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September 21, 2007 
File No. 86405 

Mr. Geoffrey Baxter, PE 
Project Manager 
Worley Parsons 
2330 East Bidwell Street, Suite 150 
Folsom, California 95630 

Subject: Preliminary GeotechnicalIGeologic Constraints Evaluation 
Project Beacon 
Kern County, California 

Dear Mr. Baxter: 

Kleinfelder West, Inc. (Kleinfelder) is pleased to present this report summarizing 
geologic and geotechnical conditions within the study area, and potential geologic and 
geotechnical constraints associated with the site. The project is located within the 
Fremont Valley area north of California City, unincorporated Kern County, California. 

The purpose of this investigation was to identify and evaluate geologic and geotechnical 
constraints that could affect development of the project. In general, the primary 
geologic and geotechnical constraints associated with the project include the potential 
for fault rupture; moderate to severe seismic shaking; subsidence and ground failure 
related to groundwater withdrawal; local flooding; and expansive andlor collapsible 
alluvial soils. This report describes these conditions and presents preliminary 
recommendations for planning and further studies. 

We appreciate the opportunity to be of service on this project. If you have any 
questions, comments, or require additional inform 
contact our office. 

Respectfully submitted, 

KLElNFELDER WEST, INC. 

Senior Geologist 
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1 GENERAL 

Kleinfelder West, Inc. (Mleinfelder) was retained by WorleyParsons to conduct geologic 

and geotechnical services in support of the proposed Project Beacon Power Plant in 

Fremont Valley, Kern County, California. The location of the project site is shown on 

Plate 1, Site Location Map. The scope of our services was presented in our proposal 

entitled Proposal to Conduct Geotechnical Engineering Investigation, California City 

Solar Project, California City, California, dated June 21, 2007. The purpose of this 

study is to provide preliminary geological and geotechnical engineering information for 

use by the design engineer for further planning, design and economic evaluations of the 

project. 

% .2 PROJECT DESCRIPTION 

We understand that the proposed power project site will be located on approximately 

2,300 acres land area, north of California City along Highway 14 in the Mojave Desert, 

approximately "1 miles north of Highway 58. The proposed power plant will generate 

approximately 250 to 500 MW of power using solar panels. 

Based on a review of preliminary site plans prepared by WorleyParsons and 

discussions with you, we understand that the project will include a solar array field 

distributed over approximately two square miles in the eastern portion of the site and a 

power block within solar array field. The power block will include a cooling tower and 

steam turbine and an unspecified number of other lightly loaded structures. The project 

will also include water ponds in the northeast portion of the site and an administration 

building and warehouse in the western portion adjacent to Highway 14. 

'8 -3 PURPOSE AND SCOPE 

The purpose of this study was to research and evaluate the existing geotechnical and 

geologic conditions within the project study area and to identify potential geologic and 

geotechnical constraints that could impact planning, design and construction. 

The study entailed a literature search, review of available engineering documents, 

interaction with the planning and design team, review and interpretation of available 
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aerial photographic maps, geologic reconnaissance mapping, compilation and analysis 

of the collected data, and the preparation of this report. Reconnaissance surface 

geology was compiled on USGS 7.5 minute topographic base maps (1:24,000 scale) 

and aerial photographs covering the project area. Geologic data collected during our 

literature search were also compiled on the base maps and modified based on the 

results of our geologic reconnaissance. The collected data and results of our site 

reconnaissance were evaluated to identify geologic hazards and geotechnical 

constraints. 

Subsurface exploration and laboratory testing were not performed as part of this 

investigation. Future detailed site-specific investigations are recommended for the 

various project components. 

1.4 PREVIOUS STUDIES AND PERTINENT REPORTS 

Geologic and geotechnical literature reviewed included reports, maps, and other 

documents prepared by the California Geological Survey, the U. S. Geological Survey, 

and other agencies. We also reviewed the Work Plan for Investigation of Groundwater 

Resources for the project prepared by ENSK. A list of maps, reports and documents 

reviewed as part of this study is presented below. 

Areal geologic map of the Western Mojave Desert, California, 1967, U.S. 

Geological Survey Professional Paper 522. 

Map showing recently active breaks along the Garlock and associated faults, 

California, 1973, U.S. Geological Survey Miscellaneous Investigations Map 1-741. 

Log of trench in the Garlock fault zone, Fremont Valley, California, 1979, U.S. 

Geological Survey Miscellaneous Filed Studies Map MF-1028. 

e Subsidence cracking and subsequent erosional fissuring in Fremont Valley, 

California: 1978 and 1983, June 1984, Naval Weapons Center Technical 

Memorandum 5268. 

Modern ground failure in the Garlock fault zone, Fremont Valley, California, 1988, 

Geological Society of America, v. 100, May 1988. 
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Ground cracks along the Garlock fault zone in Fremont Valley, Kern County, 

California, 1 989, California Division of Mines and Geology, Fault Evaluation Report 

FER-I 97. 

State of California Special Studies Zone, Cantil Quadrangle, Revised Official Map, 

1990, California Division of Mines and Geology. 

e State of California Special Studies Zone, Cinco Quadrangle, Revised Official Map, 

1990, California Division of Mines and Geology. 

