, the pump should be removed and the well 

5 



California Springs Lodge & Resort 
Groundwater Resources Evaluation, California Valley 
July 3, 2002 

casing logged with a video logger to evaluate casing condition. Based on the 
results of the pumping test and the video log, a well rehabilitation plan, if 
appropriate, should be prepared by a qualified hydrogeologist in consultation 
with a qualified well rehabilitation contractor. 

8.2 Section 12 Exploratory Boring 
An exploratory boring should be drilled in or near the portion of Section 12 
west of Soda Lake Road and south of the former motel. Triton is available to 
assist CSLR and its drilling contractor in the selection of a specific drilling 
site. A test boring should be completed to a minimum depth of 600 feet bgs 
using mud rotary techniques. A lithologic log should be completed during 
completion of the test boring. A C HG or a geologist working under the direct 
supervision of a C HG should complete the log in the field. The geologist will 
observe and describe samples of cuttings returned by the drill rig and will 
record related data on the lithologic log such as drill penetration rates and 
drilling fluid circulation problems. The test boring should then be analyzed 
using a geophysical electric logging tool (E-Iog) to determine the appropriate 
screening interval and to evaluate the quantity and quality of water available 
in the water-bearing portions of the formation. 

Well design, if appropriate, will be based on an analysis of the lithologic log 
and the E-Iog by a C HG. All work should be completed under the direction 
of a C HG. 

8.3 Section 24 Exploratory Boring 
An exploratory boring should be drilled in the northern half of Section 24 to 
assess the deeper aqUifer in that vicinity. The test boring should be 
completed to a minimum depth of 600 feet bgs using mud rotary techniques. 
Protocol for monitoring and logging the exploratory boring should be the 
same as discussed in Section 8.2. Triton is available to assist CSLR and its 
drilling contractor in the selection of a specific drilling site. 

Well design, if appropriate, will be based on an analysis of the lithologic log 
and the E-Iog by a C HG. All work should be completed under the direction 
of a C HG. 
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10.0 LIMITATIONS 

This Evaluation represents Triton's professional opinion and judgement, which are 
dependent upon information obtained during the Evaluation. Conclusions or 
recommendations are based in part on information supplied by others; the accuracy 
or sufficiency of which was not independently reviewed. 
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11.0 SIGNATURE PAGE 

This Groundwater Resources Evaluation for California Springs Lodge & Resort, dated 
July 3, 2002, was prepared by Triton Environmental Group, Inc. under the 
responsible charge of the following professionals: 

REPORT PREPARED BY;(/}' 

REPORT REVIEWED BY: 

V~ +Or
 
Mark J. Pishinsky, REA
 
Environmental Engineer
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CALIFORNIA DEPARTMENT OF WATER RESOURCES 
MONITORING WELL DATA



DATA FOR DWR MONITORING WELLS 28G, 28K, AND 28L

WELL NUMBER TOWNSHIP RANGE SECTION
Basin 

Number DATE

GROUND 
SURFACE 

ELEVATION

GROUND 
SURFACE TO 

WATER LEVEL

WATER 
SURFACE 

ELEVATION

NO 
MEASUREMENT 

COLLECTED

29S18E28G01M 29S 18E 28 3-19 15-Apr-69 2022 54.5 1967.5  

29S18E28G01M 29S 18E 28 3-19 13-Apr-70 2022 125.5 1896.5  

29S18E28G01M 29S 18E 28 3-19 18-Nov-70 2022 67.2 1954.8  

29S18E28G01M 29S 18E 28 3-19 27-Apr-71 2022 63.1 1958.9  

29S18E28G01M 29S 18E 28 3-19 20-Oct-71 2022 75.5 1946.5  

29S18E28G01M 29S 18E 28 3-19 10-Apr-72 2022 225 1797  

29S18E28G01M 29S 18E 28 3-19 20-Apr-72 2022 135 1887  

29S18E28G01M 29S 18E 28 3-19 09-Nov-72 2022 64 1958  

29S18E28G01M 29S 18E 28 3-19 16-Apr-73 2022 58.7 1963.3  

29S18E28G01M 29S 18E 28 3-19 15-Nov-73 2022 62 1960  

29S18E28G01M 29S 18E 28 3-19 04-Nov-74 2022 59.6 1962.4  

29S18E28G01M 29S 18E 28 3-19 28-Apr-75 -999 0 -999 7

29S18E28G01M 29S 18E 28 3-19 16-Oct-75 2022 59.7 1962.3  

29S18E28G01M 29S 18E 28 3-19 27-Apr-76 2022 93.6 1928.4  

29S18E28G01M 29S 18E 28 3-19 25-Oct-76 2022 67 1955  

29S18E28G01M 29S 18E 28 3-19 03-May-77 2022 89.5 1932.5  

29S18E28G01M 29S 18E 28 3-19 31-Oct-77 2022 63.8 1958.2  

29S18E28G01M 29S 18E 28 3-19 08-May-78 2022 53.8 1968.2  

29S18E28G01M 29S 18E 28 3-19 07-Dec-78 2022 50.9 1971.1  

29S18E28K01M 29S 18E 28 3-19 10-Oct-63 2020 31.8 1988.2  

29S18E28K01M 29S 18E 28 3-19 02-Apr-64 2020 32 1988  

29S18E28K01M 29S 18E 28 3-19 07-Oct-64 2020 33.9 1986.1  

29S18E28K01M 29S 18E 28 3-19 14-Apr-65 2020 38.9 1981.1  

29S18E28K01M 29S 18E 28 3-19 22-Oct-65 2020 31.5 1988.5  

29S18E28K01M 29S 18E 28 3-19 22-Apr-66 2020 31.7 1988.3  

29S18E28K01M 29S 18E 28 3-19 11-Oct-66 2020 31.9 1988.1  

29S18E28K01M 29S 18E 28 3-19 11-May-67 2020 32.2 1987.8  

29S18E28K01M 29S 18E 28 3-19 28-Oct-67 2020 32 1988  

29S18E28K01M 29S 18E 28 3-19 19-Apr-68 2020 32.3 1987.7  

29S18E28K01M 29S 18E 28 3-19 22-Oct-68 2020 34.3 1985.7  

29S18E28K01M 29S 18E 28 3-19 15-Apr-69 2020 25 1995  

29S18E28K01M 29S 18E 28 3-19 13-Apr-70 2020 27.8 1992.2  

29S18E28K01M 29S 18E 28 3-19 18-Nov-70 2020 28.8 1991.2  

29S18E28K01M 29S 18E 28 3-19 27-Apr-71 2020 28.2 1991.8  

29S18E28K01M 29S 18E 28 3-19 20-Apr-72 2020 28.9 1991.1  

29S18E28K01M 29S 18E 28 3-19 09-Nov-72 2020 30.2 1989.8  

29S18E28K01M 29S 18E 28 3-19 16-Apr-73 2020 28.9 1991.1  

29S18E28K01M 29S 18E 28 3-19 15-Nov-73 2020 29.2 1990.8  

29S18E28K01M 29S 18E 28 3-19 24-Apr-74 2020 30.8 1989.2  

29S18E28K01M 29S 18E 28 3-19 04-Nov-74 2020 29.5 1990.5  

29S18E28K01M 29S 18E 28 3-19 28-Apr-75 2020 30.3 1989.7 W

29S18E28K01M 29S 18E 28 3-19 16-Oct-75 2020 30.2 1989.8  

29S18E28K01M 29S 18E 28 3-19 26-Apr-76 2020 32 1988  

29S18E28K01M 29S 18E 28 3-19 25-Oct-76 2020 30.9 1989.1  

29S18E28K01M 29S 18E 28 3-19 03-May-77 2020 31.7 1988.3  



DATA FOR DWR MONITORING WELLS 28G, 28K, AND 28L

29S18E28K01M 29S 18E 28 3-19 31-Oct-77 2020 31 1989  

29S18E28K01M 29S 18E 28 3-19 08-May-78 2020 19.2 2000.8  

29S18E28K01M 29S 18E 28 3-19 07-Dec-78 2020 23.7 1996.3  

29S18E28L01M 29S 18E 28 3-19 10-Oct-63 2020 27.2 1992.8  

29S18E28L01M 29S 18E 28 3-19 02-Apr-64 2020 31.9 1988.1  

29S18E28L01M 29S 18E 28 3-19 07-Oct-64 2020 33.9 1986.1  

29S18E28L01M 29S 18E 28 3-19 14-Apr-65 2020 27.7 1992.3  

29S18E28L01M 29S 18E 28 3-19 22-Oct-65 2020 26 1994  

29S18E28L01M 29S 18E 28 3-19 22-Apr-66 2020 33.7 1986.3  

29S18E28L01M 29S 18E 28 3-19 11-Oct-66 2020 32 1988  

29S18E28L01M 29S 18E 28 3-19 11-May-67 -999 0 -999 8

29S18E28L01M 29S 18E 28 3-19 19-Apr-68 2020 31.1 1988.9  

29S18E28L01M 29S 18E 28 3-19 22-Oct-68 2020 33 1987  

29S18E28L01M 29S 18E 28 3-19 15-Apr-69 2020 19.9 2000.1  

29S18E28L01M 29S 18E 28 3-19 13-Apr-70 2020 24 1996  

29S18E28L01M 29S 18E 28 3-19 18-Nov-70 2020 29.3 1990.7  

29S18E28L01M 29S 18E 28 3-19 27-Apr-71 2020 24.9 1995.1  

29S18E28L01M 29S 18E 28 3-19 20-Oct-71 2020 29 1991  

29S18E28L01M 29S 18E 28 3-19 20-Apr-72 2020 22.8 1997.2  

29S18E28L01M 29S 18E 28 3-19 09-Nov-72 2020 26.3 1993.7  

29S18E28L01M 29S 18E 28 3-19 16-Apr-73 2020 24.8 1995.2  

29S18E28L01M 29S 18E 28 3-19 15-Nov-73 2020 25.1 1994.9  

29S18E28L01M 29S 18E 28 3-19 24-Apr-74 2020 26.8 1993.2  

29S18E28L01M 29S 18E 28 3-19 04-Nov-74 2020 26.1 1993.9  

29S18E28L01M 29S 18E 28 3-19 28-Apr-75 2020 27.2 1992.8  

29S18E28L01M 29S 18E 28 3-19 16-Oct-75 2020 26.8 1993.2  

29S18E28L01M 29S 18E 28 3-19 27-Apr-76 2020 29.4 1990.6  

29S18E28L01M 29S 18E 28 3-19 25-Oct-76 2020 28.6 1991.4  

29S18E28L01M 29S 18E 28 3-19 03-May-77 2020 39.8 1980.2  

29S18E28L01M 29S 18E 28 3-19 31-Oct-77 2020 29.5 1990.5  

29S18E28L01M 29S 18E 28 3-19 08-May-78 2020 16.6 2003.4  
29S18E28L01M 29S 18E 28 3-19 07-Dec-78 2020 20.4 1999.6  
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Bechtel Civil & Minerals, Inc. 

