8.15 Geologic Hazards and Resources

This section evaluates the effect of geologic hazards and geologic resources that might be encountered in the Metcalf Energy Center (MEC) area. Section 8.15.1 describes the existing geologic environment in the project area and Section 8.15.2 describes the effects of the geological environment on the project. Section 8.15.3 presents mitigation needs. Mitigation measures will be determined during the design phase of the project. Section 8.15.4 presents laws, ordinances, regulations, and standards (LORS) that apply to geologic impacts from the project. Section 8.15.5 presents a list of the involved agencies and contacts in those agencies. Section 8.15.6 describes the permits that will be required and the schedule for obtaining them.

8.15.1 Affected Environment

The MEC site is located within the Coast Ranges at the north end of the Coyote Valley. The valley is bordered by the Santa Cruz Mountains to the west by the Diablo Range to the east. The Coast Ranges is a series of valleys and mountains along the West Coast of California that extend from Oregon to the Santa Ynez River near Santa Barbara. The MEC site is approximately 14 acres and is located east of Tulare Hill (elevation 565 feet) in Santa Clara County (Township 8 South, Range 2 East; Latitude 37°13’13”, Longitude 121°44’42”; UTM zone 10, easting 611348.768, northing 4119893.696). The proposed power plant site is flat (elevation 250 feet) and is underlain by alluvial deposits.

8.15.1.1 Regional Geology 

The geology of the MEC vicinity is structurally complex, largely a result of the interaction of the strike-slip tectonics of the San Andreas fault system and the compressional tectonics of the Coast Ranges. The regional and local geology consists of hilly terrain dominated by the Upper Jurassic (150 million years old) Franciscan complex and other younger rocks separated by a series of alluvial filled valleys. The regional geology is dominated locally by the San Francisco Bay and tectonic activity associated with the San Andreas and other active faults.

8.15.1.2 Local Geology

The MEC site lies within the Coyote Valley portion of the Santa Clara Valley (see Section 8.14). Figure 8.15-1 shows the geology within a 2-mile radius of the MEC site. The following subsections discuss the structure and stratigraphy of the local area. 

8.15.1.2.1 Structure

The structural geology of the area is dominated by deformation associated with historic tectonic activity, the numerous faults in the region (discussed below), and the more recent (Quaternary) deposition of alluvial deposition off of the Diablo and Santa Cruz mountains. Folding frequently occurs parallel to the local faults (Norris and Webb, 1990), but is not well defined in the immediate vicinity of the MEC site. It is assumed that the Coyote Valley is underlain by the Franciscan Complex. 

Some landslides have occurred in the Diablo Range and Santa Cruz Mountains (Dribblee 1973). These slide are localized, however, and do not occur in the vicinity of the MEC site. 

8.15.1.2.2 Stratigraphy

Several major units occur in the vicinity of the MEC site. The mountains to the west and east of the site are dominated by the Francisican Complex, although other units such as the Santa Clara Formation occur extensively, although primarily within the Diable Range. 

Quaternary Alluvial Deposits. These are unconsolidated alluvial units deposited as alluvium from the adjacent mountains during the last 10,000 years. The majority of the alluvial deposits within the Coyote Valley emanated from Coyote Creek as it enters the valley (Iwamura, 1995; see Figure 8.14-1). Sand, gravel, and clay units are highly variable in the subsurface. A subsurface investigation for the PG&E Metcalf Substation approximately 2,000 feet northeast of the MEC site indicated that that site was underlain by silty sand with gravel and cobbles.

Franciscan Complex. The Franciscan Complex is a Middle to Late Jurassic (150 to 165 million years old) assemblage consisting of distinct units of sandstone, shale, chert, greenstone (metamorphosed basalt), and serpentinite (shallow mantle ultramafic). The Franciscan represents a melange, produced by the tectonic fragmenting and mixing of a subduction zone (Norris and Web, 1990). The stratigraphy of the Franciscan Complex is very complex and has not been highly differentiated for the purposes of this study because it is located adjacent to, but not at the MEC site itself. 

