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Dear Mr. Calise:

We have attached six copies of our landslide deformation study report for the Oxford Elementary School
site in Berkeley, California. Our services on this project are being provided in general accordance with
our modified contract with the Berkeley Unified School District approved on January 30, 2019.

As presented in the report, our study confirmed the Oxford Elementary School site is located within the
actively-moving Keith Avenue Landslide Complex. An extensive compilation of past data indicates this
landslide mass generally moves at an average rate of about one inch per year, with significant variations
related to annual rainfall patterns; this movement will continue in the future. Based on our calculations of
the additional magnitude of landslide movements that would occur during an earthquake, we have
calculated that the Oxford School campus would likely have a total movement which might range from as
little as 2 feet to as much as 20 feet or more in the design event. Without major site reconstruction, a high
safety hazard would result at the school site. With some substantial remedial schemes, it may be possible
for an entirely reconstructed school campus to achieve reasonable performance, but still experience
localized, non-structural damage. If the school were to be rebuilt, it will be important to consider that the
neighborhood may become a disaster area as a result of the landslide activities, isolating the school from
its surroundings. This report provides details regarding all of our investigation, calculations, and
conclusions. We encourage you to read the report in its entirety.
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1.0 INTRODUCTION

This report presents the results of our seismic landslide hazard study for the Oxford Elementary School
(Oxford) campus in Berkeley, California. We are currently providing services for this project in general
accordance with our (modified) contract with the Berkeley Unified School District (District) dated January 30,
2019.

Our original scope of work was outlined in a District Request for Qualifications and Proposals (RFQ/RFP)
published on July 25, 2018, and included geotechnical services relative to the planned replacement of the
Multi-Purpose Building on the Oxford campus. Our initial proposal dated August 22, 2018, which responded
to the RFQ/RFP, provided a detailed scope of services for a conventional geotechnical evaluation of the site.

During contract negotiations, we notified the District that based on our landslide mitigation experience in the
North Berkeley area and on California Seismic Hazard Zone mapping, the entire Oxford site is located within a
larger, existing active landslide zone encompassing over 120 acres. It was decided that a landslide hazard study
of the entire Oxford campus is warranted prior to performing a detailed geotechnical evaluation for the Multi-
Purpose building replacement. Consequently, we provided an expanded scope and cost to perform a seismic
landslide hazard study which was approved on January 30, 2019. The purpose of the expanded study was to
evaluate the static and seismic landslide hazard to the existing Oxford site as it is currently configured. As the
study would contribute to the feasibility analysis of overall future site development, our scope would not
include an evaluation of designs or layouts for planned buildings.

Oxford Elementary School is located in North Berkeley at the base of the Berkeley/East Bay Hills, about 2%
miles east of the San Francisco Bay margin. The school address is 1130 Oxford Street in North Berkeley. The
school property is bounded on the northwest and southeast by single-family residences, by Walnut Street to the
southwest and by Oxford Street to the northeast. The approximate location of the school property is indicated
on the attached Vicinity Map, Figure 1.

During the course of our investigation, we collaborated with several outside consultants who contributed their
expertise to the study. These consultants included:

« Norcal Geophysical Consultants, Inc., who performed geophysical seismic shear wave interpretation
and modeling;

e Lettis Consultants International, Inc., who performed a site-specific, probabilistic seismic hazard
analysis for the site;

* Rune Storesund of Storesund Consulting, who provided landslide modeling and analytical expertise;
and

e Professor Jonathan Bray of UC Berkeley, who acted as an advisory and review consultant.

2.0 PURPOSE

The primary purposes of this seismic landslide hazard study were to: (1) explore geologic conditions at the site;
(2) conduct preliminary geologic and geotechnical engineering analyses to evaluate slope stability, especially
during a design seismic event; and (3) develop conceptual mitigation alternatives to address slope stability
concerns, if warranted.
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This initial document is intended to provide information to the District, local decision makers, and project team
members regarding potential site development alternatives for Oxford School. For this reason, we have not
included some of the more extensive discussions that we normally include as part of a full design-level
document subject to DSA review. We also note that additional services could be warranted to further explore
and develop the preliminary conceptual alternatives discussed herein. It is our intent to continue our
discussions with project team members and to provide geotechnical and geologic input, when needed, to assist
the District in identifying a preferred site development alternative.

We also note that the preliminary opinions, interpretations, and conclusions presented herein are not intended
for use in final design. Additional investigation and study will be required following the selection of a
preferred site development alternative prior to preparing final design-level recommendations for the Oxford
site.

3.0 SCOPE

The scope of work performed in this investigation to accomplish our stated purposes included:

e A review of historic data for the Oxford site and surrounding area;

* Areview of published materials with data relevant to the site, along with data from other projects in
the area;

e A compilation of past AKA maps and datasets;

« Arreview and interpretation of historic aerial photographs;

e A reconnaissance of the site and portions of the immediate surrounding properties;

e Asubsurface exploration program consisting of conventional small-diameter borings, large diameter
borings, cone penetrometer testing (CPT), and geophysical explorations;

e Laboratory index, classification, and strength tests on subsurface samples from the site, as required;

« Development of a site-specific probabilistic seismic hazard analysis (PSHA), performed by Lettis
Consultants, Inc. (LCI);

« Identification of active landsliding boundaries at the Oxford area;

e Quantitative evaluation of landslide-related hazards at Oxford, and;

e Preparation of this landslide hazard report for the site which presents the results of our studies and
provides geologic and geotechnical input for future development of the site.

The scope of our services did not include an environmental assessment or investigation for the presence of
hazardous or toxic materials in the soil, groundwater, or air on, below, or around this site. An evaluation of the
potential presence of sulfates in the soil, or other possibly corrosive, naturally occurring elements was beyond
our scope.

4.0 SITE INVESTIGATION

4.1 Site Development History

Based on our review of historic photographs and news articles, we have concluded the Oxford site was
originally developed in 1909 when the first Oxford School building was constructed along the northwestern
property boundary. Following the Long Beach Earthquake in 1933, the building was condemned in accordance
with the California State Field Act, enacted on April 10, 1933, and mandating that school buildings must be
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earthquake-resistant (which the Oxford school building was not). The building was subsequently structurally
upgraded to conform to the Field Act. In 1964, the original Oxford School building was demolished and new
classroom and multi-purpose room buildings were constructed on the site. The classroom building was
remodeled around 1998 to install an elevator and other improvements. Photos of the now demolished original
Oxford school building taken in 1922 and in 1933 after the addition of a cafeteria/shop annex are presented on
Figure 2.

4.2 Review of Historic Data for Site/Area

Several documents were made available to us during our study, including plans from previous site
developments provided by the District, historic photos and news articles obtained from local historical
societies, geotechnical reports performed by other consultants, our own library of geologic and geotechnical
reports, and other sources. A key report provided to us was a comprehensive fault trench study of the Oxford
site performed in 1977 by Woodward-Clyde Consultants. The entire Woodward-Clyde report is included in
Appendix F and sections of other reports are included in Appendix G.

4.3 Review of Published Geologic Maps

We reviewed published geologic maps and literature pertaining to geologic and seismic conditions in the
project vicinity. These references included regional geologic maps, landslide maps, regional and localized fault
maps, and seismic hazard maps.

A list of selected references is presented in Appendix I. Information obtained from the map and geologic
literature review is discussed in Section 5.0, “Site Conditions.”

4.4 Compilation of Past Alan Kropp & Associates (AKA) Maps & Datasets

AKA has had extensive experience working with landslides in the Berkeley Hills over the past 40 years. We
reviewed numerous datasets we have compiled which have relevancy to the Oxford site. These sources of
information included:

e Our area damage and active slide location maps;

e Our subsurface exploration database;

e East Bay Municipal Utility District pipe leak maps from 1985;

e Surveyed measurements of movement of houses and improvements;

e Technical articles that discuss the landslides in the area; and

= Satellite-based Interferometric Remote Synthetic Aperture Radar (INSAR) measurements.

45 Review of Aerial Photographs

Eleven sets of single and stereo-paired, black and white aerial photographs were reviewed as a part of this
study. The photographs we reviewed were taken in the years 1930, 1935, 1939, 1946, 1947, 1949, 1953, 1957,
1959, 1969, and 1983 and ranged in scale from about 1:7,200 to 1:24,000. Descriptions of our observations are
included in Section 5.3, “Aerial Photo Interpretations,” and a complete listing of the photographs is attached in
Appendix I.
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4.6 Site Reconnaissance

As a part of our investigation, we performed a reconnaissance of the entire mapped landslide area and portions
of the surrounding neighborhood. Our reconnaissance was confined to roads and public areas and the portions
of private property that is visible from the street, along with the Oxford site. The results of the geologic
reconnaissance are discussed in Section 5.2, “Site Reconnaissance.”

