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EXECUTIVE SUMMARY

The City of Pittsburg is currently planning the proposed Buchanan Road Bypass that will
be an east-west limited access arterial roadway in the undeveloped hills located south
of the City. The new roadway will extend from near the western limits of the City of
Antioch at Somersville Road to a new intersection with Kirker Pass Road. The
proposed project will consist of constructing an approximately 4.0 km (2.5 mile) section
of new roadway along one of three optional alignments, and the project site spreads
over an area measuring approximately 4.5 square km (1.75 square miles).

This report presents the results of Kleinfelder's engineering geology and geotechnical
constraints investigation as part of the overall planning process by RBF Consulting, the
project civil engineers. The intent of our investigation was to perform an investigation of
the subsurface conditions along the alignment selected by the City of Pittsburg, and to
identify significant geologic, seismic, and geotechnical constraints that could impact the
design of the roadway. Our investigation consisted of geologic reconnaissance, drilling
of borings, rock coring, test pits, seismic refraction analysis, laboratory testing, slope
stability evaluations, engineering analysis, review of pertinent information presented in
reports by us and other geotechnical engineers for nearby projects, and the preparation
of this report.

Based on our field investigation and analysis, there are a number of geologic
considerations that can impact the design of the roadway. These include, amount
others, existing landslides, adverse bedding of rock and formational material, expansive
soils, and slope stability. We have discussed these items with representatives of RBF
Consulting, and they have included in the design aspects to address these
considerations. Some of these are discussed as follows:

e It is our understanding that it is desired that most of the cut and fill slopes have
inclinations that are at approximately 2:1 (horizontal to vertical). We have
evaluated the major slopes at these inclinations. In most cases, the 2:1
inclination is acceptable. In cut areas at this inclination, most of the slopes will
need a buttress fill to address adverse bedding of the exposed rock and
formational material. For a few slopes, inclinations gentler than 2:1 will be
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needed because the planned cuts are extremely high, and the soils generally
weaker. A summary of the slopes evaluated, along with the steepest inclination
recommended, and whether a buttress fill is needed, is presented on Table 7.1.4-
1 with the locations of the identified slopes shown on Plates 2A and 2B.

o There is an existing landslide designated as Landslide 4 on Plate 2B. This
landslide is an ancient one with some minor movement of the surfacial material.
It is extremely deep. Our evaluation indicates that the landslide can be left in
place provided that it is re-shaped, and that a debris encatchment be provided
near the base of the landslide. Most of this encatchment is already included as a
fill embankment to support the road. An additional embankment may be needed
at the western portion of this area. The portion of the landslide beneath the
planned filled for the roadway will need to be removed. This excavation will
require special methods as discussed in Section 7.4, “Slope Stability Results” of
this report. Even with these special methods, there is a distinct possibility that
movement of the landslide may occur. As a result, additional excavation of the
landslide material may be needed.

o Fill slope can be placed at an inclination no steeper than 2:1 (horizontal to
vertical). Where fills are greater than 5 feet in height, keys at the toe of the fills
will be required. Where existing colluvium or landslide debris exists, it will need
to be removed. Specially, the landslide debris will need to be removed at all fill
locations. We estimate that there will be about 10 to 20 feet of colluvum material
that will need to be in non-landslide areas where fill is to be placed.

e The on-site soils can be reused as fill material, including landslide material that is
excavated. A majority of the soils is clay with medium to high expansive
potential. As such, additional effort might be needed to reach the desired
moisture content for placement, as well as achieving the appropriate compaction.
There is a variety of material at the site, which their locations and designation are
approximately on Plates 2A and 2B. We have discussed the placement

- characteristics of each of these materials in this report.

e The seismic refraction lines performed in the field indicated shear wave velocities
between 900 and 5400 ft/s. These values are within that typically for ripping
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based on using a D-9 dozer or larger. Blasting is not anticipated. Localized hard
ripping might be needed.

o As with any hillside development, especially with significant cut and fill slopes as
currently envisioned for this project, there will be long term settlement, sloughing
of soils on slope, erosion, and downward creep of soils on slopes, all of which will
require future maintenance. Aspects can be included in the design to reduce the
impact of such items, but will not eliminate them. As such, maintenance of the
road will need to be anticipated.

o Future consultations will be needed by us to “fine tune” the design. Therefore,
the conclusions and recommendations presented in this report should be
considered general. In addition, evaluation of remedial grading (keyways,
subdrains, etc.), along with assistance in establishing hidden qualities
(overexcavation for example), will need to be provided by us.

o Due to the variety of materials at the site, as well as variation in bedding
inclinations, all cuts should be evaluated by us during grading for both short and
long term stability. In addition, amble observation and testing during grading by
us should be also be provided.
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GEOTECHNICAL INVESTIGATION REPORT
PROPOSED BUCHANAN ROAD BYPASS
PITTSBURG, CALIFORNIA

1 INTRODUCTION

This report presents the results of Kleinfelder's engineering geology and geotechnical
investigation of the site for the proposed Buchanan Road Bypass (Bypass) project
located in Pittsburg, California. The general location of the Bypass is shown on Plate 1,
Site Vicinity Map. This investigation was performed to provide design-level conclusions
and recommendations for the proposed Bypass alignment as part of the overall
planning process by RBF Consulting.

The purpose of our investigation has been to assess the potential impact of landslides,
stability of manufactured (cut and fill) sloes, unstable or compressible colluvial and
alluvial soil areas, rippability of bedrock, and proposed grading at the site. The intent of
this report is to provide design level recommendations for the Bypass alignment
selected with respect to geological and geotechnical issues. The results of our field and
laboratory investigations and engineering analysis, as well as our conclusions and
recommendations, are presented in this report.

- Qur services were provided in accordance with our revised scope of work submittal
dated June 8, 2006. Future consultations will be needed by us to “fine tune” the design.
Therefore, the conclusions and recommendations presented in this report should be
considered general. In addition, evaluation of remedial grading (keyways, subdrains,
etc.), along with assistance in establishing hidden qualities (overexcavation for
example), will need to be provided by us.

1.1 PROJECT DESCRIPTION

The proposed Buchanan Road Bypass project will consist of constructing an
approximately 2.4 km (1.5 miles) section of new roadway. The new roadway will extend
from Kirker Pass Road to Ventura Drive. The Bypass will be an east/west, limited-
access arterial roadway in the undeveloped hills south of the City. The preliminary
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plans by RBF Consultants indicate that east of Ventura Drive the roadway will be
constructed by others as part of the Sky Ranch and Black Diamond Ranch residential
developments, and will extend to James Donlon Boulevard west of Somersville Road.
We understand that while the bypass roadway will ultimately be widened to four lanes,
the current project will be only a two-lane road; however, the right-of-way and grading
for all four lanes will be included.

Besides the roadway and associated drainage facilities, other project features
associated with the proposed bypass road include the following:

o Five culverts along smaller stream crossings and two culverts along Kirker
Canyon Creek.

e Cut slopes and embankment fills with heights ranging up to about 60 meters (190
feet).

o Approximately 4,300 to 5,500 linear meters (14,000 to 18,000 linear feet) of
soundwall.

The bypass road alignment is anticipated to encounter geologic materials consisting of
undocumented fill, alluvium, colluvium, active and dormant landslides, Tulare Formation
claystone, Lawlor Tuff, Neroly Formation sandstone, Cierbo Formation sandstone, and
Kirker Formation tuffaceous materials. The lateral limits and contacts of these geologic
units are shown on Plates 2A and 2B.

1.2 BACKGROUND

Services provided to date for this project include our Phase | geological and
geotechnical evaluation for three potential roadway alignments connecting Kirker Pass
and Somersville Roads. The results of that evaluation were presented in our report
dated September 20, 2002 and titled “Geological and Geotechnical Constraints
Evaluation Report for the Proposed Buchanan Road Bypass in Pittsburg, California.”

Our Phase | investigation studied three possible bypass-road alignments and concluded
that the Central Alignment will require the least mitigation to address geologic, seismic
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and geotechnical constraints/considerations. This conclusion was based on
observations as follows:

o The Central Alignment crosses the smallest number of landslides, whether active
or dormant.

o |t does not cross the large dormant IandslideAdeposits (Landslides “3" and “4"
depicted on Plate 3B, of the Phase | report) mapped along the Northern
Alignment, nor does it cross the active landslide complex mapped in the
southeast corner of the project area along the Southern Alignment.

o This route should require the least grading volume because it will not require
mitigation of the two large dormant landslides along the Northern Alignment and
the active landslide complex along the Southern Alignment.

o The Central Alignment does not extend along areas underlain by the
tuff/tuffaceous materials more than the other alignments. Accordingly, it will
require potential less mitigation of such materials than the other two alignments.

Based in part on a review of the findings of the Phase I report, the City of Pittsburg and
RBF Consulting have concluded that the Central Alignment is desired alignment, and
requested that Kleinfelder provide this design-level geotechnical investigation of that
alignment.

1.3 PURPOSE AND SCOPE OF SERVICES

Our field investigation included advancing auger and rock-core borings, excavation of
exploratory trenches and test pits, performance of seismic refraction traverses, and
geologic mapping. We performed a laboratory-testing program to evaluate the physical
characteristics and engineering properties of the encountered soil and rock materials,
slope stability analyses based on the grading plans provided by RBF titled “Final Central
Alignment" dated July 9, 2007 and prepared this written report addressing the geologic
feasibility, rock rippability, landslide and colluvial remediation, and geotechnical issues
related to the currently planned grading. Our completed report includes geologic maps
and structural cross-sections depicting our geologic modeling of the road alignment.
Boring logs and laboratory test results for soil and rock samples are included in this

75856/PWGEQ / (PLE8BR005.doc) / jmk Page 6 of 81 January 9, 2008
Copyright 2008, Kleinfelder




B KLEINFELDER

report. Recommendations pertaining to the design of the soundwall, drainage and
earthwork are provided.

14 AUTHORIZATION

This preliminary geological and geotechnical investigation was performed in accordance
with our contract with RBF dated September 18, 2006.

1.5 SITE DESCRIPTION AND CONDITIONS

The site area is situated along the northern foothills of Mount Diablo generally along the
elevated ridgelines bordering relatively flat alluvial plains underlying the City. The San
Joaquin River near its junction with Sacramento River is located to the north beyond the
alluvial plains. The north/south trending ridgelines are separated by several prominent
drainage courses that drain northward towards the relatively flat plains.

The alignment has a topographic relief measuring approximately 118 meters (387 feet)
with ground surface elevations varying from approximately 54 meters (177 feet) near
the northeastern portion of the alignment to approximately 172 meters (564 feet) along
the southernmost section of the alignment. The topographic conditions (as provided by
RBF) are presented on Plates 2A and 2B.

The site surface area is generally covered by wild grasses and scattered oak trees
along the ridge lines. Numerous dirt roads cross the site. High voltage transmission
lines that are supported by more than 20 power towers cross the site area in a generally
east/west direction. The site area is generally free of buildings except near the mouth of
the prominent drainage course situated to the south of the termination point of Suzanne
Drive where the Thomas residence and other ranch related structures are located north
of the alignment. Several fence lines and associated gates are present throughout the
site area. The site area is currently being used for animal grazing activities. An
underground gas easement housing high pressure gas lines parallels the entire length
of the overhead high voltage transmission lines and towers along their southern side.
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Kirker Creek crosses the western edge of the alignment. The creek is located within a
canyon approximately 60 feet in depth. The creek runs approximately parallel to Kirker

Pass Road.

A cut area that could have been used as a borrow site with a vertical slope measuring
about 6 to 8 meters (20 to 26 feet) in height was observed near the south side of the
alignment from about station 36+00 to about 37+00. Several corrugated metal culverts
were noted across the site where drainage swales or courses are crossed by dirt roads.
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2 GEOLOGY

2.1 REGIONAL GEOLOGY

The site is located in Contra Costa County the majority of which lies within the Coast
Range Geomorphic Province in Central California. This geomorphic province contains
a more or less discontinuous series of northwest-trending mountain ranges, ridges, and
intervening valleys characterized by complex folding and faulting. The general geologic
framework of the San Francisco Bay Area is illustrated in regional studies by Schlocker
(1970), Wagner and others (1990), Chin and others (1993), and Ellen and Wentworth
(1995).