Interoffice Memorandum 

File No. To T. A. McCormick 

Subject Carrisa Plains Test Well Date June 15, 1984 
Job 16413 

From C. R. Farrell 

Of H&CF/Geology 

Copies to M. J. Adair At 45/31 Ext. 

L. R. West 

AttaChed is a summary of the work done to construct and test a
 
production well at the Carrisa Plain Solar Project site.
 

I contacted Dan's Drilling Co. on Friday, June 14, 1984 concerning the 
sealing of the first well drilled. Mr. D. Redfairn said that he filled 
the casing to near surface with drill cuttings, mud and the broken up 
pieces from the concrete pump base. He cut off the well casing about 
three feet below ground surface, filled the balance of casing with a 
grout plug, and welded a metal cap on the casing top. He reported this 
to the county regulatory agency. 

C(2~ 
C. R. Farrell
 

CRF:as
 
AttaChment
 

12118 



PRODUCTION TEST WELL
 

CARRISA PLAINS SOLAR PROJECT
 

JUNE 1984
 

BeChtel National, Inc. requested Bechtel Civil and Minera1s,Inc. to 

investigate the possibility of developing a water supply from ground 

water for the Solar Energy Plant at Carrisa Plains, California. The 

water supply requirement is estimated to be about 115 gpm (gallons per 

minute). A preliminary literature review followed by discussions with 

local farmers indicated that the ground water resources at the proposed 

site should be sufficient to meet the water requirements. Near-surface 

ground water (to a depth of approximately 100 feet) is reported to be 

poor quality but sands and gravels below that depth yield good quality 

to wells. A program for well construction and aquifer testing was 

developed and approved. The drilling contract was awarded to Don's 

Drilling Co., Bakersfield, Calif. in March, 1984. The contractor 

mobilized on March 5 and the test/production well was completed on May 

5. The following paragraphs describe briefly the drilling, 

construction, and testing of the test well. 

Exp10ration 

Three 5-1/4-inch diameter exploratory pilot holes were drilled before a 

sufficiently thick interval of coarse-grained and apparently permeable 

materials was encountered to justify construction of a well. The first 

pilot hole, W-1, located about 1000 feet north of the southern section 
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line and approximately half way between the east and west section 

lines, was first drilled to a depth of 500 feet. An E-10g, which 

measures the SP (self potential) and apparent electrical resistivity of 

the materials was run in the hole. A review of the E-10g and the drill 

cuttings indicated that very little sand or gravel was present except 

in the bottom portion of the hole. It was decided to drill an 

additional 100 feet (to 600 feet) to determine if additional sand or 

gravel might be encountered. The hole was drilled to a total depth of 

620 feet, and a second E-10g was run. The E-10g verified the 

indications of the drill cuttings that little to no permeable material 

was present at this site. The pilot hole was backfilled and a second 

exploratory site was selected. 

The second pilot hole, W-2, was located about 120 feet south and 120 

feet east of the north-west corner of the section. This hole was 

drilled to 600 feet and E-10gged. The hole encountered only clay and 

silt below about 120 feet. Based on the E-10g and the drill cuttings 

this hole was also backfilled and abandoned. 

The third pilot hole, W-3, was located about 120 feet north and 120 

feet east of the south-west corner of the section. It was drilled to 

620 feet and an E-10g was run. The E-10g, as well as the drill 

cuttings, were favorable, indicating lenses of sand and gravel from 460 

to 610 feet. Based on these results it was decided to ream the pilot 

hole and construct the 12-inch diameter test well. 
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Construction of well 

The well is a grave1-packed well, consisting of a 19-inch diameter hole 

in which a 12-inch diameter casing and screen assembly is installed. A 

filter gravel was placed below a depth of 190 feet in the annular space 

between the wall of the drilled hole and the casing/screen assembly. A 

bentonite seal was installed from 185 to 190 feet. The annulus was 

backfilled wi th gravel above that seal to 50 feet below the land 

surface and a cement-grout surface seal was installed from 50 feet to 

land ~urface. A concrete pump base, 6 feet by 6 feet and 1-foot thick 

was installed at the ground surface. 

The well casing and screen assembly consists of 60 feet of ga1vinized 

low carbon steel screen and 560 feet carbon steel casing. The screen 

is a continous wire wrap type, manufactured by U.O.P. Johnson Co. with 

.020-inch openings. The screen was installed in three sections located 

at depths of 490-500 feet, 530-555 feet, and 575-600 feet below the 

land surface. 

The well was developed by jetting the screen, and by washing and 

surging with air. After nine days of cleaning and development by these 

means it was determined that the well was clean enough for final 

development with the test pump. 

The test pump was installed and final development began on April 10. 

At 11:20 a.m. April 11, while developing, the pump discharge rate 

suddenly increased from about 80 gpm to almost 200 gpm and the water 

no/./._ 
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level in the well rose about 120 feet. In less than 5 minutes the pump 

locked-up and ceased pumping. The contractor then removed the pump. 

It was found that the well had filled in to a depth of 460 feet below 

land surface with sand and gravel. The caved material was washed out 

to a depth of 585 ft with a 9-7/8-inch bit where an obstruction was 

encountered, preventing further clearing of the well. It was concluded 

that the well screen was broken at that depth. 

The cause of the break in the screen, based on the events that 

occurred, was apparently the bridging of gravel filter during 

installation, leaving a void in the annular space at some point above 

the break. During development with the pump, the bridge collapsed, and 

the impact of falling gravel from above caused the screen to break at a 

depth of 585 feet. Because the casing/screen assembly could not be 

pulled to repair the screen, the contractor elected to drill a new 

well. He backfilled and sealed the initial well in accordance with 

state and county regulations. 

The drill rig was moved about 36 feet north of well W-3 and a second 

19-inch diameter hole (W-3A) was drilled to a depth of 620 feet. The 

casing and screen assembly in well W-3A includes 500 feet of 10-inch 

diameter carbon steel casing, 50 feet of 8-inch diameter ga1vinized low 

carbon steel wire wrapped screen, and 67 feet of 8-inch diameter carbon 

steel casing. The 10-inch casing is joined to the 8-inch casing/screen 

assembly by a 10x8-inch reducer. The screen has .030-inch openings and 

was installed in two sections located at depths of 530-550 feet and 
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570-600 feet below the land surface. A washdown valve seals the bottom 

of the casing/screen assembly. Gravel filter material was placed in 

the annular space between drill hole and the well assembly with 

considerable care to avoid bridging. The filter is from 620 feet to 

220 feet below the land surface. A grout plug was installed from 220 

feet to 215 feet. The annulus above the plug is filled with gravel to 

a depth of 50 feet below the land surface. The well was completed by 

installation of a grout surface seal from 50 feet to ground surface and 

construction of the pump base. 

Development of Well 3A proceeded in a similar manner to that of 

Well 3. Installation of the test pump and final development was 

accomplished without difficulty. Removal of fines and sand from the 

well was realized. 

Well Test and Methods of Analysis 

After the completion of development an aquifer pumping test was 

performed. The pumping test provides an in-situ measurement of the 

transmissivity of the aquifer, which is important in determining the 

long term yield of the well. The test was performed in accordance with 

recognized methods for conducting a constant-discharge type test. 

The aquifer pumping test data were analyzed by methods based on the 

Theis solution of non-steady ground water flow to a well in response to 

a constant pumping rate. The Theis solution can be written in the 

following form (Freeze & Cherry, "Groundwater", Prentice Hall, Inc., 

1979: 
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Q W(u)
s = 

4"" T 

II::where: s drawdown in the well (feet), 

II::Q discharge from well (ft3/day), 

II::T transmissivity (ft2/day),
 

W(u) = well function of u,
 

u = 

r = distance from well, feet,
 

S storativity, dimensionless, and
 

t = time, days.
 

The Jacob approximation of the Theis solution was applied in the 

analyses. Semilog graphical plotting of the data is used in this 

method. Both drawdown in response to pumping and recovery of the water 

level following cessation of pumping provide data with which to analyze 

aquifer capacity. 

Drawdown data obtained during pumping is plotted against the log of 

time since pumping began. A straight line is developed, the slope of 

which is related to the transmissivity. The recovery semilog plots are 
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similar to the time-drawdown solution. Residual drawdown (s') data are 

plotted against the logarithm of the ratio of time since pumping 

started (t) and time since pumping stopped (t'). With these data a 

straight line is also developed, the slope of which is related to the 

transmissivi ty. 