4.7 Field Explorations

4.7.1 Conventional Small Diameter Borings

Between December 26, 2018, and January 2, 2019, we drilled five borings to evaluate the subsurface
conditions at various locations throughout the Oxford campus. The test borings were drilled by Britton
Exploration of Los Gatos, California using a track-mounted auger/rotary wash combination drill rig. The drill
rig was also equipped to advance continuous sampling apparatus. During drilling, our Geologist monitored the
soil cuttings and made notes of any changes in drilling conditions that were observed or commented on by the
driller. Soil samples were obtained using a 2-inch O.D. Standard Penetration Test (SPT), 3-inch O.D.
California Modified, 3-inch I.D. continuous core and Pitcher-Barrel samplers. The SPT and California
Modified samplers were driven by a 140-pound hammer falling 30 inches using an automatic-trip hammer. The
hammer blows required to drive the samplers the final 12 inches of each 18-inch drive are presented on the
boring logs. Where the sampler met early refusal, the number of hammer blows and the corresponding depth of
penetration (in inches) are indicated.

e Boring 1 was drilled using 8-inch diameter, hollow-stem augers with continuous dry core sampling to
about 55 feet and switched to 5%2-inch diameter, mud-rotary wash with conventional drive sampling
from about 55 feet to 118 feet (maximum depth explored).

e Borings 2 and 5 were drilled using 8-inch diameter, hollow-stem augers and conventional drive
sampling to the depths explored of about 61%2 feet and 43 feet respectively.

e Borings 3 and 4 were started using 8-inch diameter, hollow-stem augers to about 5 to 9 feet, then
switched to mud-rotary wash with Pitcher-Barrel and conventional drive sampling to the depths
explored of about 38 feet and 54%: feet respectively.

The approximate boring locations are indicated on the Site Plan, Figure 3. Details regarding the conventional
small-diameter boring field investigation are discussed below and boring logs are presented in Appendix A.

4.7.2 Large Diameter Borings

Between December 27 and December 29, 2018, we drilled three large-diameter geologic borings to conduct a
detailed, in-situ logging of geologic conditions and estimate the depth(s) of landsliding at the site. The
approximate locations of our large-diameter borings (identified as LD-1, LD-2, and LD-3) are indicated on the
Site Plan, Figure 3. The test borings were drilled by Tri-Valley Drilling Services, Inc. of Ventura, California
with a truck-mounted drill rig using a 30-inch diameter bucket auger. Boring LD-1 was extended to a depth of
approximately 60 feet; LD-2 was extended to about 50 feet; and LD-3 was extended to about 28 feet.

The large diameter borings were logged by Mr. Joyce, our Certified Engineering Geologist, using down-hole,
direct observation techniques. Logs of the large diameter borings are included in Appendix A.



Page 5
1853-3

Soils from both the small and large diameter borings were classified in general accordance with ASTM D2488,
which is based on the Unified Soil Classification System (USCS). The USCS is described on the Key to
Exploratory Boring Logs, Figure A-1. Rock was classified in general accordance with the Physical Properties
Criteria for Rock Descriptions described on Figure A-2.

4.7.3 Cone Penetrometer Tests

On December 29, 2018, we advanced three CPT soundings at the approximate locations shown on the Site
Plan (Figure 3). The CPTs were advanced using a ConeTec, 30-ton, truck-mounted CPT rig. The CPTs were
located to obtain a relatively representative image of the subsurface conditions. The CPTs, designated CPT-1,
CPT-2, and CPT-3, were advanced to depths of approximately 28, 48, and 45 feet below the existing site
grade, respectively. The depths of the soundings were limited by effective refusal on hard surfaces. ConeTec
Industries, Inc. (ConeTec) of San Leandro, California performed the CPT soundings under the observation of
Mr. Jeroen van den Berg, C.E., Senior Engineer for AKA.

In addition to estimating interpretive soil parameters, the CPT cones were equipped with geophones and a
seismic source to estimate soils and rock shear wave velocities. During cone advancement, seismic shear wave
velocities were recorded at about every 5 feet to the final depth of the cone advancement. This data was relayed
to LCI as input to their PSHA.

The CPT method involves pushing a 2-inch diameter conical probe into the ground using a hydraulic ram
system. The CPT probe is equipped with sensors that produce a continuous record of tip resistance, sleeve
friction, and pore pressure as the cone is advanced. During cone advancement, real-time data obtained from the
cone sensors are displayed on a computer monitor together with preliminary interpretive logs of soil type.
During cone advancement, Mr. van den Berg monitored the real-time cone data and determined the depths to
which the probes would extend.

ConeTec’s interpretive logs of the CPT soundings are attached in Appendix B. Also included in Appendix B is
information obtained from ConeTec describing their equipment and the correlative methods they used in
developing their interpretive logs. The attached logs prepared by ConeTec represent their interpretations of the
subsurface conditions at the approximate sounding locations indicated on the site plan on the particular date
designated on the logs. The sounding location and elevation indicated on the attached materials were
determined by measuring from existing fences and buildings shown on the project plans and should be
considered approximate.

4.7.4  Geophysics (Downhole Shear Wave Logging)

In addition to the boring explorations, we performed a geophysical investigation of the underlying materials in
order to estimate the shear wave velocities of the soil and rock profile. Following drilling of Boring 1,
downhole shear wave suspension logging was performed within the evacuated shaft to the total depth of the
boring of about 118 feet below grade. The estimated shear wave velocities, methodologies, and detailed results
of the downhole shear wave logging are presented in Appendix C. In addition to the seismic CPT cone data,
the geophysical shear wave data was used in development of the PSHA by LCI.
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475 Piezometers

Ascertaining the depth to free groundwater during the drilling operations was generally precluded by the rotary
wash drilling method. However, vibrating-wire piezometers were installed in Borings 1 and 3 to continuously
measure the depth of groundwater over time. All piezometer casings were grouted in accordance with City of
Berkeley permit requirements. The results of the piezometer readings are discussed in Section 5.4.6,
“Groundwater Conditions.”

4.8 Laboratory Testing

Water content, Atterberg Limits, grain size distribution, dry density, triaxial unconsolidated-undrained shear
strength tests, and direct torsional shear tests were performed on appropriate subsurface samples obtained
during our field investigation. The water content and Atterberg Limits tests were performed to evaluate the
variations in soil moisture and the soil's expansive potential, respectively. The results of the grain size tests
were used to aid in the classification of the soils. The dry density tests were used to evaluate the weight
characteristics of the soil, while the triaxial shear strength tests were used in estimating the undrained strength
of the clayey soils. The torsional ring shear tests were performed to evaluate the fully softened and residual
strength of slide plane materials. The results of these tests are presented on the boring logs at the appropriate
sample depths and in Appendix D.

5.0 SITE CONDITIONS

5.1 Geologic Setting

5.1.1 Regional Geology

The Oxford site is located on the west slope of the Berkeley Hills, east of San Francisco Bay, within the
northern portion of the Coast Ranges geomorphic province of California. The region is characterized by
northwest-trending mountain ranges and valleys that generally parallel the major geologic structures, such as
the San Andreas and Hayward faults. The oldest widespread rocks in the region are highly deformed
sedimentary and volcanic rocks of the Mesozoic-age (the period from 225 million to 65 million years before
present) Franciscan Assemblage. These rocks are in fault contact with similar-age sedimentary rocks of the
Mesozoic-age Great Valley Sequence. The Mesozoic rocks are, in turn, overlain by a diverse sequence of
Tertiary-age (the period from 65 million to 1.8 million years before present) sedimentary and volcanic rocks.
Since their deposition, the Mesozoic and Tertiary rocks have been extensively deformed by repeated episodes
of folding and faulting. In general, upland areas such as the Berkeley Hills have experienced some tectonic
uplift over time while the adjacent lowlands, such as San Francisco Bay, have experienced some subsidence.

5.1.2  Site Area Geology

A widely used geologic map of the area (Dibblee, 2005) indicates the surficial deposits in the project area are
underlain by bedrock of the Coast Range Ophiolite Complex, described as “Igneous complex intrusive into
Franciscan Assemblage.” As shown on Figure 4, Overview Geologic Maps, this map describes the bedrock
unit underlying the site as “Volcanic rocks, mostly keratophyre andesitic rock, brown, massive, aphanitic,
much altered. Includes basaltic rocks in Hayward Fault.” The map also shows the site is partially within
Franciscan Assemblage mélange; this material is described as a “mixture of Franciscan rock fragments in
matrix of pervasively sheared dark claystone or greywacke.”
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A geologic map of the Hayward Fault Zone prepared by Graymer et al. (2000) also indicates the site is
underlain by bedrock belonging to the Arc Volcanics group. Although this map places the keratophyre rock
type in a different assemblage than the Dibblee map, it is essentially the same rock type. The text
accompanying this map describes the bedrock as follows: *“Keratophyre and quartz keratophyre (Late Jurassic).
Highly altered intermediate and silicic volcanic and hypabyssal rocks. Feldspars are almost all replaced by
albite. In some places, closely associated with (intruded into?) basalt.” The portion of the Graymer et al. map
which includes the site is also presented on Figure 4 adjacent to the Dibblee map.

