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EXECUTIVE SUMMARY

The following report presents the results of a design-level geotechnical study by Alan Kropp and
Associates, Inc. (AKA) and William Lettis & Associates, Inc. (WLA) for the Building 85 Slide
Mitigation Project at the Lawrence Berkeley National Laboratory (LBNL). The purpose of our study was
to provide design-level geotechnical recommendations for the Project and site-specific subsurface data for
the contractor to use in preparing their bids to perform the work. The scope of our work included
reviewing existing data, performing field explorations and laboratory testing, characterizing geotechnical
and geologic conditions, performing engineering analyses, developing geotechnical engineering
recommendations, and preparing this report. Our study builds upon previous work performed by
AKA/WLA for this project and at other sites in this general area of the LBNL facility.

LBNL Buildings 85 and 85A are located along the western side of a narrow north/south-trending valley
known as the East Canyon. This study identifies four Quaternary-age landslides (Qls) in the direct vicinity
of the project. Landslide Qls-1 underlies the central portion of the canyon east of Buildings 85 and 85A.
Landslide Qls-2 is located a short distance upcanyon and does not directly impact Buildings 85 or 85A.
Landslide Qls-3 underlies a portion of Building 85A. Landslide Qls-4 underlies a portion of Building 85.
Although geologically young in age, the four landslides identified appear not to have moved significantly
since the East Canyon area was developed (starting in the early 1960s).

LBNL is located in a region that is seismically active. The closest active fault to the project is the
Hayward fault, which is located about 3,500 feet to the southwest. The Hayward fault is part of a major
regional fault system and is capable of producing very strong ground shaking at the project site. Previous
work by AKA/WLA indicated that the western margin of Landslide Qls-1 passed through Buildings 85
and 85A, and that the landslide could be reactivated by earthquake shaking. In this study, additional
subsurface explorations were performed to refine our understanding of the East Canyon geology. This
additional work produced the finding that Landslide Qls-1 does not intersect Building 85 or 85A, but that
these buildings are partially underlain by smaller previously-unrecognized landslides (Qls-3 and Qls-4)
that are also considered unstable under strong seismic shaking.

As currently planned, the Building 85 Slide Mitigation Project will include the installation of below-grade
structural retention systems designed to limit seismic ground deformations in the area of Buildings 85 and
85A. The retention systems will be comprised of linear groupings of closely-spaced drilled piers that will
be restrained near their tops by tiebacks; the bottoms of the drilled piers and the anchorage zone of the
tiebacks will be designed to be embedded within “in-place” bedrock below the depth of landsliding. The
drilled piers will be installed east of Buildings 85 and 85A with the tiebacks extending back beneath both
buildings. The drilled piers and tiebacks are designed to restrain Landslides Qls-3 and Qls-4; in general,
Landslide Qls-1 will not be restrained and will therefore be free to slide past and/or pull away from the
face of the drilled piers during an earthquake.

The primary objective of our geotechnical engineering analyses was to evaluate the lateral forces that the
new below-grade structural elements would need to resist. Our analytical approach was based upon the
official State of California guidelines presented in SP [17A. Our evaluations of earthquake-induced slope
displacements were performed using the methods outlined in the professional paper “Simplified
Procedure for Estimating Earthquake-Induced Deviatoric Slope Displacements” by Bray and Travasarou
(2007). We performed our slope stability modeling using conventional 2-dimensional (2D) analysis
methods and engineering cross sections based on the interpreted geologic cross sections. In general, these
methods relate lateral resisting forces to displacements caused by a specified level of earthquake shaking
(with higher resisting forces needed to produce lesser displacements).

ALAN KROPP
& ASSOCIATES, 1N,




Page 2
2335-7B

We and the project team solicited input from LBNL Facilities Division technical personnel on: (1) the
level of earthquake shaking to be used for the design; and (2) “allowable” seismic displacements.
“Design-level” earthquake shaking was defined at the 10 percent probability of exceedance in 50 years
level (which is equivalent to the ground motion intensity with a 475-year return period). Calculated
median seismic displacements of 2 inches or less were considered “acceptable” for the design-level
earthquake shaking. These criteria can be generally characterized as stringent, which was considered
appropriate for this particular LBNL facility.

We evaluated probable seismic displacements for Landslide Qls-1 in order to demonstrate that the
landslide could slide past and/or move away from the drilled pier restraint system during an earthquake.
As an initial step, we evaluated the yield acceleration of Landslide Qls-1 using a computer slope stability
model (the yield acceleration can be viewed as the horizontal ground acceleration at which the landslide
just starts to move). A very low yield acceleration value (~0.02g) was obtained, which correlates to a
calculated median slope displacement of about 8 feet. As noted by Bray and Travasarou, probable seismic
slope displacements can be estimated to be between half and twice the median calculated value (i.e., 4
feet to 16 feet).

We evaluated the lateral forces that the new below-grade structural elements would need to resist (i.e.,
from Landslides Qls-3 and Qls-4). For each landslide we used the Bray and Travasarou method to
evaluate the yield acceleration that would be needed to produce a calculated median displacement of 2
inches. We then used the slope stability model to determine the additional lateral resisting force that
would need to be applied at the location of the retaining structure to obtain the requisite yield acceleration
value. These analyses resulted in landslide forces of 70 kips and 158 kips for Landslides Qls-3 and Qls-4,
respectively. Since our analyses were performed using 2D methods, the calculated values correspond to
the total lateral force per foot of landslide width.

These calculated values were used to develop design lateral pressures for the below-grade structural
restraint system. We recommend redistributing these forces into either a uniform (rectangular) or apparent
(trapezoidal) earth pressure distribution for design purposes. We also provide recommendations to
account for counteracting resistive effects from: (1) the existing piers that support Building 85 (which
penetrate Landslide Qls-4 and extend into bedrock); and (2) active and hydrostatic pressures acting on the
face of the restraint system due to sloughing and infilling of the crack at the Landslide Qls-1 interface.

In addition to the lateral pressures from Landslides Qls-3 and Qls-4, we recognize that there is an
alternate failure mode by which Landslide Qls-1 would exert a lateral shear force if it slides past the face
of the below-grade structural system. This mode is only applicable for the area between Building 85A and
the emergency generator pad (southeast of Building 85A) due to geometric constraints. In this study, we
recommend that shear loads be evaluated using uniform values of 2000 psf and 3000 psf for soil and rock,
respectively.

This design-level study provides geotechnical engineering recommendations for the design of the drilled
pier and tieback structural restraint system as well as for other geotechnical aspects of the project. It is
critical that we observe the geotechnical aspects of construction to check field conditions and verify that
our recommendations are appropriately implemented.
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1.00 INTRODUCTION

This report presents the results of a design-level geotechnical investigation by Alan Kropp and
Associates, Inc. (AKA) and William Lettis & Associates, Inc. (WLA) for the Building 85 Slide
Mitigation Project at the Lawrence Berkeley National Laboratory (LBNL). Our study was conducted in
general accordance with Architect-Engineer Subcontract No. 6859200, between LBNL and AKA. The
approximate location of the project is shown on the attached Vicinity Map, Figure 1. As currently
envisioned, the project will involve LBNL Buildings 85 and 85A, which are shown on the attached Site
Plan, Figure 2.

1.01  Background

LBNL occupies an approximately 200-acre site in the hills above the University of California, Berkeley
(UCB) campus. Buildings 85 and 85A are located within the eastern portion of LBNL along the west side
of a north/south-trending valley known locally as the East Canyon. As is common within the Berkeley
Hills, the natural processes that formed the East Canyon have included landsliding at a variety of scales.
Prior to this investigation, AKA and WLA conducted several geotechnical and geologic studies in the
general area of Buildings 85 and 85A; the most relevant of these reports are described below. A more
complete listing of pre-existing information relevant to our study is presented in the reference list, Section
10.00.

AKA 2006a - In September 2004, AKA and WLA began a geotechnical investigation for a new
Animal Care Facility (ACF or Building 86) to be located east of Building 85 near the central axis
of the East Canyon. During the scoping phase of the ACF study, we noted the possibility that the
building site might be underlain by landslide-related deposits based on our review of historic
photographs and pre-existing subsurface data from previous LBNL reports. In an initial
continuously sampled boring (AKA-1), bedrock-derived landslide debris and clayey shear zones
were identified that were consistent with the landslide hypothesis. Inferences drawn regarding the
possible western lateral extent of landsliding included the possibility that the landslide deposits
extended beneath Building 85. Slope stability and deformation analyses performed as part of the
ACF study predicted that the interpreted landslide underlying the ACF could move several feet
during a large earthquake. Our geotechnical investigation report for Building 86 (AKA 2006a)
was finalized in January 2006.

AKA 2006b - In September 2005, AKA and WLA began an initial phase of broader geotechnical
and geologic study pertaining to the interpreted landslide within the central portion of the East
Canyon. This initial study was intended as a first step toward evaluating concerns that landslide
deposits could potentially pose a hazard to Buildings 85 and 85A and focused upon evaluating
whether the interpreted landslide extended beneath one or both of these buildings. In a key boring
drilled at the northeast corner of Building 85 (AKA-3), a 6-inch-thick layer of clay was identified
at a depth of 65 feet that was tentatively identified as a landslide slip surface. This is deeper than
was anticipated based on the inferences drawn in our previous study for the ACF (AKA 2006a).
Additional borings drilled to evaluate the lateral continuity and orientation of this feature (AKA-5
and AKA-7) found conditions interpreted as being consistent with a deeper landslide slip surface.
Based on these data, we interpreted that landslide deposits extend beneath the eastern portions of
Buildings 85 and 85A. This interpretation, coupled with our previous conclusions pertaining to
seismic slope movements, caused us to conclude that earthquake-induced landsliding posed a
potential hazard to both buildings. Our initial East Canyon landslide characterization study report
(AKA 2006b) was finalized in July 2006.
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AKA 2007 - In October 2006, LBNL requested that AKA develop a conceptual-level design to
mitigate the potential for excessive earthquake-induced landslide movements beneath Buildings
85 and 85A. Our study was necessarily preliminary in that no reliable data existed at that time
regarding: (1) overall landslide head and toe geometries; (2) dynamic properties (i.e., shear wave
velocity) of the materials beneath the site; (3) landslide geometry and bedrock conditions at
Building 85; and (4) landslide geometry and conditions upslope of Building 85A. We presented
our preliminary analyses and conceptual designs and cost estimates in a report dated April 27,
2007 (AKA 2007). This work was performed with the assistance of Dr. Jonathan Bray of the
University of California, Berkeley; Timothy Mathison of Tuan and Robinson Structural
Engineers (TRSE); and Brad Saylor of Leland Saylor and Associates, cost estimators.

WLA 2008 - In September 2008, AKA and WLA began a study of a mapped fault intersecting the
proposed Building 85 site (the East Canyon fault). Previous investigators working in the East
Canyon postulated the existence of this feature based on the alignment of springs, apparent
displacement of bedrock units, bedrock weathering and a trench exposure. As part of the previous
study (AKA 2006b), WLA excavated exploratory trenches south of Building 85 that encountered
bedrock undisrupted by faulting. In the September 2009 study, additional trenching was
performed that: (1) extended the zone of investigation towards the west to intersect other
potentially plausible orientations for the East Canyon fault; and (2) closed a data gap between two
discontinuous trenches excavated during the previous phase. The results of the trenching
demonstrated that the East Canyon fault does not exist in the area where it had previously been
mapped. Our surface fault rupture hazard investigation for the East Canyon fault (WLA 2008)
was finalized in October 2008.

1.02  Project Description

The Building 85 Slide Mitigation Project is part of a larger project known as: “LBNL Seismic Life-Safety,
Modernization, and Replacement of General Purpose Buildings, Phase II” (commonly shortened to
“Seismic Phase II”). The Seismic Phase Il project team includes the following design firms:

e RMW Architecture (architects and lead consultant);
e Forell/Elsesser (structural engineers); and
e Creegan + D’Angelo (civil engineers).

As currently envisioned, the Building 85 Slide Mitigation Project will include the installation of structural
systems (principally drilled piers and tiebacks) intended to retain landslide deposits beneath Buildings 85
and 85A and isolate both buildings from adjacent unretained landslide deposits. At the conceptual design
phase, very large forces were calculated for structural systems retaining landslide deposits moving down-
canyon (i.e., from north to south). This specific difficulty was not able to be resolved as part of the
conceptual-level study. However, a possible design concept intended to influence the landslide failure
mechanics upslope of Building 85A was included in the conceptual-level designs and cost estimates
(AKA 2007).
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1.03  Study Objectives
1.03.1 Purpose and Approach

As outlined in our August 13, 2008 proposal, the primary purpose of our study was to provide design-
level geotechnical recommendations for the Building 85 Slide Mitigation Project and site-specific
subsurface data for the contractor to use in preparing their bids to perform the work. To accomplish this
purpose, additional investigations were needed to fill data gaps and to check assumptions made during our
previous geologic and geotechnical studies (AKA 2006b) and in our conceptual-level designs and cost
estimates (AKA 2007). The study described in this report therefore includes new subsurface
investigations (borings and trenches) in areas not previously explored by AKA or WLA. These
investigations consisted of:

e Two exploratory borings (AKA-8 and AKA-9) along the central axis of the East Canyon; south
(down-canyon) and north (up-canyon) of previous AKA borings;

Four exploratory borings (AKA-10 to 13) within the secured area of the Building 85/85A facility;
Three exploratory boreholes (AKA-14 to 16) near the old quarry southeast of Building 85;

Three test pits (TP-1 to TP-3) near the old quarry southeast of Building 85; and

One test pit (TP-4) and a 55-foot-long rock cut (RC-1) upslope (northwest) of Building 85A.

Also considered in this study were new data and interpretations developed by AKA and WLA as part of
other recent LBNL studies, including:

e Exploratory trenching performed southwest of Building 85 for the East Canyon fault study (WLA
2008);

e Exploratory borings drilled south of Building 85 as part of a LBNL study involving the
Centennial Drive overcrossing of Lawrence Road (AKA 2009);

e Ongoing data reviews, interpretations and analyses relating to the geology of the LBNL and UCB
campuses (multiple projects).

Our general approach to this study, therefore, included a thorough re-evaluation of the initial
interpretations, conclusions and evaluations presented in our previous reports pertaining to Buildings 85
and 85A (AKA 2006b and AKA 2007) considering the totality of the current data.

1.03.2 Compliance with Official State Regulations and Guidelines

Buildings 85 and 85A are located within an official State of California Earthquake-Induced Landslide
Hazard Zone, as mapped by the California Geological Survey (CGS). This mapping was conducted under
the Seismic Hazard Mapping Act of 1991 and is intended to provide guidance to cities, counties and other
lead agencies in their efforts to protect public health and safety, and is directed at structures intended for
human occupancy. In 1997, the California Division of Mines and Geology (CDMG, which is now known
as the CGS), published Special Publication 117 (SP117) presenting guidelines for evaluating and
mitigating seismically-induced landslide and liquefaction hazards in California. SP117 (CDMG 1997) is
widely used by cities, counties and peer reviewers throughout California to determine the adequacy of
geotechnical investigations conducted within the mapped seismic hazard zones. In 2008, the CGS issued
SP117A (CGS 2008), an updated version of SP117. It was our objective that the evaluations and
recommendations presented in this report pertaining to landslide hazards be developed in general
conformance with the current applicable SP117A guidelines.
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The faults that exist in the direct vicinity of the site are not considered by the CGS to be active and the
site is not within a previous or current State of California Earthquake Fault Zone, as delineated under the
Alquist-Priolo Earthquake Fault Zoning Act. CGS Special Publication 42 (SP42, CGS 1999) provides
guidelines for evaluating and mitigating fault rupture hazards within designated Earthquake Fault Zones
(A-P Zones). Although our overall geologic characterization of the site includes information on various
faults in the project vicinity, it was not our objective to investigate or document these features in
accordance with the rigorous SP42 guidelines, as the faults in the direct vicinity of the site are not zoned
as active. As previously indicated, the East Canyon fault was not found in trenches excavated south and
west of Building 85 (WLA 2007), and its existence is considered speculative.

1.04  Scope of Services
1.04.1 Base Scope

As outlined in our August 13, 2008 proposal and cost estimates, our scope of services included the
following tasks:

Scope of Services — By Task

Task No. | Task Description
1 Conceptual Design Meetings and Consultation
GIS Data Compilation
3 Geologic Reconnaissance and Drilling Preparation
4 Borings AKA-8 and AKA-9
5 Borings AKA-10 through AKA-13
6 Boring AKA-14 (not performed; deleted from scope)
7
8
9

Trench WLA-4 (performed under supplemental authorization)
Downhole Shear Wave Velocity Measurements
Detailed Review of Core Samples

10 Review Meeting to Discuss Project Objectives
11 Geologic Map and Cross Sections

12 Laboratory Testing and Evaluations

13 Site-Specific Ground Motions

14 Evaluation of Slide Body Response

15 Seismic Stability, Deformations and Forces

16 Geotechnical Design Recommendations

17 Draft Geologic and Geotechnical Report

18 Review Meeting to Discuss Project Findings
19 Final Geologic and Geotechnical Report

Tasks 1 through 4 and Task 8 were completed in September 2008 under our initial subcontract
authorization. Tasks 5 and 9 through 17 were completed by the date of this draft report. Task 6 was
deleted from the project scope due to operational and access constraints. As discussed in Section 1.04.2,
the scope of Task 7 was broadened and completed under a supplemental authorization and included
multiple exploratory test pits (AKA TP-1 to TP-4) and additional boreholes (AKA-14 to AKA-16).
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1.04.2 Scope Revision

In August 2009, we met with LBNL representatives to discuss the status of our investigations (Task 10 of
our authorized scope) and to present preliminary findings with respect to the geologic characterization.
The new data obtained from Borings AKA-8 through AKA-13 coupled with a recently-located historical
photograph depicting the pre-development topography suggested an alternative model of landsliding
within the East Canyon, which could not be confirmed or refuted with the information available to us at
that time. As a result of this meeting, Task 7 was expanded to include a series of subtasks:

Scope of Services — Task 7

Task No. | Subtask Description

7 Offsite Geologic Reconnaissance and Mapping
Test Pits TP-1 through TP-4
Borings AKA-14 through AKA-16
Petrographic Analysis
Analyses and Reporting

1.05 Project Team

This report was prepared by the firms of Alan Kropp & Associates (AKA) and William Lettis &
Associates (WLA) as part of a project-specific joint effort. Our study was directed and managed by Mr.
Wayne Magnusen of AKA (GE 2705) in association with Mr. John Baldwin (CEG 2167) of WLA. Our
consultant team included Dr. Jonathan Bray, professor of geoengineering at UCB, who provided
specialized consultation to AKA on earthquake ground motions, slope stability and seismic displacement

analyses.
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2.00 METHODS OF INVESTIGATION

2.01 Review of Geologic and Historical Information

As part of this and previous LBNL studies, we reviewed and compiled geologic and historical information
from a variety of published and unpublished sources. The materials that we reviewed include regional-
scale maps and report published by the United States Geological Survey (USGS), official hazard maps
issued by the California Geological Survey (CGS), published papers relating to the geology of the
Berkeley Hills, unpublished consultant reports pertaining to LBNL geology, and historical photographs of
the site and vicinity. The key sources of geologic and historic information used in preparing this report are
introduced in the subsections that follow. A more thorough list of compiled sources relevant to our study
is presented in the References section (Section 10.00) of this report.

2.01.1 Regional-Scale Geologic Maps

e Dibblee 1980 - Dibblee, Thomas W., Jr., 1980, “Preliminary Geologic Map of the Briones Valley
Quadrangle, Alameda and Contra Costa Counties, California,” U.S. Geological Survey, Open File
Report 80-539.

e  Graymer, et al. 1996 - Graymer, R.W., Jones, D.L., and Brabb, E.E., 1996, “Preliminary
Geologic Map Emphasizing Bedrock Formations in Alameda County, California: A Digital
Database,” U.S. Geological Survey, Open-File Report 96-252.

e Graymer 2000 - Graymer, R.W., 2000, “Geologic Map and Map Database of the Oakland
Metropolitan Area, Alameda, Contra Costa and San Francisco Counties, California,” U.S.
Geological Survey, Miscellaneous Field Studies MF-2342.

2.01.2 Publications on Berkeley Hills Geology

e Jones and Curtis 1991 - Jones, David L. and Curtis, Garniss, 1991, “Guide to the Geology of the
Berkeley Hills, Central Ranges, California,” in Geologic Excursions in Northern California: San

Francisco to the Sierra Nevada, California Division of Mines and Geology, Special Publication
109.

e Lawson and Palache 1901 - Lawson, Andrew C. and Palache, Charles, 1901, “The Berkeley
Hills, a Detail of Coast Range Geology,” text dated December 1901, The University of California
Bulletin of the Department of Geology, Vol.2, No.12, pp-349-450, Plates 1-17, with oversize map
‘dated 1900,

2.01.3 Materials Pertaining to LBNL Geology and Hydrogeology
e Converse 1984 - Converse Consultants, 1984, “Hill Area Dewatering and Stabilization Studies,”

unpublished consulting report prepared for the University of California Department of Facilities
Management, dated October 31, 1984,
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e HLA 1982 - Harding Lawson Associates (HLA), 1982, “Geology of Lawrence Berkeley
Laboratory,” unpublished consulting report prepared for the Lawrence Berkeley Laboratory,
dated September 28, 1982, HL.A Job No. 2000,135.01 (LBNL File No. 42).

o LBNL/Parsons 2000 - Lawrence Berkeley National Laboratory Environmental Health and Safety
Division and Earth Sciences Division with Parsons Engineering Science, Inc. (LBNL/Parsons),
2000, “RCRA Facility Investigation Report for the Lawrence Berkeley National Laboratory
Environmental Restoration Program,” unpublished consulting report dated September 2000
(referred to herein as the “RFI Report”).

2.01.4 Landslide Maps

e (CGS 2003a - California Geological Survey (CGS), 2003, “Seismic Hazard Zone Report for the
Briones Valley 7.5-Minute Quadrangle, Alameda County, California,” Seismic Hazards Zone
Report 084.

e LBNL 1984 - Lawrence Berkeley National Laboratory Facilities Division, 1984, “Slope
Locations — Stability Evaluations,” 1”” = 100’ scale drawing dated 8/94.

e Nilsen 1975 - Nilsen, T.H., 1975, “Preliminary Photointerpretation Map of Landslide and Other
Surficial Deposits of the Briones Valley 7/4' Quadrangle, Contra Costa and Alameda Counties,
California,” U.S. Geological Survey, Open File Map 75-277-08.