The test commenced at 9:45 a.m. May 2, 1984 pumping continued for 72 

hours. Initially the pumping rate was set at 305 gpm. After 90 

minutes, the rate had to be reduced to approximately 265 gpm because of 

mechanical problems with the diesel engine that operated the pump. The 

water level in the well was measured during the test with an air line. 

The pumping rate was measured with an orifice plate on the discharge 

pipe. 

The depth to water below ground surface before commencing the aquifer 

test (static level) was 40 feet. After 90 minutes of pumping at a rate 

of 305 gpm the water level in the well was drawn down to a depth of 373 

feet (drawdown of 333 feet). Because of mechanical problems with the 

diesel power source, the pumping rate was decreased at that time, and 

for the balance of the pumping period (total pumping duration of 4335 

minutes, or 3 days) the pumping rate varied from 254 to 268 gpm. WIth 

the drop in pumping rate, the water level in the well quickly recovered 

to 340 feet depth, and then began dropping again, slowly, as pumping 

continued at the lower rate. The water level depth in the well at the 

end of the pumping period was 368 feet. 

nQ/./'_ 

7 



Evaluation of Aquifer Capacity 

The analyses of the pumping test data indicate that the transmissivity 

of the aquifer (the sands and gravels encountered between 460 and 610 

feet) is approximately 2800 gallons per day per foot (375 ft2/d) and 

the estimated well efficiency during the test was 0.60. It is not 

possible to measure the aquifer storativity accurately with the data 

collected from the pumping well. However, the occurrence of the sands 

and gravels within thick clay/silt layers, and the potentiometric level 

(represented by the water level in the well) above the aquifer indicate 

it is confined to semiconfined. A storativity of 0.001 can be applied 

for estimating aquifer capacity. These aquifer Characteristics, the 

measured responses of the test well, and assuming no reCharge occurs to 

replenish the aquifer, provide a conservative basis for estimating the 

capacity of the aquifer to provide the long-term design water 

requirement (lIS gpm). 

Adjusting the well performance to a rate of 115 gpm, and projecting the 

drawdown interference after 20 years of continuous pumping indicates 

that it would be less than 200 feet at the well, and less than 50 feet 

at a distance of 1000 feet from the well. The aquifer is capable of 

providing the water requirement and the extraction would not interfere 

wi th existing users. 

no/./._ 
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Bechtel Civil & Minerals, Inc. 

Interoffice Memorandum 

To	 T. A. McCormick File No. 

Subject	 Capacity of the Test Well Date June 25. 1984 
Carrisa Plain Solar Project 
job #16413 From C. R. Farrell 

01 H&CF/Geology 

Copies to	 M. J. Adair(w/o ene.) At 45/31 Ext. 

L. R.	 West (w/o ene. ) 

In the meeting Thursday, June 21, 1984 you asked that I evaluate the
 
capability of the test well at the Carrisa Plain site to meet a
 
maximum seasonal water requirement of 190 gpm for 4 months (June 

September) and a 24-hour peak demand of 250 gpm. These maximum
 
demands are for the design long-term mean of 115 gpm. In addition,
 
you asked that I provide an estimate of the long-term maximum
 
capacity of the well. Long-term is assumed to be represented by a
 
20-year operational period. The following summarizes those
 
estimates. Copies of the pumping test data and calculations on which
 
the estimates are based are enclosed.
 

Review of the data and analyses of the pumping test conducted at the
 
well (well 3A) in May indicates that it is capable of yielding the
 
design water requirement (115 gpm) and could meet the seasonal and
 
peak maximum demands.
 

The maximum long-term capacity of the well is estimated based on 
several assumptions, or conditions. These include: 

1.	 Pump set at 490 feet depth. 

2.	 Potentiometric surface of the ground-water basin declines at a 
rate of 1 foot per year (storage depletion by others). 

3.	 Initial efficiency of well is maintained. 

4.	 Seasonal and peak demands are proportional to those demands 
determined for design water requirements (115 gpm). 

Based on these conditions, the maximum long-term mean capacity of the
 
well is calculated to be 170 gpm.
 

CRF/jt C. K.	 Farrell 
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Engineering Research 
005.41 

carrizo 'lefn G~ater Quality 
So1ar Thenna1 Proj ect 

September 23, 1982 

MR. R. E. PRICE: 

Here is a copy of the April 19, 1982, letter to ~. H. M. Howe: Attention 
Mr. D. A. Deniston, describing Carrizo Plain water availability and 
quality. Also, included is a rewrite of a portion of the above letter 
which includes a table of ranges and averages for the important parameters 
listed in Table 1 of the April 19 letter. 

Because well depths are variable or unknown and we have no well logs to 
accompany this data. I cannot recommend these values for a design basis. 
I will pursue obtaining the appropriate well logs as soon as the project 
is authorized and well owners can be contacted. This will provide
additional information to interpret water quality data. However, in the 
event that the logs that can be obtained do not provide sufficient 
infonmation to give us confidence in existing water quality data, 
installation of an onsite monitoring well will be necessary. 

This well will be designed specifically for groundwater quality 
MOnitoring. It will intersect all water bearing strata down to bedrock. 
This could be up to 600 feet for this area. Separate water quality 
sampling of each water bearing aquifer as well as a composite of the 
entire water column will be possible. 

A conservative cost per foot for such a well would be $30. This includes 
drilling operating costs. and direct and nondirect costs for two 
operators, and one geologist. It also assumes an average drilling rate of 
40 feet per day. Any drilling logs we receive will provide additional 
information on expected drilling rates and, subsequently, estimated costs. 

ORIGINAL SIGNED 
D. P. GRIFFIN

IJIJG 
DPG(551-305):bav 

Attachment 

cc w/attach.: TAJenckes 

cc wlo attach.:	 KABeede
 
DADeniston
 
RCKarfio 1
 
TMTurner
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From Divllfon or 
DlpertrNnt Engineering Research
 
FILENo. 005.41
 
RI LI:TnJt 0,.
 
&uaJ&CT So1ar Thermal
 

Carrizo Plain and Cuyama Valley

To DiwIIion or 
Dlpetdl.1l Water Availability 

April 19, 1982 

MR. H. M. tCWE: 

Attention Mr. D. A. Deniston 

This letter describes the availability of groundwater to supply a proposed
solar thermal power plant which is to be located near one of two existing
Company substations. One of the substations is in the northern portion of 
the Carrizo Plain (San Luis Obispo County), and the second is near the 
City of Cuyama in the south central portion of the Cuyama Valley (San Luis 
Obispo and Santa Barbara Counties). Figure 1 shows the approximate
locations of these substations. 

The Carrizo Pl ain and Cuyama Valle,y Groundwater Basi ns are part of the 
Department of Water Resources (DWR) Central Coastal Hydrologic Study
Area. The Cuyama Basin is listed by DWR as subject to critical conditions 
of overdraft. The ~WR definition of overdraft is: -A basin is subject to 
critical conditions of overdraft when continuation of present water 
management practices ~ou1d probably result in significant adverse 
overdraft-related enVironmental, social, or economic impacts.

The Carrizo Basin does not have an overdraft problem; DWR believes that it 
-has a potential for limited to moderate additional development.- In 
addition, the basin is cons~dered to be an undeveloped groundwater
reservoir by the U.S. Geological Survey (USGS). 

Carrizo Plain Basin 

This basin's groundwater storage capacity, as listed by DWR in 1975, is 
400,000 acre-ft. The usable capacity is one-fourth of the storage 
capacity or 100,000 acre-ft. The basin's estimated safe seasonal yield is 
600 acre-ft per year which is equal to the natural recharge of the basin. 

Groundwater wells in the Carrizo Basin yield instantaneous average flows 
of 500 gallons per minute (gpm) with maximum flows of 1000 gpm. 500 gpm
flowing for a year's time is equivalent to over 800 acre-ft per year,
greater than the amount of water required (500 to 600 acre-ft) to supply 
the proposed solar power plant. 
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Wells in the area of the substation have depths ranging from 175 to 
600 feet. Awell located approximately two miles south of the substation 
was pump tested by PGandE in 1966. The well had a standing water depth
(water table) of 138 feet. During the pump test, a 60 hp motor pumped
2.68 acre-ft of groundwater in 24 hours. The pumping lowered the water 
table to approximately 235 feet at the well. 

We have requested DWR to transmit to us well log information of 
state-numbered wells in the area of the substation. This information will 
provide us with more complete data as to the depth of the wells. depths to 
water, and well pumping yields. The state-numbered wells within a 
32 square area (approximately three-mile radius) about the Company
substation located north of Highway 58 are shown by Figure 2. There are 
other groundwater wells in the area; however, only the eight wells shown 
have state well-numbers and consequently have DWR well data. 

Available groundwater quality data for each of the eight wells. for 
selected sampling dates. were tabulated. These are shown by Table 1. 
Data summarized by sections (one square mile) and for the total area are 
shown by Table 2. 

The hardness of the groundwater in mgtl varied from 154 to 363 with an 
overall average of 240 as CaC03. "rhe calcium ion concentration in mgtl
varied from 34 to 71 with an overall average of 58. The overall water 
quality of the groundwater was better in Township 30 South, Range 18 
East-Sections 3 and 4 and Township 29 south. Range 18 east-Section 29. 
These sections are located in the south and west portions of the area and 
one to over two miles from the substation. 

In general. the presently available data indicate adequate. easily
accessible. and good quality groundwater is available near the proposed
Carrizo Plain site. 

