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Re: Former Chevron Station # 9-5607, 5269 Crow Canyon Road, Castro Valley, CA
Attached Soil Vapor Survey and Risk Assessment Results (Weiss, 1/20/97)

Dear Gentlemen:

Please find attached a report dated January 20, 1997 that was prepared by Chevron’s consultant, Weiss
Associates (Weiss), to describe the results of soil, soil vapor, and groundwater sampling that was
performed downgradient from the subject site during August, 1996, The acquired data were used in an
ASTM RBCA evaluation to determine the health risk to adjacent property owners from a release of motor
fuel hydrocarbons at the subject site. In addition, Weiss’ report presents a comparison of in-situ
groundwater conditions to the SFBRWQCB?s criteria for a low risk groundwater case (12/8/95) and issues
recommendations for the subject site based on the comparison results.

The attached document represents the final version of this RBCA evaluation, As soon as you have had a
chance to review it, I would like to get your feedback and/or discuss any issues you might have before the
document is distributed to the adjacent property owners. Please call Mike Cooke (Weiss Assoc.) at (510)
450-6150 or myself at (510) 842-8695 to arrange a meeting or discuss Turther.

Sincerely,

E AL W

Brett L. Hunter
Environmental Engineer
Site Assessment and Remediation

Attachment

cc Mike Cooke, Weiss Associates, 5500 Shellmound St., Emeryville, CA 94608-2411 (w/o attach)
Curt Peck, Chevron Research and Technology Company, Richmond, CA (w/o attach.}
John Randall, Chevron Products Company, San Ramon, CA (w/o attachment)
Bette Owen, Chevron Products Company, San Ramon, CA (w/o attachment)
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TRANSMITTAL

TO: Scott Seery DATE: March 3, 1997

CoMPaNY:  Alameda County Health Services Agency PROJECT #: 4-1129-70
Department of Environmental Health :
1131 Harbor Bay Parkway, 2nd Floor
Alameda, CA 94502

FRrROM: Tim Utterback, (510) 450-6193

ENCLOSED PLEASE FIND: fﬁefermcg Docaatients for Soil Vapor Survey and Risk Assessment Report, Former
Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley CA

VIA: FAX: AS: For:

D Fax # of pages: O per our phone call IZ[ Your information

M 1# Class Mail (including this-cover) M vou requested O Retumn to you

D Overnight Delivery D Hard Copy to follow D Is required I:l Your action

D UPS (Surface) O we believe you may O vour review &

[0 courier be interested - comments
COMMENTS:

Enclosed are the reference documents you requested for the above referenced site. Please
call me at (510) 450-6193 if you have any questions '

Please call (510) 450-6000 ffrhere are any problems with transmission.
FAX CONFIDENTIALITY NOTICE

The informtion contained in this transmission is confidential and only intended for the addressee. If you are not the intended recipient, you are
hereby notified that any disclosure, copying, distrilbution or action taken in reliance on the contents of this facsimile transmittal is strictly prohibited

{f you have received this facsimile in error, please call us immediately to arrange for the return of these documenis,
JICHEVRONLT 1 2NCORRESPO.STWOABEET 1 .DOC

A Division of AguaTierra Associates Incorporated recycled paper




Weiss Associates " Environmental and Geologic Services
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January 20, 1997

Mr. Scott Seery

Alameda County Health Care Services Agency
Department of Environmental Health

1131 Harbor Bay Parkway, 2nd Floor
Alameda, California, 94502

Former Chevron Service Station #9-5607
5269 Crow Canyon Road

Castro Valley, California

WA Job #4-1129-70

Dear Mr. Seery:

On behalf of Chevron Products Company (Chevron), Weiss Associates (WA) has completed
a soil vapor survey and American Society for Testing and Materials Risk-Based Corrective Action
(ASTM RBCA)! analysis for the above referenced site. The soil vapor survey results and ASTM
RBCA analysis are presented as Attachments A and B, respectively. The soil vapor survey was
conducted to collect vadose zone hydrocarbon vapor concentration data and to measure soil physical
properties for determining the extent of vapor transport to indoor building air and ambient outdoor
air. The soil vapor survey data were used in conservative vapor transport models to determine
whether petroleum hydrocarbons pose significant risk to the residents of the Forest Creek
Townhomes condominium complex. In addition, the measured vapor concentrations were compared
to vapor concentrations predicted by ASTM RBCA models to assess whether these models are
representative of conditions at this site (Attachment C).

Summarized below are the RBCA results followed by a comparison of site conditions and
RBCA results to the Regional Water Quality Control Board (RWQCB) Interim Guidance on
Required Clean Up at Low Risk Fuel Sites2, and a proposed Future Action Plan.

! ASTM 1995. Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites, E 1739-95.

% California Regional Water Quality Control Board, December 8, 1995. Interim Guidance on Required Cleanup at
Low Risk Fuel Sites. ’

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.

A Division of AguaTierra Associates Incorporated recycied paper
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January 20, 1997

Summary of RBCA Results.

The results of the RBCA evaluation indicate that subsurface hydrocarbons do not pose
significant risk to the residents located along Waterford Place in Castro Valley, California. In
summary the results are:

»  Concentrations of toluene, ethylbenzene and xylenes in soil and ground water
are less than the Tier 1 Risk-Based Screening Levels (RBSL) for all exposure
pathways. Benzene in ground water is below the RBSL for transport to outdoor
air.

_ These results indicate the mdoor air vapor pathway health risk is
nearly four orders of magnitude below the acceptable 10-3 target risk level.
Concentrations of benzene in shallow soil would have to increase nearly four

orders of magnitude before the indoor air vapor pathway would become a
) concern. A concentration of benzene in soil vapor of 107,000 parts per billion
* Egy_vo]umc (ppbv) at 3 ft below ground surface (bgg) would result in 10~ 5_
incremental risk via the indoor inhalation pathway calculated using site- spemﬁc
parameters while still making the conservative assumptlon that vapors don’t
attcnuate due to the structural floor of the building. .3 Wm& '
ration of benzene in soil vapor was 39,000 ppbv’ 5 W bags.

. -WA and Chevron believe that the data collected to date are suﬁcm inboth ¢
ittty grid gnafily for use in thix The xisking Worst ise dta
c&ffﬂﬂﬂ% the vapor pathway i is.not a- cancem. Thc soil vapor survey to
9 3" collect Tier 2 vapor pathway data was performed during the driest part of the
’{\Pf.k\fﬂs “vh year (August) when the maximum vapor flux from impacted soil and ground
water is predicted to occur. Diffusive vapor transport is greatest when
volumetnc alr ﬁlled por051ty is grcatest3 fific-d: dine ,

S,
T
"

'-"-15 Alr filled porosity will be lower during other seasons of the ycar )
due to mﬁltratlon from rainfall, mﬁmve vamEe transpoh ibe. .
, ’Iﬁ&and the aswmat&d vapor pathway risk would ba iess w

¢ Alternative points of exposure were selected for benzene for the direct ingestion .~ {\

pathway based on evaluation of dissolved concentrations and ground water use j

in the vicinity of the impacted area. Wells C-10B, C-15 and C-16 were selected aj
as alternative points of exposure with SSTLs set at the Tier 1 RBSL
concentrations to protect down gradient receptors. As long as the dissolved
hydrocarbon concentrations in wells C-10B, C-15 and C-16 remain below the

Tier T RBSLs, no significant health risk to receptors down gradient of these

wells is predicted.

* See the expression for the effective diffusion coefficient in soil kisted in the ASTM RBCA guidance document
(ASTM 95) table X2.5.

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products .Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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January 20, 1997

o Ground water fate and transport modeling calculations (Attachment B,
Appendix C) indicate that Crow Creek is not likely to be impacted by dissolved
benzene concentrations above 0.001 mg/L- (California Department of Toxic
Substances Control’s maximum contaminant level).

¢ The results of the RBCA evaluation indicate further operation of the ground
water extraction system at the subject site is unnecessary. A contingency plan
with respect to the ground water extraction system is presented below.

The RBCA evaluation results indicate that the subsurface petroleum hydrocarbons in the
residential area pose no demonstrable long-term threat to human health, safety or sensitive
environmental receptors. Therefore, a ground water monitoring program and contingency plan is
appropriate to manage the subsurface hydrocarbons at this time. A future action plan including the
proposed ground water monitoring schedule and contingency plan is presented following the low-
risk ground water case comparison presented below.

Low Risk Groundwater Case Comparison

This site meets the six Regional Water Quality Control Board, San Francisco Bay Regional
criteria of a “low-risk ground water case,” as defined in the Supplemental Instructions to State Water
Board December 8, 1995, Interim Guidance on Required Cleanup at Low-Risk Fuel Sites. Each
low-risk ground water case definition, taken directly from the interim guidance, is presented below,
followed by a response to each:

1. “The leak has been stopped and ongoing sources, including free product, have been
removed or remediated.”

*  The former underground storage tanks (USTs) and lines were replaced with
double-walled fiberglass tanks and lines in April 1985, shortly after the release
was discovered. In October 1990, all gasoline storage tanks and piping were
removed from the site and the service station was abandoned.

* As of September 1987, 194 pounds of separate-phase hydrocarbons were
removed from the site wells by bailing. Separate-phase hydrocarbons have not
been observed in any of the site wells since October 22, 1992.

¢ In October 1990, approximately 300 cubic_yards of hydrocarbon-bearing soil
was overexcavated. ’

¢ The ground water extraction system has been removing dissolved-phase
hydrocarbons from below the site since June 1985.

2. “The site has been adequately characterized.”

¢ Chevron currently uses 17 ground water monitoring wells to characterize the
extent of dissolved hydrocarbons (Figure 2).

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the uze of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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January 20, 1997

e  Wells C-1, C-2, C-3, C-6, C-9, C-12 and RW-1 characterize the impacted area
adjacent to and immediately downgradient of the former USTs. During the first
and second quarter 1996 monitoring events, these wells contained dissolved
benzene concentrations ranging from 0.029 to 26 mg/L.

o Wells C-5, C-7, C-8, C-104, C-10B, C-11 and C-13 through C-16 surround the
impacted area and define the upgradient, crossgradient and downgradient
boundaries. Dissolved benzene concentrations in these wells are currently near
or below laboratory detection limits.

o  Since April 24, 1995, dissolved benzene concentrations have been below
laboratory detection limits in the wells located between the impacted area and
Crow Creek (wells C-10A, C-10B, C-15 and C-16), with the exception of the
third quarter 1996 benzene detection in well C-15 which will be confirmed
during future monitoring events.

{ /?Co

&} ("Mc{
3. “The dissolved hydrocarbon plume is not migrating.” g

*  Dissolved benzene concentrations in downgradient well C-9 have declined since
September 13, 1989 and dissolved benzene concentrations in well C-12 have
remained steady since installation in February, 1990.

» The benzene concentrations in ground water from downgradient plume
boundary wells C-10A, C-10B, C-15 and C-16 were below laboratory detection
limits during the first and second quarters of 1996,

4. “No water wells, deeper drinking water aquifers, surface water or other sensitive
receptors are likely to be impacted.”

¢  On September 11, 1996, WA requested a 1/2 mile radius well survey for the
subject site from Alameda County Department of Public Works to determine
the location of wells that may be used for drinking water consumption. We
found no drinking water supply wells located between the former USTs and
Crow Creek or nearby vicinity. Future drinking water well installations
between the former USTs and Crow Creek are unlikely due to the current use
and availability of municipal water. |

*  Ground water monitoring in wells C-10A, C-10B, C-15 and C-16 indicates that
hydrocarbons should be below the California maximum contaminant levels
(MCLs) in the vicinity of Crow Creek.

*  Previously conducted ground water transport modeling indicates the dissolved
benzene plume is not likely to impact Crow Creek regardiess of whether the
ground water extraction system is operated. The ground water modeling report
is attached in the RBCA evaluation (Appendix C, Attachment B),

The data. findings, recommendations, and professional opinions contained in this dacument were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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January 20, 1997

¢  Hydrocarbon migration to deeper drinking water aquifers is unlikely due to the
presence of an underlying rock formation. The rock has been described as a
well cemented claystone or siltstone in many of the site boring logs.

5. “The site presents no significant risk to human health.”

®  The results of the attached RBCA evaluation indicate that subsurface petroleum
hydrocarbons in the residential area pose no demonstrable long term threat to
human health or safety. The attached RBCA evaluation presents a detailed
assessment of risk to human health.

6. “The site presents no significant risk to the environment.”

e  The hydrocarbons are located at approximately 20 ft bgs. Microorganisms are
the only known environmental receptors capable of coming into contact with
hydrocarbons at that depth. The presence of microorganisms enables
biodegradation of the hydrocarbons.

*  Ground water transport modeling calculations indicate that the dissolved
benzene plume is not likely to impact Crow Creek regardless of whether the
ground water extraction system is operated.

Therefore, the site meets all of the definitions for classification as a low-risk ground water
case as defined in the Supplemental Instructions to State Water Board December 8, 1995, Interim
Guidance on Required Cleanup at Low-Risk Fuel Sites. Passive bioremediation is the preferred
management strategy for this site. Modeling calculations have shown that hydrocarbon
concentrations above the California MCLs are not likely to impact Crow Creek regardless of
whether the existing ground water extraction system is operated. The ground water extraction
system should be shut-down and remain off unless monitoring data indicates that hydrocarbons are
migrating to the creek. A management strategy incorporating passive bioremediation is outlined in
the future action plan presented below.

Proposed Future Action Plan

Chevron and WA propose continued monitoring to verify plume stability and the
effectiveness of remediation by natural attenuation at this site. The proposed initial action,
monitoring schedule and contingency plan are:

Proposed Initial Action

¢ Shut down the existing ground water extraction system.

Monitoring Schedule

*  Monitor wells C-6, C-9, C-10B, C-15, C-16 on a bi-annual basis for the next 2
years and annually thereafter.

The data, findings, recommendations, and professional epinions centained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, cither expressed or implied, end is not responsible for the interpretation by others of the contents herein,
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e Immediately discontinue monitoring in all other wells.

Contingency Plan

*  The ground water extraction system will be restarted if an increasing dissolved
hydrocarbon concentration trend above the California MCLs is detected in wells
C-10B, C-15 or C-16 for more than two consecutive monitoring events.

» The ground water extraction system will be shut off when dissolved
hydrocarbon concentrations in wells C-10B, C-15 and C-16 are again below the
California MCLs.

Summary

The RBCA assessment shows that subsurface petroleum hydrocarbons in the residential area
pose no demonstrable long-term threat to human health or safety. Conservative alternative points of
exposure for ground water ingestion were established based on ground water use in the vicinity of
the site. Dissolved hydrocarbon transport modeling and historical ground water monitoring data
indicates that Crow Creek, the nearest sensitive environmental receptor, will not likely be impacted.

M megs

: paramate:s dulriﬁg tW{a sq:atﬁe samplmg Went&ﬂr The ob_]ectlve bemg that two sets of data
would increase the confidence that the site posed no risk to residential receptors. However, it is our
opinion that the available data is sufficient to conservatively evaluate potential health risks, and that
collecting more data is unlikely to show significant potential health risks due to the residual
hydrocarbons.

The RBCA evaluation performed at this site used conservative models and assumptions to
calculate potential health risk values. The data input into these models included the highest benzene
concentration detected in soil vapor at the shallowest depth from 8 sample locations and the highest
benzene, ethylbenzene, toluene and xylene concentrations historically detected in soil and in ground
water over the last year in the vicinity of the residences. The results of the risk model calculations
indicated that benzene vapor concentrations in shallow soil (approximately 3 feet bgs) would have to
be almost 4 orders of magnitude (10,000 times) greater than the highest benzene vapor concentration
measured in shallow soil at this site before the target 10-5 risk levels would be exceeded.

Extensive soil vapor sampling performed by the Lawrence Berkeley National Laboratary to
research vapor transport to indoor air have shown that the temporal variations of soil-gas
concentrations at a given depth were small and varied by less than a factor of two at their study site4.
Still others have concluded that “transience, leaching and advection do not seem to play a major role

* Fischer, M.L., et al, 1996. Factors Affecting Indoor Air Concentrations of Volatile Compounds at a Site of
Subsurface Gasoline Contamination, Environmental Science and Technology, Vol. 30, No 10, 1996.

The date, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, cither expressed or implied, and is not responsibie for the interpretation by others of the contents herein.
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over long time periods”s. Based on the conservativeness of the models used, the quantity of the data

available, the almost four orders of magnitude difference between the risk value determined using

soil vapor data and the 10-3 acceptable risk objective and the results of other investigations, we see R

no compelling or scientifically reasonable justification to collect additional data. reod ot wwant
The site meets the RWQCB low-risk ground water case definitions, therefore, passive

bioremediation, the RWQCB'’s prescribed management strategy for low risk ground water case sites

such as this one, is proposed to manage the remaining subsurface hydrocarbons. The proposed

future action plan and conservative ground water monitoring schedule and contingency plan was

developed to incorporate passive bioremediation as the management strategy. Therefore, based on

the work performed at this site, WA and Chevron respectfully request that Alameda County Health

Care Services Agency approve the above future action plan.

We appreciate the attention that Alameda County Health Services Agency has shown this
case. If you have questions please don’t hesitate to call us at (510) 450-6000 or Brett Hunter with
Chevron Products Company at 842-8695.

Sincerely,

/,_/1/\ ?

Tim Utterback ‘
- Senior Staff Engineer

Dot L

Mike Cooke
Project Geologist

G e LL[(

Jerry McHugh, P.E.
Principal Engineer

Aftachments: Attachment A. Soil Vapor Survey Results
Attachment B. ASTM RBCA analysis.
Attachment C. Vapor Concentration Profile Comparison.

cc: Brett Hunter, Chevron Products Company, PO Box 5004, San Ramon, CA 94583-0804
TRUMC:all

JCHEVRGI 1I27RBC AVELEECL 1. DOC

: Ostendorf, D. W., 1991. Biodegradation of Hydrocarbon Vapors in the Unsaturated Zone, Water Resources
Research, Vol. 27, No 4, pp 453-462, April 199].

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevion Products Company. Weiss
Associates makes no other warranly, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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SOIL VAPOR SURVEY RESULTS




Weiss Associates Environmental and Geologic Services

5500 Shellmound Street, Emeryville, CA 94608-2411 Fax: 510-547-5043 Phone: 510-450-6000

Soil Vapor Survey Sampling Report

for

Former Chevron Service Station #9-5607
5269 Crow Canyon Road
Castro Valley, California

prepared by

Weiss Associates
5500 Shellmound Street
Emeryville, CA 94608

WA Job #4-1129-70

prepared for

Chevron Products Company
P.O. Box 5004
San Ramon, California 94583-0804

January 20, 1997

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the uss of Chevron Products Company. Weiss

Associates makes no other warr either expressed or irg[g}ied. and is not responsible for the interpretation by others of the contents hergin. -
racycled paper

A Division of fagua ferra Assbciates Incorporat




Weiss Associates m

CONTENTS

Page

1. OBJECTIVE
1.1 Scope of Work
1.2 Parties Present
1.3 Sampling Dates

[ T U

1.4 Location

2. SOIL VAPOR SAMPLING RESULTS
2.1 Sample Locations
2.2 Vapor Sampling Method
2.3 Analytical Laboratory
2.4 Analytical Methods
2.5 Analytical Results

B bR WO W W

3. SOIL SAMPLING RESULTS
3.1 Sample Locations
~ 3.2 Soil Sampling Method
3.3 Analytical Laboratory
3.4 Analytical Methods
3.5 Analytical Results

SN Lh LA LA Lh

4, GROUND WATER SAMPLING RESULTS
4.1 Sample Locations
4.2 Ground Water Sampling Method
4.3 Analytical Laboratory
4.4 Analytical Methods
4.5 Analytical Results

N N )

5. BORING LOG RESULTS 3
6. CONCLUSIONS 9

i
The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company, Weiss
Associates makes no other warranty, either expressed o implied, and is not responsible for the interpretation by others of the contents herein.




Figure 1.
Figure 2.

Figure 3.

Table 1.
Table 2.
Table 3.

Table 4.

Weiss Associates m

FIGURES

Site Location Map.
Vapor, Soil and Ground Water Sample Locations and Analytical Methods.

‘Vapor Sample Collection Configuration.

TABLES

Analytic Results for Vapor Samples.
Analytic Results for Soil Samples.
Physical Parameter Results for Soil Samples.

Analytic Results for Ground Water Samples.

APPENDICES

Appendix A. Lithological Logs

- Appendix B. Laboratory Analytical and Geotechnical Results

ii

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company, Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herain.




Weiss Associales m

1. OBJECTIVE

: : The vapor, smI and ground water analytlcal resuIts and scnl physwal
parameters were used to determine the potential health risk associated with hydrocarbon vapor
transport from the subsurface soil and ground water to indoor and outdoor air. The health risk
analysis is presented as Attachment B of this submittal.

1.1 Scope of Work

The Soil Vapor Survey included:

*  Collecting vapor, soil and ground water samples from eight soil sample
locations;

¢  Recording the soil type encountered in each sample location;

¢  Submitting the vapor, soil and ground water samples to analytical laboratories
for analysis and submitting additional soil samples to a geotechnical laboratory
for physical property measurements; and,

*  Reporting the results.

1.2 Parties Present
During the performance of the soil vapor survey, the following individuals were onsite either
all or part of the time:

s  Amy Leech, Hazardous Materials Specialist, Alameda County Health Care
Services Agency;

¢ Brett Hunter, Chevron Products Company (Chevron);

*  Ted Hogan and Paul Rogers, Gregg Drilling and Testing Inc. (Gregg Drilling);
and,

s Tim Utterback and Brian Busch, Weiss Associates (WA).

1.3 Sampling Dates

August 19 and 20, 1996.

JCHEVRUK 11T REC A ATTA DOC

1

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Froducts Company. Weiss
Assaciates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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1.4 Location

The former Chevron Service Station is located on the southeast corner of Crow Canyon Road
and Waterford Place in Castro Valley, California (Figure 1). The samples were collected adjacent to
the residential buildings along the southwest comer of Crow Canyon Road and Waterford Place
(Figure 2).

JCHEVRON 1 790BC AATTADOC

2

The data, findings, recommendations, and professional opinions contained in this docoment were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible For the interpretation by others of the contents herein.
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2. SOIL VAPOR SAMPLING RESULTS

2.1 Sample Locations

Twelve vapor samples were collected from the eight locations. Chne Habaple “each -
collected from SV-1, SV-2, SV-5, SV-6, SV-7 and SV-8. PVapor concentration pmfilem
collected from SV-3 at 8 feet and 25 feet below ground surface (bgs) and SV-4 at 3 feet, 8 feet,

11 feet and 25 ft bgs.

Vaper samples from sample location SV-2 at 3-and 20 ft bgs and sample location SV-3 at 3 # .

ft bgs were not successtul due to lack of vapor. flow from these points.. The vapor sample from
boring location SV-5 at 3 ft bgs was not successful due to water saturation from irrigation, Vapor

sample collection from SV-5 was successful at 12 ft bgs.

2.2 Vapor Sampling Method

Vapor samples were collected by advancing the vapor sampling rod to a specified depth with
a hydraulically powered Geoprobe, inserting post run tubing (PRT) and connecting the tubing to the
vapor sample collection assembly. Gregg Drilling (License No. C-57 485165) operated the
Geoprobe equipment and vapor sampling rod and connected the PRT. WA collected the samples
with the vapor sample collection assembly. The PRT was connected to the vapor sample collection
configuration as depicted in Figure 3. The vapor sample lines were purged by opening the ball valves
and acipating the vacuum pump (hand operated Nalgene Mityvac air pump) to fill the 1 “liter “Tedlar ¢

bl approximatély 174 full (256 ml). The ball valve was closed and the sample collection valve on

the 1 liter Summa canister was slowly opened while monitoring the vacuum gauge. The Summa
canister valve was closed when the vacuum in the line dropped to approximately 1 inch of mercury.
After sample collection, the configuration was disconnected and the summa canister was labeled and
stored for shipment. Before collecting the next vapor sample, the tubing and tee were replaced, the
probe rod assembly cleaned, the vacuum gauge and ball valve purged with ambient air and a new
Summa canister was connected.

2.3 Analytical Laboratory

Vapor samples were Shlpped under chain-of-custody to Air Toxics Ltd. of Folsom,
California for analysis.

ECHEVRON I M RRCAATTA DOC

3

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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2.4 Analytical Methods

Vapor samples were analyzed for benzene, toluene, ethylbenzene, and xylenes by EPA
Method TO-14 and oxygen, carbon dioxide and methane by ASTM Method D3416.

2.5 Analytical Results

The maximum benzetve concentration in satueated zone pore vapor was 38 parts per million ;

-ty volume (ppmv) from sample lotation SV-4 at 25 ft bgs. “The benzene concentration in pore
vapors at 3, 8, and 11 ft bgs in sample location SV-4 were all below laboratory detection limits. The
highest benzene concentrations in pore vapor from shallow (3 ft bgs) samples was 0.029 ppmv and
0.040 ppmv from sample locations SV-6 and SV-8, respectively. The percent oxygen by volume
was deptessed (<21%) in boring locations SV-2 at 8 ft bgs, and SV-4, SV-6, and SV-8 at 3 ft bgs.
The percent carbon dioxide by volume was elevated (>0.036%) in all of the vapor samples. The
percent methane by volume was highest in boring locations SV-2 at 8 ft bgs, SV-4 at 11 ft bgs and
SV-6 at 3 ft bgs with 0.010%, 0.007%, and 0.005% by volume, respectively. The vapor sample
analytical results are summarized in Table 1.

JACHEVROM | IPARBCANTTA DOC
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The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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3. SOIL SAMPLING RESULTS

3.1 Sample Locations

33 soil boring samples were collected from the eight boring locations. 25 of these samples
were collected for hydrocarbon analysis, 6 samples were collected for fraction of organic carbon
analysis and 2 samples were collected for density and porosity measurements. Please refer to
Figure 2 for the location and depth of each sample.

3.2 Soil Sampling Method

Soil samples were collected by advancing a l-inch diameter soil sampling rod using a
hydraulically powered Geoprobe. Soil samples were collected in clean polyethylene terephthalate’
tubes. The tubes were immediately cut and sealed with Teflon squares, capped and refrigerated for
transport to the laboratory. '

3.3 Analytical Laboratory

Soil samples were shipped under chain-of-custody to Sequoia Analytical Laboratory of
Redwood City, California for petroleum hydrocarbon analysis and fraction of organic carbon
analysis. Sequoia Analytical shipped the density and porosity samples to Core Laboratories of
Bakersfield, California for geotechnical analysis.

3.4 Analytical Methods

25 soil samples were analyzed for total petroleum hydrocarbons as gasoline (TPH-G) by
modified EPA Method 8015 and benzene, toluene, ethylbenzene and xylenes (BTEX) by EPA
Method 8020. 6 soil samples were analyzed for fraction of organic carbon by the Watley-Black
method. 2 soil samples were analyzed for grain density, dry density, natural density and total

On August 20, 1996, Amy Leech, ACHCSA requested Tim Utterback, WA, to verify whether the polyethylene
terephthalate liners are appropriate for petroleum hydrocarbon sample collection. On September 4, 1996, Tim
Utterback called Geoprobe Inc., requesting information about the liners. Geoprobe stated the liners have a history
of no detectable concentrations of chemicals except terephthalate and that the liners are commonly used by the
California EPA and Federal EPA for environmental sampling projects.
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porosity by American Petroleum Institute (API) RP-40, API Recommended Practice for Core-
Analysis Procedure, 1960.

3.5 Analytical Results

TPH-G and benzene concentrations were below lowest laboratory detection limits in soil
boring samples collected between 3 and 10 ft bgs. TPH-G and benzene concentrations were detected
in various soil boring samples collected between 21 and 25 ft bgs. The maximum TPH-G and
benzene concentrations in soil were 400 mg/kg and 2.3 mg/kg, respectively from boring location
SV-7 at 25 fit bgs. Fraction of organic carbon ranged from 0.14% in soil boring SV-4 at 23 ft bgs to
0.30% in soil boring SV-2 at 3 ft bgs. Soil boring location SV-1 at 6 ft bgs had a measured dry
density, natural density, grain density and porosity of 1.94 g/ce, 2.21 glee, 2.68 g/ce and 0.277 cc/ec,
respectively. TPH-G and BTEX analytical results for soil borings samples are presented in Table 2
and fraction of organic carbon, dry density, natural density, grain density and porosity measurements
are presented in Table 3. '

L CHEVRGR ITAABCAATTA DOC

6

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.




Weiss Associates m

4. GROUND WATER SAMPLING RESULTS

4.1 Sample Locations

One ground water sample was collected from boring location SV-1.- The depth to water was
23 ft bgs.

4.2 Ground Water Sampling Method

A l-inch diameter soil sampling rod was driven using a hydraulically powered Geoprobe to
depths ranging from 22 to 25 ft bgs. Temporary PVC well casings were inserted into each boring to
allow ground water seepage. The borings were monitored for depth to ground water on a periodic
basis after installation of the PVC casing. On August 19, 1996, at 15:00, the depth to water in sample
location SV-1 was 23 ft bgs. Ground water samples were collected from boring SV-1 with a clean
teflon batler, transferred to VOA vials containing hydrochloric acid preservative, and placed in an
iced cooler for transport to the laboratory. Ground water was not encountered in borings SV-2
through SV-8.

4.3 Analytical Laboratory

Ground water samples were shipped under chain-of-custody to Sequoia Analytical
Laboratory of Redwood City, California. '

4.4 Analytical Methods

Ground water sample WS-1 was analyzed for TPH-G by modified EPA Method 8015 and
BTEX by EPA Method 8020.

4.5 Analytical Results

TPH-G and benzene concentrations in ground water sample WS-1 from boring location SV-1
were 0.6] mg/L. and 0.028 mg/L, respectively.
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5. BORING LOG RESULTS

Lithalogical logging of soil cores collected from the 8 soil sampie locations indicate that sail
below the feSidential buildings cohsist primarfly of intérbedded layers of silty clay and clayey silt -
with trace sand to at least 25 fi bgs, the total depth explored. Previously prepared boring logs
indicate similar lithology with the exception of a well cemented sandstone located at about 30 ft bgs
in the location of several borings. Lithological logs for the eight soil sample locations are included
in Appendix A.
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6. CONCLUSIONS

Hydrocarbon concentrations in soil vapor were highest in the vicinity of the saturated zone
soil (approximately 25 ft bgs) and low or below detection limits at shallower depths. Ground water
was not recovered at sample locations SV-2 through SV-8 due to the limited depth capabilities of the
Geoprobe (approx. 25 ft bgs max). Low dissolved hydrocarbon concentrations were detected in 1
ground water from sample location SV-1. _ U—’W :

Depleted soil- vapm- oxygen concentrations, anel elevated methane and carty
mmwmm that the hydrocarbons' basm

‘elevated carbon dioxide vapor concentrations measured in shallow soil may be due to
phytoremediation ocgurring within the shallow soil where much larger numbers of bacteria and fungi 27

<

fat 25 & bgs indicate that biodegradation s occurring within the hydrocarbon impact ﬁuﬂ § /
v water ag well, . The collected soil vapor data are consistent with the previously collected
and cvaluated dissolved sulfate and ferrous iron data which suggest that biodegradation is occuring®.

Laboratory analytical and geotechnical results are included in Appendix B.

? Chevron Research and Technology Corporation, October 27, 1995, Interoffice memorandum, Estimation of the
downgradient migrational extent of dissolved benzene originating at Chevron Service Station #9-5607, 5269 Crow
Canyon Road, Castro Valley, California.
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1/2 mile

Figure 1. Site Location Map - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California
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VAPOR SAMPLES WATER SAMPLES SOIL SAMPLES
Sample Sample Depths | Analysis Methods Hydrocarbon Analysis Hydrocarbon Sample Depth Hydrocartom Analysis Modeling Parameter Sampl Modeling Parameter Analysia
: Method Depih Method
Location
SV-1 3, feet bgs, benzene by EPA Mcthod BED 16 BTEX and MTBE by EPA 6 and 10 fet bgs Density and Porosity by ASTM
TO-14 and Oy, CO;, CH, Bmmﬂwm" g 3,10, and 21 et bgs Method 8020 Maethiods D2850 and D46 12
by ASTM Methad respectively
D346 (1 sample)
SV-2 B fect bga benzene by EPA Method = BTEX and MTBE by EPA 3 and 15 foet bgs Fraction of Organic Carbon by
TO-14 and O, COy, CH, ater table not encouatersd 38,10, and 21 foct bgs Method 8020 Watley Black Method
by ASTM Method +v cﬂ,gpﬂ, ]
D416
sV-3 g and 25 feet bgs beazene by EFA Method W, ond 2 BTEX and MTBE by EPA 3and 215 fest bgs Fraction of Organic Carbon by
TO-14 and O, €Oy, CH, fex 18548 ot encourjeced 3. 10, and 21 feen bga Metkod 8020 Watley Black Method
by ASTM Method 0t o1y
D16
SV 3,8, 11and 25 benzene by EPA Method n r BTEX and MIBE by EPA 5 and 23 feet bgs Fraction of Organic Carbon by
fee1 bgs TO-14 and Oy, CO,, CH, e - 9.3, and 23.5 fest bgs Mothad 8020 Watiay Black Method
by ASTM Method t oot
D415
5V-5 12 feet bgs benzene by EPA Methad Water tabi o " BTEX and MTBE by EPA None Nome
TO-14 and ©,, COy, CH, ater table nat encountered 5, 10, and 245 feet bgs Method 8020
by ASTM Method v e o
D3416
5V-6 3 feet bga benzene by EPA Method w BTEX and MTBE by EPA None None
TO-14 and Oy, CO,, CH, atcrtablemlenmunr.ere:l 5, 10, and 25 feet bps Mithod 8020
by ASTM Method 23 )
D316 W rensy (_
SV-7 3 Feet bgs benzene by EPA Method W BTEX and MTBE by EFA None None
10-14 and Oy, CO,, CH, ater table oot encountered 5, 10, snd 25 fect bgs Method 8020
by ASTM Method
Tag + i
SV-3 3 feet bgs benzene by EFA Method Wat red BTEX and MTBE by EFA None None
TO-14 and O, CO,, CH, ater table not excounte 5,10, and 25 feet bgs Method £020
by ASTM Method o i 4
D3416
Notes:
bgs = Below ground surface
BTEX = Benzene, toluene, ethylbenzene and xylenes
0, = Oxygen
CQ, = Carbon dioxide
CH, = Methane

Figure 2. Vapor, Soil, Ground Water Sample Locations and Analytical Methods - Chevron Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California

i/chevron/1128/corresne 96/01129.doe SO/pEBA




Weiss Associates m 7

Vacuum
. _ __ gauge
S

7 T Teflon™

Ball valve

\

/
/
/
{ 1 Liter
summa
|
{
\
\
\
\ Probe rod —_—
\\ assembly
\
\
\ Jl/_
\ _ |
\ Z )
. —
\
\
\
\
AN
N
~
.