5.1.3 Site Area Landslides

Although the Graymer et al. map did not include landslide mapping, the Dibblee map indicates a large
landslide is present about 600 feet southeast of the site. Other landslide maps of the area (Nilsen, 1975; CGS
Seismic Hazard Compilation map, 2003) show large landslide complexes are present in the North Berkeley
hillside areas including the site. Furthermore, on the Quaternary fault mapping of the Hayward fault through
this portion of the East Bay Hills, Herd (1978) indicated the entire hillside area from just north of the
University of California campus to the southern portion of El Cerrito was one massive landslide complex. All
three of these landslide maps are presented on Figure 5. We should point out that all of these landslide maps
were based largely on aerial photograph interpretation and limited field reconnaissance; thus, they should be
considered preliminary.

5.1.4 Regional Landslide History

Within the region, many valleys have been partially filled with unconsolidated sedimentary deposits of
Quaternary age (the last 1.8 million years). These deposits, which include alluvium and colluvium, underlie the
gently sloping valley bottoms and consist of interbedded clay, silt, sand, and gravel. This geologic framework
has led to the development of landslides in the Berkeley Hills since tectonic uplift began millions of years ago.
The larger landslides in the area are earthflows (or earthflow complexes) ranging up to hundreds or thousands
of feet in length. Earthflows are typically elongate, slow-moving landslide masses that are shallow to
moderately deep. Typically, earthflow deposits consist of colluvium and other soils that have accumulated in
hillside swales. Movement typically occurs when these materials reach significant thickness and become
saturated. Once earthflow movement begins and a basal shear surface is formed at the bottom of the deposit,
movement will typically continue episodically over a long period of time. Within a short period of time such as
a year or a decade, individual earthflows may experience no movement or movements ranging from a few
inches to a few feet. Movement rates typically increase in response to periods of wet weather. This process has
led to the development of a number of large, slow-moving earthflow complexes in the North Berkeley Hills. A
historic photograph of one of these slide areas is presented on Figure 6.

Hoexter et al. (1982) was among the earliest attempts to define the general areas of these landslides in their
study of the Hayward fault, because the ground movement from landsliding made the location of fault creep
very difficult. As shown on Figure 7, they provided general locations and gave names to three primary
landslide areas. The southernmost slide complex on the map was divided into the upper and lower area, with
the lower portion of the southern landslide complex was termed the “Oxford School Slide.” Apparently, they
utilized information compiled by the City of Berkeley in the 1950’s regarding landslide activity in the area of
this southern slide, but we have not been able to acquire the City dataset.
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5.1.5 Keith Avenue Landslide Location and Composition

In the 1980°s, AKA began accumulating information on the large landslide complexes in the Berkeley Hills
because geotechnical design parameters to guide construction of new projects were heavily influenced by
whether a site was located on a landslide deposit and the depth of sliding, if present. As work was performed
throughout the hills, there were concentrations of damage on private properties and in the streets and sidewalks
in certain areas that did not appear to be related to poor construction, settling fill, inadequate drainage, or other
factors; in these areas patterns of landslide movement were evident. Examples of such damage are shown on
Figure 8. Zones in the hills where landslide damage was and was not likely were plotted on a topographic
guadrangle sheet, and compared to the general locations shown on the Hoexter et al. map. Further
quantification was established as a database of borings drilled by our firm and by other consultants was
assembled, because there were obvious areas where landslide debris was encountered during subsurface
exploration while in other areas shallow, competent bedrock was encountered. As a result, starting in 1985
AKA began preparing a map of deep-seated, slow-moving “active” and “potentially active” landslides in the
Berkeley Hills for local distribution. (Active landslides were defined as landslides that moved recently enough
to damage cultural features, while potentially active landslides were locations where young slide deposits were
present but the landslide not seem to caused significantly damage to cultural features.) Copies of key boring
logs for projects beyond the Oxford site that we have utilized in our Oxford evaluation are presented in
Appendix G. It should also be noted that two investigations by Woodward- Clyde-Sherard and Associates at
the school site in 1963 assessed the geological features at the site and concluded a slow-moving landslide was
present; however, we do not have copies of these reports so that data was not used in the development of our
1995 map.

An early tool that AKA utilized to further refine the Berkeley Hills landslide map was water supply line leak
information provided by the East Bay Municipal Water District (EBMUD). An example of the data supplied by
EBMUD in 1985 is presented on Figure 9. Pipe leaks and breaks can result from a large number of factors in
addition to landsliding, such as poor road fill, old pipe material, adjacent construction, as well as other
conditions. However, as seen on Figure 9, there are areas with a concentration of pipe leaks or breaks, and
AKA utilized this concentration of distress to assist in the location of the landslide limits.

Additional refinements of the landslide limits in the Berkeley Hills have more recently come through the use of
satellite-based Interferometric Remote Synthetic Aperture Radar (InNSAR) measurements by various
investigators. Utilizing satellite data recorded as early as 1992, various teams have analyzed data recorded in
time periods ranging from 2 to 14 years. The work of each successive team has advanced the sophistication of
the datasets, as more advanced satellite recording systems have been utilized. The results of the four most
important of these studies, and time period of recording, appear in Hilley et al. (2004), Quigley et al. (2010),
Lei and Burgmann (2010), and Cohen-Weber (2018). The limits of landslide movement from each of the time
periods of study have been utilized in our mapping of the active slide area. Movement rate information from
these studies is presented in the following section of this report.

The Oxford site is within one of the landslides mapped by AKA (1995), as well as previously by Hoexter et al.
This landslide has generally come to be referred to locally as the Keith Avenue Landslide (but is called the
North Berkeley Slide in some references, especially the INSAR studies). The location of the active Keith
Avenue Landslide plotted on the 1995 AKA map, along with the limits detected by the two INSAR studies for
which detailed maps of movement for the specific time periods areas of movement, are presented on Figure 10.
Utilizing this data and a LIiDAR base map, we have developed our estimated limits of the historically active
Keith Active Landslide for this study, and it is presented on Figure 11. As shown on Figure 11, the historically
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active portion of the Keith Avenue Landslide extends from the vicinity of Miller Avenue downslope to beyond
Shattuck Avenue. The landslide crosses the Hayward fault approximately 1,500 feet east of the school site. It
should be noted that the limits of sliding on Figure 11 are very similar to the limits of the “Euclid Slide” and
“Oxford School Slide” of Hoexter et al. presented on Figure 7. Also, all of the examples of damage on Figure 8
and the EBMUD pipe leak data on Figure 9 are each taken from within the Keith Avenue Slide. It should be
noted these conclusions are apparently consistent with those from the two 1963 studies by Woodward-Clyde
Sherard because key information from the 1963 studies is presented in the 1977 follow-up report of the school
site by Woodward-Clyde Consultants (as the name of the firm that performed the investigation had been
changed).

Over the past few decades, our firm has performed dozens of geotechnical investigations within the Berkeley
Hills landslides. These investigations generally indicate that earthflows in the Berkeley Hills, including the
Keith Avenue Landslide, have a thickness of slide debris in the range of 30 to 60 feet. A section drawn through
the Keith Avenue Landslide, illustrating the long, shallow characteristic of the earthflow is presented on Figure
12 and is preceded by a plan view showing the section location (Figure 10). Figure 12 illustrates a number of
the points of subsurface exploration we have utilized in the development of our understanding of the depth of
sliding along the length of the Keith Avenue Landslide.

As landsliding has progressed in the large Berkeley Hills slides, the composition of the earthflows has been
modified as areas of weathered bedrock become incorporated into the landslide mass. An example of a boulder
more than 15 feet across encountered in an excavation in the upper Keith Avenue Landslide is shown on the
photograph presented on Figure 13. Borings performed on the Oxford property for this investigation indicate
that the landslide material is predominately silty to sandy clay with a large amount of incorporated cobbles and
boulders. The majority of the larger boulders are composed of keratophyre (a type of volcanic rock similar to
rhyolite), which is a part of the Franciscan Assemblage. These boulders range up to several feet or more in
diameter. Keratophere crops out extensively in nearby portions the Berkeley Hills and keratophere boulders
have become incorporated into the landslide debris over time. Other boulders consist of basalt or graywacke
sandstone, which are derived from the Franciscan Assemblage and Moraga Basalt, which underlie the majority
of the landslide area.