The dominant structural feature in the Coast Range Geomorphic Province is the San
Andreas fault which is a strike-slip fault, with a right-lateral sense of motion. Numerous
fault traces such as the Hayward, Calaveras and San Gregorio, among others,
comprise the San Andreas fault system in the tectonic context of the seismically active
San Francisco Bay Area. The San Andreas fault trace is the boundary between two
tectonic plates, the Pacific Plate to the west of the fault and the North American Plate to
the east of the fault. These two crustal plates are moving past each other in a generally
northwest/southeast direction at approximately 5 cm/year (2 inch/year) at the mouth of
the Guif of California and 1 to 3 cm/year (0.4 to 1.2 inch/year) in the central and
northern parts of California (Brown, 1990).

In the San Francisco Bay Area, movement along this plate boundary is concentrated on
the San Andreas fault: however, it is also distributed, to a lesser extent across a number
of the other near-by faults. The northwest trend of the faults within the San Andreas
fault system is largely responsible for the strong northwest structural orientation of
geologic and geomorphic features in the San Francisco Bay Area.

The basement rocks east of the San Andreas fault are Jurassic to Cretaceous age (195-
65 million years before present) rocks of the Franciscan Complex. This Complex is
generally comprised of a chaotic mixture of highly deformed marine sedimentary,
submarine volcanic and metamorphic rocks. West of the San Andreas fault, the
basement rocks are composed of the Cretaceous age (140 to 65 million years old)
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granitic Salinian block. The basement rocks on both sides of the San Andreas fault are
overlain by Cretaceous, Tertiary (66 to 1.6 million years old) and Quaternary age (1.6
million years or younger) marine and continental sedimentary and local volcanic rocks.
These Cretaceous and Tertiary rocks have typically been extensively folded and faulted
largely as a result of movement along the San Andreas fault system which has been
ongoing for about the last 25 million years. The inland valleys, as well as the structural
depression containing the San Francisco Bay, are filled with unconsolidated to semi-
consolidated surficial deposits of Quaternary age (about the last 1.6 million years or
younger). Surficial continental deposits (alluvium, colluvium and landslide deposits)
consist of varying mixtures of unconsolidated to semi-consolidated sand, silt, clay and
gravel while the Bay deposits typically consist of very soft organic rich silt and clay (Bay
mud) or sand.

2.2 SITE RECONNAISSANCE AND GEOLOGY

The site lies on the northern foothills of Mount Diablo in central Contra Costa County.
Over the last approximately 40 years, the geology of Contra Costa County has been
extensively mapped by the United States Geological Survey (USGS) and numerous
resultant published geologic maps are available. Published geologic literature and
maps reviewed for this study are listed in the “References” section (Section 9 of this
report). A discussion of the site’s geology is presented below.

The geology of the site and adjacent areas have been mapped by the Division of Mines
(1954), Brabb (1976), Dibblee (1980), Wagner and others (1990), Chin and others
(1993), Graymer and others (1994), Ellen and Wentworth (1995), and Helley and
Graymer (1997). The maps generally agree on the distribution of bedrock formations in
the immediate vicinity of the site.

The mapped bedrock units are listed below starting with the youngest units:
e The Pliocene age (about 2 to 4 million years old) Tulare Formation (map symbol

Ttu) which is largely comprised of continental sandy claystone, sandstone, and
conglomerate;
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o The Pliocene age (about 4 to 5 million years old) Lawlor Tuff (map symbol Tit) which
is chiefly comprised of pyroclastic (volcanic ejecta) pumice lapilli tuff and water-
reworked tuff deposited in a sedimentary setting;

o The Miocene age (about 20 million years old) Neroly Formation (map symbol Tn)
which is mostly comprised of continental blue andesitic sandstone;

o The Miocene age (about 20 million years old) Cierbo Formation (map symbol Tc)
which is generally comprised of marine pebbly and fossiliferous sandstone;

o The Oligocene age (about 30 million years old) Kirker Formation (map symbols Tkt
and Tks) which is mainly comprised of volcanic tuff and tuffaceous sandstone; and

o The late Eocene age (about 40 million years old) Markley Formation (map symbol
Tmk) which is represented by marine, arkosic (chiefly feldspar minerals) sandstone,
shale, and siltstone.

2.3 BEDROCK UNITS

The bedrock units observed at the site were mapped by us and their approximate
locations are shown on our Site Geologic Map and Subsurface Explorations Point,
Plates 2A and 2B. Based on our site reconnaissance and mapping, a review of
published geologic reports, as well as other information contained in site-specific
studies conducted by other consultants and in our files, we have prepared the following
descriptions of the bedrock formations encountered along the planned alignment.

2.3.1 Tulare Formation

The Tulare formation is Pliocene age (about 2 to 4 million years old) sedimentary
formation that is largely comprised of continental (non-marine) light sandy yellowish
brown claystone, sandstone, and conglomerate. These units are derived from the older
sedimentary and volcanic units to the south. According to Ellen and Wentworth (19953),
the sandy claystone constitutes more than 75 percent of the formation but in hard
topography areas the clayey sandstone and conglomerate represent more than 50
percent of the unit's composition. The claystone and the sandstone units contain
pebbly stringers and clasts from the older units such as lapilli tuff from the Lawlor, blue
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sandstone and petrified wood from the Neroly, and fossiliferous sandstone fragments
from the Cierbo Formations. The sandy claystone is thickly and crudely bedded,
lenticular, irregular, and has a low intergranular permeability. Bedrock and mantle
materials are highly to severely expansive.

The Tulare formation units were encountered and their exposures were observed by our
geologists during subsurface investigations and grading activities (Kleinfelder, 1999 and
2001) at Units 10, 11, 13, 15, and 16 of the Mira Vista Hills residential development in
Antioch (southeast corner of James Donolon Boulevard and Somersville Road, located
approximately one mile to the east of the eastern end of the alignment). The sandy
claystone constituted the majority of the unit but localized clean sandy zones were
encountered. The sandy claystone, described by ENGEO, Inc. (1991) as “gummy”, is
generally weak to plastic, highly weathered, of low hardness (firm), and thickly bedded.
These characteristics resulted in the observed topography of low rounded hills. The
older sections of this formation (farthest south) appear to form intermediate to hard
topography implying the presence of clean sandstone and conglomerate along those
zones. Colluvial expansive soils blanket the bedrock materials.

This formation is susceptible to soil creep and landslide activities. North-facing slopes
(whether they are natural or cut) along with areas adjacent to the geologic contact with
the underlying Lawlor Tuff units are especially susceptible to landsliding because of the
weak nature of the material, the adverse northward dip of the beds and the geologic
contacts.

2.3.2 Lawlor Tuff

The Pliocene age Lawlor Tuff (dated by Sarna-Woijcicki in 1976 to be approximately 4.5
million years old) is chiefly comprised of pyroclastic (volcanic ejecta) pumice lapilli tuff
and water-reworked tuff that was deposited in a sedimentary setting. This unit forms
distinctive resistant outcrops that can be traced almost continuously along their
northwestern strike for nearly 8 miles in the general vicinity of Antioch and Pittsburg
(Chesterman and Schmidt, 1956).
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Ellen and Wentworth (1995) noted that the pyroclastic pumiceous lapilli tuff constitutes
approximately 25 to 35 percent of the unit and that the remainder of the unit is
comprised of firm tuffaceous sedimentary rock and minor basalt beds. The relatively
light density pumiceous lapilli tuff is andesitic in composition (Vitt, 1936) and contains
angular broken fragments of white and grayish white pumice supported by a white to
pink matrix of pumicite. The tuff contains broken crystals of feldspars and olivie-basalt
gravels locally. It is well compacted and forms prominent exposures and cavernous
outcrops. The materials forming the Lawlor Tuff are fractured and have a low to
moderate intergranular permeability where weathered and high where fresh. These
units weather to an approximate depth of 20 feet and they are usually expansive where
weathered with the surficial mantle severely expansive.

Based on observations recorded by our geologists during the subsurface exploration
and grading activities at the Mira Vista Hills project in Antioch (Kleinfelder, 1999 and
2000), the pumiceous lapilli tuff appeared firm to hard, cohesive, brittle, and appeared
clayey where weathered. At depth, zones of light density and high permeability vitric
tuff were encountered in some of our borings at the Mira Vista Hills project. Such zones
could react when they come into contact with concrete, collapse when wetted or loaded
and are moderately to highly expansive.

The Lawlor Tuff units generally have a low to moderate landslide susceptibility. It is
underlain by the Neroly Formation sandstone and overlain by the high clay content
Tulare Formation. The upper surface of the Lawlor Tuff is usually less permeable
(when welded or solidified) and it acts as a medium to transmit water northward beneath
the base of the Tulare Formation contributing to landslide activities in the Tulare
Formation near the contact with the lower tuff units.

2.3.3 Neroly Formation

The Neroly Formation is mostly comprised of continental blue andesitic sandstone and
siltstone with interbeds of gravel and is commonly cross-bedded. Their blue
appearance results from a translucent coating on the sand/silt grains. The coating was
previously thought to be opal, but Lerbemko (1956) showed it to be a fibrous mineral
instead. Snow (1957) concluded that the interstitial coating is made up of bound
montmorillonitic clay.
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This formation forms prominent “hogbacks” and ledges, providing good outcrop
exposures. The materials comprising the formation are generally thickly bedded,
moderately hard, friable, porous, and weakly cemented. The sandstone forms
cavernous weathering patterns and wind sculpturing is common. Some of the upper
beds are rusty and resistant due to cementation by iron oxide. Clark (1912) described
large concretions (zones of concentrated cementation) within the sandstone that could
reach many meters in diameter. The bedrock is fractured in a perpendicular fashion to
the beds.

According to Ellen and Wentworth (1995) the sandstone has a moderate intergranular
permeability while that of the siltstone is low. The rocky units may not appear clayey
but weathering of the sandstone and siltstone frees clay particles bound up around the
grains to where the soils derived from the bedrock are expansive. The undisturbed
bedrock is considered to have low expansion but the soil mantle is highly to severely
expansive.

2.3.4 Cierbo Formation

The Miocene Cierbo Formation is generally comprised of marine pebbly and
fossiliferous (clam and oyster shells) sandstone. The arkosic (pre-dominantly
composed of feldspar minerals) sandstone ranges from fine to coarse-grained with
stringers of pebbles. Tuffaceous and diatomaceous shale and lignite seams are
common. Sandstone concretions as large as 3 meters in diameter are also common at
depth. The sandstone varies from strongly cemented and resistant forming hard
topography to firm and nonresistant forming swales and bold rounded hills.

Ellen and Wentworth (1995) indicate that more than 60 percent of the formation is
composed of the nonresistant sandstone. During our field reconnaissance, we
observed the upper (younger) portion of the formation to be cemented by calcite which
is crystalline, thus forming hard topography. The lower portions, however, tended to be
less resistant. Conglomerate beds with hard clasts and shale partings are common
within the sandstone. Spheroidal weathering patterns were noted within the strongly
cemented portions. The nonresistant sandstone has a moderate intergranular
permeability while the hard sandstone portion displays a very low intergranular
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permeability. The bedrock generally has a low expansion potential but the weathered
portions and surficial mantle are considered expansive.

2.3.5 Kirker Formation

The Kirker Formation is mainly comprised of marine volcanic tuff and tuffaceous
sandstone and mudstone. The tuff is vitric (composed of crystals) and lithic (composed
of minute rock fragments) and is fissile.

According to Ellen and Wentworth (1995) the tuff constitutes approximately 20 percent
of the formation, while the tuffaceous sandstone and mudstone make up the remaining
portion. The units are firm, brittle, friable, fractured, scaly, laminated, and have a
relatively light density. They also display a low to moderate intergranular permeability.
Additionally, the units are considered expansive where weathered or mechanically
broken and their soil mantles are severely expansive. Limited field exposures suggest
that the tuff is nonresistant and the sandstone to be intermediate. The tuff was
observed along the base of the drainage swale below the “cut area” near the center of
Plate 2A and along the base of the hillock (small hill) situated near the extreme central
western portion of the site between the Kirker Creek channel and Kirker Pass Road.
The sandstone and tuff generally form swales, rounded knobs, and subdued topography
and erode easily.

ENGEO, Inc. (1990) noted that these tuffaceous units react adversely with concrete, are
expansive and have low strengths.

2.4 QUATERNARY SURFICIAL DEPOSITS

Quaternary surficial deposits such as alluvium, colluvium/slope wash, and landslide
deposits were also mapped along some portions of the site. The approximate locations
of the surface mapped Quaternary deposits are shown on our Plates 2A and 2B.
These surficial deposits will be discussed further below.
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2.4.1 Quaternary Alluvium

Helley and Graymer (1997) prepared a geologic map differentiating Quaternary (1.7
million years old and younger) alluvial deposits. They differentiated between
Pleistocene (11,000 to 1.7 million years old) and Holocene (Recent to 11,000 years old)
alluvial deposits and identified their depositional modes. These alluvial deposits are
generally comprised of varying amounts of clay, silt, sand, and gravel and are
transported and laid in place by running water. Helley and Graymer (1997) mapped the
relatively flat topographic areas in the vicinity of Kirker Canyon Creek and along the
base of the foothills as Pleistocene alluvial fan deposits (map symbol Qpaf). During our
reconnaissance of the site, we noted that the creek channels and prominent drainage
courses contained younger Holocene deposits in addition to the slightly elevated
Pleistocene deposits usually bordering the creek channels. We designated the younger
Holocene deposits on the Plates 2A and 2B as Qal.