Vacuum
pump

Tedlar
bag

l Clean or replace
=< after each sample

Figure 3. Vapor Sample Collection Configuration - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road,
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Table 1. Analytic Results for Vapor Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley,
California. '
Sample Sample B E T X 0O, CO, CH,
ID Depth (ft) «——parts per billion by volume (ppbv) > percent by volume—m———»
5v-| 3 <4.3 <4.3 <4.3 <8.6 22 0.076 <0.002
SV-2 8 <6.1 <6.1 <6.1 <122 14 (28 C0.010 .
SV-3 8 <4.4 76 <4.4 6.7 21 0.25 <0002
V-3 23 2,100 3,800 680 2,300 21 0.58 0.004
SV-4 3 <43 <43 <4.3 <4.6 {147 (93 <0.002
s5v4 <4.2 <4.2 <4.2 5.7 21 0.35 <0.002
SV4 Il <4.2 6.0 <4.2 <8.4 21 0.80 0.007
SV-4 25 38,000 140,000 . 20,000 83,000 21 0.37 0.002
SV-4 259 - 359,000 140,000 22,000 87,000 21 (.35 0.002
N
SV-5 12 6.2 32 11 39 22 0.091 <0.002
SV-6 3 29 a2 6.4 25.4 T0.51 0.054 0.005
SV-7 3 <4.2 5.1 <4.2 6.8 21 0.47 <0.002
SV-8 3 " 40 83 9.5 59 19 3.6 <0.002
Abbreviations: Noies:

B = Benzene by EPA Method TO-14

E = Ethylbenzene by EPA Method TO-14

T = Toluene by EPA Method TO-14

X = Xylenes by EPA Method TO-14

0, = Oxygen by ASTM Method D3416

CO, Carbon dioxide by ASTM Methed D3416
CH, Methane by ASTM Method D3416

<n = Not detected at detection limits of n ppbv

ko

Samples collected on 8/19/96 and §/20/96 by Weiss Associates and analyzed by Air
Toxics, Folsom, California.
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Table 2. Analytic Resulis for Soil Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley,
California.
Sample Depth Collected Below TPH-G B E T X
D Ground Surface (ft) < parts per million {mg/kg) >

SV-1 5 <1.0 <(0.005 <0.005 <0.005 <0.005
Sv-1 10 <1.0 <0.005 <0.005 < 0.005 <0.005
SvV-1 : 21 ! <1.0 <0.005 <0.005 < 0.005 0.014
sSv-2 3 <1.0 <0.005 <0.005 < 0.005 <0.005
Sv-2 8 <1.0 < (.005 <0.005 <0.005 <(.005
Sv-2 10 <1.0 < 0.005 <0.005 <(,005 <0.035
Sv-2 21 <1.0 <0.005 < 0.005 <0.005 <0.005
S5V-3 ‘ 5 <1.0 <0.005 <0.005 <0.005_ <0.005
Sv-3 10 <1.0 <0.005 <0.005 <0.005 < 0.005
SV-3 21 17 0.67 0.74 0.38 . 1.2
sv4 6 <1.0 <0.005 <0.005 <0.005 0.012
sV4 9.5 <1.0 <0.005 <0.005 <0.005 <0.005
sv4 23.5 97 0.59 <0.010 4 1.0 2.9
SV-5 5 <1.0 <0.005 <0.005 <0.005 _ <0.005
SV-5 10 <1.0 < 0.005 <0.005 <0.005 ' <0.005
SV-5 24.5 <1.0 <0.005 <0.005 <0.005 <0.005
SV-6 5 <1.0 <0.005 <0.005 <0.005 <0.005
SV-6 10 <1.0 <0.005 <0.005 <(.005 <0.005
SvV-6 25 61 0.85 0.65 1.2 3.6
sSvV-7 5 <1.0 <(.005 <0.005 <0.005 <0.005
Sv.-7 10 <1.0 <0.005 <0.005 < 0.0035 <0.005
Sv-7 25 400 2.3 2.7 9.3 40
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Table 2. Analytic Results for Soil Boring Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California,
Sample Depth Collected Below TPH-G B E T X
ID Ground Surface (ft) £ parts per million (mg/kg) >
SV-§ : 5 <1.0 <0.005 <0.005 <0.005 <0.005
S5v-8 10 <1.0 . <0.005 <0.005 <0.005 <0.005
SV-8 25 <1.0 <0.005 <0.005 <0.005 <0.005
Abbreviations: Notes: _
TPH-G = Total petroleum hydrocarbons as gasoline by Modified EPA Method 8015 Samples collected on 8/19/96 and 8/20/96 by Weiss Associates and analyzed by
B = Benzene by EPA Method 8020 Sequoia Analytical, Redwood City, California.

E = Ethylbenzene by EPA Method 8020

T = Toluene by EPA Method 8020

X = Xylenes by EPA Method 8020

<n = Not detected at detection limits of n ppb

$81R12055Y §SIoM
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Table 3. Physical Property Measurements for Soil Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road,
Castro Valley, California.
Depth Collected Below foc Dry Density Natural Density Grain Density Porosity
Sample 1D Ground Surface (ft) % (g/cc) (g/ec) (g/cc) {cclee)
sv-1 6 --- 1.94 2,21 2.68 0.277
SV-1 10 - 1.84 2.16 2.69 0.315
8v-2 3 0.30 .- - - -
sV-2 15 0.23 - o --- --- -
SV-3 3 0.20 --- --- - -
SV-3 21.5 0.14 -— - - -
SV-4 5 0.29 - --- --- ---
S5V-4 23 0.14 -—- --- --- -
Abbreviations: Notes:
foc = Fraction of Organic Carbon by Watley-Black Method Samples collected on 8/19/96 and 8/20/96 by Weiss Associates and analyzed by
gfce = grams per cubic centimeter Sequoia Analyticat, Redwood City, California and Core Laboratories,
cc/ce = porous volume/toral volume of soil - Bakersfield, California. :

Dry density by American Petroleum Institute RP-40
Natural density by American Petroleumn Institute RP-40
Grain density by American Petroleum Institute RP-40
Porosity by American Petroleum Institute RP-40
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Table 4. Analytic Results for Ground Water Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California.

Boring Sample TPH-G B E T X
Location ID ¢ parts per million (mg/L)— >
Sv-1 WS-1 . 0.610 0.028 0.0082 0.025 0.10
Abbreviations: Notes:
TPH-G = Total petroleum hydrocarbons as gasoline by Modified EPA Method 8015 Sample collected on 8/19/96 by Weiss Associates and- analyzed by Sequoia
B = Benzene by. EPA Method 8020 Analytical, Redwood City, California.

E = Ethylbenzene by EPA Method 8020
T = Toluene by EPA Method 8020
X = Xylenes by EPA Method 8020
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APPENDIX A

LITHOLOGICAL LOGS
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SAMPLE LOCATION SV-1

TPH-G GRAPHIC

erereers (Gradational contact License Number: C57-485165
: : Driller: Ted Hogan
Drilling Method: Hollow-stem auger
Date Drilled: August 19, 1996

Location of recovered drive sample
Location of drive sample sealed
for chemical analysis

Type of Sampler: Geoprobe sampler

EEEEEE Cut.ting sample Ground Surface Elevation: feet above mean sea level
K = Estimated hydraulic conductivity

Lithologic Log - Sample Location SV-1 - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road,
Castro Valley, California

concentraton LOG DESCRIPTION -
' —0 7 Asphaltic concrete /road base
| 7
T 7
B |- 7
£ [ g o
W —5 % ‘Saady BHLT (SM); brown; dense;
. O / amp; 70% silt; 20% very fine sand;
I | é 10% gravel to 0.25" diameter; low
w / plasticity; low K
o / ~«<—Portland
= / t
. “ L % f«?ﬁeg-s%.
' a [0 ' / bentonite Less gravel; bits of sandstone in
I =z - % sample
=2
sc |
sE
. /
z [15 / Medium dense; 50% silt, 30%
O / medium sand, 20% fine gravel to
l i ﬁ | % 0.25" diameter
® T %
. T [ % ,
'D_. —20 % q. .. Tﬁf‘f VIR ST
Ll — / moist; ~10% clay; ~90% silt;
a / medium plasticity; low K
| - * V)
N N
l 25 z
123454
l . inches radivg
EXPLANATION
l X Water level during drilling (date) Logged By: Brian Busch
Contact (dotted where approximate) Supervisor: Michael Cooke
l —?—7— Uncertain contact Drilling Company: Gregg Drilling, Martinez, CA

c1128-04.al 08/04/98
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SAMPLE LOCATION SV-2
TPH-G GRAFHIC
concentraton  LOG DESCRIPTION
—0 ? 0 — (el Asphaltic concrete/road base
e 7 )
s ? i
w [ / ] J(ML); brown,; stiff;
— % — damp; 5% clay, 80% silt; 15% fine
| ] ravel to 0.25" diameter; low K
w 5 7 5 8
& T % :
- Z -
o / -« Portland
=)~ % cement ‘ N
w L / with 3-5% . Less stiff
L / bentonite
A 10 / 10—
z | Z -
=L —
5 r é :
~ob % ]
z [ 15 é 15 —
.0 Z -
m 2
3L 7 ]
- é -
I
= 20 % 20—
& b 7 |
o Z a
T 25 lin:h:l r:dislis6 25 T B
EXPLANATION
¥ Water level during drilling (date) Logged By: Brian Busch
— L Contact {dotted where approximate) Supervisor: Michael Cooke
= —7?— Uncertain contact Drilling Company: Gregg Drilling, Martinez, CA
rersrerss Gradational contact License Nurr}ber: C57-485165 "
Location of recovered drive sample Deilli h?iﬁle;: ;er‘;l?og:t“
: : Tl ng etnoa: 0} w-5lem auger
my Location of drive sample sealed Date Drilled: August 19, 1996
for chemical analysis .
S0 . Type of Sampler: Geoprobe sampler
Cutting sample Ground Surface Elevation: feet above mean sea level
K = Estimated hydraulic conductivity

Lithologic Log - Sample Location SV-2 - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road,
Castro Valley, California

c1129-09.ai . 08/30/96
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l TPH-G GRAPHIC
concentration  LOG DESCRIPTION
l 0 7 Asphaltic conerete/road base
G ?
wo | % )
' L / - SILT (ML); brown; stiff;
- / | FERES 10% clay, 80% silt; 10% fine
w5 é gravel to 0.25" diameter; low K
1 [|¢- 7
<L
I
o | % <— Portland
l = 7 cement
w L / with 3-5%
L / bentonite
A 10 / y
2 - / i BILT (SM); brown; stiff;
> L / damp; 70% silt; 20% fine sand, 10%
@) % fine gravel to 0.25" diameter; low
% — % plasticity; low K
i - 7
z 15 é
.0 %
o 2
P2 - 7
: é
I
l - —20 %
0. /
T 7
| 0 2
' [ ..I...I.th..l_..L..f_..L.LLI_..LL.J_. s L
inches radius
l EXPLANATION
?X  Water level during drilling (date) Logged By: Brian Busch
——es Contact {dotted where approximate) Supervisor: Michael Cooke
— —?— Uncertain contact Drilling Company: Gregg Drilling, Martinez, CA -
EETIS S Gradational contact License Number: €C57-485165
vz Location of recovered drive sample Drill I\/}[jl;ili]e;: :{e‘i]HogT‘
- . rilling Method: Hollow-stem auger
l — };Cz}::’;]ﬁ;ld e S:.mple sealed Date Drilled: August 19, 1996
BEW  Cutti ) ysis Type of Sampler: Geoprobe sampler
l K Eutt.tm% j‘?:?de y Auctivi Ground Surface Elevation: feet above mean sea level
= Lstimated hydraulic conductivity '
Lithologic Log - Sample Location 8V-3 - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road,
l Castro Valley, California
c1129-10.a) 09/30/96




I Weiss Associates m -
l SAMPLE LOCATION SV-4
TPH-G GRAPHIC
concentration  LOG DESCRIPTION
I —0 7 1] topm) Asphaltic concrete/road base
= %
w 7
w L 2
' L % SILT (SM); brown, stiff;
— / ‘damp; 80% silt, 10% fine sand, 10%
P/
- % fine gravel to 0.125" diameter; low
' g % plasticity; low K
z [ 7
o % <—Portland
=2 [ % cement
“» L / with 3-5%
; Moist
o / bentonite
A 10 /
2 I Z
2 - %
o /
/
& | 7
i - 7
—15 /
5 - Z
1 (2| é
B [ _
T | %
. = —20 /
L /
. %
1 || [ 2
' —25 T2345E8 25 —
Inches radius
l EXPLANATION
¥  Water level during drilling {date) Logged By: Brian Busch
—-w Contact (dotted where approximate) Supervisor: Michael Cocke
-—7?—7?— Uncertain contact Drilling Company: Gregg Prilling, Martinez, CA
rereeers. (Gradational contact License Number: C57-485165
B Location of recovered drive sample Drilli N??tile;: Ilflaull{ Rogttars
. . rilling Method: Hollow-stem auger
l — ;_.ocatxon.of drive sa.mple sealed Date Drilled: August 20, 1996
or chemical analysis ) b 1
- Type of Sampler: Geoprobe sampler
l ﬁm ]Cifu;t-tlngt ?I:P;E i ductivi Ground Surface Elevation: feet above mean sea level
= kEstimated hydraulic conductivity
Lithologic Log - Sample Location SV-4 - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road
l Castro Valley, California
c1129-171.8f a9/30/96
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TPH-G GRAPHIC
concentraton LOG DESCRIPTION
—0 7 0 e lawn/sod
0 7
5 ?
£
i Z L
w [ % BB BILT (SM); brown; stiffs
Q / -dZmp; 70% silt, 20% fine sand, 10%
E - / fine gravel to 0.25" diameter; low
c / «<—Portland plasticity; fow K
C:I}} "' % cement
— % with 3-5%
L / bentonite
10 /
2 [ 7
3 L 7
2 7
T - %
5 /
7
z 15 %
.0 [ Z
o Z
3 [ 7
L g
I
= 20 % 20—
n 2
4 7
} é
—25 A 25 ] it
inches radius
EXPLANATION
¥  Water level during drilling (date) Logged By: Brian Busch
-------- Contact (dotted where approximate) Supervisor: Michael Cooke
—?—7?— Uncertain contact Drilling Company: Gregg Drilling, Martinez, CA
wreeerer. Gradational contact License Number: C57-485165
SEkZ# < Location of recovered drive sample Drilli Ivlijl:}ile;: ;eﬂilﬂogaltn
Locati - I rilling Method: Hollow-stem auger
- 0" .°f1dm’e sample sealed Date Drilled: August 20, 1996
or chemical analysis Type of Sampler: Geoprobe sampler
2988 Cutting sample - p P
X Esti % 4 th " ductivi Ground Surface Elevation: feet above mean sea level
= kstimated hydraulic conductivity
Lithologic Log - Sample Location SV-5 - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road,
Castro Valley, California

c1129-08.47

@9/30/96
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—0
= L
L
w
I
—5
B «<—Portland
B cement
— with 3-5%
bentonite

DEPTH BELOW GROUND SURFACE
[
Al I M M iy

—25

123456
inches rading

SAMPLE LOCATION SV-6

TPH-G GRAPHIC

concantration

LOG BESCRIPTION

g BIL T (SM); brown; dense;
damp; 70% silt, 20% fine sand,
10%fine gravel to 0.5" diameter;
low plasticity; low K

Fine gravel to 0.25" diameter '

<5% fine gravel

EXPLANATION

?¥  Water level during drilling (date)
-~ Contact {(dotted where approximate)
— —?= Uncertain contact
wwrssress Gradational contact
B¥28  Location of recovered drive sample
—_— ?ocation‘of drive sa.mple sealed
or chemical analysis
BEBBBEE  Cutting sample
K = Estimated hydraulic conductivity

Ground Surface Elevation: feet above mean sea level

Logged By: Brian Busch
Supervisor: Michael Cooke
Drilling Company: Gregg Drilling, Martinez, CA
License Number: C57-485165
Driller: Ted Hogan
Drilling Method: Hollow-stem auger
Date Drilled: August 20, 1996
Type of Sampler: Geoprobe sampler

Lithologic Log - Sample Location 8V-6 - Former Chevron Service Station #9-.5607. 5269 Crow Canyon Road,

Castro Valley, California

c1128.07.af

09/30/98




Weiss Associates m -

l SAMPLE LOCATION SV-7
TPH-G GRAPHIC
concentration  LOG DESCRIPTION
(ppm) ‘
V| — 7 T
= / Sandy SILT(SM}; browrn; dense;
w - v -1 damp; 70% silt, 20% fine sand, 10%
I E L / ] fine gravel to 0.25" diameter; low
= é | plasticity; low K
BICISE -
Q -
< %
T 7 ]
o % «<—Portland
l 8 B / cement I
— / with 3-5% —
I / bentonite
10 / 10 —
3 %
 IERs é )
o [ Z .
S [ 7 :
i - y .
—15 7 15—
= 87
|tS T Z -
[zt / -
m | % |
T | / ]
|2 » 7 20—
o %
&L 7 _
|| ¢© ? i
— % - <5% gravel
l — 25 7 25—
| inches radius
l EXPLANATION
?X  Water level during drilling {date) ' Logged By: Brian Busch
Contact (dotted where approximate) Supervisor: Michael Cooke
— -——?— Uncertain contact Drilling Company: Gregg Drilling, Martinez, CA
wecsrres. Gradational contact License Nun}ber: C57-485165
l Location of recovered drive sample Drilli MDI:}?E; ;E%IHogin
: - rilling Method: Hollow-stem auger
. LDC&EIOH.Of drive sample sealed Date Drilled: August 20, 1996
for chemical analysis PR
_ Cutti ) Type of Sampler: Geoprobe sampler
I &;im El"tt_tmgt s:?pde i ductivit Ground Surface Elevation: feet above mean sea level
= Estimated hydraulic conductivity .
Lithologic Log - Sample Location SV-7 - Former Chevron Service Station #9- 5607, 5269 Crow Canyon Road,
. Castro Valley, California

c1122-06.af 09/05/96




. Weiss Associates M‘
' SAMPLE LOCATION SV-8
: PHG GRAPHIC
concentraticn LOG DESCRIPTION
[ —0
— 7 Bandy SILT{SM); brown; stiff; dry;
- % B80% silt, 10% fine sand, 10% fine
H ' % gravel to 0.125" diameter; low
Ty — ? plasticity; low K
1 (¢ é
z [ 7
xc | é <—Portland
I 8 / cement
- % with 3-5%
10 / bentonite
) % 60% silt, 30% sand, 10% fine gravel
IR /
=L 7
S /
BT
Z
18 Z
z 7
b |[s 7
: Z
I 7
= —20 ‘
B 7
1|7 | é
- Z Damp; 80% silt, 10% fine sand, 10%
fine gravel
' — 25
123456
' inches radius
l EXPLANATION
?X  Water level during drilling {date) Logged By: Brian Busch
- Contact (dotted where approximate) Supervisor: Michael Cooke
— —?— Uncertain contact Drilling Company: Gregg Drilling, Martinez, CA
tesvseres Gradational contact License Nurl:tber: (C57-485165
l e Location of recovered drive sample Drilli N?l;ﬁle; ]I:Ie(ilﬂogin
Locati - : rilling Method: Hollow-stem auger
ocation of drive sample sealed Date Drilled: August 20, 1996
for chemical analysis f . b 1
B  Cutting sample Type of Sampler: Geoprobe sampler
l K = Eeti gt P hpd . ductivit - Ground Surface Elevation: feet above mean sea level
= Estimated hydraulic conductivity
Lithologic Log - Sample Location SV-8 - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road,
I Castro Valley, California
c1129-05.81 09/30/96




APPENDIX B

LABORATORY ANALYTICAL AND GEOTECHNICAL RESULTS




(@ AIR TOXICS LTD.

AN ENVIRONMENTAL ANALYTICAL LABORATORY

WORK ORDER #: 9608280A
Work Order Summary

CLIENT: Mr. Tim Utterback BILL TO: Same
Weiss Associates
5500 Shelimound Street
Emeryville, CA 94508

PHONE: 510-450-6193 INVOICE # 11617
FAX: 510-547-5043 P.O. # 4-1129-70 TRU
DATE RECEIVED:  8/22/96 PROJECT # 4-1129-70 Chevron CU II
DATE COMPLETED: 9/13/96 AMOUNTS$: $2,400.00
RECEIPT
FRACTION # NAME TEST YAC./PRES. PRICE
01A SV3@25ft TO-14 1.0 "Hg $200.00
024 SV-4 @301t TO-14 2.0 "Hg $200.00
03A SV-4@38fi TO-14 1.0"Hg $200.00
. D4A Sv4 @11+t TO-14 1.0 "Hg $200.00
05A SV-4 @ 251t TO-14 0.5 "Hg $200.00
05AA - SV-4 @ 25 ft Duplicate TO-14 0.5 "Hg NC
06A SV5@l12ft TO-14 0.5 "Hg $200.00
07A SV-6@3ft TO-14 -9.5"Hg $200.00
0BA SV-7@3ft TO-14 1.0 "Hg $200.00
09A SV-8@3ft TO-14 1.5 "Hg $200.00
10A SV-1-3 ft TO-14 1.5 "Hg $200.00
11A SV-2@8ft TO-14 1.5"Hg $200.00
12A Sv-3 @ 8t , TO-14 2.5"Hg $200.00
13A Method Spike TO-14 NA NC
14A Lab Blank TO-14 NA NC
14B Lab Blank TO-14 NA NC
Misc. Charges 1 Liter Summa Canister Preparation (12) @ $15.00 each. $180.00
Shipping (8/14/96) $62.95

CERTIFIED BY: Méf@-‘ DATE: fj//f-?’/ w6

Laboratory Director

180 BLUE RAVINE ROAD, SUITE B - FOLSOM, CA 95630
(916) 985-1000 - FAX (916) 985-1020

Page 1




AIR TOXICS LTD.
SAMPLE NAME:; SV-3 @ 25 ft
ID#: 9608280A-01A
EPA METHOD TO-14 GC/MS Full Scan

BN, s ey : p—

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 35 2100
Toluene 35 3800

Ethyl Benzene 35 680
m,p-Xylens 35 1600
o-Xylene 35 700

Contalner

e T




2

AIR TOXICS LTD.
SAMPLE NAME: SV-4 @ 3.0 ft
ID#: 9608280A-02A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit {ppbv}) Amount {ppbv)
Benzene 43 . ‘ Not Detected
Toluene 4.3 : Not Detected
Ethyl Benzene 4.3 Not Detected
m,p-Xylene 4.3 Not Detected
o-Xylene 4.3 Not Detected
Container Type: 1 Liter Summa Canister

i

Page 3




AIR TOXICS LTD.

SAMPLE NAME: SV-4 @ 8 ft
IDdt: 9608280A-03A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 4.2 Not Detected
Toluene 4.2 Not Detected
Ethyl Benzene 4.2 ) Not Detected
m,p-Xylene 4.2 57
o-Xylene 4.2 Not Detected

Container Type: 1 Liter Summa Canister

Page 4




AIR TOXICS LTD.
SAMPLE NAME: SV-4 @ 11 ft
ID#: 9608280A-04A
EPA METHOD TO-14 GC/MS Full Sean

Compound Det. Limit (ppbv) Amount {pphbv)
Benzene 4.2 Not Detected
Toluene 42 6.0

Ethyl Benzene 4,2 Mot Detected
m,p-Xylene ' 4.2 ' Not Detected
o-Xylene 4.2 : Not Detected

Container Type: 1 Liter Summa Canister




AIR TOXICS LTD.
SAMPLE NAME: SV-4 @ 25 ft

ID#: 9608280A-05A

EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit {ppbv) Amount (ppbv)
Benzene 930 38000
Toluene 930 140000
Ethyl Benzene 930 20000
m,p-Xylene 930 . 57000
o-Xylene 930 26000

Container Type; 1 Liter Summa Canister




AIR TOXICS LTD.
SAMPLE NAME: 5V-4 @ 25 ft Duplicate
ID#: 9608280A-05AA
EPA METHOD TO0-14 GC/MS Full Scan

S s s ity st o

- Lompound Det. Limit (ppbv) Amount {ppbv)
Benzene 930 39000
Toluene 930 . 140000
Ethyl Benzene 230 22000
m,p-Xylene 930 60000
o-Xylene 930 27000

Container Type: 1 Liter Summa Canister

B S M R e




AIR TOXICS LTD.

SAMPLE NAME: SV-5 @ 12 ft
ID#: 9608280A-06A
EPA METHOD T0-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 4.1 ‘ 6.2
Toluene 41 32
Ethyl Benzene 41 11
m,p-Xylene 41 27
o-Xylene 4.1 12

Liter Summa Canister
F3p 4

Container Type: 1




AIR TOXICS LTD.

SAMPLE NAME: SV-6 @ 3 ft
ID#: 9608280A-07A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbyv) Amount (ppbv)
Benzene 5.9 29
Toluene 5.9 42
Ethyl Benzene 59 6.4
m,p-Xylena 59 18
o-Xylene 5.9 _ ‘ 7.4

Container Type: 1 Liter Summa Canister

3 s i




AIR TOXICS LTD.

SAMPLE NAME: SV-7 @ 3 ft
ID#: 5608280A-08A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 4.2 Not Detected
Toluene 4.2 5.1

Ethyl Benzene 42 Not Detected
m,p-Xylene 4.2 6.8
o-Xylene 4.2 Not Detected

T B SR

Container Type:




AIR TOXICS LTD.
SAMPLE NAME: SV-8 @ 3 ft
ID#: 9608280A-09A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit {ppbv) Amount (ppbv)
Benzene 4.3 40
Toluene 4.3 83
Ethyl Benzene 4.3 9.5
m,p-Xylene 4.3 38
o-Xylene 4.3 21

Container Type: 1 Liter Summa Canister

ety




AIR TOXICS LTD.

SAMPLE NAME: SV-1-3 ft
IDH: 9608280A-10A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 4.3 Not Detected
Toluene 4.3 . Mot Detected
Ethyl Benzene 4.3 Not Detected
m,p-Xylene 4.3 : Not Detected
o-Xylene 4.3 Not Detected

Container Type: 1 Liter Summa Canister

SO B - st




AIR TOXICS LTD.

SAMPLE NAME: SV-2 @ 8 ft
IDxt: 9608280A-11A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 6.1 Not Detected
Toluene 6.1 Not Detected
Ethyl Benzene 6.1 Not Detected
m,p-Xylene 6.1 Not Detected
o-Xylene 6.1 Mot Detected




AIR TOXICS LTD.

SAMPLE NAME: 5V-3 @ 8 ft
TD#: 9608280A-12A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 4.4 Not Detected
Toluene 4.4 7.6

Ethyl Benzens 4.4 Not Detected
m,p-Xylene ' 4.4 _ 6.7
o-Xylena 4.4 Not Detected

Container Type: 1 Liter Summa Canister




AIR TOXICS LTD.

SAMPLE NAME: Methed Spike
ID#: 9608280A-13A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det, Limit (ppbv) % Recovery
Benzene : 0.50 104
Toluene 0.50 103
Ethyl Benzene 0.50 92
m,p-Xylane 0.50 95
o-Xylene 0.50 92

Container Type: NA

R 4 g%




AIR TOXICS LTD.
SAMPLE NAME: Lab Blank
TD#: 9608280A-14A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 0.50 ‘ Not Detected
Toluene 0.50 Not Detected
Ethyl Benzene 0.50 Not Detected
m,p-Xylene Q.50 Not Detected
o-Xylene 0.50 Not Detected




AIR TOXICS LTD.

SAMPLE NAME: Lab Blank
ID#: 9608280A-14B
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Benzene 0.50 Not Detected
Toluene 0.50 Not Detected
Ethyl Benzene 0.50 Not Detected
m,p-Xylene ' 0.50 Not Detected
o-Xylene 0.50 Not Detected

s




AIR TOXICS LTD.

AN ENVIRONMENTAL ANALYTICAL LABORATORY

CHAIN-OF- CUSTODY RECORD

180 BLUE RAVINE ROAD, SUITE B

FOLSOM, CA 95630-4719
(916) 985-1000 FAX: (916) 985-1020

N¢

008203

- Page-

2 of L

Contact Person Tm MTT.B v éaﬁé

-

Company wleiss Asseciareg

Address 2500 {/ﬁ”#’!ﬂd“d Cr Cltyéﬁ_fgLﬁ&
Phone (510) 450-~G/97  eax (51 54«74093

State J Zip w

7t

Collected By: signature

Prcuect info:

PO.# Y1129 70 T RU
Project # _&4~ 1129-70
Project Name Lhpvvon (VIL

Turn Around Time:

nyNormal

[ Rush

Specify

. Field Sample 1.D. Daie & Time | Analyses Requested (ﬁ\ilr:lster Pri?n?re !-;V
\SV-3(4) 25 fr |\ bo/t5 sp4 m-/m BrEKa AaM D34lE <-20"Hs|~ 0 "4
SV~ Y@ 30 fr - 2 PY % M o
Sv-v@ & fr W 1 e
-4 @) 1 LT 2 rM | | u
V-4 25 i [ o'y
V-5(@) 12 £r H M } T H
1Sv-6 @) 3 Fr 7 AM " | =%,
lsv-2@ 2z £1 I AM " |~ -05%
SV-8@ 3 Fr 2o PpM W e oy,
.. -, /

SRR e T,

Hé_llnqmshed By: {Signature)’ Date/Time

Mrfﬂvéﬂfz

. Received By: (Signature} Dale/Time

Relinquished By: (Signature) Date/Time

_Received By: (Signature}) Dale/Time

Notes:

J(rf( t’ﬂx ey AT gf?z;!b !030 :

o2 1zd ¢Be S

f/‘zalﬂ, i93c

Yes No (Noqe N/A

t

_960828@& ;

Forrn 1293 rev, 06




AIR | TOXICS LLTD. | | ' 180 BLUE RAVINE ROAD, SUITE B

FOLSOM, CA 85630-4719

AN ENVIRONMENTAL ANALYTICAL LABORATORY (816) 985-1000 FAX: (916) 985-1020
N% 008205
CHAIN-OF- CUSTODY RECORD Page L of &
Coﬁtacf Person ﬂm M""Tl?r Y‘baﬂ A Pro;ect info: Turn Around Time:
Company 3 TES Po.4_ Y= 1129- 7ﬂ 144 [ Normal
Address 23 Shell ¢ City %ﬂ.ﬂ?ﬂﬂﬁé state C4 Zip M Project # &¥~1124~7( [} Rush :
| Phone (5, 0} qf 0‘ 6/ 73 FAX g"ﬁ ‘;77"‘ 5 ad "/3 ‘ Project Name CAM&&M Specify
Collected By: Signature _/ -:+-\ ./'4 l ‘
Field Sample |.D. Date & Time A.nal;;—ses Requested iigsmr Pr?:isr:s;‘]re A
Sv-/- 3/~ 5’//?/% [0:008) TO- 1% for 57575.,,{42 @, (F/A,,Afmf <3074, | A
SV-2@ &L K/:?/ﬂ: /3230 __ ey ~30" U
sv-3@ 41 horr 16:10 | b : R <-20"%

inquished By~ (Signature} Date/Time Received By: {Signature) Date/Time

:elmquIShed By: 251 yym Dale72 J/ﬂé {6 P [’”,".1‘ xmebﬁ"{{w ch ‘é ‘ | Notes: . -

Hglinquished By: (Signature) Date/Time Received By: (Signaturs} Date/Time
u/(ﬁ(f I3 piat r bk ) ATL f/?? W dv

Geap | Yes NoQoné N/A

96082.

| At frr

Form 129@ rav. us




(@ AIR TOXICS LTD.

AN ENVIRONMENTAL ANALYTICAL LABORATORY

WORK ORDER #: 9608280B
Work Order Summary

CLIENT: Mr. Tim Utterback
Weiss Associates
5500 Shellmound Street
Emeryville, CA 94608

BILL TO: Same

INVOICE # 11617
P.O.# 4-1129-70 TRU
PROJECT # 4-1129-70 Chevron CU II
AMOUNTS: $200.00

PHONE: 510-450-6193
FAX: 510-547-5043
DATE RECEIVED:  8/22/96

DATE COMPLETED: 9/13/96

RECEIPT

FRACTION # NAM TEST VACJ/PRES, PRICE,
O1A SV-3 @ 25 fi ASTM D-3416 1.0 "Hp $75.00
024 SV-4 @301t ASTM D-3416 2.0 "Hg $75.00
03A SV.4 @8 ft ASTM D-3416 1.0"Hg $75.00
04A SV-4 @ 11 fi ASTM D-3416 1.0 "Hg $75.00
05A SV-4 @25 fr ASTM D-3416 0.5 "Hg $75.00
0SAA SV-4 @ 25 ft Duplicate ASTM D-3416 0.5 "Hg NC
06A SV5@ 121 ASTM D-3416 0.5 "Hg $75.00
A V-6 @3 ft ASTM D-3416 9.5 "Hg $75.00
08A SV-7 @ 3 ft ASTM D-3416 1.0 "Hg $75.00
09A SV-8 @ 3 fi ASTM D-3416 15 "Hg $75.00
10A SV-1-3 ft ASTM D-3416 1.5 "Hg $75.00
1A SV2 @ 8 fi ASTM D-3416 15 "Hg $75.00
124 SV3 @8 fi ASTM D-3416 2.5 "Hg $75.00
13A Method Spike ASTM D-3416 NA NC
14A Lab Blank ASTM D-3416 NA NC
14B Lab Blank ASTM D-3416 NA NC

. /-
CERTIFIED BW%’W DATE: g’/{/ g

I.aboratory Director

180 BLUE RAVINE ROAD, SUITEB + FOLSOM, CA 95830
{916) 985-1000 - FAX (916) 985-1020.

Page 1




AIR TOXICS LTD.

SAMPLE NAME: 5V-3@25ft
ID4#: 9608280B-01A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Date of Analysis: 8/28/9

Compound Det. Limit (%) Amount (%)

Oxygen . i 0.021 21 B
Methane 0.002 . 0.004
Carbon Dioxide 0.002 0.58

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Pa_ge 2




AIR TOXICS LTD.

SAMPLE NAME: SV-4 @ 30 ft
ID#: 9608280B-02A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%}
Oxygen 0.022 14 B
Methane 0.002 Not Detected
Carbon Dioxide 0.002 " 93

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 3




AIR TOXICS LTD.

SAMPLE NAME: SV-4 @ 8 ft
ID#: 9608280B-03A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%6) _ Amount (%)
Oxygen 0.021 21B
Methane 0.002 Not Detected
Carbon Dioxide 0.002 0.35

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 4




AIR TOXICS LTD.

SAMPLENAME: SV4 @ 11 ft
ID##: 9608280B-04A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (3%) Amount {%)
Oxygen 0.021 21B
Methane 0.002 0.007
Carbon Dioxide 0.002 0.80

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 5




AIR TOXICS LTD.

SAMPLE NAME: SV-4 @ 25 fi
ID#: 9608280B-05A

Atmospheric Gases by Modified ASTM D-3416
GC/TCOD/FID

Compound Det. Limit (%) Amount (%)
Oxygen 0.021 21B
Methane 0.002 0.002
Carbon Dioxide 0.002 0.37

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 6




AIR TOXICS LTD.

SAMPLE NAME: 8V-4 @ 25 ft Duplicate
ID#: 9608280B-05AA

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount {%5)
Oxygen 0.021 218
Meathane 0.002 0.002
Carbon Dioxide 0.002 0.35

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 7




AIR TOXICS LTD.

SAMPLE NAME: SV-5@ 121t
ID#: 9608280B-06A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount {%)
Oxygen 0.021 228
Methane 0.002 Not Detected
Carbon Dioxide 0.002 0.0

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page B




AIR TOXICS LTD.

SAMPLE NAME: SV-6 @ 3 ft
ID#:. 9608280B-07A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%)
Oxygen . 0.030 0578
Methane 0.003 0.005
Carbon Dioxide 0.003 0.054

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 9




AIR TOXICS LTD.

SAMPLE NAME: SV-7 @ 3 ft
ID#: 9608280B-08A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%)
Oxygen 0.021 21 B
Methane ’ 0.002 Not Detected
Carbon Dioxide .002 0.47

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 10




AIR TOXICS LTD.

SAMPLE NAME: SV-8 @ 3 ft
ID#: 9608280B-09A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%)
Oxygen 0.021 18 B
Methane 0.002 Not Detected
Carbon Dioxide 0.002 7 3.6

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 11




AIR TOXICS LTD.

SAMPLE NAME: SV-1-3 ft
ID#: 9608280B-10A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%)
Oxygen 0.021 22 B
Methane 0.002 Not Detected
Carbon Dioxide 0.002 0.076

B = Compound present in laboratory blank, background subtraction not performed,

- Container Type: 1 Liter Summa Canister

Page 12




AIR TOXICS LTD.

SAMPLE NAME: SV-2 @ 8 ft
ID#: 9608280B-11A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound : Det. Limit {3) : Amount (%)
Oxygen 0.021 1.4B
Methane ' 0.002 0.010
Carbon Dioxide 0.002 28

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 13




~AIR TOXICS LTD.

SAMPLE NAME: SV-3 @ 8 fi
ID#: 9608280B-12A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%)
Oxygen 0.022 21B
Methane 0.002 Not Detected
Carbon Dioxide 0.002 0.25

B = Compound present in laboratory blank, background subtraction not performed.

Container Type: 1 Liter Summa Canister

Page 14




AIR TOXICS LTD.

SAMPLE NAME: Method Spike
ID:#: 9608280B-13A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID '

Compound Det. Limit (%) % Recovery
Oxygen 0.010 97
Methane 0.001 86 °
Carbon Dioxide 0.001 104

Container Type: NA

Page 15
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AIR TOXICS LTD.

SAMPLE NAME: Lab Blank
ID#: 9608280B-14A

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FID

Compound Det. Limit (%) Amount (%)
Oxygen 0.010 0.025

Methane 0.001 Not Detected
Carbon Dioxide 0.001% Not Detected

Container Type: NA

Page 16




AIR TOXICS LTD.

