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1.00 INTRODUCTION

This report presents the results of a design-level geotechnical study by Alan Kropp and Associates, Inc.
(AKA) for the General Purpose Lab (GPL) project at the Lawrence Berkeley National Laboratory
(LBNL). The GPL will be situated near the eastern limit of LBNL’s “Old Town” area at the site currently
occupied by Building 25. This location is shown on the attached Vicinity Map (Figure 1). Our services on
this project were performed in general accordance with LBNL Architect-Engineer Subcontract No.
6859200, Modification No. 3.

We obtained information about the proposed GPL project primarily from: (1) Stanley Lew of RMW, the
project architects; and (2) René Vignos and Geoff Bomba of Forell/Elsesser (F/E), the project structural
engineers. The information provided to us included schematic drawings from the project master plan
studies (dated August 20, 2009) and an October 21, 2009 letter from Mr. Bomba outlining F/E’s
recommended geotechnical scope of work.

1.01  Project Description

The GPL will be located at the site currently occupied by Building 25 (B25), which will be demolished
prior to the construction of the project. As shown on the architectural schematics, the GPL will be a three-
story building measuring about 90 feet by 160 feet in overall plan dimensions. The building will be
situated on a nearly level building pad with a ground floor level at or near the elevation of the existing
ground surface. It is anticipated that column loads will be fairly typical for modern three-story
construction.

Parts of the GPL are being designed to house sensitive equipment and special geotechnical and/or
structural measures may be needed to reduce the potential for post-construction vibrations (from traffic
and the like). We understand that the design team is currently working with a specialty consultant to
develop a mitigation design, but that specific recommendations pertaining to vibration mitigation are not
yet available. However, the possibility of using either ground anchors or ground improvement to stiffen
the dynamic response of soil beneath foundations was discussed.

The project will also include relatively minor grading and paving to construct/improve existing adjacent
driveways and parking areas, as well as installing subsurface utilities. We understand that the project may

also include retaining walls within the GPL building or in other adjacent areas of the site.

1.02  Geologic Considerations

Geologic conditions in the general area of the GPL site were investigated and characterized in two
previous phases of study, which were conducted by AKA in association with William Lettis &
Associates, Inc. (WLA), engineering geologists. Site-specific subsurface explorations performed during
these previous phases included: (1) two exploratory borings drilled north and south of Building 25
(identified as AKA-1 and AKA-2, respectively); and (2) two exploratory trenches excavated west and east
of Building 25 (identified as T-1 and T-2, respectively). The locations of our previous explorations are
shown on the attached Site Plan (Figure 2) together with the locations of previous exploratory borings by
others.

Our previous phases of study were conducted to evaluate the geologic feasibility of constructing a new
building at the B25 site. A stand-alone geologic report was prepared for the site by WLA (WLA 2009),
which concluded that the B25 site was generally suitable for development from a geologic stability (i.e.,
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landsliding) perspective. Some of the geologic descriptions within WLA’s 2009 report, prepared under
subcontract to AKA, have been included within this geotechnical investigation report.

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 (AP Act). The closest active fault is the Hayward fault,
which is located about 1,700 feet west of the site as shown on the attached AP Fault Zone Map (Figure 3).
The California Geological Survey (CGS) Special Publication 42 (SP42, CGS 1999) provides guidelines
for evaluating and mitigating fault rupture hazards within designated Earthquake Fault 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.

1.03  Purpose and Scope of Services

The primary purpose of our design-level geotechnical study was to document the geotechnical conditions
present at the proposed GPL site and provide geotechnical conclusions and recommendations for the
project. The scope of our services included:

Compiling and reviewing existing geotechnical and geologic information;
Characterizing subsurface conditions at the proposed GPL site;
Performing geotechnical engineering analyses;

Developing geotechnical engineering recommendations; and

Preparing this design-level geotechnical investigation report.

Please note that it was not the purpose of this study to discuss chemical constituents in the onsite soil or
groundwater, or to provide recommendations pertaining to soil handling/disposal, or other environmental
aspects of the proposed work.
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2.00 METHODS OF INVESTIGATION

2.01 Review of Published Geologic References

We reviewed published geologic maps and literature pertaining to geologic and seismic conditions in the
general GPL area. These references were used primarily to determine site-to-source distances to principal
active faults and to check for previously mapped fault traces and landslides in the vicinity of the site. A
list of selected references is presented in Section 10.00.

2.02 Review of Site-Specific Subsurface Data

We compiled and reviewed site-specific subsurface data from a variety of sources, which were used to
evaluate and characterize subsurface conditions at the proposed GPL site. Specific sources of data are
introduced in the following subsections. The original source materials used to characterize local
geotechnical conditions are attached in Appendices A through C.

2.02.1 Geotechnical and Geologic Reports by AKA/WLA

Our previous phases of study included performing subsurface explorations in the vicinity of the proposed
GPL site; the site-specific data and interpretations previously developed were originally presented in the
following documents:

e Alan Kropp & Associates, Inc. (AKA), 2009, “Summary of Preliminary Investigation and
Analyses...Building 25 Area Project,” May 29, 2009 memorandum (primarily Borings AKA-1
and AKA-2).

e William Lettis & Associates, Inc. (WLA), 2009, “Paleolandslide Investigation, Building 25,”
August 31, 2009 report (Trenches T-1 and T-2).

The locations of explorations performed during our previous phases of study are shown on the Site Plan
(Figure 2); logs for Borings AKA-1 and AKA-2 are attached in Appendix A.

2.02.2 Geotechnical and Geologic Reports by Others

We reviewed the following geotechnical and geologic reports by others, which include data from previous
subsurface explorations in the direct vicinity of the site:

e Harding Associates (HA), 1963, “Foundation Investigation, Proposed Building 26,” (Borings 1, 2
and 3).

e Harding Miller Lawson & Associates (HML&A), 1966, “Progress Report, Soil Investigation,
Omnitron Site,” (primarily Borings 10, 11, 12, 13, and 14).

e Harding Lawson Associates (HLA), 1988, “Foundation Investigation, Building 26 Addition,”
October 31, 1988 report (Borings 1 and 2).

ALAN KROPP
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The locations of previous borings by others are shown on the Site Plan (Figure 2). Logs of previous
borings by others are presented in Appendix B.

2.02.3 Environmental Boring/Well Logs

We reviewed relevant portions of the following environmental report, which includes interpretive
geologic sections depicting the subsurface materials encountered in nearby monitoring well installations:

e Lawrence Berkeley National Laboratory Environmental Health and Safety (EH&S) 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.

As part of our study, WLA geologists also met with Mr. Preston Jordan of LBNL’s EH&S Division and:
(1) obtained copies of relevant boring/well logs from monitoring well installations in the vicinity of the
B25 site; and (2) reviewed selected samples retrieved from well boreholes (which have been archived by
the EH&S Division). The locations of previous environmental borings/wells are shown on the Site Plan
(Figure 2); selected boring logs provided by LBNL’s EH&S Division are included in Appendix C
together with WLA’s letter documenting the results of the geologic core review.

2.03 Previous AKA/WLA Borings

As part of an earlier phase of study, we explored subsurface conditions in the general vicinity of the B25
site with two borings (AKA-1 and AKA-2). At that time, we also drilled a boring (AKA-3) approximately
200 feet southwest of the B25 site adjacent to Building 48. The borings were drilled to explore geologic
relationships and contacts for the purposes of evaluating geologic stability. As such, the borings were
logged in detail and annotated in the laboratory by WLA’s Certified Engineering Geologist (CEG). The
logs of Borings AKA-1 and AKA-2 are attached in Appendix A, for reference.

All of the previous AKA/WLA borings were drilled in May 2009 by Pitcher Drilling Company of East
Palo Alto, California, using rotary wash drilling methods. Borings AKA-1 and AKA-2 extended to depths
of approximately 46 feet and 106 feet, respectively. The locations and elevations of the borings were
surveyed by Bates & Bailey Land Surveyors, Inc. (B&B) of Berkeley, California, an LBNL
subcontractor.

A WLA geologist supervised the drilling of AKA-1 and AKA-2, logged the soils and bedrock
encountered, and obtained samples of the subsurface materials for subsequent evaluation. The field logs
and soil/rock samples were reviewed by WLA’s lead engineering geologist for the project, Mr. John
Baldwin (CEG). The annotated logs of the borings are attached in Appendix A. The soils are logged in
general accordance with the Unified Soil Classification System (ASTM D-2487-06).

Samples were obtained using: (1) a 1'4-inch inside diameter Standard Penetration Test (SPT) split barrel
drive sampler; (2) a 2%-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 140-pound automatic hammer falling 30 inches. The upper portions of the borings were sampled
at approximately 5-foot vertical intervals. Zones of geologic interest within the borings were sampled
continuously. The intervals of sampling are shown on the boring logs presented in Appendix A.
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3.00 GEOLOGIC AND SEISMIC SETTING

3.01 Berkeley Hills Geology

The proposed GPL building site is situated on the west side of the northwest-trending Berkeley Hills and
is characterized by gentle to steep topography. Bedrock geology in the Berkeley Hills is complex and
includes a variety of moderately to highly deformed (faulted and folded) sedimentary, volcanic and
metamorphic rock units.

The Regional Geologic Map presented on Figure 4 is based on a published geologic map of this area from
the United States Geological Survey (Graymer 2000). Bedrock units mapped in the general area of the
GPL site area include the Tertiary-age Orinda Formation (map symbol Tor) and Moraga Volcanics
(Tmb). Areas within Strawberry Canyon south of the site are mapped as Cretaceous-age Great Valley
Complex (Ku). Information on the relative ages of these units is presented below (Ma = millions of years

ago):

Ages of Geologic Units (Jones and Curtis 1991)

Stratigraphic Unit Period/Epoch Age
Moraga Formation Tertiary/Late Miocene 10.2 - 8.4 Ma
Orinda Formation Tertiary/Middle to Late Miocene 13.5-10.5 Ma

Great Valley Sequence Upper Jurassic — Lower Cretaceous 159 — 99 Ma

During the late Miocene and early Pliocene (11.2 to 3.6 million years ago) an extended period of
compression occurred that resulted in the folding, faulting and uplifting of the Berkeley Hills. The
Berkeley Hills are thought to be currently experiencing uplift at a much slower rate (as much as
Imm/year) based on geodetic studies (Graymer 2000).

3.02 Bay Area Active Faults

The San Francisco Bay Area lies within a broad region of deformation near the boundary between the
North American and Pacific tectonic plates. This seismic regime includes a series of major active
northwest-trending faults, which include the San Andreas, Hayward, Rodgers Creek, Calaveras, San
Gregorio, Concord-Green Valley, West Napa, and Greenville faults. These major faults are near-vertical
and generally exhibit right-lateral strike-slip movement (which means that the movement is
predominantly horizontal and when viewed from one side of the fault, the opposite side of the fault is
observed as being displaced to the right).

Various researchers and government agencies have mapped the locations of active and potentially active
faults in California. 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 to linear concentrations or trends of earthquake epicenters, and (4) prominent tectonic-
related aseismic geomorphology. Potentially active faults are defined as those that are not known to be
active, but have evidence of Quaternary-age displacement (within about the past 2 million years). The
closest known active fault to the project site is the Hayward fault, which has been mapped by the
California Division of Mines and Geology (CDMG, 1982) approximately 1,700 feet southwest of the site
on the UCB Campus (Figure 3). The CDMG is now known as the California Geological Survey (CGS).
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The CGS has also developed Active Fault Near-Source Zone Maps to be used in conjunction with
previous (pre-2008) versions of the Uniform Building Code (UBC). The Active Fault Near-Source Zone
Maps were developed to be used with the UBC to characterize earthquake ground shaking for code-based
structural design. The following table shows approximate distances and direction from the site to major
Bay Area active faults, based on the CGS/UBC mapping.

Principal Bay Area Active Faults, Site to Seismic Source Distances

Seismic Source Approximate Distance Approximate Direction

from Site from Site

San Andreas 31 km Southwest

San Gregorio 33 km Southwest

Hayward/Rodgers Creek ~ 0.5 km Southwest

Northern Calaveras 21 km East

Concord-Green Valley 23 km Northeast

West Napa 34 km North

3.03 Regional Seismicity

The San Francisco Bay region is seismically active. Since 1800, five earthquakes of M>6.5 have occurred
in the Bay Area (Bakun 1999). These include the: 1836 M6.5 event east of Monterey Bay; 1838 M6.8
event on the Peninsula section of the San Andreas fault; 1868 M6.8-7.0 Hayward event on the southern
Hayward fault; 1906 M7.9 San Francisco earthquake on the San Andreas fault; and 1989 M6.9 Loma
Prieta event in the Santa Cruz Mountains.

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*

ALAN KROPP
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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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4.00 LOCAL GEOLOGIC CONDITIONS

4.01 Topography and Geomorphology

The proposed GPL site is located on a north-south trending ridge that divides two natural watersheds.
Areas east of the site are within Chicken Creek Canyon, which generally drains south towards Strawberry
Creek. The western margin of the site is bounded by a broad west-sloping surface that drains northwest
toward Blackberry Creek. Early maps (Lawson and Palache, 1901) and historical photographs (1935 and
1939) of the site area depict pre-development morphology, and show what appears to be a gently sloping
and rounded north/south-trending bedrock ridge with southwest-trending and southeast-trending bedrock
spurs. These early depictions show the ridge continuing northward and steepening toward the present-day
Lawrence Hall of Science. Highly resistant andesitic and basalt units of the Moraga Formation form the
steep ridges and cliff faces upslope of the site (north of McMillan Road).

The natural topography of the area has since been altered by grading. Most significantly, the northern
portion of the GPL site is within an area that was cut (lowered) first to construct the building pad for B25
and later during the realignment of McMillan Road.

4.02 Local Bedrock Units

Bedrock within the general project area consists of Cretaceous Great Valley Group and Tertiary Orinda
Formation and Moraga Volcanics. Descriptions of the three principal bedrock units in the general vicinity
of the site follow.

4.02.1 Cretaceous Great Valley Group

The Cretaceous sedimentary deposits are present at LBNL as part of a Mesozoic rock complex that
includes the Coast Range ophiolite and the Great Valley Group. Although the Great Valley Group is
usually separated from the ophiolite, it is known from regional mapping that the Great Valley Group
sedimentary rocks were originally deposited on the ophiolitic rocks (Graymer 2000).

Sandstone and shale of the Great Valley Group are the oldest rocks that crop out in this general area of
LBNL. In the vicinity of the GPL, the contact between the Great Valley Group and the overlying Orinda
Formation generally runs along the northern side of Strawberry Canyon. The contact between the Great
Valley Group and overlying Orinda Formation generally dips back into the slope (i.e., towards the
northeast). Although not encountered in boreholes in the Building 25 area, the Great Valley Group would
project beneath the site at considerable depth and would lie below the Orinda Formation.

4.02.2 Tertiary Orinda Formation (Miocene)

The Miocene Orinda Formation is a non-marine sedimentary formation composed of well- to poorly-
bedded siltstone, claystone, fine lithic sandstone, and pebble conglomerate. Regionally, the Orinda
Formation can be up to about 2,400 feet thick. The conglomerate contains a high percentage of detritus
derived from the Franciscan Assemblage (Graymer, et al. 1996). The coarse-grained conglomerate was
deposited under alluvial fan conditions, while the sandstone, mudstone and finer-grained conglomerate
were deposited as flood plain and channel material (Jones and Curtis 1992). In the vicinity of the GPL
site, Lawson and Palache (1901) and Lawson (1900) interpret the sedimentary lacustrine deposits as
interfingering with volcanic deposits of the Moraga Formation at or near the interplay between eruptive
and fluvial deposition.
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Locally, the Orinda Formation consists of well-bedded to massive siltstone and claystone and occasional
lenses of coarse-grained sandstone and conglomerate. The top of bedrock consists of fluid-stained,
yellowish/reddish brown, weathered, silty sandstone to siltstone. With increasing depth, the Orinda
Formation gradually becomes less weathered and maintains coloration more indicative of the deposit,
such as, greenish-gray, gray, olive gray and grayish-blue colors with discontinuous lenses of sand and
gravel lenses.

4.02.3 Tertiary Moraga Formation (Miocene)

The Miocene Moraga Formation consists of as many as five distinct flows typically defined by basaltic
and andesitic composition (Wahrhaftig and Sloan 1989). The 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 is
believed to be the Round Top volcanic complex, which is located several miles southeast of LBNL. Early
studies by Lawson and Palache (1901) refer to the volcanic deposits in the project vicinity as the Campan
series and are described as fresh-water deposits interbedded with lavas and tuffs. Others also describe
similar clastic deposits at or near the base of eruptive sequences (Lawson 1901; Wahrhaftig and Sloan
1989; and Clements 1963). The Moraga Formation is exposed in multiple cut slopes along Centennial
Drive and Grizzly Peak Boulevard north of the site and in several abandoned quarries at LBNL (i.e.,
northwest of Building 78). Moraga Formation also is exposed in the Lawrence Road cut directly east of
Building 48 (south and downslope of the GPL site).

In the site area, the Moraga Formation consists of andesitic and basaltic flows, tuff, and volcaniclastics
(locally described as agglomerate or volcanic breccia). Potassium-argon ages of the volcanic flows vary
from 10.2 million years (Ma) to 8.5 Ma (Curtis 1989). 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;
Wahrhaftig and Sloan 1989). Locally, the Moraga Formation rests depositionally on the Orinda
Formation, or is present as intact translated slide bodies (LBNL/Parsons 2000). At the site, the Moraga
Formation typically consists of highly fractured and weathered, subangular to subrounded cobble to large,
boulder-size agglomerate to andesite with a predominantly silty to fine gravelly matrix. Minor amounts of
weathered and altered ash and tuff also are present.

4.03 Local Faults

Regional mapping generally shows the Orinda Formation in fault contact with the older Great Valley
Complex south of the site. The map presented on Figure 4 (Graymer 2000) interprets faulting in this
general area of LBNL as complex, with two north-striking faults in Chicken Creck Canyon (east of the
GPL site) and several northwest-striking faults in Old Town (proximate to and west of the GPL site).

The location of the Orinda-Great Valley contact is reasonably well-established within the lower Chicken
Creek Canyon area (in the vicinity of LBNL Building 31) and west of the Advanced Light Source (LBNL
Building 6) based on borehole data. The Great Valley Complex was not encountered in previous borings
drilled in the vicinity at the GPL site and south of the site the surface trace of the contact is interpreted to
run along the steep natural slopes on the north side of Strawberry Canyon. Great Valley rocks near the
fault zone are described as a dark gray to black, sheared and brecciated fine-grained shale and siltstone
(Jordan & Javandel 2007; Kleinfelder 2004). Orinda-Great Valley contact juxtaposes rocks of vastly
different ages (younger than 13.5 million years versus older than about 100 million years, respectively).
From a geologic perspective, the Orinda-Great Valley contact is of structural significance, but it is not
considered an active fault.
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In addition to Graymer (2000), various other consultants and researchers (e.g. HLA 1982, LBNL/Parsons
2000, WLA 2009) have interpreted faults in the vicinity of the site; however, none of the faults that have
been mapped locally are zoned as active (Figure 3) and some probably do not exist, as mapped.

4.04 Landslides

Regional landslide mapping by Nilsen (1975) shows no landslides in the general vicinity of the GPL site.
A geologic map prepared by HLA for the LBNL campus (HLA 1982) generally shows the GPL site as
underlain by Orinda and Moraga Formation rock and maps a small landslide (indicated by an asterisk)
southwest of the GPL site directly upslope of LBNL Buildings 45 and 48. The landslide inventory map
prepared by the CGS (2003) generally shows landslides east and west of the site, but no landslides within
the ridge area occupied by Building 25. In general, the previous published maps and maps prepared by
consultants prior to 2000 generally show the GPL site to be underlain by bedrock unaffected by large-
scale landsliding.

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
postulates the existence of a number of large-scale “paleolandslides” at LBNL, all of which are mapped
as lying topographically below a belt of in-place Moraga Formation rock that generally caps the Berkeley
Hills. The postulated paleolandslides are interpreted by LBNL/Parsons (2000) to be “younger than the
Moraga Formation but older than historically active landslides at LBNL.” In the 2000 RFI Report, the
Moraga Formation rock that underlies B25 is interpreted to be a paleolandslide overlying in-place Orinda
Formation bedrock. More recent data developed by WLA (2009) indicates that: (1) the B25 ridge area has
been stable for perhaps tens of thousands of years; and (2) Moraga formation rocks are in depositional
contact with underlying Orinda Formation rocks southeast of the GPL site (at the location of Trench T-2).
These new data have been used by WLA (2009) to generally refute the paleolandslide model of
LBNL/Parsons (2000), as discussed further in Section 6.03.
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5.00 GEOTECHNICAL SITE CONDITIONS

5.01 Surface Conditions

B25 is an irregularly-shaped building with multiple small additions and is abutted at its northern end by
B25A (Figure 2). The B25/B25A complex is located near the eastern limits of Old Town south of
McMillan Road and is generally surrounded by gently-sloping paved driveways and parking areas. The
complex is bordered on the east by LBNL Building 26 (B26), on the south by a small building (B28) and
communications tower, and on the west by B4, B5 and a small redwood grove. Surface grades in the area
of the buildings vary from about +933 feet (in the parking lot south of B25) to +940 feet (in the parking
lot north of B25A).

Although the B25 site is nearly level (sloping only very gently towards the south), it is located along a
ridgeline and adjacent areas slope more steeply down towards the east, south and west. East and south of
the B25 complex, surface grades generally slope steeply down away from the site at gradients of between
about 2.5:1 (horizontal to vertical) and 1.5:1. West of the B25 complex, surface grades slope more gently
down away from the site at gradients flatter than about 8:1. As currently envisioned, these nearby sloping
areas are not considered part of the GPL site.

5.02  Subsurface Conditions
5.02.1 Generalized Description of Subsurface Conditions

In general, the northern portion of the GPL site is underlain directly by bedrock while the southern
portion is underlain by soil up to about 13 feet deep. This condition exists as a result of the undulatory
nature of the bedrock surface and grading that was performed to develop the B25/B25A complex, which
appears to have included: (1) excavating and removing soil and bedrock at the north end of the site; and
(2) placing fill within a colluvium-filled hollow in the southern portion of the site. An interpretive map
depicting current elevation contours on the top of the bedrock surface in the area of the planned GPL is
presented on Figure 5. The subsurface materials encountered in borings at the site are described briefly
below.

Bedrock — The bedrock materials encountered in borings at the site consist of Orinda
Formation (including siltstone, sandstone, claystone and conglomerate) and Moraga
Volcanics (including andesite and tuff or agglomerate breccias). The bedrock layers that
exist within the Moraga Formation are highly variable and include materials that are
harder and more resistant than the Orinda Formation. The logs of borings presented in
Appendices A through C frequently show Standard Penetration Test (SPT) blow counts
of 50 blows for 6 inches or less of penetration within Moraga Formation materials. SPT
blow counts between about 20 and 50 blows per foot are commonly reported within
Orinda Formation materials.

Colluvium — Colluvium is a geologic term that refers to soil that has moved downslope
by gravity. The data we reviewed indicates that colluvium is present beneath the southern
portion of the site (in the area of environmental borings/wells MW25-93-15 and MW25-
95-26) within buried west-east trending bedrock hollow. The colluvium encountered in
Boring MW25-93-15 extends to a depth of about 13 feet and is logged as stiff, dark
brown, sandy clay with generally high plasticity. An SPT blow count of 31 blows per
foot was reported in this layer. A second west- to northwest-facing colluvium-filled
bedrock hollow is interpreted to exist north of Building 25A (in the area of Boring AKA-
1) that is not within the planned GPL site.
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Fill — Most of the borings drilled at the site did not account for appreciable amounts of
fill overlying natural colluvium and/or bedrock. An exception is Environmental Boring
MW25-93-15, which was drilled along the western side of the planned GPL site within
the central portion of the interpreted former colluvium-filled bedrock hollow. The log of
this boring (attached in Appendix C) generally shows between 7 and 8 feet of stiff, lean
clay fill overlying colluvium. The fill materials present at the site are considered
undocumented in that no records have been found to show that the fill was placed in
~ accordance with geotechnical engineering recommendations.

Groundwater — The boring logs presented in Appendices A through C provide only
limited data on groundwater conditions in the area of the planned GPL site. However, a
significant body of data exists within LBNL’s EH&S Division pertaining to groundwater
elevations and subsurface flow for the site area in general; data which was developed to
address groundwater contaminant transport issues. In general, groundwater is not present
in the near surface at the GPL site. Previous data and interpretations developed by
LBNL’s EH&S Division generally indicate that groundwater is present beneath the site at
depth above the contact between the Moraga Formation (which is highly permeable) and
the underlying Orinda Formation (which is relatively less permeable).

Summaries of the data and related information used to develop the above generalized descriptions follow.
5.02.2 Summary of Bedrock Depth/Elevation Data

The bedrock depth/elevation data used to develop Figure 5 are summarized in the tables that follow. The
original source materials (boring logs) on which the tabular summaries are based are presented in

Appendices A through C.