State of California Special Studies Zone, NE % Mojave Quadrangle, Official Map, 

1976, California Division of Mines and Geology. 

Work plan for Investigation of groundwater resources, Project Beacon, Kern 

County, California, August 2007, ENSR. 

Geologic Map of California, Trona Sheet, 1963, California Division of Mines and 

Geology. 

Geologic Map of California, Bakersfield Sheet, 1965, California Division of Mines 

and Geology. 

Pertinent findings and information contained within these maps and reports are 

discussed within the body of this report. 
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2.1 SITE DESCRIPTION 

The project is located within the Fremant Valley area north of California City, in 

unincorporated Kern County, California. The approximate project boundaries are 

shown on Plate 1, Site Location Map. The site is located within Sections 3, 4, 7, 8, and 

9 of Township 30 South, and Range 37 East. The approximate center of the site is 

located at approximate Latitude 35.2564" N and Longitude 11 8.01 89" W. 

The site encompasses approximately 2,300 acres of essentially vacant land. According 

to a work plan report prepared by ENSR for the project (ENSR, 2007) and other 

research (Pampeyan, 1988), the site was previously used for alfalfa farming. Farming 

was discontinued in 1988. Remnant hay storage facilities are located in the southern 

portion of the property. Approximately 14 groundwater wells are scattered throughout 

the property. An abandoned storage or detention basin is located near the center of the 

site. Surrounding developments include the Southern Pacific Railroad to the west, a 

small cluster of buildings easterly and adjacent to Highway 14 west of the site, and 

several abandoned structures northeast of the site. 

Topography across the site is characterized as an area of low relief. The area is part of 

the Fremont Valley, a deep northeast trending alluvial-filled basin. The valley floor in 

the project area slopes gently to the northeast. Elevations range from approximately 

2,260 feet above mean sea level (msl) in the southwest portion of the site to 

approximately 2,020 msl at the northeast corner. Overall relief on the site is on the 

order of 240 feet. An approximate 15- to 25-foot high northeast trending eroded 

escarpment trends through the middle of the site. This escarpment coincides with the 

mapped trace of the Cantil Valley fault. A more detailed discussion of the fault is 

provided in Section 3 of this report. A relatively well-defined north- to northeast-trending 

drainage channel crosses through the site in the area of the proposed solar array field 

and power block. The channel ranges from approximately 25 to 70 feet wide and 

includes near vertical banks up to approximately 2 to 4 feet high. Several other 

drainage channels also cross the western, southern and northeastern portions of the 

site. 
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Surface drainage throughout the study area is via sheetflow runoff over the contour of 

the land. Offsite drainage from the south is also directed onto the site via the natural 

drainage channel near the middle of the site. Drainage flows to the northeast towards 

Koehn Lake, a closed depression within Fremont Valley that receives drainage from the 

northeast and southwest. Koehn Lake is a dry lake, or playa, formed at the lowest 

elevation within Fremont Valley. The formation of the lake is associated with formation 

of the valley and is not likely a result of regional subsidence. 

2.2 GROUNDWATER CONDITIONS 

The project. study area is located within the Fremont Valley Groundwater Basin, which is 

divided into several sub-basins including the Koehn Lake sub-basin. The project site is 

located within the Koehn Lake sub-basin. A more detailed description of the Fremont 

Valley groundwater Basin and the Koehn Lake sub-basin is presented in the Work Plan 

for Investigation of Groundwater Resources, Project Beacon, Kern County, California 

prepared by ENSR (2007). 

Much of the groundwater information provided in this report is based on review of the 

above referenced report prepared by ENSR, which in turn is based on State database 

information, published reports on groundwater, and information provide by the property 

owner's representative. Additional information has been derived from publications from 

the U.S. Geological Survey and the California Geological Survey. 

Data on groundwater beneath the site is based on 14 wells that were installed on the 

site over 25 years ago. Well information provided in the ENSR report indicates 

groundwater depths beneath the site ranged from 304 to 487 feet beneath the ground 

surface (bgs) in February 1981. More recent information in the California DWR 

database for two wells on the site indicates groundwater levels on the order of 270 to 

313 feet bgs (ENSR). The cause for the apparent recent rise in groundwater is 

unknown, but may be related to regional recharge and the discontinuation of well 

pumping after 1985. 
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Additional information on groundwater from the California Geological Survey and the 

U.S.  Geological Survey indicate pumping of groundwater within the Fremont Valley area 

has occurred in the past for crop irrigation. Groundwater level declines associated with 

pumping for irrigation may be associated with past land subsidence and ground failures. 

A more detailed discussion of groundwater, subsidence and ground failure is presented 

in Section 3 of this report. 
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3.0 GEOLOGlC AND GEOTECHNUCAL CONDITIONS 

3.1 REGIONAL GEOLOGUC SETTlNG 

Regionally, the project study area is located within the northwestern portion of the 

Mojave Desert Geomorphic Province of California. The Mojave Desert Province is 

characterized as a broad interior region of isolated mountain ranges separated by broad 

alluvial basins. The province is wedged between the northeast-trending Garlock fault, 

on the north and the northwest-trending San Andreas fault on the south. 