2.01.5 Fault and Seismic Source Maps

e CDMG 1982a&b - California Division of Mines and Geology (CDMG), 1982a, Special Studies
Zone Map, Oakland West Quadrangle.

e CDMG 1982b - California Division of Mines and Geology (CDMG), 1982b, Special Studies
Zone Map, Richmond Quadrangle.

e ICBO 1998 - International Conference of Building Officials (ICBO), 1998, “Maps of Known
Active Fault Near-Source Zones in California and Adjacent Portions of Nevada,” California
Division of Mines and Geology.

e Lienkaemper 1992 - Lienkaemper, J.J., 1992, “Map of Recently Active Traces of the Hayward
Fault, Alameda and Contra Costa Counties, California,” United States Geological Survey, Map
MF-2196.

2.01.6 References on Seismicity

e Bakun 1999 - Bakun, W.H., 1999, “Seismic Activity of the San Francisco Bay Region,” Bulletin
of the Seismological Society of America; June 1999; V.89, No.3, p. 764-784.

e WGCEP 2003 - Working Group on California Earthquake Probabilities, 2003, “Earthquake
Probabilities in the San Francisco Bay Region: 2002-2031,” USGS Open-File Report 2003-214.

ALAN KROPP
& ABSOCIATES, ING.




Page 8
2335-7B

e WGCEP 2008 - Working Group on California Earthquake Probabilities, 2008, “The Uniform
California Earthquake Rupture Forecast, Version 2 (UCERF 2): for 2007-2036:” USGS Open-
File Report 2007-1437; CGS Special Report 203; and SCEC Contribution #1138.

2.01.7 References on Ground Motions

e CGS 2009 - California Geological Survey, accessed 2009, “Probabilistic Seismic Hazards
Ground Motion Page (http://redirect.conservation.ca.gov/cgs/rghm/pshamap/pshamap.asp).

e URS 2008 - URS Corporation, 2008, “Updated Probabilistic Seismic Hazard Evaluation and
Development of Seismic Design Ground Motions for the University of California, Berkeley and
the Lawrence Berkeley National Laboratory,” unpublished consulting report dated 9 September
2008.

e USGS 2007 - United States Geologic Survey, 2007, Seismic Hazard Curves and Uniform Hazard
Response Spectra v5.0.8, November 20, 2007 (http:/earthquake.usgs.gov/research/hazmaps/design/).

2.02  Field Investigations and Laboratory Analyses
2.02.1 Geologic Field Mapping

In August and September of 2009, WLA geologists performed surface reconnaissance of the East Canyon
in order to revise and expand upon the geologic mapping performed as part of previous LBNL studies.
The surface reconnaissance included: (1) mapping of geologic deposits, artificial fill, and landslides; (2)
collection of structural information (orientation of bedding and discontinuities) from rock exposures and
outcrops; (3) evaluation of roads, curbs, and sidewalks to check for indications of slope instability; and
(4) identification of possible and preferred exploratory test pit locations to evaluate landslide
characteristics in the direct vicinity of Buildings 85 and 85A.

Geologic mapping was performed using a topographic base map constructed from ground conditions
surveyed in 2003 by LBNL (hereafter referred to as the “2003 LBNL base map,” or simply “base map”).
The base map is in the U.C. Grid projection (units in feet), with Grid North oriented about 16.7 degrees
west of True North, and includes both 1-foot and 2-foot contour intervals. As part of the mapping, we also
reviewed and interpreted: (1) pre-grading topographic maps/plans provided by LBNL or contained within
older consultant reports; and (2) recent airborne-collected LiDAR (Light Detection and Ranging)
data/maps flown for Alameda County, obtained and processed by AKA.

ALAN KROPP
& ASSORIATES, ING.




Page 9

2335-7B
2.02.2 Borings
This investigation included nine exploratory borings, as summarized in the following table:
Exploratory Borings for This Investigation
Boring Date Total Depth Continuous Drilling Equipment
D Completed (feet) Sampling Interval(s)
(feet)
AKA-8 9/19/08 85 2.5t0 85 Truck-Mounted Rotary Wash
AKA-9 9/25/08 101 310101 Truck-Mounted Rotary Wash
AKA-10 7/14/09 89 15to 89 Truck-Mounted Rotary Wash
AKA-11 7/13/09 80 20 to 80 Truck-Mounted Rotary Wash
AKA-12 7/8/09 61.5 5to 35 Truck-Mounted Rotary Wash
AKA-13 7/9/09 60 210 60 Truck-Mounted Rotary Wash
AKA-14 10/28/09 35 0to 35 Hydraulic Portable Auger
AKA-15 10/30/09 25 6 to 25 Hydraulic Portable Auger
AKA-16 10/29/09 43 0t027.5 Hydraulic Portable Auger
30t0 37.5
40 to 43

The approximate locations of the borings are indicated on the Site Plan, Figure 2. As-drilled boring
locations and elevation data for Borings AKA-8, 9, and 14 through 16 were provided to us by Bates &
Bailey Land Surveyors, Inc. (B&B) of Berkeley, California, an LBNL subcontractor. The locations of
Borings AKA-10 through 13 were determined using a tape measure and as-drilled elevations were
estimated based on the Building 85 plans (upper yard vs. lower yard).

An AKA engineer or WLA geologist, supervised the drilling operations, logged the soils and bedrock
encountered, and obtained samples of the subsurface materials for subsequent evaluation and laboratory
testing. The field logs and soil/rock samples were reviewed in the laboratory by WLA’s lead engineering
geologist for the project, Mr. John Baldwin. The logs of Borings AKA-8 through 16 are attached in
Appendix A, together with two explanatory figures pertaining to the classification/description of the soil
(Figure Al) and rock (Figure A2). The soils are described in general accordance with the Unified Soil
Classification System (ASTM D-2487-06).

Samples of soil and weathered bedrock were obtained using: (1) a 1%-inch inside-diameter Standard
Penetration Test (SPT) split barrel drive sampler; (2) a 2%4-inch inside-diameter Modified California split
barrel drive sampler equipped with brass liners; and (3) a “101-type” wireline core barrel sampler. Drive
samplers were advanced using a standard automatic 140-pound hammer falling 30 inches. The borings
were continuously sampled throughout zones considered to be of geologic interest; borings were
generally sampled at about 5-foot vertical intervals outside these targeted zones. The intervals of
sampling are shown on the boring logs presented in Appendix A; the depth intervals over which
continuous sampling was performed are summarized in the table presented earlier in this section.
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2.02.3 Exploratory Excavations

Between October 29 and November 4, 2009, WLA geologists excavated and documented four test pits
(TP-1 through TP-4) and a rock cut at the approximate locations shown on the Site Plan presented on
Figure 2. The logs of test pits TP-1 through TP-4 and the rock cut are attached in Appendix B.

C&C Excavation (an AKA subcontractor) excavated the test pits and rock cut using a rubber tire backhoe
equipped with a 36-inch-wide bucket. At least one wall of each test pit was completely cleaned to expose
fresh material. Structural and stratigraphic features were flagged and logged at 1 inch = 2 feet (1:24-
scale). Attitudes and orientations of structural features were measured and logged after correlating with
similar features on the opposite wall. The test pits were used to characterize the presence or absence of
landslide material upslope and downslope of Building 85, and to delineate the contact between the
Moraga and Orinda Formations. The test pits were up to about 15 feet long and 15 feet deep.

Prior to excavation, a site-safety meeting was held with WLA, LBNL, and C&C Excavation to review the
health and safety plan and to discuss elements of the test pit investigation. The test pits used aluminum
hydraulic shoring in accordance with OSHA regulations. Site safety inspections were performed by the
WLA competent person prior to entering the trenches. Upon documentation of the test pit exposures, the
excavations were backfilled in lifts using a backhoe-mounted sheepsfoot compaction device. The backfill
compaction was visually inspected and did not include laboratory or field testing of the backfill
conditions. Each test pit area was restored to previous grade using the backhoe equipment. The trench
locations were subsequently surveyed by B&B.

2.02.4 Laboratory Testing

Soil and rock samples were examined in our laboratory for more detailed examination and to select
specimens for laboratory analyses. The following geotechnical laboratory tests were performed to provide
general data on the physical properties of the subsurface materials.

Water content per ASTM Test Designation D-2216;

Dry density per ASTM Test Designation D-2937;
Atterberg Limits per ASTM Test Designation D-4318; and
Particle Size Analysis per ASTM Test Designation D-422.

The tests were conducted in general accordance with the current edition of the referenced ASTM
standards at the time the tests were performed. The results of the tests are presented on the boring logs at
the appropriate sample depths. Laboratory test data sheets are attached at the end of Appendix A, where
appropriate.

2.02.5 Shear Wave Velocity Measurements

Geophysical methods were used to measure the subsurface distribution of compressional (P-) and shear
(S-) seismic velocity within borings AKA-8 and AKA-9. The field work was performed on September 19
and 24, 2008 by our subconsultant Norcal Geophysical Consultants, Inc. (Norcal) of Cotati, California,
using a downhole suspension velocity logging system. Norcal’s P- and S-Wave Borehole Suspension
Logging Report is attached in Appendix C.
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2.02.6 Petrographic Analyses
Six representative bedrock samples were submitted to an independent testing laboratory for petrographic
analysis in order to substantiate our classification of onsite sedimentary and volcanic rocks. The results of

the petrographic analyses are attached in Appendix D.

2.03 Compilation and Review of Existing Subsurface Data
2.03.1 Unpublished Consulting Reports by Others

This investigation included compiling and reviewing relevant existing subsurface data from unpublished
geotechnical and geologic reports prepared by others. These sources of data and information included:

D&M 1960 - Dames & Moore (D&M), 1960, “Foundation Investigation, Health Physics
Building, Lawrence Radiation Laboratory, Berkeley, California,” report dated July 7, 1960.

GRC 1994a - Geo/Resource Consultants, Inc. (GRC), 1994a, “Fault Investigation, Building 85,
Hazardous Waste Handling Facility,” prepared for Lawrence Berkeley National Laboratory, dated
March 22, 1994, Job #1746-003 (LBNL File #340).

GRC 1994b - Geo/Resource Consultants, Inc. (GRC), 1994b, “Geotechnical Investigation,
Replacement Hazardous Waste Handling Facility, Building 85,” prepared for Lawrence Berkeley
National Laboratory, May 2, 1994, Job #1746-006 (LBNL File #339).

HLA 1997 - Harding-Lawson Associates (HLA), 1977, “Foundation Investigation, Cell Culture
Facility, Lawrence Berkeley Laboratory, Berkeley, California,” HLA Job No. 2000,104.01,
unpublished consulting report dated July 27, 1977 (LBNL File #183).

HLA 1985 - Harding-Lawson Associates (HLA) 1985, “Preliminary Geotechnical Evaluation,
Proposed East Canyon Corporation Yard Development, Lawrence Berkeley Laboratory,
Berkeley, California,” report dated January 18, 1985, HLA Project No. 2000.170.01.

Kleinfelder 2001 - Kleinfelder Inc., 2001, “Geotechnical Investigation, Proposed Road and Water
Tank, Lawrence Berkeley National Laboratory, Berkeley, California,” report dated July 19, 2001,
Kleinfelder Job No. 41-7631-01/001 (LBNL File #384).

Selected boring and test pit/trench logs from the above-referenced geotechnical investigations are
attached in Appendix E.

2.03.2 Geo-positioning of Subsurface Data

We evaluated the locations and elevations of previous borings, test pits and/or trenches using the
reference information provided in the cited report. Where a “site plan” or similar drawing was the sole
source of horizontal reference, we evaluated probable data locations by scaling from recognizable site
features. The accuracy of this method is necessarily limited by the relative quality of the reference source
and should be considered approximate. Elevations of the ground surface at the time that the explorations
were performed were typically obtained directly from the logs. The approximate locations and elevations
of specific sources of data are shown on the Site Plan (Figure 2).
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2.03.3 Geographical Information System Database

Our study included entering new and existing subsurface data into a Geographical Information System
(GIS) database, which we developed using industry standard ArcGIS software (by ESRI). For reference
purposes, each data source at LBNL that we have evaluated to-date has been assigned a unique GIS
reference number. Tabular summaries are provided in Appendix F linking the GIS reference number to
the original source information (citation and boring, test pit or trench number), consistent with the
identifying information shown on the Site Plan (Figure 2).
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3.00 GEOQLOGIC SETTING

3.01 Regional Geology

The San Francisco Bay region lies within a broad region of deformation that defines the boundary
between the North American and Pacific tectonic plates. These two plates are currently in motion relative
to each other and this relative motion is accommodated, in part, by slip along a series of major active
strike-slip faults, which exist over a width of more than 50 miles (Figure 3). At the current time, the
Pacific Plate is moving northwest relative to the North American Plate. Consequently, relative motion
along the major strike-slip faults is predominantly horizontal with the ground on the opposite side of the
fault moving towards the right. The nature of this relative motion is defined as “right-lateral strike-slip.”

Among the oldest rocks in the region are highly deformed sedimentary, metamorphic and volcanic rocks
of the Franciscan Complex. Franciscan Complex rocks were deposited in a deep ocean floor environment
during the late Jurassic and late Cretaceous (159 to 69 million years ago). About 145 million years ago,
the plate upon which the Franciscan rocks were deposited (the Farallon Plate) collided with the North
American plate. At this time and continuing up to about 30 million years ago, the Farallon Plate (moving
in an easterly motion) was subducted below, and in places accreted onto, the crust of the western edge of
the North American Plate. About 30 million years ago, after much of the Farallon Plate had been
consumed by subduction, the North American Plate came into contact with the Pacific Plate. Subduction
ceased at this plate intersection and was replaced by the right-lateral strike-slip faulting that predominates
today.

Around the same time that the oceanic Franciscan Complex rocks were being deposited in a marine
seafloor environment (159 to 69 million years ago), sedimentary rocks of the Great Valley Sequence were
being deposited on a fragment of oceanic crust (the Coast Range Ophiolite) within a marine basin at the
western edge of the North American Plate. The Franciscan Complex, Great Valley Sequence and Coast
Range Opbhiolite have since undergone significant vertical and lateral deformation from tectonic faulting
and folding. Relative motion occurring along faults has, over geologic time, resulted in the large-scale
dislocation of rock masses throughout the region. Over the past 30 million years (the period of time over
which strike-slip faulting has predominated), the coastal terrain west of the San Andreas fault on the
Pacific Plate has shifted more than 300 miles to the northwest relative to the North American Plate.

Although much of this movement has occurred along the San Andreas fault, large-scale movements have
also occurred along faults on both sides of the Berkeley Hills, such as the Hayward and Calaveras faults.
The major active fault of greatest significance to LBNL is the Hayward fault, the location of which is
shown on the A-P Zone Map presented on Figure 4. In the vicinity of LBNL, the Hayward fault
Jjuxtaposes Franciscan Complex rocks on the west against Coast Range Ophiolite and Great Valley
Sequence on the east. The Franciscan Complex and Great Valley Sequence rocks are generally overlain
by a diverse sequence of younger Tertiary-age sedimentary and volcanic rocks. The predominant
sequence of sedimentary rocks that exists locally (i.e., in the general vicinity of LBNL) was deposited
between about 16 and 10 million years ago. The Tertiary-age sedimentary rocks are locally overlain and
at times interlayered with volcanic rocks deposited about 10.5 and 8.4 million years ago. These volcanic
rocks are among the youngest rocks that exist locally.

In addition to strike-slip movement occurring along northwest-trending faults, the region has also at times
been compressed in the northeast-southwest direction. During the late Miocene and early Pliocene (11.2
to 3.6 million years ago) an extended period of compression occurred resulting in folding, faulting and
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uplift of the Berkeley Hills. The Berkeley Hills are thought to be currently experiencing uplift at a very
low rate (as much as Imm/year) based on geodetic studies (Graymer 2000).

3.02 Regional Active Faults

The San Francisco Bay region currently includes a series of major northwest-trending faults (Figure 3)
that are considered active. Faults that are defined as active exhibit one or more of the following: (1)
evidence of Holocene-age (within about the past 11,000 years) displacement, (2) measurable aseismic
fault creep, (3) close proximity and alignment with linear concentrations or trends of earthquake
epicenters, and (4) youthful tectonic-related geomorphology. Faults that are defined as “potentially
active” are not known to be Holocene-active but have evidence of Quaternary-age displacement (within
about the past 2 million years).

3.02.1 San Andreas Fault System

The San Andreas fault system shown on the Regional Fault Map (Figure 3) is approximately 50 miles
wide and within the latitude of LBNL includes (from west to east) the San Gregorio, San Andreas,
Hayward, Calaveras, Concord-Green Valley and Greenville faults. In general, the location and activity of
these major faults are reasonably well-established from a regional perspective.

In 1998, the International Conference of Building Officials (ICBO) published a convenient book of fault
maps (ICBO 1998) to be used in conjunction with the Uniform Building Code. These maps, developed in
cooperation with the CGS, delineate Active Fault Near-Source Zones related to seismic activity at depth
that differs in some respects from maps depicting surface traces of the fault. Within the San Francisco
Bay Region (where the major faults are near-vertical) the most significant distinction involving the ICBO
(1998) maps is that they extend the Active Fault Near-Source Zones beneath bodies of water (where
surface fault traces have generally not been mapped). The distances and directions from LBNL to the
regional active faults depicted on the ICBO (1998) maps are summarized below.

Regional Active Faults, Site to Seismic Source Distances

Seismic Source Approximate Distance Approximate Direction
from LBNL from LBNL

San Andreas 31 km (~ 19 miles) Southwest
San Gregorio 33 km (~ 21 miles) Southwest
Hayward Proximate Southwest
Northern Calaveras 21 km (~ 13 miles) East

Concord-Green Valley 23 km (~ 14 miles) Northeast
West Napa 34 km (~ 21 miles) North

3.02.2 The Hayward Fault

The closest known active fault to LBNL is the Hayward fault, which has been mapped by Lienkaemper
(1992), WLA (2007) and others based upon exploratory trenching and surface observation of creep-
related deformational features. As shown on the current A-P Zone Map (Figure 4), the Hayward fault
generally traverses the base of the Berkeley Hills mostly southwest of the LBNL facility. On the UCB
Campus the Hayward fault passes through Memorial Stadium and to the east of Bowles Hall, the Greek
Theater and the clusters of student housing along Gayley Way and Hearst Avenue. North of Hearst
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Avenue, the Hayward fault passes through the western limit of LBNL near the base of the slope west of
LBNL Building 88.

The Hayward fault is part of the Hayward-Rogers Creek fault system, which extends approximately 150
kilometers (93 miles) from Fremont on the south to Healdsburg on the north. The Hayward fault extends
from near Warm Springs (Fremont) on the south to San Pablo Bay on the north and has a total length of
about 87 kilometers (54 miles) + 10 kilometers (6 miles). The fault is creeping along its entire length
(Lienkaemper, et al. 1991; 1997; 2001), although the rate of creep varies along the fault trace. Near U.C.
Memorial Stadium the fault is creeping at an average rate of 4.8 mm/yr (McFarland, et al. 2009). Along
the length of the fault, the average rate of observed creep is 4 to 5 millimeters per year (mm/yr), with a
high of 9 mm/yr observed locally near the southern end of the fault near Fremont. The Holocene slip rate
on the Hayward fault is estimated to be about 9 £ 2mm/yr (Lienkaemper and Borchardt 1996; WGCEP
2003).

3.03 Regional Seismicity
3.03.1 Historic Earthquakes

Since 1836, six earthquakes of magnitude 6.5 or greater have occurred in the Bay Area (Bakun 1999); the
dates, magnitudes (M) and epicentral locations of these six large earthquakes are summarized below:

Magnitude 6.5 or Greater Earthquakes; 1836-1998 (Bakun 1999)

Date Magnitude | Epicenter Location

June 10, 1836 6.5 East of Monterey Bay

June 1838 6.8 Peninsula section of the San Andreas fault;
October 8, 1865 6.5 Southwest of San Jose

October 21, 1868 6.8 Southern Hayward fault (Hayward Earthquake)
April 18, 1906 7.8 San Andreas fault (San Francisco Earthquake)
October 18, 1989 6.9 Santa Cruz Mountains (Loma Prieta Earthquake)

Many smaller earthquakes have occurred within the San Francisco Bay region during this same period of
time. In general, larger earthquakes are less likely; as illustrated by the “significant” earthquakes tabulated
by Bakun (1999), which include: 73 earthquakes of magnitude M4.6 or greater, 13 earthquakes of
magnitude M6.2 or greater, 6 earthquakes of magnitude M6.5 or greater, and only 1 earthquake greater
than magnitude M7.

3.03.2 Seismicity of the Hayward-Rodgers Creek Fault System

As shown on Figures 3 and 4, LBNL is located along the northern Hayward fault, a segment of the longer
Hayward-Rodgers Creek fault system. Recent seismic source characterization of the Hayward-Rodgers
Creek fault system considers earthquake rupture models that allow for the possibility of rupture of the
entire fault system, as well as individual ruptures along the southern Hayward fault, the northern Hayward
fault, and the Rodgers Creek fault (WGCEP 2003). The northern Hayward fault extends from northern
Oakland on the south to San Pablo Bay on the north, a distance of approximately 30 kilometers (19
miles). The boundary between the northern and southern Hayward fault is based on the inferred rupture
length of the 1868 earthquake, which ruptured the southern Hayward fault (by definition) between Warm
Springs in Fremont and about San Leandro, or possibly Rocky Mound in Oakland (WGCEP 2003).
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Trenching investigations at Mira Vista Golf Course in El Cerrito (about 5 miles northwest of LBNL)
show the most recent event on the northern Hayward fault occurred between AD1640 and AD1776 (the
Hayward Fault Paleoearthquake Group [HFPEG] 1999). The study identified at least four and possibly as
many as seven, surface fault ruptures during the past approximately 2,100 years and yielded a minimum
recurrence between 270 and 210 years (HFPEG 1999). Recent paleoseismic data collected on the
southern Hayward fault at Tyson’s Lagoon indicate as many as 11 large surface-fault ruptures within the
last approximately 1,800 years, and a recurrence interval of 151 + 23 years (Lienkaemper and Williams,
2006). A review of existing earthquake timing data between the Mira Vista site and the Tyson’s Lagoon
shows that it is permissible to interpret past ruptures along the entire Hayward fault, as well as separate
ruptures constrained to the northern Hayward fault.

