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EXPLANATION

Approximate Trench Location (Kleinfelder 2006)

Approximate Trench Location (Fugro 2002)

Eastern Boundary of the Alquist Priolo
Earthquake Fault Zone

Approximate Seismic Refraction Survey Line
(Advanced Geologic Services, CRT Investigation, 2006)

Approximate Seismic Refraction Survey
Line (Fugro, BLDG. 50X, 2002)

Approximate Test Pit Location
(Kleinfelder , CRT Investigation, 2006)

Approximate Test Pit Location (Harding
Lawson Associates, BLDG. 50F, 1983)

-9 Approximate Test Pit Location (Dames

& More, BLDG. 50, 1960)

Approximate Boring Location
(Kleinfelder, CRT Investigation, 2006)

Approximate Boring Location
(Kleinfelder, BLDG. 50, 2006)

Approximate boring Location (Kleinfelder,
Blackberry Gate Improvements, 2006)

Approximate Boring Location (Fugro, BLDG. 50X, 2002)

Approximate Boring Location (SCI, Acid
Neutralization Tank Enclosure, 1992)

Approximate Boring Location (SCI, BLDG.
70A West Fire Trail Repair, 1992)

Approximate Boring Location
(GeoResources Consultants, Inc., 1990)

Approximate Boring Location (Harding Lawson
Associates, BLDG. 50F, Office Addition, 1983)

Approximate Boring Location (Harding
Lawson Associates, BLDG. 50B, 1965)

Approximate Boring Location
(Dames & Moore, BLDG. 50C, 1960)

Approximate Boring Location (Dames
& More, BLDG. 70 Add, 1959)

Geologic Cross Section Location
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UNIFIED SOIL CLASSIFICATION SYSTEM

MAJOR DIVISIONS DESCRIPTIVE NAMES
o q
0o
CLEAN GRAVELS GW |2 4 4 WELL GRADED GRAVELS, GRAVEL-SAND MIXTURES
GRAVELS WITH LITTLE OR et
NO FINES e o ;
MORE THAN HALE GP | o, POORLY GRADED GRAVELS, GRAVEL-SAND MIXTURES
o qd
s % COARSE FRACTION GM 47| SILTY GRAVELS, POORLY GRADED GRAVEL-SAND-SILT
O | ISLARGERTHAN GRAVELS WITH 2|9 J MIXTURES
® 2| NO.4SIEVE 5 . ;
ag VER 15% FINES CLAYEY GRAVELS, POORLY GRADED GRAVEL-SAND-CLAY
Z MIXTURES
< e
G T
S = CLEAN SANDS WELL GRADED SANDS, GRAVELLY SANDS
2= SANDS WITH LITTLE
< O
= OR NO FINES
S S| MORE THAN HALF POORLY GRADED SANDS, GRAVELLY SANDS
COARSE FRACTION
SILTY SANDS, POORLY GRADED SAND-SILT MIXTURES
EOS';"PS‘II‘;E BN SANDS WITH
’ OVER 15% FINES
CLAYEY SANDS, POORLY GRADED SAND-CLAY MIXTURES
Y]
INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR,
E'ﬁé‘é ?ﬁ &LSAI_TS} \I;INE SANDS, OR CLAYEY SILTS WITH
% SILTS AND CLAYS - I(;\IF?S/%?_NCCCL'Z\A\ES é)F LOV\.C'; TO MEDIUM PLASTICITY,
n B YS, SANDY CLAYS, SILTY CLAY
CZJI = LIQUID LIMIT LESS THAN 50 LEAN CLAYS ’ o HESE,
o V7,
A OL {[]| ORGANIC CLAYS AND ORGANIC SILTY CLAYS OF LOW
m v M4 PLASTICITY
Z =
=T MH INORGANIC SILTS, MICACEOUS OR DIATOMACEQUS FINE
G g SANDY OR SILTY SOILS, ELASTIC SILTS
w £
Z T SILTS AND CLAYS . 77
ks CH / INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS
= LIQUID LIMIT GREATER THAN 50 ﬁ/
OH ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
/ ORGANIC SILTS
i/
HIGHLY ORGANIC SOILS Pt PEAT AND OTHER HIGHLY ORGANIC SOILS
FIELD SAMPLING LABORATORY TESTS
1 CALIFORNIA SAMPLE 2.5" I.D. LL LIQUID LIMIT
N MODIFIED CALIFORNIA SAMPLE 2" I.D. PI PLASTICITY INDEX
X DISTURBED, BAG OR BULK SAMPLE SA SIEVE ANALYSIS
N STANDARD PENETRATION TEST #200 ~ PERCENT PASSING #200 SIEVE
] SHELBY TUBE SAMPLE RV RESISTANCE VALUE
| 3-1/2" 1.D. CONTINUOUS CORE SAMPLE El EXPANSION INDEX
[ UNRETAINED PORTION OF SAMPLE DS DIRECT SHEAR
v WATER LEVEL OBSERVED IN BORING TYUU  TRIAXIAL SHEAR-UNCONSOLIDATED UNDRAINED
i} (at given post-dilling time) UC  UNCONFINED COMPRESSION
7 WATER LEVEL OBSERVED IN BORING
- (at time of drilling) SG SPECIFIC GRAVITY
PP POCKET PENETROMETER SHEAR STRENGTH (tsf)
NOTES:

The lines separating strata on the logs represent approximate boundaries only. The actual transition may be gradual. No warranty is
provided as to the continuity of soil strata between borings. Logs represent the soil strata and groundwater observed at the boring

location on the date of drilling only.
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GRAPHIC ROCK SYMBOLS

"

SILTSTONE

SANDSTONE

SHALE OR CLAYSTONE ﬂ CHERT
PYROCLASTIC

VOLCANIC FLOWS i

4
“® ¢ SERPENTINITE

fiitl ALTERED ROCKS

CONGLOMERATE PLUTONIC SHEARED ROCKS

WEATHERING INDEX

W1 - FRESH - No visible sign of rock material weathering; perhaps slight discoloration on major discontinuity surfaces.

W2 - SLIGHTLY WEATHERED - Discoloration indicates weathering of rock material and discontinuity surfaces. All the rock
material may be discolored by weathering and may be somewhat weaker than in its fresh condition.

W3 - MODERATELY WEATHERED - Less than half of the rock material is decomposed and/or disintegrated to a soil. Fresh of
discolored rock is present either as a discontinuous framework or as corestones.

W4 - HIGHLY WEATHERED - More than half of the rock material is decomposed and/or disintegrated to a soil. Fresh or
discolored rock is present either as a discontinuous framework or as corestones.

W5 - COMPLETELY WEATHERED - All rock material is decomposed and/or disintegrated to a soil. The original mass

structure is still largely intact.

STRENGTH INDEX

RO - EXTREMELY WEAK - Indented by thumbnail

R1 - VERY WEAK - Crumbles under firm blows with a point of geclogical hammer, can be peeled by pocket knife

R2 - WEAK - Can be peeled by a knife with difficulty, shallow indentations made by firm blow with peint of geological hammer.

R3 - MEDIUM STRONG - Cannot be scraped or peeled with a pocket knife, specimen can be fractured with a single firm blow

of geological hammer.

R4 - STRONG - Specimen requires more than one blow of geological hammer to fracture it.

R5 - VERY STRONG - Specimen withstands several blows of geological hammer without breaking.

R6 - EXTREMELY STRONG - Specimen can only be chipped with a geological hammer.
FRACTURE SPACING

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

Greater than 4.0 feet
1.0 to 4.0 feet

0.5 to 1.0 feet

0.1 to 0.5 foot

0.05 to 0.1 foot

Less than 0.05 foot

BEDDING OR LAYERING

VERY THICK OR MASSIVE
THICK

THIN

VERY THIN

LAMINATED

THINLY LAMINATED

Greater than 4.0 feet
2.0 to0 4.0 feet

0.2 to 2.0 feet

0.05 to 0.2 foot

0.01 to 0.05 foot
Less than 0.01 foot

METAMORPHIC ROCKS

B KLEINFELDER

PROJECT NUMBER 74911 DATE  Jun 2007

ROCK DESCRIPTION CRITERIA

CRT Buildin?\I
Lawrence Berkeley National
Laborator
Berkeley, California

PLATE

A-2




LABORATORY FIELD

* ey c
5 @ S
. | o= e é ol £ 3;6 m‘g SOIL DESCRIPTION
a-182 | 58| 32 |2|3EpEECD
S| 85~| o985 £ cgw i
538|288\ 532 52 a2 |8 & Bals8
B 2 ASPHALT CONCRETE = 7 inches 2
C 1 1 44Mmaeq AGGREGATE BASE = 12 inches 0
GRAVELLY SANDY CLAY- il
dark yellow brown, moist, very stiff, subangular gravels
18 up to 1" (fill) _
115| 12.8 25 ]
SILTSTONE- -
dark yellow brown, completely weathered, very closely
fractured, very weak 7]
116 8.8 35 a
111]| 13.5 _
55 _

Illlllfll

55

70/3"

SHALE-
thinly bedded

very difficult drilling

gray, highly weathered, very closely fractured, weak,

SANDSTONE-

weak

yellow brown, highly weathered, very closely fractured,

s O T T O O 0 O A

|

* The blow cqunts have peen
converted to standard N-yalue
blow|counts.

** LBNL Datu

BOTTOM OF BORING K-1 @ 27 FEET
No Free Water Encountered

SURFACE ELEVATION: 712' **

TOTAL DEPTH: 27.0 feet

GROUND WATER DEPTH: ¥  feet at time of drilling
¥ feet

LOGGED BY: R. Padgett
EQUIPMENT: Mobile B-53
DIAMETER of BORING: 6
DATE DRILLED: 9-18-06

EXH KLEINFELDER

LOG OF EXPLORATION

BORING K-1
CRT Buildin
Lawrence Berkeley?*lational

PROJECT NUMBER 74911 DATE  Jun 2007

Laboratory
Berkeley, California

PLATE
A-3

1of 1




LABORATORY FIELD
* el c
= 3] ]
- gE s é o 8 §6 @ E SOIL DESCRIPTION
Lo|22 | 855 | Eg | 2| E[eEGE
5828|288 | 552 58 D |3 & Bd 548
! ASPHALT CONCRETE = 5 inches
i 1 7 AGGREGATE BASE = 9 inches -
2l ¢/}
o£0/ GM/Gd
L o ! é _
/ CLAYEY SANDY GRAVEL-
- —g//ét light brown, dry, medium dense, fine to coarse grained -
{7/ sand, fine rounded gravel to 1/2" angular gravel (fill)
5 _? i
% GC
I g =
L4 é |
B _f Encountered Concrete Duct Bank i
Boring Terminated
18
-5 —% |
77
. 6 — =l
] BOTTOM OF BORING K-2 @ 5.5 FEET ]
No Free Water Encountered
b 7 = =
= 8 - —
L. 9 ik —
* The blow counts have peen
converted to standard N-yalue
blow [counts. - — —|
** LENL Datu
10

SURFACE ELEVATION: 719' **

TOTAL DEPTH: 5.5 feet

GROUND WATER DEPTH: ¥  feet at time of drilling
T feet

LOGGED BY: R. Padgett
EQUIPMENT: Mobile B-53
DIAMETER of BORING: 6
DATE DRILLED: 9-18-06

B KLEINFELDER

LOG OF EXPLORATION

BORING K-2
CRT Buildin
Lawrence Berkeley?\lational

PROJECT NUMBER 74911 DATE  Jun 2007

Laboratory
Berkeley, California

PLATE
A4
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LABORATORY FIELD
* = =
-— @D -9
> | 8¢ = é P 8 §;6 %% SOIL DESCRIPTION
2o|BE | Bbs | 24 | 218 E[eEag
Q [e] o = =] =
582 S88| a2 5 & o |8 & BAs8
~ASPHALT CONCRETE = 4 inches A
\AGGREGATE BASE = 12 inches 7]
SILTSTONE- —
4 yellow brown with blue/gray clay seams, highly N
117 | 14.2 weathered, very closely fractured, very weak i
124| 11.6 - N
stiffer drilling 5
. SANDSTONE- =
yellow brown to brown, highly to completely weathered, _|
very closely fractured, very weak —
SILTSTONE- u
yellow brown with blue/gray clay seams, highly -
weathered, very closely fractured, very weak i
118| 134 42 _
SANDSTONE- _
50/3" yellowish brown to reddish brown, moderately -
50/3" weathered, very closely fractured, friable i
26 i _
Prax= i i
27 | SHALE: 5
34 28— blue gray, highly to completely weathered, very closely
Pl — fractured, very weak, highly sheared with strong, i
72/7" —+— rounded corestones —
7307 _
317 BOTTOM OF BORING K-3 @ 30 FEET. ]
* THe blow counts have peen 32 Groundwater Encountered at 27 FEET -
converted to standard N-yalue BT ]
blow|counts. B 33 =
** LENL Datu-’n 34 i
B _
SURFACE ELEVATION: 762' ** LOGGED BY: R. Padgett
TOTAL DEPTH: 30.0 feet EQUIPMENT: Mobile B-53
GROUND WATER DEPTH: ¥ 27.0 feet at time of drilling DIAMETER of BORING: 6
Y feet DATE DRILLED: 9-18-06
LOG OF EXPLORATION PLATE
Bl KLEINFELDER BORING K-3
CRT Buildin?\l . A-5
Lawrence Berkeley National
Laborato
PROJECT NUMBER 74911 DATE  Jun 2007 Berkeley. California 10of 1




TP-1
—— NORTH 57° EAST ;SOUTHEAST FACE

Depth| P.P.
(feet) | (tsf)

05 | 35
10 | 45
2.5 | 4.5+
3.0 | 45+

Fracture or Bedding
Orientation in Unit 4
Dip Direction | DIP
289° 64°
145° 60°
345° 76°
185° 29°

Fracture per Foot

in Unit 4
Direction | Number of Fractures
X 6
Y 7
z 6TO9
TP,-4
—— NORTH 60° EAST ;SOUTHEAST FACE
650 — O 5 10 15
T T T T T SO A T T S SR
o Depth| P.P.
(feet) | (tsf)
05 | 3.0
- 2.0 | 45+
645 — 3.5 | 4.5+
_ Fracture or Bedding
Orientation in Unit 4
B Dip Direction | DIP
h 281° 80°
640 — 0* 90°
- 950 6n
_ 105° 88°
GRAY CLAY 295° 28°

- SEAM (300°, 10%)

Fracture per Foot
in Unit 4

Direction | Number of Fractures

X 5
Y 6
rd 8

EXPLANATION

)./o Seepage 0

Dry Density P.P.
DD
(pounds per square foot)

MC Moisture Content (%)

Tube Sample
Pocket Penetrometer
tsf Tons per square foot

e Groundwater

TP-2

—— NORTH 58° EAST ;SOUTHEAST FACE

Depth| P.P.
(feet) | (tsf)
05 | 4.0
2.0 | 4.5+
45 | 4.5+
6 | 4.5+

Fracture or Bedding
Orientation in Unit 4
Dip Direction | DIP
206° 39°
210° 60°
41° 28
212° 50°
40° 90°
228° 40°

Fracture per Foot
in Unit 4

Direction | Number of Fractures

X 9
Y 5
z 8TO 11

TP-5
NORTH 37° WEST—— ;NORTHEAST FACE

Depth| P.P.
(feet) | (tsf)
1.0 | 45
2.0 | 45+
4.0 | 45+
5.0 | 4.5+

SLIGHTLY POROUS DOWN
TO APPROXIMATELY 5 FEET

TP-3
—— NORTH 64° EAST ;SOUTHEAST FACE

_0 5 10
| 1 1 1 | | I [ | I | 1 |
Depth| P.P.
(feet) | (tsf)
1" THICK 05 3.0
OLIVE GRAY
CLAY SEAM 20 | 45+

Fracture or Bedding
Orientation in Unit 4

Dip Direction | DIP
282° 88°

85° 66°
302° 56°
223° 850°
250° 68°

16° 30°
249° 64°

Fracture per Foot
in Unit 4

Direction | Number of Fractures

X 6
Y 8
Z 6

1. SANDY SILT WITH GRAVEL (ML) - Dark brown, dry, very stiff to hard (3.0 to >4.5 tsf)
sub-angular gravels up to 1-inch diameter, moderate rootlets, slightly porous.

