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1. INTRODUCTION
This report presents the results of our geologic and geotechnical study for the proposed
residential redevelopment of your property at 14300 Arnerich Road in Los Gatos, California (see
Figure 1, Site Location Map). The purpose of our study was to explore the geologic and
geotechnical conditions on the subject property in the area of the proposed improvements and to
develop findings and recommendations for the earthwork and foundation engineering aspects of
the proposed redevelopment. Our study was limited to the general vicinity of the proposed
residence.
We understand that you are planning to reconstruct a single-family residence in the southeastern
portion of your property, in the same general area as your prior residence. Various existing and
partially demolished remnants of the pre-existing structures will be removed as part of the site
redevelopment. The existing asphalt driveway and leachfield will remain to service the new
home. We anticipate that the driveway will be resurfaced.
We issue this report with the understanding that it is the responsibility of the owner or the
owner's representative to ensure that the information and recommendations contained in this
report are brought to the attention of the project architect and engineer and are incorporated into
the plans and specifications of the redevelopment. You must also ensure that the contractor and
sub-contractors follow the recommendations during construction.
2. SCOPE OF SERVICES
We conducted this study in accordance with the scope and conditions presented in our proposal
dated 11 November 2020 (Document Id. 20144C-01P1) and our addendum to proposal dated 20
January 2021 (Document Id. 20144C-01P1A). The methodology of our evaluation is discussed in
the body of this report. We make no other warranty, either expressed or implied. Our scope of
services for this study included:
•

•
•
•
•
•
•
•
•

Reviewing selected geologic literature, aerial photographs, and previous
consultants’ reports of the area, to evaluate the prevailing geotechnical and
geologic conditions;
consulting with the Town's reviewing geologist;
performing an engineering geologic reconnaissance and mapping of the site in the
area of the proposed improvements;
preparing a partial site plan and a slope profile;
conducting subsurface exploration;
performing field and laboratory testing, including soil age dating;
analyzing geologic and geotechnical engineering properties from collected data;
qualitatively evaluating slope stability based upon published data; and
preparing this report.

We have prepared this report as a product of our service for your exclusive use in designing and
constructing the proposed improvements. Other parties may not use this report, nor may the
report be used for other purposes, without prior written authorization from C2Earth, Inc (C2).
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Because of possible future changes in site conditions or the standards of practice for geotechnical
engineering and engineering geology, the findings and recommendations of this report may not
be considered valid beyond three years from the report date, without review by C2. In addition,
in the event that any changes in the nature or location of the proposed improvements are planned,
the conclusions and recommendations of this report may not be considered valid unless we
review such changes, and modify or verify in writing the conclusions and recommendations
presented in this report.
Our study excluded an evaluation of hazardous or toxic substances, corrosion potential, chemical
properties, and other environmental assessments of the soil, subsurface water, surface water, and
air on or around the subject property. The lack of comments in this report regarding the above
does not indicate an absence of such substances and/or conditions.
3. GEOLOGY AND SEISMICITY
We reviewed historical stereo-paired aerial photographs from 1965, aerial imagery obtained
using an unmanned aerial vehicle, topographic maps, selected geologic and hazard maps, and our
and other consultant’s reports to evaluate the prevailing geologic conditions of the site and in the
vicinity. Various geologic and geologic hazard maps are presented on Figures 2 through 5.
3.1. Geology
The subject site is situated along a spur ridge near the eastern base of the central Santa Cruz
Mountains, a northwest-trending range within the California Coast Ranges geomorphic province
(see Figure 1). The site is located in a geologically complex region. Within the region, Holocene
(less than 10,000 years old) and Pleistocene (approximately 10,000 to 2.6 million years old)
faulting has juxtaposed various Tertiary (2.6 to 66 million years old) aged rock units against
rocks of the Cretaceous (approximately 100 to 145 million years old) and Jurassic
(approximately 145 to 201 million years old) aged Franciscan complex.
According to the Geologic Map of the Los Gatos Quadrangle (McLaughlin et al., 2001), the
northeastern portion of the site is primarily underlain at depth by upper Cretaceous age melange
bedrock of the Franciscan complex. The southern portion of the site is mapped as being
underlain by lower Cretaceous age volcanic rocks of the Franciscan complex at depth. The
geologic map shows three interrelated northwest-southeast trending fault traces across the site
area. A narrow band of Franciscan serpentinite is fault-bound between volcanic rocks to the
southwest and melange and basaltic volcanic rocks to the northeast (see Figure 2, Regional
Geologic Map).
Melange is generally described by McLaughlin et al., 2001, as a metamorphosed and
penetratively sheared metasandstone matrix with inclusions of serpentinite, shale, chert, and
basalt. The inclusions vary in scale from gravel and boulder size up to slabs several kilometers
long. The volcanic rocks consist of pillowed basalt flows, flow breccias, and andesitic tuff.
Serpentinite bedrock is generally described as extensively sheared ultramafic rocks including
harzburgite and peridotite.
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The geologic map shows that most of the various geologic units are separated by faults, with no
distinction as to the age of faulting. The map's authors characterize the Franciscan complex “...
as mappable, deformed, fault-bounded rock bodies…”. The bedrock outcrops along eroded creek
channels and is at or near the ground surface along prominent ridgelines. The bedrock is overlain
by soil and slope debris (colluvium) on the subject property and across most of the hillside areas
in the site vicinity. Where the soil and colluvium is located on moderate to steep slopes, these
materials are subject to downhill creep, a process by which they moves downslope at an
imperceptibly slow rate as a result of gravity.
3.2. Landsliding
Our reconnaissance and review of stereo-paired aerial photographs and aerial imagery revealed
no evidence of recent landsliding on the subject property within the vicinity of the proposed
building area. The geologic map shows no landslides mapped on the subject property and the site
is mapped outside of the State Seismic Hazard Zone for earthquake-induced landsliding (see
Figure 3, Regional Seismic Hazard Zones Map). However, the entire site is mapped within a
Town of Los Gatos potential landslide hazard zone (see Figure 4, Local Landslide Hazard Areas
Map). These zones were established to minimize the loss of life and property by identifying and
mitigating seismic hazards related to landslides. Consequently, we have conducted a qualitative
slope stability screening evaluation of the northern-facing slope and building area to evaluate the
risk of landsliding.
3.3. Seismicity
Geologists and seismologists recognize the greater San Francisco Bay Area as one of the most
active seismic regions in the United States. The seismicity in the region is related to activity
within the San Andreas fault system, a major rift in the earth's crust that extends for at least
700 miles along the California Coast. Faults within this system are characterized predominantly
by right-lateral, strike-slip movement. The four major faults that pass through the Bay Area in a
northwest direction have produced approximately 12 earthquakes per century strong enough to
cause structural damage. These major faults are the San Andreas, Hayward, Calaveras, and San
Gregorio faults.
The site can be expected to experience periodic minor earthquakes or even a major earthquake
(Moment magnitude 6.7 or greater) on one of the nearby active or potentially active faults during
the design life of the proposed project. The Moment magnitude scale is directly related to the
amount of energy released during an earthquake and provides a physically meaningful measure
of the size of an earthquake event.
The U.S. Geological Survey (2016) estimates that by 2043, the probability of a Moment
magnitude 6.0 earthquake occurring on one of the active faults in the San Francisco region is
98%. The probability of a Moment magnitude 6.7 or greater earthquake occurring on one of the
active faults in the San Francisco region is 72%. The following table provides corresponding
estimates for the probability of a major earthquake (Moment magnitude 6.7 or greater) for four
major faults in the Bay Area.
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Fault

Probability (%)

Hayward

33

Calaveras

26

San Andreas

22

San Gregorio

6

30-Year Probability of Magnitude 6.7 or Greater Earthquake

The San Andreas fault has a regional trend of approximately N34W; however, the segment of the
San Andreas fault located within the central Santa Cruz Mountains southwest of the site strikes
approximately N44W, forming a restraining bend. This restraining bend has created a
compressional zone along the east side of the Santa Cruz Mountains, resulting in the formation
of the Frontal thrust fault system, comprised of reverse and right-reverse faults including the
Berrocal-Monte Vista-Shannon faults within the eastern foothills and the alluvial plain adjacent
to the foothills (Angell et al. 1997). This thrust fault system bounds the southwest margin of the
Santa Clara Valley.
According to geologic mapping by McLaughlin et al. (2001), a trace related to the potentially
active Berrocal fault is mapped across the southwestern portion of the site, trending in a
northwest-southeast direction (see Figure 2). Consequently, the majority of the site is mapped
within a Town of Los Gatos zone of high fault rupture potential. The north and northeast corner
of the site is mapped within a Town of Los Gatos zone of moderate fault rupture potential (see
Figure 5, Local Fault Rupture Potential Map). According to the California State Special Studies
Zones Map by the California Division of Mines and Geology, the site is mapped outside of
current Alquist-Priolo Earthquake Fault Zones designating areas prone to earthquake ground
rupture.
In addition to the Berrocal fault, the site is near other active and potentially active Bay Area
faults. The following table indicates the approximate distance and direction from the site to other
active and potentially active faults.
Fault