3.03.3 Regional Earthquake Probabilities

In 2003, The Working Group on California Earthquake Probabilities (WGCEP 2003), in conjunction with
the United States Geological Survey (USGS), published an updated report evaluating the probabilities of
significant earthquakes occurring in the Bay Area over the next three decades (2002-2031), which has
since been updated on a state-wide scale in 2008 for the time span of 2007-2036. The WGCEP (2008)
report indicates that there is a 0.63 (63 percent) probability that at least one magnitude 6.7 or greater
earthquake will occur in the San Francisco Bay region before 2037. This probability is an aggregate value
that considers seven principal Bay Area fault systems and unknown faults (background values-WGCEP
2003). The findings of the WGCEP (2008) report are summarized in the following table:

WGCEP (2008) Probabilities

Fault System Probability of At Least One Magnitude 6.7
or Larger Earthquake in 2007-2036
Hayward/Rodgers Creek 0.31
San Andreas 0.21
Calaveras 0.07
San Gregorio 0.07
Concord-Green Valley 0.03
Greenville 0.03
Mount Diablo Thrust 0.01
Background (2002-2031) 0.14

The published background values are not explicitly stated in the WGCEP (2008) and thus the WGCEP
(2003) values were used. The background values indicate that between 2002 and 2031 there is a 14
percent chance that an earthquake with a magnitude of greater than 6.7 may occur in the Bay Area on a
fault system not characterized in the study. It should be noted differences between the 2008 and 2003
WGCEP generally fall within the magnitude of error, and major differences in background values are not
expected.
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400 LOCAL GEOLOGY

4.01 LBNL Geology

LBNL is located along the west side of the northwest-trending Berkeley Hills. Bedrock geology in the
Berkeley Hills is structurally complex and includes a variety of moderately to highly deformed (faulted
and folded) sedimentary, volcanic and metamorphic rock units that have been subjected to a long history
of regional uplift, folding, and mass wasting (landsliding). This section provides an overview of the
geology of LBNL based on a review of published geologic information.

4.01.1 Sequence and Ages of Local Bedrock Units

Virtually all of LBNL is situated east of the Hayward fault within a fault-bounded assemblage of rocks
designated by Jones and Curtis (1991) as “Subterrane 1.” The geologic units comprising Subterrane I are
introduced in the following table together with information on the age of each unit (Ma signifying

millions of years ago).

Subterrane I Stratigraphic Column (Jones and Curtis 1991)

Stratigraphic Unit Period/Epoch Age
Bald Peak Formation Tertiary/Late Miocene 8.5-8.4Ma
Siesta Formation Tertiary/Late Miocene 8.5(N) Ma
Moraga Formation Tertiary/Late Miocene 10.2 - 8.4 Ma
Orinda Formation Tertiary/Middle to Late Miocene 13.5-10.5 Ma
Claremont Shale Tertiary/Middle Miocene 16 - 13 Ma
Sobrante (?) Formation Tertiary/Early Miocene ? ~23.7(7)Ma
Eocene Sandstone, Shale Tertiary/Eocene 49.0-33.7Ma
Great Valley Sequence Upper Jurassic/Lower Cretaceous 159 -99 Ma
Coast Range Ophiolite Early Late Jurassic ~ 150 Ma

At LBNL, rocks of the Jurassic/Cretaceous-age Great Valley Sequence (159-99 Ma) are locally
overlain/juxtaposed with younger Tertiary-age rocks (Claremont Shale, Orinda Formation and Moraga
Formation) dating from 16 to 8.5 Ma.

4.01.2 Regional Geologic Mapping by Graymer (2000)

The Regional Geologic Map presented on Figure 5 is based on a recent published geologic map of this
area from the United States Geological Survey (Graymer 2000). The map shows the geographical
distribution of the bedrock units mapped locally, which are identified on the map as Great Valley Group,
Claremont Chert, Orinda Formation, and Moraga Volcanics. Graymer (2000) describes these predominant
bedrock units at LBNL as follows:

Moraga Formation (map symbol Tmb); late Miocene - Basalt and andesite flows, minor rhyolite
tuff, Ar/Ar ages obtained from rocks of this unit range from 9.0+0.3 to 10.2+0.5 Ma.

Orinda Formation (map symbol Tor); late Miocene - Distinctly to indistinctly bedded,
nonmarine, pebble to boulder conglomerate, conglomerate sandstone, coarse- to medium-grained
lithic sandstone, and green and red siltstone and mudsione.
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Claremont Chert (map symbol Tcc); late to middle Miocene - Laminated and bedded chert,
minor brown shale, and white sandstone.

Great Valley Complex, Unnamed Sedimentary Rocks (map symbol Ku); Late Cretaceous -
Massive to distinctly bedded, biotite-bearing, brown-weathering, coarse- to fine-grained
greywacke and lithic wacke, siltstone, and mudstone.

In addition to bedrock units, the regional geologic mapping by Graymer includes interpreted information
pertaining to bedrock structure. The active Hayward fault (not labeled) is shown at the contact between
Great Valley Sequence and Franciscan Formation rocks near the western edge of LBNL. A variety of
other interpreted faults are mapped throughout LBNL. The structural mapping also shows that within the
boundary of LBNL, Tertiary-age sedimentary and volcanic rocks are folded into a south-plunging
syncline.

4.01.3 Local Geologic Mapping by Lawson and Palache (1901)

Some of the earliest geologic mapping of the LBNL area is by Andrew Lawson, a former professor of
geology at UCB. Andrew Lawson, and his student Charles Palache, collaborated on the original seminal
work on Berkeley Hills Geology (Lawson and Palache 1901). This published work included a geologic
map and cross sections developed from more than a decade of field reconnaissance at a time when the
Berkeley Hills were in an essentially natural condition. Although subsequent research and improved
understanding of geologic processes (including the theory of plate tectonics) have added much to our
understanding of Berkeley Hills geology, the geologic map and documented observations of Lawson and
Palache continue to provide useful reference information on the bedrock geology and pre-development
topographic conditions of the Berkeley Hills. A portion of the geologic map presented in the 1901
Lawson and Palache report is reproduced on Figure 6.

The Lawson and Palache report identified many of the key geologic structures in the area that is now
LBNL. Of particular interest is the identification and mapping of the structural relationships between
volcanic rocks (now Moraga Formation) and fresh-water sedimentary rocks (now Orinda Formation).
Lawson and Palache (1901) describe the contact between the volcanic rocks and the fresh-water
sedimentary rocks as “interleaved ... in the vicinity of Pie Knob and Fog Bluff and in the intervening
Wolsey Cafion” (i.e., within the western part of LBNL; Figure 6). This observation generally indicates
that the contact between Moraga and Orinda Formation rocks is complex, and that these two bedrock
units are, at times, interfingering and contemporaneous in age. This is consistent with the findings of
several recent consultant studies at LBNL that indicate the presence of a mixed alluvial unit between the
Moraga and Orinda Formation, as well as sedimentary units within the lower section of the Moraga
Formation (AKA 2006; WLA 2009).

4.01.4 LBNL Geologic Mapping by HLA (1982)

In 1982, the consultant firm of Harding Lawson Associates (HLA) prepared a 16-page geologic report for
LBNL which included a detailed (scale 1” = 200”) oversized geologic map of the facility as a whole
(HLA 1982). In their 1982 report, HLA provides the following interpretation on the relationship between
the Orinda and Moraga Formations:
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“Although overlying the Orinda formation for the most part, Moraga rocks are interbedded with
upper Orinda sediments. Apparently the volcanic flows were deposited in the Orinda sedimentary
basins which eventually filled with increasing thicknesses of volcanic rocks.” (p.9)

Although not explicitly discussed, HLA generally maps higher elevations above the central portion of
LBNL as a single laterally continuous volcanic unit (Moraga Formation), whereas lower elevations
(between about 700 and 1,100 feet in elevation) are mapped as being substantially more complex and
comprise discontinuous bodies of volcanic material surrounded by Orinda Formation.

Similar to Lawson and Palache (1901), HLA (1982) interpret the Moraga Formation being deposited upon
an undulating and partially eroded paleosurface comprised of folded and faulted fresh-water sedimentary
rocks of the Orinda Formation. HLA (1982) describe folds (anticlines and synclines) at LBNL as
generally trending northwest, roughly parallel to the orientation of the Berkeley Hills rangefront and the
Hayward fault. In the Pie Knob - Fog Bluff - Wolsey Caiion area discussed by Lawson and Palache
(1901), Moraga volcanics and/or interfingered Moraga and Orinda Formation rocks are interpreted as
being within two or three roughly parallel northwest-trending troughs (synclines).

4.02  East Canvon Geology

Buildings 85 and 85A are located within the East Canyon of LBNL, which is part of the Strawberry Creek
watershed. The axis of the East Canyon is aligned in a north-south direction, roughly perpendicular to the
east-west alignment of Strawberry Creek. The head of the canyon is located near Grizzly Peak Boulevard
(just below Little Grizzly Peak); from there, water within the canyon flows generally south within two
roughly parallel drainages along the canyon margins.

The natural topography of the East Canyon has been extensively modified by grading performed to
construct Centennial Drive, Lawrence Road, Calvin Road, the Water Tank road, various parking lots and
LBNL buildings 74, 83, 84, 85, 85A, and 86. In addition, the upper part of the canyon has been used to
stockpile various amounts of excavation material derived from building projects throughout LBNL.
Current and pre-1994 topographic contours of the East Canyon are presented on Figure 7, for comparison
purposes.

Buildings 85 and 85A are situated along the western side of the canyon near the former alignment of the
western drainage (referred to in this report as Winter Creek). The development of the Building 85/85A
site included routing Winter Creek into a culvert, and filling in the former natural creek channel (Figure
7). Currently, Winter Creek flows within a culvert in three locations: (1) beneath the Water Tank road; (2)
from above the PG&E Access road to the lower Building 83 parking lot; and (3) beneath the Building 83
parking lot and Centennial Drive Bridge to an offsite outlet within UCB’s Mather Grove. Near the head of
the East Canyon (north of Building 85A), portions of Winter Creek currently flow within a natural
deeply-incised channel that exposes relatively thick quantities of undifferentiated Quaternary colluvium
with occasional discontinuous bedrock outcrops.

The eastern and western sides of the canyon are bounded by natural bedrock slopes with average
inclinations that range from about 2.5:1 (horizontal to vertical) to as steep as about 1.5:1. The steeper
slopes are generally indicative of the more resistant bedrock materials that underlie the ridges on each
side of the canyon (Moraga volcanics on the west and Claremont Chert on the east). Regional-scale
mapping (Figure 5) generally shows that along the western part of the canyon, Tertiary sedimentary and
volcanic rocks are gently folded along a northwest-trending syncline. The syncline appears to be cut by
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the Wildcat fault near the upper part of the canyon. The northwest-striking Wildcat fault juxtaposes
Tertiary Orinda Formation on the west against Tertiary Claremont Chert on the east and demarcates much
of the eastern side of the canyon (Figure 5). These general relationships are also shown in the geologic
map presented in the RCRA Facilities Investigation (RFI) Report (LBNL/Parsons 2000), which is
reproduced in this report as Figure 8.

Prior to development, the canyon floor between the two roughly parallel north/south-trending drainages
sloped down toward the south at an average declination of about 5:1 (horizontal to vertical). Much of the
East Canyon floor includes a complex mix of landslide debris derived from the Moraga and Orinda
Formations and is underlain primarily by Tertiary sedimentary bedrock. Landslide material also exists
along the western side of the canyon associated with smaller-scale landsliding adjacent to the former
deeply-incised channel of Winter Creek (now buried by fill). Within the lower central portion of the East
Canyon is a small hill comprised of resistant Moraga Formation rock, the southern face of which was
excavated in the 1800s as part of quarrying operations. Previous researchers and consultants working in
this area have speculated as to the origin of this particular topographic high, which has alternatively been
interpreted as either: (1) a volcanic vent; (2) a continuation of the northwest-trending Moraga Formation
syncline; or 3) Moraga Formation volcanic rock displaced by landsliding.

The Site Geologic Map developed for this study (Figure 9) shows bedrock units and structural data (i.e.,
strike and dip) as well as bedrock faults and landslide deposits within the East Canyon. As shown on
Figure 8, the surficial geology of the East Canyon includes Tertiary sedimentary and volcanic bedrock,
unconsolidated to semi-consolidated Quaternary colluvium, debris-flow deposits, landslide deposits, and
artificial fill. Note that artificial fill is not shown across the map area because it would obscure the
underlying geologic relations interpreted within the canyon. The local geology of the East Canyon is
introduced in the subsections that follow. Landsliding within the East Canyon (a focus of this study) is
discussed further in Section 5.00.

4.03  Bedrock Units
4.03.1 Claremont Chert (middle to late Miocene) — Symbol Tc

The oldest strata that crop out in the East Canyon are well-bedded, siliceous shale and chert of the
Claremont Chert. Also called the Claremont shale, this resistant unit underlies the steep slope on the east
side of the canyon, and dips moderately to steeply northeast. It consists of finely laminated and thin beds
of blocky fractured chert and shale, and occasional interbeds of sandstone. The unit is bound to the west
by the steeply east-dipping Wildcat fault. The chert and shale beds commonly exhibit pinch and swell
structures. Where encountered, it consists predominantly of brown to light-brown, thinly bedded chert and
siliceous shale with interbeds of sandstone exposed east of the site (Figure 9). These strata generally dip
to the southeast. This unit is not present at the Building 85 site.

4.03.2 Orinda Formation (late Miocene) — Symbol To

The Miocene Orinda Formation is a non-marine, well- to poorly-bedded siltstone, claystone, fine lithic
sandstone, and pebble conglomerate up to 2400 feet in thickness. The fine-grained units of the Orinda
Formation have been heavily secondarily altered and show cataclasis at the microscopic level (see the
petrographic report in Appendix D). The conglomerate contains a high percentage of detritus derived
from the Franciscan Assemblage, including radiolarian chert, basalt, and mixed sedimentary clasts
(Graymer, et al. 1996; petrographic analysis report in Appendix D). The coarse-grained conglomerate was
deposited under alluvial fan conditions, while the sandstone, mudstone and finer-grained conglomerate
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were deposited as flood plain and channel material (Jones and Curtis 1991). In the vicinity of western
LBNL, Lawson and Palache (1901) interpret sedimentary lacustrine deposits of the Campan Series (later
identified as equivalent with the Orinda Formation by Graymer, 2000) as interfingering with volcanic
deposits of the Moraga Formation at or near the interplay between eruptive and fluvial deposition. A
similar relation is interpreted by Lawson and Palache (1901) for the Orinda and Moraga Formations
located east of the Wildcat fault.

The contact between the Orinda Formation and the overlying Moraga Formation southwest of the
Building 85 site is relatively well-defined and underlies a landslide west of the Building 83 parking lot.
The Orinda Formation is sheared, fractured, slightly to moderately weathered, and soft to moderately
hard. Joint, fracture, and shear partings are planar to irregular, open to tight, and commonly have
mineralized (quartzite and calcite) infills. Locally, discontinuities are clay-lined, very closely spaced, or
penetrative to the point of brecciation.

The Orinda Formation naturally crops out along the southwestern margin of East Canyon along the north
side of Lawrence Road, directly west of the Centennial Drive overpass. The conglomerate exposed along
Centennial Drive and Lawrence Road strikes northwest and dips approximately 30° to 40° northeast
(Figure 9). A trench exposure located directly west of the parking lot for Building 83 shows bedding in a
fine-grained gravel striking NO5°W and dipping 25° west (GIS #99; AKA 2006b). However, the overall
northeast inclination of the Orinda Formation observed in the LBNL area is interpreted as regional
bedding associated with the western arm of a regional northwest-trending syncline that intersects East
Canyon. The basis for this syncline is derived primarily from the map pattern of the Orinda and Moraga
Formations. The Orinda Formation also underlies the fill, colluvium and landslide deposits mapped in the
central axis of East Canyon. To the east, it is in fault contact with the Claremont chert (WLA 2008).

4.03.3 Moraga Formation (late Miocene) — Symbol Tm

Regionally, the Moraga Formation depositionally overlies and locally interfingers with the Orinda
Formation. The Miocene Moraga Formation consists of as many as five distinct flows typically defined
by basaltic and andesitic composition (Wahrhaftig and Sloan 1989) with coarse fluvial sedimentary
interbeds between different volcanic flows. Potassium-argon ages of the volcanic flows vary from 10.2
million years (Ma) to 8.5 Ma (Curtis 1989). The maximum thickness of the Moraga Formation in the
vicinity of LBNL is estimated at about 800 to 1000 feet (Lawson and Palache 1901). The source vent has
been previously interpreted to be the Round Top volcanic complex located several miles southeast of
LBNL. A caldera source or volcanic vent of similar mineral composition to the Red Top eruptive center is
hypothesized by Lawson and Palache (1901) to exist west of the Wildcat fault near the abandoned quarry
of the East Canyon. Curtis (1989) hypothesizes that the vent (old quarry southeast of Building 85) and
Red Top caldera have been displaced right-laterally along the Wildcat fault (now inactive). The Moraga
Formation is exposed in multiple cut slopes along Centennial Drive and Grizzly Peak Boulevard north
and west of Building 85 as well as within several abandoned quarries at LBNL. Lawson and Palache
(1901) describe the quarry volcanics as consisting of mixed vesicular basalt and agglomerate.

In the B85 area, the Moraga Formation consists of andesitic and basaltic flows, tuff, and volcaniclastics
(locally described as agglomerate or volcanic breccia). The basal member of the volcanics, defined as an
amygdaloidal andesite, is interpreted to have been deposited over a broad alluvial flood plain with later
flows and tuffs being confined to narrow channels, ravines and valleys (Lawson and Palache 1901;
Wabhrhaftig and Sloan 1989). Locally, the Moraga Formation rests depositionally on the Orinda
Formation, or is present as translated slide bodies (LBNL/Parsons 2000). In-place massive Moraga
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Formation rock is mapped upslope and southwest of Building 85. The bedding of the Moraga Formation
and Orinda Formation southwest of Building 85 defines the western limb of a previously mapped
northwest-trending syncline (Lawson and Palache 1901). This syncline, may or may not be the same
feature (syncline) mapped by Graymer (2000) east of the Wildcat fault that also folds similar Tertiary-
aged sedimentary and volcanic rocks. On the basis of stratigraphic and structural relations, Lawson and
Palache (1901) argue that the synclines west and east of the Wildcat fault are of different ages, with the
syncline beneath much of LBNL being younger.

In-place Moraga Formation is exposed in road cuts for a PG&E utility access road northwest and upslope
of Building 85. Mapping of the rock cut along the PG&E access road exposed Moraga volcanics overlain
by a thin (1- to 2-foot-thick) veneer of colluvium (Appendix B). The southwestern portion of the exposure
is composed of highly fractured angular blocks of andesite and basalt (0-8 feet) that transitions abruptly
into agglomerate containing blocks of angular to subrounded andesite with variable fracture patterns. The
massive agglomerate is especially chaotic with abrupt changes in clast percentages (matrix vs. clast
supported) and clast angularity and exhibits very little discernable stratification. Weak bedding can be
inferred from the dip of large andesite blocks and alignment of andesite clasts suggesting a northwest dip,
but this dip is highly speculative. Minor bedrock faults and fractures strike northwest and dip both
northeast and southwest and are generally tight indicating a stable hillside. Trench exposures below the
access road expose Moraga Formation volcanic rocks consisting of ash, agglomerate, tuff, andesite and
basalt striking between N60°W to N80°W and steeply north-dipping (WLA 2008).

Volcanic rocks within the lower part of East Canyon, found in limited outcroppings (e.g. at the old quarry
southeast of Building 85) and in borings and previous cut slopes, have a less certain origin, and have
previously been interpreted as displaced through landsliding (AKA 2006b) or as in-place vent rocks
(Lawson and Palache 1901). Moraga Formation rocks found in the central portion of the East Canyon
(including the old quarry) appear to lie structurally below the main outcrop belt of Moraga Formation
rocks located upslope and to the northwest of Building 85. Previous geologic mapping in the canyon
shows a linear north/south-trending belt of Moraga Formation that has been interpreted to be either a
fault-bounded block (e.g. Collins 1993), or part of a planar block landslide deposit (e.g. LBNL/Parsons
2000; AKA 2006b). Previous studies by AKA and WLA have demonstrated that: (1) the fault mapped
along the western margin of the canyon does not exist as mapped, and (2) the block of volcanics in the
floor of the valley upslope (north) of the old quarry is likely composed of multiple displaced blocks of
Orinda and Moraga Formation with the dimensions and boundaries of the blocks being highly complex
and poorly defined.

4.04  Quaternary Deposits

Quaternary colluvium, minor clay-rich alluvium, and debris-flow deposits exist within various portions of
the East Canyon. The former drainage of Winter Creek that passes beneath or near the eastern margins of
Buildings 85 and 85A contains variable amounts of Quaternary colluvium, alluvium and landslide debris
primarily derived from areas upslope to the west and north of the site. Some of these materials are
currently buried by artificial fill. The undifferentiated Quaternary material and artificial fill are not shown
everywhere on the geologic map for clarity. Of primary importance to the Building 85 study is the
presence of landslides within East Canyon, which are discussed in the following section (Section 5.00).
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4.05 Bedrock Faults

LBNL contains numerous mapped and inferred faults that are not zoned by the State of California as
active. The RFI Report (LBNL/Parsons 2000) discusses three such features that exist within the East
Canyon: (1) the Wildcat fault; (2) the locally named East Canyon feature/fault; and (3) an unnamed fault
at the contact between the Orinda Formation and the Great Valley Sequence. All three features, which are
mapped as faults on the RFI Geologic Map (Figure 8), are also shown on the Site Geologic Map (Figure
9).

