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KLEINFELDER
Bright People. Bight Solutions.

September 29, 2011 
Project No. 121627

Pacific Gas & Electric Company 
Geosciences
245 Market Street, Mail Code N4C
P.O. Box 740000
San Francisco, California 94177

. RedactedAttention:

SUBJECT: Geotechnical Evaluation (Update 1) 
Pacific Gas and Electric Company 
Gas Transmission Line 132|Redact^ 
South San Francisco, California

Dear Redacted

Per your request, Kleinfelder evaluated liquefaction hazard near the existing Pacific Gas 
& Electric Company (PG&E) Gas Transmission Line 132 in the vicinity of

in South San Francisco, California. Our services were authorized by 
PG&E Contract Work Authorization (CWA) No. 245, dated August 31,2011.

Redacted
Redacted

A letter report of a less extensive evaluation was submitted on September 7, 2011. In 
response to input from the PG&E design team, the evaluation reported herein expands 
upon and supersedes the conclusions contained in the September 7 report.

BACKGROUND INFORMATION
RedactedWe understand that in the vicinity of the 

diameter pipeline is about 3 feet below existing grade. A design team including
and others (under separate contract to PG&E) is evaluating the 

effects of sjeismicallv-indnced soil liquefaction on the existing pipeline. To support this 
Redacted and pg&jr requested that Kleinfelder review available

geotechnical information and evaluate the liquefaction hazard along the pipeline 
alignment in the immediate vicinity of [Redacted 
following information for use in our evaluation.

the top of the 30-inch

Redacted

evaluation

PG&E provided the

Redacted• Photographic map of the pipeline alignment in the immediate vicinity of 
Redacted
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Redacted• Mapped liquefaction hazard, interpreted by PG&E, in the vicinity
with the pipeline alignment superimposed. According to PG&E, the liquefaction
hazard map is derived from a geographic information system (GIS) database that
is published on the Association of Bay Area Governments (ABAG) website.
According to the ABAG website, the liquefaction hazard mao is based on United
States Geological Survey (USGS) Open-File Report Nos

Redacted
Redacted

The PG&E liquefaction hazard map identifies the 
area of “moderate to high” liquefaction susceptibility?

to be an

Kleinfelder’s liquefaction hazard evaluation was based on the pipeline information 
described above and on geotechnical information presented in reports by other 
consultants. For this assignment, Kleinfelder did not conduct a subsurface exploration 
and laboratory testing program to evaluate subsurface conditions. Geotechnical 
information used in our evaluation is contained in the following geotechnical 
investigation reports prepared by others for the Bay Area Rapid Transit (BART) system 
extension to San Francisco International Airport (SFO).

• Flarding Lawson Associates (FILA, 1999), “Final Design Phase Submittal - 
Geotechnical Engineering Design Report, BART Extension to SFO - Module 2, 
Contract 12YC-120, San Mateo County, California,” prepared for FINTB 
Corporation, March 25, 1999.

• Geotechnical Consultants, Inc. (GTC, 1995), “San Francisco Bay Area Rapid 
Transit District Proposed SFO Extension - Geotechnical Data Report, Segment 
No. 1,” prepared for Bay Area Transit Consultants, January, 1995.

The above-referenced geotechnical reports include boring logs and the results of cone 
penetration tests (CPTs) conducted along the alignment of the BART SFO extension. 
As shown on Plate 1, Line 132 roughly parallels the BART SFO Extension along much

with explorations generallyof its alignment in the vicinity of thqRedacted 
located within 50 to 850 feet of the mapped Line 132 location.

ASSUMPTIONS

Key assumptions employed in our evaluation are summarized below.

• The subsurface conditions (soil stratigraphy and groundwater conditions) along 
the BART SFO Extension alignment, as shown on the subsurface profile 
drawings in Appendix A and on the boring logs in Appendix B of this report, 
adequately represent the subsurface conditions along the Line 132 alignment. 
Note that the explorations (borings and CPTs) conducted for the BART SFO 
Extension project are widely spaced (generally about 300 to 500 feet apart) and 
are located up to 850 feet from the mapped location of Line 132 (see Plate 1).
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• The reported “design” groundwater depth, shown on the Appendix B subsurface 
profile drawings, represents a conservative groundwater depth for liquefaction 
evaluation purposes.

SUBSURFACE CONDITIONS

Subsurface conditions described in this report are based on information contained in the 
above-referenced 1999 HLA and 1995 GTC geotechnical reports. It should be noted 
that most of the HLA and GTC explorations considered in our analyses are far enough 
away from the pipeline such that our evaluation cannot be considered site-specific. As 
such, our assumptions of similar soil profile are approximate at best.

RedactedAccording to the 1999 HLA report, the 
reporting was about 8 to 10 feet deep and lined with rip-rap. Currently, the creek 
channel is lined with concrete.

at the time of the 1999

The 1999 HLA, report includes a geologic map of the site that is based on USGS Open- 
File Report No|Redacted This geologic map identifies the mapped zone of “moderate to 
high” liquefaction susceptibility (from the PG&E map described above) atlRedacted 

Redacted las Holocene-age alluvial fan deposits, described as “medium dense to dense, 
gravelly sand or sandy gravel that generally grades upward to sandy or silty clay.”

Generalized subsurface conditions, including stratigraphy and design groundwater 
depth, are illustrated on the Plan and Profile sheets in Appendix A. The Appendix A 
Plan and Profile sheets are taken directly from the 1999 HLA report.

In the vicinity of the pipeline crossing, the HLA report describes localized deposits of 
artificial fill consisting of clay, silt, sand, and gravel that overlie recent alluvial sediments 
and|Redacte [formation soils. At our analysis locations in the immediate vicinity of the 
creek crossing, the fill materials are reported to be up to about 5 feet thick. The 
alluvium is reported to range in thickness from less than a few feet at the mapped 
margins of the alluvium to 45 to 55 feet and consists of medium dense silty sand, clayey 
sand, and poorly-graded sand with silt interlayered with medium stiff to stiff fat clay, 
sandy lean clay and silt. Underlying the alluvium the HLA and GTC borings and CPTs 
show dense to very dense sands and stiff to very stiff clays of the Colma formation.

Groundwater depths used in our analyses are based on the design groundwater depths 
reported in the 1999 HLA geotechnical report. At the boring locations used in our 
analyses, the design groundwater depth generally varies from about 14 to 22 feet below 
ground surface. The design groundwater level is based on groundwater observations 
made during drilling and on long-term measurements in standpipe piezometers 
(observation wells) by HLA. We note that the “design” groundwater depths reported by 
HLA and as illustrated in Appendix A, are up to 5 to 10 feet higher than the high water 
level measurements from borings and observation wells reported in the 1999 HLA 
report.
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LIQUEFACTION ANALYSIS METHODOLOGY AND RESULTS

In the past decade, several concentrated efforts have been made to establish a uniform 
guideline for field-based, simplified liquefaction analyses. Youd et al. (2001)1 published 
general guidelines for liquefaction analyses, which presented the consensus of a task 
committee comprising more than 20 members from all over the country. Subsequent 
earthquakes in Turkey and Taiwan provided additional data to researchers, especially 
for low plasticity clays and silts, which resulted in significant modifications to liquefaction 
evaluation methods, especially for soils with higher fines contents. Two of the most 
widely used methods have been presented by Seed et al. (2003)
Boulanger (2008)3. Based on the above discussions, liquefaction potential analyses 
were performed using the methods proposed by Seed et al. (2003) and Idriss and 
Boulanger (2008) using the standard penetration test (SPT) data and CPT data reported 
in the 1995 GTC and 1999 HLA reports. It should be noted that these methods of 
analyses are deterministic in nature and do not address the probability of liquefaction 
occurring at the site.

2 and Idriss and

In order to perform liquefaction analyses, estimates of earthquake magnitude and peak 
ground acceleration (PGA) are needed. Using the USGS interactive deaggreagation 
website4, a modal earthquake magnitude M w = 8.0 representing a seismic event on the 
San Andreas fault was estimated and used in the analysis. PGA for our liquefaction 
analyses was taken as SDs/2.5 (0.56g), where SDs was estimated using the USGS Java 
ground motion parameter calculator5 assuming a Site Class D.

The USGS Java calculator is based on USGS 2002 ground motion maps. It should be 
noted that S Ds = 2/3-Sms, where S ms is the spectral acceleration at a period of 0.2 
second for the Maximum Considered Earthquake (MCE). According to 2010 California 
Building Code (CBC), the MCE is defined as the smaller of the probabilistic value and 
150% of the median deterministic value from the controlling fault. The probabilistic 
value corresponds to 2 percent probability in 50 years (return period of about 2,475 
years). In order to estimate PGA for other return periods, a site-specific probabilistic 
seismic hazard analysis (PSHA) should be performed. However, in lieu of site-specific

Youd, T.L., Idriss, I.M. Andrus, R.D. Arango, I., Castro, G., Christian, J.T., Dobry, R., Liam Finn, W.D.L., 
Harder, L.F., Jr., Hynes, M.E., Ishihara, K., Koester, J.P., Liao, S.S.C., Marcuson, W.F., III, Martin, G.R., 
Mitchell, J.K., Moriwaki, Y„ Power, M.S., Robertson, P.K., Seed, R.B., Stokoe, K.H., II (2001), 
Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF 
Workshops on Evaluation of Liquefaction Resistance of Soils, ASCE, Journal of Geotechnical and 
Geoenvironmental Engineering, V. 127, No. 10, p 817-833.
2 Seed, R.B, Cetin, K.O., Moss, R.E.S., Kammerer, A.M., Wu, J., Pestana, J.M., Riemer, M.F., Sancio, 
R.B., Bray, J.D., Kayen, R.E., and Faris, A. (2003), “Recent Advances in Soil Liquefaction Engineering: A 
Unified and Consistent Framework,” 26th Annual ASCE Los Angeles Geotechnical Spring Seminar, Long 
Beach, California, April 30, 2003.
3 Idriss, I. M. and Boulanger, R.W. (2008), “Soil Liquefaction During Earthquakes,” Monograph MNO-12, 
Earthquake Engineering Research Institute, Oakland, California.
4 https://geohazards.usgs.gov/deaggint/2008/
5 http://earthquake.usgs.gov/hazards/designmaps/javacalc.php
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PSHA, the USGS website for interactive deaggregation may be used for probabilities of 
exceedance of 1-, 2-, 5-, 10-, 20-, and 50-percent in 30, 50, 75, 100, and 200 years.