These alluvial deposits could measure in excess of 6 m (20 feet) along the northern
portions of the prominent drainage courses crossing the site. Additionally, these
deposits could measure in excess of 15m (50 feet) in depth along the relatively flat and
broad plain to the west and northwest of Markley Canyon Creek channel. These alluvial
deposits could consist of soft and wet sediment at depth. Soft alluvial sediments are
usually removed from areas to receive engineered fills to lessen subsequent settlement
of the fills.

2.4.2 Colluvium and Slope Wash

Colluvium is comprised of loose, heterogeneous soil and rock material that is deposited
by natural mass-wasting processes. Slope wash is made up of soil and rock materials
that are or have been transported down a slope by mass-wasting processes assisted by
running water. Both of these surficial deposits tend to creep down steep slope faces
and are usually present along the axis of drainage swales and topographic hollows.
The slope wash deposits are delineated on the Exploratory Sample Locations maps
(Plates 2A and 2B) as SR. Colluvial deposits are generally present on nearly all of the
moderately steep to steep slope faces that are covered with residual soil, and at the
flatter areas at the toes of the hills. Because the distribution of the colluvial deposits is
wide across the site area, we chose to delineate their presence with squiggly arrows
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indicating approximate direction of creep. We did not show them as a distinctive
geologic unit on our Plates 2A through 2B so that the underlying bedrock geology is not
obscured. Typically the upper portions of the colluvial material have undergone
shrinking and swelling cycles, and are usually susceptible to consolidation when loads
(such as from new fills).

These colluvial deposits are more abundant within the clayey Tulare Formation
occupying the northern and central portions of the site. There are, however, more slope
wash deposits along the more granular bedrock units such as the Neroly and Cierbo
Formations. The colluvial and slope wash deposits tend to be more clayey towards the
north and more granular southward.  These deposits are relatively shallow,
approximately 1.5m (5 feet), but could range between 4.6 to 6.1 m (15 to 20 feet)
depending on the topographic shape of the swales housing them. These deposits are
usually subexcavated and incorporated into engineered fills in proposed fill areas, and
are rebuilt if exposed on cut slope faces to help stabilize them.

Two moderate size slope wash deposits underlie portions of the alignment along the
southern portion of the prominent drainage swale bordering the Thomas residence to
the west. The slope wash deposits generally occur in the Neroly and Cierbo Formation
materials.

2.4.3 Landslides

Numerous landslide deposits were identified within the site area during our aerial
photograph interpretation, reconnaissance and literature review performed as part of
this study. Active and dormant landslide deposits were mapped and their approximate
lateral boundaries and degree of activity are indicated on Plates 2A and 2B. We
marked the active landslides with a circled “A” to differentiate them from the mapped
dormant ones we marked with a circled “D”. In addition, slope wash deposits were
mapped and their approximate lateral boundaries are indicated on Plates 2A and 2B.
Slope wash deposits are marked with a circled “SR".

The active landslides are those that display recent topographic signs of activation such
as head scarps, soil cracking outlining portions or all of the landslide, hummocky terrain,
dirt road distortions, striated head scarps, and raised toe areas. Dormant landslides are
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those that lack indications of recent movement. Their outlines are generally subdued,
they lack head scarps and the slide mass itself seems to be less angular. The dormant
landslides tend to be stable in their current configurations but may reactivate if existing
conditions are altered. Dormant landslide reactivation could occur due to seismic
activities, increase in groundwater flow, grading operations undermining the toe area or
loading the higher portions of the landslide with fill. Slope wash deposits are shallow
instances of soil creep.

The majority of the landslide deposits mapped (active and dormant) are situated within
the Tulare Formation. The four largest landslide deposits do not underlie the alignment,
however several significant lanslides are anticipated to effect the alignment. The
locations and a brief discussion of the landslide deposits that will impact the alignment
are as follows (stationing is reference to the Final Central Alignment" dated July 9, 2007
dated map by RBF):

o A large landslide deposit was mapped underlying the alignment from about Station
26+00 to about Station 26+50. It is delineated on Plate 2A as “1", and is shown on
the western portion of this plate. It measures approximately 60 meters (190 feet) in
width and 50 meters (160 feet) in length and is mapped as dormant.

e A second landslide deposit (designated as “2” on Plate 2A) underlies the alignment
from about Station 33+25 to about Station 33+55. The landslide's approximate
location and lateral limits are shown along near the center of Plate 2A. It measures
approximately 30 meters (85 feet) in width and 90 meters (290 feet) in length, is
mapped active and is currently failing.

o A third landslide deposit (designated as “3" on Plate 2A) underlies the alignment
from about Station 41+50 to Station 42+50. The landslide measures approximately
130 meters (415 feet) in width and 100 meters (320 feet) in length and is mapped as
dormant. The landslide is shown on the eastern portion of Plate 2A, on the western
side of a large drainage swale.

e A fourth landslide deposit (designated as “4" on Plate 2B) is mapped on the western
portion of Plate 2B. The toe of the landslide underlies the alignment from about
Station 46+15 to about Station 46+90, and the majority of the landlside is located to
the south (upslope) of the alignment. The landslide is shown on the western portion
of Plate 2B. The landslide measures approximately 140 meters (450 feet) wide and
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180 meters (580 feet) long and is mapped as dormant.

e A fifth landslide deposit (designated as “5” on Plate 2B) is mapped to the north of the
alignment and landslide “4”, on the western portion of Plate 2B. The scarp of the
landslide is located adjacent to the toe of the alignment fill. The landslide measures
approximately 45 meters (145 feet) in width and 85 meters (270 feet) in length, and
is mapped as dormant.

Several additional landslide deposits that are relatively smaller were mapped along
portions of the alignment. We did not observe large offsite landslide deposits that could
encroach on the site and adversely effect the alignment.

2.5 SITE SOILS AND SOIL SURVEY MAPS

The soils within the site area have been classified and described by the U.S. Soil
Conservation Service (1977). They utilized aerial photographs as base maps. Their
maps show the majority of the northern portion (underlain by the Tulare Formation) to
belong to the Altamont Group. These materials are described as having a high shrink
and swell potential and are corrosive. They indicate that care must be taken when
using these materials for roadway construction due to their high expansion potential and
low strengths.

According to the Soil Survey Maps, the more resistant outcrop and peak areas are
underlain by soils of the Lodo Series. These materials are described as having a very
thin veneer of soil covering rocky terrain. Their expansion and corrosion potentials are
more moderate than the Altamont Group soils. The disadvantages associated with this
type of soils are their limited supply and possibly low strengths.

Along the relatively flat areas surrounding the channels of Markley and Kirker Creek
channels, the soil survey maps show soils belonging to the Rincon Soil Series. These
soils tend to be similar in their engineering characteristics to the Altamont Group soils.
Table @5—1) below presents more detailed characteristics of the soils discussed above.

The soil types discussed above were not shown on our Preliminary Site Geologic Maps.
We chose not to delineate them on our maps so that the geological units and contacts
are not obscured.
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TABLE 2.5-1
Engineering Characteristics of the Soils within the Project Area
Soil Series Depth to Plasticity | Shrink/Swell | Corrosivity | Permeability
or Group Bedrock Index Potential
(meters) (feet)

Altamont 31/2-5 25-30 High High Slow

1.1-15
Lodo 1-11/2 15-20 Moderate Moderate Slow

0.3-0.5
Rincon >5 15-25 High High Slow

1.5

Note: Derived from the Soil Survey Publication for Contra Costa County (USDA, 1977)

2.6 GEOLOGIC STRUCTURE

The older bedrock formations such as the Markley, Kirker, and Cierbo were initially
deposited in a horizontal fashion atop each other by sedimentary processes in a marine
environment. A period of erosion followed after each layer was deposited but before the
following layer was laid. Mountain building and uplift episodes caused the deposited
layers to form a part of the continent and become exposed. A period of erosion along
the exposed surface of the deposited and uplifted layers followed, after which a
depositional period of continental sedimentary and volcanic formations such as the
Neroly, Lawlor Tuff, and Tulare occurred. The units were subsequently tilted northward
rendering the units stacked in their current position becoming older towards the south.

The thickness and width of the exposed portions of the various formations varied
laterally because the units weathered differentially along their exposed surfaces before
the next layers were deposited.

The units generally strike northwestward at an angle ranging between 55 and 75
degrees and have associated dips varying between 30 to 40 degrees to the east of
north. The bedding of the Tulare formation is generally subdued and obscured but
bedding readings recorded by our geologists at the Mira Vista Hills Subdivision indicate
that the bedding angles may be as gentle as 20 degrees to the north.
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The geologic units and formations mapped across the site dip northeastward.
Accordingly, cut slopes steeper than 20 degrees could potentially present adverse
bedding (dip slope) conditions that could contribute to or promote slope instability and
failure. Planned cut slopes steeper than 20 degrees may need to be rebuilt as
engineered fill.

2.7 AERIAL PHOTOGRAPH INTERPRETATION

Aerial photographic stereo pairs purchased specifically for our previous study were
reviewed as part of our geologic investigation of the site. The reviewed photographs
are listed below.

Date Source Flightline/Frames scale Color
6/29/99 PAS CC-AV-6100-127 (6, 7 & 8) 1:12000 B&W
6/29/99 PAS CC-AV-6100-128 (6, 7 & 8) 1:12000 B&W
6/29/99 PAS CC-AV-6100-129 (7 & 8) 1:12000 B&W

These photographs were reviewed for the presence of terrain features indicative of
active or dormant landslides and for features characteristic of fault zones, particularly
lineaments. A lineament is seen on a stereo aerial photograph pair as a feature with
tonal contrast on either side. These differences may be indicative of changes in soll
types, vegetation, groundwater levels or sedimentary bedding characteristics.
Lineaments are often indicative of the presence of geologic structures such as folds and
fault.

A buried gas line forming a linear feature extending from the southwest corner
immediately south of and parallel with the power transmission towers to the northeast
corner of the site at a point where Markley Creek crosses Somersville Road is visible on
the aerial photographs.

The northern area underlain by the Tulare Formation appeared dark-toned and
exhibited soft (rounded) topography that lacks ribs (angular). The elevated southern
portions of this formation near the contact with Lawlor Tuff displayed intermediate
topography which could represent the location of the more resistant sandstone and
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conglomerate units within the formation. Numerous active and dormant landslide
deposits were observed within the Tulare formation. Some of these deposits are very
large and dormant and others are relatively large and are part of a whole landslide
complex encompassing the entire slope faces at those locations.

The area where the Lawlor Tuff was mapped appeared light-toned with alternating dark
layers. The unit appeared to exhibit variable resistant with some individual beds
forming prominent outcrop exposures. The uppermost portion (youngest) of the unit is
represented by a well-compacted (possibly partly welded) tuff bed that extends nearly
across the whole site area in a northwestern trend atop which lies the Tulare Formation
units.

The area where the Neroly Formation was mapped prominently stands out as hard
topography with abundant outcrop exposures. The sandstone outcrops form hard
crests and bands representing bedding. The beds appeared to alternate between light
and dark gray tones possibly indicating degrees of differential weathering. The beds
are stacked and nearly continuously extend across the site area along their
northwestern strike line.

The area occupied by the Cierbo Formation sandstone appeared faintly banded and
somewhat resistant especially near the contact with the overlying Neroly Formation
sandstone beds. The central and southern sections of the unit appeared non-resistant
with subdued topographic expression forming swales and bold rounded hills.

The Kirker Formation units generally appeared intermediate to non-resistant forming
swales and drainage gullies and soft knobs along white bands. The zone where the
Markley Formation was mapped appeared fairly non-resistant forming ridges and hill
slopes rather than swales and gullies. The area exhibited subdued “hogback” pattern
with subtle banding.

We did not observe features indicative of faulting in the vicinity of the possible
northward trending fault shown on ENGEO Inc.’s (1990) geologic map generally along
the center of the site. ENGEO Inc. (1990) showed displaced beds in a left lateral sense
of motion along the trend of the mapped fault. The mapped feature may represent a
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shear zone or an inactive bedrock fault. Dibblee (1980) and Graymer and others (1994)
did not map a fault in that vicinity.