Cuyama Valley Basin 

The Cuyama Basin groundwater storage capacity. as listed by DWR in 1975. 
is 2.100.000 acre-ft. The usable capacity is one-fifth of the storage 
capacity or 400.000 acre-ft. The basin's safe seasonal yield is 6,600 
acre-ft per year. In the late seventies. use of the basin's groundwater 
was 54.000 acre-ft per year which is eight times the safe seasonal yield. 
Groundwater levels have declined 60 to 200 feet in the central and western 
portions of the basin between 1950 and the late seventies. As discussed 
earlier, the Cuyama Valley Basin is subject to critical overdraft with 
resulting continual decline of groundwater levels. The DWR reports. -No 
sound alternatives for stemming this declining trend short of adjudication 
are apparent. Importation of water from distant sources for agricultural 
use appears to be beyond the payment capacity of crops currently raised or 
suitable to the area.



Mr. H. M. Howe 3 April 19. 1982 

In 1975. well depths ranged fram 100 to 300 feet and the instantaneous 
pumping yields of typical basin wells were high. averaging 1,100 gpm with 
a maximum of 1,440 gpm. 

The known state-numbered groundwater wells within a 29 square mile area 
around the Company substation near Cuyama are shown by Figure 3. There 
are other groundwater wells in the area; however, only the wells shown 
have state well-numbers and consequently have DWR well data. We have 
requested DWR to transmit to us well log information of the state-numbered 
wells. This information will provide us with more complete data as to the 
depth of the wel~s. depths to water, and well pumping yields. 

Available groundwater quality data for 21 state-numbered wells. for 
selected sampling dates. were tabulated •. These are shown by Table 3. 
Data summarized by sections and for the total 29 square mile area are 
shown by Table 4. 

Total hardness in mg/l varied from 253 to 1917 with an average of 1188 as 
CaC03. Calcium ion concentration in mg/l varied from 75 to 465 with an 
average of 252. The best quality water is found in Sections 21 of 
Township 10 North. Range 26 West. and all of the sections shown of 
Township 10 North. Range 25 West. The poorest quality groundwater is 
found in Sections 22 and 24 of Township 10 North. Range 26 West. The 
Company substation is located in Section 24. 

The present available data indicate the groundwater of the Cuyama Valley
Basin near the proposed site is only of fair quality. Groundwater is 
presently available in quantity. but the basin's overdraft problem may
interfere with the long-term availability of groundwater for power plant 
use. 

Hydrologic data for this letter was obtained from the California 
Department of Water Resources (DWR) Water Data Information System. DWR's 
Bulletins 18 and 118. Ground Water Basins in California; the State Water 
Resources Control Board's Central Coastal Basin Water ualit Control Plan; 
and the U.S. Geological Surveys rofessiona aper -. ummary ---
Appraisals of the Nation's Ground-Water Resources - California Region.
The DWRls Fresno and Los Angeles offices were also contacted for 
additional information. 

To assist in locating groundwater wells, an index to the Township and 
Range System of California is attached as Figure. 4 and the State 
Well-Numbering System is attached as Figure 5. 

~~ 
T. M. TURNER 

TMT(551-459):sm
Attachment 
cc w/attach: THillesland RCKarfiol/DPGriffin

TAJenckes 



Table 1
 

Northern Carrizo Plain Groundwater Quality
(Quality of well waters located within three miles of Company sUbstation) 

28G01 28L01 28L01 28L01 28101 28LOl 

Date 10/22/68 10/22/65 10/11/66 11/04/67 10/22/68 11/18/70 

Temperature. °FrC -/  69/21 66/19 62/17 -/  56/13 

pH.
pH. 

Field 
Lab 7.4 7.9 8.0 8.2 8.1 8.0 

Electrical 
Conductivity 
Field. mhos/em
Lab. mhos/em 1387 1143 1150 1123 875 1191 

Calcium Ion. mg/1 75 71 72 39 81 

Magnesium Ion. mg/l 27 20 16 15 18 

Sodium Ion, mg/1 180 145 148 125 143 

Potassium Ion. mg/l 2.0 1.0 1.0 1.0 .0 

Alkalinity as 
C8CO.~. mrJ/l 4 136 131 137 127 147 

Sulfate Ion. mg/1 533 260 239 119 223 

Chloride Ion, mg/1 98 74 70 74 81 65 

Nitrate Ion. mg/1 2.3 80.0 70.0 87.0 70.0 130 

Boron. mg/1 .54 .68 .59 .57 .75 

Fluoride Ion. mg/1 .7 .6 .6 .8 .6 

Si 1i ca. mg/1 

Total Dissolved 
Solids. mg/1 957 750 727 564 805 

Total Hardness. 
119/1 298 259 246 151 276 

Noncarbonate 
Hardness. mg/1 294 121 109 24 129 

Sodium Absorption 
Ratio 4.5 3.9 4.1 4.4 3.7 



Table 1 - contd.
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Date 11/04/74 10/25/76 10/31/77 10/21/53 10/04/72 10/22/68 

Temperature, °F/oC 62/16.7 59/15 60/16 -/- -/- -/ 

pH, Field 
pH, Lab 8.3 8.0 8.2 8.1 8.3 7.4 

Electrical 
Conductivity
Field, mhos/em 
Lab, mhos/em 1111 1156 1040 885 1053 1478 

Calcium Ion, mg/l 71 78 80 47 49 118 

Magnesium Ion, mg/l 17 20 19 15 16 28 

Sodium Ion, mgll 148 142 150 135 147 187 

Potassium Ion. mg/l 1.2 .8 .2 0 1.6 1.0 

Alkalinity as 
CaC03, mg/1 148 155 167 153 142 136 

Sulfate Ion, mg/l 215 236 239 166 197 515 

Chloride Ion, mg/l 75 80 77 57 69 83 

Nitrate Ion, mg/l 104 97.0 88.2 34.3 33.0 38.3 

Boron, mg/l .67 .69 .65 .60 .64 .75 

Fluoride Ion, mg/l .6 .5 .6 .7 .8 .7 

Si 1i ca, mg/1 

Total Dissolved 
So1ids, mg/1 727 797 847 635 691 

-
1102 

Total Hardness, 
mg/l 247 274 278 179 169 410 

Noncarbonate 
Hardness, mg/l 90 122 111 26 47 274 

Sodium Absorption
Ratio 3.9 3.7 3.9 4.6 4.7 4.0 



Table 1 - contd. 

Date 03/12/54 10/02/58 07/30/59 10/04/60 04/19/61 10131/61 

Temperature. ·F/oC -/ -/ 68/20 68/20 70/21 58/14 

pH. Field 
pH. Lab 7.7 7.2 7.2 7.7 7.7 8.0 

Electrical 
Conductivity
Field. mhos/em
Lab. mhos/on 602 792 685 875 810 836 

Calcium Ion. mg/l 52 60 58 74 69 66 

Magnesium Ion. mg/l 16 25 22 24 21 24 

Sodium Ion. mg/1 60 33 58 70 71 81 

Potassium Ion. mg/l 1.0 3.0 2.0 1.0 1.0 2.0 

Alkalinity as 
CaC03. mg/1 152 194 158 191 184 180 

Sulfate Ion. mg/l 73 69 110 149 30 151 

Chloride Ion. mg/l 39 64 45 52 48 57 

Nitrate Ion. mg/l 43.0 6.0 31.0 30.0 45.0 31.0 

Boron. mg/1 .18 .20 .20 .40 .19 .16 

Fluoride Ion. mg/l .6 .4 .1 .5 .3 .3 

S11 i ca. mg/1 20.0 30.0 33.0 35.0 32.0 

Total Dissolved 
So 1ids. mg/1 

Total Hardness. 
mg/1 

396 

187 

505 

255 

500 

235 

384 

285 

691 
...

259 

541 

263 

Noncarbonate 
Hardness. mg/1 35 59 77 92 75 63 

Sodium Absorption
Ratio 1.9 2.3 1.0 1.8 2.9 2.3 
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Date 10/22/62 10/10/63 10/07/64 10/22/65 11/04/67 10/22/68 

Temperature, °F/oC 67/19 66/19 -/ 69/19 62/17 -/

pH, Field 
pH, Lab 7.9 8.0 7.8 7.9 8.2 8.0 

Electrical 
Conduct;v;ty
F;eld, mhos/em 
Lab, mhos/an 720 670 765 884 866 909 

Cale;um Ion, mg/l 61 48 62 77 77 76 

Magnes;um Ion, mg/l 20 28 20 22 19 24 

Sod;um Ion, mgl1 60 62 63 60 83 86 

Potassium Ion, mg/l 1.0 1.0 1.0 1.0 2.0 1.0 

Alkal;n;ty as 
CaC03, mgl1 162 166 166 180 175 167 

Sulfate Ion, mg/l 15 125 117 158 150 176 

Chlor;de Ion, mg/l 39 41 36 34 62 62 

N;trate Ion, mg/l 36.0 36.0 40.0 39.0 40.0 45.0 

Boron, mgl1 .20 .32 .24 .26 .20 .29 

Fluor;de Ion, mg/l .4 .1 .4 .3 .4 .3 

S;l;ea, mgl1 40.0 31.0 38.0 

Total Dissolved 
Soli ds, mgl1 

-
430 494 440 600 '--570 625 

Total Hardness, 
mg/1 234 235 237 293 270 289 

Nonearbonate 
Hardness, mg/l 72 69 71 95 95 121 

Sod;um Absorpt;on 
Ratio 1.7 1.8 1.8 2.1 2.2 2.5 
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Well Location (Township/Range-Section + Well No.)
 