Locally, the study area is located within what is known as the Fremont Valley, a deep 

northeast trending alluvial-filled basin. The basin is bounded on the northwest by the 

southern Sierra Nevada Mountains and the El Paso Mountains, and on the east by the 

Rand Mountains. The valley is underlain by approximately 5,000 feet of low-density 

unconsolidated alluvial sediments (Pampeyan and others, 1988). Within the study area, 

the valley has formed as a deep structural depression or pull-apart basin formed 

between two strands of the Garlock fault - the East Strand and the West Strand. 

The most significant geologic feature in the project area is the Garlock fault. The 

Garlock fault extends from its junction with the San Andreas fault near Gorman on the 

west to the Death Valley fault zone on the east. The fault is a left-lateral strike-slip fault 

with approximately 40 miles of offset (Smith, 1962). In the project area, the Garlock 

fault consists of two strands referred to as the East Strand and the West Strand. These 

two faults are an example of a classic left-stepping en echelon fault system (Pampeyan 

and others, 1988). The East Strand bounds the northwest side of Koehn Lake and 

Fremont Valley. North of Kaehn Lake, this fault is the main branch of the Garlock fault. 

The West Strand bounds the southeast side of Koehn Lake and extends southwestward 

through the study area. The West Strand is also referred to as the Cantil or Cantil 

Valley fault. Within the study area the Garlock fault includes both strands, with the West 

Strand beginning near Koehn Lake and the East Strand dying out or joining with the 

West Strand just south of the study area near Pine Tree Canyon. 

Lithologically, the study area is underlain primarily by recent alluvium, Holocene 

lacustrine (lake) and playa deposits near the surface, and older alluvium at depth. The 

recent and older alluvial deposits are comprised or various mixtures, layers and lenses 
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of sand, silt and gravel. The lacustrine and playa deposits are comprised of finer- 

grained sands, silts and clays. Basement rocks comprised of granitic andlor 

metamorphic rocks are believed to underlie the unconsolidated alluvial soils at depth. 

Regional geologic conditions are shown on Plate 2. 

3.2 STRATIGRAPHY 

Geologic conditions in the project area have been regionally mapped or compiled by 

several authors including Jennings, Burnett, and Troxel (1962), Smith (1964), Dibblee 

(1967), and Jennings (1977). Geologic units and contacts shown on maps prepared by 

these authors were reviewed and field-checked during our site reconnaissance 

mapping. Units exposed at the surface within the study area include artificial fill; 

Quaternary alluvium: Quaternary lake deposits and Pleistocene older alluvium. 

The majority of the site is underlain by recent alluvium and or Quaternary lake 

(lacustrine) deposits. Minor artificial fill is also present on the site in areas of past 

disturbance including roads, hay storage facilities, water wells, and detention basins. 

Following are brief descriptions of the soil and geologic units in order of increasing age. 

3.2.1 Fill 

Artificial fill is present in portions of the project study area, in association with existing 

developments such as roads and structures. The extent and depth of fill on the site is 

unknown but is estimated to be minor based on the limited extent of disturbance to the 

site in the past. Fill soils present on the site are likely generated from native soils and 

are anticipated to be composed of various mixtures of sands, silt and gravel. Dump fill 

is also present locally on the site. The dump fill consists of local piles of wood and 

concrete rubble, tires, and various amounts of trash. For engineering purposes, artificial 

fills are generally required to meet certain specifications related to grain size, 

composition, and compaction. The degree of compliance with such standards for fills in 

the study area is unknown. 

3.2.2 Younger Alluvium 

Holocene-age alluvium underlies the majority of the site. The alluvium in the project 

area consists of unconsolidated mixtures of sand, silt and gravel with local cobbles. 
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Where exposed onsite, the alluvium is cri~dely stratified with alternating layers and 

lenses of sand, silt and gravel. The thickness of the alluvial soils beneath the site is 

unknown. However, previous researchers indicate unconsolidated and moderately 

consolidated deposits in the Fremont Valley area are more than 5,000 feet thick 

(Pampeyan, 1988). This includes younger and older alluvial deposits, and sediments of 

the Pliocene Ricardo Formation. Within the Moehn Lake sub-basin the unconsolidated 

deposits including the younger alluvium reportedly ranges up to 1,900 feet in thickness 

(ENSR, 2007). The alluvial sediments should he expected to be relatively high in 

permeability, loose to moderately dense near the surface, and increasing in density with 

depth. Portions of the alluvial soils are likely subject to collapse and consolidation upon 

loading and wetting. 

3.2.3 Lake Deposits 

Holocene lake deposits have been mapped underlying Moehn Lake and the surrounding 

dry lake area within Fremont Valley. The lake deposits have been mapped by others as 

far south as the northern portion of the project area (Dibblee, 1967, Smith 1964) and 

were observed during our site reconnaissance on August 20, 2007. The aerial extent of 

the lake deposits on the subject property was not mapped as part of this study. 