2.8 GROUNDWATER

Groundwater was not encountered in our exploratory soil or rock core borings. No
springs or seeps indicative of shallow groundwater were observed during our
reconnaissance. Groundwater may be encountered along the drainage courses during
the grading operations, especially if cuts are made along these drainage courses.
Groundwater levels may be higher during the rainy season.

75856/PWGEO / (PLE8R005.doc) / jmk Page 23 of 81 January 9, 2008
Copyright 2008, Kleinfelder



BESE KLEINFELDER

3 FAULTING AND SEISMICITY

The project site is located in a region which is traditionally characterized by moderate to
high seismic activity. Based on the information provided in Hart and Bryant (1997), the
site is not located within an Alquist-Priolo Earthquake Fault Zone where special studies
addressing the potential of surface fault rupture are required. The closest fault is the
Greenville-Marsh Creek fault located at a distance of about 5.6 km (3.5 miles) towards
the southwest. A major earthquake on this fault could cause significant ground shaking
at the site. A list of the significant regional faults and their seismic parameters are
presented in Table 3-1 below. Some of the faults located in the region (not considered
independent seismogenic sources) and not listed in the table are the Antioch fault, the
Livermore fault, the Pleasanton fault, and the Veronas-Las Positas fault. Plate 3 is a
map showing the location of some of the regional faults in relation to the site.

The locations of the faults and associated parameters presented on Table 7-1 below are
based on data presented by Real and others (1978), Toppozada and others (1978),
Hart and others (1984), Wesnousky (1986), Working Group on California Earthquake
Probabilities (1999), Schwartz (1994), Jennings (1994), Frankel and others (1996), and
Petersen and others (1996). The maximum earthquake magnitudes presented in this
table are based on the moment magnitude scale developed by Kanamori (1977).

TABLE 3-1: SIGNIFICANT FAULTS

Fault Name and Geometry (1) and Fault Closest | Magnitude of Slip
Location (2) Length to Site Maximum Rate
(km) (km) Earthquake * (mmlyr)
, 3)

Greenville-Marsh Creek (rl-ss) (SW) 73+7 5.6 6.9 +1
Great Valley 6 (r,15,W) (NE) 45+5 10 6.7 5+1
Concord-Green Valley (rl-ss) (W) 66 +7 13 6.9 6+3
Great Valley 5 (r,15,W) (NE) 28+3 16 6.5 15+1
Mt. Diablo Thrust (r,WW) (SW) 25+5 18 6.7 3+2
Calaveras (northern) (rl-ss) (SW) 52 +5 20 6.8 6+2
Hayward (rl-ss) (SW) 86+9 35 7.1 9+ 1
Great Valley 4 (r,15,W) (N) 42 + 4 36 6.6 15+1
West Napa (rl-ss) 30+3 38 6.5 141
Rodgers Creek (rl-ss) (NW) 63+6 42 7.0 +
Great Valley 7 (r,15,W) (SE) 45+ 5 43 6.7 1.5+1
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Hayward (SE Extension) (rl-r-o) (S) 26+3 58 6.4 3+2
Hunting Creek-Berryessa (rl-ss) (NW) |60 +6 60 6.9 6+3
Calaveras (southern) (rl-ss) (S) 106 + 11 | 61 6.2 15+2
San Andreas (1906 Event) (rl-ss) (SW) | 470 +47 |64 7.9 24+ 3
San Gregorio 129+13 |70 7.3 5+2
Monte Vista-Shannon (r,45,E) (SW) 41+4 72 6.8 0.4+0.3
Great Valley 3 (r,15,W) (N) 55+ 6 77 6.8 15+ 1
Point Reyes (rl-ss) (NW) 47 +5 85 6.8 0.3+02
Great Valley 8 (r,15,W) (SE) 41+ 4 88 6.6 1.5+ 1
Sargent (rl-r-o) (S) 53+5 95 6.8 3+15
Ortigalita 66 +7 97 6.9 1+05
Zayante-Vergeles 56 + 6 100 6.8 0.1+01

M ss = strike slip; r = reverse; n = normal; rl = right lateral; o = oblique; 15 W = Dip angle
and direction

(2) W = West; E = East; SW = Southwest; NE = Northeast; S = South

(3) Moment Magnitude based on rupture area regressions from Wells and Coppersmith
(1994) need reference

The project site and its vicinity are located in an area traditionally characterized by high

seismic activity. A number of large earthquakes have occurred within this area in the

past years. Some significant regional earthquakes include the 1889 (M6.3) Antioch

earthquake, the 1868 (M7) Hayward earthquake, the 1906 (M7.9) San Francisco

earthquake, the 1838 (M7) San Francisco/San Mateo earthquake, the 1858 (M6.1)

Mission Peak area earthquake, the 1861 (M5.7) San Ramon Valley earthquake, the two

1903 (M5.5) San Jose earthquakes, the July 1911 (M6.6) Calaveras earthquake, the

1957 (M5.3) Daly City earthquake, the 1980 (M5.8) Livermore earthquake, and the 1989

(M6.9) Loma Prieta earthquake.

The earthquake database used in our search contains in excess of 5,500 seismic
events and covers the period from 1800 through July 2002. The earthquake database
is principally comprised of an earthquake catalog for the State of California prepared by
the California Geological Survey, CGS (formerly known as the California Division of
Mines and Geology, CDMG). The original CGS (CDMG) catalog (Real and others 1978)
is a merger of the University of California at Berkeley and the California Institute of
Technology instrumental catalogs (Hileman and others 1973). The combined catalog
contains earthquake records from January 1,1900 through December 31, 1974.
Updates prepared by CGS (CDMG) in 1979 and 1982 extend the coverage through
1982. In addition to the CGS (CDMG) updates, the data for earthquakes for the period
between 1910 and July 2002 have been obtained from a composite catalog by Council
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of the National Seismic System (CNSS). The CNSS catalog is a worldwide earthquake
catalog that is created by merging the master earthquake catalogs from contributing
CNSS member networks and then removing duplicate events, or non-unique solutions
from the same event. The CNSS network includes Northern and Southern California
Seismic Networks, Pacific Northwest Seismic Network, University of Nevada, Reno
Seismic Network, University of Utah Seismographic Stations and US National
Earthquake Information Service. The earthquake database also consists of earthquake
records between 1800 and 1900. This subset of the earthquake database was derived
from Seeburger and Bolt (1976) and Toppozada and others (1978, 1981). In addition,
we have also utilized the data from CGS (CDMG) Map Sheet 49 (Toppozada and others
2000).

The parameters used to define the limits of the historical earthquake search include
geographical limits (within 100 km [62 miles] of the site), dates (1800 through July
2002), and magnitudes (M>4). A summary of the results of the historical search is
presented below.

Time Period (1800 to July 2002) 202+ years
Maximum Magnitude M8+
Approximate distance to nearest historical M> 4 earthquake 2 km (1.2 miles)

Number of events exceeding magnitude 4 within search area 142
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4 FIELD INVESTIGATION

Field investigation of the alignment was performed to explore the subsurface conditions,
and to supplement the previous investigation. Our previous field investigation consisted
of a site reconnaissance and geologic mapping. Our current investigation consisted of
site reconnaissance, seismic refraction, exploratory borings, exploratory cores and
trenching. The subsurface exploration consisted of drilling 8 solid stem auger borings
using a truck-mounted drill rig, drilling 4 wire-line rock cores using a track-mounted drill
rig, and excavating 19 test pits and one trench with a backhoe.

Our field professionals selected the test pit locations, test pit depths, seismic traverse
locations, boring locations, boring depths, sampling intervals, and observed the drilling
operations. Our field professionals logged the borings, trenches and cores on a full-
time basis. Sample classifications, blow counts recorded during sampling, RQDs and
other related information were recorded on the boring logs, core logs and test pit logs.
A key to the logs of borings and cores is presented on Plate A-1 of this appendix. Logs
of Borings are presented on Plates A-2 through A-9. Logs of Rock Cores are presented
on Plates A-10 through A-13. Logs of Test Pits are presented on Plates B-1 through B-
12. In addition to the test pits, a fault investigation trench was excavated. The log of
the fault investigation trench is presented on Plate B-13. The velocity profiles
interpreted from the seismic refraction lines are presented on Plates C-1 through C-5.
The approximate locations of the borings, cores, test pits, trench and seismic traverses
are presented on Plates 2A and 2B. The boring, core, trench and traverse locations
were estimated by our field professional based on visual sightings and/or pacing from
existing site features.

A more detailed discussion of the various field exploration elements are presented
below.

41 HOLLOW STEM AUGER BORINGS

Eight hollow stem auger soil borings were drilled and sampled by Frontier Drilling of
Linden, California using a truck mounted drill rig equipped with 6-inch outside diameter
solid stem augers.
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Relatively undisturbed samples of the subsurface soils were recovered using a 2.0-inch
inside diameter and 2.5-inch outside diameter stainless steel or brass tube lined
Modified California Sampler within cohesive soils and a 1.4-inch inside diameter and
2.0-inch outside diameter unlined Standard Penetration Test Sampler within granular
soils. The samples were driven by a 140 point hammer falling 30 inches. The number
of blows required to drive the last 12 inches of an 18 inch drive are recorded on the
Penetration Resistance (blows/foot) on the boring logs. The blow counts on the logs
have not been corrected to Standard Penetration Resistance (N-Counts). When each
sampler was withdrawn from the boring the samples were removed, examined for
logging purposes, sealed, labeled, and subsequently transported to our laboratory for
testing.

42 WIRE-LINE ROCK CORES

Four rotary wash borings (C-1 through C-4) were drilled and sampled by Gregg Drilling
Company of Martinez, California using a track mounted drill rig equipped for wire-line
rock coring.

Rock cores were obtained used rock-coring equipment configured for the wire-line
drilling method. In the wire-line system, the five-foot long drill rods act as a casing and
fluid is circulated from the bit through the annulus between the drill hole wall and drill
rod. The inner core barrel is removed and replaced without removing the drill rods,
allowing for continuous coring. The inner barrel assembly is locked into the lead section
of the wire-line drill rod by means of a retrievable overshot latching mechanism. After
the core run, the overshot mechanism is lowered through the rods and latched onto a
spearhead on the top of the core barrel assembly that is then hoisted to the surface with
a cable and wire-line winch. Two inner core barrel assemblies are used for maximum
productivity in continuous coring. The wire-line drilling method was used under the
general guidelines of ASTM D 2113 “Standard Practice for Diamond Core Drilling for
Site Investigation”.

Where rock coring was used, continuous sampling using HQ core barrel samplers was
performed using a Sentex carbide bit. The inside diameter of the HQ core barrel is 2
3/8-inches and the set reaming shell (hole diameter) is 3 3/4-inches. The cores were
typically retrieved in five-foot runs. Upon retrieval, the core barrel was split apart and
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the sample removed. The samples were placed into core boxes and examined for
classification characteristics and quality. Rock Quality Designations (RQD) were
measured and recorded under the general guidelines of ASTM D6032 “Standard Test
Method for Determining Rock Quality Designation (RQD) of Rock Core”. The RQD is
defined as the cumulative length of core pieces longer than 4 inches in a run divided by
the total length of the core run. The total length of core includes all lost core sections.
Any mechanical breaks caused by the drilling process or in extracting the core from the
core barrel are ignored.

Logs of the borings based on visually classified materials encountered and obtained
relatively undisturbed samples of the subsurface materials have been prepared and are
presented in Appendix B. Rock classifications made in the field from cores were re-
evaluated in the laboratory after further examination and laboratory testing.

4.3 TRENCHING

Nineteen test pits and one fault trench were excavated from July 9 through July 12,
2007. The trenches were excavated using a four wheel-drive backhoe equipped with a
30-inch bucket at the approximate locations shown on Plates 2A and 2B.

The exploratory trenches ranged in depth from about 2 to 15 feet and in length from
about 10 to 55 feet. One wall of each trench was cleaned of “backhoe bucket smear”
utilizing hand tools, and the exposed surfaces were subsequently logged by a
Kleinfelder staff geologist.

The logs of our geologic trenches are presented in Appendix B as Plates B-1 through B-
12. A fault investigation trench was also performed, and the log is presented in
Appendix B as Plate B-13. At the conclusion of the trenching operations, the trench
excavations were backfilled with soil cuttings. It should be noted that the trench backfill
was compacted
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4.4 SEISMIC-REFRACTION SURVEY

441 General

To evaluate bedrock rippability at selected sites along the alignment of the Buchanan
Road extension, five seismic-refraction lines (SRL-1 through SRL-5) were run on July
12, 2007. The locations of the refraction lines were chosen to obtain relative rippability
along ridge crests and slopes where bedrock is inferred to be more resistant.