5.1.6 Keith Avenue Landslide Movement Magnitude and Rate

Some landslides can be divided into two zones, with the upper zone referred to as the “Zone of Depletion”
(where material is lost due to downslope transport resulting in concave landforms), and the lower area called
the “Zone of Accumulation” (where landslide materials are deposited, resulting in convex, lobate landforms).
The Keith Avenue Landslide generally follows this pattern. As seen on Figure 12, the Hayward fault crosses
the landslide about 1,500 feet east of the school site, and generally marks the transition between zones. The
upper portion of the slide is narrower, and has a steeper gradient. As the slide debris has moved onto the flatter
area downhill of the fault, the material has spread out in lobate form. With time, shallow creeks have formed
on the margins of the lower area, particularly on the southern flank. Figure 14 presents an oblique view of the
hillside in 1935, and we have denoted on the photograph the general outline of the Keith Avenue Landslide.

The Oxford site lies in the lobate toe of the Keith Avenue Landslide, within the zone of accumulation. In the
geologic past, landslide movement has overridden the ground surface that existed at the time in localized areas.
This was especially the case in the most downslope toe region. In some areas, the surficial soils (paleosols) are
preserved beneath the landslide deposit. Boring 1 at the site encountered a dark, organic rich soil, which
appeared to be a paleosol, at a depth of about 56 feet directly beneath the landslide deposit. A radiocarbon date
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obtained from that zone was dated at 8,400 +/- 30 years before present (YBP). A similar paleosol was
encountered on a previous project on Shattuck Avenue downslope of the school site and that soil was dated at
5,180 +/- 30 YBP. We should caution that soil dates can be subject to contamination by older or younger
carbon and therefore should be considered only as a general indication of age.

Historically, the fastest area of movement of the Keith Avenue Landslide has occurred in the upper portion,
with serious damages occurring to many homes and streets. In 1983, a local civil engineering company was
engaged to locate property lines of homes on an aerial photograph base map in the vicinity of Keith Avenue
and Euclid Avenue because consideration was being given to property line adjustments as houses seemed to be
moving large distances (and crossing property lines!). An article in the San Francisco Chronicle in 2004
described the on-going struggles by homeowners and the litigation that was ensuing over the movements of
houses into setback areas or across property lines. A figure attached to the 2004 article is presented on Figure
15. Note that many of the houses along the subject portion of Keith Avenue, constructed between 1910 and
1920, had moved 15 to 20 feet by 1983.

On Arch Street, also located in the upper portion of the Keith Avenue Landslide, AKA was an expert witness
in two lawsuits related to the encroachment of homes or easements beyond original setbacks or property lines.
A plot of houses in relation to property lines in one city block from a 2005 litigation is presented on Figure 16.
As can be seen in the annotations we added to Figure 16, the entire area is not moving as a coherent landslide
block, but there are varying magnitudes and directions of movement across the area, commonly with surveyed
movement magnitudes up to 5 to 10 feet.

According to the 1977 Woodward-Clyde Consultants fault study, the 1963 study by Woodward-Clyde Sherard
apparently estimated the downslope movement of the Oxford site to be about %2 to 1 inch per year. The recent
INSAR studies have provided more information regarding the rates of movement in the Keith Avenue
Landslide (as well as other Berkeley Hills slides). The rate of movement from the INSAR evaluations in each
study period by the various authors can be summarized as follows:

Table 1 — InSAR Studies

Acrticle Title Authors, Date Date Range | Magnitude of

of Satellite Movement
Recording | (Inches/Year)

Dynamics of Slow-Moving Hilley, G.E., Burgmann, 1992-2001 1.1-15

Landslides from Permanent Scatter | R., Ferretti, A., Novali, F.,

Analysis & Roccea, F., 2004

Seasonal Acceleration and Quigley, K.C., Burgmann, | 1992-2006 1.0

Structure of Slow Moving R., Giannico, C., &

Landslides in the Berkeley Hills Novali, F., 2010

Application of PSI to Investigate Lei, L., & Burgmann, R., 2008-2010 0.8-1.2*

the Berkeley Hills Landslides 2010

Spatiotemporal Patterns of Julien Cohen-Waeber, 2009-2014 0.9-14

Seasonality in Landslide 2018

Deformation from INSAR and GPS

*Approximated from figures, not explicitly stated in text
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INSAR data has shown that slow downhill creep has continued over the last couple of decades across the broad
zone that includes the school site. Within a large earthflow complex such as the landslide that underlies the
Oxford property, do not typically occur at the same rate and time throughout the entire landslide complex.
Specifically, the work of Quigley et al. and Cohen-Waeber have indicated that the earthflows may move more
in heavy rainfall years and may not move or move very small amounts in drought years. Over a many year
period, we estimate the Oxford site is moving an average of 1 to 1% inches per year.

The primary active trace of the Hayward fault crosses the upper portion of the Keith Avenue Landslide
approximately 1,500 feet east of the school property. Within the Berkeley Hills, the Hayward fault typically
acts as a barrier to groundwater resulting in groundwater seepage near the fault. The fault is buried where it
passes through the Keith Avenue landslide and it is likely that substantial groundwater seepage is contributed
to the landslide along the fault. On past projects, we have noted that landslide movement appears to be more
severe in the vicinity of the fault.

It is worth noting that the existing school buildings appear to be in relatively good condition considering they
are approximately 60 years old. The buildings, pavement areas, and the existing retaining wall do not appear to
have been significantly distressed by landslide movement. The lack of building distress, and limited observed
surficial damage on the school property and in the surrounding area, probably indicate that the school property
and the immediate surrounding area are moving as a relatively coherent block since these features were
originally constructed. Both the Woodward-Clyde Consultants report of 1977 and our own borings found that
scattered internal shears are present within the landslide mass. These shears occur at variable orientations and
are likely the result of past compression or differential movement within the slide mass. We found no evidence
that current movement is occurring on these shears within the school site or the immediate surrounding area,
but such shears may lead to differential site movement and distress in the future.

It should be noted that both Youd and Hoose (1978) and Lawson (1908) report no earthquake-induced
landslide movement, or ground failures in the Berkeley Hills or within or near the Oxford site. However, the
area was largely undeveloped at the time of the past major earthquakes studied by these authors.

Based on the above information, it is apparent that the school site lies within a large earthflow complex called
the Keith Avenue Landslide that has experienced slow downhill creep historically. This movement is expected
to continue under the current environmental conditions at a long-term rate averaging 1 to 1% inches per year.

5.1.7 Regional Seismicity

Seismic activity within the northern Coast Ranges is generally associated with active faults of the San Andreas
system, including major active faults both east and west of the site (Figure 17). The principal active faults in
the region are the Hayward fault, mapped approximately 1,500 feet east of the site; the San Andreas fault,
about 18.5 miles to the west; and the Calaveras fault, about 14 miles to the east. Other major active faults in the
region include the San Gregorio fault, about 21 miles to the west; the Greenville fault, about 18.5 miles east;
the Rodgers Creek fault, about 20 miles north; and the Concord-Green Valley fault, about 14 miles northeast. It
should be noted that we are using the primary, active trace of the Hayward fault to guide our seismicity input; a
minor, queried second trace located about 550 feet to the southwest of the main trace was not used to generate
our seismic demand. Table 1 summarizes the fault parameters of selected known active faults closest to the
site.
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Table 2 — Fault Parameters

Fault Distance and Direction Maximum Moment
from Site Magnitude

Hayward (total length) 1,500 feet east 7.1
Calaveras (north of Calaveras

Reservoir) 17 miles southeast 6.8
Concord - Green Valley 14 miles northeast 6.9
San Andreas (1906 rupture) | 18.5 miles southwest 7.9
San Gregorio 21 miles west 7.3
Rodgers Creek 20 miles northwest 7.0
Greenville 18.5 miles east 6.9
West Napa 15 miles north 6.5

The active Hayward fault is located approximately 1,500 feet east of the site. The term "active fault" as used
herein, refers to a fault that has experienced movement during Holocene time (about the last 11,000 years). The
Hayward fault is a northwest-trending zone about 51 miles long, which extends from southeastern San Jose,
through the East Bay communities, into San Pablo Bay. Beneath San Pablo Bay, it probably steps right (east) to
the Rodgers Creek fault. To the south, near San Jose, the Hayward fault merges with the Calaveras fault.

During historical times, well-documented surface creep has occurred along the Hayward fault at average rates
ranging from about 0.2 to 0.4 inches per year (Lienkaemper et al. 1991).