However, the lake deposits were observed during our site reconnaissance in the 

northern portion of the study area and, where observed, the lake deposits consist of a 

mixture of silt and clay soils. The lake deposits exhibit numerous polygonal desiccation 

cracks at the ground surface suggesting these soils have potential for expansion and 

shrinkage upon wetting and drying. 

3.2.4 Older Alluvium 

Pleistocene-age older alluvium exists beneath the recent alluvium and is mapped locally 

at the surface along the margins of Fremont Valley. The older alluvium is similar in 

composition and origin to the younger alluvial deposits but is generally more 

consolidated. The older alluvium generally consists of poorly-graded sand, silt, gravel 

and clay with finer grained and well graded deposits toward the center of the valley 

(ENSR, 2007 based on Weir et al. 1965, Bloyd, 1967, and DWR 2003). 
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The overburden thickens, depths of recent alluvium and lake deposits and areal 

distribution and engineering properties of the various soil types underlying the site can 

be evaluated during future design-level geotechnical investigations. 

3.3 LANDSLIDES AND SLOPE STABILITY 

No known landslides have been mapped along or adjacent to the study area. We did 

not identifi any active or inactive landslides in the study area during our site 

reconnaissance or review of aerial photographs. 

3.4 FAULTING AND SEISM%G!W 

3.4.1 Faillt Rupture 

As discussed earlier, the most significant geologic feature in the project area that could 

affect the project is the Garlock fault. This fault is one of the major fault systems in 

southern California and is also a major physiographic boundary between the Mojave 

Desert Geomorphic Province on the south and the Sierra Nevada and Basin-Ranges 

Provinces on the north. As discussed in Sedion 3.1, the Garlock fault includes two 

strands in the project area - the East Strand and the West Strand. The West Strand is 

referred to interchangeably in the literature as the Garlock West Strand, the Cantil fault 

and the Cantil Valley fault. 

Both the strands of the Garlock fault are considered active and are included within an 

Alquist-Priolo Earthquake Fault Zone associated with the Garlock fault zone, as 

designated by the State of California (Hart, 1997). The Alquist-Priolo Earthquake Fault 

Zoning Act was passed in 1972 to mitigate the hazard of surface faulting to structures 

planned for human occupancy. This state law was a direct result of the 1971 San 

Fernando Earthquake, which was associated with extensive surface fai~lt ruptures that 

damaged numerous homes, commercial buildings, and other structures. 

The Cantil Valley fault has been mapped by the State of California as crossing the 

project area through the proposed solar array field and near the proposed power block 

(see Plate 3, Site Fault Map). Some available maps reviewed indicate the fault is buried 

beneath recent alluvial soils (Smith, 1964) while other maps indicate the fault shows 

evidence of past surface rupture at the surface (Jennings, 1977, Dibblee, 1967, 

Pampeyan, 1988). 
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On aerial photographs, the main projection of the fault is recognized as a long lineal 

tonal expression, trending approximately N57E through the project area. 

Reconnaissance field mapping perFormed on August 24, 2007 by the undersigned 

geologists verified the approximate location and orientation of this fault. The fault 

location was checked using a handheld Trimble (GPS) unit to obtain accurate 

coordinates at three locations along the fault (field points 1, 2, and 9, Plate 3). In the 

field, the fault is expressed primarily as an escarpment trending approximately N55- 

60E, with approximately 15 to 25 feet of relief across the fault. The sense of 

displacement is northwest side down relative to the southeast side. This sense of 

displacement is consistent with that described in the literature reviewed (Wills, 1989). 

The escarpment is well eroded and evidence of ground cracks or other offsets were not 

observed during our site reconnaissance. The Cantil Valley fault is shown on geologic 

maps prepared by the State as a series of discontinuous discrete breaks along the 

escarpment (Wills, 1988). To the northeast, the Cantil Valley fault diverges into several 

northeast to northwest trending splays. 

Other north to northwest-trending faults have been mapped in the northern and 

northwest portions of the site in the area of the proposed solar array field and water 

ponds areas (see Plate 3). These faults are also included within an Alquist-Priolo 

Earthquake Fault Zone associated with the Garlock fault zone. These faults are 

oriented in a conjugate orientation with respect to the main trend of the Garlock fault. 

These faults likely originated during formation of the pull-apart basin formed by the left 

step of the Garlock fault from the East Strand to the West Strand. These faults are not 

considered seismogenic faults (capable of generating an earthquake) but rather are 

more likely to display sympathetic movement or activity in response to activity and 

movement on a nearby major fault such as the Garlock fault. 

Like the main trace of the Cantil fault, some of these north to northwest trending faults 

are visible as tonal lineaments and aligned drainages on aerial photographs. VVe were 

not able to verify many of the lineaments in the field. However, several well defined 

erosional features, ground cracks, and aligned depressions were mapped during our 

site reconnaissance. The mapped features are coincident with one set of previously 

mapped faults by others (field points 4-8, Plate 3). The locations of these featclres were 

documented using a handheld Trimble GPS unit and are shown on Plate 3. 
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Many of the north to northwesterly trending faillt features have been recently associated 

with ground failure as a result of past pumping of groundwater for irrigation and 

subsidence as a result of the pumping. A detailed discussion is provided in Section 3.6 

of this report. Koehn Lake to the northeast has no relationship to the north to 

northwesterly trending fault features. 