Groundwater depths used in our analyses are based on the design groundwater depths 
reported in the 1999 HLA geotechnical report, and as illustrated in Appendix A. The 
profile drawings in Appendix A include data from the 1995 GTC report.

The evaluation of liquefaction in response to an earthquake is based on a comparison 
of a soil©s resistance to liquefaction and the cyclic load or demand placed on the soil by 
the earthquake. A safety factor against liquefaction is commonly defined as the ratio of 
the cyclic shear stress required to cause liquefaction (cyclic resistance ratio, or CRR) to 
the equivalent cyclic shear stress induced by the earthquake (cyclic stress ratio, or 
CSR). Per California Geological Survey Special Publication 117A, if the calculated 
safety factor against liquefaction (i.e., the ratio CRR/CSR) is less than about 1.3 the soil 
is considered to be liquefiable for design purposes.

A summary of liquefaction analysis results for PGA = 0.56g is presented in Table 1.
The information presented in Table 1 is ordered from north to south, beginning with CPT 
No. C-16, in the vicinity of the South San Francisco BART station at Sta. 427+90, and 
ending with C-41, at Sta. 347+75. Table 1 also presents approximate distances from 
the previous borings and/or CPTs and approximate distance of each boring or CPT from 
the pipeline. Using the distance between borings/CPTs and difference in total 
settlements between these borings/CPTs, an estimate of differential settlement over a 
development length may be estimated.
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Table 1. Summary of Liquefaction Settlement Analysis Results (PGA = 0.56g)

Computed 
Liquefaction 
Settlement 

(inches) and 
Computed 

Safety 
Factor(3)

Distance
from

Previous
Exploration

(feet)

Approximate
Distance

from
Pipeline 132 

(feet)(1)

Station Liquefiable
Depth

Interval
(feet)

Boring 
or CPT

(BART
SFO Exploration 

Depth (feet)ID Project)
18.5- 21.5
24.5- 26.5

2” to 3”

(FOS < 0.5)
Not parallel 
to pipeline 30(2>C-16 427+90

1” to 2”

(FOS < 0.5)
Not parallel 
to pipelineB-15 42 5+00 140 51.5 17-23.5

< 1”Not parallel 
to pipelineB-107 423+80 120 61 20-23

(FOS < 0.5)

Not parallel 
to pipelineC-24 421+60 220 25 nil

17.5-18.5 
33.5 - 38

1” to 2”

(FOS < 0.5)
B-18 42 1+40 20 300 (L) 81.5

C-27 41 7+80 360 250 (L) 20 nil
1” to 2”

(FOS < 0.5)
B-23 41 4+50 330 200 (L) 51 17-21

26-28
34-36

2” to 3”
(FOS < 0.5)

C-29 41 1+80 270 200 (L) 42

1” to 2”

(FOS < 0.5)
B-24 4C 8+25 355 250 (L) 50.5 33-40

< 1”
C-30 4C4+90 335 300 (L) 25 18-21

(FOS < 0.5)

19-21
30.5-31.5
37.5-49

3” to 5”

(FOS < 0.5)
C-31 4C1+75 315 400 (L) 50

18-21.5
25-35

2” to 4”

(FOS < 0.5)
B-25 4C1+65 10 400 (L) 51.5

18-21
42-43.5

2” to 3”

(FOS < 0.5)
C-32 3£ 8+00 365 450 (L) 50

20-26 
30.5 - 34

2” to 4”

(FOS < 0.5)
B-26 3S5+00 300 450 (L) 81.5

20-26
40-44

1” to 2”

(FOS < 0.7)
B-202 391+90 310 400 (L) 61

B-27 3£ 8+30 360 300 (L) 51 nil
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Computed 
Liquefaction 
Settlement 

(inches) and 
Computed 

Safety 
Factor(3)

Distance
from

Previous
Exploration

(feet)

Approximate
Distance

from
Pipeline 132 

(feet)(1)

Station Liquefiable
Depth

Interval
(feet)

Boring 
or CPT

(BART
SFO Exploration 

Depth (feet)ID Project)
B-28 36 2+80 550 150 (L) 51 nil

21.5-25 
29-33 

39.5 - 44 
46.5-49.5

2” to 6”

(FOS < 0.5)
C-36 379+10 370 <50 50

28.5- 33.5
43.5- 46.5

2” to 3”

(FOS < 0.5)
B-29 375+30 380 <50 70

32-36 
44.5 - 46

1” to 2”

(FOS < 0.5)
C-37 371+50 380 200 (R) 50

B-30 366+90 460 450 (R) 51.5 nil
24-28

46.5-49
1” to 2”

(FOS < 0.8)
B-203 364+00 290 600 (R) 56

B-31 368+85 515 850 (R) 515 nil
C-39 368+65 20 850 (R) 29 nil

< 1”Not parallel 
to pipelineC-40 365+50 315 26 16-15

(FOS < 0.5)

3” to 4”

(FOS < 0.5)
Not parallel 
to pipelineB-204 354+00 150 60.5 16.5 -27.5

Not parallel 
to pipelineB-32 360+30 370 51.5 nil

< 1”Not parallel 
to pipelineC-41 3^ 7+75 255 38 32-37

(FOS < 0.5)

Notes on Table 1:
(1) Approximate horizontal distance from pipeline alignment. Offset noted in left (L) or right

(R) direction. See Plate 1 for locations.
(2) Exploration does not fully penetrate alluvium.
(3) Factor of safety against liquefaction triggering.

Based on our analyses, granular alluvial soils below the design groundwater level tend 
to be susceptible to liquefaction in the event of the earthquake scenario described 
above. At a given location along the pipeline alignment the total thickness of granular 
alluvium is expected to vary. At the HLA and GTC exploration locations that we 
analyzed, we estimate that up to 2 to 6 inches of total liquefaction-induced settlement 
can be expected during the earthquake scenario described above. In general,
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depending on the pipe location, the differential settlement due to liquefaction could be 
on the order of 1 to 4 inches over 50 feet. At some locations such as B-18 and C-24, 
the differential settlements are up to about 2 inches over 20 feet. Similarly, differential 
settlement between C-31 and B-25 is about 1 inch for 10 feet. Our estimates are based 
on site conditions and the design groundwater elevations as reported in the 1999 HLA 
report.

As noted in Table 1, where liquefiable soils are identified for PGA = 0.56g the computed 
factor of safety against liquefaction is usually less than about 0.5. To investigate the 
effect of lower PGAs on liquefaction triggering and computed liquefaction settlement, we 
compared the results of our analyses with PGA = 0.56g at selected locations to analysis 
results for PGA = 0.2g and PGA = 0.4g. The results of these analyses are summarized 
below in Table 2.

Table 2. Comparison of Liquefaction Settlement with Variable PGA at Selected
Locations

PGA = 0.56g PGA = 0.4g PGA = 0.2g
Computed
Settlement

(inches)

Computed
Settlement

(inches)

Computed
Settlement

(inches)

Boring 
or CPT Factor of 

Safety
Factor of 

Safety
Factor of 

SafetyStationID
C-31 401+75 3” to 5” < 0.5 3” to 5” < 0.5 2” to 4” < 0.7
B-25 4C1+65 2” to 4” < 0.5 2” to 4” < 0.5 1” to 4” C .5 to 1.1
B-26 305+00 2” to 4” < 0.5 2” to 4” < 0.5 1” to 2” C .5 to 1.0
B-29 375+30 2” to 3” < 0.5 2” to 3” < 0.5 1” to 3” C .5 to 0.8

B-204 3 54+00 3” to 4” < 0.5 2” to 4” < 0.6 1” to 2” C .5 to 0.9

Based on the results presented in Table 2, the computed safety factor against 
liquefaction triggering and computed range in liquefaction settlement is largely 
unchanged when PGA is reduced from 0.56g to 0.4g. However, for PGA = 0.2g the 
computed safety factor begins to approach or exceed 1.0, and the corresponding 
liquefaction settlement is reduced.

As noted above, at the locations of our analyses the design groundwater depth 
generally varies from about 14 to 22 feet below ground surface. Liquefaction hazard is 
not a design issue at depths above the design groundwater depth. If the [Redacted 
channel invert is 8 to 10 feet deep in the vicinity of the pipeline crossing, as described 
above, then the top of liquefiable soils is estimated to be 8 to 11 feet below the channel 
invert. We consider this depth interval to be too great for lateral spreading caused by 
liquefaction to occur.

LIMITATIONS

This work was performed in a manner consistent with that level of care and skill 
ordinarily exercised by other members of Kleinfelder’s profession practicing in the same
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locality, under similar conditions and at the date the services are provided. Our 
conclusions, opinions, and recommendations are based on a limited number of 
observations and data reported by Geotechnical Consultants, Inc. in 1995 and Harding 
Lawson Associates in 1999. It is possible that conditions could vary between or beyond 
the data evaluated. Kleinfelder makes no other representation, guarantee, or warranty, 
express or implied, regarding the services, communication (oral or written), report, 
opinion, or instrument of service provided.

The borings and CRTs used in our analyses were conducted 13 to 17 years ago and 
anywhere from about 50 to over 800 feet away from the pipeline alignment. Kleinfelder 
makes no warranty as to the applicability or usefulness of the information from the 1995 
GTC and 1999 HLA reports for the purposes of the pipeline study. Kleinfelder 
recommends that the analyses and conclusions developed during this study be 
confirmed with site-specific subsurface information collected during a subsurface 
exploration and laboratory testing program directed toward evaluating liquefaction along 
the pipeline alignment.

ATTACHMENTS

The following are attached and complete this report:

• Plate 1, Site Plan
• Appendix A, Plan and Profile Sheets by HLA (1999).
• Appendix B, Boring Logs and CPT Results by GTC (1995) and HLA (1999)

CLOSING

We appreciate the opportunity to be of service to PG&E on this project. If you have 
questions regarding this report, or if we may be of further assistance, please contact the 
undersigned.

