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3.7 GEOLOGY, SOILS, AND SEISMICITY

Introduction

This section summarizes the geologic, soil, and seismic hazards along the study area, the potential for
transit service in this corridor to expose people or structures to these hazards, and the paleontological
resources that exist along the corridor. The study area is in the Livermore Valley at the northern end
of the Diablo Range, part of the northwest-trending Coast Ranges geomorphic province. The
Livermore Valley, and the entire San Francisco Bay Area, is in the San Andreas Fault System, one of
the most seismically active areas in the United States. As such, the study area is susceptible to
potential seismic hazards, including fault rupture and groundshaking. Other geologic and soils issues
associated with the alternatives include potential slope instability, expansive and corrosive soils, soil
erosion, potential impacts on mineral resources, and excavation issues on steep or unstable slopes.
These hazards are presented in this section.

In light of the above-mentioned hazards, the selected BART extension alternative would need to be
designed to avoid structural damage or collapse from groundshaking during an earthquake or
seismically induced ground failure, and to achieve acceptable levels of public safety. Portions of the
BART extension alternatives, which would include both aerial and subway structures, would require
special features for structural ductility and redundancy to withstand severe groundshaking, potential
liquefaction, and other types of seismically induced ground failure. Portions of the selected alternative
that encroach into active faults zones would require special design features to minimize potential
damage from fault rupture and other seismic hazards. Also, site-specific investigations would be
required for portions of the alternatives where potential for risk can be greatest; the result of the
investigations may further result in design and construction constraints in order to avoid substantial
risk. The various regulations that require these design features or additional investigations are
discussed in this section.

Information applied to this analysis for geology, soils, and seismicity was obtained from various
sources, including the City of Livermore General Plan,® El Charro Specific Plan EIR,> City of
Pleasanton General Plan,® Bay Area to Central Valley High-Speed Rail Program EIR/EIS,* Soil Survey
of Alameda County,® and 1-580 HOV Widening Initial Study (1S).°

! City of Livermore, City of Livermore General Plan: 2003-2025, 2004
2 City of Livermore, EI Charro Specific Plan Environmental Impact Report, 2007

3 City of Pleasanton, Proposed Pleasanton General Plan 2005-2025 - Draft Environmental Impact Report,
2008.

4 California High-Speed Rail Authority, Bay Area to Central Valley High-Speed Train Program Environmental
Impact Report/Environmental Impact Statement (EIR/EIS), 2007.

®  U.S. Department of Agriculture, Soil Survey Alameda County Area, California, 1977.

®  Caltrans, Environmental Assessment/Initial Study, [-580 Eastbound HOV Lane Project from East of
Greenville Road to Hacienda Drive, 2006.
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Paleontological resources are the fossilized remains or impressions of plants and animals, including
vertebrates (animals with backbones; mammals, birds, fish), invertebrates (animals without backbones;
starfish, clams, coral, etc.), and microscopic plants and animals (microfossils). They are valuable,
nonrenewable, scientific resources used to document the existence of extinct life forms and to
reconstruct the environments in which they lived. Fossils can be used to determine the relative ages of
the depositional layers in which they occur and of the geologic events that created those deposits. The
age, abundance, and distribution of fossils depend on the geologic formation in which they occur and
the topography of the area in which they are exposed. The geologic environments in which the plants
or animals became fossilized usually were quite different from the present topography in which the
geologic formations now exist. The fossil-bearing geologic formations in the study area are relatively
young, having been deposited between about 1 million and about 24 million years ago. The
unconsolidated deposits occur in the Livermore Valley along the north-central portion of the study
area. The bedrock formations are concentrated in the Altamont Hills at the east end of the study area.
This section of the EIR describes the paleontological setting of the study area, identifies areas of
potential paleontological resources along the BART extension alternatives, and assesses the potential
for the BART extension alternatives to cause adverse effects on these resources. Applicable federal,
State, and local regulations that have been enacted to protect paleontological resources are identified.

This examination of paleontological resources is based on records searches at the University of
California Museum of Paleontology, available at http://bscit.berkeley.edu/ucmp/loc.shtml; the
American  Museum  of  Natural History, Division of Paleontology, available at
http://paleo.amnh.org/fossil/seek.html; the North American Mammalian Paleofaunal Database,
available at http://www.nceas.ucsh.edu/—alroy/nampfd.html; and reviews of the California Public
Utilities Commission, Draft EIR for the Tri-Valley 2002 Capacity Increase Project; SFPUC, Water
System Improvement Program EIR; USGS OFR 96-252, Preliminary geologic map emphasizing
bedrock formations in Alameda County, California: A digital database; Society of Vertebrate
Paleontology Assessment and Mitigation of Adverse Impacts to Nonrenewable Paleontologic Resources
— Standard Guidelines and other maps and reports published by the California Geological Survey. No
comments, concerns, or questions regarding geology, soils, seismicity, or paleontology were received
in response to the NOP.

Existing Conditions

Regional Geology

The region, for the purposes of this geologic analysis, encompasses the San Francisco Bay Area. The
diverse, geologic conditions underlying Livermore Valley and the greater San Francisco Bay Area are
largely defined by the network of major active faults, or cracks in the Earth’s crust, that occur within
the region. The San Andreas Fault System, one of the most prominent geologic features in the region,
is about 45 miles wide in the vicinity of the study area and includes several major fault zones, or areas
with numerous fractures — the San Andreas, Hayward, and Calaveras Fault Zones — as well as other
active and potentially active faults. Figure 3.7-1 shows the locations of the major faults in the vicinity
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of the study area. The west end of the study area, in the City of Pleasanton, is east of the Calaveras
Fault Zone. The east end of the study area, in the City of Livermore, is in the Greenville Fault Zone.

The San Andreas fault is more than 800 miles long, extending to a depth of 10 miles below ground
surface. The San Andreas Fault separates two bedrock complexes or distinct groups of rocks: the
Salinian Block and the Franciscan Formation. Bedrock is the solid rock that forms the Earth’s crust
and underlies all soil or other loose materials. The Salinian Block consists primarily of metamorphic
and granitic rock. The Franciscan Formation, lying between the San Andreas and the Coast Range
thrust fault zones is composed of marine sedimentary and volcanic rocks. However, chert and
limestone are also found within the assemblage.’

The cities of Pleasanton, Dublin, and Livermore lie generally east of the San Andreas Fault and are
underlain by the Franciscan Formation and partially by the Salinian Block. As bedrock eventually
breaks down to form soil, the rocks of the Franciscan Formation and Salinian Block influence the types
and characteristics of soils within the study area.

The San Andreas Fault Zone serves as the boundary between the Coast Ranges Geomorphic Province
and the Pacific Ocean (geologic regions with distinctive landscapes or formations). The study area lies
in the Coast Ranges Geomorphic Province, which contains mountain ranges and valleys that trend
northwest, parallel to the San Andreas Fault. The ranges have been intensely uplifted, folded, and
faulted throughout history and contain profound structural discontinuities. Older Cretaceous Franciscan
bedrock and Salinian bedrock have been thrusted over younger Cenozoic marine sedimentary units
through the uplift of the Coast Ranges.®

The soils that make up the Coast Ranges vary based on location. The majority of the geologic units in
the Coast Ranges consist of loosely to moderately consolidated sandstones, siltstones, and mudstones
with some metamorphic and granitic sequences.®

The cities of Pleasanton and Livermore are located within the Amador Valley and Livermore Valley,
respectively, part of the Coast Ranges Geomorphic Province described above. Amador Valley joins
Livermore Valley to the east. The underlying geology of Amador Valley consists of sedimentary rock
along the Pleasanton and Main ridges, and thick deposits of unconsolidated sediment on the valley floor
where most of the existing development is concentrated.

City of Livermore consists of lowland and upland areas. Lowland areas encompass the downtown area
and central Livermore. These areas are underlain by alluvium that is younger than 2 million years old,
and consists mainly of unconsolidated gravel, sand, silt, and clay deposits. The upland areas include

Parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental
Impact Report, Alameda County, California, 2009

U.S. Department of the Interior, Bureau of Reclamation, San Luis Drainage Feature Re-Evaluation Plan
Formulation Report, 2002.

® U.S. Department of the Interior, Bureau of Reclamation, San Luis Drainage Feature Re-Evaluation Plan
Formulation Report, 2002.
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the hills to the northwest, northeast and south of Livermore, and consist primarily of tilted sedimentary
rocks of Tertiary age (between 2 million and 65 million years old).