Approx. Distance From Fault

Direction From Site

Shannon

2,650 feet

Northeast

San Andreas

4¾ miles

Southwest

Hayward

10¾ miles

Northeast

Calaveras

13¾ miles

Northeast

21 miles

Southwest

San Gregorio
Regional Fault Distances and Directions

Because of the site's proximity to the San Andreas fault and the site’s geology, maximum
anticipated ground shaking intensities for the area are characterized as very strong and equal to a
Modified Mercalli (MM) intensity of VIII (Association of Bay Area Governments, 2012). An
earthquake having a MM intensity of VIII generally considerable damage to well-built ordinary
structures, and partial collapse to poorly built or designed structures (Yanev, 1974) (see Table I,
Modified Mercalli Scale of Earthquake Intensities).
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The intensity of an earthquake differs from the Moment magnitude, in that intensity is a measure
of the effects of an earthquake, rather than a measure of the energy released. These effects can
vary considerably based on the earthquake magnitude, distance from the earthquake's epicenter,
and site geology.
Since 1800, four major earthquakes have been recorded on the San Andreas fault. In 1836, an
earthquake with an estimated maximum intensity of VII on the MM scale occurred east of the
Monterey Bay on the San Andreas fault (Toppozada and Borchardt, 1998). The estimated
Moment magnitude (Mw) for this earthquake is about 6.25. In 1838, an earthquake occurred with
an estimated intensity of about VIII-IX (MM), corresponding to a M w of about 7.5. The San
Francisco Earthquake of 1906 caused the most significant damage in the history of the Bay Area
in terms of lives lost and cost of property damage. This earthquake created a surface rupture
along the San Andreas fault from Shelter Cove to San Juan Bautista, about 290 miles in length. It
had a maximum intensity of XI (MM), a M w of about 7.9, and was felt as far away as Oregon,
Nevada, and Los Angeles. The most recent earthquake to affect the Bay Area was the Loma
Prieta earthquake of 17 October 1989, occurring in the Santa Cruz Mountains, which had a M w
of about 6.9. Ground shaking equal to an MM intensity of VII was felt at the site during the
Loma Prieta Earthquake (Stover, et al., 1990).
In 1868, an earthquake with an estimated maximum MM intensity of X and M w of about 7.0
occurred on the southern segment of the Hayward fault, between San Leandro and Fremont. In
1861, an earthquake of unknown magnitude (likely having an M w of about 6.5) was reported on
the Calaveras fault. The most recent significant earthquake on this fault was the 1984 Morgan
Hill Earthquake, that had an Mw of about 6.2.
4. PRIOR CONSULTANTS REPORTS
As part of our study, we reviewed our reports for adjacent properties, and other consultants'
reports for the subject property. The following is a summary of the other consultants' reports for
this site that were reviewed.
JF Consulting, Inc. (JFI) submitted a Geotechnical Study, dated 16 April 2008, that presented
recommendations to replace the foundation beneath the master bedroom suite (northeast portion)
of the then existing residence. The master bedroom had reportedly undergone foundation
settlement related distress. As part of their study, JFI's subsurface exploration program included
logging two borings drilled to depths of approximately 15 and 13½ feet deep, respectively. JFI
performed laboratory testing on samples collected in the borings that included moisture content,
dry density, and Plasticity Index (PI). For reference, the boring logs and laboratory results are
presented in Appendix A of this report.
The borings encountered between 3 and 6 feet of highly expansive clay fill material over
bedrock. The fill appeared to be associated with backfill of an adjacent basement retaining wall.
JFI concluded that the distressed foundation was constructed of backfill that was not properly
compacted, and recommended replacing the foundation.
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In addition to JFI's report, we also reviewed a Supplemental Fault Investigation report for the
property by Pollak Engineering, Inc. (PEI), dated 20 November 2013. The purpose of their
investigation was to evaluate the site and vicinity for the presence of earthquake fault ground
rupture. PEI's study included excavating and logging two exploration trenches northwest of the
proposed development. The trenches were logged by Lawrence Pavlak, Certified Engineering
Geologist on 11 and 12 October 2011. The trenches encountered highly jointed Franciscan
Melange. PEI stated that “No evidence of offset strata or displaced or alluvial horizons
indicative of faulting or shearing was observed in ether of the trenches.” The trench logs are also
presented in Appendix A of this report, and the approximate locations of the trenches are shown
on Figure 6, Partial Site Plan and Engineering Geologic Map. PEI concluded that the then
proposed site improvements were not constrained by the presence of faulting.
5. SITE CHARACTERIZATION
5.1. Regional Setting
We reviewed historical stereo-paired aerial photographs from 1965, aerial imagery, and
topographic maps for the site and vicinity. The roughly rectangular-shaped, 5.16 acre subject site
is situated along the crest and nose of a north-trending spur ridge. The subject property's
geometry is similar to a sign and pole configuration. The narrow “pole” portion of the property
extends south from Arnerich Road and leads to the rectangular “sign” shaped portion of the
property, which is surrounded by developed private properties.
5.2. Site Description
On 29 October 2020, our principal engineer/geologist visited the property to perform an initial
site reconnaissance. On 6, 7, and 20 January 2021, our representatives returned to and/or visited
the site to conduct site mapping and our subsurface exploration program. The partial site plan we
developed is based upon a site plan by Warren Design dated 1 June 2017 supplemented by aerial
imagery and tape and compass mapping techniques (see Figure 6). We generated a slope profile
from topographic data on the supplied site plan and used the profile to develop Geologic CrossSection A-A' as presented on Figure 7. The partial site plan and profile are only as accurate as
implied by the mapping technique used. The following is a summary of the surficial site
characteristics.
The topography across the site ranges from generally flat across the crest of the ridge and in the
building area to slopes having gradients of about 2½:1 (horizontal to vertical) across the flanks of
the spur ridge descending northward from the building area. The ground surface, south of the
building area, ascends approximately 10 feet vertically to the crest of the ridge with a slope
gradient of approximately 2:1.
The site is accessed by a long, asphalt-paved driveway that winds uphill from Arnerich Road to
the southeastern portion of the property. The driveway leads to a generally level parking and
building area, which appears to have been constructed using cut and fill grading techniques.
Several storage sheds and the remnants of the foundation of the pre-existing residence occupies
the building area. During our site reconnaissance, we observed a sliver of fill adjacent to the
Copyright – C2Earth, Inc.
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north and eastern sides of the pre-existing building footprint. An existing intact swimming pool
shell remains and is situated northeast of the pre-existing residence. Additionally, an existing
leachfield occupies a flat area southeast of the building site.
The area around the residence site has been landscaped, and the slopes along the western, central,
and southern portions of the property are planted with grape vines. Dozens of various, mature
trees are primarily located in the northern portion of the property. The remainder of the site is
covered with brush and grasses. Drainage across the site is generally characterized as
uncontrolled sheet flow toward the north and into an unnamed drainage course that flows
adjacent to Arnerich Road.
5.3. Subsurface
On 6 and 7 January 2021, our principal engineer/geologist, principal geologist/engineer, project
geologist, and staff geologist visited the site to observe the subsurface conditions exposed in two
fault exploration pits to augment our understanding of the subsurface conditions and correlate
with exploration performed by PEI and JFI. Subsequently, our representatives returned to the site
and met with the Town's reviewing geologist on 20 January 2021. The pits were excavated to
depths of approximately 7 feet or less using a four-wheel drive backhoe equipped with a 24-inch
wide bucket. We determined the approximate pit locations using an unmanned aerial vehicle
imagery processed by DroneDeploy, Inc.; these locations are only as accurate as implied by the
mapping technique used.
We logged the pits in general accordance with the Unified Soil Classification System and our
Rock Classification System described on Figures 8 and 9, Key to Logs and Rock Classification
System, respectively. The pit logs are presented on Figure 10, Logs of Fault Exploration Pits 1
and 2. The logs show our interpretation of the subsurface conditions at the locations and on the
date indicated and we do not warrant that they are representative of the subsurface conditions at
other locations and times.
In general, the pit excavations encountered a similar sequence of subsurface materials as those
described by PEI and JFI. Our exploration pits encountered Franciscan complex bedrock
overlain by one or two generations of colluvium (colluvial soil and/or colluvium) and/or fill. The
colluvial soil and colluvium are soil materials that are deposited on or at the base of a slope from
sheet flow runoff.
Pit 1 was excavated approximately 50 feet long and Pit 2 was excavated approximately 22 feet
long. The northern portion of Pit 1 and entire Pit 2, encountered fractured competent metasandstone bedrock. In Pit 2, the bedrock was overlain by about 3 feet of fill. In the northern end
of Pit 1 the bedrock was overlain by colluvial soil. The colluvial soil was about 2½ feet thick and
was comprised of very dark gray to yellowish brown, moderate plasticity, clayey silt. The central
portion of Pit 1 encountered a thin lens of colluvium about 1½ feet thick or thinner. The
colluvium was comprised of very dark gray, moderate plasticity, clayey silt. Near the south
central portion of the trench, the colluvium was truncated by faulting. We observed an
approximately 5-foot wide fault gouge zone comprised of sheared silty clay. The gouge zone
offset the meta-sandstone to the north with sheared shale bedrock to the south. Along the
northern margin of the gouge, we measured the fault trace to strike (oriented) about N46W (see
Figure 10).
Copyright – C2Earth, Inc.
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5.4. Groundwater
We did not encounter groundwater in either of the exploration pits, nor was groundwater
observed in the previous trenches and borings excavated on the subject property. Fluctuations in
the level of subsurface water could occur due to variations in rainfall, temperature, and other
factors not evident at the time our observations were made.
5.5. Laboratory Testing
We relied upon the results of a laboratory testing program to supplement our evaluation of the
geologic conditions and geotechnical engineering properties of the soil and bedrock at the site.
JFI had laboratory testing of the samples obtained from their test borings. The results of moisture
content and dry density tests are presented on the logs and tabulated in a chart (see Appendix A).
JFI also conducted plasticity index testing on a soil sample from a depth of 1 foot in Boring 1.
The results indicate that the soil is highly expansive with a plasticity index of 34. The results of
their plasticity testing are also presented in Appendix A.
We retained soil and rock samples from our recent exploration pits for laboratory classification
and testing. We sent samples of the colluvial soil and colluvium to Beta Analytic, Inc. for age
dating. Conventional Radiocarbon Age dating of carbon-14 method was conducted. The results
indicate that the tested soil samples constrain that age of the colluvial soil to about 2,600 years
old and the colluvium to about 4,200 years old. The results of the age dating are presented in
Appendix B.
6. LANDSLIDE SCREENING EVALUATION
The subject site is partially mapped within the Town of Los Gatos potential landslide hazard
zone (see Figure 4). The purpose of this qualitative screening analysis is to evaluate the severity
of the earthquake-induced landsliding hazard on the subject site and to determine if further
analysis is warranted (CDMG, 1997). In accordance with Special Publication 117A by the
California Geological Survey (2008) our screening analysis includes an evaluation of the
following questions:
•