3.4.2 Seismicity and Ground Motion 

As described earlier, the project study area is located in the highly seismic, southern 

California region within the influence of several fault systems, which are considered to 

be active or potentially active. An active fault is a fault that has experienced seismic 

activity during historic time (since roughly 1800) or exhibits evidence of surface 

displacement during Holocene time (Hart and Bryant, 1997). The definition of 

"potentially active" varies. A generally accepted definition of "potentially active" is a fault 

showing evidence of displacement that is older than 11,000 years (I-iolocene age) and 

younger than 1.7 million years (Pleistocene age). However, "potentially active" is no 

longer used as criteria for zoning by the California Geologic Survey (CGS). The terms 

"sufficiently active" and "well-defined" are now used by the CGS as criteria for zoning 

faults under the Alquist-Priolo Earthquake Fault Act. A "sufficiently active fault" is a fault 

that shows evidence of Holocene surface displacement along one of more of its 

segments and branches, while a "well-defined fault" is a fault whose trace is clearly 

detectable by a trained geologist as a physical feature at or just below the ground 

surface. The definition "inactive" generally implies that a fault has not been active since 

the beginning of the Pleistocene Epoch (older than 1.7 million years old). These 

sufficiently active and well defined faults are capable of producing seismic shaking at 

the site that could potentially be damaging to buildings and appurtenant structures. It is 

anticipated that the study area will periodically experience ground acceleration as the 

result of moderate to large magnitude earthquakes. 

The closest major active faults capable of generating ground motions that could affect 

the project during a seismic event are the Garlock and Lenwood-Lockwood-Old Woman 

Springs fault zones. Previous studies by others indicate the Garlock fault near the 

project area has a slip rate of 5-1 1 mmlyear (Pampeyan and others, 1988; Peterson 

and Wesnonsky, 1994). Other literature suggests the recurrence interval for large 

earthquakes on the Garlock fault is about 1,000 years. 
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Faults are also classified as A, B, or C types for Near-Source Zone ground motion by 

both State and International Conference of Building Officials (ICBO). In the 1997 

Uniform Building Code (UBC), Table 16-U, faults are classified according to parameters 

of known slip rate and maximum earthquake magnitude. Generally, a "Type A fault 

has a magnitude, M, greater than or equal to 7.0 and a slip rate (SR) greater than or 

equal to 5mm/yr. A "Type B" fault has a magnitude M>7.0 and SR<5mm/yr and 

SR>2mm/yr., or W6 .5  and SR<2mm/yr. A "Type C" fault has a magnitude, M, less 

than 6.5 and a slip rate of less than Zmmlyr., or is unrated under the current knowledge. 

We have performed a computer-aided search of the known sufficiently active and well 

defined faillts within a 62-mile radius of the site and researched available literature to 

assess the maximwn magnitude earthquakes expected to be generated on each fault. 

Table 1, Significant Faults, summarizes the parameters for six out of the twenty known 

active and well defined faults within the searched radius of the site that, in our opinion, 

will have the greatest impact upon the site. Selection of the faults was based on their 

proximity to the site and their potential to generate strong ground motion on the site. 

Table 1 was generated using, in part, the EQFAULT computer program (version 3.00b) 

developed by Blake (2000) as modified using the fault parameters from DMG Open File 

Report 96-08 and the 1997 UBC fault maps (ICBO, 1997). This table does not identify 

the probability of reactivation or the on-site effects from earthquakes occurring on any of 

the other faults in the region. 
Table 1 

Significant Faults 
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Since a number of moderate earthquakes have occurred in the vicinity of the project site 

in past years, we conducted a historic earthquake search. The parameters used to 

define the limits of the historical earthquake search included geographical limits (within 

100 km [62 miles] of the site), dates (1 800 through 2006), and magnitude (magnitudes 

above M 4.0). A summary of the results of the search is presented below in Table 2, 

Summary of Historic Earthquake Search. 

Table 2 
Summary of Historic Ea~hqeaake Search 

Approximate distance to nearest historical earthquake, with a 6.7 km (4.2 mi.) 1 

Under the current understanding of regional seismo-tectonics, the largest maximum 

credible event to impact the site may be generated by the Garlock fault-East Strand, 

which is considered to be capable of generating a moment magnitude M7.5 earthquake. 

Based on review of preliminary information the peak ground acceleration (PGA) at the 

site may be on the order of 0.4 g (CGS PSHA website). Peak ground acceleration is a 

measure of the maximum acceleration experienced at the site during an earthquake 

event. A more detailed seismic design evaluation should be performed as part of a 

design level geotechnical investigation. 

3.5 LIQUEFACTION POTENTIAL AND SEISMlCALLY INDUCED SETTLEMENT 

Liquefaction is a phenomenon that may occur because of earthquake shaking at 

locations where loose sandy soils are present and groundwater levels are shallow. 