Bedrock Depth/Elevation Data from Geotechnical and Geologic Reports

Source of Data | Boring Surface Depth to Elevation Top of Bedrock
No. Elevation Bedrock | of Bedrock Description
(feet) (feet) (feet)
AKA (2009) AKA-1 939.7 <10.7 >929.0 Orinda (siltstone)
AKA (2009) AKA-2 933.4 3.5 929.9 Moraga Volcanics
HLA (1988) 1 ~920 8 912 Moraga (andesite)
HLA (1988) 2 ~923 8 915 Moraga (andesite)
HMLA (1966) 10 927 6 921 Orinda (siltstone)
HMLA (1966) 11 930 1.5 928.5 Orinda (siltstone)
HMLA (1966) 12 922 8 914 Orinda (siltstone)
HMLA (1966) 13 933 7 926 Moraga (basalt)
HMLA (1966) 14 932 3.5 928.5 Moraga (basalt)
HA (1963) 1 937.6 17.5 920.1 Orinda (siltstone)
HA (1963) 2 936.5 18 918.5 Orinda (siltstone)
HA (1963) 3 906.5 >15 <§91.5 not encountered
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Bedrock Depth/Elevation Data from Environmental Boring Logs
Boring No. Surface Depth to Elevation Top of Bedrock Description
Elevation Bedrock of Bedrock
(feet) (feet) (feet)
MW25-93-15 935.4 ~13 9224 Moraga (breccia)
MW25-94-12 937.93 ~2 937.9 Orinda (siltstone)
MW25-95-5 933.24 ~0 933.2 Moraga (andesite)
MW25-95-26 936.17 ~15 921.2 Moraga (andesite)
MW25-98-10 935 ~4 931 Moraga (andesite)
MW25A-95-4 938.67 ~1 937.7 Moraga (andesite)
MW25A-95-15 | 932.14 ~6 926.1 Orinda (siltstone)
MW25A-98-1 934.70 ~2 932.7 Orinda (silty sandstone)
MW25A-98-3 940.00 ~0 940.0 Moraga (andesite)
MW25A-98-6 940.70 ~2 938.7 Moraga (tuff breccia)
MW25A-98-7 940.10 ~2.5 937.6 Orinda (siltstone)
MW25A-99-5 940.60 ~1 939.6 Orinda (silty sandstone)
MW25A-99-2 940.69 ~1.5 939.2 Orinda (siltstone)
MW25A-00-5 933.37 ~2 9314 Orinda (sandstone and siltstone)
SB25A-96-1 932.55 ~6 926.6 Orinda (silty sandstone)
SB25A-96-2 937.29 ~1.5 935.8 Orinda (silty sandstone)
SB25A-96-3 939 ~2 937 Orinda (tuffaceous siltstone)
MW26-92-11 941 ~8.5 932.5 Orinda (sandy claystone)
Bedrock Depth/Elevation Data from Environmental Borings without Logs
Boring No. Surface Depth to Elevation Top of Bedrock Description
Elevation Bedrock of Bedrock
(feet) (feet) (feet)

SB25-95-1 937 ~8 ~929 Moraga
SB25-95-2 941 ~1 ~940 Moraga
SB25-95-3 940 ~0 ~940 Moraga
SB25-95-4 935 ~3 ~932 Moraga
SB25-95-5 934 ~9 ~925 Moraga
SB25A-95-1 933 ~2 ~931 Orinda

5.02.3 Summary of Groundwater Data

Borings AKA-1 and AKA-2 were drilled using rotary wash drilling methods in which borehole stability is
maintained through the use of drilling fluids; this technique generally precludes the accurate measurement
of natural groundwater levels either during or immediately after drilling. Information on the depth and
elevation of groundwater reported in previous borings by others is presented in the following tables.
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Groundwéter Depth/Elevation Data from Geotechnical and Geologic Reports

Source of | Boring Surface Depth to Elevation of Date of Groundwater
Data No. Elevation | Groundwater | Groundwater Measurement
(feet) (feet) (feet)
HA (1966) 11 930 23 907 8/30/66
HA (1966) 12 922 17 905 8/4/66
HA (1966) 15 863 7 856 7/20/66
Groundwater Depth/Elevation Data from Environmental Borings
Boring No. Surface Depth to Elevation of Date of Groundwater
Elevation | Groundwater | Groundwater Measurement
(feet) (feet) (feet)
MW25-93-15 935.4 ~60 ~975.4 11/93
26-92-11 ~941 ~18 ~923 3/9/92

The RFI Report includes a water level contour map of the Old Town area for the fourth quarter of fiscal
year 1999 (LBNL/Parsons 2000, Figure B2.4-2) and groundwater depth/elevation data is depicted
graphically on the RFI Report cross sections. In general, these sources of information show a groundwater
surface that slopes down from north to south across the site. The north/south-trending cross section
presented in the RFI Report Section (LBNL/Parsons 2000, Figure B2.3-9) generally shows groundwater
levels that are near Elevation +920 in the vicinity of B25A and below Elevation +875 south of B25.

5.02.4 Summary of Plasticity Test Data

The results of laboratory Atterberg Limits determinations performed during previous site investigations
by others are summarized in the following table.

Atterberg Limits Test Results

Source of Data | Boring | Approximate Liquid Plasticity Material
No. Depth of Limit Index (Soil Classification)
Sample
(feet)
HLA (1988) 1 2.5 37 14 (ML)
HMLA (1966) 12 30.4 31 10 Siltstone (CL-ML)
HMLA (1966) 12 47.6 33 13 Siltstone (CL-ML)
HMLA (1966) 13 319 43 13 Basalt (ML)

Onsite soils having a PI of 15 or less are generally considered to have a sufficiently low expansion
potential to be used as non-expansive fill.
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6.00 GEOLOGIC AND GEOTECHNICAL HAZARDS

We conclude that the proposed project is generally feasible from a geologic and geotechnical hazard
standpoint provided that the geotechnical recommendations outlined in this report are appropriately
addressed in the project design. The principal geologic and geotechnical hazard considerations for the
project are discussed in the sections that follow.

6.01 Ground Shaking

The San Francisco Bay Area is seismically active and strong ground shaking is likely to occur at the site
within the life of the project as a result of future earthquakes. For this reason, structures at the site should
be designed to resist strong ground shaking in accordance with the requirements of the California
Building Code (CBC) and local design practice.

6.01.1 CBC Site Class

The seismic design provisions of the 2007 CBC include a methodology by which sites are classified as A
through F in order to quantify site-specific ground shaking effects. As previously discussed, the proposed
GPL site is underlain by variable conditions with portions of the site underlain by 15 or more feet of soil.
Based on the available information, we judge a Class C designation (very dense soil and soft rock) to be
most appropriate for the design of the GPL building. Associated location-specific seismic design
parameters for use with the 2007 California Building Code (CBC) are presented in Section 8.02.1 of this
report.

6.01.2 Campus Ground Motions

The seismic design provisions of the 2007 CBC also allow the use of earthquake ground motions
developed through a site-specific probabilistic seismic hazard assessment (PSHA). PSHA-derived design
ground motions (response spectra and time histories) have been developed for the LBNL campus by URS
Corporation (URS). The latest ground motions developed by URS take advantage of “next generation”
attenuation models (NGA models), which can predict lower levels of ground shaking than previous PSHA
models. We anticipate that the LBNL design ground motions would potentially be used in the structural
design of the GPL building, if: (1) the LBNL design ground motions are found to be significantly lower
than the CBC-derived ground motions over the period(s) of interest; or (2) if earthquake time histories are
needed for dynamic analysis. Recommendations concerning the application of the campus ground
motions developed by URS are included in Section 8.02.2.

6.02  Surface Fault Rupture

Historically, earthquake fault rupture most often occurs along pre-existing active faults. The GPL site is
not located within an AP Zone (Figure 3), and the references that we reviewed indicate the closest
mapped active fault is more than 1/4 mile away. Based on this information, we consider the overall risk of
surface fault rupture at the site to be low.
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6.03  Geologic Stability

Our previous phases of study at the GPL site (AKA 2009 and WLA 2009) were performed to check the
paleolandslide hypothesis of LBNL/Parsons (2000), as it relates to this specific site. Based on a detailed
review of existing information, geologic field reconnaissance and mapping, three test borings (AKA-1
through AKA-3) and two exploratory trenches (T-1 and T-2), WLA concluded that: (1) the trench and
geomorphic data provide evidence for long-term (thousands of years) stability of the bedrock ridge upon
which the GPL site is to be located; and (2) if a paleolandslide exists beneath the site it is geologically
stable as previously mapped.

The presence of localized landsliding in the area upslope of Buildings 45 and 48 (as previously identified
by HLA 1982) was generally confirmed by WLA. Although this feature is not considered a concern
relative to the GPL site, WLA cautions that the areas southwest of Building 25 should not be developed
without further characterizing the upslope limits of this known area of local instability.

The stability of materials within the west/east-trending colluvial-filled bedrock hollow that underlies the
southern portion of the GPL site has not been previously addressed. In general, within the area of the
planned GPL site the hollow does not slope steeply in the out-of-slope direction (as evidenced by the
bedrock surface elevations reported in environmental borings/wells MW25-93-15 and MW25-95-26). In
addition, it appears that the contact between the colluvium and underlying volcanic breccia bedrock may
have been sampled (in environmental boring/well MW25-93-15) and there is no direct indication on the
logs of a possible shear zone at this location or depth. Also, previous geologic review of historic aerial
photographs did not identify geomorphology suggestive of landsliding in the area of the planned GPL
building. Consequently, we currently consider there to be a relatively low likelihood that future deep-
seated slope movements would potentially occur within the colluvial-filled hollow that underlies the
southern portion of the GPL site. We do, however, recommend that this tentative conclusion be revisited
and confirmed by direct observation of subsurface conditions exposed during construction, as discussed
later in this report.

6.04 Inundation

The site is located in the hills upslope of the city of Berkeley near Elevation +800 feet; inundation by
tsunami or seiche is therefore not a concern. To our knowledge, there are no dams or large reservoirs
upslope of the site that could pose an inundation hazard to the GPL facility. In our opinion, there is
essentially no risk of significant inundation at the planned GPL site.

6.05 Liquefaction and Densification

The soils generally considered most susceptible to liquefaction are saturated (i.e., below groundwater)
clean sands, silts and gravels having little or no cohesion. Densification can occur where these types of
low-cohesion soils are above groundwater. Current and ongoing research has demonstrated that cohesive
silts and clays of low plasticity can also exhibit seismic strength degradation behavior that is in some
ways similar to liquefaction. The range of conditions over which this behavior occurs is the subject of
continuing research. There appears to be general agreement that soils having a PI of 7 or less are
susceptible to earthquake-induced strength loss, whereas soils having a PI of 18 or greater are not.

In general, the GPL site is underlain by bedrock and soils of moderate plasticity that are not submerged.
Consequently, we judge there to be little to no potential for seismically-induced liquefaction or
densification at the planned GPL site.
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7.00 GEOTECHNICAL EVALUATIONS AND CONCLUSIONS

7.01 Foundation Support

Based on the available existing data, we conclude that the GPL building can be supported on conventional
spread footing foundations. Spread footings can be founded upon: (1) bedrock and/or firm natural
colluvium, or (2) appropriately engineered materials founded upon bedrock and/or firm colluvium. The
existing undocumented fill materials that exist in localized areas of the site are considered generally
unsuitable for the support of spread footings.

Post-construction static settlement of properly constructed spread footings under allowable loads should
be very small; less than about % inch. Recommendations for the design and construction of spread
footings are presented in Section 8.03.

7.02  Existing Fill Materials

All existing undocumented fill materials beneath future spread footing foundations will need to be
removed and replaced with appropriately engineered fill. Based on the available data, old fill materials are
known to be present within the southern portion of the GPL site; however, fill materials may also be
present in other areas not explored by borings.

The removal and replacement of existing fill materials is a critical aspect of the proposed GPL project.
Following the excavation of existing materials, it will be necessary for AKA (and WLA, if appropriate) to
observe the bottom of the overexcavated area to check that: (1) the underlying materials are capable of
supporting future foundation loads; and (2) any areas of questionable geologic stability (e.g. possible
adverse bedding, fractures, or shear zones) are appropriately addressed. Recommendations for the
overexcavation and removal of existing fill materials and associated geologic/geotechnical observations
are presented in Section 8.05.2.

7.03  Uplift Resistance

Drilled and grouted ground anchors (tiedowns) can be used to resist uplift. Tiedowns typically consist of a
vertical steel element (usually a high-strength steel bar or tendons) that is secured in place with cement
grout. Tiedowns resist axial loads primarily through skin friction between the grout and the subsurface
soil and/or rock materials. The axial capacity of tiedowns can be increased by: (1) increasing the surface
area of the grout contact (by lengthening the tiedown or drilling a larger hole); or (2) increasing the skin
friction (by pressure grouting or post-grouting). Once the grout has appropriately set, tiedowns are load
tested to confirm their axial capacity and load-deformation behavior. Following foundation construction,
tiedowns are typically: (1) tensioned against the top of the completed footing or other foundation element;
and (2) locked off at a specific design load (determined by the structural engineer). The upper portion of
the tiedown (stressing tail and anchorage) is then permanently covered and protected to resist corrosion.
Tiedowns are considered a permanent part of the structure and the corrosion resistance of the reinforcing
element and anchorage connection is a critical aspect of the tiedown design.

Specialty contractors have developed a variety of techniques and proprietary systems to construct
tiedowns and, therefore, these elements are commonly constructed under a design-build approach. Based
on our experience, we judge that tiedowns that penetrate the bedrock materials that underlie the site can
be designed to have allowable axial capacities of 200 kips or greater. Geotechnical recommendations
pertaining to tiedown design are presented in Section 8.03 4.
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7.04  Expansive Soils

The onsite soils and bedrock do not appear to include significant quantities of materials that are
considered expansive (expansive materials tend to shrink and swell with changes in moisture content and
therefore have the potential to damage improvements that are supported directly upon them unless
appropriately mitigated). As a precaution, it will be necessary for AKA to observe and test, as
appropriate, the following materials to check their expansion potential: (1) soils and bedrock exposed in
near-surface site excavations; (2) onsite materials proposed to be re-used as engineered fill; and (3)
proposed import fill materials. Geotechnical recommendations pertaining to earthwork and expansive
soils are presented in Section 8.05.

7.05  Construction Considerations
7.05.1 Excavation and Shoring

We anticipate that most of the near-surface soil and bedrock at the site can be excavated with
conventional earth-moving equipment. However, it is possible that locally harder bedrock could be
encountered that would require jack-hammering or hoe-ramming to excavate, particularly in confined
areas such as trenches or keyway excavations. In addition, the existing fill materials at the site may
include subsurface obstructions. Removal of buried obstructions could require equipment capable of
breaking concrete.

As currently envisioned, the GPL building will be supported near the level of the existing grade and,
consequently, deep excavations are not currently anticipated. All excavations deeper than 4 feet that will
be entered by workers will need to be shored or sloped for safety in accordance with the applicable: (1)
California Occupational Safety and Health Administration (Cal-OSHA) standards; and (2) site-specific
health and safety protocols and procedures required by LBNL.

7.05.2 Dewatering and Soil Moisture

Although groundwater at the site is generally thought to be deeper than anticipated site excavations, the
control of groundwater during construction is the responsibility of the contractor. The contractor should
anticipate that site excavations may need to be dewatered and depending upon the water source (i.e.,
surface versus subsurface), there may be environmental aspects to the appropriate collection, storage and
disposal of onsite water. The design, permitting, installation, monitoring, and abandonment of site
dewatering and discharge systems are the contractor’s responsibility.

The onsite soils may include materials that are wet of optimum, from an earthwork compaction
standpoint. Deeper excavations at the site could encounter soils that are saturated. The contractor should
anticipate that soils obtained from site excavations will include clayey soil and clayey rock materials that
will need to be processed (e.g. by air drying) prior to being placed as engineered fill.

7.05.3 Construction Monitoring

The contractor’s responsibilities should include: (1) documenting the condition of the adjacent
improvements prior to the commencement of site demolition and excavation activities; (2) designing
demolition, excavation and construction programs that will keep surface settlements and vibrations within
acceptable limits set by LBNL; and (3) coordinating with LBNL and providing settlement and vibration
monitoring, as needed, to assure that adjacent facilities are not adversely affected during the geotechnical
aspects of construction.
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7.05.4 Wet Weather Construction

Although it is possible for excavation and/or 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 utility or
footing trenches are open during winter rains, caving of the trench walls may occur. Subgrade preparation
beneath footings, mat foundations, slabs-on-grade and pavement sections may prove difficult or
infeasible. 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

Contractors responsible for the geotechnical aspects of the project (e.g. general, shoring, grading,
foundation) should become familiar with the contents of this report and acknowledge:

e The site conditions, as described in this report and the attached Appendices;
e The construction considerations discussed in Section 7.05 of this report; and
e LBNL requirements for excavations, safety and vibrations.

We recommend that these and all other contractor responsibilities be clearly defined in the project plans
and specifications.

8.02  Seismic Design
8.02.1 2007 California Building Code Seismic Parameters

Structures at the site should be designed to resist strong ground shaking in accordance with the applicable
building codes and local design practice. This section provides location-specific seismic design
parameters for use with the 2007 California Building Code (CBC 2007). Based on our review of the
subsurface conditions and the 2007 California Building Code (CBC), we judge that a “C” Site Class is
applicable.

Site Location
Latitude = 37.8760 degrees
Longitude = -122.2466 degrees

Mapped Spectral Accelerations
Short Period, (Ss, Site Class B) = 2.008¢g
1-Second Period, (S;, Site Class B) = 0.783g

Maximum Considered Earthquake Spectral Response Accelerations
Short Period, (SMs, Site Class C) = 2.008¢g
1-Second Period (SM, Site Class C) = 1.018g

Design Spectral Response Accelerations
Short Period (SDs, Site Class C) = 1.339g
1-Second Period (SD;, Site Class C) = 0.679¢g

The acceleration parameters presented above were obtained using the United States Geological Survey’s
Java-based website application (http:/earthquake.usgs.gov/research/hazmaps/design/), which we accessed
on December 3, 2009. The Maximum Considered Earthquake Spectral Response Accelerations are
associated with 2 percent probability of exceedence in 50 years level-of-hazard. The Design Spectral
Response Accelerations are two-thirds of the Maximum Considered Earthquake values.
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8.02.2 LBNL/UCB Campus Probabilistic Ground Motions

In 2000, a suite of probabilistically-derived ground motions were developed for the UCB campus as a
whole. This standardized suite of ground motions (response spectra and acceleration time histories) was
updated by URS Corporation (URS) in 2003 and again in 2008. The 2008 update (URS 2008) included
ground motions for LBNL for four return periods (72, 475, 949 and 2,475 years). The results for a 475-
year return period (10 percent probability of exceedence in 50 years) are summarized in the following
table.

LBNL PSHA Ground Motions

475-year Return Period
Spectral Accelerations
0.01-Second Period 0.2-Second Period 1-Second Period
0.86g 2.02g 0.40g

If use of the URS ground motions is being considered, we recommend that the project design team obtain
the most current version of the ground motion report directly from LBNL. AKA would be pleased to
consult with the design team pertaining to the applicability of the ground motions to the GPL site;
however, we would also recommend that URS be consulted to verify that any assumptions and/or
restrictions pertaining to the application of the ground motions were appropriately considered.

8.03 Foundation Desicn
8.03.1 General

New spread footings should be designed to bear upon firm, natural soil or bedrock or on appropriately
engineered materials (e.g. engineered fill or improved ground). All footings should be designed to bear at
least 18 inches below lowest adjacent firm finished grade. Continuous and isolated spread footings should
have minimum widths of 18 inches and 24 inches, respectively. Footings that extend at least 12 inches
into undisturbed bedrock can be designed for higher bearing pressures; the bedrock surface contour map
presented on Figure 5 can be used to evaluate the approximate elevation of the top of bedrock at the GPL
site. All footing excavations should be checked by AKA for proper depth, bearing, and cleanout prior to
the placement of reinforcing steel. Footing excavations should be kept moist and free of loose material
and standing water prior to concrete placement.

8.03.2 Footing Bearing Pressures
Shallow spread footings bearing on stiff natural soil or engineered fill can be designed using the following

bearing pressures:
Bearing Pressures for Shallow Spread Footings on Soil

Load Case Bearing Pressure Factor of Safety
(psf)
Dead Load Allowable 2000 3.0
Deal Plus Live Load Allowable 3000 2.0
Total Allowable 4500 1.5
Ultimate 6000 1.0
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Shallow footings that extend at least 12 inches into bedrock or deepened spread footings bearing on stiff
natural soil or engineered fill can be evaluated using the higher bearing values presented in the following

table.

Bearing Pressures for Shallow Spread Footings in Rock and Deepened Spread Footings on Soil

Load Case Bearing Pressure Factor of Safety
(psh)
Dead Load Allowable 3000 3.0
Deal Plus Live Load Allowable 4500 2.0
Total Allowable 6000 1.5
Ultimate 9000 1.0

Deepened spread footings should be founded at least 48 inches below lowest adjacent firm finished grade.

Higher bearing pressures could be warranted for footings that bear upon improved ground. We
recommend that we review any recommendations and/or plans for vibration mitigation that involve
ground improvement, so that we can provide supplemental geotechnical recommendations, if appropriate.

8.03.3 Lateral Resistance

Resistance to lateral loads can be provided by friction along the base of foundations and by passive
pressures developing on the sides of below-grade structural elements. Passive resistance in soil can be
estimated using an equivalent fluid weight of 350 pounds per cubic foot (pcf). Passive resistance in
bedrock can be estimated using an equivalent fluid weight of 450 pcf. These values can be increased by
one-third for dynamic loading.

Where pavements cover the adjacent ground surface or floor slabs, passive resistance can be assumed to
begin at the ground surface. In areas not confined by slabs or pavements, passive resistance should be
neglected within 1 foot of the ground surface.

A friction coefficient of 0.35 can be used to evaluate frictional resistance along the bottoms of spread
footing foundations. The above passive and frictional resistance values include a factor of safety of at
least 1.5 and can be fully mobilized with deformations of less than 1/2- and 1/4-inch, respectively.

8.03.4 Tiedowns

This section presents preliminary recommendations for grouted anchors (tiedowns). We recommend that
we provide more detailed (supplemental) recommendations in the event that tiedowns are to be
incorporated into the final project design after: (1) the purpose of the tiedowns has been established; and
(2) information regarding capacities and desired load/deflection behavior are established.

Tiedowns (if used) should be anchored in bedrock. All tiedowns that are designed to be post-tensioned
should have an unbonded length of at least 15 feet. For estimating the lengths of tiedowns grouted or
post-grouted under pressure, we recommend using an allowable skin friction value of 2,000 pounds per
square foot (psf) in bedrock. A lesser allowable skin friction value of 1,200 psf should be used where
pressure grouting or post-grouting is not performed. All tiedowns should be tested to at least 1.25 times
the design load and should be sized such that the magnitude of the test load does not exceed 80 percent of
the guaranteed ultimate strength of the tendons or bars. Permanent tiedowns should be equipped with
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double corrosion protection. Appropriate corrosion protection should also be provided at the anchorage
connection. Tiedowns that are locked off at higher than nominal loads will exert a downward force on
spread footings; the resulting increase in footing bearing pressure should be accounted for in the
foundation design.

AKA and the project Structural Engineer should review and approve all submittals from the contractor
pertaining to the design, installation and testing of tiedowns. AKA should also observe during tiedown
installation and load testing.

8.04 Retaining Walls
8.04.1 General

All retaining walls should be designed to be fully drained to prevent the build-up of hydrostatic pressures
behind the wall. A moisture barrier or waterproofing should be applied to the rear face of retaining walls
in all areas where seepage or moisture transmission through the walls would be considered objectionable.
The specification of the type of moisture barrier or waterproofing and observation during its installation
should be provided by the architect and/or structural engineer.

Walls that are not free to rotate at their tops should be designed to resist higher lateral soil pressures than
unrestrained walls that are considered free to rotate. Walls that retain sloping backfill (i.e., where the
ground surface slopes up behind the wall) will also need to be designed for higher lateral pressures.
Earthquake shaking can also increase lateral pressures on retaining walls, in some cases. Retaining wall
foundations should be designed in accordance with the recommendations presented in the previous
section (Section 8.03).

8.04.2 Lateral Pressures

Retaining walls should be designed to resist lateral pressures as well as any increases in lateral pressure
caused by vehicle loadings and/or other surcharges that may be applied at the ground surface. The
following lateral pressure distributions can be used for the design of retaining walls for a level backfill

condition under normal (i.e., non-earthquake) loads.

Static Lateral Pressures — Level Backfill

Load Condition Lateral Pressure
Lateral Pressure, Restrained Walls 60 (psf per foot of depth)

Lateral Pressure, Free-to-Rotate Walls 45 (psf per foot of depth)

Surcharge (vehicles) 100 psf (uniform) — applied over the
upper 10 feet of the wall height

Surcharge (general) 0.5 times anticipated surcharge load
(uniform)

A uniform seismic load of 18H (in psf for H in feet) can be used to evaluate increases in lateral loads
caused by earthquake shaking. In general, the seismic load increase: (1) should be added to the lateral
pressure distribution presented above for free-to-rotate walls; and (2) can be neglected for restrained
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basement, sump or elevator pit walls where the ground surface surrounding the basement, sump or pit is
nearly level (i.e., a “balanced” basement-type condition).

8.04.3 Wall Drainage

The above lateral pressures are based on the assumption that retaining walls will be fully drained to
prevent the build-up of hydrostatic pressure. Wall drainage may consist of either: (1) holes, slots or gaps
in the wall that allow water to freely drain through the wall face; or (2) a wall backdrainage system that
collects water from behind the wall and drains it, by gravity, to an appropriate discharge location.

Backdrainage should consist of either: (1) prefabricated drainage material (Miradrain or an approved
alternative) installed in accordance with the manufacturer’s recommendations, or (2) a drain rock layer at
least 12 inches thick. Prefabricated drainage material should drain to a perforated plastic pipe or an
approved prefabricated drainage conduit. Backdrainage should drain into a perforated plastic pipe
installed (with perforations down) along the base of the walls on a 2-inch-thick bed of drain rock. Plastic
“pipe should be sloped to drain by gravity to a sump, relief wells or other suitable discharge and a cleanout
should be provided at the pipe’s upslope end. Perforated and non-perforated plastic pipe used in the
drainage system should consist of 4-inch diameter Schedule 40 PVC or an approved equivalent. Drain
rock should conform to Caltrans specifications for Class 2 permeable material. Alternatively, locally
available, clean, Y- to %-inch maximum size crushed rock or gravel could be used, provided it is
encapsulated in a non-woven geotextile filter fabric, such as Mirafi 140N or an approved alternative. The
upper 2 feet of retaining wall backfill (above backdrainage) should be comprised of low-permeability soil
to limit surface water infiltration into the retaining wall backdrainage system.