2. GRAVELLY SANDY CLAY (CL) - Dark yellow brown, moist, hard (>4.5 tsf),
sub-angular gravels up to 2.5-inch diameter (colluvium).

3. SILTSTONE - Dark, yellow brown, completely weathered, extremely weak rock, no
visible bedding and relic fractures. Very close, very tight aperture - JRL 6-8

4. SILTSTONE - Dark, yellow brown, completely weathered, very weak to weak rock.
Bedding close spacing. Fractures very close.

2.5 0 5

m KLEINFELDER

LOG OF TEST PITS TP-1 THROUGH TP-5| Puate
CRT BUILDING
LAWRENCE BERKELEY NATIONAL A-6
LABORATORY

scale

feet PROJECT NO. 74911 DATE

JUNE 2007

Berkeley, California

U:\GEOTECH_PROJECTS\Projects\Active\74911 CRT Building\CAD\74911-1.dwg, Layoutl, 6/28/2007 1:15:56 PM
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LIQUID LIMIT (LL)
SAMPLE SOURCE CLASSIFICATION LIQUID PLASTIC PLASTICITY | % PASSING
LIMIT (%) LIMIT (%) INDEX (%) | #200 SIEVE
®K-1 @ 10.0' Siltstone 36 17 19
HK-3 @ 14.5' Siltstone 34 17 17
A K-3 @ 28.0' - 29.5' Shale 27 13 14
PLASTICITY CHART PLATE
B KLEINFELDER
CRT Buildin%I . B-1
Lawrence Berkeley National
Laborator
PROJECT NUMBER 74911 DATE  Jun 2007

Berkeley, California




20,000

18,000

16,000

14,000

2,000

0,000

8,000

DEVIATOR STRESS (psf)

6,000

70 ' 2.0

3.0

7.0

5.0

6.0
STRAIN (%)
Confinement| Shear i D Moisture
Sample Source Classification Tihest Pressure Strength =hein Denrgity Content
Test (psf) (ps (%) (pcf) (%)
® K-1@5.0 Gravelly Sandy Clay TXUU 1440 9276 3 115 12.8
[ K-3 @ 3.0 Siltstone TXUU 374 7939 2 117 14.2
A K-3 @45 Silistone TXUU 720 6856 1 124 11.6
& K-3 @ 14.5 Siltstone TXUU 2592 5063 2 118 13.4
UC = Unconfined Compression
TX/UU = Unconsolidated Undrained Triaxial
STRENGTH TEST DATA PLATE
B KLEINFELDER
CRT Bl.llldln% ] B-2
Lawrence Berkeley National
Laborato
PROJECT NUMBER 74911 DATE Jun 2007 . Berkelev|l Cali ornia
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30[:%
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1 0.1 001 0001
GRAIN SIZE IN MILLIMETERS

GRAVEL SAND
Cobbles SILT CLAY
COARSE FINE COARSE MEDIUM FINE

SYMBOL SAMPLE SOURCE CLASSIFICATION

® K-1 @ 10.0' Siltstone
[-] K-3 @ 28.0'- 29.5' Shale

PARTICLE SIZE ANALYSIS PLATE

CRT Buildin e
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ADVANCED
GEOLOGICAL
SERVICES

800 SFD Blvd. Ste. E
San Anselmo, CA 94960
(415) 453-2800 (ph.)

September 19, 2006
Reference: 06-148-1CA

Mr. Jared Pratt
Kleinfelder, Inc.

2240 Northpoint Parkway
Santa Rosa, CA 95407

Subject: Seismic Refraction Survey
CRT Building, LBNL
Berkeley. California

Dear Mr. Pratt:

Advanced Geological Services, Inc. (AGS) presents this letter report to Kleinfelder, Inc.
describing the results of a seismic refraction (SR) survey completed by geophysicist Dan Jones
and field technician Steve Ward on August 31, 2006 at the subject site in Berkeley, California.
Background information and site orientation were provided by Kleinfelder representatives.

SITE DESCRIPTION

The project site is located on a sloping hillside between Cyclotron Road and Building 70A at
Lawrence Berkeley National Laboratory (LBNL). In general, the grassy ground surface is
steeply sloping to the south in this area, with scattered eucalyptus trees. There is a sidewalk
crossing the hillside toward the north-central portion of the site. A site map showing the seismic
refraction survey location, overlain on a topographic map provided by Kleinfelder, is included as
Figure 1. Locations of geotechnical borings and test pits were unavailable at the time this map
was completed. Test pit information provided by Kleinfelder indicates approximately two feet of
topsoil overlying colluvium, that in turn overlies an undifferentiated Cretaceous mixed
sandstone-siltstone bedrock.

PURPOSE

Site information indicates that a new building is planned for the project site, with the
approximate footprint as shown on Figure 1. Itis AGS’s understanding that this installation may
involve maximum cuts to depths of 30 to 40 feet bgs. The purpose of the seismic refraction
survey was to measure the (compressional or p-wave) velocity of subsurface seismic layers.
AGS understands that this information will be used in conjunction with the boring and test pit
results to evaluate the subsurface conditions, specifically the excavation characteristics, or
rippability, of bedrock for pre-construction planning.

Advanced Geological Services. Inc. Page | ) 06-148-1CA
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SEISMIC REFRACTION (SR) METHOD

The seismic refraction method provides information regarding the seismic velocity structure of
the subsurface. The method is based upon the generation and propagation of an elastic wave
(compressional P-wave) into the subsurface. The P-wave propagates through the ground and is
refracted along interfaces that mark an increase in velocity. Part of the P-wave energy is
refracted back to the ground surface and is subsequently monitored by a series of co-linear,
vibration-sensitive devices called geophones that are placed at the ground surface. The resulting
seismic waveforms are recorded on a seismograph and analyzed to determine the depth and
velocities of subsurface seismic layers.

The physical properties of earth materials (fill, sediment, rock) such as compaction, density,
hardness, and induration dictate the corresponding seismic velocity of the material.
Additionally, other factors such as bedding, fracturing, weathering, and saturation can also affect
seismic velocity. In general, low velocities are typically indicative of loose soil, poorly
compacted fill material, poorly to semi-consolidated sediments, deeply weathered, and highly
fractured rock. Conversely, high velocities are indicative of competent rock or dense and highly
compacted sediments and fill. The highest velocities are measured in unweathered and little
fractured rock. s "

There are certain limitations associated with the SR method as applied for this investigation.
These limitations are primarily based on assumptions that are made by the data analysis routine.
The data analysis routine assumes that the velocity of subsurface materials typically increase
with depth. Therefore, if a layer exhibits velocities that are slower than those of the material
above it, the slower layer may not be resolved. Also, a velocity interval may simply be too thin
to be detected, for instance the upper weathered portion of the bedrock surface, if only a few feet
thick.

The quality of the field data is critical to the construction of an accurate depth and velocity
profile. Strong, clear “first-break” information from refracted interfaces will make the data
processing, analysis, and interpretation much more accurate and meaningful. Vibrational noise
or poor subsurface conditions can decrease the ability to accurately locate and pick seismic
waves from the interfaces.

Due to these and other limitations inherent to the seismic refraction method, resultant velocity
cross-sections should be considered only as approximations of the subsurface conditions. The
actual conditions may vary locally. The actual conditions may vary locally and could warrant
follow-up intrusive work for verification.

SEISMIC REFRACTION FIELD SURVEY

AGS obtained seismic refraction data along two (2) lines as shown on the Site Map (Figure 1).
These lines are labeled A and B and are oriented roughly parallel to the topographic contours.
Line A is located approximately 10-35 feet west of the head of the slope. Line B occurs further
downslope by 85 to 100 feet. The approximate positions of these lines were chosen by
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Kleinfelder to provide information in the desired locations and adjusted in the field based on
accessibility. The approximate final position of each line was recorded on a topographic map
supplied by Kleinfelder. The lines were each 225 feet in length (from end-shot to end-shot) to
provide the desired depth of investigation (30-40 feet bgs). They were each comprised of one
seismic spread consisting of 24 geophones and five shot points. The geophones were coupled to
the ground surface in collinear arrays at 9 foot intervals. Shot points were located at the each
end of each line and then every 54 to 58.5 feet along the lines. AGS used the supplied
topographic map and some on-site hand-leveling to assign elevations to each geophone and
shotpoint.

AGS produced P-waves through multiple impacts with a 16-lb sledge hammer against a metal
plate placed on the ground surface. An accelerometer-switch attached to the hammer transmits a
triggering pulse to the seismograph each time it strikes the plate. AGS detected the P-waves
produced by the hammer impacts using 10-Hz high output geophones. The detected seismic
signals were digitized and recorded using a DAQ Link II Seismograph. The data were recorded
on an internal hard drive for later analysis.

DATA ANALYSIS

AGS downloaded the seismic data to a computer and processed it using the program SeisOpt
Picker by Optim, Inc. to determine the shot point to geophone travel times. These travel times
represent the first arrival of the P-wave energy to each geophone along the 24 channel spread.
For each line, all first arrivals were determined in this fashion and combined to plot travel time
versus geophone distance graphs, or “TD” graphs. These values, the travel times, and the
location and relative elevation of each shot point and geophone were then entered into the
computer program SeisOpt@2D (also by Optim, Inc.). The computer program uses a
tomographic method, “discretizing” the subsurface below the line into grid cells of an
appropriate size and assigns a velocity to each cell. Forward modeling is performed, generating
test velocity models, through which travel times are calculated. These calculated travel times are
compared with the observed data. The program then uses the generalized simulated annealing
technique to perform a nonlinear optimization. It iteratively adjusts the velocities of each cell,
recalculates the travel times, and reduces the error between the calculated and observed travel
times. The optimal solution is the velocity model with the minimum acceptable travel-time
error.

The final results of the seismic velocity tomographic modeling are presented as velocity cross
sections of the subsurface. Each cross section contains a grid of seismic velocities as a function
of horizontal distance and depth (or elevation). The grid is color contoured using SURFER (by
Golden Software) to show an areal distribution of seismic velocity along each line, as opposed to
a simple layered model. The same velocity contour scale is used for each line to allow for side-
by-side comparison of the profiles.

The tomographic method, unlike traditional refraction processing techniques that employ either
the generalized reciprocal method (GRM) or variations of the time-delay method, images
velocity gradients in the subsurface. As is often the case in reality, the tomographic method
reveals subsurface velocities as gradients and not solid layers. An appropriate gradient is
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introduced between horizons defined by discrete velocities. The interface between layers is the
depth at which the gradient change is the steepest. In general, this will be shallower than the
actual depth at which the layer velocity is encountered in the resulting velocity contour cross-
section. For example, the interface between layers that have average velocities of 500 ft/s and
2000 ft/s, will not be at the 2000 ft/s contour line, but rather shallower where velocities are about
1,250-1,500 ft/s (i.e. typically where the contours are most closely spaced). Aside from
increased resolution of velocities with depth, an additional benefit of the tomographic method
includes the ability to incorporate lateral changes in seismic velocities across a bedrock refractor.

RESULTS AND DISCUSSION

The results of the seismic refraction survey along Lines A and B are represented by the seismic
velocity cross-sectional profiles shown on Figures 2 and 3, respectively. The velocity cross-
sectional profiles are presented as contoured results, with south to the left in each figure. This
presentation is meant to show increased resolution of the velocities along each line, as opposed
to a standard two or three layer earth model. Small contour closures, or very erratic contour lines
along the edges of the cross sections may be attributable to processing artifacts. The overall
cross-sections from this type of presentation, however. may be more representative of true
subsurface conditions, particularly in the near-surface where gradational weathering may be
experienced. -

The cross-sections on Figures 2 and 3 indicate subsurface velocities ranging from 1,000 to 7,000
feet per second (ft/s). The estimated depth of investigation is approximated at 20 to 35 feet for
Line A and 40 to 50 feet for Line B. The shallower depth of investigation for Line A may be
attributable to refractor geometry or other unknown subsurface conditions toward the top of the
slope. Along Line A, at depths below ground surface greater than 10-to-15 feet, the velocity
ranges from 3,000 to 3,800 feet per second. Along Line B, higher velocity material is observed
at depth, ranging up to 7,000 feet per second. The maximum velocity observed within forty feet
of the ground surface (proposed maximum cut depth) along Line B is approximately 5,800 feet
per second. The highest velocity material along Line B appears to be slightly deeper toward the
middle of the profile than at the north and south ends of the line.

EXCAVATION CHARACTERISTICS (RIPPABILITY)

Seismic velocity charts relating seismic velocity and excavation characteristics have been
developed from field tests by others. These charts list the seismic velocity of various types of
bedrock materials and their relative ease of excavation using different types of rippers.
Caterpillar Tractor Company publishes a performance manual that lists ripper performance
charts for various size tractors and types of rippers. A review of a ripper performance chart from
the Caterpillar Performance Handbook (October, 1997) indicates that with a D8R, sedimentary
rock is rippable up to 6,300 ft/s and marginally rippable to 8,500 ft/s. Similarly, with a D11R,
sedimentary rock is rippable up to 9,700 ft/s and marginally rippable to 12,000 ft/s.

This information should only be used as a general guide, however, as many other factors should
also be considered. These factors include the rock jointing and fracture patterns, the experience
of the equipment operator, and the equipment and excavation methods selected. This
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information should be combined with a complete and thorough analysis of test pit information.
the geotechnical boring data, as well as local ripping experience (if available) to make a final
assessment.

DATA QUALITY AND ADDITIONAL DISCUSSION

Overall, the seismic refraction data quality for this project was good. This estimation was
determined based on the strength and relative obviousness of the refraction arrivals from the
multiple velocity interfaces. AGS made a considerable effort to increase the signal-to-noise ratio
where the data appeared of lesser quality by stacking additional impacts of the sledgehammer
beyond what was necessary under normal conditions. Frequency filters were applied to the
collected seismic data to attempt to minimize the effects of the observed noise.