Study Area Geology and Seismicity

The following paragraphs describe the geologic conditions and seismic hazards along the study area.
As elaborated below, potential for landslides, susceptibility to liquefaction, erosive and corrosive soils,
and surface fault rupture are the main hazards that could affect the BART extension alternatives, and
these are hazards that would need to be addressed in the design and construction of the selected
alternative.

Geologic Units. The study area is underlain by three different types of geologic formations: a
formation of unconsolidated surficial deposits, a more or less consolidated gravel formation, and three
sandstone bedrock formations.”® The primary geologic bedrock units underlying the proposed
alignments are shown on Figure 3.7-2, which also provides information about the underlying geologic
materials, such as age and composition (e.g., sand versus clay). The underlying geology is an
important consideration in the design of the BART extension alternatives, as certain geologic materials
can pose construction and design constraints. For example, younger soils are typically weaker in their
ability to support different types of structures; alluvial sands, and bedrock present construction
challenges; fractured rock that contains groundwater may be difficult to excavate using cut-and-cover
methods; and faulted material may pose an additional challenge by creating unstable conditions at the
subway face.

Quaternary, Undivided. These surficial deposits include gravels, sands, silts, and clays of the
Holocene epoch (less than about 10,000 years old), and the Pleistocene epoch (about 1.6 million to
about 10,000 years old). The deposits generally are fluvial in origin (river deposits) consisting of
material eroded from the surrounding Coast Ranges that filled the structural trough which today forms
the Livermore Valley between the Calaveras fault on the west and the Greenville fault on the east. The
deposits are a heterogeneous mixture, the individual components of which vary proportionally to their
mode of deposition; coarser materials from higher energy environments (main channels), finer
materials from lower energy environments (back waters). This formation underlies almost the entire
study area, with the exception of a central portion and the easternmost portion (see below).

Quaternary/Tertiary, Livermore Gravels. The Livermore gravels consist mostly of poorly to
moderately consolidated, indistinctly bedded, cobble conglomerate, conglomeratic sandstone, and
coarse-grained sandstone of the Pliocene epoch (about 5.3 million to about 1.6 million years ago) and
the Pleistocene epoch. This formation also is fluvial in origin and contains rocks probably derived
from the Franciscan complex to the south. The formation includes some siltstone and claystone; the
consolidated equivalent of the silts and clays deposited in back waters. The Livermore gravels underlie
the north-central part of the study area.

0 Graymer, R.W., D.L. Jones, and E.E. Brabb, Preliminary geologic map emphasizing bedrock formations
in Alameda County, California: A digital database, U.S. Geological Survey Open-File Report 96-252, 1996.
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Tertiary, Neroly Sandstone. The Neroly formation is a massive, volcanoclastic marine sandstone; it
consists mainly of volcanic particles deposited in an oceanic environment during the later part of the
Miocene epoch (about 23.7 million to about 5.3 million years ago). Shale, siltstone, and tuff form
layers within the upper part of the sandstone; a round-pebble conglomerate forms a layer at the base.
The Neroly formation, together with the Cierbo formation (see below), forms the base of the Altamont
Hills at the east end of the study area.

Tertiary, Cierbo Sandstone. The Cierbo formation is a massive, cross-bedded marine sandstone with a
prominent conglomerate layer at the base. Most of the sandstone is shaley and the conglomerate is
mainly pebbles in a sandy matrix with occasional cobbles and boulders. It also is late Miocene in age
and, with the Neroly formation, forms the base of the Altamont Hills at the east end of the study area.

Cretaceous, Great Valley Sequence Unit D Sandstone. Unit D of the Great Valley Sequence is a
medium to coarse grained, thick bedded, marine sandstone of the late Cretaceous epoch (about
100 million to about 65 million years ago). It contains interbedded siltstone and mudstone and locally
includes a shale member. Unit D underlies the Tertiary sandstones at the east end of the study area and
forms the core of the western flank of the Altamont Hills.

As previously described, the study area is in the Livermore Valley at the northern end of the Diablo
Range, part of a northwest-trending Coast Ranges. The geology of the Diablo Range consists of a
dense core of partially to completely metamorphosed rocks of the Franciscan Assemblage blanketed by
sedimentary rocks of the Great Valley sequence with younger tertiary formations along the flanks of
the range." The Franciscan Assemblage consists of a mélange of coherent blocks (ranging in size from
a few inches to several miles of sandstone, siltstone, chert, and greenstone (very hard rocks) in a
matrix of sheared shale and serpentine (soft rocks)."

The Livermore Valley is a structural trough filled with Miocene and younger gravel-bearing
formations, the most prominent being the Livermore Gravels. The Livermore Gravels consists of
pebbly gravels, sandstone, and fine-grained rocks deposited in the basin during the late Miocene and
Pleistocene in a braided stream environment.”® Rocks of the Franciscan Complex are highly variable
and include some rock units that are typically hard, and fracture zones are common.*

11 California High-Speed Rail Authority, Bay Area to Central Valley High-Speed Train Program Environmental
Impact Report/Environmental Impact Statement (EIR/EIS), 2008.

California High-Speed Rail Authority, Bay Area to Central Valley High-Speed Train Program Environmental
Impact Report/Environmental Impact Statement (EIR/EIS), 2008.
¥ cCalifornia Regional Water Quality Control Board, San Francisco Bay Region, Order No. R2-2002-0041:

Updated Waste Discharge Requirements And Recision of Order No. 97-050 For: Pleasanton Garbage Service
Inc. Old Pleasanton Landfill, 2002.

¥4 California High-Speed Rail Authority, Bay Area to Central Valley High-Speed Train Program Environmental
Impact Report/Environmental Impact Statement (EIR/EIS), 2008.
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The main bedrock units underlying the study area categorized as QT1, Tcl, and Qu. Figure 3.7-2
shows the various bedrock types under the study area, and a description of these bedrock types are
provided in Table 3.7-1. QT1 underlies portion of Alternatives 1 and 2 alignments and includes chert,
siltstone, and claystone. Tcl underlies portions of Alternatives 1, la, 1b, 2, 2a, and 3, and includes
sandstones. These bedrocks units are considered to be very hard and may pose construction constraints
during excavation for the train stations and maintenance yards.

Table 3.7-1
Bedrock Units Underlying
the BART to Livermore Extension Study Area

Alternative Bedrock Unit  Description

Alternatives 1, la, Qu Surficial deposits (Holocene, or the last 10,000 years; and

1b, 2, 2a, 3, 3a, 4,5 Pleistocene, or from 2 million to 11,000 years ago).

Alternatives 1, la, Tcl Cierbo Sandstone (late Miocene, or from 25 million to 13 million
1b, 2, 2a, and 3 years ago). Light — gray, massive sandstone with marine fossils.

Contains sandstone and conglomerate near the base.

Alternatives 1 and 2 QTI Livermore gravels (Pliocene, or from 13 million to 2 million
years ago; and Pleistocene). Poorly to moderately consolidated,
indistinctly bedded, cobble conglomerate, gray conglomeratic
sandstone, and gray coarse-grained sandstone. Also includes
some siltstone and claystone. Clasts contain mostly graywacke,
chert, and metamorphic rocks probably derived from the
Franciscan complex.

Source: U.S. Geological Survey, Open File Report 96-252.

Faulting and Seismicity. The San Francisco Bay Area is in a seismically active region near the
boundary between two major tectonic plates, the Pacific Plate to the southwest and the North American
Plate to the northeast. For approximately the past 23 million years, about 200 miles of right-lateral slip
has occurred along the San Andreas Fault System to accommodate the relative movement between
these two plates. The relative movement between the Pacific Plate and the North American Plate
generally occurs across approximately a 50-mile-wide zone extending from the San Gregorio — Seal
Cove fault, offshore of the San Francisco peninsula, to the Great Valley Thrust Belt, northeast of the
Coast Ranges. In addition to the right-lateral slip movement between tectonic plates, a compressional
component of relative movement has developed between the Pacific Plate and a smaller segment of the
North American Plate at the latitude of San Francisco Bay during the last 3.5 million years.” Strain
produced by the relative motions of these plates is relieved by right-lateral strike-slip faulting on the
San Andreas and related faults, and by vertical reverse-slip displacement on the Great Valley and other
thrust faults in the central California area.®

% Fenton and Hitchcock, Recent geomorphic and paleoseismic investigations of thrust faults in Santa Clara
Valley, California, in Ferriz, H. and Anderson, R. eds., Engineering Geology Practice in Northern
California: California Geological Survey Bulletin 210, 2001, p. 239-257.

A “reverse-slip” fault is one with predominantly vertical movement in which the upper block moves upward
in relation to the lower block.
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The San Francisco Bay Area and surrounding areas are characterized by numerous geologically young
faults, see Figure 3.7-1. These faults can be classified as historically active, active, sufficiently active,
or inactive, as defined below."