Potential liquefaction hazards are estimated to be low due to deep groundwater beneath 

the site. 

Seismically induced settlement occurs where earthquake shaking causes densification 

of relatively loose sediments. Sediments that are sufficiently loose are subject to such 

densification, which can cause surface settlement and damage to surface and near- 

surface structures. Geotechnical investigations, which will be completed to support 
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project design and construction, should evaluate areas that may be subject to 

seismically induced settlement. Standard design and construction techniques can then 

be used to mitigate the potential for damage due to seismically induced settlement. 

Typical mitigation may include removal and recompaction of relatively loose soils. 

3.6 FLOOD HAZARDS 

Based on the Flood Hazard Maps available through the Federal Emergency 

Management Agency (FEMA) website, indicate the Northeast trending wash on the site 

is located within a flood hazard zone prone to a 100-year frequency of flooding. 

3.7 SUBSIDENCE AND GROUND FAILURE 

Recent studies suggest that ground failures within Fremont Valley have developed as a 

result of past pumping of groundwater for crop irrigation. These findings are presented 

in more detail in papers published for the Naval Weapons Center, and by the California 

Geological Society and the Geological Society of America. These studies indicate that 

some of the subsidence related features coincide with some of the northwest trending 

secondary faults identified northwest of the proposed power block and in the area of the 

proposed water ponds. A summary of the research is presented below. 

A report to the Naval Weapons Center (NWC) in 1984 (Roquemore and Zellmer, 1984), 

indicates that ground cracks were identified in the Fremont Valley area following heavy 

rains in 1978. The groilnd cracks were documented using aerial photography followed 

by field mapping and plotting of the cracks on topographic maps. Additional heavy rains 

in 1983 resulted in additional reports of ground cracks in the Fremont Valley and a 

second reconnaissance study was performed by the NWC. According to the report 

prepared for the NWC (Roquemore and Zellmer, 1984), the most extensive ground 

cracking was observed in the area of "Rancho Seco" which is located just north of the 

northwest property corner. Some the ground cracks documented in 1978 and 1983 are 

shown on Plate 3 of this report near Rancho Seco. The cracks displayed "normal-slip 

displacement with the west side down." Approximately 4.5 to 10 cm (1.8 to 3.9 inches) 

of vertical displacement was documented as well as damage to a house, trailer, water 

line and irrigation channel, and formation of "collapse features, tunnels and fissures." 

Speculation on the causes of the ground cracks included tectonic strain and fault creep, 

and non-tectonic desiccation, piping, hydro-compaction, broad subsidence, groundwater 

over draft and slope failure. 
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Pampeyan, Holzer, and Clark (1988) presented a more detailed study on the ground 

failure within Fremont Valley. The report concentrated on the ground failures southwest 

of Koehn Lake. Ground failures observed included erosionally enlarged tension cracks 

(earth fissures) to dip-slip displacement of the land surface along pre-existing fault 

traces. 

According to Pampeyan and others, ground failure was first noted in the Frernont Valley 

in 1971 and was noted as open cracks along Holocene scarps. By 1976, ground failure 

was reportedly found on both sides of Neuralia Road and along Munsey Road to Koehn 

Lake. Additional new collapse features were noted following the heavy rains in 1978. 

These features are likely coincident with those report by Roquemore and Zellmer 

(1 984). 

In addition to documenting areas of ground cracking, Pampeyan's research also 

included a review of groundwater levels and groundwater usage in the valley. Water 

levels have reportedly declined approximately 88 meters (289 feet) between 1954 and 

1980 due to pumping for alfalfa irrigation. Areas of groundwater usage and decline 

include the subject property. Groundwater withdrawal rates were not included in 

Pampeyan's research. Areas of ground failure began after the water level decline, and 

the failures are reportedly restricted to areas affected by the decline. The pumping of 

the groundwater for irrigation has resulted in up to 0.9 m (3 feet) of subsidence between 

1977 and 1985 (Pampeyan and others, 1988). In addition, the valley's land surface was 

reportedly subsiding at an annual rate of 11 1 mmlyr (4.4 incheslyr) at the time of the 

study due to compaction of the aquifer system due to water-level decline. The current 

rate of subsidence in the valley is not known. 

In summary, Pampeyan and others have concluded that groundwater withdrawal within 

Fremont Valley has resulted in ground failure, but mostly along pre-existing faults. 

Regional subsidence is also reported to be a result of past groundwater withdrawal. We 

did not find any other data that suggests the subsidence is related to other factors such 

as seismic shaking or seismically induced settlement of loose alluvium. 

In view of the plan to develop groundwater resources for use on the power plant, the 

effect of groundwater withdrawal on future land subsidence should be considered in the 

overall site development plan. The overall effect of changes in groundwater levels on 
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subsidence has not been evaluated. Additional analysis is recommended to evaluate 

the effect of groundwater withdrawal and changes in groundwater level on subsidence, 

and the effect of subsidence on the proposed development. Future evaluations would 

include research and review of past drawdown and pumping rates, well records, and 

groundwater modeling. 