Date 

Temperature. °F/oC 

pH. Field 
pH. Lab 

Electrical 
Conductivity
Field. mhos/em
Lab. mhos/em 

Calcium Ion. mg/l 

Magnesium Ion. mg/l 

Sodium Ion. mg/l 

Potassium Ion. mg/l 

Alkalinity as 
CaC03. mg/l 

5ulfate Ion. mg/l 

Chloride Ion. mg/l 

Nitrate Ion. mg/l 

Boron. mg/l 

Fluoride Ion. mg/l 

Si 1i ca. mg/l 

Total Dissolved 
Solids. mg/l 

Total Hardness. 
mg/l 

Noncarbonate 
Hardness. mg/l 

Sodium Absorption
Ratio 

305/18£
02N01 

11/18/70 

62/17 

7.8 

1030
 

94
 

20
 

101
 

.0
 

180
 

205
 

74
 

55.0 

.26
 

.3
 

706
 

317
 

131
 

2.5 

305/18£
03001 

11/09/72 

68/20 

7.9 

513
 

43
 

15
 

38
 

1.5 

136
 

85
 

32
 

36.3 

.07 

.3
 

356
 

169
 

31
 

1.9 

305/18£
04R01 

10/22/68 

-/

7.9 

514
 

34
 

12
 

52
 

1.0 

136
 

83
 

32
 

56.3 

.07 

.3
 

346
 

154
 

23
 

2.0 



Table 2
 
Northern Carrizo Plan
 

Average Well Water Quality Within Three Miles of Substation
 
(Averaged by Sections and by Total Area)
 

Total 
Area 

Summary 

No. of We 11s 
Surveyed 2 2 2 1 1 8 

Dates Sampled 10/65
10/77 

10/53
10/72 

3/54
10/77 

11/72 10/68 10/53
10/77 

Temperature, OF 62 65 68 65 

pH 8.0 8.2 7.8 7.9 7.9 8.0 

Electrical Con
ductivity, mhos/em 1131 969 844 513 514 864 

Calcium Ion, mg/l 71 48 69 43 34 58 

Magnesium Ion, mg/l 19 15 22 15 12 18 

Sodium Ion, mg/1 148 141 77 38 52 101 

Potassium Ion, mg/l .9 .8 1.2 1.5 1.0 1.1 

Alkalinity as 
CaC03, mg/1 142 148 173 136 136 150 

Sulfate Ion, mg/l 258 182 161 85 83 171 

Chloride Ion, mg/l 77 63 51 32 32 56 

Nitrate Ion, mg/l 81 34 37 36 56 47 

Boron, mg/1 .64 .62 .27 .07 .07 .4 

Fluoride Ion, mg/l .6 .8 .4 .3 .3 .5 

Si 1i ca, mg/1 32 32 

Total 
IIg/1 

Hardness, 
254 174 363 169 154 240 

Noncarbonate 
Hardness, mg/l 125 37 95 31 23 72 

Sodium Absorption 
Ratio 4 4.7 2.1 1.9 2.0 3.2 

Total Dissolved 
So 11 ds, mg/1 772 663 563 356 346 583 
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 Laboratory Report and Chain-of-Custody Form -  

APPENDIXE Proposed Pumping Well 
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aboratories, Inc.
nvironmental

alscience

March 10, 2008

Bob Scott
URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319
P

08-02-1151Calscience Work Order No.:Subject:
Ausra / 2239472.01701Client Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples
included in this report were received 2/15/2008 and analyzed in accordance with
the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accomplished in accordance with
the guidelines established in our Quality Systems Manual, applicable standard
operating procedures, and other related documentation.  The original report of
subcontracted analysis, if any, is provided herein, and follows the standard Calscience
data package. The results in this analytical report are limited to the samples tested
and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact
the undersigned.

Sincerely,

Calscience Environmental
Laboratories, Inc.

Vikas Patel
Project Manager

7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830

Page 1 of 32Page 1 of 32



Analytical Report

aboratories, Inc.
nvironmental

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319 EPA 3005A Filt.Preparation:

EPA 6010BMethod:

Project: Ausra / 2239472.01701 Page 1 of 2
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

02/14/08 02/15/08 02/15/08Aqueous 080215L05IRW-1 08-02-1151-1-F ICP 5300
17:3814:10

ResultResult ParameterQual QualParameter RL RLDF DF

Antimony 0.0150 1    0.0262 Barium 0.0100 1    0.0190
Beryllium 0.00100 1ND Selenium 0.0150 1ND
Thallium 0.0150 1    0.0278 Aluminum 0.0500 1ND
Iron 0.100 1ND Manganese 0.00500 1    0.00776

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..

Page 2 of 32Page 2 of 32



Analytical Report

aboratories, Inc.
nvironmental

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319 EPA 3010A Total / EPA 7470A TotalPreparation:

EPA 6010B / EPA 7470AMethod:

Project: Ausra / 2239472.01701 Page 2 of 2
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

02/14/08 02/15/08 02/15/08Aqueous 080215L05IRW-1 08-02-1151-1-E ICP 5300
17:3014:10

-Mercury was analyzed on 2/15/2008 5:39:06 PM with batch 080215L04Comment(s):
ResultResult ParameterQual QualParameter RL RLDF DF

Arsenic 0.0100 1ND Manganese 0.00500 1    0.0616
Cadmium 0.00500 1ND Potassium 0.500 1    0.900
Chromium 0.00500 1    0.0181 Sodium 0.500 1183
Copper 0.00500 1ND Silicon 0.0500 1  19.8
Lead 0.0100 1ND Zinc 0.0100 1    0.0194
Mercury 0.000500 1ND Nickel 0.00500 1ND
Aluminum 0.0500 1ND Calcium 0.100 1107
Iron 0.100 1    0.733 Magnesium 0.100 1  23.7

02/15/08N/A 02/15/08Aqueous 080215L04Method Blank 099-04-008-3,364 Mercury
17:07

Result QualParameter RL DF

Mercury 0.000500 1ND

02/15/08N/A 02/15/08Aqueous 080215L05Method Blank 097-01-003-8,022 ICP 5300
17:22

ResultResult ParameterQual QualParameter RL RLDF DF

Arsenic 0.0100 1ND Iron 0.100 1ND
Cadmium 0.00500 1ND Magnesium 0.100 1ND
Chromium 0.00500 1ND Manganese 0.00500 1ND
Copper 0.00500 1ND Potassium 0.500 1ND
Lead 0.0100 1ND Sodium 0.500 1ND
Nickel 0.00500 1ND Silicon 0.0500 1ND
Aluminum 0.0500 1ND Zinc 0.0100 1ND
Calcium 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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ANALYTICAL REPORT

URS Corporation Date Sampled:                         02/14/08
1615 Murray Canyon Road, Suite 1000 Date Received:      02/15/08
San Diego, CA 92108-4319 Date Analyzed:      02/15/08

Work Order No.: 08-02-1151
Attn:  Bob Scott Method: EPA 6010B
RE:  Ausra / 2239472.01701  Page 1 of 1

All concentrations are reported in mg/L (ppm).

SiO2 Reporting
Sample Number Concentration Limit

IRW-1 42.4 0.107
Method Blank ND 0.107

Page 4 of 32Page 4 of 32



Analytical Report

aboratories, Inc.
nvironmental

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319 EPA 3510BPreparation:

EPA 8270CMethod:

Project: Ausra / 2239472.01701 Page 1 of 2

Lab Sample
Number

Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

02/14/08 02/18/08 02/21/08Aqueous 080218L01IRW-1 08-02-1151-1-G GC/MS MM
23:0814:10

ResultResult ParameterQual QualParameter RL RLDF DF
N-Nitrosodimethylamine 10 1ND 4-Nitrophenol 10 1ND
Aniline 10 1ND Dibenzofuran 10 1ND
Phenol 10 1ND 2,4-Dinitrotoluene 10 1ND
Bis(2-Chloroethyl) Ether 25 1ND 2,6-Dinitrotoluene 10 1ND
2-Chlorophenol 10 1ND Diethyl Phthalate 10 1ND
1,3-Dichlorobenzene 10 1ND 4-Chlorophenyl-Phenyl Ether 10 1ND
1,4-Dichlorobenzene 10 1ND Fluorene 10 1ND
Benzyl Alcohol 10 1ND 4-Nitroaniline 10 1ND
1,2-Dichlorobenzene 10 1ND Azobenzene 10 1ND
2-Methylphenol 10 1ND 4,6-Dinitro-2-Methylphenol 50 1ND
Bis(2-Chloroisopropyl) Ether 10 1ND N-Nitrosodiphenylamine 10 1ND
3/4-Methylphenol 10 1ND 4-Bromophenyl-Phenyl Ether 10 1ND
N-Nitroso-di-n-propylamine 10 1ND Hexachlorobenzene 10 1ND
Hexachloroethane 10 1ND Pentachlorophenol 10 1ND
Nitrobenzene 25 1ND Phenanthrene 10 1ND
Isophorone 10 1ND Anthracene 10 1ND
2-Nitrophenol 10 1ND Di-n-Butyl Phthalate 10 1ND
2,4-Dimethylphenol 10 1ND Fluoranthene 10 1ND
Benzoic Acid 50 1ND Benzidine 50 1ND
Bis(2-Chloroethoxy) Methane 10 1ND Pyrene 10 1ND
2,4-Dichlorophenol 10 1ND Pyridine 10 1ND
Naphthalene 10 1ND Butyl Benzyl Phthalate 10 1ND
4-Chloroaniline 10 1ND 3,3'-Dichlorobenzidine 25 1ND
Hexachloro-1,3-Butadiene 10 1ND Benzo (a) Anthracene 10 1ND
4-Chloro-3-Methylphenol 10 1ND Bis(2-Ethylhexyl) Phthalate 10 1ND
2-Methylnaphthalene 10 1ND Chrysene 10 1ND
Hexachlorocyclopentadiene 25 1ND Di-n-Octyl Phthalate 10 1ND
2,4,6-Trichlorophenol 10 1ND Benzo (k) Fluoranthene 10 1ND
2,4,5-Trichlorophenol 10 1ND Benzo (b) Fluoranthene 10 1ND
2-Chloronaphthalene 10 1ND Benzo (a) Pyrene 10 1ND
2-Nitroaniline 10 1ND Benzo (g,h,i) Perylene 10 1ND
Dimethyl Phthalate 10 1ND Indeno (1,2,3-c,d) Pyrene 10 1ND
Acenaphthylene 10 1ND Dibenz (a,h) Anthracene 10 1ND
3-Nitroaniline 10 1ND 1-Methylnaphthalene 10 1ND
Acenaphthene 10 1ND 1,2,4-Trichlorobenzene 10 1ND
2,4-Dinitrophenol 50 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