SAMPLE NAME: Lab Blank
ID#: 9608280B-14B

Atmospheric Gases by Modified ASTM D-3416
GC/TCD/FiD

Compound Det. Limit {3) Amount {%)
Oxygen ] 0.010 0.010
Methane 0.0(1 Not Detected

Carbon Dioxide 0.001 Not Detected

Container Type: NA

Page 17




AIR TOXICS LLTD. 180 BLUE RAVINE ROAD, SUITE B

FOLSOM, CA 95630-4719
(916) 985-1000 FAX: (916) 985-1020

CHAIN-OF-CUSTODY RECORD N 008283 .2

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Contact Person Tm Ur tév )’C‘“-*A Project info: Turn Around Time:
Company _Weiss AsSociareg p.o.# H-1129-70 TRY & Norml
Address 2200 {/'f”ﬁ:?ld “0( & City _Mf?éﬂ% State _d Zip M Project # L!l' 1129~7¢ 3 Rush
Phone (570) 450~/ 9.7 (500 f??—falf_? Project Name vivn (U Specify
Callected By: signature / - 6%2‘\ (
Lab Field Sample | . Canister Pressure / Vacuum
iD. ple L.D. Date & Time Analyses Requested nilial Final " Recaipt
owa |SV-3@) 25 fr  \Gho/t6 514 W-14 Lo BIEXaul OL0, CHl, b, KM D3| <-20"t6|~0 “tg | [.OV
OZA Si/- 17‘@ 20 fr 2 PY T ‘|’ T I 1{052‘
asx [SV-9& & [r 2 rM | | [ H 05 ) | 0%,
A [t @ (LT e | I T TR 777
Sapa|Sy-4 ) 25 (1 Y M / I 0ol O5H
wa |SV-5(@) 12 £r 4 PM | t uoo\nst
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AIR TOXICS LTD. 180 BLUE RAVINE ROAD, SUITE B

FOLSOM, CA 95630-4719

AN ENVIRONMENTAL ANALYTICAL LABORATORY (916) 985-1000 FAX: (916) 985-1020
N? 008205
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Sequoia 680 Chesapeake Drive ~ Redwood City, CA 94063 (415) 364-9600  FAX (415) 364.9233
404 N. Wiget Lanc Walnut Creek, CA 94598 {510) 988.9600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916) 9210100

25500 Shellmound

Emeryville, CA 94608 Lab Proj. ID: 9608872 _Analyzed: see below

LABORATORY ANALYSIS

'Analyte Units Date Detection Sample
Analyzed Limit Results
'Lab No: 9608B72-02
Sample Desc : SOLID,SS-1 at 6’
I Bulk Density ; . Attached
Porosity - Attached
Lab No: 9608872-03
ISample Desc : SOLID,$S-1 at 10’
Bulk Density - Attached
Porosity . - Attached
'Lab No: 9608B72-05
Sample Desc : SOLID,SS-2 at 3
Fraction Organic Carbon % 08/27/96 0.025 0.30
Lab No: 9608B72-08 |

Sample Desc : SOLID,5S-2 at 15’

Fraction Organic Carbon % 08/27/96 0.025 0.23

b No: 96088B72-10
ample Desc : SOLID,SS-3 at 3’

Fraction Organic Carbon % 08/27/986 0.025 0.20

alytes reported as N.D. were not present above the stated limit of detection.

EQUOIA ANALYTICAL - ELAP #1210

ke éegéw
ject Manager - Page:




' SeqUOia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415} 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988.95600 FAX (510} 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 {916} 921-9600 FAX (916} 921-0100

Client Proj. ID:  Chevron 8-5607, Castro Valley Sampled: 08/19/96

5500 Shellmound Sample Descript: $5-1 at5’ ‘ Received: 08/20/96
'Emeryville, CA 94608 Matrix: SOLID Extracted: 08/22/96
: Analysis Method: 8015Mod /8020 Analyzed: 08/23/96

ttention: Tim Utterback Lab Number: 9608B72-01 Reported: 09/06/96

strument ID: GCHP18
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lAnaIyte Detection Limit _ Sample Results
mg/Kg mg/Kg
TPPH as Gas , : 1.0 N.D
Benzene _ 0.0050 N.D.
Toluene 0.0050 N.D.
Ethyl Benzene 0.0050 N.D
Xylenes (Total) 0.0050 N.D
Chromatogram Pattern:
Surrogates Control Limits 2% % Recovery
rifluorotoluene 70 130 ' 76

Analytes reported as N.D. were not present above the stated limit of detection,

EQUOIA ANALYTICAL - ELAP #1210

l ya
7

Mike Gregory .
'Dject Manager Page:
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I Sequoia 680 Chesapeake Drive Redwood City, CA 94063  (415) 364-9600 FAX (415) 364-9233
404 M. Wiget Lane Walnut Creek, CA 94598 (510) 988.9600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916} 921-0100

5500 Shellmound Sample Descript: SS-1at10° Received: 08/20/96
Emeryville, CA 94608 Matrix: SOLID Extracted: 08/23/96
) Analysis Method: 8015Mod /8020 Analyzed: 08/23/96

lC Batch Number: GC082296BTEXEXA
" Whstrument |D: GCHP18

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

'&nalyte Detection Limit Sample Results
mg/Kg mg/Kg
PPH as Gas o 1.0 N.D.
Foenzene 0.0050 N.D.
Toluene 0.0050 N.D.
Ethyl Benzene 0.0050 N.B.
N.D.

ylenes (Total) . 0.0050
hromatogram Pattern; _

Surrogates Control Limits % % Recovery
rifluorotoluene 70 130 74

I
i
i
i
i
i
i

Analytes reported as N.D. were not present above the stated limit of detection.

QUOIAANALYTICAL - ELAP #1210

|

Mike Gregory
ject Manager Page:




. Sequoia 680 Chesapeake Drive Redwood City, CA 94063  (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598  (510) 988-9600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8  Sacramento, CA 95834 (916) 921-9600 _ FAX (916) 921-0100

500 Shelimound Sample Descrlpt 351 at 2v' ' Received: 08/20/96
meryville, CA 94608 Matrix: SOUID Extracted: 08/23/96
y Analysis Method: 8015Mod /8020 Analyzed: 08/26/96

'S: Batch Number: GC082296BTEXEXA
trument ID: GCHPO7 :
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte Detection Limit Sample Results
: mg/Kg : mg/Kg
PPH as Gas 1.0 N.D.
enzene 0.0050 N.D.
oluene 0.0050 N.D.
Ethyl Benzene 0.0050 N.D.
ylenes (Total) .. 0.0050  ......iiieiiian.. 0.014
hromatogram Pattern: .
urrogates Control Limits % % Recovery
rifluorotoluene 70 130 97

Analytes reported as N.D. were not present above the stated limit of detection.

lQUOIAANA YTICAL - ELAP #1210
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Mike Gregory
F.)ject Manager Page:




. SeqUOia 680 Chesapeake Drive Redwood City, CA 24063 {415} 364-9600 FAX {415) 364.9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510} 988-9600 FAX (5t0) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916} 921-9600 FAX (916) 921-0100

Weiss Associates Client Proj. ID:  Chevron 8-5607, Castro Valley Sampled: 08/19/96
‘500 Shellmound Sample Descript: $S-2at 3 Received: 08/20/96
'meryville. CA 94608 Matrix: SOLID Extracted: 08/23/96
Analysis Method: 8015Mod /8020 Analyzed: 08/23/96

Attention; Tim Utterback Lab Number: 9608B72-05 Reported: 09/06/96

Etrument |D: GCf—IP18

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

'nalyte Detection Limit Sample Results
mg/Kg mg/Kg
PPH as Gas : 1.0 N.D.
enzene 0.0050 N.D.
oluene 0.0050 N.D
Ethyl Benzene 0.0050 N.D
ylenes (Total) ‘ 0.0050 N.D
hromatogram Pattern;
Surrogates Control Limits % % Recovery
rifluorotoluene 70 130 74

dnalytes reported as N.D. were not present above the stated limit of detection,

lQUOIAANALYTICAL - ELAP #1210
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Mike Gregory
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. Sequoia " 680 Chesapeake Drive Redwood City, CA 94063  (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walmut Creek, CA 94598 {510) 988-9600 FAX (510} 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (216) 921-9600 FAX (916) 921-0100

Weiss Associates :
500 Shellmound Sample Descript: 8S-2 at & Received: 08/20/96
Emeryville, CA 94608 Matrix: SQLID . Bxtracted: 08/23/96
ﬁar:ta)llyms Method: 8015Mod /8020 Analyzed: 08/23/96

‘ ¢
'strument ID: GCHP18

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

IAnaIyte : Detection Limit Sample Results
mg/Kg mg/Kg
PPH as Gas 1.0 N.D.
enzeng 0.0050 N.D.
oluene 0.0050 N.D.
Ethyl Benzene 0.0050 N.D.
ylengs (Total) 0.0050 N.D.
hromatogram Pattern:
Surrogates Control Limits % % Recovery
tifluorotoluene 70 - 130 , 77

Analytes reported as N.D. were nat present above the stated limit of detection.

EQUOIA ANALYTICAL - ELAP #1210

Va

Mike Gregory .
'nect Manager _ Page:




i Sequoia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
404 M, Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510) 988.9673

w An alytical B19 Suriker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916) 921-0100

eiss Associates

500 Shellmound Sample Descript: SS-2 at 10’ Received: 08/20/96

meryvilie, CA 94608 Matrix: SOLID Extracted: 08/23/96
p Analysis Method: 8015Mod/8020 Analyzed: 08/23/96
i Attention: Tim Utterback Lab Number: B

er:
strument ID: GCHP18

Total Purgeable Petroleumn Hydrocarbons (TPPH) with BTEX

llnalyte Detection Limit Sample Results
: : mg/Kg mg/Kg
PPH as Gas 1.0 N.D
enzene 0.0050 N.D
oluene 0.0050 N.D
Ethyl Benzene 0.0050 N.D
ylenes (Total) 0.0050 N.D
hromatogram Pattern:
urrogates : Control Limits % % Recovery
rifluorotoluene _ 70 130 73

Analytes reported as N.D. were not present above the stated |limit of detection.

lQUOIAANALYTICAL - ELAP #1210

\
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Mike Gragory
'vject Manager ' Page:




Sequoia 680 Chesapeake Drive  Redwood City, CA 94063 (415) 3649600 FAX (415) 364.9233
) 404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX {510) 988-9673

v Analytlcal 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600  FAX (916) 921-0100

- We J1D: 5607, :

500 Shellmound Sample Descript: $8-2 at 21’ Received:; 08/20/96

Emeryville, CA 94608 Matrix: SOLID Extracted: 08/23/96

: 0 Analysis Method: 8015Mod /8020 Analyzed: 08/23/96
ion: Ti : :

lC Batch Number: GC082296BTEXEXA
strument ID: GCHP18
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lAnaIyte Detection Limit Sample Results
mg/Kg mg/Kg

PPH as Gas . 1.0 N.D
enzene 0.0050 N.D
Toluene 0.0050 N.D
Ethyl Benzene 0.0050 N.D
ylenes (Total) 0.0050 N.D
i-hromatogram Pattern:
Surrogates ‘ Control Limits % % Recovery

lTriﬂ uorotoluene ' 70 130 73

Analytes reported as N.D. were not present above the stated limit of detection.

LOUOIAANALYTICAL - ELAP #1210

S
Mike Gregory
.Jject Manager Page:




. Sequoia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
‘ 404 N, Wiget Lane Walnut Creek, CA 94598 (510) 988-92600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921.9600 FAX (916) 921-0100

Woeiss Associates Client Proj. ID:  Chevron 9-5607, Castro Valley Sampled: 08/19/96
lsoo Shellmound Sample Descript: 853 at5’ Received: 08/20/96

meryvilie, CA 94608 Matrix; SOLID Extracted: 08/23/96
Analysis Method: 8015Mod /8020 Analyzed: 08/23/96
Attention: Tim Utterback Lab Number: 95608B72-11 Reported: 09/06/96

l atch Number:
trument ID: GCHP18

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lna!yte Detection Limit Sample Results -
mg/Kg mg/Kg

PPH as Gas 1.0 N.D.
enzene 0.0050 N.D.
oluene 0.0050 N.D.

Ethyl Benzene 0.0050 N.D.
ylenes (Total) 0.0050 N.D,
hromatogram Pattern:

Surrogates Control Limits % % Recovery
rifluorctoluene 70 130 75

Analytes reported as N.D. were not present above the stated limit of detection.

!QUOIAANALYTICAL - ELAP #1210

\
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Mike Gregory . :
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680 Chesapeake Drive Redwood City, CA 94063
404 N. Wiget Lane Walnut Creek, CA 94598
819 Striker Avenue, Suite 8 Sacramento, CA 95834

{415) 364-9600
{510} 988.9600
(916) 921-9600

FAX (415) 364-9233
FAX (510) 988.9673
FAX (916} 921-0100

Sequoia
WP Analytical

Weiss & Associates

5500 Shellmound

Sy

T

Emeryville, CA 94608

QUALITY CONTROL DATA REPORT

Analyte: Benzene Toluene Ethyl Xylenes
Benzene
QC Batch#: GC082296BTEXEXA GCO822G6BTEXEXA GC082206BTEXEXA GCOB2296BTEXEXA
Analy. Method: EPA 8020 EPA 8020 EPA 8020 EFA 8020
Prep. Method: EPA 5030 EPA 5030 EPA 5030 EPA 5030
Analyst: Y. Arteaga Y. Arteaga Y. Arteaga Y. Arteaga
MS/MSD #: 960899910 9608999-10 9508995-10 9608998-10
Sample Cone.: N.D. N.D. N.D. N.D.
Prepared Date: B/22/96 8/22/96 8/22/96 8/22/96
Analyzed Date: 8/22/96 8/22/96 8/22/96 8/22/96
instrurnent 1.D.#: GCHP18 GCHP18 GCHP18 GCHP18
Conc. Spiked: 0.20 mg,/kg 0.20 my/kg 0.20 mg kg 0.60 mg/kg
Result: 0.13 0.13 0.13 0.40
MS % Recovery: 65 . @5 65 67
Dup. Result: 0.21 0.21 0.21 0.65
MSD % Recov.: 105 105 105 108
RPD: 47 47 47 48
RPD Limit: 0-25 0-25 0-25 0-25

Project Manager

LCS #:  GBLKO82296 GBLK082296 GBLKD&2206 GBLK082296
Prepared Date: 8/22/965 8/22/96 8/22/96 8/22/96
Analyzed Date: 8/22/98 8/22/96 8/22/96 8/22/96
Instrument 1.D.#: GCHP18 GCHP18 GCHP18 GCHP18
Conc. Spiked: 0.20 mg/kg 0.20 mg/kg 0.20 mg/kg 0.60 mg/kg
LCS Result: 0.18 0.18 0.18 0.54
LCS % Recov.: 90 90 90 80
M5/MSD 60-140 60-140 60-140 60-140
LCS 70-130 70-130 70130 70-130
Control Limits
Please Note:
‘ The 1.CS is a control sample of known, interferent-free matrix that is analyzed using the same reagents,
SEQUOIA ANALYTICAL preparation, and analytical methods employed for the samples. The matrix spike is an aliquot of sample
g fortified with known quantities of specific compounds and subjectad to the entire analytical procedure. If
/ the recovery of analytes frorn the matrix spike does not fall within specified control limits due to matrix
interference, the LCS recovery is to be used to validate the batch.
MikeGfegory

** MS =Matrix Spike, MSD=MS Duplicate, RPD = Relative % Difference S608B72.WAA <1

&2




SeqUOia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510} 988-9600 FAX (510) 988.9673

v Analjrtical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916) 921-0100

5500 Shellmound

Emeryville, CA 94608
Attention: Tim Utterback

QUALITY CONTROL DATA REPORT

Analyte: Fractional Organic
Carbon
QC Batch: IN0s2795WALKOOA
Analy. Method:  walkley-Black

Prep Method: N.A.
Analyst: §. Fong
Duplicate

Sample #:  9608C61-07

Prepared Date: 8/27/96
' Analyzed Date: ~  s/27/06
Instrument [.D_#: MANUAL
Sample
Concentration: 0.14
Dup. Sample
Concentration: 0.12
RPD: 15
RPD Limit: 0-20

SEQUOIA ANALYTICAL

=

regory
Project Manager ** RPD=PRelative % Ditference 9BOBBT2.WAA <2>
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RELAB ENVIRONMENTAL TESTING SERVICES

Mike Gregory September 11, 1996
Sequoia Analytical

680 Chesapeake Dr.

Redwood City, CA 94063

Subject: Transmittal of Geotechnical Analysis Results
SA Project No. : 9608B72
Core Lab File No.: 57111-96232

Dear Mr Gregory:

Two samples from project number 9608B72 were submitted to our Bakersfig]d
laboratory for total porosity and bulk density determinations. Accompanying
this letter, please find the results of this study.

Porosities and bulk densities were determined and calcutated as described in API
RP-40, API Recommended Practice for Core-Analysis Procedure, 1960.

We appreciate this opportunity to be of service to you and to Sequoia Analytical,
should you have any questions, or if we may be of further help in.the future,
please do not hesitate to contact us. '

Very truly yours,

Jeffr Suirth

oratgry/Supervisor - Rock Properties

JLS:nw
1 original report: Addressee

Cora Laboratories, Inc,
3430 Unicorn Road, Bakersfield, California 93308, {805) 392-86800, Fax (805) 392-0824




((Rras

CORE LABORATORIES

GEOTECHNICAL ANALYSIS RESULTS

SEQUOIA ANALYTICAL
SA PROJECT NO. 9608B72

CL FILE 57111-096232

PERFORMED BY:
CorRE LABORATORIES
3430 UNICcORN RoAD

BakersrFierb, CA 93308

(805) 392-8600

FINAL REPORT PRESENTED
SEpTEMBER 11, 1996

The analyses. opinions or intarpratations contaned in (his coport are hased upon observalions and malend s.pdhed by the client lor whose axclusive and conlidential use this repod has been made. The z Qr QRINIONRE renre-
sent the best judgment of Core Lahoralonas. Core Laboralones, howpve:, assumes no responsibilily and Makes N warany o 'eprasentations. exprass or imphsd, as 1o the productivily, proper operatans, ar prolitablenass of any cil, gas. coal or
other minaral, proparly. wall ar sand 1 cornection witn which such rapor is used of reled upon lor any reasom whatsosver. This 1epon snall not be reproduced excent in ils unfrety, without the wntien appraval of Core Laboratofies




LAB

CORE LABORATORIES

Sequoia Analytical CL File No. 57111-96232

SA Project Name : Weiss
SA Work Order No.: 96-08-B72

Geotechnica] Analysis Results

Sample  Grain Bulk Density Total Description

1D Density Porosity
Dry Natural )
gm/cc gm/cc gm/cc 7

SS-1@ 67 2.68 1.94 2.21 27.7 $i1t tan vfgr sand v clay
sS-1 @ 107 2.69 1.84 2.16 31.5 S$ilt tan v clay

Total porosity and densities were determined as described in APl RP-40, API Recommended Practice for Core-Analysis
Procedure, 1960.

The anatyses. opinwons o Interpretalions contgined in this raport are based upon observalions and malerial supplied by 1ha client far whose rrclusive and confidential use this report has been mede. The intespretations or opinions exprassed represant the best judgment of Core Laboraiciies. Cora

Laboratories. howsver. assumes no responsibilily and makas no warranty or rapresenlations, express or impliod, as lo the productivity, preper speralicns, or preflitablaness of any ail. gas. coal or ¢ther mineral, propeny. well or sand in connectinn with which such repont is used er ralied upon lor any reason

whatsoever. This repod shall not be reproduced excepl in il enlirely, wilhout the written approval of Core Laboralories,
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. Sequoia 680 Chesapeake Drive Redwood City, CA 94063 (415) 3649600 FAX (415) 364.9233

404 M. Wiget Lane Watnut Creek, CA 94598 (510) 988-9600 FAX (510) 988-9673

v An alytlc al' 819 Striker Avenue, Suite 8 Sacramento, CA 95834 {916) 921-9600 FAX (956) 921-0100

: Weiss Associates

500 Shellmound Received: 08/21/96
s‘meryville, CA 94608 Lab Froj. ID: 9608C61 Analyzed: see below

Att R

rted:

LABORATORY ANALYSIS

lnalyte Units Date Detection Sample
Analyzed Limit Results
lab No: 9608C61-03
Sample Desc : SOLID,SS-3@21.5’
Fraction Crganic Carbon % 08/27/96 0.025 0.14
Lab No: 9608C61-04
l';ampie Desc : SOLID,$5-4@5.0’
Fraction Organic Carbon % 08/27/96 0.025 0.29
b No: 9608Ca61-07
ample Desc ;: SOLID,SS8-4@23’
Fraction Organic Carbon % ‘ 08/27/96 -~ 0.025 0.14

'

Eytes reported as N.D. were not present above the stated limit of detection,

QUOIA ANALYTICAL - ELAP #1210

| 77—

ke Gregory
ject Manager Page: 1




# Weiss Associates
i 5500 Shellmound
' Emeryville, CA 94608

atc .
nstrument 1D;: GCHP18

' Analyte

TPPH as Gas
Benzene
Toluene

Ethyl Benzene

l Xylenes (Total)

Surrogates
l Trifluorotoluene

umber 082326

Chromatogram Pattern:

Sequoia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415} 364.9233

404 M. Wiget Lane Walnut Creek, CA 94598 {510} 9B8-9600 FAX (510) 988-9673

v Analytical 813 Striker Avenue, Suite 8 Sacramento, CA 95834 (916} 921-9600 FAX {916} 921.0100

Client Proj. ID: Chev ey /
Sample Descript: $S-3@10’ Received: 08/21 /96
Matrix: SOLID Extracted: 08/23/96

Analysis Met
b

hod: 8015Mod /8020
Lab N : C61-01

Analyzed: 08/23/96
R d:

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

Detection Limit Sample Results

mg/Kg mg/Kg

1.0 N.D

0.0050 N.D

0.0050 N.D

0.0050 N.D

0.0050 N.D
Control Limits % % Recovery
70 130 94

Analytes reported as N.D. were not present above the stated limit of detection,

‘EQUOIAANALYTICAL - ELAP #1210

Mike Grégory
'roject Manager

Page:




l Sequoia 680 Chesapeake Drive Redwood City, CA 94063  (415) 364-9600 " FAX (415) 364-9233
’ 404 N. Wiget Lane Walnut Creek, CA 94598 (510} 988-9600 FAX (510) 988-9673

v Analytical B19 Striker Avenue, Suite 8 Sacramento, CA 95834 {916} 921-9600 FAX (916) 921-0100

5500 Shellmound Sample Déscfipt: SS-3@21° Received: 08/21/96
I Emeryville, CA 94608 © Matrix: SOLID Extracted: 08/23/96
) Analysis Method: 8015Mod /8020 Analyzed: 08/26/96

C Batch Number: GC082396BTEXEXA
strument ID: GCHPO7

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lAnaIyte Detection Limit Sample Results
mg/Kg mg/Kg

TPPHasGas  eeeeenn.. L o7
Benzene i eanannaa. 0.0056  .........iieiiinnn. 0.67
Toluene .. 0.005¢  ............i... 0.74
Ethyl Benzene e eereeemeaaaeaaas 0.0050 ... 0.38
Xylenes (Tota) e 0.0050 ...l 1.2
Chromatogram Pattern: e s Gas
Surrogates Control Limits % % Recovery

l Trifluorotoluene 70 130 - 96

Analytes reported as N.D. were not present above the stated lirnit of detection.

lEQUOIA ANALYTICAL . ELAP #1210

P o .
Mik(./Gregory
'oject Manager Page:




. SequOia 630 Chesapeake Drive Redwood City, CA 24063  (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988.9600 FAX {510} 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX {918} 921-0100

meryville, CA 94608 Matrix: SOLID Extracted: 08/23/96
Analysis Method: 8015Mod/8020 Qnalyzeg: 08/26/96

2'500 Shellmound Sample Déscr:ipt: 58-4@6.0 ' Received: 08/21/96

t Batch Number: GC082396BTEXEXA
trument [D: GCHPO?
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte Detection Limit Sample Results
mg/Kg mg/Kg

PPH as Gas 1.0 N.D.
enzene 0.0050 N.D.
oluene 0.0050 N.D.
Ethyi Benzene 0.0050 N.D.
ylenes(Total) 0.0050  ...eiiiiiiiian.s 0.012
hromatogram Pattern:
urrogates ' ‘ Control Limits % % Recovery
riflugrotoluene 70 - 130 104

Analytes reported as N.D. were not present above the stated limit of detection.

lQUOIA ANALYTICAL - FELAP #1210

- /%

Mike Gregory

F')ject Manager Page:




l SeqUOIa 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233

Weiss Associates

00 Shellmound
‘neryvilie, CA 94608

Attention: Tim Utterback

atch Number:;
iMtrument ID: GCHP18

Inalyte

PH as Gas
enzene
oluene

Ethyl Benzene

lenes (Total)
hromatogram Pattern:

urrogates
ifluorotoluene

404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916) 921-0100

Client Proj. ID:  Chevron 9-5607, Castro Valley Sampled: 08/20,/96
Sample Descript: $5-4@9.5’ Received: 08/21/96
Matrix; SOLID Extracted: 08/23/96
Analysis Method: 8015Mod /8020 Analyzed: 08/23/96
Lab Number: 9608C61-08 Reported: 08/28 /96

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

Detection Limit Sample Results

mg/Kg mg/Kg

1.0 N.D.

0.0050 N.D.

0.0050 N.D.

0.0050 N.D.

0.0050 N.D.
Control Limits % % Recovery
70 130 78

Analytes reported as N.D. were not présent above the stated {imit of detection.

E'QUOIA ANALYTICAL - ELAP #1210

Mike Gregory

Flject Manager

Page:




l Sequoia 680 Chesapeake Drive  Redwood City, CA 94063 (415) 364.9600  FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510} 988-9673

v Analytical B19 Striker Avenue, Suite 8  Sacramento, CA 95834 (916) 921-9600 FAX (916} 921-0100

Weiss Associates Client Proj. ID:  Chevron D

‘8500 Shelimound Sampie Descript: $5-4@23.5' Received: 08/21/96

ilmeryville, CA 94608 Matrix: SOLID Extracted: 08/23/96

g Analysis Method: 8015Mod /8020 Analyzed: 08/23 /96
R rted: 08/28 /96

- Attention: Tim Utterback Lab Number: 9608C61-08

atch Number:
trument ID: GCHPO7

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte Detection Limit Sample Results
' mg/Kg ' mg/Kg
PPHas Gas e 20 0 e 97
BRZENE i eeeeereeeaaas 0010 e, 0.59
oluene , 0.010 N.D.

“ EthylBenzene e 0010 .. 1.0
ylenes (Total) 0010 ...eeiaiaian.. 2.9
hromatogram Pattern: = e i ieeieaseaeae, Gas

Surrogates Control Limits % % Recovery
rifluorotoluene 70 130 126

Analytes reported as N.D. were not present above the stated limit of detection.

IQUOIA ANALYTICAL - ELAP #1210

\ /-

Mike Gredory
lIJject Manager Page:




e
500 Shellmound
A meryville, CA 94608

Sequoia
¥ Analytical

680 Chesapeake Drive Redwood City, CA 94063
404 N. Wiget Lane Walnut Creek, CA 94598
819 Striker Avenue, Suite 8 Sacramento, CA 25834

C . 1D: hevron 9-5607,
Sample Descript: S5-5@5'
Matrix: SOLID

Analysis Method: 8015Mod /8020

Batch Number: GC082396BTEXEXA
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

wstrument [D: GCHPO7

‘naly‘te

PPH as Gas

enzene
oluene

Ethyl Benzene

ylenes (Total)

hromatogram Pattern:

urrogates
riflucrotaluene

Detection Limit
mg/Kg

1.0

0.0050
0.0050
0.0050
0.0050

Control Limits %

70 130

Analytes reported as N.D. were not present above the stated limit of detection.

EQUOIAANALYTICAL - ELAP #1210

74
Mike Gregory
ject Manager

(415) 364-2600 FAX {415) 364-9233
(510) 988-9600 FAX (510) 988-9673
(916) 921-9600 FAX (916) 921-0100

Received: 08/21/96
Extracted: 08/23,/96
Analyzed: 08/23/96

Sample Resuits

% Recovery
87

Page:



l Sequoia 680 Chesapeake Drive Redwood City, CA 94063  (415) 364-9600 FAX (415) 364.9233
404 M. Wiget Lane Walnut Creek, CA 94598 {510} 988.9600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8§ Sacramento, CA 95834 (916) 921-9600 FAX (916) 921-0100

@500 Shellmound Sample Déscfipt: SS-5@10° ' . Recelved: 08/21/96

meryville, CA 94608 Matrix: SOLID Extracted: 08/23/96

Utterback Analysis Method: 8015Mod /8020 . Analyzed: 08/23/96
- R d.

.E: Batch Number: GCOB2398BTEXEXA
strument iD: GCHPO7
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

'\nalyte : Detection Limit © Sample Resulis
mg/Kg mg/Kg

PPH as Gas 1.0 N.D.
enzene 0.0050 _ N.D.
oluene 0.0050 N.D.
Ethyl Benzene 0.0050 N.D
ylenes (Total) _ 0.0050 N.D
hromatogram Pattern:
Surrogates Control Limits % - % Recovery

'l'riﬂuorotoluene 70 130 88

Analytes reported as N.D. were not present above the stated limit of detection.

'EQUOIAANALYTICAL - ELAP #1210

\

Mike Gregory
loject Manager _ Page: 8




I SeqUOia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 {510) 988.9600 FAX (510) 988-9673

w Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-5600 FAX (916} 921-0100

500 Shellmound Sample Descript: §S-5@24.5' Received; 08/21 /96
E-meryvitie, CA 94608 Matrix: SOLID Extracted: 08/23 /96
. ‘ Analysis Method: 8015Mod/8020 Analyzed: 08/26/96

Batch Number: GCO82396BTEXEXA
strument 1D: GCHP22 .
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

‘nalyte Detection Limit Sample Results
mg/Kg mg/Kg
PPH as Gas 1.0 N.D.
enzehe : 0.0050 N.D.
cluene 0.0050 N.D.
Ethyl Benzene 0.0050 N.D.
ylenes (Total) 0.0050 N.D.
hromatogram Pattern:
urrogates Control Limits % % Recovery
rifluorotoluene 70 130 92 -

_ Analytes reported as N.D. were not present above the stated limit of detection,

lEQUOIAANALYTICAL - ELAP #1210

\

Mike Gregory
'aject Manager : _ Page: 9




Redwood City, CA 94063
Walnut Creek, CA 94598
Sacramento, CA 95834

680 Chesapeake Drive
404 N. Wiget Lane
819 Striker Avenue, Suite 8

Sequoia
v Analytical

ssociates
ESOO Shellmound

Client Proj. ID:  Chevron 8-5607, Castro Valley
Sample Descript: S5-6@5’

Matrix: SOLID

Analysis Method: 8015Mod /8020

Lab Number; 9608C61-12

meryville, CA 94608

FAX (415} 364-9233
FAX (510} 988-9673
FaX (916) 921-0100

{(415) 364-9600
{(510) 988-9600
{916) 921-9600

Sampled: 08/20/96
Received: 08/21/96
Extracted: 08/23/96
Analyzed: 08/23/96
Reported: 08/28/96

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

Detection Limit

mg/Kg
PPH as Gas 1.0
enzeneg 0.0050
oluene 0.0050
Ethyl Benzene 0.0050
ylenes {Total) 0.0050

hromatogram Pattern:

Control Limits %
70

Surrogates

.rriﬂuorotoluene 130

Analytes reported as N.D. were not present above the stated limit of detaction.

lEQUOIAAN LYTICAL - ELAP #1210

I[T

Mike Gregory
loIect Manager

Sample Results

% Recovery
89

Page:

10



680 Chesapeake Drive
404 M. Wiget Lane

l Sequoia
1 &P Analytical

# Weiss Associates

2500 Shellrnound

Emeryville, CA 94608 Matrix: SOLID
_ Analysis Met

Lab N

PPH as Gas.

enzene
oluene

Ethyl Benzene

ylenes (Total)
hromatogram Pattern:

urrogates
rifluorotoluene

Analytes reported as N.D. were not present above the stated limit of detection.

lQUOIAANALYTICAL - ELAP #1210

i %
Mike érég{o[{y

Fl:ject Manager

819 Striker Avenue, Suite 8

Sample Descript: SS-6@10’
hod: 8015Mod/8020

FAX (415) 364-9233
FAX (510) 988-9673
FAX (916) 921-0100

Redwood City, CA 94063
Walnut Creek, CA 94598
Sacramento, CA 95834

(415) 364-9600
(510) 988-9600
{916) 921-9600

ed:
Received: 08/21 /96
Extracted: 08/23/96
Analyzed: 08/23/96

Detection Limit

Sampie Results

mg/Kg mg,/Kg

1.0 N.D

0.0050 N.D.

0.0050 N.D.

0.0050 N.D.

0.0050 N.D
Control Limits % % Recovery
70 130 75
Page:




' SequOia 680 Chesapeake Drive Redwood City, CA 24063 (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510) 988-9673

v Analytical 819 Seriker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916) 921-0100

Weiss Associates Cli
‘##500 Shellmound Sample Descript: $5-6@25'

: 08/20/96
Received: 08/21/96

meryville, CA 94608 Matrix: SOLID Extracted: 08/23/96
Analysis Method: 8015Mod /8020 Analyzed: 08/26/96
Attention: Tim Utterback Lab Number: CH ‘ ;

umber:
ttrument ID: GCHPO7 .
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte ' Detection Limit Sample Results
mg/Kg mg/Kg

PPHasGas . 50 e - 61
enzene i 0.025 = L. 0.85
oluene e 0.025 .iiiciieeiiiinnn. 0.65
Ethyl Benzene i iiieeeeiaeaaas 0025 . 1.2
ylenes(Total) . 0.025 ...l 3.6
hromatogram Pattern: . Gas
urrogates Control Limits % % Recovery
rifluorotoluensa . 70 130 96

Analytes reported as N.D. were nbt present above the stated limit of detection.

lQUOIA ANALYTICAL - ELAP #1210

Mike Gregory

r’loject Manager : Page: 12




. Sequ0ia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988.9600 FAX (510) 988.9673

w Analytlcal 819 Striker Avenue, Suite 8 Sacramenta, CA 95834 (916} 921-9600 FAX (916) 921-0100

Weiss Associates Client Proj. ID:  Chevron 8-56607, Castro Valley p
/500 Shellmound Sample Descript: 35-7@5’ Received: 08/21,/96
éélmeryville, CA 94608 Matrix: SOLID Extracted: 08/23/96
Analysis Method: 8015Mod /8020 Analyzed: 08/26/96
Attention: Tim Utterback Lab Number: 9608C61-15 Reported: 08/28

trument 1D: GCHF’22

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte Detection Limit Sample Results
_ mg/Kg mg/Kg
PPH as Gas 1.0 N.D
enzene , 0.0050 N.D.
oluene 0.0050 N.D.
Ethyt Benzene 0.0050 N.D.
ylenes (Total) 0.0050 N.D
hromatogram Pattern: _
urrogates Control Limits % % Recovery
rifluorotoluene 70 ‘ 130 92

Analytes reported as N.D. were not present above the stated limit of detection.

LQUOIAANALYTICAL - ELAP #1210

A

Mike Gregory
Ia;ect Manager Page: 13




. SequOia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 . FAX {415) 364-9233
404 M. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510} 988-9673

w Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916} 921-0100

Client Proj. iD

Weiss Associates Chevron 89-5607, Castro Valley Sampled: 08/20/96
‘@500 Shellmound Sample Descript: SS-7@10' Received: 08/21/96
M meryville, CA 94608 Matrix: SOLID Extracted: 08/23/96

Analysis Method: 8015Mod /8020

Analyzed: 08/23/96
Lab Number: 9608C61-16

Reported: 08/28/96

. Attention: Tim Utterback

Etrument ID: GCHPO7
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte , Detection Limit Sample Results
, mg/Kg mg/Kg
PPH._as Gas 1.0 N.D
enzene 0.0050 N.D
oluene 0.0050 N.D
Ethyl Benzene 0.0050 N.D
ylenes (Total) 0.0050 N.D
hromatogram Pattern:

Surrogates Control Limits % % Recovery

'riﬂuorotoluene N 70 130 83

Analytes reported as N.D. were not present ahove the stated limit of detection.

lQUOIAANALYTICAL - ELAP #1210

\

Mike Gregory

FI)ject Manager : ' ‘ Page: 14




' SeqUOia . 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510) 988-9673

' v Analytical 819 Striker Avenue, Suite 8 Sacramenta, CA 95834 (916) 921-9600 FAX (916} 921-0100

Associates

500 Shelimound Sample Descript: $8-7@25' Received: 08/21 /96
SEmeryville, CA 94608 Matrix: SOLID Extracted: 08/23/96
ﬁ:glysis Method: 8815Mod/8020 éna!yzed: 08/26/96
ion;: Ti Number; ;

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

Detection Limit Sample Results
mg/Kg : mg/Kg
‘PPH asGas e, 50 e 400
ENZeNe e e arereanaan 0.25 e 2.2
Tolueme e 0.25 et 2.7
thyl Benzene e 025 9.3
iylenes (Total) e rererareraeaeas 025 e 40
hromatogram Pattern: e e Gas
urrogates Control Limits % % Recovery
rifluorotoluene 70 ' 130 95

Analytes reported as N.D. were nol present above the stated lirmit of detection.

Cd -2 .
ike Gregory ,
oject Manager Page: 15

QUOIA ANALYTICAL - ELAP #1210




. | Sequoia 680 Chesapeake Drive  Redwood City, CA 94063 (415) 364-9600  FAX (415) 364.9233
404 N. Wiget Lane Walnut Creek, CA 94598 {510) 9288-9600 FAX {510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916} 921-9600 FAX (916) 921-0100

i 9
500 Shellmound Sample Descript: $5-8@5' Received: 08/21/06
meryville, CA 94608 Matrix: SOLID Extracted: 08/23/96
. Analysis Method: 8015Mod /8020 Analyzed: 08/26/96
g ' i La : & R rted; 08/28/96

Sampled: 08/20/96

Batch Number: GC082396BTEXEXA
trument ID: GCHF22
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

'\nalyte Detection Limit Sample Results
mg/Kg mg/Kg
PPH as Gas 1.0 N.D.
gnzene 0.0050 : N.D.
oluene ‘ 0.0050 N.D.
Ethyl Benzene : 0.0050 N.D
ylenes (Total) _ 0.0050 N.D
hromatogram Pattern:
_Surrogates Control Limits % % Recovery
rifluorotoluene _ 70 130 96

Analytes reported as N.D. were not present above the stated limit of detection.