8.05 Earthwork
8.05.1 Site Preparation

The site limits, as defined on the plans, should be clearly marked in the field. Prior to demolition and site
clearing, all active subsurface utilities in and immediately surrounding the site limits should be located,
marked and protected or relocated. Areas within the site limits should be cleared of structures,
foundations, pavements, aggregate base, slabs-on-grade, catch basins, storm drains, sewers, utilities and
all other near-surface improvements. Any soils containing vegetation and/or organic matter should be
stripped. Cleared materials should be removed from the site unless they are specifically identified as
suitable for re-use by LBNL and AKA. Stripped materials are not suitable for re-use as engineered fill and
should be removed from the site or stockpiled for later use as landscape material (at LBNL’s discretion).

The contractor should document the condition of existing improvements located outside of the site limits,
and should perform any and all monitoring activities required by LBNL (which may include monitoring
construction vibrations). We recommend that AKA and LBNL review the contractor’s proposed
construction monitoring plans prior to the start of demolition and site preparation activities.

8.05.2 Excavation

Any existing fill materials within and surrounding planned building areas should be excavated to expose
firm natural materials (colluvium or bedrock). Where fill materials are encountered that extend below
planned spread footing foundations, all of the existing fill materials should be removed within a zone
extended down from the external edge of the footing(s) at an inclination of %:1 (horizontal to vertical), or
flatter.
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AKA should observe the condition of the exposed subgrade following fill removal to: (1) check that
suitable geotechnical bearing materials are exposed; and (2) determine whether additional observation is
necessary to evaluate the geologic stability of the underlying colluvium and bedrock.

8.05.3 Fill Materials
Fill materials should conform to the requirements presented below:

General Fill — 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.

Non-Expansive Fill - Non-expansive fill material should:

Be free of 6-inch plus material with no more than 15 percent of material larger than 2.5 inches;
Be free of organic material, debris and environmental contaminants;

Have a Plasticity Index of 15 or less; and

Have a Liquid Limit of 40 or less.

Import Fill - We recommend that import fill conform to the requirements for non-expansive fill and
have a Plasticity Index of 12 or less.

All proposed fill materials should be approved by AKA prior to their use. Much of the material cleared or
excavated from the site may be suitable for re-use as non-expansive fill, from a geotechnical standpoint;
although some materials may need to be processed (i.e., by crushing and/or blending) to meet the above
requirements. LBNL should review and approve proposed fill materials to be used beneath the GPL
building to check that they are suitable from an environmental perspective. Any proposed import fill
material should be evaluated by our firm prior to its importation to the site.

8.05.4 Fill Placement

AKA should observe the condition of the subgrade upon which fill will be placed to check that it is firm
and non-yielding and that no old fill or other unsuitable material is present. Prepared subgrades should be
relatively level prior to fill placement. Where fill is to be placed adjacent to areas of sloping ground, it
should be appropriately keyed and benched into the slope. We recommend that AKA evaluate whether
subdrainage (e.g. permeable material, perforated plastic pipe, non-perforated cleanout and outlet pipes,
and a suitable gravity discharge) should be installed prior to filling based on conditions observed
following excavation. Any required subdrainage should be installed in accordance with AKA’s
supplemental recommendations.

Fill materials should be placed in a manner that minimizes lenses, pockets and/or layers of materials
differing substantially in texture or gradation from the surrounding fill materials. The soils should be
spread in uniform layers not exceeding 8 inches in loose thickness prior to compaction. Each layer should
be compacted using mechanical means. The fill should be constructed in layers such that the surface of
each layer is nearly level.

AKA should observe fill placement and test compaction, as appropriate, to confirm and document that the
work was performed in accordance with the specifications and the intent of our geotechnical
recommendations.
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8.05.5 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. The compaction requirements given above should be considered minimum recommended
requirements. If LBNL and/or utility company specifications require different or 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, because of the potential for collapse of trench walls, 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 state and local regulations governing safety around such excavations should be carefully
followed.

AKA should observe utility trench backfilling and test compaction, as appropriate, to confirm and
document that the work was performed in accordance with the specifications and the intent of our
geotechnical recommendations.

8.06 Concrete Slabs-on-Grade
8.06.1 Interior Slabs

We recommend that interior slabs that are cast on-grade be underlain by a moisture retarder that includes
a crushed rock layer and a plastic membrane. Either of the two alternative moisture barrier systems
described below are considered acceptable:

e 4 inches of free-draining gravel overlain by a vapor retardant membrane (Class A Vapor Retarder
[ASTM E1745, latest revision]), covered with 2 inches of sand, or

e 6 inches of compacted aggregate base overlain by a heavy-duty impermeable membrane (Stego®
wrap 15-mil or an approved equivalent) installed and taped in accordance with the manufacturer’s
recommendations. :

The subgrade beneath the moisture retarder should be proof-rolled under our observation and confirmed
to be uniform and non-yielding prior to the placement of the crushed rock layer. Where naturally non-
expansive materials are present at subgrade level, the moisture barrier can be placed directly upon the
prepared, proof-rolled and approved subgrade (colluvium or bedrock). Where existing fill is present at
subgrade level, it should be overexcavated to expose firm natural materials and replaced with engineered
non-expansive fill compacted to at least 90 percent relative compaction. In all cases, the upper 18 inches
of material beneath the bottom of interior slabs on grade should consist of non-expansive material (i.e.,
have a PI of 15 or less).
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Slab reinforcing should be provided in accordance with the anticipated use and loading of the slab. We
recommend that interior slabs-on-grade be at least 5 inches thick and be reinforced with steel bar
reinforcement. We also recommend that the specifications for slab-on-grade floors require that moisture
emission tests be performed on the slab prior to the installation of flooring. No flooring should be
installed until safe moisture emission levels are recorded for the type of flooring to be used.

8.06.2 Exterior Slabs

Subgrades beneath exterior slabs-on-grade should be proof-rolled under our observation and confirmed to
be uniform and non-yielding prior to the placement of the slab reinforcement. Concrete slabs that may be
subject to vehicle loadings should be designed in accordance with Section 8.07.2, “Rigid Pavements.”
Where non-expansive materials are present at subgrade level, exterior slabs can be cast directly upon the
prepared, proof-rolled and approved subgrade. In all cases, the upper 12 inches of material beneath the
bottom of exterior slabs-on-grade should consist of non-expansive material (i.e., have a PI of 15 or less).

Slab reinforcing should be provided in accordance with the anticipated use and loading of the slab. We
recommend that exterior slabs-on-grade be at least 4 inches thick and be reinforced with steel bar
reinforcement. Exterior slabs should be structurally independent from buildings and be free-floating.
Score cuts or construction joints should be provided and minor movement and cracking of the slab should
be expected. Steps to the building from exterior slab areas should include a gap between the steps and the
building foundations. The recommendations presented above, if properly implemented, should help
reduce the magnitude of exterior slab cracking.

8.07 Pavements
8.07.1 Flexible Pavements

Flexible asphalt concrete (AC) pavements may be used for parking areas and driveways. We developed
the following recommended pavement sections for various traffic indices using the Caltrans R-value
design method for flexible pavements. The sections below are based on an assumed subgrade R-value of
30 for non-expansive soil. The R-value of the soil beneath the aggregate base should be confirmed during
construction.

Flexible Pavement Thickness Design for Subgrade R-Value = 30

Traffic Index | Asphalt Concrete Caltrans Class 2 Total
(inches) Aggregate Base Thickness
(inches) (inches)
4 2 6 8
5 3 6 9
6 3 9 12
7 3 12 15

The upper 12 inches of material beneath the bottom of the aggregate base should consist of non-expansive
material (i.e., have a PI of 15 or less).

The assumed traffic indices of 4.0 and 5.0 are commonly used for automobile and light truck parking
areas and access driveways, respectively. Traffic indices of 6.0 and 7.0 are commonly used for moderate
truck access and parking areas. A traffic study has not been conducted by our firm for this project and our
opinion regarding the applicability of the assumed traffic indices is experience-based and judgmental. The
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project civil engineer should choose the appropriate traffic indices for the pavement areas of the site and
then use the given section for that traffic index.

The upper 6 inches of subgrade beneath planned pavements should be compacted to at least 95 percent
relative compaction per ASTM D-1557. Pavement subgrades should be proof-rolled and confirmed to be
uniformly firm and non-yielding prior to the placement of aggregate base. Aggregate base for use in
pavements should conform to Caltrans Standard Specifications for Class 2 Aggregate Base. The aggregate
base used in pavement sections should be compacted to at least 95 percent relative compaction as
determined by ASTM D-1557.

8.07.2 Rigid Pavements

Rigid Portland cement concrete (PCC) pavements may also be used in driveway/loading areas. This
section provides recommendations for Caltrans jointed plain concrete pavement (JPCP), which is
engineered with longitudinal and transverse joints to control where cracking occurs. JPCPs do not contain
steel reinforcement, other than tie bars and dowel bars. The project civil engineer should design and detail
the JPCP per Caltrans specifications.

We developed the following pavement thickness design using the Caltrans R-value design method for
rigid pavements and an assumed traffic index. The section below is for subgrade soils with an R-value
between 10 and 40. We have assumed an R-value between 10 and 40 for the lime-treated soil or non-
expansive fill required beneath the aggregate base. Once the non-expansive material has been selected by
the contractor, the R-value should be verified.

Portland Cement Concrete Pavement Thickness Design

Traffic Index Portland Cement Caltrans Class 2 Total
Concrete Aggregate Base Thickness
(inches) (inches) (inches)
<9 9 12 21

The upper 12 inches of material beneath the bottom of the aggregate base should consist of non-expansive
material (i.e., have a PI of 15 or less).

The upper 6 inches of subgrade beneath planned pavements should be compacted to at least 95 percent
relative compaction per ASTM D-1557. Pavement subgrades should be proof-rolled and confirmed to be
uniformly firm and non-yielding prior to the placement of aggregate base. Aggregate base for use in
pavements should conform to Caltrans Standard Specifications for Class 2 Aggregate Base. The aggregate
base used in pavement sections should be compacted to at least 95 percent relative compaction as
determined by ASTM D-1557.

8.08 Future Geotechnical Services

We recommend we be provided the opportunity to review the project plans and specifications as they are
being developed in order to check conformance with the intent of our geotechnical recommendations and
to provide timely input, in the event that revisions are needed. 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.
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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, subsurface
drainage installation (if needed), fill placement and compaction, footing excavation/construction,
retaining wall drainage and backfill, tiedown installation and testing (if used), 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 the LBNL and its consultants for specific
application to the proposed General Purpose Lab (GPL) 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 building 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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APPENDIX A

Logs of Previous Borings by AKA/WLA



SOIL CLASSIFICATION CHART

PRIMARY DIVISIONS

SECONDARY DIVISIONS

GROUP

IN COLOR, AND ORGANIC ODOR

CRITERIA * SYMBOL GROUP NAME
» CLEAN GRAVELS Cu=4ap1<Cc <3A GW Well-graded gravel
a LESS THAN
e} % MOF?EBI'ﬁXNESIB? oF 5% FINES Cu<4anpor1>Cc >3 GP Poorly-graded gravel
P u o
COARSE FRACTION .
8 §Ué RETAINED ON NO.4 SIEVE GRAVELS WITH FINES CLASSIFY AS ML OR MH GM Silty gravel
o FINES - MORE
é 22 THAN 12% FINES FINES CLASSIFY AS CL OR CH GC Clayey gravel
rrz
ouw® CLEAN SANDS Cu=6awn1<Cc <3 SW Well-graded sand
068 SANDS LESS THAN
&) =z ng% %R MOHg OOF 5% FINES Cu<6anDor1>Cc >3 SP Poorly-graded sand
pas ARSE FRACTION
S ¢ PASSES NO. 4 SIEVE SANDS WITH FINES CLASSIFY AS ML OR MH SM Silty sand
O FINES - MORE
THAN 12% FINES FINES CLASSIFY AS CL OR CH SC Clayey sand

Pl>7 AND PLOTS ON OR ABOVE "A" LINE CL Lean clay
<i|) u INORGANIC
o = SLIIIE;I-USIDAII\Ill\El)l‘PtéASYSS Pl < 4 OR PLOTS BELOW "A" LINE ML Silt
Dwo THAN 50% LIQUID LIMIT - OVEN DRIED . o

& ° _—— —— O Clay & O Silt
B ?ESS ORGANIC LIQUID LIMIT - NOT DRIED <075 OL roanic Liay rganic St
% gi INORGANIC Pl PLOTS ON OR ABOVE "A" LINE CH Fat clay
o2 SILTS AND CLAYS " VH ——
G239 LIQUID LIMIT 50% PI PLOTS BELOW "A" LINE
g g OR MORE ORGANIC LIQUID LIMIT - OVEN DRIED. _ 7 OH | Organic Clay & Organic Sit
E o LIQUID LIMIT - NOT DRIED
HIGHLY ORGANIC SOILS PRIMARILY ORGANIC MATTER, DARK PT Peat

REFERENCE: Unified Soil Classification System (ASTM D 2487-06)

* Criteria may be done on visual basis, not necessarily based on lab testing
A - Gy =Dgg/D100

& Cg= (Dgp)?/(Dqox Dgo)

GRAIN SIZES
U. S. STANDARD SERIES SIEVE

CLEAR SQUARE SIEVE OPENINGS

Groundwater Level

200 40 10 4 3/4" 3" 12"
SAND GRAVEL
SILTS AND CLAYS COBBLES BOULDERS
FINE MEDIUM COARSE FINE COARSE
ABBREVIATIONS SYMBOLS

Standard Penetration
INDEX TESTS Test Split Spoon
LL - Liquid Limit (%) (ASTM D 4318-05) (2-inch ©.D.)
Pl - Plasticity Index (%) (ASTM D 4318-05) Modified California
-200 - Passing No. 200 Sieve (%) (ASTM D 1140-00) Sampler

(3-inch O.D.)
STRENGTH TESTS
PP - Field Pocket Penetrometer test of unconfined compressive strength (tsf) Thin-walled Sampler
TV - Field Torvane test of shear strength (psf) Tube (either Pitcher or
uc - Laboratory unconfined compressive strength (psf) (ASTM D 2166-06) Shelby) (3-inch O.D.)
TXUU - Laboratory unconsolidated, undrained triaxial test of undrained shear strength (psf)

A Rock Core
(ASTM D 2850-03a) y
MISCELLANEOUS
ATOD - At time of drilling Bag Sample
psf/tsf - pounds per square foot / tons per square foot
psi - pounds per square inch (indicates relative force required to advance Shelby tube sampler)
Y

KEY TO EXPLORATORY BORING LOGS
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CONSOLIDATION OF SEDIMENTARY ROCKS; usually determined from unweathered samples.
Largely dependent on cementation.

unconsolidated

poorly consolidated
moderately consolidated
well consolidated

BEDDING OF SEDIMENTARY ROCK

Splitting Property Thickness Stratification
Massive Greater than 4.0 feet Very thick-bedded
Blocky 2.0t0 4.0 feet Thick-bedded
Slabby 0.2t0 2.0 feet Thin-bedded
Flaggy 0.05 to 0.2 feet Very thin-bedded
Shaly or platy 0.01 to 0.05 feet Laminated
Papery Less than 0.01 feet Thinly laminated
FRACTURING
Intensity Size of Pieces in Feet
Very little fractured Greater than 4.0 feet
Occasionally fractured 1.0 t0 4.0 feet
Moderately fractured 0.510 1.0 feet
Closely fractured 0.1 to 0.5 feet
Intensely fractured 0.05 to 0.1 feet
Crushed Less than 0.05 feet
HARDNESS

1. Soft - Reserved for plastic material alone.

2. Low Hardness - Can be gouged deeply or carved easily by a knife blade.

3. Moderately Hard - Can be readily scratched by a knife blade; scratch leaves a heavy trace of dust and
is readily visible after the powder has been blown away.

4. Hard - Can be scratched by a knife blade with difficulty; scratch produces little powder and is often
faintly visible.

5. Very Hard - Cannot be scratched by a knife blade; leaves a metallic streak

STRENGTH

. Plastic - Very low strength.

. Friable - Crumbles easily by rubbing with fingers.

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

. Moderately Strong - Specimen will withstand a few heavy hammer blows before breaking.

. Strong -Specimen will withstand a few heavy ringing hammer blows and will yield with difficulty only dust
and small flying fragments.

. Very Strong -Specimen will resist heavy ringing hammer blows and will yield with difficulty only dust
and small flying fragments.

abhOWN =

»

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

D. Deep - Moderate to complete mineral decomposition; extensive disintegration; deep and thorough
discoloration; many fractures, all extensively coated or filled with oxides, carbonates and/or clay or silt.

M. Moderate - Slight change or partial decomposition of minerals; little disintegration; cementation little to
unaffected. Moderate to occasionally intense discoloration. Moderately coated fractures.

L. Little - No megascopic decomposition of minerals; little or no effect on normal cementation. Slight and
intermittent, or localized discoloration. Few stains on fracture surfaces.

F. Fresh - Unaffected by weathering agents. No disintegration or discoloration. Fractures usually less
numerous than joints.

ALAN KROPP PHYSICAL PROPERTIES CRITERIA FOR ROCK DESCRIPTIONS
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 1-3.GPJ AKA_TEMPLATE.GDT 4/1/10

DRILL RIG: Fraste Multidrill XL, Rotary Wash

SURFACE ELEVATION: 939.7 feet (see notes)

LOGGED BY: SS

DEPTH TO GROUNDWATER: (see notes)

BORING DIAMETER: 4 7/8 inches

DATE DRILLED: 5/18/09

> w o - %)
9 w £ ok |wE(E b
x w & T wd (X |» w
(] ~ z Fo|xl &40 (P2z|2% [
DESCRIPTION AND REMARKS (_DI % 7 & = E % o |5 E g Qe o
o 8 o) o o] <= |oz|> u
o 7} g °9 |29k =
O Py o (SN =) o
ASPHALT CONCRETE - 2-inches Light Brown Medium Dense  |GW
GRAVEL, Well-Graded - sandy, dry ]
- 2
- 3
-increasing sand, decreasing gravel at 4 - 4
feet ?
(Interval Not Sampled) 5 |
SAND, Gravelly to GRAVEL, Sandy - well Yellowish Brown | Medium Dense SW-GW
graded, fine to medium grained sand with
trace silt, dry to moist - 6
— B
- 7
- - - - - 8
CLAY, Lean - 70% clay matrix, medium to Reddish Gray Stiff to Very Stiff  |CL
low plasticity, moist (Colluvium or Possible
Bedrock) - 9
SILTSTONE/CLAYSTONE - finely Gray to Reddish BED
laminated, friable, with thin grayish Gray ROCK [~ M1
laminations, low hardness (start of — [28] PP = 1.5 tsf
continuous geologic logging at 10.5 feet) - 12
- 13 PP = 3.5 tsf
- 14 PP = >4.5 tsf
. " |— 15 -
-with very fine sandstone gravel, hard Gray to Brown PP=40t
=4.0 tsf
clasts
. . . - 16 =
-with calcite and quartzite angular clasts at
16 feet
- 17
. . - 18
-with volcanic clasts at 18 feet
Reddish Gray -

(Continued on Next Page)
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 1-3.GPJ AKA_TEMPLATE.GDT 4/1/10

> w o - %)
o w £ ot |wE(E =
x w & T wd (X |» w
(] ~ z Fo|xl &40 (P2|2% [
DESCRIPTION AND REMARKS = ) oE W 2o W 3 o
(o) @ = w A = |2 = e ) i
o 7} S 09 20|k =
(Continued from Previous Page)
-very weak mixed zone of clayey gravels Brown BED
(volcanics and siltstone) from 19.5 to 21 ROCK
feet - 21
- 22
- 23
- 24
- 25
-fractured and crushed rock at 25.2 feet < PP = 1.5 tsf
. . - 26
-clay rich from 26 to 27 feet Bluish Gray
- - 28
CONGLOMERATE - with up to 70% Greenish Gray BED
clasts, with clay and sand matrix, with ROCK 0
volcanic clasts . . . Red to Gray BED 29
SILTSTONE - with vertical veins of ROCK
re-crystalized calcite, moderately hard to 30 L4
hard il
. - 31
-becomes coarser with depth and more
conglomerate
. - 32
-becomes hard and cemented with depth
- 33
- 34
-block structure at 35 feet
- 36
-clayey at 36 to 36.5 feet PP = 1.5 tsf
- 37
- 38
. - 39 K4
-massive Green PP = 4.0 tsf
- 40 PP = 2.0 tsf
PP = 3.5 tsf
- 42
(Continued on Next Page)
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 1-3.GPJ AKA_TEMPLATE.GDT 4/1/10

> w (2] =/ > %)
9 w S oz WE B
14 w a T wd |[E- |0 m
o = b= FEo|x| J0 |Pz|2G =
DESCRIPTION AND REMARKS = ) oE W 2o u|we o
° a o w=|J| 23 |2 |08 o
3] 2 o |0 [&| <2 |oz|x> o
o 7] S 09 20|k =
(&) g o ol o
(Continued from Previous Page)
SILTSTONE Red to Gray BED 43
ROCK
a4 PP =2.0 tsf
45
46

Bottom of boring at 46.5 feet.

NOTES:

1. Groundwater levels were obscured due to rotary wash drilling method. (See report for discussion.)

2. Stratification lines represent the approximate boundaries between material types and the transitions may be gradual.

3. Penetration resistance values (blow counts) enclosed in brackets ([ ]) were recorded with a 3.0-inch O.D. Modified California
sampler; these are not standard penetration resistance values.

4. Elevations were determined from survey performed by LBNL subcontractor.

5. Approximate unconfined compressive strength values were recorded in the field using a pocket penetrometer. These values are
shown on the logs and are preceded by the symbol "PP".
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 2.GPJ AKA TEMPLATE.GDT 4/1/10

DRILL RIG: Fraste Multidrill XL, Rotary Wash SURFACE ELEVATION:

929.9 (see notes)

LOGGED BY: SS

DEPTH TO GROUNDWATER: (see notes)

BORING DIAMETER: 4 7/8 inches

DATE DRILLED: 5/19/09

> w o - %)
9 w £ ok |wE(E b
x w & T wd (X |» w
o = T Folxl J40 |PZ|Z2G =
DESCRIPTION AND REMARKS 6l % 7 & = |.|_IJ % o |5 E I.IQJ Qe o
o 2 o o |a| <32 |oz|> u
o 7} = 09 20|k =
Asphalt Concrete - 2-inches Light Brown Medium Dense  |GP
GRAVEL, Poorly Graded - sandy, well
compacted, no plasticity, dry (Road 1
Aggregate Base)
2
? 3
FILL
VOLCANICS - Rhyolite, moderately Yellowish Brown BED
weathered, weak, breaks into indiscernable ROCK 4
rubble during drilling, dry
K
30)/3"
6 [30]
7
8
9
10
> [501/3"
1
12
13
14
15 X
16 [50)/4.5"
17
18
19
(Continued on Next Page)
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 2.GPJ AKA TEMPLATE.GDT 4/1/10

> w (2] = > (7]
o w S oz WE b
14 w a I wD K - (2] w
o = b= F-l¢| J0 [2z|Z2% =
DESCRIPTION AND REMARKS 6l % 7 & = |.|_IJ % O l;, E I.IQJ Qe o
o 8 o) o |z| <2 |[0z|> o
o 7} S 09 20|k =
(&) % o ol o
(Continued from Previous Page)
-Andesite, moderately weathered, weak Yellowish Brown BED
ROCK
[501/3"
21
22
23
24
25 14+
26
27
28
29
30
31
32
-Rhyolite, with mineralization, hard, Grayish Green
fractured, with weak granular weathered with Red 33
rock matrix
34 83
35
36
37
38
39
75
40
41
42
(Continued on Next Page)
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 2.GPJ AKA TEMPLATE.GDT 4/1/10

DESCRIPTION AND REMARKS

(Continued from Previous Page)

COLOR

CONSISTENCY

SOIL TYPE

DEPTH
(ft)

SAMPLER
BLOW COUNTS

MOISTURE
CONTENT (%)
DRY DENSITY
(pcf)
OTHER TESTS

-clay lined fractures mixed with volcanic
rock blocks, not continuous, brownish with
manganese staining

-Andesite, volcanics, very fine grained
(Basalt?)

-Rhyolite, with mineralization, volcanics
(Basalt?)

