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Mr. Ramana Chinnakotla
34343 Windsong Terrace
Fremont, California 94555
rchinnakotla@gmail.com
RE: ENGINEERING GEOLOGIC & GEOTECHNICAL & STUDY
Vesting Tentative Map 8349
Proposed Seven Hill Estates
TBD Florence Street, APN 87-0034-002-7
Union City, California
Geosphere Project No. 91-04313-A (2854.01.00)
Dear Mr. Chinnakotla:
Geosphere Consultants, Inc. has completed the referenced geotechnical study in
accordance with the scope of work outlined in our revised proposal executed on
April 2, 2018. It covers geotechnical engineering and engineering geologic
aspects of the study area in support of the project Vesting Tentative Map
application currently in review at the City of Union City Planning Department.
It is our opinion the proposed project is feasible from a geotechnical standpoint.
A condition of this conclusion is for this report in its entirety to be submitted to all
concerned as an integral part of the project design and bid documents in order to
assure the recommendations presented herein are properly implemented.
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INTRODUCTION
Purpose and Scope
The purpose of this study was to provide an engineering geologic and
geotechnical characterization of the project site, and to provide preliminary
design-level geotechnical recommendations for the proposed 6-lot residential
subdivision located in the Seven Hills Park area on the southeastern margin of
the limits of Union City, California (Plates 1 and 2).
The scope of this study included:
• Photogeologic interpretation of stereograms of historic aerial photographs
(from 1939, 1965 and 1980) available in our office and at the U.S.
Geological Survey Library, Menlo Park, California, (Plate 3), and of
interactive 3D Google Earth Pro imagery;
• Review of published and unpublished geologic, and geologic hazard
mapping (Plates 4-9);
• Review of a previous subsurface explorations by Terrasearch, Inc. (1987;
Appendix A), and Geotechnical Engineering, Inc., (GEI, 2005; Appendix
B);
Engineering
geologic reconnaissance mapping onto the project site plan
•
on April 2, 6, and 20, 2018 (Plate 2);
• Aerial drone site reconnaissance imaging on April 20, 2018;
• Excavation of ten (10) track-mounted excavator test pits on April 20, 2018
with respect to the existing subsurface boring data and the site surface
morphology (see locations on Plate 2). The pits were logged and
sampled by our Engineering Geologist (Appendix C);
• Laboratory Atterberg limit and particle size (% passing the ASTM 200
sieve) testing on selected bulk samples retrieved from the test pits
(Appendix C);
• Engineering geologic and geotechnical analysis of the data compiled from
this study. Plate 2a presents representative geologic cross sections
through the proposed development area;
• Preparation of this report.
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Site Description
The proposed Seven Hill Estates property is across the paved driveway to Seven
Hills Park, Union City (Plate 2). Access to the northwest corner of the property is
from a paved alley off Riviera Drive which borders the north side of an adjacent
residential subdivision constructed during the 1960's and 1970's.
The general property coordinates are 37.5936° north latitude and 121.9985° west
longitude. Elevations across the proposed development area, covering the
southern two-thirds of the overall parcel, range from 180 to 260 feet above mean
sea level (Plate 2).
Photogeologic interpretation of historic aerial stereograms reveals the evolution
of site usage from extensive, early 1900's agricultural to the currently fenced
open space. The trapezoidal-shaped parcel is bordered on the southwest side
by an intact, moderate to steep cut slope graded to accommodate the park
driveway and parking area. The cut slope extends to the west side of the
property to merge with another, but higher and steeper, intact cut slope.
Proposed Development
The site plan you submitted (Sterling Consultants, undated) indicates the
proposed 6-acre residential development will include six, detached single family
residential sites ranging in area from approximately% to 3 acres, with driveways
from a proposed cul-de-sac extension off the eastern end of Florence Street.
Grading and drainage details are in the planning stage, however we anticipate
the project will involve extensive grading to accommodate the proposed project
for roadway extension, building pads and driveways, and municipal underground
utilities. Preliminary planning calls for terrace retaining walls for support of cut
slopes and pavement margins. We understand that site runoff will be conducted
directly to the existing facilities beneath the east end of Florence Street.
PROCEDURES AND RESULTS
Geologic/Geomorphic Interpretation of Aerial Imagery
The site geomorphic setting and historic slope processes were characterized
from geologic interpretation of areal and site topographic contours on Plates 1
and 2, and interpretation of the historic panchromatic stereo aerial photographs
(1939, 1965 and 1980; Plate 3), 25 years of Google Earth Pro color and
panchromatic, interactive imagery site coverage, and our drone-based color
images and video overflight during this study.
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Map and Literature Review
Geologic and geologic hazard mappings provided insight to potential local and
regional adverse influences to the proposed site development. Review of
previous site boring data, prepared by Geotechnical Engineering, Inc. (GEI,
2005) and submitted with the request for proposal, provided a suitable
characterization of the site geologic soil profile report. It contained four (4) Logs
of Borings from a previous geotechnical investigation by Terrasearch, Inc. (TI,
1987) presented in Appendix A. The GEI report contained seven (7) borings
from their investigation (Appendix B). The locations of the borings from both the
TI & GEI investigations are plotted on Plate 2.
Reconnaissance Geologic Mapping
Detailed mapping of site geomorphic and geotechnical conditions from surface
facilitated interpretation of drainage patterns, expansive soils, soil/geologic
structure, and slope performance.
PHYSICAL SETTING
Topography and Drainage
The study area is in tectonically complex, highly dissected, eroded hillside terrain
on the eastern foothills of the Diablo Range (Plates 1 and 3). This region of
Alameda Creek drainage basin is characterized by relatively sharp linear,
northwest trending bedding-controlled strike ridges truncated by incised
conjugate, northeast trending, ephemeral ravines. Isolated, rounded hills have
formed in response to differential erosion at the intersection between conjugate,
northeast trending divides and resistant segments of the strike ridge.
The site occupies the lower reach of a grassy, slightly concave topographic
inflection between two resistant hills that characterize the ends of a northwest
ridge segment (Plate 3). From aerial imagery we detected a pre-1965
unimproved trail that descends diagonally to contour to the center of the site from
a saddle separating two hills at the top of the inflection. Thick phreatophyte
growth mapped in the center of the development area indicates the trail directs
concentrated seasonal runoff to the southwest part of the proposed development
area (drone image on Plate 2). We suspect this condition, and observed
pervasive gopher burrowing across the site, would tend to induce infiltration of
seasonal runoff into the upper 2 foot of the colluvial, resulting in locally perched
seepage. However, evidence of seepage or spring discharge was not detected
in the proposed development area or upslope.
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Regional Geologic Mapping
Early regional geologic mapping indicated the site area occupied the southwest
flank of a northwest trending synclinal fold comprised of a complexly deformed
sequence of unconformable Tertiary nonmarine and marine sedimentary rocks
that are uncomformably underlain by a conformable sequence of Cretaceous
marine sedimentary rock, including Knoxville shale (Dibblee, 1980).
Later mapping by Graymer and others (1992) also showed a more complex
northwest trending, fault-bound sequence of Tertiary nonmarine and marine
sedimentary rocks with the site underlain by steep, northwest dipping chert and
siliceous shale comprising the upper member of the Miocene marine, Claremont
Formation. The lower member of Claremont Formation is comprised of siliceous
sandstone and siltstone intercalated entirely within the siliceous shale and chert
member (Plate 4).
Except for basin alluvium along the foothills front, surficial deposits were not
represented on either of the maps. Distribution of surficial deposits, mapped
from aerial photographs by Nilsen (1975), indicate the southern margin of the site
is underlain by colluvium, and ravine deposits underlie Seven Hills Park (Plates 5
and 6). The subsurface data in Appendices A-C indicate there are two isolated
colluvial deposits 20 to 25 feet thick underling the site (Plate 2). We infer these
deposits are pre-Holocene because slope morphology of the broad but subtle
hillside concave inflection occupied by the site is atypical of multiple isolated
colluvium-filled swales. Moreover, antiquity of the deposits is supported by their
resistant, semi-consolidated nature encountered below a depth of approximately
3 feet in the borings and test pits.
Engineering Geologic Mapping
The steep cut slope at the southwest corner of the site exposes weathered, steep