Sincerely,

KLEINFELDER WEST. INC.
Redacted

Redacted
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APPENDIX A

PLAN AND PROFILE DRAWINGS FROM HLA (1999) REPORT
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APPENDIX B

LOGS OF BORINGS AND CPTs FROM GTC (1995) AND HLA (1999) REPORTS
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LOS OF |JFfftlLOfr0Lrl!RuptUrelnVeStiSatiOn-DR-CPUC~213-Q03Atch01

DRILL HOLE NO.: B-B 
DRILLING DATE; May 16,1994 
ELEVATION: 64.70 feet 
DATUM: NGVO

LOGGED BY: Redacted 
CHECKED BY:

- MOII
/»f*A rut^h<.lA»

Redacted
*• ttvt v

1 * » f HOD; 4 7/8" diameter Rotary Wash with cathead
5 uT SSs ATTCRBERG

LIMITS
C/3-h & w» 6E0TECHNICAL DESCRIPTION 

AND CLASSIFICATION
IX Xs gj 3E Ou88 I— .^£ sgli

<C x
Ci-

bis e
Ss4 52g at

£8 ssf r: 1| y1 p </>f— co<t g
COUJoce Skis■ t *;• ' ni Ili UJc58

4 A|oORLYA6RADED SAND with silt (SP-SM5 brown, dry to damp, 
loose, layer o< gravel at 6-inches, fine to coarse grained.

•'ALLUVIUM {Gall" , “ 7~ Iir
SILTY SAND ISM) brown, moist, medium dense, 20% fines.

T

GS *97 17

7> ^ ^CLAYEY sand ISC) dark brown, wet, loose, with organics.
"ALLUVIUM lQai)“ , , , , . t, . „ ....

SANDY LEAN CLAY (CL! black, moist to wet, medium stiff.

88 253 7 i 2518 145 0.8
i
4:

*JAI I iiVltlM (na||”
SANDY LEAN CLAY to CLAYEY SAND (CL/SC! dark brown, 
moist to wet, loose sand to medium stiff to stiff clay.

Corr ‘*1.0A 6f iH>
AiCLAYEY SAND (SC) dark gray to bluish-gray, moist ienses of 

gray-blue, fine gravel, fine grained sand, loose, 34% fines.
GS8

“ALLUVIUM (Qair
LEAN CLAY (CU black, moist, medium stiff with blue-green 

„ speckles. ______ _______________ _

Wk AS®MLEAN(1AY to CLAYEY SAND (CL/SC) dark gray to
__ hiark «mt madam stiff to fosse, fine grained sand,

■ Redacted ^

43* 1524w/.*,75jjjjj 8

1312480/11“

SILTY SAND (SM) light gray, moist, very dense, fine grained 
sand, some gravel.
Pine gravel and coarse sand at 32 feet.

POORLY GRADED SAND with silt (SP-SM) fight gray, very moist, 
very dense, medium to fine grained sand, some black veins and 
occasional red stains. ______________

"COLMA FORMATION (Qc)" ,,
SILTY SAND (SM) orange-brown, moist, very dense, weakly 
cemented.

f jjj| se/JO"

A 71

63A Light orange-brown at 46 feet.

Orange-brown with black speckles and dark orange bands, 
2-inch layer of sandy lean clay (CU light gray.82

Bottom of drift hole at 51 f/2 feet.
No water measured to a depth of 45 feet on 8/13/94, 
Installed piezometer. „ „, ,. ,.ppfrhpfl (jfftiinrtwater mpasiifprf af.183 feel in art|ar-P-nl Auger
boring on Sept. A-l.0ATE H PLATE A—2.15[EET t of I

i
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SanBrunoGT-LineRupturelnvestigation_DR_CPUC_213-Q03Atch01

o Equipment Failing 750 6“ Flight Auger and______
4-7/8" Hud Rotary - Station 424*93

c Cl0)i; 0)'Cl.
T *— c

CD*. 2 Q> 
O

£ Q.o. e a) ro o 05

>•
% ~ 

2*5 °
QQ 03

. Oate ..I/I4/98Elevation.±§§-3 tkifi

O O:eoLaboratory Tests Cl 0*-
i FILL (Qaf)-LIGHT OLIVE BROWN SILTY SAND 

WITH GRAVEL (SM) (2.5Y 5/3): dense, dry, est, 
. 30% gravel, 20% silt

i I.7 ft.: color change to yellowish brown (1GYR 
5/6), est, 15% angular grave!

ALLUVIUM (Qal)-YELLOWISH BROWN SAND TO 
SILTY SAND (SP-SM) (10YR 5/6): loose, moist, 
est. 5-15% silt

104 48*7,4

“ » »?f f

I 5'
8

I I
BLACK SILTY CLAYEY SAND ISC) (2.5/): very 
loose to loose, moist1 10-K3*

@ 11.0 ft: switched from flight auger to mud 
rotary
i 11-12.5 ft.: no recovery

9*

I 20.2 109 13*MA, Hydrom 
-200=43% 
LL=24, PMO] 15-

1 VERY DARK GRAY CLAYEY SAND (SC) (5Y 3/1): 
medium dense, wet

§ 19 ft,: color change to dark greenish gray 
(5GY 4/1)

DARK GREENISH GRAY SILTY SAND (SM) (56Y 
4/1): medium dense

S'S-.

I 19*19.8 111MA 20—fly-200=18%

MA, Hydrom 
-200=40%

oaa
IS «3

I 1 25 m47MA Redacted
GRADED SAND (SP) (5Y 6/37 dense, mofst^

-200=23% 
PI=Non Plastic1I § 29 ft.: color change to olive, very dense, wet, 

est. 5-10% silt] 30-
50/5"*I MULTICOLORED GRAVEL (GP): subrounded to 

rounded

DARK YELLOWISH BROWN SILTY SAND (SM) 
(10YR 5/8): dense, moist

1 &
W

I 35-

1 44MA
-200=23%

I 1 cc
40-1 <

CDI T7
a* Blow counts are SSH sampler blow counts.

** Pocket penetrometer reading is approximate unconfined compressive 
strength. Torvane reading (where identified) is undrained shear 
strength.___________________________________________________________

cc

I Figure
Log of Boring B-107
Module 1 - BART Extension to SFO 
San Mateo County, California

Hardlna Lawson Associates1 A-7Engineering and
_ _ _-------Environmental Services
5 3 m mmmm t

m mm m w mm mI JOB NUMBER 
40646 3E

DATE
8/98

REVISED DAT!APPROVEDDRAWN
CE61 Page ! of

SB GT&S 0037412
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SanBrunoGT-UneRupturelnvestigation_DR_CPUC_213-G03Atch01B
»—s 
*+■-> ZS5S o Equipment Faiiino 750 6" Flight Auger and____c Q. &01a. «2* £ c *1 =5 fe <rr^ ■*r 

O 0 C 
O-^OO
' 2E U

£ cl 
cl e m m o in

>* z~
n 2 Date.i/14/98Elevation _t,§5J ft,
C" 3*£r§ oc

Laboratory Tests oa CDQ-

35723“*^®
50/8"

•4NJ 1
i 40 ft.: very dense

J
45- L16HT OLIVE BROWN POORLY GRADED SAND 

(SP) (2.5Y S/4): very dense, moist, est. 5-10%IJ 113 73*14.6
Silt

■zm

—i YELLOWISH BROWN SILTY SANO (SM) (10YR 
5/8): very dense, moist, est. 15-20% silt50— j;I 45/6“

3
j

55
55

I 1I 60- i 60 ft.: color change to dark yellowish brown 
(10YR 4/4)

Bottom of boring at 60,8 feet.
Boring backfilled with bentonite cement grout to 
ground surface.
Groundwater was not encountered.

50/4.5"1
1 65-I 1L1 70-

L
]L 75-

1
] £

80-4
c* Slow counts are SSH sampler blow counts.

** Pocket penetrometer reading is approximate uneonfined compressive 
strength. Torvane reading (where identified) is undrained shear 
strength.

t

]
Figur

Log of Boring B-J07
Module 1 ~ BART Extension to SFO 
San Mateo County, California

Hardlno Lawson Associates
Engineering and 
Environmental Services1 A-7s a s 

is i ■a* m «Si DATE
8/98

JOB NUMBER
40646 3E

REVISEO DATAPPROVEDDRAWN
CE6

Page 2 m
SB GT&S 0037413



SanBrunoGT-LineRupturelnvestigation_DR_CPUC_213-Q03Atch01
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SanBrunoGT-LineRuptureinvestigation__DR__CPUC__213-Q03Atch01
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LOB OF DRILLH6tteRupturelnvesti0ation"DR''CPUC''213'Q03Atch01
Redacted DRILL HOLE NO,: 8-18 

DRILLING DATE; May 16,1694 
ELEVATION: 82.50 feet 
DATUM: NGVD

LOOSED BY: 
CHECKED B

•WOII
KART SFft.Airnoff F»ten<;ion
Worthing; [Redacted___  _____
f THOO: 4 7/8“ diameter Rotary Wash with cathead

i
16 I U- AT7EBBERG

TWITSw
I GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
1 £ ITfE COm >*icc

asi%BS XIs slil|
XU •Jwi

g
IUI t—to p wh« Sul . [Itlllill

as §£’ 1’ ‘ I-J 5$V* '* * j]j
§

C%»»

U
3 toii iE >~s f£COk4<a

"ARTIFICIAL FILL faff ,
' SILTY SAMP (SMI with iayers of gravel,_____________

"ALLUVIUM (flair t J
k SILTY SAND (SMI light brown, dry, dense.___________
' "ALLUVIUM (flair , 1 , „
k SILT (ML! light brown, moist, loose to medium dense, some fine
-A grianed sand,_______ __________________

I "ALLUVIUM (Qatr
1 CLAYEY SAND (X) light red-brown, moist, medium dense, 40%

1
Ii

Bill
|| I!

!•

21 SS103
77

fines.
26' 13 1040«2 16"ALLUVIUM (flair

LEAN CLAY (CL) black, moist, stiff to very stiff, some coarse 
red-brown sand, slightly organic.

‘2.019

m,
"ALLUVIUM (flair* , u . , . .

CLAYEY SAND (SC) medium gray-brown and red-brown, moist, - 
medium dense, fine grained sand, weakly cemented, 30% fines.

Redacted 1...... ---- ------------------ ■—
h S1LIYSANU tbMMseaiunl orange-brown, moist, very dense, - 

fine to medium grained sand, weakly cemented, 14% fines.

X
GS '2 16
SS *^ 82/10*

Gray-brown and orange-brown, thin layers of fine gravel and * 
coarse sand.