A seismic-refraction survey consists of inducing shear waves from an energy source
such as an explosive shot or sledgehammer blow into the earth along an array of signal
receivers (geophones). The shock waves enter the earth at the shot point as omni-
directional waveforms. The velocity with which the waves move through the earth is
dependent on the density and strength parameters of the earth materials it encounters.
Shallow, relatively slow velocity soil and weathered rock will transmit the wave to the
closest geophones first. Waves within faster and deeper velocity materials will overtake
waves in slower materials and register at geophones farther away from the shot point
before the slower waves arrive. Interpreting the resulting shear-wave’s first arrival times
is used to develop a numerical and graphic model of subsurface conditions.

The speed with which rock transmits shock waves is controlled by its strength and
degree of induration and these characteristics materially affect the rock’s rippability.
Conditions that are favorable for seismic-wave transmission and therefore unfavorable
for rippability include:

e Massive or homogeneous rock units

e Absence of planes of structural weakness

e High degree of cementation

e High compressive strength

e High rock quality determination (RQD)
Rock conditions that are favorable for rippability include:

e Presence of fractures, faults, and planes of weakness
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o Weathering

e Brittleness

e High degree of stratification or lamination
e Large, loosely cemented grains

e Low compressive strength

e Low rock quality determination (RQD)

Each of the seismic-refraction lines conducted for this project consisted of an array of
twelve 14hz vertical geophones equally spaced over a distance of 110 feet. The
recording instrument was a 12-channel, Geometrics S-12 seismograph. Energy was
applied to the earth along a five-point shot array with a ten-pound sledgehammer fitted
with a trigger mechanism that actuated the seismograph-receiving window. Surface
profiles along the seismic lines were derived from the topographic site plan provided by
Final Central Alignment" dated July 9, 2007. Data were reduced using “Seislmage,” a
software program developed by Geometric Inc. of San Jose, California.

The approximate locations of the five seismic-refraction lines are presented on Plates
2A and 2B. The velocity profiles interpreted from them are presented in Appendix C.

4.4.2 Rippability Evaluation

In evaluating the seismic-refraction velocities with respect to rippability, we used
Caterpillar Tractor Company, Handbook of Rippability for heavy duty ripper
performance. This table is as follows:
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TABLE 4.4.2 -1
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Other Ex
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ST

The table provided by Caterpillar Tractor Company is for a large track bulldozer with a
single ripper hook attached. This rippability rating was used as an indicator of the
relative difficulty anticipated in excavating rock at the selected sites along the Buchanan
Road alignment and should be adjusted based on the equipment selected by the
contractor for this project. For conditions where seismic-refraction data is within the
rippable range, it should be expected that hard areas may be encountered.

It is important to note that the operator's experience, working condition of excavation
equipment, and the selection of excavation tools used will be critical factors in the
excavatability of rock.  During construction, modifications to tool selection or
replacement of equipment being used may be necessary to improve performance and
production rates. It is recommended that the contractors who use the rippability data in
this report visit the proposed location of the roadway to observe bedrock conditions. It
is recommended that the contractor have options available in order to deal with differing
bedrock conditions. Table 4.4.2- 2 below presents the interpreted results of the
seismic-refraction lines.
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Table 4.4.2 - 2: Seismic Refraction Data

Geologic Material; Approximate Seismic Rippability
SRL" | PLATE Velocity Conditionst
1 C-1 Soil and weathered rock - 0 to about 20 ft. thick Rippable
(3,600 ft/s) over sandstone (5,400 ft/s)
5 C-2 Soil and weathered rock - 0 to about 10 ft. thick Rippable
(3,000 ft/s) over sandstone (4,300 ft/s)
3 c.3 Soil and weathered rock - 0 to about 30 ft. thick Rippable
(3,000 ft/s)
4 C-4 Soil and weathered rock - 0 to about 20 ft. thick Rippable
(2,200 ft/s) over sandstone (5,200 ft/s)
Soil and highly weathered rock - 0 to about 10 ft.
5 C-5 thick (<1,000 ft/s) over weathered sandstone Rippable
(5,200 ft/s)

* : Seismic refraction line
T : Based on Caterpillar Tractor Company, Handbook of Rippability for Heavy Duty
Ripper Performance

The seismic velocities obtained during our seismic-refraction survey are necessarily
averages across differing soil and rock conditions. Bedrock units can have coherent
rock masses separated by discontinuities (fractures, bedding planes, joints, highly
weathered zones, etc). This fact should be considered and allowed for when using
seismic-refraction to estimate rippability. Seismic waves travel through coherent rock
relatively fast and travel through intervening discontinuities relatively slow. The
resulting seismic velocity through rock units will be the sum of velocities across
coherent rock masses and discontinuities and will not be a true velocity through either
rock type. As a result, variable rippability or excavation conditions both harder and
softer can be encountered along the survey line.

The “layers” shown on Plates C-1 through C-5 are velocity layers and reflect interpreted
zones of relatively consistent velocities and may not represent rock contacts or other
physical characteristics. The bedrock in the area of the seismic lines dips at about 20 to
30 degrees to the north. This structural orientation was not observed in the seismic
profiles.
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5 LABORATORY TESTING

A laboratory testing program was performed on samples retrieved. The laboratory
testing program was conducted to assess the moisture content, unit weight, particle
size, unconfined compressive strength, direct shear strength, percent swell, and/or
corrosivity of the soils and rock sampled. The laboratory test results performed on
samples collected from the site are presented on the individual boring and test pit logs
of Appendices A and B. Graphic presentation of the Atterberg Limits, particle size,
consolidation and swell tests are presented on Plates D-1 through D-7 in Appendix D.
Results of the corrosivity testing, performed by Cerco Analytical, Inc. of Pleasanton,
California, are presented in Appendix F.
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6 SUBSURFACE CONDITIONS

The subsurface soils encountered in the borings and pits excavated at the site generally
consist of medium stiff to very stiff sandy and silty clays. These clayey soils are
moderately to highly expansive. Thin layers of sand, silty sand, clayey sand and clayey
gravel were interlayered within the cohesive clayey soils. These granular materials
were generally medium dense to dense. The native soils are underlain by bedrock
materials consisting of heterogeneous layers of claystone, siltstone, and sandstone.
The upper portion of the bedrock materials were generally described as weathered and
moist.  The claystone materials exhibited moderate to very high expansive
characteristics. Free groundwater was not encountered in the borings, rock cores or
test pits.

The above is a general description of soil, rock, and groundwater conditions
encountered at the site in the borings, rock cores and test pits excavated during this
study. A more detailed description of the soil, rock, and groundwater conditions
encountered at the site is presented in Section 2 “Geology” of this report and on the
logs of borings, and test pits in Appendices A and B.

Soil and groundwater conditions can deviate from those conditions encountered at the
boring locations and be influenced by weather (drought seasons), pumping, grading and
other factors. Should this be revealed during construction, Kleinfelder should be notified
immediately for possible revisions to the recommendations that follow.
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7 CUT SLOPE STABILITY ANALYSIS

Our stability analysis of the planned cut slopes included developing representative
soil/rock strength parameters, cross-sections showing the geology and groundwater
levels, and modeling of static and pseudo-static conditions utilizing horizontal seismic
coefficients. A brief discussion of these items is presented below.

71 SOIL/ROCK STRENGTH PARAMETERS

We utilized nine different soil/bedrock units in the geologic modeling for our slope
stability analyses. These units consist of landslide deposit materials, basal landslide
plane, Alluvium, the Lawlor Tuff bedrock, the Tulare Formation bedrock, the Neroly
Formation Bedrock, the Cierbo Formation bedrock, the Kirker Formation bedrock, and
engineered fill. In addition, we varied the strength parameters of the soil and rock
properties, groundwater conditions, final slope inclination, and the need for buttress fills
during our analysis to evaluate for sensitivity of these items. The cross-sections
evaluated were based on height and type of material. The sections are designated as
B, D, E, F and G, and are shown approximately on Plates 2A and 2B. We analyzed
three conditions that included: 1) Static stability of the final graded condition without
groundwater; 2) The impact on the static stability if the groundwater (although not
encountered during our exploration) would rise to the bottom of subdrainage system to
be incorporated into the planned grading, and 3) Stability during a seismic event. The
properties used for our stability analysis is summarized in the following table:

TABLE 7.1 — 1 Summary of Stability Analyses Material Properties

Soil/lRock Type Unit Weight Cohesion Frictional
(pcf) (psf) Angle (degree)

Engineered Fill 124 500 28
Landslide Deposit 125 800 18

Basal Landslide 120 0 15
Plane

Alluvium (Qpaf) 120 800 18
Tulare (Ttu) 125 800 20
Neroly (Tn) 120 1750 25
Cierbo (Tc) 120 1750 25

Kirker (Tks, Tkt) 115 1000 25
Lawler (TIt) 115 500 36
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A discussion on the derivation of the strength parameters used for the nine units is
provided below.

7.1.1 Engineered Fill

Engineered fill will be used to construct keyways for the slope repairs, buttresses for cut
slopes and fill slopes. As such, we selected strength parameters for the engineered fill
based on the laboratory results presented in Table 1 (see Appendix E) of our November
29, 1999 geological and geotechnical investigation report titled “Geologic and
Geotechnical Investigation Report, Subdivision 6824, Mira Vista Hills Units 10, 11, 13,
and 15, Antioch, California,” (File No. 11-2721-00), and on our experience with similar
soil types in the San Francisco Bay Area (Bay Area). We selected a Friction (¢) angle
of 28 degrees and a Cohesion (c) of 500 pounds per square foot (psf) for the
engineered fill in our analyses.

7.1.2 Landslide Deposit and Alluvial Materials

We assigned strength parameters to the landslide deposit and alluvial materials based
on the direct shear test results presented in Table 1 of our November 29, 1999 report,
and our experience with similar materials within the Bay Area. The landslide materials
are generally comprised of alluvial materials. Accordingly, we modeled the landslide
deposits using a cohesion of 500 pounds per square foot (psf) and an internal friction
angle of 28 degrees during our analyses.

7.1.3 Basal Landslide Plane

Strength parameters for the Basal Landslide plane were developed based on the results
of laboratory testing performed during previous studies at near-by sites, (Kleinfelder,
2001) and our experience with similar soil types within the Bay Area. We chose a
Friction angle of 15 degrees and a Cohesion value of 0 psf for the Basal Landslide
plane in our analyses.

75856/PWGEOQ / (PLE8R005.doc) / jmk Page 37 of 81 January 9, 2008
Copyright 2008, Kieinfelder




ESE KLEINFELDER

7.1.4 Tulare Formation (Bedrock)

Strength parameters for the Tulare Formation bedrock unit were developed based on
the results of laboratory testing performed during previous studies at near-by sites,
(Kleinfelder, 1999) and our experience with similar material types within the Bay Area.
We chose a Friction angle of 20 degrees and a Cohesion value of 800 psf for the Lawlor
Tuff in our analyses.

7.1.5 Lawlor Tuff (Bedrock)

Strength parameters for the Lawlor Tuff bedrock unit was developed based on the
results of laboratory testing performed during previous studies at near-by sites,
(Kleinfelder, 1999) and our experience with similar soil types within the Bay Area. We
chose a Friction angle of 36 degrees and a Cohesion value of 500 psf for the Lawlor
Tuff in our analyses.

7.1.6 Neroly and Cierbo Formations (Bedrock)

Strength parameters for the Neroly and Cierbo formations were developed based on the
direct shear test results performed on samples of the Nerole formation during our
investigation at a nearby site (Kleinfelder, 2004). The direct shear performed on this
material indicates an ¢ of 25 degrees and a C value of 1750 psf. For simplicities sake,
we used these values for both the Neroly and Cierbo bedrock material.

7.1.7 Kirker Sandstone and Tuff (Bedrock)

Strength parameters for the Kirker formation were developed based on our experience
with similar material types in the adjacent formations. We chose a Friction angle of 25
degrees and a Cohesion value of 1000 psf for the both the Kirker Tuff and Sandstone in
our analyses.

7.1.8 Lawlor Tuff (Bedrock)
Strength parameters for the Lawlor Tuff bedrock unit were developed based on the

results of laboratory testing performed during previous studies at near-by sites,
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(Kleinfelder, 1999) and our experience with similar material types within the Bay Area.
We chose a Friction angle of 36 degrees and a Cohesion value of 500 psf for the Lawlor
Tuff in our analyses.