Are existing landslides, active or inactive, present on, or adjacent (either uphill
or downhill) to the project site? As described above, we did not observe evidence
of landsliding in or around the proposed building area.

•

Are there geologic formations or other earth materials located on or adjacent to
the site that are known to be susceptible to landslides? According to the geologic
map, Franciscan formation sandstone and volcanic rocks underlie the subject site
and immediate site vicinity. These formations are not known to be susceptible to
landsliding in the general site area.

•

Do slope areas show surface manifestations of the presence of subsurface water
(springs and seeps), or can potential pathways or sources of concentrated water
infiltration be identified on or upslope of the site? Slope areas on the site are
uniform and drainage courses are not disturbed. We did not observe any evidence
of springs or seeps in areas that could affect the proposed building site.
Copyright – C2Earth, Inc.
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•

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 have recently slid. The building area is on the a
relatively flat pad along the crest of a spur ridge. There are no nearby susceptible
landforms or vulnerable locations that would affect the proposed building site.

•

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 the potential for
future landsliding in some areas? The current redevelopment concept will not
increase the potential for landsliding on the subject site.
7. FINDINGS

Based upon the results of our study, it is our opinion that, from a geologic and geotechnical
engineering perspective, the subject property may be redeveloped as planned, provided that the
recommendations presented in this report are incorporated into the design and construction of the
proposed improvements. In our opinion, the primary constraints to the proposed development
include:
•
•
•

The site's seismic setting, including the presence of potentially active fault traces
across the property;
the remnants of the pre-existing house foundation; and
the potential for differential movement from the expansive colluvial soil and/or
colluvium.

7.1. Seismicity
The results of our study revealed a potentially active fault trace across the southwestern portion
of the property. The fault appears to be moderate-angle thrust fault. Faulting truncated the
colluvium but not the colluvial soil. Following fault activity, the colluvial soil appears to have
been deposited. Age dating of the soil constrains the fault activity to have occurred between
2,600 and 4,200 years ago. While the age dating results suggest that surface fault rupture has not
occurred in the last 2,600 years, future movement along this fault trace during a seismic event
cannot be excluded.
The proposed building area will be situated downhill of the fault, on the northeastern foot wall
block. Uphill of the fault is the hanging wall block. In a thrust fault, the hanging wall block is
thrust over the older foot wall block at low to moderate inclinations. Because of geometry and
relative age, future faulting events will likely occur along the same fault contact or within the
hanging wall block near the current fault contact. There is a low probability that renewed faulting
would rupture the foot wall block. Additionally, we and other consultants did not report
observing evidence of active faulting or shearing within the foot wall block, down slope of the
fault. In our opinion, a 30-foot setback is adequate to preclude a fault rupture hazard within the
proposed building envelope.
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It is reasonable to assume that the site will be subjected to strong ground shaking from a major
earthquake on at least one of the nearby active faults during the design life of future
improvements. During such an earthquake, it is our opinion that the danger from fault offset
through the proposed residence is negligible. It should be noted that following a large seismic
event, cosmetic damage or sympathetic movement caused by ground shaking may occur and may
have to be repaired.
7.2. Proposed Non-Habitable Structure
As currently planned, a non-habitable garage will be constructed within the fault setback zone
adjacent to the southwest side of the proposed residence. All elements of the garage must remain
structurally isolated from the residence, including its roof structure. The structure must remain
non-habitable and shall not be converted into habitable space.
7.3. Geotechnical Constraints
Our subsurface study showed that the proposed building site is underlain at shallow depth by
melange bedrock of the Franciscan complex. The supportive bedrock is blanketed by up to
approximately 3 feet of non-supportive colluvial soil and colluvium, combined, along natural
slope areas around the proposed building area. Plasticity Index testing on the soil indicates that it
can be highly expansive. This material can be subject to shrinking and swelling the could affect
the performance of overlying flatwork that is to remain.
Currently, the building site is occupied by the remnants of the pre-existing house foundation,
which included a day lighting basement. To mitigate the potential for differential movement, we
anticipate that the foundation elements will be removed and the building site will be regraded
such that there is a uniform thickness of engineered fill beneath the proposed new foundation
elements. Provided the building site is regraded in accordance with the recommendations
presented below, engineered fill will provide adequate support for the foundations of the
proposed residence and associated improvements.
7.4. Slope Stability
Our study did not encounter evidence of recent landsliding on the property in the immediate
vicinity of the proposed residence. Based upon our observations of the subsurface conditions and
geologic setting of the site vicinity, it is our opinion that there is a low risk for landsliding to
affect the proposed site redevelopment.
The long-term stability of many hillside areas is difficult to predict. A hillside will remain stable
only as long as the existing slope equilibrium is not disturbed by natural processes or by the acts
of Man. Landslides can be activated by a number of natural processes, such as the loss of support
at the bottom of a slope by stream erosion or the reduction of soil strength by an increase in
groundwater level from excessive precipitation. Artificial processes caused by Man include
improper grading activities, the introduction of excess water through excessive irrigation,
improperly designed or constructed leachfields, and poorly controlled surface runoff.
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Although our knowledge of the causes and mechanisms of landslides has greatly increased in
recent years, it is not yet possible to predict with certainty exactly when and where all landslides
will occur. At some time over the span of thousands of years, most hillsides will experience
landslide movement as mountains are reduced to plains. Therefore, a small but unknown level of
risk is always present to structures located in hilly terrain. Owners of property located in these
areas must be aware of, and willing to accept, this unknown level of risk.
8. RECOMMENDATIONS
Because the proposed project is still in a relatively early phase of development, it is conceivable
that changes and additions will be made to the proposed redevelopment concept following
submission of this report. We recommend that as various changes and additions are made, you
contact us to evaluate the geotechnical aspects of these modifications.
As currently planned, the existing structures on the property will be razed and existing
foundation remnants will be removed from the site. A new single-family residence is planned in
approximately the same location as the pre-existing residence. A detached, non-habitable, garage
will be constructed southwest of the residence, partially within the fault setback zone. The
residence and garage will be accessed by an existing asphalt driveway. The existing swimming
pool and leachfield will remain. We also anticipate that site retaining walls might be constructed
for landscaping purposes. In addition, new concrete slabs-on-grade might be required to
construct the new portions of the driveway, patios, and walkways.
The following recommendations must be incorporated into all aspects of future redevelopment.
8.1. Location of Proposed Improvements
The proposed improvements must be confined to the approximate building area shown on Figure
6. Do not construct improvements outside of this generalized area without written approval from
C2. Do not construct habitable structures or convert non-habitable structures into living spaces
within the designated fault setback zone. If other structures are planned in the future, we must
evaluate their location to provide appropriate geotechnical engineering design criteria.
8.2. Seismic Design Criteria
We recommend that the project structural design engineer provide appropriate seismic design
criteria for proposed foundations and associated improvements. The following information is
intended to aid the project structural design engineer to this end and is based on criteria set forth
in the 2019 California Building Code (CBC). The structural design engineer must confirm the
Seismic Risk Category and make revisions as they deem appropriate. The mapped spectral
accelerations and site coefficients must be computed using the ASCE/SEI 7-16 design standard
based upon USGS Seismic Design Maps. ASCE 7 Hazards Report is presented in Appendix C.
Experience has shown that earthquake-related distress to structures can be substantially mitigated
by quality construction. We recommend that a qualified and reputable contractor and skilled
craftsmen build the associated improvements. We also recommend that the project structural
design engineer and project architect monitor the construction to make sure that their designs and
recommendations are properly interpreted and constructed.
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8.3. Earthwork
At the time of this study, the full extent of any proposed earthwork had not been finalized. We
anticipate that a significant amount of grading will be required to construct the proposed
improvements.
We recommend that the building area be cleared of debris and be reprocessed as engineered fill.
Maintain a uniform thickness (less than 10% variation in vertical thickness) of engineered fill
beneath the proposed residence foundation plus an additional 5 feet horizontally beyond the
building footprint. The non-habitable garage can be supported on a separate uniformly thick
layer of engineered fill or on bedrock.
Highly to moderately expansive colluvial soil, colluvium, and/or existing fill material must be
removed and may not be used as engineered fill material; it may be used for landscaping
purposes only.
Any proposed earthwork should be performed in accordance with the recommendations provided
below.
8.3.1. Clearing and Site Preparation
•