EQUOIAANALYTICAL - ELAP #1210

\

I
Mike Gregory
.ojec:t Manager Page: 16




l Sequ0ia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
: 404 N. Wiget Lane Walnut Creek, CA 94598 (510) 988-9600 FAX (510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916) 921-9600 FAX (916) 921-0100

en .iD: , :
500 Shelimound Sample Descript: SS-8@10’ ‘ Received: 08/21 /96
S meryville, CA 94608 Matrix. SOLID Extracted: 08/23/96

) Analysis Method: B8015Mod /8020 Analyzed: 08/26,/96

t Batch Number: GC082396BTEXEXA
trument ID: GCHP22 .
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

lnalyte Detection Limit Sample Resulis
mg/Kg mg/Kg

PPH as Gas 1.0 N.D.
enzene 0.0050 N.D.
oluene 0.0050 N.D.

Ethyl Benzene : 0.0050 N.D.
ylenes (Total) 0.0050 N.D.
hromatogram Pattern:

Surrogates Control Limits % % Recovery

rifluorotoluene 70 130 a1

Analytes reported as N.D. were not present above the stated limit of detection.

lQUOlA ANALYTICAL - ELAP #1210

Mike Gragory
FI:jec:t Manager Page: 17




I Sequoia ‘ 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-5233
404 N. Wiget Lane Walnut Creek, CA 94598 (510} 988-9600 FAX (510) 988-9673

_ v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916} 921-9600 FAX (916) 921.0100

; .1D: pled:
500 Shellmound Sample Descript: 85-8@24.5' Received: 08/21 /96
meryville, CA 94608 Matrix: SOLID Extracted: 08/23/96

Analysis Method 8015Mod /8020 Analyzed: 08/26/96

Batch Number: GC082396BTEXEXA
strument ID: GCHP22
Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

'nalyte Detection Limit Sample Results
mg/Kg mg/Kg

PPHas Gas 1.0 N.D.
enzene 0.0050 N.D.
oluene 0.0050 N.D,

Ethyl Benzene 0.0050 N.D
ylenes (Total) ' 0.0050 N.D
hromatogram Pattern: '

iurrogates Control Limits % % Recovery
rifluorotoluene . 70 130 95

Analytes reported ag N.D, were not present above the stated limit of detection,

QUOIA ANALYTICAL - ELAP #1210

\

Mike Gregory
F'Jject Manager Page: 18




' _ Sequoia 680 Chesapeake Drive  Redwood City, CA 94063 (415) 3649600 FAX (415) 364.9233
404 M. Wiget Lane Walnut Creek, CA 94598 {510) 988-9600 FAX (510} 988-9673

' v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 {916) 921-5600 FAX (916} 921-0100

Weiss Associates

ESDO Shellmound

Client Proj. ID: Chevron 9-5607, Castro Valley Received: 08/21/96

meryville, CA 94608 Lab Proj. ID: 9608C61 Reported: 08/28/96
Tim Utterback

ttention:

LABORATORY NARRATIVE

TPHGBS : Sample 9608C61-08 was diluted 2-fold.
Sample 260BC61-14 was diluted 5-fold.
Sample 260BC61-17 was diluted 50-fold.

- SEQUOIA ANALYTICAL

‘ L4 ’/Il
ke Gregory
ject Manager Page: 1




SequOia 680 Chesapeake Drive Redwood City, CA 94063  (415) 364-9600 FAX (415) 364-9233
404 N. Wiget Lane Walnut Creek, CA 94598 {510) 988-9600 FAX (510) 988-9673

w Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 ' (916) 921-9600 FAX (916) 921-0100

eiss & Associates Client Project ID:  Chevron 9-5607, Castro Valiey
500 Shellmound Matrix: Solid

meryville, CA 94608
tention: Tim Utterback ! 9608C8H1 01, 02, 05-06, 08-20

QUALITY CONTROL DATA REPORT

Analyte: Benzene Toluena Ethyl Xylenes
Benzene
QC Batch#: GC082396BTEXEXA GC082396BTEXEXA GCOB2396BTEXEXA GCO082396BTEXEXA
Analy. Method: EPA B020 EPA 8020 EPA 8020 EPA 8020
Prep. Method: EPA 5030 EPA 5030 EPA 5030 EPA 5030
Analyst: ¥, Arteaga Y. Arteaga Y. Arteaga Y. Arteaga
MS/MSD #:  Gososg9g-11 G9608995-11 (59608999-11 G9B0BISS-11
Sample Conc.: N.D. N.D. N.D, N.D.
Prepared Date: 8/23/96 8/23/96 8/23/96 8/23/96
Analyzed Date: B/23/96 8/23/96 8/23/96 8/23/96
Instrument 1.D.#: GCHP18 GCHP18 GCHP18 GCHP18
Conc. Spiked: 0.20 mg/kg 0.20 mg/kg 0.20 mg/kg 0.60 mg/kg
Result: 0.13 0.16 0.18 0.51
MS % Recovery: 85 80 g0 85
Dup. Result: 0.14 0.16 0.18 : 0.52
MSD % Recov.: 70 80 80 87
RPD: 7.4 0.0 0.0 18
RPD Limit: 0-25 ' 0-25 0-25 025

LCS #: BLKDB2356 BLKOS2396 BLK082396 BLKOR2396
Prepared Date: 8/23/96 8/23/96 8/23/96 8/23/96
Analyzed Date: B/23/96 8/23/96 8/23/96 8/23/96
Instrument 1.D.#: GCHP18 GCHP18 GCHP18 GCHP18
Conc. Spiked: 0.20 mg/kg 0.20 mg/kg 0.20 mg/kg 0.60 mg/kg
LCS Result: 0.14 0.17 0.1% 0.56 -
LCS % Recov.: 70 85 g5 k]
MS5/MSD 80-140 60-140 60-140 60-140
LCS 70-130 70-130 70-130 70-120
Control Limits '

[Fiease Note:
The LCS is a control sample of known, interferent-free matrix that is analyzed uging the same reagents,
SEQUOIA ANALYTICAL preparation, and analytical methods employed for the samples. The matrix spike is an aliquot of sample
. fortified with known quantities of specific compounds ard subjected to the entire analytical procedure. It
the recovery of analytes from the matrix spike does not fall within specified control limits due to matrix
interference, the LCS recovery is to be used to validate the batch.

Mike Gregory
Project Manager ** MS = Matrix Spike, MSD=MS Duplicate, RPD=Relative % Difference 960BCE1T.WAA <1>
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SeqUOia 680 Chesapeake Drive Redwood City, CA 94063 {415} 364.9600 FAX {415) 364-9233
404 N. Wiget Lane Walout Creek, CA 94598 {510) 988-9600 FAX {510) 988-9673

v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (916} 921-9600 FAX {916) 921-0100

500 Shellmound Matrix: . Solid

Ermeryville, CA 94608
Attention: Tim Utterback Work Order # 9608C61 -03

QUALITY CONTROL DATA REPORT

Analyte: Fractional Organic
Carbon
QC Batch: IND82796WALKOOA
Analy. Method:  Walkey-Black

Prep Method: NA,
Analyst: - 8 Fong
Duplicate

Sample #:  9608C61-07

Prepared Date: 8/27/96
Analyzed Date: 8/27/96
Instrument L.D.#: MANUAL
Sample
Concentration: 0.14
Dup. Sample
Concentration: 0.12
RPD: 15

RPD Limit: 0-20

SEQUOIA ANALYTICAL

-
Mike Gregory :
Project Manager ** RPD = Relative % Difference 9508CH1.WAA <2>
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. SeqUOia 680 Chesapeake Drive Redwood City, CA 94063 (415} 364-9600

404 N. Wiget Lane Walnut Creek, CA 94598 (510} 988-5600

w An alytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 {916} 921-9600

: Tim Utterback

.E: Batch Number: GCOB2506BTEX02A
strument ID: GCHPO2

Total Purgeable Petroleum Hydrocarbons (TPPH) with BTEX

't\nalyle Detection Limit
ug/L
PPHasGas e ] 1
enzene L ieeeneaeea 050
Toluene i eremeeeeeas 050 ..l
EthylBenzene @ ... 050 ...
ylenes (Total) .. 0.50
hramatogram Pattern: s iiiieeeereeneas
urrogates Control Limits %
rifluorotoluene 70 130

Analytes reported as N.D. were not present above the stated limit of detection.

IEQUOIA ANALYTICAL - ELAP #1210

V

Mike Gregory
oject Manager

500 Shellmound Sample Déscr'ipt: WS-1 Received: 08/20,/96
meryville, CA 94608 Matrix: LIQUID
‘ Analysis Method: 8015Mod /8020 : ~ Analyzed: 08/25/96

FAX (415) 364-9233
FAX (510) 988.9673
FAX {916) 921-0100

Sample Results
ug/L

% Recovery
21

Page;



l Sequoia 680 Chesapeake Drive Redwood City, CA 94063 (415) 364-9600 FAX (415) 364-9233
404 M. Wiget Lane Walnut Creek, CA 94598 (510) 988.9600 FAX (510) 588-9673

l v Analytical 819 Striker Avenue, Suite 8 Sacramento, CA 95834 (316) 921-9600 FAX (916) 921.0n00

500 Shellmound Matrix: Liquid
merywlle CA 94608
: Tim Utterback Work Order #: 960BB57 01
' QUALITY CONTROL DATA REPORT
Analyte: Benzene Toluens Ethyl Xylenes
Benzene
' QC Batch#: GC082596BTEXD2A  GC0O82596BTEX02A  GCOB2596BTEX02A GC082596BTEX02A
Analy. Method: EPA 8020 EPA 8020 EPA 8020 EPA 8020
Prep. Method: EPA 5030 EPA 5030 EPA 5030 EPA 5030
' Analyst: R. Burton R. Burton R. Burton R. Burton
MS/MSD #:  Gososess-gs GO60R955-05 (G39608955-05 G9608955-05
Sample Conc.: N.D. N.D. N.D. ND.
. Prepared Date: 8/25/96 8/25/96 8/25/96 8/25/96
Analyzed Date: 8/25/96 8/25/98 8/25/96 8/25/96
Instrument L.D.#: GCHP2 GCHP2 GCHP2 . GCHP2
' Conc. Spiked: 10ug/L 10ug/L 10 ug/L 30 ug/L
Result: 10 97 9.4 ‘ : 27
MS % Recovery: 100 o7 94 80
' Dup. Result: 8.3 80 8.1 24
MSD % Recov.: 83 B0 81 80
l RPD: 19 19 15 12
R|PD Limit: 0-25 0-25 0-25 0-a5

LCS #: BLKOB2596 BLK082596 BLKD22596 ' BLK082596
l Prepared Date: 8/25/96 8/25/96 8/25/96 8/25/95
Analyzed Date: 8/25/96 8/25/96 8/25/98 8/25/96
Instrument 1.D.#: GCHP2 GCHP2 GCHP2 GCHP2
' Conc. Spiked: 10 ug/L 10 ug/L 10 ug/L 30 ug/L
1.CS Result: 9.4 9.0 9.3 29
' LCS % Recov.: 94 80 o3 o7
M5 /M50 60-140 60-140 60-140 ' 60-140
LCS 70-130 70-130 70-130 70-130

Control Limits

Piease Note:

The LCS is a control sample of known, interferent-free matrix that is analyzed using the same reagents,
SEQUOIA ANALYTICAL preparation, and analytical methods employed for the samples. The matrix spike is an aliquot of sample
fortifiad with known quantities of specific compounds and subjected to the entire analytical procedure, I
the recovery of analytes from the matrix spike doss not fall within specified control limits due to matrix
interference, the LCS recovery is to be used to validate the batch.

Miké Gregory
Project Manager ** MS = Matrix Spike, MSD=MS$ Duplicate, RPD = Relative % Difference 9608B57. WAA <1>
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Weiss Associates Environmental and Geologic Services

5500 Shellmound Street, Emeryville, CA 94608-2411 Fax: 510-547-5043 Phone: 5§10-450-6000

RISK-BASED CORRECTIVE ACTION

for

Former Chevron Service Station, #9-5607
5269 Crow Canyon Road,
Castro Valley, California

prepared by

Weiss Associates
5500 Shellmound Street
Emeryville, CA 94608

WA Job #4-1129-70

/9 %@/ /(,4 W%

Mlchael Cooke : Tim Utterback
Project Geologist Senior Staff Engineer

Weiss Associates work for the Risk-Based Corrective Action, was conducted under my
supervision. To the best of my knowledge, the data contained herein are true and accurate and
satisfy the scope of work prescribed by the client for this project. The data, findings,
recommendations, and professional opinions were prepared solely for the use of Chevron Products
Company in accordance with generally accepted professional engineering and geologic practice.
We make no other warranty, either expressed or implied, and are not responsible for the

A H»»A \eo |53

Jerry McHugh, P. E.” Date
Principal Engineer
No. C46740

The data, findings, recommendations, and proy oAl opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss

Associates makes no other warranty, cither expressed or implied, and is not responsibie for the interpretation by others of the contents herein.
A Division of AguaTierra Associates Incorporated . recyclad papgr
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SUMMARY

Weiss Associates (WA) and Chevron Products Company (Chevron) have completed a Risk-
Based Corrective Action (RBCA) evaluation to determine the appropriate corrective action for
subsurface petroleum hydrocarbons released from the former underground storage tanks (USTs)
located at 5269 Crow Canyon Road in Castro Valley, California (Figure 1). This RBCA evaluation
was performed to evaluate whether subsurface petroleum hydrocarbons pose significant risk to the
residents living at the Forest Creek Townhomes residential area. The Forest Creeck Townhomes are
located at the corner of Crow Canyon Road and Waterford Place in Castro Valley, California
(Figure 2) downgradient from the former USTs. The RBCA evaluation indicates that:

e  The representative concentrations of toluene, ethylbenzene and xylenes in soil
and ground water from the residential area were below conservative Tier 1
RBSLs for all of the open exposure pathways. The representative concentration
of benzene in ground water was below the Tier 1 RBSL for benzene transport to
outdoor air from impacted ground water.

¢ Tier 2 screening models indicate the risk associated with benzene transport from
impacted soil or ground water to indoor and outdoor air is 3.75 x 10-9 and 4.67
x 10-12 respectively. These risk values are four and seven orders of magnitude
below the risk range typically considered by the U.S. Environmental Protection
Agency (EPA) to be acceptable , respectively.

The direct ingestion pathway is conservatively addressed by selecting wells
C-10B, C-15 and C-16 as Tier 2 alternative points of exposure based on
evaluation of dissolved benzene concentrations and ground water use in the
vicinity of the impacted area. The dissolved benzene SSTL concentrations at
the alternative points of exposure are equal to the Tier 1 RBSL. Dissolved
benzene concentrations are currently below this SSTL at the alternative points
of exposure.

¢  Hydrocarbon transport to Crow Creek was conservatively addressed by
evaluating the results of the fate and transport modeling previously performed
by Sheldon Nelson, R.G. of Chevron Research and Technology Company.
Mr. Nelson applied site-specific parameters to the widely accepted finite
difference model MODFLOW and the results indicated that Crow Creek is not
likely to be impacted by dissolved benzene concentrations above the California
MCL (0.001 mg/L) regardless of whether ground water extraction is performed.

Therefore, the results of this RBCA evaluation indicate that there is no demonstratable short-
term or long-term threat to human health, safety or sensitive environmental receptors. The
petroleum hydrocarbons located below the Forest Creek Townhomes residential area can be
managed through a ground water monitoring program and contingency plan. A proposed future
action plan addressing monitoring and contingency for this site is presented in the cover letter to this
report. The future action plan outlines a proposed monitoring schedule and response actions to be
taken if future hydrocarbon concentrations in ground water exceed the RBSLs or SSTLs determined
here.

vi
The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company, Weiss
Assotiates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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1. INTRODUCTION

The objective of this RBCA assessment is to determine the potential risk to human health
associated with the petroleum hydrocarbons present in the subsurface, using the framework and
guidance of the American Society for Testing and Materials (ASTM) RBCA process. Health risk
associated with environmental receptors such as indigenous animals and plants-is not addressed.
However, contaminant fate and transport to sensitive environmental receptors is addressed to ensure
that dissolved hydrocarbon concentrations above the California maximum contaminant levels do not
impact those receptors. :

The ASTM RBCA framework is a tiered decision-making process whereby site contaminant
levels, as determined by site assessment activities, are compared to conservatively derived screening
level concentrations for contaminants of concern. The tiered decision-making process is depicted in
flowchart form in Figure 2. The RBCA process begins with an initial site assessment summarizing
the site and impacted area location, previous environmental activities, hydrogeoclogic conditions and
a survey of local ground water use. Based on the site assessment information, an initial site
classification is made to determine the level of urgency for initial corrective action. The initial
classification is followed by a Tier 1 evaluation which includes identification of the contaminants of
concern and a determination of potentially complete exposure pathways. Representative
concentrations of the contaminants of concern are determined from the site assessment data and then
compared to target Tier 1 Risk-Based Screening Levels (RBSLs) for the potentially complete
exposure pathways. The ASTM guidance provides example RBSL look-up tables intended as a
guide for state and local enforcement agencies; the RBSLs in the look-up tables are not intended to
be stand-alone cleanup standards. Representative contaminant concentrations below the RBSLs
represent human health risks less than the target level, and human health risk may reasonably be
assumed to be insignificant if representative concentrations are below these target risk levels.

If the Tier 1 RBSLs are exceeded, the RBCA process provides several alternatives for
subsequent action. These alternatives include a Tier 2 application of Tier 1 RBSLs at an alternative
point of exposure, a Tier 2 analysis including development of site-specific target levels (SSTLs), the
provision of institutional or engineering mechanisms to limit or reduce exposures, or remediation to
Tier 1 RBSLs. A Tier 3 evaluation is also available for large or complex sites involving more
sophisticated fate and transport issues or extensive data acquisition and analysis.

Following the RBCA framework described above, this report includes an initial site
assessment and Tier 1 and Tier 2 evaluations. We opted to proceed to Tier 2 analysis for the
exposure/pathways with representative site concentrations that exceeded the Tier 1 RBSLs. At Tier
2, the vapor inhalation exposure pathways were evaluated to determine whether benzene
concentrations in vadose zone pore vapors pose significant risk to the potential residential receptors.
Ingestion exposure pathway Tier 2 SSTLs were determined for alternative points of exposure based
on ground water use in the residential area. Finally, hydrocarbon transport to the identified sensitive
environmental receptor (Crow Creek) was addressed by evaluating the results of previous finite
difference fate and transport modeling.

LCHEVRAOME TR AC AW RBCA DOC l

Fhe data, findings, recommendations, and professianal opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associales makes no other warranty, either expressed or implied, and is not respansible for the interpretation by others of the contents herein.
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2. INITIAL SITE ASSESSMENT

2.1 Site Location and Use

The former Chevron Service Station is located on the southeast corner of Crow Canyon Road
and Waterford Place in Castro Valley, California (Figure 3). The surrounding land consists of mixed
commercial and residential use with the Forest Creek Townhomes residential property along the
south and west borders of station property and commercial property along the east border. Privately
owned open space is located to the north across Crow Canyon Road, Crow Creek is located
approximately 250 feet to the west with the residential property located between the creek and the
former USTs. '

The former service station was operated by Chevron to dispense gasoline and service
automobiles. The service station was in use from September 1971, when the USTs were installed to
September 1, 1990, when the station was abandoned and the USTs and piping were removed. The
former station property is currently used for automobile service and repair.

The local topography is hilly with a westward topographical gradient in the immediate
vicinity of the site, adjacent residential property and Crow Creek.

2.2 Impacted Area

Dissolved petroleum hydrocarbon concentrations are highest on the west side of the former
UST complex. On April 18, 1996, the dissolved benzene concentration in well C-3 was 26 mg/L.
Dissolved hydrocarbon concentrations attenuate rapidly in the westward (downgradient) and
southward (crossgradient) directions. Benzene concentrations in ground water in the vicinity of the
Forest Creek Townhomes residential properties range from less than 0.0005 mg/L near Crow Creek
to approximately 10 mg/l near the entrance to Waterford Place. Dissolved benzene concentrations
are currently below 0.0005 mg/L between the impacted area and Crow Creek. In addition, dissolved
benzene concentrations are below 0.0005 mg/l between the former service station and the
commercial property to the East and the privately owned open space to the North. No separate-
phase hydrocarbons (SPH) have been measured in the monitoring wells since 0.03 feet was
measured in well C-3 on October 22, 1992,

2.3 Summary of Previous Site Activities

On February 26, 1985, a leak associated with the former USTs was discovered. In April
1985, the former USTs and piping were replaced with 3 double-walled fiberglass 10,000-gallon
JCHEVROMN | IPARBC AP0 IRBCADOC 2

The data, findings, recommendations, and prefessional opinions contained in this document were prepared solely for the use of Chevion Products Company, Weiss
Associates makes no other warranty, gither expressed or implied, and is not responsible for the interpretation by others of the contents hergin.
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gasoline USTs, 1 double-walled fiberglass 1,000-gallon waste oil tank and double walled fiberglass
piping.

Between March 5 and March 21, 1985, Groundwater Technology Incorporated (GTI) of
Concord, California installed ground water monitoring wells C-1 through C-8. GTI measured SPH
in wells C-1 and C-3 and immediately began bailing SPH from those wells. No soil or ground water
samples were collected for laboratory analysis.

On May 31 and June 24, 1985, GTI installed ground water monitoring wells RW-1 and C-9.
GTI measured SPH in well RW-1 after installation and began SPH bailing on a bi-weekly basis. In
addition, GTI connected a ground water extraction system to well RW-1 consisting of a submersible
pump and carbon treatment. On July 29, 1985, the concentration of benzene in ground water from
well C-9 was 0.52 mg/L. No soil samples were coliected for laboratory analysis. '

As of September 1987, product recovery records showed that at least 32 gallons of petroleum
hydrocarbons were recovered due to SPH bailing.

On September 12, 1989, Pacific Environmental Group (PEG) of Santa Clara, California
conducted a soil-gas investigation. The soil gas investigation was performed to delineate the extent
of the impacted area. The depth interval of vapor sampling was between 8 and 20 feet. PEG
measured total hydrocarbon vapors ranging from less than 1 part per million (ppm) to 505 ppm in the
vicinity of the former USTs and adjacent residential property. Please note that this data is not
acceptable for input into vapor transport risk models because it contains no information about
chemical species.

On September 13, 1989, Chevron began monitoring site wells for dissolved hydrocarbon
concentrations on a quarterly basis. The highest dissolved hydrocarbon concentrations have been
measured in samples from the wells located immediately west (downgradient) of the former USTs.
Hydrocarbon concentrations have been near or below laboratory detection limits in ground water
samples from wells C-10A, C-10B, C-15 and C-16 located directly upgradient of Crow Creek.
Wells C-8, C-13, C-14, C-10A, C-10B, C-15 and C-16 surround the upgradient and downgradient
boundaries of the impacted area and sufficiently delineate the plume.

Between February 21 and February 24, 1990, PEG installed wells C-10A, C-10B, and C-11
through C-16. Benzene concentrations in soil borings from wells C-13 and C-15 were below
laboratory detection limits. The benzene concentration in soil boring C-12 at approximately 15 feet
below ground surface (bgs) was 1.7 mg/kg. The maximum benzene concentration in ground water
from these newly installed wells was 0.23 mg/L in well C-12. The benzene concentrations in ground
water from wells C-10A and C-13 were 0.0016 mg/L and 0.015 mg/L, respectively. Ground water in
well C-10B was not sampled immediately after installation.

Between October 2 and October 11, 1990, Blaine Tech Services (Blaine Tech) of San Jose,
California removed the tanks and piping previously installed in April 1985 and overexcavated
impacted soil. The three double walled fiberglass 10,000 gallon gasoline USTs and associated
piping were removed. Blaine Tech overexcavated approximately 300 cubic yards of impacted soil
from the former tank pit area. The maximum remaining concentration of benzene in soil was 5.2
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mg/kg taken from the northwest corner of the former tank pit at 22.5 feet below ground surface. As
of October 1990, gasoline was longer stored or dispensed at the site.

In September 1991, the ground water extraction (GWE) system was expanded to draw
ground water from well C-9. The current configuration of the GWE system consists of extraction
from wells RW-1 and C-9 and treatment to remove dissolved hydrocarbons prior to discharge.

In August 1992 Chevron Research and Technology Company conducted a contaminant fate
and transport assessment to determine whether dissolved benzene from the impacted area is likely to
extend to Crow Creek under various scenarios. The scenarios included no engineered remediation;
GWE from wells RW-1 and C-9; GWE from wells RW-1, C-6 and C-9; and GWE from wells RW-1,
C-6, C-9 and an additional simulated well. The results of the fate and transport modeling indicated
that increasing the number of extraction wells will reduce the downgradient extent of dissolved
benzene. However, the results of the no engineered remediation scenario indicated that dissolved
benzene concentrations are likely to remain below 0.001 mg/L in the vicinity of Crow Creek.

During October 1995, Sheldon Nelson, Chevron’s hydrogeologist, evaluated the plume
attenuation along the centerline of the plume to validate the assumptions used in the ground water
fate and transport modeling performed in August 1992 and show that dissolved hydrocarbons were
unlikely reach Crow Creek (Chevron Research and Technology Company, October 27, 1995).
Evaluation of the attenuation of benzene down gradient of the site indicated that the plume was
stable and that dissolved benzene concentrations should decline to values of less than 1 ppb at a
distance of approximately 265 feet down gradient of well C-3. Evaluation of dissolved sulfate
suggested that anaerobic biodegradation is locally occurring, and is limited by the absence of a
suitable electron receptor compounds (such as oxygen). Dissolved ferrous iron concentrations in
downgradient ground water wells suggested that there is an abundance of dissolved ferric iron
present, which will have an inhibiting effect on the further migration of dissolved hydrocarbons.

On August 19 and 20, 1996, WA sampled soil vapors in the vicinity of the downgradient
* residential structures. WA supervised the installation of 8 direct push sample probes and collected
samples of vadose zone pore vapor, vadose zone soil, and ground water. The maximum
concentration of benzene in pore vapor was 38 parts per million by volume (ppmv) from boring
location SV-4 at 25 feet bgs. The benzene concentrations in pore vapors at 11 feet bgs, 8 feet bgs
and 3 feet bgs in boring SV-4 were all below laboratory detection limits. The highest benzene
concentrations in soil pore vapor from shallow (3 feet bgs) samples were 0.029 ppmv and 0.040
ppmv from boring locations SV-6 and SV-8 respectively. Benzene concentrations in vadose zone
soil were below laboratory detection limits in all samples collected at depths ranging from 3 feet to
10 feet bgs. The maximum benzene concentrations in soil were from boring locations §V-3, SV-4,
SV-6 and SV-7 at depths ranging from 21 feet to 25 feet bgs within the likely saturated zone.
Ground water was only encountered in boring location SV-1. The ground water benzene
concentration in SV-1 was 0.028 mg/L.
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2.4 Hydrogeologic Conditions

Sediments below the site and surrounding area consist of interbedded clays, silts and clayey
sands down to an underlying rock formation located at depths ranging from 25 to 50 feet bgs. The
rock formation has been described as weathered shale, claystone and siltstone. A layer of sandstone
overlies the shale in some of the site boring logs. Ground water flows westward towards Crow
Creek with a gradient of approximately 0.15 feet/foot. The depth to ground water ranges from
approximately 10 feet bgs at the east border of the former service station to 20 feet bgs near the
former USTs to about 15 feet bgs near the downgradient residential buildings and 10 feet bgs in
wells C-15 and C-16 adjacent to Crow Creek. '

2.5 Local Ground Water and Surface Water Use

No domestic drinking water wells, municipal supply wells or industrial supply wells are
known to exist between the former service station site and Crow Creek. The nearest downgradient
distance between the former Chevron USTs and Crow Creek is 270 feet. Crow Creek is a natural
surface water creek that flows into San Lorenzo Creek and discharges into San Francisco Bay. Crow
Creek is the nearest downgradient potential receptor of dissolved hydrocarbons from the former UST
release. Other surface waters include Cull Canyon Reservoir which lies approximately 0.5 miles to
the northwest and Don Castro Reservoir which lies approximately 0.6 miles to the south.
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3. TIER 1 RBCA EVALUATION

3.1 Site Classification and Initial Response

Based on Table 1, Example Site Classification and Initial Response Actions, of the ASTM
RBCA guidance document, classification level 3, potential long-term threat to human health, safety
or sensitive environmental receptors, is the most appropriate classification for this site. The nearest
term receptor of dissolved hydrocarbons is Crow Creek located approximately 270 feet
downgradient of the former USTs. Dissolved hydrocarbon concentrations in wells C-10A, C-10B,
C-15 and C-16 located between the release and Crow Creek have been near or below laboratory
detection limits for approximately 6 years. Based on this data, continued ground water monitoring is
an appropriate short-term initial response action.

The site classification and response action will be re-evaluated upon compietion of this
RBCA assessment.

3.2 Exposure Assessment

The .purpose of this exposure assessment is to identify whether potential receptors may be

-exposed to hydrocarbons originating from the UST release. An exposure assessment is a means for

determining whether chemicals are capable of transporting by various physical mechanisms from the
initial release to potential exposure pathways for humans or environmental receptors. The identified
potential receptors are the Forest Creek Townhomes residents and Crow Creek. An exposure
scenario evaluation flowchart is attached as Figure 4. As indicated by the flowchart, the residential
receptors may be exposed to the following potentially complete pathways:

¢  Volatilization of dissolved hydrocarbons in ground water to indoor building air;

¢  Volatilization of hydrocarbons in impacted subsurface soils to indoor building
air; '

*  Volatilization of dissolved hydrocarbons in ground water to outdoor air;
¢  Volatilization of hydrocarbons in impacted subsurface soils to outdoor air;
¢  Direct ingestion of dissolved hydrocarbons; and,

*  Direct ingestion of dissolved hydrocarbons originating from impacted soil.

The potentially complete pathway to Crow Creek is:
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e  Transport of dissolved hydrocarbons in ground water to recreation use/sensitive
habitat.

The closed pathways are:

e  Transport of impacted surficial soil to the ingestion, absorption, inhalation or
recreational use/sensitive habitat pathways. The release was several feet bgs
and no surficial soils are known to be impacted.

3.3 Selection of Representative Concentrations

The representative concentrations selected for this assessment were the maximum
hydrocarbon concentrations detected in ground water, soil and soil vapor in the vicinity of the
residential area. The representative concentrations were selected as follows:

e Well C-9 has historically contained the highest dissolved hydrocarbon
concentrations in the residential area and January 16, 1996, was the most recent
(current) ground water sample collection date for that well. On January 16,
1996, the concentrations of dissolved benzene, toluene, ethylbenzene and
xylenes in well C-9 were 8.2 mg/l, 0.70 mg/l, 2.5 mg/l, and 2.1 mg/l,
respectively. These dissolved concentrations are consistent with previous
monitoring data.

A ground water sample was collected from sample location SV-1 on August 19,
1996. The concentrations of dissolved benzene, toluene, ethylbenzene and
xylenes from sample location SV-1 were 0.028 mg/l, 0.025 mg/l, 0.0082 mg/],
and 0.10 mg/l, respectively.

¢  The maximum concentrations of benzene, toluene, ethylbenzene and xylenes
detected in s0il in the residential area were 2.3 mg/kg, 2.7 mg/kg, 9.3 mg/kg and
40 mg/kg, respectwely from sample location SV-7 collected on August 20,
1596, at 25 feet bgs (within the likely saturated zone).

¢  The maximum concentrations of benzene, toluene, ethylbenzene and xylenes in
_soil vapor between the source and residential receptor buildings, and nearest to
the receptor bulldmgs are 130 ug/m3 36 ug/m3, 370 ug/m3 and 260 ugfm3

e e W

vapor sample SV-8 as the representative soil vapor concentratlon is discussed in
detail in the Tier 2 evaluation.

The representative concentrations are presented in tabular form in Table 1.

3.4 Comparison of Representative Concentrations to Tier 1 RBSL’s

Table 1 compares the representative concentrations to Tier 1 risk-based screening levels.
The RBSLs were derived from the equations presented in Tables X2.2, X2.3 and X2.5 of the ASTM
RBCA guidance. WA calculated RBSLs for benzene based on a carcinogenic risk of 1 in 100,000
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(10-5) and the conservative California cancer slope factor of 0.1 kg-day/mg. The results of this Tier
I comparison are:

e The representative concentrations of toluene, ethylbenzene and xylenes in
ground water, soil and soil vapor were below all of the RBSLs for the
potentially complete exposure pathways. (Passed Tier 1)

e  The representative concentration of benzene in ground water from well C-9 was
below the RBSL for volatilization to outdoor air. (Passed Tier 1)

»  The representative concentration of benzene in ground water from sample
location SV-1 was below the RBSL for vapor intrusion to buildings indicating a
4.06 x 100 risk level (Passed Tier 1). Tier 1 risk calculation presented in
spreadsheet form in Appendix B. ‘

¢ The representative concentration of benzene in soil vapor from sample location
SV-8 indicates a 3.24 x 10-6 risk level (Passed Tier 1). Tier 1 risk calculation
presented in spreadsheet form in Appendix B.

»  The representative concentration of benzene in saturated zone soil was above
the RBSLs for volatilization to outdoor air, vapor intrusion to buildings, and soil
leaching to ground water for ingestion.

¢  The representative concentration of benzene in ground water from well C-9 was
above the RBSLs for vapor intrusion to buildings (1.19 x 10-3 risk) and direct
ingestion. The vapor intrusion to buildings Tier 1 risk calculation is presented
in spreadsheet form in Appendix B.

3.5 Evaluation of Tier 1 Results

Based on the results of the Tier 1 evaluation WA upgraded the analysis to Tier 2 for a more
complete evaluation of potential risk due to inhalation and ingestion of benzene. The potential
transport of hydrocarbons to Crow Creck will be addressed in the Tier 2 evaluation. The
representative concentrations of toluene, ethylbenzene and xylenes were below the Tier 1 RBSLs,
indicating that they pose no significant health risk (i.e., further evaluation is unnecessary).
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4. TIER 2 RBCA EVALUATION

This Tier 2 evaluation addresses the risk to potential residential receptors from benzene
vapors in indoor and outdoor air, dissolved benzene in ground water and the potential for dissolved
hydrocarbon transport to Crow Creek. The risk from benzene vapors is addressed below followed by
an evaluation of the direct ingestion pathway and the potential of impacting Crow Creek.

4.1 Inhalation Pathway Risk

Site specific soil bulk density (natural density), porosity, dry density, grain density and
fraction of organic carbon parameters were determined from soil cores collected from sample
locations SV-1, SV-2, §V-3 and SV-4 on August 19 and 20, 1996. The soil density and porosity
parameters were used to calculate the site specific volumetric air content and water content and
determine the site specific diffusivity which defines the rate of vapor transport between the
hydrocarbon source and the ground surface. These site specific parameters were used to calculate
the Tier 2 indoor air exposure pathway risk from ground water as a source using ground water and
soil vapor data. The Tier 2 ground water-to-indoor-air risk evaluation is presented below followed
by an evaluation of the indoor air pathway based on vapor concentrations collected between the
source and receptor buildings as represented by vapor samples collected from sample point SV-8.

4.1.1 Tier 2 Ground-Water-to-Indoor-Air Risk Evaluation

The Tier 2 ground water-to-indoor-air risk was calculated using the equations presented in
Tables X2.2, X2.3 and X2.5 of the ASTM RBCA guidance and the conceptual model presented
below. This model calculates the rate of vapor transport from the ground water source through the
overlying soil and building foundation and into the building. The building is treated as a well mixed
container with a conservatively assumed ventilation rate that sweeps clean air in and discharges air
with a concentration equivalent to the indoor air concentration. -

Receptor Building

Ground Surface

ARN

Water Tahle

Ground Water-to-Indoor-Air Conceptual Model
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The representative maximum benzene concentration in ground water was assumed to extend
below the entire potential receptor building. The extent of dissolved benzene was overestimated to
provide a conservative conceptual model.

The Tier 2 ground water-to-indoor-air risk calculation using site specific soil parameters and
the concentration of benzene in ground water from well C-9 indicates a 1.22 x 10-5 risk level. This
risk level would be achieved if the 8.2 mg/L concentration of dissolved benzene in well C-9
extended below the entire receptor building. However, the concentration of benzene in ground water
at sample location SV-1 (located closer to the receptor building than well C-9) was 0.028 mg/L
indicating a 2.32 x 10-8 risk level. The calculations are presented in spreadsheet form in Appendix
B and tabulated in Table 2.

Tier 2 application of site specific parameters and the dissolved benzene concentration in well
C-9 indicates that the indoor air risk from impacted ground water is slightly above the acceptable
10- risk level. Further evaluation based on the ground water concentration at sample location SV-1
indicated considerably lower risk (2.32 x 10-8 risk). Sample location SV-1 was adjacent to the
receptor building and should be more representative of dissolved benzene concentrations below the
receptor building.