Historically Active — Faults that have generated earthquakes accompanied by surface rupture
during historic time (approximately the last 200 years) and faults that exhibit a seismic fault
creep defined as historically active.™

Active — Faults that show geologic evidence of movement during Holocene time
(approximately the last 11,000 years) are defined as active.

Sufficiently Active — Faults that show geologic evidence of movement during the Holocene
along one or more of their segments or branches and if their traces may be identified by direct
or indirect methods are defined as sufficiently active and well-defined.

Inactive — Faults that show direct geologic evidence of inactivity or lack of offset, during all of
Quaternary time (approximately the last 1.6 million years) or longer are classified as inactive.

Although it is difficult to quantify the probability that an earthquake will occur on a specific fault, this
classification is based on the assumption that if a fault has moved during the last 11,000 years, it is
likely to produce earthquakes in the future.

Active faults within a 20-mile radius of the study area include the Greenville, Northern Calaveras,
Concord-Green Valley, and Pleasanton faults. Further away, but within the San Francisco Bay Area
are the Hayward and San Andreas faults. These faults are considered to be the most probable sources
of future earthquakes and are in Alquist-Priolo Earthquake Fault Zones (for an explanation of Alquist-
Priolo Earthquake Fault Zones and the Alquist-Priolo Earthquake Fault Zoning Act, please refer to the
Applicable Policies and Regulations discussion later in this section). Other Quaternary faults within a
20-mile radius of the study area include the Livermore and Las Positas faults, neither of which is in an
Alquist-Priolo Earthquake Fault Zone. Of all these faults, the Greenville, Las Positas and Livermore
faults are in, or closest to, the study area.

These various fault zones in the vicinity of the study area are described below.

Greenville Fault Zone. The Greenville fault is a major zone of faults of the San Andreas Fault System
extending about 56 miles northwest from Mount Diablo to San Antonio Valley.” It is in an Alquist-
Priolo Earthquake Fault Zone. In the project area, surface traces of the Greenville fault are along the
western face of the Altamont Hills, at the eastern end of Alternatives 1, 1a, and 1b.

The Greenville fault is a strike-slip fault. The fault is not a single trace, but contains numerous splays
and en-echelon segments. The fault is active at least as far south as Corral Hollow, and estimates of

7" CGS, Fault Rupture Hazard Zones in California, CDMG Special Publication 42, 2007, p.5.

8 Fault creep is movement along a fault that does not entail earthquake activity.

Parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental
Impact Report, Alameda County, California, 2009.
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current slip rates, based on geologic structures and geomorphology are in the range of 0.02 to 0.03
inches/year. The Greenville fault has an estimated maximum earthquake of M6.9; the recurrence
interval is estimated to be about 550 years.”

Earth Sciences Associates (1982)* estimated maximum credible earthquakes for each of the three
segments of the Greenville Fault Zones as follows:

i) Greenville-Marsh Creek Segment (northeast and east of the Livermore Valley) has an estimated
magnitude of M6.5;

ii) Arroyo Mocho Segment (in the Diablo Range southeast of the Livermore Valley) has an
estimated magnitude of M6.5; and

iii) Clayton Segment (east of Mount Diablo and north of the Livermore Valley) has an estimated
magnitude of (M6.24).

The Greenville-Marsh Creek fault has a lower slip rate than other faults in the San Andreas system
with a long-term rate of approximately 0.04 to 0.12 inches/year.

On January 24, 1980, an earthquake of M5.8 (U.S. Geologic Survey) struck approximately 11 miles
north of Livermore on the Greenville-Marsh Creek fault. The earthquake caused discontinuous surface
rupture along several fault traces in the Greenville fault zone.

Northern Calaveras Fault Zone. The Northern Calaveras fault is part of the 75-mile-long Calaveras
fault, which extends south from Hollister through the Diablo Range, east of San Jose, and along the
Pleasanton-Dublin-San Ramon urban corridor. The Northern Calaveras fault is in an Alquist-Priolo
Earthquake Fault Zone, has a relatively low level of seismicity, and may be locked.” Geologic and
seismological data suggest that the Northern Calaveras fault may produce earthquakes with a maximum
earthquake potential of M7.0 The fault transects 1-580 at San Ramon Road, approximately two miles
west from the existing Dublin/Pleasanton Station. The Northern Calaveras fault does not directly
transect the BART extension alternatives.

Concord-Green Valley Fault Zone. Formerly consider two faults because their surface expressions are
separated by Suisun Bay, the Concord-Green Valley fault is a Holocene strike-slip fault and is the
easternmost expression of the northwest movement in the San Andreas Fault System in the San
Francisco Bay Area. Segments of the fault on both sides of Suisun Bay are historically active and the
fault is in an Alquist-Priolo Earthquake Fault Zone. It is approximately 17 miles northwest of the
study area.

Pleasanton Fault Zone. Also known as the Mt. Diablo Fault, the Pleasanton fault is a Holocene strike-
slip fault extending northwest from 1-580 about 1.7 miles east of the Calaveras fault. It is mostly

2 parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental

Impact Report, Alameda County, California, 2009.

Parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental
Impact Report, Alameda County, California, 2009.

Parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental
Impact Report, Alameda County, California, 2009.
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concealed beneath the alluvial deposits of the Livermore Valley, but is sufficiently well-defined to be in
an Alquist-Priolo Earthquake Fault Zone.

Las Positas Fault Zone. The Las Positas fault is an active fault trending northeast to southwest
approximately 2.5 miles southeast of Downtown Livermore. Two traces are Alquist-Priolo Earthquake
Fault Zones. The Las Positas fault is in proximity to the Isabel/Stanley and Downtown Livermore
Stations.

Livermore Fault Zone. The Livermore Fault is considered to be a potentially active fault
approximately five miles in length in Downtown Livermore. The fault crosses portions of the
alignment for Alternatives 1, and 4 at 1-580, to the west of Airway Boulevard and portions of the
alignment for Alternatives 1a, 1b, 2a, and 3a at East Stanley Boulevard and east of Kitty Hawk Road.
It is not in an Alquist-Priolo Earthquake Fault Zone.

Other faults in the region are listed below.

San Andreas Fault Zone. The San Andreas fault is expected to produce strong earthquakes in Northern
California. The Loma Prieta Earthquake of October 17, 1989, on the San Andreas fault, caused major
damage throughout most of the Bay Area, but relatively minor damage in Eastern Alameda County.
Onshore segments of the fault are in Alquist-Priolo Earthquake Fault Zones.

Hayward Fault Zone. The Hayward fault extends northwest approximately 55 miles from San Jose to
Point Pinole. It is a right-lateral strike-slip fault and is in an Alquist-Priolo Earthquake Fault Zone.
The fault is very active, producing large historic earthquakes, fault creep, and abundant geomorphic
evidence of fault rupture.?

The historic Hayward earthquake of 1868 is considered to have been one of the most destructive in
California history. Surface rupture of the ground as a result of the earthquake was traced for 20 miles
along the Hayward fault from Warm Springs in Fremont to San Leandro, and caused major damage to
the East Bay towns. Since then, powerful earthquakes on the Hayward fault have occurred repeatedly.
The United States Geological Survey (USGS) describes the Hayward fault as a tectonic hazard due
anytime for another M6.8 to M7.0 earthquake.?* Specifically, the estimated probability for earthquakes
of magnitude equal to or greater than M6.7 in the 30 years between 2000 and 2030 on the Hayward
fault system is 32 percent.

In addition, there are buried thrust faults, and inferred faults near the study area, such as the Mount
Diablo Thrust. The state recognizes that buried thrust faults exist; however, their fault planes extend
under wide area and extremely difficult to identify and characterize. Consequently, regulations such as
the Alquist-Priolo Earthquake Fault Zoning Act have not been applied to them.

%2  Bay Area Rapid Transit, Final Environmental Impact Statement, and 4(f) / 6(f) Evaluation BART Warm

Springs Extension, 2006.
2 United States Geological Survey, Understanding Earthquake Hazards in the San Francisco Bay Area — USGS
Fact Sheet 2008-3019, 2008.
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Groundshaking. Because active fault zones occur in the vicinity of the study area, the study area is
susceptible to potentially high-intensity groundshaking in the event of an earthquake on these fault
zones.  Sufficiently intense groundshaking can move buildings off their foundations, or cause
foundations to crack and crumble.