Clear all obstructions, including existing foundation elements and debris on any
areas to be graded.

•

Over excavate the building pad (plus 5 feet beyond the building footprint) to the
lowest elevation of the exiting foundation elements.

•

Clear and backfill any isolated holes or depressions (less than 2 feet in diameter)
resulting from the removal of underground obstructions below proposed finished
subgrade levels with suitable material compacted to the requirements for
engineered fill given below.

•

After clearing, strip the site to a sufficient depth to remove all surface vegetation
and organic-laden topsoil. At the time of our field study, we estimated that a
stripping depth of approximately 3 inches would be required on natural slope
areas. This material must not be used as engineered fill; however, it may be used
for landscaping purposes.

8.3.2. Fill Material
•

Based on our study, it is our opinion that the bedrock materials encountered in the
trenches, pits, and borings should be suitable for use as fill. On-site or imported
materials must meet the requirements specified below to be used as engineered
fill:

•

Materials used for engineered fill must meet the following requirements:
1) Have an organic content less than 3% by volume;
2) no rocks or lumps greater than 6 inches in maximum dimension;
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3) no more than 15% of the fill may be greater than 2½ inches in maximum
dimension; and
4) have a plasticity index (PI) of 15 or less.
•

If on-site materials do not meet the requirements given above, they may be offhauled or used for landscaping purposes only.

•

Contact C2 with samples of proposed fill materials at least four days prior to
fill placement for laboratory testing and evaluation.

8.3.3. Compaction Procedures
•

Prior to fill placement, scarify the surface to receive the fill to a depth of 6 inches.

•

Moisture condition the imported fill to the materials' approximate optimum
moisture content.

•

Spread and compact the fill in lifts not exceeding 8 inches in loose thickness.

•

Compact the fill to at least 90% relative compaction by the Modified Proctor Test
method, in general accordance with the ASTM Test Designation D1557 (latest
revision).

•

Contact C2 to observe the placement and test the compaction of engineered
fill. Provide at least two working days notice prior to placing fill.

8.3.4. Permanent Slopes
•

Construct the gradients of permanent cut or fill slopes no steeper than 2:1.

•

Re-vegetate all graded surfaces or areas of disturbed ground prior to the onset of
the rainy season following construction to control soil erosion.

•

Install other erosion control provisions if vegetation is not established by the rainy
season.

•

Maintain ground cover vegetation once it is established to provide long-term
erosion control.

8.3.5. Trench Backfill
•

Where feasible, avoid and/or minimize utilities crossing the identified fault.

•

Backfill all utility trenches with compacted engineered fill.

•

Place suitable on-site soil into the trenches in lifts not exceeding 8 inches in
uncompacted thickness, and compact it to at least 90% relative compaction by
mechanical means only.

•

If imported sand is used, compact it to at least 90% relative compaction. Do not
use water jetting to obtain the minimum degree of compaction in imported sand
backfill. If the trench is greater than 50 feet long, located on sloping ground
greater than 5:1 (horizontal to vertical), and is backfilled with sand, check dams
should be installed to reduce the potential of the sand washing out.
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•

Compact the upper 6 inches of trench backfill to at least 95% relative compaction
in all pavement areas.

•

Contact C2 to observe and test compaction of the fill.

8.3.6. Excavations
•

If excavations are necessary use an OSHA approved benching or sloping cut
configuration selected by an OSHA “Competent Person”. The Competent Person
must be capable of identifying hazards during construction, such as slope
instability, and take prompt corrective measures to mitigate any potential hazard.

•

To aid the Competent Person in their selection of construction means and
methods, consider the on-site bedrock materials to be an OSHA Soil Type A. The
Competent Person must evaluate the excavation during construction and confirm
the suggested OSHA soil classification type.

•

The contractor is solely responsible for means and methods of construction and
should designate appropriate personnel to act as the Competent Person.

•

Contact C2 to observe the subsurface conditions exposed within the
excavations to assess whether they are consistent with expected subsurface
conditions.

8.4. Foundations
Because we anticipate that the building area will be reprocessed with a uniform thickness of
engineered fill, we recommend that the residence be supported on a conventional spread footings
foundation, gaining support in the engineered fill. Similarly support the garage on a conventional
spread footing foundation in engineered fill or in the underlying bedrock. Site retaining walls
may also be supported on conventional spread footings, in accordance with the recommendations
provided below under the section headed "Retaining Walls".
We recommend that your engineer design and your contractor construct the proposed foundation
elements in accordance with the following recommendations.
8.4.1. Spread Footings
•

Embed spread footings a minimum of 12 inches into the underlying supportive
engineered fill (or bedrock for the garage or site retaining walls).

•

Maintain a uniform thickness of fill beneath the spread footings. Less than 10%
variation in fill thickness is permissible between the bottom of the footing and the
base of the fill across the structure.

•

Design the spread footings supported in the engineered fill (or bedrock for the
garage or site retaining walls) for an allowable bearing pressure of 2,000 psf for
dead plus live loads, with a 1/3 increase for transient loads, including wind and
seismic.
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•

All footings adjacent to utility trenches must have their bearing surface below an
imaginary plane projected upward from the bottom edge of the trench at a 1:1
(horizontal to vertical) slope.

•

Lateral loads may be resisted by friction between the foundation bottoms and the
supporting subgrade using a friction coefficient of 0.35. A passive pressure equal
to an equivalent fluid weight of 300 pcf may also be used for footings poured neat
in excavations into the engineered fill (or bedrock for the garage or site retaining
walls) below the plane at which there is a minimum of 5 feet horizontal separation
between the face of the footing and daylight. The passive pressure and friction
may be used in combination without reduction.

•

The structural design engineer must determine concrete reinforcing; but, as a
minimum, all continuous footings must be provided with at least two No. 4 steel
reinforcing bars, one placed at the top and one placed at the bottom of the footing,
to provide structural continuity and to permit the spanning of any local
irregularities.