northeast dipping Claremont siltstone and sandstone mantled by a thin veneer of
sandy clay, modern colluvium. Another outcrop of moderately steep, southwest
(favorably) dipping sandstone and siltstone occurs in the steep alley cut slope at
the northwest corner of the site (Plate 2). Similar bedrock material was
encountered in Test Pit 1.
In spite of localized joint-controlled spalling in the two exposures on the west side
of the property, overall the bedrock exhibits good stability for slopes up to
11/2H:1V (Horizontal to Vertical). A shallow gully on the cut in the southwest
corner of the site indicates unprotected granular bedrock slopes are susceptible
to erosion.
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Ground Water
Evidence was absent of spring discharge from seasonally elevated ground water
conditions. Ground water was measured in TI Borings 2 and 4 at 24 and 17 feet,
respectively, and was produced by an apparent wet basal horizon in the
colluvium-filled swales (Plate 2a).
Landslides
There are no mapped landslides constraining the site (Plate 2). Photogeologic
landsliding mapping for this study and Regional landslide inventory mapping on
Plates 5 and 6 indicate the Claremont shale bedrock and the derivative clay soil
mantle underlying the site is not particularly susceptible to landsliding. Wiegers
(2004) reports that landsliding in this formation is generally controlled by adverse
geologic structure (i.e., bedding and joint discontinuities).
Active Faults and Seismicity
The site lies in a seismically active region on the central part of a 60-mile wide
northwest trending band of active and potentially active faults known as the San
Andreas Fault System. The active faults in this zone are predominately rightlateral, strike slip faults that over the past 29 million years have collectively
accommodated most of the relative motion between the Pacific Plate on the
southwest side and the North American Plate on northeast side (Wallace, 1990).
The site lies on the westerly margin of the North American Plate in the central
part of the San Andreas Fault System between the active Hayward-Rodgers
Creek Fault, approximately 1100 feet to the southwest, and the active Calaveras
Fault, approximately 5 miles to the northeast (fig. 1). The active San Andreas
Fault, on the western part of the fault system, is on the San Francisco Peninsula
approximately 17 miles to the southwest.
The Bay Area segments of each of these active faults have potential for
producing one or more magnitude 6.7 or greater earthquakes by the year 2043,
with highest probability for occurrence of such an event on the Hayward-Rodgers
Creek Fault. The second highest probability is assigned to the Calaveras Fault,
and third to the San Andreas Fault (fig.1).
A large magnitude earthquake centered on a nearby segment of any of these
faults is expected to cause severe ground shaking in the site area (Petersen and
others, 1999).
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Fault Rupture Hazard
The site lies outside the State of California mapped Hayward Earthquake Fault
Zone for the Hayward Fault. With a distance of 1100 feet to the mapped trace,
we judge a low risk for ground rupture on the site from a major seismic event.
Liquefaction Hazard
Liquefaction potential is considered nil given the site is underlain at a variable but
relatively shallow depth by semiconsolidated colluvial deposits and consolidated
bedrock.
Earthquake-Induced Landslide Hazard
The site occupies the southern margin of the State of California zone associated
with earthquake-induced landsliding (Plates 2 and 8).
Flood Hazard
Flood hazard potential is considered nil given there are no active drainage
courses on the site, or significant water impoundments above it.
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Figure 1. Regional Active Fault Map (U.S. Geological Survey, 2015)
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SUBSURFACE CONDITIONS
Our characterization of the project subsurface conditions benefitted from the
boring data from the previous geotechnical investigations, and laboratory testing
and exposures in our test pit excavations. TI Borings 1 and 3 in the
southwestern part of the development area encountered soft to hard, apparently
massive SANDSTONE mantled by approximately 2 feet of hard Sandy, Silty
CLAY colluvium. Borings 2 and 4 at the northwest and southeast part of the site
were terminated after respectively encountering 20 and 17 feet of very stiff to
hard, critically plastic Sandy, Silty CLAY colluvium. The thicker deposit is
underlain by a wet gravel layer.
Continuous sampling by GEI at 7 boring locations in the site area encountered a
variable thickness, locally up to approximately 10 -12 1/2 feet (Borings 11 and 16
in the east side of the site), of highly to moderately plastic, stiff to hard CLAY
colluvium mantling hard, apparently massive SHALE.
The 10 test pits for this study were excavated on April 20, 2018 with a trackmounted Takuchi TB145 excavator equipped with a 24-inch wide bucket limited
to depths of approximately 3% to 5% feet (Plate 2; Appendix C, Logs of Test Pits
and Laboratory Test Results).
The intent of the test pit explorations was to further confirm the near-surface soil
profile and bedrock type described in the previous site investigations and, in
particular, to establish the orientation of bedrock within the proposed
development area in combination with the manmade cut slope exposures
bordering the site. The surficial colluvial soil, comprised of fat CLAY, encountered
at most of the test pit locations was very resistant to excavation. We judge this
condition to represent secondary cementation (James Baker, CEG, personal
communication, July 2018), which would also represent a measure of soil deposit
antiquity (i.e., early Holocene-late Pleistocene age). Excavation of the bedrock
was also limited due to the moderately hard to hard SHALE and SANDSTONE
underlying the colluvial mantle. Test Pit 2 encountered moderately hard sheared
rock and hard, siliceous shale. The bedrock at both of these locations was
mantled by a relatively thin layer of modern colluvium comprised of Sandy CLAY
modern colluvium. Most of the other test pits exposed brittle, thin-bedded to
massive brittle shale mantled by resistant, expansive colluvium. Test Pits 1, 2
and 6 revealed a favorable northeast dip of the bedrock. The soils ranged from
moist to locally very damp. After logging and sampling, the pits were backfilled to
within approximately 12 inches of the surface by tamping loose lifts of the
excavated soil with the excavator bucket, and then track-walking the balance of
backfill soil to finish grade.
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Bulk samples retrieved from selected soil horizons exposed in the test pits were
subsequently tested in our laboratory for soil particles passing the #200 sieve
(ASTM), and Atterberg limits. Logs of Test Pits and Laboratory Test Results are
presented in Appendix C. Plate 2a, Cross Sections A-A' — D-D', presents
interpretation of the site soil profile based upon the research, remote sensing,
field observations, and boring and test pit data.
DISCUSSION AND CONCLUSIONS
The results of this study indicate that the proposed subdivision and residential
tract layout is feasible from a geotechnical standpoint. With the exception of
competent, highly expansive clay soil mantling competent bedrock, which can be
mitigated by prudent engineering based on the grading and drainage mitigation
measures provided in the following section of this report, we conclude there are
no geologic hazards constraining the proposed project layout.
The site is underlain by moderately hard to hard, favorably oriented (generally
northeast dipping) Claremont Shale interbedded with Chert and Sandstone in the
western part of the site. Manmade cutslopes and the site explorations indicate
the site is mantled by a variable thickness of very stiff to hard, highly expansive
CLAY colluvium. The subsurface data indicates there are two colluvial swales on
the east and west sides of the site. The one on the east side contains up to 25
feet of colluvium.
The site primarily occupies a gentle to moderately steep hillside (8-18
degrees/14-34%).
It is important to acknowledge the favorably oriented
Claremont shale in the Niles 7%—minute quadrangle underlying slope gradients
as exhibited on the site, has low potential for earthquake-induced landsliding
(Wiegers, 2004). Further, it is noteworthy that there was no reported occurrence
of landsliding from severe ground shaking in the Claremont shale around the site
following the 1906 San Francisco and 1868 Hayward Earthquakes (Youd and
Hoose, 1978).
There is a general absence of geomorphic evidence the site has been subjected
to landsliding in at least the past 100 years. With strict adherence to the
recommendations presented in the following section of this report, we judge from
our research findings and field investigation a low risk for occurrence of static or
earthquake-induced landsliding on the site. However, we are compelled to
present the following Screening Analysis, pursuant to Chapter 5 of Special
Report 117A (California Geological Survey, 2008), to account for occupation of
the northeastern half of the site which is within the State of California Seismic
Hazard Zone overlay pertaining to evaluation of potential earthquake-induced
landsliding in the Niles 71/2-minute quadrangle (Plate 9; California Geological
Survey, 2004).
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Potential Earthquake-Induced Landslide Screening Analysis
•