CLOSING

All geophysical data and field notes collected as a part of this investigation will be archived at
the AGS office. The data collection and interpretation methods used in this investigation are
consistent with standard practices applied to similar geophysical investigations. The correlation
of geophysical responses with probable subsurface features is based on the past results of similar
surveys although it is possible that some variation could exist at this site. Due to the nature of
geophysical data, no guarantees can be made or implied regarding the targets identified or the
presence or absence of additional objects or targets.

It was a pleasure working with you on this project and we look forward to being able to provide
you with geophysical services in the future.

Respectfully,
Advanced Geological Services, Inc.

(L0P g

Daniel P. Jones DANIEL P JONES
Senior Geophysicist, PGp No. GP 1042

Enclosure:  Figures 1: Seismic Refraction Site Map
Figures 2-3:  Seismic Refraction Profiles

Advanced Geological Services. Inc. Page 5 06-148-1CA



[

SINOT "0 ‘A8 Q3AO¥ddY SINOM 0 ‘A8 NMVHO | 900Z H3BM1LdIS 3ivg

INI 'SIDAYIS TWOID0T03D QIINVAQY | WII-8%i-90 # 103roud

J4Noid ONI "HIQVIINETH ANIND
VINSOJITYD ‘ATTIXHIE NOWLYIOT .q(uu..“_bt Ih
INBT - ONIgTINg LYD n-ulow-ﬂl\-a‘
dvW 3LIS

A3AANS NOILIYI43Y JIWSIAS

INIT (¥S) NOILDWAA3Y DIWSI3S _ —
EDER

(4335 0F = You

08 oy 02 0

£ o —
33S

— ) S—

1NIYdLO0d ONIaTINg
d3S0d0dd ILYNIXOHddY




S3NOFr ‘0 'AB Q3N0OHddY _ S3NOTM O 'AB NMYH(O | 800Z H38W3L1d3S ava suoIpuoa Wumtswn——.._w *O EDZNE_XO._QQN
N ONI "SIOIAEIS TWIID0I03D Q3ONVAQY | ¥Oi-ari-80 ¥ 103M0ud e UE palapisuod aq pjnoys ‘'pa|iejap Asa ._._.m:n.rz_m ‘UoI0as-ss0I0 .b_uo._m.) ay}
JHNOI4 ONI‘@30134NIF ™ LNIND 9.0z =ML L) poUjeLL UONIBYBI DILLSIBS BU) 0} Jualayul SUoHEJIL 8y) 0} 8ng "ou] 'wido Aq
VINHOSITYD 'AT13HH3E ‘NOLLYOO o 2z DL, 0 aJem)jos uonesidiajul uonoeysl az@dosies yim passsooid aiem eleq (g
nlus:"“ — ‘ajewixoidde ale suoijeaaj@ eceuns (g
INGT - ONIATING LY T Ty 308 oy
- 5'85-9G /uaae paoeds aul Jad syulodjoys aaly Buiwiopad paajoaul
¥ ANIT - 3T7I408d DINSIFS uonos|oo BB ‘S|BAIIUI 193} 6 JB sauoydoab zH g1 uim pajdnoo
ydesBowsiag || 3un DYQ IBUUBYD $Z B Yim paunboe siem ejeq (1
‘310N
(S/4 00Z = |BAIBJU| INOJUCD)
PuU023s/}183)
(dA) ALIDOT3A DINSIIS
000t
(4) @augjsiq
000z 0Z¢ 0l 00z 06l 084 041 09L  0SFL Ol 0gt 0zt 0L 00l 06 08 0L 09 05 oy 0t 0z 0L 0
099 1 | 1 ! | 1 1 | I I | 1 1 1 1 | 1 1 1 1 | 1 1099

000€

0004

() uonena|g

0L

T T T T T T T T T T

T T T T T T T T T T T T
0gz Qle 002 08l 08l 0L1 091 051 orL 0€L (1741 0L 0oL 06 oe 0L 09 Qs ov 0e 0z ol 0

QN3 HLYON aN3 HLNOS

V 3NIT - 37140¥d NOILLOVY43Y JINSI3S




SUOIIPUOD BOBHNSANS JO uolewixoidde

UE paJapIsucd aq pinoys ‘pajiejep Aaa ybnoujje ‘uonoas-ss010 AJID0JBA BY)

POYISLU UDNDBS) DIWSISS BY) O} JUAJBLUI SUONE}IWI| By} 0} ang ou| 'widQ Aq
asemyos uojjejesdisiul uonoeyel z@IAOSIBS Yim passacold siem ejeq (g
‘alewixoldde ale SuclEAa[@ adeung (g

198y

G'85-pg Aana paoeds aul| Jad syuiodioys aay Guiwiopad paajoaul

uono9|I0 BleQ S|eABIU| 193] 6 Je seuoydoal zH 0L yum pajdnod
ydesBowsiag || 3ul] DVQA [RUUBYD 2 B Yim palinboe alem ejleq (L
‘310N

S3NOr a A8 nN)Omnnt— S3INOM O 'AB NWYHO | 800Z ¥3BW3Ld3S 31va
m ONI'SI0INHIS WOIDOIOIO OIONVAQY | ¥Oi-avi-90 # L030td
34N914 ONI M3 LNIND (188} 02 = youl 1)
VINHOAITYD 'ATTTHHIE ‘NOLLYIOT oF i O =
: R —
NG - ONIATING LHO GE>NVAGY = 3v0s
g 3INIT - 371404d DINSIFS
(s 002 = wm..h._m:.__ INoJuoY) () soueysiq
puooasnes) oce aie 00Z o6t 08l 0Lt 09t 0S4 vl oeL ozt ol 001 06 08 0L 09 0s oy o€ 0z ol 0
(dA) ALIDOTIA DINSITS 068 1 | 1 I i 1 1 ] ! I 1 ! 1 1 1 1 1 1 1 1 L 1 085

0001

(u) uonens3

049 T T T T T T T

T T T T T T T T T
0¢¢ o0iZ 00Z 0O6L 0B OLL 091 0sL  0opl 0EL 02k OLL 00l - 06 08 04

aN3 HLYON

8 3NIT - 37140¥d NOILOVYH43Y JINSIFS

09

T T T T T 049
0s ot 0t 0z o] 0

aN3 HLNOS ;




APPENDIX D



B «LeiNFELDER

— e tanlB A Ty n . = =i oy
2405 140" Avenue NE Suite A101 Bellevue. WA 98005 (4235) 562-4200 (425) 562-4201 fax

TECHNICAL MEMORANDUM (APPENDIX D)

TO: Mark Stanley. GE DATE: 09/21/06
I'M:  Chad Lukkarila CEG, Brendan Fisher, PE. PG PROJECT 74911: Task 1

RE:  LBNL CRT Building Cut Slope Preliminary Design Summary

Berkeley. California

As requested. we have completed preliminary estimates of the wall pressure. extent of bolting to
support the vertical cuts on the back and side cuts, and foundation bearing pressure for spread
footing foundations.

Stereonets

For the first part of our analysis. we plotted the orientations of the discontinuities mapped on
stereonets using the computer programs Dips Version 5.0 by Rocscience and ROCKPACK 111 by
C. F. Watts (2001) and preformed a Markland Analysis (Plate D-1). Where the stability of a
rock cut is controlled by the structure of the rock mass, a Markland analysis is a well
documented and widely accepted design tool even though the analysis does not provide a safety
factor relating shear stresses to shear strength (Hoek and Bray. 1981: FHWA. 1998). The
information required to perform the analysis are the design slope dip and dip direction. the
orientation of the discontinuities within the rock mass. and the friction angle of the lithologies
represented in the rock cut. Stereonets provide a two-dimensional representation of the three-
dimensional discontinuity data. We plotted both poles and dip vectors. The poles tend to
accentuate the orientation of steeply dipping discontinuities while the dip vectors lend

themselves to performing Markland analyses.

The Markland analysis does not consider a cohesion intercept when modeling the strength of
discontinuities. This method also assumes that the discontinuities are continuous and through-
going with no “bridging™ within the discontinuity. The effect of “bridging” would allow a
tensional component (or cohesion intercept) of discontinuity strength. The factor of safety of the
slope is estimated by dividing the tangent of the friction angle by the tangent of the dip of the
discontinuity or the plunge of the line of intersection of two discontinuities. Therefore. when the
dip of a discontinuity or the plunge of the line of intersection is greater than friction angle. the

factor of safety is less that 1.0. ~ When the dip of a discontinuity or the plunge of the line of

74911 /Appendix D I
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intersection is less than the friction angle, the factor of safety is greater than 1.0. In either case.
the structure will not daylight the slope if the dip or plunge is greater than the dip of the slope

face.

We assumed friction angles of 30 degrees based on the detailed geomechgnical information that
we collected in the field. experience with similar rock types. and guidance from the Rock Slopes
Reference Manual (FHWA, 1998). Vertical cut slopes are planned for the back wall and
sidewall of the excavation. By inspection of the stereonets, we concluded that the proposed
slope inclinations have the potential for wedge-. planar-, and toppling-type failures from the back
wall and sidewall (Plate D-2).

Geomechanical Classifications

For the second part of our analysis, we completed geomechanical rock mass classifications.
These classifications are accomplished using the field data and therefore are more of a design
tool than actual field data collection. Two of the more widely accepted classifications systems
are the Rock Mass Rating System (RMR) by Bieniawski (1989) and the Geological Sufngth
Index (GSI) from Hoek (1997).

The RMR, also referred to as the geomechanics classification system. is based on the algebraic

sum of six rock mass property ratings, namely:

e Strength of intact rock material (uniaxial compressive strength)
e Rock quality designation (RQD)

e Spacing of discontinuities

e (Condition of discontinuities

e Groundwater conditions

e Orientation of discontinuities relative to the excavation or rock slope

To estimate the RMR. we compared field data to published tables by Bieniawski (1989). Values
for RMR can range from 0 to 100. From the ratings. rock class and corresponding descriptions
and engineering properties are assigned to the overall rock mass. Bieniawski’s RMR
classification can be related to Hoek’s (1997) Geological Strength Index (GSI). If the 1989
version of Bieniawski’'s RMR classification is used. the GSI = RMRgy" — 5 where RMRy," has

the ~“Groundwater™ rating set to 15 and “Adjustment for Joint Orientation™ set to zero. For
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example. assume a RMR is calculated to be 30 with the groundwater rating set to 15 and the joint
orientation adjustment set to -5 for favorable joint orientations. Correcting the RMR as stated
above, it would equal 35 (groundwater set to 15 and joint orientation adjustment set to zero).
The calculated GSI would then be calculated as RMR — 5. or 30. The GSI rating can also be

estimated directly from the information that we collected during our field mapping.

The rock mass information collected at site indicates a siltstone with rock strength of 0.25 10 1
MPa (36 to 145 psi). or extremely weak rock. The RQD was estimated to be 5. which indicates a
highly fractured rock mass. The RMR and GSI were estimated to be approximately 40 +/- 5.
which indicated a very blocky to disturbed. fair quality rock mass with fair quality. moderately

weathered discontinuity surfaces.
Slope Stability and Wall Pressure

For the third part of our analysis, we completed slope stability analyses for the potential wedge
and planar-type failures along with a global stability analysis for failure through the rock mass.
We utilized the computer programs. Rocplane V. 2.0 and Swedge V.4.0 by Rocscience® to
complete the stability analyses on the potential wedge and planar-type failures. We assumed
cohesion of zero and a friction angle of 30 degrees. We assumed a slope height of 43 feet based
on the cross-section of the excavation. Plates D-3 and D-4 display the wedge and planar-type

failures that are possible from the back wall and sidewall.

The geometry of each potential failure outlined in Plates D-3 and D-4 were analyzed using the
computer programs discussed above to estimate the factor of safety. If the factor of safety was
less than 1.0, we estimated a wall pressure to achieve a factor of safety greater than 1.0. Table 1
summarizes the failure geometries and the required wall pressures. Additionally, we estimated an
equivalent earth pressure distribution for the design of a retention system during construction
based on the “Plane 17 block geometry of the cut slope back wall listed below. Based on our

calculations, the equivalent fluid pressure (safety factor of 1.0) is SOH (PCF).

(¥5]
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Table 1. Summary of Potential Wedge and Planar Type Failures

Failure Factor of Pressure Required for Factor of Width of Wedge on
Geometry Safety Safety >1.0 — rectangular Upper Slope Surface i
distribution (ft) i
(tsh) |
Cut Slope Back Wall
Plane 1 0.4 0.50 29
Wedge | 0.3 0.25 16
Wedge 2 1.1 NA 21 lf
| Wedge3 1.0 NA 30 |
| Wedge 4 0.4 0.35 29
Wedge 5 1.5 NA 45
Wedge 6 0.4 0.35 29
Wedge 7 0.2 0.22 11
Cut Slope Sidewall
Plane 1 0.50 12
| Wedge | 2. NA 35
| Wedge 2 0.25 14
| Wedge 3 0.25 11 |
j Wedge 4 2 0.19 8 :
. Wedge 5 ld NA 18

We utilized the computer program Slide V. 5.0 by Rocscience® to complete the global stability

analysis of the proposed cut slope.

The proposed slope is stepped with a 43-foot high upper

wall and a 30-foot high lower wall separated by a 45-foot wide horizontal bench. We estimated

the Hoek-Brown strengths using the geomechanical data that we collected in the field. The

following list presents specific design data for the cut slope.

e Siltstone

o Rock Strength = 0.7 MPa (102 psi)
o GSI=40

7491 1/Appendix D
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Figure 5 displays the stability analysis of the proposed slope and the estimated wall pressure
required for a factor of safety greater than 1.0. The model indicates a rectangular pressure
distribution over the height of the upper cut slope (43 feet) of 1,200 psf. We also estimated the
pressure based on a standard triangular pressure distribution. Based on our calculations. the

equivalent fluid pressure is 50H (PCF).
Foundation Bearing Pressure

The bearing pressure of footings on rock depends on the presence of discontinuities. weathering
and the quality of the rock mass. The Caltrans Bridge Design Specifications dated April 2000
provides presumptive bearing pressure values for preliminary design of simple structures on

good quality rock masses (Caltrans Table 4.11-4.1.4-1). In his book. Foundations on Rock

(1999). Dr. Duncan Wylie provides estimates for bearing pressures based on rock strength and
rock quality designation (RQD). Dr. Wylie states that bearing pressure estimates should be
reduced for fractured rock based on the RQD. He states that for a RQD less than 50. the bearing
pressure estimate should be reduced by a factor of 0.25 to 0.1. We estimated a RQD of 5 for the
siltstone. Table 2 summarizes the pressure ranges based on Caltrans and the RQD adjusted
ranges possible for the siltstone present at the site. We assumed a bearing pressure adjustment of
0.25 for the RQD.