The intensity of groundshaking depends on several factors. Ground motions caused by the same
earthquake will vary because of the soil and rock conditions, distance from the causative fault, and
direction from the epicenter. Areas that are underlain by loosely compacted soils may experience the
greatest amount of groundshaking damage, even if these areas are not closest to the fault rupture.

Fourteen earthquakes of M6.0 or greater have occurred in the Bay Area in historical times.
Earthquakes of this magnitude pose significant groundshaking hazard to the study area.

The Richter scale and the Modified Mercalli (MM) intensity scale are two common measurements of
earthquakes. The Richter scale quantifies the strength of an earthquake, and the MM intensity scale is
commonly used to describe the force of an earthquake at a given location and its effects on persons or
structures. The MM scale consists of 12 increasing levels of intensity, from imperceptible shaking to
catastrophic destruction. Table 3.7-2 provides an abbreviated description of the 12 levels of the MM
intensity scale and the corresponding Richter scale measurement. Table 3.7-3 lists the faults in the
vicinity of the study area and the potential earthquake magnitude and intensity associated with those
faults.

Because there are numerous faults zones in the vicinity of the study area, major earthquakes have
occurred and are expected to occur again in the near future. The 1999 Working Group on California
Earthquake Probabilities estimate that there is a 70 percent probability of at least one earthquake with a
magnitude of M6.7 or greater to occur on one of the major faults in the San Francisco Bay region
before 2030. They estimated there is a 30 percent chance of one or more such earthquakes occurring
along the Calaveras, Mount Diablo Thrust, or Greenville faults before 2030. All of the project
alternatives will be subjected to strong groundshaking from earthquakes originated on any of the active
faults in the region. Peak ground accelerations are expected to reach 0.59g (59 percent of the force of

gravity).

Table 3.7-2
Modified Mercalli and Richter Scales
MM Intensity Richter
Value Intensity Description Magnitude
-l Usually detected only by instruments 2
Il Felt indoors 3
v-v Felt by most people; slight damage 4
VI-VII Felt by all; many frightened and run outdoors; damage minor to moderate 5
VII-VIII Everybody runs outdoors; damage moderate to major 6
IX-X Major damage 7
X=XII Total and major damages 8+

Source: City of Livermore General Plan, Public Safety Element.
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Table 3.7-3

Seismic Characteristics of Known Faults
in the Vicinity of the BART to Livermore Extension Study Area

Fault Location Seismic Characteristics
Greenville Traverses the Each of the three segments of this active fault is capable of
study area at the generating earthquakes in the range of Richter magnitude 6.6 to 6.9.
Greenville Road If all segments ruptured, a 7.2 magnitude earthquake would be
Interchange expected. The USGS estimates a six percent probability of a 6.7
magnitude or greater earthquake during the period 2000 to 2030.
Within a designated Alquist-Priolo Earthquake Fault Zone.
Northern Traverses 1-580 at ~ This active fault is a branch of the San Andreas Fault. Fault traces
Calaveras San Ramon Road,  within the Northern Calaveras Fault Zone are capable of generating

Concord-Green
Valley

Pleasanton

Las Positas?

approximately 2.6
miles west of
study area

Approximately
17 miles northwest
of study area

North of 1-580
about 1.7 miles
east of Calaveras
Fault Zone

Approximately 2.5
miles southeast of
study area

an earthquake with a magnitude of Richter 6.3. Designated an
Alquist-Priolo Earthquake Fault Zone.

Formerly consider two faults separated by Suisun Bay. Easternmost
expression of the San Andreas Fault System in the San Francisco Bay
Area. Capable of generating a magnitude 6.9 earthquake.

Designated an Alquist-Priolo Earthquake Fault Zone.

Also known as Mt. Diablo Fault. Mostly concealed beneath the
alluvial deposits of the Livermore Valley. Capable of generating a
magnitude 6.2 earthquake. Designated an Alquist-Priolo Earthquake
Fault Zone

This active fault could potentially generate an earthquake of Richter
magnitude 6.3. The probability of an earthquake on the fault has not
been determined.

Livermore? Traverses the Considered potentially active, the fault is capable of generating an
study area at 1-580 earthquake with a moment magnitude of 6.2. (The moment
to the west of magnitude scale is a successor of the Richter scale.)
Airway
Boulevard; and at
East Stanley
Boulevard (to the
east of Kitty Hawk
Road.)
Mount Diablo Mapped in the This fault presents the potential of generating a magnitude 6.7
Thrust* hills northwest of  earthquake with a four percent probability of occurring during the
the study area period 2000 to 2030. Strong groundshaking would be expected in
Livermore.
Source: City of Livermore General Plan, Public Safety Element.

Note:

a. Not within an established Alquist-Priolo Earthquake Fault Zone.
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Liguefaction. Liquefaction occurs when groundshaking increases pore pressure in loose, fine-grained,
uniformly sized, saturated soil causing it to react like quicksand. The potential for liquefaction depends
on soil conditions and groundwater levels. An area of loose, fine-grained, uniformly sized soil has
higher susceptibility to liquefaction when groundwater tables are high. The City of Livermore General
Plan, Public Safety Element includes a Liquefaction Susceptibility Map,? which shows the liquefaction
potential in the study area.

As shown in Figure 3.7-3, the western segments of the study area are within areas of high to very high
liguefaction potential. Eastward, most of the study area occurs in areas with low to moderate
liquefaction susceptibility, although the study area would traverse some area with very high or high
susceptibility west of the proposed Isabel/I-580 Station, Isabel/Stanley Station, along 1-580, and at the
site of the proposed Greenville Yard. Table 3.7-4 summarizes liquefaction susceptibility hazard
categories in vicinity of the project area.

Table 3.7-4
Summary Descriptions of Liquefaction Susceptibility Categories

Liquefaction
Susceptibility Description

Very Low Expect less than 2% of future liquefaction effects to occur within geologic units
assigned Very Low susceptibility. An estimated Peak Ground Acceleration (PGA)
of 0.6 times the force of gravity (0.6g) is necessary to trigger liquefaction in
deposits assigned Very Low susceptibility. PGA is the maximum acceleration
experienced during the course of the earthquake motion.

Expect about 2% of future liquefaction effects to occur within geologic units
Low assigned Low susceptibility. An estimated PGA of 0.5g is necessary to trigger
liquefaction in deposits assigned Low susceptibility.

Expect about 20-30% of future liquefaction effects to occur within geologic units
Moderate assigned Moderate susceptibility. An estimated PGA of 0.2 to 0.3g is necessary to
trigger liquefaction in deposits assigned Moderate susceptibility.

] Expect about 20-30% of future liquefaction effects to occur within geologic units
High assigned High susceptibility. An estimated PGA of 0.1 to 0.2g is necessary to
trigger liquefaction in deposits assigned High susceptibility.

] Expect about 40-50% of future liquefaction effects to occur within geologic units
Very High assigned Very High susceptibility. An estimated PGA of 0.1 is necessary to
trigger liquefaction in deposits assigned Very High susceptibility.

Sources: Witter, R.C., Knudsen, K.L, Sowers, J.M., Wentworth, C.M., Koehler, R.D., Randolph, C.E.,
Brooks, S.K., and Gans, K.D., Maps of Quaternary Deposits and Liquefaction Susceptibility in the
Central San Francisco Bay Region, California: U.S. Geological Survey Open-File Report 2006-1037,
2006. (http://pubs.usgs.gov/of/2006/1037/)

% Figure 10-2, Liquefaction Susceptibility Map of the Planning Area, Source: ABAG, 2002, LSA Associates
Inc.
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Landslides, Lateral Spreading, and Subsidence

Other potential geologic hazards that may occur in the study area are landslides, lateral spreading, and
subsidence.

Landslides. Areas with high landslide potential encompass slopes steeper than can be supported by the
soil or rock material forming the slope. As shown in Figure 3.7-4, most of the study area would be in
areas with “least” landslide susceptibility. However, small segments of the eastern portions of
Alternatives 1, la, 1b, and 2 would be in areas with “greatest” landslide susceptibility. Table 3.7-5
summarizes landslide hazard categories in vicinity of the project area.

Table 3.7-5
Description of Categories of Landslide Susceptibility Hazards
Landslide Susceptibility Description
Least Susceptible Area — 1 Landslide and other features related to slope instability are very rare to

non-existent within this area. Land within area 1 will probably remain
relatively stable unless topography is radically modified.

Marginally Susceptible Area— 2 This area includes gentle to moderate slopes underlain by relatively
competent material or colluvium?® that is considered likely to remobilize
under natural conditions. The stability of slopes within Area 2 may
change radically in response to modification of the adjacent terrain.