•

Are existing landslides, active or inactive present on, or adjacent
(either uphill or downhill to the project site)?
No.
Are there geologic formations or other earth materials located on or
adjacent to the site that are known to be susceptible to landslides?
Yes. Claremont shale formation with adverse bedding (out of slope
inclination) has, depending on slope gradient, moderate to high
susceptibility to landsliding as indicated on Table 1. There is sparse
landslide occurrence in the site area. Where it occurs in the Claremont
shale, it is reportedly associated adverse (out-of-slope) bedding (Plate
Wiegers, 2004). This study, based upon site mapping and subsurface
data, characterized generally competent Claremont shale exhibiting
favorable bedding (into-slope inclination; Plates 2 and 2a).

Colluvium mantling bedrock can be susceptible to earth flow. We consider
the potential low given the hard nature of the colluvium, and relative
thickness on the steeper slope uphill of the development area (Howard
and others, 1988). It is noteworthy that, in spite of uncontrolled
concentrated runoff conveyed across the site over by the historic graded
trail, erosion to the slope has been limited to shallow rills (Plate 2
Engineering Geologic & Photo). This condition is a testament to the
competence of the colluvium underlying the site.
Do areas show surface manifestations of the presence of subsurface
water (springs or seeps), or can potential pathways or sources of
concentrated water infiltration be identified uphill of the site?
Yes. As previously mentioned, the graded trail is a known feature that has
directed concentrated seasonal runoff to a flat area where it tend to pool in
the middle of the proposed development area to create seasonally
perched ground water to support phreatophyte vegetation.
• Are susceptible landforms and vulnerable locations present? These
include steep slopes, colluvium-filled swales, cliffs or banks being
undercut by stream or wave action, areas that recently slid.
Yes. There are two hard, clay colluvium-filled swales on the moderate to
gentle slope of the site (Plate 2) that show no evidence of impeding failure
in the form of tension cracks, topographic escarpments or bulbous
downslope profile, reflective of accelerated creep; photogeologic evidence
of failure in the past 100+ years, in the form of hummocky terrain,
topographic escarpments or of bulbous longitudinal slope profiles
generally associated with landslide debris accumulation (Varnes, 1978).
The steep cut slopes bordering the west side of the site have remained
intact for more than 60 years without evidence of instability. The proposed
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development will enhance the adjoining slope conditions by capture and
rerouting of surface runoff away from slopes to the storm drain.
Table 1. Niles Quadran le Hazard Potential Matrix
HAZARD POTENTIAL
Geologic
(vs Percent Slope)
Material
Strength
Group
(Average Phi)
Very Low
Low
Moderate
High
1 (32)
0 to 38%
38 to 45%
45 to 49%
>49%
0 2 (28)
®0 to 29%
29 to 34%
34 to 38%
0 >38%
3 (23)
0 to 19%
19 to 25%
25 to 29%
>29%
4 (18)
Oto 6%
6 to 13%
13 to 19%
>19%
5 (12)
0
0
0 to 6%
>6%
A — Claremont shale strength group; B — Average development area slope gradient; C — Average
slope gradient uphill of Lots 3 & 4

•

Given the proposed development, could anticipated changes in the
surface and subsurface hydrology (due to watering of lawns, on-site
sewage disposal, concentrated runoff from impervious surfaces,
etc.) increase potential for future landsliding?
We judge the risk low for increased risk for landsliding to occur on the site
given the required drainage, grading controls and structural mitigations
required for the project development.

Please refer to the following section of this report for geotechnical
recommendations and parameters for project Civil and Structural Engineering
design. Revision of the site layout should be reviewed by us to provide
supplemental geotechnical recommendations and parameters, as required.
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RECOMMENDATIONS
Seismic Design
Project structures should be evaluated/designed in accordance with local design
practice and the California Building Code (CBC) to resist the seismic forces
generated by severe earthquake shaking.
The subsurface materials encountered in the borings consisted of very stiff
surficial soils overlying bedrock. Therefore, it is our opinion that a Site Class C
classification (very dense soil and soft rock) is appropriate for characterizing
potential earthquake ground shaking conditions and seismic design
considerations for the Site, per ASCE/SEI 7-10 (Chapter 20).
Code-based spectral acceleration parameters were developed following the
procedures of the 2016 CBC (Section 1613.3). The values of Ss, Si, and F, used
to identify the Site-adjusted maximum considered earthquake (MCE) parameters
are listed below. The values were obtained from the USGS national seismic
hazard mapping web site based on the ASCE/SEI 7-10 Standard as required by
the 2016 CBC.
Site Location: Latitude = 37.5935 Longitude = —121.9985
Site Class: C
Spectral Response Acceleration Values (g): Fv = 1.3; Ss = 2.427;
Si = 1.029; SDS -= 1.648; SD1 = 0.891
Site Grading
General Grading and Fill Material Requirements
Site grading should be performed in accordance with the following
recommendations, and a pre-construction conference should be held at the
jobsite with representatives from the Owner, General and Grading Contractors,
and Geosphere Consultants, Inc. prior to starting the clearing and demolition
operations at the site.
Removal of select buried utilities may be required as part of site preparation. The
site should be cleared of any tree roots, vegetation, organic topsoil, debris, and
other deleterious materials within the proposed development areas. The Grading
Contractor should be aware that there is a potential for encountering buried
objects and underground utilities at the site. Debris resulting from site stripping
operations should be removed from the site, unless otherwise permitted by the
Geotechnical Engineer for use in non-structural landscaping improvements.
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If present, existing underground utilities proposed to be abandoned should be
properly grouted, closed, or removed as needed. If the utilities are removed, the
excavations should be backfilled with properly compacted fill or other material.
The Geotechnical Engineers' representative should verify the adequacy of site
clearing operations during construction, prior to placement of engineered fill. The
extent of removal/abandonment depends on the diameter of the pipe, depth of
the pipe, and proximity to buildings and pavement.
Select import soil to be used for structural engineered fill should be approved by
the Geotechnical Engineer at the source, prior to transport to the site. If needed,
import soil should be non-expansive, having a Plasticity Index of 12 or less, an RValue greater than 40, and enough plastic fines so the soil can bind together.
Imported soils should be free of environmental contaminants, organic materials
and debris, and should not contain rocks or lumps greater than three inches in
maximum size. Recycled aggregate base materials containing recycled asphalt
concrete should not be used as fill within building pads, but may be used within
new pavement sections.
Subgrades in areas to receive engineered fill should be scarified to a depth of at
least eight inches; moisture conditioned as necessary to achieve the compaction
requirements for engineered fill presented in Table 2. In order to achieve
satisfactory compaction of the subgrade and fill materials, it may be necessary to
adjust the water content at the time of construction. This may require that water
be added to soils that are too dry, or that scarification and aeration be performed
in any soils that are too wet. Engineered fill should be placed in maximum eightinch thick, pre-compacted lifts. The fill should be moisture conditioned and
thoroughly mixed during placement to provide uniformity in each layer, and
subsequently compacted.
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Table 2: Project Compaction Requirements
Min. Percent
Relative
Min. Percent
Description
Cornpaction
Above Optimum
(per ASTM
Moisture Content
D1557)
Fill Areas, Engineered Fill, Onsite Soil
90
2
and Scarified Areas
Fill Areas, Engineered Fill, Select Fill
90
2
Building Pads, Onsite Soil — scarified
subgrade (upper 8") or Fill
Building Pads, Engineered Fill

90

2

90

+2

Concrete Flatwork, Subgrade Soil
Concrete Flatwork, Baserock

90
90

2
+2

Underground Utility Backfill
Underground Utility Backfill, Upper 3 feet
in paved areas

90

2

95

+2

Retaining or Below-Grade Wall Backfill
Retaining or Below-Grade Wall Backfill
(structural backfill thicker than 5 feet)