7.2 STATIC ANALYSES

In order to evaluate the long term performance of the proposed cut and fill slopes
discussed in this report, we performed slope stability analyses on Cross Sections B, D,
E, F and G using the limit equilibrium computer code SLOPEW, developed by Geo-
Slope, International. The analyses used the Spencer Method to evaluate the cross
sections. The objective of our analysis was to evaluate whether the proposed slopes
would yield a factor of safety (FOS) under static conditions of 1.5 or higher after
grading. According to current standards of practice used in geotechnical engineering
for the state of California, FOS values of 1.5 or higher for static conditions are indicative
of stable slopes.

7.3 PSEUDO-STATIC (DYNAMIC) ANALYSES

Besides evaluating the stability of the proposed slope repairs under static conditions, we
evaluated the recommended permanent repairs under seismic (pseudo-static)
conditions. According to current standards of practice used in geotechnical engineering
for the State of California, FOS values higher than 1.0 for seismic conditions are
indicative of stable slopes.

A seismic coefficient of 0.23 which is typically required by many state and local
agencies in California (Division of Mines and Geology — Department of Conservation,
1997) was used to model dynamic loads. Material properties for the landslide deposit
material, landslide plane, Lawlor Tuff, Tulare Formation, and engineered fill were not
changed for the pseudo-static analyses.

7.4 SLOPE STABILITY RESULTS

The result of our static and seismic slope stability analyses is presented in the table
below. It was our understanding that the desired inclination of the planned cuts is to be
at 2:1 (horizontal to vertical). Our analyses began at that inclination. For some of the
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planned cut slopes, gentler inclinations were needed to achieve a static factor of safety
of approximately 1.5 or higher. In addition, for slope D-D’, the static factor of safety with
groundwater was 1.4, which is slightly below the desired 1.5. Without groundwater, the
static factor of safety of over 1.8. Since it is not feasible for such a high cut to have
groundwater buildup throughout the entire height of the cut, and that the top of the cut is
at a knob of a hill with minimum area for water infiltration, it was concluded that the
static factor of safety is acceptable. Based on the bedding of the materials to be
encountered in some of the cuts, buttress fills will be needed. A buttress fill is
engineered fill that is placed in front of the planned cut slope. This will require the
overexcavation of the face of the slope, installation of a keyway and subdrainage, and
the placement of fill over the entire height of the cut. A more detailed discussion of
buttress fills is presented in Section 8.5.1 “Cut Slopes” of this report.

The summary of the slope stability analyses area as follows:

TABLE 7.4 -1
Slope Stability Results
Slope Static
Inclination
(horizontal to With Without
Slope Location vertical) Groundwater | Groundwater | Seismic | Temporary
Cross-Section B-B’ ]
(Station 4+00 to 47+50) 2.5:1 1.6 1.1
Cross-Section D-D’ )
(Station 43+00 to 46+00) 3251 1.4 18 18
Cross-Section E-E’ .
(Station 32+00 to 39+00) 21 1.5 2.0 1.3
Cross-Section F-F’ .
(Station 28+00 to 30+00) 21 1.5 2.0 1.25
Cross-Section G-G’ )
(Station 25+00 to 27+00) 2:1 1.5 1.6 1.0
Cross Section B-B’ 91 09
(Station 46+00 to 27+50) ) ) i ) !

Note: "’ Based on RBF Consulting map dated 7/9/07

The cross-section at B-B' includes grading that consists of cutting within an existing
landslide. This landslide is designated as “4" on Plate 2B. This landslide also extends
below the planned fills for the bypass road. Our slope stability analysis indicates that
the global stability of the landslide where to be cut has a static factor of safety of 1.6
(greater than the desired 1.5) with groundwater. As such, the entire landslide does not
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need to be removed other than to achieve an inclination at the face of 2.5:1. At this
inclination, there is potential that the surfacial soils of the landslide may slough and
move downward toward the planned bypass. Most of the bypass in this area is on fill,
which results in a raised section. As such, there is a built in debris encatchment area in
case there is sloughing of the slope. Toward the west end of the landslide, the bypass
road is near grade. Because of the lack of a debris encatchment area, an encatchment
area will need to be created. This can be achieved with the use of an encatchment
berm. We will need to work with the Civil Engineer in providing such an encatchment
area. Consideration of the impact of future soil movement to the placement of drainage
structures at the toe of the landslide. The portion of the landslide beneath the planned
filled for the bypass road will need to be removed as part of the grading. We estimate
the maximum thickness of the landslide debris to be approximately 75 feet.

In all analyses, the factor of safety under seismic loading for the long term slopes was
greater than 1.0. The results of the slope stability (static factor of safety without water,
static factor of safety with water, and seismic factor of the safety) with the
recommended slope inclination are presented in the table below. The table also
indicated which slopes will require buttress fills.

TABLE 7.4 -2
Recommended Cut Slope Inclination
Approximate Cut S'Tscgn?l?::t?:n Buttress Notes
Location (Stations) p (hev) Thickness (ft)
25+00 to 27+00 2:1 NA
28+00 to 30+00 2:1 NA
37400 to 39+00 2:1 30 Buttress reqylred on southern
(north facing) slope only.
43+00 to 46+00 3.25:1 30

Include debris encatchment,
46+00 to 47+50 2.5.1 30 remove and replace landslide
material beneath fill

52+00 to 56+00 2:1 30

Notes: 1) Buttress thickness is measured perpendicular to slope

2) Fill slopes can be placed at 2:1 (horizontal to vertical)

3) All slopes will need to be assessed by an Engineering Geologist during grading
4)

Stations based RBF Consulting, Aerial Map, 7/08/02, and are in meters
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In addition to the above analyses, we also performed a slope stability analysis along
Cross-section B-B’ where the toe of the existing landslide is to removed for placement
of the fill for the alignment. We have assumed a temporary cut of 1:1 (horizontal to
vertical) for this analysis. The results of the analysis indicate that there is a static factor
of safety below 1.0. Therefore, we are recommending that the temporary cut be at an
inclination of 2:1. In addition, to further reduce the potential for movement of the
landslide, it is recommended that lowest 30 feet of the cut be removed in 50 foot long
sections and replaced with engineered fill prior to excavating other “lower 30 feet”. |t
should be emphasized that the transition from the cut to the replacement fill will need to
be completed on a continuous basis. The placement of fill should start the day following
completion of each section of the excavation. Once 3 section is rebuilt, then a new
section can be started. The width of the section should be a minimum of 50 feet wide.
Even with these special measures, there is a probability that the landslide may move.
This will result in additional material to be excavated and replaced.

As with any hillside development, some sloughing of new cuts and fills will occur that
will require maintenance.
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8 CONCLUSIONS AND RECOMMENDATIONS

Based on our investigation, we have identified a number of geologic, seismic, and
geotechnical constraints and/or considerations at the project site. These constraints
and/or considerations are typical for most roadway construction on hillsides in the San
Francisco Bay Area and will need to be addressed during the design and construction of
the Bypass. Presented below in separate subsections are the identified constraints
and/or considerations for geologic, seismic, and geotechnical aspects of this project.

8.1 GEOLOGIC CONSIDERATIONS

The identified geologic constraints and/or considerations are as follows:

o Landslide Deposits
e Adverse Bedrock Bedding
o Colluvial and Slope Wash Deposits

A discussion of each one of these constraints/considerations is presented below.

8.1.1 Landslide Deposits

Numerous active and dormant landslide deposits have been mapped within the site
area. The pertinent landslide deposits that underlie portions of the optional alignments
have been discussed further in the Quaternary Surficial Deposits (Section 2.4) section
of this report.

The landslide deposits underlying the alignment should be removed. Specifically, we
identified that the toe of Landside 4 needs to be removed where located beneath the
planned alignment. Génerally we recommend that the landslide deposits underlying fill
areas of the alignment be over@acated and replaced as engineered fill, and that
landslide deposits underlying cut areas of the alignment be evaluated in the field by our
geologist during grading operations to determine if they need to be remediated after the
cuts have been performed. Excavating of the landslide material at Landslide 4 will
require special procedures as discussed in Section 7.4 “Slope Stability Results” of this
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report. In addition, buttressing or complete repair should be performed for landslide 57,
which is located on a slope immediately down slope of the Bypass alignment. If that
landslide is not remediated, then it is likely it will undermine the toe of the roadway fill.
We do not anticipate that landslides not underlying the alignment or otherwise
discussed in this report will impact the proposed roadway.

In some cases, collection areas (debris benches and basins) for landslide materials
should be established between the edge of the slope and the roadway where complete
removal of the landslide materials is not possible. This is further discussed in Section
7.1.4 Slope Stability Results of this report.

8.1.2 Adverse Bedrock Bedding

All the mapped bedrock formations mapped within this site dip northeastward.
North/northeast facing cut slopes could undermine exposed bedding, creating a dip
slope condition. Such a dip slope condition could render all proposed north/northeast-
facing cut slopes as adverse since slope failures could occur. Cut slopes proposed
either lower or higher than the alignment can potentially fail and adversely affect the
alignment. The angle of the bedrock beds dip should be evaluated for all proposed cut
slopes and where possible the angle of the slope face should not be steeper than that of
the bedrock dip to prevent the beds from day lighting on the slope face. In some
instances, where the bedding angle is considered adverse or the soil exposed is either
weak or too sandy, it may be necessary to repair some of the cut slope faces and
subdrain them. The slope that will require buttress fills are indicated in Section 7.1.4
Slope Stability Results of this report. In addition, cut and fill slopes should be observed
by our Certified Engineering Geologist during grading to evaluate the exposed bedrock
dip, the nature of the exposed materials, and how that relates to the proposed gradient.
Additional remediation of the slope faces may be needed based on the results of the
insitu conditons.

8.1.3 Colluvial and Slope Wash Deposits

A number of colluvial and slope wash deposits were mapped within the site area during
this and our previous study. The approximate lateral extents and locations of the slope
wash deposits are shown on Plates 2A and 2B. The colluvial deposits generally exist
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overlying the bedrock or firmer soil along the entire alignment, varying in thickness from
about 2 feet to greater than 15 feet. These deposits were discussed further in Section
2.4 “Quaternary Surficial Deposits” of this report. The grading activities may remove the
slope wash and colluvial deposits but additional excavations may be needed. Care
should be taken not to create cuts in such deposits or place fills atop them which could
cause them to fail causing fresh landslides. These deposits should be removed from fill
areas and repaired (subexcavated and placed back as engineered fill) where exposed
along proposed cut areas.

8.2 SEISMIC RELATED HAZARDS

The activity level of fault systems in the region places the project site, and all of the San
Francisco Bay Area, in a seismically active setting. The major active faults in the region
include the San Andreas (64 km/40 mi), Hayward (35 km/22 mi), Calaveras (20 km/12
mi), and San Gregorio (70 km/43 mi). Some of the closer active faults zoned by the
CDG are the Greenville-Marsh Creek (5.6 km/3.5 mi) and the Concord (13 km/8.1 mi).
In addition to these active faults, there are other faults (active and inactive) in the region
that are not considered independent seismogenic sources such as the Antioch,
Livermore, Pleasanton, Verona and Las Positas faults. However, no active fault traces
or extensions zoned by the CGS are known to exist within the limits of the project site.

The primary seismic hazards that could affect the project site are related to strong
earthquakes that will likely occur during the design life of the project. The potential
earthquake related hazards to be considered include ground shaking, surface rupture,
possible ground failure due to liquefaction, ground lurching or lateral spreading, and
seismically-induced landsliding or settlement. In general, the seismicity of the San
Francisco Bay Area and the nature of subsurface conditions at the site will combine to
make certain earthquake hazards to the project are very real and require significant
design considerations.

8.2.1 Ground Shaking

Historic earthquake records indicate that the site vicinity (along with the entire San
Francisco Bay Area) is subject to strong ground shaking as a result of the relatively
close proximity to the active faults in the region. The two major events affecting the San
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Francisco Area occurred on October 17, 1989 (Loma Prieta earthquake, moment
magnitude of 6.9) and the Great San Francisco earthquake of 1906 (moment magnitude
7.9).

The potential ground shaking intensity at the site is likely to be strong to very strong as
a result of a major earthquake occurring on one of the nearby active faults in the region.
Structures should be designed for the strong ground shaking anticipated, especially
those structures which may be sensitive to strong ground shaking, particularly bridge or
overpass structures. Factors that influence ground shaking intensity include distance to
the earthquake epicenter, duration and magnitude of the event, and subsurface
conditions at the site. In general, amplification of ground motions is not likely to be a
significant factor for the project because the site is generally underlain by dense soil or
shallow bedrock (compared to sites with soft sediments such as Bay Mud and/or loose
fill).