The Oxford site is not within the Alquist Priolo Earthquake Fault Zone (APEFZ) associated with the Hayward
fault. The western boundary of the Hayward fault APEFZ is approximately 500 feet east of the school.
Lienkaemper (1992) shows the main active trace of the Hayward fault to lie approximately 1,500 feet east of
the Oxford site.

5.1.8 Earthquake Probabilities

Studies by the United States Geological Survey’s Working Group on California Earthquake Probabilities
(Aagaard et al. 2016) have estimated a 72 percent probability that at least one magnitude 6.7 or greater
earthquake will occur in the San Francisco Bay Region before the year 2043. As part of their prediction, they
estimated the probability to be 33 percent for a magnitude 6.7 or greater earthquake to occur on the Hayward-
Rodgers Creek fault, 22 percent for a magnitude 6.7 or greater earthquake to occur on the Northern San
Andreas fault, and 16 percent for a magnitude 6.7 or greater earthquake to occur on the Concord fault during
that same period.

5.1.9 Historic Seismicity

The San Francisco Bay Region has experienced several large earthquakes during historical time (Figure 17). A
summary of the more significant earthquakes in the region is given below.

The Hayward Earthquake of October 21, 1868

On October 21, 1868, an earthquake of about M 6.8 occurred on the southern segment of the Hayward
fault, causing significant damage throughout the region. Surface ground rupture occurred over a length of
approximately 30 miles. The northern limit of ground rupture was in the vicinity of Mills College. The
epicenter of the 1868 earthquake was located in the Castro Valley area (Figure 17).
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The 1858 and 1911 Earthquakes

Two other earthquakes greater than M 6 are thought to have occurred on the Hayward fault (Steinbrugge et
al. 1987). These occurred in 1858 (M 6.1) and 1911 (M 6.6). Both of these earthquakes were centered in
or near the southern portion of the Hayward fault.

The San Francisco Earthquake of April 18, 1906

The largest historical earthquake in the region was the great San Francisco earthquake of April 18, 1906
(M 7.9) that occurred on the San Andreas fault near San Francisco. This earthquake caused strong to
violent ground shaking throughout much of west central California and caused widespread damage.

The Loma Prieta Earthquake of October 17, 1989

On October 17, 1989, the M 7.1 Loma Prieta earthquake occurred near the San Andreas fault in the Santa
Cruz Mountains (Figure 17). The earthquake resulted in 63 deaths and approximately $6 billion dollars in
damage over a wide area (McNutt and Sydnor, 1990). Moderate ground shaking was felt in the Berkeley
area (McNutt and Toppozada, 1990).

The Napa Earthquake Of August 24, 2014

A magnitude 6.0 earthquake occurred on morning of August 24, 2014, near the City of Napa (Figure 17).
Although the earthquake was felt widely throughout the region, no fatalities occurred. Damage in the city
of Napa was estimated at $360,000,000. Ground shaking in the Berkeley area was relatively light.

5.2 Site Reconnaissance

As a part of our investigation, we performed a reconnaissance of the entire mapped landslide area and portions
of the surrounding neighborhoods. Our reconnaissance was confined to roads and public areas and the portions
of private properties visible from the street. In general, below Spruce Street evidence of landslide movement is
somewhat indistinct. Because most of the houses are in the range of 80 to 100 years old, distress such as cracks
to buildings and pavements could be the result of age and poor foundations, landslide movement, or both.

Along Spruce Street near the intersection with Los Angeles Avenue, horizontal and vertical displacement of
the sidewalk is visible that appears to be the result of landslide movement. Evidence of similar movement was
not observed along the nearby portions of Oxford Street or Walnut Street; it appears that the movement along
Spruce Street may not extend down to these areas.

As discussed previously, the upper portions of the landslide mass above Spruce Street in general show more
significant evidence a landslide movement than the area below Spruce Street. Previous studies done by our
firm have shown that areas on Keith Avenue, Spruce Street, Arch Street, Cragmont Avenue, High Court, and
Corona Court have experienced extensive landslide movement historically, causing damage to residences,
roadways, and sidewalks in those areas.

The landslide margins are well defined by offset cultural features from Spruce Street uphill within the Keith
Avenue Landslide. In addition, geomorphic features are generally obscured by development except in the areas
uphill of Cragmont Avenue, where clear geomorphic forms related to landsliding are evident.
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5.3 Aerial Photo Interpretations

Eleven sets of single and stereo-paired black-and-white aerial photographs were reviewed as a part of our
investigation. These photos were taken during the period from 1930 to 1983 and ranged in scale from 1:7,200
to 1:24,000. A complete listing of photographs reviewed is included in Appendix I.

The 1930 photographs show that the school site is already developed and two large school buildings are
present along the north and east sides of the campus. The lots immediately to the north are undeveloped. By
this time, roughly 90% of the entire landslide area and surrounding area has been developed as residential
properties. Vegetation on most of the lots is fairly mature suggesting that most of the houses were built 2 to 3
decades before 1930. The margins of landslide area are obscured by development. The uppermost portions of
the Keith Avenue Landslide were undeveloped and covered with a heavy growth of vegetation.

No significant changes in site conditions were observed on the 1935 photograph. This photograph was
introduced earlier and is presented as Figure 14.

By 1939, the lots to the north had been developed, and two residential structures are apparently present on
those lots. Development has continued in the area surrounding the school site such that approximately about
90% of the lots in the Keith Avenue Landslide area have been developed. The general shape of the landslide is
visible on the aerial photographs; however, development has obscured landslide features to a great extent and
the margins of the landslide are not clearly defined. A retaining wall is visible in the central portion of the
school campus.

The 1946 photographs show that conditions on the site are unchanged. An area of pavement patches is visible
on Spruce Street between Los Angeles Avenue and Eunice Street, in the highly active upper portion of the
Keith Avenue Landslide. However, no pavement patches are visible on the portions of Oxford Street or Walnut
Street adjacent to the site. No significant changes were observed on the 1947, 1949, 1953, or 1957 aerial
photographs. The 1959 aerial photographs show that new pavement patches have been placed on Spruce Street
in the area described above.

The 1969 photographs show that the old school buildings have been removed and new buildings, which are
still present on the site today, have been constructed. As a part of this construction, the old retaining wall has
been removed and a new retaining wall has been built which is still present today. No significant changes were
observed on the 1983 aerial photographs.

In summary, the aerial photographs indicate that the school site lies in the lower portion of a large landslide
that extends several blocks in all directions. The general shape of the landslide can be observed on the aerial
photographs; however, most of the land surface is largely covered by roads, buildings, and vegetation that
mask the risk original landslide features.
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54 Subsurface Data
5.4.1 Borings
5.4.1.1 Conventional Small Diameter Borings

Borings performed on the Oxford property for this investigation indicate that the landslide material is
predominately silty to sandy clay with a large amount of incorporated cobbles and boulders.

Five conventional, small-diameter borings were performed as a part of our investigation using a truck-mounted
drill rig provided by Britton Exploration. All the borings were hampered to some degree by the presence of
cobbles and boulders in the landslide debris.

Boring 1, located in the upper portion of the school property near the buildings, was drilled to a depth of about
118 feet using hollow stem auger/dry core and rotary wash drilling techniques. The boring encountered
approximately 10 feet of clayey sand fill. Below the fill, landslide debris consisting principally of clay with
intermixed sand, gravel, and boulders was encountered to a depth of about 54%- feet, where we observed a
potential landslide plane. Below the landslide debris, the boring encountered black clay, which is interpreted to
be a paleosol to a depth of about 59 feet, where bedrock was encountered. Below about 59 feet, the boring
encountered sandstone and shale to the bottom of the boring.

Boring 2, located in the north-central portion of the school property, was drilled to a depth of about 61 feet
using hollow stem auger and rotary wash drilling techniques. The boring encountered fill consisting of very
stiff sandy clay to a depth of about 9 feet. Below that depth, the boring encountered landslide debris consisting
of sandy clay, silty sand, and clay and to a depth of about 49 feet. We observed a potential landslide plane at
about 49 feet. Below 49 feet, the boring encountered silty claystone to the bottom of the boring at about 61
feet.

Boring 3, located near the top of the eastern access ramp, was drilled to a depth of about 38 feet using hollow
stem auger and rotary wash drilling techniques with Pitcher Barrel sampling. The boring encountered about 13
feet of fill consisting of medium dense sandy clay and very stiff fat sandy clay. Below the fill, the boring
encountered landslide debris consisting of stiff to very stiff, sandy lean to fat clay, and clayey gravel to a depth
of about 25 feet, with a potential landslide plane at the base of the landslide debris. Greenstone and rhyolite
bedrock was encountered below the landslide debris to the bottom of the boring at about 38 feet.