Table 2. Summary of Allowable Bearing Pressures (Based on Caltrans, 2000)

‘Type of Material Consistency in | Ordinary Range RQD Recommended
" Place * (tsf) Adjusted Value
Range (tsf)
(tsf)
~ Sedimentary Hard Sound 1510 25 3.75t0 6.25 5
 Rock: Siltstone Rock
Weathered or Medium Hard 8to 12 2t03 23
Broken Bedrock Rock

We also calculated the ultimate bearing pressure of the rock using methods in Wyllie. 1999

based on the Hoek-Brown Failure Criterion for the rock mass. We estimated an ultimate bearing

capacity ranging from 1.5 to 3 tsf.
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Additionally. we completed an estimate of the bearing capacity based on bearing capacity theory
(for soil). We assumed a friction angle of 35 degrees and cohesion of zero. Based on our
calculations, the ultimate bearing capacity is approximately 12.0 tsf.

It appears reasonable to use a value of 10 tsf for the ultimate rock bearing capacity. The ultimate
bearing capacity in sheared rock should be limited to 2.5 tsf.-

One important consideration is that the values above are for “flat™ ground where the distance of
the footing from the top of a cut slope is greater than six times the width of the footing. If the
distance is less, the ultimate bearing capacity would be lowered based on the slope geometry and

distance. Alternatively. drilled piers can be used to support these foundations.
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SEP-29-2006 11:44R FROM:

TO:5717813

wl

Environmental
Technical Services

-Soil, Water & Air Testing & Monitoring
-Analytical Labs

ETS

1343 Redwood Way
Petaluma, CA 94954

-Technical Suppon

Serving people and the environment

(707) 795-9605/ FAX 795-9384

so that both

benefit.

COMPANY: Kleinfelder Associates, 2240 Northpoint Parkway, Santa Rosa, CA 95407 ~ ANALYST(S) | SUPERVISOR
ATTN: Mark H. Stanley DATE of . D.Salinas | D.Jacobson |
JOB SITE: CRT Bldg, LBNL, Berkeley, California DATE RECEIVED | COMPLETION | S.Santos | LABDIRECTOR
7 FILE# 74911-1 | - ) 9722/2006 107272006 | G.S. Conrad PhD
LAB SAMPLE  DESCRIPTION of | SOIL pH NOMINAL ELECTRICAL SULFATE CHLORIDE
SAMPLE SOIL and/or RESISTIVITY ~ CONDUCTIVITY S04 ol
NUMBER D SEDIMENT _-log[H+] chm-cm ~ pmhos/cm ppm ppm
02207-1  CRT1ABNL K3 @15 6.45 2,440 [410] 84 40
" Method ___Detection Umits —> 1= 1 0.1 1 7
LAB SAMPLE  DESCRIPTION of ¢ SALINITY SOLUBLE SOLUBLE |~ REDOX |  PERCENT
SAMPLE SOIL and/or ECe SULFIDES (S=) CYANIDES (CN=) | MOISTURE
~ NUMBER ID SEDIMENT ! mmhosfcm | ppm ppm mv | % i
|
02207-1  CRT1/LBNL K3 @ 15 | 43289
Method Detection Limits” —> — 0.1 0.1 1 0.1
it O TN O s e e e e
> o COMMENTS

Resistivity is nearly 2,500 chm-cm which is fair, but soil reaction (i.e., pH) is mildly acidic which does not help; both sulfate and
chloride are quite low; and redox is very mild. The Cal Trans times to perforation for this sail are as follows; 18 ga steel the
time to perforation is nearly 17 yrs, and for 12 ga it goes up to about 37 yrs. Also, the average pitting rate determination for
ductile iron and mild steel in this soil material is approximately at 0.130 mm/yr, thus pitting to a depth of 2 mm would be about
15 yrs; and to a 4 mm depth it would be 30 yrs. Chloride is low enough that it should not have any significant corrosion impact
on concrete steel reinforcement; and sulfates are low enough that there should not be any adverse impact on concrete, mortar,
grout or cement. The redox value indicates the soil is only very mildly reduced, thus there should be no significant adverse
impact here either. As concerns buried metals, this soil would benefit greatly from alkaline treatment in that pushing its pH up
to the 7.5-8.5 range would increase the 18 ga time to perforation to =36 yrs which is more than double the native soil time.
Other than alkaline treatment, to increase metals longevity any more in this soil would require further upgrading (i.e., heavier
gauge or more resistant steel); and/or that other actions be taken (e.g. special engineering fill, coating steel, cathodic protec-
tion, etc.). Last, standard concrete mixes (and related materials) do not appear to be at risk in this soil based on these results.

WWOTES: Methods are from following sources: extractions by Cal Trans protocols as per Cal Test 417 (S04), 422 (Cl), and 532/643
(PH & resistivity); &/or by ASTM Vol. 408 & ASTM Vol. 11.01 (=EPA Methods of Chemical Analysis, or Standard Methods); pH - ASTM G
51; Spec. Cond. - ASTM D 1125; resistivity - ASTM G 57; redox - Pt probe/ISE; sulfate - extraction Title 22, detection ASTM D 516 (=EPA
375.4); chloride - extraction Title 22, detection ASTM D 512 (=EPA 325.3); sulfides - extraction by Title 22, and detection EPA 376.2 (=
SMEWW 4500-S D) cyanides - extraction by Title 22, and detection by ASTM D 4374 (=EPA 335.2).
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2 ROCK TYPE 2 ROCK TYPE ROCK TYPE
> >
%) )
—_ X A
" x
= X
E: BRECCIA x ¥  SILTSTONE PHYLLITE
s X X
= X X
7/ B
//// CLAYSTONE — MUDSTONE SANDSTONE
7z et
Rl —
o
D CONGLOMERATE SHALE GREENSTONE
é._Q.
N \
T
sl GRANITE BEDROCK VOLCANIC
£
1
WEATHERING
Fresh - No visible sign of rock material weathering; perhaps slight discoloration on major discontinuity surfaces. Weathering Grade .
Slightly Weathered - Discoloration indicates weathering of rock material and discontinuity surfaces. Al the rock material may be discolored
by weathering and may be somewhat weaker externally than in its fresh condition. Weathering Grade II.
Moderately Weathered - Less than half of the rock material is decomposed and/or disintegrated to a soil. Fresh or discolored rock is present
either as a continuous framework or corestones. Weathering Grade IIl.
Highly Weathered - More than half of the rock material is decomposed and/or disintegrated to a soil. Fresh or discolored rock is present
either as a discontinuous framework or as corestones. Weathering Grade IV.
Completely Weathered - All rock material is decomposed andfor disintegrated to a soil. The original mass structure is stil largely intact.
Weathering Grade V.
Residual Soil - All rock material is converted to a soil. The mass structure and material fabric are destroyed. There is a large change in
volume, but the soil has not been significantly transported. Weathering Grade VI.
STRENGTH (OF INTACT ROCK PIECES Approx. UCS Approx. UCS
Grade |Description Field Identification (Mpa) (psi)
ro | Extremely 0.25-1.0 50 - 150
Weak Rock | Idented by thumbnail
Very Weak - -
Rt Rock Crumbles under firm blows with point of geological hammer i o0
Can be peeled by a pocket knife, specimen can be
RZ | \Weak Rock | fractured with single firm blow of geolegical hammer 5.0-25 7503300
Moderately | Cannot be scraped or peeled with pocket knife, specimen can be
R3 ] 3 .
Strong Rock | fractured with single firm blow of geological hammer 250 8,500~ 7,500
R4 Strong Rock | Specimen requires more than one blow of geological hammer to fracture it 50-100 7,500 - 15,000
Very Strong
RS Rock Specimen requires many blows of geological hammer to fracture it 100i-250 15,000 - 35,000
RE Extremely
Strong Rock | Specimen can only be chipped with geological hammer >250 >35,000
DISCONTINUITY SPACING APERTURE WIDTH ROCK QUALITY DESIGNATION
Enaglish Metric Very tight <1.0 mm RQD% Rock Quality
1. Extremely close <1.01n. (<20 mm) Tight 0.1-0.25mm 90 - 100 Excellent
2. Very close 1.0-25in.  (20-60mm) Partly open 0.25-0.5 mm 75-90 Good
3. Close 25-80in. (60 - 200 mm) Open 0.5-2.5mm 50-75 Fair
4. Moderately 8.0in-20ft (200- 600 mm) Moderately wide 2.5-10mm 25-50 Poor
5. Wide 2.0-6.5ft (600-2,000mm) Wide 10mm-1cm 0-25 Very Poor
6. Very wide 652001 @-6m) Very wide 1-10cm RQD = Sum of Intact Pieces >4 inches (100 mm)
7. Ext wide >20.0 . (=8 m) Extremely wide ~ 10- 100 cm THIAIGRre i Lonal
Cavernous >1m

ROCK DESCRIPTION CRITERIA
Building 50 Seismic Retrofit
Lawrence Berkeley National Laboratory

PLATE
KLEINFELDER

N

ROCK KEY BORING.GPJ 10/9/06

Berkeley, California
Project No.: 75173

File Number: 75173

Drafted By: R. Padgett
Date:  09/29/06

Copyright Kleinfelder, Inc. 2006




CORING LOG BORING.GPJ 10/6/086

Date Completed: 9/25/2008 Logged By: _R. Padgett
Boring Location:  N37.87697 W122.25183
Drilier:  Pitcher Drilling Drilling Method/Size: Pitcher Barrel (2 7/8" diameter). Diamond Core (3" diameter)
Elev. Top of Hole: Approximately 752.6 ft. Total Depth: 61 feet Groundwater Depth:! AL NA
FYNA
E = g §
- & & - L
£ 3w 3 oI 8
E &|358 2 o [aml=i
.g =l s e o xX|Q 1]
T | 5D ~I12|F| &
& % qEJ 5 (in.) (%) 8 %!.I & ROCK DESCRIPTION/NOTES DISCONTINUITIES
wo|lFs PTIME S
L °> | AGGREGATEBASE: ~~ ~ 77777
. ¥ SILTSTONE- D A
% « olivegray & redbrowra very fine grained, slightly to
h 3 TaSred (ugered o asegy ) S VSV O 45 ef pocket penetrometer
1 x A 1
1750 ol
x
- xX A -
X A
X A
= X A
i - .
% 3 SILTSTONE- i ) . Joint, 60 degrees to axis, closefﬁ'spacec}, i
|- % » olive gray & redbrown, very fine grained, slightly to smooth, undulating (JRC 4-6), thin clay infill,
5 x ¥ moderately weathered, closely fractured, weak; iron and iron staining on joint faces, dry
] % ¥ manganese staining on fracture faces =
31(100[ 50 | 56 *
I X o Joint, 60 degrees to axis, moderatel sapaced‘
E ol slightly rough, undulating (JRC 8-10), dry -
| | A1 | Pitcher core advanced at 400 psi
i | SHALE- ) Shear zone, highIE/ sheared, moist, zone
. == red brown & olive graP/, moderately weathered, extends from 6.5 fo 7 feet bgs, moist B
745 — extremel}{ weak, highly sheared, sandstone corestones
- 301|100/ 76 b1 [% xx%pL.r&QYZE%S%LLa%t‘?E)T\IE- —————————————— <1 Joint, 50 degrees to axis, 2.0 tsf, moist
) x ;‘ red brown, yellow brown and gray, moderately Joint, 60 degrees to axis 7
L x ¥ weathered, extremely weak, moist, blocky . .
o Joint, 50 degrees to axis, closely spaced,
- - % X slightly rough to smooth, undp!atmgéJRC 6-8),
x no infill, partly open to open, iron an
- o manganese staining on joint faces
19] x ¥ lF:’!tc:hter cosrg gdvancect! at 700 pstx v closely—
x A racture, egrees to axis, extremely closely
i o 0 D spaced, smoath: undulaing (JRC 4-6). thin
& clay infill, dry to moist :
. Pitcher core advanced at 700 psi
- | 3 3 Very closely spaced fractures
| x §
1740 o
24 1100| 33 p10 % :
x Joint, 60 de?re_es to axis, slightly rough to
L sl rough, undulating (JRC 8-10%‘ no infill, dry
4 - ofs 4
X X
- X X
15 X M
2 % o ]
2480|7215 4
r 3
- X X —
X X Pitcher core advanced at 700 psi
r | — SHALE- T T T T T TTTTTT Fracture, 180 degrees to axis, very chs_eIF\q
B == dark gray, moderately weathered, closely fractured, spaced, rough, undluating (JRC 8-10), tight, -
735 = weak g%n and mangatnese Istaimn on fracCL‘Jre faces
& — ear zone, extremely closely spaced, zone
A 301|100/ 26 »10 = extends from 17 to 18 feet bg)é .
i — Joint, 60 degrees to axis, smooth, undulating
1 1 == l(-"’;'RC 2-4), no infill ) N
= itcher core advanced advanced at 800 psi
-  — Joint, 30 degrees to axis, closely spaced,
20 = smooth, undluating (JRC 6-8). no infill, iron
LOG OF BORING K-1 PLATE
'q L Building 50 Seismic Retrofit 1 of 3
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T S| 50 ~|2|Fl <
8 5| ES linjew S |8l¥ & ROCK DESCRIPTION/NOTES NTINUI
iR = A0y © | BT 5 S o) DISCONTINUITIES B
L 241100 23 b0 = staining on joint surfaces
4 gl e Pitcher core practical refusal, switched to NQ
1 —— SHALE- Diamond core at 21 feet bgs
- = dark graP/, moderately weathered, very closely fractured, Core rate 4 min/ft
] —— extremely weak, pressure facets present Fracture, 20 and 50 degrees to axis, ve?
— closely spaced, smooth to slickenside (JRC
K = 2-4), tight, clay infill, iron and manganese
— staining
1 — Core rate 4 min/ft T
L 60 |100| 48 p1q — Core rate 4 min/ft
ros | — SHALE: T T T T T T _ i
- = Wg‘ slightly weathered, very weak to weak, closely | Core rate 3 min/ft :
25 = fracture Joint, 60 degrees to axis, closely spaced,
T — slig;htly_roug to smooth, undulating (JRC =)
=] 8-10), tight, no infill, iron staining on joint faces
r — Core rate 3 min/ft
i | Core rate 4 min/ft at 400 psi i
i Joint, 60 degrees to axis, closely spaced,
- rough to very rough (JRC 18-2 Y -
| Core rate 3 min/f
| SHALE- ~~ T T T T T T T T T T T T T _ I
- 60 |100| 63 P10 dark gray, moderately to highly weathered, extremely Core rate 4 min/ft
| weak, closely fractured |
720 Core rate 3 min/ft
30 =
L Core rate 4 min/ft
Joint, 60 degrees to axis, smooth (JRC 2-4),
y — no infill
Shear zone, 30 to 50 degrees to axis,
i extremely ciosely spaced, smooth to
4 slickensides (JRC 2-4), thin clay infill, iron -
staining and pressure facets on shears, shear
L zone extends from 31 to 36 feet bgs
Core rate 3 min/ft
g Core rate 4 min/ft 7]
L 60 |100| 21 B1d Core rate 4 min/ft
|715
35] —
] ] Core rate 4 min/ft ]
_ Core rate 4 min/ft I
i Joint, 50 degrees to axis, closely spaced,
g smooth (JRC 2-4) -
B 60 (100f 0 P10
1710 Core rate 4 min/ft
40 =1}
Core rate 5 min/ft
| | SHALE- ~ ~~ T T T T T T T T T T T T T Shear Zone, extremely closely spaced,
- dark gray, highcliy weathered, extremely weak, extremely slickensides, wet, shear zone extends from 41
closely sheare to 43 feet bgs
1 Core rate 5'min/ft N
| Core rate 5 min/ft