90

2

95

2

Pavement — Subgrades (upper 8")
Pavement — Class 2 Aggregate Base
Section

95

2

95

+2

Unstable subgrades where pumping occurs or is suspected to occur, should be
proof-loaded by using rubber-tired heavy equipment, such as a full water truck.
Proof loading will determine if the subgrade soil is capable of supporting
construction equipment without excessive pumping or rutting. Where pumping is
found, it can be stabilized by over-excavating to a minimum of 18 inches and
laying a woven ground stabilization geotextile fabric such as Mirafi 500X, or
better, on the floor of the excavation and backfilling with compacted Class 2
aggregate base.
Alternatively, with the approval of the Geotechnical Engineer, such areas can be
stabilized by over-excavating at least one foot, placing Tensar TriAx TX-140 or
an equivalent geogrid on the soil, and then placing 12 inches of compacted Class
2 baserock on the geogrid. The upper six inches of the baserock in either case
should be compacted to at least 90 percent relative compaction.
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Engineered fill construction on slopes greater than 10 degrees should be clearly
defined on the project Civil Plans. Fill in such areas will require placement as a
buttress fill graded with an equipment-width (i.e., minimum 8 feet wide) toe key
inclined at least 2 percent into the slope with a minimum embedment of 5 feet
into bedrock or competent native soil, as assessed by the Field Engineer during
construction.
Once the key is filled with compacted earth, level benches should be cut into the
approved competent native soil as the fill rises to the finished surface. Once the
bench surface is prepared, approved structural fill should be placed in loose,
maximum 8-inch thick lifts, moisture conditioned to near optimum water content,
and compacted to at least 90 percent relative to the maximum dry density of the
soil used. Exposed, native soil surface to support the key and bench fill should
be scarified at least 8 inches deep, moisture conditioned to near optimum water
content, and compacted to at least 90 percent of the maximum dry density of the
materials.
The Field Engineer should assess the depth into bedrock of the key and
benches, and the subdrainage requirements during grading. You should expect
that subdrainage will be required to drain the key, for fills greater than 5 feet in
thickness, and elsewhere where there is perceived or active seepage. The
finished fill slope should be drained by a reinforced concrete V-ditch constructed
at the top of the finished fill slope to intercept and redirect surface runoff to an
approved discharge location. V-ditch locations would be at the top of the fill and
at approximate vertical fill slope intervals of 20 feet.
The maximum fill slope should be no greater than 2H:1V. A gradient of up to
11/2H:1V would be considered provided it is reinforced by an approved geogrid
(i.e., Miragrid or equal), spaced horizontally 2 feet apart in the compacted fill.
With a granular soil angle of internal friction of at least 45 degrees, it may be
possible to achieve a finished fill slope of 1H:1V. Preliminarily, we recommend
that cut slopes have a maximum gradient of 2H:1V in bedrock, and 3H:1V in
colluvium. However, the actual material quality at the cut slope location will
dictate maximum inclinations (e.g., a 5-foot high cut with a finished slope of
11/2H:1V in hard bedrock may be acceptable, and will be determined by the Field
Engineer at that time. Steeper slopes should be retained by engineered retaining
walls.
Building pad, roadways, etc., not included in the mass grading described above,
will require remedial grading by expansive soil overexcavation to a depth of at
least 18 inches and replacement with compacted non-expansive soil, as
described earlier. Alternatively, the exposed subgrade may be chemically
treated using a lime-cement mixture such as "Quicklime Plus." A four percent
mixture of (50-50) lime-cement based on a dry soil unit weight of 115 per cubic
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foot (pcf) is recommended for planning purposes. Treatment could vary between
12 to 18 inches, depending on the anticipated construction equipment loads or
degree and/or subgrade stability requirements. Building pads with slab-on-grade
interior floor slabs may be underlain by 18 inches of lime treated soil in lieu of
non-expansive engineered fill. More detailed and final recommendations for
remedial grading can be provided during construction.
Utility Trench Construction
Trench Backfilfing
Utility trenches may be backfilled with onsite soil above the utility bedding and
shading materials. If rocks or concrete larger than three inches in maximum size
are encountered, they should be removed from the fill material prior to placement
in the utility trenches. Utility bedding and shading compaction requirements
should be in conformance with the requirements of the local agencies having
jurisdiction and as recommended by the pipe manufacturers. Jetting of trench
backfill is not recommended. The subgrade soil in building pads and pavement
areas may also have different compaction requirements (see Table 2, Project
Compaction Requirements).
Pea gravel, rod mill, or other similar self-compacting material should generally
not be utilized for trench backfill since this material will transmit the shallow
groundwater to other locations within the site and potentially beneath the
buildings. Additionally, fines may migrate into the voids in the pea gravel or rod
mill, which could cause settlement of the ground surface above the trench. Pea
gravel backfill may be allowed in shallow plumbing trenches (i.e., less than 12
inches deep) below the floor slab provided such trenches are plugged at the
building perimeters with impermeable material and are specifically approved by
the Geotechnical Engineer during construction.
If rain is expected and the trench will remain open, the bottom of the trench may
be lined with one to two inches of gravel. This would provide a working surface in
the trench bottom. The trench bottom may have to be sloped to a low point to
pump the water out of the trench.
Vertical trench excavations up to 5 feet deep should be capable of standing with
minimal bracing for short duration (less than 30 days). However, Contractors
should be alert to potential instability. Trench walls deeper than 5 feet should be
cut and braced in accordance with the State of California Safety Ordinance
treating excavations and trenches, and trench safety/stability should be the
responsibility of the Contractor. Stability and performance of trenches is solely
the responsibility of the Contractor.
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Utility Penetrations at Building Perimeter
Flexible connections at building perimeters should be considered for utility lines
going through perimeter foundations. This would provide flexibility during a
significant seismic event as well as minor settlement over a period of time. This
could be provided by special flexible connections, pipe sleeving with appropriate
waterproofing, or other methods.
Utility trench excavations should be sealed with an impermeable plug (clayey
soil, concrete, sand-cement slurry, or cementuous controlled density fill (a.k.a.,
CDF or CLSM) where the utility enters the buildings under the perimeter
foundations. The impermeable plug should extend to at least two feet beyond
each side of the foundation. This would reduce the potential for migration of
water beneath the buildings through the shading material in the utility trench.
However, if the top of the utility lines are at least two times deeper than the width
of the building foundation, the trenches can be backfilled with select native soils.
CLSM, if used, should have a 28-day compressive strength of 50 to 100 per
square inch (psi) per ASTM Test Method D4832, with one set of samples taken
per day. Clay backfill, if used, should be compacted to the requirements of
structural trench backfill. No other specific site preparation for CLSM plugs is
required.
Pipe Bedding and Shading
Pipe bedding material is placed in the utility trench bottom to provide a uniform
surface, a cushion, and protection for the utility pipe. Shading material is placed
around the utility pipe after installation and testing to protect the pipe. Bedding
and shading material and placement are typically specified by the pipe
manufacturer, agency, or project designer. Agency and pipe manufacturer
recommendations may supersede our suggestions. These suggestions are
intended as guidelines and our opinions are based on our experience to provide
the most cost-effective method for protecting the utility pipe and surrounding
structures. Other geotechnical engineers, agency personnel, contractors, and
civil engineers may have different opinions regarding this matter.
Bedding and Shading Material
The bedding and shading material should be the same material to simplify
construction. The material should be clean, uniformly graded, fine to medium
grained sand. It is suggested that bedding and shading material contain less than
three percent fines with 100 percent passing the No. 8 sieve. Coarse sand,
angular gravel or baserock should be avoided since this type of shading material
may bridge when backfilling around the pipe, possibly creating voids, and may be
too stiff as bedding material. Open graded gravel should be avoided for shading
since this material contains voids, and the surrounding soil could wash into the
voids, potentially causing future ground settlement. However, open graded gravel
may be required for bedding material when water is entering the trench. This
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would provide a stable working surface and a drainage path to a sump pit in the
trench for water in the trench. The maximum size for bedding material should be
limited to about 3/4-inch.
Bedding Material Placement
The thickness of the bedding material should be minimized to reduce the amount
of trench excavation, soil export, and imported bedding material. Two to three
inches for pipes less than eight-inches in diameter, and about four to six inches
for larger pipes, are suggested. Bedding for very large diameter pipes are
typically controlled by the pipe manufacturer. Compaction is not required for thin
layers of bedding material. The pipe needs to be able to set into the bedding, and
walking on a thin layer of bedding material should sufficiently compact the sand.
Rounded gravel may be unstable during construction, but once the pipe and
shading material is in place, the rounded gravel will be confined and stable.
Shading Material Placement
Jetting is not recommended since the type of shading material is unknown when
preparing the geotechnical report and agencies typically do not permit jetting. If
the sand contains fines or if the sand is well graded, jetting will not work.
Additionally, if too much water is used during jetting, this could create a wet and
unstable condition. The shading material should be able to flow around and
under the utility pipe during placement. Some compactive effort along the sides
of the pipe should be made by the Contractor to consolidate the shading material
around the pipe. A minimum thickness of about six-inches of shading material
should be placed over the pipe to protect the pipe from compaction of the soil
above the shading material. The Contractor should provide some compactive
effort to densify the shading material above the pipe. Relative compaction testing
is not usually performed on the shading material. However, the Contractor is
ultimately responsible for the integrity of the utility pipe.
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Foundations
Drilled Cast-in-Place Piers
The following geotechnical parameters should be used by the Structural
Engineer in design of drilled pier foundations to support proposed structures:
• Drilled, cast-in-place, straight-shaft should develop their load carrying
capacity through friction between the sides of the piers and the
surrounding subsurface materials.
• Retaining walls should be supported by drilled piers.
• Friction piers should have a minimum diameter of 16 inches for the house,
and any secondary structures.
• There should be a minimum center-to-center spacing of at least three pier
diameters between adjacent piers.
The piers should generally extend to a depth adequate to provide at least 8 feet
of embedment into undisturbed bedrock or a minimum of 12 feet below lowest
adjacent grade, whichever is deeper. Since bedrock was encountered at
approximate depths of 2 to 29 feet below existing grade in the exploratory
borings, the piers should generally extend to a minimum depth of about 12 to 37
feet below the existing ground surface.
To determine whether these depths are adequate to carry the structural loads,
we recommend the following allowable skin friction values:
• Within Soils: 500 per square foot (psf) for dead plus live loads and 650 psf
for all loads, including wind or seismic. These values can be used starting
at a depth of 4 feet.
• Within Bedrock: 800 psf for dead plus live loads and 1,100 psf for all
loads, including wind or seismic. These values can be used starting at the
top of bedrock.
Lateral loads on the piers may be resisted by passive pressures acting against
the sides of the piers. We recommend an allowable passive pressure equal to an
equivalent fluid weighing 300 psf per foot of depth to a maximum value of 3000
psf, which can be assumed to act against 1.5 times the diameter of the individual
pier shafts. Passive pressures can be used starting at a depth of 4 feet below
lowest adjacent finished grade.