Upper Jurassic-Lower CretaceoU.S. Marine Sandstone and Shale. Undifferentiated unit defined by Wagner, et al, 1990. 

Temblor Formation. Marine sandstone, Miocene (?) (Wagner, et al., 1990).

Santa Clara Formation. The Santa Clara Formation is an older Quaternary terrestrial deposit consisting of conglomeratic or brecciated serpentine detritus, gravels, sand, and clay (Dibblee, 1973).

8.15.1.3 Regional Seismicity

Regional seismicity at the MEC site is influenced by the right-lateral strike-slip San Andreas Fault system and the compressional tectonics of the Coast Ranges. The tectonics of the Coast Ranges causes a series of folds and thrusts sub-parallel to the faults of the San Andreas fault system. 

8.15.1.3.1 Major Faults

Table 8.15-1 lists active (Holocene) faults within 30 miles of the site. For each fault an estimate of the maximum credible earthquake (MCE) is listed based on California seismic hazard mapping (Mualchin, 1996) and the Working Group on Northern California Earthquake Potential (WGNCEP, 1996). Figure 8.15-2 shows the principal faults in the site region and identifies their 1991 activity designation. Fault data have been obtained from Jennings (1994), Mualchin (1996), Bortugno et al. (1991), NCEDC (1998), and Campbell et al (1995). Below is a brief description of the active faults in the site region and the maximum intensity of earthquake that can be expected from the faults. The discussion below provides estimates of the potential force of an earthquake along the identified faults, but the actual impact that could occur at the MEC site would be based on the actual distance to the earthquake epicenter, magnitude of the earthquake, and response of the geologic units at the site to the earthquake. Other faults in the region, such as the Piercy, Silver Creek, Santa Clara, and Coyote Creek, are not considered active faults and therefore are not included in the discussion.
Table 8.15-1

Major Faults



Fault Name


Fault Length (miles)

Horizontal Distance to MEC Site (miles)
Maximum Credible Earthquake (MCE)
MW

Calaveras
75
5
7.5

Greenville
45
19
7.25

Hayward
62
22
7.5

Ortigalita 
41
26
7.0

San Andreas
745
12
8.0

Sargent 
32
10
6.75

Evergreen
15
6
NA

Monte Vista-Shannon
22
1
7.1

See report text for data sources.

Two scales are commonly used as a measure of earthquake intensity. The Richter scale (known technically as the “Richter local magnitude”) is based on the largest amplitude of seismic waves as recorded on a Woodson-Anderson seismograph. Richter scale values use the symbol ML. The “moment magnitude scale,” (MW) is currently favored by seismologists and is based on the seismic moment of the earthquake.

Calaveras Fault. The Calaveras fault is 75 miles long and is located approximately 5 miles east of the MEC site at its closest point. This fault is one of the main branches of the San Andreas system, branching off south of Hollister. The Calaveras fault movement is mainly a right-lateral strike-slip. Because extensive landslide deposits cover the northern end of the fault, the location of the northern end of the fault has not been clearly identified. The MCE for the Calaveras Fault is estimated to be MW 7.5 (Mualchin, 1996). 

Greenville Fault. The Greenville fault is 45 miles long and is located 19 miles northeast of the MEC site at its closest point. The fault extends from Bear Valley to just north of the Livermore Valley. The MCE for the Greenville Fault is estimated to be MW 7.25 (Mualchin, 1996). 

Hayward Fault. The Hayward fault is 62 miles long and is located 22 miles from the MEC site at its closest point. The fault is considered to be the most likely source of the next major earthquake in the San Francisco Bay (WGNCEP, 1996). Although the fault has recently experienced a number of small seismic events, the last major earthquake on the Hayward fault was a Richter magnitude (ML) 6.8 event in October 1868. The MCE for the Hayward Fault is estimated to be MW 7.5 (Mualchin, 1996). 

