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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

 
Dames & Moore (D&M), 1948, “Foundation Investigation, Proposed Bevatron Building Radiation Laboratory, 
University of California, Berkeley, California,” consulting report dated November 17, 1948.  

 
(LBNL #097) 

 
Logs of Borings 1 through 5 
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Dames & Moore (D&M), 1956, “Foundation Investigation, Proposed Development, Bevatron Area, Radiation 
Laboratory, Berkeley, California,” consulting report dated May 25, 1956.  

 
(LBNL #199) 

 
Logs of Borings 4 through 15 

  





























 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Dames & Moore (D&M), 1960, “Consultation Re: Caisson Load Test, Bevatron Building, Lawrence Radiation 
Laboratory, Berkeley, California,” consulting report dated February 29, 1960. 
 

(LBNL #098) 
 

Log of Test Caisson 
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harding Associates, Inc. (HA), 1965, “Foundation Investigation, Proposed 30-Ton Overhead Crane, 
Lawrence Radiation Laboratory, Berkeley, California,” consulting report dated October 21, 1965. HA Project 
No. 2000.32.  
 

(LBNL # 100) 
 

Logs of Borings 2 through 7 
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275

PL iD
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leyCa Job No 200032

Area

Remarks

Hole No Sample No
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harding Lawson Associates (HLA), 1973, “Geologic Investigation, Building 46 Landslide, Lawrence 
Berkeley Laboratory, Berkeley, California,” consulting report dated April 19, 1973. HLA Project No. 
2000,063.01.  
 

(LBNL # 083) 
 

Logs of Borings 1 through 35  
Logs of Slope Indicator Borings SI-1 through SI-4 

 

  



SUMMARY TEST BORING LOGS

Building 46 Landslide Investigation

Boring Elevation Date Equipment Depth Interval Description Geologic Unit

No Ft Ft

807 2973 18 Flight Auger 135 REDBROWN GRAVELLY CLAY CL medium stiff wet Qis Tm
with abundant rock fragments

135 145 GRAYBROWN SANDY CLAY CL soft wet

slip plane

145 350 ALTERNATING BLUEGREEN SILTSTONE SANDSTONE To

CLAYSTONE

free groundwater at 15 feet

807 21073 18 Flight Auger 15 to 35 BLUEGRAY CLAYSTONE To

k1 807 21073 18 Flight Auger 15 to 35 BLUEGRAY CLAYSTONE To

807 21273 18 Flight Auger 03 ASPHALTIC CONCRETE PAVING

and

22073 03 125 REDBROWN CLAYEY GRAVEL GC medium dense moist QIs Tm
and rock fragments to composed of angular volcanics

22173
125 318 REDBROWN BLUEGRAY YELLOWGREEN VOLCANICS

Basalt with same gravelly clay moist to wet hard

318 390 GREENBROWN REDBROWN CLAYEY SANDY GRAVEL

GP moist dense to medium dense weak rack fragments

to

390 422 REDBROWN SANDY GRAVELLY CLAY CL moist to wet
stiff with rack fragments of basalt

422 708 BLUEGRAY GREEN REDBROWN SILTSTONE moist to To

wet weak slickensided in upper feet

708 820 REDBROWN SILTSTONE dry to moist low hardness

medium strong with rock fragments to

slickensided lts 800 to 810 feet

Not lagged during drilling description based on drillers comments

Explanation of geologic symbols on Geologic Map Plate

23



OF TEST BORING

Building 46 Landslide Investigation

Boring Elevation Date Equipment Depth Interval Description Geologic Unit

No Ft Ft

806 21373 FlightAuger 025 ASPHALT PAVING

025 85 REDBROWN SANDY CLAY CL dense moist with rock QIs Tm
fragments to composed of angular volcanics

85 103 GRAY VOLCANICS Basalt hard strong

Refusal

804 21373 18 FlightAuger 025 ASPHALT PAVING

025 350 REDBROWN TO GRAYBROWN SANDY CLAY QIs Tm
stiff moist to wet with rock fragments of medium

hard basalt

816 18 Flight Auger 025 ASPHALT PAVING

and

21473 025 40 REDBROWN SANDY GRAVELLY CLAY CL stiff moist

40 130 BLUEGRAY CLAY CH soft wet with angular rock Fault Gauge
fragments

130 300 BLUEGRAY BLUEGREEN SANDY GRAVELLY CLAY CL To

dry to moist with rock fragments

saturated at 22 feet

811 21473 18 Flight Auger 025 ASPHALT PAVING

025 85 REDBROWN SANDY CLAY CL stiff moist wet at feet Is Qf

85 145 REDBROWN CLAYEY SANDY GRAVEL GP wet Tm

145 350 REDBROWN TO YELLOWGREEN SANDY CLAY CL To

stiff wet to moist weathered claystone siltstone

862 21473 18 Flight Auger 02 ASPHALT PAVING

20 Bucket Auger

02 190 REDBROWN SANDY CLAY soft wet with rock fragments Is

becoming drier at feet

190 208 GREEN REDBROWN SANDY CLAY stiff moist to wet

208 418 GRAY RED BROWN SANDY CLAY stiff moist to wet Tm
with rock fragments



SUMMARY OF TEST BORING LOGS

Building 46 Landslide Investigation

18 Flight Auger

02

Description

GREEN TO BLUEGRAY SILTSTONE hard moist

Hole offset at 20 feet 22873

REDBROWN SANDY CLAY CL soft wet with rock

fragments

GRAYGREEN SANDY CLAY CL stiff moist

BLUEGRAY SILTSTONE stiff moist to dry

Hole offset at 10 feet 22873

ASPHALT PAVING

REDBROWN SANDY CLAY CL soft wet with rock

fragments to

GRAYBLUE SILTSTONE soft moist with rock fragments

sandy clay

YELLOW GREEN IL moderately hard moist

with slikensides

fractured basalt lens from 180 to 190 feet

BLUEGRAY SILTSTONE very hard

free groundwater at 190 feet

ASPHALT PAVING

RED BROWN GRAY SANDY CLAY soft wet with

rock fragments to

GREEN SILTSTONE hard moist with rock fragments

BROWNGREEN CONGLOMERATE hard

ASPHALT PAVING

GREEN SILTSTONE hard dry to moist with basalt rock

fragments

Boring

No
Elevation

Ft
Date Equipment Depth Interval

Ft

cant
418 535

10 857 21573 18 Flight Auger 210

220 255

255 520

855 21573 02

100

100 140

140 205

205 220

12 850 21573 18 Flight Auger 02

02 62

62 172

172 195

13 847 21573
and

21673

18 Flight Auger

02

02

182

Geologic Unit

To

Is

To

Tm

To

Tm

To

To

25



SUMMARY OF TEST BORING LOGS

Building 46 Landslide Investigation

Boring Elevation

No Ft
Date Equipment Depth Interval

Ft
Description Geologic Unit

14 843 21673 18 Flight Auger

20 138

188 268

268 280

15 880 21673 18 Flight Auger 48

48

58 88

88

16 867 21673 18 Flight Auger

05

245 362

362

455

17 874 21673 18 Flight Auger

13

cont

182 260 BLUEGRAY PURPLE CLAYSTONE medium hard moist

to wet

free groundwater at 120 feet

To

300

245

ASPHALT DRAINROCK CMP

GREEN SILTSTONE moderately hard moist with rock

fragments of basalt

BLUEGRAY SILTSTONE moderately hard moist

To

GREENGRAY SILTSTONE hard moist

REDBROWN SANDY CLAY CL moist to wet

BLUERED SANDY CLAY CL soft wet

REDBROWN GREEN SANDY CLAY medium stiff

moist to wet

GREENBROWN CLAYSTONE soft moist to wet

dry and hard below 13 feet

ASPHALT PAVING BASER OCK

REDBROWN SANDY CLAY CL stiff moist to wet with

rock fragments

MOTTLED REDBROWN GREENBROWN BROWN SANDY
CLAY stiff moist with rock fragments

455 LIME GREEN SILTSTONE moist To

600 BLUEGREEN SILTSTONE dense moist to wet

170 REDBROWN SANDY CLAY CL soft wet with rock

frogmen ts

170 340 GREEN SILTSTONE moderately hard moist to wet

340 350 BLUEGRAY SILTSTONE moderately hard dry to moist

Hole offset 18 feet 22873

Qc

Tm

To

Is

Qls Tm

QIs

To



SUMMARY OF TEST BORING LOGS

Building 46 Landslide Investigation

Boring Elevation

No
Date Equipment Depth Interval

Ft
Description Geologic Unit

18

19

20

818 21673
and

21773

18 Flight Auger

20 Bucket Auger

02

02

100

ASPHALT PAVING

GREEN SILTSTONE hard dry

100 170 RED GREEN BLUEGRAY SILTSTONE moderately hard

dry seepage at 120 to 135 feet

170 300 BLUEGRAY SILTSTONE moderately hard dry to moist

804 21773 18 Bucket Auger 08 ASPHALT PAVING BASEROCK

08 180 REDBROWN SANDY CLAY CL medium stiff wet with

rock fragments

180 240 BROWN CLAYEY SANDY GRAVEL GP soft to medium

dense wet becoming weathered with depth

240 270 BLUEGRAY SILTSTONE soft to moderately hard wet

270 285 BROWN SILTSTONE low hardness weak moist

285 360 BLUEGRAY SILTSTONE moderately hard moist

360 390 BROWN SANDY SILT ML dense moist with angular

rock fragments

390 512 REDBROWN BLUEGRAY SILTSTONE low hardnesslimoist

512 600 BLUEGRAY SILTSTONE law hardness moist to dry

803 21773 20 Bucket Auger 108 MOTTLED REDGREEN BROWN SANDY GRAVELLY

SILT ML dense moist

108 288 REDBROWN SANDY GRAVELLY CLAY CL medium stiff

moist to wet with basalt rock fragments cobbles

288 300 PURPLEBROWN SANDY GRAVELLY CLAY CL soft wet

slip plane

To

Is

Qls Tm

To

Is

QIs Tm



SUMMARY OF TEST BORING LOGS

Building 46 Landslide Investigation

Boring Elevation

No Ft
Depth Interval

Ft
Description Geologic UnitDate Equipment

20

cont

300

320

320

385

BLUEGRAY SILTSTONE low hardness weak moist to wet

GRAYGREEN SILTSTONE moderately strong wet

To

385 610 BLUEGRAY SILTSTONE weak wet occasional shear

zones with slickensides

610 820 ALTERNATING BEDS OF REDBROWN BLUEGRAY
SILTSTONE low hardness moist to dry increasing in

strength with depth

Hole offset at 31 feet

21 806 22073 18 Flight Auger 150 REDBROWN GRAVELLY CLAY CL stiff moist Qls

150 160 REDGRAY CLAY CU soft saturated with abundant

siltstone fragments sheared slip plane

160 180 GREEN SILTSTONE low hardness moderately strong Ta

22 852 22073 20 Bucket Auger 100 REDBROWN GRAVELLY CLAY CL stiff moist QcTm

100 230 GRAYGREEN SILTSTONE To

23 849 22073 20 Bucket Auger 130 REDBROWN GRAVELLY CLAY CL stiff moist seepage

at feet

Tm

130 270 GRAYGREEN SILTSTONE hard some seepage at 20 feet To

24 815 22073 20 Bucket Auger ASPHALT PAVING

30 REDBROWN SANDY GRAVELLY CLAY CL medium stiff

wet with basalt rack fragments

Tm

30 150 BLUEGRAY SILTSTONE weak moist To

150 220 GREEN SILTSTONE moderately hard moderately strong

moist

220 300 BLUEGRAY SILTSTONE moderately hard moist



SUMMARY OF TEST BORING LOGS
Building Landslide Investigation

Boring Elevation Date Equipment Depth Interval Description Geologic Unit

No Ft Ft

25 815 22073 18 Flight Auger 35 ASPHALT PAVING BASEROCK MATERIAL

35 130 GRAYGREEN SILTSTONE moderately hard moderately To

strong moist to wet

130 160 BLUEGRAY SILTSTONE moderately hard moderately

strong moist

160 285 GREEN SILTSTONE moderately hard moderately strong

moist becoming wet soft at 27 feet

285 350 BLUEGRAY SILTSTONE soft wet with sand gravel

becoming dry to moist at 345 feet

26 756 22073 20 Bucket Auger 300 Not Logged Little or No Water

27 750 22173 20 Bucket Auger 122 REDBROWN SILTSTONE MOTTLED WITH GRAYBLUE Qf

SANDSTONE low hardness weak soft to medium stiff wet

Fill

122 160 BLUEGRAY SILTSTONE low hardness weak wet To

160 190 REDBROWN SILTSTONE low hardness wet with

slickensides

190 300 BLUEGRAY SILTSTONE low hardness moist to wet

28 755 22173 20 Bucket Auger 198 MOTTLED REDBROWN BLUEGRAY SILTSTONE medium Qf

stiff wet Fill

198 225 REDBROWN SILTSTONE To

225 300 MOTTLED REDBROWN BLUEGRAY SILTSTONE moist

to wet

29 760 22173 20 Bucket Auger 110 MOTTLED REDBROWN BLUEGRAY SANDY SILT ML Qf

medium stiff wet

110 180 GREEN SILTSTONE lnw hardness moderately moist To



No

SUMMARY OF TEST BORING LOGS
Building 46 Landslide Investigation

29 180 230

cont

130

Refusal

REDBROWN SANDY CLAY soft wet with basalt

fragments Fill

DARK BROWN SILTY CLAY CL top soil with organics

GREEN SILTSTONE moderately hard weak moist to wet

GREEN SANDY SILTY GRAVEL GP medium dense wet

GREEN SILTSTONE low hardness weak moist

BLUEGRAY REDBROWN SILTSTONE low hardness

weak dry to moist

free groundwater at 250 feet

REDBROWN SILTY CLAY CL medium stiff wet with

rock fragments Fill

GREEN SILTSTONE

free groundwater at 270 feet

Ft Ft
Elevation Date Equipment Depth Interval Description Geologic Unit

230

250 390

MOTTLED REDBROWN BLUEGRAY SILTSTONE moist

to wet slickensides at 19 feet

25 MOTTLED REDBROWN GREEN CLAYSTONE

hard moderately strong wet

REDBROWN BLUEGRAY SILTSTONE moderately

strong moderately hard wet badly sheared at 320 and

360 feet

390 460 MOTTLED BLUEGRAY REDBROWN SILTSTONE highly

fractured moist to wet sheared

88 REDBROWN SANDY SILlY CLAY CL soft wet with

basalt fragments

REDBROWN TO BLUEGRAY BASALT

30

31

32

805 22773 20 Bucket Auger

815 22873 20 Bucket Auger

817 22873 20 Bucket Auger

88

80

100

210

300

380

80

100

210

300

380

600

To

Is

Qls Tm

Qf

Qc

To

QfQc

To180 390



SUMMARY OF TEST BORING LOGS
Building 46 Landslide Investigation

Boring Elevation Date Equipment Description Geologic

No Ft

REDBROWN SANDY SIL1 CLAY CL soft to medium

stiff moist to wet with rock fragments to Fill

DARK BROWN SANDY lYh CLAY CL soft to medium

stiff moist to wet organics Topsoil

MOTTLED REDBROWN GREEN SILTSTONE CLAYSTONE
low hardness weak moist to wet

GRAY CONGLOMERATE

Hole not logged wet zone found at 270 feet

ASPHALT PAVING SANDY CLAY BASE MATERIAL FILL

GREEN SILTSTONE soft wet at 235 feet

BLUEGRAY SILTSTONE moderately hard wet

REDBROWN TO GRAY CLAYEY GRAVEL GC
hard moist

GRAYBROWN BASALT PURPLE ALTERED CLAY at 44 feet

ALTERNATING GREEN RED BROWN SILTSTONE

SANDSTONE

Slope Indicator Casing installed 7Q3
REDBROWN SANDY CLAY CL moist stiff

ALTERNATING RED BLUE GRAY GREEN SILTSTONES

CLAYSTONES SANDSTONES occasionally tuffaceous

MOTTLED REDGRAY SILTSTONE BRECCIA

Slope Indicator Casing installed 3573

MOTTLED RED GRAY BROWN SANDY GRAVELLY CLAY

stiff moist to wet

ALTERNATING REDBROWN GREEN SILTSTONES

SANDSTONES

Slope Indicator Casing installed 31273

Depth Interval

Ft

24 Bucket Auger 230

230 252

252 370

33 821 22873
and

3173

34 807 3173 24 Bucket Auger

35 8155 18 Flight Auger

ki 8045 22673 Rotary Wash

to

3273

SI2 1045 3273 Rotary Wash

843 3673 Rotary Wash

370

30

260

100

455

200

390

30

260

300

855

200

900

Qc

To

To

Is

Ols Tm

To

Qc

To

ToTm

of

To

900 985

435

435 1180



SUMMARY OF TEST BORING LOGS

Building 46 Landslide Investigation

Boring Elevation Date Equipment Depth Interval Pescription Geologic Un

Ft Ft

Sl4 31273 Rotary Wash 990 GRAYBROWN VOLCANICS BASALT ANDESITE Tm

BRECCIA AGGLOMERATE

990 1060 MOTTLED BLUEBROWN BASALT SANDSTONE deeply TmTo
altered

1060 1200 BLUEGRAY SANDSTONE To

Slope Indicator Casing installed 31973



tn

AXIAL STRAIN

Test Type

Saturation Method

Controlled

AXIAL STRAIN

TestNa

Diameter in 243 243
Height 48
Moisture Content 229 202 375
Void Ratia

Saturation 44 42 24

Dry Density 102

Moisture Content

Void Ratio

Saturation

Pressure psf

Moisture Content 2020 37
Void Ratio 62 111

Major Prin Stress 353 314i 4320

inor Prin Stress psI 13 1Q
Time toFailuremm

Sample Source Dh So edge 46 No of Bldg

IL lQ

HARDING LAWSON ASSOCIATES

Consulting Engineers and

IALh COMPRESSION TEST REPORT PLATE

Bui di 46 Lands ide

ienc Beikele

Berkele iQniaJob No Appr Date
19

30

NORMAL STRESS psf 1000
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harding Lawson Associates (HLA), 1976a, “Slope Monitoring Data, Building 46 Landslide, Lawrence 
Berkeley Laboratory, Berkeley, California,” five slope indicator plots dated March 3, 1976, HLA Job No. 
2000,085.01. 
 

(LBNL # 282) 
 

Slope Indicator Plots SI-1 through SI-5 
  



Li

LA TffM4LeQFL lo
oil ot oil Water Level Data

Depth to Water

Date

LI

40

1Q 436
1Q4
91373 445

101973 445
111273 435
11874 435

74 435

41074 435
61124 435

Each reading is represented by curve wth the date

it Was read acen to the curve The readings are

ide by owedng Slope Indicator instrument down

grooved aluminum casing The gooves trol
the orientation of the instrument in predetermined

ionThe lec in the casing became too

great and readings were terminated t1 174 QQ

former location and the orientation the casing

For SII are on plate

HARDING LAWSON ASSOCIATES
uQlt ersh and logi

Job No Ap Date

MONITORING

BuUding 46Londsiide

Lowrence Berkeley Laboratory

Berkeley CaliFornia

LATE

23



LA

IT
77

ay iT2tru

vQ

70

Wafer Level Data

Depth to Water

Date Fe
73h 340
4474 310
74h 345
74h 355
9257517

Each lQin is represented by curve th the date

if was read adjacent to the curve The readings are

made by lowering Slope Indicator instrument down

grooved casing The grooves control

the orientation of the instrument in predetermined
direction The and the tation of the

casing For are indicated on plate

HARDING LAWSON ASSOCIATES
Consulting and Geologists

Job No

SLOPE MONITORING DATA

lng 46 Landslide

Lawrence Berkeley Laboratory

Berkeley ia
PLATE

24



ii

oQj

yr

te

731Q
373
474

92575
33076

Level

Depth to Water

565

fQ1Q

Lt

So

1Q

40

Coo

27T

Each oQ is repiesented by it the date

it oQ adjacent to the The rc are

mode by lowering Slope insQtrume down

grooved aluminum casing The grooves control

the orientaflon of the instrument in predeterminedth location and the orientation of the

casing For are indicated on picte

ad

HARDING LAWSON ASSOCIATES
Consulting Engineers and

Job

ITOR DATA

46 Landslide

Lawrence leyh Laboratory

Berkeley lif

PLATE

25



Daft

41173 720
83173 740
91373
Q74 730
41074 715
Q76 730

Each reading is represented by curve with the date

it was read to the curve The readings are

made by lowering Slope Indicator instrument

grooved aluminum casing The grooves contra

o4

L4 7tC4L zaQ0Q
Q1 It

3r OQoQ
Level

Depth to Water

the orientation of the menth in predetermined

direction The location and the orientation of the

casing For are indicated on plate

iQ

80

So

it

LAWSON ASSOCIATES
Consulting Engineers and Geologists

Job Na rQ
MONITORING

Buildng 46 Ide
Lawrence Berkeley Laboratory

Berkeley CaUfornic

LA TE



Cr 1o
LA EC

Vi
o5

Water Level Data

Date

11274

Depfh to Water

145

474 145

52374
31975
51 675
62675
9257576

145
145
140

145
150
150
140

Each reading is represented by curve with the dote

it Qtoh the curve The readings are

made by lowering Slope Indicator instrument down

grooved aluminum casing The grooves ro
the oQtion of the instrument in predetermined

direction The location and the orientation of the

casing for SIS are indicated on plate

HARDING LAWSON ASSOCIATES

Consulting inQand Geologists

JobNo

5L MONITORING DATA

Lawrence Berkeley LaboratoryeQ
PL ATE



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

 

Harding Lawson Associates (HLA), 1976b, “Report, Soil Engineering and Geologic Services, Building 46 
Landslide Stabilization, Lawrence Berkeley Laboratory, Berkeley, California,” report dated April 21, 1976, HLA 
Job No. 2000,085.01.  
 

(LBNL # 198) 
 

Logs of Borings 36 through 40 
 
 
  

















 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harding Lawson Associates (HLA), 1976c, “Report, Supplemental Soil and Geologic Investigation, 
Proposed Energy Research Facility, Lawrence Berkeley Laboratory, Berkeley, California, report dated May 6, 
1976, HLA Job No. 2000,102.01. 
 