The bottom of pier excavations should be reasonably free of loose cuttings and
soil fall-in prior to installing reinforcing steel and placing concrete. It is our
recommendation the Contractor be made aware of the subsurface conditions
outlined in this report and should obtain construction equipment appropriately
sized to perform the recommended work.
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Based upon geotechnical recommendations, the piers must extend a minimum of
8 feet into bedrock or a minimum of 12 feet below lowest adjacent grade
(whichever is deeper), which is estimated to be about 12 to 37 feet below existing
grade. Equipment capable of performing this recommendation should be
employed. It should be noted that zones of less weathered bedrock may be
difficult to drill, resulting in slow drilling or refusal conditions.
Groundwater was encountered at depths ranging from approximately 14 to 23
feet below grade in the TSI borings. We anticipate that groundwater will be
encountered in some of the drilled pier excavations. Some of the subsurface
materials are anticipated to include granular materials and gravel which may be
prone to sloughing, particularly in the presence of standing water. We
recommend that the Contractor be aware of the potential for sloughing as special
installation methods may be required (e.g. drill/pour, casing, or use of slurry
mud). We recommend that a representative of our firm be on-site full-time during
pier drilling operations to confirm minimum embedment into undisturbed bedrock
and to assist with evaluating subsurface conditions.
Any accumulated water in pier excavations should be removed prior to placing
reinforcing steel and concrete, or the concrete should be tremied from the bottom
of the hole. Care should be taken during concrete placement to avoid
"mushrooming" at the top of the pier because distress in the building may result
from expansive soil uplift forces on the "mushroom caps."
The piers should be tied together in at least one direction with grade beams and
tie beams that extend up and down the slope between the piers, as well as
across the slope between the piers. The maximum horizontal distance between
the grade beams and tie beams should be approximately 20 feet. The grade
beams and tie beams should be designed to span between piers in accordance
with structural requirements. In order to minimize the possible detrimental effects
of the expansive soils we recommend that either a 4-inch void be created at the
bottom of all grade beams and tie beams, or that the grade/tie beams be
designed to resist an ultimate (non-factored) uplift pressure of 2000 psf. If a void
is used, we recommend that decomposable void forms (such as SureVoid, or
equivalent) be used to create the void. If the grade beams or tie beams are to
retain more than 30 inches of soil, they should be designed to resist the
appropriate lateral earth pressures provided in the Retaining Walls section.
Full-time observations during pier drilling operations should be performed by a
representative of our firm to confirm that anticipated conditions are being
encountered. If drilling refusal is encountered, we can coordinate a review of the
conditions and drilling equipment adequacy, as well as conduct discussions with
the project Structural Engineer.
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Pier spoils excavated during pier drilling should be removed from the site, placed
and compacted as engineered fill.
Slabs-on-Grade
Sub grade Preparation
Slab subgrades should be prepared as discussed in the Grading section.
Concrete flatwork should be constructed on engineered fill or non-expansive
bedrock. Any loose or oversaturated areas encountered in proposed slab areas
should be over-excavated and replaced by engineered fill. Scarified areas
should be moisture conditioned approximately 3 percent above optimum water
content and compacted to the requirements of engineered fill (Table 2).
Subgrade surfaces should be proof-rolled to provide a smooth, unyielding
surface for slab support.
Once the compacted subgrade has been reached, it is recommended that
baserock in on-grade concrete slab and paved areas be placed as soon as
practical after grading to protect the subgrade soil from drying. Alternatively, the
subgrade should be kept moist by watering until baserock is placed.
Interior Floor Slabs
We recommend that buildings be designed raised wood floors. If concrete slabon-grade are required, they should be a minimum of 5 inches thick, supported by
at least 18 inches of non-expansive, engineered fill or lime-treated soil, and
reinforced with at least No. 4 bars spaced no greater than 12 inches apart, in
both directions.
Slab-on-grade concrete floors with moisture sensitive floor coverings may require
protection from moisture transmission through the slab from the underlying
subgrade soils. Geotechnical Engineers are not experts in the protection of floor
coverings from underslab moisture, and if of significant importance, an expert in
concrete slab construction familiar with moisture transmission issues through
concrete slabs should be consulted for specific slab moisture protection design.
However, we provide the following general discussion on typical types of
moisture protection used in local construction.
Primary protection from moisture transmission through floor concrete is typically
provided by a moisture retarder consisting of a relatively impermeable vapor
retarder placed between the subgrade soil and the bottom of the concrete slab. A
capillary break consisting of at least four inches of free-draining gravel, such as
%-inch, clean, crushed, uniformly graded gravel with less than three percent
passing No. 200 sieve, or equivalent, has also been used by designers below the
vapor retarder. The vapor retarder should be at least 10-mil thick and should
conform to the requirements for ASTM E1745 Class C Underslab Vapor
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Retarders (e.g., Griffolyn Type 65, Griffolyn Vapor Guard, Moistop Ultra C, or
equivalent). If additional protection is desired by the owner, a higher quality vapor
barrier conforming to the requirements of ASTM E1745 Class A, with a water
vapor transmission rate less than or equal to 0.006 grift2/hr (i.e., 0.012 perms)
per ASTM E 96 (e.g., 15-mil thick "Stego Wrap Class A"), or to Class B (Griffolyn
Type 85, Moistop Ultra B, or equivalent) may be used in place of a Class C
retarder.
The vapor retarder or barrier should be placed directly under the slab. A sand
layer is not required over the vapor retarder from a geotechnical standpoint. If
sand on top of the vapor retarder is required by the design Structural Engineer,
we suggest the thickness be minimized to less than one inch. If construction
occurs in the winter months, water may pond within the sand layer since the
vapor retarder may prevent the vertical percolation of rainwater.
ASTM E1643 should be utilized as a guideline for the installation of the vapor
retarder. During construction, all penetrations (e.g., pipes and conduits,) overlap
seams, and punctures should be completely sealed using a waterproof tape or
mastic applied in accordance with the vapor retarder manufacturer's
specifications. The vapor retarder or barrier should extend to the perimeter cutoff
beam.
Exterior Concrete Flatwork
Exterior concrete flatwork should be at least four inches thick underlain by at
least six inches of Class 2 aggregate baserock cut off from direct moisture
transmission from directly adjacent landscape areas by use of a concrete cutoff
or a deep header board extending at least two inches below the base of the
aggregate base layer. The subgrade beneath the flatwork should be moisture
conditioned approximately 3 percent above optimum and compacted, and the
baserock layer constructed per the recommendations presented in the Grading
section.
All concrete slabs should be a minimum of 5 inches thick, and reinforced with at
least No. 4 bars spaced no greater than 12 inches apart, in both directions.
Slabs should be underlain with a capillary moisture break consisting of at least 6
inches of clean, free-draining, crushed rock or gravel that drains to outlet, where
practical. To mitigate migration of moisture vapor through the interior slabs, we
recommend installation of an impermeable moisture vapor barrier (15 mil Stego
wrap or better) between the clean crushed rock and the slab. It may be prudent
to place an additional 2 inches of compacted clean sand over the membrane to
protect it during construction, provided the sand thickness and separation from
the steel remains uniform through concrete placement. The slabs should contain
control joints to help control the distribution of cracking should it occur.
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Retaining Walls
Retaining walls should be designed to resist loading resulting from lateral earth
pressures (static and seismic) and any additional lateral loads caused by
surcharge loads on the adjoining ground surface. We recommend walls be
designed to resist the lateral earth pressures (expressed in terms of equivalent
fluid weight) indicated in Table 3, below.
The appropriate design values should be chosen based on the condition of the
wall (restrained or unrestrained). Unrestrained wall pressures should only be
considered applicable where the top of the wall is free to laterally deflect at least
2 percent of the wall height. Restrained wall pressures should be used for
retaining walls whose tops are restrained from laterally deflecting. If alternative
types of retaining walls will be included in the project development, our firm
should be contacted to provide geotechnical recommendations appropriate to the
alternative retaining wall type.
Table 3: Static Lateral Earth Pressures
Static Lateral Earth Pressures (pcf)
Slope Inclination (horizontal:vertical)
Wall Condition
2:1
4:1 or flatter
50
Unrestrained
70
Restrained
90
70
Linear interpolation should be used to determine design values for retaining walls
where the slope behind the wall is between 4:1 and 2:1.
Retaining walls should be supported by drilled piers as recommended above.
The California Building Code (CBC) requires the determination of seismic
increment for retaining walls 6 feet or greater in height. For seismic design, the
lateral force should be taken as the additive combination of the static earth
pressure for unrestrained wall conditions plus a seismic earth pressure increment
equal to a fluid weighing 15 pcf for backfill slope inclinations 4:1 or flatter and 20
pcf for backfill slope inclinations of 2:1.
Both the seismic and static earth pressures should be distributed using a
triangular pressure distribution and the resultants should be applied at a point
located one-third of the wall height above the base of the foundation.
The pressures described above are contingent upon the retaining walls being
constructed with a backdrainage system. The backdrain should consist of a
minimum 4-inch diameter, SDR 35 PVC or better perforated backdrain pipe
(holes down) laid on a minimum 2 percent slope at least 8 inches below the
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adjacent crawl space elevation and base of a retaining wall stem to mitigate
potential underseepage into the adjacent elevation. Prior to placement of the
pipe, the soil surface should be surfaced with Mirafi 140N filter fabric to ultimately
separate it from a minimum 12-inch wide prism of 3/4- to 11/2-inch clean crushed
rock. Use of Miradrain 6000 is an acceptable alternative to the prism of crushed
rock provided the perforated pipe is placed at the base of a minimum 12-inch
square prism of crushed rock wrapped in filter fabric.
We recommend that the upstream end of retaining wall subdrains be constructed
with vertical, solid PVC cleanouts connected to the perforated pipe with sweep
fitting oriented in the downstream flow direction, or a series of 45-degree
couplings to facilitate maintenance and future video inspections.
Where migration of moisture through the retaining wall would be detrimental,
retaining walls should be thoroughly waterproofed. Retaining walls will yield
slightly during backfilling; therefore, walls should be backfilled prior to building on
or adjacent to them.
We recommend that the ground surface behind retaining walls be sloped to drain
in a positive manner so that ponding and erosion does not occur. Open, lined
gutters and catch basins connected to solid, minimum 4-inch diameter, SDR 35
PVC pipes should conduct surface runoff from behind retaining walls to the
approved discharge location. Water should not be diverted into subdrains.
Pavements
Pavements should be placed on a uniform surface of bedrock or engineered fill.
Where pavements span a soil-bedrock interface, we recommend that the
bedrock be over-excavated a minimum of 12 inches and replaced as engineered
fill. Soil pavement subgrades and areas of overexcavation, prior to placement of
fill, should be scarified to a depth of 8 inches and re-compacted to a minimum of
90 percent maximum dry density and a moisture content of approximately 3
percent above optimum water content. Final pavement design will be dependent
upon the anticipated traffic and the materials exposed at the subgrade levels.
For preliminary planning, we present pavement sections in Table 4, for various
traffic indices. Final pavement design should be evaluated from laboratory Rvalue testing taken from pavement subgrade during rough grading.
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Table 4. Preliminary Pavement Desi un
Asphaltic
Aggregate
Base
Concrete
2.0"
8.5"
2.5"
9.0"
10.0"
2.5"
3.0"
11.5"
3.0"
6.0"
6.5"
3.5"
3.5"
7.0"