Grayish Green
with Red

Greenish Brown

ROCK

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

H | SAMPLER TYPE

4}
<3
=
[¢;]

—1 50/5"

:|: 50/5"

I 50/4.5"

(Continued on Next Page)
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AKA BORING LOG 2335-12 LBNL B25 AREA AKA 2.GPJ AKA TEMPLATE.GDT 4/1/10

> w o - %)
o w £ ot |wE(E =
x w o T wd (X |» w
o = = F-l¢| J0 [2z|Z2% =
DESCRIPTION AND REMARKS al % : & = E % O l;, E g Qe o
o 8 o) o |z| <2 |[0z|> o
o 7} S| w0 (20| =
o g EI oo o
(Continued from Previous Page)
Greenish Brown BED ~ 66
ROCK
- 67
. . - 68
-hard, heavily weathered volcanics Black I 50/4.5"
(Basalt?) ’
- 69
~ 70
~ 71
— 72
-0.2 to 0.1 foot pieces of subangular clasts
of fractured volcanic Basalt from 72.5 to 74 - 73
feet "
- 50/3.5
- 75
~ 76
- 77
oy . - 78
-weathered with iron oxide zones along
fractures, no continuous clay seams,
fractured Basalt 0.2 to 0.3 foot diameter, - 79
moist to wet 68
, - 80
-becomes more competent with depth, V A
larger fracturing blocks, no thick or laterally
continuous clay seams ~ 81
- 82
- 84
. L . - 85 K4
-Andesite, tuffacious in spots, flecks of Dark Grayish
Basalt, deeply weathered, quartz veins, Brown with
Rhyolite, larger clasts than above Reddish Overtone - 86 [
- 87 |/
-more competent, fine grained 88
(Continued on Next Page)
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Geotechnical
prininiinge e PROJECT NO. DATE SHEET BORING AKA-2
2335-12 May 2009 4 of 5




AKA BORING LOG 2335-12 LBNL B25 AREA AKA 2.GPJ AKA TEMPLATE.GDT 4/1/10

> w 0 = > /2]
9 w S oz WE b
x w & T wd (X |» w
o [= fa ¢l 240 ,2_’ Zz|lZ& -
DESCRIPTION AND REMARKS 6! %) - oE uj % o |5 w g 3 p”
o 8 o) o |z| <2 |[0z|> o
o 7} S 09 20|k =
(&) % o ol o
(Continued from Previous Page)
-becomes fractured and brecciated, smaller Dark Grayish BED 89
clasts Brown with ROCK
Reddish Overtone
- 90 &4
-deeply weathered
SILTSTONE/CLAYSTONE - with volcanic Reddish Brown BED
gravels ROCK
- 92
SILTSTONE - little weathering, weak, Dark Bluish Gray BED
slightly fractured ROCK | o3 4
- 94
. — 95
-competent and hard Greenish Gray (]
— 96
. - 97
-massive
- 98 £ 4
— 99
= 100
/4
= 101
~102 [
- - 103
CLAYSTONE - friable to weak, Bluish Gray BED
moderately fractured along planes, some ROCK
harder clasts of calcite ~ 104
= 105
- 106
Bottom of boring at 106.2 feet.
NOTES:
1. Groundwater levels were obscured due to rotary was drilling method (See report for discussion).
2. Stratification lines represent the approximate boundaries between material types and the transitions may be gradual.
3. Penetration resistance values (blow counts) enclosed in brackets ([ ]) were recorded with a 3.0-inch O.D. Modified California
sampler; these are not standard penetration resistance values.
4. Elevations were determined from survey performed by LBNL subcontractor.
EXPLORATORY BORING LOG
ALAN KROPP LBNL B25 AREA PROJECT
& ASSOCIATES . .
Berkeley, California
Geotechnical
Consulftants PROJECT NO. DATE SHEET BORING AKA-2
2335-12 May 2009 50f5




APPENDIX B

Logs of Borings from Previous Geotechnical Reports by Others



HARDING ASSOGCIATES

SOll. MECHANICS ENGINEERS

RICHARD S. HARDING, CIVIL ENGINEER 56 HARBOR ST, ¢ P.O.BOX 1162 « SAN RAFAEL, CALIF,

GENE A, MILLER, CiVIL. ENGINEER
FUGEN = v GLENWOOD 4-1720
OLIVER E. MERWIN

ROBERT T. LAWSON, clvu.-.ENGINEER 3“;# 1' 1965

tniversity of California
Lawsencs Radiation Laberatery
Berkaley 4, Galifornia

Attentien: Mr. Srnest Bykes, Plant Engineering

Gontiomen?
Report
Foundation Inventigation
Propossd Bullding 26
“Lawrense Radiation Laburatory
Barkelay, Californis
INTRODUGTION

This vepurt presents the resylis of our foundstion investigation for Building
26, to bs constracted sn sleping terraln botween Bulldings 25 and B-1, At the
Lawrence Radistion Laberatery, Berkaley, Californla. The structure will be &
aingle-story building abeut 40 feet by 80 feat in plan dimansivns with pro-
visions £or a fuvure addition parvially bensath the initial comstruction. We
undorstand that the westerly foundation wall lvad will be about 3000 pounds
per limpar foot and that the invermgdiate bearing wall loads will ba abeut
4000 psunds par linesr fon.; ke easterly sids of the bullding will be
supported o eolumns with loads of about 30 kipe sach. As shown by the
existing and 2inished grade eontours on the sbtachad Plot Plan, Plate 1, the
groding for the bullding site will require the placement of Fill wanging wp
to about 1Y fest dasyp. '

The purpese of sur investigetion was to evaluate the ssil eondiclions vnder-
Iying the site and to provide femdation design eriseria for the plamned
strueture. .

SUBSURPAGE CONDITIONS

The resulis of three teay borings, drilled in the lucaticns ahiwm on the Flot
Pian, indicate that the eite is blanketed by weak clayey surface gells and
poorly compagted £ille ranging up te eight feet in depth. These uppar
waterlils wars underlain by firmar elaysy end wilty selle and weathesed
siltotone snd eonglomerate roek. Thera le an exieting unstable avea in the
sivps west of Budldfng Bel that hes beon purtially axcavated. The upper seils
in the test boringe wera wel bubt no fres water was emecuntered.

075 00032
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JOB RADTATION TARORATORY — BLDG. 26 no '2000,3 gy wea  DATE  5-28433

BORING 1
SHEAR STRENGTH = LBS PER SQ FT MOTSTURE CONTENT = %
o o o o e DRY DENSITY = LBS PER CU FT
e 8 3 S a8
o 5 A ~ vt © ELEVATION _931.¢
4
v DARK BROWN SILTY CLAY (CH)
/ moderately firm, wet
1000 | = g% 30.2 83 3
HE
/ mottled orange= red %
5 pu
1000 4 28.1 100 1
3000 REDDISH-BROWN CLAY (CL) with many
, gandstone frasments
10 - 8.0 128 moderately firm, wet
10p0 g 16,7 109 ORANGE RED SILTY CLAY (CL) mottled
3000 | I gray = moderaely firm. moist
15 -
[
i
u; 14.0 117 REDDISH BROWN SILTSTONE with green
I intrusions - hard, moist
- 20 A GREIN SILTY CLAY (CL) with brown
o intrusions - firm, damp
W 13 118 e thered siltstone
a
no free water encountored
25 A
30 -
35 A
40
HARDING ASSOCIATES LOG OF BORING

Soil Mechanics Engineers

EQUIPMENT 20" Bucket

DRILLED 5-16-63

PLATE A.|

075 00038




JOB RASTATTON LASORATORY BLDG. 26  No 2000.3 By wea = DATE 5-09463

BORING 2
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = %
§ § § Z § DRY DENSITY = LBS PER CU FT
p 2 F =9 &~ =2 © ELEVATION @Zﬁé&é
t .
NN REDDISH BROWN SILTY CLAY (CL) %
\ moderately firm, wet
g\ mottled red-gzray and green !
& =
N 2
5 - §
ﬂsﬁg IBE:T\ 25.3 97
% DARK SROWN CLAY (CH~CL)
o firm, wet
10 \\ many rock fragments 8.5-9.0'
R\} GRAY=BROWN=GREEN SANDY CLAY (CL)
Ve m% 177 105 flrm, wet
g\i greenish vrown with many angular
15 \\\}\xﬂ rock fragments
b=
i
i1 1800} mmarrwud R\ 5ol
b 3000 et My 1oed 112
B
- L1go GREEN SILTY CLAY (CL)
- = - firm, moist
o 20 7 6l““‘\\~—GREEN CONGLOMERATE LENSE. = hard
w B GREUN SILTSTONE = hard
o
no free water encountered
25 -
30
35 A
4o
HARDING ASSOCIATES LOG OF BORING
Soil Mechanics Englneers '
EQUIPMENT 20’1‘1 Bucket DRILLED 5—17«-63
PLATE A.7

075 00039




JOB RADIATION LABORATORY Bldg. 26

NO 200U.3  BY wea

DATE ﬁ-gzggé ;

BORING 3
SHEAR STRENGTH = LBS PER 8Q FT MOISTURE CONTENT = %
o o o o o DRY DENSITY = LBS PER CU FT
S g8 2 § 3
2§ R & a2 o ELEVATION 20045
.
:;5} BROWN SILTY CIAY (CH) moderately firm
200 T m%jfjaogz 91 wet
2000 ! ;;;j
5 - 322
2y {4/1867 ll?
Wik GRE%Y CLAYEY SILT (ML) with rock
fragments - very firm, moist
10 REDDISH BROWN CLAYYY SILT (L)
firm, moist
15 - ditns.h 119
o no free water encountered
= |
|
Iz
’—. -
o 20
w
o
25 1
30 -
35 ~
Lo
HARDING ASSOCIATES LOG OF BORING
Soil Mechanics Engineers :
EQUIPMENT 20" Zucket DRILLED 51 /-63

PLATE A- 2

075 00040




MAJOR DIVISIONS

TYPICAL NAMES

SYMBOLS

GW

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

LL>50

I/
CH é Inorganic clays of high plasticity, fat clays
A

Organic clays of medium to high piasticity, organic silty clays,

— [
©
N GRAVELS 8.
:; GP .- | Poorly graded gravels or gravel-sand mixtures, little or no fines
7% 9.
_1-2 {More than |/2 of
Oop coarse fraction > GM Silty gravels, gravel-sand-silf mixtures
0’)8 no. 4 sieve size) i}
o
u o .
=< GC }7 Clayey gravels, gravel-sand-clay mixtures
CaY
E3
e . .
LD»O_ SW < | Well graded sonds or gravelly sands, liltle or no fines
TN s
D> SANDS M
g c = SP + « *| Poorly graded sands or gravelly sands, little or no fines
o o e :
s
© ® (More than 1/2 of
5 coarse fraction ¢ SM ": Silty sands, sand-silt mixiures
= no. 4 sieve size) el
SC :°-: Clayey sands, sand-clay mixtures
® ML tnorganic stlts and very fine sands, rock flour, silty or clayey
« fine sands or clayey silts with slight plasticit
@| SILTS & CLAYS i T peeeny
m,?_’ .] Inorganic clays of low to medium plasticity, gravelly clays,
'Jg cL . sandy clays, silty clays, tean cloys
156 LL {50 AN y ’ Y ¥S, ys .
mr; LIRERN]
8 c OL '|']![ Organic silts ond organic silty clays of low plasticity
2; i
é 2 MH Inorganic silts, micaceous or diatomaceous fine sandy or silty soiis,
e . .
5 elgstic silts
©&l SILTS & CLAYS
>
=
uwe
=
»
S
S
£

OH [ o
/| organic silis
HIGHLY ORGANIC SOILS Pt Peat and other highly organic soils
CLASSIFICATION CHART
CLASSIFICATION] RANGE OF GRAIN SIZES Go f %
U S. Standard Grain Size 50 | e
Sieve Size in Millimeters & CH
Q I yd
BOULDERS | Above 12" Above 305 z %9 U5
\\P
COBBLES 2" 1o 3" 5 to 76. —
o 3" 305 to 762 5 P
GRAVEL 3" to No.4 |76.2 to 4.76 o L on
coarse 3" to 34" 76.2 to 9.1 0 MH
o
fine 3/4" 10 No. 4 190 to 4.76 ; CL—I\& MLI&OL |
SAND No. 4 to No.200| 4.76 to 0.074 o e w0 a0 50 w00 0 0
coarse No. 4 to No. IO 476 10 2.00 LIQUID LIMIT
medium No.10 to No.40 2.00 to 0.420 PLASTICITY CHART
fine No.40 to No.200O|  0.420 to 0.074
SILT & CLAY |Below No.200 |[Below 0.074

GRAIN SIZE-CHART

HARDING

Soil

ASSOCIATES

Mechanics Engineers

UNIFIED SOIL CLASSIFICATION SYSTEM

PLATE ‘-4

075 00041




SAMPLE DESTGNATION

i UNDISTURBED CORE SAMPLE

&3 REMOLDED SAMPLE OR BULK SAMPLE

STRAIN CONTROLLED TESTS AT FIELD MOISTURE CONTENT

EESSSEE UNCONFINED COMPRESSION TEST

1000 [ ] DIRECT SHEAR TEST
1000 RAXEXXXXXXXXXA TRIAXIAL COMPRESSION TEST
MAAANNNNNN VANE SHEAR TEST

STRAIN CONTROLLED TESTS AT INCREASED MOISTURE CONTENT

1000 C14,5)¢ ) DIRECT SHEAR TEST

1000 (14,5) EXXYXXXIXIXXK TRIAXTAL COMPRESSION TEST

-BAR LENGTH REPRESENTS SHEAR STRENGTH

MOISTURE CONTENT WHEN TESTED (PER CENT)

—— STRESS NORMAL TO THE SHEAR PLANE (LBS. PER SQ. FT.)

—Y___ INDICATES OBSERVED WATER LEVEL

HARDING

ASSOCIATES

Soil Mechanics Engineers KEY TO TEST DATA

PLATE As

07500042




HARDING « MILLER ¢« LAWSON & ASSOCIATES

SOIL MECHANICS ENGINEERS

P
F .
RICHARD S. MARDING: CIVIL ENGINEER 6-.:4 WOODLAND AVENUE s P.O. BOX 1169
 EUSENE & MILLER: S Snomees SAN RAFAEL, CALIFORNIA 84902
OLIVER K. MERWIN
ROBERT T. LAWSON, CIVIL ENGINEER

HENRY T, TAYLOR, CIVIL ENGINEER . TELEPHONE (415} 484.1720

5

August 20, 1966
2000,37

University of California
Lawzence Radiation Laboratory
Berkeley 4, California

Attention: Mr. Ernest L. Sykes

Gentlemen:

Progress Report

Soil Investigation

Omnitron Site

Lawrence Radiation Laboratory
Berkeley 4, California

This progress report summarizes the results to date of our z0il
investigation at the Omnitron Site, Lawrence Radiation Laboratory,
Berkeley, California as shown on the Plot Plan, Plate 1.

Our field exploration, which started July 1 and was completed August 15,
13966, consisted of drilling, logging and sampling 16 test borings
~ranging from 35 to 84 feet in depth., In addition to the field
exploration, a comprehensive laboratory testing program is now

in progress (about %0 percent complete) to provide data on the
engineering properties of the soil and rock underlying the site.

A detailed discussion of the field investigation and laboratory

testing is presented in the Appendix., :

Our field exploration disclosed that the site is underlain by a
shallow mantle of clayey soils and then weathered and fractured
bedrock to the depths explored. Most of the bedrock in the building
area consists of interbedded sandstone, siltstone, claystone and
conglomerate; however, hard and fractured basalt was encountered

in the north and east portions of the site.

Ground water was present in nost of the borings. Typical of seep-
age conditions in fractured rock, the water lavels in tne borings
were erratic and flow occurred at random locations. . : :

008 00001




TEST _BOQH\IGJ%E

Sl

PROPOSED / SCAL_E l—lool

BUILLDINCG, \\]
e ——'T

CEXISTING )
BUILDINGS -

PRELIMINARY

PLOT PLAN

OMNIVTEON] SITE

HARDING ASSOCIATES LINIVERSITY OF calIFORNIA
SOIL. MECHANICS ENGINEERS L,AWRENQE RADIATION LABORATORY
Bct-!ce!ey California

PLATE 1
008_00007




Jog U.C. Rad. Lab, = Omnitron Site No 2000.37 4 AC/gr DATE 7/25/66

L'u. -
BORING _!
STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = §
DRY DENSITY = L8S PER CU FT
g 8 g8 8 g 8 ||
0 8 R 8 8 9 3 ELEVATION L9
‘ PAVING
. . ROCK BASE
3 31.0 89 BLACK CLAY (CH) -~ firm, wet
5 -
RED~-BROWN SANDY CLAY (CL)
stiff, wet
Core with Pitcher Sampler at:
104 a) 12.0', 60% recovery
N BROWN WEATHERED BASALT
M 15.9 126 hard, wet <
15 >A 14.9 120 less weathered
\U b)  14.5', 60% recovery
* Plasticity [ndex Test . //\ 13,8 124 highly weathered
S JERRE O EUC I R ASE A 24 @ /,,L 1.5 128 ¢) 17.0", 100% recovery
207 T 124160 |, = 160 (]2.8) “y/
2
A
il
. 51 9.8 133
25 VE\’/\
V
0
. 1.7 17
B a0 1 !A IR water level 8/4/66
a0y v
. }lJ
I 7
- A
a £
o v o
Y s] oy 4 e 62 53,\ 9.4 135
. 3
v,
34/6! SLQ/ 12.0 134
407 /J{‘
N
42/4° v becoming hard, fractured,
45 \7/, slightly weathered
NV
$
W
50] 62 EN 155 119
551
60
63 ""J
HARDING ASSOCIATES LOG OF BORING
S0QIL MECHANICS ENGINEERS
EQUIPMENT 4 5/i" Rotary Wash ORILLED 7/22/66
PLATE A-]
MUB-13795

008_00008




Jos U, C. Rad, Lab, = Omnitron Site

No 2000.37 gy AG/gr  paye 7/25/66

BORING 2
STANDARD PENTRATION
BLOWS/FOOT :
SHEAR STRENGTH = LBS PER, SQ FT MDISTURE CONTENT' = %
[ ‘-WY DENSITY = LBS PER CU FT
ELEVATION . 092
o PAVING
ROCK BASE
26.6 104 | |GHT BROWN WEATHERED SANDY
SILYSTONE - hard, frioble
5 4 ¢
Core with Pitcher Sampler at:
a) . B.5', 40% recovery
12.5 124
i grading green-gray in color
10 b)  11.0', 60% recovery
16.3 118 N
c) ' 13.5', £7% recovery
® Plasticity|Index [est \7]7'3 15 water level 8/4/66
15 Cdnsolidgtion Test —" with local sandy zones
20 15.3 120 highly weathered
BT . Plfis ficityl lndex Test 14.2 121 GRAY SILTSTONE - with minor red-
Consollddtion Tdst - brown mottling, (scratches
n with fingernail and can be
— broken by finger pressure)
]
‘730 ] 60 13.0 122 {only slight loss of drilling
N o fluid)
" >
W ‘;: GREEN-GRAY FINE SANDS TONE
035 7 47/6" ﬁ)’ hard, wet
/.; Drilling Rate: 8 min/ft
40 1 37 m N 7.4 145 GREEN-GRAY SILTY CONG-
y/ LOMERATE - hard, wet,
] with caleite veinlets and
*"’ cament .
sl MOTTLED RED-BROWN & GREEN~
45 /6" Bl 104 125 GRAY SILTSTONE
50 1
535 7
60 ]
65 —
HARDING ASSOCIATES LOG OF BORING
S06L. MECHANICS ENGINEERS
EQUIPMENT 4 5/6" Rotary Wash DRILLED 7/Z1/46

PLATE A-?
MUB 13796
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Jog U.C, Rad. Lab. - Omnitron Site no 2000.37 gy AC/gr 7/22/66

DATE

BORING 3
STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER 5Q F1 MDISTURE CONTENT = %
@ o (=3 [=] =) DRY DENSITY = LBS PER CU FT
8 8 8 g 8 [
0 - ~ o &8 =~ e ELEVATION 893
. PAVING
ROCK BASE
RED-BROWN SANDY CLAY (CL)
stiff, moist, with small rock
fi
5 10 21.8 106 ragments
BROWN SANDY CLAY (cL)
stiff, moist, with rock {ragments
10 4 27.9 96 Core with Pitcher Sampler at:
i a) 9.5', 58% recavery
N MOTTLED RED-BROWMN SANDY
o Pigsticity |Index Yest J W 26.5 \97 CLAY (CL—ML)—stf,I\'noist,wirh
Cohsolidalion Test o \ rock fragments i
15 T \ b) 12.2', 75% recovery *
v — - water level B/4/66"
e 'BROWN WEATHERED BASALT
/,\.\ very hard, well fractured
U\’ c) 14.7', 75%recovery
20 V/\
i~ v
7 brecciated to 1/8 and 1/4" size
24 5, ,‘V 13.1 123 with clay matrix {possible
7 fault zone)
i
25 -1 T .
40/9" 71 137 with chlorite and iron staining
W
W a9 4 Drilling Rate: ¢ min/it
1"_ PSP BLUE-GRAY SANDY SILTSTONE
- <1‘3=28$0 (16.3)" o 41 4.5 120 hard, saturated, {scratches
a with fingernail and breaks under
“‘3‘ 35- finger pressure)

51/7" 12.0 130 GREEN-GRAY FINE SANDSTONE
hard, saturated, with little
binder

. 40+
49/6" poorly cemented
(Rock can be crumbled in the
45+ hand with difficulty)
very hard with calcite cement
51/2" o]
501
551
60
65 L
HARDING ASSOCIATES LOG OF BORING
S50IL MECHANICS ENGINEERS
EQUIPMENT 4 5/8" Mayhew Ratary Wasg DRILLED 7/ 20766
PLATE A-3
MuUB13797

008 00010




Jog U.C. Rad. Lab, - Omnltron Site

N0 200037 g AC/g  pare 7/15/66

20 7

25

o«
o

DEPTH - FEET

[
[

40

45

50

55

460

65

SHEAR STRENGTH « LBS PER SQ FT

BORING

STANDARD PENETRATION

52/5" =

40

38

33

22

40 ¥

BLOWS/FOOT
l—mxsmks CONTENT = §

{DRV DENSITY ~ LBS PER CU FT

ELEVATION .822_

PAVI IG

ROCK BASE

DARK BROWN CLAY (CH)
stiff, moist

LIGHT GRAY WEATHERED SILT-
STONE - stiff, wet

locally very hard with calcite
cement and calcite veinlets

GREEN-GRAY SANDY CONG-
LOMERATE - dense, wet

GREEN-GRAY SANDY SILTSTONE
hard, damp

Cora vith Pitcher Sampler at:
a) 15.0', 100% recovery
b) 19.0', 100% recovery
c) 21.0', 100% recovery

BLUE-GRAY SANDY CONG-
LOMERATE - dense, wet

BLUE-GRAY SILTSTONE ~ hard,

damp, weothered

GREEN-GRAY SANDY CONG-
LOMERATE - dense, wet

grading softer
GRAY CLAYEY SILTSTONE
hard, wet, weathered

probable fault zone highly
sheared

SANDY CONGLOMERATE
dense, wet, with hard fine
grained siliclous matrix

RED-BROWN CLAYSTONE
sheared

hole caved and dry at 18.0*
8/4/66

HARDING ASSOCIATES

501L MECHANICS ENGINEERS

EQUIPMENT

LOG OF BORING

4 5/8" Rotary Wash 7/13~14/6

DRILLED

PLATE A~
MUB-13798

008 00011




Jog U, C, Rad. Lab. = Omnltron Site

no 2000.37 gy AG g pan. ©/2/66

BORING 5
STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = §
: DRY DENSITY « LBS PER CU FY
§ § 8 § 8 [
o8 % 8 8 = ELEVATION %09
CONCRETE
* Plagticity index Tpst 9 ] 28.0 95 ROCK BASE
. DARK BROWN CLAY (CH)
/ firm, wet, with small roots
’5 RED-BROWN S*NDY CLAY (CL)
1o y stiff, wet, with small rock
" fragments
Ty =1440 | RTX[XNTTX. 15 !,/" 27.4 97 -
7
154 y
V4
201 ‘if," with abundant rock fragments
22 24.3 103
2 RED-BROWN BASALT
hard, fractured, with clay
seams
- Core with Pitcher Sampler at:
E 01 a)  26.0', 65% recovery
o @ 42160 i TR | x 31 21.3 105 b) 28.0', 75% recovery
r c) 30.0', 30% recovery
-
a.
w
W 30 214 1M
37 @y 107 13
01 ﬁl becoming more clayey
{-
I
A
L/;
45 “ho2880 nLxpw | 29 EY 0.0 128
W v
7——
A
/!
H]ii| 162 16
20 45 k grading hard, less fractured
- and fewer clay seams
[
7
7\;
s I
Ty
7
v
o o
1 187 130
601 i<
“\
v
)
<"
71 A4 7.3 118 (no free water encountered)
65
HARDING ASSOCIATES LOG OF BORING
501l. MECHANICS ENGINEERS
EQUIPMENT 4 5/8" Rotary ‘Wash DRILLED 7/27/66
PLATE A-5
MUB 13799

008 00012




gon_U.C.Rad. Lab. - Omniton Site o 2000.37 5 AC/gr  pare 8/3/66

DEPTH - FEET

BORING _¢

STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER §Q FT MOISTURE CONTENT - 4
DRY DENSITY « LBS PER CU FT
88 ¢ |

aQ S
~ ©

5000
2000

eLevaTion 919

[ CONCRETE
7 ROCK BASE
5 B ] 28.9 94  DARK BROWN SANDY CLAY (CH)

y firm, wet, with small root
7 holes

GRAY-BROWN BASALT
18.9 104 (highly weathered and
decomposed) with clay seams

GREEN-GRAY SILTSTONE
(can be scratched with the
fingernail and breaks under
finger pressure) R
water level 8/15/66

2077

257

304 Core with Pitcher Sampler at:

a) 22.0%, 40% recovery
130 GREEN-GRAY CONGLOMERATE
poorly cemented, breaks
A easily, with pebbles and
35-] 1 167 116 grovel up to 3/4"
* Plasticity] Index [Test K b)  34.5', 60% recovery
Cansotidation Test MOTTLED RED-BROWN SILTSTONE

T4 k860 (14.2) ¥ X% ; 1128 highly weathered, with clay
seams
40 c)  37.0', 20% recovery
Gy=1440 [~ x|
45
12,3 127 l:ecc;ming harder
507
Drilling Rate: 7 min/ft
10,9 130
551
GREEN-GRAY FINE SANDSTONE
dense, poorly cemented, can
342160 KKK be scrofched and bioken by
604~ —- Ll 10,3 131 Fin
e L . . o R nger pressure R
64 1.2 126 .
w0 7
42/6" 12.1 124
HARDING ASSOCIATES LOG OF BORING
H0IL MECHANICS ENGINEERS
EQUIPMENT 4 5/£" Rotary Wash DRILLED  /&5/66
PLATE A-§ .
MUB 413800
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o8 U.C. Rad. lob, - Omniiron Site