2-Fluorophenol 7-12154 Phenol-d6 1-12735
Nitrobenzene-d5 50-14690 2-Fluorobiphenyl 42-13898
2,4,6-Tribromophenol 41-13792 p-Terphenyl-d14 47-173127

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 5 of 32Page 5 of 32



Analytical Report

aboratories, Inc.
nvironmental

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319 EPA 3510BPreparation:

EPA 8270CMethod:

Project: Ausra / 2239472.01701 Page 2 of 2

Lab Sample
Number

Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

02/18/08N/A 02/19/08Aqueous 080218L01Method Blank 095-01-003-2,344 GC/MS MM
13:46

ResultResult ParameterQual QualParameter RL RLDF DF
N-Nitrosodimethylamine 10 1ND 4-Nitrophenol 10 1ND
Aniline 10 1ND Dibenzofuran 10 1ND
Phenol 10 1ND 2,4-Dinitrotoluene 10 1ND
Bis(2-Chloroethyl) Ether 25 1ND 2,6-Dinitrotoluene 10 1ND
2-Chlorophenol 10 1ND Diethyl Phthalate 10 1ND
1,3-Dichlorobenzene 10 1ND 4-Chlorophenyl-Phenyl Ether 10 1ND
1,4-Dichlorobenzene 10 1ND Fluorene 10 1ND
Benzyl Alcohol 10 1ND 4-Nitroaniline 10 1ND
1,2-Dichlorobenzene 10 1ND Azobenzene 10 1ND
2-Methylphenol 10 1ND 4,6-Dinitro-2-Methylphenol 50 1ND
Bis(2-Chloroisopropyl) Ether 10 1ND N-Nitrosodiphenylamine 10 1ND
3/4-Methylphenol 10 1ND 4-Bromophenyl-Phenyl Ether 10 1ND
N-Nitroso-di-n-propylamine 10 1ND Hexachlorobenzene 10 1ND
Hexachloroethane 10 1ND Pentachlorophenol 10 1ND
Nitrobenzene 25 1ND Phenanthrene 10 1ND
Isophorone 10 1ND Anthracene 10 1ND
2-Nitrophenol 10 1ND Di-n-Butyl Phthalate 10 1ND
2,4-Dimethylphenol 10 1ND Fluoranthene 10 1ND
Benzoic Acid 50 1ND Benzidine 50 1ND
Bis(2-Chloroethoxy) Methane 10 1ND Pyrene 10 1ND
2,4-Dichlorophenol 10 1ND Pyridine 10 1ND
Naphthalene 10 1ND Butyl Benzyl Phthalate 10 1ND
4-Chloroaniline 10 1ND 3,3'-Dichlorobenzidine 25 1ND
Hexachloro-1,3-Butadiene 10 1ND Benzo (a) Anthracene 10 1ND
4-Chloro-3-Methylphenol 10 1ND Bis(2-Ethylhexyl) Phthalate 10 1ND
2-Methylnaphthalene 10 1ND Chrysene 10 1ND
Hexachlorocyclopentadiene 25 1ND Di-n-Octyl Phthalate 10 1ND
2,4,6-Trichlorophenol 10 1ND Benzo (k) Fluoranthene 10 1ND
2,4,5-Trichlorophenol 10 1ND Benzo (b) Fluoranthene 10 1ND
2-Chloronaphthalene 10 1ND Benzo (a) Pyrene 10 1ND
2-Nitroaniline 10 1ND Benzo (g,h,i) Perylene 10 1ND
Dimethyl Phthalate 10 1ND Indeno (1,2,3-c,d) Pyrene 10 1ND
Acenaphthylene 10 1ND Dibenz (a,h) Anthracene 10 1ND
3-Nitroaniline 10 1ND 1-Methylnaphthalene 10 1ND
Acenaphthene 10 1ND 1,2,4-Trichlorobenzene 10 1ND
2,4-Dinitrophenol 50 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

2-Fluorophenol 7-12164 Phenol-d6 1-12744
Nitrobenzene-d5 50-14693 2-Fluorobiphenyl 42-13877
2,4,6-Tribromophenol 41-137103 p-Terphenyl-d14 47-173140

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Report

aboratories, Inc.
nvironmental

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319 EPA 5030BPreparation:

EPA 8260BMethod:

Project: Ausra / 2239472.01701 Page 1 of 2

Lab Sample
Number

Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

02/14/08 02/21/08 02/21/08Aqueous 080221L01IRW-1 08-02-1151-1-K GC/MS CC
17:5114:10

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone   50 1ND c-1,3-Dichloropropene     0.50 1ND
Benzene     0.50 1ND t-1,3-Dichloropropene     0.50 1ND
Bromobenzene     1.0 1ND Ethylbenzene     1.0 1ND
Bromochloromethane     1.0 1ND 2-Hexanone   10 1ND
Bromodichloromethane     1.0 1ND Isopropylbenzene     1.0 1ND
Bromoform     1.0 1ND p-Isopropyltoluene     1.0 1ND
Bromomethane   10 1ND Methylene Chloride   10 1ND
2-Butanone   10 1ND 4-Methyl-2-Pentanone   10 1ND
n-Butylbenzene     1.0 1ND Naphthalene   10 1ND
sec-Butylbenzene     1.0 1ND n-Propylbenzene     1.0 1ND
tert-Butylbenzene     1.0 1ND Styrene     1.0 1ND
Carbon Disulfide   10 1ND 1,1,1,2-Tetrachloroethane     1.0 1ND
Carbon Tetrachloride     0.50 1ND 1,1,2,2-Tetrachloroethane     1.0 1ND
Chlorobenzene     1.0 1ND Tetrachloroethene     1.0 1ND
Chloroethane     1.0 1ND Toluene     1.0 1ND
Chloroform     1.0 1ND 1,2,3-Trichlorobenzene     1.0 1ND
Chloromethane   10 1ND 1,2,4-Trichlorobenzene     1.0 1ND
2-Chlorotoluene     1.0 1ND 1,1,1-Trichloroethane     1.0 1ND
4-Chlorotoluene     1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane   10 1ND
Dibromochloromethane     1.0 1ND 1,1,2-Trichloroethane     1.0 1ND
1,2-Dibromo-3-Chloropropane     5.0 1ND Trichloroethene     1.0 1ND
1,2-Dibromoethane     1.0 1ND Trichlorofluoromethane   10 1ND
Dibromomethane     1.0 1ND 1,2,3-Trichloropropane     5.0 1ND
1,2-Dichlorobenzene     1.0 1ND 1,2,4-Trimethylbenzene     1.0 1ND
1,3-Dichlorobenzene     1.0 1ND 1,3,5-Trimethylbenzene     1.0 1ND
1,4-Dichlorobenzene     1.0 1ND Vinyl Acetate   10 1ND
Dichlorodifluoromethane     1.0 1ND Vinyl Chloride     0.50 1ND
1,1-Dichloroethane     1.0 1ND p/m-Xylene     1.0 1ND
1,2-Dichloroethane     0.50 1ND o-Xylene     1.0 1ND
1,1-Dichloroethene     1.0 1ND Methyl-t-Butyl Ether (MTBE)     1.0 1ND
c-1,2-Dichloroethene     1.0 1ND Tert-Butyl Alcohol (TBA)   10 1ND
t-1,2-Dichloroethene     1.0 1ND Diisopropyl Ether (DIPE)     2.0 1ND
1,2-Dichloropropane     1.0 1ND Ethyl-t-Butyl Ether (ETBE)     2.0 1ND
1,3-Dichloropropane     1.0 1ND Tert-Amyl-Methyl Ether (TAME)     2.0 1ND
2,2-Dichloropropane     1.0 1ND Ethanol 100 1ND
1,1-Dichloropropene     1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140115 1,2-Dichloroethane-d4 74-146127
Toluene-d8 88-112101 1,4-Bromofluorobenzene 74-11088

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 7 of 32Page 7 of 32



Analytical Report

aboratories, Inc.
nvironmental

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319 EPA 5030BPreparation:

EPA 8260BMethod:

Project: Ausra / 2239472.01701 Page 2 of 2

Lab Sample
Number

Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: ug/L

Instrument

02/21/08N/A 02/21/08Aqueous 080221L01Method Blank 099-10-006-24,504 GC/MS CC
12:36