4.1.2 Tier 2 Soil Vapor-to-Indoor-Air Risk Evaluation

On August 19 and 20, 1996, WA collected vapor samples from 8 direct push soil sample
locations to determine the hydrocarbon concentrations in pore space vapors. The data were collected
to determine whether vapor eminating from soil and ground water occur at levels that could pose a
risk to residential receptors. These vapor concentration data were then input into vapor transport risk
models and used to characterize the vapor concentration profile between the source and the ground
surface. The data chosen for model input were the vapor concentrations measured within the
transport pathway and nearest the potential receptors (the shallowest sample at each location). Soil
vapor concentrations at shallow depths are the most realistic measurement of contaminant transport
from the source to the receptor because the total contaminant mass transporting to the receptor must
first pass through shallow soil. Vapors measured closer to the source (deeper) are likely to attenuate
during transport and are less likely to provide a realistic measurement of the contaminant mass that
ultimately reaches the receptor. Therefore, vapor concentrations measured at depths greater than 12
feet bgs were used only to characterize the vapor concentration profile. The vapor concentration
profile characterization is presented in a separate attachment (Attachment C). The vapor
concentration data are presented in Appendix A.

The highest detected benzene concentration in shallow soil vapor was 0.040 ppmv in sample
location SV-8 at 3 feet bgs. This 0.040 ppmv concentration was selected as the representative vapor
concentration for the indoor and outdoor air risk analysis because it indicates the greatest potential
for transport to the residential receptors.

Ground water benzene concentrations were not used in the Tier 2 vapor pathway evaluation
because they are representative of the contaminant source concentrations and do not represent the
vapor concentrations that ultimately reach the residential receptors. Significant attenuation of
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contaminant mass during transport between the subsurface source and the ground surface was
measured at this site. The contaminant loss due to attenuation is discussed in detail in Attachment C.

Indoor air risk was calculated using the vapor transport models presented in the ASTM
RBCA guidance document. The calculation is presented in spreadsheet form in Appendix B. This
indoor air model calculates vapor transport from the subsurface to the ground surface using the vapor
flux formula: '

C
Foo=I ==

where Cy measured is the concentration of benzene in pore space vapors, d is the depth to the
measured benzene concentration and Deffs is the effective diffusivity coefficient for soil. Effective
diffusivity is calculated from the formula:

3.33 3.33
air gm wert 1 gws

elf
= —+ —

where D2ir and DWat are the diffusion coefficients of benzene in air and water respectively, a5,
Ows and O¢ are the air content, water content and total porosity, respectively and H is Henry’s
constant for benzene.

The concentration of benzene in indoor air is calculated based on the conceptual model
presented below.

Receptor Building

Ground Surface

Vapor Transport
| I

Indoor-Air Conceptual Model

As indicated by the conceptual model, subsurface vapors transport upward into the receptor
building and accumulate to a steady state concentration based on the indoor air exchange rate and
building size. The formula for calculating the indoor air concentration is:
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where Fipax is the previously determined vapor flux, ERjr-indoor is the indoor air exchange rate,
and Ly is the ratio of the building volume to the building floor area.

The dose a receptor may receive is the product of the indoor air concentration, the indoor air
inhalation rate, the exposure frequency and exposure duration. Potential risk is calculated from the
formula:

DoseSF,
BW x AT

Risk =
where SFj is the cancer slope factor for benzene, BW is the body weight of the receptor and AT is
the averaging time for carcinogens.

The site-specific values used in this model were natural density, air content, water content,
porosity, depth to detected benzene and benzene concentration in pore space vapors. The origin and
conservativeness of these site-specific parameters is presented in the Discussion of
Uncertainty/Conservatism section below. All other parameters used in this model were conservative
Tier 1 default values from Tables X 2.4 and X2.6 of the ASTM RBCA guidance. Please note that
we did not include attenuation of vapor flux due to the presence of a building foundation in this
calculation.  Subsurface vapors were conservatively assumed to transport directly from the
subsurface into the receptor building with no barrier provided by the structural floor.

4.1.3 Tier 2 Soil Vapor-to-Outdoor-Air Risk Evaluation

The outdoor air model is nearly identical to the indoor air model except for calculation of the
benzene concentration in air. The same expressions and parameters are used to determine the
effective diffusivity, benzene vapor flux, dose and risk. The concentration of benzene in outdoor air
is based on the conceptual model shown below.

Concentration=0 Concentration = Maxizmm
i :
Stat | — © Driathing End
Grou.nd Surfare

T Tododa] T 11

Outdoor-Air Conceptual Model
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As indicated by the outdoor air conceptual model, benzene vapors originate from the
hydrocarbon source and transport through the overlying soil to outdoor air. The air is driven over
the impacted area by the prevailing wind and the concentration in air accumulates until the
maximum concentration is reached at the downwind end of the impacted area. The concentration in
outdoor air at the downwind end is calculated from the formula:

E_ xW
G,mm'm‘— Um,- X5m-,

where Frax is the vapor flux, W is the width of the source area parallel to the wind direction, Uiy is
the average wind speed, and 84 is the ambient air mixing zone height.

The site-specific parameters applied to this outdoor air model were the soil natural density,
air content, water content, porosity, depth to detected benzene and the benzene concentration in soil
pore space vapor. All other parameters were conservative ASTM RBCA Tier 1 default values. The
conservatism of parameters applied to this model is discussed below.

4.1.4 Vapor Pathway Risk Calculation Results

The risk levels determined by this analysis for benzene in the indoor and outdoor air
pathways are 3.75 x 10-9 and 4.67 x 10-12, respectively. The indoor air risk level is nearly four
orders of magnitude lower than the acceptable 10-3 target risk level for benzene and the outdoor air
risk level is nearly seven orders of magnitude lower than the acceptable level. Therefore, it is
reasonable to assume there is no significant risk to the residential receptors from benzene vapors
originating in the subsurface.

4.1.5 Uncertainty/Conservatism of Air Models

Risk assessment uncertainty is a function of risk model input parameter uncertainty and the
sensitivity of that model to the input parameters. The indoor and outdoor air models used in this
analysis are most sensitive to the depth to detected benzene, the concentration of benzene in pore
space vapor, and the air and water content in soil. Risk model uncertainty for each of these
parameters is discussed below. '

e  Depth to Detected Benzene - The depth to detected benzene is the measured
- thickness of soil between the detected concentration in pore space vapors and
the ground surface. We selected the shallowest depth that benzene was detected

in pore space vapor samples for input into both indoor and outdoor air models.

The selected depth is conservative because vapor flux is inversely proportional

to the depth. Thus, a shallower depth parameter results in a greater predicted
vapor flux from subsurface hydrocarbons which ultimately results in the
maximum possible dose and most conservative risk value. The depth used in
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this analysis was 3 feet bgs corresponding to the vapor sample collected from
soil boring SV-8.

Concentration of Benzene in Pore Space Vapor - The concentration of benzene
in pore space vapor was measured by collecting vapor samples from various
locations and depths surrounding the potential residential receptor buildings and
submitting the samples to a laboratory specializing in air contaminant analysis.
Direct measurement of benzene concentrations in pore vapors provides the most
realistic site characterization data for performing a Tier 2 risk evaluation of the
vapor inhalation pathways. The ASTM RBCA guidance determines pore vapor
concentrations from mathematical expressions relating the pore vapor
concentration to the measured concentration in soil or ground water. However,
these expressions may not accurately describe the contaminant mass transfer
from the source medium to soil vapor. In addition, loss mechanisms may be
actively destroying contaminant mass between the source and the ground
surface. These problems are avoided by measuring the pore vapor concentration
at depths close to the ground surface. Thus, the most realistic risk value is
determined. We used the highest benzene concentration in pore vapors
measured at the shallowest depth. This is the most conservative (and realistic)
combination because vapor flux is maximum at the location with the highest
concentration at the shallowest depth.

Air and Water Content in Soil - The air and water content in soil are parameters
that define the expression for effective diffusivity of a soil (See Dgeff in Table
X2.5 of the ASTM RBCA guidance document). Effective diffusivity is the rate
constant that determines the vapor transport speed through soil to the ground
surface. The effective diffusivity expression predicts much greater (faster)
transport in soils with high air content (typically sandy soils) than in soils with
high water contents (clays and silts). We collected two soil cores from sample
location SV-1 during the soil vapor survey to determine the air and water
contents in soil near the potential receptor building. These cores were submitted
to a geotechnical laboratory for density and porosity analysis. The reported dry
density, natural density and porosity values were used to calculate the air
content and water content. Air and water content calculations are presented in
Appendix B. The laboratory results from both soil core samples indicated a
high water content and very little air content. We selected the sample
containing the highest air content (8,5 = 0.01) for input in our air pathway risk
models. The conservative ASTM RBCA Tier 1 default values were not used
because they represent dry soils and all of the soils recorded in the boring logs
from the soil vapor survey were damp clays and silts. Based on the boring logs,
the air content in boring location SV-1 is representative of conditions
surrounding the receptor buildings. However, if the air content in site soils vary
by as much as an order of magnitude (8,5 = 0.10), the indoor air pathway risk
becomes 2.48 x 10-7 and the outdoor air pathway risk becomes 3.09 x 10-10,
Thus, the indoor and outdoor air pathway risk values remain well below the
acceptable 10-3 risk level. The actual diffusivity of benzene through soil at the
subject site is expected to be much slower than predicted by the expression
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provided in the ASTM RBCA guidance. The diffusivity expression is based on
an empirical curve fit to data from experiments on a clean sand. The
predominantly fine sediments at this site are likely to produce an actual
diffusivity that is much less than values predicted by the effective diffusivity
expression. :

4.2 The Direct Ingestioh Pathway

Ingestion of benzene in impacted ground water may occur if a drinking water supply well is
located within the impacted area or in a near downgradient location that will be impacted by
contaminant transport. Benzene in ground water has transported downgradient of the former USTs,
westward across the residential area and attenuates to below laboratory detection limits in the
vicinity of the wells bordering Crow Creek. On September 11, 1996, WA requested a 1/2 mile
radius well survey from Alameda County Department of Public Works to determine the location of
wells that may be used for drinking water consumption. We found no drinking water supply wells
located between the former USTs and Crow Creek or nearby vicinity. Future drinking water well
installations between the former USTs and Crow Creek are unlikely due to the current use and-
availability of municipal water. Therefore it is reasonable to move the points of exposure to wells
C-10B, C-15 and C-16 with SSTLs equal to the Tier 1 RBSLs. This program will protect potential
receptors from ingesting water that may transport to Crow Creek and feed wells at a downstream
Jocation. Benzene concentrations in ground water from wells C-10A, C-10B, C-15 and C-16 have
been below the Tier 1 RBSL for ingestion of dissolved benzene (0.0085 mg/l} since October 7, 1994.
Thus, the dissolved benzene concentrations are currently below the SSTL developed here. The
potential for hydrocarbon transport to Crow Creek is presented below. ’

4.3 Transport to Sensitive Receptors - Crow Creek

Sheldon Nelson, R.G., of Chevron Research and Technology Company prepared an in depth
evaluation of hydrocarbon fate and transport to determine whether hydrocarbons originating from
the former USTs are likely to impact Crow Creek. The evaluation is presented in Appendix C. Mr.
Nelson used the program MODFLOW, developed by the US Geological Survey to predict
contaminant fate and transport in ground water. Parameters such as hydraulic conductivity, porosity,
aquifer recharge, source concentration, longitudinal and traverse dispersion, contaminant half life,
and other parameters are entered into-the model in a grid pattern placed over the site to determine
transport between the “nodes” of the grid. The model was run to determine dissolved benzene
transport over a period of 10 years with four different remediation scenarios. The four scenarios
were:

1) No engineered remediation (Remediation by Natural Attenuation);

2) Ground water extraction from two wells (the current configuration of the ground
water extraction system);

3} Ground water extraction from three wells; and,

JACHEVRON) | BWRBC A9 701 RBC A DOC 1 5

The data, findings, recommendations, and professionat opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.



Weiss Associates M

4} Ground water extraction from four wells.

The results indicated that benzene concentrations in ground water above 0.001 mg/L (the California
MCL) will not reach Crow Creek under any of the four scenarios. However, increasing the number
of ground water extraction wells caused a decrease in distance between the creek and the 0.001 mg/L
isoconcentration boundary.

The fate and transport assessment results indicate that it is reasonable to leave the ground
water extraction system off and still protect the creek from dissolved benzene concentrations.
However, the ground water extraction system should remain in place, as a contingency, to be
restarted if future monitoring indicates the creek is likely to be impacted.

Dissolved benzene concentrations have been below laboratory detection limits in wells
C-10A, C-10B and C-16 since April 24, 1995. Based on the ground water monitoring data, the
dissolved benzene isoconcentration contour of 0.001 mg/! is currently located upgradient of the wells
bordering Crow Creek. Therefore, it is reasonable to shut down the ground water extraction system
indefinitely unless future monitoring data indicates otherwise.

4.4 Evaluation of Tier 2 Results

The results of this Tier 2 RBCA analysis indicate that indoor air risk is nearly four orders of
magnitude lower than acceptable levels and outdoor air risk.is nearly seven orders of magnitude
lower than acceptable levels. We did not develop benzene SSTL concentrations in soil and ground
water for the air pathways because risk was calculated directly from pore vapor concentrations.
However, it is reasonable to assume benzene concentrations in soil or ground water must increase
several orders of magnitude before the acceptable risk level is exceeded because pore vapor
concentration is generally proportional to soil and ground water concentration.

The potential health risk due to contaminant transport to indoor air was evaluated following
the process illustrated by Figure 5. Representative concentrations of benzene in ground water and
soil were found to exceed Tier 1 RBSL concentrations for the indoor air pathway. Soil physical
parameters, soil vapor and ground water sample results collected on August 19 and 20, 1996 were
then used to conduct a site specific Tier 2 evaluation of the indoor air pathway. Using the site
specific parameters and the dissolved benzene concentrations in well C-9 and sample location SV-1
the Tier 2 evaluation indicated 1.22 x 10-5 and 2.32 x 10-8 risk levels, respectively. The indoor air
risk was further evaluated using soil vapor data measured between the source medium and the
ground surfacel. The worst case soil vapor data collected from sample location SV-§ indicated 3.75
x 10- -9 risk-dueto benzene in the indoor air pathway. The results of the evaluation indicated that no
“further action was necessary with respect to the indoor air pathway and that hydrocarbon
.concentrations remaining in ground water and soil below the residential buildings pose no significant
risk to the residents.

! Subsurface vapors were conservatively assumed to transport directly from the subsurface into the receptor
building with no barrier provided by the building floor.
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Alternative points of exposure were selected for benzene for the direct ingestion pathway
based on evaluation of dissolved concentrations and ground water use in the vicinity of the impacted
area. Wells C-10B, C-15 and C-16 were selected as alternative points of exposure with SSTLs equal
to the Tier 1 RBSL concentrations to protect down gradient receptors. Dissolved benzene
concentrations in wells C-10B, C-15 and C-16 are currently below the SSTLs developed here and no
ground water use is anticipated upgradient of these wells within the known extent of the dissolved
hydrocarbon plume. As long as the dissolved hydrocarbon concentrations in wells C-10B, C-15 and
C-16 remain below the Tier 1 RBSLs, no potential health risk to receptors down gradient of these
wells, risk below 10-3 , is predicted by ASTM RBCA protocol.

Hydrocarbon transport to Crow Creek was addressed by evaluating the results of fate and
transport modeling performed by Sheldon Nelson, R.G., of Chevron Research and Technology
Company. The model results indicate that Crow Creek is not likely to be impacted by dissolved
benzene concentrations above the California MCL (0.001 mg/L), regardless of whether ground water
extraction is performed. Furthermore, evaluation of the plume attenuation indicates that natural
attenuation processes have stabilized the plume.

A tabulated comparison of representative benzene concentrations to Tier 2 SSTLs is
presented in Table 2.
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5. RBCA CONCLUSIONS

The site characterization data and Tier 1 and Tier 2 RBCA evaluations indicate that
subsurface hydrocarbons located below the Forest Creek Townhomes residential properties pose no
significant risk to the residents. Hydrocarbon concentrations in soil and ground water are below the
RBSL for the ground water to outdoor air exposure pathway and below the SSTLs determined in this
analysis for all other potential exposure scenarios specified in the ASTM RBCA guidance. Tier 2
screening models indicated that indoor and outdoor air risk levels were 3.75 x 10-2 and 4.67 x 10-12,
respectively. In addition, hydrocarbon concentrations in ground water are expected to remain below
California MCL’s in the vicinity of Crow Creek.

The conclusions of the RBCA evaluation indicate that the subsurface petroleum
hydrocarbons remaining in the residential area pose no demonstratable long-term threat to human
health, safety or sensitive environmental receptors. This conclusion corresponds to site classification
level 4 as indicated in Table 1 of the ASTM RBCA guidance. Therefore, a program of continued
ground water monitoring is the only necessary action to manage the risk associated with subsurface
hydrocarbons at this time. A future action plan to address the possibility of exceeding RBSLs or
SSTLs is presented in the cover letter to this report.

JACHEVROMLI2ARBCAS 0 I RBCA DOC

18

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the nse of Chevron Products Company. Weiss
Associales makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.




Weiss Associates m

6. REFERENCES

American Society for Testing and Materials, March 5, 1996. Standard Guide for Risk-Based
Corrective Action Applied at Petroleum Release Sites. E 1739-95.

Blaine Tech Services Inc., 3rd Quarter 1996 Monitoring at Chevron Service Station #9-5607, 5269
Crow Canyon Road, Castro Valley, California.

Blaine Tech Services Inc., October 24, 1990. Multiple Event Sampling Report 901022-V-2, Chevron
Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley, California.

-

Chevron Research and Technology Company, October 27, 1995. Interoffice Memorandum,
Estimation of the downgradient migrational extent of dissolved benzene originating at
Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley, California.

Chevron Research and Technology Company, August 13, 1992. Interoffice Memorandum,
Predictions Concerning the Fate and Transport of Dissolved Benzene at Chevron Service
Station #9-5607, 5269 Crow Cdnyon Road, Castro Valley, California.

Groundwater Technology Inc., April 13, 1988. Update Report, Chevron Service Station #9-5607,
5269 Crow Canyon Road, Castro Valley, California.

Groundwater Technology Inc., April 1, 1985. Monitoring Well Results, Chevron Service Station
#9-5607, 5269 Crow Canyon Road, Castro Valley, California.

Groundwater Technology Inc., 1985 (undated). Gasoline Recovery at Chevron Service Station
#9-5607, 5269 Crow Canyon Road, Castro Valley, California.

PEG Environmental Group Inc., May 8, 1990. Progress Report Updating Investigative Activities,
Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley, California.

Weiss Associates, December, 1996. Soil Vapor Survey Report, Chevron Service Station #9-5607,
5269 Crow Canyon Road, Castro Valley, California.

JACHEVRONE | TRRBCAWMLRPCA IO

19

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company, Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.




Weiss Associates I lg I

Figure 1. Site Location Map - Former Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California
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Risk-Based Corrective Action Process Flow Chart

Initlal Site Assessment
Conduct site investigation and complaie Tler 1 Summary Report to
organize available sle information regarding principal chemical{s)ol
concern, extent of affected environmantal madla, and potential
migration pathways and raceptors

Site Classification and Interim Response
Claasify site per specified scenarios and implement
appropriate initial response actlon.

Interiny Remedial Action

Conduct partial source removal or other
astion to recuce the risk(s) and site

Reclassiiy site as appropriate following inifial response gt
classilication.

actlons, interim remadial action, or additional date collection.

Tier 1 Evaluation

Identily reasonabte polential sources, transport pathways, and
axposura pathways.

Select approriate Tier 1 risk-basad scresning levels (ABSLs) kom
Tier 1 "Look-Up Table" or ather relevant criteria {taste, odar
ihresholds, et¢.}) Compare thess values with site conditions,

Retnediation lo Tier 1
RBELs practicable

intarim ramadial
action approprinta?

Chamicalis) of
concamn concenimions
Excesd ABSLs

Tler 2 Evaluation
Collect additional slia data as needed

Conduct Tier 2 assement per spacillad procedures. Compara Tier 2
Site - Speclfic target lovals (SSTLs) with siie conditions.

Chemicalis) of
conoen concanirations
excaed S5TLs?

Mo

Ramadiation ta Tier 2 Yes

S8TLs practicabla?

Interim romedinl
Botian approprista?

Tier 3 Evaluation
Collect additional slie data as needed

Conduct Tier 3 assemant par specified procadures. Compare Tier 3
Site - Specllie target levals (SSTLs) with site conditions.

No Chamical(s) of
concam concentralions

axcead SETLS?

Yes Interim remadial Yes
- aclion appropriate? -

Mo

Remedial Action Program

- |dantily cost- effective means of achieving final correctiva action goals,
including combinations of remediallon, natural attenuation, end institution
controls. Implemant the preferred altemative.

- required?

Yes

Compliance Monitoring . !

Gonduct monitoring program as neaded to confirm thal corrective goats Ma Eurthar Actian
are safislied.

Figure 2, Risk-Based Corrective Action Process Flow Chart
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RBCA SITE ASSESSMENT
Slta Name: Farmer Chevron Service Station 9-5607
Site Location: 5269 Crow Canyen Road, Castro Valley, California -
Primary Secondary Transport Exposure Receptor Corrective
Sources Sources Mechanisms Pathways Characterization Action Options
W Product Storage 1 ] 0 residential List abbreviations used
(tanks, drums, etc.} P 's':'l’::‘:(t:: fstlii:i:tl:; - ;E'P i::;‘g::“o"’ A O commercialindustrial { for corractive action
[ Piping/MDistribution pl~ Wind Erosion and ptlon O construction worker measures applied at the
{manifolds, lines, Atmospheric O sensitive habltat valve symbols %
pumps, etc.) Dispersion [ other {specify)
[d Operations —
{wash areas, repair bays, [ ] [~ 3
- ident; PHREM
water treatment, blending Impacted Subsurface _,—.' Volatilization and ; resudenlta.I Vindustrial Removal of
tanks, formulation areas) Solls (> 2ftdepth) | Ly gr:‘z:g:::'c Inhalation O commerciavindustria - ta Oh
O Waste Management Unit _ p construction worker parate phase
O sensitive habitat hydrocarbons by
(impoundments, dry wells, ™
Volatilization and O other (specify) bailingand
sludge disposal, etc.) N Enciosed-S | pumping from
Other (speci E ] nclosed-Space :
o (specity) 2‘55”:&‘; Pl Accumulation Impacted
| roundwater T ume monitoring wells
. Leaching and —l residential
Suspected Source
Areas: |_. Groundwater O commercialindustrial
SPH Transport : O construction worker
- REM _ﬁ_.r Potable Water Use | | O sensitive habitat
L p4 Free-Phase Liguid ] Moblie Free-Liquid O other (spacify)
Plume 9 I -
Migration
- Impacted Surficlal 1 -L'_l residential
| _a;_. Stormwater/Surface Recreation Use/
Soils, Sediments, or Water Transport n Sensitive Habitat B sonsitive habitat
Surface Water P ‘ O other {specify}

Step 1: Characterize Site Source and Exposure

Pathways
@ complete Tier 1 worksheets

» fill applicable boxes for sources, release mechanisms,
and actual or imminent exposure pathways (Q or ll)

Levels

Step 2: Identify Receptors, Compare Site Conditions with Tier 1

@ identify receptors

Qor W)

# fill applicable boxes for potential receptors and RBSL value(s)
exceeded

® complete Tier 1 summary report
® fill in exposure pathway shut-off valves ( bkl or sl )

Step 3: Identify Potential Corrective Measures

# record the abbreviation for the corrective measure above the

valve, and record the abbrev. on the right-hand side of the
table.

Figure 4. Exposure Scenario Evaluation Flowchart
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* Select representative soil and ground water concentrations from available site
’ assessment data

' Tier T Evaluation

& Calculate risk values from representative concentrations and Tier 1 default
parameters or compare representative concentrations to RBSL's

+ Representative ethylbenzene,
toluene, and xylenes
concentrations in ground
water, soil, and soil vapor are
below Tier 1 RBSL's

Are risk values
acceptable?

«t— o Benzene concentration in soil , S
vapor from sample location e Representative benzene concentration in ground

SV-8 is acceptable water is greater than Tier 1 REBSL's
(3.2 x 107 risk) '

e Benzene concentration in
ground water from sample
location 5V-1 is acceptable (4.1
x 107 risk)

Tier 2 Evaluation
® Collect site specific parameters for Tier 2 evaluation

e Calculate risk values from representative concentrations of
benzene in ground water using Tier 2 site specific parameters

® Berzene concentration in Yes

ground water from sample

< location 5V-1 is acceptable
(2.3 x 10 risk)

A

Are risk values
acceptable?

® Benzene concentration in ground water from Welt C-9
indicates greater than 10° risk (1.2 x 10°® risk)

Tier 2 Re-Evaluation
* Calculate risk from representative concentration of benzene in vapor measured
between the source and the receptor using Tier 2 site specific parameters

Is risk value
acceptable?

# Representative concentration of benzene in vapor measured between the source and
receptor is acceptable (3.7 x 107 risk)

Y

> RBCA evaluation demonstrates that no potential risk exists
No further action

Figure 5. Risk Evaluation Process Flowchart
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Table 1. Residential Receptors - Comparison of Representative Concentrations to Tier 1 Risk-Based Screening Levels - Former
Chevron Service Station, 9-5607, 5269 Crow Canyon Road, Castro Vailey, California
Benzene Ethylbenzene Toluene Xylenes
Source Exposure Pathway Potemially Representative Representative Representative Representative
Medium Complete Concentration RBSL? Concentration RBSLS Concentration RBSLE Concentration RESL®
Pathway? (RISK)*
Seil Volatilization to Outdoor Air Y 2.3 0.79 9.3 RES 27 RES a0’ RES
(mg/kg) )
Vapor Intrusion to Buildings Y 2.3 0.015 9.3¢ 427 27 20.6 40 RES
Surficial Soil (0-3 ft depth): N N/A 16.8 NfA 7,830 N/A 13,300 N/A 145,000
Ingestion/Dermal/Inhalation
Leachate to Ground Water for Y 2.3° 0.05 9.3¢ 575 2.7 129 a0° RES
Ingestion ’ .
Volatilization to Qutdoor Air Y 8.2 31.9 25" >8 0.70° >5 2.1° >8
Ground Ingestion Y 8.2° 0.0085 2.5 3.65 0.70° 7.30 2.1° 73.0
Water
{mg/l) Vapor Intrusion to Buildings Y 8.2 0.069 2.5° 775 0.7¢° 32.8 2.1° >8
(119 x 10° ‘
Vapor Intrusion to Buildings Y 0.028"  0.069 0.0082° 715 0.025F 328 0.1 >5
{4.06 x 10%)
Soil Vapor | Vapor Intrusion to Buildings Y 1308 1.14" 378 1,390" 368 556" 2608 9,730
{pg/m’) (3.24 x 10
s
2
7]
b9
2]
7]
Q
8
Ry
o
17}
Page 1 of 2
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Table 1. Residential Receptors - Comparison of Representative Concentrations to Tier 1 Risk-Based Screening Levels - Former
Chevron Service Station, 9-5607, 5269 Crow Canyon Road, Castro Valley, California (Continued)

RBSL = ASTM RBCA Tier 1 Risk-Based Screening Level e = Representative concentration in ground water from well C-9, collected on
RES = Selected risk level is not exceeded for pure compound present at any Januaryl16, 1996. Well C-9 contains the maximum dissolved hydrocarbon
concentration in soil. concentrations in the downgradient residential area,
>8 = At pure compound solubility (mg/1), selected risk level is not exceeded, f = Representative concentration in ground water from sample location SV-1,
ppbv = Parts per billion by volume. collected on 8/19/1996.
- = Not Applicable/Not Calculated. g = Representative concentration in soil vapor from sample location SV-8,
a = Risk values calculated from representative concentrations and Tier 1 default collected on 8/20/1996.
parameters - presented in brackets. h = Indoor air screening levels for inhalation exposure.

= The RBSLs used for benzene are based on a carcinogenic risk of 1 in

100,000 (10%) and California’s standard cancer slope factor of 0.1 mg/kg-

= Risk calculated using diffusive vapor flux equations presented in ASTM ‘95

and Tier 1 default parameters. Calculation presented in spreadsheet form in

day. Appendix B.
c = The RBSLs used for non-carcinogenic compounds are based on a chronic

hazard quotient of 1.0.
d = Representative concentration in residential arez soil are the maximum

concentrations detected in soil boring samples. The representative soil sample
was collected on 8/20/96 from 25 ft depth in soil boring SV-7. This soil
sample was collected at a depth that is likely below the water table during ali
or most of the year. Concentrations of benzene in soil samples collected
above the water table were below lowest taboratory detection limits.
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Table 2. Residential Receptors - Summary of Tier 2 Risk Evaluation Results - Representative Risk and SSTL Values - Former
Chevron Service Station, 9-5607, 5269 Crow Canyon Road, Castro Valley, California
Benzene
Source Exposure Pathway Potentially | Representative Represeniative  Acceptable
Medium Complete Concentration SSTL Risk Risk
Pathway? '
Soil Vapor | Volatilization to Qutdoor Air Y a0 4.67x10™" 10°
{ppbv) '
Vapor Intrusion to Buildings Y 40 3.75x10° 10
Sample Location SV-8
Ground Vapor Intrusion to Buildings Y g2 — 1.22x10° 10°
Water Well C-9
{mg/D
Vapor Intrusion to Buildings Y 0.028° - 2.32 x10® 10
Sample Location SV-1
Ingestion Y <0.0005* 0.0085° 107
Transport to Crow Creek Y <0.0005" 0.001° - --
Notes;

SSTL = ASTM RBCA Tier 1 Risk-Based Screening Level
-— = Not Applicable/Not Catculated.

a = Representative concentration in soil vapor from sample location §V-8, collected on 8/20/1996,

b = Representative concentration in ground water from well C-2, collected on 1/16/1996.

¢ = Representative concentration in ground water from sample location SV-1, collected on 8/19/1996.

d = The representative concentration for ground water ingestion and transport to Crow Creek applies to alternative points of exposure wells C-10B, C-15, and C-16.
Ground water samples collected on April 18, 1996,

e = The SSTL for ingestion of dissolved benzene is hased on a carcinogenic risk of 1 in 100,000 (10 and California’s standard cancer slope factor of 0.1 mg/kg-day.

f = The SSTL for ground water transport to Crow Creek is Based in the California MCL of 0.001 mg/L. .

g = Risk values calculated from representative concentrations and site specific parameters.
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APPENDIX A

PORE VAPOR, SOIL AND GROUND WATER ANALYTICAL DATA




Table 1. Analytic Results for Vapor Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley,
California.
Sample Sample B E T X 0, -CO, CH
ID Depth (ft) «———parts per billion by volume (ppbv} > percent by volome———»

Sv-1 3 <4.3 <4.3 <4.3 < 8.6 22 0.076 <0.002
Sv-2 8 < 6.1 <6.1 <6.1 <12.2 14 28 0.010
sV-3 8 <4.4 1.6 <4.4 6.7 21 0.25 <0.002
5v-3 25 2,100 3,800 680 2,300 21 0.58 0.004
5v4 3 <43 <4.3 <43 <4.6 14 9.3 <0.002
Sv4 <4.2 <4.2 <42 5.7 21 0.35 <0.002
5vV-4 11 <42 6.0 <42 <84 21 0.80 0.007
5v-4 25 38,000 140,000 20,000 83,000 21 0.37 0.002
SV-4 25%P 35,000 140,000 22,000 87,000 21 0.35 0.002
SV-5 12 6.2 32 11 39 22 0.091 <0.002
SV-6 3 29 42 6.4 254 0.51 0.054 0.005
SV-7 3 <4.2 5.1 <42 6.8 21 0.47 <0.002
SV-8 3 . 40 83 9.5 59 19 3.6 <0.002

Abbreviations: Notes:

B = Benzene by EPA Method TO-14

E = Ethylbenzene by EPA Method TO-14
T =Toluene by EPA Method TO-14

X = Xylenes by EPA Method TO-14

0, =0Oxygen by ASTM Method D3416
CH, Methane by ASTM Method D3416
<n = Not detected at detection lirnits of n ppbv

Carbon dioxide by ASTM Method D3416

Samples collected on 8/19/96 and 8/20/96 by Weiss Associates and analyzed by Air
Toxics, Folsom, California.
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Table 2. Analytic Results for Soil Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro Valley,
California.
Sample Depth Collected Below TPH-G _ B E T X
1D Ground Surface (f1) < parts per million {mg/kg) >

Sv-1 5 <1.0 < 0.005 <0.005 <0.005 <0.005
SV-1 10 <10 <0.005 <0.005 <0.005 <0.005
SV-1 21 <1.0 <0.005 <0.005 <0.005 0.014
Sv-2 3 <1.0 <0.005 <0.005 <0.005 <0.005
5v-2 8 _ <1.0 <0.005 <0.005 <0.005 <0.005
Sv-2 10 <1.0 <0.005 <0.005 <0.005 <0.005
SV-2 21 <1.0 <0.005 <0.005 © o <0.005 <0.005
5V-3 5 <1.0 <0.005 -<0.005 <0.005 <0.005
SV-3 10 . <10 <0.005 <0.005 <0.005 <0.005
SV-3 21 17 0.67 0.74 0.38 1.2
Sv-4 6 <10 <0.005 <0.005 <0.005 0.012
SvV-4 9.5 <1.0 <0.005 <0.005 <0.005 <0.005
Sv4 23.5 97 0.5% <0.010 1.0 2.9
SV-5 5 <1.0 <0.005 <0.005 <0.005 <0.005
SV-5 10 <1.0 <0.005 <0.005 <0.005 <0.005
SV-5 24.5 <1.0 <0.005 <0.005 <0.005 <0.005
SV-6 5 <1.0 <0.005 <0.005 <0.005 <0.005
SV-6 10 <1.0 <0.005 - <0.005 <0.005 <0.005
SV-6 25 61 0.85 0.65 1.2 3.6
S5V-7 5 <1.0 <0.005 <0.005 <0.005 <0.005
5V-7 10 <1.0 <0.005 <0.005 <0.005 <0.005
Sv-7 25 400 2.3 2.7 8.3 40

SILIIOSSY SSIAM
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Table 2.

Analytic Results for Soil Boring Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California.

Sample
ID

Depth Collected Below

N

Ground Surface (ft)

parts per million {mg/kg)

SV-8

Sv-8 .

SV-8

<0.005
<0.005
<0.005

<0.005
<0.005
<0.005

Abbreviations:

TPH-G = Tota! petroleum hydrocarbons as gasoline by Modified EPA Method 8015

B = Benzene by EPA Method 8020

E = Ethylbenzene by EPA Method 8020

T = Teluene by EPA Method 8020

X = Xylenes by EPA Method 8020

<n = Not detected at detection limits of n ppb

Samples collected on 8/19/96 and 8/20/96 by Weiss Associates and analyzed by
Sequoia Analytical, Redwood City, California.
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Table 3. ~ Physical Property Measurements for Soil Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road,
Castro Valley, California.

Depth Collected Below foc Dry Density Natural Density Grain Density Porosity

Sample ID Ground Surface (ft) % {g/cc) (g/cc) {g/cc) ~ {ec/ec)

5V-1 6 - 1.94 2.21 2.68 0.277

5vV-1 10 - 1.84 2.16 2.69 0.315

SV-2 3 0.30 S .

§v-2 15 ) 0.23 - --- -—- ---

SV-3 3 0.20 - -— - -

5v3 21.5 0.14 - - - -

SV-4 5 0.29 -

SvV-4 23 0.14 ) -— -—-- --- -
Abbreviations: Notes:
foc = Fraction of Organic Carbon by Watley-Black Method Samples collected on 8/19/96 and 8/20/96 by Weiss Associates and analyzed by
g/ve = grams per cubic centimeter Sequoia Analytical, Redwood City, California and Core Laboratories,
cc/cc = porous volume/total volume of soil : Bakersfield, California.