Boring 4 was drilled on the lower playground near the west end of the main building using hollow stem
auger/dry core and rotary wash drilling techniques. Medium dense clayey sand fill was encountered to a depth
of about 9% feet, and landslide debris consisting of medium dense to very dense clayey sand and gravel was
then encountered to a depth of about 46 feet. A potential landslide plane was observed at about 49 feet. Clayey
sand was encountered from about 46 to about 49 feet. Below that depth, the boring encountered shale bedrock
to the bottom of the boring at about 55 feet.

Boring 5 was drilled on the lower playground near the northwest corner of the school property using hollow
stem auger/dry core and rotary wash drilling techniques. Medium dense, clayey sand fill was encountered to a
depth of 5% feet, and landslide debris consisting of loose to dense clayey sand, clay, and gravel was then
encountered to the bottom of the boring at 43 feet. We did not observe a potential landslide plane in B-5 and
the boring did not reach bedrock.
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5.4.1.2 Large Diameter Borings

Three large diameter borings were drilled within the school property as a part of this investigation. These
borings were drilled using a bucket auger drill rig provided by TriValley Drilling Company equipped with a
24-inch diameter bucket. The borings were logged by direct downhole observation by the engineering
geologist. All three borings encountered groundwater seepage and some caving, which made logging difficult.

Boring LD-1, located in the southwestern portion of the lower playground, encountered approximately 8 feet
of fill consisting of sandy clayey silt to a depth of about 8 feet. Below that depth, landslide debris consisting of
silty clay with gravel was encountered to a depth of 28 feet. From 28 feet to approximately 55 feet, the
landslide debris consisted of highly sheared serpentinite. Below 55 feet, serpentinite, which appeared to be in
place, was encountered to a depth of 574 feet; this was, in turn, underlain by silty claystone to the bottom of
the boring at 62 feet. We observed what may be a landslide plane at about 31 feet; a ¥-inch thick seam of
greenish gray clay within the serpentinite rock.

Boring LD-2, located in the northwestern part of the campus below the retaining wall, encountered landslide
debris consisting of clay with intermixed sand gravel and silt to a depth of 31% feet. From that depth to 34 feet,
the boring encountered serpentinite. Below 34 feet, greenstone was encountered to the full depth explored,
which was 50 feet. We observed a shear zone, which may also be a landslide plane, at about 30%2 feet deep.

Boring LD-3 was drilled in the playground area between the main building and the northern addition. The
boring encountered approximately 2 feet of sandy clay fill underlain by landslide debris consisting of clay
within a mixed silt, sand, and gravel to a depth of 16 feet. Below 16 feet, the boring encountered a large
boulder of rhyolite (keratophere) to the full depth explored. Groundwater was encountered at approximately 19
feet and below that depth, the boring experienced extensive caving and was not entered. We did not observe a
potential landslide plane in LD-3.

5.4.2 Cone Penetrometer Tests

In general, CPT testing revealed highly variable subsurface conditions consistent with the borings and the
mapped geologic description of the Franciscan mélange and Coast Range Ophiolite Complex assemblies. CPT-
1 was advanced to refusal at about 28 feet deep and encountered a variable profile of intermixed sands, sand
mixtures, clays, silt mixtures, and clayey sands. CPT-2 met refusal at about 48 feet deep and generally
encountered clays and silt mixtures to the depth explored. CPT-3 was advanced to about 45 feet deep and
encountered about 15 feet of clay over about 30 feet of sand.

One of the most useful correlated interpretations provided by the CPT analysis software is the soil behavior
type (SBT) which labels individual estimated soil types based on the recorded sounding data. As the SBT
‘value’ is intended to characterize soil types and not necessarily rock, some of the weaker, weathered rock
types (as encountered in the borings) are likely to be interpreted as soil. For example, LD-1 encountered
weathered serpentinite bedrock at about 28 feet deep and the adjacent CPT-2 interpreted this material to be a
clay. Serpentinite rock can behave as a clay if highly weathered as the rock degrades or ‘weathers’ into
primarily clay minerals.

Figure 18 presents some of the basic CPT correlated interpretations including:
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» Recorded tip resistance (qt);

e Recorded skin friction (fs),

e Soil behavior type index (Ic); and
e Soil behavior type (SBT).

The plots illustrate the highly variable nature of the subsurface underlying the Oxford site.
5.4.3 Woodward-Clyde Consultants 1977 Geologic Study Report

We were provided with a report by the District that explored the possibility of a splay of the active Hayward
fault underlying the Oxford site. The investigation included a field exploration program consisting of about
247 linear feet of fault trenching. The trenches extended about 5 to 10 feet deep and about 3 feet wide. The
report concluded that the Hayward fault did not encroach into the school site but that “the Oxford site is
located within an area subject to earth movements” and that “there is evidence of slow (on the order of “2to 1
inch, or less, per year) deep seated earth movement.” The fault trenching also revealed chaotic subsurface soil
and rock conditions with inclusions of large boulders and shear zones inclined at differing dip angles. Three of
the shear planes are labelled as “slide planes.” The report goes on to state that “the area of earth movement is a
large complex mass, with many planes that may move independently of the larger area.” The 1977 Woodward
Clyde report is included in Appendix F.

5.4.4  Shear Wave Profile

As part of our characterization of the subsurface materials, we performed a seismic shear wave analysis at
various locations across the Oxford site. As previously discussed, we performed geophysical downhole
suspension logging within Boring 1 and recorded shear wave velocities during CPT soundings. In general, the
shear wave velocities correlated reasonably well between the B-1 suspension logging and the seismic CPTSs.
From the ground surface to about 50 feet deep (approximate bedrock contact), the velocities ranged from about
700 feet per second up to about 2,000 feet per second. Below 50 feet, the shear wave velocities increased with
depth to about 3,700 feet per second at about 100 feet deep. The overlaid shear wave velocities are presented
on Figure 19.

5.4.5 Summary of Soil/Rock Conditions

Based on our explorations and background material, the soil profile underlying the Oxford site is highly varied
both vertically and laterally with inclusions of large rocks and boulders of varying composition. We
encountered lean to fat clays, typically with some amount of silts, sands, and gravels in a highly sheared
landslide mass. The Woodward-Clyde Consultants fault trench study also clearly illustrates the chaotic nature
of the composition of the near surface soil profile. Where bedrock was reached in our borings, at about 34 to
55 feet, the bedrock beneath the landslide debris typically consists of claystone, serpentinite, or greenstone of
the Franciscan Assemblage. Because of the highly variable nature of the soil strata above the bedrock, it is
extremely difficult to coherently characterize the site lithology.

In preparing a model on which to base our landslide analyses and based on all of the compiled data (including
borings, CPTs, shear wave testing, and previous site studies), we have developed an idealized conceptual
section consisting of four major material types; artificial fill, landslide mass, landslide plane material, and
bedrock. We developed average values for unit weight and unconfined shear strengths from laboratory testing
results and parameters calculated from the CPT data. We used laboratory torsional shear testing to help
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characterize the residual strength along the slide plane, but the slide plane was very thin and collection of
samples without introducing sand particles was very difficult. We therefore relied primary on samples which
were least contaminated with sand particles, and concluded our best characterization was to provide a range of
values for this critical parameter. The basic material properties of these sections used in our analyses are
presented below in Table 3.

Table 3 — Section Properties

Unit Unit Weight Shear Strength
(pcf) (psf)
Artificial Fill 125 2,000
Landslide Mass 130 1,500
Landslide Plane Material - 13-15 degrees
Bedrock 140 3,300

In addition to developing material properties for the landslide model, we prepared seven idealized geologic
cross sections to illustrate subsurface geologic conditions and provide a geometric basis for the landslide
analyses. The cross section locations are shown on Figure 3 and the cross sections are presented in Figures 20
through 25. Cross sections A-A’ through F-F’ illustrate geologic conditions within the school site and the
immediate surroundings. These cross sections were based primarily on subsurface information gained during
this investigation.

5.4.6  Groundwater Conditions

During drilling of small and large diameter borings, we encountered several instances of perched groundwater
at various depths throughout the soil/rock columns including in LD-3 where groundwater and loose soil caused
caving of the large diameter boring shaft. The small diameter borings were drilled using mud-rotary wash
methods, which precluded measurement of groundwater in those borings.

During advancement of the CPTs, we attempted to perform pore pressure dissipation tests at various depths
with no conclusive results.