ResultResult ParameterQual QualParameter RL RLDF DF
Acetone   50 1ND c-1,3-Dichloropropene     0.50 1ND
Benzene     0.50 1ND t-1,3-Dichloropropene     0.50 1ND
Bromobenzene     1.0 1ND Ethylbenzene     1.0 1ND
Bromochloromethane     1.0 1ND 2-Hexanone   10 1ND
Bromodichloromethane     1.0 1ND Isopropylbenzene     1.0 1ND
Bromoform     1.0 1ND p-Isopropyltoluene     1.0 1ND
Bromomethane   10 1ND Methylene Chloride   10 1ND
2-Butanone   10 1ND 4-Methyl-2-Pentanone   10 1ND
n-Butylbenzene     1.0 1ND Naphthalene   10 1ND
sec-Butylbenzene     1.0 1ND n-Propylbenzene     1.0 1ND
tert-Butylbenzene     1.0 1ND Styrene     1.0 1ND
Carbon Disulfide   10 1ND 1,1,1,2-Tetrachloroethane     1.0 1ND
Carbon Tetrachloride     0.50 1ND 1,1,2,2-Tetrachloroethane     1.0 1ND
Chlorobenzene     1.0 1ND Tetrachloroethene     1.0 1ND
Chloroethane     1.0 1ND Toluene     1.0 1ND
Chloroform     1.0 1ND 1,2,3-Trichlorobenzene     1.0 1ND
Chloromethane   10 1ND 1,2,4-Trichlorobenzene     1.0 1ND
2-Chlorotoluene     1.0 1ND 1,1,1-Trichloroethane     1.0 1ND
4-Chlorotoluene     1.0 1ND 1,1,2-Trichloro-1,2,2-Trifluoroethane   10 1ND
Dibromochloromethane     1.0 1ND 1,1,2-Trichloroethane     1.0 1ND
1,2-Dibromo-3-Chloropropane     5.0 1ND Trichloroethene     1.0 1ND
1,2-Dibromoethane     1.0 1ND Trichlorofluoromethane   10 1ND
Dibromomethane     1.0 1ND 1,2,3-Trichloropropane     5.0 1ND
1,2-Dichlorobenzene     1.0 1ND 1,2,4-Trimethylbenzene     1.0 1ND
1,3-Dichlorobenzene     1.0 1ND 1,3,5-Trimethylbenzene     1.0 1ND
1,4-Dichlorobenzene     1.0 1ND Vinyl Acetate   10 1ND
Dichlorodifluoromethane     1.0 1ND Vinyl Chloride     0.50 1ND
1,1-Dichloroethane     1.0 1ND p/m-Xylene     1.0 1ND
1,2-Dichloroethane     0.50 1ND o-Xylene     1.0 1ND
1,1-Dichloroethene     1.0 1ND Methyl-t-Butyl Ether (MTBE)     1.0 1ND
c-1,2-Dichloroethene     1.0 1ND Tert-Butyl Alcohol (TBA)   10 1ND
t-1,2-Dichloroethene     1.0 1ND Diisopropyl Ether (DIPE)     2.0 1ND
1,2-Dichloropropane     1.0 1ND Ethyl-t-Butyl Ether (ETBE)     2.0 1ND
1,3-Dichloropropane     1.0 1ND Tert-Amyl-Methyl Ether (TAME)     2.0 1ND
2,2-Dichloropropane     1.0 1ND Ethanol 100 1ND
1,1-Dichloropropene     1.0 1ND

REC (%)REC (%) QualSurrogates:QualSurrogates: Control
Limits

Control
Limits

Dibromofluoromethane 74-140114 1,2-Dichloroethane-d4 74-146123
Toluene-d8 88-112103 1,4-Bromofluorobenzene 74-11088

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Reportnvironmental
aboratories, Inc.

alscience

URS Corporation 02/15/08Date Received:
1615 Murray Canyon Road, Suite 1000 08-02-1151Work Order No:
San Diego, CA 92108-4319

Project: Ausra / 2239472.01701 Page 1 of 1

Lab Sample Number Date
CollectedClient Sample Number Matrix

02/14/08 AqueousIRW-1 08-02-1151-1

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

mg/LFluoride     0.10 1    1.4 EPA 300.002/15/08N/A
mg/LChloride   10 10  66 EPA 300.002/15/08N/A
mg/LNitrate (as N)     1.0 10  13 EPA 300.002/15/08N/A
mg/Lo-Phosphate (as P)     0.10 1ND EPA 300.002/15/08N/A
mg/LSulfate 100 100560 EPA 300.002/15/08N/A
NTUTurbidity 0.10 13.1 SM 2130 B02/16/08N/A
mg/LAlkalinity, Total (as CaCO3) 5.0 1114 SM 2320B02/15/08N/A
mg/LBicarbonate (as CaCO3) 5.0 1114 SM 2320B02/15/08N/A
mg/LCarbonate (as CaCO3) 1.0 1ND SM 2320B02/15/08N/A
mg/LHydroxide (as CaCO3) 1.0 1ND SM 2320B02/15/08N/A

umhos/cmSpecific Conductance 10 11600 SM 2510 B02/15/08N/A
mg/LSolids, Total Dissolved 10 11140 SM 2540 C02/15/08N/A
mg/LSolids, Total Suspended 1.0 11.5 SM 2540 D02/15/08N/A

pH unitspH 0.01 16.88 SM 4500 H+ B02/15/08N/A
02/18/08mg/LPhosphorus, Total 0.10 10.40 SM 4500 P B/E02/18/08
02/15/08mg/LCyanide, Total 0.050 1ND SM 4500-CN E02/15/08

mg/LCarbon Dioxide 1.0 16.3 SM4500-CO2D02/15/08N/A

N/A AqueousMethod Blank

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

mg/LFluoride 0.10 1ND EPA 300.002/15/08N/A
mg/LChloride 1.0 1ND EPA 300.002/15/08N/A
mg/LNitrate (as N) 0.10 1ND EPA 300.002/15/08N/A
mg/Lo-Phosphate (as P) 0.10 1ND EPA 300.002/15/08N/A
mg/LSulfate 1.0 1ND EPA 300.002/15/08N/A
mg/LAlkalinity, Total (as CaCO3) 1.0 1ND SM 2320B02/15/08N/A
mg/LBicarbonate (as CaCO3) 1.0 1ND SM 2320B02/15/08N/A
mg/LCarbonate (as CaCO3) 1.0 1ND SM 2320B02/15/08N/A
mg/LHydroxide (as CaCO3) 1.0 1ND SM 2320B02/15/08N/A
mg/LSolids, Total Dissolved 1.0 1ND SM 2540 C02/15/08N/A
mg/LSolids, Total Suspended 1.0 1ND SM 2540 D02/15/08N/A

02/18/08mg/LPhosphorus, Total 0.10 1ND SM 4500 P B/E02/18/08
02/15/08mg/LCyanide, Total 0.050 1ND SM 4500-CN E02/15/08

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 08-02-1151

Method: EPA 6010B

1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

URS Corporation

Ausra / 2239472.01701Project

EPA 3010A TotalPreparation:

02/15/08Date Received:

Quality Control Sample ID

IRW-1

MS/MSD Batch
Number

080215S05

Matrix

Aqueous

Date
Analyzed

02/15/08

Date
Prepared

02/15/08

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-10Antimony 299 72-132102

0-11Arsenic 0102 80-140102

0-6Barium 1101 87-123102

0-8Beryllium 1105 89-119104

0-7Cadmium 1102 82-124101

0-8Chromium 1104 86-122105

0-7Copper 297 78-12699

0-7Lead 191 84-12090

0-7Nickel 1103 84-120103

0-9Selenium 091 79-12792

0-8Thallium 196 79-12195

0-16Aluminum 1116 73-145117

0-11 QCalcium 4X4X 77-1134X

0-21Iron 191 65-14993

0-11 QMagnesium 4X4X 56-1404X

0-7Manganese 196 86-11697

0-7Potassium 2101 83-131103

0-9 QSodium 4X4X 73-1274X

0-15 QSilicon 4X4X 24-1804X

0-8Zinc 1109 89-131110

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 10 of 32Page 10 of 32



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 08-02-1151

Method: EPA 7470A

1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

URS Corporation

Ausra / 2239472.01701Project

EPA 7470A TotalPreparation:

02/15/08Date Received:

Quality Control Sample ID

08-02-1135-1

MS/MSD Batch
Number

080215S04

Matrix

Aqueous

Date
Analyzed

02/15/08

Date
Prepared

02/15/08

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-7Mercury 196 66-12697

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 11 of 32Page 11 of 32



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 08-02-1151

Method: EPA 8260B

1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

URS Corporation

Ausra / 2239472.01701Project

EPA 5030BPreparation:

02/15/08Date Received:

Quality Control Sample ID

08-02-1028-1

MS/MSD Batch
Number

080221S01

Matrix

Aqueous

Date
Analyzed

02/21/08

Date
Prepared

02/21/08

Instrument

GC/MS CC

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-7Benzene 1101 88-118100

0-11Carbon Tetrachloride 4104 67-145100

0-7Chlorobenzene 2104 88-118102

0-301,2-Dibromoethane 2106 70-130103

0-81,2-Dichlorobenzene 2107 86-116105

0-251,1-Dichloroethene 395 70-13093

0-30Ethylbenzene 2108 70-130106

0-8Toluene 3110 87-123107

0-10Trichloroethene 2102 79-127100

0-13Vinyl Chloride 1112 69-129111

0-13Methyl-t-Butyl Ether (MTBE) 2102 71-131101

0-45Tert-Butyl Alcohol (TBA) 6110 36-168104

0-9Diisopropyl Ether (DIPE) 095 81-12394

0-12Ethyl-t-Butyl Ether (ETBE) 1100 72-126101

0-12Tert-Amyl-Methyl Ether (TAME) 0101 72-126101

0-31Ethanol 8109 53-149100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 12 of 32Page 12 of 32



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 08-02-11511615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

URS Corporation

Ausra / 2239472.01701Project:

Date Received: N/A

Matrix: Aqueous

MS%
REC

MSD %
REC

%REC
CL

RPD
CL

Date
Analyzed

Quality Control
Sample ID

Date
ExtractedParameter RPD QualifiersMethod

0-25Phosphorus, Total 2106 70-13010202/18/08SM 4500 P B/E IRW-1 2/18/08

0-9Fluoride 0102 64-14210102/15/08EPA 300.0 IRW-1 N/A

0-3Chloride 099 56-13410002/15/08EPA 300.0 IRW-1 N/A

0-6Nitrate (as N) 0104 58-14210402/15/08EPA 300.0 IRW-1 N/A

0-12o-Phosphate (as P) 1108 63-14110902/15/08EPA 300.0 IRW-1 N/A

0-3Sulfate 1111 49-13311302/15/08EPA 300.0 IRW-1 N/A

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 13 of 32Page 13 of 32



alscience

nvironmental
aboratories, Inc.