Generally Susceptible Area—3  Slopes within this area are at or near their stability limits due to a
combination of weaker materials and steeper slopes. Although most slopes
within Area 3 do not currently contain landslide deposits, the materials that
underlie them can be expected to fail, locally when, when modified
because they are close to their stability limits.

Most Susceptible Area — 4 This area is characterized by steep slopes and includes most landslides in
upslope areas, whether apparent active at present or no, and slopes upon
which there is a substantial evidence of downslope creep of surface
materials. Slopes within Area 4 should be considered naturally unstable,
subject to failure, even in the absence of the activities of man.

Sources: Majmundar, H.H.; 1991; Landslide Hazards in Livermore Valley and Vicinity, Alameda and Contra Costa
Counties, California; California Division of Mines and Geology (renamed California geological survey in 2002)
Open File Report 91-02 (Plates 21A1 and 21A2)

Note:

a. Loose sediment that has been deposited or built up at the bottom of a low-grade slope or against a barrier on that
slope.

Lateral Spreading. Lateral spreading occurs when liquefaction behind free faces causes subsurface
soil layers to move horizontally. Lateral spreads are most common on slopes in areas of loose,
saturated soils with high or very high potential for liquefaction.
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As shown in Figure 3.7-3, the western segment of the study area would be in areas of high to very high
liquefaction susceptibility. Other portions with high or very high liquefaction susceptibility are along
the site of the Isabel/I-580 Station, along 1-580, and in the vicinity of the proposed Isabel/Stanley
Station and Greenville Yard. The remaining segments of the study area would be in areas of low to
moderate liquefaction potential, and thus low lateral spreading potential. It should be noted that the
area near the Vasco Road Interchange has the potential for localized and random settlement because of
underlying loose sands.?

Subsidence. Subsidence is the sinking of an area with little or no horizontal motion. In the Bay Area,
it is caused primarily by excessive groundwater or natural gas withdrawal.?” Weak soils also are prone
to subsidence. The cities of Pleasanton, Dublin, and Livermore supplemented their water supply with
groundwater obtained from the groundwater basins underlying the cities. Long-term groundwater
withdrawals have the potential to cause subsidence if recharge rates are not sufficient to maintain
current water table levels. The Main Basin (managed by the Zone 7 Water Agency) serves large
capacity municipal production wells and is used to store and distribute high quality imported water
through Zone 7’s recharge program. Groundwater recharge occurs through natural and artificial
recharge from rainfall, releases from the South Bay Aqueduct of Lake Del Valle, and gravel mining
recharge to the Arroyo Mocho and Arroyo Del Valle, but the majority of recharge is through artificial
recharge and recharge through stream channels. Consequently, potential for groundwater induced
subsidence is considered to be low. Groundwater recharge is explained in Section 3.8, Hydrology and
Water Quiality, of this EIR.

Soils

According to the Natural Resources Conservation Survey, the soils in the study area include clay, clay
loams, very gravelly coarse sandy loam, and silty clays. As shown in Figure 3.7-5, the areas proposed
for the stations and maintenance facilities are underlain by the following soil types: clay and silt loam
(Isabel/1-580 Station);

very gravelly coarse sandy loam, gravelly loam and loam (Downtown Livermore Station and
Portola/Railroad Yard);

loam and silt loam (Vasco Road Station and Vasco Yard);
loam, clay loam (Greenville East Station and Greenville Yard); and

gravelly loam (Isabel/Stanley Station).

The study area is underlain by erosive and expansive soils, which may present design and construction
constraints. These soil properties are described below.

% Caltrans, Environmental Assessment/Initial Study, 1-580 Eastbound HOV Lane Project from East of

Greenville Road to Hacienda Drive, 2006.

2 City of Pleasanton, Proposed Pleasanton General Plan 2005-2025 - Draft Environmental Impact Report,
2008.
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Expansive Soils. Expansive soils are soils that swell or shrink when they absorb or lose water. This
reaction can cause cracking, tilting, and, occasionally, collapse of foundations or structures. The
presence of expansive soils may indicate a potential for settlement. Settlement takes place when
vertical loads compress weak soils by squeezing out air and water, causing supported structures to sink.
If different soil conditions cause the ground under a structure to settle to different depths (differential
settlement), structural damage such as cracked foundations, cracked columns, and even collapse could
result.

The soils underlying the study area, as identified previously and in Figure 3.7-4, have a high expansion
potential that could damage foundations for the stations, maintenance facilities and structures associated
with all the BART extension alternatives unless treated as required by the BART’s design specifications
and the building codes of the jurisdictions through which the project would be constructed.

Erosive Soils. Erosive soils are those that are easily worn away and transported to another area either
by wind, water, or gravity. Soils that contain high amounts of loose sand and silt (fine soil particles
smaller than sand) are more easily erodible than soils which are more consolidated. Excessive soil
erosion can lead to damage of building foundations and roadways. Moderately erodible soils
underlying the study area, as identified previously and in Figure 3.7-4, occur in the upland, north and
east of Livermore Valley.?

Corrosive Soils. Corrosivity is the ability of soil to break down certain substances, particularly
metals. Corrosive soils may have adverse effects on the long-term structural stability of steel and
concrete. Soils that are highly alkaline or highly acidic are likely to be corrosive. The soils in the
study area, as identified in Figure 3.7-4, are considered to have a high corrosion potential to steel, and
would cause damage to surface piping and weaken building foundations.

Mineral Resources

The California Geological Survey (CGS) is responsible for preparing Mineral Land Classification Maps
that designate Mineral Resource Zones (MRZ). MRZs define areas where important mineral deposits
occur, based on the value of the mineral resource. MRZs are defined as follows:

MRZ-1: Areas where adequate information indicates that no significant mineral deposits are
present, or where it is judged that little likelihood exists for their presence;

MRZ-2: Areas where adequate information indicates that significant mineral deposits are
present, or where it is judged that a high likelihood for their presence exists;

MRZ-3: Areas containing mineral deposits, the significance of which cannot be evaluated
from available data;

MRZ-4: Areas where available information is inadequate for assignment to any other MRZ
zone.

% U.S. Department of Agriculture, Soil Survey Alameda County Area, California, 1977.
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The Livermore Valley is underlain by alluvial deposits which contain significant reserves of sand and
gravel suitable for use as aggregate in cement production. Sand and gravel mining has been a common
regional operation prior to the 20" century.® The region has been mapped by the CGS and much of
the Livermore Valley floor south of the 1-580 is classified as an area of significant mineral resources,
including areas mapped as either MRZ-2 or MRZ-3.%°

Figure 8-3 of the City of Livermore General Plan, Open Space and Conservation Element indicates
State-designated Mineral Resource Sectors A-1 and A-2 in the vicinity of the study area in lands
classified as MRZ-2.** Mineral Resource Sectors are areas where mineral extraction is occurring and
areas that have current land uses that are similar to areas where mining has occurred.®* Mineral
resources in the study area include gravel that is mined in the southwestern portion of the study area, in
Alameda County between 1-580 and the UPRR tracks (Resource Sector A-1) and south of Stanley
Boulevard (Resource Sector A-2) in an area known as the Chain of Lakes. EXxisting quarry lands are
owned by Rhodes & Jamieson Aggregates Mines. The pits near Stanley Boulevard are leased and
operated by Vulcan Materials Company (Vulcan). Vulcan presently mines aggregate and operates an
associated processing plant on approximately 1.1 acres of land.®

Vulcan holds an active permit to mine the SMP-16 area south of Stanley Boulevard, in the southwest
corner of the intersection of Stanley Boulevard and Isabel Avenue; the area has been mined for sand
and gravel products at least since the 1950s. A Reclamation Plan for the property has been approved
by the County and mining can occur on any part of the property. Current mining operations
(commenced in 2008) are ongoing in the SMP-16 area north and south of Stanley Boulevard, and are
anticipated to be completed by 2013.

Farther west, between Isabel Avenue and Vineyard Avenue, extracted material from SMP-16 south of
Stanley Boulevard is transported by a conveyor system under Stanley Boulevard to the Vulcan
processing plant north of Stanley Boulevard and west of El Charro Road. Material is washed, crushed,
and separated into different grades, then stock piled for use in hot mix asphalt, road base, and other
construction uses.*

The property northwest of the intersection of Stanley Boulevard and Isabel Avenue and properties
farther north near the airport (formerly known as SMP-38, -39, and -40) were proposed for mining
operations to commence upon the completion of the existing mining operations in 2013; however, those
plans were withdrawn and the area northwest of the intersection of Stanley Boulevard and Isabel

% City of Livermore, El Charro Specific Plan Environmental Impact Report, 2007.
¥ City of Livermore, City of Livermore General Plan: 2003-2025, 2004.