(LBNL # 106) 
 

Logs of Borings 1, 3, 4, 5, 10, 12 and 13 

  



Shear Strength lbssq ft Shear Strength lbssq ft

Q6Elin
in00808

04
c5 Elevation 895 Date 52375 Continuation of QQ

40

DARK BROWN SANDY CLAY

medium stiff moist with
GRAYBROWN ANDESITE

abundant rock fragments

closely fractured moderately

hard moderately strong
45 moderately weathered

BROWN SANDY SILT ML
10 stiff dry with abundant

UU86 124
variable sized andesite fragments

changetohardstrong
cJ

BROWNANDESITE
15 intensely fractured moderately 55

hard weak deeply weathered

117 125

water level 62475
Av

30 BROWN ANDESITE 70

UU17 144 120
closely fractured hcrd moderately

strong moderately weathered

75
72 of slope indicator casing

installed

Elevation Datum

Datum 4116 feet

40

HARDING LAWSON ASSOCIATES PLATE
OF BORING

pincers and Geologists

Energy Research Building

Job No 200010201 Appr 5fi875 Lawrence Berkeley Laboratory

16



Shear Strength lbssq

8800o8 ac
OF BORING

Equipment

Elevation 882 Date

232 100

85 120

Continuation of Log

BROWN SANDY CLAY CH
stiff moist with abundant

rock fragments

DARK BROWN SANDY CLAY CH
stiff moist

REDBROWN SANDY CLAY CL
very stiff dry

GRAYBROWN ANDESITE

little fractured moderately

hard weak moderately

weathered

becoming hard strong little

weathered

UU 3600

20
7v

25

Sheor Strength lbssq ft

40

79 122

45

123 119 50

55

121 119 60

65

70

75

80

change to gray with occasional

redbrown clay fracture fillings

change to graybrown

GRAY SILlY SANDSTONE
low hardness weak little

weathered

no free water encountered

uU cQ 65 116 35

HARDING LAWSON ASSOCIATES

ug is and alsts

Job No 01 Date 61975

LOG OF BORING
Energy Research Building

Lawrence Berkeley Laboratory

PLATE

18



Shear Strength lbssq ft Shear Strength lbssq ft

It quipment

Elevation Date Continuation of Log

BROWN SANDYCLAY
stiff wet with abundant

angular gravel

184 103
126 120

GRAYBROWN ANDESITE

little fractured hard weak
MOTTLED BROWNGREEN SANDYmoderately weathered

CLAY ML stiff moist10 50

no free water encountered
55

6020

LL

change to moderately hard

moderately strong little

92 126
weathered with occasional

65

clay fracture fillings

30 70

92 123

with abundant clay fracture

fillings

HARDING LAWSON ASSOCIATES PLATE
OF BORINGesh Geologists

Energy Research Building

Job No 20001 020 ih Date 61975
Lawrence Berkeley Laboratory

19



Equipment

Elevation Date

ASPHALT CONCRETE BASE ROCK
BROWN SANDY CLAY CL

medium stiff moist with

abundant variable sized

rock fragments

change to stiff

RED VOLCANIC AGGLOMERATE

moderately fractured

moderately hard moderately

strong deeply weathered

BROWN GRAVELLY SILT ML
stiff moist

GRAYBROWN AGGLOMERATE

closely fractured moderately

hard weak moderately

weathered with abundant

silt

GRAY BASALT

intensely fractured low

hardness strong deeply

weathered with abundant

MOTTLED GREENBROWN
ALTERED TUFFACEOUS

AGGLOMERATE crushed

low hardness very friable

deeply weathered

water level 11375
MOTTLED PURPLE GRAY

GREEN CLAY
with volcanic and

sedimentary rock fragments

sheared

GREEN SILTSTONE

massive low hardness

little weathered

perforated plastic pipe

installed and hole gravel

backfilled

OF BORlNG

Energy Research Facility

Lawrence Berkeley Laboratory

Shear Strength lbssq ft
OF BORING

Shear Strength lbssq ft

190 107

160 116
15

Continuation of Log

BROWN SANDY SILT ML
stiff moist with abundant

rock fragments

GRAYBROWN ANDESITE

closely fractured low hardness

weak little weathered

114 108

87

45

50

55

65

75
35

silt

401

weak

HARDING LAWSON ASSOCIATES

rs and

200010201
Job No OP at 1776

PLATE

20



Shear Strength lbssq ft
DC

Spin

BROWN GRAVELLY SILT ML
medium stiff moist

fill

with abundant volcanic

rock fragments at

GRAYPURPLE SILTSTONE

low hardness weak

moderately weathered

with occasional thin

sheared clay

10 GRAY
low hardness weak

moderately weathered
with occasional thin red

sheared claystone

ic

GRAY SANDY SILTSTONE

low hardness moderately

strong little weathered

20

25 no free water encountered

30

35

HARDINGLAWSON ASSOCIATES

Consulting Engineers and logi LOG OF BORING PLATE

13Energy Research Facility

Lawrence Berkeley Laborato
ryJob No Apprt Q76

25



3ft

GRAYPURPLE CLAYEY

SILTSTONE weak low

hardness weathered wet

GRAYGREEN SILTY

SANDSTONE low

hardness friable little

weathered

no free water encountered

35

HARDING LAWSON ASSOCIATES

uQlt Engineers and Geologists
LOG OF BOR ING PLATE

15Energy

Lawrence

Research

Berkeley

Facility

LaboratoryJob No LEL S7S6

Shear Strength lbssq ft

OF BORING

Equipment Spin Auger

Date

BROWN GRAVELLY CLAY CL
soft moist with rock

fragments

with abundant volcanic

rock fragments

10

2ft

25



no free water encountered

3O

35

40

HARDINGLAWSON
Consulting Eng

ASSOCIATES
ineers and Geologists

OR PLATE

16Energy

Lawrence

Research

Berkeley

Facility

LaboratoryJob No 2000 0201 Appr EK76

Shear Strength lbssq ft

LOG OF BORING 13

Equipment Spin Auger

Elevation 836 DateOOO

10

15

20

25

REDBROWN SILTY CLAY CL
stiff moist with occasional

rock fragments

BLUEGRAY SILTSTONE

weak friable moderately

weathered

BLUE SILTY SANDSTONE
low hardness friable

little weathered

REDBROWN SANDY SILTSTONE

low hardness friable little

weathered

28



MAJOR IV TYPICAL NAMES

GRAVELS

MORE THAN HALF

COARSE

LUGER THAN

NO SIEVE SIZE

CLEAN OtAVELS

WITH LITTLE OR

iO FINES

OW WILL GRADED OAVELS GRAVEL SAND SQRE

POORLY GRADED GRAVELS GRAVEL SAND
IES

GRAVELS WITH

Rh FINES

GM

OC

SILT MIX

GRAVELS POORLY GRADED GRAVEL SAND

CLAYEV GAVELS POORLY GRADED GRAVEL SAND

CLAY MIXTURES

CLEAN SANDS

WITH LITTLE OR
SANDS NOFINES

MORE THAN HALF

IS SMALLER THAN SANDS WITH

COARSE FRACTION

NO SIEvE SIZE FINES

SILTS AND CLAYS

LIQLRD LIMIT LESS THAN

SILTS AND CLAYS

LIQUID LIMIT GREATER THAN

SW WILL GRADED SANDS GRAVELLY SANDS

SP POORLY GRADED SANDS GRAVELLY SANDS

SM

ML

ftf
SILTY SANDS POORLY GRADED SAND SILT

MIX TURfS

CLAVEY SANDS FOORLY GRADED SAND CLAY

MIX fh

INORGANIC SILTS AND VERY PINE SANDS ROCK

FLOUR SILTY OR CLAVEY FINE SANDS OR

INORGANIC CLAYS Of TO MEDIUM TQiC
CLAVEY SILTS WITH SLIGHT PLASTiCITY

GRAVELLY CLAYS SANDY CLAYS SILTY CLAYS

If
II ORGANIC CLAYS AND ORGANIC SILTY CLAYS OF

PLASTICITY

INORGANIC SILTS MICACEOUS OR DIATOMACIOUS

FINE SANDY OR SILTY SOILS ELASTiC SILTS

INORGANIC CLAYS Of PLASTiCITY

FAT CLAYS

ORGANIC CLAYS OF MEDIUM TO HIGH PlASTICITY

ORGANIC SILTS

OL

HIGHLY ORGANIC SOILS EHQIGHLY
SOIL CLASSIFICATION

UndI or ill SpIs

TRENGTH TESIL

VANE SHEAR TEST INEDh COMPRESSION TEST

aId

30 DIRECT SHEAR TEST 000 130 TEIAXIAL COMPRESSION TEST

Srr Na1 Skr PIano pill
rj

Conrrr aIrr Tur
lIn In

TO TEST

HARDINGLAWSON ASSOCIATES
Engineers and Geologists

SOIL CLASSIFICATION CHART PLATE
AND

KEY TO TEST DATA

Job No 201
Appr Date

5576200010 Energy Research Facility

N02 470
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harding Lawson Associates (HLA), 1983, “Geotechnical Investigation, Building 17 to 25A Road 
Realignment, Lawrence Berkeley Laboratory, Berkleley, California,” dated March 4, 1983, Job 2000,169.01. 
 

(LBNL #404) 
 

Logs of Borings 1 and 2 
  







 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harding Lawson Associates (HLA), 1988, “”Final Report, Geotechnical Investigation, Building 58A 
Roadway, Lawrence Berkeley Laboratory, Berkeley, California,” dated May 20, 1988, Job 2000,210.01. 
 

(LBNL #117) 
 

Logs of Borings B-1 and B-2 (1987) 
 Log of Boring MM-4 (1988) 

 

  



4286

Laboratory Tests

BROWN SANDY CLAY CL
very stiff moist

19 12 118

GRAYBROWN CLAY CH
very stiff dry to moist

30

ia
274

RED BROWN SILTSTONE

intensely fractured low hardness

moderately weathered

below

15
28

bottom of boring at feet

no free water encountered

2ft

35

40

Harding Lawson latnh Log of Boring Bi PAT

Engineers and ientis Settlement Investigation Building 58A
Lawrence Berkeley Laboratory

Berkeley California

DRAWN JOB NUMBER APPROVED DATE ISED DATE

CSN 2Q1 1087



Equipment

to

Laboratory Tests
ASPHALT CONCRETE
AGGREGATE BASE

BROWN CLAYEY SAND SC
21 medium dense moist

RED CLAYEY SAND SC
14 15 109

medium dense moist trace of

gravel

TxUU 48961008 27 21 104
10

MOTTLED BROWN SANDY CLAY CL
very stiff moist

FM

GREENBROWN ANDESITE

closely fractured moderately hard

strong moderately weathered
24 118

with occasional clay fracture fillings

CA

TxUU32242160 3810 14 117 20FM
Vt

wet at 24 feet

16 25 bottom of boring at 250 feet

no free water encountered

35

40

Harding Lawson Associatas Log of Boring B2 Al

Engineers and Geoscientists Settlement Investigation Building 58A
Lawrence Berkeley Laboratory

Berkeley California

DRAWN JOB NUMBER DATE REVISED DATE

200021001



Equipment Flight

co 13 Date

Laboratory Tests

DARK SPh
loose moist with gravel

REDBROWN CLAY CL
medium stiff moist

TANBROWN CLAY CL
medium stiff moist

REDBROWN CLAY CL
medium stiff moist

GRAYBROWN ANDESITE
intensely fractured low hardness weak
deeply weathered with abundant clay

Cr

10
bottom of boring at 165 feet

no free water encountered

25

30

35

40

Harding Lawson Associats Log of Boring MM4
Engineers Geologists Settlement Investigation Building 58A

Geophysicists Lawrence Berkeley Laboratory

Berkeley California

DRAWN JOB NUMBER fQlV DATE I5E
CSN 200021001



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Kaldveer Associates, Inc. (KV), 1992, “Geotechnical Investigation and Design Report, Seismic Slope 
Stabilization Bevatron-Building 51 and Mechanical Shops-Building 77, Lawrence Berkeley Laboratory, 
Berkeley, California,” consulting report dated February 28, 1992. KA Project No. K122-1-164.  
 

(LBNL # 282) 

Logs of Borings 1 through 4 
 
  



SAND SM tanbrown fine to

coarsegrained silty trace clay ALL

CLAY CL mottled browngrey trace

sand fine to mediumgrained some silt

trace gravel finegrained

grading sandy trace silt no gravel

colluvial type soil

sand lens 612 inches thick

possible slip plane lOQ
plastic clay matrix with thin sandy lenses

FILL LANDSUDE DEBRIS

SANDSTONE greenbluegrey fine to

coarsegrained angular rock fragments

poorly cemented deeply weathered

CLAYSTONE brown deeply weathered

intensely fractured lenses of greengray

siltstone occasional waterfilled joints

some slickenslide surfaces

DRILL RIG Hollow Stem Auger SURFACE ELEVATION 747 feet

DEPTH TO GROUNDWATER Not Enc BORING DIAMETER 8Inch

LOGGED BY KF

DATE DRILLED 7590

DESCRIPTION AND CLASSIFICATION
DEPTH

FEET
thb

OTHER

TESTS
DESCRIPTION AND REMARKS

SDIL

TYPE

medium

dense

stiff

green mottled gray and olive

deeply weathered

soft

friable

friable

10

15

20

25

30

35

19

16

21

20

17

15

31

83

78

90

74

72

64

CLAYSTONE rustbrown moderately

weathered closely to intensely fractured

lens of greenolive siltstone

friable

moderat

hardnes

CLAYSTONE brown moderately to

deeply weathered closely to intensely

some slickenslide surfaces

soft

friable

9E
EEEE

EE
greengray moderatey

weathered closely to intensely fractured

12 inch lens of soft plastic clay

soft

friable

19

16

94

132

116

Tx

soft

friable

Kaidveer Associates

OQIENGhLOG

LBL SLOPE STABIUZATION PROJECTBLDG51
Geoscience Consultants

California Corporation

Berkeley california

PROJECT NO DATE BORING

February 1992 NOK12261164



DRILL RIG Hollow Stem Auger SURFACE ELEVATION 747 feet LOGGED BY KF

DEPTH TO GROUNDWATER Not Enc BORING DIAMETER DATE DRiLLED 7590

DESCRIPTION AND CLASSIFICATION
DEPTH

FEET

LsJ
COP
ZLs

OTHER

TESTS
DESCRIPTION AND REMARKS CONSIST

SOIL

TYPE

brown deeply weathered soft

fractured ORINDA friable

Bottom of Boring 4112 Feet

Notes

The stratification lines represent the

approximate boundaries between soil

types and the transition may be gradual

For an explanation of penetration

resistance values marked with an asterisk

see first page Appendix

Ground water level was not

encountered

Tx Triaxial Shear Test Refer to

Appendix

Kaidveer Associates

EXPLORATORY BO RING LOG

LBL SLOPE STABIUZATION PROJEcTBLDG51
Geoscience consultants

California Corporation

Berkeley california

PROJECT NO DATE BORING

NO1164 February 1992



GRAVEL GM gray fine to

coarsegrained sandy fine toco With silt

CLAY CL dark brown silty some sand

finegrained

grading mottled graybrown

grading pockets of sand and gravel

grading no pockets of sand and gravel

grading some sand and gravel

possible slip plane 12

grading sand and gravel pockets

FILLLANDSUDE DEBRIS

SILTSTONE greengray deeply

weathered intensely fractured thin lenses

of brown claystone occasional sandy

pockets

30

61

grading pockets of brown shale

CLAYSTONE brown deeply weathered low to

intensely fractured slickenslide surfaces moderat

small pockets of greenblue siltstone hardnes

DRILL RIG Hollow Stem Auger SURFACE ELEVATION 754 feet LOGGED BY KF

DEPTH TO GROUNDWATER Not Enc BORING DLAME DATE DRILLED 7590

DESCRIPTION AND CLASSIFICATION DEPTH

FEET

rs

r2
c4

OTHER

TESTS
DESCRIPTION AND REMARKS

SOIL
CONSIST

TYPE

loose

stiff

very stiff

stiff

firm

stiff

27

15

18

20

23

13

111

105

107

96

120

10

15

20

25

38

22

14

21

27

24

56

33

72

Tx

soft

friable

hard

35
90

Kaidveer Associates

EXPLORATORY BORING LOG

LBL SLOPE STABIUZATION PROJECTBLDG51
Geoscience Consultants

California Corporation

Berkeley California

PROJECT NO DATE BORING

K12261164 February 1992 NO



DRILL RIG Hollow Stem Auger SURFACE ELEVATION 754 feet LOGGED BY KF

DEPTH TO GROUNDWATER Not Enc BORING DIAMETER

DESCRIPTION AND CLASSIFICATION

DESCRIPTION AND REMARKS

brown deeply weathered

fractured ORINDA

Bottom of Boring 41 Feet

Notes

The stratification lines represent the

approximate boundaries between soil

types and the transition may be gradual

For an explanation of penetration

resistance values marked with an asterisk

see first page Appendix

Ground water level was not

encountered

Tx Triaxial Shear Test Refer to

Appendix

Kaidveer Associates

EXPLORATORY BORING LOG

LBL SLOPE STABILIZATION PROJECTBLDG51
Geoscience consultants

California Corporation

Berkeley California

PROJECT NO DATE WRING

February 1992 NO1164



DRILL RIG Hollow Stem Auger SURFACE ELEVATION 758 feet LOGGED BY KF

Not Enc BORING DIAMETER

DESCRIPTION AND CLASSIFICATION

DESCRIPTION AND REMARKS

GRAVEL GM tanbrown fine to

coarsegrained sandy fine to

with silt

ClAY gray mottled brown some

gravel fine to coarsegrained sand

pockets

possible slip plane

grading brown mottled gray rust and

yellow FILLLANDSUDE DEBRIS

CLAY CL brown mottled gray and olive

silty with sand fine to coarsegrained

some gravel

brownrust moderately to

deeply weathered intensey fractured

some slickenslide surfaces

SILTSTONE greengray moderately

weathered occaional sandy pockets

intensely fractured

pocket of brown claystone with

slickenslide surfaces

CLAYSTONE brown

intensely fractured laminated some

slickenslide surfaces

ldv Associates
Geoscience Consultants

California Corporation

EXPLORATORY BORING LOG

LBL SLOPE STABIUZATION PROJECTBLDG51
Berkeley California

DATE BORING

DEPTH TO GROUNDWATER

10

hard

15 126

20

10 129 Tx

25

30

35

PROJECT NO

Q1Q99 NO



DRILL RIG Hollow Stem Auger SURFACE ELEVATION 758 feet LOGGED BY KF

DEPTH TO GROUNDWATER

DESCRIPTION AND CLASSIFICATION

DESCRIPTION AND REMARKS

SILTSTONE graygreen
weathered intensely fractured

grading graybrown and laminated

ORINDA FORMA11ON

Bottom of Boring 4612 Feet

Notes

The stratification lines represent the

approximate boundaries between soil

types and the transition may be gradual

For an explanation of penetration

resistance values marked with an asterisk

see first page Appendix

Ground water level was not

encountered

Kaidveer Associates

EXPLORATORY BORING LOG

LBL SLOPE STABILIZATION PROJECTBLDG51
Geoscience Consultants

California Corporation

Berkeley California

PROJECT NO DATE BORING

NO164 February 1992

Not Enc BORING DIAMETER



DEPTH TO GROUNDWATER Not Enc BORING DIAMETER DATE DRILLED

DESCRIPTION AND CLASSIFI

DESCRIPTION AND REMARKS

CLAY CL brown mottled rust silty with

sand fine to coarseg rained some

gravel fine to coarsegrained

grading sand pockets and blocks of rock

FILL

rustbrown silty deeply

grading greengray and sandy

grading rustbrown and trace sand

siltstone inclusions up to iN diameter

very shaley at 32 feet

moderately hard siltstone pocket at 34

feet

moderately hard clay shale at 3412 to

3512 feet

siltstone block at 3512 to 37 feet

Kaidveer Associates
Geoscience consultants

California Corporation

EXPLORATORY BORING LOG

LBL SLOPE STABILIZATION BLDG51
Berkeley

DRILL RIG Hollow Stem Auger SURFACE ELEVATION 795 feet LOGGED BY KF

10
111

15

weathered intensely fractured

20

25

30

35

PROJECT NO DATE

1164 February 1992 NO



DRILL RIG Hollow Stem Auger SURFACE ELEVATION 795 feet LOGGED BY KY

DEPTH TO GROUNDWATER Not Enc BORING DIAMETER 8inch DATE DRILLED 7690

DESCRIPTION AND CLASSIFICATION DEPTH

SOIL FEET
DESCRIPTION AND REMARKS CONSIST

TYPE

IJ

OTHER

TESTS

rustbrown deeply

weathered intensely fractured silty trace

sand

soft

friable

resistant pockets 39 to 46 feet

45

lowto

moderat

hardnes

50

55

60 refuse

SILTSTONE greengray some sand

finegrained shaley fabric moderately

weathered closely fractured

low to

moderat EEEE

hardnes

65

ORINDA FORMATION EEE

Bottom of Boring 6934 Feet

Notes

The stratification lines represent the

approximate boundaries between soil

types and the transition may be gradual

For an explanation of penetration

resistance values marked with an asterisk

see first page Appendix

Ground water level was not

encountered

ldv Associates

EXPLORATORY BORING LOG

LBL SLOPE STABILIZATION PROJECTBLDG51
Geoscience Consultants

California Corporation

Berkeley CaliforniaSW PROJECT NO DATE BORING

K12261164 1992h NO



200

US STANDARD SERIES

PRIMARY DIVISIONS 8QO SECON DIVISIONS

GRAVELS

MORE THAN HALF

OF COARSE

FRACTION IS

LARGER THAN

NO SIEVE
ar

SANDS
Zw

MORE THAN HALF

OF COARSE

FRACTION IS

SMALLER THAN

NO SIEVE

CLEAN

GRAVELS

CLESS THAN

FINES

Well grads gravels gravelsand mixtures little or no

fines

GP
Poorly graded gravels or gravelsand mixtures little or

no fines

GRAVEL

WITH

FINES

GM Silty gravels gravelsandsilt mixtures nonplastic fnes

GC Clayey gravels gravelsandclay mixtures plastic tines

CLEAN

SANDS

LESS THAN
FINES

SW graded sands gravelly sands little or no fines

SP Poorly graded sands or gravelly sands little or no fines

SANDS

WITH

FINES

SM Silty sands sandsilt mixtures nonplastic fines

SC la sands sandclay mxtures plastic fines

SILTS AND CLAYS

LIQUID LIMIT IS

LESS THAN 50

SILTS AND CLAYS

LIQUID LIMIT IS

GREATER THAN 50

ML Inorganic silts and very fine sands rock flour silty or

clayey fine sands or claysy silts with
slight

CL Inorganic clays of low to medium plasticity gravelly

la sandy clays silty clays lean clays

OL Organic silts and organic silty clays of low plasticity

MH Inorganic silts micaceous or diatomaceous fine sandy or

siltysoilselastic silts

CH Inorganic clays of high plasticity fat clays

OH Organic clays of medium to high plasticity organic silts

HIGHLY ORGANIC SOILS Pt Peat and other highly organic soils

DEFINITION OF TERMS

SILTS AND CLAYS

GRAIN SIZES

SANDS AND GRAVELS SILTS AND CLAYS th QtS
VERY LOOSE 04 VERY SOFT 02

LOOSE 410 SOFT

FIRM

14

12
MEDIUM DENSE 10 30

STIFF 16
DENSE 3D 50 VERY STIFF 16 32

VERY DENSE OVER 50 HARD OVER OVER 32

RELATIVE DENSITY CONSISTENCY

bQsr of blows of 140 pound hammer falling 30 inches to ive inch 8h inch

split spoon ASTM D1586
compressive strength in tonssq as determined by laboratory testing or approximated

by the standard penetration test CASTM 1586 pocket penetrometer torvane or visual observation

jatEs
Geoscience Consultantsltorn

KEY TO EXPLORATORY BORING LOGS

Unified Soil Classification System CASTM D2487
LAWRENCE BERKELEY LABORATORY

SEISMIC SLOPE STABILIZATION PROJECT
Cal iih

PROJECT NO DATE

Figure611 Febuary1992
Ai



ROCK CHARACTERISTICS CHART

of Sedimentary

of

Massive

Very thick bedded

Thick bedded

Thin bedded

Very thin bedded

Laminated

Thinly laminated

No apparent bedding

Greater than feet

feet to feet

inches to feet

12 inch to inches

18 inch to 12 inch

Less than 18 inch

of

Little

Occasional

Moderate

Close

Intense

Crushed

Greater than feet

foot to feet

inches to foot

inch to inches

12 inch to inch

Less than 12 inch

Plastic or very low strength
Crumbles easily by hand

Crumbles under light hammer blows

Crumbles under few heavy hammer blows

Breaks into large pieces under heavy ringing hammer blows

Resists heavy ringing hammer blows and will yield

with difficulty only dust and small flying fragments

many

Unaffected by weathering agents no disintegration or

discoloration fractures usually less numerous than joints

ldv
Geoscionco Consultants

California Corporaflon

ROCK CHARACTERISTICS CHART

LAWRENCE BERKELEY LABORATORY
SEISMIC SLOPE STABILIZATION PROJECT

leyh all fnr

PROJECT NO DATE

Figurs A212261164 February 1992

Moderate to complete mineral decomposition extensive

disintegration deep and thorough discoloration

extensivelycoated fractures

Slight decomposition of minerals little

disintegration moderate discoloration moderatelycoated
fractures

No megascopic decomposition of minerals slight to no

effect on cementation slight and intermittent or localized

discoloration few stains on fracture surfaces



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Geo/Resource Consultants, Inc, (GRC), 1993, “Preliminary Geotechnical Investigation, Landslide at Fire 
Trail Access Gate East of Building 51, Lawrence Berkeley Laboratory, Berkeley, California” consulting report 
dated May 24, 1993. GRC Project 1746-005 