4.05.1 Wildcat Fault

The approximately 20- to 25-km-long Wildcat fault is located within the Berkeley Hills and extends
northwest-southeast from Richmond to Oakland, subparallel to the Hayward fault (Figure 5; Graymer
2000). The Wildcat fault was first identified by Lawson and Palache (1901), and was later named by
Untermann (1935) who identified the fault in the Claremont and San Pablo water tunnels. In the tunnel
exposures, the fault offsets the Monterey Formation (Claremont tunnel), and both the Orinda Formation
(west) and Monterey Formation (east) (San Pablo tunnel). Untermann (1935) interpreted the fault as
accommodating both strike-slip and vertical components of displacement. More recent studies by Curtis
(1989) characterize the Wildcat fault as a right-lateral strike-slip fault that dips near-vertical to steeply
southwest. The fault is interpreted to have accommodated as much as 7 km of horizontal displacement
over the last 9.6 million years (Ma) (Curtis 1989). Jones and Curtis (1992) later characterize the fault, in
the region of LBNL, as a laterally continuous thrust fault between Berkeley and Oakland.

As shown on the Site Geologic Map (Figure 9), the Wildcat Fault is mapped as two roughly parallel
traces striking north-northwest near Building 74. A west/southwest-trending cross fault is mapped
beneath Building 74 and terminating before reaching a previous exploratory trench (GIS ID# 85; Figure
10). In the vicinity of Building 74, the Wildcat fault generally juxtaposes Claremont chert (Tc) on the east
against Orinda Formation on the west. As mapped within the LBNL and UCB campus, the Wildcat fault
has never been included as part of an Earthquake Fault Zone. In addition, recent subsurface exploration of
the fault along the east side of the East Canyon southeast of LBNL Building 74 also interpreted the
absence of Holocene activity (WLA 2008).

4.05.2 East Canyon Feature

The East Canyon feature is mapped as passing through Building 85. The East Canyon feature was first
postulated to be a fault by Borg (1991) based on an alignment of historical springs depicted in an
historical 1875 (Soulé 1875) map, subtle morphology, and apparent right-lateral displacement of Tertiary
bedrock units in upper East Canyon. The alignment of the apparent fault-related features was interpreted
to represent a near-vertical, right-lateral strike-slip fault oriented north-south to N10°E along the west side
of East Canyon. This alignment approximately coincides with the base of the volcanic layer mapped by
Lawson and Palache (1901) along this same alignment of springs.

Based on the recent findings of a surface-fault rupture investigation of the East Canyon feature southwest
of Building 85, the hypothesized fault has been demonstrated to not exist as mapped, and thus has been
reclassified as a feature rather than a tectonic fault and if it exists, occurs east of the previous
investigation performed by WLA (2008a). Multiple trenches that intersect the mapped location, as well as
reasonable orientations for the feature, provide direct evidence on the absence of a laterally continuous
bedrock fault as mapped previously by others (Borg 1991; Collins 1993; Graymer, et al. 2000; Parsons
2000; and Collins 2007).
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It is not known whether a buried north-south striking fault exists beneath the floor of the East Canyon,
however, it is permissible to interpret that such a fault could exist east of the trenching study and within
East Canyon. A north-striking East Canyon fault can be inferred at or near the location of Winter Creek
based on changes in the elevation of the bedrock contact between the Moraga and Orinda Formations
observed in boreholes, trenches and test pits from the Building 83 (U5) parking lot area; however,
alternatively these vertical elevation changes can be explained by undulations in the paleosurface of the
Orinda Formation prior to deposition of the Moraga Formation. Inferring the existence of such a fault at
this juncture would be purely speculative and there is no evidence to suggest that such fault, if it exists,
would be Holocene-active.

4.05.3 Tertiary/Cretaceous Contact (i.e., Chicken Creek fault of AKA 2008)

The previously-identified unnamed fault strikes northwest across LBNL and juxtaposes Great Valley
Sequence on the southwest against Orinda Formation rocks on the northeast. The fault is located in the
southernmost part of East Canyon. Numerous investigators have interpreted a northwest-striking bedrock
fault at the contact between Tertiary and Cretaceous rocks (e.g. HLA 1982; Graymer, et al. 1996;
Graymer 2000; LBNL/Parsons 2000; Jordan and Javandel 2007). The fault is approximately 5 miles long
and dips northeast between 16° and 70° (Jordan and Javandel 2007; HLA 1975). It has been previously
referred to as the Chicken Creek fault (AKA 2008).

The fault generally passes through the areas currently occupied by LBNL Buildings 66, 10 (User Support
Building), 29 (Guest House), and 51 (former Bevatron). Because the contact is inclined (i.e., dipping
towards the northeast into the hill) the surface trace of the fault is curvilinear across topographic elevation
changes. The Tertiary/Cretaceous contact has been directly observed in exploratory trenches near LBNL
Building 66; in other areas the location of the surface trace has been inferred from surface observations,
subsurface data from boreholes and/or various geometric constructs. Consequently, maps depicting
surface traces of the contact and the related inferred fault at LBNL vary (HLA 1975 and 1979; Converse
Consultants 1984; Graymer, et al. 1996; Kleinfelder 2002 and 2003; Jordan and Javandel 2007). In
general, more recent maps prepared by onsite researchers and consultants (LBNL/Parsons 2000; Jordan
and Javandel 2007; AKA 2008) are generally thought to more accurately represent the true location of the
Tertiary/Cretaceous contact as they are based on more complete datasets (e.g. new borings at LBNL
Building 10) as well as new observational data (direct observation of the contact at LBNL Building 29).

Near Building 66, the contact is expressed as a broad (approximately 50 feet wide) zone of steep east-
dipping shears, with slickensides trending N40°W and dipping northeast. This feature was interpreted by
HLA as a fault. A trench excavated across the fault exposed a thin (greater than 3 feet thick) veneer of
colluvium unfaulted across a distinct zone of clay shears (HLA 1975). HLA (1975) concluded that the
fault was “ancient” and that it represented no threat to the proposed construction of Building 66. Converse
Consultants (1984) reviewed the work of HLA (1975) and performed field reconnaissance, and similarly
concluded that the fault was not active.

4.06 Hydrogeologic Conditions
4.06.1 Hydrogeologic Characterization by LBNL/Parsons (2000)

The RFI report (LBNL/Parsons 2000) describes geologic and hydrogeologic investigations performed to
evaluate geometric relationships and material properties affecting the movement of groundwater and
groundwater contaminants. Accordingly, the subsurface investigations described are concentrated
geographically in areas with known or potential importance to contaminant investigations. These specific
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areas of focus are generally located within or downgradient of developed areas of the facility that, in some
cases, coincide with those areas characterized in the RFI report as paleolandslides.

Consistent with the interpretation of previous consultants working for UCB and LBNL, the RFI report
identifies the contrast in permeability between Moraga and Orinda Formation rock as a predominant
structural control on groundwater flow. Average permeabilities between these two geologic units are
thought to vary by several orders of magnitude; the Moraga formation being far more permeable due to
the widespread fracturing that exists within the unit. The Moraga Formation overlies Orinda Formation
rocks that are far less permeable. Consequently, groundwater preferentially moves through the Moraga
Formation and flows into and through troughs (synclines) and localized “bowls” that exist on the top of
the Orinda Formation.

The Bedrock Geologic Map presented in the RFI Report (Figure 8) shows the upslope areas directly north
and northwest of Buildings 85 and 85A capped by Moraga Formation bedrock of great areal extent. This
mapping is generally consistent with the regional syncline mapped by Graymer (2000) and Lawson and
Palache (1901) (presented on Figures 5 and 6, respectively). The southeastern limit of the Moraga
Formation rock is proximate to LBNL Buildings 85 and 85A and generally corresponds to the near-linear
alignment of historical springs depicted in the historical 1875 map by Soulé (shown on Figure 8).

4.06.2 Hydrogeologic Characterization by Outside Consultants

In the late 1960s through the early 1980s there was significant interest in the sources and mechanisms of
groundwater flow in the hill areas of LBNL, largely due to slope instability concerns. During this period
of time: (1) Centennial Drive was extended from the UCB Botanical Gardens to Grizzly Peak Boulevard
(which included the construction of the Lawrence Road overcrossing); (2) UCB’s Space Sciences
Laboratory and the Lawrence Hall of Science (LHS) were developed along the upper portions of
Centennial Drive; and (3) landsliding occurred during the winters of 1962-63, 1968-69, 1972-73, 1981-82
and 1982-83. In the early 1980s LBNL and UCB retained various outside consultants for the purposes of
addressing slope stability concerns. Since the landslides occurring at the time were triggered by rises in
groundwater levels, these studies all addressed groundwater and hydrogeologic conditions to some
degree. :

The UCB-commissioned report titled “Hill Area Dewatering and Stabilization Studies” (Converse 1984)
provides an overview of events and work performed during this period. A focus at the time was to address
slope movements that had occurred upslope of LBNL Building 77 (about 1,000 feet west-northwest of
Building 85) and in the area of the Centennial Drive-Lawrence Road overcrossing (about 300 feet south
of Building 85). Efforts were therefore made to drain subsurface water from areas upslope, which in both
cases involve drainage beneath the ridgeline northwest of Buildings 85 and 85A. This ridgeline, which
extends up to Little Grizzly Peak, is underlain by permeable Moraga Formation rocks that are part of the
regional syncline interpreted by Graymer (2000), Lawson and Palache (1901) and others. The accounts
presented in the Converse (1984) report include the following discussion of horizontally-drilled drains
(hydraugers) and vertically-drilled wells installed to tap Moraga Formation rocks within this regional
syncline:

General - As part of University contract work, numerous hydraugers were installed in the hill
area by Lennart and Associates. These included hydraugers installed in the Corporation Yard
slope (now northeast and upslope of Building 77) in 1968, Hydraugers Nos. 1 and 2 and two
others installed in the overpass/Botanical Garden area installed in 1969, and Hydraugers 789-A
and 789-B installed in the Poultry Husbandry area (now west and downslope of LBNL Building
62)in 1979...(p. 5-6)
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Hydraugers Nos. 1 and 2 - Hydrauger Nos. 1 and 2 were installed to lower groundwater levels in
the overpass area. Both drains exited in Mather Grove south of the overpass and west of Mather
Creek (aka Winter Creek). In addition, a 27-foot-deep subdrain was installed on the north side of
Cyclotron Road (now Lawrence Road) terminating at a vertical well connected to Hydrauger
No.l. (p. 5-6)

Hydraugers Nos. 789-A and 789-B - Hydrauger Nos. 789-A and 789-B were drilled in 1979 to
lengths of approximately 2,100 and 910 feet, respectively. Hydrauger No. 789-A was drilled with
the intent of dewatering the Moraga flow rocks located in the syncline postulated by Lennert...
According to Lennert, aquifers were encountered between 1,057 and 1,092 feet and at
approximately 1,780 feet (horizontal distance). Maximum initial water flows from these aquifers
were on the order of 100 and 1,100 gpm (gallons per minute), respectively, dropping off
substantially with time to flows at the pipe presently on the order of 4 to 12 gpm. Hydrauger No.
789-A was intended to intersect Test Well 789-1, but it cannot be determined how close to the
well the hydrauger is actually located. (p.5-7)

Test Well 789-1 - Test Well No. 789-1 was drilled in 1979 to a depth of 667 feet on a knoll (now
the location of the radio antenna south of the UCB Space Sciences Laboratory) southeast of
Shively Well No. 1. The well was intended to complement the Shively Well in dewatering the
Moraga volcanic flow rocks in the postulated underlying syncline. The well could not be
developed, however and currently functions only as an observation well. (p. 5-8)

Shively Well No. 1 - Shively Well No. 1 was installed by Ben Lennert in the spring of 1975
adjacent to the dirt road near the south end of the Space Sciences Laboratory parking lot. The
well was intended to help lower the groundwater level in the rock structure underlying the ridge
and to improve stability conditions in the LHS and Corporation Yard (now LBNL Building 77)
areas. The well was drilled to a depth on the order of 400 feet. A boring log for this well could
not be found... Pump flow readings (in gpm) in the Shively Well were taken by Lennert between
the time of installation to the end of 1979. His detailed records, if any, were not found, but his
past correspondence with the University indicated that the well was pumping about 31 gpm in
late 1975, and between 8 and 15 gpm between April, 1978 and July, 1979. (p. 5-5)

A March 3, 1969 letter by Lennert discusses efforts intended to prevent failure of the Centennial Drive
overcrossing of Lawrence Road in which subsurface drainage measures were discussed, including: (1)
“installation of a trench subdrain on the northerly side of the road and east of the overpass;” (2) “drilling-
in the outlet drain for the trench subdrain from the slope area southerly of the overpass structure;” and (3)
“two hydrauger subdrains...drilled into the rock structure northerly and easterly of the overpass area.”
The “rock structure” appears to refer to the old quarry southeast of Building 85; a hydrauger outlet pipe
currently exists on the north side of Lawrence Road south of the quarry from which water continues to
drain.
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5.00 EAST CANYON LANDSLIDES

5.01 Previous Landslide Mapping by Others
5.01.1 USGS Regional Landslide Mapping

In 1975, the United States Geological Survey (USGS) published a series of 7%%-minute quadrangle maps
depicting landslides and other surficial deposits (Nilsen 1975, various), which were published at a scale of
1:24,000 (1 inch = 2,000 feet). The mapping by Nilsen includes landslides known to be recently active.
LBNL’s East Canyon is situated at the junction of two 7%-minute quadrangles (Briones Valley and
Oakland East). Both maps refer to a separate USGS publication (Miscellaneous Field Studies Map MF-
493; Nilsen 1973) for a more detailed explanation of map symbols. As appropriate for regional-scale
landslide mapping, the landslides depicted on the 1:24,000 (1 inch = 2,000 feet) maps are generally at
least 200 feet in longest dimension (Nilsen 1973).

The photointerpretive mapping by Nilsen depicts two moderate-sized landslides along the western wall of
the East Canyon. The northern landslide is situated in the upper reaches of the canyon north of the water
tank, whereas the southern landslide is mapped in the general vicinity of Buildings 85 and 85A. The
entire East Canyon valley floor is broadly mapped by Nilsen (1975) as colluvium.

5.01.2 CGS Landslide Inventory Mapping

The California Geological Survey (CGS) published a series of seismic hazard zone reports as part of their
work under the Seismic Hazard Mapping Act (SHMA) of 1990. Each seismic hazards zone report
includes a landslide inventory map; the methodology used to develop the landslide inventory maps is
described by the CGS as follows (CGS 2003):

“As part of the geologic data compilation, an inventory of existing landslides in Berkeley and
Oakland was prepared by field reconnaissance, analysis of stereo-paired aerial photographs, and
review of published landslide mapping (Nilsen 1975). Landslides were mapped at a scale of
1:24,000. For each landslide included on the map a number of characteristics (attributes) were
compiled. These characteristics include the confidence of the interpretation (definite, probable
and questionable) and other properties such as activity, thickness, and associated geologic units.”

The CGS landslide inventory map for the Briones Valley 7%-minute quadrangle shows two landslides
within the East Canyon. The larger of the two mapped landslides is mapped within the East Canyon floor
and extends from near Little Grizzly Peak (above Grizzly Peak Boulevard) south to near the location of
the old quarry (above Lawrence Road and Centennial Drive). A moderate-size landslide is also depicted
along the western wall of the East Canyon north of the water tank (similar to the northern slide mapped
by Nilsen).

5.01.3 LBNL and Consultant Landslide Maps

Detailed maps depicting the locations of historic slope stability concerns at LBNL are maintained by the
lab’s onsite facilities personnel (e.g. LBNL 1984), typically at a scale of 1 inch = 100 feet. These LBNL
maps have been developed in parallel with work by the lab’s geotechnical and geologic consultants, who
have also developed various geologic maps depicting landslides and other surficial deposits.
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The 1982 geologic map by HLLA shows a number or relatively small historically active landslides
distributed throughout LBNL. Within the East Canyon, HLA maps two small active landslides northwest
and southeast of the Centennial Drive overpass. Broad areas of colluvium are mapped in areas throughout
the East Canyon floor that are occasionally interrupted by localized “islands” of material mapped as
bedrock. Relative to the location of the current Building 85 and 85A site, HLA (1982) maps Moraga
Formation rock: (1) beneath the ridge directly west and northwest of the site; and (2) east of Winter Creek
in the general area surrounding the old quarry. HLA maps colluvium along the west side of Winter Creek
and throughout much of the remainder of the valley floor. Within the western wall of the East Canyon, the
contact between colluvium and Moraga Formation bedrock is mapped as passing through the current
location of Buildings 85 and 85A. Colluvium, as defined by HLA (1982), includes slope wash, ravine
deposits as well as landslide deposits of incoherent soil and rock.

A subsequent geologic map by Lou Gilpin (Gilpin 1994) presents an alternative interpretation of
landsliding within East Canyon, reportedly based (in part) on “subsurface conditions encountered during
the construction of the Hazardous Waste Handling Facility (HWHF) crib wall and retaining walls.” This
interpretive map broadly maps landslide deposits throughout the East Canyon floor that extend beneath
the old quarry and the Centennial Drive overpass and into (or entirely beneath) Mather Grove. The
western margin of the landslide deposits mapped by Gilpin roughly coincides with the natural alignment
of Winter Creek, which is mapped as being partially overlain/infilled with colluvium and debris flow
deposits.

5.01.4 Paleolandslide Deposits Interpreted by LBNL/Parsons (2000)

In the 1990s, LBNL geologists participated in the preparation of a Resource Conservation and Recovery
Act (RCRA) Facility Investigation report, pursuant to the permitting requirements of the California
Environmental Protection Agency (Cal-EPA) and Department of Toxic Substances Control (DTSC). The
resulting report (LBNL/Parsons 2000), commonly referred to as the “RFI Report,” is a public document
that includes detailed information pertaining to the geology and hydrogeology of LBNL. The RFI report
proposes the following interpretation of large-scale landsliding at LBNL:

Numerous isolated masses comprised of Moraga Formation rock underlie the developed portions
of LBNL at lower elevations than the main Moraga Formation outcrop belt. The rock at the
contact between these masses and the Orinda Formation is often composed of slickensided,
volcaniclastic/sedimenticlastic rocks that have been informally denoted as a “Mixed Unit.” These
masses are interpreted to be paleolandslide deposits that are younger than the Moraga
Formation but older than historically active landslides at LBNL. - p. A-3 RFI Report Module A

The RFI geologic map presented on Figure 8§ (LBNL/Parsons 2000) shows the ridge area north and
northwest of Building 85 as part of the main Moraga Formation outcrop belt. LBNL/Parsons 2000 maps
the central portion of the East Canyon (i.e., between the two roughly-parallel historic drainages) as a
“paleolandslide deposit composed of Moraga Formation rocks.” As mapped by LBNL/Parsons, the
paleolandslide deposit is several hundred feet wide, more than 2,000 feet long and extends from near the
head of the East Canyon down to the creek that flows along the north side of the UCB Botanical gardens
(south of Centennial Drive). Similar to Gilpin (1994), LBNL/Parsons (2000) interprets the old quarry to
be with the area mapped as a landslide deposit. The RFI Report provides the following information on the
interpreted age of the paleolandslides:
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Several historic landslides composed of these rocks have moved since development of LBNL, and
appear to represent reactivated segments of the paleolandslides... The present existence of slopes
sufficiently unstable to allow reactivation of the paleolandslide blocks suggests that original
displacement of the paleolandslides may have occurred relatively late in the development of the
present day topography (i.e. later than 5 Ma). However most of the paleolandslide blocks do not
exhibit evidence of recent movement, and currently underlie promontories, ridgelines, or
benches, suggesting that they were at least old enough for the surrounding, more erodible Orinda
Formation rocks to waste away. Therefore displacement primarily took place primarily prior to
the Holocene (i.e. more than 11,000 years ago). - p. 4-10 RFI Report

5.02 Previous Landslide Mapping by AKA and WLA

Landslide deposits in the East Canyon are extensive, and are derived from several types of materials,
including: (1) reworked Quaternary deposits, (2) deposits containing mixed blocks of Orinda and Moraga
Formation, and (3) homogeneous blocks of Moraga Formation or Orinda Formation (AKA 2006a, AKA
2006b). In general, the results of previous subsurface investigations and geologic field mapping indicate
that sliding within East Canyon is complex and in places consists of nested sequences of distinct slide
masses. Individual slide masses have typically not been delineated within areas broadly mapped as
landslides due to the absence of present-day geomorphic features (having been previously removed by
grading) as well as the need to rely upon existing subsurface data, which are often limited by their quality,
location and/or depth. Generalized descriptions of our previous mapping of landslide deposits within the
East Canyon follow.

5.02.1 Historically Active Landslides

Two historically active landslide bodies are known to exist within the lower East Canyon, both are shown
on the Site Geologic Map presented on Figure 9.

Landslide 40 - A map prepared by LBNL’s Facilities Division entitled “Slope Locations ~
Stability Evaluations™ identifies areas of slope stability concerns by number. On this map (LBNL
1984), a landslide is shown northwest of the Centennial Bridge that is identified as Landslide 40.
Landslide 40 extends from the PG&E access road west of Building 85 to the southeast toward
Winter Creek. Landslide 40 is desighated as a “creep slide” by Lennert (1969) and mapped as a
“possible slope creep zone” by HLA (1978). In general, previous boreholes drilled within
Landslide 40 encountered between about 18 and 28 feet of soil over material logged as Orinda
Formation. Slope indicator data from 1982-1983 show indications of movement down to a depth
of about 45 to 50 feet within the Orinda Formation and at the Orinda Formation/colluvial contact
(AKA 2009). As shown on Figure 10, Landslide 40 is interpreted to be approximately 550 feet
long and 230 feet wide at its maximum extent. Landslide 40 appears for the most part to have
been relatively stable during historic time under static (non-earthquake) conditions, experiencing
only slow creep-type movements during periods of high groundwater, and possible reactivation of
the toe region at or near Winter Creek in 1907 (AKA 2009).