% Figure 8-3, Mineral Resources Sectors Within Planning Area. Source: California Department Of
Conservation, Division of Mines and Geology, 1996.

¥ City of Livermore, City of Livermore General Plan: 2003-2025, 2004.

¥ City of Livermore, El Charro Specific Plan Environmental Impact Report, 2007.
¥ Vulcan Materials Company, Western Division, SMP-16 Periodic Review of Mining and Reclamation Report
by Permittee, 2008.
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Avenue is not covered by any mining permit or reclamation plan.*® Future mining is planned for the
area south of Stanley Boulevard.®

As shown in Figure 3.7-4 and described in Table 3.7-5, the quarry lands are considered to have the
“least” landslide susceptibility and would be expected to remain relatively stable unless the topography
were radically modified. The soils in the quarry lands are Yolo loams. These soils are well drained
and considered to have a “slight” erosion hazard, indicating that little or no erosion is likely.*” The
quarries are in Quaternary deposits Qa (Latest Pleistocene to Holocene alluvial deposits). Liquefaction
susceptibility associated with these deposits is moderate.®

Paleontological Resources

Fossil localities in Alameda County occur in the marine and non-marine formations, described above.
Many of the fossils in undivided Quaternary sediments and the Livermore gravels are fragmented
vertebrate fossils, including extinct bison, camels, boney fish, mammoths, and horses. Fossils in the
Neroly, Cierbo, and Unit D sandstone formations generally are marine invertebrates such as bivalves
(clams) and microfossils (foraminifera). The distribution of fossil localities and the location of
corresponding geologic units indicate that most of the vertebrate paleontological resources in Alameda
County are southeast of Interstate 680 in the upland foothills of the Diablo Range and in the Livermore
Valley. Fossil localities diminish west of Interstate 680 because much of that area is underlain by
young alluvial and basin deposits that do not contain abundant fossil remains. Invertebrate
paleontological resources occur throughout the Altamont Hills east of the study area.

Alameda County has more than 120 fossil localities recorded in the University of California Museum
of Paleontology (UCMP) database. Slightly more than half the localities contain megafossils
(vertebrates or invertebrates identifiable without the aid of a microscope). Most (75 percent) are on the
west slope of the Coast Ranges or in the valleys near Walnut Creek and Livermore in the undivided
Quaternary deposits or the Livermore gravels. All are vertebrate fossil sites, mostly containing
fragmentary records of large vertebrates, including the extinct camel (Camelidae), horse (Equus sp.),
giant ground sloth (Xenarthra), tapir (Tapirus sp.), and mammoth (Mammuthus sp.). The presence of
mammoth suggests a Pleistocene, rather than Holocene, age for the fossil assemblage.

The Neroly and Cierbo formation sandstones represent sediments laid down in an increasingly shallow
sea during the middle to late Miocene epochs. These formations contain valuable plant records of
middle to late Miocene times. Of the Neroly and Cierbo formation localities in Alameda County that

¥ Bruce Jensen, Senior Planner, County of Alameda, personal communication with George Burwasser,

PG 7151, PBS&J, November 2, 2009.
Vulcan Materials Company, Western Division, SMP-16 Periodic Review of Mining and Reclamation Report
by Permittee, 2008.

Parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental
Impact Report, Alameda County, California, 2009.

% Parikh Consultants, Geotechnical and Seismic Report BART to Livermore Alternatives, Draft Environmental
Impact Report, Alameda County, California, 2009.
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contain neither microfossil nor invertebrates, all are collections of plant specimens. No vertebrate
fossils have been recovered from the Neroly or Cierbo formations in Alameda County.

The Cretaceous rocks of Unit D of the Great Valley Sequence represent deep marine sediments
deposited at depths of several thousand feet in an ocean west of the Cretaceous volcanic island chain in
what is now the Sierra Nevada mountains. Megafossils are rare throughout the Great Valley Sequence,
partially because of the depth at which the sediments were deposited, and of the forty Cretaceous
megafossil localities recorded in Alameda County by UCMP, only one vertebrate and four plant fossil
collections are known, none of which is in the study area.

Identification of Paleontological Resource Sensitivity. The Conformable Impact Mitigation
Guidelines Committee of the Society of Vertebrate Paleontology (SVP, 1995) published Standard
Guidelines in response to a recognized need to establish procedures for the investigation, collection,
preservation, and cataloguing of fossil-bearing sites. The Standard Guidelines are widely accepted
among paleontologists, followed by most investigators, and identify the two key phases of
paleontological resource protection as (1) assessment and (2) implementation. Assessment involves
identifying the potential for a project site or area to contain significant nonrenewable paleontological
resources that could be damaged or destroyed by project excavation or construction. Implementation
involves formulating and applying measures to reduce such adverse effects. The SVP defines the level
of potential as one of three sensitivity categories for sedimentary rocks: High, Moderate, and Low, as
listed below. Two additional categories, Marginal and Zero, define non-sedimentary rocks.

High Sensitivity — Assigned to geologic formations known to contain paleontological localities
with rare, well-preserved, and/or critical fossil materials for stratigraphic or
palecenvironmental interpretation, and fossils providing important information about the
paleobiology and evolutionary history (phylogeny) of animal and plant groups. Generally
speaking, highly sensitive formations are known to produce vertebrate fossil remains or are
considered to have the potential to produce such remains.

Moderate Sensitivity — Assigned to geologic formations known to contain paleontological
localities with moderately preserved, common elsewhere, or stratigraphically long-ranging
fossil material. The moderate sensitivity category also is applied to geologic formations that
are judged to have a strong, but unproven potential for producing important fossil remains
(e.g., Pre-Holocene sedimentary rock units representing low to moderate energy, of marine to
non-marine depositional settings).

Low Sensitivity — Assigned to geologic formations that, based on their relative youthful age
and/or high-energy depositional history, are judged unlikely to produce important fossil
remains. Typically, low sensitivity formations may produce invertebrate fossil remains in low
abundance.

Marginal Sensitivity — Assigned to geologic formations that are composed either of pyroclastic
volcanic rocks or metasedimentary rocks, but which nevertheless have a limited probability for
producing fossil remains from certain sedimentary lithologies at localized outcrops.
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Zero Sensitivity — Assigned to geologic formations that are entirely plutonic (volcanic rocks
formed beneath the earth's surface) in origin and therefore have no potential for producing
fossil remains.

In the context of CEQA, fossils of land-dwelling vertebrates and their environment are considered
important (i.e., significant) paleontological resources. Such fossils typically are found in river, lake,
and bog deposits, although they may occur in nearly any type of sedimentary sequence.

The undivided Quaternary deposits in the study area fit the definition of High Sensitivity for
paleontological resources. Because the Holocene and Pleistocene deposits are not differentiated, it is
not possible to provide a systematic separation of the more sensitive Pleistocene deposits from the less
sensitive Holocene deposits. The Livermore gravels fit the definition of High Sensitivity for
paleontological resources. These are readily identifiable deposits with a discrete age range that does
not extend to the Holocene. The Neroly, Cierbo, and Unit D sandstones contain valuable invertebrate
fossil assemblages, but, because they comprise marine microfossil and invertebrate megafossil
specimens, they do not fit the definition of High Sensitivity for paleontological resources, particularly
in the context of CEQA.

Applicable Policies and Regulations

Alquist-Priolo Earthquake Fault Zoning Act. The State legislation protecting the population of
California from the effects of fault-line ground-surface rupture is the Alquist-Priolo Earthquake Fault
Zoning Act. This law was passed in response to the 1971 San Fernando Earthquake, which was
associated with extensive surface fault ruptures that damaged numerous homes, commercial buildings,
and other structures. At the directive of the Act, in 1972 the State Geologist began delineating
Earthquake Fault Zones (called Special Studies Zones prior to 1994) around active and potentially
active faults to reduce fault rupture risks to structures for human occupancy.®* This Act has resulted in
the preparation of maps delineating Earthquake Fault Zones to include, among others, recently active
segments of the San Andreas and Hayward faults. The Act prohibits the building of structures intended
for human occupancy across traces of active faults and provides for strictly regulated special seismic
design considerations if developments are planned in areas adjacent to active or potentially active
faults.”

The California Geological Survey (CGS) is charged with identifying active faults and delineating the
Earthquake Fault Zones around such traces where surface fault rupture is most likely to occur.
According to the Act, a fault is considered active and eligible for zoning consideration if one or more
of its segments shows evidence of surface displacement in the last 11,000 years.*

¥ Alquist-Priolo Earthquake Fault Zoning Act, California Public Resources Code, Division 2, “Geology,
Mines, and Mining,” Chapter 7.5 “Earthquake Fault Zones,” Sections 2621 through 2630; signed into law
December 22, 1972, most recently amended October 07, 1997.