As discussed previously, we installed five vibrating-wire piezometers to continuously monitor groundwater
depths over time. We installed three in Boring 1 (at 13 feet, 33 feet, and 77 feet below the surface) and 2 in
Boring 3 (at 17 feet and 37 feet below the surface). Based on the most recent data collection for groundwater
levels measured from January 3, 2019, to July 15, 2019, the groundwater readings fluctuated between 12.4 feet
deep and 14.7 feet deep in the B-1 piezometers and between 13.4 feet deep and 18.2 feet deep in the B-3
piezometers. We judge that a groundwater level of 13 feet is appropriate for modeling in landslide hazard
analyses. It should be noted, however, that fluctuations in the perched and groundwater level may occur due to
variations in rainfall, temperature, and other factors not evident at the time the measurements were made.
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6.0 EVALUATIONS AND CONCLUSIONS

6.1 Active Landslide Boundaries

The Oxford site is located within the active limits of the Keith Avenue Landslide, and historic movement of the
site has been documented by InSAR evaluations as well as other techniques. Subsurface exploration on the site
has determined that slide debris underlies the school property; this is the primary material that is undergoing
deformation. Under the current environmental conditions, the school buildings and other improvements will
continue to move in the future at varying rates (depending primarily on rainfall conditions) but averaging about
1 to 1% inches per year. There has been relatively modest damage in the buildings to date, but this may be in
part the result of the 1963 Woodard-Clyde-Sherard reports apparently recommending the new school buildings
be supported by a rigid foundation system to minimize the impacts of the actively-moving landslide mass.
Nonetheless, numerous shears were logged in our large diameter borings and also documented in the trenches
excavated by Woodward-Clyde Consultants in 1977; some were labelled as slide planes. With progressive
movement, pressure distributions within the slide mass under the school site will occur and ruptures to the
ground surface extending from the existing shear surfaces may result.

The school site is located in the highly seismic Bay Area, and is only 1,500 feet from the active Hayward fault
(the fault with the highest probability of causing a magnitude 6.7 or greater earthquake in Northern California).
Significant landslide deformations can occur during strong earthquake shaking. In response to this statewide
concern, the California Geological Society has created seismic hazard maps where potential earthquake-
induced landsliding seismic hazard are shown, and where CGS requires a site-specific study of the hazard be
performed for new projects. The school site is located within the potential earthquake-induced landslide zone
on the map of the area, which is not surprising because the site is already undergoing landslide deformations
during non-earthquake conditions. Therefore, to evaluate the potential magnitude of earthquake-induced
landslide movements at the site, we have performed the deformation analyses described in the following
section.

6.2 Probabilistic Seismic Hazards Analysis (PSHA)

LCI conducted a PSHA and developed recommended site-specific earthquake ground motions for the project.
The PSHA was based on data obtained from the shear wave analysis performed by Norcal and the seismic cone
data obtained by ConeTec. Based on the results of the LCI report, the site-specific peak ground acceleration,
PGA\ (based on risk-targeted, maximum considered earthquake, MCER) for design (5% damped, 2,475-year
return period) is 1.1g for rock outcrop (at the base of the soil profile) and 1.5g for soil surface accelerations
(where g is the acceleration of gravity). The detailed LCI report and the results of the site-specific PSHA are
included in Appendix E.

6.3 Calculated Seismic Displacements

The potential for seismic slope displacements at the project site was evaluated considering California
Geological Survey (CGS) Special Publication 117A dated September 2008, CGS Note 48 dated October 2013,
and ASCE 7-10, which forms the basis of the current California Building Code. The LCI (2019) Site-Specific
Seismic Hazard Analyses forms the primary basis of the seismic demands at the Oxford Elementary School
site. The Bray et al. (2009) ground motion model was used to estimate the peak ground velocity (PGV) of the
fault-normal component of ground motion due to the special characteristics of pulse motions in the near-fault
region of a major fault. The predominant direction of the movement of the slope is roughly perpendicular to the
strike of the Hayward fault, which is at a distance of only 0.46 km.
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Slope stability modeling was completed using the computer program SLIDE2 by RocScience. SLIDE2 is a
two-dimensional (2D) slope stability program for calculating the static factor of safety (FS) and seismic yield
coefficient (ky), which is the maximum dynamic resistance of potential sliding masses with circular or non-
circular failure surfaces. The Spencer and Morgenstern-Price established slope stability procedures were used
because these procedures satisfy all conditions of equilibrium for 2D slope stability (i.e. vertical and horizontal
force and moment equilibrium equations).

Seismic slope displacements (D) were calculated using the Bray and Macedo (2019) procedure. This procedure
is an update of the widely used Bray and Travasarou (2007) seismic slope displacement procedure. Whereas
the Bray and Travasarou (2007) procedure was based on 688 recorded ground motions from the Pacific
Earthquake Engineering Research (PEER) Center NGA-West1 ground motion database; the Bray and Macedo
(2019) procedure is based on 6,711 two-component horizontal ground motion recordings from the updated
NGA-West2 database (Bozorgnia et al. 2014). The NGA-West2 database also includes 197 near-fault pulse
two-component records.

Slope stability analyses focused on calculation of the static FS and seismic k, values of the Keith Avenue
Landslide centered about the Oxford site. Local slope stability within the school parcel was also analyzed, but
the lowest slope stability factors of safety were found to occur within the Keith Avenue Landslide; thus, it
governed the static and seismic stability assessment of the Oxford site.

Boundary conditions for the slope stability modeling were developed as a result of available topographic
information (both site-specific topographic surveys as well as Aerial LiDAR-based contours), subsurface
stratigraphy from the field exploration data, material properties from the field exploration data as well as
geotechnical laboratory testing, and groundwater conditions based on site-specific instrumentation installed
during the field exploration program. The slope stability modeling was situated within the larger debris flow
extents, but with search limits constrained to several hundred feet downslope and upslope of the Oxford site to
be consistent with the anticipated deformation behavior of the Keith Avenue Landslide.

To reflect the uncertainty associated with groundwater conditions, friction angle of the surface of rupture, and
surface of rupture geometries, sensitivity analyses were performed to characterize the impacts to the calculated
static FS and seismic k, values. Based on site-specific geotechnical laboratory testing and experience working
on similar sites in the Berkeley Hills, the residual effective friction angle of the surface of rupture material (i.e.
failure surface or sliding surface) was estimated to vary from 10 to 20 degrees, with the most representative
values being on the order of 13 to 15 degrees.

The calculated static FS and seismic k, values for a suite of groundwater (GW) conditions for the
representative residual effective friction angles (¢'qis) of the surface of rupture of 13 and 15 degrees are
presented in Table 4 (see Appendix H); a sample calculation for one iteration is visually presented in Figure
26. Itis not likely for the groundwater level to be below the surface of rupture or to be at the ground surface at
the time of the design earthquake, which is a rare event. The groundwater is currently estimated to be at a depth
of about 13 feet. This depth is judged to be most representative of the groundwater conditions at the time of the
earthquake, as the primary groundwater measurements were obtained during the winter months of a slightly
above normal rainfall year. Thus, the cases with groundwater at a depth of 13 feet with a residual effective
friction angle of the surface of rupture of 13 or 15 degrees are the basis for calculating seismic slope
displacements (D). For these cases, the static FS varied from 1.9 to 2.1 and k, varied from 0.09 to 0.12 (Table
4).
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Table 4. Oxford Slope Stability (Spencer Procedure)

o GW @ Surface GW @ 13 ft No GW
(P Qls
FS Ky FS Ky FS Ky
13 1.6 0.06 1.9 0.09 2.6 0.17
15 1.8 0.08 2.1 0.12 2.7 0.18

The Bray and Macedo (2019) seismic slope stability procedure requires specification of the yield coefficient
(ky), the initial fundamental period of the potential sliding mass (Ts, estimated as 4H/V;, where H is its
representative height and Vs is its average shear wave velocity), the 5%-damped pseudo-acceleration response
spectral value of the underlying material at a period of 1.3T; (S,(1.3Ts)), the peak ground velocity of the
underlying material (PGV), and the moment magnitude of the earthquake event (M,,). The seismic slope
displacement is calculated as the maximum component seismic slope displacement (D100) for this project
because the predominant slope movement is oriented perpendicular to the strike of the Hayward fault and near-
fault pulse motions are likely to occur (Hayden et al. 2014).

As noted previously, k, = 0.09 or 0.12. Using a representative sliding mass height of H = 50 feet with a range
of 45-55 feet and an average V; profile based on the site-specific measured Vs data in the slide mass of V; =
670 feet/s over a depth of 0-28 feet and V = 860 feet/s over a depth of 28 to 55 feet, T, = 0.26 s, with a range
of T, = 0.24-0.29 s. The characteristic earthquake event is M,, = 7.2 (LCI 2019).