1907 Landslide - In 1907, a large earthflow (landslide) occurred in the region of Winter Creek
between the old quarry and Mather Grove (see Figure 9). On the basis of a review of historical
photographs, geologic mapping and interpretation of borehole data, the headwall of the 1907
landslide occurred within the Building 83 parking lot. Vertical scarps at the head of the landslide
are interpreted to have been 10 or more feet high, based on the height of fence posts that can be
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seen on the 1907 photographs within and surrounding the down-dropped portions of the landslide.
In addition, the photographs appear to show that much of the landslide headscarp material
consists of an upper fine-grained colluvium and lower coarse-grained colluvium or alluvium. As
shown on the Site Geologic Map presented on Figure 9, the 1907 Landslide is interpreted to be an
irregularly-shaped landslide with multiple lobes; the largest (almost 400 feet long and 200 feet
wide) being on the east side of Winter Creek. The 1907 landslide has not been shown on previous
geologic maps and its existence appears not to have been recognized prior to the recent evaluation
of the Centennial Bridge (AKA, 2009).

Active landsliding has also occurred in areas of the upper East Canyon, mostly as a result of excavation
cuts made to construct Calvin Road and the Water Tank road (Figure 9). In general, these known
upcanyon landslides were subsequently repaired or retained as part of subsequent site development
activities.

5.02.2 Previously-Interpreted East Canyon Landslide

Landslide debris has been noted in previous consultant reports for Building 83 (HLA 1977), Buildings 85
and 85A (GRC 1994b; AKA 2007), Building 85B (SCI 1996) and Building 86 (AKA 2006). Previous
mapping by HLA (1982) and Gilpin (1994) show extensive large-scale deposits of colluvium and/or
Quaternary landslide materials occupying the floor of the East Canyon. Both HLLA and Gilpin mapped the
western margin of these deposits in the vicinity of Winter Creek. The RFI Final Report (LBNL/Parsons
2000) also maps most of the East Canyon floor as a “paleolandslide deposit composed of Moraga
Formation rocks” (Figure 8). In general, the previous mapping of landslide deposits in the area of the East
Canyon floor by AKA, WLA and others has been based upon: (1) valley morphology, (2) interpretation of
historical photography, (3) landslide-related deposits encountered during grading activities, and/or (4)
geological and geophysical features encountered during previous subsurface investigations. In this and
previous reports, we generally refer to the postulated very large landslide previously interpreted as
occupying virtually the entire canyon floor as the “East Canyon Landslide.”

Based in part on borings drilled in the direct vicinity of Buildings 85, 85A and 86, previous studies by
AKA and WLA delineated an East Canyon Landslide comprised of undifferentiated Quaternary material,
Moraga Formation-derived volcanic breccia (Qls[m]) and areas of mixed Orinda Formation and Moraga
Formation (Qls[m/o]). As previously mapped, the East Canyon Landslide encompassed most of the East
Canyon floor both within and below the LBNL campus (similar to the paleolandslide deposit mapped by
LBNL/Parsons [2000] that is shown on Figure 8). The maximum depth of landsliding was poorly
constrained based on the available data; however, features were identified at depth in several borings that
made it permissible to interpret depths of landsliding greater than 60 feet. Landsliding occurring at this
depth was interpreted to necessarily extend beneath the seemingly intact Moraga Formation block within
the central portion of the East Canyon at the location of the old quarry. Several shallower nested
landslides were interpreted to exist within the boundaries of the large-scale feature.

The deposits associated with the hypothetical East Canyon Landslide were interpreted to be mostly
confined between two stream channels that historically followed the east and west sides of the valley (see
previous topography shown on Figure 7). Upper and lower limits (the head scarp and toe regions) of the
large-scale landslide deposits approximately coincided with the broad, curvilinear head of the East
Canyon floor and the downslope extent of broad, hummocky topography near the confluence of the East
Canyon drainages. The hummocky, lobate morphology of the canyon floor seen in pre-grading
topographic maps and historical oblique and aerial photographs was interpreted to support a Quaternary
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age for these deposits (younger than about 1.6 Million years). However, it was noted that the feature
mapped as the East Canyon Landslide (or similar) may not have moved downslope as a coherent unit in
Holocene time (within the last 11,000 years) and that there is no evidence that suggests the feature
mapped as the East Canyon Landslide moved as a coherent unit in historic time (i.e., since the late 1800s).
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6.00 FINDINGS OF DATA COMPILATION AND SUBSURFACE INVESTIGATION

6.01 Overview of Updated Geologic Interpretation

In the following sections, we discuss the findings of our geologic reconnaissance and subsurface
investigation together with information obtained from review of published and unpublished sources,
including geologic, geotechnical and environmental consulting reports. In general, our findings can be
summarized in the following statements:

e [Extensive complex Quaternary landslide deposits (Qls-1 and the 1907 landslide) occupy much of
the East Canyon floor upslope and downslope of the old quarry;

e  Multiple smaller landslide deposits rim the west margin of the East Canyon (Qls-2 through Qls-4;
and Landslide 40);

e Maximum depth of landsliding in the vicinity of Building 85 is probably on the order of 30 to 40
feet;

e The old quarry does not appear to have experienced significant translational displacement
associated with landsliding; and

e  Within the lower East Canyon, the geologic contact between the Moraga and Orinda Formations
is complex, includes interfingering between the two geologic formations, and possibly is related
to a pre-depositional undulatory surface and/or post-depositional tectonic deformation (faulting,
folding).

6.02 Conceptual Geologic Model

The Site Geologic Map presented on Figure 9 presents our updated interpretation of the surficial geology
within the East Canyon. The Site Geologic Map focuses upon bedrock units and landslide deposits within
the East Canyon; other Quaternary surficial deposits (including artificial fill) are purposely not shown in
their entirety so that underlying bedrock and landslide relations can be better displayed.

As discussed in Section 5.02.2, previous studies (e.g. LBNL/Parsons 2000, AKA 2006a; AKA 2006b)
mapped virtually the entire canyon floor both within and below the LBNL campus as a landslide (the East
Canyon Landslide). This very large landslide was interpreted to include undifferentiated Quaternary
material, Moraga Formation-derived volcanic breccia (Qls[m]) and areas of mixed Orinda Formation and
Moraga Formation (Qls[mo]). Based on several boreholes that encountered features inferred as landslide-
related at depths exceeding 60 feet, it was initially interpreted that the East Canyon Landslide could
extend beneath the old quarry and the eastern portion of the Centennial Drive Bridge. However,
investigations performed for this study coupled with our concurrent investigations for the Centennial
Drive Bridge, geologic reconnaissance, review of newly-acquired historic photographs, and re-
interpretation of pre-grading topography allow us to revise our initial conceptual geologic model of
landsliding within the East Canyon. The most significant of these revisions include the: (1) identification
of multiple shallow slides within the valley floor (Qls-1 and the 1907 landslide); (2) identification of
multiple shallow slides along the western valley margin (Qls-2, Qls-3, and Qls-4), and (3) absence of
deep-seated landsliding. This model rests on several key observations and conclusions outlined in the
bulleted items in Section 6.01, which are elaborated upon below.

First, the interpretation of newly-acquired historical photographs and pre-development topographic maps
has helped define the historic boundaries of pre-existing landslides that are now obscured by artificial fill
or have otherwise been altered by grading. Interpretation of maps and historical photographs suggests the
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western margin of the valley is rimmed by several east-directed slides bound on the east by Winter Creek.
This model is generally similar to and consistent with the mechanisms of landsliding found in our recent
Centennial Drive Bridge assessment, which suggests that Landslide No. 40 and the 1907 landslide tend to
be limited in lateral extent by the presence of Winter Creek. We adopt a similar model for the landscape
in the region of Buildings 85 and 85A, where Winter Creek presently exists in a buried culvert beneath
the eastern side of the site.

Second, recent test pits (AKA TP-2 and TP-4), as well as exploratory borehole AKA-16 indicate that the
bedrock topographic high preserved at the old quarry is very likely in place and not entrained as part of a
large, hypothetical deep-seated (~60 feet deep) East Canyon Landslide. In particular, AKA-16 drilled
close to the center of the topographic high extended to 43 feet in depth, crossed the Moraga and Orinda
Formation contact, and did not encounter evidence for deep-seated landsliding. Furthermore, other recent
deep boreholes (AKA-10 and AKA-11) did not encounter a laterally continuous deep landslide deposit at
depth(s) as inferred in previous cores and studies. These data suggest that the previously interpreted large
East Canyon Landslide is actually composed of multiple smaller and shallower slides both upslope
(Landslide QIs-1) and downslope (1907 landslide) of the old quarry. The majority of the subsurface
geologic data support shallow (25-40 feet thick) landsliding consistent with the mapped boundaries
determined from pre-development topography. Lastly, the absence of displaced Moraga Formation blocks
south of the old quarry strongly suggests steady long-term transport of Moraga-derived landslide material,
as required in the previous East Canyon Landslide model, is unsubstantiated. The revised conceptual
geologic model for landsliding shown on Figure 9 depicts Landslide Qls-1 as bounded on its southern
margin by the in-place topographic high, which also serves to redirect the landslide movement towards
the southeast (i.e., in the direction of Building 83 and the former natural drainage associated with East
Creek).

Third, these key points support a geologic and geomorphic model that includes feedback between
incision/erosion along Winter Creek, and active mass wasting along the western margin of the canyon.
The coincidence of Winter Creek with toes of landslides Qls-2, Qls-3, Qls-4 and Landslide 40 and the
western lateral margin of Landslide Qls-1 suggests that incision by paleo-Winter Creek may have greatly
influenced mass wasting processes within the East Canyon. Hydrogeologically, the presence of
substantial surface and subsurface water along the lower portion of the western canyon wall and in the
vicinity of Winter Creek is well-documented, beginning with the map of historical springs by Soulé
(1875). In summary, active incision related to past wet and saturated conditions is interpreted as having
produced rapid downcutting along Winter Creek creating unstable free faces and landsliding within the
upslope colluvium and Tertiary bedrock.

6.03 East Canyon Geomorphology

The natural geomorphology of the East Canyon can be visualized and inferred by reviewing historic
photographs (Figures 10 and 11) as well as the pre-construction topographic contours shown on old
LBNL maps (Figure 7). The axis of East Canyon is generally aligned in a north-south direction and, from
the head of the canyon, water flows generally south within two roughly parallel drainages. The slopes
along the east side of the canyon are interrupted by several tributary drainages that enter the canyon from
the northeast; the ridgelines between these drainages are generally oriented northeast-southwest and can
be seen on the left-hand side of Figure 10 and the right-hand side of Figure 11. More subtle ridgeline
topography exists along the western side of the East Canyon; the lower portions of two generally
west/east-trending ridges can be seen along the right-hand side of Figure 10. Buildings 85 and 85A are
currently located in the area just beyond these two ridges; an area that is mostly obscured in the southeast-
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facing photograph on Figure 10. This area can be seen directly in the photograph presented on Figure 11;
however, the absence of shadows on the northwest-facing image make it difficult to visually resolve some
of the more subtle aspects of the surface topography.

The valley floor below the bedrock quarry was occupied by Such Dairy and several wood barn- and
house-like structures. During 1885 to 1907, most of East Canyon consisted of grasslands with the
occasional riparian habitat bordering the lower reaches of Winter, East, and Botanical Garden Creeks
(south of the old quarry). Various dairy buildings existed at that time, all of which were located upon
gently rolling to hummocky terrain within the valley floor south of the old quarry. The old quarry during
this time was being used to access a shallow spring noted by water pipes that can be seen in old maps
(Soulé 1875) and historic photographs.

The southeast-facing view (Figure 10) shows the former meanders and creek bends along the lower
reaches of Winter Creek at or near the current location of Building 85. The creek is deeply incised west of
the old quarry near the western margin of the canyon floor. Topographic maps of the area that predate the
construction of Buildings 85 and 85A show the present-day site formerly existed as a relatively flat,
gently-sloping topographic bench (Figure 7). On Figure 10, a relatively broad and gently east-dipping
surface can be inferred west of Winter Creek that presumably matches the flattened and gently sloping
topography depicted on the pre-construction topographic maps. In addition, the creek meanders observed
in the photograph can be correlated with similar meanders of the pre-construction topography indicating
Winter Creek had not been heavily modified between the time of the historical photograph and
development of the site.

6.04 Landslide Assessment

Physical and operational constraints associated with Buildings 85 and 85A, existing underground utilities,
and extensive slope modifications (i.e., cutting and filling) make direct geologic observation of the lateral
margins of landsliding in this area difficult. However, the results of our data compilation, interpretation of
pre-development photographs and topographic maps, site reconnaissance and subsurface borehole and test
pit information provide some constraints on the inferred lateral extent and depth of landslides Qls-1 to
Qls-4. Field reconnaissance provided evidence of recent slope movement (e.g. cracking of curbs and
roads) associated only with Landslide QlIs-2 (not proximate to the Building 85 and 85A site). Relatively
shallow and localized zones of reactivation have previously developed within the Landslide Qls-1 as a
result of previous site grading activities (i.e., Calvin Road expansion to the water tank above Building
85A,; cut slope grading for Building 83).

Our landslide assessment is heavily influenced by the findings of our recent investigation of Centennial
Drive Bridge that documents the presence of multiple smaller to moderate-sized earthflows and landslides
within the valley floor and western margin of East Canyon (AKA 2009) and the conceptual geologic
model described earlier. Figure 12 shows the approximate outline of mapped landslides Qls-1 through
Qls-4 on the pre-1994 topographic map presented previously on Figure 7. Figures 13 and 14 present six
interpretive cross sections (A-A’ through F-F’) that provide information on the underlying geologic
conditions within East Canyon at or near Buildings 85 and 85A. The locations of the cross sections are
shown on both the Site Plan (Figure 2) and Site Geologic Map (Figure 9) and were selected for the
purposes of depicting the geometric relationships between the landslides and Buildings 85 and 85A. Cross
Sections A-A’ through F-F’ (Figures 13 and 14) are presented with no vertical exaggeration and depict
bedrock units, undifferentiated Quaternary colluvium and alluvium (shown as colluvium), and artificial
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fill. Our interpretations of probable and possible landslide slip surfaces are shown on the cross sections in
red. The interpretations of landslides Qls-1 to Qls-4 are discussed further below.

6.04.1 Landslide Qls-1

Landslide Qls-1 is the largest landslide of the four documented in the direct vicinity of Buildings 85 and
85A. The landslide is broadly defined by the hummocky topography occupying the valley floor shown in
historical photographs and maps of East Canyon. Pre-development photographs taken from near Little
Grizzly Peak depict a headwall region comprised of large angular blocks of displaced volcanic material
(Figure 10; Historic Photograph - Looking Southeast). The eastern and western lateral margins of the
landslide coincide with the deeply incised East and Winter Creeks, respectively. The downslope extent of
the landslide appears to be controlled in part by the bedrock ridge of Moraga Formation agglomerate that
occupies the central part of the canyon floor (surrounding the old quarry). Colluvium and landslide
deposits abut the incised and eroded eastern slope of the bedrock topographic high.

The dimensions of Landslide Qls-1 are estimated from compiling geologic, geophysical, and geomorphic
data, coupled with the findings of this subsurface investigation. On the basis of these data, Landslide Qls-
1 is up to about 1140 feet long and 300 to 400 feet wide (Figure 9). All margins associated with Landslide
Qls-1 should be considered approximately located. The lateral and vertical extent of Landslide Qls-1 is
depicted in Cross Sections A-A’ to D-D’ (Figures 13 and 14). The geologic composition of Landslide
Qls-1 is highly variable ranging from unconsolidated clayey colluvium mixed with gravel and blocks of
weathered and fractured volcanic rock to claystone, siltstone, and sandstone. Landslide Qls-1 debris
ranges from dark brown to reddish brown and bluish gray in color, is moderately to extremely weathered,
friable to moderately hard, and is often highly fractured and sheared. The base of the landslide deposit
frequently contains multiple zones of subplanar to gently dipping, highly plastic clay and intensely
fractured (brecciated to crushed) rock that range in thicknesses from less than 1 inch to about 1 foot.
Previous borings (AKA-1, AKA-4, AKA-6 and AKA-7) drilled in the canyon for the ACF and Building
85 landslide study, with the possible exception of boring AKA-3, clearly penetrate Landslide Qls-1 and
encounter the basal slide plane either as soft to stiff clay layers and highly fractured and brecciated zones
in the Orinda Formation, or it occurs near the contact between the Moraga and Orinda Formations. Recent
exploratory borehole AKA-9, near the upper reaches of the landslide, encountered a very distinct basal
slide plane consisting of disrupted and sheared ‘mixed’ Orinda/Moraga formation approximately between
45.5 to 46.5 feet in depth.

6.04.2 Longitudinal Profiles of Landslide Qls-1

Cross Sections A-A’ and B-B’ trend subparallel to one another along the central axis of Landslide Qls-1.
Cross Section A-A’ projects southeast through Building 83 whereas Cross Section B-B’ trends more
south-southwesterly through the bedrock quarry and Centennial Drive Bridge. Both sections show the
headwall defined by a smoothed interpretation of the more gently inclined, lobate topography present in
the upper reaches of East Canyon consistent with pre-development topography and historical
photography. Between borehole AKA-9 and directly downslope of the PG&E tower, Landslide Qls-1 is
as much as 45 to 50 feet thick and is comprised of mixed blocks of Orinda and Moraga-derived material
(see borehole AKA-9). In the region of the ACF and Building 85, grading for the construction of Calvin
Road has reduced the slide mass to a thickness of about 30 feet or less. Near Building 85B, Cross Section
A-A’ bends southeast and directly behind (northeast) the bedrock quarry to capture (1) a shallow
landslide previously reported and mitigated by HLA (1977) during construction of Building 83, as well as
(2) a weakly constrained deeper slide plane projecting toward paleo-East Creek. Constraints on the
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downslope limits of landsliding are derived from the geologic model in which the in-place bedrock quarry
acts as a “back stop” prompting the landslide toe to either surface upslope of the quarry or deflect to the
southeast toward Building 83. This interpretation is consistent with grading observations during
construction of Calvin Road, utitlity trenches along the road, and the cuts made for the ACF. We
tentatively infer at least two landslide toe regions: (1) an upper toe located between the Animal Care
Facility and Building 83, and (2) a lower toe located downslope of Building 83 approximately coinciding
with the former location of East Creek. Borehole data indicate a general thickened mass of colluvial,
alluvial and loose landslide deposits behind the bedrock topographic high that project southeast toward
Building 83 (see Cross Section B-B; Figure 13).

The lower half of Cross Section B-B” extends from Building 85B in a southerly direction through the
quarry and Mather Grove. Consistent with previous geologic studies (AKA 2006), a landslide toe is
inferred as roughly projecting beneath the ACF and terminating at or near the north side of the in-place
quarry hill. Downslope of the old quarry, near the Building 83 (U5) parking lot, Cross Section B-B’
intersects the headwall region of the 1907 landslide that was previously assessed for the Centennial Drive
Bridge project (AKA 2009). The geometry of the 1907 landslide shown in Cross Section B-B’ is based
on: (1) review of multiple historical photographs taken in 1907; (2) tonal lineaments observed in 1939
stereo-paired aerial photographs; (3) patterns of ground cracking reportedly observed following the
grading and paving of the US parking lot; and (4) subtle geomorphology observed from site
reconnaissance. This landslide is interpreted to be irregularly-shaped with multiple lobes — the largest (as
much as 400 feet long and nearly 200 feet wide) situated on the east side of Winter Creek. Vertical scarps
at the head of the 1907 landslide are interpreted to have been 10 feet or higher. Borehole data suggest a
translational slide mass composed of weak colluvial material and weathered Orinda Formation bedrock.

Lastly, Cross Section B-B’ shows the approximate limits of the 1982 landslide within the eastern
approach fill of Centennial Drive Bridge. The landslide occurred primarily within artificial fill where it
intersects the 1907 landslide mass. The failure surface is confirmed by slope indicators (GIS #304 to 306)
installed within the fill and eastern extent of the 1907 landslide. Data from slope indicator readings
generally show up to several inches of downslope movement extending to depths of about 40 to 45 feet.
We interpret the 1982 landslide as reactivating the portion of the older 1907 landslide upon which it was
built. Neither the 1907 landslide or 1982 landslide directly impact Buildings 85 and 85A.

6.04.3 Cross-Sectional Profiles of Landslide Qls-1

The eastern margin of Landslide QIs-1 is based on interpreting landslide morphology from pre-grading
topographic maps, locating historic landslide failures (e.g. Harza 1995), compiling engineering geologic
observations of utility trenches excavated along Calvin Road (Exposure E8-94d), as well as recent
observations from research trenches excavated by LBNL geologists. Evidence for the western lateral
margin is limited to Building 85A retaining wall construction observations (Exposures E10 and E11-94d),
and the inference that the margin coincides closely with the historical margin of Winter Creek. Recent
boreholes drilled as part of the Building 85 study, coupled with re-interpretation of previous geologic and
geotechnical data from the site vicinity, provide supporting evidence for this interpretation. For example,
borings AKA-5 and 5a indicate the geometry of western margin of Landslide Qls-1 is roughly coincident
with Winter Creek (see Cross Section C-C’). Previously, the western margin of the hypothetical large and
deep East Canyon landslide was interpreted further west of Winter Creek; however, as shown in Figures
12 and 14 (Sections C-C*, D-D’, E-E’), we now interpret multiple smaller landslide bodies (Qls-2 to Qls-
4) projecting into East Canyon from west of Winter Creek. The eastern margin is generally inferred to be
closely aligned with paleo East Creek. A recent research on the Wildcat fault by LBNL geologists located
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east of boring AKA-9 exposed Orinda Formation juxtaposed against Claremont Chert across the fault,
however, no landslide deposits were encountered. The trench exposure therefore places the eastern
margin west of this trench.

6.04.4 Landslide Qls-2

The dimensions of Landslide Qls-2 are estimated primarily from the compilation of trenching data and
geologic mapping of landslide-related geomorphology from pre-development topographic maps.
Landslide QIs-2 is constrained to the western margin of East Canyon and is bound to the east by Winter
Creek. The landslide is approximately 340 feet wide and 140 feet long (Figure 9). Landslide Qls-2 is
composed of landslide material derived from primarily Moraga Formation located to the west and
undifferentiated colluvium and alluvium derived from Winter Creek. The northern margin of the landslide
appears to be underlain by a thick fill prism associated with the road leading to the water tank. No
subsurface data exists on the depth of slide material; however, based on geometric relations we infer the
slide plane to be as deep as 20 feet and extending across the Moraga and Orinda Formation geologic
contact. A shallower slide plane at or near the Moraga and Orinda Formation contact is also plausible.
Geomorphic relations interpreted from pre-development topography suggest that the landslide toes out at
or near Winter Creek where it is likely buried by as much as 10 feet of undifferentiated alluvium and
colluvium. Landslide Qls-2 appears to be located directly north of Building 85A and thus does not
underlie Buildings 85 or 85A.