Weakly cemented.82/6"

Redacted —-----<-------------------------
CLAYEY sand isct medium orange-brown, moist, medium 
dense, fine and medium grained sand, some coarse angular 
gravel, very clayey.

27

jpo/r Very dense.
Redacted

SILTY sand (SMI orange, moist, very dense, fine to medium 
grained sand, locally weakly cemented, 14% fines.

GSA 76

Dark orange mottling.-jj 30/10*

ATE A>? PLATE A-2.18EET1 of 2 LEGEND TO LOGS ON PLATE A-t.0

SB GT&S 0037416



LOG OF DRJU ineRuptureinvestigation_DR_CPUC_213-Q03Atch01

DRILL HOLE NO.: 8-10 
DRILLING DATE: May 16.19W 
ELEVATION: 82JOfeet 
DATUM: N6VD

LOGGED BY: Redacted 
CHECKED B'

JOB NO.: SF940H
PROJECT: BART SFO Airoort Extension___________
LOCATION:! Redacted ~
DRILLING METHOO: 4 7/8" diameter Rotary Mash with cathead

i#- SF9‘J kcv. baf
! Him nc 
j |ilNG METI

5 ATTER8ERSLu

£ LIMITS& GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
cx X

S gi sl»Wi> £ I8 —»UJ £Sirzfe
wte
I! 3=3

EE II
Q -t 
XU 
ECC

35s 2Lb 8
UJcc

o Be UJ £i as
8 s* B 8>m

_j ss
CXha. wmmi

55is §2£a. iiS: £S $ ■>■*s8 V>8 a iMedium orange-Drown.507r 1

sGS ’
’ awr 12% fines. II

£

65- "i 15
Frequent black banding, <l-inch thick.50/5“ 3

75- J 4

9B/ir 4
Bottom of M hole at 81 i/2 feet. _ , „ x ,
Backfflted hole with soil cuttings and grouted uppermost 5 feet.

85- 38- ~jj 7

1
<885- A 8

74/

Is.105- 7:

PLATE A-2.1 KLEGEND TO LOSS ON PLATE A-LOSHEET 2 of 2 ET1

. ik-

SB GT&S 0037417
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Wmi

V B I
CPT Data . 05-27-84 13,24 

Cona Used • HO 322 TC -U2
Operator , 
Location * C—27

Sounding i 94Z154 Pg 1/1 
Job No. . SF94011

FRICTION RATIO 
F»/fl «)

LOCAL FRICTION 
F« (Ton/ft‘2)

TIP RESISTANCE 
Oc OWft'21

PORE PRESSURE 
P» fpsl)

1000 -2 0 3

01FF PP RATIO 
AP/Oc <«

0 3J------------- .------ ■------ Q.

INTERPRETED
PROFILE

18 0 10 00 -2
00 80 0-1

Fill (at)

Alluvium {Qat}

15 15 151515IS ft £ a> <5 
&

w
0)+> ro(VO 2(V §13 ft- oH H
cI iIro x

*Nj h

73
%10- 3

111 <D a>m
to'30 3030303030 Si

I o
!a
73

I73 m o0)
Q.
n I TJi coe.i 'roIOQ. ?. CO

0
8(S> TJa ci oo oIH mRp . i . .. 1 ■ ■auo 45 45'8 4SI 45-45-Io ft 18. 36 FtMax Depth iro . 05 it,o Depth Increment ia>w

-J
-ft
00



Loe of- ugwum,i
eRupturelnvestigation_DR_CPUC_213-Q03Atch01

DRILL HOLE NO.: 8-23 
DRILLING DATE: May 17, 1094 
ELEVATION: 56.04 lee!
DATUM: N6V0

RedactedJOBN0- SF8401I
PROJECT; BART SFO It next ftlwmnn_____________
LOCATION: I Redacted |
DRILLING METHOD; 4 7/8* diameter Rotary Mash with cathead

LOGGED BY: 
CHECKED BY:

uT Sc: ATTERBEBGI LO
LU*~ UNITS 3GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
S jC Uw

Q =
3T
01a Ok,!£"| El §Ui s I-**

<N«* _ a?UJ £ m H* UJ
<£>§? 
o o
XU

§Su«UJ HiO E 5255uj
£
GU

55 a tw*
Cm3

S5o>* gc
is Ss=<C sr

sg* ♦—
OS »—« #•«**s >■*ceSSB

N~ KTi ilX
w—I LUm Sft3tn oO.U IS

"ARTIFICIAL FILL iafJ"
SILTY SAND ISM1 brown, damp, loose, some fine gravel, some 
clay locally.4

„ Aluminum foil a( 3 (eet.
"ARTIFICIAL FILL fall"

CLAYEY SAND CSC) dark brown, moist, medium dense, 
fragments of burnt wood and roots, fine gravel throughout, 
fine to coarse sand.

12

18
Gravel at T feet, 

\ Black, moist. Pto I0T8 “0.5 28 * 1522
“ALLUVIUM IQall”

LEAN CLAY ICU black, moist, soft, some line grained sand.

7 Increasing clay.
i.

"ALLUVIUM IQall"
SILTY SAND ISM) dark blue-gray, loose, fine grained sand, 
19% fines.20aw> IWMM

A 0 ss *
W 47 2831"ALLUVIUM IQall"

LEAN TO ORGANIC CLAY (CL/OU black, moist, soft to medium
stiff.

m."I ^ 88 25 GS
til 18"ALLUVIUM IQall"

SILTY SAND with gravel (SMI light gray-brown with orange 
veins, moist, fine grained sand, line gravel, medium dense, 35%
fines.

30' Redacted82
SILTY SAND ISM) light orange-brown, with veins of dark 

• orange, moist to wet, very dense.
-il—j Redacted 1 ........ ■

SILTY SAND to CLAYEY SAND (SC/SMS ight orange-brown, 
moist, very dense, some orange veins, weakly cemented.iA “

1 Redacted I
SILTY SAND iSM) orange, moist, very dense.

A0- 2 80/lf
Kith light gray-brown patches.

Jiwr Orange-brown, friable.

Bottom of drill hole at 5I feet. :
Backfilled hole with soil cuttings and grouted uppermost 5 feet.

SHEET I of 1 PLATE A-2.23LEGEND TO LOGS ON PLATE A-L0
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SanBrunoGT-LineRuptureinvestigation_DR_CPUC_213-Q03Atch01
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LOG OF DRETBHOffiLineRuptUrelnvestiSation_DR_CPUC_213-Q03Atch01
RedactedJOB NO: SF8401!

I'ROUECT: BiRT sra Airnott Extension 
I OCATIOft [Redacted * ]
DRILLING HETHOO: 4 7/8“ draneter Rotary Wash with cathead

LOGGED BY: 
CHECKED BY:

DRILL HOLE HO.: B-24 
DRILLING DATE: May IT, 1994 
ELEVATION: 52.01 feet 
DATUM: NBVO

ffic:u. Armme
LMTS

tn
gteSx
PfeiS
CAw,

Ui .

5GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION

X

O wi feiH* SI

15
>•w—8 W

«2c5£x*5* t—Sbu. «*•*»
jK. o *5 §b£ §Sa feSUJ

Si
JM«mS IIi

«c tac
£3
OX

cr v)
*-•* I*** &
O IU 
-0C k~

£ X te«- s* ^S> t sixo
s V- Q

S3
O UJSci «E
5w

>* aes sm sfnto Gw. GC

"ARTIFICIAL FILL Caff
SANDY GRAVEL (GK/SP) gray gravel with brown sand, 4arqp, 

"\ medium dense.___________________________
"ALLUVIUM (Oair

SILTY SAND with gravel ISM) brown, damp, loose to medium 
,* \ dense.
/ “ALLUVIUM IGaT

CLAYEY SAND ISC) gray-brown and orange-brown, moist, 
medians dense, fine granted sand, 44% fines.

z P 10218

mm 1Q 

-1
18 es v

Interbedded layers of silt (NL) and silty sand (SMS 2 to 
4-inches thick at 7 feet.to es *
Black, loose, at 10 teet, 4QX fines.

Redacted'■ 75 107 17 GS “Slln SANU ttiMi iignt gray-brown with orange bands, moist, 
fine to medium grained sand, very dense, some roots, I4X
fines.

20- “a cryA Dark orange-brown, locally weakly cemented.

50 Light gray-orange, wet.

30 65 Weakly cemented.

* Redacted2
liatEt SANu isci frght gray with light orange staining, moist, 
medium dense, fate grained sand, 40s fines. '‘&2521 GS

40 •^Redacted j—------------------- --------—
SILTY SAND tSMi orange, moist, very dense, fine sand with 
dark orange staining.

56

’330/r Medium to fine grained sand at 45 feet, some black speckles.

Dark orange with black speckles.
50; SOJ&

Bottom of dri hole at 50172 feet
Backfilled hole with soil cuttings and grouted uppermost 5 feet.

SHEET 1 of I PLATE A-2.24LEGEND TO LOGS ON PLATE A-L0I
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LOS OFs^lLLoBOUSuptureinvestigation DR CPUC 213-Q03Atch01

DRILL HOIE NO.: B-2S 
DRILLING DATE: May 18,1884 
ELEVATION: 47.00 feet 
DATUM: NOVO

RedactedJOB NO: SF04QIS 
ift. PROJECT:
\ LOCATION: I Redacted________ |

DRILLING METHOD: 4 7/8" diameter Rotary wash with cathead

LOOSES BY: 
CHECKED BY:T SFO Airoort Extension

1 uT £5 ll. krmamuxns
is*a- sGEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION1 X IIX
a* x

tu i g8UJ |5
O

O

yB?«**2.5 uj . QC
525
rn

EisUJ 1i aso rr tns
eM
W

X
k— X

tL SiSiII1</>
3d K S in o tu>«w

£
m a;$sO O «Cis «£cc£ 8 O LU 

««C f"*£3a;
"ARTIFICIAL Fill latJ"

SILTY SAND (SMI brown. da«p, loose, with gray gravel, pile of 
broken concrete blocks from e-inches to 2 test.

. 2 feet Golf ball, cobbles, rocks to A feet
No samples at 21/2 feet, concrete blocks in hoie._______

"AauvIUM (Gaff
SILTY SAND (SM) blue-gray, moist to wet, loose, fine grained 

_ sand, roots.
-ALLUVIUM (Gall"

* SILTY SAND (SM) blue-gray, moist to wet, medium dense, fine
■ grained sand, roots, 2-inch thick layer of clayey silt (Ml) at

101/2 feet.