3.8 COLLAPSIBLE SOIL CONDITIONS 

A collapsible soil is generally defined as a soil that will undergo a sudden decrease in 

volume when its internal structural support is lost. The internal support is considered to 

be a temporary strength and is derived from any number of sources, including capillary 

tension, cementing agents (e.g. iron oxide and calcium carbonate), clay-welding of 

grains, silt bonds, clay bonds and clay bridges. Soils found to be mast susceptible to 

collapse include loess (fine-grained, wind-deposited sails) deposits, valley alluvium 

deposited within a semi-arid to arid climate, and residual soil deposits. 

The project site is located in a geologic environment that may be prone to a collapsible 

soil problem. Based an review of numerous geotechnical reports in similar areas and 

conditions and our experience in the area, the collapse potential for the majority of on- 

site soil alluvial deposits ranges from moderate to high. Geotechnical investigations 

should be completed to support project design and construction, evaluate areas that 

may be subject to collapsible soils, and evaluate the collapse potential beneath the site. 

Standard design and construction techniques can then be used to mitigate the potential 

for damage. Typical mitigation for collapsible soils is remedial grading to remove and 

recompact soils that are susceptible to collapse potential. Site-specific geotechnical 

investigations for the various components of the improvements should be performed to 

evaluate the depth of removal or alternative remedial techniques, and to develop 

appropriate recommendations. 

3.9 EXPANSIVE SOILS 

Expansive soils are characterized by their ability to undergo significant volume change 

(shrink or swell) due to variations in moisture content. Changes in soil moisture content 

can result from rainfall, landscape irrigation, utility leakage, roof drainage, perched 

groundwater, drought, or other factors, and may cause unacceptable settlement or 

heave of structures, concrete slabs supported-on-grade, or pavements supported by 

these materials. Depending on the extent and location below finished subgrade, 
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expansive soils can have a detrimental effect on structures. Based an our experience 

with the project site and the nature of lake soil deposits underlying the northern portion 

of the site, we believe that the expansion potential of the on site soils within the northern 

portion of the site is high. Residual soils in other areas may be expansive. 

Geotechnical investigations are recommended to evaluate and verify the expansion 

potential of the native soil deposits. 
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4.0 CONCLUSlONS AND RECOMMENDATIONS 

4.1 GENERAL 

The purpose of this investigation was to identify and evaluate geologic and geotechnical 

constraints that could affect development of the project. Based upon the findings of this 

research, geologic reconnaissance, and data evaluation, the primary geologic and 

geotechnical constraints associated with the project include the potential for fault 

rupture; moderate to severe seismic shaking; subsidence and ground failure related to 

groundwater withdrawal; local flooding; and expansive andlor collapsible alluvial soils. 

These conditions and their constraints on the proposed development are summarized 

below. 

The northeast trending Cantil Valley fault, also referred to as the Garlock fault. 

West Strand, crosses near the area of the proposed power block and through the 

area of the solar array field. This fault is capable of generating a M7.5 earthquake. 

Previous studies by others indicate the Garlock fault has a slip rate of 5-1 1 mm per 

year and the recurrence interval for large earthquakes on the Garlock fault is about 

1,000 years. Other north to northwest trending faults have been mapped through 

the areas of the proposed solar array field and water ponds areas. The Cantil 

Valley fault and other north to northwest trending faults are included within an 

Alquist-Priolo Earthquake Fault Zone and are considered active by the State of 

California. Although the provisions of the State Earthquake Fault Zoning act do not 

apply to the proposed power plant, we do not recommend locating critical 

structures such as the power block across active or well defined faults. We also do 

not recommend locating the proposed water ponds across active faults due to the 

potential for leakage of undesirable fluids into the subsurface upon fault rupture. 

The solar panels within the solar array field are considered non-critical structures 

and may be located within the fault zones provided the owner understands the risk 

of fault rupture damage in the event of an earthquake event and the risk is 

acceptable to the owner and the local regulatory agencies. 

The site is located in the highly seismic, southern California region within the 

influence of several fault systems, including the Garlock fault systems, which are 

considered to be active or potentially active. These active and potentially active 
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faults are capable of producing seismic shaking at the site that could potentially be 

damaging to buildings and appurtenant structures. It is anticipated that the study 

area will periodically experience ground acceleration as a result of moderate to 

large magnitude earthquakes. A detailed seismic design evaluation was not 

performed as part this evaluation and beyond the scope of work for this phase of 

the project. However, appropriate seismic design recommendations may be 

provided during the design phase of the project. In general, peak ground 

accelerations at the site may be on the order of 0.4g based on preliminary 

information (CGS PSHA website). 

As discussed in the preceding sections of this report, subsidence and related 

ground failure have been documented in and around the project site in the past. 