Limited subsurface information from previous Trench T-1B (GIS # 70) of GRC (1994) and test pit TP-3
of this recent study are used to provide some constraint on the landslide material and geometrical relations
near Building 85A (Figure 14). Trench T-1B, located upslope of Building 85A, intersects the
southwestern margin of Landslide Qls-2 along a trend of N80°E. The landslide margin trends
approximately N85°W and is delineated by highly dilated Moraga Formation and poorly consolidated
silty clay (colluvium) separated by a thin grayish brown silty clay (e.g. the southern slide margin of Qls-
2). Portions of Landslide Qls-2 appear to have been reactivated recently as evidenced by: (1) youthful
appearance of a small headwall nested within the older, more subdued larger slide, (2) bedrock relations
exposed in trench T-1B (GIS # 70), and, (3) dilated and fractured pavement of the PG&E access road at
the intersection with the landslide margin. Test Pit TP-3 located upslope of Building 85A and directly
south of the region of road distress exposed intact Moraga Formation overlain by a steeply-dipping
colluvium confirming the southwestern limits of Landslide Qls-2. Relative elevations of the bedrock-
colluvial contact across the trench (i.e., a paleo-ground surface defined by the northeasterly dip of
colluvium) suggest the presence of a buried southwest-trending ridge bordered on the north by a colluvial
hollow associated in part with Landslide Qls-2. No landsliding was interpreted in test pit TP-3.

6.04.5 Landslide Qls-3

Landslide Qls-3 is a small inferred slope failure located primarily in the region of Building 85A. It
appears to intersect landslides Qls-2 and Qls-4 to the north and south, respectively (Figures 9 and 14).
The characterization of Landslide QIs-3 is based on a compilation of previous trenching information and
descriptions of construction excavations as well as geologic mapping of landslide-related geomorphology
from pre-development historical topography. Pre-construction topography define the western slopes
bordering Winter Creek as a gentle southeast-dipping ground surface with a moderately steep north to
northeast-trending headwall. The odd configuration of the landslide suggests that it is either an individual
slide mass as mapped, or alternatively represents a piece of a larger ancient slide that has been truncated.
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Landslide Qls-3 is mapped as being approximately 80 feet long and 100 feet wide (Figure 9). The inferred
overall thickness of the landslide mass at or near the headwall and central portion of the slide have been
significantly reduced (from as much as 30 feet to 15-20 feet thick) from construction-related grading of
Building 85A and the steep rock cut west of the building (see Cross Section C-C’; Figure 14). As shown
in Cross Sections C-C’ and F-F’, Landslide Qls-3 is between 15-20 feet thick and involves a thick section
of colluvium overlying the Moraga and Orinda Formations. The northern and southern margins of the
slide are inferred from historical topography, and anomalous meanders and resistant knobs or blocks
within the Winter Creek drainage. Landslide Qls-3 is well-constrained along the western margin (see
discussion below) yet poorly constrained along the eastern margin along the historic thalweg of Winter
Creek.

The western margin of Landslide Qls-3 is constrained by exposures described during grading operations
for Building 85A and interpretation of cut-slope excavations for the present-day retaining walls north of
and on the southeast side of Building 85A. The keyway cut north of Building 85A exposed a 1- to 24-
inch-thick zone of stiff clay gouge within volcanic rock striking N11°-19°W and a subvertical-steep
easterly dip (Exposure E4-94d). This gouge zone is interpreted as the western margin of Landslide Qls-3.

Sketches of the excavation for the retaining wall along the southeast side of Building 85A show several
features consistent with landslide debris and a north-trending landslide margin (e.g. Exposures E10-94d
and E11-94d; or GIS# 65 and 64, respectively). The sketch logs developed by LBNL geologists depict
colluvium and dilated and weathered basalt (Moraga Formation) subhorizontally overlying weathered and
tilted siltstone and sandstone (Orinda Formation) at the southwestern end of the excavation. The northeast
end of the retaining wall excavation exposed sheared Orinda Formation (siltstone/sandstone) and a
subvertical to moderately east-dipping curvelinear contact between the Orinda and Moraga Formation.
Thin, discontinuous ash layers were present near the contact and within a dilated basalt mass at the
contact. We interpret the retaining wall excavation sketches from southwest to northeast to represent: (1)
Moraga Formation in depositional contact over Orinda Formation; (2) sheared and deformed Orinda
Formation delineating the western margin of Landslide QIs-3; and (3) a displaced and rotated depositional
contact between the Moraga Formation and Orinda Formation with minor landslide-related mixing
between the two bedrock units and colluvium within Landslide Qls-1. The presence of sheared Orinda
Formation and a displaced but otherwise preserved depositional contact between Moraga Formation and
Orinda Formation is similar to the bedrock discontinuities and bedding observed in previous borings
AKA-5A and AKA-5 (GIS# 338 and 337) located directly east of the retaining wall. (Note that the
location of GIS # 338 and 337 data points lie close to the thalweg of paleo-Winter Creek and either
represent the projection of the toe of Landslide Qls-3 within Winter Creek or the western margin of
Landslide Qls-1. We tentatively interpret these borings as within the slide mass of Qls-1.)

Lastly, a gouge zone (excavation E4-94d or GIS # 66) within the Moraga Formation that was observed in
a keyway cut directly north of Building 85A lies along projection with the shearing observed within
Orinda Formation in the retaining wall exposure (Exposures E10-94a and E11-94d). These features are
used, coupled with the pre-grading topography, to delineate Landslide Qls-3. As shown in this section, the
slide is composed predominantly of displaced Moraga Formation, a thick section of Winter Creek
undifferentiated colluvium and alluvium, and a lesser amount of Orinda Formation near the basal contact.
At Winter Creek the landslide toe intersects the inferred western margin of Landslide Qls-1, and has been
altered through grading of Calvin Road and placement of fill within the paleo-Winter Creek corridor.
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6.04.6 Landslide Qls-4 ,

Landslide Qls-4 is expressed geomorphically in the pre-grading topography of the Building 85 site as a
broad and gentle southeast sloping surface. The arcuate headwall aligns closely with a spring reported in a
trench at the site, whereas the toe roughly coincides with Winter Creek (Figures 12 and 14). The southern
margin is constrained partly by borehole data and pre-grading geomorphic expression. The northern
margin of the landslide intersects Landslide Qls-3 between Buildings 85 and 85A. The dimensions of
Landslide Qls-4, represented schematically in Cross Sections E-E’ and F-F’, are based on pre-grading
topography, test pit, trench and borehole data. The landslide is up to 170 feet wide and 130 feet long and
underlies the northern half of Building 85 (Figures 9 and 14). The landslide is comprised of
undifferentiated colluvium and alluvium overlying Moraga Formation, and lesser components of Orinda
Formation. Construction-related grading for Building 85 has removed the upper part of the landslide
whereas significant fill (up to 24 feet) has been placed within Winter Creek acting as a buttress for the
landslide toe.

As discussed above and below and shown on Cross Sections D-D’ and E-E’, the extent and depth of
Landslide Qls-4 is constrained by historical geomorphic mapping, trench data (GRC 1993) and multiple
boreholes. Trench T-2 (GIS # 61) of GRC (1993) exposed the inferred headwall of Landslide Qls-2. GRC
(1993) describe a possible landslide headscarp shear trending N5°W and dipping 50-20° NE within the
Moraga Formation and log an anomalous 2-foot vertical step in the basal contact of colluvium with
bedrock. The bedrock type exposed in the trench is similar to the bedrock encountered upslope along the
PG&E access road (e.g. basalt, andesite and agglomerate with little or no bedding).

Multiple recent exploratory boreholes AKA-10 through AKA-12 provide vertical and lateral constraints
on Landslide Qls-4. Borehole AKA-12, located near the headwall of the landslide and within the former
northwest-trending swale, appears to have encountered about 14 feet of fill overlying about 8 feet of
undifferentiated coarse clayey alluvium and colluvium. Between 22 and 26 feet in depth the borehole
intersects highly weathered Moraga Formation with a clay-rich matrix. Below a depth of 26 feet the
bedrock transitions into Orinda Formation siltstone with minor amounts of volcanic material that is
suggestive of interfingering. At 22 feet, a fat clay seam interpreted as a landslide shear plane was
encountered between the Moraga Formation and overlying colluvium. Because of the clay-rich nature of
the weathered and weak Moraga volcanics below this clay seam, it is possible that the entire package of
Moraga Formation and colluvium has been translated by landsliding, suggesting the basal plane may be at
about 26 feet in depth.

Similarly, AKA-11 is located within Landslide Qls-4 and provides evidence of landslide-related deposits.
Borehole AKA-11 encountered about 18 feet of fill overlying 4 to 5 feet of undifferentiated alluvium of
Moraga Formation affinity and highly weathered Moraga Formation bedrock. At or near the contact
between the Moraga Formation and Orinda Formation (approximately 22 feet) a clay seam dipping 30 to
40 degrees and containing subhorizontal straie is inferred to represent the basal slide plane as it
approaches Winter Creck. Below the inferred slide plane the bedrock becomes a hard compentent
siltstone with large interbeds of claystone, sandstone and siltstone of the Orinda Formation dipping
between 20 and 30 degrees.

Borehole AKA-10 is located south of AKA-11 at or near the paleo-drainage associated with Winter Creek
and just south of the geomorphic expression of Landslide Qls-4. This borehole encountered an
approximately 26-foot-thick fill prism that is underlain by undifferentiated alluvium consisting of clayey
gravel with Moraga and Orinda-dervied clasts. Definitive sandy siltstone bedrock is present at 44.5 feet in
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depth. Of the samples retrieved from AKA-10, there was no evidence of definitive landslide material of
similar appearance or composition to the landslide features in the other boreholes extending through
Landslide Qls-4. Multiple Y- to 1-inch clay seams, dipping 35 to 40 degrees, were present at about 42.5
feet; however these stiff seams do not appear to be related to Landslide Qls-4 and are inferred to be
related to older geologic processes.

A compilation of older boreholes and test pits by GRC (1994) help to infer the arcuate geometry of the
basal slideplane shown on Cross Section D-D’. Interestingly, previous boreholes B-1, B-2, and test pit
TP-2 identified very'similar alluvium and colluvium over Moraga Formation, but did not identify clay
shears or discontinuities indicative of landslide margins. These data require the landslide boundary be
located below the total depths of these test pits and boreholes, thus requiring an arcuate landslide
geometry.
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7.00 GEOTECHNICAL ENGINEERING EVALUATIONS

7.01  QOverview of Stabilization Approach
7.01.1 Project Objectives

As part of the geologic assessment, we have interpreted that landslide deposits exist in many areas of the
East Canyon and that landslide deposits extend beneath portions of Buildings 85 and 85A (Figure 9). The
geometry of landsliding in the direct vicinity of these two buildings is complex. However, based on the
data developed for this study, we interpret that:

1. A very large north/south-trending landslide (identified as Landslide Qls-1) exists within the upper
portion of the East Canyon that extends beneath Buildings 83, 85B and 86 but not beneath the hill
south of these three buildings, within which the old quarry is located. The western lateral limit of
Landslide Qls-1 is interpreted to be roughly coincident with the former historic drainage of
Winter Creek. This very large north/south-trending landslide does not underlie Building 85 or
85A.

2. About the northeastern two-thirds of Building 85A is underlain by a separate northwest/southeast-
trending landslide (identified as Landslide Qls-3) within the lower western wall of the canyon.
The maximum thickness of Landslide Qls-3 appears to be about 20 feet.

3. About the northern two-thirds of Building 85 is underlain by landslide deposits associated with a
northwest/southeast-trending landslide within the lower western wall of the canyon. This
landslide (identified as Landslide Qls-4) is about 30 feet in maximum thickness.

The objective of the project is to protect Building 85, Building 85A and the emergency generator pad
located between these buildings from unacceptable ground deformations that might otherwise occur
during a large earthquake. The analyses and recommendations presented in this report are based on our
understanding that: (1) calculated median seismic displacements of 2 inches or less are considered
“acceptable” for the “design-level” earthquake shaking; and (2) the “design-level” earthquake shaking is
defined at the 10 percent probability of exceedance in 50 years, which is equivalent to the ground motion
intensity with a 475-year return period.

We note that the 2 inches or less “acceptablé” level of calculated median seismic displacement is a
stringent criterion; SP 117A (CGS 2008) states that “Newmark displacements of 0 to 15 ¢cm [0 to 6
inches] are unlikely to correspond to serious landslide movement and damage.”

7.01.2 Slope Displacement Mechanics

The results of the geologic assessment generally indicate that the landslide deposits that underlie
Buildings 85 and 85A are stable under normal static (i.e., non-earthquake) conditions. This study focuses
on slope displacements that may occur under earthquake conditions. The mechanics of earthquake-
induced slope displacements examined in this study are as follows:

1. Slope stability analyses performed for this study demonstrate that the largest of the three
landslides (QIs-1) cannot be considered stable in a design-level seismic event. In a future
earthquake, some or all of the region mapped as Landslide Qls-1 (Figure 9) may move
incrementally downslope. Although the upper portion of Landslide Qls-1 is generally aligned
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north-south, in the general vicinity of Buildings 85 and 85A, downslope movement of Landslide
Qls-1 is redirected towards the southeast by the in-place quarry hill (Figure 12). Cross Section A-
A”, presented on Figure 13, illustrates the downward-sloping basal geometry of sliding in the
southeast direction.

2. Movement of Landslide Qls-1 towards the southeast has the potential to remove support from the
toe region of Landslides Qls-3 and Qls-4, thereby decreasing their stability. Slope stability
analyses performed for this study demonstrate that an additional resisting force is needed to limit
earthquake-induced displacements of Landslides Qls-3 and Qls-4 following the loss of toe
support. Cross sections C-C* and D-D’ presented on Figure 14 illustrate the interpreted basal
geometries of Landslides Qls-3 and Qls-4, respectively, as well as their relationships to Landslide

Qls-1.
7.01.3 Design Approach

As currently envisioned, the project will involve the installation of new below-grade structural elements
(e.g. drilled piers, cap beams and tiebacks) designed to limit seismic ground deformations in the area of
Buildings 85 and 85A. The drilled piers and tiebacks will extend below/through underlying landslide
deposits to be anchored in bedrock. Key geotechnical relationships are illustrated on the Engineering
Plan, Section and Loading Diagrams presented on Figure 15.

The project design is primarily intended to restrain Landslides Qls-3 and Qls-4, while limiting seismic
displacements associated with these two landslides to “acceptable” levels (i.e., calculated 2-inch median
displacements). The project design is not intended to restrict the movement of Landslide Qls-1, which
will potentially pull away from and/or slide past the below-grade face of the vertical stabilizing elements
(drilled piers). Figure 15 shows the general locations of four zones (designated Zones A1, A2, B1 and B2)
in which the drilled piers will be installed. Figure 15 also presents an engineering cross section that
generally coincides with the drilled pier alignment (Cross Section G-G’). The drilled piers are proximate
to the former Winter Creek channel and are intended to isolate Buildings 85 and 85A from the body of
Landslide Qls-1. We note, however, that marginal piece of the mapped Qls-1 landslide will be captured
within the drilled pier alignment as shown on the Engineering Plan and Cross Section G-G’ presented on
Figure 15.

This design approach necessarily requires that tiebacks be installed that extend beneath Buildings 85 and
85A. Both of these existing buildings are supported upon drilled pier foundations, the locations of which
are shown on plans available from LBNL. The tiebacks that are to be installed as part of this project will
therefore be located so that the drilling for the tiebacks will not encounter the existing piers that support
these two buildings. In addition, the drilled piers, tiebacks, cap beams and associated excavations required
for their construction will be designed to not interfere with critical subsurface utilities that service
Buildings 85 and 85A.

7.02  Overview of Geotechnical Engineering Analyses
7.02.1 General Analysis Objectives and Approach

The primary objective of our geotechnical engineering analyses was to evaluate the lateral forces that the
new below-grade structural elements (drilled piers, tiebacks and cap beams) would need to resist. This
involved what was essentially a two-step process:
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1. Demonstrating that Landslide Qls-1 is not seismically stable and predicting order-of-magnitude
downslope movements that might occur during a design-level earthquake event; and

2. Evaluating the lateral forces needed to maintain stability and limit deflections of Landslides Qls-3
and Qls-4 should Landslide Qls-1 pull away from the new below-grade structural restraints.

Our analytical approach was based upon the official State of California guidelines presented in SP 117A
(CGS 2008). Our evaluations of earthquake-induced slope displacements were performed using the
methods outlined in the professional paper “Simplified Procedure for Estimating Earthquake-Induced
Deviatoric Slope Displacements” by Bray and Travasarou (2007).

7.02.2 Displacement Analysis Methodology

Bray and Travasarou (2007) utilizes a Newmark-type model for evaluating seismic performance of slopes
and was developed based on the results of nonlinear, fully coupled sliding block analyses using a database
of horizontal components of recorded ground motions from 41 earthquakes. The Bray and Travasarou
(2007) procedure includes the following steps:

1. The yield coefficient of the landslide is evaluated using conventional geotechnical analysis
methods (e.g. commercially available slope stability analysis software). The yield coefficient (k)
is equal to the fractional proportion of the acceleration of gravity (g) which, when applied
horizontally at the centroid of the landslide body, produces a calculated pseudostatic factor of
safety (FS) equal to one.

2. Earthquake displacements are evaluated using plot of yield acceleration versus displacement,
which is generated using an Excel spreadsheet published by the authors. The plot is based on a
statistical analysis using the database of input ground motions and presents median as well as 84"
and 16" percentile displacements. It has been noted that the 84" and 16™ percentile displacements
are commonly about two times and half, respectively, of the median displacement values.

To analyze the displacement of Landslide QIs-1 (as discussed further in Section 7.03), the landside’s yield
coefficient was evaluated based on the current slope geometry for two possible groundwater levels. The
Bray and Travasarou (2007) plot was then used directly to evaluate seismic slope displacements.

To analyze the lateral forces needed to maintain stability and limit deflections of Landslides Qls-3 and
Qls-4 (as discussed further in Section 7.04), a vertical step was created in the slope stability model at the
approximate location of the vertical stabilizing elements (drilled piers). With this step, the slope is no
longer stable under static (non-earthquake) conditions and therefore a resisting force is needed to bring
the retained landslide back into equilibrium. Under design-level earthquake loadings, increasingly higher
resisting forces are needed to produce lower deflections. The methodology that we used to evaluate the
relationship between resisting forces and deflections is described briefly below.

First, we used the Bray and Travasarou (2007) plot developed for Landslides Qls-3 and Qls-4 to evaluate
the yield coefficients needed to produce a range of target deformations (2, 4 and 6 inches). Then, the
slope stability model was used to calculate the required resisting force (total horizontal force applied per
unit width of the slide body) to produce the yield coefficients associated with the target deformations.
Within the bodies of the landslides, two possible groundwater levels were modeled; we ignored the
stabilizing effect of any groundwater that might remain downslope of the step in our lateral force analysis.
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Finally, we developed a plot of total required resisting force versus median displacements by combining
the Bray and Travasarou (2007) and slope stability analysis results.

7.02.3 Simplifying Assumptions

We performed our slope stability modeling using conventional 2-dimensional (2D) analysis methods
based on the geologic interpretations presented on the Site Geologic Map (Figure 9) and the geologic
cross sections (Figures 13 and 14). As previously noted, the conditions within the study area are
geometrically complex and a variety of simplifying assumptions were made in our evaluations of seismic
displacements and forces. For example, landslides were modeled based on a typical cross section oriented
upslope-downslope within the central portion of the landslide body. This methodology does not capture
variations in cross-sectional geometry (or the resulting lateral forces) that occur across the width of the
landslide. However, given the accuracy and detail by which specific subsurface features can be resolved
based on available data, 2D methods were judged to be generally reasonable and appropriate for the
purposes of our engineering analyses.

Similarly, it was our objective to develop geotechnical engineering recommendations for the structural
design of below-grade stabilizing elements in areas where limited “deep” subsurface data exists. In
developing our design recommendations, it was our intent to capture the likely vertical and horizontal
extent of the landslide deposits to be retained by the below-grade stabilizing elements. The geologic
interpretations presented on the Site Geologic Map (Figure 9) and geologic cross sections (Figures 13 and
14) generally show curvilinear surfaces at the boundary of landslides. However, recognizing the
approximate nature of the geologic interpretation and for the purposes of simplicity, we developed our
geotechnical recommendations using a simplified engineering framework that envelops but does not
necessarily follow the curvilinear surfaces depicted in the geologic figures.

Finally, in preparing our recommendations for the design of below-grade stabilizing elements, it was
necessary to evaluate the direction (vector) of seismically-induced landslide loading. In general, we
assumed that landslide movement would occur in the general directions shown on Figure 15. For
Landslide Qls-4 it was assumed that the lateral force/displacement vector would be oriented perpendicular
to the long axis of Building 85. The orientation of the lateral force/displacement vector for Landslide Qls-
3 is less well-constrained based on the available data and was interpreted as roughly parallel to the
displacement vectors of Qls-2 and Qls-4 (Figures 12 and 15).

7.02.4 Seismic Analysis Parameters

The key parameters used in our seismic analyses include: (1) yield coefficient (,); (2) initial fundamental
period (7}); (3) moment magnitude (14,); and (4) spectral acceleration (Sa). The methods used to evaluate
these analysis parameters are briefly described below.

Yield Coefficient (k,) - We used the computer program SLIDE, version 5.037 (October 2008) and
Spencer and Bishop Simplified Methods to calculate yield coefficients using simplified
“pseudostatic”” methods. SLIDE is a commercially available geotechnical software package that
uses conventional two-dimensional limit-equilibrium analysis methods to evaluate slope stability.
The yield coefficient value varies for each of the landslides and groundwater cases analyzed.
Graphical output for each case is attached in Appendix F.
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Initial Fundamental Period (T) - We estimated the initial fundamental period of landslide
masses using the relationship: 7, = 4H/V,, where H is the height (thickness) of the landslide and
V; is the average shear wave velocity of the landslide mass. We used an average shear wave
velocity of 700 feet per second (fps) for all of our analyses, which is based on shear wave
velocity data from Borings AKA-8 and AKA-9 (Appendix C). The height of the landslide (H)
was scaled, as appropriate, for each landslide case.