(LBNL #297) 

Logs of Temporary Caissons 1 through 10 
Logs of Boring B-1 through B-3 and B-5 through B-7 

  



Record No

DRILLING NOTES

Time Start Drilling Finish

Time Concrete Placed 54

Depth of Casing

Any Describe

bJC

Depth of Water

REMARKS

FORM 120

ENGINEERSGEOLOGISTS FIELD REPORT for the

days work attached

OcoResource

FIGURE

JI nLLAI HLCORD

Elevation Proect Job No
LdL 74 Page of

SUBSURFACE CONDITIONS

Caisson No

Date

CAISSON INFORMATION

Caisson Location

Type Straight Shaft BelIed

Shaft Diameter Bell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual Elev Design

Total Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

20

cm

Field Engineer



SUBSURFACE CONDITIONS

dv

orr

eh
fQl PLLGQ
LLQ Jfl22ck
icnucr

sur

OE So1

Jt

DRILLING NOTES

Time Drilling Finish

Time Concrete Placed

Depth of Casing

Any Describe

Depth of Water

REMARKS

so

ie Engineer

ENGINEERSGEOLOGISTS IEfor the

day work attached

Ground Elevation Projpct Job No

Caisson No

Dale

CAISSON RMATI

CaissonLocation

Type Straight Shaft Belied

Shaft Diameter Bell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual Elev Design

ToLal CaIsson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

FORM 120 GeoResource Consultants

FIGURE



No

SUBSURFACE CONDITIONS

Jc
brcLoA

90

yotr
vt

rp

ow 9D

sffoQb wL
rnnco

yfkh brrrrn i1P fu

QE 7rtJ
lc

isLf
cJ ns

7f pto

DRILLING NOTES

Time Start Drilling Finish

Time Concrete Placed

Depth of Casing

Any Caving Describecr
Depth of Water

On 4c

Field Engineer

ENGINEERSGEOLOGISTS FIEL9
REPORT for the

days work attached

LL

Job NoGround Elevation Pr
Page of

Caisson

Date

CAISSON INFORMATION QS
Caisson Location

Type Straight Shaft 5elled

Shalt Diameter Bell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual Elev Design

Total Caisson Length

Depth to FirmEndbearing Sils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

it

REMARKS

t0 rn

FORM 120 84 GeoResource ConsultantsiG



Record No

SUBSURFACE CONDITIONS

45

tMQ

EE

cwdtU
cy tn

csryC5
DN 1r

rc4

ft

Field Engineer

FORM l20a4

ENGINEERSGEOLOGISTS FIELD REPORT for the

days work attached

lResConsultants Inc

FIGURE

Ground Elevation Project Job No

Q1h

Caisson Noc4

Dale

CAISSON INFORMATION

Caisson Location

Type Straight Shaft BelIed fl

Shell Diameter Bell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual EIev Design

Total Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

DRILLING NOTES

Time Drilling Finish

Time Concrete Placed

Depth of Casing

Any Describe

Depth lW
REMARKS

rei

ooJ

Q0cY
oJ



Caisson No

LL

3t

ed 1C

tj ccpc
4S

lk Cc
sE hr

CLcE
oLt C4

dh

ic

3c

sf

DRILL NOTES

Time Drilling Finish

Time Concrete Placed

Depth of Casing

Any Caving Describe

Depth olWater

REMARKS

fl
rci ch

ccr

Project No

Page of

SUBSURFACE CONDITIONS

Ec ck
brn

cLchtj

Date

CAISSON

Caisson Location

Type Straight Shaft Belied fl

Shaft Diameter Bell Diameter

Cutoll Elevation

Caisson Tip

79
Actual Depth Design

Actual Elev Design

Total Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

FORM 120

Field Engineer

ENGINEERSGEOLOGISTS FIELD REPORT for the

days work attached fl

Consultants

FIGURE



cJv CLAM

crtQ
iG EP
Co LKhiL
h1sAy

LCJ

lE

22 CL
4q

biy Cr

Caisson No

Date

CAISSON

Caisson Location

Type Straight Shaft Belied

Shalt Diameter Sell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual Elev Design

ToLal Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actuel Penetration Design

DRiLLING NOTES

Time Start Drilling Finish

Time Concrete Placed

Depth of Casing

Any Describe

Depth of Water

REMARKS

Field Engineer

FORM 120 54

ENGINEERSGEOLOGISTS FIEL for the

days work att

GeoResource ConsultantsiG

LL

of

Ground Elevation Project Job No

SUBSURFACE CONDITIONS



SUBSURFACE CONDITIONS

shh O0sLcE Jc
iQ

iQ

JL

95

fE cLPy
CBsy

ke
iQ

jrjsk

Jkcn
LJ cQN
Q1

tJ

LL

Caisson No

Ground Elevation Project Job No

Date

CAISSON INFORMATION Q9
Caisson Location

Type Straight Shaft BelIed

Shaft Diameter Bell Diameter

Cutoff Elevation

Tip

Depth Design

Actual Elev Design

Total Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

DRILLING NOTES

Time Start Drilling Finish

Time Concrete Placed

Depth of Casing

Any Describe

Dapth of Wator

REMARKS

fA
To

FORM 120 fti

Field Engineer

ENGINEERSGEOLOGISTS FIELD REPORT for the

days work attached

eoResource ConsultantsIG



SUBSURFACE CONDITIONS

oa
FL
Ik

rntd

Oc

is

ruS1 LQ Ln
UL sb

IC

bLocFoL
dcIL

Lc fJ

dccrk

ErQJ
Lf NG

Caisson No

DRILLING NOTES

Time Drilling Finish

Time Concrele Placed

Depth of Casing

Any Caving Describe

Deplh of Waler

REMARKS occ

Field Engineer

ENGINEERSGEOLOGISTS IEfor the

days work albached

LL

Ground Elavalion bh Job No
Page of

Dale

CAISSON INFORMATION

Caisson Localion

Type lrShall Belied fl

Shall Diameler Bell Diameler

Culoff Elevalion

Caisson Tip

lua Depth Design

Aclual Elev Design

ToLal Caisson Length

Depth lo FirmEndbearing Soils

Length of lraUo of Caisson Firm Soils

Aclual lrali Design

FORM 120 34 GeoResource Consultants



fl4 fl NO

SUBSURFACE CONDITIONS

JL Ksh 2r

yRE
Jc

brnJ

CL
LILL

EEcm
FILL

EUktcu
Hcd

ppa

oruck ci

saf

rm

FORM eoResource ConsultantsIG10

Job No

Page of

Caisson

Dale

CAISSON INFORMATION 93
Caisson Location

Type Straight Shaft Belied fl

Shaft Diameter Bell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual Elev Design

Total Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

If

V7

DRILLING NOTES

Time Start Drilling Finish

Time Concrete Placed

Depth of Casing

Any Describe

Depth of Water

REMARKS

fl
1c

Field Engineer

ENGINEERSGEOLOGISTS FIELD REPORT for the

days work attached



iRecord No

SUBSURFACE CONDITIONS

ve
A42 to

iE

cUvbri
to

OcL4tAsp

iYscE
ue
LPC uve

cL of
ryto In lch

tcs
tt 0EQcL

La

ftJt
tQ5ccA

cE 7sThfQ
sfriouc SL

racQ
LtW kL

CAISSON INSTALLATION RECORD

cr

Ground Elevation Pro Page of

Caisson No

CAISSON INFORMATION

Caisson Location

Type Straight Shalt Belied fl

Shaft Diameter Bell Diameter

Cutoff Elevation

Caisson Tip

Actual Depth Design

Actual Elev Design

Total Caisson Length

Depth to FirmEndbearing Soils

Length of Penetration of Caisson into Firm Soils

Actual Penetration Design

DRILLING NOTES

Time Start Drilling Finish

Time Concrete Placed

Depth of Casing

Any Caving Describe EQ

Depth of Water

JC

neriE
iQ7c se

FORM 120 e4

Field Engineer

ENGINEERSGEOLOGISTS for Lhe

days work attached

Consultants Inc

FIGURE 11



25

30

Boring terminated 200 feet

Hammer Vt Drop

8Olbs
Test Summary

Equipment
Hollow Stem

Elevation
766 fl NA

Date Borehole Size

BROWN GRAVEL COP
with silt and sand

Fil

05h psf

qu2432 psf

0Q04 psf

tEo

20

BROWN CLAY CL
wet medium stiff

with sands and gravel

grading soft between and 12 feet

becoming wet to saturated

19

13

21

140 1080

191 1049

214 1014

GREEN GRAY CLAYSTONE

weak low hardness deeply weathered weak

urceIogiCons ultants Inc

Scientists

LOG OF BORING 51
GEOTECHNICAL

LANDSLIDE AT FIRETRAIL ACCESS
GATE EAST OF BUILDING 51 LBL

BERKELEY CALIFORNIA

IG

Job No 1746005 3393



30

Boring terminated 200 feet

Hammer Vt Dropol
Test Summary

Equipment
Hollow Stem

Elevation fl
Date Borehole Size

BROWN GRAVEL GP
with sand and silt moist

qu2 1472

qu2 927

nQ

15

154 1036

227 1010

39

30

75

BROWN GRAVELLY CLAY CL
Fill

BROWN GREEN CLAYEY GRAVEL GC
moist medium dense

GREENISH BROWN CLAY CL
wet very stiff

GREEN GRAY CLAYSTONE

low hardness deeply weathered weak

LOG OF OUR ING 82
Consultants

GEOTECHNICAL INVESTIGATIONErvEQironmentaQ1S LANDSLIDE AT FIRETRAIL ACCESSIp
GATE EAST OF BUILDING 51 LBL

Job No 005h BERKELEY CALIFORNIA

FIGURE



ab Anal

OF BORING

Equipment Flight

Elevation ft

0031
ASPHALT

10

20

25

30

35

40

3188
SILTY CLAY ILL
dusky yellowish brown 1O 22
trace gravel medium to highly plastic fines

medium stiff to stiff moist

LL IND FORMATION 88340
8890 SILTSTONE

light olive gray SY 61 loose dry

90132 SILTSTCNE

grayish red SR 42 friable hardness and

weak strength dry

CC 132235 SILTSTONE

light olive gray friable hardness and

weak strength dry

rr
235340 SANDSTONES ILTSTONE

pale blue SB 62
friable hardness and weak strength crushed but

holds together in small blocks dry

Boring terminated 340 feet

No groundwater encountered

fQleurce Cons ufta nts Inc
Scientists

LOG OF BORING 53 FIGURE

GEOTECHN ICAL INVESTIG ION

LANDSLIDE AT FIRETRAIL ACCESS

GATE EAST OF BUILD 51 LBL

BERKELEY CALIFORNIAJob No 1746005 XS4 Date 4193



Ce
Equipment Flight

tu Elevation ft
Laboratory Anal 3e

0004 ASPHALT

SILTY CLAY CLF ILL

0495

grayish brown 5YR 32 trace sand and gravel

plastic fines sticky moist

ORINDA FORMATION 95280
95200 SANDSTONExxxxxxxx
light olive gray 5Y 52xxxxx
friable hardness and weak strength crushed moistxxxxxxxxxxxxx

Q1
xxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx20 200235 SANDSTONExxx
medium bluish qratj SBxxxxx
massive friable hardness and weak strengthxx
crushed dryxxxxxxx

235280 SILTSTONECLAYSTONE

25 layering of clay minerals platy structure

but no slicks no shear planes

275 harder drilling

GREAT VALLEY SEQUENCE 2803
CLAYSTONE30
medium dark gray N4 massive

friable hardness and weak strength platy structure

no slicks

Boring terminated 31 feet

No groundwater encountered

40

lQfurce Co fQt IncIogScientists

LOG OF BORING IG
INICh AL INVESTIGATION

LANDSLIDE AT FIRETRAIL ACCESS

GATE EAST OF BUILDING 51 LBL

BERKELEY CALIFORNIAJob No 174 6005 oQ7E Date 41 93



OF BORING

Equipment Flight

Elevation

0005
GRAVEL SILTY CLAY FILL

brown

ORINDA FORMATION 05336
05170 SILTSTONE

light olive gray very friable hardness and

weak strength deeply weathered

crushed loose dry

appears saturated from 05 to 50 ft

perched aqifer

170240 SILTSTONE

dark greenish gray 50 41
friable hardness and weak strength crushed

moderately weathered dry

2403 SILTSTONE
medium bluish gray SB friable

hardness and weak strength crushed dry

240245 contains CLAY 5Yr 22 highly plastic

soft damp
24531
siltstone grades to

mottled medium bluish gray and brownish black

weak to moderately hard weak strength crushed

moderately weathered dry

31 0336 SANDSTONESILTSTONE
medium bluish gray SB
sandstone is finegrained and subangular quartz

rich friable hardness and weak strength crushed

little
to moderately weathered

Boring terminated 336 feet

Groundwater encountered from 105150 feet

Laboratory Anal se

dj 00

xxxxxxxxxxxxxx

30

35

40

ifleso urce Cons uftanb Inclogi LOG OF BORING

IQQIINVESTIGATION

LANDSLIDE AT FIRETRAIL ACCESS

GATE EAST OF BUILDING 51 LBL

BERKELEY CALIFORNIA

FIGURE

Job No 1746005 Appr41193



OF BORING

Equipment Solid Flight QQQ

3Uh Elevation

0006 SILTY CLAY CL
medium plastic fines some sand and gravel

loose to stiff damp

ORINDA FORMATION 70340
70160 SILTSTONE

moderate yellowish brown 1O 54 to light olive

gray SY 52 very friable hardness and

weak strength crushed

intensely weathered moist90 zone of soft highly plastic material

15

160195 SILTSTONE

grayish red SYR 42 and medium bluish gray

8h friable hardness and weak strength

crushed abundant clay partings dry

20

195260 SIL STONESANDSTONE

light olive gray SYR very friable hardness

and weak strength crushed dry

25 220 ft hard drilling fistsized cobbles

260280 CLAYSTONE

medium bluish gray 58 and

grayish red SR 42 friable hardness and

weak strength crushed with large subparallel

30 curvi planr highly polished clay surfaces in

grayish red material dry

grades to

280340 CLAYSTONE

grayish red SR 42 with some medium bluish

gray SB Si moderate strength friable

hardness crushedsmall 02 highly polished

clay surfaces

Boring terminated 340 feet

40 No groundwater encountered

fQleConsultants Inclogi LOG OF BORING FIGURE

ICAL INVEST 10 AT ION

LANDSLIDE AT FIRETRAIL ACCESS

GATE EAST OF BUILDING 51 LBL

BERKELEY CALIFORNIAJob No 174 6005 EZ Date 4193



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harza, 1994, “Geotechnical Investigation and Design Report – Subcontract 5067, Slope and Seismic 
Stabilization Project, Surficial and Deep-Seated Landslides, Bevatron-Building 51 and Mechanical Shops-
Building 77, Lawrence Berkeley Laboratory, Berkeley, California” , consulting report dated February 4, 1994, 
Harza-Kaldveer Project Number K1226-5-2034. 
 

(LBNL # 337) 
 

Logs of Borings EB-1 and EB-2 

  



DEPTH TO GROUND WATER

DESCRIPTION AND CLASSIFICATION

DESCRIPTION AND REMARKS

LANDSUDE DEBRIS CLAY CL brown

with gray mottling silty some sand fine

to coarsegrained and gravel fine

angular damp

FILL CLAY CL brown with gray mottling

silty some sand fine to coarsegrained
and gravel fine angular damp
asphalt fragments at feet

Bottom of Boring 1012 Feet

Notes

The stratification lines represent the

approximate boundaries between soil

types and the transition may be gradual

70pound donut hammer was raised

and dropped by hand to drive the

samplers For an explanation of

penetration resistance values see the first

page of Appendix

Ground water was not encountered at

the time of drilling

The boring was lcfi with native

soil cuttings immediately upon completion

Uquid Umit P1 Plasticity Index

EXPLORATORY BORING LOGaJ
Consulting Engineers and Scientists

SLOPE AND SEISMIC STABIUZATION LBL

Berkeley California

PROJECT NO DATE
BORING EB1

February 1994 NO52o3

RIG Mobile Minuteman CFA ELEvATION 762 Feet BY

Not Enc BORING DIAMETER



RIG CFA ELEVATION 738 Feet BY

Not Enc BORING DIAMETER

DESCRIPTION AND CLASSIFICATION

DESCRIPTION AND REMARKS

bluishgray low to medium plasticity with

day some sand finegrained and

fragments damp

LANDSLIDE DEBRIS CLAY CL
bluishgray silty some sand fine to

coarsegrained trace slltstone fragments

and organics damp

ALL CLAY CL bluishgray silty some

sand fine to coarsegrainS trace

ltsfragments and organics damp

ORINDA FORMA11ON SANDSTONE
bluishgray massive crushed deep to

moderate weathering dry

Bottom of Boring 12 Feet

Notes

The stratification lines represent the

approximate boundaries between soil

types and the transition may be gradual

70pound donut hammer was raised

and dropped by hand to drive the

samplers For an explanation of

penetration resistance values see the first

page of Appendix

Ground water was not encountered at

the time of drilling

The boring was backfilled with native

soil cuttings immediately upon completion

DEPTH TO GROUND WATER

OTHER

TESTS

Stiff

UU iax
Test

10

Soft to

EXPLORATORY BORING LOG

Consulting Engineers and Scientists

SLOPE AND SEISMIC STABILIZATION LBL

Berkeley California

PROJECT NO DATE BORING EB2
February 1995 NO5203



UNIFIED SOIL CLASSIFICATION SYSTEM

Major Divisions grf hr Description Major Divisions fh hr Description

Coarse

Grained

soils

Gravel

And

Gravely

soils

3W

GP

grad gravels or gravel sand

mixtures little or no fines

Poorlygraded pravels or gravel
sand mixture little or no fines

Fine

And

Clays

50

ML
Inorganic silts and very fine sands
rock flour silty or clayey fine sands

or lasilts ih sligM plasticity

CL

Inorganic clays of low to medium

plasticity gravelly clays sandy

clays silty clays lean clays

Silty gravels gravelsandsift
mixtures

Organic silts and organic siltclays

of low plasticity

Sand

And

Sandy

Soils

GC

SW

5p

Clayey gravels gravelsandclay
mixtures

Wellgraded sands or gravelly

sands little or no fines

Poorlygraded sands or gravelly

sands little or no fines

GrainS

So

And

Clays

Highly Organic
ii

Soils

AH

Inorganic silts micacecus or

elastic silts

diatomaceous fine or silty soils

CH
Inorganic clays of high plasticity

fat clays

PT

Organic clays of medium to high

plasticity

Poet and other highly organic soils

Pt
SM

Silty sands sandsift mixtures

Clayey sands andclay mixtures

GRAIN SIZES

US STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS

Sands and Gravels

VeryLoose 04
Loose 410

Medium Dense 1030

Dense 3050

Very Dense Over 50

Sifts and Clays tS Strength

VerySoft 02 014
Soft 24 1412
Firm 48 121
Stiff 816 12

VeryStiff 1632 24
Hard Over 32 Over

of Blows for 140pound hammer
falling 30 inches driving 2inch OD 138 lD split spoon sampler

compressive strength

Consulting Engineers and Scientists

KEY TO EXPLORATORY BORING LOGS

SLOPE AND SEISMIC STABIUZA11ON LBL

leyCalifornia

PROJECT NO DATE

AI
NO

RELATIVE DENSITY CONSISTENCY

Standard Penetration sample

Modified California sample

Shelby Tube sample

SYMBOLS

Ground Water level during drilling

Stabilized Ground Water level

Increasing Visual Moisture Comest

Dry

jDamp
Moist

Wet
Saturated



BEDDING OFSEDIMENTARY ROCKS

Stratification Thickness of Beds

Massive No apparent bedding

Very thick bedding Greater than feet

Thick bedding feet to feet

Thin bedding inches to feet

Very thin bedding 12inch to inches

Laminated 8inch to 12inch
Thir laminated less than 18inch

FRACTURING

intensity Size of Pieces

Lithe Greater than feet

Occasional foot to feet

Moderate Inches to foot

Qose inch to inches

Intense 12inch to inch

Crushed Less than 12inch

STRENGTH

Soft Plastic or very low strength

Friable Crumbles easily by hand

Low Hardness Crumbles under light hammer blows

Moderate Hardness Crumbles under few heavy hammer blows

Hard Breaks into large pieces under heavy ringing hammer blows

Very Hard Resists heavy ringing hammer blows and will yield only dust and small

flying fragments with difficulty

WEATHERING

Deep Moderate to complete decomposition extensive disintegration deep
and thorough discoloration many extensivelycoated fractures

Moderate Siight decomposition of minerals little disintegration moderate

discoloration moderately coated fractures

Utile No megascopic decomposition of minerals slight to no effect on

cementation slight and intermittent or localized decoloration few

stains on fracture surfaces

Fresh Unaffected by weathering agents no disintegration or discoloration

fractures usually less numerous than joints

KEY TO ROCK CHARACTERISTICS

Consulting Engineers and Scien fists

SLOPE AND SEISMIC STABIUZA11ON LBL

Berkeley California

PROJECT NO DATE IG A2034h 1994h NO



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Subsurface Consultants, Inc. (SCI), 1995, “Geotechnical Investigation, Support Platform, Blackberry 
Canyon Substation, Lawrence Berkeley National Laboratory, Berkeley, California.” report dated October 6, 
1995, SCI Project Number 658.038. 