Aggregate
Sub-Base
----8.0"
9.0"
10.0"

Drainage
Surface
The Civil Engineer should evaluate and mitigate uncontrolled seasonal runoff or
pooling from historic grading, and assure the steep cut slopes bordering the
western side of the site are protected from site runoff.
Exposed soil areas should be fine graded to produce positive surface drainage
gradients of at least 3 percent should be provided for a distance of at least 5 feet
from structure foundations. All proposed pavements (slabs, pool decking, and
pavement areas should drain positively to the proposed project storm drainage
system to avoid saturation of pavement subgrades and building foundation soils.
Perimeter Foundation Subdrainage
Where the upslope side of a proposed building foundation is not designed as a
fully drained retaining wall, we recommend that a perimeter foundation drain be
installed to intercept potential near-surface seasonal seepage during rainfall.
The foundation drain should extend to a depth of at least 12 inches below the
crawl space elevation, and at least 8 inches below a pavement or slab section.
The foundation drainage trench should have a minimum width of 12 inches and
the exposed soil surfaced with Mirafi 140N or better filter fabric. A minimum 4inch diameter perforated, SDR 35 PVC drainpipe or better, laid holes down,
should be placed at the bottom of the trench with a minimum slope of 2 percent
to drain by gravity to outlet. The trench should then be filled to within 12 inches
of the surface with %-inch clean crushed rock. Place filter fabric over the top of
the drainrock and fill the balance of the trench with compacted site soil with a
finished slope away from the foundation, as described above. Once outside the
section of crushed rock, the perforated pipe should be connected to a solid SDR
35 drainpipe or better to carry water to an approved discharge location.
Cleanouts as described in the Retaining Wall section should be constructed for
the foundation drain maintenance and video inspections.
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Areas where foundation subdrainage is not feasible should be provided with a
well-developed surface drainage basin with rims seated at ground level in a
concentric depression. The outer margin of the drainage depression should be
located no less than 3 inches higher than the catch basin rim elevation so that
positive sheet flow to the inlet is maintained.
We recommend that building roofs be provided with properly sized, debrisprotected gutters that are connected to downspouts. The downspouts should be
connected to solid SDR 35 PVC pipes and these pipes should carry water to an
approved discharge location. It may be practical to utilize splash blocks provided
the adjacent ground surface is protected by erosion, and finish grading provides
for a minimum slope of 3 percent away from structures. Care should be taken to
avoid discharge of drainpipes on unprotected slopes.
While we believe that these measures will greatly reduce soil moisture, for
raised-wood floor design it would be prudent to install wire-mesh reinforced,
concrete ratproofing over the crawl space soils.
Landscaping and Erosion Control
Planting a dense tree canopy where practical can moderate desiccation of the
highly expansive soil surfaces of the project area. However, to mitigate potential
effects of root growth under foundations and into pavement sections, any
proposed new trees should be planted at a distance from the foundations equal
to or greater than 11/2 times the anticipated dripline of a mature tree. The
Landscape Architect should verify this recommendation.
It is important to plan landscaping to protect surface soils adjoining pavements
and structures from extreme seasonal temperature variations that result in
excessive shrink-swell and consequent fissuring of the site soil to induce
infiltration into subgrade and foundation soils
The project Civil Engineer should prepare a comprehensive plan for temporary
winterization and drainage, and erosion control for implementation during and
following construction. Barren soil surface should be planted with suitable, lowmaintenance erosion control material to mitigate short- and long-term surface soil
desiccation cracking and erosion.
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MAINTENANCE
Periodic land maintenance will be required. Surface and subsurface drainage
facilities should be checked frequently, and cleaned and maintained as
necessary. Adverse drainage conditions and erosion should be immediately
brought to the attention of the Geotechnical Engineer.
SUPPLEMENTAL SERVICES
We recommend that we review the final foundation, grading and drainage plans
for conformance with the intent of our recommendations. During construction,
we should observe the rough and finished grading operations, foundation
excavations prior to steel placement, and the installation of all drainage facilities
prior to burial to ascertain that our recommendations are followed. Upon
completion of the project, we should perform a site observation and report the
results of our work in a final report.
These services are outside the present scope and will be billed on a time and
expense basis, in accordance with the fee schedule current at that time. These
services will be performed only if we are provided with sufficient notice to perform
the work. We do not accept responsibility for items that we are not notified to
observe. We recommend that the Owner be responsible for notification, no less
than 48 hours before the requested site visit.
INVESTIGATION LIMITATIONS
The conclusions and recommendations presented in this report are based on the
data acquired and analyzed during this study, and on prudent professional
judgment and experience. This study did not include an assessment of potentially
toxic or hazardous materials that may be present on or beneath the site
This report has been prepared in accordance with generally accepted
geotechnical engineering principles and practices, and is in accordance with the
standards and practices set by the geotechnical consultants in the area. This
acknowledgment is in lieu of any warranties, either expressed or implied. We
offer no guarantees.
Subsurface conditions could vary between those indicated by the test borings
and interpreted from surface features. A representative from this office should be
present to provide construction observation services, to observe the exposed
geotechnical conditions, to modify recommendations, if necessary, and to
ascertain that the project is constructed in accordance with the
recommendations.
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This report is submitted with the understanding that it is the responsibility of the
Client (Owner) to ensure that the applicable provisions of the recommendations
contained herein are made known to all design professionals involved with the
project; that they are incorporated into the construction drawings; and that the
necessary steps are taken to see that the contractor and subcontractors carry out
such recommendations in the field.
If conditions different from those described in this report are encountered during
construction, or if the project is revised, we should be notified immediately so that
we may modify our recommendations, if warranted.
The practice of geotechnical engineering changes, and, therefore, we should be
consulted to update this report if construction is not performed within 12 months.
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Source: U.S. Geological Survey Map Library, Menlo Park, CA
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Potentially Active Faults
Faults considered to have been active during
Quaternary time; solid line where accurately
located, long dash where approximately located,
short dash where inferred, dotted where concealed,
query(?) indicates additional uncertainty. Evidence
of historic offset indicated by year of earthquake
associated event or C for displacement caused
by creep or possible creep
Aerial photo lineaments (not field checked);
based on youthful geomorphic and other
features believed to be the results of Quaternary
faulting.