Dry density by American Petroleum Institute RP-40
Natural density by American Petroleum Institute RP-40
Grain density by American Petroleum Institute RP-40
Porasity by American Petroleum Institute RP-40

$9]RID0SS Y SSIIM
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' Copied from: Pacific Environmental Group Inc., May 8, 1990. Progress Report

May 8; 1990 . Updating Investigative Activities, Chevron Service Station #9-5607, 5269 Crow
'Proj eét "320-18.02 Canyon Road, Castro Valley, California.
Page 12 : :

TABLE 3

SUMMARY OF SOIL_ANALYTICAL RESULTS
Low-Boiling Hydrocarbons

(Sampled Date: February 22 through 24, 1990)

Ethyl-

Boring Sample Gasoline Benzene Toluene -Benzene Xylenes
No. Date {ppm) (ppm} {ppm) (ppm} (ppm)
c-12 02/22/90 200 1.7 4.7 - 3.4 18
lc—13 02/23/90 ND ND ND ND ND
lc-15 02/24/50 10 ND 0.10 ND ND

otés: ppm - parts per million
ND - none detected

detection limits shown. on attached certified
analytical reports
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Table 4. Analytic Results for Ground Water Samples - Chevron Service Station #9-5607, 5269 Crow Canyon Road, Castro
Valley, California.
Boring Sample TPH-G B E T X
Location ID € parts per million (mg/L.) >
SV-1 WS-1 0.610 0.028 0.0082 0.025 0.10
Abbreviations: Notes:
TPH-G = Total petroleumn hydrocarbons as gasoline by Modified EPA Method 8015 Sample collected on 8/19/96 by Weiss Associates and analyzed by Sequoia

= Benzene by EPA Method 8020 Analytical, Redwood City, California.
= Ethylbenzene by EPA Method 8020

B
E
T = Teluene by EPA Method 8020
X = Xylenes by EPA Method 8020
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Cumulative Table of Well Data and Analytical Results

Vartlcal Measurements are in test, Analytical results are In parts per billlon (ppb)
) Well Ground Depth B
DATE Head Water To Notes TPH-  Benzene Toluene Ethyl- Xylena MTBE Organic
Elav. Elev. Water . Gasoling Benzene Lead
C-1

03/26/85  283.46 260.63 22.83 -~ -- - - -~ -- - - -
07/03/86  283.46 259.88 23.58 -- _ -- - -- - -- -- --
03/26/87  283.46 262.96 20.50 - -- -- - - -~ -~ --
03/28/88  283.46 257.48 26.00 -- -- -- .- - oo -~ -
03/10/89  2B3.46 267.60 15.86 - -~ -- -~ -- - -- --
04/03/88  283.46  266.61 16.85 -~ -- .- -- - -- - --
05/08/89  283.46 = 260.78 22,68 -- - -- -- - - - .
06/05/89  283.46 258.80 24.66 -- .- -- - - -- - -~
0712/90  283.46 257.90 25.56 -- .- -- - -~ -- - --
08/10/90  283.46. 257.57 25.89 -- -- --
09/13/89  283.46 256.91 26.55 -- 22,000 3600 1100 1000 3500 - -~
10/04/89  283.46 258.22 25.24 - -- - -- -~ -- -- -
11/03/89  283.46 258.43 25.03 - - -- -- - -- -- -

12/04/89  283.46  257.09  26.37 -- 13,000 2000 550 610 1600 -- -
03/07/90  283.46 260.88 22.48 - -- - -- - - -~ -
03/09/90 28346  -- - .- - -- -- - -~ -- --
06/12/90  2B3.46  259.11 24,35 - 21,000 3500 1400 840 4000 -- -~
09/20/30  283.46 25719  26.27 -- 23,000 2100 1200 860 5000 -- -
12/20/90  283.468 260,87 2259 -- 8200 760 410 260 1100 -- -

03/27/91 283,46  264.38 19.08 -- - -- -- - - - -
06/18/91 283.46 25635 27.11 -- - -- .- - .- - -
0912/ 283.46  255.24 2822 - .- -- - - - - -
01/23/92  283.46  256.81 26.65 -- - --
04/13/92  283.46. 26130 22.16 -- 38,000 3100 1300 850 3100 - -~

08/03/92 283.46  257.31 26.15 -~ 13,000 1300 470 550 1600 - ND
10/22/92  2B3.46 25667 26.79 - 24,000 3500 1400 1500 4300 - -
01/18/93  283.46  264.86 18.60 - 370,000 6900 8900 3100 23,000 - --
04/19/93  283.46 26234  21.12 .- 51,000 8000 7000 1400 10,000 - -~
07/21,22/93 283.46 260,18 23.28 -- 22,000 3400 1000 9580 3100 - --
10/25/93  283.46  258.80 2466  -- 14,000 2000 550 790 2300 - -~
01721794  283.46  262.99 20.47 -- 1100 350 6.0 3.0 15 -- --
D4/18/24  283.46  260.36 23.10 -- 24,000 3200 1000 1000 3100 - --
07/06-07/94 283,46  260.56 22,90 -- 65,000 6500 4200 1600 9300 -~ : --
10/07/94  283.46 25875 2471 -- 27,000 5100 1200 1400 4300 -~ --
CONTINUED ON NEXT PAGE

Blaine Tech Services, inc. 961010-J-3 4th - Q 1986 Monitoring at Chevron 9-5607 5269 Crow Canycon Rd., Castro Valley . 1



Cumulative Table of Well Data and Analytical Results

Vertical Measurements are in féat. Analytical results are In parls per billion {ppb)
. “Well Ground  Depth _

DATE Head Waler To Notes TPH-  Benzene Toluane Ethyl- Xylane " MTBE Oryanic
Elev. Elov, Water Gasoline ___ Benzene Lead

‘C-1(CONT'D)

01/11/95 283.46 265,16 18.30 - 29,000 1300 1200 - 930 4000 - --

04/24/95 283.46 266,52 16.94 - 75,000 8900 5000 1700 8400 - -

07/31/95 283.46 262,90 20.58 -- 56,000 11,000 2600 2500 11,000 - -

10/02/95 283.46 272.88 10.58 -- 44,000 7900 1100 2100 6500 - --

01M16/96 28348  261.71 21.75 - 29,000 5300 460 1000 2800 <500 --

04/18/96 283.48 264.51 18.95 -~ 59,000 7100 3000 2000 7600 <250 --

07/22/86 283.46 262.46 21.00 -- 26,000 6100 610 1800 4700 <250 --

10/10/96 28346 2861.48  22.00 - 24,000 7100 600 1700 3200 <250 --

Blafne Tech Services, Inc, 861010-J-3 4th - Q 1996 Monitoring at Chovron $-5607 5269 Crow Canyon Rd., Caslro Valley 2



Cumulative Table of Well Data and Analytical Results

Vertlcal Measurements ara in feet, Analylical rasuits are in parts per billlon (ppb)
Well Ground  Depth
DATE Head Water To . Notss TPH-  Benzene  Toluene Ethyl- Xylene MTBE Crganic
Elav. Elev, Water Gasoline Benzene Lead=
C-2

03/26/85 208437  -- - - - - . - - - -
07/03/86 28437 264,68 19.69 -- -- - . - - -- .
03/26/87 284,37 268,92 15.45 -- .- -- - -- - - -
03/28/88 284.37 26345 2092 -- - -- - - - --
03/10/89 - 284.37  271.57 12.80 -- - - - - - -- -
04/03/89  284.37  270.11 14,26 - - - .- - -- - -
05/08/89 284,37  265.95 18.42 -- -- -- -- -- - - -
06/05/89  284.37 264,28 20.08 -- .- - - -~ - -- -
0712/90 28437  263.58 20.79 -- -- - - - - - --
08/10/80 28437 26297  21.40 -- z- - .- - - -- -
09/13/8¢  284.37 26251 21.86 -- 320 62 4.0 10 14 -~ --
10/04/88  284.37 264,48 19.89 -- -- - - - - - -
11/03/88 28437  263.61 20.78 -- -- - - - - -- -

12/04/88 28437 26355  20.82 - 1000 240 37 66 130 -- -
03/07/9¢  284.37  266.54 17.83 -- .- -~ - - -~ -- -
03/08/90  284.37 266.54 17.83 - 390 280 35 27 50 -- --
06/12/90  284.37 - 264.48 19.89 - 700 260 34 28 35 -- --

08/20/90  284.37  262.40  21.97 - - - - -~ - - -
12/20/90 28437  266.64 17.73 - - - - - - -- -
03/27/91 284.37 26927 15.10 -- -- - - - - -- --
06/18/91 28437 261.69 22,68 - -- - - - - - -
09/12/91 28437 26045  23.92 -- - - - -- - - -
01/23/92 28437 263,13 21.24 -- .- - -- - - -- --
04/13/92 28437  265.83 17.54 -~ _ 1100 120 76 17 72 -~ -
08/03/92  284.37 262.32 22.05 - -- - - - -- - -
10/22/92 28437 261.34  23.03 .- - - -- - - -- -
01/18/93 28437  269.51 14.86 -- 70 6.4 ND ND ND -~ -
04/19/93 28437  267.57 16.80 -~ -

07/21,22/93 284.37  265.12 19.25 - - - - - - -- -
10/25/93  284.37  264.72 19.65 - - - -- -- . .- -
01/21/94 28437  258.80 25.57 - 43,000 5100 1800 2000 6800 -- -
04/18/94 28437  274.61 9.76 - - - - - -- - --
07/06-07/94 284.37  265.61 18.76 -- - -- - - -- - -
10/07/94  284.37  264.20 20.17 - - -- -- - -- -- -

CONTINUED ON NEXT PAGE
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Cumulative Table of Well Data and Analytical Resuits
Vertical Measuremanis are In fesl, Analytical results are in parls per billion (ppb)
Well  Ground  Depln T |
DATE Head Water To Notes TPH- Benzene  Toluena Ethyl- Xylana MTBE Ornganic
Elav. Elav. Waler Gasoline Benzene Lead
C-2 (CONTD) | _
01/41/95 28437  270.33 14.04 Sampled annually 780 290 9.1 19 58 -- -
04724/85 28437  272.03 12.34 - - - - - - - -
07/31/95 - 28437  266.82 17.55 .- - - - . - - -
10/02/95 284,37  265.39 18.98 -- - -- - - - .- -
01/16/96 28437  268.37 16.00 - 260 29 2.9 57 21 6.1 -
04/18/96 28437 27047 13.90 -- - -- -- - - - -
07/22/96  284.37 266,63 17.74 - - . - - v .-
10/10/96  2B4.37 26546  16.91 - . -- - - - -

Blaine Tech Services, Inc. 961010-J-3

4th - Q 1996 Moniloring at Chevron 9-5607

5269 Crow Canyon Rd., Castro Valley




Cumulative Table of Weil Data and Analytical Results

Venlical Measurements are in feet. Analytical resuits are in parts per billfon (ppb)
’ Well Ground Depth
DATE Head Water  To Notes TPH- Benzene  Teluene Ethyl- Xylene MTBE  Organic
Elev. Eiev. Water Gasoline Benzene l.ead
c-3

03/26/85 28598  -- -- -- - - ' - - -- - -
07/03/86 28598  259.94 26.04 -- - - -- - .- - -
03/26/87 28598 26034 2564 -- _ - -- - - -- - -
03/28/88  285.98 257.16  28.82 - - . -- - . - -
03/10/89 28598 26320 22.78 -- .- -~ - - - - -
04/03/89 285,98 26327 22.71 .- - - - - - - -
05/08/89 28598  260.03 2595 - - .- - -- -- - --
06/05/89  285.98  258.36 27,62 -- -- -- -- -- -- Cam -
07/12/80  285.98 25769  28.29 - -- .- - - - -- -
08/10/90  285.98 257.52 2846 -- - -- - S
06/13/69  285.98 256,65  29.33 - 60,000 1400 6800 2300 10,000 -- --
10/04/89 28598  257.01 28.97 -- - -- - - - - -
11/03/89 285,98  257.26 28,72 -- - -- -- -- - - --

12/04/89  285.98 256,97 29.01 - 56,000 1300 3300 1400 2700 - --
03/47/90 28598 258.29  27.69 -- - -- -- -- - -- --
03/09/90 28598  25B.29  27.68 -- 42,000 1100 5700 1600 7900 -= --
06/12/90 28598 257.89  28.09 -- 160,000 1400 7100 3400 16,000 -- --
09/24/90 28598 256.80 25.18 -- 53,000 850 7700 2000 10,000 - --
12/20/90 28598  257.71 . 28.27 -- 520 1200 5400 2400 33,000 -- -
03/27/91 285,98 261.18  24.80 -~ 92,000 1300 3100 1200 11,000 -- ' -

06/18/91 285,98 255.14 30.84 . . . - . - - -
09/12/91 28588 25434  31.64 Frae Product (0.03") -- -- - - - - -
01/23/92 28598 25546  30.52 Sheen - - - - - - -
04/13/92 285,98 259.04 26.94 Free Product (0.01") - - .- - - .- -

08/03/92  285.98 255.98  30.00 -- 220,000 1300 2800 3100 17,000 -- ND
10/22/92  2B5.98 25538 30,62 - Free Product (0.03% -- -- - - -- - --
01/18/93 28598 262.07  23.91 -- 1,000,000 2400 5300 10,000 61,000 -- --
04/19/93  285.98 260.98  25.00 - 94,000 33,000 22,000 1600 8200 -- -~
07/21,22/93 285.98 25943  26.55 . 44,000 2600 5500 1300 6900 -- --
10/25/93  285.98 256726  28.72 -- 35,000 3900 2400 1100 6600 -- --
01/21/94  285.98 25632  29.66 -- 120,000 4200 2200 2000 11,000 .- --
04/18/94  285.98 299.24  26.74 -- 29,000 1200 310 520 2000 T -
07/06-07/94 285.98 259.62  26.38 .- 84,000 2700 1400 1400 9700 -- --
10/07/94  285.98 257.49 2849 -- 40,000 1600 380 1200 6100 -- --

CONTINUED ON NEXT PAGE
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Cumuiative Table of Well Data and Analytical Results

Vertical Measuremanis are In teet, Analylical rasults are In parts per billlon {(ppb) —
Well Ground  Depth
DATE Head Water To Motes TPH- Benzene  Toluene Ethyl- Xylene MTBE  Organic
Elov. Elev. Water Gasoline Benzene Lead
C-3 (CONT'D) :
01/11/95  285.98 262.84  23.14 -- 34,000 4200 910 720 3800 -- Lo
04/24/95  285.098 266.10 19.88 - 210,000 43,000 28,000 2400 13,000 .- --
07731/95  285.98 261.30 24.68 - 110,000 33,000 17,000 2300 12,000 -~ --
10/02/95  285.98 258.84 27.14 - 69,000 6700 4000 2000 11,000 .- -
01/16/96  285.98 26160 24,38 -- 40,000 2400 440 1200 5500 <500 --
04/18/96  285.98 265.31 20.67 -- 66,000 26,000 17.000 2200 12,000 <1250 -~
07/22/96  285.98 261.32 24.66 -- £9,000 21,000 8800 1800 9900 <1000 --

10/10/96 28598 260,75 2523 - 53,000 12,000 2600 1900 9300 <300 -

Blalna Tech Servicas, inc, 961010-J-3 " 4th - O 1956 Monitoring at Chevron 9-5607 5269 Crow Canyon Rd., Caslr.o Valley . -6




Cumulative Table of Well Data and Analytical Results

Veartlcal Measurements are in feet, Analylical results are In parls per billion {ppb}
Well Ground Depth
DATE Head Water To Notes TPH- Benzene  Toluene Ethyl- Xylane MTBE Organlc
Elev. Elev. Water Gasoline ____ Benzens __ Lead
C-4

03/26/85  273.01 257.87 15.14 -- - - - - -- - -
07/03/86  273.01 257.64 15.37 .- - - -- — -- .- .
03/26/87  273.01 -- - -- -- -- - - -- - -
03/28/886  273.01 254.97 16.04 -- -- .- - - - - --
03/10/89  273.01 - - - -- - - - - ' - -
04/03/89  273.01 259.67 13.34 -- - - - - - -- -
05/08/89  273.01 257.41 15.60 - - - - - -- - -
06/05/89  273.01 256.50 16.51 -- -- - -- - - - -
0712/90  273.01 256.02 16.99 -- -- - - -- -- - -
08/10/90  273.0% 255.74 17.27 -- -- - - - -- - -
09/13/89  273.01 254.85 18.16 .- 57,000 21,000 3100 3200 11,000 - -
10/04/89  273.01 254.77 18.24 -- - -- - - - - .-
11/03/88  273.01 254.84 18,17 -- -- - - - - - -

12/04/89  273.01 254,55 18.45 -- 48,000 17,000 2200 2800 9800 -- --
03/07/20  273.01 255.81 17.2Q -- -- - - -- - o .-
03/09/20  273.01 255.81 17.20 -~ 43,000 20,000 2300 2800 11,000 -- --
06M2/90 273.01 256.35 16.66 - 82,000 21,000 2400 4000 16,000 - --
09/24/90 273.01 254,90 18.11 .- - -~ -- - - - -
12/20/90 273.01 - - Abandoned - -- - - - - -

Blaine Tech Services, Inc. $61010-J-3 4th - O 1996 Monitorlng at Cheavren 9-5607 5269 Crow Canyon Rd., Castro Valley 7



Cumulative Table of Well Data and Analytical Results

. Vertical Maasurements are In Teet. Analytical results are in parts per bllllon (ppb)
Waell Ground _ Depth -
DATE Head Waler To Noles TPH- Benzene  Toluene Ethyl- Xylene MTBE Organic
Elev. Elov. Water Gasoline Benzene _ Lead
C-5

03/26/85 287.95 262.62 2533 -- _ - - - - - - -
07/03/86  287.95 261.54 2641 -~ - -- -- -- -- - -
03/26/67 28795 26299 24,96 -- -- -- . -- - - -
03/28/88 28795 258.15  29.80 - - - -- .- - -- -
03/10/88 28795 262.06 25,689 -- - . - -- - .- -
04/03/89 28795 263,57 24.38 - - - -- - - - -
05/08/82  287.835  260.15 27.80 - - - -- -- - - -
06/05/89 28795  238.53 29.42 -~ - - - -- .- -- -
O7M12/90  287.95  258.09 29.86 -- -- - - - - -- -
08/10/90 28795  258.18 29.77 -- -- -- - . - . -
09/13/89 28785  257.00  30.95 - 310 ND ND ND ND - -
10/04/89 28795  256.47  31.48 -- -- . . - n- - -
11/£03/869 28795 256,83  31.32 - - - . - - . -

12/04/89  287.95  256.25 31.70 - ND ND ND ND ND - -
03/07/90  287.95 25767  30.28 . - -- -- -~ -- -- -
03/09/90  287.95 25767  30.28 - ND ND- ND ND ND -- --
06/12/80 287,95  257.47  30.48 - 80 ND ND ND ND - -
09/24/90  287.95 256,17  31.78 - ND ND ND ND ND : - -
12/20/90  287.95  254.66  33.29 - 170 ND ND - 1.0 0.7 - -

03727/91  287.95  259.97 27.98 -- -- - -- - -- - -
06/18/91 28795 25543 32,52 - - -- -- - - .- -
09/12/91 28785 25458  33.37 - - - - -- - -- -
01/23/92  287.95- 25528  32.67 -- -- - -- -- - - --

04/13/92 28795 25947  28.48 - 140 ND ND 0.7 ND - --
08/03/92 287.95 25545 32.50 = ND ND ND ND ND - ND
10/22/92  287.95  253.97  33.98 -- -- -- -- - - - -
M/18/93 28795  260.93 27.02 -- 230 6.6 2.2 3.4 2.2 - --
04/19/93 28795  263.14 24.81 - - -- - -~ - - --
07/21,22/93 287,95  258.89 29.06 .- © 130 ND 0.6 : ND ND -- --
10/25/93  2B87.95 257.00 30.85 -- - - -- -- - -~ --
0121/94  287.95 256.04 31.91 -- ND ND ND ND ND - -
04/18/94  287.95 257.80 30.15 -- - - -- -- - -~ -
07/06-07/94 287.95 258.91 29.04 -- ND ND ND ND ND - -

10/07/94  287.95 256.11 31.84 .- ) -- - -- -- .- -- --

CONTINUED ON NEXT PAGE
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Ventical Measurements are in teat,

Cumulative Table of Well Data and Analytical Results

Analytical rosulls ara in parts per billlen {ppb)

Wall Ground  Depth
DATE Head Water To Notes TPH- Benzene  Toluene Ethyl- Xylene MTBE  Organic
Elev, Elev. Water Gasoline Benzene Lead
C-5 (CONT'D)
01/11/95  287.95 262.97  24.98 Sampled biannually 700 1.1 - 6.0 1.5 2.1 S -
04/24/95  287.95 266.17 21.78 -- -- - -- - - - -~
07/31/95 28795  -- -- Inaccessible - - -- - - - -
10/02/95  287.95 257.77  30.18 -- .- - -- - - - -
01/16/96  287.95 261.23  26.72 .- 200 <0.5 <0.5 <0.5 1.3 <2.5 -
04/18/96 28795 266.15 21.80 -- - -- -- -- -- -- -
07/22/96  287.95 - .- Inaccessible - - - - - e -
10/10/96  287.95 26117  26.78 -- - - - - -- - -

Blaine Tech Services, Inc, $61010-J-3

4th - Q 1996 Monitoring at Chevron 9-5607

5268 Crow Canyon Rd., Castro Valley



Cumulative Table of Well Data and Analytical Results

Vertlcal Measurements are In feet. Analylical resulls are In parts per billion {ppb)
Wall Ground Depth
DATE Head Water To Notes TPH-  Benzene  Toluene Ethyl- Xylens MTBE  Organic
Elav. Elev, Water Gasoline Benzene Lead
C-6 |
03/26/85 - - 16,74 - - - - - -- - --

07/03/86  275.28 257.82 17.46 -- - -- - -~ - - -
03/26/87  275.28 256,91 18.37 -- - - -- .- -- -- . -
03/26/88 275.28 24544 29.84 - -- -- - - -- -- -
03/10/88 275.28 260.84 14.44 - -~ - - -~ -- - -
04/03/89 275,28 260.84 1444 . - -- .- .- - - .- -
05/08/89 275.28 258.12 17.16 -- - - -- - - -- -
06/05/89  275.28 256.77 18.51 -- . -- -- -- - - - -
07/12/90  275.28 256.57 18.71 -- -- -- -- -- - - -
08/10/80  275.28 255.96 19.32 .- -- -- -- -- -- - -
09/13/89  275.28 25533 19.95 -- 47 5600 3000 2400 10,000 - -
10/04/89  275.28 255.41 19.87 - = -- - -- -- -- -~
11/03/89  275.28 255.93 19.35 .- .- - - -- -- - -

12/04/89 27528  255.69 19.58 - 40,000 8100 1800 1700 7500 -~ -
03/07/90 275.28 256.89 18.3% -- -- -- - .- . -~ -~
03/09/60  275.28 256.89 18.39 -- 73,000 23,000 5900 3400 17,000 -~ -
06/12/90  275.28 256.41 18.87 - 85,000 19,000 6500 3400 16,000 - -
09/24/90  275.28 255.29 19.99 - 72,000 15,000 3200 2600 11,000 -~ -
12/20/90  275.28 253.71 21.57 - 100,000 11,000 4200 3400 16,000 -- --

03/27/91 27528 25896 1632 .- 100,000 11,000 4400 2300 11,000 -
06/18/91 27528  251.95 23,33  -- - - - - - . .
09/12/91 27528 25132 23.96  -- - - - - . . .
01/23/92 27528  263.20 12.08  -- - . . . . N N
04/13/92 27528 255.43 19,85  Sheen

08/03/92  275.28  260.56 14,72 .- 120,000 16,000 1100 2300 15,000 ‘ -- ND
10/22/92 27528  260.37 14.9 - 63,000 7400 820 1800 14,000 -- --
01/18/93 27528  259.84 15.44 - 77,000 13,000 1600 2700 12,000 -- -
04/19/93 27528  266.03 9.25 - 56,000 14,000 1100 2400 9100 -- -
07/21,22/93 275,28  257.93 17.35 - 38,000 6600 610 1500 5800 - -
10/25/93 27528 25425  21.03 -- 42,000 11,000 800 2200 8200 -- -
01/21/94 27528 25371 21.57 -- 57,000 11,000 940 2300 9800 - .-
04/18/94 27528  257.17 18.11 -- 48,000 9800 830 1800 7500 -- -
07/06-07/94 27528  258.28 17.00 -- 46,000 €800 610 900 €200 - -

10/07/94 27528 - 256.09 18.19 -- 35,000 5800 410 1400 3800 - -
CONTINUED ON NEXT PAGE
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Woell

Verlical Measurements are Infeel,

Ground

Cumulative Table of Well Data and Analytical Results

Analylical results are In pars per billion (ppb})

Depth

DATE Head Water To Notes TPH- Benzens  Toluene Ethyl- Xylene MTBE Organic
Elav, Elav, Water Gasoline Benzene Lead
C-6 (CONTD)
01/11/95 275.28 256.64 18.64 -- 54,000 1200 1100 210G 9500 - -
04/24/95 275.28 262.72 12.56 - 81,000 12,000 1500 2400 9900 - -
07731795 275.28 259.54 15.74 - 75,000 12,000 1200 2800 11,000 - -
10/02/95 275.28 257,56 17.72 - 59,000 13,000 990 2800 10,000 -- =
01/16/96 275,28 259.81 15.47 - 63,000 10,000 650 2200 7500 <500 -
04/18/96 275.28 259,33 15.95 - 56,000 9800 590 1500 5800 660 -
07/22/96 275.28 - - inaccessible - - - .- - - -
10/10/96 275.28 - -- Inaccesslble - . -- - - - -

Blaine Tech Services, Inc. 961010-J-3

4th - Q 1996 Monitoring at Chevian 9-5607

5269 Crow Canyon Rd., Castro Valley
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Venlical Measuraments are In leal.

Cumulative Table of Well Data and Analytical Results

Analytical resulls are in parts per bililon {ppb)

Woell Ground  Depth ]
DATE Head Water To Notes _ TPH- Benzene  Toluens Ethyl. Xylene
Elav. Elev. Waler Gasoline Benzene

C-7

03/26/85 - - 9.61 - - - - - .-
07/03/86 270.70 259.86 10,74 - - .- -- - —
03/26/87 270.70 280.62 10.08 - - . .- .- -
03/28/88 270,70  256.91 13.79 -- - -- . - -
03/10/89 270.70 260.28 10.42 .- - - - - -
04/03/8¢ 270.70 261.56 9.14 - - - - . -
05/08/89 270.70 258.79  11.91 -—- . - - - .
06/05/89 270,70 259,16 11.54 - . . - - -
Q712/90 270.70 257.2% 13.45 - - .. - - .
08/10/90  270.70 257.33 13.37 - -- -- - - -
08/13/89 270.70 256,10 14.60 - 410 1.3 ND 10 ND
10/04/89 270.70 255.53 15,17 - -- - . . -
11/03/80  270.70  255.42 15.28 -- - - - - .-
12/04/88  270.70  255.00 15.70 -- 1000 1.0 ND 5.0 ND
03/07/90 270.70  256.48 14,22 -- . . - - .
03/09/90 270.70  256.48 14,22 -- 580 2.8 2.4 3.5 2.0
06/12/90 270,70 ° 256.52 14,18 - 1200 ND 5 B.2 3.2
09/24/90 270,70  255.26 15.44 Sheen 400 i.4 1.9 1.4 2.2
09/24/90 270,70  255.26 15.44 Duplicate 580 ND 2.4 1.4 1.5
12/20/90 270,70  253.62 17.08 -- 2300 ND 6.5 4,7 9.3
03/27/91 270,70  258.05 12.65 - 980 ND 2.4 9.1 3.0
06/18/91 270,70  254.26 16.44 .- -- -- - . -
09/12/91 270.70  253.85 17.05 -- 1200 ND 3.1 6.5 2.7
01723792 270.70  253.78 16.92 - ‘ - .- - .- -
04/113/92 270,70  257.70 13.00 - 830 ND 1.0 7.8 1.2
08/03/92 270,70  -- - - -- - - - -
10/22/92  270.70 .- - Could not locate - - - -- -
01/18/93 270.70 - - Could not locate - -- - -- -
04/19/93 270,70 - - Could not lecate -- -- - -- -
07/21,22/93 270,70  257.76 12.94 - 890 0.9 3.0 4.0 4.0
10/25/93 270,70 25587 14,83 - -- .- . - -

CONTINUED ON NEXT PAGE
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Cumulative Table of Well Data and Analytical Results

Vartical Measuramants are In teel, Analytical resulls are in parls per billion (ppb)
’ Well Ground Depth -
DATE Head Water To Notes TPH-  Benzene  Toluena Ethyl- Xylene MTBE Organic
Elev. Elev. Waler Gasoling Benzane Lead
C-7 (CONT'D) -
01/21/94 27070 25476 15.94 -- 660 ND 6.0 1.0 3.0 -- -
04/18/94  270.70 255,72 14,98 - - -- -- - .= -- -
07/06-07/94 270.70 257.76 12.94 -- 960 ND 5.8 4.2 8.2 -- --
10/07/94 270,70 254.87 15.83 -- -- - - - - -- -
01/11/95 27070 26145 9.25 Sampled blannually 900 <0.5 <0.5 2.3 1.3 - -
04/24/95  270.70 264.00 6.70 - - - .- -- - -- -
07/31/95 27070  25%46  11.24 - 630 <1.2 <1.2 <1.2 <1.2 - -
10/02/195  270.70  258.68  14.02 - - -- - -- - - -
0i716/96 27070 259.48  11.22 - <50 <0.5 <0.5 <0.5 <0.5 <25 -
04/18/96  270.70 264.05 6.65 -- - - -- -- - -- -
07/22/96 270.70 259.60 11.10 -- 360 4.4 2.0 <0.5 <0.5 17 --

10/10/96  270.70  259.35 11.35 - -- - -- - -

Blaine Tech Services, Inc, 961010-J-3 4th - Q 1996 Monitoring at Chovron 9-5607 5269 Crow Canyon Rd., Caslro Valley
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Cumulative Table of Well Data and Analytical Results

Varllcal Measurements are In igef, _ Analytical results are in parls par billlon {ppb)
’ Well Ground  Depth N -
DATE Head Water To Notes : TPH- Benzene  Toluene Ethyl- Xylene MTBE  Organlc
Elav. Elay. Walar Gasoline Benzene Lead
C-8
03/26/85  -- - 868 - .- . - - - - -

07/03/86  288.40 274.51 13.89 - - - -- -- - -~ --
03/26/87  288.40 282.39 5.01 - - - - - - - .
03/28/88 28840 277.74 10.68 - - - - -- - - -
03/10/89 288,40  281.79 6.61 .- - - . -- - - -
04/03/89 288,40  281.94 6.46 -- - . -- - -- - -
05/08/89  288.40  279.43  8.97 -- - . -- -- - - -
06/05/89  288.40  277.52 10.68 = -- -- - - - - - -
07/12/80 288,40  276.25 12.15 - -- .- - - - - -
08/10/90  288.40  275.94 12.46 -- -- -- - -- - -- -
09/13/89  288.40 275.62 12.78 -- ND ND ND ND ND - --
10/04/89 288,40 27589 1251 - - .- - - - - .-
11/03/89  288.40 273.77 14.63 -- - -- - - - - -

12/04/89  288.40 278.81 9.59 .- 64 0.6 0.6 ND 1.0 - --
03/07/90  288.40 - 27960 8.80 - - - - - -- - -~
03/09/80  288.40 27960  8.80 .- ND ND ND ND ND - -
06/12/90  288.40 279.46  8.94 -- 120 2.5 .12 1.0 1.4 - --

08/24/90 288.40 274.86 13.54 . -- - . . - - -
12/20/90  288.40 279.07 = 9,33 -- - - - - - - -
03727191 288.40 28230 6.10 .- 54 0.7 ND 0.7 1.9 -- -
06/18/91 288,40  276.44 11.86 - - - - -- .- - -

09112791 28840  274.80 13.60 - ND ND ND ND ND -- --
09/12/1  288.40 27480 13.60 Duplicate ND ND ND ND ND -~ --
01/23/92  288.40  264.20 24.20 -- - -- - -- -- - o
04M13/92  28BB.40 28005  8.35 -- ND ND ND ND ND -- --
08/03/92 288.40  275.82 12.58 - ND ND ND ND ND -~ ND -
10/22/92 . 288,40 27530 13,10 - ND ND ND ND ND - --
01/18/93 28840 28228 6.12 - ND ND ND ND ND -- -~
04/19/93 28840 28135 7.05 - ND ND ND ND ND -- --
07/21,22/93 288,40  277.05 11.35 - ND ND ND ND ND -- -
10/25/93 28840 27555 12.85 -- ND ND ND ND ND -- -

CONTINUED QN NEXT PAGE
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Vartical Measuraemaenls are In fael.

Cumulative Table of Well Data and Analytical Resuits

Analytical resulls are In parls per billlon {ppb)

Well Ground Depth .
DATE Head Water To Notes TPH-  Benzens Toluene Ethyl- Xylene MTBE Cmyanic

Elav. Elav. Water Gasoline Benzene N Lead
C-8 (CONTD)
0121/84 288,40 277.85 10.55 -~ ND ND ND ND ND -~ -
04/18/84  288.40  278.89  9.51 - ND 1.2 0.9 ND 1.6 - --
07/06-07/94 288.40 277.02 11.38 -- ND ND ND ND ND -- -
10/07/94  288.40 27548  12.92 -- ND ND ND ND ND - -
01/11/95  288.40 283.04 5.36 -~ <50 <0.5 <0.5 <0.5 <0.5 -- -
04/24/95  288.40 281.82 6.58 - - <50 <0.5 0.61 <0.5 0.51 - -
07/31/85 288,40 278,94 9.46 - <50 <0.5 <0.5 <0.5 <0.5 - --
10/02/95 288.40 276.56 11,84 = <50 <0.5 <0.5 <0.5 <0.5 - --
01/16/96 288,40 281.40 7.00 -~ <50 <0.5 <0.5 <0.5 <0.5 54 -~
04/18/96  288.40 281.77 6.63 -- <50 <0.5 <0.5% <0.5 <0.5 <2.5 --
Q7/22/36  288.40 280,49 7.91 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 -
10/10/98  288.40 279.71 8.69 -~ <50 <0.5 <0.5 <0.5 <0.5 . <25 -

Blalne Tech Servicss, Inc. 961010-J-3

4th - Q 1986 Monitoring at Chevren 9-5607

5269 Crow Canyon Rd., Castro Vallay
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Cumulative Table of Well Data and Analytical Results

Vartical Measuremenls are In tesf. Analytical rasulls are In parls per billion (ppb)
i Well Ground Depth .
DATE Head Water To Notes TPH-  Benzene Toluena Ethyl- Xylong MTBE Organic
Elov. Elay. Waler Gasoline _ Benzene Lead
C-9

07/03/86  268.46 254,57 13.89 - -- . . : - - - -
03/26/87  268.46 254,72 13.74 - - o - " - - -
03/28/88  268.46 253,47 14,99 - - - - - - - -
03/10/89  268.46 255,07 13.39 - -- - - - - - -
04/03/89  268.46 255.62 12.84 - .- -- - - - - -
05/08/89  26B.46 254,08 14.38 - - - -- - - - -
(6/05/89  268.46 253.10 15.36 - - - - - - - -
07/12/90  268.46 252.81 15.65 -- - -- .- - ‘ - - - -
08/10/90  268.46 252.66 15.80 - - -- -- - - - -
09/13/89  268.46 251.93 16.53 - 42,000 14,000 1100 2800 4200 - : -
10/04/89  268.46 25194 16.52 . S -- -- .