(LBNL #335) 

Logs of Borings 1 and 2 

  



LOG OF TEST BORING
EQUIPMENT DiaHolIow Stem Auger

DATEDRILLED 92595

TESTS 738 LBL

106
24

BROWN SANDY CLAY CL
stiff dry with gravel fill

142 109 46

OLIVE GREEN CLAYEY GRAVEL GC
10 medium dense wet with roots

100 107 25 GROUNDWATER LEVEL DURING
DRILLING

BLUEGRAY SILTSTONE

closely fractured low hardness friable

moderate weathering

15 50

501 Auger refusal

20

25

30

SAMPLER TYPE
MODIFIED CALIFORNIA DRIVE

30 inches

25 inches

STANDARD PENETRATION
inches

14 inches

HAMMER WEIGHT 140 pounds Boring

70 pounds Boring

HAMMER DROP 30 inches

BLACKBERRY CANYON SUBSTATION SUPPORT PLATE

Subsurface Consultants
NUMB

BERK
658038 10595 LL



LOG OF TEST BORING
EQUIPMENT 12 Solid Auger

DATE DRILLED 92595

710 LBL

ASPHALTIC CONCRETE inches thick

CONCRETE inches thick

CONCRETE PIPE Empty

BROWN SILTY GRAVEL GM
soft moist fill

OLIVE GREENGRAY SANDSTONE
intensely fractured low hardness weak
moderate weathering

REDBROWN CLAYSTONE

intensely fractured low hardness friable

deep weathering

GROUNDWATER LEVEL DURING
DRILLING

Borehole lQledwith neat cement grout

BLACKBERRY CANYON SUBSTATION SUPPORT PLATE

Subsurface Consultants
CA

658038 10595

LABORATORY TESTS 00 Ew00

105 112

10

15

20

25

30

35

40



GENERAL SOIL CATEGORIES SYMBOLS TYPICAL SOIL TYPES

GRAVEL
More than halt

cearsefractien

Is larger than

No4 sIeve size

SAND
Mere than halt

coarse fraction

Is smaller than

No4 sIeve

size

Clean Gravel with

lithe er ne fines

2Z
GW

fQ

GP

JJ
GM JJ

GC

Well Graded Gravel GravelSand Mixtures

Poorly Grads Gravel GravelSand Mixtures

Gravel with merel2tl
Silty Gravel Poorly Graded GravelSandSilt Mixtures

Clayey Gravel Poorly Graded GravelSandClay Mixtures

CleanSandwith

little or no fines

SW Well Graded Sand Gravelly Sand

Poorly Graded Sand Gravelly Sand

Sand with more

than 12 fines

SC

Silty Sand Poorly Graded SandSilt Mixtures

Clayey Sand Poorly Graded SandClay Mixtures

Uquid Umit than

SILTAND CLAY

5Z

SILT AND CLAY
Uquid Umit Greater than 50

ML

CL

Clayey Ane Sand or Silt with Slight tQid
Inorganic Silt and Very Fine Sand Rock Flour Silty or

Inorganic Clay ot Low to Medium Plasticity

Gravelly Clay Sandy Clay Silty Clay Lean Clay

Organic Clay and Organic Silty Clay of

tQicity

Inorganic Silt Micaceous or Diatomaceous

Fine Sandy or Silty Soils Elastic Silt

oii

Inorganic Clay of High Plasticity Fat Clay

Organic Clay of Medium to High idtyOrganic Silt

HIGHLY ORGANIC SOILS Peat and Other Highly Organic Soils

UNIFIED SOIL CLASSIFICATION SYSTEM

Subsurface Consultants

BLACKBERRY CANYON
PLATFORM

SUBSTATION SUPPORT
LBNL BERKELEY CA

PLATE

JOB NUMBER

658038

DATE

92595



Very thinbedded

Laminated

Thinly laminated

FRACTURING

Very little fractured

Occasionally fractured

Moderately fractured

Closely fractured

Intensely fractured

Crushed

HARDNESS
Soft

Low hardness

Moderately hard

Hard

Very hard

STRENGTH
Plastic

Friable

Weak

Moderately strong

Strong

Very Strong

Greater than 40

10 to 40
05 to 10

01 to 05

005 to 01

less than 005

reserved for plastic material alone

can be gouged deeply or carved easily with knife blade

can be readily scratched by knife blade scratch leaves 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 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 few heavy hammer blows before breaking

specimen will withstand few heavy ringing hammerblows and will yield

with difficulty only dust and small flying fragments

specimen will resist heavy ringing hammer blows and will yield with difficulty

only dust and small flying fragments

moderate to complete mineral decomposition extensive disintegration

deep and thorough discoloration many fractures all extensively coated or

filled with oxides carbonates andor clay or silt

ROCK CLASSIFICATION CRITERIA

BEDDING OF SEDIMENTARY ROCKS
Very thIckbedded Greater than 40

Thickbedded 20 to 40
Thinbedded 02 to 20

005 to 02
001 to 005

less than 001

Bed thIckness In feet

Size of pIeces In feet

WEATHERING
Deep

Moderate

Little

Fresh

slight change or partial decomposition of minerals little disintegration

cementation little to unaffected Moderate to occasionally intense discoloration

Moderately coated fractures

no megascopic decomposition of minerals little 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 Fractures

usually less numerous than joints

Subsurface Consultants

BLACKBERRY CANYON SUBSTATION SUPPORT PLATE

PLATFORM LBNL BERKELEY CA

JOB NUMBER DATE APPROVED

658038 92595



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Harza, 1996, “Construction Observation Report, Slope and Seismic Stabilization Project, Phase II, 
Subcontract No. 711, Berkeley National Laboratory, Berkeley, California,” consulting report dated February 5, 
1996, Harza Project No. K1226-3-1773. 

 

Logs of Caissons 1A to 19A  



DRILL RIG FACI SURFACE ELEVATION 707 Mark Caruso

DEPTH TO GROUNDWATER Gt BORING DIAMETER DRILLED

DESCRIPTION AND CLASSIFICATION fh om
ZLL

TESTS
DESCRIPTION AND REMARKS

9zt J4
ith
3YIE CoO jo

5LYh JT

IAi t3 OEM4fl

CCk
5Y

DRY io

if5C7tI2
StkT SLJCJcEt

cs ma sirRJ aAla
20

EE 8RwY cmrD
9Rcces

Ca
CLOV SY ai ce2T

Wexe

rx ir
motZc cj

EXPLORATORY BORING LOG

Consulting Engineers and Scientists
BORING EB

NO



DRILL IG Se iQOh SURFACE ELEVATION ur Caruso

DEPTH TO GROUNDWATER fl BORING IA DATE DRILLED

DESCRIPTION AND CLASSIFICATION rm oiie

TESTS
DESCRIPTION AND REMARKS kNSISTI

UEh eRA 5o
8V Jj7FUDXxiE OPkLIs
ne cCKs oc

40

wrJBRAY

G9
SQS

a2t
Tu A7

inh GEENGffiy 77
wQ 3RA

TWEfrLO R7 57

ekE

60 t9E

65

Consulting Engine8rs and Scientists

EXPLORATORY BORING LOG

NO DATE so EB



FILL CLAY

Cu

TPQ
JTT

jE
LJ

ac

sr SFT
re5r

etJQ
fl

QC

czfi9e pocJ3

UY

lh CAcse 3203 SURFACE ELEVATION LOGGED BY Mark Caruso

DEPTH TO GROUNDWATER Nor NC BORING inch DATE DRILLED

OTHER
DESCRIPTIOkAND 1Q1ON

DESCRIPTION AND REMARKS

B7RTEi

eo

70

10

15

20

25

30

ic

Consulting Engineers and Scientists

EXPLORATORY BORING LOG

NO DATE

ER



DRILL RIG Cfceei SURFACE ELEVATION LOGGED BY Mark Caruso

DEPTH TO GROUNDWATER NoT BORING DIAMETER

DESCRIPTION AND REMARKS

iJ
CLAY Aq1S
ie2Xe Z9V 2Q

ih

9AE ih

iE7Q zcte i9c
sY

soE9itYLecJc
zra Qi rce rs cRcx93E

W3 jc
Jc

aa

aQ

HARLA
Consulting Engineers and Scientists DATE BORING

NO

T1ONAND CLASSIFICA11ON
OTHER

TESTS

YX

Jh
70

QY

EXPLORATORY BORING LOG

PROJECT



LOGGED BY Mark Caruso

DESCRIPTION AND REMARKS

CLAY iQ0t
7b

WYEQ 73 SDDE

ooe

ehYJEIDlOTfl eTht

bARK

5REAF SLCkEN

aEek crr
aoVO7o

5ThW CL5YEY1E
SGET

tQ WiT iE
8V is

Nu CLfWfflf py

c1 3Kht
CAeOAJOEYJT 2NTGk

P2bs 70 0Q si

Less JT
CDATEb Rc oQ

Consulting Engineers and Scien fists PROJECT NO RQ

CAse
DEPTH TO GROUNDWATER ACT BORING DIAMETER

DESCRIPTION AND CLASSIFICATION
OTHER

TESTS

STThRreO

EJG

10

tbY
SmE

15

20

25

30

EXPLORATORY BORING LOG



DRILL RIG 3P ft SURFACE ELEVATION 767 LOGGED BY Mark Caruso

DEPTH TO GROUNDWATER BORING 2S 9S

DESCRIPTION AND JCAQ1Q rm itfl
IIONh AND REMARKS

SOIL FEET
TYPE

am crera isSOR

CE sc

Thte ctL HPRLS AT

21

eEJeE Ia AT

cRt 13 50

JN
ocAcS

zJGRB
ItBtO

GFTh TO QUG

ACQE
7OTN

cs EJ SE

Consulting Engineers and Scientists

EXPLORATORY BORING LOG

PROJECT NO BOG 3A



eh cEELEV LOGGED BY Mark ar
GROUNDWATER

DESCRIPTION AND CLASSIFICATION

IPTION AND REMARKS

wiu
AtJt cb

JtA
TI ir77ee

ion ee
rQ
JecJ

HLCc

YQ

fr

20

25

Qit

tEh YQ CJ
7t e5

Consulting Engineers and Scientists

EXPLORATORY BORING LOG

PROJECT DATE

BORING DIAMETER

5Tf

OTHER

TESTS

sr4

cc

10

1QE
TO REf4



DESCRIPTION AND REMARK

ccmi st
Ih cC

qriW CtQt
COW SJCo

IC ve PG7L
fUL LE 7Q

BY

giiYrQLcfJ

QJ

Consulting Engineers and Scientists PROJECT NO BORNG eE

Uh FmC SURFACEELEVATION
jLOGGEDBV

GROUNDWATER TU Jc AQ

DESCRIPTIONAND iCATION
OTHER

TESTS

OC

EXPLORATORY BORING LOG



RIG ceee LWRFACE ELEVATION LOGGED BY Mark Caruso

GROUNDWATER 3E
DESCRIP11ON AND CLASSIFICATION

DESCRIPTION AND REMARKS

SE
Ui JQ

of 7b

CcPf 1QZh
JSL Gc

bFL 1Q VuJE Ak RECD

7t CL

SiLY5ro J3 ffiROpE
Ih CLF

CLAS72ATER2B
is

ec XN7E

cy oCt

OD DE

KmT ew zoCY 1M
16F Ih

INh DIAMETER

STl

LaD

et

10

15

20

30

Consulting Engineers and Scientists

EXPLORATORY BORING LOG

PROJECT NO DATE BORING



2COD SURFCE ELEVATION

DESCRIPTION AND REMARKS

TDtB OQD6IQfQWTThiE
sc

AT

CLhVEYJO
OJR7 iQEilSL

PJ QE
cr

SY lezftuy8161

RS OM
ci

iQ
flT

DBRgF
iTh IQ

iT t3 yic

Consulting Engineers and Scientists ppnjpj BORING

NO

GROUNDWATER DtAMETER

DESCRIPTION AND CLASSIFICATION rm

LOGGED BY Mark

SmPRfJJ

117
oT

EXPLORATORY BORING LOG

5f



DRILL RIG IS ffiCM SURFACE ELEVATION LOGGED BY Mark Caruso

DEPTH TO GROUNDWATER War DATE DRILLED

OTHER
DESCRIPTION AND CLASSIFICATION

bOIL FEET
DESCRIPTION AND REMARKS

rSISTfr

jDiVfl th IA
Eh IQAs

IJCcSO OB

C2aiQistc
7k

SV RUsT

tJ cznes sO flEJfl cc
TO sci21kWMJ SDY Mie is

cic DTh ct NO S77

1j Gftt
fE am

SflE iQ

CT
1Q

20

LaGwr7o

veeT
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iEh GA AT

Consulting Engineers and Scientists

BC PLORATORY BORING LOG

OJECT DATE BORING
EB 6A



DRILL RIG c3 P1ieecco SURFACE ELEVATION LOGGED BY Mark Caruso

DEPTH TO GROUNDWATER BORING DIAMETER DATE DRILLED as

iONhAND iCATiON rm OTHER

TESTS
DESCRIPTION AND REMARKS

SOIL FEET

iQJSGD GR9t SctEr

ki CECD5

BeDQS 14
LYEh RtKCTS16

ROE Pfl3

cAkQe 1Q1Qs

Q6 EQ
RJY AQ
IJ YL

Y37
60

65

Consulting Engineers and Scientists

EX PLORATORY BORING LOG

NO DATE

6A
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

A3GEO, Inc. (A3GEO), 2011, Geotechnical Investigation Report, Meteorological Tower near Building 27, 
Lawrence Berkeley National Laboratory, Berkeley, California,” report dated July 28, 2011. 
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

A3GEO, Inc. and Lettis Consultants, International, Inc. (A3GEO/LCI), 2011, “Bevatron Observations, 
Lawrence Berkeley National Laboratory”, consulting report dated September 30, 2011. 
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MEMORANDUM 

 

 
Date:  September 30, 2011     A3GEO Project #: 1100-2D 
Project: Bevatron Observations     

LBNL, Berkeley, CA      
To:  Joe Harkins, Project Director 
From:  Dona Mann, G.E. (A3GEO), John Baldwin, C.E.G. (LCI) 
R.E.:  Summary of Observations during Bevatron Demolition 
 
 
This memorandum documents our field observations made during the demolition of the Bevatron between 
April and September 2011. Observations were made by Dona Mann, G.E. of A3GEO, Inc. (A3GEO) and John 
Baldwin, C.E.G. of Lettis Consultants International, Inc. (LCI). Preston Jordan, LBNL geologist, was 
intermittently on site with Ms. Mann and/or Mr. Baldwin. The data collected from the excavations and 
environmental explorations conducted in 2011 should be compiled and interpreted for an overall geologic and 
geotechnical analysis of the Bevatron site; however, this was beyond the limits of this memorandum which 
transmits field observations only.   
 
Review of Environmental Boreholes SB51-11-9 to 11 
 
Review of retrieved core samples occurred on April 29, 2011 after the drilling and installation of temporary 
groundwater sampling points by LBNL environmental staff. Samples were placed on plastic sheeting with 
relative depths noted at the base of each sample run. Boreholes SB51-11-09, 10 and 11 had been drilled 
prior to review of the core; thus significant drying had occurred from sun exposure and a moderate breeze. 
The sampling method (percussion hammer and direct push) and disturbed condition of the core generally 
allowed for only textural and color observations. No information on hammer resistance or elapsed time 
between samples was available. Inferences regarding rock mass properties are based on the size and 
condition of bedrock chips and blocks comprising the core samples. Colors were estimated, where time 
permitted using a Munsell color chart. The groundwater sampling points were being installed as part of the 
Environmental Health and Safety department’s demolition of the Bevatron; information regarding the 
construction of the installed facilities is available through LBNL. 
 
The following are field notes of the core review by John Baldwin. The information provided below should not 
be used for geotechnical planning purposes. Depths should be considered approximate and within +/- 6 
inches, with possible larger uncertainties where sample(s) appeared missing.  The elevations of SB51-11-9 
and SB51-11-10 are roughly 710 ft (floor of Bevatron), whereas SB51-11-11 is about 725 ft. The 
approximate borehole locations are provided on the attached Site Plan, Figure 1.  
 
Borehole SB51-11-09 
 
0-1 ft: light yellow brown (7.5 YR 5/4) silty clay with angular gravel; hard siltstone and sandstone clasts 
between 1” to 2” diameter (FILL). 
 
1-2 ft: tannish gray (10YR 6/1) to grayish light brown, moderately weathered very fine-grained siltstone 
(Orinda Formation). 
 
2-7 ft: light gray sandy siltstone with fine fractures; blocky to very blocky with an estimated moderate 
GSI; thin weak zone at 6 ft where it becomes pulverized (Orinda Formation). 
 
7-8.5 ft: dark gray (7.5 YR 4/1) clayey siltstone with abundant random polished fracture faces and 
highly disintegrated to blocky/disturbed/seamy weak to moderately weak rock; very fine fractures; open to 
tight; chips break easily along partings (Orinda Formation). 
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8.5-9.5: (possibly missing core within this interval); gray sandy siltstone with zones of hard to weak 
calcium carbonate development (calcite crystals); becomes hard and blocky suggesting moderate to 
moderately high GSI;  increase in sand content (20-30%); dry (Orinda Formation). 
 
9.5 to 13 ft: dark gray siltstone; pulverized and disintegrated to blocky/disturbed/seamy with very fine 
fractures; clay lined and polished; interpreted as very weak with low to moderately low GSI; fractures open 
to tight; minor zones of calcite to calcium carbonate precipitation; dry (Orinda Formation). 
 
13-15 ft: light gray to grayish brown siltstone; hard and competent; large < 2” diameter clasts suggest very 
blocky to blocky behavior; minor clay-lined seams; dry as above (Orinda Formation). 
 
15-16 ft: clayey siltstone that is brecciated with small angular blocks of siltstone in clayey matrix; resembles 
a blocky/disturbed/seamy structure suggesting lower GSI values; possible moist zone based on 
appearance of core material (Orinda Formation). 
 
16-18 ft: light gray, silty very fine-grained sandstone with abundant 1” diameter thin (2-5 mm) rock chips (as a 
result of sampling method); approximately 50% silty sandstone to very fine-grained sandy siltstone; assumed 
to be blocky to very blocky structure with moderate GSI(Orinda Formation). 
 
18-19 ft: dark gray siltstone; transitions to siltstone with less sand; finer bedrock chips than above with 
occasional “brecciation” but no polished surfaces; medium competent siltstone and assumed moderate to 
low GSI (Orinda Formation). 
 
19-21.8 ft: (possible moist zone based on appearance of core material); gray brecciated siltstone within 
clayey matrix; few slickensides or polished surfaces; possible coarse-grained clayey sand at 20.5 ft (or fill 
from above dropping in?); weak rock with low to moderately low GSI (Orinda Formation). 
 
21.8 to 25 ft: dark gray siltstone with abundant tight fractures; assumed moderate to moderately low GSI with 
very blocky to blocky structure; fine fractures that are tight and some clay-lined; crumbles with moderate 
pressure; dry (Orinda Formation). 
 
Water apparently encountered in borehole based on conversations with drillers during logging of SB-51- 
11-11. This is consistent with inferred moist zones. Free flowing water noted emanating from the 
uppermost soil nail (3rd from corner on east wall) in the adjacent retaining wall. 
 
Borehole SB51-11-10 
 
0-7.5 ft: reddish brown clayey gravel to silty clay with fine angular gravel; wood fragments and plastic to 
7.5 ft (FILL). 
 
7.5-9.5 ft: brownish gray moderately weathered siltstone with strong reddish brown to purplish staining along 
pedogenic fractures (Orinda Formation). 
 
9.5-11 ft: gray to light gray, brecciated siltstone with random slickensides and polished fracture surfaces; infer 
a low to moderately low GSI with very blocky to blocky/disturbed/seamy structure (Orinda Formation). 
 
11-12.5 ft: gray (7.5 YR 6/1 to 5/1) silty, very fine-grained sandstone; assumed moderate GSI based on 
retrieved core and breakage; assumed to be blocky to massive and hard (Orinda Formation). 
 
12.5-16 ft; light gray (7.5 YR 6/1) zone of highly fractured pulverized to crushed siltstone with manganese 
oxide staining and possible calcium carbonate precipitation (calcite); very tight clay lined fractures (Orinda 
Formation). 
 
16-17 ft: gray siltstone; few to no fractures or breccia; competent rock with an inferred moderate GSI 
with possible very blocky to blocky structure (Orinda Formation). 
 
17-19 ft: light to dark gray  siltstone; highly fractured and pulverized/crushed with clayey matrix; zone of 
calcium carbonate or calcite crystallization at 18.5 ft; brecciated with clay-lined fractures and polished 
surfaces; inferred low to moderately low GSI and blocky/disturbed/seamy structure (Orinda Formation). 
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19-20 ft: gray siltstone; very fine-grained with thin bedrock chips with no brecciation or polished 
surfaces; inferred moderate GSI and very blocky structure (Orinda Formation). 
 
Drillers reported occasional moist zones within this borehole, but at time of logging no features 
suggestive of moisture content. 
 
Borehole SB51-11-11 
 
0-12.6 ft: Brown to dark brown with gray and orange brown mottling; silty clay with 15-20% angular clasts, 
massive with multiple fill horizons of which some are clayey sand; gravel clasts predominantly of Orinda 
Formation; basal fill is very stiff; moist (FILL). 
 
12.6 to 16 ft: gleyed, very fine-grained sandy siltstone; gray to light bluish gray (2.5Y 5/1); 30-40% very fine-
grained sand; becomes finer-grained with depth changing to a siltstone to clayey siltstone (Orinda 
Formation). 
 
16-17 ft: dark gray (2.5Y 4/1 to 3/1); transitions to a siltstone with slickensides, polished fracture surfaces 
that are conchoidal; inferred to have low to moderately low GSI and blocky/disturbed/seamy structure to 
disintegrated; dry (Orinda Formation). 
 
17-18.5 ft: disintegrated siltstone with pervasive fine fractures and slickensides; very weak with an 
inferred low GSI; fractures range from tight to open and clay-lined; dry (Orinda Formation). 
 
20.5 ft: gray 2.5Y 6/1; transitions to a silty sandstone with trace to 15% very fine-grained sand and less 
pervasive shearing; inferred low to moderately low GSI with very blocky to blocky/disturbed/seamy 
structure; increase in very fine grained sand with depth to 20-40% sand; siltstone has very thin laminations 
(Orinda Formation). 
 
22-25 ft: light gray to gray, pulverized/crushed sandy siltstone with possible very fine-grained sandstone at 25 
ft; breaks down into fine chips < 1 in. wide (Orinda Formation). 
 
26.4 ft: black recrystalized magnetite within siltstone (10-20% very fine-grained sand) and polished 
slickensides; inferred low to moderately low GSI (Orinda Formation). 

 
27-30 ft: gray to dark gray (2.5Y 3/1)  very pulverized/crushed, weak and crumbly siltstone; 
abundant fine open  hairline fractures with polished  surfaces pervasive; faint calcium carbonate 
mineralization; fine chips of 0.5 " diameter; very weak, loose and disintegrated with an inferred  low 
GSI (Orinda Formation). 
 
No water in borehole 1 hr after completion. 
 
Review of Environmental Push Cores WT-1 to WT-12 
 
The environmental push cores were installed as a part of LBNL’s Environmental Health and Safety 
Department’s demolition of the Bevatron. Push Cores WT-1 to WT-12 were drilled in May 2011 and reviewed 
in June 2011 by LCI. The elevation of the push cores is unknown but is assumed to be close to 703 feet (floor 
elevation of the center of the Bevatron). The depth of the reviewed cores ranges from 5 to 10 feet placing the 
base of the cores at or near a maximum depth of 603 feet. As shown on the Site Plan, Figure 1, the push 
cores generally delineate a circular shape that encompasses the center of Bevatron. Push core samples were 
retained in clear plastic tubes of variable lengths, labeled, and placed on site in a construction bin for 
temporary storage. The ends of the cores were available for inspection of sediment and core material. The 
clear plastic tubing permitted limited observation of sampled material in between the tube ends. LCI and 
A3GEO were on-site to observe and briefly summarize the core samples following drilling and sample 
collection. The discontinuous lengths of the cores suggest that not all samples were available for review. The 
drilling operation was performed by Gregg Drilling and Testing, Inc. using a Direct Push Rhino Drill Rig under 
the direction of LBNL Environmental officials.  The Site Plan, Figure 1, shows the approximate locations of the 
push cores. 
 