The subsidence and ground failure are reportedly associated with past pumping of 

groundwater for irrigation purposes and flooding. Up to 0.9m (3 feet) of 

subsidence has been reported between 1977 and 1985 due to groundwater 

withdrawal. Ground failure documented at the ground st~rface is reportedly along 

pre-existing features. The impact of subsidence and ground failure on the project 

is very difficult to assess. Since areas of ground failure related to subsidence have 

been documented and preliminary conclusions associate the failures with pre- 

existing fault features, the risk of damage to structures may be mitigated by 

relocating proposed structures away from these features. We also understand that 

groundwater pumping may be reestablished to provide water for operation of the 

plant. The impact of further groundwater withdrawal has not been evaluated. The 

correlation between subsidence and groundwater pumping will require additional 

analysis including review of previous groundwater pumping rates, and well records, 

and groundwater modeling. 

a The site is located within a flood hazard zone a flood hazard zone associated with 

the primary drainage channel crossing the site. Improvements in these areas will 

be subject to the potential for flood hazard. Project planning, design, and 

construction can reduce the potential hazard due to periodic flooding. 

Geotechnical investigations should be completed to support project design and 

construction and to evaluate the scour potential associated with periodic flooding. 
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Lake deposits underlie the northern portion of the site. Where observed during our 

site reconnaissance, the lake deposits consist of a mixture of silt and clay soils and 

exhibit numerous polygonal desiccation cracks at the ground surface suggesting 

these soils have potential for expansion and shrinkage upon wetting and drying. 

Based on our experience with the project site and the nature of lake soil deposits 

underlying the northern portion of the site, we believe that the expansion potential 

of the on site soils within the northern portion of the site is high. Design-level 

geotechnical investigations are recommended to evaluate and verify the expansion 

potential of the native soil deposits. 

The project site is located in a geologic environment that may be prone to 

collapsible soils. Based on our experience, the collapse potential for the site 

ranges from moderate to high. Geotechnical investigations should be completed to 

evaluate areas that may be subject to collapsible soils and provide appropriate 

recommendations to reduce the risk associated with collapsible soils. 

The following sections discuss the geotechnical and geologic issues described above 

and other potential geologic and geotechnical constraints common throughout the 

project area. Preliminary recommendations are provided for further planning, design 

and economic evaluations. 

The primary constraint for site development is the potential for surface rupture across 

the site. As discussed above, we recommend locating critical structures away from 

known active faults and State recognized fault zones. Based on our preliminary 

evaluation and discussions with you, we have identified a location for the proposed 

power block. The recommended location is near the center of the solar array field north 

of the Alquist-Priolo Earthquake Fault Zone for the Cantil Valley fault, and between the 

two sets of north to northwest trending secondary faults. The recommended location of 

the power block is shown on Plate 3. We also recommend locating the evaporation 

ponds outside of the Earthquake Fault Zone. The recommended location for the 

evaporation ponds is also shown on Plate 3. The recommended locations of the power 

block and evaporation ponds as shown on Plate 3 are acceptable from a geologic and 

geotechnical perspective based on our preliminary evaluation. 
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Depending on the requirements of the regulatory agencies, and the level of risk that the 

owner is willing to take for the project, additional fault trenching should be performed in 

the area of the proposed power block to confirm the presence or absence of faulting 

beneath the site. The location of fault trenching can be marked once a location for 

the power block is confirmed. In general, the trenching should be oriented in a 

northwesterly direction to intercept northeast trending faults and should cover the entire 

power block. 

A more detailed study of the potential for subsidence-related ground failure is also 

recommended. This may include a review of pervious groundwater records including 

drawdown rates, groundwater usage, and other groundwater and well records. 

Groundwater modeling will be required to quantify the amount of anticipated future 

settlement. 

Finally, design-level geotechnical investigations are recommended for future 

development of the site. 
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5.0 STANDARD DESIGN AND CONSTRUCTlON PRACTICES 

5.1 GEOTECHNICAL INVESTIGATIONS 

Implementation of standard design and construction practices will reduce the project's 

potential to induce geologic hazards. Such practices include detailed geologic and 

geotechnical studies. We recommend that site-specific, detailed geotechnical studies 

be performed on all project components prior to final design. Those studies will likely 

include a variety of investigation methods, such as detailed geologic mapping, 

geophysical surveys, borings, and trenching to evaluate site-specific geologic and 

geotechnical conditions. Additional, site-specific designs for foundations, soil 

conditions, and seismicity should be developed. 
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6.0 LIMITATIONS AND UNUFORMIW OF CONDlTUONS 

The conclusions and recommendations submitted in this report are based, in part, upon 

the data obtained from the field reconnaissance; review of pertinent geologic reports, 

and past experience. The nature and extent of variations from obser\~ed conditions may 

not become evident until detailed geotechnical and geologic studies of the site are 

performed or during construction. If variations then appear evident, it will be necessary 

to reevaluate the conclusions and recommendations of this report. The conclusions and 

recommendations in this report are preliminary and additional field exploration and 

engineering analyses should be performed. 

In the event of any change in the assumed nature of the proposed project, the 

conclusions and recommendations contained in this report shall not be considered valid 

unless the changes are reviewed and the conclusions of this report modified or verified 

in writing. This report is issued with the understanding that it is the responsibility of the 

Client or their representatives, to ensure that the information and recommendations 

contained in this report are called to the attention of architects and engineers for the 

project. 
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