Moment Magnitude (M,,) - An average mean magnitude of 7.1 was obtained from published data
on the Hayward fault and was used for the moment magnitude, M, for all analysis cases.

Spectral Acceleration (Sa) - We obtained spectral acceleration values using the Uniform Hazard
Spectra (UHS) for the LBNL Rock Site developed by URS Corporation (Figure 21 in URS 2008).
This UHS is for a 10 percent probability of exceedence in 50 years level-of-hazard (475-year
return period). The UHS was developed for use throughout LBNL and is the same for all three
analysis cases. The specific spectral acceleration value used in the Bray and Travasarou (2007)
analysis corresponds to the “degraded period”, which is defined numerically as 1.5 times the
initial fundamental period (1.5 T,) and therefore varied based on landslide thickness.

The yield coefficient, when multiplied by the acceleration due to gravity (g), is termed the “yield
acceleration.” The yield acceleration is also commonly viewed as the horizontal acceleration at which the
landslide just starts to move.

7.02.5 Slope Stability Modeling

The key inputs to our slope stability model include: (1) slope geometry; (2) slide plane geometry; (3) slide
plane material strength; (4) landslide unit weight; and (5) groundwater level. We generally modeled the
slope as a single-layer system with the landslide slip surface explicitly specified. Brief descriptions of the
methods used to evaluate these modeling inputs follow; these inputs are also shown on the graphical
output from the slope stability model (Appendix F).

Slope Geometry - We developed an idealized cross section for each analysis case that was
generally oriented along the primary axis of landsliding. We generally used geologic Cross
Section A-A’ (Figure 13) to model Landslide Qls-1. Although geologic Cross Sections C-C’ and
D-D’ cut through Landslides Qls-3 and Qls-4 (respectively), they do not coincide with the
principal axes of the landslides; we therefore developed additional cross sections (engineering
Cross Sections H-H’ and I-I’ on Figure 15) for our Qls-3 and Qls-4 analyses. The surface
topography on all three cross sections is based on recent LBNL surveys and is intended to be
generally representative of current conditions.

Slide Plane Geometry - We modeled slide plane geometry for Landslide Qls-1 using the landslide
slip surfaces shown on geologic Cross Section A-A’ (Figure 13). We modeled slide plane
geometry for Landslides QIs-3 and Qls-4 using the landslide slip surfaces shown on engineering
Cross Sections H-H’ and I-I’, respectively (Figure 15).

Slide Plane Material Strength - Previous AKA studies within the East Canyon (AKA 2006a;
AKA 2006b) have included laboratory evaluations of residual shear strength using torsional ring
shear apparatus. We also performed torsional residual ring shear tests for the Helios project,
which was to be located within Chicken Creek Canyon, about 1,000 feet to the west of Building
85. All of these tests were preformed for the purposes of evaluating the residual shear strength of
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known or suspected slide plane materials. Based on these data, we generally used residual friction
angles between 20 and 22 degrees (with no cohesion) in our slope stability modeling.

Landslide Unit Weight - We used a uniform unit weight of 120 pounds per cubic foot (pcf) in our
slope stability modeling.

Groundwater Level (QIs-1) - In our analysis of Qls-1, we modeled “high” groundwater
conditions assuming a groundwater surface generally coincident with the bases of the cut slopes
that exist along the cross section alignment. We modeled “low” groundwater conditions using a
surface that was approximately 15 feet lower.

Groundwater Level (Qls-3 and Qls-4) - In our analysis of Qls-3 and Qls-4, we modeled “high”
groundwater conditions assuming a groundwater surface about 5 to 10 feet below the current
ground surface. We modeled “low” groundwater conditions based on a hypothetical “with
drainage” model using a surface that was approximately 10 to 15 feet lower.

7.03 Displacement Analysis — Landslide Qls-1

Landslide Qls-1 does not directly underlie Buildings 85 or 85A; however earthquake-induced downslope
movement of Landslide Qls-1 has the potential to remove support from and destabilize the two smaller
landslides (QIs-4 and Qls-3, respectively) that underlie these two buildings. The primary purpose of the
displacement analysis described in this section was to evaluate how far downslope Landslide Qls-1 might
move during a design-level earthquake in order to qualitatively assess potential effects caused by the
landslide moving past or pulling away from the new below-grade structural elements.

As discussed in previous sections, Landslide Qls-1 is interpreted to be comprised of multiple landslide
bodies as well as debris flow deposits that have been shed from areas upslope and deposited upon the
canyon floor. The surface topography of Landslide Qls-1 has also been extensively modified by grading
as shown qualitatively on Figure 7 and in greater detail on the interpretive cross sections (Figures 13 and
14). In some locations, excavation cuts have lowered grades by 30 or more feet (as shown on Figure 13;
cross sections A-A’ and B-B’) nearly cutting through Landslide Qls-1. However, many of the major cuts
and fills within the East Canyon are at an oblique angle to the upslope-downslope axis of Qls-1 and
sections taken elsewhere would reveal different geometric relationships. In our analyses, which are based
on cross section A-A’, we examined two possible failure modes for Landslide Qls-1:

Upcanyon Slide - An upcanyon failure that “toes out” at the base of the deep cut made to
construct the water tank access road (i.e., near GIS ID#284 on cross section A-A’ [Figure 13]);
and

Fill Slide - A full reactivation of Landslide Qls-I as a whole, which would toe out east of
Building 83 near the former (now buried) location of East Creek.

We evaluated yield coefficients and seismic displacements for both failure modes for two possible
groundwater elevations:

High Groundwater - An upper bound condition generally limited by the presence of excavation
cuts along the cross section alignment; and
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Low Groundwatér - An intermediate groundwater elevation intended to be generally
representative of “typical” long-term groundwater conditions.

In our analysis of Landslide Qls-1 we used a residual shear strength value of 22 degrees to model
the existing slide plane material (use of a lower shear strength would generally produce greater
displacements). The results of our analyses are presented in Appendix F and summarized below.

Calculated Yield Accelerations and Displacements — Landslide Qls-1

Case Groundwater Yield Median
Condition Acceleration Displacement

Upcanyon Slide High 0.02 8.5 feet

Low 0.13 2.6 feet

Full Slide High 0.04 7.2 feet

Low 0.14 2.4 feet

The calculated median displacements reported above should be considered a relative index of seismic
slope performance; actual displacements can be thought of as being as little as half or up to about two
times the calculated median displacements. This approximate relationship is illustrated by the 16™ and
84" percentile lines on the yield acceleration versus displacement plot for Cross Section A-A’ (in
Appendix F). :

7.04  Earthquake-Induced Lateral Forces — Landslides Ols-3 and Qls-4

Landslides QIs-3 and Qls-4 are significantly smaller than Landslide Qls-1 and have vectors of downslope
movement oriented in a southeast direction (Figure 15). Both landslides, as depicted on Cross Sections C-
C’ and D-D’, are interpreted as distinct landslide bodies based, in part, upon direct observations of well-
developed slide planes in excavation cuts (for Qls-3) and a test pit (for Qls-4). The interpreted lateral
extents of both landslides are shown in plan view, in cross section and in profile on Figure 15.

We used the Bray and Travasarou (2007) spreadsheet to calculate the yield accelerations that would be
needed to produce median displacements of 1.5, 3 and 6 inches for each landslide. We then evaluated the
lateral resisting forces needed to produce the target median displacement values. Two possible
groundwater elevations were considered:

High Groundwater - A groundwater condition intended to model long-term high groundwater
levels recognizing that the site is located in an area where natural springs and high groundwater
flows are known to exist; and

Low Groundwater - An artificially-created groundwater condition modeled for the purposes of
evaluation of the effects of subsurface drainage upon resisting forces.

In our analysis of Landslides Qls-3 and Qls-4 we used a residual shear strength value of 20 degrees to
model the existing slide plane material (use of a higher shear strength would generally produce lesser
resisting forces, which was judged to be less than conservative given the available data). The results of
our analyses are presented in Appendix F and include a combined plot of median displacement versus
total required resisting force for each landslide.
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In consultation with the design team and LBNL, an “allowable” median displacement value of 2 inches
has been selected for use in project design. The following table summarizes the approximate lateral
resisting force needed to produce this allowable median displacement value for each landslide under two
groundwater conditions.

Calculated Landslide Forces for 2-inch Median Displacement — Landslides Qls-3 and Qls-4

Case Groundwater Condition Total Landslide Force
(per one-foot width)
Qls-3 High 70 kips
Low 58 kips
Qls-4 High 158 kips
Low 140 kips

Lateral resisting forces needed to produce other median displacements can be evaluated using the plots
presented in Appendix F.

7.05 Lateral Resisting Force Analysis
7.05.1 Existing Building Piers

The plans for Building 85 show that the building is supported upon piers that are 3 feet in diameter and
include twelve vertical #10 reinforcing bars. As designed, these existing drilled piers are sufficiently deep
to penetrate the slip surface of Landslide Qls-4 and extend into bedrock interpreted as “in-place.” We
conducted simplified engineering analyses intended to evaluate the lateral capacity of the existing
building piers, which can be used to help resist the earthquake-induced lateral forces discussed in the
previous section (Section 7.04).

We used the computer program LPILE (v 5) to evaluate the lateral capacity of the existing building piers.
The program includes an option that allows the user to input a specified amount of soil deflection into the
pier; using this option we were able to check shear and moments within a “typical” 35-foot-long drilled
pier for specified 1 and 2 inches of soil movement. In our single analysis case, we modeled 15 feet of pier
embedment into rock (which corresponds to 20 feet of soil movement) and a fixed head condition; we
neglected any structural loads applied to the pier. Using the available soil sampling data, we estimated
undrained shear strengths of 1700 and 5200 pounds per square foot for soil and rock, respectively;
groundwater was modeled at a depth of 10 feet (below the top of the soil layer). The structural properties
of the pile were modeled using an EI of 2 the gross sectional value; pier moment capacity was estimated
for the case of no axial pile load using a simple pile interaction diagram computer program. For these
conditions, the results were:

1. Without any reduction for group effects, it appears that the piers could provide up to about 140 to
190 kips of resistance to the slide mass (for 1”” and 2” movement, respectively). Numerically, this
is the maximum shear on the pile and occurs at the bottom of the presumed slide mass.

2. At 2 inches of soil movement, the moment capacity of the pile has been reached.

Generally similar resistance values were obtained for a “pinned” head condition at a slightly greater
deflection (2.5 inches vs. 2 inches). The LPILE analysis was performed with unfactored soil and pile
properties (i.e., a presumed factor of safety of 1.0).
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In our simplified analyses, we estimated that a typical 20-foot-wide “bay” of Building 85 includes seven
piers, of which only two or three are not within a group in the direction of motion. In evaluating group
effects, we considered a “Pmultiplier” value of 0.6 to be generally appropriate (i.e., conservative) for a 3-
to 5-pier group. Accordingly, the actual resistance of the piles within the group can be approximated as
about 60 percent of the values previously presented for a single pile. Assuming that the “average” pier
may only provide 60 percent of the resistance of a single pier, for 2 inches of deflection, we calculate an
average lateral resistance of about 800 kips (190 kips/pier x 7 piers x 0.6) per 20-foot-wide bay. This
corresponds to an average resisting force across the width of the landslide of about 40 kips per lineal foot.

7.05.2 Pressures Acting on the Downslope Face of Stabilized Zone

In our evaluations of the earthquake-induced lateral forces imposed by Landslides Qls-3 and Qls-4
(Section 7.04), we assumed that a gap will open up between the outside faces of the drilled piers and the
adjacent ground due to the west-to-east component of movement within Landslide Qls-1. However, the
magnitude of seismic landslide movement at the western slide margin (and, consequently, the width/depth
of the gap) cannot be accurately predicted. It has been suggested that it may be overconservative to
assume that Qls-1 will move entirely away from the vertical stabilizing elements as it is considered likely
that the crack will be partially infilled with soil (e.g. by coincident back-sliding or a graben) as it
develops. Our criteria, therefore, allows the application of a resisting lateral pressure on the downslope
side of vertical stabilizing elements over the lower portion of the retained height. For this analysis, we
Jjudged that the height of infilling could reasonably be estimated as about one-half of the slide thickness.

7.06 Construction Considerations
7.06.1 Project Constraints

Buildings 85 and 85A provide services that are critical to the operation of LBNL as a whole. For this
reason, it is our understanding that the Building 85/85A facility will need to remain functional throughout
the period of construction. The contractor should anticipate that LBNL will likely place significant
constraints on the project, which may include (but not necessarily be limited to) the following:

Limitations pertaining to schedule, sequencing and work hours;

Limitations on areas available for construction, laydown and staging;

Limitations involving onsite subsurface utilities;

Requirements involving excavations and drilling;

Requirements involving soil stockpiling and/or disposal;

Requirements involving the handling, containerization and disposal of drilling fluids;
Requirements involving stormwater protection and spill control;

Requirements involving construction noise and/or vibrations; _
Requirements involving the restoration of existing below-slab membranes; and
Stringent health and safety protocols.

It is the contractor’s responsibility to understand, acknowledge and fully comply with all of the
limitations, requirements and protocols set forth by LBNL throughout the period of contract performance.
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7.06.2 Pier Drilling

We judge that bedrock materials that underlie the site are likely able to be penetrated with conventional
heavy drilling equipment; however, zones of relatively hard rock could be encountered. The contractor
should be prepared to utilize suitable hard rock drilling techniques, if necessary. Special drilling
procedures and/or equipment may also be required to: (1) safely accomplish ground penetrations in areas
with active utilities, and (2) maintain vibrations from drilling to within acceptable limits.

If water accumulates in the holes, it should be removed by pumping or bailing prior to concrete placement
unless tremie methods are used. Also, drilling for piers may encounter soils and/or fractured bedrock
material that may cave. The drilled pier contractor should anticipate having to drill with slurry and/or case
pier holes, as appropriate.

7.06.3 Excavations and Shoring

We anticipate soil and rock materials at the site can be excavated with conventional heavy earth-moving
equipment (e.g. a large excavator equipped to be capable of breaking concrete). The existing fill materials
at the site may include subsurface obstructions and it is possible that zones of hard rock could be
encountered that would require jack-hammering or hoe-ramming to excavate. In addition, all excavations
deeper than 4 feet that will be entered by workers should be shored or sloped for safety in accordance
with the California Occupational Safety and Health Administration (Cal-OSHA) standards. In general, the
stability of site shoring and all temporary construction slopes as well as the protection of nearby site
improvements during construction are responsibilities of the contractor.

We suggest that the contractor thoroughly document the condition of nearby buildings, pavements and
storm drains by video or other means prior to excavation. The contractor should also perform regular
surveys during excavation to monitor for deflection of nearby site improvements.

7.06.4 Temporary Dewatering

The site is located in an area of known natural springs and high groundwater flows. It is therefore possible
that some site excavations could extend below groundwater, particularly if the work is performed during
or shortly after the winter rainy season. Although low-permeability clayey soils exist over much of the
site, higher-permeability zones may exist that would produce higher groundwater flows. The types of
higher-permeability materials that are anticipated include sandy or gravelly alluvial/colluvial soils within
former drainages and fractured bedrock comprising the excavation bottom. However, other seepage zones
or locally perched groundwater conditions could also be encountered.

The control of groundwater during construction is the responsibility of the contractor. Possible
groundwater control methods include the installation of low-permeability shoring or cut-off walls at the
excavation perimeter, pumping from sumps at low points within excavations, horizontal drains and
dewatering wells. The design, permitting, installation, monitoring, and abandonment of site dewatering
and discharge systems are the contractor’s responsibility. These responsibilities also include any special
regulatory or health and safety requirements that may be associated with the disposal and/or discharge of
construction water.
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7.06.5 Wet Weather Construction

Although it is possible for construction to proceed during or immediately following the wet winter
months, a number of geotechnical problems may occur which may increase costs and cause project
delays. The water content of onsite soils may increase during the winter and rise significantly above
optimum moisture content for compaction of subgrade or backfill materials. If this occurs, the contractor
may be unable to achieve the specified levels of compaction. Dewatering requirements will potentially
increase due to rainfall, surface runoff, seepage and rises in groundwater level. The stability of temporary
slopes will decrease, potentially increasing the lateral extent of excavation required. If excavation
trenches are open during winter rains, caving of the trench walls may occur. In general, we note that it has
also been our experience that increased clean-up costs may be incurred, and greater safety hazards may
exist, if the work proceeds during the wet winter months.
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8.00 GEOTECHNICAL RECOMMENDATIONS

8.01 General
8.01.1 Structural Design

The project envisioned herein involves a variety of design complexities that should be most familiar to
designers of slope and/or cut retention projects. For this reason, we recommend that the project Design
Engineer have experience in the successful implementation of slope and/or cut retention projects of
generally similar scale and complexity.

The project structural design should be per the 2007 California Building Code (CBC [CBSC 2007]). The
geotechnical factors that may influence the selection of a structural design approach and appropriate load
combinations include the following:

e The Design Landslide Loads presented in Section 8.02.2 of this report are associated with “design
earthquake” shaking defined at the 10 percent probability of exceedence in 50 years level and a
statistically-determined median displacement value of 2 inches.

e Drilled piers will not be load tested. Associated uncertainties involving the actual axial and lateral
resistance of drilled piers should therefore be considered in the project structural design.

e All tiebacks will be load tested. The magnitude of the load test can be up to 80 percent of the
specified minimum tensile strength of the tendon. The actual axial (tensile) resistance of the
tieback is therefore known to be at least as high as the test load.

8.01.2 Project Layout

New below-grade structural elements should be located to avoid conflicts with critical subsurface utilities
and the drilled piers that support Buildings 85 and 85A. The locations of specific elements that need to be
protected in the project design and construction should be clearly identified by LBNL. We recommend
that LBNL provide the project design team (and Design Engineer) with the relevant as-built construction
drawings and utility plans and that the locations of these critical elements be confirmed by new onsite
surface and subsurface (i.e., utility locating) surveys before the construction documents are finalized.

8.01.3 Contractors

We recommend that the contractors that install the drilled piers and tiebacks have demonstrated
experience in the successful implementation of slope and/or cut retention projects of this relative scale
and complexity. We strongly suggest that only pre-qualified specialty contractors have the opportunity to
bid on the project; provided that this type of contracting approach is acceptable to LBNL. We recommend
that AKA have the opportunity to provide input during the contractor pre-qualification process to the
extent that is considered appropriate by LBNL and the project design team.

Contractors responsible for the geotechnical aspects of the project (e.g. pier drilling, tieback installation,
excavation, subsurface utility relocation) should become familiar with the contents of this report and
acknowledge:
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e The site conditions, as described in this report and the attached Appendices;
e The construction considerations discussed in Section 7.06 of this report; and
e All applicable LBNL requirements pertaining to the project.

These and all other contractor responsibilities should be clearly defined in the project plans and
specifications.

8.02 Earthquake-Induced Landslide Loads
8.02.1 Basis of Lateral Load Recommendations

The lateral load recommendations presented in this Section are based on the analyses previously
described in Sections 7.04 and 7.05. The direct landslide loads are for a “high” groundwater level; which
is considered appropriate for existing conditions. Although considered by the design team, preliminary
(December 2009) plans for the project do not include a deep subsurface drainage system, which would be
needed to warrant use of direct landslide loads calculated for “low” groundwater conditions. In general,
the lateral loads in this Section are unfactored (i.e., have not been increased by a factor of safety).

8.02.2 Design Landslide Loads

Figure 15 identifies four zones in which drilled piers are to be installed (Zones Al, A2, B1 and B2). The
design landslide force within Zones A1 and A2 is equal to the calculated Qls-3 landslide force associated
with a median displacement value of 2 inches. The design landslide force within Zone B1 is equal to the
calculated Qls-4 landslide force associated with a median displacement value of 2 inches. The design
landslide force within Zone B2 is equal to the calculated Qls-4 landslide force associated with a median
displacement value of 2 inches minus the estimated lateral resistance provided by the existing piers
beneath Building 85. These total lateral forces to be resisted (per 1-foot width perpendicular to the
direction of loading) are summarized in the following table:

Direct Landslide Forces — 2-inch Median Displacement

Retention Direct Landslide Landslide Force Zone Location
Zone Force (Elevation)
Al 70 kips above +860 feet
A2 70 kips above +860 feet
Bl 158 kips above +850 feet
B2 118 kips above +850 feet

Direct landslide forces should be distributed over the height (H) of the landslide force zones shown in the
above table (also on Figure 15, Table 1). As shown on the loading diagram presented on Figure 15, we
recommend that lateral forces be redistributed as either a uniform lateral pressure, or (alternatively) a
trapezoidal lateral pressure distribution.

The lateral forces in the above table should be applied in accordance with the directions of loading shown
on the plan view presented on Figure 15 (the direction of loading for Zones A1, A2 and B1 is at a skew
angle to the zone alignment whereas the direction of loading for Zone B2 is perpendicular to the zone
alignment. At one location (between the Zone B1 and B2 systems) the gap between drilled piers will be
slightly larger in order to accommodate subsurface utilities that service Building 85. We consider it
acceptable to neglect the increases in load that would be distributed across the adjacent piers due to the
wider pier spacing at this specific location.
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8.02.3 Landslide Shear Loads

Due to the orientation of the Zone Al and A2 alignment, lateral restraining elements within these two
zones will need to be designed to resist lateral shear forces associated with Landslide Qls-1 sliding past
the outside face of the retention zone. Within Zones Al and A2, landslide shear represents an alternate
mode of failure that would not occur simultaneously with the direct landslide forces of the previous
section (Section 8.02.2). The area over which shear forces should be applied are shown on Cross Section
G-G’ on Figure 15. Note that: (1) the overall height of the landslide shear zone is greater than the height
(H) of the landslide force zone presented in the previous section; and (2) the landslide shear zone is
vertically segmented into zones that generally correspond to soil and translated rock.

A shear load (in pounds per square foot [psf]) should be applied over the full vertical area defined by the
outboard faces of the drilled piers. The vertically-segmented landslide shear zones shown in the table
below and on Figure 15 (Table 1) can be used for design.