1
i A 5

I 10 ■ 20

I 38

Dense, black at I? feet 
181/2 feet: Blue-gray. 
Medium dense.

1
20 t$ 30’ 12104 20

I "ALLUVIUM (flail"
SANDY LEAN CLAY (CU dark 
sand, green-blue and orange
25 feet: Green-blue gray with white speckles.

gray, moist, stiff, fine grained 
lenses, occasional fine grayet

A *15I JL
"ALLUVIUM (flail”

CLAYEY SAND (SC) dark gray, moist, medium dense, fine 
grained sand, some roots, 28s fines.a 6S 130- m| 2t (02 21

OS

1 ■ 31* 14125 0831 25 C '"ALLUVIUM (flail"
SANDY LEAN CLAY (CU gray-brown, moist, stiff, sandy/sBty
lenses.________ _______________________

"ALLUVIUM (flail"
SILTY SAND (SM! gray, moist, dense, fine grained sand, somea

A0-ai •’At
Kfftun wfliftc50/6" Redacted
FO0RLY GRAUtu hANii with silt and gravel (SP-SM) light gray, 
moist, very dense, medium to fine grained sand, fine gravela

20
Redacted■ ORSillY CLAY tCL-MUdark brown, moist, very stiff, veins of 

gray sand, fine grained sand, sulfur odor, organic content
•> ^Redacted fl 1 "ri ~~
— SILTY sand ISH1 gray and gray-brown, moist, dense. • 

Bottom of drill hole at 51 f/2 feet ••
Groundwater measured at 27.5 feet depth on 8/13/84. 
Piezometer installed.

a 50' 33

I
PLATE A-2.2SHEET 1 of 1 LEGEND TO LOGS ON PLATE A-i.O
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SanBrunoGT-LineRupturelnvestigation_DR_CPUC_213-Q03Atch01

oS Equipment PaiUnq 750 6“ Flight Auger and
4-7/8" Hud Rotary - Station 395+15

c .50>
St (U **"4

I* =§
5 o

B g.
Q. 6 
OJ ffl

>• xr
v> Hi Elevation.±13.3.ft. Date r/wos
c x £-§ £ Q CO

£“ soLaboratory Tests □ o CD 0-,
FILL {Oaf}-VERY DARK GRAYISH BROVIN SILTY 
SAND (SM) (I0YR 3/2): medium dense, dry to 
moist, est, 30% silt, 10% fine subrotmded gravel, 
glass debris

I12,0 22*m

5— ALLUVIUM {0al)-DARK GRAYISH BROWN CLAYEY 
SAND WITH GRAVEL (SC} (10YR A/2}: loose, 
moist to wet, est. 30% ctay, 15% sift, 15% grave!

Groundwater encountered at 7.0 ft. during 
drilling
BROWN SILTY SAMO (SM) (K5YR 4/3): ioose, wet 
@ 7,5 ft.: switched from flight auger to mud 
fotery

GREENISH GRAY SILTY SAND (SM) (56 5/!): 
medium dense, wet, est. 40-50% silt

8*8.7 112

4HA
-200*25%

10- VI2! .2 18*USCO4068 (4000) 104

GREENISH GRAY SANDY SILT (ML) (56 5/1): 
soft, moist to wet, est. 20-40% fine sand, 
occasional irregular dark gray (N3/) lenses

15—
7

20- dark GREENISH GRAY SAND (SP) (5B8 4/1); 
ioose, wet, trace alt. trace organic debris

Bottom of Oaring at 215 feet.
Groundwater encountered at 7 ft. § 08:t0 on
7/14/98.
Boring backfilled with bentonite cement grout to 
ground surface.

19.0HA HO >4*
■ 200=9%

25-

30-

35-

i~
cc<40-J 03
Qk Blow counts are SSH sampler blow counts,

so* Pocket penetrometer reading is approximate unconfined compressive 
strength. Torvane reading (where identified) is unchained shear
strength,________________ _______________________________

C9

Figure
Log of Boring B-201
Module 2 - BART Extension to SFO 
San Mateo County, California

Harding Lawson Associates
Engineering 
Environmental Services

andI iliWH 

ift-------
DATE
8/98

REVISED DATEEDDRAWN
CE6

JOB NUMBER
40648 4E RedactI

SB GT&S 0037428
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I LOS OF D^lrfldLlineRupturefnvesti9ation-DR-CPUC~213-Q03Atch°1
f Mi HO,: SFMOI1
HiOJjlCT; R*ar grn iirnnft Fiffitoinn____________
^'AH0N:lReclacted

LINS METHOD: 4 7/8“ (teneter Rotary Wash with cathead

LOGGED BY: Redacted 
CHECKED BY:

DRILL HOLE NO.: B-26 
DRILLING DATE: May 18.1894 
ELEVATION: 43.50 feet 
DATUM: NGVDi i

C Sc ATTERBStGv>

I Sa LMTFS 5GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
£ £ tx, acI 2h8o_

*+0T £a W.E 25I 5o>ww §sC-?
3fs a6

fv*

s *—» r^»
«■*I St Ui8ll>-

S$5 Q V> 
Q UJ«*£ H£

to5 2S
Gt» Mint8 OC•“d!CQ toa. cc“jjjjjteTir u Redacted

( SILTY SAND ism} light orange, moist, very dense, with light 
gray and dark orange handing, I me grained sand, some fine 
gravel in layers.
Some coarse to fine sand in layers and also some fine gravel 
1/2 to Wnch layers.I 50/5*

I 05-

l
50/5* light gray-brown, medium to fine grained sand.

I
75-

!
Driter reports hard lense at 78 feet, clay in sand at 78 feet.

:zi 80 feet: Clay lenses (stiff) fight gray, h cuttings.
2CZZ 80,5 feet: 7-inch layer of silty sand (SM) gray, fine grained

sand.
* Redacted

LEAn uaj tLii gray, mottled with brown, moist, stiff, appears . 
to be organic isuilur odor), layer of fine sand,__________ I

Bottom of drill hole at 811/2 feet
Backfilled hole with soil cuttings and grouted uppermost 5 feet.

85-

1 t
85-i

i
705-

SHEET 2 of 2 PLATE A-2.26LEGEND TO LOGS ON PLATE A-LOI
SB GT&S 0037430



SanRriirmf^T-l inpRi infi irojm/ocfin^tjnn HR CPUC ? 1 ?"Q0?Atch01

O Equipment bailing 750 6" flight auger and_____
4-7/8" Mud Rotary - Station 391+83

G &<L>
* as *-

52 
o» “c o <-> a o 
a.—* 2:o

£ -C
>«■ CL7).t; Date 7/i5/Q8Elevation.tMJ.LL...s 3: QJ CO

S' or 5 
QO CO

a in
Laboratory Tests 0-i FILL (Qaf)-VERY DARK GRAYISH BROWN SILTY 

SAND WITH GRAVEL (SM> (2.5Y 3/2); medium 
dense, moist, est, 20% fine gravel, 20% silt

VERY DARK GRAYISH BROWN LEAN CLAY WITH 
SAND (CL) (2.5Y 3/2): hard, moist, with fine 
sand and fine gravel

ALLUVIUM (Qal)-OUVE SILT (ML) (SY 4/3): soft 
to firm, dry, est. 10% fine sand

BLACK LEAN CLAY (CL) (2.5/1): firm, est. 10% 
silt, trace plant debris

OLIVE BROWN SANDY SILT (MLS (2.5Y 4/4): firm,

27*-200=83%
ll -39. Pf=25

5
8

dry

10- i 10 ft.: increasing silt content

8 10,5 ft,: lense of BLACK LEAN CLAY (CL) 
(2.5/1)

6 11 ft.: becomes moist

i 12.0 ft.: switched from flight auger to mud 
rotary

GRAVEL WITH SAND (6P)

DARK BROWN SILTY SAND (SM) (7.5YR 3/2): 
medium dense, moist, est. 30-40% silt

8 16 ft.: color change to olive brown (2.5Y 4/3), 
est. 20% sill

18.7 88 9*MA
-200=76%

15—
32*D5CD=4500 (4000) it?15.2

Redacted20 -OLIVE BROWN SILTY 
SAND (SP) (2.5Y 4/3): dense, moist to wet3!MA, Hydrom 

-200=17%

25-
88 43*34.0

STRONG BROWN SILTY SAND (SM) (7.5YR 5/8): 
medium dense, moist, est. 15% silt, strong 
oxidized appearance

§ 29 ft,: color change to olive brown (2.5Y 4/3), 
becomes very dense30-

52

8 33-33.5 ft.: increased clay content

35-
id 50/3"*18.8

VERY DARK GRAY LEAN CLAY (CL) (I0YR 3/1); t~ 
firm, moist, est. 30% silt a:40—1 5

a* Blow counts are SGH sampler blow counts.
u>** Pocket penetrometer reading is approximate unconfined compressive 

strength. Torvane reading (where identified) is undrained shear
strength.

Figure
Log of Boring 0-202
Module 2 - BART Extension to SFO 
San Mateo County, California

Harding Lawson Associates
Engineering and 
Environmental Services

DATE
8/98

REVISED DATEAPPROVED
Redacte

JOB NUMBER
40646 4E

DRAWN
CEG

Page I of 2

SB GT&S 0037431



w
i SanBrunoGT-LineRupturelnvestigation_DR_CPUC_213-Q03Atch01

C: o a.

>v

53^ Equipment Failing 750 6“ flight auger and_____
4-7/8" Mud Rotary - Station 391+93

a
Q>

(D
, *- C

0> * 3 Q)

Is si
Cl. — 21 CJ

a>

I £ a. a e cu - 
a c/j

Date 7/15/98Elevation 4.mc 3*ts £
(O

Laboratory Tests q o 00 40

i 16.0 Ii6MA, Hydrom 
-200=35% 
LL = 28, PI=9

GREENISH GRAY CLAYEY SAND (SC) (5G 4.5/0: 
medium dense, moist

@ 41.2 ft.: color change to grayish green (5G 
4/2), trace organic debris

109 33*19.9

t PALE OLIVE SILTY SAND (SM) (5Y 8/3): very 
dense, est, 30-40% silt45

80I
i 49 ft.: color change to strong brown (7.5YR 
4/8), interbedded with irregular tenses of DARK 
GRAYISH BROWN SAND (SP) (2.5Y 4/2), oxidizedI 50-

50/4”*
! 0 51-51.5 ft.: GRAYISH BROWN CLAY (CL) (2.5Y

5/2)I
55 @ 55 ft.: color change to olive brown (2.5Y 4/3)II 52/6"

I 60-
50/3.5”*

I Bottom of boring at 6t feet.
Boring backfilled with bentonite cement grout to 
ground surface.
Groundwater was not encountered.