Bay Area Rapid Transport, Final Environmental Impact Statement, and 4(f) / 6(f) Evaluation BART Warm
Springs Extension, 2006.

4 http://www.consrv.ca.gov/CGS/rghm/ap/Pages/index.aspx.
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Seismic Hazard Mapping Act. The state regulations protecting the public from geoseismic hazards,
other than surface faulting, are contained in California Public Resources Code, Division 2, Chapter 7.8
(the Seismic Hazards Mapping Act), described here, and 2007 California Code of Regulations,
Title 24, Part 2 (the California Building Code [CBC]), described below. Both of these regulations
apply to public buildings, and a large percentage of private buildings, intended for human occupancy.

The Seismic Hazard Mapping Act was passed in 1990 following the Loma Prieta earthquake to reduce
threats to public health and safety and to minimize property damage caused by earthquakes. The act
directs the California Geological Survey to identify and map areas prone to the earthquake hazards of
liquefaction, earthquake-induced landslides, and amplified groundshaking. The act requires site-
specific geotechnical investigations to identify potential seismic hazards and formulate corrective
measures prior to permitting most developments designed for human occupancy (which would include
BART stations and maintenance facilities) in the Zones of Required Investigation.

As of February 2009, 117 official seismic hazard zone maps showing areas prone to liquefaction and
landslides had been published in California, and more are scheduled for 2010. The mapping is being
performed in Southern California and the San Francisco Bay Area. Twenty-seven official maps for the
San Francisco Bay Area have been released, with preparation of additional maps for San Mateo, Santa
Clara, Alameda, and Contra Costa Counties planned or in progress. The project area is on the Seismic
Hazard Maps for the 7.5-minute quadrangles of Dublin, Livermore, Altamont, Niles, and La Costa
Valley.

Section 2697 of the Seismic Hazards Mapping Act mandates that, prior to the approval of a project in a
seismic hazard zone, a geotechnical report defining and delineating any seismic hazard must be
prepared. After a report was approved, subsequent geotechnical reports would not be required,
provided that new geologic information warranting further investigation was not recorded. The
California Building Code requires that the recommendations of the report be incorporated in the
building design.

California Building Code (CBC). The project is located in a seismically active area and must,
therefore, comply with California Code of Regulations Title 24, also known as the CBC. The CBC is
applicable only to building structures included in the project. The CBC is a design code for structures
to withstand seismic hazards and provides standards for project construction, including excavation,
grading, earthwork construction, fill embankments, expansive soils, foundation investigations,
liguefaction potential, and soil strength loss. The CBC is based on the 2006 International Building
Code, which is published by the International Conference of Building Officials. The Code is widely
used throughout the United States, generally adopted on a state-by-state or district-by-district basis, and
has been modified for California conditions with more detailed and stringent regulations.

California Department of Transportation (Caltrans). Much of the study area lies in the 1-580 right-
of-way, and any work in this right-of-way is subject to Caltrans requirements governing allowable
actions and modifications to the right-of-way. The State of California has established construction
standards and design criteria for roadways to safeguard life and property. Construction standards and
seismic design criteria are contained in such regulatory codes as Caltrans Seismic Design Criteria

BART to Livermore Extension Draft Program EIR — Geology, Soils, and Seismicity 3.7-31



San Francisco Bay Area Rapid Transit District 3.7 Geology, Soils, and Seismicity

Version 1.2 (December 2001), Highway Design Manual, Sections 110.6, Earthquake Consideration
(November 2001), and 113, Geotechnical Design Report (November 2001), or similar codes adopted
by a city for roadway corridor protection. These criteria deal with pavement and subsurface utility
design (flexible joints and couplings, overpass construction, etc.), slope stability (especially slumping,
settling, and liquefaction in fills), alignment modification to reduce exposure to fault rupture or intense
groundshaking, and ground failures such as liquefaction. Prior to construction, geotechnical studies
are required to be undertaken: recommended seismic-protection measures are required to be
accommodated in the project design. The recommendations provide the required protection from the
anticipated effects of seismic groundshaking. Adherence to these standards of protection is mandatory
and would reduce the risk of injury or death from earthquakes to the maximum extent technically
practicable.

The State regulations guidelines protecting bridges and overpasses from geoseismic hazards are
contained in Caltrans Bridge Design Specifications, Bridge Memos to Designers, Bridge Design
Practices Manual, and Bridge Design Aids Manual. These manuals provide state-of-the art information
to address geoseismic issues that affect the design of transportation infrastructure. Bridge design is
required to be based on the *“Load Factor Design methodology with HS20-44 live loading (a procedure
to incorporate the estimated weight of the vehicles and/or pedestrians on the bridge with the weight of
the bridge for loading calculations).” Seismic resistant design is required to conform to the Bridge
Design Specifications, and Section 20 of Bridge Memos to Designers, as well as the Caltrans Seismic
Design Criteria. The seismic provisions contained in these design guidelines, or similarly accepted
ones, would be applied to the construction of the rail overcrossings proposed for the study area.

Surface Mining and Reclamation Act. The Surface and Mining Reclamation Act (SMARA) was
enacted for the dual purpose of identifying and mapping economically valuable mineral resources
(including gold, sand, and gravel) and establishing a regulatory framework for the operation and
eventual reclamation of surface mining operations. Section 3704, Performance Standards for
Backfilling, Regrading, Slope Stability, and Recontouring, of SMARA requires the quarry operator to
compact any fill in accordance with the current County Building Code specifications and create finals
slopes no steeper than 2:1 (horizontal to vertical). Cut slopes, including final quarry walls and faces,
are required to have a minimum slope stability factor of safety that is suitable for the proposed end use
and conform to the surrounding topography and/or approved end use.

It is the County’s responsibility, as the State’s agent for SMARA enforcement, to inspect the slopes
and assure that they are stable.

California Public Resources Code. Several sections of the California Public Resources Code (PRC)
protect paleontological resources.  Section 5097.5 prohibits “knowing and willful” excavation,
removal, destruction, injury, and defacement of any paleontologic feature on public lands (lands under
state, county, city, district, or public authority jurisdiction, or the jurisdiction of a public corporation),
except where the agency with jurisdiction has granted permission. Section 0244 requires reasonable
mitigation for impacts on paleontological resources that occur as a result of development on public
lands. The sections of the California Administrative Code pertaining to the State Division of Beaches
and Parks afford protection to geological features and “‘paleontological materials,” but grant the
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director of the state park system authority to issue permits for specific activities that may result in
damage to such resources, if the activities are in the interest of the state park system and for state park
purposes (California Administrative Code Sections 4307—-4309; as cited in USFWS/CDFG, 2006).

An additional section of the Public Resources Code that is applicable to paleontological resources is
Section 5097.5, which provides that any unauthorized removal or destruction of archaeological or
paleontological resources on sites located on public lands is a misdemeanor.

California Environmental Quality Act Statute and Guidelines. CEQA requires that public agencies
identify the environmental consequences of their proposed projects and project approvals. Appendix G
to the Guidelines for the Implementation of CEQA (Public Resources Code Sections 15000 et seq.)
indicates that a project would have a significant impact if it would directly or indirectly destroy a
unique paleontological resource or site.

Other state requirements for paleontological resource management are in California Public Resources
Code Chapter 1.7, Section 5097.5 through 5097.9 (Stats. 1965, c. 1136, p. 2792), Archaeological,
Paleontological, and Historical Sites. This statute defines any unauthorized disturbance or removal of a
fossil site or remains on public land as a misdemeanor and specifies that state agencies may undertake
surveys, excavations, or other operations as necessary on state lands to preserve or record
paleontological resources.

BART Facility Standards. With regard to seismic safety, the BART extensions alternatives would be
subject to the BART Facility Standards, which specify design criteria to protect structures and persons
from geoseismic hazards. The BART Facility Standards specify design criteria to ensure that all
structures, equipment, and supports are designed to survive ground motions without collapse. The
objectives are to ensure safety, prevent prolonged interruption of project operations due to structural
failure or damage, and to protect the permanent stationary facilities.