Ortigalita Fault. The Ortigalita fault is 41 miles long and is located approximately 26 miles east of the MEC site at its closest point. The MCE for the Ortigalita Fault is estimated to be MW 7.0 (Mualchin, 1996). 

San Andreas Fault. The largest recorded earthquake in northern California, the 1906 moment magnitude (Mw) 7.9 San Francisco earthquake, occurred on the San Andreas fault. The fault is 745 miles long and is the largest active fault in California. The San Andreas fault is 12 miles from the MEC site at its closest point. According to Mualchin (1996) the MCE on the San Andreas Fault is estimated to be MW 8.0. 

The San Andreas fault begins near the Salton Sea and extends northwards to Point Delgada on the coast. In northern California, the San Andreas fault parallels the direction of plate motion between the Pacific and North American plates. In central California, the San Andreas is a singular fault trace. Immediately south of the San Francisco Bay region, the San Andreas fault branches into the Calaveras and Hayward faults. 

Sargent Fault. The Sargent fault is 32 miles long and is located approximately 10 miles southwest of the MEC site at its closest point. The MCE for the Sargent Fault is estimated to be MW 6.75 (Mualchin, 1996). 

Evergreen Fault. The Evergreen fault is approximately 15 miles long and is located 6 miles north of the MEC site. No data are available for the MCE of this fault.

Monte Vista-Shannon Faults. The southernmost extension of the Monte Vista-Shannon Fault occurs on the far side of Tulare Hill and is 1 to 2 miles northwest of the site. A study conducted by Campbell et al (1995) estimated the groundshaking in the Santa Clara Valley from a magnitude 7 earthquake along this fault. The MCE was not determined but it was estimated that rupture along the entire length of the fault would generate an earthquake larger than Mw 7.1. 
8.15.1.3.2 Historic Seismicity

Recent historic seismicity for the San Francisco Bay region is associated with the San Andreas, Hayward, Calaveras, and Greenville faults. Early settlers wrote the earliest records of earthquakes in this region in the 1800s. The Northern California Earthquake Data Center has compiled data for a total of 7,940 earthquakes. All recorded earthquakes of ML 2.0 or greater are shown on Figure 8.15-3. There have been 12 recorded earthquakes of ML 6.0 or greater in the San Francisco Bay region in recent history. Ground-shaking hazards are significant for earthquakes of this magnitude.

The most recent seismic events in the vicinity of the site include the 1979 Coyote Lake earthquake, the 1984 Morgan Hill earthquake, and the 1989 Loma Prieta earthquake. Evidence of liquefaction has been reported along Coyote Creek during these events. No information was found reporting the behavior of nearby structures during these seismic events.

8.15.1.4 Geologic Hazards

The following subsections discuss the potential geologic hazards that might occur in the project area. Additional information may be available pending receipt of the project geotechnical report.

8.15.1.4.1 Surface Fault Rupture

No active faults were found to cross either the MEC site or any of the linear facility corridors (Bortugno et al., 1991). 

8.15.1.4.2 Earthquake Ground Shaking 

The most significant geologic hazard at the MEC site is most likely strong ground shaking due to an earthquake. The MEC site and linear facility routes have experienced strong ground motions in the past and will continue to experience this in the future.

Campbell et al (1995) estimated the ground shaking of magnitude 7 earthquakes along the Santa Clara and Monte Vista-Shannon Faults. Although the MEC site is just outside of the Campell et al (1995) study area, interpolation of their maps suggest that the expecte peak horizontal ground acceleration for a magnitude 7 earthquake on the Monte Vista-Shannon Fault is 0.5 g and 0.4 g for a Santa Clara Fault earthquake. 8.15.1.4.3 Liquefaction 

During strong ground shaking, loose, saturated, cohesionless soils can experience a temporary loss of shear strength. This phenomenon is known as liquefaction. Liquefaction of soils is dependent on grain size distribution, relative density of the soils, degree of saturation, and intensity and duration of the earthquake. The potential hazard associated with liquefaction is seismically induced settlement. Evidence of liquefaction has been reported in the vicinity, especially near creeks and rivers. Specific estimates of liquifaction potential will be conducted after completion of the site-specific geotechnical study.