I 65-

I
»

70

i
75-

i
£

80—1 <
CO
(J
h-* Blow counts are SSH sampler blow counts,

## Pocket penetrometer reading is approximate unconfined compressive 
strength. Torvane reading {where identified) is undrained shear 
strength. __________ _______

to

Figure
Log of Boring B-202
Module 2 - BART Extension to SFO 
San Mateo County, California •

Hardlno Lawson Associates
Engineering and 
Environmental Services,|BS

= = =
S£ wm

» am m
REVISED DATEDATE

8/98
a ppnnt/crnJOB NUMBER

40646 4E
DRAWN
CEG Redacted

Page 2 of 2

SB GT&S 0037432
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LOB OF DRIUiuMOt&eRupturelnvestigation_DR_CPUC_213-Q03Atch01

LOGGED BY: [Redacted 
CHECKED BY

JOB NO.: SFS40II
PROJECT; BART SFO Airport Extension____________
LOCATION: iHedactsd I
DRILLING METHOD: 4 7/8" diameter Rotary Nash with cathead

DRILL HOLE NO.: 8-27 
DRILLING DATE: Hay 16.1894 
ELEVATION: 44.32 feet 
DATUM: N6V0

E f§§5 ATIERBEBG
UMTTSg

ft a; GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
X

o. ac$1 £ s8 §|acUJ t—

§
CJ

3feUi
y- lbSe es o

52 ts 
o o aco

5g tt*s
V}5Z

2C
Dm

fcj
OUJ

^ to bes.I EC u>
O (/) 
O UJ 
«eC *■*»

mX 3=Se str
£3 x♦MW MmM

s giE ia-
>~s f£

c/>8 ce8 m* t/rt/? Ol-CJ to
"ARTIFICIAL FILL {all"

SILTY SAND with gravel tSM) brown, dafip, medium dense.I
- "ALLUVIUM (Oar , lt

SUITSANO with oravet ISM! brown damp. dense.
— Redacted p

POORLY GRADED SAND with sit (SP-SM! light orange-brown 
with orange bands, damp, dense, fine grained sand.

’ Sat In bands, very dense, IIS! fines.

1 48I
j0~_g2/|r

M
GS *

*^|83/r 15 to 151/2 leet: Light gray-brown, wet.
IS 1/2 feet: Light gray-brown with thin black stripes, moist, 
fine grained sand.

20~^j»3/IO' Light brown, moist, with orange bands, fine grained sand.

78/ir Dark orange bands, most to wet.t
V?

Jg 31 50/4" Dark gray-brown with frequent tNn layers of organics, no 
orange coloring.

I; Redacted '..
POORLY graded sanu with sit (SP-SM) gray-brown, moist, 
very dense, fine grained sand and some fine gravel, 11% lines. GS ‘'3150/3“

40“3i50/4"

Redacted ~
“Sill Y SAND ibMJ gray-orown, moist, very dense.

“2 79

RedactedI 50- ~jjj 77 SILTY SAND/SANDY SILT (SM/HL) gray-brown, moist, very ' ' 
dense, fine grained sand, bands of coarse and coarse to fine f 
grained sand spaced 3 to 4-inches, /

Bottom of drill hole at 51 feet.
\

II' PLATE A-2.27SHEET 1 of I LEGEND TO LOGS ON PLATE A-t.0

I
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CPT Oat® t 03-20-84 1S. 07Oparator # Sounding . 94Z144 Pg 1 / 1 
Jab No. i SF94011

o a>a.
Location » C~34 Con® Uaad i HO 322 TC -U2

FRICTION RATIO LOCAL FRICTION TIP RESISTANCE BIFF PP RATIO 
IP/Oc CXI

PORE PRESSURE INTERPRETED
PROFILEP«/C (U F* <Ton/ft*2) Be (Ten/ft'Z) P» ((Ml)

to a io oJ—«— |F—* *0 , lam -4 o-20
0 0 0 Oi

Fill (e$

Alluvium (Qai)

a. qj ^3 
Q. fD
ST a-

IS13IS15IS15

I
V)a)A

1¥ wO ? 20 s13 4* o—I H

I iIGO X -§it- £
IL 3
UJ I 3

a n?c«
eg30 3030303030 &i OI fai 7373 B \a> oQ_
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CO
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Rp □3 . I . ., I ■ .(S> P 4S 43I x 45'x454343o OJ g 14.83 FtMax Dapth io .03 mOapth Incr ant *w
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LOG OF DRILtntelT-LineRupturelnvesti9ation-DR-CPUC-213-Q°3Atohoi
RedactedSF940II

WRT sro tonoft Extension .
I Redacted |

-^sM Mi METHOD: 4 7/8" diameter Rotary wash with cathead

LOGGED BY: 
CHECKED BY

DRILL HOLE NO.: B-28 
DRILLING DATE: May 18,1684 
ELEVATION: 41.37 feet 
DAWM: NGVO

tz ATTER8TO
tMTS

in {28s SEGEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
&>v>

Xi iiII ofc
W4x£ 58wI » s*£5 giit ms s45 tjB

*•“* rn *"*
«*•* »■«»
•4^

iiw &&sSi £s$s* S LU 
CCsa O CO 

Q UJ 
«aC i—

>~
Si s v—

t— t/5 UI/)

‘'ARTIFICIAL FILL faff
v SAND (SP) with cement taihtgs and gravel_________
\ “ALLUVIUM 10811“
\ —SI1JDLSANQ (SMI brown, danso. loose.

■ Redacted p """
siliy sanu ibMj tight crown, moist, dense, with orange 
banding. 35% fines,
light gray-brown, some orange speckles, very dense, fine 
grained sand, no apparent cementation, 13% fines.

:
I
1

m 47 GS *I

Hi- 4 GS

a » Dark orange bands at 151/2 feet, less sity,
j Redacted

SILTY SAND ISMi light gray-brown, moist, very dense, orange 
and red speckles, some orange mottling in areas, fine grained70- satt43| 80/8*

84

foil 78 Less sit, bands of orange.

Redacted
POORLY GRADED SAND ISP) brown with some black staining, 
moist, very dense.50/5*

Redacted p............—••1 •" 1    —1—"
SILTY SAND ISM! gray-brown, moist, very dense, i-inch thick 
layer of silty clay at 41 feet

Redacted j.. ■....-............... -..

" KEL GRADED SAND with silt tSW-SHI fight gray 
dense, white mottling, medium to coarse grained 
fine gravel.

40" 86

, moist, very 
sand, some

» wg niJt 84

' Blue-gray at 50 feet.
rpjRedacted p ".................. 1  
► \ Sill (Mil oiue-qray, moist, very dense.
► Bottom of drift hole at 5t feet. .

No water measured to a depth of 41 feet on 8/13/84. 
—Pi?30»8U»-m;taU»4-------------------------------

62
Hi. Nil

/

PLATE A-2.28SHEET I Of 1 LEGEND TO LOSS ON PLATE A-LOI
SB GT&S 0037436
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LOS OF DR&knTOtfc
ineRupturelnvestigation_DR_CPUC_213-Q03Atch01

DRILL HOLE NO.: B-20 
DRILLING DATE: Hay 25.1804 
ELEVATTOfL 31.74 feet 
DATUM: NGYO

LOGGED BY: Redacted 
CHECKED BY;

(fill NO'; SF840H
I'MfwTCT: RART srn k*mn Fttwnwn___________
I CATION: l^acted_______ __________
MULING METHOD; 4 7/8' diameter Rotary Mash with cathead

AC *»*vI ATTERSTO
LMTS

wm +*>I* GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
X IH-
8
iU >*■1 58

!
flu.e Ills

tn
y2
U** *

ssa
*4 *■»* 
(U «w4

05
feSis

UJ £J> s
\£

cc H *£i t£S I— g~
*>■» MM*1*s Sgsi£OCD I— V? w

"ARTIFICIAL FILL (all"
POORLY GRADED SAND with grave! (SPJ dark brown, dry to
damp.

"ARTIFICIAL FILL (af)“
SILTY SAND (SHI brown, damp, loose.

"4 8 \ Piece ol glass at 5.2 feet.
• “ALLUVIUM (Gal)"

POORLY GRADED SAND with sit ISP-SM) ight brown, damp, 
loose, line to medium grained sand, some roots._______

- “ALLUVIUM (Gall”
SILTY SAND ISM) dark brown, moist, banded with black and 
orange, medium dense.

to **• mmmm <»

A 18 Corr "

Wet, 14* fines.
<** >»il—1» |»A 15 GS

“ALLUVIUM Wall”
LEAN CLAY iCll black, moist stiff, moderately plastic.

20 t 06*1,5 48* 1820 23 1570 C

Marbled blue-green and gray, very stiff.

32 *15 f06 38* 17 212021

“ALLUVIUM (Gail"
SANDY SILT (MU gray, moist, loose, organic odor, 84* fines.30~ “jjjj jI GS "

"ALLUVIUM (Gat)"
FAT CLAY (CHJ with mterbedded silt (MU, gray-brown, moist, 
medium stiff clay to medium dense silt.*0.7 60* 281 16 80 32 800

Light blue-green gray, heavy organic odor.40~l12 07 34 820

"ALLUVIUM (Gal)"
SANDY SILT (MU gray, moist, medium dense. 6SX fines. 64 54 GS■ 23

"ALLUVIUM (Gal)"
LEAN CLAY id) alternating with layers of silt (MU dark 
brown, moist, very stilt clay to medium dense sat.
Organic content 1.4*.50mi mmm*\A 12 30 40* 33 OR

m:
PLATE A-2J29SHEET 1 of 2 LEGEND TO LOGS ON PLATE A-1.0

I
SB GT&S 0037440



I LOB OF DRItTlLfOlS'LineRuptureinvestigation~DR-CPUC~213-Q03Atch01
Redacted> •* • t IMOll DRILL HOLE NO.: B-2S 

DRILLING DATE: Hay 25,1984 
ELEVATION: 31.74 feet 
DATUM: NGVD

LOGGED BY: 
CHECKED BY:SN ! HMit rj-n Arnart FiIwtoahi Redacted

Hi 1HOO; 4 7/8" diameter Rotary Hash with cathead
u~ cr ATTER9ERG

LWTTS
mix. <2 ssGEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
X ^1J «MM%

-u£
Si tn tn1 %**

gi
«S*Hr1 »58

illsis
esI gtD

ca
cto5j 

i$^3c
mwt «-** Ck* *m*

JHtl oh* tnwj 2
Ok* cS

5 HIe ii S c/>
O UJo <XUJa*cc £ SWt»*> i/*

X TT Redactedi SILT (Mil green veins, black banding throughout, moist, 
dense.