No 2000.37 gy A/

pate &/3/66

8ORING 7
STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER SQ F1 MOISTURE CONTENT = &
DRY OENSITY = LBS PER CU FY
fe] [=] [=] § g {
o§’ § § & = o ELEVATION ..2L3
CONCRETE
ROCK BASE .
10 / 30.0 90 DARK BROWN CLAY (CH)
firm, wet
54 /
<
10 (X MOTTLED RED-BROWN & GREEN
D CONGLOMERATE
a3=860 S % 24 F.‘/: 15.9 119 dense, wat
[ M
e S il By o
/)
20+ :&
| GREEN-GRAY SILTSTONE
AR ATX R WINX 50 M. 13.1 124 hard, damp, with occasional
oy | 860 N small pebbles
water level 8/15/66
254
20 Core with Pitcher Sampler al;
a) 32,0, 60 % recovery
16.8 121 b} 34.5', 40 % recovery
—
‘EJ 35 c) 37.0', 74 % rocovery
s
T * Consolidation Test
" Plagticity Index Test - * 12,0 124
a va:&o(m_g) CX| 7D N 12.2 128
w
o 40 7] . grading mottled red-brown
. ’ (can be scratched with the
N finger, breaks under finger
N pressure)
16 = .| 15.9 120
45 1 - N
> ™~
50 {3 ='2§6.0\ NOMENXLN 3 a” 12.4 127 with lenses of fine sandstone
. ° [\ o
o
55 ] 42 # 12,7 125 becoming mote clayey
-/
s5/10" .
60 - / %‘,, 1.3 129
R
e
so o] 2 a2
65 R
%
773 = 3% 0
70 NSRRI X 48 qm_ 19.1 116
HARDING ASSOCIATES L0G OF BORING
S0I1L. MECHANIUS ENGINEERS
EQUIPMENT 4 5/3" Rotary Wash DRILLED {/1/66
FLATE A-7
MUB-13801

008 00014




Jo U. C. Rad. Lab. - Omnitron Site NO 2000.37 gy AC/gkr  pare 7/19/66

10

15

20

DEPTH~- FEET

25

30

35

4o

BORING _38 EQUIVALENT BLOWS PER FOOT

STANDARD PENETRATION TEST
SHEAR STRENGTH = LBS PER SQ FT [NOISTURE CONTENT = §

‘»DRY DENSITY = LBS PER CU FT

_ ELEVATION 211

ths 4 A, C. Paving

13 118.9 97 Rock Base

BROWN CLAY (CL) - stiff, molst

5000
4000
3000
2000
1000

/ N
{ GREEN-GRAY FINE SILTY SANDSTONE

\ hard, damp
/ - (ecsnly scratched and broken by
™\ finger pressure)

b 42 g 12.7 122

LY

I

g | |
* Plosticiny Index [Test * ; :

i A W grading brown-gray in color
i XK N gy | B 0.0 128

73

water level 8/9/66
(excessive water loss)
Core with pitcher sampler at:
115 a) 26.5 - 100% recovery
GREEN-GRAY SANDY CONGLOMERATI
dense, saturated
(rock can be scratched or broken
easily)
122 b) 30.3' - 75% recovery
MOTTLED RED-BROWN SILTSTONE
hard, damp
c) 34.0' - 100% recovery
127 (can be scratched with the finger-
nail and broken by finger pressure )

* Copsolidation Tept
Pldsticity|Index Test

193 = 1440 ¥tz =)o v

HARDING ASSOCIATES LOG OF BORING

SOtlL MECHANICS ENGINEERS

EQUIPMENT 4 5/8" Mayhew Rotary Wash DRILLED7/15-18/t

PLATE

MUB-13l

008_00015




405 U.C. Rad. Lab. - Omnitron Site N0 2000.37

BY AC/gkr DATE 7/] 9/66
BORING 8 EQUIVALENT BLOWS PER FOOT
STANDARD PENETRATION TEST
SHEAR STRENGTH - LBS PER SQ FT MOISTURE CONTENT = %
= g o o = DRY DENSITY = LBS PER CU FT
40 AR F R & 2 o { ELEVATION _ 211
20 _ AN) 125 125 locally very hard, with calcite
’/3 cement
3
A
//l"\ (water loss moderating)
J 7 h
45 x |8 §7f 165 118
GRAY CLAYSTONE - stiff, wet,
B (scratches and breaks easily)
50 = ST ,
g3 =210 99 19.6 112
GREEN-GRAY SILTSTONE = hard, wet,
'__55 b 21 11.0 127 (scratches easily and breaks under
w finger pressure) ‘
rm
1
T
[,
0 60 1 3= 2160 X[TX
w 64 19.7 118 (grading harder with calcareous
o cement locally)
65 60 1.7 127
L
70 1
75 7
80
HARDING ASSOCIATES LOG OF BORING
SOIL MECHANICS ENGINEERS ) '
EQUIPMENT 4 5/8" Mayhew Rotary Wash DRILLED7/15-18/

PLATE A-9
MU B 3803

008_00016




Jog Lawrence Rad. Lab. ~ Omnitron Site g 2000.37 By ABC/rr  pate 7/14/66

DEPTH - FEET

10

b
1523

[+
o

25

30

35

4o

BORING Q STANDARD PENETRATION

BLOWS/FOOT
SHEAR STRENGTH <« LBS PER $Q FT MOISTURE CONTENT = %

[DRY DENSITY = LBS PER CU FT

ELEVATION _875

PAVING

ROZK BASE

BROWN SILTY SAND (SM) -

WEATHERED GRAY SILTSTONE u
hard, damp, with local red staining

5000
4000
3000
2000
ig00

|

(crumbles under finger pressure)

water level 8/9/66

becoming more clayey, moist
highly weathered

grading harder
Drilling Rate: 3 min/ft with 4 5/8"
tricone bit

RED BROWN WEATHERED CLAYSTONE
hard, wet, with some calcite
cementation

HARDING ASSOCIATES LOG . OF BOR IIN.G

SOIL MECHANICS ENGINEERS

EQUIPMENT 4 5/°" Rotary Wash DRILLED 7/6/66

PLATE

MUB-13

008 00017




’ 208 U.C. Rad. Lob. ~ Omnltron Slte g 2000.37 gy AC/  pare 8/10/66

BORING _10
STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = (BS PER SQ FT MOISTURE CONTENT = §
: l— ‘DRY DENSITY = LBS PER CU FT
0 ELEVATION %27
v DARK BROWN SANDY CLAY (CL)
12 ‘;1‘ 2.1 92 stiff, wet, with smoll roots
5 ' Bs GREEN-GRAY SILTSTONE
. o hord, damp, with clay seams
> !
101 % GREEN-GRAY CONGLOMERATE
- (N hard, wet, with slltstone -
125 Ij 17.6 118 matrix
Ny
]
Oy
154 )
~ U
(2%
-0
LA
201 GREEN-GRAY SILTSTONE
with some sand sizes
2 B
L (pacrly cemented, scratches
o and breaks easilty)
257 o
i
’I‘i
- .
w .
& 304
1
T 32 &= 14.3 122
- %8 .
o .
w
o 35_ + oS
407 )
' 21 10.4 130 locally very hard and well
cemented
451 (no free water encountered)
501
551
60
5 -
HARDING ASSOCIATES LOG OF BORING
SOIL MECHANICS ENGINEERS
EQUIPMENT 4 5/8" Rotary Wash DRILLED 8/9/66
PLATE A-1
MUB-13805

008 00018




uoB U, C, Rad , Lab, = Omnltron Site

No 2000.37 gy AG/@

8/16/66

DATE

BORING 1
e _STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER §Q FT MDISTURE CONTENT = &
, 1’ ‘-DRY DENSITY ~ LBS PER CU FT
ELEVATION 930
4}
. 18 gV 15.0 107 RED_BROWN SANDY CLAY (CL)
v stlff, damp
(o
o GREEN-GRAY SANDY SILTSTONE
54 /e hard, weathered, (scratches
41y and breaks easily)
12,9 121
104 %
Drilling Rate: 4 min/ft
15
o'
‘: U
/) GREEN-G! O~
" s 12 RAY SANDY CONGL
20 = 860 fex 3/ H';; MERATE = (poorly cemented,
”: broken by finger pressure)
‘.
o A water lovel §/30/66
>
- ' .
25- ”‘ Drilling Rate: 3 min/ft
W,
Ja
i
ol
& L
i 304 13/ >
' 7 GREEN-GRAY SILTSTONE
T K weathered, with clay seams
- N
o o locatly stalned red-brown
w ‘h (scratches and breaks eastly)
o 354 O
: [y Drilling Rate: 2 min/ft
5
BLUE-GRAY FINE SANDSTONE
47/6" gl 9.4 127 very hard, damp
401 ;
Y
J
451
) MOTTLED RED-BROWN CLAYEY
47 11.5 125 SILTSTONE ~ highly weathered
{can be scratched with the
_ . fingernail and broken by ™ .
50 Ty =86 xx % 4 55 1.3 125 finger pressure)
59 8.0 134
551 grading less clayey, hard and
fractured
o0 s/ GREEN-GRAY SANDY CONGLO-
MERATE - hard, domp
MOTILED RED-BROWN SILTSTONE
: weathered, with clay seams,
o 31/ L2 124 (scrarches and breoks easily)
HARDING ASSOCIATES LOoG oF BORING
S50iL MECHANICS ENGINEERS
EQUIPMENT 4 3/4" Rotary Wash DRILLED B/15/66
PLATE A-12,
MUB-13806

008 00019




"Jog’ U.C. Rad. lab. -~ Omnitron Site

NO 2000.37 gy AC/gr pate 8/16/66

BORING 11
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = %
o o = o o DRY DENSITY = LBS PER CU FT
65 a 2 R & = o { ELEVATION _230
32/9
70
MOTTLED RED-GRAY CLAYEY SILTSTONI
Gl highly weathered, with clayey
75 % E 4.1 15 seams, (scratches with fingernail
,-‘,\\”"":. and breaks under finger pressure)
NN
// I
80 - 22 i : 18.5 110 brecciated and containing minor
= R sandy conglomerate
i
' A
T -
- g5 | 47 | BT 12,2 123 Dri lling Rate: 3 min/ft
o N
w
o
90_
HARDING ASSOCIATES LOG OF BORI NG '
SOIL MECHANICS ENGINEERS ’ ‘
EQUIPMENT 4 3/4" Rotary Wash _ ORILLED 8/15/66

PLATE A-13

MU B 43807

008 00020




Joa Lewrence Rad. Lab. - Omniiren Site

No 2000.37 By ABC/i pate 7/15/66

SHEAR STRENGTH - LBS PER 5Q FT

BORING

12

MOISTURE CONTENT

[ imv DENSITY = LBS PER CU FT
o ELEvATION 922

STANDARD PENETRATION
BLOWS/FOOT

- %

S01L MECHANICS ENGINEERS

‘o o g o o
8 8§ 8 g 8§ |
Otn < $2 (2] —
5" CONCRETE S5LAB
12" CLAYEY GRAVEL (GC)
9 13.6 113 dense, moist, with sand ]
RED BROWN SILTY CLAY {CH) &
stiff, molst
5 5] gracing red in color at 5'
/
7]
o, RED BROWN SANDY SILTSTONE
104 4\\, hard, damp, friable
5 A
g\\:\\
/:\ §
j S
15 4\\
f,,\ L\ water leve! 8/4/66
2y with interbedded fine-grained
ﬁ\\” sandstone
[
20" ’/: grading mottled grecnish gray
20 n:”\\\. 15.0 120 and red brown in color
M
\>“ (moderate loss of drilling water)
W
v 2z
25+ ,\\\‘;\
A
E \\
b
— 7
i VY 1509 18
301 2 15
u,- ¢ *Plagticlty Index Tpst 2 \/,‘\‘
N
- K\
a (\\"
W %4
o 37 \/’\ o ith Pitcher Sampler at:
‘;3_864 INT RN \/\\ ]4.7 ]20 'oreWI ltcner aampie 3
% a) 5", B0% recovery
7 4,
%
GREENISH GRAY FINE-GRAINED
40-] SILTY SANDSTONE - hard,
damp, friable .
b) 40', 8%% recovery
% MOTTLED GREENISH GRAY AND
A RED BROWN SILTSTONE -
451 %\ hard, fricble
F0?
* Conjolidatipn Tesf H .\:\‘ 13.4 122 &) 45", (% recovery
Plagticity Ihdex Test .. l 2 11.9 122
org'= 1440 (15.2) F X :\:‘ d) #7.5', 60% recovery
501 ;\\‘ (can be broken with moderate
\\:’\ finger pressure}
e
PA\S
:\\5
A
551 23wy 123 125
Y
[0
X
%
604 21 5\“,:\ 14.7 122 grading dark red brown in color
o\ at 60'
:“:
it
A5
65 L)
HARDING AéSOCIATES LOG OF BORING

EQUIPMENT 4 5/U" iotary Wash

DRILLED 7/8/66

PLATE A-14
MU B-13808

008 00021




JOB Lawrence Rad. Lab. ~ Omnitron Site NO 2000.37 BY ABC/rr  DATE 7/15/66

BORING 12  STANDARD PENETRATION
: BLOWS/POOT
SHEAR STRENGTH = LBS PER SQ FT MDISTURE CONTENT = §
= o = o = DRY DENSITY = LBS PER CU FT
R % R 8 S1eo { ELEVATION 922
: 42 i/;\‘ grading mottled gray and greenish
\,?\\4' gray silkstone
A
- N
70 EN
33 g;;\\, 14.1 120
S '
5bo GRAY GREEN FINE-GRAINED SILTY
E‘ZLZ.%?‘_:’X'S.'I.X'_,_tf\fii'.X txiox | 60 9.3 133 SANDSTONE - hard, friable
75- ‘ ' e :
e F 3600
3
T
w
w
[
'
T
k ~
o.
ui
o
HARDING ASSOCIATES LOG OF BORING
SOIL MECF;IANICS ENGINEERS
EQUIPMENT 4 5/8" Rotary Wash DRILLED 7/8/66
PLATE A-15
MUB-13809

008 00022




Jog U,C. Rad. Lab, ~ Omnitron Site

No 2000.37 5y AC/gkr 0

7/15/66

8 (=] o
s 8 E B § 8

SHEAR STRENGTH = LBS PER 5Q FT

BORING

=L >

13

l'I'OISTURE CONTENT - §

STANDARD PENETRATION
BLOWS/FOOT

g {DRY DENSITY « LBS PER CU FT
0 ~.® ELEVATION 933
. /4 PAVING E!
7 B2 18.9 104 BROWN CLAYLY SAND (SC) g
N with rock fragments
‘,( DARK BROWN SANDY CLAY {CL)
] sHFf, molst, with rock
5 ;j/ fragments and fine roots
v,
<
Y, BROWN WEATHERED BASALT
107 7 hard, wat
: {1y B
60 %}\7 19.8 113
<
/\\/ becoming hardar
15 >
K
A
§)
0
20+
Y
Ty
6 Hap 96 W
<
/\V
257 7
Y
3
Q(
& 4
& 30 Y becoming less weathered with
' * Plasticit] Indes Test g5 depth
T FRPxL N s N 68 &\}7 1.8 12
" Lrs = 2880
: )
jit
o 354 >
"
37
(
4\/
401 45/6° 82| 16.3 19
V]
W
<
451 z
N Core with Pitcher Sampler at:
A .a)  47.0', 60% recovery
e b)  52.0', 66% recovery
v
50 >
Y
iy
0
551 7
M
=
hole caved and dry ot 32'
601 8/15/66
- |
HARDING ASSOCIATES LOG oF BORING
SOIL MECHANICS ENGINEERS
EQUIPMENT  45/8 " Rotary Wash ORILLED 7/9/66'

PLATE A-16
‘MUB-13810

008_00023




Jos U,C, Rad, Lab, ~ Omnlitron Stie No 200037 ny AC/m pare 8/12/66

BORING _H4
STANDARD PENETRATION
BLOWS/FOOT
SHEAR §TRENGTH = LBS PER $Q FY MOISTURE CONTENT = §
[ "DRV DENSITY = {LBS PER CU FT
a ELEVATION _ 982
g 122 BROWN SANDY CLAY (CL)
41 8.8 1 stiff, dry, with basalt rock
fragments
5 - BROWN BASALT
weathered, with clay seams
42/6" =4 105 132
10 72
L weathered and thoroughly -
Y brecciated
Y
,\V
15 v
Z-f grading less broken
Vv
B3
50 ‘_!’\\/ 8.6 144
20 7¢
3
~
:\5
- it
N
7/
- T3 4720 ™
I g Ieox | x kx| 42/ W 7 9.0 133
=30 1 < grading mottled gray-green
;: Z/ hard, with sandy clay seams
- Iy
. P
§35 1 Z - hard drilling, with abundant
- ’ i'/ green rock fragments In
v cuttings
Z\ Drilling Rate: 8 min/ft
62/9" wg <| 8.2 132
07 7
- A
7 {severe water loss, loss of .
)‘/ clreulation, very slow drilling)}.
<
- z
: Y with clay seams and fractured
L7 from 46 to 47°
60/7" ;_.J/\\, 9.3 134
50 %
A
]
Ty =860 bin 7\/ 0.0 12
3 =Pblutx xq 8l 10.0 129 Drilling Rate: 7 min/ft
55 1 )
<
¥
o
60 ] l:\
f4
v
%/
5 66 M| 103 128
HARDING ASSOCIATES LOG OF BORING
SOIL MECHANICS ENGINEERS
EQUIPMENT 4 /6" Rotary Wash DRILLED £/11/66
PLATE A-17
MUB-13811

008 00024




Jos U.C. Rad. Lab. = Omnitron Site no 2000.37 gy AC/gr  pate 8/12/66

BORING _14

SHEAR STRENGTH « L85 PER SQ FT

MOISTURE CONTENT = %

= o = o = DRY DENSITY = LBS PER CU FT
Ga_ T R & =2 o { ELEVATION 932
j:/" highly fractured with brown sandy
L clay in seams
oA Drilling Rate: 3 min/ft
64 #(\/ 9.8 132
70 74/ highly fractured and brecciated
X :
'\\/7
60/8" @ 10.4 130
754 =V,
/-
v T .
4 Drilling Rate: 7 min/ft
N
801 68/4" | |5
5 Y
r <
A
! %
I A
s .
o water level below 50’ prior to back
w filling
o
90
95
100-
105
HARDING ASSOCIATES LOG OF BORING
SOIL MECHANICS ENGINEERS
EQUIPMENT 4 5/8" Rotary Wash DRILLED 8/11/¢
PLAT
MUBA4.

008 00025




© Jog Llawrence Rad. Lab, - Omnitron Site No 2000.37 gy PK, AC/mpate 7/14/66

o RING 15  STANDARD PENETRATION
. BLOWS/FOOT
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = § -
o o =] o g DRY DENSITY = LBS PER CU FT
B8 RS S| o { ELEVATION 863
6 14.5 113 PAVING
DARK BROWN MOTTLED SANDY —
: ” CLAY (CL) - stiff, moist, with =
127 18.0 112 rock fragments i
G MOTTLED RED WEATHERED CLAYSTONE
hard, damp
water level 7/20/66
26 116
* Plasplclty ﬁndex Test
10 4 Congolidatjon Tes :
28 128 ‘
MOTTLED BROWN AND GREEN
15 - WEATHERED SILTSTONE - hard,
" moist :
i .
rn
'
T :‘\. SN A \ N ‘.‘ .\" N 60 s ]36 .
- to 6490 |org = 1440 grading more clayey
20
:; Drilling Harder
o LIGHT BLUE GREEN MEDIUM
WEATHERED SANDSTONE - hard,
66 139 .
_ moist
25 -
89
30
55 - 55 9.6 131
40
HARDING ASSOCIATES LOG QF BORING
SOIL MECHANICS ENGINEERS
EQUIPMENT 4 5/8" Rotary Wash DRILLED 7/1/66 :
PLATE A-19
MUB13813

008 00026




* JoB_Lawrence Rad. Lab. - Omnitron Site NO 200037 BY ABC/rr  DATE 7/14/66

BORING 16  STANDARD PENETRATION
BLOWS/FOOT
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = §
b= ] S = = DRY DENSITY = LBS PER CU FT
a2 F R 8 =21e ELEVATION _860
PAVING
; JE _ ROCK BASE
K -3 109 MOTILED BROWN GRAY SANDY
/ CLAY (CL) - stiff, damp, with
5 - ? rock fragments :
7 &y ]15.5 10 y
-
/ grading more sandy with rock i
10 / fragments
Kb/ with large sandstone rocks or
/ boulder
8 gp/a 9.2 124
]
15 é -
m 7 BROWN SANDY CLAY (CL)
] . . h
w very stiff, moist, with rock fragments
, 4 | A1 11 -
T 9
" 20 1 MOTTLED BROWN AND GRAY
s </ WEATHERED SANDSTONE - hard,
a Y ! moist, friable { Crumbles under
28 g 1 8.6 127 finger pressure ) .
with small roots
25 1 grading harder
37 | = WEATHERED BROWN AND GRAY
\//\\5 SANDSTONE AND SILTSTONE -
) .
30 4 \//\\; hard, wet
B . '
5\"\ . grading harder
\\4\ .
| \ N
I\ 3\ .
35 60 f\:& 12,0 133 hole caved and dry at 26.3" - 8/4/66
40
HARDING ASSOCIATES LOG OF BOR]NG‘ o
450“_ MECHANICS ENGINEERS ) .
’ EQUIPMENT 4 5/8" Rotary Wash DRILLED 7/5/66
PLATEA-20

MUB-13814

008 00027




h s
M L.JOR DIVISIONS i . NAMES LABORATORY CLASSIFICATION CRITERIA
Jwe cr L GRY - D .
w2 » CLEAN GRAVE S 2 tﬁ: o ﬁﬁ_.‘sm' GRAVEL-SAND MIXTURES, C;-'-sf GREATZx THAN 4 9»-39101 BETWEEN 18 3 o
N - e s ho x D =
Jz SAVELS L e o) o[98 ] POC LY GRADED GRAVELS, GRAVEL-SAND MIXTURLS = H ?3 eyt
S & e manian % by g JLITTLE OR NO FINES NOT MEETING ALL GRADATION REQUIREMENTS FOR GW 's’ '—E_ug -";‘_ §5€
& I AL ) .
b3 COARSE FRACTIC N £ p 35383
nxz 5 LARGER THAN cavie wrte - aeal] 2“31\‘;'}1‘[}{‘“‘: POORLY GRADED GRAVEL-SAND- | ATTEWBEKG LIMITS BELOW A" wove A unewTH]y 85 LG T
O 23 INO. 4 SIEVE SIZE® FINES - LINE OR PI LESS THAN 4 P} RETWEEN 4 AND 7 g % 3 Soils
45 ’ - ARE BORDERLINE CASES] 8 L&
UZJ ES (ppracioble amount Jg 4] 7! A 7 FRAVELS, POORLY GRADED GRAVEL-SAND- ATYERSERG LwiTs AsOvE -a- | [roUMING GSEoF - 18 5§ B3 ¥
= -g w of fines) o LA M ATURES LINE WITH PI GREATER THAN' 7 [DUAL SYMBOLS T 2y ol
o <&
o 5 g
o 5 e i s P -t | W
& SANDS Dg* Dep : 8%
-
40 T POORLY GRADED SANDS, GRAVELLY SANDS, 8 to
w32 Littlo ar no fines) fgp |-+ ] LITTLE OR NO FINES ' NOT MEETING ALL GRADATION REQUREMENTS FOR sw | £ 32
0Nz MORE THAN HALF . I 8, pn
COARSE FRACTION 5 i 2 W F
o3 o SMALLER THAN " ;ﬁ SILTY SANDS, POORLY GRADED SAND-SILT AYIERBERG LIMITS BELOW A" NPSVR—— s é.g co ek
=" MO, 4 SIEVE SIZE? [PANDS WITHTINES e MIXTURES LINE OR PILESS THAN ¢ moewien 4 anp7 1 £3 38 15,
s g (Appreciable amount E?'v CLAYEY SANDS, POORLY GRADED SAND-CLAY ATTERBURG o ARE BORDERLINE CASESY § 8 x;’“" 28,
S proec o I A4 o LIMITS ABOVE "A" REQUIRING LSEOF  §23 8263 %
of finor 25 M LINE WITH Pl GREATER THAN 7 EDIIAL SYMBOLS :
INORGANIC SILTS AND VERY FINE SANDS, ROCK
zZ SILTS AND CLAYS ML FLOLR, SILTY OR CLAYEY FINE SANDS, OR
o i CLAYEY SILTS WITH SUGHT PLASTICITY
= 50
&
6 '§' LIQUID LIMIT LESS THAN 50 / INORGANIC CLAYS OF LOW YO MEDIUM PLASTICITY,
N e ¥ GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS, 2
e LEAN CLAYS x CH //
O 3N 5 8o
W E oL B| i B ORGANIC SILTS AND ORGANIC SILTY CLAYS OF z “
Z 3 2' 1§ Low PLASTICITY t
= 1% c
g o g
o8 =
% w . Si1L.T8 AND CLAYS MH INORGANIC 5ILTS, AICACEOUS CR DIATOMACIOUS g \— A LINg
39 FINE SANDY OR SILTY SOILS, ELASTIC SHTS 20 //
Wz
Zz (JQUID LIMIT GREATER THAN 30 1., // |NORGANIC CLAYS OF HIGH PLASTICITY, o cL / OM pr MH
G‘_ w % FAT CLAYS . an-ML )7
2 OH Y <A ORGANIC CLAYS OF MEDIUM TO HIGH ceTT - CLor ML
7 B rLASTICITY, CRGAMIC SITS o . mshetpecer 410 e —
HIGHLY ORGANIC SOILS Pr ’:3 PEAT AND OTHER HIGHLY ORGANIC SOILS LIQUID LIMIT %
p T
et wvool clowification, the /4 inch size may be used as equivafent fo the no. & size- LASTICITY CHART
the no, 200 sieve size it obaut the smollest particle visible to the nobed eyee For lubaratory clealflcation of fins gralnad sells