11/03/89  268.46 25195 16.51 -- . -- - - - - -

12/04/89 268,46 251.67 16.79 -- : 36,000 11,000 670 2500 3800 -- -
03/07/90 268.46 252.24 16.22 -- - -~ -~ - - - - -
03/09/90  26B.46 252.24 16.22 -- 28,000 12,000 940 3000 4700 - --
06/12/90 268.46 253.58 14.88 - 39,000 11,000 1600 2300 4800 -- --
09/24/90 268.46 252.16 16,30 - .- 120,000 13,000 1600 3700 6800 - -
12/20/90 268.48 251.23 17.23 .- 51,000 4300 560 2800 3300 - .-
12/20/80 268.48 251.23 17.23 Duplicatle 44,000 12,000 580 2800 3500 - --
03/27/91 268.46 254.68 13.78 -- 56,000 3400 5000 1600 5600 -- -
06/18/91 268.46 249.82 18.64 - - - - - -- -- --
09/12/91 268.46 -- - Inaccessible - .- : -- -- -- -- --
10/24/95  268.46 250,39 18.07 - 30,000 7200 440 2500 1600 -- --
01/186/96 268.46 252.18 16.28 - 36,000 8200 700 2500 2100 <500 -

NO LONGER MONITORED OR SAMPLED

Blaine Tech Services, Inc, 861010-J-3 4ih - Q 1996 Manitoring at Chevron §-5607 5269 Crow Canyon Rd., Castro Valley 16



Cumulative Table of Well Data and Analytical Results

Verlical Measurements are in feel. Analytical rasulls ate in parls per billion (ppb)

Well Ground Depth
DATE Head Water To Notes TPH-  Benzens Toluena Ethyl- Xylene MTBE Qrganlc

Elev, Elav. Water Gasoline Benzene ' Lead
C-10A .
03/07/90  264.84 24463 20.21 -- - -- - -~ - - -
03/09/90- 264.84 - -- -- ND 1.6 0.7 0.8 3.5 -~ --
06/12/30 264.84 245.14 19.70 - ND ND . . ND ND - ND - -
09/24/30  264.84 24530 19.54 - . ND ND ND ND ND -- -
12/20/90  264.84 24500 19.84 - : ND ND ND ND ND -- -
0327/ 264.84 246.83 18.01 - .- .- - - - -- -
06/18/91 264.84 24468  20.16 - ND ND ND ND ND -- --
09/12/91  264.84 24427 20,57 - ND ND ND ND ND - --
01/23/92  264.84 24417  20.67 -- . ND ND ND ND ND - -
04/13/92 264,84 245.44 18.40 -- 53 0.9 1.3 ND 1.0 - -
08/03/92 264.84 245,03 18.81 -- ND ND ND ND ND - ND
10/22/92  264.84 24501 19.83 - ND ND ND ND 0.5 - --
01/168/93 264,84 24780 17.04 -- ND ND ND ND ND -~ o
04/19/93 264,84  247.07 1777 -- ND ND ND ND ND - -~
04/19/93  264.84 24728 . 17.56 .- ND ND ND ND ND - -
10/25/93 264,84  247.07 17.77 -- ND ND ND ND ND -- e
01/21/84 26484 24693 17.91 - ND ND ND ND ND -- -
04/18/94 264.84 247.81 17.03 - ND 3.0 3.0 1.4 55 -- -
07/06-07/94 264.84 248,06 16,78 - ND ND ND ND ND - --
10/07/94 26484 24763 17.21 -- ND ND ND ND ND -- -
01/11/95 264.84 248.78 16.06 -- <50 <0.5 <0.5 <0.5 <0.5 - -
04/24/95% 264.84 24832 16.52 - <50 <0.5 <0.5 <0.5 <0.5 -- -
07/31/95 264,84 24582 1902 -- <50 <0.5 <0.5 <0.5 <0.5 - --
10/02/95 26484 24514  19.70 -- ‘ <50 <0.5 <05 <0.5 <0.5 - -
D1/16/96  264.84  248.21 18.63 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 -
04/18/96  264.84 24719  17.65 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 -
07/22/9¢ 264.84 245.99 18,85 - <50 <0.5 <0.5 <(.5 <0.5 <2.5 -
10/10/96  264.84 24540  19.44 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 -~

Blaine Tech Servicas, Inc. 861010-)-3 dth - Q 1996 Monitoring at Chevron 9-5607 5269 Crow Canyon Rd., Castro Valley 17



Cumulative Table of Well Data and Analytical Resuits

Vertical Measuraments are In feet, . Analytlcal resulls are in pars per billlon {ppb}
_ Woeil Ground  Depth
DATE Head Water  To - Notes TPH- Benzens  Toluene Ethyl- Xylene MTBE Organic
Elev. Elgv. Water Gasoline Benzene B Lead
C-10B
03/07/30  264.85 243.41 21.44 -- -- -- -- - -- -- -
.06/12/90  264.85 244.91 19.94 - ND ND ND ND ND -- -
09/24/30 264,85 24508 19.77 -- : ND ND ND ND ND - -
12/20/80  264.85° 24485  20.00 .- ND ND ND ND ND - -
03/27/91 26485 24662 18.23 - - - - - -- - -
06/18/91 264.85  244.41 20.44 -- C e - -- -- -- - --
0812/91 264.85  244.03 20.82 -- ND ND ND ND ND - -~
01/23/92  264.85 24393  20.92 -- ND ND ND ND ND -- --
04/13/92  264.85 24517 19.68 -- ‘ ND ND ND ‘ND ND -- -~
08/03/92  264.85 244.78 20.07 -- ND ND ND ND ND -- ND
10/22/92 264.85 244,73 2012 -- ND ND ND ND ND - --
01/18/93  264.85 24749 17.36 -- 80 3.3 11 21 a9 -~ -
04/19/93 26485  246.95 17.90 - ND ND ND ND ND - -
07/21,22/93 264,85 246,99  17.86 - ND ND ND ND ND - -
10/25/93  264.85 24675  18.10 - ND ND ND ND ND - --
01/21/94  264.85 246.62 18,23 - ND ND ND ND "‘ND - -
04/18/94  264.85  247.49 17.36 -- ND ND ND ND 0.5 .- --
07/06-07/94 264.85  247.80 17.05 .- ND ND ND ND ND -- --
10/07/94  264.85  247.3% 17.54 .- ND ND ND ND ND -- --
0111/95  264.85 248.61 16.24 - <50 <0.5 <0.5 <0.5 <0.5 -- --
04/24/95  264.85 247.95 16.90 -- ' <50 <0.5 <0.5 <0.5 <0.5 - --
07/31/95  264.85 245.57 19.28 -- <50 <0.5 <0.5 <0.5 <0.5 - --
10/02/95  264.85 24491 19,94 - <50 <0.5 <0.5 <0.5 <0.5 - -
01/16/96 264 .85 246,25 18.60 - <50 <0.5 <0.5 <0.5 <0.5 <2.5 C -
04/18/96 26485 246,87 17.98 -- <50 <0.5 <0.5 <0.5 <05 ' <25 -
07/22/96 264,85 24575 18.10 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 -
10/10/96  264.85  245.14 19.71 -~ <50 <0.5 <0.5 <05 <0.5 <2.5 -

Blalne Tech Services, Inc. 961010-J-3 4th - Q 1996 Monitoring at Chevron 9-5607 5269 Crow Canyon Rd., Castro Valley 18



Cumulative Table of Well Data and Analytical Results

Vertical Measurements are In feet, Analytical resulls ars In parts per billion {ppb)
Wali Ground  Depth '
DATE Head Water To Notes TPH- Benzensa  Toluene Ethyl- Xylene MTBE Crganlc
Elev. Elev. Water Gasoling Benzene Lead
C-11 | |
03/07/90  265.30 242.56 22.74 -- - - -- -~ - - -
03/09/90  265.30 - -- -- ND 1.2 0.7 ND 1.4 . -
06/12/90  265.30 243.32 21.98 -- ND ND ND ND ND .- --
09/24/90  265.30 243.42 21.88 .- ND ND ND ND ND -~ -
12/20/90  265.30 24212 23.18 -- ND NO ND ND ND -~ --
03727191 265.30 243,78 21.52 -- ND ND ND ND 1.5 - ‘ -
06/18/91 265,30 243,40 21,90 - -- -- .- - - - n-
09/12/91 265,30 242.60 22.70 -~ ND ND ND ND ND -~ BT
01/23/52  265.30 241,84 23.46 -~ ND ND ND ND ND - R
04/13/92  265.30 243.73 21.57 -- ND ND ND ND ND - -
08/03/92  265.30 242,63 22.67 - ND ND ND ND ND - : ND
-10/22/92 265.30 242,01 23.29 -- ND ND ND ND ND - --
01/18/93 265,30 243.94 21.36 - ND ND 1.2 ND 2.2 . - --
04/19/93  265.30 24533 19.97 - ND ND ND ND ND - --
07/21,22/93 265.30 244,65 20.65 - ND ND ND ND ND - --
10/25/93  265.30 24455 20.75 = ND ND ND ND ND - -
01/21/84  265.30 243.69 21.61 - ND ND ND ND ND -- --
04/18/94  265.30 244.52 20.78 - ND ND ND ND ND - ==
07/06-07/94 265.30 244 .88 20.42 - ND ND ND ND ND -~ -
10/07/94  265.30 243,70 21.60 -- ND ND ND ND ND -~ -
01/11/95  265.30 245,28 20.02 -- <50 <0.5 <0.5 <05 <0.5 -- -
04/24/95  265.30 247.58 17.72 -- <50 <0.5 <0.5 <0.5 <0.5 -~ -
0731/95 265.30 246.12 19.18 -- <50 <0.5 <0.5 <0.5 <0.5 -- -
10/02/95  265.30 244.88 20.42 -- <50 <0.5 <0.5 <0.5 <0.5 - -
01/16/96  265.20 245.48 19.82 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 R
04/18/896  265.30 248.30 17.00 -~ 260 7.9 6.9 53 . 23 1 --
07/22/96  265.30 248.40 16.90 .- <50 <0.5 <0.5 <0.5 <0.5 <25 --
10/10/96  265.30 245.74 19.56 -- 130 3z 2.7 4.3 14 3.4 -
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Cumulative Table of Well Data and Analytical Results

Vertlcal Measurements are in feet. Analytical results ara In parts per blillon {ppb)
i Wall Ground  Depth
DATE Head Water To Notss TPH-  Benzene Toluene Ethyl- Xylene MTBE Organlc
Elav. Elev. Water Gasoline Benzenea Lead
C-12
03/07/90 26966 254,74  14.92 - - - - - - - -
03/08/90  269.66  -- - - 1400 230 140 33 180 . - -
06/12/90 269.66 254.87 14.79 - 720 190 71 18 73 - --
09/24/90 26966 25394 15.72 -- ND 1.1 ND ND 0.6 -- --
12/20/90 269.66 254.40 15.26 -- 810 210 26 8.2 23 - --
03/27/91 269,66 257.55 12.11 -- 2900 350 220 _ 52 210 - --
06/18/91 269.66 253.28 16.38 - .- -- - -- - - N
09/12/91 269.66 252.11% 17.55 -- 350 58 12 4.5 8.5 - --
01/23/92 269.66 252.55 17.11 -- 450 110 31 7.9 22 - -
04/13/92 269.66 255.26 14.40 -- 5000 1100 76 100 200 - -
08B/03/92 269.66 253.83 15.83 -- 520 200 21 13 25 - ND
10/22/92 269.66 253.52 16,14 - 1300 310 66 35 56 -~ -
01/18/93 269.66 257,96 11.70 - 5600 1200 430 220 610 - --
04/19/93  269.66 256.61 13.05 -- 2000 600 99 96 170 .- --
07/21,22/33 269.66 256.82  12.84 - 540 95 36 18 56 - -
10/25/93  269.66 255,63 14.03 - 350 90 29 20 50 : - -
01721/94 269.66 255.51 14.15 -- 450 13 18 14 37 -- -
04/168/94  269.66 256.71 12,95 -- 370 70 21 12 39 -- -
07/86-07/94 269.66  257.35 12.31 .- 840 200 35 28 66 - -
10/07/94 269.66 256.31 13.35 -~ 830 85 29 17 63 - --
01/11/95 269.66 258.43 11.23 -- 2100 570 190 98 390 -~ .-
04/24/95 269.66 259.34 10,32 .- 820 120 28 23 61 - -
07/31/95 26966  256.92 12.74 -- 520 79 13 16 42 -- -
10/02/95  269.66  255.26 14.40 - 400 50 53 11 29 - -
01/16/96 269.66 256.94 12.72 -- 1900 480 32 60 120 <25 -
04/18/96  269.66  258.91 10.75 -- 2900 840 54 100 190 68 --
07/22/96 269.66 256.46 13.20 -- 730 150 13 26 75 9.5 -
10/10/96 269.66 255.95 1371 - 270 58 4.4 7.7 3 <2.5 -
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Cumulative Table of Well Data and Analytical Results

Verlical Maasurements are In foet, ' Analytical resuits are in parls per billion (ppb) .
) Wall ‘Ground  Depth _

DATE Head Waler To Notes TPH-  Benzens Taluane Ethyl- Xylene MTBE Organic
Elav. Elev. = Water Gasoling Benzene Lead

c-13. |

03/07/90 28432 273.14 11.18 - - - - - - -- -

03/09/90  284.32 n- : -- -- ND 15 3.7 1.0 6.2 - --

06/12/90  284.32 273.62 10.70 .- ND 2.6 ND ND ND - -

09/24/30 284.32 272.72 11.60 -- ND 2.4 ND ND ND - -~

12/20/90. 28432 27416 1016 -- ND - 1.8 ND ND ND -- -

03/27/91 284,32 276.68 7.64 o ma - -- - - - -- -
06/18/91 284,32  273.00 11.32 -- - -- - -- - - -

09/12/91 284,32  272.48 11.84 - ND ND ND ND ND -- -
01/23/92 28432 273.77 10.55 .- - -- -~ -- - -- -
04/13/92 28432  273.36 10.96 -- ' ND 1.0 ND ND ND -- --
08/03/92 28432 273.42 10.90 - ND ND ND ND . ND -- ND
10/22/92 28432 273,14 11.18 - -- - -- -- - -- -
01/18/93 28432 276.92 7.40 .- 290 54 io 54 12 -- -
04/19/93  284.32  275.39 8.93 - -- - -- -- - -- --
07/21,22/92 28432  273.57 10.75 - ND ND ND ND ND -- -,
10/25/93 28432  273.47 10.85 -- -- - -- -- - -- --
01/21/84 28432  273.27 11.05 - ND ND ND ND ND -- -
04/18/94  284.32 273,61 10.71 - .- -~ -- -- - -- -
07/06-07/94 284 32  273.67 10.65 = ND 0.5 ND ND ND -~ -
10/07/94 28432  273.24 11.08 -- -- -- -- -~ L e -- --
0111/95 28432  278.94 5.38 Sampled bi-annually j20 15 <0.5 3.1 2.7 - -~
04/24/95 28432  276.54 7.78 -~ - -- - -- -- - .-
07/31/85 28432 27438 9.94 - <50 <0.5 <0.5 <0.5 <0.5 -- --
10/02/95 28432 273.74 10.58 -- ' -- - -~ - -- - --
01/16/86  284.32 274,52 9.80 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 --
04/18/96  284.32 278.57 7.75 -- -- -- -- - - - -
07/22/96  284.32 27482 9.50 -- 59 18 <0.5 1.0 <0.5 <2.b -

10/10/96  284.32 273.63 10.69 -- - -- - .- -- - -

Blalne Tech Services, Inc. 961010-J.3 © 4th - G 1896 Monitoring at Chevron 9-5607 5289 Crow Canyon Rd., Castro Valley 2%



Venrical Measurements ara in feet.

Cumulative Table of Well Data and Analytical Results

Analylical results are In parls per billion (pph)

Woll Ground Deplh _

DATE Head Waler To Notas TPH- Benzene  Toluene Ethyl- Xylene MTBE Organic
Elev. Elav. Water Gasoline Benzeng Lead

C-14
03/07/90 27074  255.56 15.18 -- ‘ -- - -- -~ - -- -~
02/09/90 27074 -- - -- ND ND ND ND © ND -- -
06/12/90  270.74 257.32 13.42 -- ND ND ND ND ND -~ --
09/24/90  270.74  257.90 12.84 -- ND ND ND ND ND -- --
12/20/90  270.74 254.02 16.72 -~ ND 1.7 0.7 ND 0.7 - -
03727/91 270.74 262.74 8.00 - ND ND ND ND 1.3 -- -
06/18/91 270.74 255.53 15.21 - -- -~ - - - - --
08/12/91 270.74 25513 15.61 -~ ND ND ND ND ND - --
01/23/92 270.74 246.10 24,64 - -- - -- - - -- .-
04/13/92 270,74 258.53 12.21 - ND ND ND ND ND - --
08/03/92  270.74 256,10 14.64 -- ND ND ND ND ND -~ _ND
10/22/92 270,74 253.80 16.94 -- : -- -- - -~ -- -- -
01/18/93  270.74  265.64 5.10 -- ND ND ND ND ND -~ --
04/19/93- 270.74  263.86 6.88 -- -- -- - -~ - - -
. Q7/21,22/93 270,74  259.58 11.16 - ND ND ND ND ND - --
10/25/93. 270,74  256.87 13.87 -- = -- - -- -- -- --
01/21/94 270,74  255.42 15.32 ND ND ND ND ND - --
04/18/94 27074 254,85 15.89 = . -- - -- -- - --
07/06-07/94 270.74 256.66 12.08 - ND ND - ND ND ND .- ~-
10/07/24  270.74 255.45 15,29 -- - -- - -- -- - -~
01/11/95  270.74 266.94 .80 Sampled bi-annually <50 <0.5 <0.5 <0.5 <0.5 - -
04/24/95  270.74 265.68 5.06 - - -- . o - - - -
07731795  270.74  260.34 10.40 - <50 <0.5 <0.5 <0.5 <0.5 -- -
10/02/85  270.74  257.20 13.54 .- -~ - - - -~ -~ --
01/16/96 270,74 259.62 11.12 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 --
04/18/96  270.74  265.78 4.96 - - -- -~ -- . -~ -~
Q7/22/96  270.74 259.89 10.85 - <50 <0.5 <0.5 <0.5 <0.5 <25 --
10/10/86  270.74 261.44 9.30 .- - -- - -- - -- --

Blaine Tech Services, inc. 961010-J-3
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Cumulative Table of Well Data and Analytical Results

Vertlical Measursments are In fast. ' Analytical resuils are in parls per biliton (ppb)
i Wall Ground  Depth )
DATE Head Water To Notes : TPH-  Benzene Toluene Ethyi- Xylane MTBE Qrganic
Elev. Elav. Waler Gasoline __Benzene Lead
C-15
03/07/90 246,15  235.05 11.10 - - - -- - - -- -
03/09/90 246.15 - - - 410 ND 1.4 0.5 .6 - -
06M12/90 246,15 235,37 10.78 -- 420 11 ND ND ND - , -
08724/90 246,15 23522 10.93 - - 430 ND 1.5 ND ND - -
12/20/90 246,15 235.07 11.08 - 300 i3 1.1 0.6 1.5 - -
03/27/91 246.15 237.65 8.50 - 520 4.6 1.1 ND 1.0 - -
06/18/91 24615 23532 10.83 - 290 ND 1.1 ND ND .- --
06/18/91 246,15 235,32 10.83 Duplicatle 320 ND 1.3 ND ND - -
09/12/91 246.15 235.10 11,05 -- 330 ND 0.9 ND ND - -
01/23/92 246.15 235,35 10.80 - 210 ND D ND ND - -
01723192 246.15 235.35 10.80 Duplicate 190 1.2 0.8 ND ND .- .-
04/13/92 246,15  236.57 9.58 -- 430 1.8 ND ~ ND ND - --
0B/03/92 246.15 234,94 11.21 - 640 ND 2.1 0.7 1.3 -- ND
10/22/92 246,15  234.50 11.65 - 420 ND ND ND 0.8 -- --
01/18/93 246.15 239.03 7.12 - 640 7.0 3.0 2.9 6.7 - -
04/19/93 246.15 237.22 8.93 -- 260 6.0 2.0 0.7 ND - -
07/21,22/93 246,15 23637 9.78 -- 580 ND 8.0 ND 0.6 -+ -
10/25/93 246.15  236.41 9.74 - ‘ 240 ND 12.0 ND 0.6 -- .-
01721794 246.15 235.78 10,37 .- 420 0.6 ND 0.6 ND - - --
04/18/04 246.15 236.19 9.96 -- ‘ 850 1.0 4.6 0.6 ND - -
07/068-07/94 246.15 23592 10.23 -- 660 0.7 ND ND 0.7 - -
10/07/94 246.15 235.47 10.68 - : 440 13 0.8 ND 1.2 - -
01/41/95 246,15 238.84 7.31 -- 750 2.5 <0.5 <0.5 0.6 - -
04/24/95 248,15  237.41 8.74 - 850 <0.5 <0.5 <0.5 <0.5 - --
0731795 246.15 235.41 10.74 .- 640 <0.5 1.6 <0.5 <0.5 - -
10/02/95 246.15 234,83 11.32 -- 560 <0.5 <0.5 <0.5 - 0.5 - -
D1/16/96 246,15 235.58 10.57 -- 740 <0.5 <0.5 <0.5 <0.5 <2.5 -
04/18/96 246,15 237.55 B8.60 - 760 <0.5 <0.5 <0.5 <0.5 <2.5 .-
07722196 246,15 235.57 10.58 -- 690 <0.5 1.6 <0.5 <0.5 7.9 -
10/10/96 246,15 234,97 11.18 - 870 7.0 21 <0.5 <0.5 19 -
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Vertical Measuremants are in feel.

Cumulative Table of Well Data and Analytical Results

Analylical resulls are in paris per blllion (ppb)

’ Well Ground  Depth

DATE Head Water To Notes TPH-  Bsnzene Toluane Ethyl- Xylene MTBE Omanic
Elev, Elav, Water Gasoline Baenzene Lead

C-16
03/07/90  246.69 22519  18.50 - -- -- - - - - -
03/09/90 24669  -- o - - ND ND ND ND ND - --
06/12/90 246.69 235.27 11.42 .- ND ND ND ND ND -- --
05/24/90 248,69 235.30 11,39 - ND ND ND ND ND == -
12/20/90  246.69 235,12 11.57 -- . ND ND ND ND 0.7 - --
03/27/91 246,69 237.93 8.76 - ND ND ND : ND 1.3 - -
03/27/91 246,69 23793 8.76 Duplicate ND ND ND ND 1.2 -- --
06/18/91 246.69 235.51 11,18 -- ND ND ND ND ND - -
09/12/91 246.69 234.74 11.85 -- ND ND ND ND ND - -
01723192 246.69 234.28 12.41 .- ND ND ND ND ND - .-
Q4713192 246.69 236.00 10.69 - ND ND ND ND ND - -
0B/03/92 246.69 234.49 12.20 - ND ND ND ND ND - ND
10/22/92  246.69 234.08 12.60 - ND ND ND ND ND - -~
01/18/93 246.69 237.69 9.00 -- ND ND ND ND ND - -
04/19/93  246.69 236,80 9.89 - ND ND ND ND ND - -
07/21,22/93 246.69 236.44 10.25 - ND ND ND ND ND - .-
10/25/93 246.69 235.73 10.96 -- ND ND ND ND ND - --
01/21/94  246.69 234.93 11.76 -- ND ND 0.7 ND 1.0 - -
04/18/94  246.69 235.47 11.22 -- ND ND ND ND NO .- --
07/06-07/94 246.69 235.32 11.37 -- ND ND ND ND ND -~ -
10/07/94  246.68 23430 1239 . ND ND ND ND ND - --
01/11/95  246.69 237.73 8.96 -- <50 <0.5 <Q.5 <0.5 <0.5 -- -
04/24/95  246.69 236.31 10.38 -- ' <50 <0.5 <0.5 <0.5 <0.5 - -
07/31/95  246.69 235.37 11.32 .- <50 <0.5 <0.5 <0.5 <0.5 -- -
10/02/95 246,69 23429 1240 -- _ <50 <0.5 <0.5 <0.5 <0.5 - -
01/16/96  246.69 235.15 11.54 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 -
04/18/96 246,69 236.09 10.60 -- <50 <0.5 <0.5 <0.5 <0.5 <2.5 --
07/22/96 246.69 235.12 11.57 -~ <50 <0.5 <0.5 <0.5 <0.5 <2.5 --
10M10/96 246.69 234,25 12.44 -- <50 <0.5 <0.5 <0.5 <0.5 <25 --
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Cumulative Table of Well Data and Analytical Results

Vertlcal Measurements ara In fast, ﬁ Analytical resulls are In pars per billion {ppb)

Well Ground  Depth
DATE Head Water To Notes TPH- Benzens Toluene Ethyl- Xylens MTEBE Qrganlie

Elov. Elev, Waler Gasoline _ Benzene Lead
RW
12/04/89 .- -- - -- 62,000 29,000 1700 1800 8800 - --
03/07/90 274,52  256.02 18.50 . - - - - - - .
06/12/90 274.52  256.03 18.49 -- 31,000 15,000 2000 560 100 -- -
09/24/90  274.52 .- -~ - .- - - . - - -
12/20/90  274.52 - - - ND 0.5 ND ND 1.2 -- -
03/27/81 27452 - -- -- - -- - - - - -
06/18/91% 27452 -- e .- - -- .- - - . -
09/12/91 274.52 -~ -- Insufficient water -- -- -- - - .- -
01/23/92 27452  -- -- Insufficient water -- - - - " - -
04/13/92 274,52 - - Insufiiclent waler .- - - . - - -
08/03/92  274.52 -- - Insufficlent walar - - . - - - -
10722/92 27452 . -- - Insutficlent waler - - - - - - -
01/18/93 27452 - - Insulficlent water -- - .- - .- - -
04N19/93 27452 - - Insufficlent water - - - - - . -
07/21,22/93 274.52 - - Insufficiant water .- .- - - - - -
10/25/93  274.52 - - -- -- . - - - - -
01/21/94  274.52 - - -- .- - . .- . - .
04/18/94  274.52 -~ - .- .- - - - - . .-
07/06-07/94 274,52 -- .- - . . .- - - - .
10/07/94  274.52 . -- -- -- - .- . - . .
10/24/95 274.52 256,63 17.89 -- 37,000 11,000 380 1100 3000 -- --

O1Ne/96  274.52 259,09 15.43 -- 59,000 17,000 660 1600 5400 <1000 --
NO LONGER MONITORED OR SAMPLED .
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Cumulative Table of Well Data and Analytical Resuits

Vertlcal Measuramants ara in feet. Analytical resulls are in parts per billlon (ppb)

) Well Ground  Depth

DATE Head Water To Notes TPH- Benzene  Toluene Ethyl- Xylens MTBE  Organic
Elev, Elev. Water Gasoline Benzene Lead

TRIP BLANK
01/11/96 .- -- - .- <50 <0.5 <0.5 <0.5 <0.5 -- --
04/24/85  -- -- - -- <50 <0.5 <0.5 <0.5 <0.5 -- -
07/31/95 - - -- -- <50 <0.5 <0.5 <0.5 <0.5 -- -~
10/02/95 - - -- - <50 <0.5 <0.5 <0.5 <0.5 -- -
01/16/96 - - -- - <50 <0.5 <05 <Q0.5 <0.5 -- -
04/18/96 - - -- = <50 <0.5 <0.5 <0.5 <0.5 - -
07/22/96 - - - -- <50 <0.5 <0.5 <0.5 <0.5 -- --
<0.5 - -~

10/10/96 - .- -- -- <50 <0.5 <0.5 <0.5

Note: Blaina Tech Services, Inc. began routine moniloring of the groundwater wells at this slte on November 1, 1994,
Earller field data and analylical resulls are drawn {rom the November 4, 1994 Groundwater Technology, Inc. repon.

TPH = Total Petreleurn Hydrocarbons
ND = Not detected at or above the minimum quantitation limit. See |aboratory reports for minlmum quantitation limits,
MTBE = Methyl t-bulyl ether
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APPENDIX B

VAPOR PATHWAY RISK CALCULATIONS

Weiss Associates m




TIER 1 - Ground Water to Indoor Air Risk - Monitoring Well C-¢
Chevton Service Station 8-5607, 5269 Crow Canyon Road, Castro Valley, California

Soil Specific Parameters
ASTM 05 P 1.7 Bulk Density{g/cm*3)
ASTM 95 B 0.26 Air Content (v/v)
ASTM 95 Bus 0.12 Water Content (v/v}
ASTM 95 8 0.38 Porasity (v/v)
ASTM 95 Bocap 0.038 Capiliary Fringe Air Content (viv)
ASTM 95 Oweap 0.342 Capillary Fringe Water Content (v/v)
ASTM 85 Bacraek 0.26 Air Content in Foundation/Wali Cracks(v/v)
ASTM 95 O ymrack 0.12 Water Content in Foundation/Wall Cracks(v/v)
ASTM 95 h, 295 Thickness of Vadose Zone {cm)
ASTM 95 Feap & Thickness of Capillary Fringe (cm)
Diffusivity Parameters
ASTM 85 H 0.22 Henry's Constant for Benzene
ASTM 85 D*  9.30E-02 Air Diffusion Coefficient (cm*2/s)
ASTM 95 D" 1.10E-05 Water Diffusion Coefficient (cm*2/s)
Calculated D", 0.007258 Effective Diffusion Coefficient soil (cm*2/s)
Calculated D""mp 217E-05 Capillary Fringe Effective Diffusion Coefficient soil (cm?*2/s)
“|Calculated D*" . 0.007258 Effective Diffusion Coefficient thru Foundation Cracks (cm*2/s)
Calculated D*".. 0.001108 Effective Diffusion Coefficient between ground water
and soil surface (cm*2/s)
Flux and Indoor Air Concentration

Measured . C. 8.2 Benzene concentration in ground water (mg/L)
unit conv C. 0.0082 Benzene concentration in ground water (mglcm"’j
Calculated Cyeq 0.001804 Benzene conc. in vapor at ground water interface (mg/cm®)
Caleulated Fmax 6.66E-09 Maximum Diffusive Vapor Flux (mg/cm? sec)
ASTM 95 Lerack 15 Enclosed Space Foundation or Wall Thickness {cm)
ASTM 95 . n 0.01 Areal Fraction of Cracks in Foundation (cm?cm?)
ASTM 95 Lb 200 Enclosed Space Volume/Infiltration Area Ratio (cm)
ASTM 95 ER,~indoor  0.00014 Enclosed Space Air Exchange Rate (sec™)
Calculated Cindoor  1.35E-07 Indoor air concentration (mg/em?)

Dose
ASTM 95 IR ~-indoor 15 Indoor air inhalation rate - residential (m*/day)
ASTM 85 EF 350 Exposure frequency - residential (day/yr)
ASTM 95 ED 30 Exposure duration - residential (yr)
Calculated Dose 21254.3 Dose (mg)

Risk ‘ .
ASTM 95 SFi 0.1 Benzene cancer slope factor {kg-day/mg)
ASTM 95 BW 70 Body weight (kg)
ASTM 95 ATc 70 Averaging time for carcinogens (yr)
Calculated Risk 1.19E-03 Ground water to indoor air Risk
Notes:

ASTM 95 = American Socigty for Testing and Materials, 1995. Standard Guide for Risk Based Corrective Action
Applied at Petroleum Release Sites, E 1739-95.

Measured: Concentration of benzene in ground water from monitoring well C-9, collected on 1/1 6/1996.

Calculations: All caleulations taken from ASTM 95 guidance. Formulas presented below.




TIER 1 - Ground Water to Indoor Air Risk - Monitoring Well C-9
Chevron Service Station 8-5607, 5269 Crow Canyon Road, Castro Valley, California

Formulas

7 ; 333 1 9333
o _ ::u-g,,_T + war

3 33 333

De_ﬂ" Dmr acap Dmr -}__ e weap

He?
o _ OB e 1002,
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cap
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TIER 1 - Ground Water to Indoor Air Risk - Sample Location SV-1
Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California

Soil Specific Parameters

ASTM 95 Ps 1.7 Bulk Density(g/cm*3)
ASTM 95 0. 0.26 Air Content (vfv)
ASTM 85 Oy 0.12 Water Content {v/v)
ASTM 95 0, 0.38 Porosity (viv)
ASTM 85 Bacap 0.038 Capillary Fringe Air Content (v/v}
ASTM 85 Buwcap 0.342 Capillary Fringe Water Content (v/v)
ASTM 85 Oacrack 0.26 Air Content in Foundation/Wall Cracks(v/v)
ASTM 95 Buerack 0.12 Water Content in Foundation/'Wall Cracks{v/v)
ASTM 95 h, 295 Thickness of Vadose Zone (cm)
ASTM 85 Negp 5 Thickness of Capillary Fringe (cm)
Diffusivity Parameters
ASTM 95 H 0.22 Henry's Constant for Benzene
ASTM 95 D* 9.30E-02 Air Diffusion Coefficient (cm*2/s)
ASTM 85 D**  1.10E-05 Water Diffusion Coefficient (cm*2/s)
Calculated D™, 0.007258 Effective Diffusion Coefficient soil (cm*2/s)
Calculated D‘“‘fc,ap 2.17E-03 Capillary Fringe Effective Diffusion Coefficient soil (cm*2/s)
Calculated D*" .« 0.007258 Effective Difiusion Coefficient thru Foundation Cracks {cm*2/s)
Calculated D™, 0.001108 Effective Diffusion Coefficient between ground water
and soil surface {cm*2/s)
Flux and Indoor Air Concentration ‘
Measured C. 0.028 Benzene concentration in ground water (mg/L)
unit conv C, 0.000028 Benzene concentration in ground water (mg/cm®)
Calculated . Cieq 6.16E-06 Benzene conc. in vapor at ground water interface (mgfem®)
Calculated Fumax 2.28E-11 Maximum Diffusive Vapor Flux (mg/cm? sec)
ASTM 85 Lerack 15 Enclosed Space Foundation or Wall Thickness (cm)
ASTM 95 n 0.01 Areal Fraction of Cracks in Foundation (cm*cm?) -
ASTM 95 Lb 200 Enclosed Space Volume/lnfiltration Area Ratio (cm)
ASTM 95 ER.-indoor  0.00014 Enclosed Space Air Exchange Rate (sec™)
Calculated Cingoor  4.81E-10 Indoor air concentration {mg/em®y
Dose
ASTM 95 IR,~indoor 15 Indoor air inhalation rate - residential (m*/day)
ASTM 95 EF 350 Exposure frequency - residential (dayfyr)
ASTM 95 ED 30 Exposure duration - residential (yr)
Calculated Dose 72.6 Dose (mg)
Risk
ASTM 85 SFi 0.1 Benzene cancer slope factor (kg-day/mg)
ASTM 95 BW 70 Body weight (kg)
ASTM 95 ATc 70 Averaging time for carcinogens (yr)
Calculated Risk 4.06E-06 Ground water to indoor air Risk
Notes:

ASTM 95 = American Society for Testing and Materials, 1995. Standard Guide for Risk Based Corrective Action
Applied at Petroleum Release Sites, E 1739-95.

Measured: Concentration of benzene in ground water from sample location SV-1, coliected on 8/18/1996,

Calculations: All calculations taken from ASTM 85 guidance. Formulas presented below.




TIER 1 - Ground Water to Indoor Air Risk - Sample Location SV-1

California

Chevron Service Station 9-5807, 5269 Crow Canyon Road, Castro Valley,
Formulas
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TIER 1 - Indoor Air Risk Predicted by Soil Vapor Data - Sample Location SV-8
Former Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valfey, California
© 19896 Weiss Associates

Soil Specific Parameters

ASTM 95 Ps 1.7 Bulk Density(g/cm*3) or {kg/L)
ASTM 95 Oas 0.26 Air Content (v/v)
ASTM 95 Bus 0.12 Water Content {(v/v)
ASTM 85 6; 0.38 Porosity (v/v)
d 91 Depth to (location of) vapor sample {(cm) - 3 foot depth
Diffusivity Parameters
ASTM 95 H 0.22 Henry's Constant for Benzene
ASTM 95 D* 9.30E-02 Air Diffusion Coefficient (cm*2/s)
ASTM 95 D% 1.10E-05 Water Diffusion Coefficient (cmA2/s)
Calculated D, 0,007258 Effective Diffusion Coefficient soil (crm”2/s)

Prediction of Flux From Benzene Concentration in Soil Vapor

Lab Data Cy measured 40 Measured Benzene Concentration in Vapor (pphbv) - SV-8
Unit Conv C, measured 0.13 Measured Benzene Concentration in Vapor (ug/L)
Calculated Fmax 1.03E-08 Maximum Diffusive Vapor Flux Predicted by

Benzene Concentration in Soil Vapor (ugfcm”-sec)

Indoor Air Concentration

ASTM 95 Lb 200 Enclosed Space Volume/Infiltration Area Ratio (em)
ASTM 95 ER,-indoor 0.00014 Enclosed Space Air Exchange Rate (sec™)
Calculated Cidoor 3.B8E-07 Enclosed Space Air Concentration {ug/cm®)

Dose _
ASTM 95  IR,-indoor 15 Daily Indoor Inhalation Rate (m°/day)
ASTM 95 EF 350 Exposure Frequency (days/year)
ASTM 95 ' ED 30 Exposure Duration {years)
Calculated Dose  57.909 Dose (mg)

Risk :
CAL EPA SF; 0.1 California Cancer Slope Factor for Benzene (kg-day/mg)
ASTM 95 BW 70 Adult Body Weight (kg) '
ASTM 95 AT, 70 Averaging Time for Carcinogens (years)
Calculated Risk 3.24E-06 Risk (positives/population)

Formulas
p 3 . 9 3.33
e — g wa —

mf——q":”

C — F max
indoor — ER. XL,

air~indoor

Dose = Coaor* IRar i * EF % ED

Dase SE
BWx AT

Risk =———

Notes:

ASTM 96 = American Society for Testing and Materials, 1985, Standard Guide
for Risk Based Corrective Action Applied af Petroleurn Release Sites, E 1739-
95.

Lab Data: Benzene concentration in Soil Vapor determined by laboratory
analysis of pore space vapor from soil boring SV-8 at 3 feet bgs,

Calculations; Effective diffusivity, diffusive vapor flux, enclosed space air
concentration, dose and risk calculations from ASTM 95 guidance. Formulas
presented above.
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TIER 2 - Ground Water to Indoor Air Risk - Monitoring Well C-9
Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California

Lab Data
Calculated
Calculated
Lab Data
Calculated
Calculated
Calculated
ASTM 985

ASTM 95
ASTM 95
ASTM 85
Calculated
Calculated
Calculated

Lab Data
unit conv
Calculated
ASTM 95
ASTM 95
Calculated
jCalculated

ASTM 95
ASTM 95
ASTM 95
Calculated

ASTM 95
ASTM 85
ASTM 85
Calculated

Soil Specific Parameters
Ps 2.21 Bulk Density(g/cm”3)
Bas 0.01 Air Content (viv)
Bus 0.27 Water Content (v/v)
9 0.28 Porosity (viv)
Oacap 0.01 Capillary Fringe Air Content (viv)
Owcop 0.27 Capillary Fringe Water Content (v/v)
hy, 386 Thickness of Vadose Zone (cm)
Peap 5 Thickness of Capillary Fringe {(cm)
Diffusivity Parameters
H 0.22 Henry's Constant for Benzene

D®"  9.30E-02 Air Diffusion Coefficient (cm*2/s)
D**  1.10E-05 Water Diffusion Coefficient (cmA2/s)
D""s .8.41E-06 Effective Diffusion Coefficient soil {cm”2/s)
De"cap 8.41E-06 Capillary Fringe Effective Diffusion Coefficient soil {cm#2/s)
D*,s 8.41E-06 Effective Diffusion Coefficient between ground water
and soil surface (cm*2/s)

Flux and Indoaor Air Concentration
Cu 8.2 Benzene concentration in ground water (mg/L.)
Cyw 0.0082 Benzene concentration in ground water (mg/cm®)
Cyeq 0.001804 Benzene conc. in vapor at ground water interface (mgicm?)
Lb 200 Enclosed Space Volume/Infiltration Area Ratio (cm)
ER -indoor  0.00014 Enclosed Space Air Exchange Rate (sec‘1)
Fmax 3.88E-11 Maximum Diffusive Vapor Flux (mg/cm? sec)
Cindoor 1-38E-09 Indoor air concentration {mgfcm?)