•

Design for differential and total settlement for footings founded in the engineered
fill of less than 5% of the vertical fill thickness.

•

Clear the bottoms of the footing excavations of loose cuttings and soil fall-in prior
to the placement of concrete.

•

Contact C2 to observe the footing excavations prior to placing reinforcing
steel to evaluate depth into supportive material.

8.4.2. Retaining Walls
We anticipate that retaining walls might be used on the site. The following
recommendations are for cantilever type walls.
•

Support site (and residential, if needed) retaining walls on foundations designed in
accordance with the spread footing foundations recommendations given above.

•

Design retaining walls to resist both lateral earth pressures and any additional
lateral loads caused by surcharge loads on the adjoining ground surface.

•

Deflection of cantilever retaining walls will occur in response to lateral loading.
Anticipate horizontal deflections at the top of the wall to be 2% of the wall height
or less.

•

Design unrestrained (active condition) walls to resist an equivalent fluid pressure
of 45 pcf. Design walls that are restrained from movement at the top or sides (atrest condition) to resist an equivalent fluid pressure of 71 pcf (see Figure 11,
Conceptual Retaining Wall Pressure Diagram).

•

Add an additional equivalent fluid pressure increment to the active and at-rest
condition for backfill steeper than 4:1 (horizontal to vertical), in accordance with
the following:
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+ 8 pcf for slopes between 3:1 and 4:1
+ 12 pcf for slopes between 2:1 and 3:1
+ Contact us for slopes steeper than 2:1
•

Design for seismic-loading as the structural engineer deems appropriate. In our
opinion, the requirements for seismic design of retaining walls are not clearly
defined. If the structural engineer considers seismic loading, based upon the
procedures presented by Sitar, et. al. (2012), design unrestrained (active
condition) residential retaining walls to resist an additional earthquake equivalent
fluid pressure (seismic increment) of 34 pcf.

•

Site walls less than 6 feet tall are not subject to additional earthquake loading
requirements.

•

If seismic loading is considered, design retaining walls to resist the appropriate
loading condition: either the at-rest condition if the walls are restrained, or the
active condition plus the seismic increment if the walls are unrestrained.

•

Wherever the walls will be subjected to surcharge loads, they must be designed
for an additional uniform lateral pressure equal to 1/2 or 1/3 the anticipated
surcharge load for restrained or unrestrained walls, respectively.

•

The preceding pressures require that sufficient drainage be provided behind the
walls to prevent the buildup of hydrostatic pressures from surface or subsurface
water infiltration.

•

Provide a backdrain system consisting of an approximately 1 foot thick curtain of
drainrock (crushed rock or gravel) behind the wall.

•

Separate the drainrock from the backfill by a geotextile filter fabric, such as
Mirafi 140 or an alternative, approved by C2. A 4-inch diameter heavy-duty rigid
perforated subdrain pipe (Schedule 40, SDR 21 or equivalent), approved by C2,
must be placed with the perforations down on a 2- to 3-inch layer of drainrock at
the base of the drain. Do not use flexible corrugated pipe.

•

As an alternative, back drainage may consist of an approved drainage mat placed
directly against the wall. The bottom of the drainage mat must be in contact with
the rigid 4-inch perforated drainpipe embedded in gravel. The gravel must be fully
encased in filter fabric.

•

The backdrains should extend up the height of the back of the retaining walls to
within 1 foot of the height of the retained soil, and then be covered with a
compacted clay soil cap.

•

Details of backdrain options are presented on Figure 12, Conceptual Retaining
Wall Backdrain Diagram.
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•

Perforated retaining wall subdrain pipes must be dedicated pipes and must not
connect to the surface drain system. Install the subdrain pipes with a positive
gradient of at least 1% and provide them with clean-out risers at their up-gradient
ends and at all sharp changes in direction. Changes in pipe direction must be
made with "sweep" elbows to facilitate future inspection and clean-out. The
perforated pipes must be connected to buried solid pipes to convey collected
runoff to discharge onto an energy dissipater at an appropriate downhill location,
approved by C2.

•

Compact the backfill placed behind the walls to at least 90% relative compaction,
using light compaction equipment, in accordance with the compaction procedures
given above. If heavy compaction equipment is used, the walls should be
appropriately temporarily braced, as the situation requires. If backfill consists
entirely of drainrock, it should be placed in approximately 2-foot lifts and must be
compacted with several passes of a vibratory plate compactor.

•

Perform annual maintenance of retaining wall backdrain systems, which must
include inspection and flushing to make sure that subdrain pipes are free of debris
and are in good working order. This maintenance must also include inspection of
subdrain outfall locations to verify that introduced water flows freely through the
discharge pipes and that no excessive erosion has occurred.

•

If erosion is detected, C2 must be contacted to evaluate its extent and to provide
mitigation recommendations, if needed.

•

Damp proof retaining walls that are adjacent to living spaces and/or site walls
with decorative facing. We are not qualified to recommend specific damp
proofing materials or their applications. Any damp proofing product must be
applied in strict compliance with the manufacturer's and/or architect’s
specifications.

•

If you select an alternative retaining wall type, you should contact C2 to provide
additional recommendations.

8.4.3. Segmental Block Retaining Walls
• As an alternative to cantilever walls, segmental block retaining walls (SRWs)
might be suitable for the site. The following recommendations are for typical
SRWs. Contact us to provide appropriate recommendations if you consider other
types of walls.
•

We recommend that the SRWs be designed and constructed in general accordance
with the manufacturer’s recommendations, including being provided with geogrid
reinforcement, if necessary.

•

The following material parameters may be used for the SRW design. For the
engineered fill or bedrock (foundation materials) and for engineered backfill
derived from on-site materials, use a unit weight of 130 pcf, an internal angle of
friction of 28 degrees, and negligible cohesion with an allowable bearing capacity
of 2,000 psf. SRWs less than 6 feet tall are not subject to additional earthquake
loading requirements.
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•

Construct the SRWs so that a minimum of one layer of blocks is keyed into the
engineered fill or bedrock (remove any non-supportive soil in the vicinity of the
wall and backfill area).

•

Calculate the wall height from the bottom of the lowest block to the top of the
upper block.

•

Apply appropriate surcharge loading for sloping ground at the top of the retaining
wall in accordance with the manufacturer’s recommendations.

•

Contact C2 to observe the excavation prior to placement of the SRW blocks
to evaluate if the blocks are founded in material of sufficient supporting capacity.

•

Contact C2 to observe the placement of geogrid and test the compaction of
backfill.

•

Provide drainage provisions to prevent the build up of hydrostatic pressure in
accordance with the manufacturer’s recommendations and the recommendations
presented in the preceding section for basement retaining walls

8.4.4. Flatwork
We anticipate that concrete slabs-on-grade or pavers may be used for the driveway,
patios, and walkways. We also anticipate that asphalt (flexible pavement) will be used for
the driveway. Where located on expansive soil, the overlaying flatwork will be subject to
differential movement. We believe this condition will result in minor ongoing cosmetic
damage to the flatwork. To mitigate the risk of differential movement of the flatwork, we
recommend the following options:
•

Option 1: Construct the flatwork using a paver system that can accommodate
differential movement and be releveled as needed.

•

Option 2: Remove and replace the expansive soil with a minimum of 18 inches of
engineered fill, placed in accordance with the recommendation provided above.

For flexible pavement we recommend the following minimum requirements based upon
an anticipated Traffic Index (TI) of 3. If a greater TI is required for the project, contact
C2 for appropriate recommendations:
•

Scarify and recompact the upper of 6 inches (or replace the upper 18 inches with
engineered fill in areas where expansive soil is present) of the sub-base to the
requirements for engineered fill given above.

•

Use a minimum pavement section of 2 inches of asphalt over 6 inches of CalTrans
Class II baserock compacted to at least 95% relative compaction in accordance
with the requirements for engineered fill given above.

•

Contact C2 to observe and test compaction of the sub-base recompaction and
baserock compaction.
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For flexible pavers we recommend the following minimum requirements:
•

Support pavers on a minimum of 6 inches (or 18 inches to mitigate expansive soil
where present) of non-expansive fill compacted to the requirements for
compacted fill given above.

•

Proof-roll the surface of the non-expansive fill to provide a smooth, firm surface,
then place pavers on a leveling course per manufacturer's recommendations.

•

Periodically repair cracked pavers or re-level pavers that experience differential
movement.