8.15.1.4.3 Slope Stability 

Tulare Hill, with slopes as steep as 3:1 (Horizontal: Vertical), lies to the west of the MEC site. Slope instability depends on steepness of the slope, underlying geology, surface soil strength, and moisture in the soil. Significant excavating, grading, or fill work during construction might introduce slope stability hazards at either the MEC site or along linear facility routes. Because the MEC site itself is flat, and no excavation of Tulare Hill is planned during site construction, the potential direct impact from landslides at the site is considered minimal. 

8.15.1.4.4 Subsidence 

Subsidence can be caused by natural phenomena during tectonic movement, consolidation, hydrocompaction, or rapid sedimentation. Subsidence can also result from human activities, such as withdrawal of water or hydrocarbons in the subsurface soils.

8.15.1.4.5 Expansive Soils 

Expansive soils have the ability to shrink and swell with wetting and drying. The shrink-swell capacity of expansive soils can result in differential movement beneath foundations. The Soil Survey of Eastern Santa Clara Area, California (Lindsey, 1974), shows that clay is present surrounding the MEC site and linear facility routes. The clay is of the Yolo and Sunnyvale Associations, described as low permeability with slow runoff. 

8.15.1.5 Geologic Resources

The following geologic resources are found in vicinity of the MEC site.

Sand, Gravel, and Rock Resources. There are several sand and gravel zones within the general vicinity of the MEC site. The majority of those are located along Coyote Creek. These quarries are no longer active and have been reclaimed as part of Santa Clara Valley Water District’s Groundwater Recharge Program. The closest operating gravel pits were found to be approximately 7 miles northwest in San Jose and 35 miles south near Hollister. 

Historic quicksilver mines were located in the Santa Teresa Hills near and northwest of the present day Santa Teresa Golf Course (Bailey and Everhart, 1964). These mines are no longer active.

8.15.2 Environmental Impacts

8.15.2.1 Power Plant

8.15.2.1.1 Geologic Hazards

Ground shaking presents the most significant geologic hazard to the proposed MEC power plant and linear facilities. Slope instability and the potential for shrink-swell behavior in soils surrounding the MEC site and linear facilities may also be present. Mitigation measures proposed in Section 8.15.3 should be implemented in the design of the facilities to reduce risk associated with these hazards. Table 8.15-2 summarizes the geologic hazards associated with the MEC site and linear facilities.

Table 8.15-2

Summary of Potential Geologic Hazards


Project Component
Area of
Potential Concern
Geologic Hazards of
Potential Concern

Proposed Power Plant Site
(14 Acres)
Entire site
Seismic ground shaking; slope instability; liquefaction; shrink-swell

Electric Transmission Line
Entire route
Seismic ground shaking; liquefaction; shrink-swell

Offsite Natural Gas Pipelines
Entire route
Seismic ground shaking; liquefaction; shrink-swell

Water and Other Pipe Lines
Entire route
Seismic ground shaking; slope instability; liquefaction; shrink-swell

8.15.2.1.2 Geologic Conditions and Topography 

Construction will require grading and excavation, thereby altering the terrain of the MEC site. Impacts to the geologic conditions involve dust generation, changes in drainage, cuts, and fills. Since the site is generally level, site grading is not expected to adversely impact the geologic environment. 

8.15.2.2 Linear Facilities

Linear facilities associated with the MEC site include electricity, natural gas, water, and wastewater lines. These linear facilities are shown on Figure 2.1-1a and 1b and each is discussed below. The geologic hazards associated with the linear facilities are summarized in Table 8.15-2.

Electric Transmission Line. Seismically induced ground shaking, liquefaction, and possible high shrink-swell potential all present potentially significant hazards to the proposed 230 kV transmission line route. With implementation of the mitigation measures proposed in Section 8.15.3, the hazards will be reduced to acceptable levels.