The seismic demand at the 84% deterministic hazard level, which is recommended to be used by LCI (2019)
and consistent with our interpretation of ASCE 7-10, is defined for the baseline case of T =0.26 s by S;(1.3T)
= S4(0.34s) = 1.92 g (interpolated from Table 2 of LCI (2019)) for the maximum component direction, which
is aligned with the predominant direction of slope movement. The calculated seismic displacement was found
to be insensitive to varying the value of T within the range of 0.24 s to 0.29 s and the corresponding value of
Sa(1.3Ts). Thus, results are presented only for the baseline case of Ts = 0.26 s. The 84% estimate of the PGV
for rock outcrop for a M,, = 7.2 earthquake at a source-to-site distance (R) of 0.46 km is 4.7 feet/s (Bray et al.
2009). Using these input parameters (see Appendix H), the 16% to 84% calculated seismic slope displacement
(D) range is 6 feet to 20 feet for k, = 0.12 and D is 8 feet to 30 feet for k, = 0.09.

CGS (2013) Note 48 recommends using design-level ground motions based on the geometric mean component
value, which would be at the 50% deterministic hazard level, for evaluating seismic slope stability for a public
school project. Thus, seismic slope stability calculations are also performed for the seismic demand defined at
the design-level. The seismic demand at the 50% deterministic hazard level is defined for the baseline case of
Ts = 0.26 s by S,(1.3T) = S;(0.34s) = 1.04 g (interpolated from Table 2 of LCI (2019)) at two-thirds of the
84% deterministic spectrum values without the maximum component factor of 1.22). The 50% deterministic
hazard level estimate of the PGV for rock outcrop for a M,, = 7.2 earthquake at R = 0.46 km is 3.1 feet/s (Bray
et al. 2009). Using these input parameters (see Appendix H), the 16% to 84% calculated seismic slope
displacement (D) range is 2 feet to 7 feet for k, = 0.12 and D is 3 feet to 10 feet for k, = 0.09.

The calculated seismic slope displacement should be considered an index of the likely seismic performance of
the landslide. CGS (2008) Special Publication 117a states: "Calculated displacements greater than 100 cm
[i.e. about 3 feet] are very likely to correspond to damaging landslide movement, including possible
catastrophic failure, and such slopes should be considered unstable.” The seismic slope displacement is
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calculated to be within a range of 2 feet to 30 feet for representative values of k, from 0.09 to 0.12 considering
both the 84% and 50% deterministic ground motion levels. As the calculated seismic displacements are
generally greater than 3 feet, the earthquake-induced landslide movement at the Oxford Elementary School site
at either hazard level is judged to be large and potentially damaging.

6.4 Conceptual Mitigation Measures

Should earthquake-induced landslide movements occur at the Oxford site, serious damage may result in the
buildings and facilities on the property. Given the age of the current structures, a structural assessment is likely
to conclude it would be difficult to retrofit the buildings to accommaodate significant ground deformations, even
if they were originally designed to be robust by 1963 standards. Therefore, reconstruction of the school site
may be necessary; this would provide the opportunity to not only update all the facilities, but also to utilize
ground improvement, structural techniques, and use of specialized materials to minimize future damage.

Given the size of the Keith Avenue Landslide, it would be impossible to stop the landslide from moving by
work entirely within the school property. Therefore, employing techniques to accommodate the ground
movement is the more reasonable approach to rebuilding at the site. When considering how ground movements
from landsliding may impact the buildings, it should be noted differential ground movement is more damaging
than total ground movement. The current facilities are performing reasonably well while undergoing landslide
movements because the design was intended to be robust (by 1963 standards) and during the recent historic
period, the site is generally displacing as a coherent block. Although this type of coherent block movement may
or may not continue during non-earthquake conditions, it is likely differential ground deformation will occur at
the site during a strong, nearby earthquake. Such movement may be characterized by an abrupt shear reaching
the ground surface with differential displacements on either side of the shear. This type of movement is
somewhat similar to a building being located over a fault rupture at the ground surface, and a significant
amount of research has been performed recently to develop techniques to accommodate such movements. At
the forefront of the activities has been Professor Jonathan Bray at the University of California, Berkeley, who
summarized many of these techniques in his 2013 Joyner Lecture and in papers such as Bray (2009). His work
has also been recently published along with his colleague Nicolas Oettle (Oettle and Bray, 2013a; Oettle and
Bray, 2013b; Oettle and Bray, 2015). Two of the key elements presented in Oettle and Bray, 2013b are:

e Ductile engineered fill; and
e Thick mat foundation.

Several possible remedial schemes could be used to improve site survivability, but some of the approaches
developed for improving building performance on fault rupture discussed above may be valuable. A conceptual
scheme that would improve school building performance could utilize the two elements noted in the previous
paragraph. The first element would be to spread out any ruptures from differential movement across slide-
related shears over a broad area to minimize local movement differences. At the Oxford site, after the site is
cleared and the new building areas are created, the upper 5 to 10 feet of soil could be placed and compacted in
layers with periodic geogrid. The geogrid would spread out and minimize the magnitude of any significant
differential movement across the geogrid from a shear surface that would otherwise extend to the ground with a
localized expression. The second element of the remedial work scheme would be to create a robust mat
foundation for the buildings to accommodate the remaining differential movements that occur at the surface of
the engineered fill without incurring major structural damage. By constructing a thick, robust mat foundation
under new buildings, serious structure damage can likely be avoided. Nonetheless, non-structural damage may
occur (e.g., building tilt) as well as damage to the building contents.
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In addition to the school buildings, other key improvements needing better design elements to accommodate
seismic displacement on the site would include buried utility lines and retaining walls. The utilities within the
school property could be constructed with sections of ductile pipeline and flexible connections and joints at
critical areas. With the presence of the ductile engineered fill below the pipelines, along with these other
elements, most pipelines could likely survive, and replacement of some sections would not be too difficult. In
the locations where the pipelines exit the school property, performance may degrade, even if highly flexible
and movement-accommodating details are employed at the property line boundaries. New retaining walls being
built could potentially be located on the ductile fill as well. Use of such techniques as modular block elements
with geogrid in the wall backfill for the retaining walls, would generally help the walls perform in a survivable
condition, although localized repairs or replacement may be necessary.

The specific details of these approaches will depend on the new layout of the school, but it is our judgment that
it is possible relatively good performance of the school may be achieved during landslide movements at the
site, even during a strong, nearby earthquake. However, the likelihood of a successful outcome is uncertain,
given the large magnitude of the calculated total displacements. Significant engineering analyses would be
required to support the design of a new school facility within a large landslide where the calculated total
seismic slope displacements are still likely to exceed 3 feet. Considering the sentence quoted previously from
CGS (2008) Special Publication 117a, approval by the State agencies may not be granted.

Importantly, even if the Oxford site performs reasonably well, the impact on the surrounding neighborhood
during a major earthquake will likely be substantial. A nearby major earthquake event may lead to large
displacements throughout the area, resulting in rupture of utilities and offsets in roadways. Utility ruptures may
also result in ignition and spread of fires and the lack of water to fight fires. Significant roadway offsets may
render them impassable, precluding ingress of emergency personnel and evacuation of residents and students.
It will be important to consider this broader context when considering the reasonableness of reconstructing the
Oxford site for a new school.

In summary, we calculate that total seismic displacements at the site are likely to exceed 3 feet during the
design earthquake, and perhaps may move 20 feet or more. Three feet is a threshold at which it is often
concluded that without major remedial activities, facilities at a site will experience serious damage. Using
ductile engineered fill, mat foundations for buildings, and other specialized materials will likely significantly
reduce the distress at the site compared to conventional construction and may result in generally acceptable
performance. However, detailed additional investigation techniques would have to be performed for the
specific development scheme for a new school facility, including all the individual campus elements. Other
conceptual remedial schemes may also be considered other than those discussed above. Furthermore, the
neighborhood is likely to experience a high level of distress, and numerous serious injuries, which may isolate
the school from meaningful connections with the surrounding area for an extended period after the earthquake.

7.0 LIMITATIONS

This report has been prepared for the exclusive use of the District and their consultants for specific application
to the Oxford Elementary School in accordance with generally accepted geologic and geotechnical engineering
practices. No other warranty, expressed or implied, is made. In the event that any changes in the nature or
design of the building are planned, the conclusions and recommendations contained in this report should not be
considered valid unless the changes are reviewed and conclusions of this report modified or verified in writing.
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The findings of this report are valid as of the present date. However, the passing of time will likely change the
conditions of the existing property due to natural processes or the works of man. In addition, due to legislation
or the broadening of knowledge, changes in applicable or appropriate standards may occur. Accordingly, the
findings of this report may be invalidated, wholly or partly, by changes beyond our control. Therefore, this
report should not be relied upon after a period of three years without being reviewed by this office.

1853-3 Oxford Elementary School Report
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APPENDIX B
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APPENDIX K
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APPENDIX F

PREVIOUS GEOLOGIC STUDY
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APPENDIX ¢

PREVIOUS SUBSURFACE DATA
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