For concrete slabs-on-grade we recommend the following minimum requirements:
•

Support concrete slabs-on-grade on a minimum of 6 inches (or 18 inches to
mitigate expansive soil where present) of non-expansive fill compacted to the
requirements for compacted fill given above.

•

Proof-roll the surface of the non-expansive fill to provide a smooth, firm surface
for slab support prior to placement of reinforcing steel.

•

Design slab reinforcement in accordance with anticipated use and loading, but at a
minimum, reinforce slabs with No. 3 rebar on 18-inch centers each way, placed
mid-height in the slab.

•

Support the reinforcing steel from below on concrete blocks (or similar) during
concrete pouring to make sure that it remains mid-height in the slab.

•

Place grooves in the concrete slabs at 10-foot intervals or in accordance with the
structural design engineer’s recommendations to help control cracking.

•

The structural designer must evaluate moisture conditions related to concrete slab
curing and performance. The builder must provide appropriate drying time as
determined by the designer.

Where floor wetness is undesirable:
•

The building designer or qualified waterproofing consultant must provide
moisture barrier requirements.

•

The following recommendations are typical moisture barrier standards. We do not
guarantee that these measures will prevent all future moisture intrusion. If
necessary, you should consult a qualified waterproofing consultant to provide
waterproofing design.

•

We recommend as a minimum using a puncture resistant, heavy-duty membrane
(such as a minimum of 15 mil Stego Wrap, or equivalent) in direct contact with
the floor slab and underlain by 6 inches of free-draining gravel.

•

Use the gravel and heavy-duty membrane in lieu of the upper 6 inches of
recommended non-expansive fill.
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8.5. Drainage
Control of surface drainage is critical to the successful performance of the proposed
improvements. The results of improperly controlled runoff may include foundation heave and/or
settlement, erosion, gullying, ponding, and potential slope instability. To mitigate the risks
associated with improperly controlled runoff, we recommend that you implement the following:
•

Prevent surface water from ponding in areas adjacent to the foundation of the
proposed residence and associated improvements by grading adjacent areas to
create proper drainage by sloping them away from the structures.

•

As an alternative, install area drains to collect surface runoff.

•

Provide roof gutters with downspouts on the structures. Provide downspouts with
slip-joint connectors or clean-outs, where they are connected to buried pipes, to
facilitate maintenance (see Figure 13, Conceptual Downspout Clean-Out
Diagram).

•

Do not allow water collected in the gutters to discharge freely onto the ground
surface adjacent to the foundation.

•

Convey water from downspouts and/or area drains away from the residence via
buried, closed conduits or lined surfaces. Use buried conduits consisting of rigid,
smooth-walled pipes (PVC). Do not use flex-pipes.

•

Convey all collected water away from the structures via buried, closed conduit or
hard surfaced drainage way, and discharge onto an energy dissipater at an
appropriate downslope location approved by C2. Energy dissipaters may consist
of a short "T" fitting placed in on a shallow bench and covered or surrounded with
cobbles (see Figure 14, Conceptual Energy Dissipater Diagram). The discharge
must not be located on, or adjacent to, steep, potentially unstable terrain or where
runoff will adversely impact adjacent parcels.

•

Perform annual maintenance of the surface drainage systems, including:
1) Inspecting and testing roof gutters and downspouts to make sure that they
are in good working order and do not leak;
2) inspecting and flushing area drains to make sure that they are free of
debris and are in good working order; and
3) inspecting surface drainage outfall locations to verify that introduced
water flows freely through the discharge pipes and that no excessive
erosion has occurred.

•

Contact C2 if erosion is detected so that we may evaluate its extent and provide
mitigation recommendations, if needed.
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9. PLAN REVIEW AND CONSTRUCTION OBSERVATION
We must be retained to review the final grading, foundation, and drainage control plans in order
to assess whether our recommendations have been properly incorporated into the proposed
project. WE MUST BE GIVEN AT LEAST TWO WEEKS TO REVIEW THE PLANS
AND PREPARE A PLAN REVIEW LETTER.
We must also be retained to observe the grading and the installation of foundations and drainage
systems in order to:
•
•
•

assess whether the actual soil conditions are similar to those encountered in our
study;
provide us with the opportunity to modify the foundation design, if variations in
conditions are encountered; and
observe whether the recommendations of our report are followed during
construction.

Sufficient notification prior to the start of construction is essential, in order to allow for the
scheduling of personnel to ensure proper monitoring.
WE MUST BE NOTIFIED AT LEAST TWO WEEKS PRIOR TO THE ANTICIPATED
START-UP DATE. IN ADDITION, WE MUST BE GIVEN AT LEAST TWO WORKING
DAYS NOTICE PRIOR TO THE START OF ANY ASPECTS OF CONSTRUCTION
THAT WE MUST OBSERVE.
The phases of construction that we must observe include, but are not necessarily limited to, the
following.
1. EARTHWORK: During construction to observe excavations and to test
compaction of engineered fill
2. FOOTING EXCAVATION: Prior to placement of reinforcing steel to evaluate
depth to supportive material
3. RETAINING WALL BACKDRAIN: During installation
4. RETAINING WALL BACKFILL:
compaction

During backfill to observe and test

5. SEGMENTAL BLOCK RETAINING RETAINING WALL: Prior to
placement of the blocks to evaluate if the blocks are founded in material of
sufficient supporting capacity and during placement of geogrid and/or fill
6. FLATWORK AND FLEXIBLE PAVEMENT: Prior to and during placement
of non-expansive fill to observe the subgrade preparation and to test compaction
of non-expansive fill
7. SURFACE DRAINAGE SYSTEMS: Near completion to evaluate installation
and discharge locations
*********
A Bibliography, a List of Aerial Photographs, and the following Figures, Table, and Appendices
are attached and complete this report.
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UNIFIED SOIL CLASSIFICATION SYSTEM

PRIMARY

GROUP
SYMBOL

DIVISIONS

MORE THAN HALF OF
MATERIAL IS LARGER
THAN NO. 200 SIEVE SIZE

CLEAN GRAVELS
(LESS THAN 5% FINES)

MORE THAN HALF
OF COARSE
FRACTION IS
LARGER THAN
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GRAVEL WITH FINES
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SILTS AND CLAYS
LIQUID LIMIT IS
GREATER THAN 50%

HIGHLY ORGANIC SOILS

DIVISIONS

GW

Well graded gravels; gravel-sand mixtures, little or no fines.

GP

Poorly graded gravels or gravel-sand mixtures, little or no fines.

GM

Silty gravels, gravel-sand-silt mixtures, non-plastic fines.

GC

Clayey gravels, gravel-sand-clay mixtures, plastic fines.

SW

Well graded sands, gravelly sands, little or no fines.

SP

Poorly graded sands or gravelly sands, little or no fines.

SM

Silty sands, sand-silt mixtures, non-plastic fines.

SC

Clayey sands, sand-clay mixtures, plastic fines.

CL

Inorganic silts and very fine sands, rock flour, silty or clayey fine sands
or clayey silts with slight plasticity.
Inorganic clays of low to medium plasticity, gravelly clays, sandy clays,
silty clays, lean clays.

OL

Organic silts and organic silty clays of low plasticity.

MH

Inorganic silts, micaceous or diatomaceous fine sandy or silty soils,
elastic silts.

CH

Inorganic clays of high plasticity, fat clays.

OH

Organic clays of medium to high plasticity, organic silts.

Pt

Peat and other highly organic soils.

ML

SILTS AND CLAYS
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BOULDERS

CONSISTENCY AND RELATIVE DENSITY
STRENGTH²

BLOWS/FOOT¹

VERY SOFT
SOFT
FIRM

0-¼
¼-½

0-2
2-4

½-1

4-8

STIFF

1-2

8 - 16

VERY STIFF
HARD

2-4

16 - 32

OVER 4

OVER 32

SANDS AND GRAVELS
RELATIVE DENSITY

CONSISTENCY

SILTS AND CLAYS

1

Number of blows of 140-pound hammer
falling 30 inches to drive a 2-inch O.D (1
3/8-inch I.D) split spoon

2

Unconfined compressive strength in
tons/sq. ft. as determined by laboratory
testing or approximated in general
conformance with the standard penetration test (ASTM D-1586), pocket
penetrometer, torvane, or visual observation

BLOWS/FOOT¹

VERY LOOSE

0-4

LOOSE

4 - 10

MEDIUM DENSE

10 - 30

DENSE

30 - 50

VERY DENSE

OVER 50
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FRACTURING
INTENSITY

SIZE OF PIECES (FEET)

VERY LITTLE FRACTURED
OCCASIONALLY FRACTURED
MODERATELY FRACTURED
CLOSELY FRACTURED
INTENSELY FRACTURED
CRUSHED

Greater than 4.0
1-4
0.5 - 1
0.1 - 0.5
0.05 - 0.1
Less than 0.05

HARDNESS
SOFT
LOW
MODERATELY
HARD
VERY HARD

Reserved for plastic material alone
Can be gouged deeply or carved easily with a knife blade
Can be readily scratched by a knife blade; scratch leaves a heavy trace of dust and is readily
visible after the powder has been blown away.
Can be scratched with difficulty; scratch produced a little powder and is often faintly visible.
Cannot be scratched with knife blade; leaves a metallic streak.