UNIFIED 'SOIL CLASSIFICATION SYSTEM

SAMPLE DESIGNATION STRENGTRH TESTYT RESULTS
@  Undisturbed Sample ¥ lavavavaves] Vore Sheor Test
B8 Disturbed of Bulk Sampla . R Uncunfined Compression Test
n Sample oitempt with no tecovery w300 EX XXX Uncoruolidored - Undrained Trioniol Co;rpltlllon Test ’
V Voo Sheor Test 1000 (30.0) XIXIXEXTX) Compolidated - Undrained Triaxial Comprassion Test
. Y. Obierved Weter Lavel 1000 (30.0) ERERERIRER Comolidated - Droined Triaxiol Compression Teat
1000 (30.0) T ——1 “Quick® Direct Shear Tesl

1000 {30 0} ﬁig Comahdoted - Drained Direct Shear Test
’ ‘ . Bar Length Representy Sheat Strength
L Molsture Content of Shear Zone after Test in Percent

- Stress Normal to Shear Planr in PSF

# F  denales in—ity field rest
L denotes loboratory vane sheor test
(R]  denoles remolded vone sheor shength

SOIL. CLASSIFICATION CHART
AND KEY TO TEST DATA -

R

e Ac2)

HARDING ABBOCIATES

oI, LozeMANICH FHBINAEAE

MU B-13815

008 00028




Jjog_U.C. Rad. Lab. - Omnitron Site

NO _2000,37 gyAJS/gkr

DATE._8/19/66

70
~ 60
R
< 50 4.._ e
9%}
0
z .
— A0} -
i
-
— a0 kb--
9]
=
[Vl i
o :
i i
10 b : “ e -
I
II : |
0 - 1 | |
0 10 20 30 40 50 60 70 80 90 100
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MAJOR DIVISIONS TYPICAL NAMES
aw WL LL GRADED GRAVLLS WITH OR
CLEAN GRAVEOLS WITSH WITHOUT SAND, LITTLE OR NO FINLS
LITTLE OR NO FINE
GRAVELS POORLY GRADL D GRAVELS WITH OR
GP
N WITHOUT SAND, LITTLE OR NO FINLS
ween L MORE THAN HALF
O2 | COARSE FRACTION TY GRAVELS
N w| 15 LARGER THAN GM \%H'TTHYSCA;\T\A%VE LS. SILTY G
OG&| No 4SIEVE SIZE GRAVELS WITH OVER
We o 12% FINES . '
> GC CLAYELY GRAVLLS. CLAYEY
~u8 GRAVE LS WITH SAND
o~
el -
9 sw Le ° | WLLL GRADED SANDS WITH OR WITHOUT
Oz ®.°.°| GRAVCL,LITTLL ORNOFINLS
u|.| % Z CLEAN SANDS WITH >
nF SANDS LTILEORNOFINES | 1o | POORLY GRADLD SANDS WITH OR
G ° % WITHOUT GRAVLL, LITTLL OR NO FINES
<o MORE THAN HALF T Te
Os COARSE FRACTION ol {o
O | o SMALLER THAN sMLELE] SRoo GRavtL ©F
NO 4 SIEVE SIZE SANDS WITH OVER of lo
0'Q a
12% FINES sc 7] CLAYLY SANDSWITH OR
° '/' WITHOUT GRAVEL
/e /%
INORGANIC SILTS AND VERY FINE
ML SANDS, ROCK FLOUR, SILTS WITH
N SANDS AND GRAVELS
—u SILTS AND CLAYS % INORGANIC CLAYS OF LOW TO
OZuw CL MEDIUM PLASTICITY, CLAYS WITH
AL > LIQUID LIMIT 50% OR LESS A SANDS AND GRAVELS, LEAN CLAYS
Bra oL :: H ORGANIC SILTS OR CLAYS
Z&xg i OF LOW PLASTICITY
— o~
<§o‘ INORGANIC SILTS, MICACEOUS OR
gz MH DIATOMACIOUS, FINE SANDY OR
Orz SILTY SOILS, ELASTIC SILTS
| [l
wul SILTS AND CLAYS o [/ INORGANIC CLAYS OF HIGH
%g LIQUID LIMIT GREATER THAN 50% //| PLASTICITY.FAT CLAYS
L YL,
OH F/7,/] QRGANICSILTS OR CLA YS
02 Of MLDIUM TO HIGH PLASTICITY
AL
PALAL_A_AY
' Pt =l PEAT AND OTHER HIGHLY
HIGHLY ORGANIC SOILS OHGANIC SDILS
UNIFIED SOIL CLASSIFICATION - ASTM D2487-85
Perm —  Permeability Shear Strength (psl) ; Confining Pressure
Consol —  Consolidation TUU 3200 (26000 — Unconsolidaled Undrained Triaxial Shear
LL — Liquid Limit (%) (FM) or (S) (field mosture ot saturaled
Pl —  Plastic index (%) TxCU 3200 (26001 — Consolidated Undrained Triaxial Shear
G Specihic Gravit (P) {with or without pore pressure measurement)
s T P Y TXCD 3200 (2600) — Consoldated Diained Tnaxial Shear
MA —  Parucle Size Analysis SSCU 3200 (26000 —  Simple Shear Consotdated Undrained
- —  “Undisturbed” Sample (P) {with of without pore pressure measurement)
X —  Bulk or Classification Sampie S8CD 3200 (2600) —  Simple Shear Consohdated Drained
DSCD 2700 (20000 — Consohdated Drained Duect Shear
uc 470 — Unconlined Compression
LVS 700 —  Labaralory Vane Shear

KEY TO TEST DATA

I

i
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T

| CONSOLIDATION OF SEDIMENTARY ROCKS; usually determined from unweathered samples. Largely
dependent on cementation.

unconsolidated

poorly consolidated
moderately consolidated
well consolidated

szvc
nuu

i BEDDING OF SEDIMENTARY ROCKS

Splitting Property Thickness Stratification
Massive Greater than 4.0 ft. very thick bedded
Blocky 2.0t04.01t. thick-bedded
Slabby 0.2t02.01t. thin-bedded
Flaggy 0.05t00.21t. very thin-bedded
Shaly or platy 0.01100.05 ft. laminated

Papery less than 0.01 f1. thinly taminated

i FRACTURING

Intensity Slze of Pleces in Feet
Very tittle fractured Greater than 4.0
Occasionally fractured 1.0t04.0
Moderately fractured 0.5t01.0
Closely fractured 0.1t00.5
Intensely fractured 0.05100.1
Crushed Less than 0.05
IV HARDNESS

1. Soft — Reserved for plastic material alone

2. Low hardness — can be gouged deeply or carved easily with a knife blade

3. Moderately hard — can be readily scratched by a knife blade; scratch leaves a heavy trace of dust and is
readily visibie after the powder has been blown away.

4. Hard — can be scratched with difficulty, scratch produces littie powder and is often faintly visible.

5. Very hard — cannot be scratched with knife blade; leaves a metallic streak.

V STRENGTH

1. Plastic or very low strength

2. Friable — crumbles easily by rubbing with fingers

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

4. Moderately strong — Specimen will withstand a few heavy hammer blows before breaking.

5. Strorg — Specimen will withstand a few heavy ringing hammer blows and will yieid with difficulty only
dust and small flying fragments.

8. Very strong — Specimen will resist heavy ringing hammer blows and will yield with difficulty only dust and
small flying fragments.

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

D. Deep — Moderate to complete mineral decomposition; extensive disintegration; deep and thorough dis-
coloration; many fractures, all extensively coated or filled with oxides, carbonates and/or clay or silt.

M. Moderate —— Slight change or partial decomposltion of minerals; little disintegration; cementation little to
unaffected. Moderate to occasionally intense discoloration, Moderately coated fractures.

L. Little — No megascapic decomposition of minerals: little or no effect on normal cementation. Slight and
intermittent, or localized discoloration. Few stains on fracture surfaces.

F. Fresh — Unaffected by weathering agents. No disintegration or discoloration. Fractures usually less
numerous than joints.

S NHerding Lawson Assoclates Physical Properties Criteria for Rock Description pLAT:

HLA Engineers, Geologists Building 26 Addition

- & Geophysicists Lawrence Berkeley laboratory 5

T Berkeley, California
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APPENDIX C

Logs of Previous Environmental Borings by LBNL



FUGRO WILLIAM LETTIS & ASSOCIATES, INC.

1777 Botelho Drive, Suite 262
Walnut Creek, CA 94526

Tel: (925) 256-6070
December 10, 2009 Fax: (925) 256-6076

Wayne Magnusen

Alan Kropp & Associates

2140 Shattuck Avenue, Suite 910
Berkeley, CA 94704

RE: DRAFT LBNL Building 25 — Core Review for the General Purpose
Laboratory Geotechnical Study

Dear Mr. Magnusen,

This letter presents Fugro William Lettis & Associates, Inc.'s (FWLA) review and evaluation of
boring logs and archived soil samples to support Alan Kropp & Associates’ (AKA) design-level
geotechnical study for the proposed General Purpose Laboratory (GPL) project at the Lawrence
Berkeley National Laboratory (LBNL). The scope of this work was developed through multiple
conversations with you and is summarized in the AKA proposal submitted to Mr. Richard
Stanton dated October 27, 2009.

Proposed GPL site Geology

The proposed GPL site will be located at the site currently occupied by LBNL Building 25 within
the “Old Town” area of LBNL, which includes some of the earliest buildings constructed at the
LBNL. Although the natural topography in the vicinity of the proposed GPL footprint has been
extensively modified by grading, it is apparent that Building 25 is situated atop a roughly north-
south trending ridgeline that extends down into Strawberry Canyon (Figure 1). The general area
of Building 25 has been graded to an approximately level pad near Elevation +940 feet (LBNL
datum); the nose of the ridgeline intersects the floor of Strawberry Canyon at about 500 feet

below the level of the building pad.

Regional geologic mapping (Graymer, 2000), recent subsurface investigations, and mapping

performed in the general area of Building 25 (WLA, 2009) shows the ridgelines and ridgeline
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margins include thin colluvium overlying volcanic rocks of the Moraga Formation and
sedimentary rocks of the Orinda Formation (See Figure 2 and Plate 1 from WLA, 2009). In
addition, a “mixed unit” comprised of both Moraga and Orinda affinity has been interpreted
through geologic borings, trenches, and geologic mapping (Parsons, 2000; WLA, 2009).
Trenches excavated as part of a “paleolandslide” study for Building 25 characterizes the inferred
Tertiary mixed unit as a series of dark reddish brown silty clays and reddish brown gravels.
These deposits may have formed closely in time with the initiation of Moraga volcanism near the
alluvial depocenter. These previous observations (detailed in trench logs and photographs)

significantly aided the re-interpretation of core from the RCRA report (Table1).

Scope of Work

Our scope of work included a review and evaluation of the existing relevant and archived
geologic borings near the proposed GPL foot print. The primary objective of the review was to
evaluate: 1) the quality of previous boring logs; 2) identify the depth to bedrock; and 3) provide a
general characterization of any overlying soils that may be present near the GPL footprint. To
accomplish these tasks we compiled existing borehole logs from previous consulting reports
(HLA 1963; 1988), LBNL's RCRA facility Investigation (RFI) report (Parsons, 2000), and
compared these logs with FWLA’s and AKA’s previous boring and trench logs (AKA, 2009;
WLA, 2009).

On November 30, 2009, Preston Jordan (LBNL) provided FWLA staff (Mr. Baldwin and Mr.
Givler) access to the core library at LBNL. On December 1, 2009 David Baskin (LBNL)
provided PDF copies of logs described in the RCRA report that cover the proposed
development area of the GPL. After compiling these borehole data, FWLA staff reviewed
pertinent samples from the LBNL core library on December 2 and 3, 2009. FWLA staff made
hand-written notes to the existing boring logs as a means to evaluate the quality of previous soil
and rock descriptions, and to place these original observations in context with the current

geologic model of the GPL site vicinity. Edited boring logs are provided as Appendix A.

A list of the RCRA borings located in the general GPL site vicinity is provided in Table 1. In total,
FWLA Staff reviewed 29 individual samples from 12 borings drilling between 1992 and 1999

(Table 1). The samples available for review included the tips of brass rings, or where possible
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the extruded sample. In some instances, samples appeared to be missing (possibly submitted
for environmental testing) or these samples were not readily found by FWLA in the core library.
According to LBNL staff, logs for soil borings SB25-95-1 through SB25A-95-1 are not available.
However, Preston Jordan (LBNL) provided a table of field notes compiled during the drilling of -

these soil borings (Table 2).

Results of Core Review

Overall, the quality of the previous boring logs was generally high. Of the samples reviewed,
FWLA'’s observations generally matched the original lithologic descriptions noted on the logs. In
most instances, evaluating physical properties (e.g. stiffness and plasticity) is difficult to
impossible because the samples are on the order of 10 to 15 years old and thus, the original
moisture content is unknown. In a few instances, FWLA staff disagreed with the textural
descriptions provided on the original logs (e.g. silty clay vs. clayey silt), but overall these
differences were minor. We should note that some key samples were not located in the core
library (borings W25-95-26) and thus, we are unable to evaluate the quality of these boring logs.

See Table 1 for more details.

The colluvium overlying the Tertiary bedrock units consists primarily of a clayey SILT with
coarse-grained sand, and angular clasts of Orinda and Moraga Formations (See boring log
MW2593-15; Appendix A).The thickness of colluvium (or the depth to bedrock) across the GPL
footprint is variable and ranges from zero to 16 ft thick. The compiled boring information
suggests that colluvium is thin (0-2 ft) along the northern margin of the proposed GPL footprint
and increases up to 16 ft thick near the southern third of the footprint. The colluvium abruptly
thins (0 to 2 ft thick) directly south of the proposed footprint. Borehole and trench suggest that
colluvium coincides with an east-trending buried topographic swale that extends east from WLA
trench T-1 to boring MW25-95-26 (See Plate 1 of WLA, 2009).

Closing

We appreciate the opportunity to assist AKA in characterizing the subsurface conditions at the
proposal GPL site at LBNL. Please feel free to call (925-256-6070), or email (givier@letlis.com

or baldwin@lettis.com) if you have any questions or comments about this letter.
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Sincerely,
FUGRO William Lettis & Associates, Inc.

N —
M D

Robert W. Givler, C.E.G. #2533 John Baldwin, C.E.G. # 2167
Senior Geologist Principal Geologist
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BORING # SURFACE ELEVATION: LOGGED BY: DATE DRILLED: | PAGE:
W 25-93-15 9354 Preston Holland | 11/3-11/93 | 1/2
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
=~ 60 ft Westex 8" hollow-stem auger | Wobile B61
a- =
DESCRIPTION AND CLASSIFICATION = cu siel2 g
[ L o] =
TrmilE 28|85 | ReEmARks | B
DESCRIPTION AND REMARKS xa e=lede= o~ 5
0. Q
CONGRETE : [ |
T - Traffic-grade W
ICLAY (CL), dark brown; stiff; includes occasional 3 coverrl b
w/ocking well cap {"+] |"4
sandy clay lenses; sand of deeply weathered ot B A
andesitic breccia; moist (FILL) :g o4 "] s
« at 6 ft: grades to black, foul organic odor :: :::
SANDY CLAY (CH), dark brown; stiff; sand is :! 81 2] e
medium to coarse grained; subrounded to angular; wrd e
consisting primarily of tuff and andesite, minor “al b4
basalt; moist N IO R "ol k7
VOLCANIC BRECCIA, brown; intensely fractured to s 7 Cement grout seal -] [~]
crushed; plastic; soft; deeply weathered; includes B G
moderately strong, hard fragments, occasionally X
Jbasaltic; fracture fill of sandy clay; moist S P
45/6" RN
= at 20 ft: change to red-brown :: ﬁ::
= at 23 ft: grey, purple, red-brown, and dark brown B 454" ard o]
imbricated zones bounded by slickensides dipping i
40° to 45°. Grey and purple layers contain RS
fragments of siltstone. ) ard fa]
- at28 ft g'rey,.friab.le; low hardness; secondary :! 45/3" :: :::
mineralization in voids SIS 30 i S
= 31-34 ft: orange brown ?bake zone B 451 2" PVC solid casing :: :::
N 35 i 10’ seigg.n:o'o ring :: -]
d A n | ! :.s n:-\
AGGLOMERATE BRECCIA, dark grey; Infensely 10 b.&. i seals o] b
closely fractured,; friable to moderately strong; ') _ . ard ]
moderately hard to hard; moderately weathered; A% _- 9073 XY
mostly basaltic; subrounded fine gravel; calcite o't 40— A1 P
cement; siliceous veining up to 3/16" thick; moist /s ¢4~ | NG
ANDESITE, brown; crushed to intensely fractured; :::’;:": - X
friable to moderately strong; low hardness to hard; [f;+,+,1 ad [
moderately weathered; minor siliceous vein fillings; ['s}s+] B 453 “] |
black phenocrysts; moist ,:,:,:1 45— atl [
'I-.-'"b*( ) A-ﬁ »\A:«
’Q—**.-‘-‘ - A-\. h“n
’+’+*+‘ hn ».h.\
b + &+ 4 - - ”
Lol B ase RIS
+:+:+:4 50— M B
i 50 787
v‘lo'o’q = / /
0*-0*'0*4

LAWRENCE
BERKELEY
LABORATORY

EXPLORATORY BORING LOG

PROJECT #
Site Restoration Project

ATE:
6/14/94

MW 25-93-15




BOR\';\G,# 25 93 1 5 SURFAGE ELEVATION: LOGGED BY: DATE DRILLED: | PAGE:
e G 935.4 ft Preston Holland 11/3-11/93 2/2
DEPTH TO GROUNDWATER: | DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
=~ 60 ft Westex 8" hollow-stem auger | Mobile B61
a c
DESCRIPTION AND CLASSIFICATION [z |y &8g(2 S
Em%‘éé?%e REMARKS | 3 3
AR E R =z &
DESCRIPTION AND REMARKS g DN~ 5
a o
ANDESITE, cont. »I;Z»b i fo " 7
OO . entonite pellsts
»:::.p B a5 seal
SOOI
V:O:#:'& 55—
[rserd ]
:*::::: :! 4513 No. 2/12 sand filter
00 I pack
» wet below 60 ft ::.:::4 60
.
::::::: B 454
SO

. [SILTY CLAY (CL), red orange brown and purplish
Jorown, soft to medium stiff; saturated

SILTY SANDSTONE, blue-grey; closely fractured,
Iplastic; soft; little weathered; saturated

SILTY CLAYSTONE, red-brown; closely fractured;

friable to weak; low hardness; little weathered; wet
to saturated

63/6"

Total drilled depth = 75.5 t

100+

Machine-slotted
PVC well screen,
slot size 0.010"

Silt trap

LAWRENCE
BERKELEY

K

LABORATORY

EXPLORATORY BORING LOG

PROJECT #
Site Restoration Project

DATE:
6/14/94

T MW 25-93-15




BORING # SURFACE ELEVATION; LOGGED 8Y: DATE DRILLED: | PAGE:
W 25-94-12 ~ 938 feet Preston Holland | 10/12-14/94 | 1/2
DEPTH TO GROUNDWATER:] DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
not encountered | Western Sirata Exploration 8" hollow-stem auger Moblie B-61
@ . E E =
DESCRIPTION AND CLASSIFICATION |z |4 54%| 835 g
= Moz lley D 3
2 ggg.@vsg éé REMARKS &
DESCRIPTION AND REMARKS 3 NEEEEY &
H~8 2 Q
[CONCRETE _ N Traffic-grade cover [ b=
SILTY CLAY (CH), dark brown; stiff; damp. . wrlocking well cap |7»1 h*d
SIL.TSTONE, dark orange brown, less than closely - 5 :::
fractured: friable to weak; litile to moderate - ~1 L
hardness; moderatsly to little weathered; minor well 5 g Cement grout seal 3 I o
ﬂrounded coarse sand; damp. - o ;,.A
A 2" PVC solid casing o] b
B Sch, 40, ard L]
e 51/3" 10" sections, Q-ting}*«1 1"
10— seals e I O
SILTY CONGLOMERATE, brown. fess than closely .,ogggo i o} ?A
{fractured; weak; moderately hard; querately . cgooog 1 5.%47/1 1% Bentonite pellets Z /
weatherad; rounded to well rounded fine to medium PoZe’o] - c seal / /
gravel includes a high proportion of andesitic and  1,%%5%. - ch Collapse o
basaltic fragments; numerous purpfe brown and g% - 2 P
dark orange, thinly bedded, subhorizontal e ] &
siltstone layers; damp. sy 20_‘ 40/8"
BASALT, dark gray; closely to intensely fractured; x*:*x* - §
moderately strong; hard; moderately to fittle D B S
weathared; damp. a5 - 2
i 25 g = 5
A 1] -
€+ + ~
ANDESITE, light gray. closely fractured; strong;  h*e*s*] ] 2
hard; moderately o littie weatherad; vesicular; somel vje 4 & 39/9'%
vesicles are filled with iron oxides; damp. TSN 30 ‘é
OO0 B & No. 2/12 sand filte
RSN B & pack
+ 4t . w
- at 34 f: light green gray; crushed; orange brown :::::: 1= 32/6"m Machine-slotiad
clay fracture fillings; wet SOOE"N PVC well screen,
p slot size 0.010"
SANDY SILTSTONE AND CLAYEY SILTSTONE,
blue gray and red brown; fess than closely
fractured; plastic; soft; little weathered; saturated to 26
wet,
33
Silt trap
Bantonite peilets
seal
43/10"
Bantonite chips
SANDSTONE, cont. on next page 5 A seal
léggsgﬁgf EXPLORATORY BORING LOG
PROJECT # DATE: BOHING #
LABORATORY {Site Restoration Project 1/6/95 MW 25“94"'1 2




ﬁRING # SURFACE ELEVATION: LOGGED BY: DATE DRILLED: | PAGE:
W 25-94-12 - 938 foet Preston Holland 10/12-14/94 | 2/2
DEPTH TO GROUNDWATER: | DRILLING CONTRAGTOR! BORING EQUIPMENT: DRILL RIG:
=~ 52.7 feet Waestern Strata Exploration 8" hollow-stem auger Mobile B-61
hrend c
DESCRIPTION AND CLASSIFICATION E E w g g% 2 E: ,g
aWESEE[ 27| REMARKS |33
e H 2
DESCRIPTION AND REMARKS | 8¢ |= T|" &=~ £y g
SILTY SANDSTONE, blue gray; less than closely i \
Hractured; friable; little hardness; litlle weathered; »
wet. \
a7y §
+ bacoming weak; moderatsly hard; inclusive of 37 \
occassional gravelly layers; damp with depth. ] ‘ \
. Bentonite chips
- seal \
- i 56/6" N \
+{ 65— \\\
SILTSTONE, bluish gray; less than closely - \
fracturad; weak; moderately hard; little weathered; : 70-% 35/7"
moist. ; -
= at 72 ft: color changes to red brown; includes o \
minor round, coarse grained sand. . \
= N
Total drilled depth = 74 ft 757
80—
851
901
95—
100

LAWRENCE
BERKELEY
LABORATORY

EXPLORATORY BORING LOG

PROJECT #
Site Restoration Project

DATE:
1/9/95

FRSTIW 25-94-12




EXPLORATORY BORING LOG

T MW25-95-5

9/14/95

DATE:

Site Restoration Project

PROJECT #
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BORING # SURFACE ELEVATION: LOGGED BY:F , DATE DRILLED: | PAGE:
MW25-95-5 Preston Holland 8/21-24/95 | 22
DEPTH TO GROUNDWATER:] DRILLING CONTRACTCR: BORING EQUIPMENT: DRILL RIG:
~T6.5 Wastern Strata Exploration [6.5" air rotary thru 10" HS auger B.61
@ . E = c
DESCRIPTION AND CLASSIFICATION T~ §§ g l% é -%
SR EEEEe 55| REMARKS | 82
3 w 8 nE a
DESCRIPTION AND REMARKS SrioLidEge|ts ¢
e 8 Q
’.4"‘0*1 ./-“a h*
o+ ¢ 4 ht § I'Ad .’u‘\
« gravel in cuttings and slough at ~53' continue  pieyerd - 8l oo ] [
as gray to gray-green andesite, strong, hard, [e2e0v] A logron § ' "] b
'3 . oy P+ * 9 ~ A ”»
litthe weathered, with black clay vug fillings, and  [#,*.*, - 5 I
reddish tint to some phenocrysts brererd 551 g Cement grout seal =4 |
r‘o*q-*« ol = r\-« hn
£20000 B > R
l-‘lb**‘i - % ""h 4”
r:v:o:a . § n: ﬁ:
ﬁ+0"0*1 60 E ﬁ* *a\-
& ¢ g 7 Ly ~ »
I-:f:":! - g 7 e
bt * i £ ' /
on0 A = Bentonite pellets /
Fetete] 28/0" 8 /]
}'0-*0.0‘ " o B
SANS 65— =
KA o 3
- % e e
)*0*0’1 - 2
b+ 4 4 8 .
,:.:.:, 7] @ No. 2/12 sand filter
I - - pack
Q“f++‘ ] E
[2e]707 | 8
»:o:-f:a R ©
b.0+4*1
SR I
+ 4+ & wd
r"*‘i-*i
"".,"".‘ 75""
P+ ¢ 4 =
SOOI N ot
OOS EN
R
l-'t*#*i -—
’O*O*in‘
¢00004 80 00
L 4 el N
p}:»: K Machine-slotted
SN PVC well screen,
+ ¢ & . 3 t
:*:':,: ] slot size 0.010
o
"'-'o-*o-' 85"
"+’+* b
+
Lo -
o+ -
*
SILTY CLAYSTONE, gray and red-brown, { o
largely crushed, weak to friable, little hardness, 90
little weathered, molst; sheared, with small N
slickensided surfaces N
= with minor subangular gray fine-grained andesite 7
gravel at ~83.5', and fine subhorizontal gray-and-red —ﬁ 88/9"
badding lamination Q51 silt trap
-~ S
s
« gray siltstone with fine sand at ~08', damp to moist, with “l slough A
similar Jamination ¥l 6o/8" R
TOTAL DRILLED DEPTH = 98.6 ft 100

LAWRENCE
BERKELEY NATIONAL
LABORATORY

EXPLORATORY BORING LOG

PROJECT #

Site Restoration Project

DATE:
9/14/98

BORING # MW25“95~5




BORING # SURF £ELEV: UC EAST: | UC NORTH: | LOGGED BY: DATE DRILLED: | PAGE:
MW25-95-26 | 936 ieet | 3139 feet | -54 feet | 5 Fosenborg (Parsons) - g0g9i96 | 172
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
Westex 7" air rotary
DESCRIPTION AND CLASSIFICATION |, |82 £
S WEES2I Bl REMARKS | @
S TNEEN EIE =4
DESCRIPTION AND REMARKS bl (=R L o g
ASPHALT /// J Locking well cap =]
CLAY (CH), black with orange brown laminae / . -
and mottles, very stiff, moist, minor medium . "
grained sand. - A
% 5~ -~
% . Cement grout seal ::f
/ 10
% 36 i
A 15 %

ANDESITE, light greenish brown, intensely v
fractured, friable to weak, moderately hard, .
deeply weathered, vesicular, black phenocrysts [+
or vug fillings. :
.
+
+
+
+
+
+
*
”ﬁ
+
+
+
+
+
Ll
P&
»4-
+
*
+
:
[+
SILTSTONE, reddish brown with dark bluish :
gray mottles, fracture?, friable to plastic, low +
hardness to soft, moderately weathered, minor ¥

coarse sand of andesite and sandstone.