B kL eiNFELDER

LOG OF BORING K-1
Building 50 Seismic Retrofit

Date:

Drafted By: R. Padgett

10/6/2006

Project No.: 75173
File Number:

Berkeley, California

75173

Lawrence Berkeley National Laboratory

PLATE
2 of 3

A-2




CORING LOG BORING.GPJ 10/6/06

Z =
£ |B g £l
€ 8le 8 2V g
c ] = Q —~ o=
S =) 8¢ r |22 |o
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5 & E g i o = E Ad &
R =8 (in.X (%) g EE G ROCK DESCRIPTION/NOTES DISCONTINUITIES
- 60(100| 6 p1 == SHALE- Joint, 50 degrees o axis, closely spaced,
) == faarEt gray, moderately weathered, weak, closely gmooth‘ unduiating (JRC 4-6), tight, no infill,
—— fracture r
705 — Cgre rate 4 min/ft
45 — Core rate 5 min/ft )
= = Joint, 40 de(%rees to axis, closely spaced,
S smooth (JRC 4-6
Iz = Core rate 5 min/
i m E ————————————————————————— Shear Zone, extremely closely spaced,
- B SHALE- slickensides, moist, zgne extends from 46 to
—— dark gray, highly weathered, extremely weak, 49 feet bgs
=] pervasively sheared Core rate 6 min/ft
| — Core rate 2 min/ft
' 60 [100| 30 p10 ==
700 | T SANDSTONE- T T T T T T T T T~ Joint, 15 degrees to axis, rough, undulating
— 2o Tight grag, slightly weathered, moderately strong, closely 8RC 10-12), no infill, dry
50| c1:| fracture ore rate 3 min/ft
bl Core rate 2 min/ft
=
) ] SHALE- ~~~~~ T T T T T T T T T T T T T T Shear zone, extremely closely spaced,
= dark gray, moderately weathered, extremely weak, slickensides, shear zone exténds from 51 to
| extremely closely shéared 52.5 feet bgs
Core rate 1 min/ft
i Joint, 40 deg';_lrees to axis, closely spaced,
1 %Iightly rouzg (JEC 10-12)
L 60 |100] 18 k10 are rate 2 min,
W | | SANDSTONE-~ ~ ~ ~ ~ ~ ~ T T T T T T T T T Core rate 2 min/ft
= s ?ray, highly to completeli weathered, very closely
55 ;.| fractured, extremely wea
i Shear zone, extremely closely spaced,
E slickensides, shear zone extends from 56.5 to
58 feet bgs
§ Core rate 2 min/ft
) Core rate 2 min/ft
- 60 [100| 10 P10
g, | | SANDSTONE- T T T T T T T T T Shear, 30 degrees to axis, very closel
= Sl ]l?ﬁf g?rae/, S lghgy to moderately weathered, very weak, spaced, rough, undulating (JRC 10-12), clay
80 ::: closely fracture infill, slickensides on shear faces
--- Core rate 2 min/ft
T Boring. completed at a depth of approximately 61 feet |
+ below existing site grade.
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Fugro, 2002
Test Boring B-1 and B-2

REFERENCE:

Fugro West, Inc., Geotechnical Investigation, Proposed Building 50X, Lawrence
Berkeley National Laboratory, Berkeley, California (FW 658.052) bound report dated
August 5, 2002



UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D2487-93)

MAJOR DIVISIONS GROUP NAMES )
bk draeh
o-[\o 280y Well-graded gravel,
Clean gravels GW D BDQ D Well-graded gravel with sand
GRAVELS less than 5% S
fines GP Poorly graded gravel,
Poorly graded gravel with sand
wn
=1
5 . | S - sity gravel,
A B & RETAINSE!EVDEN NO. 4 Gravels with Silty gravel with sand
o3 more than
g 12% fines Clayey gravel,
% < § GC Clayey gravel with sand
=]
xr ©o
ez Well-graded sand,
Qg SW
L £ g Clean sand Well-graded sand with gravel
0 £ < less than 5%
9(: = SANDS fines Sp Poorly graded sand,
o Poorly graded sand with gravel
o MORE THAN 50% OF . = S I
COARSE FRACTION IEnE ilty sand,
b= £G4 Sands with SM ||| Silty sand with gravel
more than e
12% fines sc SO \ Clayey sand,
NN NN Clayey sand with gravel
ML Silt, Silt with sand or gravel, Sandy or gravelly silt,
Sandy or gravelly silt with gravel or sand
I
S LTS AN D CLAYS Lean clay, Lean clay with sand or gravel, Sandy_or
CL gravelly lean clay, Sandy or gravelly lean clay with
ravel or sand
Liquid Limit Less than 50% e J

- _— — — Organic silt or clay, Organic silt or clay with sand or
OL | — — — gravel, Sandy or gravelly organic silt or clay, Sandy
or gravelly organic silt or clay with gravel or sand

Elastic silt, Elastic silt with sand or gravel, Sandy or
MH gravelly elastic silt, Sandy or gravelly elastic silt with
gravel or sand

Fat clay, Fat clay with sand or gravel, Sandy or
CH \ gravelly fat clay, Sandy or gravelly fat clay with
N

SILTS AND CLAYS

FINE-GRAINED SOILS
50% or more passes
the No. 200 sieve
T
|
I
|

ravel or sand
Liguid Limit Greater than 50% .

> Organic silt or clay, Organic silt or clay with sand or
CH SN NN B0 gravel, Sandy or gravelly organic silt or clay, Sandy
\\ >oa\] or gravelly organic silt or clay with gravel or sand

" A
NN

HIGHLY ORGANIC SOILS PT S0y Peat
ATAA]

For definition of dual and borderline symbols, see ASTM D2487-93.

KEY TO TEST DATA AND SYMBOLS

Perm - Permeability Shear Confining
Consal - Consolidation Strength Pressure
LL - Liquid Limit e . (oD

q s TxUU 3200 (2600) Unconsolidated-Undrained Triaxial Shear
Pl - Plasticity Index TxCU 3200 (2600)  Consolidated-Undrained Triaxial Shear
Gs - Specific Gravity TxCD 3200 (2600) Consolidated-Drained Triaxial Shear
MA - Particle Size Analysis SSCU 3200 (2600) Consol!'dated-Und_rained Simple Shear
-200 - Percent Pass:’ng No. 200 Sieve SSCD 3200 (2500) Consolidated-Drained Slrnple Shear

DSCD 2700 (2000) Consolidated-Drained Direct Shear

FUGRO SOIL CLASSIFICATION 658-052.GPJ SCI_CORP.GDT 5/15/02

ND - Not Detected uc 470 Unconfined Compression

& - Tube Sample LVS 700 Laboratory Vane Shear

= - Bag or Bulk Sample FV 300 Field Vane Shear

M - Lost Sample %V ggg . <

7 . FiEECrOLTHE orvane Shear

i } Sarsb‘r ro;réw te; ¢ PP 400 Packet Penetrometer

: tabilized Groundwater (actual reading divided by 2)

- Building 50X PLATE
Berkeley, California

H || SRR s 1
=== FUGRO WEST, INC. A1
" m—AN | 000 Broadway, Suite 200, Oakiang, Caliomia a4go7 | ~OB NUMBER DATE APPROVED
ESEEmm AN Tel: (510) 268-0461, Fax; (510) 268-0137 SER. 50 S




BEDDING CF SEDIMENTARY ROCKS

Very thick-bedded
Thick-bedded
Thin-bedded
Very thin-bedded
Laminated

FRACTURING

Very little fractured .
Occasionally fractured
Moderately fractured

Closely fractured
Intensely fractured
Crushed

HARDNESS

Very hard

STRENGTH

Moderately strong .

Bed thickness in feet

0.01to0 0.05
less than 0.01

Greater than 4.0
1.0to0 4.0
0.5t01.0

0.1t0 0.5
0.05t0 0.1

less than 0.05

"""" Size of pieces in feet

reserved for plastic material alone.
can be gouged deeply or carved easily with a knife blade.

. can be readily scratched by a knife blade; scratch leaves a heavy trace of

dust and is readily visible after the powder has been blown away.

can be scratched with difficulty; scratch produces little powder and is often
faintly visible.

cannot be scratched with knife blade; leaves a metallic streak.

very low strength.

crumbles easilv by rubbing with fingers.

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

. 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.
WEATHERING
Deepicc. v iwn o v wan s 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.
Moderate ......... slight change or partial decomposition of minerals, little disintegration;
cementation little to unaffected. Moderate to occasionally intense
discoloration. Moderately coated fractures.
Littled oo s v 5 v no megascopic decomposition of minerals; little or no effect on normal
cementation. Slight and intermittent, or localized discoloration. Few stains
on fracture surfaces.
Eresh:.. . cow o o o o unaffected by weathering agents. No disintegration or discoloration.
Fractures usually less numerous than joints.
ROCK CLASSIFICATION CRITERIA
. Building 50X HLE
_r" FUGRO WEST. ING. ] ‘ Berkeley, California A2
ﬁ mousSmag&agfsu‘m;ZOO Oaidgnd California 94607 JOB NUMBER DATE
m Tel: (510) ax; (510) 268-0137 658.052 5/02




‘LOG OF BORING Sheet 1 of 1
Project Name & Location: Building 50X Ground Surface Elevation:
o 700 feet
Berkeley, California Eleviib DathT
LBL Project Datum
Drilling Coordinates: Start: Date Time Finish: Date Time
Drilling Company & Driller: 4/27/02 08:00 4/27/02 10:45
Gregg Jason/Lou Drilling Fluid: Hole Diameter:
Rig Type & Drilling Method: '
Mobile 61, Hollow Stem Auger NA 6.5"
Sampler A) Modified California (3" 0.D., 2.5" 1.D.) Logged By: =
Type(s): B) SPT (2" 0.D., 1.4"1.D.) =
AF =
Sampling A) 140 Ib hammer with 30" drop (Wireline) Backfill Method: Date:
Method(s): B) 140 Ib hammer with 30" drop (Wireline)
Cement Grout 4/27/02
%) —_
@ ﬁ % g SOIL DESCRIPTIONS LABORATORY DATA
T | >|cel 2 |8
= = =
€ 15|63 & |S]|, | GROUPNAME (GROUP SYMBOL) Bt | s
£ |2|28| 8 |a|5 color, consistency/density, =X 2
& | E|3c| £ |E|B o | moisture condition, other descriptions 255255
O |w|ms| @ |u|&3| (Local Name or Material Type) =os|one Other
2 ASPHALTIC CONCRETE 3 - INCHES THICK
- GRAVELLY LEAN CLAY (CL)
- Dark brown, soft, moist (fill)
A % 13.9 92
7 2 4
=7 A 13 GRAVELLY LEAN CLAY (CL) 15.1 102
= 25 42 Brown, stiff to very stiff, moist
- With rock fragments at 5.0
= B ? 18.3 102
10 8 15 With reddish brown sand pockets
1413
15 25 | 4z
] SANDSTONE
7 Brown, intensely to moderately fractured, low to moderately hard, friable,
o moderate to deep weathering
4 A %E 216 102 TxUU = 2830 psf
20 40 75 PP = 3250 psf
2 A gg . 18.8 108 PP = 3750 psf
25 N
-+ .. . ] Trace reddish brown sandstone fragments
N 1101 Gray clay filed seams
4 B T i
N i 28 $ Color change to brownish gray at 29.0'
I Hard drilling at 32.0°
) 81 50/47 150/ == Refusal at 33.0'
7 Bottomn of boring at 33.4 feet below ground surface.
35 4 Notes
& Groundwater not encountered during drilling
40 -
— Building 50X BORING
lil Berkeley, California
e ] 2
=j=—=n~= FUGRO WEST, INC. >
N ——— Broadway, Suite 200, Ozkiand, Califormia sasor | 505 NUMBER DATE B 1
m. Tel: (510) 268-0461, Fax; (610) 268-0137 658,052 6/02

FUGRO LOG OF BORING 658-052.GPJ SCI_CORP.GDT 6/13/02




FUGRO LOG OF BORING 658-052.GPJ SCI_CORP.GDT 6/13/02

OG OF BORING Sheet 1 of 1
Project Name & Location: Building 50X Ground Surface Elevation:
I 646 feet -
Berkeley, California Elevatibh Daturm:
LBL Project Datum
Drilling Coordinates: Start: Date Time Finish: Date Time
Gregg Jason/Lou Drilling Fluid: Hole Diameter:
Rig Type & Drilling Method:
Mobile 61, Hollow Stem Auger NA 6.5"
Sampler A) Modified California (3" O.D., 2.5" 1.D.) Logged By: 2
Type(s): B) SPT (2" 0.D., 1.4"1.D.) AF x
Sampiing A) 140 ib hammer with 30" drop (Wireline) Backfill Method: Date:
Method(s): B) 140 Ib hammer with 30" drop (Wireline)
Cement Grout 4/27/02
|
g b 2z SOIL DESCRIPTIONS LABORATORY DATA
— i = Q
T | >|C8e| £ |8
€ 1 vleal & |S| o | GROUPNAME (GROUP SYMBOL) oo | o
£ al|led ¥ |a = color, consistency/density, 28 =
& | E|38| £ |E| & moisture condition, other descriptions 85555
C o |ms| m |w|O3| (Local Name or Material Type) SO0 |00 s Other
9 ASPHALTIC CONCRETE 4 - INCHES THICK
E SANDY LEAN CLAY WITH GRAVEL (CL)
=, Dark brown, stiff, moist, with siltstone at 3 feet (fill)
AlE 13.3 11
T 16 27
544 6 16.7 110
- 133 21 SANDY LEAN CLAY WITH GRAVEL (CL)
B Brown, stiff, moist
4 A 191 18.4 104 TxUU = 1740 psf
10 30 41
] SANDSTONE
N Brown, intensely to moderately fractured, low to moderately hard,
| friable to weak, moderate weathering
4 A |some"| soen 10.5 111 PP = 2000 psf
15
4 B 1;’3’ 18.4 99
i 22 | 40
20 -I
183 7| 12
50 80
g 150/4" | 50/4" . . . . .
Bottom of boring at 24 feet below ground surface.
25 Notes
" Groundwater not encountered during drilling
30
-
35 -
40
—— Building 50X BORING
'i’ Berkeley, California
SV=—a=—= FUGRO WEST, INC. ; =
:m 1000 Broadway, Suite 20{,3‘ Qakland, California 94807 JOB NUMBER DATE B 2
EESImep N Tel: (510) 268-0461, Fax; (510) 268-0137 658,052 6/02