STRENGTH
LOW
FRIABLE

Plastic or very low strength.
Crumbles easily by rubbing with fingers.

WEAK

An unfractured specimen of such material will crumble under light hammer blows.

MODERATELY

Specimen will withstand a few heavy hammer blows before breaking.
Specimen will withstand a few heavy ringing hammer blows and will yield with difficulty only
dust and small flying fragments.
Specimen will resist heavy ringing hammer blows and will yield with difficulty only dust and
small flying fragments.

STRONG
VERY STRONG

WEATHERING¹
DEEP
MODERATE
SLIGHT
FRESH
1

Moderate to complete mineral decomposition; extensive disintegration; deep and thorough
discoloration; many fractures, all extensively coated or filled with oxides, carbonates and/or
clay or silt.
Slight change or partial decomposition of minerals; little disintegration; cementation little to
unaffected. Moderate to occasionally intense discoloration. Moderately coated fractures.
No megascopic decomposition of minerals; little of no effect on normal cementation. Slight
and intermittent, or localized discoloration. Few stains on fracture Surface.
Unaffected by weathering agents. No disintegration of discoloration. Fractures usually less
numerous than joints.

The physical and chemical disintegration and decomposition of rocks and minerals by natural processes such as
oxidation, reduction, hydration, solution, carbonation, and freezing and thawing.

BEDDING OF SEDIMENTARY ROCKS
SPLITTING PROPERTY

THICKNESS (FEET)

STRATIFICATION

THICKNESS (FEET)

MASSIVE
BLOCKY
SLABBY
FLAGGY
SHALY OR PLATY
PAPERY

Greater than 4.0
2.0 - 4.0
0.2 - 2.0
0.05 - 0.2
0.01 - 0.05
Less than 0.01

VERY THICK-BEDDED
THICK-BEDDED
THIN-BEDDED
VERY THIN-BEDDED
LAMINATED
THINLY LAMINATED

Greater than 4.0
2.0 - 4.0
0.2 - 2.0
0.05 - 0.2
0.01 - 0.05
Less than 0.01

ROCK CLASSIFICATION SYSTEM
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PIT 1

N38E

DEPTH (ft)

af

0

af

4” PIPE

Qs
Qc

5

fm-ss1

fm-ss2

Qc

fm-ss3

fm-ss

Gouge

fm-sr

STRIKE 314°
CALCIUM CARBONATE NODULES (typ.)

10

UNIT DESCRIPTIONS

af

Qs

SILTY SAND (SM); dark yellowish brown (10YR 4/6); heterogenous; abundant silts; fine- to
coarse-grained subangular to subrounded sand; scattered to abundant fine to coarse subangular to
subrounded gravels; poorly sorted; moist; trace to scattered caliche deposits; scattered oxidation
staining (Fill)
CLAYEY SILT (ML); very dark gray (10YR 3/2) to yellowish brown (10YR 5/4); heterogeneous;
scattered to abundant fine-grained and trace to scattered medium- to coarse-grained subangular to
subrounded sand; trace to scattered angular to subanglar, fine to coarse gravel; moderate
plasticity; moist; caliche nodules; scattered rootlets and scattered to abundant rootlets
(Colluvial Soil)

Qc

CLAYEY SILT (ML); very dark gray (10YR 3/1); homogeneous; vertical fissures; moderate
plasticity, moist; scattered caliche nodules; trace rootlets (Colluvium)

fm-ss1

META-SANDSTONE (ROCK); very pale brown (10YR 8/2), light yellowish brown (10YR 6/4), and
yellowish red (5YR 7/8); low hardness; low to friable strength; intensely fractured; fine- to mediumgrained subangular sand; abundant oxidation staining (Franciscan Melange)

fm-ss2

fm-ss3

META-SANDSTONE (ROCK); dark grayish brown (10YR 4/2); low hardness; low strength;
occasionally fractured; moderately weathered; fine-grained and trace to scattered subrounded
coarse-grained sand; scattered to adubant silt; trace to scattered caliche; scattered to abundant
oxidation staining (Franciscan Melange)

PIT 2

DEPTH (ft)
0

af
fm-ss

5

fmfm

CROTOVINA (typ.)

10

META-SANDSTONE (ROCK); olive gray (5Y 5/2); low hardness; low strength; closely to intensely
fractured; deeply weathered; abundant caliche deposits (Franciscan Melange)

Gouge SILTY CLAY (CH); very dark gray (10YR 3/1) and light olive green (5GY 5/4); high plasticity;
sheared texture; slickens along contact with metasandstone; moist; cliche nodules (Fault Gouge)
fm-sr

N40E

SHEARED SHALE (ROCK); very dark gray (10YR 3/1) and light olive green (5GY 5/4); low to
friable hardness; low strength; intensely fractured to crushed; highly weathered; trace to scattered
subangular boulders and gravels scattered subrounded to subangular serpentinite fine gravel; well
developed gypsum crystals (Franciscan Melange)

BASE: Logged by C. Reid, C. Hundemer, and D. Bogusz; C2EARTH, INC.; 6, 7, and 20 Janury 2021
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SURCHARGE LOAD
NOTE 1

SLOPE INCLINATION
NOTE 2

LATERAL EARTH PRESSURE
45 pcf active condition (unrestrained)
71 pcf at-rest condition (restrained)
34 pcf seismic increment (if considered)
NOTE 3

FOUNDATION (see text)

NOTE 1: Additional lateral load equal to 1/3 (unrestrained) or 1/2 (restrained) the
anticipated surcharge load.
NOTE 2: Add an additional equivalent fluid pressure increment to the active and
at-rest condition for sloping backfill above the wall where inclinations are
greater than 4:1 (horizontal to vertical), as follows:
+8 pcf for slope inclinations between 3:1 and 4:1
+12 pcf for slope inclinations between 2:1 and 3:1
NOTE 3: Lateral earth pressures are shown for drained retaining walls. Contact us to
provide additional recommendations if undrained walls are planned.
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Figure 11
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FOUNDATION (see text)
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Figure 13
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Figure 14

APPENDIX A: OTHER CONSULTANT'S LOGS

EXPLORATORY TRENCH T-1 AND T-2
(POLLAK ENGINEERING, INC., 2013)

KEY TO LOGS, BORINGS LOGS 1 AND 2, LABORATORY DATA
(JF CONSULTING,INC., 2008)
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APPENDIX B: LABORATORY TEST RESULTS
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March 11, 2021
Mr. Kirby Kiefer
C2Earth Inc.
750 Camden Avenue
Campbell, CA 95008
United States

RE: Radiocarbon Dating Results
Dear Mr. Kiefer,
Enclosed are the radiocarbon dating results for two samples recently sent to us. The report sheet contains the Conventional
Radiocarbon Age (BP), the method used, material type, and applied pretreatments, any sample specific comments and, where
applicable, the two-sigma calendar calibration range. The Conventional Radiocarbon ages have been corrected for total isotopic
fractionation effects (natural and laboratory induced).
All results (excluding some inappropriate material types) which fall within the range of available calibration data are calibrated
to calendar years (cal BC/AD) and calibrated radiocarbon years (cal BP). Calibration was calculated using one of the databases
associated with the 2020 INTCAL program (cited in the references on the bottom of the calibration graph page provided for each
sample.) Multiple probability ranges may appear in some cases, due to short-term variations in the atmospheric 14C contents at
certain time periods. Looking closely at the calibration graph provided and where the BP sigma limits intercept the calibration
curve will help you understand this phenomenon.
Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977
International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30
BP is cited for the result.
All work on these samples was performed in our laboratories in Miami under strict chain of custody and quality control under
ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 accreditation protocols. Sample, modern and blanks were all analyzed
in the same chemistry lines by qualified professional technicians using identical reagents and counting parameters within our
own particle accelerators. A quality assurance report is posted to your directory for each result.
Thank you for prepaying the analyses. As always, if you have any questions or would like to discuss the results, don’t
hesitate to contact us.
Sincerely,

Chris Patrick
Vice President of Laboratory Operations
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REPORT OF RADIOCARBON DATING ANALYSES
Kirby Kiefer

Report Date:

C2Earth Inc.