SANDSTONE, greenish gray with purplish gray \
and reddish brown mottiing, weak subhorizontal
lamination, crushed to intensely fractured, friable

to weak, low hardness, moderately 1o little
weathered, wet.

L U R B N T R R

L S T T R N N O R R R T Y -
Q++++*f+++++++++++4#*#***++f

L N NI
-

+

A . B N N B 2 2.

+

L L K N
LR L R U N N I N A

I N

SILTSTONE, greenish gray with red brown
laminae, crushed, friable to weak, little hardness,
little weathered, wet, sheared, minor fine sand.

30
375/ “

357

40157

all samples taken with 2 inch internal diameter spiit spoon sampler

50/3"

60

2" PVC solid casing

10' sections, Q-ring

Bentonite pellets

No. 2/12 sand filter

PVC well screen,

Sch, 40,

seals

£

b R D R MY
Fr bR b aTe ey

Y

EEMEENENENENE)
LoeTeir e e e

EY

seal

NP

pack

Machine-siotted

slot size 0.020"

- T T T T T T S T T T T T T e e r—r—r—r——4 Construction

LAWRENCE EXPLORA

BERKELEY NATIONAL
LABORATORY

FORY BORING Lo
PRGIEST ¥ DATE: BORING 7
Site Restoration Project 4/29/96 MW25"95"26




BORING # SURF ELEV: | UC EAST: | UC NORTH: |LOGGED BY: DATE DRILLED: | PAGE:
MW25-05-26 | 936 feet 3139 feet | -54 feet | E.Rosenberg | 4/29/96 | 1/2
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
Westex 7" air rotary
= [ o
DESCRIPTION AND CLASSIFICATION = Y § e 2 é , . »g—
Ju f‘&ﬂ §53%| 55| REMARKS g
= 28|88 o
DESCRIPTION AND REMARKS Bz |akidsga ES 5
SILTSTONE continued -
SANDSTONE, bluish gray, intensely fractured, i
weak to moderately strong, moderately hard, y 55:
little weathered, wet, minor fine gravel, well | .
cemented, =500 Sitt trap
Total Depth = 58 feet -
60~
65—
70—
75—
80—
85—
90—
95~
100—
LAWRENCE EXPLORATORY BORING LOG
BERKELEY NATIONAL  Fsegiesty DATE: BORING ¥
LABORATORY Site Restoration Project 4/29/96 MW25-95-26
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BORING x SURFACE ELEVATION: (CGGED BY: DATE DRILLED: | PAGE:
LT'C{Y—"Z«é C/—.*gos'fml)«cw'ﬁ) ) ZQ/Q£ ¢ .
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR! BORING EQUIPMENT: . DRILL RIG:
westes e Rotarn] 7
] . [d 9
DESCRIPTION AND CLASSIFICATION  |tju&ie| 2 g
: Enile] 8 8 SlsE =B
SwlhElEE2a|gg) REMARKS )28
DESCRIPTION AND REMARKS e R T ot P g g U
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BORING # SURFACE ELEVATION: LOGGED BY: DATE DRILLED: | PAGE:
MW25-95.-27 Preston Holtland | 12/19,20005 | 1/
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BO%!N,% Illzgvymﬁmﬁlg: or. reamed DRILL RiG:
not encourtered Gregg Drilling 8.5" hollow stem a%gér B-61MDX
= o
DESCRIPTION AND CLASSIFICATION ]E o L1 é g g 2 ﬁ %
s HH 52558 | Remarks | 22
Rl sodm|EE 2%
DESCRIPTION AND REMARKS @ aE=IEs S
= &)
ASPHALT A Traffic-grade well covarke ™}
GRAVEL (GPY, Base rock 7 ] withTocking cap [+ 77
SILTY CLAY (CH); dark brown, medium stiff, ] S
wet to saturated, minor fine-grained, andesitic ] 0.0 N B
gravel {fill). 5 o I
« irregutar, horizontal laminae and thin beds of _E g & o
brown and gray siltstone at 5.3 ft - g o La
. g 0.0 | Cementgroutseal i+ b0
« thin bed of orange-red brown silty clay at 10,1 10 % :: :::
@ 2" PVC solid casing, [~} [~
SANDSTONE; light brown, less than closely 2 Sch. 4o,sgrin(;a:g;gls o bk
fractured, plastic, little hardness, little to £ Sl b
moderately weathered, wet, fine-grained, ] S
tuffaceous?, contains claystone rip-up clasts. 154 @ D
B e 707
g Bentonite pellets / /
« becoming closely fractured, friable with depth, =100
some fractures have a black coating £
« oceasional beds of red-brown, crushed to 20] 20 2
intensely fractured claystone i E:
+ saturated at 23 ft 4 ,g Machine-siotted PYC
« greenish gray, little weathered below 24 ft £ well SCfg‘ég‘bﬁb‘ size
] .
20
, , - , 0.0 | No. 2112 sand filter
SIL.TSTONE; bluish gray with occasional reddish T ack
brown moltles, intensely fractured, friable, little . P
hardness, litile weathered, moist. 34/5
= red brown with green gray moitles below 31 ft
silt trap
34
N slough
Total depth = 35.5 feet i
40—
45—
50

LAWRENCE
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ATE;
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BTE: UC BT 1 LG HORD: jJ SURF, £12
/\1 A 25 -98—-10  13089.00|~106. 00} 935. oo
IEEEEEXD 1]
‘—\| ERNEST ORLANDD LAWREKNOE /C‘S‘I{CN
. BERKELEY NATIGNAL LABRRATHRY South Of 25
SATELSY INSTALLED: BORING DSMETER: | TOTAL DESTH: [COMPLETED DEPTH:] REMARKS:
09/11/98 — 09/124_98 5.50in 90,50 90.30° Boring drilled to 10 feet with 6.5 inch diameter

DRILIMG METHCD:

LOGCED 3T

0DEX system.

A400 with air rotary percussion hammer PO
DRELING CONTRACTOR: CONSULTING FIRM: _
Western Strata Exp LBNL~ERP
w i b= = o
S E 3| T i
GEOLOGICAL MATERIAL DESCRIPTION % ‘ D,:'_f :%: ; % . WELL MATERIALS
tad .
g 0859 O &
I m = i
ASPHALT 7/ i i christy box set in
GRAVEL. (GP), base rock (fill). A . L % concrete
GRAVELLY CLAY (CH), dark brown, stiff, wet, i B e
andesitic gravel, 4 L
ANDESITE, dark brownish gray, crushed, weak to 5 s /4 930
moderately strong, low to moderate hardness, moderately ,. - /
to deeply weathered, wet, black vug fillings. g » / /
10""2 7
Lels vy /] %
15— — 820 /
20 97 - /
25
L} /
25 - __g1p / / cement grout
— grading to gray, intensely to closely fractured, strong, 30~y gy /
hard, little weathered d L /
N L / / 2”7 1D, Schedule 40
d » / / PVC casing
ane REVIENED BY:

ENVIRONMENTAL RESTORATION PROGRAM
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ferggener ,
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ERNEZY DALANDD LAWRENSE
BERKLLEY NATIDNAL LASBORAYDRY

25-98-10
South of 25

3087.97 -105.23 934.70°

GEOLOGICAL MATERIAL DESCRIPTION

DEPTH {§t)

RECOVERY

8LOW COUNT

WELL MATERIALS

ELEVATION (ft)

:__,__
+ | oreen
i IC 06

¥

#4:#

+

hor A 4

4 cement grout

2" 1D, Scheduie 40
PVC casing

medium bentonite
chip

1/4" bentonite pellet

2N NN BN N R NN

',5::; #2/12 sand
21 0.010" slotted screen

- centralizer

— 860

ENVIRONMENTAL RESTORATION PROGRAM

Page 2 of 3




cecersd| 25-98-10
" South of 25

ERNEST DRCANDO LAWRENCE
PBERKELEY NATIDNAL LARORATORY

3087.97 -105.23 934.70°

GEOLOGICAL MATERIAL DESCRIPTION

DEPTH {ft)
RECOVERY

BLOW COUNT

WELL MATERIALS

ELEVATION (ft)

¢

+ GRAPHIC LOG

:’: 1 t
EaE

- woter level 79 feet the morning of 8/12/98

s

3

Uy

SILTSTONE, red brown, friable, low hardness, little
weathered, soturated.

SILTY SANDSTONE, blue gray, intensely fractured, friable to
weak, low to moderate hordness, little weathered,
saturated, fine grained, calcite cemented zones.

. #2/12 sand

L~ centralizer

1 0.010" slotted screen

L centralizer

T silt trop

95- — 840
w
105-5 f—aso
.
ENVIRONMENTAL RESTORATION PROGRAM Poge 3 of 3




BORING # SURFACE ELEVATION: LOGGED BY: DATE DRILLED: | PAGE:

MW25A-95-4 Preston Holland 4/20/95 11

DEPTH TO GROUNDWATER:{ DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
Western Strata Exploration 8" hollow-stem auger B-61
e [ =4
DESCRIPTION AND CLASSIFICATION & E w s8e g 2
b a @ E g O E = O
Sy m&g‘gﬁ% 3& REMARKS %%
= @)= 2
_ DESCRIPTION AND REMARKS o3l et K T P g
. O
ASPHALT/ CONCRETE NERE | Traffic-grade well |1
GRAVEL, base rock yd fatete] - cover with locking |*.} K",
ANDESITE, brownish gray, closely to intensely OO . 56/4" cap ard I
fractured, weak to madsrately strong, moderately  [.*.*.] = M R
hard, moderately weathered, moist, black vug 000 “al P
fillings. N NS
SILTY PEBBLY SANDSTONE, green gray and . :i 47 c | 0 o
redd brown, closely fractured to less than closely ement grout seal [.»] b1
fractured, friable, moderate 1o little hardness, ol B4
moderately weathered, wet, fine- to Sl pod
medium-grained, rounded to well-rounded gravel. 0.0- W
. 0.1 2* PVC solid casing}r] [+
_i 49 Sch. 40, Sl P
10' sections, O-ringl.*] .1
« occasional red brown siltstone layers seals ¢ I
FINE SANDSTONE, bluish gray, less than closely 52l 54/6" <1 [
fractured to closely fractured, weak to moderately A A
strong, little to modearte hardness, little weathered, I
wet to saturated, calcite cementation and veins oc- Al bA
cur in zones. “q {:
« occasional red brown mottling, silty zones. 'ﬁ 47 Bentonite pellets \ \
» harder drilling below 25', more cementation, 7 seal \
strong in places. 5
0.0
& 4110
» occasional minor medium sand,
R No. 2/12 sand filter
+ easy drilling from 34.5-35.5 fest. Sl pack
« harder drilling below 35.5 feet.
SANDSTONE, blue gray, intensely to closely 47 Magchine-slotted
. . PVC well screen,
fractured, friable to weak, litlle to moderate slot size 0.010"
hardness, little weathered, saturated, fine to )
medium grained.
0.0
43
«Claystone laminae sheared in along ~40° dipping - Silt trap
planes at 49.5 feet. ; i 38
Total drilled depth = 48.0 ft |

LAWRENCE EXPLORATORY BORING LOG

BERKELEY NATIONAL  [sroiecTs DATE: BORING #
LLABORATORY Site Restoration Project 7/17/95 MW25A'95"4




BORING # SURFACE ELEVATION: LOGGED BY: DATE DRILLED: | PAGE:
MW 25A-95-15 Steve Flexser 8/3, 30/95 171
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
Wesiern Strata Exploration 8" hollow-stem auger B8-61
@ [~
DESCRIPTION AND CLASSIFICATION  |zcy 28218 S
o & =
—rad|5s25|8 5| Remamks |F=
O — - O @
DESCRIPTION AND REMARKS o8 it K - g I &
i G
CONGRETE ] i Traffic-grade well B 1-7]
SILTY CLAY (CL}, dark brown, stiff, damp to cover with locking 2ol et
moist, with blebs of gray-green fine sandy silt o cap ol e o
(fill?) i 2 b
S 15 ] P
0.0 |Cement grout seal ::: :::
SILTSTONE with fine sand, light gray-green, ::' :::
clossly fractured, weak, little hardness, dry to 16 O B N
damp?, moderately weathered; with brown *u] e
subvertical banding 2" PVC solid casingf~1q [0~
Sch. 40, ] s
« becomes red-brown at 15-16', with minor 15“.44/1-;" 10 586222’2 O-ring ::: :::
charcoal biebs {dry?} Ny
0_0 ﬂﬂ‘ hnﬂ\
Bentonite pellets ?; Za
SANDSTONE, fine-grained, silty, light gray-green, = 08/6° seal 7
closely fractured or less, weak, little hardness, litlle )
weathered No. 2/12 sand filter
SILTSTONE with fine sand, red-brown, clossly \ pack
fractured or less, weak, little hardness, little ]
weathered, dry to damp 25 E 20
« subvertical fracture 1-5 mm wide, with coarse
calcite filling, at ~25'
« easier drilling at ~28'
» with round'ed coarse gray sand and mica 30—=l0a/6"
flakes at 30
0.0 | Machine-slotted
= harder drilling at 33 PVC well screen,
slot size 0.010"
35-{247/8"
= gasier drilling at 37.5'; harder below 38.5' 0.0
« saturated, and easier drilling, below ~40' 40—mm 286"
45tz og/5"
silttrap |
bentonite chip -
slough BB
50 —mm26/6" ntais
TOTAL DRILLED DEPTH = 50.5 T

LAWRENCE

EXPLORATORY BORING LOG

BERKELEY NATIONAL
LABORATORY

PROJECT # ]
Site Restoration Project

DATE:
9/15/95

BORINGT MW 25A-95-15




BORING # SURF ELEV: UC EAST: | UC NORTH: | LOGGED BY: DATE DRILLED: | PAGE:
SB25A-96-1| feet | feet Preston Holland | 7/22.31/96 | 1/1
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:

not equlibrated Gregg 6" hollow-stem auger | 2007 Sineo
DESCRIPTION AND CLASSIFICATION | _lu F2glog R
Rulkle®g|5g| REMARKS | 22

DESCRIPTION AND REMARKS BLIBEE 8| Eg §

nT g &

APHALT

CLAY (CH), dark brown, stiff, moist to wet, minor
coarse, well rounded to rounded sand, well
developed peds.

SILTY SANDSTONE, greenish gray, closely
fractured, friable to weak, low to moderate
hardness, moderately weathered, moist, fine,
occasional strong, hard zones (well cemented).

» moitled red brown below 12 ft

SILTSTONE, red brown and gray mottled, closely
to intensely fractured, friable to weak, low to
moderate hardness, little weathered, moist,
calcite veins.

SILTSTONE AND CLAYSTONE, greenish gray
and red brown, crushed, friable to weak, low to
mederate hardness, little weathered, wet, fine,
occasional red brown mottling and red brown
sandy siltstone zones.

SANDSTONE, green gray, intensely fractured,
friable to weak, low to moderate hardness, little
weathered, saturated, fine.

SANDY SILTSTONE, blue gray with red brown
mottling, closely fractured, friable to weak, low 1o
moderate hardness, little weathered, saturated,
calcite veins.

30j§ 42/10"

all samples taken with 2 inch 1D split speon sampler

H
ne biow counts provided with the hammer arrangement on this drift rig

[53]
(o]

39/10

Total depth = 41.0 feet

Bentonite chip

2" PVC solid
casing,
Sch. 40,
10' sections, O-ring
seals

Machine-slotted
PVC well screen,
slot size 0.020"

Silt trap
Slough

.

NN
NN

LAWRENCE BXPLORATORY 3
BERKELEY NATIONAL  [=oerry T
LABORATORY Site Restoration Project 8/5/96




SILTY SANDSTONE, greenish gray with brown
mottling and subhorizontal layering, closely
fractured, friable, low hardness, moderately
weathered, moist.

SANDY SHLTSTONE, greenish gray with red brown
maottling and zones, closely fractured or less,
friable, low hardness, little to moderately
weathered, moist, some zones without sand.

SANDSTONE, gray, closely fractured, weak,
moderately hard, moderately weathered, moist,
fine to medium.

SILTY SANDSTONE, greenish gray with red
brown zones, closely to intensely fractured,
weak, moderately hard, little weatherad, moist,
fine.

SANDSTONE, bluish gray, closely fractured,
weak, moderately hard, little weathered, moist
to wet, calcite veins.

= becomes silty, closely to intensely fractured,
without caicite veins, with occasional red brown
sandy siltstone zones with depth

e saturated at 35 ft

BORING SURF ELEV:| UC EAST: | UC NORTH: | LOGGED BY: DATE DRILLED:| PAGE:
SB25A-96-2| feet feet feet Preston Holland | 7/3196 | 1/1
DEPTH TO GROUNDWATER:[ DRILLING CONTRACTOR: BORING EQUIPMENT: DRILL RIG:
not equilibrated Gregg 6" hollow-stem auger B-61
o & = [
DESCRIPTION AND CLASSIFICATION x §§ 2128 %
ok wEeCa| 55| REMARKS | 332
58 WiHFS85 a8 20
DESCRIPTION AND REMARKS Gr Mol Ee |k g §
gt
CONCRETE /W , ]
SILTY CLAY (CH), brown, stiff, moist, minor ot 24 Bentonite chip E
medium to coarse, subround to subangular, o
deeply weathered, andesitic gravel. 45/10"

37

39

ail samples taken with 2" 1D split spoon

48

42/10"

27

Total depth = 44.0 feet

2" PVC solid
casing,
Sch. 40,
10" sections, O-ring
seals

Machine-slotted
PVYC well screen,
slot size 0.020"

Silt trap

DRATORY BORING LOG

LAWRENCE EPLS
BERKELEY NATIONAL

PROJECT #
LABORATORY Site Restoration Project

DATE: BORING #

8/29/96

B25A-96-2




BORING # SURF ELEV:| UG EAST: | UC NORTH: |LOGGED BY: DATE DRILLED: | PAGE:
SB25A-96-3| feet feet feet Preston Jordan 8/23/96 | 1/1
DEPTH TO GROUNDWATER:| DRILLING CONTRACTOR: BORING EQUIPMENT; DRILL RIG:
not equilibrated Clear Heart 4" solid-stem auger RP-89
= .
DESCRIPTION AND CLASSIFICATION w5818 & £
ERlEe5 RS =@
g %ﬁ%g;@g gg REMARKS gg
= w= | 8 E 0n
DESCRIPTION AND REMARKS rpLBlsge|t S =
o O
open cencrete swale to ~1.5 feet below boardwalk i f'";,,..
CONCRETE - Bentonite Chlp a _-4
TUFFACEQUS SILTSTONE, red orange to .
orangish red brown, crushed, friable, fow hardness, 7
little weathared, dry, minor deeply weathered 5 c
s X ) 190 &
predominantly andesitic and tuffaceous, fine gravel g
to medium sand occurs in occasional red brown 1 z
zones, minor carbon-rich laminae, subhorizontal 1 o
structure. - [
Py
39
| E
[
. 8
TUFFACEQUS SILTY SANDSTONE, brown to R ;,"3, 2" PVC solid
purplish brown, intensely fractured, friable, low £ casing,
to moderate hardness, little weathered, dry, fine, 88 & Sch, 40,
faint structure {bedding?) dipping ~25°. % 10' sections, O-ring
seals

* brownish purple, medium grained interbeds at
20 ft

SANDSTONE, greenish gray, intensely fo
closely fractured, friable to weak, low to
moderate hardnass, little weathered, wet, fine,

minor silt.
= blue gray below 25.2 f

» red brown mottted below 30 ft

» bluish gray, saturated below 37 ft

Total depth = 40.4 feet

49
81/11"
70/6"
Machine-slotted
, PVC well screen,
= 75/5 slot size 0.010"
Silt trap
=2l 77/5" Slough

45—
501
EQ\AVESSCE EXPLORATORY BORING LOG
EY NATIONAL
PROJECT # DATE: BORING #
LABORATORY Site Restoration Project 10/10/96 T SB25A-96-3




-  25A-98—1

raNFrreer |l!l
ERNEST DRLANDD LAWRENCE

BeERKELEY NATIONAL LABDRATORY

04/23/98 X\ 04/23/98 800 5000  50.00°

2086.86 9979 934.70'

West of the north end of 25

This well replaced and deepened temporary well

; SB25A-96-2. Soil samples shown are from SB25A-
M—11 With hollow stem auger PDJ 96-2.
Gregq LBNL-ERP
w - = =
° g3 2
GEOLOGICAL MATEKRIAL DESCRIPTION 2 £z 38 ©° 2 WELL MATERIALS
e 5 8 = = MP.EL
& & * 3 o 93688
(&} o o |
. A
CONCRETE - g | /\:> E_; christy box set in
SILTY CLAY (CH), brown, stiff, moist,\minor medium _l Br z : . concrete
to coarse, subround to subangular, dedply weathered, - % - \:> v/:'
andesitic gravel. _!503'? o A
SILTY SANDSTONE, greenish gray with brown | 254 — 930 /:'> v:
mottling and subhorizontal layering, closely fragtured, - - AN
friable, low hardness, moderately weathered, moist. z - ,:’> v/:'
SANDY SILTSTONE, greenish gray with red brown - - P2 f .
mottling and zones, closely fractured or less, friable,Now & _! 122 - '/:‘> v/:' cement grout
hardness, little to moderately weathered, moist, some 10-%< z‘s% - z f .
zones without sand. - - MEA
Al kA
- - | .
E - Ny
A KA,
2| |, . 27 ID, Schedule 40
N N ;
> \</A PVC casing
A B Ry
N[y
A2l kA
SANDSTONE, gray, closely fractured, weak, moderately 2 Lo
hard, moderately weathered, moist, fine to medium. N oY
A2l kA
[P I Sy
SILTY SANDSTONE, greenish gray with red brown /:'> v/:’
zones, closely to intensely fractured, weak, moderately z f .
hard, little weathered, moist, fine. v/:’
K

SANDSTONE, bluish gray, closely fractured, weak,
moderately hard, little weathered, moist to wet, calcite

veins.

— becomes silty, closely to intensely fractured, without
calcite veins, with occasional red brown sandy

| 3/8” bentonite pellets

AN\

% 0.010" slottéd screen

_! 0 - !
50 R/4°
2% —900 .-

ENVIRONMENTAL RESTORATION PROGRAM

Page 1 of 2




Ly

Seee)

25A—98—1 2986.86

HBERKELEY NATIONAL LABBRATOGRY Wes‘t Of the north end of 25

99.79  934.70’

S &5 ¢
GEOLOG|CAL MATERIAL DESCRIPTION 2 = g © 2
o_ o o = <<
£ & #35 3
S | o

WELL MATERIALS

siltstone zones with depth
- saturated at 35 fee

#2/12 sand

0.010" slotted screen

L silt trap

— 880
65—- _—870
70—- __
25 ) :-860
ENVIRONMENTAL RESTORATION PROGRAM Page 2 of 3
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Ut

;:::ﬁiﬁ “ﬁmﬁ5Aﬁ98m3

!
|

‘/._\ EanNEay ORLANDO LAWRENGE
. BERKELEY NATIONAL LABOARATORY North Of the West end Of 25A

LC NORTH: UG SURE, ELaY:

3027.00[ 176.00 | 940.00°

DAIE{S) IHSTALLED:

BORING DIWAETER: | TOTAL DEPTHUCCMPLETED DEPTH:

04/30/98 ~ 04/30/98 { 8.00n | 50.00' | 45.00°

DRILING METHOD: LOGGED 8Y:

B-61 with hollow stem auger PDJ

DRILLING  CONTRAGTCR: CONSULTING FIRM:

Gregg LBNL-ERP

REMARKS:

This well replaced temporary well SB25A~38~1.
Problems were encountered during well construc—
tion due to the amount of water and cuttings in
the boring. Bentonite chip was used instead of
pellets to avoid the risk of bridging.

GEOLOGICAL MATERIAL DESCRIPTION

DEPTH (ft)

RECOYERY
BLOW COUNT

ELEVATION (ft)

ASPHALT

ANDESITE, brown to gray brown, crushed to intensely
fractured, moderately strong to strong, hard, moderately
weathered, wet, black vug fillings, sandy silt fracture
fitlings.

BASALT, dark gray, intensely fractured to crushed,
strong, hard, moderately weathered, wet, flow banded.