I: ax light gray with dark orange speckles at 60 teet.

aI ,A i Redacted80
Ml V SAND (SMI tight gray-brown, moist, very dense, orange 
speckles.________ ________________________I " Redacted
well graded sand istf) red-brown to orange, moist, very
dpn^p _______WttutK.

“ Redacted

I SILTY SAND 1SH{ tight gray-brown, moist, very dense. 
Bottom of drill hole at 701/2 feet.
Baekfited hole with soil cuttings and grouted uppermost 6 feet.

iII
I
I !>'■

I
I
I
I
\ W.*

I
SHEET 2 of 2 PLATE A-2,29LEGEND to lobs on plate A-t.0
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LOS OF DRIi&;uM0fc-£neRupturelnvestigation_DR_CPUC_213-QO3AtchO1

DRILL HOLE NO.: B-30 
DRILLING DATE: Hay 25, I884 
ELEVATION 27.48 feet 
DATUM; NSVD

Redactedu J0B NO» SF840H
f-' PROJECT: BART SFO Airport Fttamion____________

LOCATION: [Redacted
ClIflUNG METHOD; 4 7/8" diameter Rotary wash with cathead

LOOSED BY; 
CHECKED BY:

I ATTCR8EB5uxrrs 5GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
ac

QZ $
£

cl. 2C
jrg:I >*» g8 llgo
Si

£
§Soi! H g*70

1 0412.
h*.. 
«*C !Sr
wJ td* 

mml

LJ
5S II 5S2S sss

lil? «I»,||lis S8
XUJcucc

&5ft S O CO
q lu«at fi***1ef1/5 to

"ARTIFICIAL FILL taff
SILTY SAND with gravel (SMI light brown, dry to damp, loose, 
roots, angular gravel to 1l/2-inch diameter.

8a
A 5 feet: Treated wood timber, old railroad tie’ 

Debris interfering with drilling to 13 feet.

16

I :

fc
10“

HH "ARTIFICIAL FILL Off
LEAN CLAY (CLI brown, moist.

32 "ALLUVIUM (OaT
SILT (MU marbled fight brown and gray, damp to moist, dense, 
bands of fine grained sand.

□Redacted
SILTY SAND ISM) brown, dry, very dense, pink-white molting , 
carbonate veins!, some fine gravel weakly cemented. -20 tts17 10

"a 68 Marbled light gray-brown and orange-brown, moist, very fine 
sand, weakly cemented.

30 SS 'Gray-brown, friable, moist to wet, dense, 30% fines.30

^Redacted
SANDY SILT (ML! light blue-gray, moist, dense, with black and * 
brown lenses, fine grained sand,44

40 SS54 Very dense, 53% fines.

J- Redacted
LEAN CLAY (CL) dark brown, moist, very stiff, some sill and 
fine grained sand. 106■ 27302127 2.5

50 24 Redacted
/\ SILT (ML l light blue-gray, moist, medium dense. ', 

Bottom of drill hole at 511/2 feet.
Backfilled hole with soil cuttings and grouted uppermost 5 feet.

SHEET 1 of I PLATE A-2.30LEGEND TO LOGS ON PLATE A-1.0

SB GT&S 0037444



SanBrunoGT-LineRuptureinvestigation_DR_CPUC_213-Q03Atch01

55? o
Equipment Failing 750 6" Fiiohi Auger anq

4-7/8“ Mod Rotary - Station 383*26
a.(U

Ou
■a- <D

<U * 3 §3$ IIo -*** o o
Cl. ^ XU

XT
-*-r£ ~'(/>

^ C ST
2? Q> .£
a a cd

Cl
Date 7/i8/98Elevation _rlMLLkQ, E 

0) (0 a m
0-i r

u>

Laboratory Tests
FILL (Oaf)-BROWN SILTV SAND WITH GRAVEL
(SM) (SOYR 4/3}: medium dense, dry, est. 25% 

gravel, 20% siltI2l*

ALLUVIUM (Oal)-VERY DARK GRAYISH BROWN 
SANDY SILT (ML) (I0YR 3/2): firm, moist, est. 
30% fine sand

LIGHT OLIVE BROWN LEAN CLAY WITH SAW) 
tCU (2.5Y 5/3): firm, moist, silty, sand is fine 

grained, organic debris up to est. 15%

✓

5-
ma, Hydrora 
-200'”8i% 
11=46, PI“32 
Ot games=5%

3.5 18.8
Tor vane

=0.5

M2 17 *I
Redacted -PALE YELLOW SILT
imu idr /my. very nard, dry10

§ 10.5 ft; color change to while (5Y 8/1)

8 li,S ft.: switched from flight auger to mud 
rotary

-200=83% 52

t'-Q. VERY DARK GRAYISH BROWN SILTY GRAVEL 
WITH SAND (6M) OOYR 3/2): very dense, moist 
to wet, est, 15-25% fine sand, 15% silt

ca
C (PC15

(PC
~ST

\? tis50/5.5“ OLIVE BROWN SILTY SAND KITH GRAVEL (SM) 
(2.5Y 4/3): est. 30% fine gravel, i0-20% silt

OLIVE SANDY CLAY (CL) (5Y 4/3): herd, moist,
20ma, Hydroffi 

■■ 200=53%
U, “27, PI“12

31*14,3 119

LIGHT OLIVE BROWN SILTY SAND (SM) (2.5Y 
4/3): dense, moist25

MA, Hycirom 
Pt-Norr Plastic
-200=30%

31

30-
I19,6 109 61*

§ 31.2 ft.: color change to strong brown (/.SYR 
5/6), oxidation staining

35- § 35 ft.: color change to dark greenish gray 
(SGY 4/0

DARK GREENISH GRAY SANDY SILT (ML) (5SY 
4/S); very hard, sand is fine grained

POORLY GRADED SAND (SP): medium to coarse 
sand

I ✓
- 200=70% 52*3.5 23,5

Torvane
=0.6

103 4

i>: OsoMlOO (2000) 
t('M)

(C<40- in
* Blow counts are SSH sampler blow counts.
** Pocket penetrometer reading is approximate unconfmed compressive 
sitetHHit Torvane reading (where identified) is undrained shear 
Hiring th.___________

£
to

Figure
Harding Lawson Associates
Engineering and 
Environmental Services

Log of Boring B-203
Module 2 ~ BART Extension to SFO 
San Mateo County, California '

DRAWN
ces

DATE
9/98

REVISED DATEJOB NUMBER
40646 4E

ARf^Redacte

Page I of 2
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SanBrunoGT-LineRupturelnvestigation_DR_CPUC_213-Q03Atch01

Zio Equipment bailing ?SQ 6" Plight Auoet and_____
■1 -7/6" Mud Rotary - Station 363+26

c a<uI Cu sz —•*w Q.a e ai
a co

(D HH*

aJ * d |
||-3g

>■

% i£
•>. c 5*£■05 £
□ a to ,A 

------------ 40—1

Date 7/i6/98Elevation.ro
laboratory Tests x oa.

GREENISH GRAY SILTY SAND (SM) (56Y S/1): 
very dense, moist, est. 20-40% silt60

45—-ir
no recovery at 45-46.5 ft.70*I OLIVE GRAY CLAYEY SAND (SC) (5Y 4/2): hard, 
est. 30-40% lean clay22U. = 28, PI-9

Li GMT OLIVE GRAY SILTY SAND (SM) (SY 6/2): 
very dense, wet, est. 10-15% silt50-

I50/4.5''*

55—x£sI. ® 55 ft.: color change to olive yellow (2.5Y 6/6), 
est, 8*3% sand. 15% silt

" Bottom of boring at 58 feet.
Boring back fitted with bentonite cement grout to 
ground surface.
Groundwater was not encountered.

50/5”

80-

65-

70-

75-

i
£80—1 5
ox Blow counts are S8H sampler blow counts.

xx Pocket penetrometer reading is approximate unconfirmed compressive 
strength. Tof vane reading (where identified) is undramed shear 
strength. ___

o>

I Figure
Log of Boring B-203
Module 2 - BART Extension to SFO 
San Mateo County, California

Harding Lawson Associates
— Engineering and 
~ Environmental Servicesm MM MMm mm m

las
i mm * mm m mt m mm m

DATE
9/98

REVISED DateAPP»rwg*n
Redact

DRAWN
CE6

JOB NUMBER
40848 46

Page 2 of 2
1181/•
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LOG OF DM£LurFRJLlEeRupturelnvestisa*ion-DR-CPUC-2i3-Q03Atchoi

DRILL H31E NO.: B-3t 
DRILLING DATE; Hay 24,1904 
ELEVATION 24.40 feet 
DATUM: NGVO

RedactedHiUffc Sf84011
'HWECT; BART SFO Airport Extension _________
i‘CATION: I Redacted 11 |
BILLING METHOD: 4 7/8” diameter Rotary Wash with cathead

LOGGED BY: 
CHECKED BY

5Z u. ATTOTERG
IMIS

tr>o- ir>
t— 5GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION
£
3 gasS 58 

—Jlii g
Ou* C-t

X

lls5ISfir.
3

h-
inUi

I as£ Sin
«•* 2C£o is

«*•* WM«
s I uicccn

!g >- t/?gi atss aHi Ow. hJo
"ARTIFICIAL Fill tat}"

n GRAVELLY SANO (SPi brown, dry to damp, medium dense. 
"ALLUVIUM (flair

SANDY CLAY (CU brown, moist, stiff.
\ 2 feet: Roots, some coarse gravel__________________

I Redacted | ...... "" ..’.. ' ' .""""I "
LEAN CLAY tCU tght brown, moist to damp, very stiff, with red

\ and hiark sneritfes. ________ ______________
' Redacted " .........