Special Studies Zone Boundaries

0

These are delineated as straight-line
segments that connect encircled
turning points so as to define special
studies zone segments.

— —0 Seaward projection of zone boundary.

Scale

Source: California Geological Survey (1980)
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Liquefaction Zones
Areas where historical occurrence of liquefaction,
or local geological, geotechnical and ground
water conditions indicate a potential for permanent
ground displacements such that mitigation would
be required.

Earthquake-Induced Landslide Zones

A

Areas where previous occurrence of landslide movement,
or local topographic, geological, geotechnical and subsurface water conditions indicate a potential for permanent
ground displacements such that mitigation would
be required.
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Source: California Geological Survey (2004)
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APPENDIX A
Terrasearch, Inc.
Logs of Borings 1 - 4
1987 Geotechnical Investigation
(from 2005 GE! Report)

Received (WED)MA R 152005 2:43
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D BY

cC,

I Fle• P.,. •

J.

4=4 1., GWW...."
Amommo

••

DATE /*rum, 6/4/87

BORING DIAKETER

6"

BORING NO._ 1
MISC.
LAB
RESULTS

SOIL DESCRIPTION

Yellow-tan highly weathered SANDIGTCNE.
friable

Grades grey-brown, less fractured

Grades harder, orange

Boring terminated at 25 feet.
Dry at time of. drilling.

WM 'SEARCH

FKIDRE NO..

- LOG OF TEST BORING

25
GEL ,PLATE 10

,

eceived (WED)MAR 16 2005 2:43

=

C.>

-

.

.

56

101 12

18

100 20

0
. Grades moist, softer
Gradas very moist

ff •

1,...
..'

.7:-.-

'MISC.
LAB
RESULTS

•

Dark brown Sandy Silty CLAY, dry,
hard

L
:?.,.
,..
it...=

—

Dry Density

SOIL DESCRIPTION

BORING NO. 2:

6"

BORING DIAMETER

IL=76
P1=54
ç»=7 435 psf

Grades tan
S

YIj

-

i
:

...

I J

one 1987

Penetrometer ,

.. _
_ ...
.,-',..
,

6/4/87

350ft-tbs.

SG DATE DRILLED

QU-t. S. 1.

.- BY

COGOGJJcj.J • J...9 II

CIA I.

p.c.f.

Project No. 5687—E 2.

Moisture
% dry wt.

WJGLUGI

1-1

Blows/foot 1

.1.01 I • I

/
r1
:, /1
_

...

Grades hard

-„
4!
.t...;":
4,
L:..=
...a.,
..:.4,
4

Grades light grey, sore rock fragr:ents

z..
..:1.
Green Clayey coarse to fine GRAVEL,
;.;.::. 'Z.', dense, wet
,(Water at 24')
...,

.:,
,..
,

,

ir* .. ,

....

Boring terminated at 25 feet.
Groundwater at 24. feet.

...„
.1.t
- '. ..

RRA SEARCH MC

Ir)OURE NO. 3 - Lœ

O? TEST BORING
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GEI PLATE 11

Project No. 5687-E 22 Jt
BORING DIAMETER

6/4/87

,
.

-- s
7=
:= .0
=
=le"

SOIL DESCRIPTION
.,, '

C3

Dark brown Sandy Silty CLAY, dry,
• stiff
*

i3;, '' • ""'

••••4(

• r..t.-:..`

:r.,..i •
::...

6"

BORING NO.

e-IV ...:•

ciV
ts-'
a

dry wt.

DATE DRILLED

Moisture

SG

Blows/foot
350ft-lbs.
Qu - t. S. f.
Penetrome*

y

'

1987

■

a
miSc.

LAB
RESULTS

cH/
CL

34

96 13

38

113 12

rbttled tan and orange weathered
fractured SANDSTCNE, friable, mist

--

.. A A.

,
, ...kJ*.
,,,
...A-A,
^
....A.....•

• •..
••,."

-.. .,„: f •-...* ........

- ,

v"

Grades grey-brown, hard

!JIt'
...,
s.t.iy
.',.3i,.

Boring terminated at 19 feet (refus-,a1).
Dry at time of boring.
..
if,....
."_•
4

-

4.,.
-.;....1...4,
: ,....:

-.

.-!..,t.

.

'F%4,

..,..,1=.,
.:Zfl, . •
,...r".1.

Vitlitili SI3Allit44111_itv.c.

I FIGURE 1440.
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GEI PLATE 12

N

b BY SG DATE DRILLED

Project No. 5687-E 22 June J_VbI
BORING NO. 4
6"
BORING DIAMETER

6/4/s/

SOIL DESCRIPTION

MISC.
• LAB
RESULTS

c>k

= =
CXa.

Dark blown Sandy Silty CLNY, very stiff
to hard, same Gravel

av
CL
35

102 15

'79

103 22

Grades light brown
Grades light tan, moist

Grades mottled orange and tan

Grades very moist

Grades light green, harder, wet
(water at 17+')

Boring terminated at. 20 feet.
Groundwater at 17+ feet.

itA SEARCH INC

FIGURE N0. 5 - 1-CG OF TEST E RING
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GEI PLATE 13

APPENDIX B
Geotechnical Engineering, Inc.
Logs of Borings & Compaction Test Results
Job 112215 Dated 03.30.2005

REPORT
GEOTECHNICAL INVESTIGATION
INCLUDING GEOLOGIC ASSESSMENT
OF LANDSLIDE HAZARDS
PLANNED SUBDIVISION - TRACT NO. 7114
FLORENCE STREET NORTH OF SEVEN HILL PARK
UNION CITY, CALIFORNIA

4Q8 H0.1'127=44
MARCH 39, 20114

BORING 11
I' Diameter Percussion Hole
Depth
(Ft)

Drilled 3/11/05

- 1-1.