8.2.2 Ground Surface Rupture

The absence of known active fault traces crossing through the project site results in
very low potential for ground surface rupture to occur as a result of fault movements. It
appears unlikely that fault rupture will occur directly across the proposed road
alignments.

ENGEO, Inc. (1990) mapped an approximately north/south trending bedrock fault or
shear zone that was shown on their site geologic map roughly parallel to the prominent
drainage swale (along its western side) located to the west of the Thomas residence.
One fault trench was performed during our field investigation to evaluate the potential
for an active fault in this area. The results of our fault trench are shown on Plate B-13.
No evidence of faulting was noted during our field investigation.

No features indicative of faulting were noted during our aerial photograph review and
reconnaissance mapping, however. Additionally, authors such as Dibblee (1980) and
Graymer and others (1994) did not map that fault or any other faults within the site area.

Based on that information, we conclude that the potential for fault-related surface
rupture is low.
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8.2.3 Liquefaction, Ground Lurching or Lateral Spreading

Liquefaction is a phenomenon in which saturated, granular, cohesionless soils lose
strength because of build-up of excess pore water pressure under cyclic loading such
as induced by earthquakes. Soils most susceptible to liquefaction are loose, clean,
uniformly graded, fine-grained sands. Liquefaction can cause embankment
displacement and/or building structural damage as a result of shallow foundation
failures and/or large vertical and/or lateral displacements.

Bedrock units underlie the majority of the site area. Helley and Graymer (1997)
mapped old alluvial fan deposits along the relatively flat area present along the
northeastern portion of the site. Such deposits are more cemented and dense than the
younger alluvial (Holocene) deposits. The Holocene alluvial deposits mapped around or
within channels of prominent drainage swales are generally anticipated to be thin.
Based on that information, we conclude that the potential for liquefaction at this site is
low.

Ground lurching and lateral spreading of sloping ground surfaces (or towards areas of
sloping ground) are related to liquefaction. Vertical and lateral ground movements due
to this phenomena have been known to result in damage to near surface improvements
such as pavements, infrastructure and flatwork. Based on our investigation of the site
conditions, we judge that the risk associated with these types of ground failure at the
site is considered relatively low. However, the Kirker Creek channel banks measure in
excess of 12 meters (39 feet) in depth. Because this width is significant, ground
lurching may occur. Therefore, the creek banks should be observed and mapped and
their relative stability evaluated.

8.2.4 Seismically Induced Settlement

Rapid earthquake-induced densification has been known to result in settlement of loose
granular fill soils above and below the water table at various sites, resulting in erratic
ground settlements due to the variable nature of fill material types and densities. This
could result in potential damage to infrastructure and surface improvements, and
creation of voids beneath structures supported on deep foundations. However, based
on our investigation of the site conditions, and the fact that proposed embankments will
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be constructed as “engineered fills”, we judge that the risk of this type of ground failure
at the site is relatively low.

8.2.5 Seismically Induced Landslides

The primary form of ground failure expected during strong earthquake shaking in the
project area is seismically-induced landsliding. Areas which are susceptible to
landsliding may experience slippage during earthquake ground shaking. The
magnitude of seismically-induced landsliding will be influenced by the level of ground
shaking and the amount of ground saturation from rainfall. Multiple pre-existing
landslides have been identified at the site that impact the alignment. These landslides
are described in additional detail in Section 2.4.3 “Landslides” of this report. It is
uncertain whether or not any of these slides are directly related to seismic shaking.

In general, relatively few massive slope failures have occurred around the San
Francisco Bay Area during earthquakes, but there have been some. On the other hand,
many superficial (shallow) slides have been induced by seismic loading. The
performance of earth slopes or embankments subjected to strong ground shaking is
best measured in terms of deformation. The potential for seismically induced landslides
at the site is considered to be low to moderate.

8.3 GEOTECHNICAL CONSIDERATIONS

The geotechnical considerations evaluated for this project are as follows:

e Rock Excavation and Bedrock Rippability
e Grading A

e Settlement of Deep Fills

e Use of Tuffaceous Soil/Rock Materials

e Expansive Soils

e Vertical Loading on Culverts

e Erosion Control

e Foundation Considerations

e Soil Corrosion Potential
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o Site Drainage and Groundwater Control

These items as discussed below.

8.3.1 Rippability Evaluation

Deepl/large cuts are necessary for the Bypass alignment. These cuts could encounter
resistant, strongly cemented bedrock or large isolated calcite-cemented concretions due
to the relatively shallow depth to bedrock observed across the majority of the site.
Therefore we performed seismic refraction analyses to assess rippabilty.

Rippability is the ability of materials to be excavated by ripper teeth mounted on
standard earthmoving equipment, or manipulated without the need for explosive
blasting. In evaluating the seismic-refraction velocities with respect to rippability, we
used Caterpillar Tractor Company, Handbook of Rippability for heavy duty ripper
performance. The table provided by Caterpillar Tractor Company is for a large track
bulldozer with a single ripper hook attached. This rippability rating was used as an
indicator of the relative difficulty anticipated in excavating rock at the selected sites
along the Buchanan Road alignment and should be adjusted based on the equipment
selected by the contractor for this project. For conditions where seismic-refraction data
is within the rippable range, it should be expected that hard areas may be encountered.

Such hard areas include strongly cemented bedrock beds, welded tuff beds, and
cemented sandstone concretions measuring up to 3.7 meters (12 feet) in diameter may
be encountered during the grading operations. Such conditions may require large
excavating conventional equipment or even blasting. The sandstone concretions and
oversized bedrock fragments dislodged by conventional equipment may need to be
mechanically broken down by hydraulic hammers, demolition balls or air operated jacks
so that they are manageable to transport or for inclusion into deep fills.

It is important to note that the operator's experience, working condition of excavation
equipment and the selection of excavation tools used will be critical factors in the
excavatability of rock. During construction, modifications to tool selection or
replacement of equipment being used may be necessary to improve performance and
production rates. It is recommended that the contractors who use the rippability data in
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this report visit the proposed location of the roadway to observe bedrock conditions. It
is recommended that the contractor have options available in order to deal with differing
bedrock conditions. The results of our seismic refraction data are presented in Section
4.4 “Seismic Refraction Survey” of this report. The seismic velocity of the rock units
were found to vary from about 3,000 to 5,200 feet per second.

The seismic velocities obtained during our seismic-refraction survey are necessarily
averages across differing soil and rock conditions. Bedrock units can have coherent
rock masses separated by discontinuities (fractures, bedding planes, joints, highly
weathered zones, etc). This fact should be considered and allowed for when using
seismic-refraction to estimate rippability. Seismic waves travel through coherent rock
relatively fast and travel through intervening discontinuities relatively slow. The
resulting seismic velocity through rock units will be the sum of velocities across
coherent rock masses and discontinuities and will not be a true velocity through either
rock type. As a result, variable rippability or excavation conditions both harder and
softer can be encountered along the survey line.

8.3.2 Grading

A number of landslide deposits present along the optional Bypass alignments will
generally be eliminated by the grading operations. All landslide material should be
removed from the foundation or supporting area of the proposed embankment fills.

Inclinations for specific cut slopes are presented in Section 7.1.4 “Results of Slope
Stability” of this report, and they vary from about 2:1 to 3.25:1. These inclinations
represent the steepest allowable inclination for each final cut, however gentler
inclinations may be used. Inclinations for other cut slopes should be no steeper than
2:1. Inclinations for fill slopes created by the proposed grading process should generally
have inclinations of 2:1 (horizontal to vertical); although we should review all locations
and heights of planned fills prior to finalizing drawings.

Cut slopes over 3 m (10 feet) in height should be observed by a Kieinfelder engineering
geologist at the time of excavation to confirm that adverse geologic conditions are not
exposed which might lead to future landsliding. Where adverse conditions are exposed,
supplemental remedial measures should be performed which may include complete
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removal of the area or additional buttressing and subdrainage. Careful compaction
control during grading operations to construct “engineered fill’ embankments and/or
replacement landslide backfill prisms should be maintained on all slope areas.
Compaction along the face of the proposed fill slope may be necessary to retard
shallow sloughing of materials. Fill slopes should be overbuilt and then trimmed back to
reveal a well compacted slope face.

The excavated soil material generated during site grading is anticipated to consist
primarily of clay from colluvial, slope wash and alluvial sources. Additionally, the
excavated bedrock materials generated during grading are anticipated to consist of
various mixtures of soils derived from the sedimentary sandstone (some are
tuffaceous), siltstone, and claystone and volcanic tuff layers. Soil that contains more
than 3% organic matter should not be used as engineered fill unless mixed together
with on-site soils such that the organic percentage does not exceed 3 percent by
weight, or may be stockpiled for use in landscape areas, if this is acceptable to the
landscape architect.

Much of the excavated soil and rock materials along the Bypass alignment are expected
to be generally suitable for reuse as common/general fill for roadway embankments.
However the potentially expansive clay soils will likely not be suitable for reuse in the
upper zone of fill prisms underlying flatwork and foundations. Depending on the size of
rock fragments following excavation, ripped rock may also be considered unsuitable for
reuse as common/general fill for embankments and underlying structures. This is
primarily due to the potentially large size of strongly cemented sandstone concretions
and ripped or shot rock that may be resistant to break down into smaller manageable-
sized fragments or pieces for workability purposes and incorporation into fills.

If the project planning and design team intend to reuse excavated rock as fill, then
provisions to mix/blend the rock fragments with soil material will need to be developed
in order to avoid potential voids associated with nesting of rock fragments. Evaluation of
suitability for incorporation into engineered fill embankments during mass grading
should be performed during construction.

It is important to note that native in-place materials will experience shrinkage by
approximately 5 to 10 percent in their volumes when they are subexcavated and placed
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in other areas as engineered fill. This estimate of shrinkage is highly variable and
should be considered very rough.

The significant amount of site grading required to construct the Bypass roadway will
also create a need for large quantities of construction-related water to moisture
condition the fill materials and for dust control purposes.

8.3.3 Settlement and Movement of Deep Fills

Vertical and horizontal movement in deep clayey or sandy fills anticipated along
portions of the project area is likely to occur. The settlement of cohesive clay soil
consists of the sum of three components; (1) immediate settlement occurring as the
load is applied, (2) consolidation settlement occurring gradually as excess pore
pressures generated by loads are dissipated, and (3) secondary compression
essentially controlled by the composition and structure of the soil skeleton. The
settlement of coarse-grained granular soils subjected to loads occurs primarily from the
compression of the soil skeleton due to rearrangement of particles. The permeability of
coarse-grained soil is large enough to justify the assumption of immediate excess pore
pressure dissipation upon application of load. Settlement of coarse-grained soil can
also be induced by vibratory ground motion due to earthquakes, blasting, or by soaking
and submergence.

Geotechnical literature has documented that substantial movements may occur in deep
fill areas. It has been estimated by previous consultants (ENGEO, Inc., 1990) that 30-
meter (100-foot) thick fills could undergo vertical settlements of 0.3 to 0.6 m (1 to 2 feet)
over time. These amounts of settlement relate to about 1 to 2 percent of the height of
the fill. In addition, where canyon areas are filled, the edges of the fill may undergo
extension while the central portion of the fill may undergo horizontal compression.
Furthermore, the Bypass alignment crosses five stream channels where soft,
compressible materials could be present. The weight of the heavy fill embankment
could cause the compression of these materials below the roadway if the weak
materials are not entirely removed. The movements from any of these sources may
cause damage to improved surfaces, buried pipes, or other developed facilities.
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If the majority of settlement can be completed during the early stages of construction,
before constructing more settlement-sensitive features (such as flatwork, foundations,
pavements), then settlement generally will not contribute significantly to large scale
distress.

Methods of reducing or accelerating settlement include removal or displacement of
compressible material and pre-consolidation by surcharge loading in advance of final
construction. For compressible foundation soils in deep fill areas, mitigation of soft
underlying materials should be performed by complete removal (overexcavation). We
estimate from the exploration performed at the site that the amount of removal of softer
material is between 10 and 15 feet in depth. Additional excavated may be needed in
localized areas. Consideration should also be given to allowing the fill placement to set
dormant for a winter, which will enable some of the settlement to occur prior to
placement of permanent improvements.

Effective implementation of these measures should reduce the potential for significant
settling of deep fill areas to within tolerable limits. Regardless of which mitigation
method is used, surface improvements and subsurface systems should be designed to
accommodate 15 to 30 cm (6 to 12 inches) of settlement where fills in excess of 15 m
(50 feet) are planned. Gradients for both surface and subsurface drainage should be
carefully designed to accommodate such settlements. Planning provisions should also
consider providing flexible couplings for buried utility pipelines at critical locations so
that they are not disrupted by the anticipated settlement.