The classification of the cores retrieved from the boreholes is summarized below.  The depth intervals for the 
different units should be considered approximate. 
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WT-1 

0'-3.5' : FILL 

3.5'-4' : SILTSTONE - Yellow brown sandy silt, friable to weak; suggestive of siltstone 
(Orinda Formation) 

5'-7' : 
SILTSTONE - Olive brown to grayish brown, very fine-grained sandy siltstone; 
faintly mottled, dry to moist, moderately hard with clay-lined fractures (Orinda 
Formation) 

7'-9’ : SILTSTONE - As above but more friable and weathered with 10-15% clay 
(Orinda Formation) 

9-10' : SILTSTONE - Blue-gray to light gray hard blocky siltstone that is crushed to 
friable, weak with low hardness (Orinda Formation) 

WT-2 

0'-3.5' : CLAY (CL)  (Fill) 

3.5-4.5': SILTSTONE – Olive brown, friable to weak sandy siltstone with iron oxide 
mottling and clay-lined fractures (weathered Orinda Formation) 

5.5'-6': SILTSTONE - Light gray to bluish gray, very fine-grained siltstone, loose, 
friable and weak dry to moist (Orinda Formation) 

WT-3 

0-3' : CLAY (CL) – yellowish brown with sandstone clasts (Fill) 

3'-4' : 
SILT (ML) – Gray, loose to friable and grades to a yellow brown sandy silt at 
about 4’; contains silty sandstone fragments suggestive of weak/weathered 
bedrock or alternatively clasts within artificial fill (Orinda Formation?) 

4'-4.5' : SILTY SANDSTONE (?) – Yellow brown and mottled greenish brown, weak. 

5'-6' : 
SILTSTONE – Yellowish brown sandstone at about 5’ that grades to a fine-
grained sandy siltstone at about 6’; dry to moist, bluish gray to light gray; weak 
and friable (Orinda Formation) 

WT-4 

0'-1' : FILL – Sandy with blocks of weathered siltstone 

1'-4' : SILTSTONE – sandy fill grades to weathered bedrock that is interbedded 
siltstone and sandstone with yellow brown gravel lenses (Orinda Formation) 

6'-7.5' : SILTSTONE - As Above – very hard and competent bedrock (Orinda 
Formation) 

WT-5 4.5'-5' : Blocks of weathered siltstone (bedrock or fill?) 

WT-6 

3.5'-4’: SILTSTONE – Bluish gray, weathered, loose and friable (Orinda Formation) 

6'-7’: SILTSTONE –Similar to above with slight increase in clay content (Orinda 
Formation) 

7'-8' : CLAYSTONE – Dark gray to grayish brown, silty, wet to saturated (Orinda 
Formation/shear zone?) 

8'-10’ : SILTSTONE – Dark gray, clayey, very wet to saturated; possible all fill mixed 
with Orinda Formation blocks (Orinda Formation/shear zone?) 

WT-7 
3.5'-4’ : SILTSTONE – Bluish gray, fine-grained and weathered (Orinda Formation) 

9-10': SILTSTONE – Bluish gray, fine-grained as above but more competent and 
hard (Orinda Formation) 

WT-8 

0'-2' : CLAY – Brown clay (CL) - FILL 

3'-4' : SILTSTONE – Gray to white, calcium-carbonate stained siltstone, loose and 
friable (Orinda Formation) 

5'-6' : SILTSTONE – Dark grayish brown, fine-grained sand component, hard, dry 
(Orinda Formation) 

6'-7’ : SILTSTONE – Gray and sandy, with calcium carbonate cement (Orinda 
Formation) 

WT-9 

0'-4' : CLAY(CL) – with mixed Orinda Formation clasts - FILL 
4'-6' : CLAY (CL) – Dark brown stiff clay (FILL or Qc?) 

6'-8' : CLAY (CL) – Dark brown clay with pebble-sized clasts of siltstone; grades to 
weathered siltstone at depth with clay (Qc) 

8'-8.5’ : SILTSTONE – Weathered bedrock; dark gray clayey (Orinda Formation) 
8.5’-9’: SILTSTONE – Calcium carbonate cemented siltstone (Orinda Formation) 

9’-9.5’: SILTSTONE – as above; hard and pulverized from sampling technique (Orinda 
Formation) 

9.5'-10.5’: SILTSTONE–Dark grayish brown with reddish weathered zones (Orinda Form.) 
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WT-10 

3'-4' : CLAY (CL) – Dark brown clay, very stiff with 10% very fine gravel, massive 
(FILL) 

5'-7' : CLY (CL) – Dark brown to mottled yellow brown clay, very stiff with trace fine 
gravel, massive (FILL/Qc?) 

7’-10' : CLAY (CL) – Brown clay with occasional yellowish brown, very fine-grained 
sandy siltstone clasts (FILL/Qc) 

WT-11 

0'-4' : CLAY (CL) – Brown clay with gravel, moist to wet (FILL)  

7'-7.5' : CLAY (CL) – Dark brown to reddish brown clayey silt to silty clay with bluish 
gray siltstone clasts (FILL/Qc?) 

7.5’-8' : WEATHERED SILTSTONE – Dark grayish brown with clay, soft to weak, 
(Orinda Formation/shear zone?) 

8’-10' : 
SILTSTONE – Dark gray to black siltstone; polished and slicken-sided 
surfaces, friable, soft and weak, with clay-lined fractures; possible fault zone 
material (Orinda Formation/shear zone) 

WT-12 

0'-4.5' : CLAY (CL) – Brown clay with gravel, moist to wet (FILL)  

6'-7.5' : CLAY (CL) – Reddish brown silty clay with zones of gray mottling with 
occasional clasts of siltstone (Qc?) 

7.5’-8' : WEATHERED SILTSTONE – Gray to grayish brown fine-grained sandy 
siltstone, friable and weak  (Orinda Formation) 

 
Review of Environmental Borings SB51-11-12 to SB51-11-16 
 
Monitoring wells were installed as a part of LBNL’s Environmental Health and Safety Department’s demolition 
of the Bevatron. Boreholes SB51-11-12 through SB51-11-16 were drilled and installed on May 25, 2011 and 
May 26, 2011. Locations of these borings (designated as 12 through 16) are shown on the Site Plan, Figure 
1. The borings were drilled east of Parking Lot I at an approximate elevation of 725 feet. A3GEO, Inc. was 
intermittently on-site to observe and classify the core samples while drilling and placement of monitoring wells 
was done by LBNL environmental staff. The drilling operation was performed by Gregg Drilling and Testing, 
Inc. using a CME 75 hollow stem auger rig. Cored samples were placed in core boxes with borehole numbers 
and sample depths noted on the box. LCI reviewed the core samples stored in the boxes at the Bevatron 
excavation site.  
 
The classification of the cores retrieved from the boreholes is summarized below: 
 

SB51-11-12 

0'-2' : CLAYEY GRAVEL (GC) – Yellowish brown (Fill) 

2'-5' : SILTY CLAY (CL) – Yellowish brown to reddish brown with olive brown and 
dark brown mottles (Fill) 

5'-11' : FAT CLAY (CH) – Dark brown to reddish brown soft clay with mixed reddish 
brown clay blebs, moist (Fill/Qc?) 

@10' : Reddish brown, hard siltstone clast within clay(?) matrix (Fill/Qc?)  

11'-15' : 
FAT CLAY (CH) - Reddish brown and gray, mottled, with sand and rock 
fragments, grades to weathered siltstone at 13-15 ft (Qc?/weathered Orinda 
Formation) 

15'-25' : SILTSTONE - Light gray to dark gray  - Orinda Formation 

SB51-11-13 

0'-5' : SANDY CLAY (CL) - Light brown to gray, stiff, moderately plastic (Fill) 
5'-10' : FAT CLAY (CH) - Dark gray clay, firm, possible buried soil horizon (Fill/Qc?) 

10'-14' : SANDY CLAY (CH) – Reddish brown, firm, some plasticity  (Fill mixed with 
Qc?) 

14’ to 16’: Weathered SILTSTONE – Reddish brown with thin gray laminations 2-5 mm 
thick (Orinda Formation)  

16'-18' : SILTSTONE – Gray with banding and laminations, hard and competent – 
(Orinda Formation) 

18'-20' : SILTSTONE - Reddish brown and gray streaked – (Orinda Formation) 

20'-25' : 
SILTSTONE - light greenish gray, soft, friable, very fine-grained with faint to 
rare laminations, dry (lighter in color and siltier than B15 at same depth) – 
Orinda Formation) 
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SB51-11-14 

1'-4' : FAT CLAY (CH) - Reddish brown and gray, plastic – (Fill) 

4’-8’: CLAY (CL) – Black organic-rich clay, soft (Qc?) 

8'-9.5' : WEATHERED CLAYSTONE/SHALE-Gray  (Orinda Formation or Great Valley 
Formation) 

9.5'-14' : CLAYSTONE/SHALE- Light gray, hard, crushed, very angular, 1/8-3/4" rock 
fragments (Brecciated Orinda Formation or Great Valley Complex) 

14'-15' : 
CLAYSTONE/SHALE - Dark gray, laminated with a shale-like fabric, platy-
structure and partings; resembles a brecciated claystone/shale-(Brecciated 
Orinda Formation or Great Valley Complex) 

16'-25' : 
CLAYSTONE/SHALE - Gray with some reddish brown seams, shale-like and 
platy partings with iron oxide staining and calcium carbonate cementation 
along fractures- (Brecciated Orinda Formation or Great Valley Complex) 

SB51-11-15 

0'-4' : FILL 

4’-15' : Alternating layers of possible buried soils within colluvia or mixed soil and fill 
(Quaternary colluvium/Fill) 

15'-25' : 

CLAYSTONE/SHALE - Dark gray, moderately hard to hard, laminated to very 
thinly bedded (more competent than B16 claystone/shale @ 16'), weak zones 
noted at 16.5-17’; at 18-20’ with multiple shears and clay-lined fractures; many 
shears and brecciated rock to 25’ with highly crushed and seamy zones 
bounded by clay fractures   (Brecciated Orinda Formation or Great Valley 
Complex) 

SB51-11-16 

0'-7' : GRAVELLY FAT CLAY (CH) - Light brown, reddish brown and dark gray, 
variable, with gravel and rock fragments, plastic  - FILL 

7'-16' : 
FAT CLAY - Dark gray  and reddish brown, with rock fragments and sand, 
variable, multiple possible buried soils within colluvium or mixed fill 
(Fill/Quaternary Colluvium) 

16'-19' : 

Weathered CLAYSTONE/SHALE - Dark gray, hard, deeply weathered, 
intensely fractured and seamy, with platy farbric, 1/8 - 3/4" fragments with olive 
brown seams (same as B14 @ 9.5' to 14') - fractures   (Brecciated Orinda 
Formation or Great Valley Complex) 

19'-26' : 
CLAYSTONE/SHALE - Dark gray, shaly to seamy fabric (soft and clay-rich) 
between 23' and 25'; possible fault zone fabric (Brecciated Orinda Formation or 
Great Valley Complex) 

 
Sewer Trench Observations 
 
Observations made by Dona Mann (A3GEO) on July 5, 2011. The sewer trench location is shown on the 
attached Site Plan, Figure 1. The trench excavation was approximately 2.5’ wide and 2.5’ to 4’ deep. The 
trench was cut through the concrete slab of the Bevatron; the top of the trench was at elevation +710’.  
The following observations were made along the length of the trench (between 0’ and 115’). The stationing of 
the trench is also shown on the Site Plan, Figure 1. 
 
0’ to 64’: Gravelly fill over fat black clay (CH), clay appears native, no bedrock observed. 
 
78’ to 79’: In-place bedrock observed, reddish brown and greenish gray sandy siltstone, low hardness, 
friable, no smooth fractures or laminations, crumbles with fingers, looks characteristic of Orinda Formation. 
Sample collected at 78’.  
 
89’ to 99’: In-place bedrock; olive brown mudstone; oxidized fractures; closely fractured; fractures are planar, 
relatively smooth, and angular; weak to moderately strong, low hardness (can scratch with finger nail). 
Sample collected at 99’.  
 
@ 107’: Dark gray mudstone (?) with reddish brown fractures, large (up to 1’) in-place blocks, hard, 
moderately strong to strong. 
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Review of Bevatron (Building 51) Excavations 
 
LCI provided limited observation and review of the Bevatron excavations between June and September 2011. 
The field reconnaissance was limited to periodic inspection of rock and fill cuts within the Bevatron footprint. 
The inspection intervals usually were between 15 and 45 minutes and held during the construction crew’s 
lunch break. Observations were limited to views from above when the excavation was considered unsafe for 
entry, as well as direct observation, photography, and hand sample collection within the excavation upon 
approval by the LBNL safety officials.   
 
The locations of observations were approximated using existing cultural features for sighting (e.g., former 
building columns and walls), and a hand-held GPS device. Bedding and fault orientations are considered 
approximate due to: (1) large quantities of iron from the Bevatron foundation and debris piles that occasionally 
impacted the operation of the magnetic compass; and (2) orientations were developed by “line of sight” with 
cultural features identified on drawings provided by LBNL officials with existing Building 51 framing and 
foundation components that remain unexcavated.  
 
The field descriptions listed below and are meant to provide an approximate characterization of the bedrock 
and soil conditions observed. The observation points are identified on the Site Plan, Figure 1. Most of the 
observations listed below were made during the demolition of the underpinning tunnel inside the Bevatron. 
The bottom of the tunnel was at an approximate elevation of 690 feet; the top of the tunnel was at an 
approximate elevation of 697 feet.  
 
The following descriptions refer to GPS waypoints defining the field observations and their approximate 
location. 
 

WP-94 SILTSTONE 

Observation made along outside excavation wall at about 690 ft.  Sheared 
with a blocky/disturbed/seamy groundmass along a several foot wide 
shear zone separating very blocky siltstone on the south from brecciated 
siltstone on the north; trends subparallel to fault zone exposed near WP-
095 (Orinda Formation)  

WP-95 SANDSTONE 

Observation made along outside excavation wall at about 690 ft. Silty 
sandstone, blocky to very blocky; projects across excavation to the inner 
excavation wall and  a bedding parallel fault with blocky/disturbed/seamy 
siltstone on north and blocky sandy siltstone to sandstone on south 
(Orinda Formation). Relatively good bedding exposed along the outer wall: 
overall is northwest striking and dipping northeast 35 degrees. 

WP-96 SILTSTONE 

Observation collected on inside excavation wall at about 690 ft.  Zone of 
sheared dark gray siltstone along (north side) juxtaposed against light gray 
sandstone (south side); shearing projects to northwest across excavation 
and defines a broad zone of weak and brecciated rock comprising WP097 
and WP098  (Orinda Formation)  

WP-97 SILTSTONE 

Observation collected on outside wall of excavation at about 690 ft. Broad 
fault zone consisting of several 2- to 5-ft-wide zones of 
blocky/disturbed/seamy, dark gray to black siltstone bounded by more 
competent blocks of very blocky, moderately hard, gray silty sandstone.  
The entire zone of disturbance continues around the exposure toward 
WP094 with occasional very soft and friable zones of siltstone/claystone 
with seeps (Orinda Formation). 

WP-98 SILTSTONE 

Observation collected on inside wall of excavation at about 690 ft.  Fault 
zone of blocky/disturbed/seamy, black to dark gray siltstone; abundant 
polished fractures and slickensides that are soft and friable; 5 to 10 ft west 
of WP096 (Orinda Formation)  

WP-99 SILTSTONE 

Observation collected on inside excavation wall at about 690 ft.  Prominent 
shear zone directly to the west of WP097; likely represents a continuation 
of the zone of seamy and brecciated siltstone with blocks of competent 
sandy siltstone/silty sandstone trending northwest across the Bevatron 
foundation; multiple random shear orientations in brecciated siltstone  
(Orinda Formation). 

WP-100 FAULT ZONE As above and similar to WP099; waypoint was to provide an overall width 
and orientation of the shear zone (Orinda Formation)  
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WP-101 SANDSTONE 

Observation made about 10 feet above WP100 or approximately 700 
ft at base of outermost excavation (not within the magnet foundation 
excavation).  Light brown to brown silty sandstone to fine-grained 
sandstone; weathered to yellow brown with oxidation stains; blocky to 
very blocky, low to moderate hardness, moderately spaced jointing, 
moderately strong; lies along projection of competent sandstone 
observed in fault zone near WP097;  directly overlain by artificial fill 
(Orinda Formation-weathered). 

WP-102 SILTSTONE 

Observation made about 10 feet above WP100 or (about 700 ft) at 
base of outermost excavation wall and to west of WP-101.  Light 
brown to yellow brown, weathered, very fine-grained sandy siltstone 
with oxidation staining along fractures; blocky to very blocky, low to 
moderate hardness, moderately spaced jointing, weak to moderately 
strong; a small fault juxtaposes siltstone on west against sandstone on 
east; orientation is northerly with an 82 degree easterly dip (Orinda 
Formation).  

WP-103 SANDSTONE 

Observation made at about 690 feet along outside excavation wall 
south of waypoint WP095; gray silty, fine-grained sandstone; on north 
side of observation is competent blocky to very blocky sandstone 
juxtaposed against a blocky/disturbed/seamy dark gray siltstone; the 
brecciated siltstone continues along the exposure toward WP104; the 
siltstone is overlain by artificial fill; bedding parallel fault strikes 
northwest and dips northeast 46 degrees (Orinda Formation). 

WP-104 LIMESTONE 

Observation made at about 690 feet along outside diameter of footing 
excavation southwest of waypoint WP103; light gray to white hard and 
competent blocks of limestone floating in a black 
blocky/disturbed/seamy groundmass of brecciated siltstone; polished 
slickensides give a weak and friable texture; steep south dipping 
limestone(?) on east and subhorizontal dipping limestone(?) on west 
define a 5-ft-wide shear zone trending southerly with a possible steep 
dip (Orinda Formation). 

WP-138 FILL/COLLUVIUM 

Observation made at about 690 feet along outside diameter of footing 
excavation and west of waypoint WP104; relatively thick sequence (10 
ft exposed) of gravelly clay (artificial fill) overlying a brown to reddish 
brown, clay-rich colluvium; no bedrock exposed; fill and colluvium 
suggest buried paleochannel/swale (Fill over Quaternary colluvium).

WP-139 SANDSTONE 

Observation made at about 690 feet along inside diameter of footing 
excavation; exposes gray silty fine-grained sandstone overlain by a 
brown to grayish brown blocky/disturbed/seamy siltstone to claystone; 
abundant slickensides and breccia within siltstone/claystone; fine-
grained sandstone is competent, weak to moderately hard, very 
blocky;  shear zone strikes southerly and dips NE 25 degrees (Orinda 
Formation).

WP-140 FILL/COLLUVIUM 

Observation made at about 690 feet along outside diameter of footing 
excavation; gravelly clay (fill) overlying dark brown to reddish brown 
clay with rounded pebbles (colluvium derived from Orinda Formation); 
relatively thick sequence (about 5-8 ft exposed) of fill and colluvium 
filling an inferred paleochannel/swale; no bedrock exposed; deposit 
continues across excavation to waypoints WP141 and 142 (FILL over 
Quaternary colluvium).

WP-141 SHEAR ZONE 

Observation made at about 690 ft along inside diameter of footing 
excavation; exposes dark brown to reddish brown clay with rounded 
pebbles (Quaternary colluvium) overlying black to dark gray 
siltstone/claystone; blocky/disturbed/seamy with pervasive 
slickensides and polished surfaces in both units; contact between 
colluvium and siltstone/claystone is sheared with clay gouge and 
moist; overlying fill and colluvium contact dips southwest defining 
margin of paleoswale(?) (Landslide debris overlying Orinda 
Formation).
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WP-142 FILL/COLLUVIUM 

Observation made at about 690 ft along outside diameter of footing 
excavation; gravelly clay FILL overlying dark brown to reddish brown 
colluvium with rounded pebbles; moist and soft, clay-rich colluvium 
that likely comprises landslide material observed at WP-141 (Fill over 
Quaternary colluvium).

WP-143 SHEAR ZONE 

Observation made at about 690 ft along inside diameter of footing 
excavation; exposes dark brown to reddish brown clay (Quaternary 
colluvium) with pervasive shearing and slickensided surfaces with 
striae trending N63W and plunging 31SE; landslide debris/colluvium 
within paleoswale (Landslide Deposits/Quaternary colluvium).

WP-144 SHEAR ZONE 

Observation made at about 690 feet along inside diameter of footing 
excavation and northwest of WP-143; exposes dark brown to reddish 
brown clay (southwest) against black to dark gray slickensided 
siltstone ( northeast); orientation of shear zone is N85W, 45SW to 
N81W,65SW; entire zone of soft clay overlying brecciated siltstone 
projects toward WP139 possibly defining the northern limits of the 
landslide within the excavation (Landslide Deposits/Orinda Formation).

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Alan Kropp & Associates, Inc. and A3GEO, Inc. (AKA/A3GEO), 2011, “Data Report, Preliminary 
Geotechnical and Geologic Studies, Lawrence Berkeley National Laboratory Future Scientific Facility, 
Berkeley Lab – Berkeley, California,” consulting report dated October 28, 2011. 
 

 
 

Logs of Borings B-1 and B-2 
 
 
  



SILTY SAND, (SM) - Brown, wet, medium dense, fine to medium
grained sand - FILL

LEAN CLAY, (CL) - Brown to bluish gray, moist, firm, organics
present (roots), weather bedrock clasts present (Orinda
Formation) - FILL

SILTSTONE, [Orinda Formation] - Greenish gray, moderately
hard, moderately strong, moderate weathering - BEDROCK

(Continued Next Page)
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BORING NUMBER B-1

NOTES

GROUND ELEVATION 725.7 ft

LOGGED BY DVT

DRILLING METHOD Mud Rotary

HOLE SIZE 5"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY JB

DATE STARTED 07/05/11 COMPLETED 07/05/11

AT TIME OF DRILLING ---
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PROJECT NAME LBL FSF Comparative Study

PROJECT LOCATION Berkeley, CA

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-2F
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1000 psi for 20 min

SILTSTONE, [Orinda Formation] - Greenish gray, moderately
hard, moderately strong, little weathering, occasional fracturing,
fine grained sand - BEDROCK

CLAYSTONE/SILTSTONE, [Orinda Formation] - Greenish gray,
low hardness, weak, moderately weathered, moderately fractured,
polished surfaces and slickensides - BEDROCK

CLAYSTONE/SILTSTONE, [Orinda Formation] - Bluish gray, low
hardness, weak, little weathering, occasional fractures, little
medium to coarse grained sand - BEDROCK
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ST

ST

100

100

1200 psi for 25 min.

1200 psi for 20 min.

CLAYSTONE/SILTSTONE, [Orinda Formation] - Reddish brown,
low hardness, weak, little weathering, occasional fractures, 1/4 in.
dia. gravels - BEDROCK

- Color change to greenish gray

CLAYSTONE/SILTSTONE, [Orinda Formation] - Reddish brown,
moderately hard, moderately strong, little weathering, occasional
fractures, massive - BEDROCK

(Continued Next Page)
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ST 100

1000 psi for 20 min.SILTSTONE, [Orinda Formation] - Olive gray to dark reddish
brown, moderately hard, moderately strong, little weathering,
occasional fracturing - BEDROCK

(Continued Next Page)
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ST 100

1200 psi for 20 min.SILTSTONE, [Orinda Formation] -Olive brown to dark reddish
brown, hard, moderately strong, little weathering, occasional
fracturing, fine grained sand - BEDROCK

Bottom of borehole at 82.0 feet.
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ST

MC

100

10016

- 4 inches of AC over 2 inches of AB - PAVEMENT

SANDY LEAN CLAY, (CL) - Reddish brown, moist, stiff, some
gravel - FILL

GRAVELLY LEAN CLAY, (CL) - Dark gray, moist, stiff, moderate
plasticity, varying amounts of sand and gravel, gravel up to 1/2 in.
dia.