All BART structures—including aboveground passenger stations, aerial structures, retaining walls, and
cut-and-cover subway structures would be designed and built in accordance with seismic design
standards contained in the BART Facilities Standards, Release 1.2 (May 2004), The design criteria
include the following:

Aerial structure design shall meet the requirements of the Caltrans Bridge Design
Specifications (CBDS), American Concrete Institute Building Code Requirements for
Reinforced Concrete, ACI 318 (ACI) (which covers material design and construction of
concrete structures); American Institute of Steel Construction, Manual of Steel (AISC)
Allowable Stress Design, Part 5 — Specifications and Codes; and American Institute of Steel
Construction, Load and Resistance Factor Design.

Cut-and-cover subway line structures shall be designed according to the provisions of ACI-318,
and shall comply with the requirements set out in Article 6.4 of the BART Facilities Standards.
In addition, for cut-and-cover structures longer than 1500 feet, deformations/stresses caused by
horizontal seismic waves shall be considered in seismic design.
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Design of at-grade-station structures and buildings would be governed by the provisions of the
CBC as modified in Articles 6.5.3 through 6.5.7 of the BART Facilities Standards. Station
structures and buildings shall be designed with an importance factor of 1.5 (specified in the
BART Design Standard as structures whose integrity is essential to the normal operation of
BART trains).

Parking Station (classified as non-essential structures) shall be designed with an importance
factor of 1.25 and shall comply with the provision of Articles 6.5.4 and 6.5.5 set forth in the
BART Facilities Standards.

Soil Erosion Control Regulations. Construction, including excavation and grading of areas in the
study area, could lead to soil erosion. Soil erosion causes the loss of topsoil and can have a local
impact on water quality due to increased sediments in stormwater. Additional information on erosion
control is available in the Section 3.8, Hydrology and Water Quality, of this EIR. The regulations
applicable to soil erosion and stormwater issues are highlighted below.

National Pollutant Discharge Elimination System. The National Pollutant Discharge Elimination
System (NPDES) is a permit program that controls water pollution by regulating sources that discharge
pollution into waters of the U.S. Non-point-source pollutants in stormwater may include suspended
sediment released from soil erosion at construction sites. In California, the State Water Resources
Control Board (SWRCB) is authorized by the United States Environmental Protection Agency
(USEPA) to administer the NPDES program through the Regional Water Quality Control Boards
(RWQCBs). All construction activity that occurs within the cities of Pleasanton, Dublin, and
Livermore requires an NPDES permit. Additional information on the NPDES permit program is
available in the Section 3.8, Hydrology and Water Quality.

Alameda Countywide Clean Water Program. Alameda County, its 14 incorporated cities, and the
Alameda County Flood Control District Zone 7 joined to form the Alameda Countywide Clean Water
Program (ACCWP). ACCWP is responsible for implementing at the local level, pollution control
standards for stormwater runoff to the San Francisco Bay consistent with the federal Clean Water Act.
The ACCWP obtained a Joint Municipal NPDES permit from the San Francisco Bay RWQCB. The
permit contains a comprehensive plan to reduce the discharge of pollutants to the “maximum extent
practicable.” The permit requirements are implemented by the cities of Pleasanton, Dublin, and
Livermore in their respective jurisdictions.

Impact Assessment and Mitigation Measures

Standards of Significance

The alternatives would result in significant geoseismic impacts if they would:

Expose people, or structures to potential substantial adverse effects, including the risk of loss,
injury, death involving (i) rupture of a known earthquake fault, (ii) strong seismic
groundshaking, (iii) seismic-related ground failure, including liquefaction, or (iv) landslides;
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Be located on a geologic unit or soil that is unstable, or that would become unstable as a result
of the project, and potentially result in on- or off-site landslide, lateral spreading, subsiding,
liquefaction or collapse;

Be located on expansive soil as defined in Section 1802.3.2 of the California Building Code
(22007), creating substantial risks to life or property;

Result in a loss of availability of a known mineral resource that would be of value to the region
and the residents of the State;

Result in a loss of availability of a locally-important mineral resource recovery site delineated
on a local general plan, specific plan, or other land use plan; or

Directly or indirectly destroy unique paleontological resource or site.

For each geologic or paleontologic impact analyzed below, a level of significance is determined for
each alternative. Conclusions of significance are reported in the summary tables as follows: significant
(S), potentially significant (PS), less than significant (LTS), no impact (NI), and beneficial (B). If the
mitigation measures would not diminish potentially significant or significant impacts to a less-than-
significant level, the impacts are classified as significant and unavoidable (SU) or potentially significant
and unavoidable (PSU). For this section, GEO refers to Geology, Soils, and Seismicity.

Environmental Analysis

Table 3.9-4 summarizes the impact conclusions for each alternative and indicates whether significant
impacts are mitigated to less-than-significant levels. Impacts addressed in this section are operational
impacts; impacts that could result during construction are addressed in Section 3.16 of this document.
As shown in the table, all BART extension alternatives would experience less-than-significant impacts
related to geology, soils, and seismicity. Several of the BART extension alternatives could affect
access to or extraction of significant mineral resources in the area. All BART extension alternatives
would result in potentially significant impacts related to paleontological resources. An explanation of
these conclusions is provided under the subsequent impact discussions. Impacts related to soil erosion
are addressed in Section 3.8, Hydrology and Water Quality.

GEO-1 Ground Rupture

The BART extension alternatives would experience potential for fault or ground rupture if
portions of the alternatives would occur within an Alquist-Priolo Earthquake Fault Zone. As
shown in Figure 3.7-1, the eastern portion of the study area that includes portions of
Alternatives 1, la, and 1b are within the Greenville Fault Zone, a designated Alquist-Priolo
Zone Fault. The remaining alternatives (i.e., Alternative 2, 2a, 3, 3a, 4, and 5) do not
encroach into Alquist-Priolo Earthquake Fault Zones.

The potential for fault rupture within the defined earthquake fault zone is considered high.
Without proper design, Alternatives 1, la, and 1b could expose persons to injury from fault
rupture, experience structural damage and interruption of transportation services.

BART to Livermore Extension Draft Program EIR — Geology, Soils, and Seismicity 3.7-35



San Francisco Bay Area Rapid Transit District 3.7 Geology, Soils, and Seismicity

The BART extension alternatives would be constructed to BART Facility Standards, which
would substantially improve the ability of all structures and structural supports to survive
ground motions without collapse, with the objectives of ensuring safety, preventing prolonged
interruption of operations due to structural failure or damage, and protecting permanent
stationary facilities. Under the BART Facility Standards, which incorporate State and federal
code requirements, site-specific investigations would be required in Alquist-Priolo Earthquake
Fault Zones that would determine the location of fault traces on site. The regulations prohibit
construction of structures for human occupancy, such as stations and maintenance buildings,
atop fault traces and require rail lines to cross fault traces as nearly perpendicularly as possible.
Aerial structures would be designed to the following standards:

i) Caltrans Bridge Design Specifications;

ii) American Concrete Institute Building Code Requirements for Reinforced Concrete,
ACI 318 (ACI);

iii) American Institute of Steel Construction, Manual of Steel (AISC) Allowable Stress
Design, Part 5 — Specifications and Codes; and

iv) the American Institute of Steel Construction, Load and Resistance Factor Design.

Station structures and buildings would be constructed in accordance with the CBC, as
incorporated into the BART Facility Standards. The required design and constraints would
reduce risk to people, loss of structures, injury or death from ground rupture so that potential
ground rupture would be less than significant, as summarized in Table 3.7-6.

No Build Alternative. The No Build Alternative would include completion of programmed
and funded transit and roadway improvements throughout the study area and region, including
the modification of 1-580 to accommodate high occupancy vehicle lanes. Effects of these
projects within the study area associated with the No Build Alternative have been addressed in
the environmental documents prepared for those projects. Because there would be no
developments under the No Build Alternative beyond those accounted for in the programmed
and funded projects, there would be no new impacts related to ground rupture.

Alternative 1 — Greenville East. Alternative 1 would originate at the existing end-of-track
just east of the Dublin/Pleasanton BART Station and would terminate near Greenville Road.
The eastern portions of this alternative encroaches into the Greenville Fault Zone (designated
as an Alquist-Priolo Earthquake Fault Zone). The eastern portion of Alternative 1 includes the
Greenville East Station and Greenville Yard. The proposed Greenville East Station, Greenville
Yard, and associated components would be in the Alquist-Priolo Earthquake Fault Zone.

The potential for fault rupture in the defined earthquake fault zone is considered high. Ground
rupture along the Greenville fault during an earthquake would pose public safety risks and
could damage below-ground structures, the Greenville East Station and parking structures, and
the Greenville Yard maintenance buildings. Additionally, fault rupture could interrupt BART
services and cause potential derailment. Thus, Alternative 1 could have severe ground rupture
because the proposed structures would be in an Alquist-Priolo Earthquake Fault Zone.
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