Material Received:

Laboratory Number

Beta - 585257

Sample Code Number

20144C-Bitmansour Colluvial Soil

(95.4%)

827 - 772 cal BC

Submitter Material:
Pretreatment:
Analyzed Material:
Analysis Service:
Percent Modern Carbon:

March 11, 2021
February 24, 2021

Conventional Radiocarbon Age (BP) or
Percent Modern Carbon (pMC) & Stable Isotopes

2620 +/- 30 BP

IRMS δ13C: -25.7 o/oo

(2776 - 2721 cal BP)

Organic Sediment/Gyttja
(organic sediment) acid washes
Organic sediment
AMS-Standard delivery
72.17 +/- 0.27 pMC

Fraction Modern Carbon: 0.7217 +/- 0.0027
D14C: -278.31 +/- 2.70 o/oo
∆14C: -284.48 +/- 2.70 o/oo (1950:2021)
Measured Radiocarbon Age: (without d13C correction): 2630 +/- 30 BP
Calibration: BetaCal4.20: HPD method: INTCAL20

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass
spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was
used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950.
Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C
(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30.
d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of
calibration graph pages.
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REPORT OF RADIOCARBON DATING ANALYSES
Kirby Kiefer

Report Date:

C2Earth Inc.

Material Received:

Laboratory Number

Beta - 585258

Sample Code Number

20144C-Bitmansour Colluvium (Unit 2)

(45.2%)
(32.2%)
(18.0%)

2813 - 2741 cal BC
2900 - 2846 cal BC
2731 - 2674 cal BC

Submitter Material:
Pretreatment:
Analyzed Material:
Analysis Service:
Percent Modern Carbon:

March 11, 2021
February 24, 2021

Conventional Radiocarbon Age (BP) or
Percent Modern Carbon (pMC) & Stable Isotopes

4210 +/- 30 BP

IRMS δ13C: -25.4 o/oo

(4762 - 4690 cal BP)
(4849 - 4795 cal BP)
(4680 - 4623 cal BP)

Organic Sediment/Gyttja
(organic sediment) acid washes
Organic sediment
AMS-Standard delivery
59.21 +/- 0.22 pMC

Fraction Modern Carbon: 0.5921 +/- 0.0022
D14C: -407.91 +/- 2.21 o/oo
∆14C: -412.97 +/- 2.21 o/oo (1950:2021)
Measured Radiocarbon Age: (without d13C correction): 4220 +/- 30 BP
Calibration: BetaCal4.20: HPD method: INTCAL20

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass
spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was
used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950.
Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C
(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30.
d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of
calibration graph pages.
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years
(High Probability Density Range Method (HPD): INTCAL20)

(Variables: d13C = -25.7 o/oo)
Laboratory number

Beta-585257

Conventional radiocarbon age

2620 ± 30 BP

95.4% probability
(95.4%)

827 - 772 cal BC

(2776 - 2721 cal BP)

68.2% probability
(68.2%)

810 - 787 cal BC

(2759 - 2736 cal BP)

20144C-Bitmansour Colluvial Soil
2620 ± 30 BP

Organic sediment

2900

Radiocarbon determination (BP)

2800

2700

2600

2500

2400

2300

2200
1000

950

900

850

800

750

700

650

600

550

500

450

Calibrated date (cal BC)

Database used
INTCAL20

References
References to Probability Method
Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years
(High Probability Density Range Method (HPD): INTCAL20)

(Variables: d13C = -25.4 o/oo)
Laboratory number

Beta-585258

Conventional radiocarbon age

4210 ± 30 BP

95.4% probability
(45.2%)
(32.2%)
(18%)

2813 - 2741 cal BC
2900 - 2846 cal BC
2731 - 2674 cal BC

(4762 - 4690 cal BP)
(4849 - 4795 cal BP)
(4680 - 4623 cal BP)

68.2% probability
(36.1%)
(24.3%)
(7.8%)

2804 - 2763 cal BC
2890 - 2865 cal BC
2717 - 2706 cal BC

(4753 - 4712 cal BP)
(4839 - 4814 cal BP)
(4666 - 4655 cal BP)

20144C-Bitmansour Colluvium (Unit 2)
4210 ± 30 BP

Organic sediment

4500

Radiocarbon determination (BP)

4400
4300
4200
4100
4000
3900
3800
3000

2950

2900

2850

2800

2750

2700

2650

2600

2550

2500

Calibrated date (cal BC)

Database used
INTCAL20

References
References to Probability Method
Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com
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Quality Assurance Report
This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value
reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs
measured values. Reported values are calculated relative to NIST SRM -4990B and corrected for isotopic fractionation. Results
are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement
between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory
error.
Report Date:
Submitter:

March 17, 2021
Mr. Kirby Kiefer

QA MEASUREMENTS
Reference 1
Expected Value:

0.42 +/- 0.04

Measured Value:

0.42 +/- 0.04 pMC

Agreement:

Accepted

Reference 2
Expected Value:

129.41 +/- 0.06 pMC

Measured Value:

129.47 +/- 0.40 pMC

Agreement:

Accepted

Reference 3
Expected Value:

96.69 +/- 0.50 pMC

Measured Value:

96.39 +/- 0.31 pMC

Agreement:

COMMENT:

Validation:

Accepted

All measurements passed acceptance tests.

Date:

March 17, 2021

APPENDIX C: ASCE 7 HAZARDS REPORT
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ASCE 7 Hazards Report
Address:
No Address at This
Location

ASCE/SEI 7-16
Standard:
Risk Category: II
C - Very Dense
Soil Class:

Elevation: 599.9 ft (NAVD 88)
Latitude: 37.212265
Longitude: -121.917895

Soil and Soft Rock

https://asce7hazardtool.online/
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Wed Mar 24 2021

Seismic
Site Soil Class:
Results:

C - Very Dense Soil and Soft Rock

SS :
S1 :
Fa :
Fv :
S MS :
S M1 :
S DS :

2.435
0.889
1.2
1.4
2.922
1.244
1.948

Seismic Design Category

S D1 :
TL :
PGA :
PGA M :
F PGA :
Ie :
Cv :

0.829
12
1.031
1.238
1.2
1
1.3

E

MCER Response Spectrum

Design Response Spectrum

Sa (g) vs T(s)

Sa (g) vs T(s)

MCER Vertical Response Spectrum

Design Vertical Response Spectrum

Sa (g) vs T(s)

Sa (g) vs T(s)

Data Accessed:
Date Source:

https://asce7hazardtool.online/

Wed Mar 24 2021
USGS Seismic Design Maps based on ASCE/SEI 7-16 and ASCE/SEI 7-16
Table 1.5-2. Additional data for site-specific ground motion procedures in
accordance with ASCE/SEI 7-16 Ch. 21 are available from USGS.
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The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers;
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability,
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement,
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.
ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.
In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors,
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data
provided by the ASCE 7 Hazard Tool.

https://asce7hazardtool.online/
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APPLICATION TO USE
NOTE: THIS APPLICATION FOR AUTHORIZATION TO USE THIS COPYRIGHTED
DOCUMENT MUST BE COMPLETED FOR USE OR COPYING OF THE FOLLOWING
DOCUMENT BY ANYONE OTHER THAN THE CLIENT.
GEOLOGIC AND GEOTECHNICAL STUDY
PROPOSED RESIDENTIAL REDEVELOPMENT
BITMANSOUR PROPERTY
14300 ARNERICH ROAD
LOS GATOS, CALIFORNIA
Document Id. 20144C-01R1
Dated 29 March 2021
TO:

C2Earth, Inc.
750 Camden Avenue, Suite A
Campbell, CA 95008

FROM:

_______________________________
_______________________________
_______________________________

Please clearly identify name
and address of person/entity
applying to use or copy this
document.

_______________________________

APPLICANT: ______________________________________ hereby applies for permission to
use the above referenced document for the following purpose(s):

Applicant understands and agrees that the document listed above is a copyrighted document, that
C2Earth, Inc. is the copyright owner and that unauthorized use or copying of the document is
strictly prohibited without the express written permission of C2Earth, Inc. Applicant understands
that C2Earth, Inc. may withhold such permission at its sole discretion, or grant such permission
upon such terms and conditions as it deems acceptable, such as the execution of a Hold Harmless
Agreement or the payment of a re-use fee.
Signature: _______________________________________

Date: ___________________
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