LEAN CLAY WITH GRAVEL, (CL) - Dark gray to reddish brown,
moist, stiff, some coarse sand and fine gravels, subangular, very
silty - COLLUVIUM

CLAYSTONE - Bluish gray, soft to low hardness, friable to weak,
little weathering, closely fractured - BEDROCK

(Continued Next Page)
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MC

RC

RC

RC

RC

RC

100

100
(55)

100
(74)

100
(76)

86
(86)

100
(100)

32/3.0"

(GSI 40-55)

(GSI 60-80)

(GSI 20-30)

(GSI 15-30)

(GSI 15-30)

CLAYSTONE - Bluish gray, soft to low hardness, friable to weak,
little weathering, closely fractured - BEDROCK(continued)
- Smooth laminations, some polished surfaces

- Increasing hardness

SANDY SILTSTONE, [Orinda Formation] - Bluish gray, hard,
moderately strong, little weathering, occasionally fractured
SANDY SILTSTONE, [Orinda Formation] - Bluish gray, soft to low
hardness, weak, fresh to slightly weathered, massive to blocky,
poor to fair surfaces, moderately bedded - BEDROCK
- Clay filled closed joint dipping at 30 degrees
- Clay filled closed joint dipping at 60 degrees
SANDSTONE, [Orinda Formation] - Bluish gray, soft to low
hardness, weak, fine grained sand, interbedded silstone (15% to
20%) - BEDROCK

- Reddish brown clay seams
SANDY SILTSTONE, [Orinda Formation] - Bluish gray, soft to low
hardness, weak, moderate weathering, moderately fractured,
rough to smooth,  dipping at 30 degrees, fine grained sand -
BEDROCK

- Increasing sand content
SILTSTONE, [Orinda Formation] - Bluish gray, low hardness,
weak, little weathering, closely fractured, massive to blocky -
BEDROCK
-Small 2.5 in. thick shear clay-rich zone
CLAYSTONE, [Orinda Formation] - Bluish gray, soft, weak, fresh,
very intensely fractured, very poor surface quality, some
laminations, periodic reddish brown seams - BEDROCK

SILTSTONE, [Orinda Formation] - Bluish gray, soft, weak, very
block, moderately fractured - BEDROCK
CLAYSTONE, [Orinda Formation] - Bluish gray, soft, weak,
moderate weathering, abundant polished surfaces and
slickensides, very intensely fractured, very poor to poor surfaces -
BEDROCK

(Continued Next Page)
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RC

RC

RC

RC

RC

RC

100
(100)

70
(84)

100
(100)

100
(42)

100
(88)

(GSI 15-35)

- Closed joint dipping at 40 degrees

SILTSTONE, [Orinda Formation] - Bluish gray, low to moderately
hard, moderately strong, white calcite viens - BEDROCK

CLAYSTONE, [Orinda Formation] - Greenish gray, soft to low
hardness, weak, moderate weathering, intensely fractured, clay
lined fractures, smooth polished surfaces and slickensides of joint
faces, no visible bedding or laminations

- Trace light brown, spherical claystone clasts

- Polished surfaces become very hard and shalely but texture is
claystone
CLAYSTONE, [Orinda Formation] - Zone of intensely fractured to
crushed material, many polished surfaces and slickensides -
BEDROCK

CLAYSTONE, [Orinda Formation] - Bluish gray, soft to low
hardness, friable to weak, little weathering, intensely fractured,
fresh clay lined and polished fractures

- 4 inch thick moderately hard zone

- Poor to fair surfaces

- Increasing hardness
- Joint dipping at 30 degrees
- Beds of reddish brown color
- Clay seam, soft 2.5 in. thick, moist, 15 degree inclination, smooth
and planar
- Shear, 5 in. thick, 10 degree dip, moderately soft to soft, smooth
and planar
- White calcite viens (1-3 mm thick)

(Continued Next Page)
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RC

RC

RC

RC

ST

92
(77)

67
(0)

67
(17)

44
(29)

(GSI 15-25)

- Shear, 2.5 in. thick, moderately soft clay seam, 20 to 30 deg dip
CLAYSTONE, [Orinda Formation] - Bluish gray, soft to low
hardness, friable to weak, little weathering, occasionally fractured,
massive - BEDROCK(continued)
- Closed joint dipping at 35 degrees

- Possible bedding dipping at less than 40 degrees
- Joint dipping 30 degrees

- Hard pebbles 1/4 in. to 1/2 in. diameter (approximately 30%)

- Brighter bluish green, higher silt content, angular clasts

- Intensely fractured to crushed transition zone

CLAYEY SILTSTONE, [Orinda Formation] - Reddish brown, soft,
friable to weak moderate weathering, very intensely to intensely
fractured, disintigrated and poor surfaces - BEDROCK

- Mottled bluish green and reddish brown, mostly reddish brown

CLAYSTONE, [Orinda Formation] - Reddish brown, low hardness,
weak, little weathering, occasionally fractured, little subrounded
1/2 in. to 1 in. diameter pebbles - BEDROCK
- Possible bedding dipping at less than 10 degrees

CLAYSTONE, [Orinda Formation] - Reddish brown, low hardness,
weak - BEDROCK

(Continued Next Page)
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BORING NUMBER B-2

NOTES

GROUND ELEVATION 756.9 ft

LOGGED BY DVT/DKM

DRILLING METHOD Mud Rotary

HOLE SIZE 5"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY JB

DATE STARTED 06/24/11 COMPLETED 06/27/11

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME LBL FSF Comparative Study

PROJECT LOCATION Berkeley, CA

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-2F
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Berkeley, CA 94710



CLAYSTONE, [Orinda Formation] - Reddish brown, low hardness,
weak - BEDROCK(continued)

CLAYSTONE, [Orinda Formation]  - Interbedded greenish gray to
reddish brown, low hardness, weak - BEDROCK

- Some polished surfaces present in cuttings

(Continued Next Page)
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BORING NUMBER B-2

NOTES

GROUND ELEVATION 756.9 ft

LOGGED BY DVT/DKM

DRILLING METHOD Mud Rotary

HOLE SIZE 5"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY JB

DATE STARTED 06/24/11 COMPLETED 06/27/11

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME LBL FSF Comparative Study

PROJECT LOCATION Berkeley, CA

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-2F
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RC

(GSI 80-90)

(GSI 45-65)

CLAYSTONE, [Orinda Formation]  - Interbedded greenish gray to
reddish brown, low hardness, weak - BEDROCK(continued)

SANDY SILTSTONE, [Orinda Formation] - Greenish gray,
moderately hard, moderately strong, little weathering, moderately
fractured, some fine to medium grained sand, 1 mm thick calcite
viens.

CLAYSTONE, [Orinda Formation] - Reddish brown, soft, weak to
moderately strong, moderate weathering, intensely to very
intensely fractured (micro), massive - BEDROCK
SILTSTONE, [Orinda Formation] - Greenish gray, low hardness,
moderately strong, moderately fractured - BEDROCK

Bottom of borehole at 112.0 feet.
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BORING NUMBER B-2

NOTES

GROUND ELEVATION 756.9 ft

LOGGED BY DVT/DKM

DRILLING METHOD Mud Rotary

HOLE SIZE 5"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY JB

DATE STARTED 06/24/11 COMPLETED 06/27/11

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME LBL FSF Comparative Study

PROJECT LOCATION Berkeley, CA

CLIENT Lawrence Berkeley National Laboratory
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Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Gray Lean CLAY w/ Sand (Weathered Claystone) Date: 7/29/2011

Ass. Gs = 2.8 Initial Final

12.8 17.3
124.7 117.8
0.402 0.483
89.2 100

Void Ratio:
% Saturation:

Dry Density, pcf:
 Moisture %:

B1

30-32.5(Tip-3")Lawrence Berkeley Labs
A3GEo
748-004
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Effective Stress, psf

Strain-Log-P Curve

Consolidation Test
ASTM D2435

Remarks:  Because the consolidation equipment is not designed to 
easily allow samples to swell, the final rebound point may indicate 
less swell than the sample was capable of.



Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Grayish Red Sandy Lean CLAY, trace Gravel (Weathered Claystone) Date: 7/21/2011

Ass. Gs = 2.8 Initial Final

12.6 15.1
127.8 123.0
0.368 0.421
96.1 100

Void Ratio:
% Saturation:

Dry Density, pcf:
 Moisture %:

B1

40-42.5(Tip-3")Lawrence Berkeley Labs
A3Geo
748-004
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Effective Stress, psf

Strain-Log-P Curve

Consolidation Test
ASTM D2435

Remarks: Because the consolidation equipment is not designed to 
easily allow samples to swell, the final rebound point may indicate 
less swell than the sample was capable of.



Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Grayish Red Sandy Lean CLAY, trace Gravel (Weathered Claystone) Date: 8/5/2011

Ass. Gs = 2.8 Initial Final

10.7 13.8
126.9 126.2
0.378 0.385
79.0 100

Void Ratio:
% Saturation:

Dry Density, pcf:
 Moisture %:

B1

50-52(Tip-3")Lawrence Berkeley Labs
A3Geo
748-004
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Effective Stress, psf

Strain-Log-P Curve

Consolidation Test
ASTM D2435

Remarks: The initial loading increments above 8800 psf were 
loaded for 48 hours each.



Job No: Boring: Date: 07/28/11
Client: Sample: By: MD/PJ
Project: Depth, ft.: 50-52(Tip-4.25") Remolded:

B: = >0.95
Cell: Bottom Top Avg. Sigma3 26
43.5 39.5 37.5 5

Date Minutes Head, (in) K,cm/sec
7/25/2011 0.00 79.38 Start of Test

7/25/2011 546.00 79.18 4.6E-09
7/26/2011 1434.00 78.73 5.8E-09
7/26/2011 1840.00 78.63 5.1E-09
7/26/2011 2049.00 78.50 5.4E-09

5.E-09 cm/sec
Sample Data: Initial (As-Received) Final (At-Test)
Height, in 2.99 3.03
Diameter, in 2.88 2.91
Area, in2 6.51 6.65
Volume in3 19.46 20.15
Total Volume, cc 319.0 330.2
Volume Solids, cc 253.8 253.8
Volume Voids, cc 65.1 76.4
Void Ratio 0.3 0.3
Total Porosity, % 20.4 23.1
Air-Filled Porosity (θa),% 0.8 0.2
Water-Filled Porosity (θw),% 19.6 23.0
Saturation, % 95.9 99.2
Specific Gravity 2.70 Assumed 2.70
Wet Weight, gm 747.8 761.2
Dry Weight, gm 685.4 685.4
Tare, gm 0.00 0.00
Moisture, % 9.1 11.1
Wet Bulk Density, pcf 146.3 143.8
Dry Bulk Density, pcf 134.1 129.5
Wet Bulk Dens.ρb, (g/cm3) 2.34 2.30
Dry Bulk Dens.ρb, (g/cm3) 2.15 2.07

Remarks:

748-004 B1
A3Geo

Average Hydraulic Conductivity:

Max Hydraulic Gradient: =
Max Sample Pressures, psi: ("B" is an indication of saturation)

Lawrence Berkeley
Visual Classification: Grayish Red Sandy Lean CLAY , trace Gravel  (Weathered Claystone)

Hydraulic Conductivity
ASTM D 5084

Method C: Falling Head Rising Tailwater
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Job No: Boring: Date: 07/27/11
Client: Sample: By: MD/PJ
Project: Depth, ft.: 40-42.5(Tip-4.5") Remolded:

B: = >0.95
Cell: Bottom Top Avg. Sigma3 32
43.5 39 38 5

Date Minutes Head, (in) K,cm/sec
7/21/2011 0.00 97.33 Start of Test

7/21/2011 658.00 96.93 7.9E-09
7/22/2011 1606.00 96.53 6.6E-09
7/22/2011 1935.00 96.33 6.9E-09
7/23/2011 3010.00 95.83 6.7E-09
7/24/2011 4577.00 95.03 6.7E-09

7.E-09 cm/sec
Sample Data: Initial (As-Received) Final (At-Test)
Height, in 3.00 3.04
Diameter, in 2.89 2.92
Area, in2 6.54 6.68
Volume in3 19.61 20.30
Total Volume, cc 321.4 332.7
Volume Solids, cc 235.4 235.4
Volume Voids, cc 85.9 97.3
Void Ratio 0.4 0.4
Total Porosity, % 26.7 29.2
Air-Filled Porosity (θa),% 1.7 0.6
Water-Filled Porosity (θw),% 25.0 28.6
Saturation, % 93.6 97.9
Specific Gravity 2.80 Assumed 2.80
Wet Weight, gm 739.7 754.5
Dry Weight, gm 659.2 659.2
Tare, gm 0.00 0.00
Moisture, % 12.2 14.4
Wet Bulk Density, pcf 143.6 141.5
Dry Bulk Density, pcf 128.0 123.6
Wet Bulk Dens.ρb, (g/cm3) 2.30 2.27
Dry Bulk Dens.ρb, (g/cm3) 2.05 1.98

Remarks:

748-004 B1
A3Geo

Average Hydraulic Conductivity:

Max Hydraulic Gradient: =
Max Sample Pressures, psi: ("B" is an indication of saturation)

Lawrence Berkeley
Visual Classification: Grayish Red Sandy Lean CLAY, trace Gravel (Weathered Claystone)

Hydraulic Conductivity
ASTM D 5084

Method C: Falling Head Rising Tailwater
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Job No: Boring: Date: 07/27/11
Client: Sample: By: MD/PJ
Project: Depth, ft.: 30-32.5(Tip-4") Remolded:

B: = >0.95
Cell: Bottom Top Avg. Sigma3 23
43.5 39.5 37.5 5

Date Minutes Head, (in) K,cm/sec
7/21/2011 0.00 42.69 Start of Test

7/22/2011 1847.00 41.19 1.9E-08
7/24/2011 1589.00 41.49 1.8E-08
7/25/2011 2735.00 40.69 1.8E-08
7/25/2011 568.00 69.48 2.2E-08
7/26/2011 1455.00 68.43 1.9E-08

2.E-08 cm/sec
Sample Data: Initial (As-Received) Final (At-Test)
Height, in 2.98 3.01
Diameter, in 2.88 2.91
Area, in2 6.51 6.65
Volume in3 19.39 19.99
Total Volume, cc 317.7 327.5
Volume Solids, cc 230.1 230.1
Volume Voids, cc 87.6 97.5
Void Ratio 0.4 0.4
Total Porosity, % 27.6 29.8
Air-Filled Porosity (θa),% 2.5 0.2
Water-Filled Porosity (θw),% 25.0 29.6
Saturation, % 90.8 99.5
Specific Gravity 2.80 Assumed 2.80
Wet Weight, gm 723.7 741.1
Dry Weight, gm 644.1 644.1
Tare, gm 0.00 0.00
Moisture, % 12.4 15.1
Wet Bulk Density, pcf 142.2 141.2
Dry Bulk Density, pcf 126.5 122.7
Wet Bulk Dens.ρb, (g/cm3) 2.28 2.26
Dry Bulk Dens.ρb, (g/cm3) 2.03 1.97

Remarks:

Visual Classification: Gray Lean CLAY w/ Sand (Weathered Claystone)

Average Hydraulic Conductivity:

Max Hydraulic Gradient: =
Max Sample Pressures, psi: ("B" is an indication of saturation)

748-004 B1
A3Geo

Lawrence Berkeley

Hydraulic Conductivity
ASTM D 5084

Method C: Falling Head Rising Tailwater
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Project:
Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: B1 Elev./Depth: 25-27.5(Tip-3)

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

A3Geo748-004

18.422.741.1Dark Gray Sandy Lean CLAY (Weathered Rock)

Lawrence Berkeley Labs

Source: B1 Elev./Depth: 30-32.5(Tip-2)

23.423.847.2Gray Lean CLAY w/ Sand (Weathered Claystone)

Source: B1 Elev./Depth: 40-42.5(Tip-2)

16.021.737.7Grayish Red Sandy Lean CLAY, trace Gravel (Weathered
Claystone)

Source: B1 Elev./Depth: 50-52(Tip-2)

18.819.738.5Grayish Red Sandy Lean CLAY, trace Gravel (Weathered
Claystone)

Source: B3 Elev./Depth: 228'

23.919.643.5Gray Lean CLAY (Weathered Claystone)
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

Alan Kropp & Associates, Inc. and A3GEO, Inc. (AKA/A3GEO), 2012a, “Geotechnical/Geologic Data and 
Interpretations Report, FY 2012 Bevatron Pad Investigation, Future Scientific Facility (FSF) Settlement Study,  
Lawrence Berkeley National Laboratory,” consulting report dated June 29, 2012. 
 

 
 

Logs of Borings B-1 through B-3 
 
  



LOGGED BY: AL

DATE DRILLED: 4/30/12BORING DIAMETER: 5 inches

DRILL RIG: Truck D30, Rotary Wash SURFACE ELEVATION:  710 (see notes)

DEPTH TO GROUNDWATER: N/A (see notes)

EXPLORATORY BORING LOG
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(Continued on Next Page)

DESCRIPTION AND REMARKS
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1  of  4 BORING NO. B12335-16J
PROJECT NO.

FSF SETTLEMENT STUDY
LBNL; Berkeley, California

SHEETDATE
June 2012A
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4" Concrete / 5.5" AC / Baserock

CLAY, Lean - with sand, trace fine to
coarse-grained gravel, moist

-some fine to coarse-grained sand

-trace sand

CLAY, Lean, Gravelly - fine-grained,
angular, gravel

-medium to high plasticity, some
fine-grained sand

-decrease gravel content, trace fine-grained
sand

Reddish Brown,
Grayish Brown &
Yellowish Brown

Brown & Grayish
Brown

Reddish Brown

Brown to Reddish
Brown

Dark Gray to
Reddish Brown

Dark Brown to
Reddish Brown

Dark Brown to
Grayish Brown

Bluish Gray

Reddish Brown to
Gray

CL

CL

CL/CH



12:11 to 12:15

12:23 to 12:27

12:32 to 12:40

12:45 to 12:54

1:37 to 2:07

FILL

EXPLORATORY BORING LOG
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DESCRIPTION AND REMARKS
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2  of  4 BORING NO. B12335-16J
PROJECT NO.

FSF SETTLEMENT STUDY
LBNL; Berkeley, California

SHEETDATE
June 2012A
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-with silt, some fine-grained, angular gravel,
some coarse-grained sand

CLAY, Lean - medium to high plasticity,
trace fine-grained, angular gravel, trace
sand, trace organics

-with fine to coarse-grained gravel, some
sand

-some coarse-grained, angular gravel,
composed of Orinda and Moraga Formation
affinity

-increase in coarse blocks in clay matrix 61'
to 64'

CLAYSTONE/SILTSTONE - low
hardness, friable, deep weathering,
intensely fractured, moist; soft and weak
when opened, slickensided and polished
fractures

-<0.5' thick sandstone lense, fine-grained,
hard, moderately strong, moderate
weathering, intensely fractured;
cementation, trace oxidation stains

Reddish Brown

Greenish Gray to
Bluish Gray

Olive Gray &
Gray

Mottled Bluish
Gray, Gray &
Reddish Brown

Mottled Olive
Brown, Gray &
Yellowish Brown

10YR 4/4-4/6

Bluish Gray with
Reddish Brown
5YR 3/4
Bluish Gray

2.5Y 4/1

CL/CH

BR



2:12 to 12:27

swelled ~3 in

swelled ~7 in

swelled ~3 in

swelled ~8 in

9:43 to 10:12
swelled ~7 in

10:17 to 10:46
swelled ~8 in

10:51 to 11:24
swelled ~12 in
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SANDSTONE - very fine-grained, low
hardness, friable, moderate weathering;
weak calcium carbonate cementation at 78';
bedding ~50° (Orinda Fm)

SILTSTONE - low hardness, friable to
weak, moderate weathering, moderately
fractured, dry; highly fractured and
pulverized when opened, polished surfaces
(Orinda Fm)

SILTSTONE - low hardness, friable,
moderate weathering, moderately fractured
to pervasively fractured when opened,
slickensides with clay

SILTSTONE/SANDSTONE - very
fine-grained, moderately hard, weak,
moderate weathering, moderately fractured;
bedding ~40°

CLAYSTONE - low hardness, weak,
moderate weathering, closely fractured with
polished, clay-lined surfaces, blocky,
disturbed, seamy, bedding diffuse and
gradational (Orinda Fm)

-trace fine-grained CaCO3

CLAYSTONE - shale-like seamy fabric

-moderately fractured, trace limestone
clasts, blocky, disturbed, seamy (102' and
102.5')

-moderately to highly fractured, closely
spaced and shale-like fabric when opened;
clay-lined seams

-weak to moderately strong, changes to
reddish brown color.

2.5Y 4/1

Bluish Gray
2.5Y 3/1 to 4/1

2.5Y 3/1

Bluish Gray to
Gray
2.5Y 4/1

2.5Y 2/1

Bluish Gray to
Dark Gray
2.5Y 2/1

2.5Y 2/1

Bluish Gray
2.5Y 2/1

Gray to Bluish
Gray & Reddish
Brown
7.5YR 3/2

BR

BR

BR



11:32 to 12:03
swelled ~7 in

12:09 to 12:41
swelled ~4.5 in

12:44 to 1:12
swelled ~8 in

1:46 to 2:13
swelled ~12 in

2:20 to 2:44
swelled ~6 in

2:50 to 3:21
swelled ~5 in

3:25 to 4:00
swelled ~5 in

NOTES:

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

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

3.  Approximate ground surface elevation based on LBNL Topographic Survey Drawing, undated.
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CLAYSTONE/SILTSTONE - low
hardness, friable, moderate to deep
weathering
at 116' ~1" thick red clay seam penetrating
conglomerate (fault?)
hard, intensely factured siltstone fragments
CONGLOMERATE - low hardness,
friable, deep to moderate weathering,
blocky to massive; sandstone and siltstone
clasts in clay matrix, 1"-2" diameter,
rounded to sub-rounded (Orinda Fm)

-pebble conglomerates with 3"-5" diameter
sandstone clasts in clay matrix, rare
volcanic clasts

-weak, moderate weathering

-transitions to fine-grained conglomerate
with clay matrix to claystone
CLAYSTONE/SILTSTONE - low
hardness, moderately strong, moderate
weathering, some well cemented,
fine-grained sandstone fragments, highly
fractured when opened, breccia-like fabric,
blocky, disturbed, seamy (Orinda Fm)

-limestone to marl within shale-like fabric,
CaCO3 cementation along some fractures

-Cataclasis fabric superimposed upon
clastic sedimentary texture, bedding is
parallel to cataclasis fabric

Bottom of boring at 148.0 feet.