8.3.4 Use of Tuff/Tuffaceous Rock/Soil Materials as Fill

Some tuff/tuffaceous materials have been identified within the project area. A limited
amount of tuffaceous material is likely to be excavated during the grading operations.
Previous consultants (ENGEO, Inc., 1990) indicated that “these rocks may react with
concrete and may also be compressible and expansive.” If the tuff/tuffaceous materials
are used in the bypass embankment, deterioration of concrete in contact with these
‘materials could occur. In addition, it may be difficult to achieve proper compaction of
these materials. In addition, some adverse swelling/expansion of the Tuff materials
could occur over time if not mitigated in advance.
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The tuff/tuffaceous materials should generally be placed in the lower portions of any
proposed fill materials, but not within 10 feet of buried culverts. No tuff/tuffaceous
materials should be allowed near the surface of any fill embankment. In addition, the
material should generally be mixed with substantial amounts of other soil and rock
materials to dilute its adverse properties. A ratio of about 1 of the tuff to 10 of other
materials should be considered where located next to buried structures.

8.3.5 Expansive Soils

The surficial soils predominantly consist of clay and exhibit moderate to severe plasticity
and expansion potential. That is, they tend to shrink and swell with fluctuations in
moisture content. The potentially expansive clay subgrade soils could cause differential
movements of pavement, flatwork and shallow foundations if not mitigated in advance.
To mitigate this expansion potential, we judge that limited overexcavation and/or use of
careful moisture conditioning and subgrade preparation in areas of these project
features should be adequate.

This soil type is also sensitive to changes in moisture content that could result in
“workability” problems if the soil is too wet (common during the rainy winter months). If
the clay soil is too wet then earthwork activities to grade the site could become
increasingly difficult with regard to excavation, placement, and compaction of general fill
in accordance with project requirements. If site grading will be conducted during
periods of (or following) wet weather, the grading contractor should anticipate these
conditions. The preferred approach to grading would be to conduct site earthwork
during drier weather periods when the surficial clay soils are sufficiently dry and firm.

Some vertical movement of exterior flatwork should be anticipated and will occur as a
result of moisture content variations of the supporting soil below. Discussions of
measures to reduce the impact of these expansive soils are presented below.

8.3.6 Vertical Loads on Culverts

The culverts selected should be capable of supporting vertical loads due to the soil
overburden (trench backfill) and surcharge, including traffic loads. An in-place density

of 130 pounds per cubic foot may be assumed for the trench backfill, and Marston’s
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Formula may be used (Marston and Anderson, 1913). The vertical pressure on the pipe
due to an H-20 live load, as defined in the “American Iron and Steel Institute, Handbook

of Steel Drainage and Highway Construction Products”, may be taken as follows:

Height of Cover Over Pipe (feet) Vertical Pressure On Pipe (psf)
1800

800

400

200

100

>8 Neglect live load

o AN =

Additional surcharge loads on the pipe should be considered in the design if they are
located above the pipe or within a distance of H away from the pipe, where H is the
depth from the ground surface to the pipe invert. For these additional surcharges, the
load on the pipe may be estimated using a load distribution slope of %z to 1 (horizontal to
vertical).

8.3.7 Erosion Control

Site soils are potentially subject to moderate to high rates of erosion, hence soil erosion
on new cut or fill slopes could be significant if not mitigated in advance. This could be
especially significant where grading activities take place and the finished slopes contain
no vegetation. Such slopes may deposit sediment on the lower portions of the slope or
on the Bypass roadway surface during heavy rainfall periods. This may result in
clogging of drainage facilites and ponding of water or sediment on to the roadway
surface.

Slopes that are anticipated to be susceptible to erosion by wind and rainfall should be
protected. Protection is also necessary for slopes subjected to water flow action
(undercutting) as in the creek banks. In some cases, provision must also be
“implemented against burrowing animals. Terracing and landscaping measures are
commonly used in order to control erosion. Significant erosion still can occur on slopes
that have inclinations of 3:1. Other experience indicates that slope gradient steeper
than 2:1 do experience greater erosion than those that are 3:1 or flatter.
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Drainage terraces at 9 to 15 m (30 to 50 foot) vertical intervals (depending on the final
slope gradient) should be established to help control surface runoff even if slopes of 3:1
or flatter are utilized. All graded soil slopes should be planted with fast-growing, deep-
rooted, low water tolerant vegetation to retard erosion. Other possible slope protection
measures include a layer of rock or cobbles or other commercially available erosion
control products. Protection from flowing water action in the creeks may be provided by
hand placed rock riprap, concrete pavement, pre-cast concrete blocks, soil-cement, or
other commercially available erosion control products as approved by the appropriate
government agency.

8.3.8 Foundation Conditions

The planned soundwalls and other low retaining walls will likely be supported on spread
footing foundations bearing on undisturbed native soils or bedrock, or on engineered
fills. Some limited overexcavation of potentially expansive clay soils will be necessary
below lightly loaded shallow spread footings to reduce the potential for differential
movements due to heave as described above. |t is anticipated that the soundwalls can
be designed in accordance with Caltrans Standards.

8.4 EARTHWORK

8.4.1 General

All site preparation and grading should be performed in accordance with the
recommendations contained in this report. We recommend that all earthwork be
observed by Kleinfelder. Final depths of stripping, over-excavations, benching and
keying should be assessed in the field by us at the time of grading.

After the rough grading phase, the surface of all building and garage pads should be
observed and tested Kleinfelder. Rough grading plans and typical lot drainage details
should be reviewed by us to assess conformance to the design recommendations prior
to construction bidding.
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In general, site preparation and grading should be performed in accordance with the site
specific recommendations which follow. A brief summary of compaction
recommendations is presented in Exhibit 1. Additional earthwork recommendations are
presented in related sections of this report.

8.4.2 Site Clearing and Stripping

Prior to the start of site grading, all surface vegetation and other deleterious matter
should be removed from areas to be graded. The depth of stripping is generally
estimated to be on the order of 3 inches, but may extend deeper in some areas. Where
existing trees are removed, their stumps and major root systems should also be
excavated and disposed of off-site. The organic stripping materials that is free of
organic particles larger than 1/4 inch in size may be reused in landscaped areas or used
in deeper fills if mixed together with on-site soils such that the organic percentage does
not exceed 3 percent by weight.

8.4.3 Removal of Existing Fill

Test pits were excavated during our field investigation at the site. These excavations
were filled with loose backfill. Where planned grading will not remove this loose backfill,
it is important that the backfill be removed in its entirety. The excavations should then
be backfilled with engineered fill.

The areas to be graded should first be cleared of vegetation and stripped of the upper
few inches of soil containing orgahic matter. The organic laden soil may be blended
with other soils for use as engineered fill at a ration of 3 percent organic laden to non
organic laden soil. The surfaces exposed by stripping and/or excavation should be
scarified to a depth of at least 20 cm (8 inches), moisture conditioned to at least 2 to 4
percent over optimum moisture content prior to fill placement to close shrinkage cracks
to their full depth, and compacted to at least 90 percent relative compaction. Following
subgrade preparation, the ground surface should be kept moist to avoid excessive
moisture loss. Extended presoaking or sprinkling may be necessary unless grading is
performed after winter rains.
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8.4.4 Excavation and Surface Preparation

In most areas, rough grading is expected to be accomplished with conventional grading
equipment such as D-8 and D-10 bulldozers and scrapers. Because of the significant
depth of cuts in various areas of the project, heavy ripping and extensive bulldozer work
may be needed before cut material can be moved. Blasting is not anticipated.
However, isolated hard concretions may be encountered during grading that may
require more extensive mechanical equipment to break up. During rough grading, this
will need to be evaluated in order to provide cost effective recommendations for
installation of utilities.

After stripping and clearing operations have been completed to the satisfaction of
Kleinfelder, areas to receive fill should be further prepared by excavating any weak,
cracked, compressible, and creep-susceptible soils. Weak, compressible, creep
susceptible soils are generally the near surface soils blanketing the natural slopes and
include the colluvial deposits within swales, such as mapped on Plates 2A and 2B
(Geologic Unit Qc). The depth of excavation is generally expected to range from about
2 feet to 15 feet, but may extend deeper in some areas. It should be anticipated that
overexcavations to depths of about 10 to 15 feet in fill areas should be anticipated.
Excavations will also be required to remove any existing undocumented fills, and to
create keyways and benches prior to placement of fill where the area to be filled has an
inclination of 5:1 (horizontal to vertical) or steeper. Recommendations for keyway and
bench excavations are presented in Section 8.4.6 “Keyways and Benches” of this
report.

After the stripping, clearing and over-excavation portions of the site preparation have
been completed, the exposed ground surface in areas to be filled should be scarified to
a depth of about 8 inches, moisture conditioned and compacted in accordance with the
recommendations presented in Exhibit 1.

8.4.5 Engineered Fill

In general, the on-site soils with an organic content of less that 3 percent, by volume,
and free of any deleterious materials or hazardous substances, may be used as
engineered fill to achieve project grades. ldeally, expansive soils should not be used as
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fill within 5 feet of finished grade beneath pavements. However, due to the lack any
significant amount of less expansive soils at the site, this is not practical unless the less
expansive soils are imported. Therefore, development of the site will need to
accommodate expansive soils at the surface.

Rocks or concrete fragments larger than 12 inches in maximum dimension should not
be placed in fill areas within 10 feet of finished rough subgrade. Oversized rocks, larger
than 12 inches, may be placed in the deeper fills provided additional effect is expended
during placement to obtain dense, well-compacted fill all around the oversized material.
Rocks larger than 12 inches in diameter should be spaced at least an equipment width
apart to permit compaction of fill material completely around the oversized rocks. Fill
with oversized rocks may require filtering to reduce the potential for soil migration. One
or more filter layers may be required. Proposed locations and materials for rock fills
should be reviewed by us during grading. Recommendations for filters should be made
at that time.

In the event that "non-expansive" fill material is needed (such as beneath pavements), it
should be primarily granular with a Plasticity Index of 15 or less, should contain 10 to
40 percent passing the number 200 sieve, and should not contain rocks or lumps larger
than 3 inches in greatest dimension with no more that 10 percent of the material larger
than 1inch. All imported fill material should be sampled, tested, and approved by
Kleinfelder prior to being transported to the site.

8.4.6 Keyways and Benches

Where fill is to be placed on hillside slopes steeper than 5 to 1 (horizontal to vertical),
keyways and benches should be excavated into the exposed ground surface to provide
support for the fill. The keyways and benches should extend into competent natural soil
or bedrock. Typically, keyways should be excavated at least 5 feet into competent
material and have a minimum width of 15 feet, 10 feet for debris benches. Typical
keyway and benching details are presented on Plate 5. Horizontal benches should be
excavated into competent materials typically at 5-foot vertical intervals as the fill
placement progresses up the slope.
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Subsurface drainage should be provided in keyways, on intermediate benches as
appropriate, and in natural seepage areas and existing drainage courses to be filled.
Recommendations regarding subsurface drainage are presented below in the
“Drainage" section of this report.

8.4.7 Fill Placement and Compaction

Upon the completion of site clearing and excavation of weak soils, areas to receive fill
should be scarified to a depth of about 8 inches, moisture conditioned and compacted
according to the recommendations outlined in Exhibit 1. Any compressible material
encountered in a cut area should be excavated to a firm and stable subgrade. Upon the
completion of excavation or any required over-excavation in cut areas, the exposed
ground surface should be scarified to a depth of about 8 inches, and then moisture
conditioned in accordance with the recommendations presented in Exhibit 1. The
excavation should then be backfilled with engineered fill.

The finished grading including subgrade preparation and placement of aggregate base
within the future pavement areas should be performed in accordance with the City of
Pittsburg specifications.

Grading operations during the wet season or in areas where the soils are saturated may
require provisions for drying the soil prior to compaction. If the project necessitates fill
placement and compaction in wet conditions, we can provide alternative
recommendations for drying the soil. Conversely, additional moisture may be required
during the dry months. Water trucks should be available in sufficient number to provide
adequate water during compaction.

8.4.8 Trenches

Prior to the placement of underground utilities, the trenches should be checked for
subsurface seepage. If seepage is encountered or suspected, we should be consulted
so that recommendations for subsurface drainage can be provided. A subdrain system
may need to be incorporated into some utility trenches. The subdrain should help
reduce the potential for the build-up of hydrostatic pressure resulting from the collection
of ground water in permeable pipe bedding backfill materials. Excavation for trenches
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