Landslide Shear Forces
(applicable to Zones Al and A2, only)

Retention Shear Parallel to Landslide Shear Zone Location
Zone Retention Zone (Elevation)
Al 2000 psf above +870 feet
3000 psf +860 feet to +870 feet
A2 2000 psf above +867 feet
3000 psf +850 to +867 feet

Design lateral forces within the lower translated rock zone can be reduced from 3,000 psf to 2,000 psf if a
significant fraction of the rock within the lower zone is replaced with soil (i.e., by drilling or excavating).
The orientation of the landslide shear load should be taken as coincident with the outer faces of the drilled
piers; this orientation is shown schematically on Figure 15.

We recommend that the piers within Zones Al and A2 be installed along a linear alignment; individual
piers that protrude farther into Landslide Qls-1 would need to be designed to resist greater loads.
Similarly, we recommend that the northernmost pier be installed as close to Building 85A as practical, in
order to minimize direct loads from Landslide Qls-1 on this “lead” pier. Where this is the case, the direct
QIs-1 landslide force acting on the lead pier can be neglected (assumed equal to zero). In the shear failure
mode, landslide materials south of the southernmost pier will pull away and should therefore not be
included in either: (1) the calculation of lateral shear forces; or (2) the available resisting forces at the
south end of the Zone A2 pier group.
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8.03  Drilled Piers
8.03.1 Basis of Drilled Pier Recommendations

As shown on the December 2009 preliminary plans, large (approximately 5-foot-diameter) drilled piers
will be installed within Zones A1, A2, B1 and B2 that will be restrained near their tops by tiebacks. As
shown schematically on Figure 15:

e The Zone A1 and A2 piers will extend from near the southeast corner of Building 85A to near the
eastern corner of the emergency generator pad. Tiebacks in Zones Al and A2 will be oriented
towards the northwest, at a skew angle to the pier alignment.

e The Zone B1 piers will extend from near the eastern corner of the emergency generator pad south
to the northeast corner of Building 85A; tiebacks in Zone B1 will also be oriented at a skew angle
to the pier alignment.

e The Zone B2 piers will be approximately parallel to the face of Building 85; tiebacks in Zone B2
will be oriented approximately perpendicular to the pier alignment. Where adjacent to Building
85, the drilled piers will be spaced on 10-foot centers (approximately 5 feet clear between piers)
so that tiebacks installed through the piers will not intersect the existing drilled piers that support
Building 85.

All of the drilled piers will extend through the landslide materials a minimum distance into in-place
bedrock. Drilled piers will be designed to resist the downward component of the tieback loads through
skin friction. All piers will be designed to achieve a ductile response.

8.03.2 Passive Resistance in Bedrock

Passive resistance within in-place bedrock can be evaluated using the loading diagram presented on
Figure 15, which includes a factor of safety. The diagram includes two components of passive resistance:
(1) a minimum passive resistance value of 1,000 pounds per square foot (psf) that starts at the bedrock
surface; plus (2) an equivalent fluid pressure that increases at a rate of 450 psf per foot of depth below the
bedrock surface. The above passive resistance can be considered “allowable” values under short-term
loading conditions and include a factor of safety of at least 1.5, as summarized in the following table.

Drilled Piers — Passive Resistance in Bedrock

Condition Uniform Lateral Equivalent Fluid | Factor of Safety
Pressure Weight
Allowable ~ Seismic 1000 psf 450 pef 1.5
Ultimate 1500 psf 675 pcf 1
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Passive resistance can be applied over two (horizontal) pier diameters starting at the “top of passive
resistance” elevations shown in the following table below.

Top of Passive Resistance

Retention Zone Passive Resistance Zone Location
(Elevation)
Al Below +860 feet
A2 Below +850 feet
Bl Below +850 feet
B2 Below +850 feet

All piers should be designed to extend at least 10 feet below the top of passive resistance zone elevations
shown in the above table. AKA should observe during pier drilling to check that adequate penetration into
“in-place” bedrock is achieved.

Passive resistance should be reduced for piers in Zones Al and A2 when evaluating resistance to the
landslide shear load (Section 8.02.3), which is in the direction of the pier group alignment. We
recommend using 60 percent of the total passive resistance (Pmultiplier = 0.6) to account for group
effects for this load case.

8.03.3 Dirilled Pier Axial Capacity

Drilled piers can be designed to resist axial loads through skin friction in soil and bedrock. We
recommend that any contribution to axial capacity from end bearing in bedrock be ignored due to
difficulties associated with obtaining and confirming adequate cleanout at the bottom of pier holes. For
the portion of the pier that is within bedrock, skin friction should be applied over the full pier diameter.
For the portion of the pier within the retained zone (i.e., above bedrock) skin friction can be applied over
one-half of the pier diameter. We recommend that skin friction above the uppermost row of tiebacks be
ignored. The axial capacity of drilled piers can be evaluated using the skin friction values presented in the
following table:

Drilled Piers — Skin Friction in Soil and Bedrock

Condition Skin Friction Skin Friction Factor of Safety
in Soil* in Bedrock
Allowable — Static 750 psf 1500 psf 2.0
Allowable — Seismic 1000 psf 2000 psf 1.5
Ultimate 1500 psf 3000 psf 1

*Can be applied over % pier diameter below upper row of tiebacks

For design purposes, the bedrock surface should be taken as the bottom of the retention zone (Elevation
+860 feet in Zone A and Elevation +850 feet in Zones Bl and B2). We recommend that design
assumptions regarding bedrock support be checked during pier drilling based on the subsurface conditions
encountered.

ALAN KROPP
8 ASSCOCGIATES, IND.




Page 57
2335-7B

8.03.4 Dirilled Pier Installation

It is the drilled pier contractor’s responsibility to verify that no utilities or other subsurface elements to be
protected are present at planned pier hole locations prior to the start of pier drilling. All of the drilled pier
contractor’s onsite activities should be performed in strict accordance with the applicable LBNL
restrictions, regulations, protocols and guidelines. :

Holes for drilled piers and soldier piles should be drilled straight and plumb (within 1 percent of vertical)
and should be cleaned of loose soil and rock fragments. We judge that the holes can likely be drilled using
heavy auger drilling equipment; however, zones of relatively hard rock could be encountered. The
contractor should be prepared to utilize suitable hard rock drilling techniques, if necessary. The contractor
should also anticipate that drilling for piers could encounter subsurface materials that may cave or
squeeze (e.g. granular drainage materials, fractured bedrock and/or soft clays) and should be prepared to
case pier holes or drill using slurry, as appropriate.

Concrete placement should start as soon as possible after the drilling and cleanout is complete. In all
cases, holes for drilled piers should be concreted on the day they are drilled. Following placement of the
reinforcing steel, holes should be concreted from the bottom up in a single operation. If water or slurry is
present in the hole, tremie methods should be used; the tremie pipe should be constantly maintained at
least 5 feet below the surface of the concrete during casting of the pier. As the concrete is placed, any
casing used to stabilize the hole should be withdrawn. The bottom of the casing should be maintained not
more than 5 feet or less than 1 foot below the surface of the concrete. The tops of the pier holes should be
vibrated as concrete placement is completed.

Drilled piers should be installed by a qualified drilling contractor with demonstrated experience on
projects of similar complexity and scale. We recommend that AKA observe during pier installation to
confirm that subsurface conditions are as anticipated and that the drilled piers are constructed in
accordance with the recommendations presented in this report.

8.04 Tiebacks
8.04.1 Basis of Tieback Recommendations

High-capacity multi-strand anchors (tiebacks) will be installed that will extend through the landslide
materials a minimum distance into in-place bedrock. As shown on the December 2009 preliminary plans,
up to three tiebacks will be installed, per pier. Each tieback array will be vertically splayed to provide
suitable anchorage; the arrays being oriented in a manner so as to not intersect the existing piers that
underlie Buildings 85 and 85A. Tiebacks will be locked off at a fraction of their “design” load, which will
be determined, in part, based on the recommendations previously presented in Section §.02 (Earthquake-
Induced Landslide Loads). Special procedures (spacers) will be employed to appropriately “set” the
wedges for strand anchors, after which the spacers will be removed to slacken the anchors to achieve the
specified lock-off criteria.

8.04.2 Tieback Design
The tieback contractor should be responsible for providing tiebacks that meet all of the requirements

specified by the project Design Engineer. These requirements should include (but not necessarily be
limited to) the following:
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1. All tiebacks should be appropriately protected to resist corrosion. We recommend that strand
anchors be equipped, from the factory, with double corrosion protection. Appropriate permanent
corrosion protection should also be designed and specified for the area of tieback stressing tail
and anchorage.

2. All tiebacks should be inclined downward at an angle of at least 10 degrees below the horizontal
and should be designed to be anchored within in-place bedrock below the depth of landsliding.
All tiebacks should have a bond zone length of at least 20 feet and portions of tiebacks that are
not within the anchorage zone should be designed to be unbonded.

3. The contractor should be required to provide tiebacks of the design capacities specified by the
project Design Engineer. Design capacities should be confirmed by load testing; the contractor
should be responsible for providing additional tiebacks (at no extra cost) for all tiebacks that fail
to meet the load test acceptance criteria specified by the project Design Engineer.

4. Tiebacks should be sized so that neither the design load nor test load exceed 80 percent of the
guaranteed ultimate tensile strength of the strands.

For preliminary design purposes, the location of the tieback anchorage zone can be estimated using the
interpreted elevation contours presented on Figure 15 (Plan View). We recommend that care be exercised
if the engineering cross sections shown on Figure 15 are used for this purpose; particularly in the case of
engineering Cross Section H-H’, which is at a skew angle to the drilled pier alignment. The ultimate skin
friction values presented below can be used by the project Design Engineer to preliminarily estimate the
lengths of tiebacks post-grouted under pressure.

Post-Grouted Tiebacks — Skin Friction in Bedrock

Condition Skin Friction Factor of Safety
Ultimate 4000 psf 1

The above “ultimate” value is intended to be used by the project Design Engineer for the sole purpose of
developing preliminary estimates of tieback length. Actual “design” skin friction values should be
proposed by the contractor based upon the geotechnical data coupled with experience, judgment and their
specific proprietary materials and methods. The tieback contractor should submit, prior to ordering
materials, a detailed submittal that includes: (1) their proposed materials methods; and (2) calculations
and assumptions used as a basis for their proposed tieback design. AKA and the project Design Engineer
should both review the tieback contractor’s submittal(s) to check consistency with the intent of the project
design and the geotechnical conditions.

8.04.3 Tieback Testing, Lock-Off and Corrosion Protection

All tiebacks should be proof tested by the contractor to verify that they meet the acceptance criteria
specified by the Design Engineer. AKA should observe during proof testing to verify that load tests are
performed in accordance with the specifications and provide geotechnical consultation and
recommendations for any tiebacks that fail to meet the acceptance criteria. During proof testing: (1) the
magnitude of the applied test loads should be determined with a calibrated pressure gauge or a load cell;
and (2) movements of the end of the tieback should be monitored to the nearest thousandths (0.001) of an
inch relative to an independent fixed reference point. Proof test loads should be applied in pre-determined
increments in general accordance with the load test procedures outlined in the Post Tensioning Institute’s
publication “Recommendations for Prestressed Rock and Soil Anchors.” Tiebacks that meet the specified
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acceptance criteria should be permanently locked off in accordance with the requirements specified by the
Design Engineer. Following lock-off, appropriate permanent corrosion protection should be provided at
the tieback anchorage.

The contractor should be responsible for designing an appropriate load test setup and for the protection of
existing improvements and new structural elements (including factory installed corrosion protection)
during load testing and lock-off. We recommend that the contractor prepare detailed submittals describing
their proposed materials and methods for load testing, lock-off and contractor-installed permanent
corrosion protection, which AKA and the project Design Engineer should review prior to the start of load
testing.

8.05 Resistive Earth Loads
8.05.1 Basis of Resistive Earth Load Recommendations

We judge that it is permissible to interpret that resistive earth loads may be applied at the face of the
retained zones that act in the direction opposite to the movement of Landslides Qls-3 and Qls-4. The
resistive earth loads presented in this section are based on the assumptions that: (1) the downslope
movement of Landslide Qls-1 will be accompanied by sloughing and back-failures that will partially fill
the gap that opens up at the face of the stabilized zones(s); and (2) the high groundwater level assumed in
the earthquake-induced displacement/force analyses will result in groundwater being present within the
gap to the depth of infilling.

We anticipate, even with what might be viewed as favorable assumptions, the overall effect of resisting
earth loads will be small relative to the Design Landslide Load recommendations presented in Section
8.02.2.

8.05.2 Resistive Earth Pressure Distribution

The effects of resistive earth loads can be evaluated using a triangular pressure distribution corresponding
to an equivalent fluid weighing 80 pounds per cubic foot (pcf). The 80 pcf value was developed as an
active pressure (K, ~ 0.3) with groundwater present up to the top of the infilled soil mass.

80 pef=62.4 pcf + 0.3 (120-62.4 pcf)
For design purposes, the surface of the infilled soil and groundwater can be taken as Elevation +865 feet

(in all zones). The resistive earth pressures allowed in this section do not include a factor of safety and
should therefore be considered ultimate resistance values.

8.06 Earthwork and Pavements
8.06.1 Basis of Earthwork and Pavement Recommendations

The existing sitework that surrounds Buildings 85 and 85A includes asphalt concrete (AC) pavement; a
Portland cement concrete (PCC) pavement and a complex array of existing subsurface utilities. The
installation of drilled piers and tiebacks will require that certain elements be removed and replaced,
whereas any critical elements will need to be protected throughout the period of construction. On this
basis, we anticipate that the geotechnical aspects of the project will include: (1) removing and replacing
pavements; (2) excavating and replacing soil; and (3) removing and re-routing subsurface utilities. The
recommendations presented in this Section are generally based on the assumption that the existing
pavements and underlying subgrade materials can essentially be replaced “in-kind” and that new designs
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for AC or PCC pavements will not be included in the contract documents. In addition, we have assumed
that any “special” requirements involving pavements, excavations, subsurface utilities, underslab barriers,
stockpiling/disposal of excavated materials, health/safety and the like will be provided directly to the
project design team by LBNL.

8.06.2 Site Preparation

Prior to the cutting and removal of existing pavements, all active subsurface utilities in and immediately
surrounding the construction area should be located and marked. Any utilities to be protected as well as
any utilities that are found to exist at locations not shown on the project plans should be clearly identified
and brought to the attention of the project Design Engineer (in writing). It is the contractor’s
responsibility to protect any and all existing subsurface utilities not specifically designated for removal
throughout the period of construction.

Pavements, aggregate base, slabs-on-grade, curbs, gutters, and other near-surface improvements within
the area designated for excavation and/or pier drilling should be removed. Any soils within these areas
containing vegetation or organic matter should be stripped. Stripped materials are not suitable for re-use
as engineered fill and should be removed from the site. Pavements, aggregate base, broken concrete, and
other cleared improvements should be removed from the site or stockpiled for later use, subject to the
approval of AKA and LBNL.

8.06.3 Excavation

Site excavations should be performed in accordance with the design drawings and any additional
requirements set forth by LBNL. AKA should observe during excavations to check that subsurface
conditions are as anticipated and to assist in the identification and segregation of excavated materials that
are considered unsuitable for re-use as engineered fill. Soil subgrades within excavated areas that will
support construction equipment (e.g. tieback drilling equipment) should be: (1) protected throughout the
period prior to backfilling; and/or (2) overexcavated to expose firm undisturbed soil prior to backfilling.
The cost of any additional excavation and fill placement needed to remediate soil subgrades disturbed by
the contractor’s activities should be borne by the contractor.

Excavation cuts deeper than 4 feet will need to be laid back or shored in accordance with Cal-OSHA
requirements. Temporary shoring will be required where safe cutback slopes are not possible, or where
the protection of adjacent utilities, structures or other improvements is necessary. Temporary dewatering
may also be needed depending upon the depths of planned excavations, groundwater conditions and
runoff. The design, installation and maintenance of temporary slopes, shoring and dewatering and the
protection of workers, utilities and adjacent improvements during construction are responsibilities of the
contractor.

We recommend that the contractor document the location and condition of nearby buildings, pavements,
and utilities in as thorough a manner as is practical prior to the commencement of site excavation. The
contractor should also perform regular and frequent surveys during excavation and construction to
monitor and document any observed settlement or deflection of nearby utilities, structures or other site
improvements.
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8.06.4 Fill Materials

General fill can be used as engineered fill, except where non-expansive fill is specifically required.
General fill material should have an organic content of less than 3 percent by volume and should not
contain rocks or lumps larger than 6 inches in greatest dimension. The soil and rock obtained from site
excavations are generally suitable for re-use as fill provided that they meet, or can be processed (i.e., by
crushing and/or blending) to meet the requirements for general fill.

Non-expansive fill material should conform to the following requirements:

Have an organic content of less than 3 percent, by volume;

Be generally free of rocks or lumps larger than 6 inches in greatest dimension;
Have a Plasticity Index of 12 or less; and

Have a Liquid Limit of 40 or less.

Non-expansive fill can be comprised of: (1) onsite materials that meet or can be processed to meet the
above requirements; or (2) import materials that meet the above requirements and are free of
environmental contaminants. All proposed fill materials should be approved by AKA prior to their use;
import material should be evaluated by our firm prior to its importation to the site.

8.06.5 Fill Placement

The upper 18 inches of fill beneath pavements and slabs-on-grade should be comprised of non-expansive
fill material. Any aggregate base or drain rock beneath the pavement/slab section can be considered part
of the 18-inch non-expansive layer.

Areas to receive fill should be generally firm and non-yielding and fill should be placed in layers such
that the surface of each layer is nearly level. We recommend that fill be spread in uniform layers not
exceeding 8 inches in loose thickness and compacted using mechanical means in a uniform and
systematic manner based on the following requirements (per ASTM D-1557 Test Methods):

o Predominantly cohesive general fill materials should be moisture conditioned to at least 3 percent
over optimum moisture content and compacted to between 90 and 95 percent relative compaction.

e Predominantly cohesive non-expansive fill should be moisture conditioned to above optimum
moisture content and compacted to at least 90 percent relative compaction.

e Low cohesion (predominantly granular) fill materials should be moisture conditioned to near
optimum moisture content and compacted to at least 95 percent relative compaction.

e The upper 12 inches of non-expansive fill directly beneath the pavement/slab/aggregate section
should be compacted to at least 95 percent relative compaction.

AKA should observe during construction to check that: (1) subgrades to receive fill are firm and non-
yielding; and (2) engineered fill is appropriately placed and compacted in accordance with our
geotechnical recommendations.
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8.06.6 Utility Trenches

Utility trenches should be backfilled with fill placed in lifts not exceeding 8 inches in uncompacted
thickness. Trenches should be filled by placing a granular shading layer beneath and around the pipe, and
then 6 to 12 inches of shading should be carefully placed and tamped above the pipe. The remaining
portion of the trench should be backfilled with onsite or import soil. The backfill (above shading layers)
should be placed and compacted to a minimum relative degree of compaction of 90 percent based on
ASTM D-1557; predominantly granular backfill materials should be compacted to at least 95 percent
relative compaction. The compaction requirements given above should be considered minimum
recommended requirements. If LBNL, manufacturer, and/or utility company specifications require more
stringent backfill requirements, those specifications should be followed.

If imported granular soil is used, sufficient water should be added during the trench backfilling operations
to prevent the soil from “bulking” during compaction. All compaction operations should be performed by
mechanical means only. We recommend against jetting.

Where granular backfill is used in utility trenches, we recommend an impermeable plug or mastic sealant
be used where utilities enter the building to minimize the potential for free water or moisture to enter
below the building. Finally, we recommend the contractor carefully evaluate the stability of all trenches
and use temporary shoring, where appropriate. The design and installation of the temporary shoring
should be wholly the responsibility of the contractor. In addition, all LBNL regulations governing safety
around such excavations should be carefully followed.

8.07 Future Geotechnical Services
8.07.1 Design Consultation and Plan Reviews

We recommend that we continue to provide geotechnical consultation to LBNL and the project team
during the design phase in order to: (1) check that the design recommendations presented in this report are
appropriately incorporated into the project plans and specifications; and (2) provide supplemental
geotechnical recommendations, as needed. We recommend that we review the project plans and
specifications as they are being developed so that we may provide timely input. We should also perform a
general review of the geotechnical aspects of the final plans and specifications, the results of which we
should document in a formal plan review letter.

8.07.2 Review of Contractor Requests and Submittals

During the bidding and construction phases, we should review all Requests for Clarification (RFCs) and
Requests for Information (RFIs) that are geotechnical in nature. We recommend that we also review all
geotechnical submittals from the contractor, including (but not necessarily limited to) those pertaining to
drilled piers, tiebacks, excavation, subsurface utility installations and geotechnical materials.

8.07.3 Construction Observation and Testing

The analyses and recommendations submitted in this report are based in part upon the data obtained from
our geologic mapping, test borings and data review. These analyses rely upon direct observations of
surface conditions and discrete data points; the nature and extent of subsurface variations may therefore
not become evident until construction. If variations then become apparent, it will be necessary to re-
examine the recommendations of this report.
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It is critical that we be retained to provide geotechnical engineering services during the construction
phases of the work in order to observe compliance with the design concepts, specifications, and
recommendations and to allow design changes in the event that subsurface conditions differ from those
anticipated prior to the start of construction. The scope of our construction-phase observation and testing
services should include (but not necessarily be limited to) site preparation, excavation, drilled pier
installation, tieback installation and testing, pavement and slab-on-grade subgrade preparation, aggregate
base, and utility installation.
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9.00 LIMITATIONS

This report has been prepared for the exclusive use of LBNL and their consultants for specific application
to the proposed Building 85 Slope Stabilization Project in accordance with generally accepted soil and
foundation engineering practices. No other warranty, expressed or implied, is made. Note that the findings
presented in this report are based, in part, upon data collected by previous investigators. We cannot accept
responsibility for the accuracy of the data obtained from others or (consequently) for interpretations that
we have made based on existing available data. In the event that any changes in the nature or design of
the project are planned, the conclusions and recommendations contained in this report should not be
considered valid unless the changes are reviewed and the conclusions of this report are modified or
verified in writing.

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.
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