VOLCANICLASTIC SANDSTONE, reddish brown,

closely fractured or less, friable, low hardness, little
weathered, wet, medium, round, volcaniclastic sond,
minor light gray tuff matrix. '
SILTSTONE, red orange brown with light gray laminae
and mottling, crushed, plastic to friable, soft to low
hardness, little weathered, wet, laminations dip ~75

degrees.
— purplish brown at 12 it

GRAVELLY SILTSTONE AND GRAVELLY

SANDSTONE, brown and brownish gray, intensely

fractured, plastic, soft to low hardness, little weathered,
saturated, thinly bedded, beds dip ~30 degrees, gravel
consists of cemented siltstone.

SILTSTONE, brown, crushed, plastic, low hardness,

little weathered, wet to saturated, occasional thin beds of
blue gray silty sandstone, occasionally strong, hard,
calcite cemented and veined zones, occasional shear

2] GRAPHIC LOG

10

15—

y
.
s

— 930

SO ANNANANNN

SONONIONNNANANANNNN

WP, EL. 939.60

WELL MATERIALS

SONNNONSNNNN

NONNNNANN

SO

christy box set in
concrete

cement grout

2" ID, Schedule 40
PVC casing

ENVIRONMENTAL RESTORATION PROGRAM

Page 1 of 3




g

3007.87 17576 94052

”\ ﬂ 20A-98-3
Gerte ATOAL LasnaaroRY North of the west end of 25A
= B8 oz
GEOLOGICAL MATERIAL DESCRIPTION E g: : ' % WELL MATERIALS
%58 5
5 n> kA
zones which dip ~40 degrees. - AR
_ ‘NI
A=l kA
. r.. b
- / ’/ medium bentonite
SILTY SANDSTONE, bluish gray, closely fractured, 20— . ,/_ﬁ - | chip
frigble, low hardness, little weathered, soturated, fine : — 920 e
grained. - . V.
SANDSTONE, brown, closely froctured or less, soft, “ _.( slough
plastic, modergtely to deeply weathered, soturcted, sand - )
medium te coarse grained, subround to round, coarse ‘ - ,'\'
sand includes fithics, metawacke, medium grained . :
sandstone, and red chert. 5‘550 zgéz.‘_ A
25 . A e
- includes minor silt and fine gravel with depth, gravel - ; E‘
subangular to subround : - g 1
SILTY SANDSTONE, bluish gray, closely fractured or d
less, weak, low hardness, little weathered, saturated, fine e :
grained, occasional fine to coarse grained zones, :,,“ #2/12 sand

occasional thin bed of brown siltstone.

e Sarduios

0.010" slotted screen

ENVIRONMENTAL RESTORATION PROGRAM

Page 2 of 3




/\] ’,\_ 2RA-98—3  3027.87 17576 940.52'
regaaea)

A S ot watnes e end of 25A
& g .2 &
~ o] =
GEOLOGICAL MATERIAL. DESCRIPTION % % g ;’ % WELL MATERIALS
£ 49 =35 5
(&) is] o

#2/12 sand

0.010" slotted screen

silt trap

medium bentonite
"t chip

ENVIRONMENTAL RESTORATION PROGRAM Page 3 of 3




2bA-98-6
lnside the east end of 25A

S f

ERNEST ORLANDDO LAWRENCE
HBERKELEY NATIONAL LABORATORY

42.00' 40.80’

3091.47 134.29 940.70°

10/01/98 X _10/02/98 6.00in Bridging problems due to highly turbid formation
o water in borehole reduced sand volume in filter
8x8 with solid stem auger PDJ pack one quarter from expected volume.
Clear Hea LBNL-ERP
g - _ & E
2 Eg3 =
GEOLOGICAL MATERIAL DESCRIPTION = z 3 ° 2 WELL MATERIALS
o a2 = = MP.EL
= & %9 o 939
S @ o |
A ¥
CONCRETE % g — 940 A__s :A christy box set in
GRAVEL (GP), base rock (fill). - - 2| L . concrete
TUFF BRECCIA, reddish brown with white \qnd green % - - N Y
. 0 12 A kA
mottles, closely fractured or less, friable, loy hardness, ]% - 17 ” b
little weathered, moist, includes fine to mediuxy gravel of . B 23515 - v/:' cement grout
angular gray siltstone and rounded lithics, contdigs % - 153 - : .
calcite inclusions. O T ks - v:‘
] - . 2" ID, Schedule 40
— red brown ot 9 feet %% - - v: PVC casing
< H

— greenish white and purplish gray at 11 feet

ANDESITE, light orange brown, intensely fractured, - - -
weak to moderately strong, moderately hard, deeply
weathered, moist, black vug fillings.

— andesite supported in o dark gray to black sheared -

AN NN L2 e 3l
A INNNNCN

clay matrix from 12 to 17 feet
- ._H_

— grades to gray brown, closely fractured, friable to weak
with depth -

— wet at 23 feet

T -

medium bentonite
chip

.¥ #2/12 sand
i centralizer

=:""-' 0.010" slotted screen

ENVIRONMENTAL RESTORATION PROGRAM

Page 1 of 2




/‘\l ‘Q 25A—98-6  3091.47 13429 940.70’

ERNEST ORLANDDO LAWRENCE

HERKELEY NATIONAL LABORATORY ]nside the eos‘t end Of 25A

— S -
GEOLOG|CAL MATERIAL DESCRIPTION 2 = g 8 ,§ WELL MATERIALS
o o m = <
= 2 3 3
(&) =] o
; =T =
BASALT, black, closely Xractured, strong, hard, - B -

moderately weathered, sdfurated. : Z T >E< centralizer
SILTY SANDSTONE AND SILTSIONE, blue gray and
red brown, laminated to thin kedded, crushed to intensely

fractured, friable, little weathered, saturated, sheared,

slickensides dip ~35 degrees, includes minor brown _! ;ﬁ — 900 A= silt trap
B -
claystone. = = X
45— 3
50— "
- — 890
60—
- — 880
65— .
70— "
R — 870
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ERNEST DRLANDD LAWRENGE
BERKELEY NATIORAL LASBDRATODRY

e ; 25A-98—7

Between 25A and 44A

3001.67 140.51  940.10°

Note refusal encountered at original well loca—

09/01/98 X _09/01/98 6.00in 36.00’ | 34,00’
e : tion (SB25A-98-2) ~6 feet to the south. Refusal
&RP-98 with solid stem aquger J occurred a eet in a calcite cemented sand—
C&RP-98 with t Io PD d at 9 feet i Icit ted d
: ST stone.
Gregg LBNL—-ERP
5 € 5 % E MP.EL
GEOLOGICAL MATERIAL DESCRIPTION % E 3 ; g 94271 WELL MATERIALS
: 3°8 ¢
Ll
=94U 4
SILTY GRAVEL (GM), reddish brown and\gray, medium dense to O /:’) v/:‘ stand pipe
dense, moist, andesitic gravel. OO P2 f )
SILTSTONE, reddish brown, crushed, fricble th, weak, low = :> v:
hardness, little weathered, moist, calcite veined L.
/:‘> v: cement grout
K
o Ea
zl b .
NN
A kA,
| L . 2" ID, Schedule 40

SILTY SANDSTONE, gray, intensely fractured, weak, low
hardness, moderately weathered, moist.

CLAYEY SILTSTONE AND SANDY SILTSTONE, brown and green gray,

crushed, plastic, low hardness, little weathered, moist to
wet.

SANDY SILTSTONE WITH GRAVELLY SANDSTONE, light brownish
gray with brown, friable, intensely o closely fractured,

low hardness, little to moderately weathered, wet to
saturated, fine to medium, subangular gravel, fine sand

with minor silt.

~ GRAVELLY SANDSTONE not present

— SANDY SILTSTONE grades to SILTY SANDSTONE with minor

SILTSTONE, reddish brown, weak with depth

CLAYSTONE WITH SANDY SILTSTONE, red brown with blue gray,
crushed, plastic to moderately strong, low to moderate
hardness, little weathered, saturated, calcite veined.

— hard driling ot 32 feet
SANDSTONE, reddish brown, crushed, moderately strong,
moderately hard, little weathered, soturated, calcite

PVC casing

medium bentonite
chip

¥ #2/12 sand

= centralizer

::'-‘ 0.010" slotted screen

# centcalizer

slip cap
slough
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e ;  25A-98-7 300167 14051 940.10

ERNEST ORLANDDO LAWRENCE

HERKELEY NATIONAL LABRDRATORY Between 25A Ond 44.A

W = =
S — = Nah
e — B3 =z
GEOLOGICAL MATERIAL DESCRIPTION n%_ E =3 ; g WELL MATERIALS

£ 84 3 g
&) [+3] o

cemented. m B 258% _

SILTY SANDSTONE, blue gray, closely fractured or less, - _

weak, low to moderate hardness, little weathered, - _

saturated.
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ERNEST DRLANDO LAWRENCOE

/'—3\] A
rNgrEeer lm

05/01/99 05/01/99 8.00in 31.50’ 30.00°

20A-99-2

BERKELEY NATIONAL LABCIHATORY Inside the West end Of 25A

3037.07 137.70  940.69°

then reamed with 8" augers.

‘kBori:ng initially drilled with 5 1/2" augers and

Boring drilled to

M5T wkh hollow stem auger PDJ 30.0 feet only. No blow counts due to use of
E - hydraulic percussion hammer to drive sampler.
Gregg LBNL-ERP
o = =
2 =55 ©
GEOLOGICAL MATERIAL DESCRIPTION % DE_ <] ; g Mp.EL. WELL MATERIALS
E o £ 3 = 94045
oS (=] o3 |
CONCRETE S 040 v Christy box set in
GRAVEL (GP), base rock (fill). | L% concrete
SILTSTONE, orange brown, less than closély fractured, /:’> v:
plastic to friable, soft to low hardness, littfs, weathered, P2 f )
moist, bedding dips ~70 degrees, includes pulplish brown ,:'> v/:’
with siltstone beds with greenish white mottiing z f )
which contains coarse—grained sand and minor fin /:'> v/:‘
gravel of volcanics as well as clasts of tuff, also inclydes P2 : )
thin beds of brown sandstone. N[ owY
- A kA
<« b o
N N t
_ > \(/A cement grout
L b«
NN
. A2l kA
] L.
N N
- ‘/\> :/\
(2 I
N[N
- A2l kA
VA I A
\ N N
A2l kA
s P
NN
- A> A
930 A1 ™ 27 Ip, Schedule 40
V| MY PVC casing

— cuttings change at 13 feet

SANDSTONE, gray, less than closely fractured, weak to
moderately strong, low to moderate hardness, little
weathered, wet to saturated, sand medium—grained, angular, «
and predominantly basaltic, includes beds with fine to
medium~—grained, predominantly bosaltic gravel, also
includes red brown mottled, silty, tuffaceous thin beds.
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ERNEEBT ORLANDD LAWRENDE
EER S BHERKELEY NATIONAL LASDRATORY

e ﬂ  25A—99-2

Inside the west end of 25A

3057.07 137;70 940.69’

g = _ & E
- £ 88 =
GEOLOG|CAL MATERIAL DESCRIPTION 2 = § = WELL MATERIALS

= 2 %58 &

[ o o

' - .4

20—mm sp
=920 ;.
SILTY SANDSTONE AND SILTSTONE, greenish gray o #2/12 sand
and reddish brown, closely fractured, friable, low hardness, - 3 0
little weathered, saturated, sandstone fine—grdiged.
— free water in boring at 22 feet - I - =
SILTY SANDSTONE, blue gray, less than closely ":;.' —
fractured, friable, low hardness, little weathered, saturgted, - ] E
fine grained, occasional moderately strong to strong, haxd, N
calcite—cemented zones. 25—gm <p
- B 0.010" slotted screen
SANDSTONE, dark blue gray, closely fractured, friable to \
weak, low to moderate hardness, little weathered, saturated, - I
medium grained, minor silt matrix, occasional strong, hard, —
calcite—cemented zones. 30-pg sp 1 silt trap
SILTSTONE, reddish brown with blue gray mottling,
closely fractured, weak, moderately hard, little weathered, - — W
saturated.
ENVIRONMENTAL RESTORATION PROGRAM Page 2 of 2




—y i
/\| A 25A-99-5  3062.06 166.42 940.60
f_f.rrrr r Im
e eeawercr N TR
07/19/99 - 07/19/99 8.00in - 47.50' 44,00’

B-61 with hollow stem auger PDJ
Greqg LBNL-ERP
&) — fooms =
5 g3 7
GEOLOGICAL MATERIAL DESCRIPTION =2 % g ; % MP.EL. WELL MATERIALS
z @ #£F F 94016
&) & o l
GRAVEL (GP), coarse, rounded (fill). — 940 _V_i?"" christy box set in
SANDSTONE, brown, less thon closely fractured, friable, | L% concrete
fow hardness, moderately weathered, moist to wet, medium :} v N
- A
to coarse grained, coarse grains rounded, minor silt, 2 f J
4
17 - N> kA
~ red brown sheared clay lamince at the contoct with green %% A
gray below 235 SRR
- AP kA
SILTY SANDSTONE, purple gray and orange brown £ b o
mottled and bedded, closely fractured, friable, low _ _:> v/:‘
hardness, little weathered, wet to saturated, fine grained. 14 Z f ;
ooy
255 Pl BN
N N
B - A > z/\
&l Lo
N N
12 - o Ea
128 «| |, 4 cement grout
TUFFACEQUS SILTY SANDSTONE, light orangish 255 ~J> v:
- AN
brown, greenish white and Jight brown mottled and 10 2 f .
laminated, closely froctured or less, friable, low hardness, ;g _ :) v,:'
moderately wsathered, wet to saturated, fine grained, minor 255 P2 f ,
» - v . ~ q \]
silt, red brown sheared clay, laminae dipping ~40 degrees, ~330 \(/A
fine to medium grained. 2 b
— grades to greenish white and purplish brown mottled with - ;’> v:
minor round, fine grovel of brown sandstone, gray shale, pa f .
and andesite. AR
- AP KA
— shear zone with red brown silt laminae dipping ~20 & b o
degrees ot contact NN
135 - AP KA
SILTY VOLCANIC BRECCIA, red brown and purple gray }:;f % I N
mottled, closely fractured or less, friable, fow hardness, 285 /‘\’> v,:‘
fittle weathered, wet to saturated, subangular to subround, £ f .
fine to coarse groined gravel of volcanics. _ “} v: 2" ID, Schedule 40
A
ANDESITE, brown, intensely fractured to crushed, fricble p f 4 PVC casing
to moderately strong, low hardness to hard, deeply . :> v/:'
weathered, wet, red brown vug fillings. < : )
o Niow
ENVIRONMENTAL RESTORATION PROGRAM Page 1 of 3




e 25A-99-5

"—_‘\ ERNEST QRLANDD LAWRENGE
BERKELEY LAS . BERKELEZY MATIONAL LAGHRATORY North Of 25A

3062.06 166.42 940.60'

GEOLOGICAL MATERIAL DESCRIPTION

 RECOVERY

DEPTH (ft)
BLOW COUNT

ELEVATION ()

WELL MATERIALS

GRAPHI
+ I.'i.C E.F)G

- wet to saturated at 24 feet

~ shear zone with red brown and green white silt laminae
and purple gray volcanic sand lominge dipping ~20
degrees ot contact

SANDSTONE, red brown, crushed to intensely fractured,

friable to weak, moderately hard, little weathered,

saturated, fine grained.

— becomes blue gray, fine to medium grdined below 27
feet '

NAEREE

3/8" bentonite pellet

] #2/12 sand

7| centralizer

12" 1D, 0.010" slotted
.“,'-:"5 screen prepacked with
w | #2/16 sand inside o 4
.7 ID, 0.020" slotted
| screen

2| centralizer
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/\l A 25A-99-5 3062.06 166.42 940.60'
fr'r'rrrr ru
v e TR
g g, &
GEOLOGICAL MATERIAL DESCRIFTION % E % i é WELL MATERIALS
T w ®35 F
[ m o

~ silty with thin, subhorizontal beds of red brown siltstone

at 39 feet

14

20

35
2SS

#71 centralizer

" silt trap

stough

ENVIRONMENTAL
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e f 25A-00-5

’\ EANEST DRLANDD LAWRENGE
BEERKELEY LAR . BERKELEY MATIONAL LABDRATGRY West Of 25A

04/10/00 ~ 05/17/00 7.63in 85.00° 85.00'

M—11 w/ HS auger, CME 75 w/ air tri-cone  PDJ & HP

Gregg & Water Develo LBNL-ERP and Parsons

2965.28

139.64  933.37'

Well installed in two stages: conductor casing in
installed ofter auger drilling, well installed

depth from SB25A-95-1.

after air driling. 2" tail pipe for 2" centra—
lizer (4" unavailable). Geology to 37 foot

GEOLOGICAL MATERIAL DESCRIPTION

DEPTH (f()
RECOVERY
BLOW COUNT

MP.EL.
933.12

WELL MATERIALS

ASPHALT

~ contact gradational

CLAY (CH), dark brown, medium stiff, wet.

SANDSTONE AND SILTSTONE, green brown and brown, crushed to
intensely fractured, friable, low hardness, moderately to

deeply weathered, moist.

-~ some zones becoming moderately strong, moderately hard,
calcite cemented in with depth
- occasional calcite veins in red brown siltstone

- occasional red brown clayey, plostic zones

SANDSTONE, green gray, closely fractured, frioble,
moderately hard, fittle weathered, moist,

SILTSTONE, red brown. with some blue gray mottling,
intensely fractured, weak, moderate hardness, little
weathered, moist.

- wet to soturated at 28 feet

W GRAPHIC LOG

=¥
N

< S
N '

AL TR AT AT A T A e A e 4
7o 7 7 bepgti=ry bpr—i—

e

LA IR A A R T AT A A
F A R A a0 ToT— SR e T r gy -
a

— Ehl
A—

christy box set in
concrete

8" Ip, 1/8" wall
steel conductor casing

grout outside
conductor casing

2" ID, Schedule 40
PVC casing

grout inside conductor
casing

ENVIRONMENTAL RESTORATION

PROGRAM
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- ‘ 25A—00-5

\ EANEST DRLANDE LAWRENGE
BHERKELEY Lal . HERKELEY NATIONAL LABDRAATORY

2965.28

139.64 933.37".

West of 25A
g g . £
GEOLOGICAL MATERIAL DESCRIPTION 2 & E § WELL MATERIALS
: 8 ° 3
- Lk [kl
SANDSTONE, biue gray, intensely froctured, fricble to weak, 3' ,f>4:
low hardness, litle weathered, saturated, medium grained. 4 .f;ﬂv' 8" 1D, 1/8" wall
~ grades through fine-groined sandstone at contact. Bop " p) steel conductor casing
SANDY SILTSTONE, biuish gray with red brown mottles, 27 v S v
closely to intensely froctured, weak to moderately strong, t { ! j
low to moderate hardness, little weathered, soturcted, sand > n > grout 'outside
fine—grained. Nl ,(3: - conductor casing
SANDSTONE, blue gray, closely froctured or less, weak, low 4 ‘,, q[; ! 1
hardness, little weathered, soturated, medium to coarse P " P
grained. v ol
1) <[] 2" 1D, Scheduie 40
SILTY CLAYSTONE, red brown, intensely fractured to crushed, 4: a >] PVC casing
weak, low to moderate hardness, little weathered, B ,f: v
soturated, includes occasional zones of blue gray, fine- N N g 1 grout inside conductor
grained sandstone, minor calcite veining. 0 B . 2] casing
SANDSTONE, blue gray, less than closely fractured, weak to §; 14 ,f: v
moderately strong, low to moderate hardness, little e « B
weathered, saturated, medium grained. 50 A7B slough outside
~ grades through fine-grained sandstone at contact. 12 ,3:"\ conductor casing
SILTSTONE, red brown with occasional blue gray sandy zones, , }g v
crushed to intensely fractured, weak to moderately strong, 18 "
jow to moderate hardness, little weathered, saturated, NS
minor calcite veining. {
A

SANDY SILTSTONE, red brown with bluish gray zones, crushed
to intensely fractured, friable to weak, low to moderate
hardness, little weathered, soturated, sand fine—grained,
calcite veining.

SANDSTONE, bluish gray to dark bluish gray, weak to
moderately strong, moderately hard, little weathered,
medium to coorse, subround to round grains, calcite
cemented.

SANDY SILTSTONE, red brown, friable to weck, low to
moderate hardness, little weathered, fine grained sand,

‘v
=
|
o
w4

medium bentonite
chip

centralizer

#2/12 sond
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ERMEST DRLANDSD LAWRENGE

25A-00-5

2965.28

139.64 933.37°

BERKELEY NMATIDNAL LASQHATORY West Of 25A
N . -
S Z iz 3
GEOLOGICAL MATERIAL DESCRIPTION % é § ;’ WELL MATERIALS
fad & <O
[am] —
< o

~
g

calcite veins.

~ bluish gray below 76 feet

~ bluish gray and reddish brown, weak, not calcite
cemented below 79 feet

SANDSTONE, bluish gray to dark bluish gray, weak to

moderately strong, moderately hard, little weathered,

medium to coarse, subround to round grains, calcite

cemented.

SANDY SILTSTONE, bluish gray and reddish brown, weak, low

to moderate hardness, little weathered, fine grained sand.

444

2" 1D, 0.010" slotted
screen prepacked with
#2/16 sand inside a 4
ID, 0.020" slotted

screen

silt trap
centralizer

ENVIRONMENTAL RESTORATION PROGRAM
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P

3080.79 217.68 941.01°

coarse, gravel fine— to medium—grained.

SANDSTONE, bluish gray, closely fractured or less, friable =

"\l A SB20A-02~1
ederere] [ _
ERNEST UORLANDD LAWRENCE
HBerkeLeY NATIONAL LAHDRATDRY North Of 25A
06/25/02 X _06/25/02  8.00in 35.00' 32.00°  Geologic log to 8.5 feet interpreted from logs for
; : ‘ IR MW25A—095—4, MW25A-98-3 and MW25A-99-5. Well
M—11 With hollow stem auger HP abandoned on 3/17/05 by overdrilling with 10" OD
W auger and removing all casing. Backfilled 0'-20",
Gregg Parsons grout; 20'-33', bentonite chip; 33'-33.5", slough.
© =
2 E = <
GEOLOGICAL MATERIAL DESCRIPTION %’ £ 8 ; % MP.EL WELL MATERIALS
= & 39 @& 94070
ASPHALT T — F— christy box set |
. : —940 75| Ex christy box set in
GRAVEL (GP), base rock (fill). - 2| | . concrete
ANDESITE, brown, intensely fractured to\crushed, friable - /:') v:
to moderately strong, low hardness to hagd, deeply - < : .
weathered, wet, red brown vug fillings. - N mY
A3 kA
— |-
N N
- N \</A grout
- 2zl L o
~ purple silt at contact - :> v:
SANDSTONE, gray, closely fractured, friable to weak, lo - AR
hardness, moderately weathered, moist, fine, minor silt. — 930 /:‘> v:
L 2| [, 2" ID, Schedule 40
- N| MY PVC casing
Al kA
- V2 I Ay
~ N Y
A2l kA
GRAVELLY SANDSTONE, brownish gray, closely fractured, - el L.
friable, low hardness, moderately weothered, saturated, - /:‘> v;‘
a K
1,

to weak, low to moderate hardness, little weathered,
saturated, fine, minor coarse—grained sand.

SILTSTONE, gray intensely fractured, friable to weak, low
hardness, little to moderately weathered, soturated.

~ grades to include minor clay with depth

SILTSTONE, gray, intensely fractured, friable to weak, low =

hardness, little weathered, soturoted

3/8" bentonite pellets

TN

#2/16 sand

0.010" slotted screen

ENVIRONMENTAL RESTORATION PROGRAM
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DRILL RIG: SURFACE ELEVATION: LOGGED BY:
#oblle B-61 ~ 941 feet Preston Holland
DEPTH TC GROUNDWATER: | BORING EQUIPMENT: DATE DRILLED:
~18 feet 8.5" hollow-stem auger 3/9/92
ot
DESCRIPTION AND CLASSIFICATION = E % g g g _ -%
Jw m&gggg REMARKS gg
5 . RN 7]
DESCRIPTION AND REMARKS Brie=ade g
CLAYEY GRAVEL (GC), red-brown ?/ 1 - Traﬁic-grﬁc[le vi:/eil bl
S B cover with locking *.1 14
CLAYEY GRAVEL (GC), volcaniclastic; mottied / :. cap ]
green-grey, orange-brown, and purple-blackilow to [544/ 56 S I
moderate hardness; plastic to moderately strong; / 5- KB
subvertical clay seams; moist to WET (deaply 1 Cement grout seal a4 1]
weathered ?andesita) / - NEY
224 ]
SANDY CLAYSTONE, green-grey and red-brown; =i 29 ]

subhorizentally sheared; plastic to weak; soft 1o low
hardness; crushed; deeply to moderately
weathered; calcite veinlets; WET

N 2" PVC solid casing
- Sch. 40,

“ 10" sections, O-ring
- seals

aa s 3 A

PN

\&‘Q}a}a}:g':l;')': ¥

SANDY SILTSTONE, grey-grean; intensely
subvertically fractured; moderately weathered; low
to moderate hardness; friable to weak; WET

and,
?
EEENE N R N R N N N .

N 2 B B - - N S O 4

Bentonite pellets
- seal

SILTY SANDSTONE, green-grey; fine to medium
grained; intensely to closely fractured; moderately
\weathered; calcite-cemented; moderately hard;
wesk to moderately strong; WET to SATURATED
« drilling slower 21-25 1t '

. at 25 {t: red-brown: low to moderate hardness;
friable to weak

No. 1/20 sand filter
pack

5 Machine-slotted
-1 PVC well screen,

= slot size 0.010"
SANDY SILTSTONE, grey-green; moderately : 30":. 40/2" Silt trap
fractured; moderately weathered; plastic to waak; i
low hardness; SATURATED X
Totat Drilled Depth = 31 ft 35—
40~
45—
50
LAWRENCE EXPLORATORY BORING LOG
BERKELEY PHOJECT # DATE; BORING # )
Bems LABORATORY [Site Restoration Project | 3/20/92 26-92-11
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