SCI, 1992
Test Boring B-1

REFERENCE:
Subsurface Consultants, Inc., Geotechnical Investigation, Acid Neutralization Tank

Enclosure, Building 70a, Lawrence Berkeley Laboratory, Berkeley, California (SCI
658.007) letter report dated March 30, 1992



LABORATORY TESTS

MOISTURE
CONTENT (%)
DRY
DENSITY
(PCF)

ovM

(PPM)
DEPTH
(FEET)

SAMPLE

LOG OF TEST BORING 1

3" Minuteman
3/12/92

ELEVATION - -

EQUIPMENT

DATE DRILLED

o
I

UC = Unconfined Compressive
Shear Strength (psf)

SAMPLER TYPES:

CALIFORNIA DRIVE
I.D.: 2.5inches
0.D.:2.0inches

*STANDARD PENETRATION TEST
0O.D.:2.0inches

1.D.: 1.4inches
HAMMER WEIGHT: 70 pounds
HAMMER DROP; 30 inches

MOISTURE
CONTENT (%)
DRY
DENSITY
(PCF)

LABORATORY TESTS

10—

ovM

(PPM)
DEPTH
(FEET)

o
I

10—

SAMPLE

ORANGE BROWN CLAYEY SILT (CL-ML)

17 stiff, moist, some gravel

DRAIN ROCK

hole abandoned because of caving

LOG OF TEST BORING 1A

EQUIPMENT 3" Minuteman

DATEDRILLED  3/12/92

BLOWS

PER
FOOT

ELEVATION

15

DARK BROWN SILTY CLAY (CL)
medium stiff, moist

LIGHT BROWN SANDY CLAY (CL)
stiff, moist

GRAY BROWN SANDSTONE
fractured, fine grained, weathered,
soft, friable

50/8™ auger refusal at 11 feet

Subsurface Consultants

LBL ACID TANK ENCLOSURE - BERKELEY, CA

PLATE,

JO8 NUMBER

658.007

APPROVED

&b

DATE
3/30/92




GENERAL SOIL CATEGORIES | qympoLs TYPICAL SOIL TYPES
! o A%
GW |...W| Well Graded Gravel, Gravel-Sand Mixtures
Clean Gravel with 8
little or no fines .
>
o GRAVEL GP [-:-#| Poorly Graded Gravel, Gravel-Sand Mixtures
.cg @  More than half -]
= 0 coarse fraction ]
O § is larger than GM Silty Gravel, Poorly Graded Gravel-Sand-Silt Mixiures
170 I No. 4 sieve size | Gravel with more
o= than 12% fines
w5 N
> 8 Ge \’\ ﬁlayey Gravel, Poorly Graded Gravel-Sand-Clay
= = ixtures
é g -
(O] T: SW |e *.| Well Graded Sand, Gravelly Sand
% % Clean sand with little e
= or no fines .
E & SAND i SP |* °| Poorly Graded Sand, Gravelly Sand
o = More than half .
o coarse fraction
O & issmallerth o ks
= E:Tasi:&e s??e SM Silty Sand, Poorly Graded Sand-Silt Mixtures
Sand with more i
than 12% fines ) _
| SC k Clayey Sand, Poorly Graded Sand-Clay Mixtures
- ML I Inorganic Silt and Very Fine Sand, Rock Flour, Silty or
3 l Clayey Fine Sand, or Clayey Silt with Slight Plasticity
@ .
3 S SILT AND CLAY - \ Inorganic Clay of Low to Medium Plasticity,
o) g Liquid Limit Less than 50% \ Gravelly Clay, Sandy Clay, Silty Clay, Lean Clay
v = i
a e oL : H, Organic Clay and Organic Silty Clay of
o E 1 : , Low Plasticity
= =
- m
<L E MH Inorganic Silt, Micaceous or Diatomaceous
0 '
E:'J @ Fine Sandy or Silty Soils, Elastic Silt
- Y
w g SILT AND CLAY )
CH i i ici
% E Liquid Limit Greater than 50% \\ Inorganic Clay of High Plasticity, Fat Clay
E \\\
Q ~
= OH \\\\ Crganic Clay of Medium to High Plasticity, Organic Silt
BN
A A
bAoA
HIGHLY ORGANIC SOILS PT P22  Peat and Other Highly Organic Soils

UNIFIED SOIL CLASSIFICATION SYSTEM

Subsurtace Consultants

LBL ACID TANK ENCLOSURE — BERKELEY, CA

PLATE

JO8 NUMBER

658.007

DATE APPROVED %
3/30/92 sL




10

Thick-bedded
Thin-bedded
Very thin-bedded

FRACTURING

Moderately fractured
Closely fraciured

Crushed

HARDNESS

Soft ...... ... .. ...
Low hardness.......
Moderately hard ..

Veryhard...........
STRENGTH

Weak...............

Moderately strong. ..
Strong

Very strong .........

WEATHERING

Laminated...........
Thinly laminated .. ...

Very little fractured ..
QOccasionally fractured

Intensely fractured ...

BEDDING OF SEDIMENTARY ROCKS
Very thick-bedded ...

Greater than 4.0
2.0to 4.0

0.2to 2.0
0.051t0 0.2

0.01 to 0.05

less than 0.01

Bed thickness in feet

Greater than 4.0
1.0t0 4.0

0.5to 1.0

0.1to 0.5

0.05 to 0.1

less than 0.05

Size of pieces in feet

reserved for plastic material alone.
can be gouged deeply or carved easily with a knife blade.

. can be readily scratched by a knife blade; scratch leaves a heavy trace of

dust and is readily visible after the powder has been blown away.

can be scratched with difficulty; scratch produces little powder and is often
faintly visible.

cannot be scratched with knife blade; leaves a metallic streak.

very low strength.

crumbles easily by rubbing with fingers. )

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

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

specimen will resist heavy ringing hammer blows and will yield with diffi-
culty only dust and small flying fragments.

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

slight change or partial decomposition of minerals, little disintegration;
cementation little to unaffected. Moderate to occasionally intense discolor-
ation. Moderately coated fractures.

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

unaffected by weathering agents. No disintegration or discoloration. Frac-
tures usually less numerous than joints.

ROCK CLASSIFICATION CRITERIA

Subsurface Consultants

LBL ACID TANK ENCLOSURE — BERKELEY, CA
JOB NUMBER

658.007

DATE

3/30/92

APPROVED

L

PLATE

5




GRC, 1990
Test Borings B-1 through B-3

REFERENCE:

Geo/Resource Consultants, Inc., Proposed Air Handling Units (AHU), South of Building
70A, Lawrence Berkeley Laboratory, Berkeley, California (GRC 1574-00-0) bound
report dated May 22, 1990



. g 2 s 2 LOG OF BORING B-1
E ¢ @ £ a ——
"*-; *3, cE g %, e 5 Equipment Solid Flight Auger
e =2 a E . -
Laboratory Anal yses & =8 K a & Elevation__ 730 ft. pate_4/5/90
0 i
BROWN SANDY CLAY (CL)
hard, with sandstone fragments,
Qu/2 = 4979 psf 50 122 [1150 shale fragments, iron staining
5— BROWN SILTSTONE
50/6" soft, friable, severely weathered,
intensely fractured
35/6"
grades to moderately weathered @ 14 ft.
DS/CU 35/6"
= 4342 psf @ 1 ksf
=3413 psf @ 2 ksf
= 43261 psf @ 4 ksf
grades to moderately hard, moderately strong,
" moderately weathered, intensely fractured
40/6
to crushed
GRAY SHALE
soft, weak, slightly weathered,
crushed; contains slickensides
35/4"
E Boring Terminated @ 26 ft.
N No groundwater was encountered during drilling
30
Blowcount is .
penetration resistance 35—
of California Modified al
Sampler driven by a _
140 bs hammer
falling 30 inches. 7]
40
- FIGURE
&=’ GeolResource Consultants, Inc. LOG OF BORING B-1
~ERgpy” = Geologists | Engineers { Environmental Scientists LBL ADDITION A.H.U.
LAWRENCE BERKELEY LABORATORY 3
Job No. 1574-000-0 Appri_ T Date_4/10/90 BERKELEY, CALIFORNIA




. g £ -2 LOG OF BORING B-2
£ T 2 £ a >y
"g ‘E c g < = - Equipment Solid Flight Auger
- o <
5 == o a £ .
Laboratory Analyses m =8 & e & Elevation ~ 730 ft. Date_4/5/90
0
- BROWN SANDY CLAY (CL)
_ moist, very stiff, with sandstone fragments
PL =21 occasional shale fragments, iron staining
LL=31 Qu/2 22 | 125|105
Pl=10 =3400 psf -
5— BROWN SILTSTONE
) 4 moderately hard, moderately strong,
44 moderately weathered, closely fractured
. Refusal @ 7 ft.
| Boring Terminated @ 7 ft.
10 No groundwater was encountered during drilling
15
20—
25—
30
Blowcount is 35 __
penetration resistance
of California Modified i
Sampler driven by a =
140 lbs hammer =
falling 30 inches. .
: 40

A
e o

GeolResource Consultants, Inc.
Geclogists | Engineers { Environmental Scientists

LOG OF BORING B-2 FIGURE

LBL ADDITION A.H.U.
LAWRENCE BERKELEY LABORATORY | 4

Job No.__1574-000-0 Appr:_ST  Date_4/10/90

BERKELEY, CALIFORNIA




Content (%)

Dry density
(pef)

Sample pnts.

Blows/ft.
Moisture

LOG OF BORING B-2A

Equipment Sclid Flight Auger

Elevation = 730 ft. Date 4/5/90

© Depth (ft.)

Laboratory Analyses

/
s8 5“%

BROWN SANDY CLAY (CL)
very stiff, with sandstone fragments,
' occasional shale fragments

grades te very hard @ 5 f%.

40/2"

30

1 GRAY SILTSTONE

soft, weak, mederately weathered,

2 intensely fractured
] hit boulder @ 9 ft - 9.5 ft.

grades very soft, friable, severely weathered

25/2"

40/2" 29

GRAY SHALE
soft, weak, moderately weathered
crushed

Blowcount is 35—
penetration resistance
of California Modified
Sampler driven by a
140 1bs hammer 7
falling 30 inches. =

Boring Terminated @ 26 ft,
Ne groundwater was encountered during drilling

z GeolResource Consultants, Inc.
P Geologists { Engineers { Environmental Scientists

LOG OF BORING B-2A FIGUR

LBL ADDITION A.H.U.
LAWRENCE BERKELEY LABORATORY 5

Job No. 1574-000-0 Appr: 3 Date_4/10/90

BERKELEY, CALIFORNIA




. B 2 A LOG OF BORING B-3
4 e~ G r & T e
E % 5 § E ; L% Equipment__Solid Flight Auger
b~ L o £ . -
Laborstory Analyses @ >3 & 8 §  Elevation__730Tt.  pate_4/5/90
0
- BROWN SANDY CLAY (CL)
PL=24 - moist, stiff, contains siltstone fragments
LL =40
Pl=16 16 %
o % grades te very stiff @ 5 ft.
Qu/2 = 4392 psf 30 | 123 | 106 I /
_ / grades to hard @ 8.5 ft.
10— E==7 BROWN SILTSTONE
45/¢6" ==+ soft, weak to moderately strong,
- F==] moderately weathered,
4 F==d intensely fractured
5 15—gE==
55/6 | ==7 becomes gray, moderately hard, moderately strong,
———] slightly weathered
20— E—::—:E grades to gray shalestone @ 19 ft.
60/6" — :
: N Boring Terminated @ 21 ft.
2 No groundwater was encountered during drilling
25"
30—
Blowcount was 35—
obtained by 140 1bs. -
hammer, falling .
30 inches, and _
S & H Sampler.
40
- FIGURE
ey GeolResource Consultants, Inc. LOG OF BORING B-3
~E@pe~’  Ceologists | Engineers { Environments! Scientists LBL ADDITION A.H.U.
LAWRENCE BERKELEY LABORATORY 6
Job No. 1574-000-0 Appr:_3 T Date_4/10/50 BERKELEY, CALIFORNIA




UNIFIED SOIL CLASSIFICATION SYSTEM

MAJOR DIVISIONS SOIL DESCRIPTION
oo &b
clean gravels | G l-1"- 224 Well Graded Gravels, Gravel - Sand Mixtures
g GRAYELS with little or LA
2 over half of no fines GP :i__ :_;-' Poorly Graded Gravels, Gravel - Sand Mixtures
o coarse fraction 73130
S 8 larger than gravels with | GM [#[7 7] Silty Gravels, Poorly Graded Gravel - Sand - Silt Mixtures
2 'c No. 4 sieve over 128 -4 Ld LY
Wi o fines GC . .
=z £ %32t Clayey Gravels, Poorly Graded Gravel-Sand Clay Mixtures
< & ALY
o & S
o £ clean sands | SW [355 wen Graded Sands, Gravelly Sands
§ 8 SANDS with Tittle or :
= g over half of ho Fines SP szl Poorly Graded Sands, Gravelly Sands
O n coarse fraction T
§ finer than sands with SM Silty Sands, Poorly Graded Sand - Silt Mixtures
o No. 4 sieve over 129 5
fines SC 4774 Clayey Sands, Poorly Graded Sand - Clay Mixtures
@ ML Silts, Very Fine Sands, Silty or Clayey Fine Sands
£ SILTS AND CLAYS o e
w
98 liquid limit Jess than S0 CL Low Plasticity Clays, Sandy or Silty Clays
O :‘ f g il 0 F g
g5 OL M Low Plasticity Organic Silts and Clays
% g of 1od 1
E E SILTS AND CLAYS MH Micaceous or Diatomaceous Silts, Volcanic Ash, Elastic Silts
G
w0 s o . -
sé-: # Yiquid limit greater than SO CH A High Plasticity Clays - Fat Clays
b, O I/I (7
© OH 7~ :/ High Plasticity Organic Silts and Clays
g SN
® HIGHLY ORGANIC SOILS Pt frnnd Peat and Other Fibrous Organic Soils
KEY TO SAMPLES KEY TO TEST DATA
Shear Strength, psf
. “"Undisturbed” 2 5~ sample l & Confining Pressure or Normal Load, psf
. TxUU 7350 (2600) Unconsolidated Undrained Triaxial
Z Disturbed Sample TxCU 5S40 (2600) Conslidated Undrained Triaxial
— Indicates depth of sampling TxCD 800 (2600) Consolidated Drained Triaxial
— with no recovery oS S00 (2000) Direct Shear
I indicates depth and uc 400 Unconfined Compression
location of coring run F¥S 470 Field Vane Shear
Indicates depth of Standard Fp_S00 FI Fenwiramater
Penetration Test and 2"sample Pl = Plasticity Index
C = Consolidation Test

AT’ Gea/Resource Consultants, Inc.
A

W Consulting Engineers, Geologists, Geophysicists

FIGURE

7

SOIL CLASSIFICATION CHART

e e I W E L LT e T AW

AND

Job No 1574-00-0 _ appr:_JT _ Dete_ 4/18/90

KEY TO TEST DATA

FORM 3-03 (88



HLA, 1983
Test Borings 1.165 through 4.165

REFERENCE:

Harding Lawson Associates, Geotechnical Investigation, Building 50F, Office Addition,
Lawrence Berkeley Laboratory, Berkeley, California, (HLA 2000,165.01) bound report
dated March 1, 1983



:-Q‘ % §_~°-’ g @ " H
B .2 & = = 3 Equipment_6" Flight Auger
2 25 2 2 % &%
$ 82 2 o8 B &3 Elevation_702 Feet _ Datel1/1/82
Laboratory Testsm =3 &8 8& &E 0
2" ASPHALT, 6" BASE
11.6 123 —4 GRAY SHALE
E intensely fractured, soft, weak
moderately weathered, sheared
with abundant clay fracture
fillings
TXUU = 1800 psf 5.4 130
@ 720 psf
change tc moderately hard,
moderately strong
auger refusal at 24
254
(water level not stabilized
prior to backfilling)
304
351
40
E==—=— Harding Lawson Associates Log Qf Boring 1.165 PLATE
fT1=.3 Engmneers Geologists Building BOF _
EEi =1 & Geophysicists Lawrence Berkeley Laboratory
=== Berkeley, California
DRAWR JOB M MBER LFPROVED UATE - REVSED DIATE

J. Wejtzel 2000,165.01 L& 1/83




- £ § g g . 5 s
9 o o > B Equipment 6" Flight Auger
S S8 = & _3BE
$ B2 _% o8 335 OB Elevation_701 Feet  pate_11/1/82
@ ©5 0o o @ Q=
T @& = an Ooadc O=E
Laboratory Tests @ O 0 T ASPHALT
8" SANDY CLAY SUBBASE
DARK BROWN CLAY (CL)
very stiff, moist,
TXUU = 3120 psf 11.4 114 (weathered rock])
@ 720 psf ={ 9
—{ BROWN SHALE
% intensely fractured, low
hardness, weak, highly
weathered
104 =
= color change to gray
change to moderately hard,
moderately strong, little
15- weathered
20+
change to low hardness, weak
between 23' and 26'
6.9 131 auger refusal at 29.5%
(no free water encountered)
. 35
40-
E=== Harding Lawson Asscciates Log of Boring 2.165 ‘ PLATE
f=r=_% Engineers. Geologists Building BOF
&==—=== & Geophysicists Lawrence Berketey Laboratory
Berkeley, California

DRAWN JOB NUWBER APPROVED DATE REVISED ZATE

= _ATE

J. Weitzel 2000,165.,01 LEL 1/83




. = = = ]
3 m?’f 2 = -2 Equipment___6" Flight Auger
$ 5E 2z ¢ _T 8E
S 82 ,2 o8 8: 43 Elevation_701.5 FeetDate 11/1/82

o — =
Laboratory Tests @ =3 &8 8& J8E T RSETATT
_ = 8" BROWN SANDY CLAY FILL
Rl pst 8517 =] MOTTLED GRAY-BROWN SHALE
P 1 intensely fractured, soft, weak,
little weathered with clay-filled
fractures
\v4
: water level 11/1/82
change to gray, low hardness,
little weathered
change to moderately fractured,
moderately hard, moderately
strong, dry
TXUU = 4150 psf 10.5 130
@ 720 psf
auger refusal at 25.3
20
35+
40

E=== Harding Lawson Associates Log of Borir;g 3.165 PLATE

FET= 3% Engineers. Geologists Building 50

P &rg;onhysrmsts | Lawrence Berkeley Laboratory 4

=== Berkeley, California

DRAWN JOB MUBER APPRCVED DATE REVISED DATE

J. Weitzel 2000,165.01 LEL 1/83




:E E B*-E« g Q 1w t
g &= L=t > = @ Equipment_6" Flight Auger
2 28 £ .3 %85
: G2 _2 08 ©g A& Elevation__709 Feet Datel1/1/82
o N At
Laboratory Tests @ =3 &8 S8& 8E (o
jy‘-i“‘ 4" ASPHALT
BROWN CLAY (CL)
very stiff, dry, with
13.6 116 abundant weathered rock
I fragments
T XUU = 8250 psf
@ 720 psf 11.7 116
“={ BROWN SHALE
10.4 122 = intensely fractured, low
hardness, weak, highly
weathered
change to moderately hard,
moderately strong, little
weathered
10.3 126
color change to gray
auger refusal at 28'
304
{no free water encountered)
35
40
Harding Lawson Associates Log of Boring 4.165 PLATE
fTi=.% Engineers Geologists Building BOF
E2: <=2 & Geophysicists Lawrence Berkeley Laboratory 5
= Berkeley, California

DRAWMN JOB NUMBER APPROVED CATE REV:

J. Weitzel 2000,165.01 i = 1/83

m
<

[T
m
Lo}

:"ATE




MAJOR DIVISIONS TYPICAL NAMES
WELL GRADED GRAVELS, GRAVEL-SAND
‘ MIXTURES
: by
UTTL INES
& GRAVELS POORLY GRADED GRAVELS, GRAVEL-SAND
“g , MIXTURES
2 | mnans
COARSE 10N SILTY GRAVELS. POORLY GRADED GRAVEL-
8 < | SLARGER THAN GMm SAND - SILT MIXTURES
o2 | No4SIEVESIZE | GRAVELS WITH OVER
o 12% Fi
we= % FINES Ge CLAYEY GRAVELS, POORLY GRADED GRAVEL -
ZE SAND - CLAY MIXTURES
é g ® o
1G] 2 SwW l:‘ o o WELL GRADED SANDS, GRAVELLY SANDS
B OTFLE OR NG FInES s
SAN
C S o SP % °,°| POORLY GRADED SANDS, GRAVELLY SANDS
= @ o o
Q< | MORE THAN HALF IBG
OF | COARSE FRACTION sM | o] |°| SILTY SANDS. POORLY GRADED SAND - SILT
& | 1S SMALLER THAN k| lo| | MIXTURES
S | NO. 4 SiEVE SizE SANDS WITH QVER o] lo :
3 12% FINES 74
sc .% 4 CLAYEY SANDS. POORLY GRADED SAND - CLAY
5% MIXTURES
INORGANIC SILTS AND VERY FINE SANDS,
ML ROCK FLOUR, SILTY OR CLAYEY FINE SANDS,
OR CLAYEY SILTS WITH SLIGHT PLASTICITY
N
& st D CLAY INORGANIC CLAYS OF LOW TO MEDIUM
= ETrARELOAAYS cL PLASTICITY, GRAVELLY CLAYS, SANDY CLAYS,
Qs g LIQUID LIMIT LESS THAN 50 /] SILTY CLAYS, LEAN CLAYS
w Py
Qed ot I oreanic cLavs D oRaaniC siTY CLavs
Wo s NI oF Low PLasTICITY
Z 3 T
=<I2 INORGANIC SILTS, MICACEOUS QR
Tz MH DIATOMACIOUS FINE SANDY OR SILTY SOILS.
Giz| ELASTIC SILTS
x
% g = SILTS AND CLAYS CH / gﬁ;snmmc CLAYS OF HIGH PLASTICITY. FAT
= LIQUID LIMIT GREATER THAN 50 //
OR P72/ ORGANIC CLAYS OF MEDIUM TO HiGH
/74,75 PLASTICITY. ORGANIC SILTS
7,
HIGHLY ORGANIC SOILS Pt [aTA] PEAT AND OTHER HIGHLY ORGANIC SOILS
. A

UNIFIED SOIL CLASSIFICATION SYSTEM

Consol — Consolidation Shear Strength, psf 1 l— Confining Pressure. psf
LE — Liguid Limit (in *a) °\Tx 320 (2800) — Unconsolidated Undrained Triaxial
PL — Plastic Limit (in %) T™xCU 320 (2600) — Consolidated Undrained Triaxial
Gg — Specific Gravity DS 2750 (20000 — Consolidated Drained Direct Shear
SA — Sleve Analysis FVsS 470 — Fieid Vane Shear
(B3 — “Undisturbed” Sample *“uc 2000 — Unconfined Compression
E — Bulk Sampie LVS 700 — Laboratory Vane Shear
KEY TO TEST DATA
Harding Lawson Associates Soil Classification Chart
Engineers. Geologists and Key to Test Data
& Geophysicists Building 50F

Lawrence Berkeley Laboratory
Berkeley, California
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CONSOLIDATION OF SEDIMENTARY ROCKS; usually determined from unweathered samples. Largely
dependent on cementation.

U = unconsolidated
P = poorly consolidated
M = moderately consolidated

W = well consolidated

BEDDING OF SEDIMENTARY ROCKS

Splitting Property Thickness Stratification
Massive Greater than 4.0 ft. very thick bedded
Blocky 20t04.0ft. thick-bedded
Slabby 0.2t02.0ft thin-bedded
Flaggy 0.05t00.2ft, very thin-bedded
Shaly or platy 0.01t00.05 ft. taminated
Papery less than 0.01 ft. thinly laminated
FRACTURING

Intensity Size of Pieces in Fest

Very little fractured Greater than 4.0

Occasionally fractured 1.0t04.0

Mcderately fractured 05t01.0

Closely fractured 0.1t00.5

Intensely fractured 0.05t00.1

Crushed Less than 0.05

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 visible after the powder has been blown away.

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

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

STRENGTH

1. Plastie or very low strength

2. Friabie — 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. Strong — Specimen will withstand a few heavy ringing hammer blows and will yield 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. '

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

. i

Harding Lawson Assoclates

Physical Properties Criteria
for Rock Descriptions

. Engineers, Geologists Sy
2 3 & Geophysicists Building 50F
Lawrence Berkeley Laboratory

Berkeley, California
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Hardin Associates, 1965
Test Borings 1 through 4

REFERENCE:

Harding Associates, Planned Building 50-B, Lawrence Radiation Laboratory, Berkeley,
California (HA 2000.23) plates, cross sections and boring logs dated January 20, 1965.



Jos L.R.L. BLDG. 50 ADDITION NO 2000.23 BY TR/mo DATE 9-16-64

DEPTH= FEET

10

15

20

25

30

35

Lo

BORING |

SHEAR STRENGTH = LBS PER $Q FT

5000
4ooo
3000
2000
1000

0

2300| g

MOISTURE CONTENT = %
DRY DENSITY = LBS PER CU FT
g ELEVATION _701 _ ¢

2" ASPHALT CONCRETE
BROWN SILTY SAND (SM - SW)

)4 b G T4
YD e s

LY

e

1

firm, moist, with rock fragments
Ml 83 124 GRAY BROWN SILTSTONE

| 5 fractured and highly decomposed
firm, mofist

grading, gray, partizclly decomposed,
moderately hard

grading, very hard

2800
500

with seme clay seams

443{; [ T 4

1] 2.7 131

AV water level, §-31-64

DARK GRAY SHALE
sheared, with clay seams, moist o wet

L
<

u

140

HARDING ASSOCIATES

SOIL MECHANICS ENGINEERS

LOG QF BORING

EQUIPMENT 18" Bucket Aucer DRIIIEN Q.90 44




Jog L.R.L. BLDG. 50 ADDITION

NO 2000.23 BY TR/mo DATE 9-16-64
BORING 2
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = %
o o =) = o DRY DENSITY = LBS PER CU FT
= (=] =1 =] o
A& R K = o g ELEVATION _710
/
7 BROWN SILTY CLAY (CL)
/ firm, damp, with some highly
//M decomposed siltstone fragments
i 2000 /
? 39%900:{“{' g/(x)g( );,;X\;(r?;(c @//( 4.1 116 grading, gray brown, with increasing
é siltstone fragments
10 ,a/
: % 14.6 118
7
15 - /
= 8000 =xx XXX XXX 10.3 123
i water seepage at 17,5
1
- 7 GRAY SHALE
o 20 7 . A 10.9 124 sheared and decomposed, with
i Eﬁ abundant clay seams, firm, moist
/
o %
26/’— with some hard zones, damp
25 - J
% 7.2 133
30 —
35 <
Lo
HARDING ASSOCIATES LOG OF BORING
501 MECHANICS ENGINEERS
EQUIPMENT 16" Bucket Auger DRILLED 8-31-64




Jos L.R.L. BLDG. 50 ADDITION

NO 2000. 23

BY TR/mo  DATE 9-16-64

BORING

3

SHEAR STRENGTH = LBS PER SQ FT

MOISTURE CONTENT = %

=) o S = = DRY DENSITY = LBS PER CU FT
A2 R 8 & o g ELEVATION ..726
q BROWN SANDSTONE & SILTSTONE
thin-bedded, fractured and partially
i - decomposed, firm, dry fo damp
- 2200 .
; 1_% = X 54 b4 I
7 To 6390 -
b A AN 4 A
| 3%’@% 167000 8.7 131
; 4% X SCXT X /(\U’
|
| 10 - L{L{Z with layers of brown decomposed shale
(| 10.6 120
i
! i Z 7 GRAY SHALE
. i 2;%0{;)( b o b é:/f‘ fractured, with clay seams, firm, damp
_ % 13208 : =
i Ty XY ¥y R T ¢ 'ﬂ% .5 133
I i 600D To 6000 ¢
y S y
E 5 o 1400 o=t L1771~ grading, gray blue, highly sheared
! =0 (10.0% ){220 == A 7.6 141 with abun dant clay seams
. 210 E\ . less sheared, decreasing clay
38}
N % saturated
-
f
12T ding, hard, with calcite veinl
6.5 135 grading, hard, with calcite veinlets
i = 8 water seepage af 26 °
f 7,
sheared, with clay seams at 28
| 30 -
I 6.2 139
: 35
L0
HARDING ASSOCIATES LOG 0 F BORING G
; S0OIL MECHANICS ENGINEERS
f l EQUIPMENT 16" Bucket Auger DRILLED 8-31-64




JoB L.R.L. BLDG. 50 ADDITION

NO2000.23 BY TR/mo  DATE 9-16-64
BORING 4
SHEAR STRENGTH = LBS PER SQ FT MOISTURE CONTENT = %
o e =] o = DRY DENSITY = LBS PER CU FT
R_§ R & = ) 5 ELEVATION _739
6 R MOTTLED BROWN SILTY CLAY (CL)
firm, damp
grading , moist
grading, with sand and cilistone roek
10 4 fragments
300 | o 15.8 116 BROWN SHALE & SILTSTONE
N 0,, (1910%) (45 highly decompesed and fractured, with
15 200 s some brown clay seams, moist
2904 X RIR K S X GRAY SHALE--fractured, with brown clay
174 gg% ~ legfszxxﬁ? P 8.7 130 seams, molst
i3 water seepage ot 18'
27
2 grading, hard af 20°
2] 6.9 131
22 - .
- e grading , very hard
ﬁ grading, softer, with clay seams
; 72
2 0.8
= 4000((110,84%’)) = 9.1 133
271
w AL
o
Vit grading, hard
8.6 133 _ water seepage af 31
32 4 =2
e
27} 6.0 135
37 - —
grading, blue gray, highly sheared,
with elay seams, wet
2860 " % %
4B00) XX I1X~X % 5.9 137
42 1
grading, very hard, with caleite veinlets
6.0 135
47
HARDING ASSOCIATES LOG OF BORING
SOIL MECHANICS ENGINEERS
EQUIPMENT 16" Bucket Auger DRILLED 9-2-64




D&M 1960
Test Borings 2 through 4

REFERENCE:

Dames & Moore, Earth Pressure Recommendations, Proposed Retaining Wall, Proposed
Addition to Building 50, Lawrence Radiation Laboratory, Berkeley, California (no
reference number), Report dated August 19, 1960
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oRRige or

DATE

DATE PRINTED.