Natural Gas Supply Line. Seismically induced ground shrinking, liquefaction, and possible high shrink-swell potential all present potentially significant hazards to this proposed natural gas pipeline route. With implementation of the mitigation measures proposed in Section 8.15.3, the hazards will be reduced to acceptable levels.

Water and Other Lines. The cooling tower water supply and discharge lines, potable water supply lines, and storm drain are subject to potentially significant ground shaking, liquefaction, slope instability, and shrink-swell hazards. With implementation of the mitigation measures proposed in Section 8.15.3, the hazards will be reduced to acceptable levels.

8.15.2.3 Geologic Resources

Sand and gravel are present in the region surrounding the MEC site and have been exploited in the past. No active effort to exploit these resources is in operation at this time. The MEC power plant would not have significant impacts on the use of these resources.

8.15.3 Mitigation Measures

The following subsections describe mitigation measures that might be used to reduce geologic hazards.

8.15.3.1 Surface Faulting Rupture

No active faults were found to cross the MEC site or any of the linear facility corridors (Bortugno et al., 1991). Therefore, no mitigation measure is required to reduce the hazard from surface faulting rupture.

8.15.3.2 Ground Shaking

The MEC power plant and linear facilities will need to be designed and constructed to withstand strong earthquake shaking as specified in the 1997 Uniform Building Code for Seismic Zone 4.

8.15.3.3 Liquefaction

Liquefaction is a potential hazard at the MEC site and linear facility routes. A site-specific study consisting of exploratory borings and laboratory testing will be carried out if necessary to delineate the extent of liquefiable materials at depth. These geotechnical investigations will also be required for consideration prior to foundation design. 

8.15.3.4 Slope Stability

The potential for slope instability at the MEC site and linear facilities is present; therefore, geotechnical investigation and design will be carried out if necessary to reduce potential risk associated with slope instability.

8.15.3.5 Subsidence

Liquefaction-induced subsidence is a potential hazard at the MEC site and along linear facilities. A program of site-specific exploratory borings will be carried out to delineate the extent of liquefiable materials at depth. Laboratory testing and engineering design will mitigate the potential hazard to acceptable levels.

8.15.3.6 Expansive Soils

Expansive soils may be present under both the linear facilities and the MEC site. A site-specific geotechnical investigation including exploratory borings, test pits, and laboratory testing will be completed to characterize the nature and extent of the hazards from expansive soils. Engineering analysis and design will mitigate the potential hazard to acceptable levels. 

8.15.4 LORS Compliance

Federal and state laws, ordinances, regulations, and standards (LORS) applicable to geologic resources and hazards are discussed below. 

8.15.4.1 Federal LORS

The Uniform Building Code (1997) specifies the acceptable design criteria for structures and open excavations with respect to seismic design and load bearing capacity.

8.15.4.2 State LORS

The California Building Code (1998) specifies the acceptable design criteria for structures and open excavations with respect to seismic design and load bearing capacity.

8.15.5 Involved Agencies and Agency Contacts

Several agencies are involved with geologic resources and hazards. These include the San Francisco Bay Region Water Quality Control Board (SFRWQCB), the California Department of Conservation (CDOC), the California Division of Mines and Geology (CDMG), City of San Jose (SJC), and Santa Clara County (SCC). The agency contacts are shown in Table 8.15‑3.

8.15.6 Permits Required and Permit Schedule

A construction permit is required and will be obtained from the City of San Jose prior to commencement of construction. Approximately 4 to 6 weeks will be required to obtain this permit. 

Table 8.15-3

Agency Contacts

Agency
Contact
Title
Telephone

SFBRWQCB
Will Bruhns
Project Engineer
1-510-622-2327

CDMG
Jim Davis
State Geologist
1-916-445-1923

City of San Jose
Mike Schimamoto
City Geologist
1-408-277-5161

SCC
Jim Baker
County Geologist
1-408-299-2871
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