Mottled Bluish
Gray, Reddish
Brown & Olive
Gray
Mottled Bluish
Gray, Reddish
Brown & Olive
Brown

Dark Gray to
Bluish Gray
2.5Y 3/1 to 2/1

Dark Gray & Gray
2.5Y 3/1 to 2/1

Dark Gray
2.5Y 3/1 to 2/1

2.5Y 3/1 to 2/1

BR

BR

BR



FILL

LOGGED BY: AL

DATE DRILLED: 5/2/12BORING DIAMETER: 5 inches

DRILL RIG: Truck D30, Rotary Wash SURFACE ELEVATION:  710 (see notes)

DEPTH TO GROUNDWATER: N/A (see notes)
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2" AC
CLAY, Lean, Gravelly - fine to
coarse-grained, angular to sub-angular
gravel, with sand, dry

-with coarse-grained sand, to fine-grained
gravel

CLAYSTONE - some coarse-grained sand
(Orinda Fm)

-with silt, some sand, trace fine-grained,
angular gravel (possibly weathered
bedrock)
Gravelly - fine-grained, angular

Sandy - fine to medium-grained sand,
trace fine-grained, angular gravel

CLAYSTONE - medium to high plasticity,
trace fine-grained sand (Orinda Fm)

CLAYSTONE - soft, plastic, moderate
weathering (Orinda Fm)

Brown & Grayish
Brown

Light Brown to
Olive Brown

Yellowish Brown
to Olive Brown

Dark Gray & Olive
Gray

Olive Gray

Mottled Olive
Brown & Reddish
Brown

Bluish Gray
2.5Y 5/1 4/1

CL

BR

BR

BR



12:17 to 12:52

swelled ~4 in

swelled ~4 in

3:00 to 3:20

3:39 to 3:50

8:03 to 8:22

8:26 to 8:47
swelled ~10 in
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CLAYSTONE - soft, plastic, moderate
weathering (Orinda Fm)

-soft, plastic to friable, deep weathering,
trace limestone/marl lenses, strength
increses with depth

-very blocky to blocky, disturbed, seamy
with polished slip surfaces; thinly bedded

SANDSTONE - fine to medium-grained,
weak to moderately hard, moderately
strong, little weathering, dry, massive,
CaCO3 cementation (Orinda Fm)

CLAYSTONE - low hardness, friable to
weak, moderate weathering, oxidation
stains, trace sandstone lenses, some clay
in fractures; very blocky to blocky,
disturbed, seamy, closely spaced fractures
(Orinda Fm)

-thin marl at 53'
-bedding ~45°; diffuse
SANDSTONE/SILTSTONE - interbedded
with thin sandstone and siltstone lenses,
fine-grained, low hardness, weak, moderate
weathering, occasionally fractured, moist;
very blocky (Orinda Fm)

-bedding 40-45°
CaCO3 cementation with  sandstone

CLAYSTONE/SILTSTONE - low to
moderately hard, soft in places (62.5'),
moderately strong, little weathering,
moderately fractured [contains thin pyrite
coatings (rare)] (Orinda Fm)

-low hardness, weak, moderate weathering,
pervasively fractured when opened,
slickendsided surfaces, blocky, seamy,
shale-like fabric

-hard, strong, little weathering, rock
fragments
-at 70' - 0.5' thick limestone/marl, CaCO3
and gypsum coatings along fractures in
claystone.
-brecciated fabric along basal contact

Bluish Gray

2.5Y 4/1

Bluish Gray

2.5Y 5/1 to 4/1

Bluish Gray
2.5Y 4/1

Bluish Gray &
Reddish Brown

Bluish Gray
2.5Y 4/1

Bluish Gray to
Gray

Bluish Gray to
Gray
2.5Y 3/1 to 2/1

Gray

Bluish Gray

Gray to Dark
Gray

Gray to Greenish
Gray

Dark Gray

BR

BR

BR

BR

BR



swelled ~4 in

swelled ~6 in

9:49 to 10:05

10:09 to 10:34
swelled ~7 in

10:38 to 11:06
swelled ~4 in

11:10 to 11:38
swelled ~2 in

11:43 to 12:05
swelled ~12 in

12:10 to 12:27
swelled ~7 in

12:30 to 12:52

12:55 to 1:13

EXPLORATORY BORING LOG
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CLAYSTONE - low hardness, weak,
moderate weathering, pervasively fractured
when opened, polished and slickensided
surfaces

-moderately hard
between 76.5' and 80' interbedded
limestone/marl lenses 0.2' to 0.5' thick.

-very blocky to blocky, disturbed, seamy

-bedding ~45°; shearing along bedding

SANDSTONE/SILTSTONE - fine-grained,
moderately hard, moderately strong, little
weathering, dry; bounded by clay shear 0.4'
to 0.5' thick; soft and moist (Orinda Fm)

SILTSTONE/CLAYSTONE - moderately
hard, weak to moderately strong, little to
moderate weathering, occasionally
fractured, some fine-grained sandstone
lenses, trace clay in fractures; pervasively
fractured when opened, slickensided
surfaces, blocky, disturbed, seamy, fine
laminations dip 30° (Orinda Fm)

CLAYSTONE - moderately hard,
moderately strong, moderate weathering,
occasionally to closely fractured, thinly
laminated siltstone and very-fine-grained
sandstone; parts along lamination with
some CaCO3-lined fractures (Orinda Fm)

-bedding laminations 10° - 30° with
CaCO3-lined fractures

-occasional polished and slickensided
surfaces, increases in shale-like fabric
(polished slicks) between 104' to 130 '

-CaCO3 nodules

-clay shear at 112.7' at limestone contact

-between 114' - 115' limestone / marl

Dark Gray
2.5Y 3/1 to 2/1

Gray to Bluish
Gray

Bluish Gray
2.5Y 3/1 to 4/1

Gray to Light
Gray

2.5Y 5/1 to 6/1
Gray to Bluish
Gray

Gray to Bluish
Gray, trace Light
Brown

Gray to Dark
Gray

2.5Y 3/1

BR

BR

BR

BR



1:17 to 1:39

1:47 to 2:12
swelled ~7 in

2:17 to 2:42
swelled ~10 in

2:46 to 3:15

NOTES:

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

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

3.  Approximate ground surface elevation based on LBNL Topographic Survey Drawing, undated.
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CLAYSTONE - moderately hard,
moderately strong, little weathering,
occasionally fractured; crushed when
opened, pervasively sheared with polished
surfaces; blocky, disturbed, seamy fabric
(Orinda Fm)

-trace of limestone/marl lenses, bedding
~45°

-trace CaCO3 nodules

-dolomite/limestone lense bounded by
claystone-cataclasite

Bottom of boring at 130.5 feet.

Bluish Gray
2.5Y 4/1 to 3/1

Mottled Bluish
Gray, Reddish
Brown, Greenish
Gray
7.5YR 3/2 to 5YR
3/2

BR



FILL

LOGGED BY: AL

DATE DRILLED: 5/4/12BORING DIAMETER: 5 inches

DRILL RIG: Truck D30, Rotary Wash SURFACE ELEVATION:  710 (see notes)

DEPTH TO GROUNDWATER: N/A (see notes)
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2" AC
CLAY, Lean, Gravelly - fine-grained,
sub-rounded gravel, with sand, some silt,
trace wood and concrete fragments
GRAVEL, Clayey - fine-grained, angular

-decrease clay content (possibly broken up
shale)

CLAYSTONE/SILTSTONE - soft, plastic,
deep weathering, with fine-grained, angular
gravel (Orinda Fm)

Brown to Grayish
Brown

Reddish Brown

Gray to Greenish
Gray

Reddish Brown

Bluish Gray &
Reddish Brown

Firm to Stiff CL

GC

BR



11:18 to 11:32
swelled ~3 in

swelled ~3 in

12:10 to 12:30
swelled ~2 in

12:50 to 1:04

1:10 to 1:45
swelled ~9 in
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CLAYSTONE/SILTSTONE - soft, plastic,
deep weathering, with fine-grained, angular
gravel (Orinda Fm)

CLAYSTONE/SILTSTONE - low
hardness, plastic to friable, deep
weathering, intensely fractured, clay in
fractures, some fine-grained sandstone
lenses, trace quartz, very blocky to blocky,
disturbed, seamy (Orinda Fm)
SILTSTONE - very fine-grained sand, low
hardness, friable, deep weathering,
moderately fractured (Orinda Fm)

-bedding ~ 40° to 50°
CLAYSTONE - low hardness, weak, deep
weathering, moderately fractured;
pervasively fractured when opened,
polished surfaces, blocky, disturbed, seamy
fabric (Orinda Fm)

-weak, CaCO3 cementation

Gray to Greenish
Gray

Bluish Gray

Gray to Bluish
Gray, trace
Reddish Brown

2.5Y 3/1 to 4/1

Bluish Gray

2.5Y 4/1 to 3/1
Dark Gray to
Bluish Gray
2.5Y 4/1

BR



2:09 to 2:20
swelled ~6 in

swelled ~7 in

2:52 to 3:07

1:50 to 2:05

2:12 to 2:33

swelled ~3 in

7:30 to 8:03
swelled ~2 in

8:08 to 8:30

8:35 to 9:02

9:50 to 10:20

10:35 to 10:57
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PROJECT NO.

FSF SETTLEMENT STUDY
LBNL; Berkeley, California

SHEETDATE
June 2012A
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12

-moderately hard, weak, deep weathering,
crushed to intensely fractured, with
prominent slickensides, blocky, disturbed,
seamy texture, in places disintegrated

-pervasively fractured

-CaCO3 lined fractures

-pervasively sheared and fractured material
between 74' and 88'

-moderately hard, weak to moderately
strong, moderate weathering, occasionally
fractured, packets of crushed
limestone/marl at ~90.5'
-interbedded limestone/marl 90.5' to 93.3'

SANDSTONE - very fine-grained,
moderately hard, moderately strong, little
weathered, moderately fractured; faintly
laminated, CaCO3 lined fractures, silty,
blocky to very blocky texture (Orinda Fm)

-some very hard, very strong, sandstone
lenses

-thinly bedded - laminated sandstone and
claystone/siltstone, moderately hard,
moderately strong, moderate weathering,
blocky to very blocky, bedding ~20° to ~30°

LIMESTONE - hard, moderately strong,
moderate weathering, intensely fractured,
bedding ~35°, shearing along basal contact
(Orinda Fm)
CLAYSTONE - low hardness, friable,
moderate weathering, trace fine-grained,
angular limestone fragments, trace sand;

Gray

Bluish Gray to
Dark Gray

2.5Y 4/1

Gray to Bluish
Gray, trace White

Bluish Gray to
Light Gray
2.5Y 4/1

Gray & Bluish
Gray
2.5Y 4/1

Grayish White

Mottled Light
Gray, Bluish Gray
& Gray
2.5Y 5/1 to 4/1

BR

BR

BR



swelled ~4 in

11:03 to 11:22

11:26 to 11:40

11:47 to 12:13
swelled ~11 in

12:17 to 12:36
swelled ~7 in

12:40 to 12:58
swelled ~9 in

1:04 to 1:29
swelled ~3.5 in

1:34 to 2:03
swelled ~8 in

NOTES:

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

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

3.  Approximate ground surface elevation based on LBNL Topographic Survey Drawing, undated.
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/2
7/

12

zone of brecciated and soft clay @ 112'
dipping 15-25°
CLAYSTONE - low hardness to
moderately hard, weak moderate
weathering, occasionally fractured, blocky,
disturbed, seamy fabric, with common
polished surfaces (Orinda Fm)
LIMESTONE - hard, strong, deep
weathering, intensely fractured to crushed,
some clay, bedding ~30° to 40° (Orinda
Fm)
CLAYSTONE/SILTSTONE - moderately
hard, moderately strong, moderate
weathering, polished slip surfaces and
slickensided fractures when opened
(Orinda Fm)
-limestone fragments, oxidation stains

-transitions to reddish brown at ~129'

-occasionally fractured; some polished
surfaces and slickensides when opened;
very blocky

-some CaCO3 cementation along fractures

-moderately fractured, very blocky

-thin lense limestone/marl, very blocky

Bottom of boring at 144.0 feet.

Gray & Dark Gray

2.5Y 3/1 to 4/1

Bluish Gray,
White & Light
Gray

Bluish White,
Gray to Grayish
Brown

2.5Y 6/1 to 7/1

2.5Y 6/1 to 7/1

2.5YR 2/1

Mottled Reddish
Brown & Bluish
Gray

2.5Y 3/1 to 2/1

Reddih Brown
trace Bluish Gray

2.5Y 3/2

BR

BR

BR
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FILL

LOGGED BY: AL

DATE DRILLED: 9/4/12BORING DIAMETER: 5 inches

DRILL RIG: D30, Rotary Wash SURFACE ELEVATION:  710 (see notes)

DEPTH TO GROUNDWATER: (see notes)
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CL

BR

BR

CLAY, Lean, Gravelly - with fine to
coarse-grained sand, angular to sub-angular
gravel, dry

-with fine-grained gravel

CLAYSTONE - some coarse-grained sand
(Orinda Fm)

CLAYSTONE - medium to high plasticity,
soft, trace fine-grained sand (Orinda Fm)

Brown & Grayish
Brown

Mottled Reddish
Brown and Olive
Brown

Olive Gray to Gray

Firm



11:59 to 12:08

12:13 to 12:30
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2

BR

BR

CLAYSTONE - medium to high plasticity,
soft, trace fine-grained sand (Orinda Fm)

CLAYSTONE - soft, plastic, moderate
weathering (Orinda Fm)

-sandy layer

-low hardness, friable, moderate weathering,
blocky, moist

-moderately close joint spacing
JRC 6 - 8

-blocky to very blocky, friable to weak, closely
fractured to crushed

Olive Gray to Gray

Bluish Gray

Bluish Gray, trace
Brown

Gray to Bluish
Gray

5BG 4/1 to 5B 4/1



1:45 to 1:59

2:21 to 2:45

2:56 to 3:27

3:37 to 4:00
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CLAYSTONE - soft, friable, moderate
weathering, closely fractured, very blocky

SILSTONE, Clayey - trace fine-grained
sand, low hardness, plastic to friable,
moderate weathering, occasionally fractured,
moist, massive
(Orinda Fm)

SILTSTONE - with fine-grained sand,
moderately hard, weak to moderately strong,
moderate weathering, moderately fractured,
trace oxidized zones, dry, massive

SANDSTONE - fine-grained, moderately
hard, weak to moderately strong, moderate
weathering, occasionally fractured, dry,
blocky, massive
-JRC 4 - 6

SILTSTONE, Clayey - soft to low hardness,
weak, moderate weathering, clay in fractures,
very blocky
bedding 30° - 40°
-bedding contact marked by pervasive
fracturing to crushed zone (3-6' thick) calcite
crystallization on contact
-Sandstone/Siltstone lenses at 53/4" with thin
1-3mm laminations
bedding 30°
-friable, soft in places, moist
-intensely fractured, random, JRC 6 - 4,
occasional polished slickensides, very blocky
to seamy, tight fractures, smooth to slightly
rough

-moderately fractured, crushed lenses at
60'1" and at 60'11"
JRC 6 - 3

-moderately hard, friable to weak, trace
calcite lens and fractures

-hard, strong, little weathering, dry
bedding limestone/claystone 30°

Bluish Gray

Bluish Gray
5 DG 4/1 to 2.5
YR 4/N4

Bluish Gray

Bluish Gray

2.5 YR 4/N4 to 5
BG 4/1

Bluish Gray

Bluish Gray to
Gray

2.5 YR 3/N3

2.5 YR 3/N3

Light Gray



7:25 to 7:57

8:56 to 9:32

9:38 to 10:12

10:18 to 10:45
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CLAYSTONE/SILTSTONE - low hardness,
friable to weak, moderate weathering, clay in
fractures, very blocky to seamy

-CaCO3 in fractures; pervasively sheared
with random orietations

-zone of soft, weak claystone 6" thick at
contact

LIMESTONE - hard, strong, little
weathering, closely fractured, dry, healed
bedding 50-60°

CLAYSTONE - low hardness, weak,
moderate weathering, moderately fractured,
trace oxidized zones, abundant random
slickensides, moist
bedding 50°

LIMESTONE - hard, strong, little
weathering, occasionally fractured, dry
bedding 50°

-zones of weak to friable, crushed, possible
relict siltstone texture

CLAYSTONE - low hardness, weak,
moderate weathering, moderately fractured,
very blocky to seamy, closely spaced,
random orientations, tight, moist,
bedding 30°- 40°
-hard, weak to moderately strong, little
weathering, occasionally fractured, some
weak interbedded zones, trace limestone
fragments
-very closely spaced, very blocky to seamy,
polished silickesides
JRC 7-4

LIMESTONE - hard, strong, little
weathering, closely fractured, healed
fractures, steeply dipping,
bedding 20°- 30°

CLAYSTONE - low hardness, friable, with
hard fragments, crusehed, wet, trace
limestone fragments

SANDSTONE - fine-grained, hard,
moderately strong to strong, little weathering,
CaCO3 lined fractures, blocky

Gray to Bluish
Gray

2.5 YR 4/N4 to
3/N3

Light Gray

Light Gray to
Pinkish Gray
5 YR 6/1 to 5 YR
5/1

Bluish Gray

Light Gray

5 YR 6/1 to 5 YR
5/1

Bluish Gray

5 YR 3/1

Dark Gray to
Bluish Gray

Ligth Gray

Bluish Gray

Bluish Gray

Bluish Gray



10:48 to 11:06

11:09 to 11:31

11:35 to 11:57

NOTES:

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

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

3.  Approximate ground surface elevation based on LBNL Topographic Survey Drawings, undated.
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SANDSTONE, Silty - fine to very
fine-grained, moderately hard, moderately
strong, little weathering, closely fractured,
trace oxidized zones

CLAYSTONE - low hardness to moderately
hard, strong, little weathering, occasionally
fractured

SILTSTONE, Sandy - fine to
medium-grained sand, moderately hard,
moderately strong, moderately fractured, with
crushed zones, very blocky to seamy,
CaCO3 lined fractures

SILTSTONE - with fine-grained sand,
moderately hard, moderately strong, little to
moderate weathering, trace sandstone
lenses, closely fractured, healed, moderate
steep dipping

-blocky to very blocky, occasional thin seamy
zones

-zone of brecciated siltstone and sandstone
as it transitions to sandstone

SANDSTONE - fine-grained, hard, strong,
little weathering, modeately fractured, clay in
fractures
-shear zone, very blocky, claystone
interbedded with sandstone, contains
angular sanstone clasts in clay matrix,
polished surfaces in fractures
bedding 30°- 40°
-transitions to silty, very fine-grained
sandstone, massive

Bottom of boring at 103.0 feet.

5 YR 5/1
Bluish Gray

Bluish Gray
5 YR 3/1

Bluish Gray to
Gray

Bluish Gray to
Dark Gray

5 YR 3/1

Bluish Gray to
Dark Gray
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LOGGED BY: AL

DATE DRILLED: 9/11/12BORING DIAMETER: 5 inches

DRILL RIG: D30, Rotary Wash SURFACE ELEVATION:  710 (see notes)

DEPTH TO GROUNDWATER: (see notes)
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CL

SC

-12" AC

CLAY, Lean, Sandy - fine to coarse-grained
sand, some fine to coarse-grained, angular
gravel

SAND, Clayey - coarse-grained sand, with
fine-grained gravel

-increse clay content

Brown to Reddish
Brown

Brown to Reddish
Brown

Firm



12:25 to 14:44
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SC

BR

SAND, Clayey - coarse-grained sand, with
fine-grained gravel

CLAYSTONE - soft, plastic, deep
weathering, trace fine-grained sand

-low hardness, soft at places, plastic to
friable, deep weathering, closely fractured,
blocky to seamy, moist, trace calcite
(Orinda Fm)

-moderately fractured

Brown to Reddish
Brown

Reddish Brown

Mottled Reddish
Brown & Bluish
Gray

Reddish Brown

7.5 YR 3/4



14:49 to 1:05

1:10 to 1:27

2:37 to 2:57

3:10 to 3:27

3:41 to 3:58

7:14 to 7:45
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BRCLAYSTONE - soft, plastic, deep
weathering, trace fine-grained sand
-fine-grained silty sandstone lense at 43'1" to
43'3"

-hard, strong, intensely fractured lense at
45'8"

-3-5 inch thick shear zone; dips 40°, fratured
and seamy claystone with slight plasticity,
brigh reddish brown clay

CLAYSTONE/SILTSTONE - low hardness,
friable, moderate weathering, moderately
fractured, clay in fractures, moist

SILTSTONE - with very fine-grained sand,
moderately hard, moderately strong, little
weathering, closely fractured, blocky, closely
spaced, tight to open fractures, dry, trace
oxidation stains

CLAYSTONE - low hardness, friable,
moderate weathering, closely spaced,
intensely fractured, very blocky to seamy,
polished slickensided surface with shale-like
fabric

-moderately hard, moderately strong, little
weathering, moderately fractured

-abundant polished slickensided surfaces
that are continuous and less random,
polished surfaces/pressure faces

-hard, strong, little weathering, moderately
fractured, some healed fractures

Reddish Brown
Light Gray

Mottled Reddish
Brown and Bluish
Gray

Reddish Brown
some Bluish Gray

Reddish Brown
with Bluish Gray

5 YR 3/2

Bluish Gray to
Light Gray

5 BG 4/1

Mottled Dark
Bluish Gray &
Reddish Brown

7.5 YR 4/N4.0 to
N3.0

Mottled Dark Gray
and Bluish Gray

Don
Text Box

David
Typewritten Text
fractured

Don
Text Box

David
Typewritten Text
bright reddish brown clay

Don
Text Box

David
Typewritten Text
surfaces with shale-like
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SILTSTONE, Clayey - low hardness, weak,
moderate weathering, occassionally
fractured, blocky; contains soft zones filling
fractures and siltstone clasts
-soft at places, with clay in fractures, trace
hard fragments
intenseley fractured at 67' to 69'9", clay lined
fractures, random slicks, basalt contact

SILTSTONE - fine-grained, moderately
hard, moderately strong, little weathering,
occassionally fractured, very clocky-seamy
with fine sandstone
-with very fine-grained sand, intensely
fractured, calcite in fractures, trace oxidation
stains with depth, blocky, weak, closely
spaced healed fractures with CaCO3 lining,
open faces polised with slickenslides with
random orientation, waxy fabric.

SANDSTONE - fine to medium-grained,
moderately hard, moderately strong, little
weathering

CLAYSTONE - moderately hard,
moderately strong, moderate weathering,
occassionally fractured, some oxidation
stains, trace hard fragments

-blocky to very blocky and in places disturved
seams, closely spaced and healed 1-2 mm
thick fractures, abundant polished
slickenslides.

-becomes sandier with depth

Bluish Gray
5 BG 4/1 to 5B 4/1

Mottled Reddish
Brown & Bluish
Gray

Bluish Gray

5 BG 4/1 to 5B 4/1

5 YR 2.5/2

Mottled Reddish
Brown & Bluish
Gray

Bluish Gray

Mottled Reddish
Brown & Bluish
Gray

Bluish Gray to
Gray

N4 to N6 5BG 4/1



11:07 to 11:28

11:34 to 12:02

12:07 to 12:42

NOTES:

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

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

3.  Approximate ground surface elevation based on LBNL Topographic Survey Drawings, undated.
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SILTSTONE - to very fine grained
sandstone, fine-grained sand (20-30%),
moderately hard, moderately strong, little
weathering, closely fractured, some calcite
fragments, oxidation stains in fractures

SANDSTONE - fine to medium-grained,
moderately hard, moderately strong, little
weathering, occassionally fractured
-contacted fractured, weak, with polished
slicks and CaCO3; approximate bedding
40-50°

SILTSTONE - some very fine-grained
sandstone, moderately hard, moderately
strong, little weathering,  highly fractured, dry,
fractures closely spaced and contains
anastamizing fabric with blocks, some
CaCO3 along fractures, blocky disturbed
seamy

CLAYSTONE/SILTSTONE - moderately
hard, moderately strong, little weathering,
highly fractured, closely spaced, polised
surface along fractures, abundant
mechanical breaks
-crushed at 97'5" and 98'11"

-fine-grained sandstone lense at 100'3", trace
calcite

Bottom of boring at 103.0 feet.