Quality Control - Duplicate

Work Order No:

Project:

Date Received:URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

Ausra / 2239472.01701

08-02-1151
N/A

Matrix: Aqueous

QualifiersRPD CLParameter RPDSample Conc DUP ConcDate AnalyzedMethod QC Sample ID

pH 0-256.88 6.91 002/15/08SM 4500 H+ B IRW-1

Specific Conductance 0-251600 1600 002/15/08SM 2510 B IRW-1

Turbidity 0-253.1 3.1 002/16/08SM 2130 B IRW-1

Carbon Dioxide 0-256.3 6.1 302/15/08SM4500-CO2D IRW-1

Alkalinity, Total (as CaCO3) 0-25114 114 002/15/08SM 2320B IRW-1

Bicarbonate (as CaCO3) 0-25114 114 002/15/08SM 2320B IRW-1

Carbonate (as CaCO3) 0-25ND ND NA02/15/08SM 2320B IRW-1

Hydroxide (as CaCO3) 0-25ND ND NA02/15/08SM 2320B IRW-1

Solids, Total Suspended 0-206100 6060 102/15/08SM 2540 D 08-02-1082-5

Solids, Total Dissolved 0-201710 1520 1202/15/08SM 2540 C 08-02-0943-9

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 14 of 32Page 14 of 32



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

08-02-1151

Ausra / 2239472.01701

EPA 3010A TotalPreparation:
Work Order No:
Date Received:

Project:

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

N/A

02/15/08

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 080215L05

Date
Prepared

Date
Analyzed

02/15/08

Quality Control Sample ID

097-01-003-8,022

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

95 0-201580-120Antimony 82

96 0-201580-120Arsenic 82

101 0-20280-120Barium 100

98 0-20480-120Beryllium 95

102 0-20080-120Cadmium 102

104 0-20480-120Chromium 99

96 0-20480-120Copper 100

100 0-20280-120Lead 98

105 0-20080-120Nickel 105

91 0-20080-120Selenium 91

98 0-20080-120Thallium 98

101 0-20880-120Aluminum 94

109 0-201480-120Calcium 95

104 0-20280-120Iron 102

99 0-20180-120Magnesium 98

99 0-20580-120Manganese 94

95 0-20680-120Potassium 90

98 0-20780-120Sodium 92

107 0-20080-120Silicon 107

105 0-20280-120Zinc 102

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7470A

08-02-1151

Ausra / 2239472.01701

EPA 7470A TotalPreparation:
Work Order No:
Date Received:

Project:

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

N/A

02/15/08

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

Mercury 080215L04

Date
Prepared

Date
Analyzed

02/15/08

Quality Control Sample ID

099-04-008-3,364

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

97 0-4185-121Mercury 96

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8270C

08-02-1151

Ausra / 2239472.01701

EPA 3510BPreparation:
Work Order No:
Date Received:

Project:

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

N/A

02/18/08

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS MM 080218L01

Date
Prepared

Date
Analyzed

02/19/08

Quality Control Sample ID

095-01-003-2,344

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

35 0-2404-142Phenol 35

80 0-17053-1132-Chlorophenol 80

70 0-19050-1221,4-Dichlorobenzene 70

78 0-22056-146N-Nitroso-di-n-propylamine 78

78 0-18055-1214-Chloro-3-Methylphenol 78

86 0-17155-139Acenaphthene 85

30 0-2921-1454-Nitrophenol 30

77 0-22141-1612,4-Dinitrotoluene 76

63 0-23434-130Pentachlorophenol 61

106 0-27138-170Pyrene 106

73 0-19049-1211,2,4-Trichlorobenzene 73

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 8260B

08-02-1151

Ausra / 2239472.01701

EPA 5030BPreparation:
Work Order No:
Date Received:

Project:

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

N/A

02/21/08

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

GC/MS CC 080221L01

Date
Prepared

Date
Analyzed

02/21/08

Quality Control Sample ID

099-10-006-24,504

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

101 0-8184-120Benzene 102

102 0-10363-147Carbon Tetrachloride 99

103 0-7189-119Chlorobenzene 102

105 0-20480-1201,2-Dibromoethane 101

106 0-9189-1191,2-Dichlorobenzene 104

94 0-16177-1251,1-Dichloroethene 93

107 0-20180-120Ethylbenzene 108

108 0-9183-125Toluene 109

100 0-8289-119Trichloroethene 102

112 0-13263-135Vinyl Chloride 111

102 0-13582-118Methyl-t-Butyl Ether (MTBE) 97

107 0-32546-154Tert-Butyl Alcohol (TBA) 102

95 0-11381-123Diisopropyl Ether (DIPE) 92

101 0-12374-122Ethyl-t-Butyl Ether (ETBE) 98

100 0-10276-124Tert-Amyl-Methyl Ether (TAME) 98

103 0-321060-138Ethanol 93

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 18 of 32Page 18 of 32



nvironmental
aboratories, Inc.

alscience

Quality Control - LCS/LCS Duplicate

08-02-1151

Ausra / 2239472.01701

Work Order No:
Date Received:

Project:

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

N/A

Matrix: Aqueous

Parameter Qual
RPD
 CLRPD

%REC
 CL

LCS %
REC

LCSD %
REC

Date
Extracted

Date
AnalyzedMethod

Quality Control
 Sample ID

101 0-7180-122Fluoride 100EPA 300.0 02/15/08N/A099-05-118-4,347
97 0-5081-111Chloride 97EPA 300.0 02/15/08N/A099-05-118-4,347
102 0-12087-111Nitrate (as N) 102EPA 300.0 02/15/08N/A099-05-118-4,347
101 0-22078-126o-Phosphate (as P) 101EPA 300.0 02/15/08N/A099-05-118-4,347
104 0-13089-107Sulfate 104EPA 300.0 02/15/08N/A099-05-118-4,347
84 0-20180-120Cyanide, Total 84SM 4500-CN E 02/15/0802/15/08099-05-061-2,225

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108-4319

Ausra / 2239472.01701

08-02-1151
Date Received:
Work Order No:

Project:

N/A

Matrix : Aqueous

Parameter Qualifiers
Conc
Added

LCS
%Rec

%Rec
CL

Conc
 Recovered

Date
 AnalyzedMethod

Quality Control
 Sample ID

Date
 Extracted

80-120103Phosphorus, Total 0.400 0.411SM 4500 P B/E 099-05-098-1,897 02/18/08 02/18/08

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

08-02-1151

See applicable analysis comment.*

Surrogate compound recovery was out of control due to a required sample dilution,
therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of
control due to matrix interference.  The associated LCS and/or LCSD was in control and,
therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD associated with this batch of samples was out of control due to a matrix
interference effect. The associated batch LCS/LCSD was in control and, hence, the
associated sample data was reported with no further corrective action required.

5

Result is the average of all dilutions, as defined by the method.A

Analyte was present in the associated method blank.B

Analyte presence was not confirmed on primary column.C

Concentration exceeds the calibration range.E

Sample received and/or analyzed past the recommended holding time.H

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

Nontarget Analyte.N

Parameter not detected at the indicated reporting limit.ND

Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

Undetected at the laboratory method detection limit.U

% Recovery and/or RPD out-of-range.X

Analyte presence was not confirmed by second column or GC/MS analysis.Z

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Sample  ID
# Fibers

Asbestos

#  Fibers
Non-

Asbestos
Type(s) Of
Asbestos

Analytical
Sensitivity

(MFL)

Concentration
Of Asbestos

Fibers
(MFL)Confidence

Limits Comments
Sample Prep 

Date

Determination of Asbestos Structures over 10um in Length in Waste Water Performed 
by the EPA 100.2 Method

LA Testing
159 Pasadena Avenue, South Pasadena, CA 91030
Phone:  (323) 254-9960        Fax:  (323) 254-9982     Email:   pasadenalab@latesting.com

320801961

Attn: Vik Patel
Calscience Environmental Labs, Inc.
7440 Lincoln Way
Garden Grove, CA 92841-1432

Customer PO: 08-02-1151

Received: 02/15/08 12:40 PM

08-02-1151

Customer ID: 32CALS51

Fax: (714) 894-7501 Phone: (714) 895-5494

Project:

LA Testing Order:

LA Testing Proj:

2/21/2008Analysis Date:

Report Date: 2/21/2008

IRW-1
320801961-0001

Total area of filter examined = 
0.23 mm2

0 0 0.19 <0.190.00-0.692/21/2008

Effective filtration area = 1288 mm2. Sample prepped past 48 hour hold time. UV ozonated.

Derrick Tanner, Laboratory Manager
or other approved signatory

100.2-V221 1THIS IS THE LAST PAGE OF THE REPORT.

Analyst(s)

Sample collection and containers provided by the client, acceptable bottle blank level is defined as <=0.01MFL>10um. ND=None Detected. This report relates only to those items tested. 
This report may not be reproduced, except in full, without written permission by EMSL Analytical, Inc. Samples received in good condition unless otherwise noted.

ACCREDITATIONS: NVLAP 200232-0, California State DHS #2283

Sherrie Ahmad (1)
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