DATE JOB DTARTED

DRAWINGD

N EFEET

ELEVAT/ION

N OFELT

ELEVATION

(=2 2.2] 5000
2785

SHEARING STRENGTH [N LBS. /3. FT.
4000 3000 2000 1000

[#]

#7850

#7535

2750

= gs]

SOACARGE | PRESSURE W L85 |52~

’s
250~ /15.3% - /106.7

AFONSTLULE QONVNTENT]—

L]

LDRE DENSITY I L35 /04 FT —>
100 — 8.6% — 118.6

*# 740

*735

II!JIIEIIIIIIILIJ

15000 10000 5000
BEARING VALUE IV LB5./35Q. FT

SHEARING STRENGTH IN LBS /5Q. FT
/000

5000 5000 L0000 3000 2000

*765

760

PIT |

ELEVATION +752.7°

DARK GRAY CLAY LOAM (7opsoil)

MOTTLED BROWN £ GRAY CLAY LodAlt
WHITH FRAGMENTS OF
DECOMPOSED SANDSTONE

DARK BROWN FRAGMENTAL SANDSTONE

= (Fr7menf.s of sandsfone with
-

ers of cloy)
BOTTOM OF PIT (DRY;

PIT 2

ELEVATION +7578°

#7755

+750

[300 — /92X — 102./
=—ivacsus

3
A
O

+7E0

#735

IR NN

! Lol
5000 10000 2000
BEARING VALUE IN I_BS./.SG. L

SN K GRAY GLAY LOAM (Topsoil)
— sBrROWN LAY

2 DARK BROWN DECOMPOSED SHALE €
= SANDSTONE wirw CLAYEY STREAKS

Z\;\OTTOM OF PIT (DRY)

LOG OF PITS

DAMES & MOORE
FOUNDATION ENGINEERS

PLATE 2A




No
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DATA

LOCATION
CLIENT.

Jom

DATE
DATE

DATE PRINTED.

DATE JOB STAATED

DRAWINGD

SHEARING STRENGTH IN LBS./ 56.F7

7‘7655000 S0 4000 000 2000 /OO0 (7}
+ 760
~
ly
Iy
W 75 Eﬁm — (784~ j02.8
> 600~ /19.6% ~ /073 - /B.03%
<
+ 750
> (HARD SANDSTONE FRAGMENTS
S N SHEAR BPLANE)
E e /600 ~ 2.9% = [18./ 2
N F7ES N
X
W
~J
L
# 74O —— .
DN I T I A A
150002 10000 5000
BEARING  VALUE /N LBS/ 5Q. FT7
SHEARING STRENGTH IN LBS5./5Q FT
*7é‘§(w 5000 000 3000 E000 /000 a
| F760 — e o -
Wy
Ly
W 800 - /2.0% - /1.4
+75T
> 800 = [4.8% — //4.5~ /0.2 %
b
+750

ELEVATION
=
3
IS

+ 720

Flflll

+735

S 1 | I
19000 5600
BEARING VALU.E /N LBS./54. FT.

LOG OF

PIT 3

ELEVAT/ON +760.3°
=] DARK GRAY CLAY LOAM (Topsorl]

BROWN LAy

MOTTLED BROWN & GRAY DECOMPOSED
SHALE € SANDSTONE wirw
CLAYEY S7TREAKS

lEOTTDM OF PIT (DRY)

PIT 4

ELEVATION + 762./°

e g:mw smr CLAY LOAN WITH FRAGMENTS
£ DECOMPOSED SANDSTONE (Taosorl)

5ROWA/ CLAY LOANM WITH
ey ROOTS

BROWN § GRAY DECOAMPOSED SHALE ¢
SANDSTONE wite CLAYEV STREAKS

R

ik

kil

ZBDTTOM oF PIT (DRY)

PITS

DAMES a MOORE
FOUNDATION ENGINEERS




D&M 1959
Test Borings 1a through 6

REFERENCE:

Dames & Moore, Foundation Investigation, Proposed Building 70 Addition, Lawrence
Radiation Laboratory, Berkeley, California (no reference number), Report dated April 2,
1959



DATE.

OF.

BY.

DATE.

by_B&

PLATE

ATESLLLS

CHECKED BY.

ELEVATION IN FEET

765

760

755

750

145

BORING |

DRILLED 3~6-59

ELEVATION 762,5°

LIGHT BROWN CLAY LOAM W|TH SOME SMALL
ROCK. FRAGMENTS & WOOD (FILL)

1
|

71 LIGHT BROWN DECOMPOSED SANDSTONE &
- SHALES INTERBEDDED

(GRADING LESS DECOMPOSED)

BlREs
=1

R
i

HRaE

A

BLUE-GRAY_SANDSTONE, FRACTURED, SOME

I

I

ALTERED ZONES, SEEPAGE

LOG OF BORING

DAMES 8 MOORE

S01L. MECHANICS ENGINEERS




DATE.
DATE.

PLATE——____OF.

BY.
BY.

v

DATE.
ATI

CHECKED BY.

BY_£&

BORING [-A

DRILLED 3-11-59

SHEARING STRENGTH IN LBS./S50. FT.

Is§7DOD 6000 5000 4000 3000 2000 1000 0
ELEVATION 762,5"

| LIGHT BROWN D%({:OM?OSED SANDS TONE
7| WITH SHALE STRINGERS

760

155

3900 = 6.4% = 109 = 8.%%
R L
750 T (GRAD ING LESS DECOMPOSED)

(SEEPAGE ZONE)
GRAY SANDSTONE, HARD & FRACTURED

DARK GRAY SHALE WLTH INCLUSIONS OF
éﬁﬂ.‘\' SﬁNOgTGNE‘ F ACTUR%D & IgHEEAREEI

NRY DARK GRAY SHALE, HIGHLY SHEARED

ELEVATION IN FEET

Tl (SEEPAGE ZONE)
Z,-] GRAY SANDSTONE, HARD & FRACTURED
735 2000 = 7,0% = 133 RREXRRRIRRX 8N DARK GRAY SHALE, HIGHLY SHEARED WITH
i NNY INCLUSIONS. OF $ANDS TONE

(OCCASIONAL LAYERS OF SOFT GRAY

730 _ 1300 = 8.4% = 130 SANDS TONE)
(OCCASIONAL INCLUSIONS OF HARD WATER-
BEARING SHALE)

725 6. 1% = 140

720

715

710 300 = 9.4% - 132 -_H.Z%mmﬁ

705

N

(A

700 -

695

LOG OF BORING

DAMES 8 MOORE

S01L MECHANICS ENGINEERS

Bl ATE AR




DATE.

DATE.

BY.
BY.

ve oy

Al
A

. = .
CKED BY___._Damj

BY.

OF.

PLATE.

CHE!

ELEVATION IN FEET

SHEARING STRENGTH IN LBS./SQ. FT.

7000 6000 5000 4000 3000 2000 [[e]e]e] o
165 .
760
13.9% = 125
755
1800 - 15.8% - 118 = 16,40 NE W RRRRRE]
750
6.5% = 121
745
740
4500 = 8,3% = |
135
1300 = 10.4% = 127 = 1],4 EEwRHE]
730
6.8% = 150
725
120
4800 = * = |38 =~ 6,87 K
TI5
710
5.3% - 144 .
705
‘100
695
690

LOG OF BORING

BORING 2

DRILLED 3-6=59 & 3=9=59

ELEVATION 762.5'

7

N
N

R

7

7

21,

D

%)

§ BROWN SANDS gOEE

LIGHT BROWN SANDSTONE, FRACTURED &
WEATHERED g

(GRADING LESS WEATHERED)

BROWN-BLACK SHALE, HIGHLY FRACTURED
& SOME WEATHERED

FRAGTURED WITH
LAYERS OF SHALE

VBLUE-GRAY SANDSTONE, HARD, FRACTURED

(BRADING BROWN-GRAY, SEEPAGE ZONE)

GRAY SANDSTONE, POORLY CEMENTED WITH
SOME SHALE STRINGERS

DARK .GRAY SHALE, WEATHERED, VERY
ALTERED IN SPO'I'S, WATER IN FRAGTURES

GRAY SANDSTONE, HARD (SEEPAGE ZOME)

DARK GRAY SHALE, WEATHERED, SOFT W TH
HARD GRAY SANDSTONE LAYERS

GRAY SANDSTONE LENS, HARD
GRAY SHALE, VERY FRAGTURED, HARD

DARK GRAY SHALE, FRACTURED &
WEATHERED

N DARK GRAY SHALE, FRACTURED, HARD
Y DARK GRAY SHALE, HIGHLY SHEARED

{ (GRADING HARDER & LESS ALTERED)

DAMES 8 MOORE

201L MECHANICS ENGINEERS




DATE

PLATE. ________ OF.

By !
BY.

ELEVATION IN FEET

nuﬂféﬁ

AT

CHECKED BY.

BY.

7000

765

160

755

750

745

740

135

730

125

720

710

705

700

695

690.

SHEARING STRENGTH IN LBS./SQ. FT.
5000 4000 3000 2000

n
SRR

N
i

3000 - 14.4% - 128

4800

3900 = 7.6% - 136

2600 = 9,8% = 129

7100 = 3,0% = 138

EER T I I,

BORING 3

DRILLED 3-10-59

JELEVATION 782"

BLACK CLAYEY LOAM (TOP S0IL)
LIGHT BROWN DECOMPOSED SANDSTONE
W1 TH ROCK FRAGMENTS

5

-

(GRAD NG LESS DECOMPOSED)

of

i

-
TREFEHERE

N LIGHT BROWN SHALE, SHEARED. & FRACTURED

]

DARK GRAY SHALE, SHEARED & ALTERED
WITH UNCLUSIONS OF UNALTERED SANDSTONE

iy,
114
%

7
Z,

‘\«

%,

Ry DARK GRAY SHALE, SHEARED, HARD
SEEPAGE ZONE

RN 0ARK GRAY SHALE, SHEARED & ALTERED

] SANDS TONE LAYER

R\ SANDS TONE LAYERS
(GRADING LESS ALTERED)

(GRADING LESS SHEARED & ALTERED)

LOG OF BORING

DAMES 8 MOORE

S0IL MECHANICS :HGiNlER!




BORING 4

DRILLED 3=12=59

SHEAR ING STRENGTH IN LBS. PER SQ@, FT.

7000 . 6000 5000 4000 3000 2000 1000 0
730
| ELEVATION 725,5°
125 S5 BROVN. GLAY~LOAM
o3y BROWN CLAY-LOAM WITH ROOTS, LEAVES
(RESIDUAL 50IL)
ELE Ny GRAYISH-BROWN SHALE, FRACTURED, ALTERED
35 120 ‘ . X & SHEARED
900 = * = [I3 = |1.8% ECERYm
{SRAD ING LESS ALTERED)
£
ix 3 _— 1 NN (GRADING LESS SHEARED)
2000 = # = |3| - 8,4% WX
705
DARK GRAY SHALE, SHEARED
= 700 (GRADING ERACTURED, LESS SHEARED)
o
=
& 695
=
<
>
w
|
w
690
N HARD DARK GRAY SHALE, SHEARED &
SN BRACTURED :
685 . :
680
675
’m
oh
@ 670 ;
B)e'¥ '
RS
i :
= § €65
im
S
e
= =
bd
sl & 660
g4
e i

LOG OF BORING

DAMES & MOORE

SOIL MECHANICS ENGINEERS




BY—— DATE___
AT

BY.
PLATE-

vkl oare3=19=59

OF.

cHECKkeD BY WA2EL  pare? /il

ELEVATION IN FEET

740

135

730

728

T20

715

710

705

700

695

690

685

680

675

670

7000

BORING 5

DRILLED 3=12-59

SHEARING STRENGTH IN LBS, PER SQ. FT.

6000 5000 4000 3000 2000 1000 0

ELEVATION 738"
\ GRAYISH=-BROWN DECOMPOSED SHALE
N

(GRAD ING LESS DECOMPOSED)
(GRADING TO FRACTURED SHALE)

600 = % = 125 = ||,6% EEHE (SHEARED ZONE)

1200 = 9.4% - |28 - 11.8% | ir=wrmH

1700 = 11,2% = 125 = 13.7%

N>
‘\E DARK GRAY SHALE HIGHLY SHEARED

4800 - 5,4% ~ 133 - 7,64 ®

LOG OF BORING

DAMES & MOORE

SOIL MECHANICS ENGINEERS




DATE—__

A

BY _ pATE
PLATE_______ OF

BY.

IN FEET

ELEYATI ON

ey
=59

CHECKED nvm_mru’g,Zg.é G

- Berk

AT

unjv, of Ca

BY.

BORING 6

DRILLED. 3=13=59

SHEAR ING STRENGTH IN LBS. PER 5Q. FT.

T000 6000 5000 4000 3000 2000 'IDOO o .

745 . ELEVATION T744°
77| LIGHT BROWN DECOMPOSED SANDSTONE
“T-| (GRADING TO BROWN SANDSTONE & GRAY]SH=-
1_-]_{ BROWN SHALE, FRACTURED)

740 1o (GRADING TO FRACTURED GRAY|SH=BROWN
1| SHALE)
Ll
alv
o

135 ,'L_-"
L
Ll

J DARK GRAY SHALE, HIGHLY SHEARED
730
2000 - B, y HARD GRAY SHALE, FRACTURED
2380 = 8,5% = 128 = DARK GRAY SHALE, FRACTURED & SHEARED
725
720 (OCCASSIONAL INCLUSIONS OF HARD
UNALTERED DARK GRAY SHALE)

715

710 (HARD & UNALTERED LAYER)

705

700

695

690

685

680

675 .

LOG OF BORING

DAMES 8 MOORE

SCIL MECHANICS ENGINEERS




REVISIONS

FiLe. 234 - AL

466.10 (REV.)

DATE.

-DATE

BY.
BY.

1.
DATE. /-2-39

DATE.

E

BY.

OF.

PLATE

CHECKED BY.

soiL PARTIGLE_SIZE

TN R
cLay. G

SILT 005 0002

SAND
FINE £05 oz
MEDIUM 25 21
COARSE 5 02 20

ROCK THESE FRACTIONS ARE — NOT
CONSI DETERM)
FRAGTION | 290 IDERED  IN INING
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D&M 1948
Test Pits 1 through 4

REFERENCE:

Dames & Moore, Site Plan and Test Pit Logs Building 50, dated July 28, 1948
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