Bluish Gray to
Gray

Bluish Gray

Bluish Gray

N5 to 5B 4/1

Bluish Gray to
Gray

N4-5B 4/1

N4 to 5B 4/1



FILL

12:47 to 12:54

12:58 to 1:06

1:42 to 1:52

2:08 to 2:13

3:19 to 3:35

LOGGED BY: AL

DATE DRILLED: 9/14/12BORING DIAMETER: 5 inches

DRILL RIG: D30, Rotary Wash SURFACE ELEVATION:  710 (see notes)

DEPTH TO GROUNDWATER: (see notes)
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CL

GP

BR

 [17]

-12" AC

CLAY, Lean, Gravelly - with fine to
coarse-grained sand, angular gravel, wood
fragments, moist

-fine to coarse-grained gravel

-trace cobbles

GRAVEL, Poorly Graded -
sub-angular,granite, shale, sandstone clasts

SILTSTONE/SANDSTONE - fine-grained,
low hardness, plastic to friable, deep
weathering, moist
(Great Valley Formation)

-anastamosing clay shears <1" thick, 50° to
vertical, thin sandy interbeds; clay seams
may be pedogenic
-thin gravel layer

Mottled Brown,
Gray & Olive
Brown

Mottled Brown &
Bluish Gray

Gray

Mottled Yellowish
Brown & Gray

10YR 4/1 to
7.5YR 5/6 to 5/8

Firm

Loose



7:28 to 7:49

7:52 to 8:07

8:30 to 8:53

8:58 to 9:19

9:23 to 9:45

9:48 to 10:18

10:24 to 10:36

10:40 to 10:59

11:06 to 11:33
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GP

BR

BR

BR

GRAVEL, Poorly Graded - sub-angular,
very hard, siltstone clasts

CLAYSTONE/SILTSTONE - soft, friable,
deep weathering, crushed, angular blocky
weathering clasts, massive, no bedding

SANDSTONE/SILTSTONE - very
fine-grained, hard, moderately strong,
moderate weathering, closely fractured, mica
on weathering surfaces, small mica grains
throughout
(Great Valley Formation)
-weak laminations <5°
-healed fractures 90° to 70°

-siltstone interbed, intensely fracturing but
faint bedding remains, < 10°, weathering
surfaces include polished surfaces

SANDSTONE/SILTSTONE - low hardness,
friable, moderate weathering, intensely
fractured, clay in fractures, moist, mica
grains, bedding about 30°, mottled zone 30'

-low hardness, weak, moderate weathering,
closely fractured, moist
-bedding 20-30°
-bedding <10°
-fine-grained sandstone lense at 31'9", hard,
strong, little weathering

-siltstone with sandstone, subangular
rounded chips of sandstone generally
massive

-Siltstone with interbedded sandstone, soft to
low hardness, friable, moderate weathering,
crushed, fine-grained sandstone fragments

-bedding < 10 °

-Sandstone/Siltstone, highly weathered,
subrounded sandstone clasts, bedding
marked by sandstone and siltstone interbeds.

-bedding 30°

-low hardness, intensely fractured with clay,
trace calcite along fractures, generally

Gray

Brown

7.5YR 4/6

Mottled Brown &
Gray

10YR 4/2 to 4/3

10YR 6/1 to 4/1

Olive Brown &
Gray

10YR 5/4

Bluish Gray to
Dark Gray

10YR 4/1 to 3/1

10YR 2/1 to 5/1

Gray to Dark Gray

10YR 2/1 to 5/1

10YR 2/1 to 5/1

10YR 2/1

Loose



11:36 to 12:05

12:09 to 12:35

12:38 tp 1:08

1:12 to 1:35

1:40 to 1:57

NOTES:
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BR

massive
-bedding <10°

SHALE/SILTSTONE/SANDSTONE - low
hardness, weak,heavily weathered, closely
fractured, massive, no bedding, generally
fines upward, moist
-sandstone interbed
-45'- 46' hard sandstone, interbedded,
intensely fractured, healed

SHALE/SANDSTONE - fine-grained, hard,
strong, little weathering, closely fractured,
trace calcite in fractures
-becomes intensly fractured, healed,
anastamosing fractures; becomes sandy
towards base

-fractures vertical to 30°, closed, healed

SHALE/SANDSTONE - moderately hard,
weak, moderate weathering, intensely
fractured, more breciated than above
-crushed

-stronger with depth, little weathering, closely
fractured
-becomes very fine-grained sandstone to
shale, massive, no bedding

-56' to 56.5'  siltstone/shale with fine silty
matrix, base marked by subdrounded gravel
clasts

SHALE/SANDSTONE - fine-grained,
moderately hard, moderately strong, little
weathering, closely fractured, lots of healed
fractures/joints

-59'-60' rubbly zone, heavily fractured

-60'-62' dipping fracture, anastamasing,
separating, intensely weathered, siltstone
from less weathered siltstone on other side,
possibly old bedrock fault, clay filled fracture

Bottom of boring at 63.5 feet.

Bluish Gray to
Dark Gray

10YR 2/1

Gray to Dark Gray

10YR 5/1

10YR 4/2

Brown to Grayish
Brown

10YR 7/1 to 5/2

Gray

10YR 5/1

Gray

10YR 5/1 to 4/2



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

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

3.  Approximate ground surface elevation based on LBNL Topographic Survey Drawings, undated.
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

A3GEO, Inc. and Lettis Consultants, International, Inc. (A3GEO/LCI), 2012, “Bevatron Observations, 
LBNL, Berkeley, CA”, memorandum dated April 6, 2012. 
 

 
 

Geotechnical/Geologic Observations of Bevatron Excavations  
(Deep Tunnel, Western Branch Tunnel, Injector, MG Basement and Concrete Shielding Wall)  
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MEMORANDUM 

 

 
Date:  April 6, 2012      A3GEO Project #: 1100-2D  
Project: Bevatron Observations    

LBNL, Berkeley, CA      
To:  Joe Harkins, Project Director 
From:  Dona Mann, G.E. (A3GEO), John Baldwin, C.E.G. (LCI) 
R.E.:  Summary of Observations during Bevatron Demolition 
 
 
 
This memorandum documents our geologic field observations made during the demolition of the Bevatron 
between November and December 2011. Observations were made by Mr. John Baldwin, C.E.G. of Lettis 
Consultants International, Inc. (LCI), in the following excavated areas: (1) the Deep Tunnel, (2) the Western 
Branch Tunnel, (3) the Injector, (4) the MG Basement, and (5) the Concrete Shielding Wall in the southeast 
corner of the site. These key observation locations are identified on the attached Site Plan (Figure 2) and are 
discussed in detail below. Photographs illustrating the key observations are attached and also identified on 
Figure 2.  
 
The data collected from the excavations should be compiled and interpreted with all existing site information 
for a comprehensive geologic and geotechnical analysis of the former Bevatron site; however, this was 
beyond the limits of this memorandum which transmits field observations only. The observation locations 
indicated on the Site Plan (Figure 2) were determined by measuring from existing improvements and should 
be considered approximate.  
   
Deep Tunnel  
 
The excavation of the Deep Tunnel was observed between November and December 2011 and included 
photo-documentation during various stages of excavation. Due to unstable and unshored excavation cuts, 
our observations were restricted to a zone above the southern end of the tunnel excavation. Based on 
conversations with the contractor and surveyor, the excavation approached depths of 20-25 feet, or 
elevations ranging between approximately 710 feet (at the surface) to 685 feet (at the base). Bedrock 
samples from the excavation were obtained from the contractor for close-up visual evaluation. As shown on 
the Site Plan (Figure 2), we provide two photographs of the excavation. Photograph 1 is an overall view of 
the Deep Tunnel excavation looking northwest; Photograph 2 is a view of the northern tunnel wall face 
showing the general geologic conditions exposed. 
 
The southern and central part of the excavation exposed dark gray to greenish gray blocky/disturbed/seamy 
claystone overlain by a yellowish light brown, blocky to very blocky, fine-grained sandy siltstone (Photograph 
2). These soft bedrock deposits are from the Orinda Formation. The claystone contained minor seeps, and 
abundant polished slickend-sided surfaces that were soft, friable and readily parted along discontinuities.  
The claystone is similar to the sheared claystone observed near previous waypoints WP-97, -99, and -100 in 
the central part of the Bevatron excavation (Figure 1, A3GEO, 2011). The sandy siltstone is correlative with 
the bedrock observed at previous waypoints WP-101 and -102 (Figure 1; A3GEO, 2011). The bedrock 
relations suggest the Orinda Formation dips northeast at a shallow to moderate angle. Northwest along the 
excavation, the bedrock defines a buried ridge capped by highly weathered and decomposed rock overlain 
by a colluvium with soil, and multiple packages of artificial fill (Photograph 2). Bedrock projects below the 
base of the excavation near the outer ring tunnel and abruptly transitions to dark brown clayey colluvium 
overlain by light brown to brown, sandy gravelly clay-rich fill. These deposits are tens of feet thick and 
project northwesterly into the filled portion of Blackberry Canyon. The colluvial deposits range from firm to 
stiff. No free flowing water was encountered in the excavation. 
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Western Branch Tunnel 
 
The Western Branch Tunnel excavation was observed in early to middle November 2011 (Figure 2). The 
excavation was relatively shallow (6 to 8 feet deep) and approached an elevation of about 702 feet. The 
exposures consisted of two packages of fill. The shallow fill typically was comprised of a dark brown to 
brown, soft, moist clay; the deeper fill was comprised of a brown, sandy gravely clay that in places was 
loose and contained abundant Orinda Formation sandstone and siltstone clasts mixed with reddish brown 
clay. Bedrock was not observed in the excavation. 
 
Injector 
 
The Injector excavation extended from the intersection of the MG Basement toward the southwest along 
three caissons supporting the former Injector (Figure 2). Photographs 3, 4 and 5 show the eastern wall of 
the excavation which generally consisted of bedded Orinda Formation bedrock overlain by artificial fill. The 
Orinda Formation consists of a lower package of reddish brown to grayish red claystone and siltstone with 
isolated thin blocks of hard limestone (Photograph 4). The claystone and siltstone is highly fractured and 
contains a distinct anastomosing fabric aligned with steeply east-dipping shear planes. The claystone and 
siltstone is overlain by a distinct 6-inch-thick, reddish brown clay shear zone (Photograph 5) that is soft, 
highly polished and contains occasional striae (groove marks). The base of the clay shear zone is at about 
elevation 704 feet. The base of the clay contact strikes N50-55°E and dips between 20-32°NW (i.e., out of 
slope), whereas the striae trend south-southwest. The clay shear zone is overlain by a discontinuous lens of 
olive to greenish brown silt  (south end of excavation, Photograph 4) and a bedded conglomerate with basal 
channel-like deposits and thin laminations of reddish to greenish silt (central part of exposure). The northern 
extent of the clay shear zone is unclear, however, the conglomerate may truncate the clay shear zone, or 
alternatively, the clay shear thins and disappears as it approaches the conglomerate. Collectively, these 
weak to soft bedrock materials are overlain by gravelly, silty clay fill to the ground surface (about elevation 
709-710 feet). We note that the clay shear zone has accommodated a significant amount of past 
displacement, and it is near the areas of slope instability previously documented during the original 
foundation excavation in 1949 (see historical photographs of landslides 1 to 3 in LBNL Report 015_00077 
dated November 18, 1949). 
 
In addition, we made observations of an adjacent 10- to 15-foot high vertical cut located opposite (west) the 
Injector foundation. The base of the cut was at an approximate elevation of 695 feet and exposed reddish 
brown claystone mottled with grayish reduced zones overlain by a light brown colluvium. The clay shear 
zone exposed in the eastern wall (described above) was not observed in the vertical cut opposite the 
Injector foundation. The base of the excavation was dry with no visible seeps.      
 
MG Basement 
 
The MG Basement observations were limited to the northeastern part of the basement. Due to restricted 
access and safety concerns, minimal exploration of the slope was permitted. Our observations were limited 
to several shallow soil pits high on the slope and limited probings made with a rock pick. A photomosaic 
(Photograph 6) of the eastern wall of the excavation shows that much of the material exposed consisted of 
artificial fill with large angular blocks of gravel (claystone, siltstone, sandstone affinity) randomly distributed 
in a clay-rich matrix. A small exposure of Orinda Formation bedrock was encountered in the southeastern 
end of the excavation near the intersection of an adjacent basement wing-wall and consisted of a reddish 
brown claystone to siltstone. No obvious signs of landslide material or seeps were noted; however, our 
exploration was significantly restricted to primarily distant observations. We note that this part of the former 
MG Basement is close to the previously mapped landslide at Building 46 as well as the slope failures 
encountered during the original foundation excavation in 1949 (see historical photographs of landslides 1 to 
3 in LBNL Report 015_00077 dated November 18, 1949). 
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Concrete Shielding Wall 
 
The Concrete Shielding Wall excavation in the southeastern corner of the Bevatron footprint provided an 
excellent exposure of Orinda Formation bedrock. The exposure was about 40 to 50 feet long and between 5 
and 7 feet deep (approximate elevations of 705 to 703 feet). We were not permitted to enter the excavation 
so all notes were recorded from outside and above the excavation. A photomosaic of the eastern and 
central part of the excavation is provided in Photograph 7. In general, the photomosaic depicts the  
northwest-striking, shallow to moderately east dipping, black to gray, thinly bedded siltstone and claystone 
units with occasional discontinuous interbeds of limestone. The claystone typically is highly fractured 
tending toward a blocky/disturbed/seamy fabric. These observations are consistent with notes collected 
between previous waypoints WP-95 and -104 that encountered northwest striking and northeast dipping 
brecciated claystone with limestone interbeds (Figure 1; A3GEO, 2011). No groundwater or seeps were 
observed in the excavation. 
 
REFERENCES 
 
A3GEO, 2011, Summary of Bevatron Observations Memorandum dated September 30, 2011 prepared by 
A3GEO and LCI.  
 
Lawrence Berkeley National Lab, 1949, correspondence to Mr. C.P. Moen, titled Landslides in Bevatron 
Area dated November 18, 1949; LBNL consultant report no. 015_00077. 
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Photograph 3
Injector Excavation
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Photograph 4
Injector Excavation Eastern Wall
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Photograph 5
Injector Excavation Clay  Shear Zone
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Photograph 6
MG Basement Excavation – Eastern Wall
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Photograph 7
Concrete Shielding Wall Excavation
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FY 2014 Integrative Genomics Building (IGB) Investigation 
Subsurface Data from Previous Investigations 
 

A3GEO, Inc., 2013, “Geotechnical Investigation Report, Wilson Landslide, Lawrence Berkeley National 
Laboratory, Berkeley, California,” consulting report dated March 11, 2013. 
 

 
 

Logs of Borings B-1, B-2, B-4 and B-5 
Slope Indicator Plots B-1 and B-2 
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FAT CLAY (CH) - Dark brown to gray, soft to firm, with trace coarse
sand, trace silt, wet to saturated - Qc/Qls

CLAYEY SAND/ SANDY LEAN CLAY (CL) - Dark brown to olive, stiff,
little coarse sand, trace angular volcanic clasts, moist - Qc/Qls

WEATHERED SILTSTONE - Olive brown and reddish brown, deeply
weathered, friable, soft, crushed, with fine sand and clay in matrix,
moist - Qc/Qls
 - at 21.5' - basal slide plane inferred.
SILTSTONE - Greenish gray, deeply weathered, friable, soft with
interbeds of silty very finegrained sandstone - ORINDA FORMATION

CLAYSTONE TO SILTSTONE - Greenish gray to reddish brown, soft
to weak, discoloration at contact dipping 40-50", random slickensides,
clay gouge.
ANDESITIC VOLCANICS - Light gray to brown, moderately
weathered, moderately strong, moderately hard, intensely fractured -
MORAGA FORMATION

(Continued Next Page)
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BORING NUMBER B-1

NOTES Inclinometer installed; GW obscured by drilling method.

GROUND ELEVATION 988.5 ft

LOGGED BY DI

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 3.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/8/13 COMPLETED 1/10/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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ANDESITIC VOLCANICS - Light gray to brown, moderately
weathered, moderately strong, moderately hard, intensely fractured -
MORAGA FORMATION(continued)

- At 46' to 51': No Recovery

BASALT - Brown, highly fracture, random fracture orientation.

Bottom of borehole at 61.5 feet.
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BORING NUMBER B-1

NOTES Inclinometer installed; GW obscured by drilling method.

GROUND ELEVATION 988.5 ft

LOGGED BY DI

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 3.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/8/13 COMPLETED 1/10/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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FAT CLAY (CH) - Dark brown to brown, firm to stiff, trace silt,
intermittent angular maraga clasts up to 3/4 inch in diamter, wet.
Qc/Qls

CLAYEY GRAVEL (GC) - Brown to gray,moist to wet, Qc/Qls

FAT CLAY (CH) - Dark brown to stiff, trace silt and fine graind sand.
Qc/Qls

OLD 1962 SLIDE PLANE - Yellowish brown to dark brown clay, very
weathered, weak.
SILTSTONE - Gray to reddish brown, deeply weathered, moderately
strong - ORINDA FORMATION
CLAYSTONE - Reddish brown, deeply weathered - ORINDA
FORMATION
SILTSTONE - Reddish brown, deeply weathered, intensely fractured -
ORINDA FORAMTION

- at 23': Crushed and seamy zone, no distinct shear.
SILTSTONE - Reddish brown, deeply weaterhed, moderately strong,
intensely fractured to crushed, well cemented, highly sheared with
some fine gravel and fine grained sand, no distinctclay gouge shears
(random) - ORINDA FORMATION

SILTSTONE - Gray to reddish brown, deeply weathered, moderately
strong, some fine sand and gravel - ORINDA FORMATION
 - at 31': clayey gravelly sandstone lens

SILTSTONE - Gray to reddish brown, deeply weathered, moderately
strong, some fine sand and gravel, sheared, no distinct clay gouge
polished random slicken sides - ORINDA FORMATION

(Continued Next Page)

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

G
R

A
P

H
IC

LO
G

P
O

C
K

E
T

 P
E

N
.

(t
sf

)

D
R

Y
 U

N
IT

 W
T

.
(p

cf
)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

R
O

C
K

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

A
D

JU
S

T
E

D
B

LO
W

C
O

U
N

T
S

(N
 V

A
LU

E
)

OTHER LAB
TESTS / NOTESMATERIAL DESCRIPTION

D
E

P
T

H
(f

t)

0

5

10

15

20

25

30

35

PAGE  1  OF  2
BORING NUMBER B-2

NOTES Inclinometer installed; GW obscured by drilling method.

GROUND ELEVATION 979.8 ft

LOGGED BY DI

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 4.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/11/13 COMPLETED 1/14/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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SILTSTONE - Gray to reddish brown, deeply weathered, moderately
strong, some fine sand and gravel, sheared, no distinct clay gouge
polished random slicken sides - ORINDA FORMATION(continued)

- at 39': angular clasts of volcanics, with bedding dipping 45 degrees
SILTSTONE - Greenish gray, deep to moderate weathering, friable to
weak, low hardness - ORINDA FORMATION

SILTSTONE - Reddish brown, clayey - ORINDA FORMATION

TRANSITION ZONE - from ORINDA FORAMTION TO MORAGA
FORMATION, sheared sandy clay, soft, varigated discoloration,
laminae inclined subhorizontalto 70 degreees (Older shear zone?)
BASALT - Greenish gray, little weathering, strong, closesly fractured,
very well  cemented - MORAGA FORMATION

 - at 52': highly sheared clayey matrix, no change in rock-type.

Bottom of borehole at 55.0 feet.
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BORING NUMBER B-2

NOTES Inclinometer installed; GW obscured by drilling method.

GROUND ELEVATION 979.8 ft

LOGGED BY DI

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 4.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/11/13 COMPLETED 1/14/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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GRAVELLY LEAN CLAY (CL) - Olive brown, stiff to very stiff, angular
clasts up to 1" in diameter, trace sand - FILL and weathered MORAGA
FORMATION

BASALT AND ANDESITE - Reddish brown to olive brown, deeply
weathered, strong, hard to very hard, intensely fractured to crushed,
massive - MORAGA FORMATION

- at 16': Closely fractured, claylined, hard to very hard, strong.

TRANSITIONAL CONTACT - Reddish brown to gray, mottled, little
weathering, friable to weak, soft to low hardness, intensely fractured to
crushed andesite, blocky - Possible old shear zone - MORAGA
FORMATION to ORINDA FORMATION
SANDY SILTSTONE - Mottled reddish brown to gray, deeply
weathered, intensely fractured to crushed - ORINDA FORMATION

- at 30': Poor recovery - inferred sandstone or conglomerate lense.

SANDSTONE - Olive brown to blue gray with some mottled reddish
brown, moderately weathered, friable, fine grained, trace small calcium
carbonate inclusions, well cemented below 33.5' - ORINDA
FORMATION

(Continued Next Page)

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

G
R

A
P

H
IC

LO
G

P
O

C
K

E
T

 P
E

N
.

(t
sf

)

D
R

Y
 U

N
IT

 W
T

.
(p

cf
)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

R
O

C
K

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

A
D

JU
S

T
E

D
B

LO
W

C
O

U
N

T
S

(N
 V

A
LU

E
)

OTHER LAB
TESTS / NOTESMATERIAL DESCRIPTION

D
E

P
T

H
(f

t)

0

5

10

15

20

25

30

35

PAGE  1  OF  2
BORING NUMBER B-4

NOTES Piezometer installed.

GROUND ELEVATION 920 ft

LOGGED BY BM

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 4.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/16/13 COMPLETED 1/17/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING 19.80 ft / Elev 900.20 ft (1/23/2013)

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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CLAYSTONE - Blue gray, trace fine sand, gravel, well cemented in
zones with calcium carbonate inclusions - ORINDA
FORMATION(continued)

- at 37.5': Thin hard sandstone lense.

- at 42': Introduction of reddish brown laminations

SANDSTONE - Blueish gray to brown, well-cemented sandstone -
ORINDA FORMATION.

CLAYSTONE TO SILTSTONE: Bluish gray to brown, trace fine
grained sand - ORINDA FORMATION.

SANDSTONE: Bluish gray with trace reddish brown mottling, very fine
grained sand, trace clay - ORINDA FORMATION.

Bottom of borehole at 51.5 feet.
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BORING NUMBER B-4

NOTES Piezometer installed.

GROUND ELEVATION 920 ft

LOGGED BY BM

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 4.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/16/13 COMPLETED 1/17/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING 19.80 ft / Elev 900.20 ft (1/23/2013)

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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See Log of
Boring B-4

BRECCIATED TUFF - Reddish brown to dark gray, hard, with some
sand, angular clasts <3/4" in diameter, moist - MORAGA
FORMATION

CLAYEY SILTSTONE - Bluish gray to reddish brown, mottled, deeply
weatherd, friable, with fine gravel and conglomerate. - ORINDA
FORMATION

Bottom of borehole at 32.5 feet.
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BORING NUMBER B-5

NOTES Borehole grouted upon completion. GW obscured by drilling method.

GROUND ELEVATION 920 ft

LOGGED BY BM

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 4.875"

DRILLING CONTRACTOR Gregg Drilling and Testing, Inc. GROUND WATER LEVELS:

CHECKED BY JNB

DATE STARTED 1/18/13 COMPLETED 1/18/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME Wilson Slide Investigation

PROJECT LOCATION Berkeley, California

CLIENT Lawrence Berkeley National Laboratory

PROJECT NUMBER 1100-11B
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