SANDY SET (MU light brown, damp, very dense, some orange 
mottled veins, 402 sand.

i: r-« 17 41* 2238 2780*3.0 C *

I-
10“ “jjjjj eg GS *

Redacted

silty sand (SMI light brown, damp, very dense, layers of 
poorly and well graded sand In veins, orange to dark orange, 
382 lines.70 GS *

- Redacted
20 55 SILTY sand with gravel ism) marbled orange and red-brown, 

moist, very dense, fine gravel in layers, well rounded, media* to 
coarse grained sand.

GS
' V6/ir OS *Thin layer of silt a! 25 feet, 282 fines, no gravel. 108 14

Redacted
SILTY SANO ism) gray-brown, moist, very dense, layers of sat - 
and veins with fine to coarse grained sand, red-brown

30 §7

Drlter notes sandy gravel

2-inch thick dense layer of sit (Mil and medium to fine grained sand.

JE
** 48

40 58 Moist to wet, very dense, interbedded with layers of fine 
gravel and fine grained sand.

Redacted
CLAYEY SAND tSCJ light greenish to yellow-brown with orange 

. banding, moist, medium dense, fine grained sand, 272 fines.
*1 Redacted ' ["" ' " ''

Sill Y SAND ISM} light orange-brown, moist, dense, fine 
grained sand,

Banded oranoe and tan, very dense.
7| Redacted '

LEAN CLAY with sand (CU light gray-brown, moist, hard, fine 
grained sand._________

Bottom o) drill hole at 511/2 feet. ' _________
UroundwaTet measuied at 34 teelbebth on 5/13/84.
Piezometer instaWND TO LOGS ON plate a-lo

GS *27

50' 8)
4S ZlZZZu
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I SanBrunoGT~UneRuptureSnvestigation_DR__CPUC_213-G03Atch01

3**•*% o Equipment Failing 750 6" Flight Auger and_____
4-7/8“ Mud Rotary - Station 355+38

c a<D

|
CX- J- £a o. £

Q)
a in

®* 3§
, - *-~v -*-/ ~

u « .n c
O
CL^

>% £** 
•5 S

2? <u S
O O 03

Elevation D _ Date imm(0
O O 
XULaboratory Tests

O-iI ALLUVIUM (Qal}-QARK GRAYISH BROWN SILTY 
SAND WITH GRAVEL (SM) f?.5Y 4/2): medium 
dense, morst to dry, esl 20% silt. 20% gravelI89 23*24,1
@ 2.2 ft.: color change to light olive brown (2.5Y 
5/4)[ Redacted J-LIGHT OLIVE BROWN 
CLAY {CD {2.5Y 5/4): firm, moist, esi, 20% silt5

Push 080
420 pstS1

I @ 9 ft.: color change to black (2.5/S
!6*U“32. PE“!8 20.2 !04

I @ 12 ft.: color change to very dark gray {5y 3/!)

% OLIVE SIlTY SAND WITH GRAVEL (5M) (5Y 
4/3); dense, moist

OLIVE BROWN SILTY SAND WITH GRAVEL ($M) 
(2,5Y 4/3): dense, moist to wet, est. 20% fine 

gravel

~ @ 15.5 ft., switched from flight auger to mod 
rotary

OLIVE BROWN (2 5Y 4/3} TO MULTICOLORED 
GRAVEL WITH SAND (SW); medium dense, wet

3?MA
15I -200-13.5%

TO0.C
b
FO.0.C
b.; p b
•.o.o'.c
'.O.O'.C
b-.pO.-
koox
R'.o°h 

’.O.O'.C 
p. -cfi' 
LO.O.C 
P-'-o0-' ko.o.c 
P- -cP 
FO.O.C
P "*cP-'
>-po-c

\\I V
20-

35*92MA 9,8I -200=1.7%

25
No recovery at 25-26.5 It.16

I OLIVE YELLOW SANDY CLAY (CD (2.5Y 6/6); 
very hard, moist16.8 !32 53*MA, HydroM

--200 ”‘50%
LL--27, PI=8 30-I OLIVE SANDY SILT (ML) (5Y 5/3): hard, moist, 

est, 20-30% fine sand

-200«4B% 44

!
STRONG BROWN SILTY SAND (SM) (7.5YR 4/6): 
dense, moist

§ 35 ft.: color change to olive gray (5Y 4/2) 
with oxidized spots

35-

I 66*

m PALE OLIVE SANDY SILT (ML) CSY 6/3): very 
hard, moist, est. 30% fine sand, oxidized zones £102 9i/r*!!Y

40 §o
to

x Blow counts are SSH sampler blow counts. .
x* Pocket penetrometer reading is approximate uncon fined compressive 
strength. Tor vane reading (where identified) is undrained shear 
strength.

Figure
Log of Boring B-2G4
Module 2 - BART Extension to SFO 
San Mateo County, California

Harding Lawson Associates
Engineering and 
Environmental Services1 m mm m m mm m am m m am m

a*atmar l mm •nr m mm
1 mm'sam

OATE
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SanBrunoGT-LineRupturelnvestigation_DR_CPUC_213-Q03Atch01
.—•■v

o Equipment 750 6'1 Plight /ujper and_____ _
4-7/tr Mud Rotary - Station 355*38

c a, NS—
v-—-*Oi

a,
•w '*'• *— £“
<U * =3 QJ
w* ******* ■ .

O « .2 C O — o o 
a,-' SO

x:>• ^ 
w £

a.
Date 7/1//Q8Elevation .llLZ.i.L.I I

— 40-
fZ s?

2Toi 5 
o o raLaboratory Jests

OLIVE GRAY SILTY SAND (SM) (5Y 4/2): oer.se 
So very dense

V

@ 44 ft,: alternating zones of oxidized-strong 
brown and olive gray45—1-200*14% 51/6"

50 OLIVE BRAY POORLY GRADED SAND (SP) (5Y 
4/2): very dense, we!, est. 5-10% sill106 SO/S"*20,4

55-
E50/r

60
50/LS'N Bottom of boring at $0.5 feet.

Boring toackfitted Kilts bentonite cement grout to 
ground surface.
Groundwater was not encountered.

65-

70-

75-

OC<80—1 cQ
OI-k Blow counts are S&H sampler blow counts,

** Pocket penetrometer reading is approximate unconfmed compressive 
strength, Torvane reading (where identified) is undrained shear 
strength,__________________________________________________

<a

Figure
Log of Boring B-204
Module 2 - BART Extension to SF0 
San Mateo County, California

Harding Lawson Associates
Engineering and 
Environmental Servicesaw mm mm mm m A aww>Has m mm an

DATE
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LOB OF DflJSfcjLpW0ll.E9Rupturelnvestigation_DR_CPUC_213-QQ3AtchO1
DRILL HOLE NO.: 8-32 
DRILLING DATE: May 24,1984 
ELEVATION: 32.99 feel 
DATUM: NSVD

I RedactedMNOJ SF040II
NfOJECT: BART STO Airftori Fitpnaton___________
1OCATION: I Redacted |
DRILLING METHOD: 4 7/8“ diameter Rotary trash with cathead

LOGGED 8 Y: 
CHECKED BY

cgRtu
ATTERBEB6

UNITS
m
Ou sSEOTECHNIGAL DESCRIPTION 

AND CLASSIFICATION
£

%Si8 61tui
Kg s§ IsIU

LU
CC1 S

!§
S3aloe

|g LU .
Em
tn k’***

o o 3: o

qbhs
is Ss 

■">»• *«■* 
A anuA Ck> nJ

:b o o
ESUi

itn
X Bat15sfc i QssHi cn v~ trt cu u o

X iRedartprl
12 38 18LEAN CLAY (CL! light orange-brown, moist, hard, some sand,I

AI 5 feet: 2-inch thick layer of orange mottling with medium 
\ drained sand._____ ________ __________

30

Redacted |
SILT (Nil light brown with orange stains, moist, dense,
9 feet: Fine to coarse grained sand with fine gravel h 
cuttings.I "I "10
10 feet: Medium dense, layers of sand ISP/SHI dark 
red-brown and orange, I to 3-inches thick.____ ______

Redacted ........... 1 '
LEAN CLAY with sand fCU Bght brown, with orange bands and 
mottling, moist, stiff to very stiff, fine grained sand.

I
jH 20 * 1.5

I m Redacted
SILTY SAND (SMI light gray-brown, with ight orange banding, 
moist to wet, very dense, fine grained sans.20-5?

Ami
1 Redacted

SANDY SILT (MU light gray-brown, moist to wet, dense, 52X
fines.

“I 42 IBfit 6S *
OS261/2 feet: Fine to medium grained sand.

‘RedactedI SILTY SAND SSM) blue-gray, moist, medium dense, fine grained 
sand, some thin lean clay layers, 38% fines. '30 A ” GS H

\ ■ 82 102 20Very dense. OS

I Light gray-brown with gray banding, fine grained sand, 13%
fines.4o~ m 70 108 22 GS

Redacted
LEAN CLAY with sand lULl light brown with fight orange 
marbling, moist, very stiff, fine grained sand._________

"Redacted ..... "1
SILTY SAND ISHJ light brown to orange, moist, dense, tine

n grained sand.______ _____________________ _
- I Redacted ~ ~~i "
. SILTY SAND/SAN0Y SILT (SM/ML) light brown, moist, dense,
“N line to coarse grained sand, 50% fines,_________ __

Bottom of drill hole at 51 f/2 feet.
Backfilled hole with soil cuttings and grouted uppermost 5 feet.

mI ■*» *3.532

50' GS *49
/

I
PLATE A-2.32SHEET 1 of 1 LEGEND TO LOGS ON PLATE A-1.0

I
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V E3 IQ. QJ ^3 
Q. fD 
fD Q-Oparator i 

Location i C-41
CPT Data » 03-23-84 I5tS3 

Coma Uaad i 347TC U2
Sounding * S4Z136 Pg 1 / 1 
Job No. • SF94011

FRICTION RATIO 
F*/a «)

LOCAL FRICTION 
F» (Ton/ft*»

TIP RESISTANCE 
Oe CWft*2)

PORE PRESSURE 
P« Cp*l)

□IFF PP RATIO 
AP/flc CZ)

INTERPRETED
PROFILE
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