6" Top soil
Dark Brown CLAY,
medium, very plastic,
average moisture
contert=26.
1.
LL=52% PL=247/. PIT=28%

—
/Red Brown SILTY
CLAY with Few
sand & gravel, very
stiFF, average
moisture content=217.

6

Gray SHALE, hard,
weathered, average
moisture content=14%
Refusal
Note; Free around water
rot encountered

.8 —

0.)

LOG OF EDRING

GEDTECHNICAL ENGINEERING, INC.
PLATE 3

BORING 12
1' Diameter Percussion Hole
Depth
(Ft.)

Dritled 3/11/05

-

2—

Dark Brown CLAY,
medium, very plastic,
average moisture
contert=25X.

Very stiff'
3', ave.
moisture content=247,
—

Red Brown SILTY
CLAY with few
sand & gravel, very
stiff, medium
p!astic, avero.ge
moisture content=177.
8 --

10 —

Cray SHALE, hard,
weathered, average
moisture content=16%
Refusal
Note! Free ground water
not encountered

LOG OF BORING
GEDTECHNICAL ENC31NEERItIG, INC.
PLATE 4

BORING 13
1" Diameter Percussion Hole
Depth
(Ft.)

Dritted 3/11/05

CH

2

5" Tap soil.
Dark Brown CLAY,
medium, very pto.stic,
average moisture.
content=26%
Very stiFf @ 3'

Red Brown SILTY
CLAY with fe%v
sand & gravel, very
stiCr, medium
plastic:, average
moisture content=23%

1/Gray SHALE, hard,

8

weathered, average
moisture content=17Z
Refusat
Note: Free ground water
not encountered

LOG OF BORING

GEOTECHNICAL ENGINEERING,\INC.
. , PLATE 5

BORING 14
I' Diameter Percussion Hole
Depth
<F-t.)

Drilled 3/11/05

0
6 Top Soils

—

2—

Dark Brown CLAY
medium, very plastic,
average moisture
content=187.

Gray SHALE, hard,
wee.therecl, average
moisture content=12%
Slow drilling
Refusal
Note: Free ground water
not encountered

—

6

LOG OF BORING
GEOTECHNICAL ENGINEERING') INC.
. PLATE 6

BORING 15
1' Diameter Percussion Hole
Depth
(Ft.)

Drilled 3/11/05

0

Dark Brown CLAY
me.dium, very plastic,
average moisture
content=21%

1

2—
Gray SHALE, hard,
weathered, average
moisture content=137.
Slow drilling
Re Fusai
Note: Free ground water
not encountered

3

4—

0.)
(.4

LOG OF BORING
GEOTECHNICAL ENGINEERING' INC.
' . PLATE 7

BORING 16
Diameter Percussion Hole
Depth
(Ft.)

Drillea 3/11/C5

0
6 Top soft
Dark Brown CLAY,
medium, very plastic,
average moisture
content=22%

2

Very stiff 6. 3', ave.
moisture .content=197.
4—

Red Brown SILTY
CLAY with few
sand & gravel, very
stiff, medium
plastic, average
moisture centent=167.

6-

Very stiff to hard,
ave. moisture content=17%

10 —
Ave, moisture content=1.3%

.44
al

CD

IA
,u)

Light Brown Sandy
Clay & Sand, dense,
ave. moisture content=5%
Refusal
Note: Free ground water
not encountered

1
LOG 'OF BORING
GEOTECHNICAL ENGINEERING; INC.
PLATE 8

BORING 17
I Diameter Percussion Hole
Depth
(Ft,)

Drilled 3/11/05

0—
CH 6" Top soil
Dark Brown CLAY,
medium, very plastic,
averace moisture
con-ter:A=26%

—

Brownish .Gray SILTY
CLAY with Few
sand & °ravel, very
stiff, medium
plastic, average
moisture content=24%

4—

6
/Gray & Yellow Brown
SHALE, weathered,
hard, average
moisture content=10.7.
Slow drilling
Refusal
Note: Free ground water
not encountered

8

4-,

L.

LOG OF BORING

GED TECHNICAL ENGINEERING, '-INC.
PLATE 9

BORING 14
SAMPLE 1
DEPTH 0.5'

MAXIMUM DRY DENSITY = 118 Pounds Per Cubic Foot
OPTIMUM MOISTURE CONTENT = 11 percent
AMERICAN SOCIETY FOR TESTING & MATERIALS DESIGNATION: D:1557-78

DRY DENSITY (Pounds per Cub ic Foo t)

(Modified Proctor Compaction Method)

120

C)-)"
.—

..

, ....

IN)
—..

.
..

(-;(

115

110

,
105
8

10

12

14

16

18

MOISTURE CONTENT ("4 of Dry Weight)

COMPACTION TEST DATA

GEOTECHNICAL ENGINEERING, INC.
PLATE 14

APPENDIX C
Logs of Explorations and Laboratory Test Results
Plate Cl — Logs of Test Pits 1-10
Plate C2— Plasticity Chart

P-1

P-2

P-3

P-4

/

pulverized

bedding attitude:
N42W, 52°NE

bedding/shear zone
attitude: N10°W, 78°NE
East-->

P-5

N23°W -->

N8°E -->

<—N65 E

P-6

N40°E —>
bedding attitude:
N23W, 52°NE
N55°E

<---N50°E

<—N50°E

GEOLOGIC UNITS
Colluvium (Qc)
1 - Dark greyish, highly plastic CLAY with variable admixture of Silt, Sand, with angular
to subrounded Chert, brittle to soft SHALE, and decomposed SANDSTONE clasts
locally (SW corner of site) up to 12" across; dry (upper 1-2') to damp/very damp (P4,
6,& 9), stiff to hard, friable & porous where sandier in upper 1-2 feet, massive.

P-10

P-9

N40°E—>

Bedrock (Tc)
2 - Dark grey ndurated, thin-bedded, sheared siliceous SHALE breccia in highly plastic,
stiff to hard CLAY matrix.
3 - Pink, tan & white, hard Pebbley medium- to coarse-grained SANDSTONE, massive.
4 - Dark grey fissile, thin-bedded, very closely fractured, SHALE.
5 - Tan and strong brown soft to moderately hard,fine- to medium-grained, massive
SANDSTONE.
6 - Variegated SHEAR ZONE, mixture of soft SANDSTONE, brittle SHALE & Sandy CLAY.

N50°E—>

Note
1. Soil generally very resistant to excavation below 3 ft. Excavation performed with Takuchi
TB145 track excavator with 2' bucket.
NATURAL
SCALE

AC

1.111im.wit
riff
SMF

Horizontal 1"=5'
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ROCK HARDNESS CRITERIA

Very
Hard

Cannot be scratched with knife or sharp pick. Breaking of hand specimen requires
several hard blows of geologist's pick.

Hard

Can be scratched with knife or pick only with difficulty. Hard blow of hammer
required to detach hand specimen.

Moderately Can be scratched with knife or pick. Gouges or grooves to 1/4 inch deep can
Hard
be excavated by hard blow of point of a geologist's pick. Hand specimens can be
detached by moderate blow.

Medium

Can be grooved or gouged 1/16 inch deep by firm pressure on knife or pick point.
Can be excavated in small chips to pieces about 1 inch maximum size by hand
blows of the point of geologist's pick.

Soft

Can be gouged or grooved readily with knife or pick point. Can be excavated in
chips to pieces several inches in size by moderate blows of pick point. Small thin
pieces can be broken by finger pressure.

Very Soft

Can be carved with knife. Can be excavated readily with point of pick. Pieces 1
inch or more in thickness can be broken with finger pressure. Can be scratched
readily by fingernail.

Subsurface Manual for Design and Construction of Foundations of Buildings, 1976
Published by American Society of Civil Engineers.
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PLASTICITY INDEX(%)

0,

CH

CL-ML / / /

ML or OL

/

--.

ML
10

20

30

40

50

60

70

80

90

100

LIQUID LIMIT (%)

SAMPLE
DEPTH
(feet)

NATURAL
WATER
CONTENT
(%)

LIQUID
LIMIT
(%)

PLASTICITY
INDEX

P4

5'

36

P5

2'

*

P8

*

P10

KEY
SYMBOL

BORING
NO.

to

--

LIQUIDITY
INDEX

USCS

(%)

PASSING
NO. 200
SIEVE
(%)

63

41

78

0.340

CH

15

41

27

70

0.020

CL

3'

20

58

39

74

0.000

CH

11/2'

25

56

35

79

0.112

CH
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