Dose
IRg;-indoor 15 Indoor air inhalation rate - residential (m*/day)
EF 350 Exposure frequency - residential {day/yr)
ED 30 Exposure duration - residential {yr}

Dose 218.0 Dose (mg)

Risk
SFi 0.1 Benzene cancer slope factor (kg-day/mg)
BW 70 Body weight (kg)
ATc 70 Averaging time for carcinogens (yr)

Risk 1.22E-05 Ground water to indoor air Risk




TIER 2 - Ground Water to Indoor Air Risk - Monitoring Weli C-8
Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California

Formulas
333 3, 33
eff mre wal 1 9
DI=DT D e
333 333
1 6
afr acap wal weap
Dcap D D H 9§
Dej}" = (hmp + hv)
ws hmp hv
Iy D;ﬂ'
Cv.eq =HxC,
C
_ eff v.eq
Fmax Dws h‘, +hmp
F o
Ci"dm" B ERmr—mdnar Lb

Dose = Cndaor % IRairﬁindmr xBEF < ED

Dose x SF;

Risk =55 ar

Notes:

ASTM 95 = American Society for Testing and Materials, 1995. Standard Guide for Risk
Based Corrective Action Applied at Petroleum Release Sites, E 1739-95.°

Lab Data: Bulk Density and Porosity determined by Jaboratory analysis of soil from
boring SV-1 at & feet below ground surface (bgs). Concentration of benzene in ground
water from rmonitoring well C-9, collected on 1/16/1996.

Calculations; Vadose zone thickness = shallowest depth to ground water in monitoring
well C-2 minus ASTM default capillary zone thickness (capiflary zone thickness not
measured). Air content and water content calculated from dry density and natural
density in soil from boring SV-1 at & feet bgs (Calculation attached). All remaining
calculations taken from ASTM 95 guidance. Formulas presented above.




TIER 2 - Ground Water to Indoor Air Risk - Sample Location SV-1
Chevron Service Station 8-5607, 5269 Crow Canyon Road, Castro Valley, California

Lab Data
Calculated
Calculated
Lab Data
Calculated
Calculated
Calculated
ASTM 95

ASTM 95
ASTM 95
ASTM 95
Calculated
Calculated
[Calculated

Measured
unit conv
Calculated
ASTM 85
ASTM 95
Calculated
Calculated

ASTM 95
ASTM 95
ASTM 95
Calculated

ASTM 95
ASTM 95
ASTM 95
Calculated

Soil Specific Parameters

Ps 2.21 Bulk Density(g/lem”3)
Bas 0.01 Air Content {viv)
Ous 0.27 Water Content (viv)
B 0.28 Porosity (v/v)
Bacap 0.01 Capillary Fringe Air Content (v/v)
Bucap 0.27 Capillary Fringe Water Content (v/v)
h, 896 Thickness of Vadose Zone (cm)
heap 5 Thickness of Capillary Fringe {cm)
Diffusivity Parameters
H 0.22 Henry's Constant for Benzene

D" 9.30E-02 Air Diffusion Coefficient (cm*2/s)
D**  1.10E-05 Water Diffusion Coefficient (cm*2/s)
D*", 8.41E-08 Effective Diffusion Coefficient soil {cmA2/s)
D*" . 8.41E-06 Capillary Fringe Effective Diffusion Coefficient soil (cm”2/s)
D", 8.41E-06 Effective Diffusion Coefficient between ground water
and soil surface (cm*2/s)

Flux and Indoor Air Concentration
Cw 0.028 Benzene concentration in ground water {mg/L)
C, 0.000028 Benzene concentration in ground water (mg/cm?®)
Cieq 6.18E-06 Benzene conc. in vapor at ground water interface (mg/cm?)
Lb 200 Enclosed Space Volume/Infiltration Area Ratio (cm)
ER~-indoor  0.00014 Enclosed Space Air Exchange Rate (sec™”)
Frax 7.39E-14 Maximum Diffusive Vapor Flux {mg/cm? sec)
Cingoor  2.54E-12 Indoor air concentration (mgfcma)

Dose
IR -indoor 15 Indoor air inhalation rate - residential (m®day)
EF 350 Exposure frequency - residential (day/yr)
ED 30 Exposurs duration - residential (yr)
Dose 0.4 Dose (mg)
Risk
SFi 0.1 Benzene cancer slope factor (kg-day/mg)
BW 70 Body weight (kg)
ATc 70 Averaging time for carcinogens (yr)

Risk 2.32E-08 Ground water to indoor air Risk




TIER 2 - Ground Water to Indoor Air Risk - Sample Location SV-1
Chevron Service Station 8-5607, 5269 Crow Canyon Road, Castro Valley, California

Formulas
333 333
eﬁ’ a:re 9
_ g 193.33
_ acp war 1~ vop
(hp + 1)
o=
h, h
= 4 Y
Cv,equwa
C
eff  “veq
Foa= “h +h,,
Flo
c"“r""’ ER . or X Ly
D0Se =G * IRo-sia* EF X ED
Dose SF
Risk = BWxAT

Notes:

ASTM 95 = American Society for Testing and Materials, 1995. Standard Guide for Risk Based
Corrective Action Applied at Petroleum Release Sites, E 1738-95.

Measured: Bulk Density and Porosity determined by laboratory analysis of soil from boring SV-1
at 6 feet below ground surface {bgs). Concentration of benzene in ground water from sample
location SV-1, collected on 8/19/1996.

Calculations: Vadose zone thickness = depth to ground water at sample location SV-1 minus
ASTM defaull capillary zone thickness (capillary zone thickness not measured). Air content and
water content calculated from dry density and natural density in soif from boring SV-1 at 6 feet
bgs {Calculation attached). All remaining calculations taken from ASTM 95 guidance. Formulas
presented above.




Tier 2 - Indoor Air Risk Predicted by Soil Vapor Data - Sample Location SV-8

Former Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California
© 1996 Weiss Associates

Soil Specific Parameters

Lab Data Ps 2.21 Bulk Density(g/cm*3)} or (kg/L)

Calculated 0as 0.01 Air Content (v/v)

Calculated Bys (.27 Water Content (viv)

JLab Data 6, 0.28 Porosity (viv)

Site Spec d 91 Depth to detected benzene (cm)
Diffusivity Parameters .

ASTM 96 H 0.22 Henry's Constant for Benzene

ASTM 96 D* 9.30E-02 Air Diffusion Coefficient {cm”2/s)

ASTM 96
Calculated

D** 1.10E-05 Water Diffusion Coefficient (cm*2/s)
D, 841E-06 Effective Diffusion Coefficient soil (cm”2/s)

Prediction of Flux From Benzene Concentration in Soif Vapor

Lab Data Cy measured 40 Measured Benzene Concentration in Vapor (ppbv)
Unit Conv Cy measured 0.13 Measured Benzene Concentration in Vapor (ug/L)
Calculated Frax 1.18E-11 Maximum Diffusive Vapor Flux Predicted by

Benzene Concentration in Soil Vapor (ug/cm?-sec)

Indoor Air Concentration
ASTM 96 Lb 200 Enclosed Space Volume/Infiltration Area Ratio (cm)
ASTM 96 ER,-indoor 0.00014 Enclosed Space Air Exchange Rate (sec™)

Calculated Cingoor  4.26E-10 Enclosed Space Air Concentration {ug/fcm®
Dose
ASTM 96  IR,-indoor 15 Daily Indoor Inhalation Rate (m*day)
ASTM 96 EF 350 Exposure Frequency {days/year)
ASTM 96 ED 30 Exposure Duration (years)
Calculated Dose 0.067091 Dose (mg)
Risk :
CAL EPA SF; 0.1 California Cancer Slope Factor for Benzene {(kg-day/mg)
ASTM 96 BW 70 Adult Body Weight (kg) '
ASTM 96 AT, 70 Averaging Time for Carcinogens (years)
Calculated Risk 3.75E-09 Risk (positives/population)

Formulas

333 333
9 as wat _I__ B ws

e_ﬁl air
= 4 —x
q’m
Foa= D =

Fres

E‘Rair—-indoor x Lb

Cfndoar =

Dose = Coao * IR ieioion * EF * ED

Dose x SF,

Risk =

Notes:

ASTM 96 = American Society for Testing and Materials, March 5, 1996.
Standard Guide for Risk Based Corrective Action Applied at Petroleum Release
Sites, E 1739-95.

Site Spec: Depth to detected benzene in the soil vapor sample from boring

.| location SV-8.

Lab Data: Bulk density and porosity determied by laboratory analysis of soit
from boring SV-1 at 6 feet below ground surface (bgs). Benzene concentration
in Soil Vapor determined by laboratory analysis of pore space vapor from soil
boring SV-8 at 3 feet bgs.

Calculations: Air content and water content calculated from dry density and
natural density in soil from boring SV-1 at 6 feet bgs (Calculation attached).
Effective diffusivity, diffusive vapor flux, enclosed space air concentration, dose
and risk calculations from ASTM 96 guidance. Formulas presented above,

JACHEVROM\I 120RBCAIRISK-IN.XLS




Outdoor Air Risk Predicted by Soil Vapor Data

Former Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California

© 1996 Weiss Associates

Soil Specich_Parameters

Lab Data P 2.21 Bulk Density(g/om*3) or (kg/L}

Calculated Bas 0.01 Air Content (v/v)

Caiculated B 0.27 Water Content (v/v)

Lab Data & 0.28 Porosity (viv)

Site Spec d 91 Depth to detected benzene (cm)
Diffusivity Parameters

ASTM 86 H 0.22 Henry's Constant for Benzene

ASTM 86 D® 9.30E-02 Air Diffusion Coefficient (cm”2/s)

ASTM 96 D¥®  1.10E-05 Water Diffusion Coefficient (cm*2/s)

Calculated D", 8.41E-06 Effective Diffusion Coefficient soil (cm*2/s) .

Prediction of Flux From Benzene Concentration in Soil Vapor
Lab Data Cv‘measured
Unit Conv Cy measured 0.13 Measured Benzene Concentration in Vapor (ug/l)
Calculated Frax 1.19E-11 Maximum Diffusive Vapor Flux Predicted by

Outdoor Air Concentration

ASTM 96 Uair 225 Air velocity (cm/fsec)
ASTM 96 w 1500 Width of plume parallel to velocity (cm)
ASTM 96 bair 200 Ambient air mixing height {cm)

Calculated Cy outdoor  3-98BE-13 Outdoor Air Concentration (uglcm3)

Calculated Riske, 4.67E-12 Outdoor Air Risk Predicted by Soil Vapor Data

40 Measured Benzene Concentration in Vapor (ppbv)

Benzene Concentration in Soil Vapor (ug/cmz—sec)

Notes:

. Dose
ASTM 96 IR, -outdoor 20 Daily Outdoor Air Inhalation Rate (m°/day)
ASTM 96 - EF 350 Exposure Frequency (days/year)
ASTM 96 ED 30 Exposure Duration (years)
Caleculated Dose B8.35E-05 Dose {mg)

Risk

CAL EPA SF; 0.1 California Cancer Slope Factor for Benzene (kg-day/mg)
ASTM 96 BwW 70 Adult Body Weight (kg)
ASTM 96 AT, 70 Averaging Time for Carcinogens (years)

Formulas
333 133
eff “'-’9 as waf 1 0 ws
= —_— 1 —
C

eff v measured

Fmax 5 d
F xW
C",Wfdﬂor Umr x 8 air

Dose = Cv,om'd:nr X TR ir-imion * I X B

. Dose x SF,
Risk.= 2,7

ASTM 96 = American Society for Testing and Materials, March 5,
1996. Standard Guide for Risk Based Corrective Action Applied at
Petroleum Release Sites, E 1739-95.

Site Spec: Depth to detected benzene in the soil vapor sample from
boring location SV-8.

Lab Data: Porosity determied by laboratory analysis of scil from
boring SV-1 at 6 feet below ground surface (bgs). Benzena
concentration in Soil Vapor determined by laboratory analysis of pore
space vapor from soil boring SV-8 at 3 feet bgs.

Calculations: Air content and water content calculated from dry density
and natural density in soil from boring SV-1 at 6 feet bgs (Calculation
attached). Effective diffusivity, diffusive vapor flux, outdoor air
concentration, dose and risk calculations from ASTM 96 guidance.
Formulas presented above, :

JACHEVROMNU 120 RBCARISK-QUT XLS




Calculation of Air Content and Water Content
Former Chevron 88 # 9-5607, 5262 Crow Canyon Road, Castro Valley, CA

M. ~0
Mw Pratural = (Ms +'Mw) lVi Ma." 0 Pary = Ms / Vi
M, M,

Sample: S$1 @€'

Peoics = M; / Vg = 2.88 glcc LetV, = 1cc

Pary = Mg/ Vy = 1.94 glcc M, =1.94g/cc x fcc =194 g
" Prawra = (Mg + M)/ V= 2.21 glce M, =221glcecx 1ce - 1.94g = 0.27g
M, /V,=1glc . V,=027g/(1g/cc) = 0.27cc
B = (Va + Vi) / V= 0.28 celee V,=028celecx 1¢cc-0.27 cc=0.01cc
Results
8, = 0.28
6, =V,/V, 8, =027
8, =V, 1V, 6, = 0.01

Sample: $5-1 @ 10"

Osotivs = Ms / Vg = 2.69 g/cc Let v, = 1cc
Pay = Ms / V= 1.84 g/cc M, = 1.84g/cc x 1cc = 1.84¢
Prawrat = (M5 + M) / V= 2.16 glee M, = 2.16 gfcc x 1ce - 1.849 = 0.32g
M, /V,=1glc V= 0.27g /7 (1g/ce) = 0.32cc
B = (V, + Vi) / Vi, = 0.32 celee V, = 0.32 cclee x 1 c¢ - 0.32 ¢¢ = 0.00 cc
Results
8, = 0.32
‘B, =V, 1V, 8, =0.32
Ba = Va/ Vi 8, = 0.00

JACHEVROM 12ARBCAVAIRCONT. XLE
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FATE AND TRANSPORT ANALYSIS
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MEMORANDUM

Richmond, California
August 13, 1992

Former Chevron Service
Station No. 9-5607
5269% Crow Canyocn RA.

Castro Valle CA.

Mr. C.B. Rogers,

As you recuested, I have evaluated the present gfoundwater
remediation system at former Chevron Service Station No. 9-5607 and

make the following predictions concerning the fate and transport of
dissolved benzene (see Site Map - Figure 1). :

Paul Hildebrandt (CRTC) has used a numerical model to predict
concentrations of dissolved benzene at the site. Various well
placement options were incorporated into the models, to determine

the most effective strateqy to remediate the dissolve phase BTEX
which has migrated off-site.

Benzene was the component considered for the model due to the
following characteristics of the compound:

(a) it is considered a carcinogen, and as such is a primary
substance to consider for site assessment and remediation activity.

(b) dissolved benzene is the most mobile of the BTEX
compounds. As a means of comparison, Table 1, provides a list of
Pure phase sclubility values and the organic carbon partition
coefficient (Xoc) of the BTEX components. The water solubility is
the amount of a chemical that can dissolve in pure water at a
specific temperature and pressure. The Xoc 1is a measure of
dissolved phase mobility, as the coefficient reflects the affinity

of the compound to adsorb onto organic carbon within the sediment
matrix. - h ‘

Therefore, because benzene more readily dissolves in water and

adheres less to the soil, it is more mobile than the other BTEX
compounds.




Table 1
Water Solub. Koc
{mg/1) {ml/q)
Benzene 1791 97
Toluene 535 300
Ethylbenzene . 152 _ 1100
Xylenes 130 240

Groundwater flow and contaminant fate of dissolved benzene, in the
vicinity of the former Chevron facility, was modeled using
MODFLOW/MT3D. MODFLOW is a finite difference model, developed by
the U.S5. Geological Survey for the purpose of simulating
groundwater flow. MT3D is a finite difference model, developed in
part by Xonikow and Bredehoft of the U.S. Geological Survey, which
simulates the fate and transport of dissolved compounds. This
method of simulating partical movement has survived legal scrutiny
at such sites as Rocky Flats, Colorado, and has been readily
accepted by various federal and state regulatory agencies.

A finite difference model involves the approximation of the partial
derivatives, which describe site conditions, by a series of

~ algebraic expressions. As a result of the approximation, the

partial differential equation describing the problem is replaced by
a finite number of easier to compute algebraic equations. The
values at selected points, the nodes on the finite difference grid
(see Section a, below), become the unknowns which are solved by the
series of algebraic equations.

The groundwater flow and contaminant fate and transport mecdel
Presented in this memo is a combined MODFLOW/MT3D simulation. The
groundwater flow simulation, using MODFLOW, is constructed first.
The MODFLOW results are then stored for access by MT3D, the
contaminant fate and transport portion of the  model. The
contaminant fate and transport model then accesses the groundwater.
flow data to generate a combined simulation.

The basic parameters used to construct the groundwater flow and
contaminant fate model are shown on Tables A and B.

(2) Finite difference grid - The grid spacing represents the
nodes used for the algebraic calculations of the model. The grid is
constructed of 28 columns and 30 rows, with the nodes separated by
15 foot uniform spacing in the x and y directions.

(b) Specified head boundaries - depth to groundwater at the
site is defined as 288 feet above sea level along the bottom row of

2




the grid (eastern portion of map), and 235 feet above sea level

along Crow Creek, at the upper portion of the grid (western portion
of the map).

The specified head boundaries define the groundwater gradient,
which is based on groundwater elevations regularly measured at
monitor wells C-1 to -3, -5 to -8, and ~-10 to -16. Groundwater
elevation data has been unavailable from C-4 since September 24,
1990, as the well has not been located. Groundwater depth
measurements are also not available for C-9 and RW-1 since June 18,

1991 and June 12, 1990, respectively, due to groundwater extraction
at these wells. .

(c) Aquifer thickness - the unconfined saturated thickness of
the silts and clays are defined by information contained in the
well installation logs. The installation logs are provided by
Chevron consultants Groundwater Technology, Inc. (monitor wells C-1

to -9 and RW-1)}, and Pacific Environmental Group (monitor wells C-
10 to -16), - '

Within the primary area of concern, between Crow Creek and the
eastern boundary of the grid, the aquifer thickness is maintained
at a constant 20 foot thickness. :

(4) Bottom elevation - The bottom of the aquifer
(sediment/bedrock interface), along with the measured groundwater
elevation, defines the thickness of the aquifer. The depth to
bedrock is available from the well installation logs.

(e) Hydraulic conductivity - the hydraulic conductivity is a
measurement of the ability of a fluid to pass through a porous
medium. The higher the hydraulic conductivity, the greater the
ability of the liquid to pass through the medium. In this case, the
value reflects the ability of water to flow through the silts and
clays characterizing the saturated zone at the site. :

'The hydraulic conductivity values used in the model (clay - 0.027%

ft/day, = 1.0x107° cm/sec; silt - 0.2790 ft/day, =1.0x10"% cm/sec)
are based on published values for these specific soil types (Table
2.2,_Groundwater, Freeze and Cherry, 1979, Prentice Hall).

(f) Specific porosity - the specific porosity reflects the
Percentage of the sediment composed of interconnected pore space,
which will allow groundwater to flow. The value used in the model,
10%, is based on published numbers for silts and clays.

(g) Recharge - The Castro Valley area is characterized as a
region of 1low annual rainfall, and 1little if any irrigation. -
Recharge, or net addition of surface water to the aguifer, is
therefore neglected for the model.




~ (h) Evapotransportation - Depth to local groundwater is 20
feet below ground level. At this depth evaporation will be minimal
and the factor was therefore not considered for the model.

(1) Source concentration - the pfesence of liquid phase
hydrocarbon (LHC) in on-site groundwater indicates that a continual
dissolved benzene source exists at the site.

The benzene source concentration is calculated as the product of
the pure phase solubility (1791 mg/l) and the weight percent of
benzene in gasoline. The pure phase solubility is a compound
specific constant, at specific temperature and pressure conditions,
and is readily available in published tables. The weight percent of
benzene as a gasoline component has varied over time, and is
assumed in this study to constitute 1.3% of the LHC present in on-
site groundwater. A 1.3% benzene gasoline component is consistent
with the 0.12~3.5% range stated in Appendix G of the California
LUFT Manual as the weight percent of benzene in gasoline. '

The source concentration is therefore calculated as 1791 mg/l x
0.013 = 24 mg/l (=24 ppm) . -

(J) Longitudinal dispersion - the dispersivity is an estimate
of the degree of heterogeneity of the subsurface. The 15-30 foot
values used in the model fall within the published range of
clay/silt sediment, based on field studies, '

(k) Transverse dispersion - published accounts of field
studies suggest that the transverse dispersivity is commonly 0.1-
0.2 of the longitudinal dispersion. The transverse dispersivity is
a measurenment of the subsurface heterogeneity, as it influences
groundwater flow moving perpendicular to the gradient direction.

(1) Dry bulk density - a dry bulk density of 1.57 g/cm’ was
used in the calculations of contaminant fate. The 1.57 g/cm® is

within the range of published values for a silt/clay sediment water
bearing zone.

(m) Distribution coefficient - the distribution coefficient,
Ky, is defined as the amount of compound (in mg) which will adsorb
to 1 mg of soil. The distribution cocefficient is calculated as the
broduct of the adsorption coefficient (Koc), described above, and
the total organic carbon content (TOC) of the soil.

The adsorption coefficient is a compound specific constant (Koc
benzene = 97 ml/g), which is available in published texts. The TOC

is estimated to be 0.05% (500 ppm) based on characteristic values
for silt and clay sediment.

(n) Biodegradation half-life - the biodegradation half-1ife
estimates the amount of time hecessary to degrade 1/2 of the
dissolved benzene in groundwater due to biologic activity. The

4




biodegradation half-life is dependent primarily on the amount of
available oxygen in the saturated zone and the nature of the
agquifer. In general, the greater the amount of dissolved oxygen and
the more permeable the aquifer, the greater the rate of
biodegradation and the smaller the half-life value.

Published values of benzene biodegradation half-life vary from
approximately 60 to 730 days. The 110 day half-life used in the
model is based on calibration of the model to measured dissolved
benzene concentrations, and is consistent with published values of
benzene half-life in a silt/clay saturated zone.

Results of computer generated model

1) Figure 2 shows the areal grid used to generate the groundwater

flow model. Each box within the grid has the dimensions of 15.x 15
feet.

2) Figure 3 is a site map exhibiting the areas characterized as
having a hydraulic conductivity of 0.0279 ft/day (unshaded area on
map) . The hydraulic conductivity of 0.0279 ft/day is consistent
with the clay sedimentary matrix observed at the level of the water
table at on-site and off-site monitor wells.

The shaded area of the map is calculated as having a hydraulic

. conductivity of 0.279 ft/day, based on the presence of

predominantly silts at the level of the water table, in monitor
well C-12. Subsurface sediment data is available in the well

installation logs of the site assessment reports prepared for
Chevron.

The shape of the shaded (silt) area on the map was varied until
simulated benzene concentrations in downgradient monitor wells C-

12, -10A and -10B approximated the actual benzene concentration
measured from these wells.

' 3) Figure 4 shows the groundwater flow as simulated by the MODFLOW

flow model. The groundwater flow pattern in Figure 4 is based on
groundwater elevations measured on-site April 13, 1892.

The anomalous flow pattern near monitor well C-12 is the resulF of
the higher permeable sediment present in this portion of the site,

thereby influencing the groundwater flow.

4) The shaded area of Figure 5 represents the initial (1886) area
of the site containing liquid phase . hydrocarbon (LHC). The areal
extent of the LHC is the source area of the dissolved benzene. As
stated above, the concentration of dissolved benzene within the
source area is 24 ppn.

The extent of the shaded area is based on the measurable presence
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of LHC in MW-3 (GTI letter, March 7, 1985), recovery well RW-1 (GTI
Update Report, July 31, 1986) and by calibration of the model to
groundwater analytical data. The shape of the shaded area was
varied slightly, until the simulated areal pattern of dissolved
benzene approximated the observed dissolved benzene concentrations
measured at the site.

5) Figure 6 represents 1992 dissolved benzene concentrations as
predicted by the MODFLOW/MT3D computer generated groundwater flow
and fate model. The initiation of the model simulation is 1986,
with Figure 6 representing site conditions 6 years after initial
site parameters were established (shown in Figure 5).

It should be noted that Figure 6 results assume no groundwater
pumping at the site (see Table C for assumptions). A "no-punping"
situation represents a conservative set of parameters, which if
anything, will tend to over-represent the downgradient extent of
the dissolved benzene plume.

Comparison of the simulated results to actual dissolved benzene
concentrations measured from groundwater samples (shown in bold
type on Figure 6), provided the mechanism to calibrate the accuracy
©f the model. Figure 6 calibration was based on a comparison to
April 13, 1992 groundwater analytical data.

The model predicts that the 1 ppb dissolved benzene contour does

- not presently reach Crow Creek. A biodegradation equilibrium front

is present several feet downgradient of monitor wells MW-10A and -
15. This equilibrium front is where biodegradation removes benzene
at a rate which is equivalent to dissolution of benzene in the
source area. Simply stated, benzene at the equilibrium front is
degraded before it has a chance to migrate further.

€) Figure 7 shows predicted dissolved benzene concentrations 10
Years after initial site conditions are established (corresponding
to 1996 site conditions). As in Figure 6 results, this
interpretation also assumes no groundwater extraction at the site.

The model predicts that under "steady state" conditions there is no
net -advance of dissolved benzene downgradient. Steady state

conditions are defined as no fluctuations in the flow or water
table elevations. :

Dissolved benzene concentrations in downgradient monitor wells MW-
10A, -10B and -15 have remained virtually unchanged since sampling

began on these wells on March 7, 1990; further supporting these
modeled results.

7) The data shown on Figure 8 represents the projected dissolved
benzene concentrations in 199s, incorporating the effect of
groundwater pumping from RW-1 and C-9 (see Table D). A pumping rate
of 0.05-0.1 gpm is calculated into the model to simulate actual
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site conditions. Groundwater extraction data are routinely supplied
to Chevron by the consultant, Geraghty and Miller.

As stated on Table D, the model begins at Time = 0, corresponding
to 1886. Extraction well RW-1 begins pumping 1490 days into the
model (1990) at a rate of 0.1 gpm. At 1830 days (1991), the pumping
rate of RW-l1l is. reduced to 0.05 gpm. Extraction well C-9 begins
pumping at 1990 days (1591) at a rate of 0.1 gpm. At 2330 days
(1992), the pumping rate is reduced to 0.05 gpm.

The variable pumping rates used in the model reflect the changing
pumping rates cobserved on-site. :

The total run time of the results displayed in Figure 8 corresponds
to Time = 3650 days (1996).

The  model suggests that the present groundwater extraction
configuration, utilizing wells RW-1 and €C-9, will have a minimal
effect on reducing the downgradient benzene concentration over the
next 4 years. )

8) Figures 9 and 10 show model simulated groundwater elevation
contour lines in response to pumping 1 and 2 wells, respectively
(see Table D). Figure 9 contains only the groundwater extraction
effect of pumping RW~1 at 0.1 gpm for 1 year. Figure 10 shows the
effect of pumping RW-1 for 2 years (at 0.1 gpm - year 1, 0.05 gpm -
year 2), and C-9 for 1 year at 0.1 gpm. )

The estimated groundwater - capture radius, based on model
simulations, is 20-25 feet.

9) Figure 11 presents the groundwater elevation contour pattern in
response to pumping RW-1, C-9 and C-6 (see Table E).

Figure 11 represents site conditions simulated for 1995, with RW-1,
C-9 and C-6 pumping at 5, 4 and 3 years, respectively. The pumping
rates of the 3 wells are listed on Table E. The pumping rates are
shown to decrease with time due to the simulated dewatering effect

that groundwater extraction has on the relatively low permeable
agquifer. . -

10) Figure 12 shows model simulated groundwater elevation contour
lines in response to pumping RW-1, C-9, RW~2 and C-6 (see Table F).
RW~2 is located along the western property boundary, 40 feet from
RW-1. Figure 12 represents site groundwater conditions in 1995,
with RW-1, -9, RW-2 and C-9 pumping 5, 4, 3 and 3 vyears,
respectively. The pumping rates of the 4 wells are shown on Table
F. _

11) Figures 13 and 14 display the simulated dissolved benzene
concentrations in response to pumping RW-1, C-9 and C-6. The
pumping rates and other conditions concerning these figures are
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Presented on Table E. Figures 13 and 14 simulate conditions for
1994 and 1996, respectively.

It is apparent from the data presented in Figures 13 and 14 that
the effect of pumping RW~1, C-9 and C-6, along with the
biodegradation process, will reduce the concentration of
downgradient hydrocarbons and "“shrink"™ the dissolved hydrocarbon
plume. The 3 pumping wells provide a partial barrier to off-site
benzene migration as observed in the decreasing concentrations in
the downgradient. portion of the modeled area. The upgradient
portion of the area, near the source, will still likely be
characterized by elevated concentrations of dissolved benzene.

12) Figures 15 to 16 show simulated dissolved benzene
concentrations in response to pumping RW-1, C-9, C-6 and RW-2. The
pumping rates and other conditions concerning these wells are
present in Table F. Figures 15 and 16 simulate site conditions for
1594 and 1996, respectively.

The simulations presented in Figures 15 and 16 indicate that the 4
pumping well model establishes a more effective benzene migration
barrier than the previously discussed 3 pumping well model (compare
Figures 14 and 15). Downgradient benzene concentrations are further

reduced due to the more effective inhibition of off-site benzene
migration.

It should be noted, however, that upgradient concentrations will

- still be elevated. The low attainable pumping rates, due to the

relatively low permeability of the soil, make it difficult to
establish a truly effective migration barrier.

In both the 3 and 4 pumping well cases, it.is apparent that the
potential impact of dissolved benzene on Crow Creek will be
eliminated.

Summa; Y

The MODFLOW/MT3D computer generated groundwater flow and
contaminant fate model indicates the feollowing:

(A) Dissolved benzene, originating from a source at the former

Chevron facility, will not apparently impact Crow Creek. A no

impact simulation is shown regardless of whether groundwater is
pumped or not (Figures 6, 7 and 8).

(B) The present groundwater extraction system (RW-1 and C-9)
does not provide sufficient capture to effectively limit the off-
Slte migration of dissolved benzene (Figure 7 and 8). '

) (C) The 4 year simulation of a 3 pumping well situation
indicates that the off-site migration of dissolved benzene is
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reduced, as observed in the decreased concentrations in ‘the
downgradient portion of the modeled area. Upgradient
concentrations, near the source, are still elevated.

The effect of the additional pumping well (C~6) is observed by
comparing the pair of 1996 simulations presented in Figure 8
(pumping wells RW-1 and C-9) and Figure 14 (pumping wells RW-1, C-9
and C-6).

(D) The 4 year simulation of a 4 pumping well situation
indicates that the off-site dissolved benzene migration is further
inhibited by the addition of a hypothetical punping well (RW-2).
The effect of the various pumping configurations may be observed by
comparing the 1996 simulations in Figures 8 (pumping wells RW-1 and
C-9), Figure 14 (pumping wells RW-1, C-9 and C~6), and Figure 16
(pumping wells RW-1, C-9, C-6 and RW-2).

If you wish to discuss this site further, please contact me at CTN
242<1383.

Sheldon N. Nelson

cc: T.E. Buscheck
P.L. Hildebrandt
J.L. Pease
J.¥W. Hartwig




Table 2
Flow Model MODFLOW
Transport Model MT3D

Problem Statement (Floew Model)
Finite difference grid

Grid spacing

Specified head boundaries

Layeré

Aquifer thickness

Bottom elevation

Hydraulic conductivity

Porosity
Recharge

Evapotranspiration

Title: GROUNDWATER FLOW MODEL PARAMETERS

28 columns by 30 rows

15 foot uniform spacing in the
X and y directions

Constant head defined as 288
feet above sea level along the
bottom row (east) and 235 feet
above sea level along Crow
Creek, at the top of the grid
(west)

1 (unconfined aquifer)

Set to 20 feet in transport
model

-Set at 268 feet along bottom

row; thereafter, each successive

row is set 2 feet less than the
preceeding row

Clay-0.0279 ft/d (1x10° cm/sec)
511t-0.2790 ft/d (1x10% aysx)

10%
Neglected

Neglected




Table B Title: Benzene Fate Model Parameters

Problem Statement {(Transport Model)
Source concentration

Dispersion (longitudinal)

Dispersion (transversé)
Dry bulk density of soil
Ky (distribution coefficient)
) (benzgne)
TOC (total organic carbon)

Biodegradation half-life (t,,)

24 ppm benzene

15 feet

(30 feet for first run
w/no source removal)

1.5 feet

1.57.g/cm3

0.9485

97 ml/g

0.05% (500 ppm)

110 days




Table C Title: Benzene Concentrations With No Pumping
Bimulaticn #1

Simulation #1
Assumptions
No pumping wells
Total run time is 10 years (1986-1996)
Constant benzene source (no source removal)
Area of source constant from start to finish

No change in constant head elevations




Table D Title: Benzene Concentrations Including Effect of Pumping
Simulation #2

Simulation #2

Assumptions

Two pumping wells

RW-1 c-9
Begin 1490 days (1990) 1980 days (1991)
0.1 gpm 0.1 gpm
Change in 1830 days (1991) 2330 days (1992)
pumping rate 0.05 gpm 0.05 gpm

Total run time is 10 years, time = 0-3650 days (1986-1996)
Constant benzene source (no source removal)

Area of source constant from start teo finish

No change in constant head elevations




Table E Benzene Concentrations Including Effect of Pumping
Simulation #3

S8imulation ¢3
Assumptions
Three pumping wells

RW-1 C-9 C-6

Begin 1990 1991 1992

0.1 gpm 0.1 gpm 0.04 gpm
Change in 1991 1992 1995
rumping rate 0.05 gpm 0.05 gpm 0.03 gpm

1992 1995

0.04 gpm - 0.045 gpm

1985

0.035 gpm

Total run time is 13 years (1986-1999)
Constant source (no source removal)

Area of source constant from start to finish

No change in constant head elevations




Table F Benzene Concentrations Including Effect of Pumping

Simulation #6

Simulation {6

Assumptions

Four pumping. wells (add RW-2 as pumping well at same time as

C=6). '

RW-1 c-9 RW-2
Begin - 1890 1991 1992

0.1 gpm 0.1 gpm 0.04 gpm
Changé in 1991 1992 1985
pumping 0.05 gpm_ 0.05 gpm 0.02 gpm
rate

1982 - 1985

0.04 gpm 0.045 gpm

1885

0.035 gpm

Teotal run time is 13 years (1986-1999)
Constant source (no source removal)

Area of source constant from start to finish

No change in constant head elevations

C~6

1992
0.03 gpm

1995

0.02 gpn
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ATTACHMENT C
VAPOR CONCENTRATION PROFILE COMPARISON

The purpose of this attachment is to compare the vapor concentrations measured during the
August 19 and 20, 1996 soil vapor survey at the subject site to ASTM vapor transport model
predictions and to present an alternative model for calculating Tier 2 SSTLs. The comparison of
predicted and measured vapor concentrations is presented below followed by a mass balance
calculation of vapor concentrations and a presentation of the alternative vapor transport model for
calculating Tier 2 SSTLs.

Vapor Concentration Profile Comparison

Soil vapor concentrations at shallow depths downgradient of former Chevron Service Station
#9-5607 were considerably lower than predicted by the ASTM vapor transport models. The models
predict a linear concentration gradient from the depth of the impacted soil and ground water to the
ground surface. The vapor concentration in equilibrium with impacted soil is calculated using the
expression:

H x Csm‘! X ps
C..= (ASTM 1995)
e ew.r+facxkocxps+H xem

while the vapor concentration in equilibrium with impacted ground water is calculated using the
expression

C.=HC, (ASTM 1995)

where C, ., is the equilibrium vapor concentration, H is Henry’s constant for the contaminant, p is
the bulk density of the soil, 8, is the water content of the soil, £, is the fraction of organic carbon in
the soil, k, is the chemical specific carbon-water sorption coefficient and 9, is the air content in the
soil. The vapor flux to the ground surface is calculated using the expression:

eff Cv,eq
Frow=D7 — (ASTM 1995)

where F is the diffusive vapor flux, D,*7 is the effective diffusivity, and d is the depth to impacted
soil or ground water . The effective diffusivity is determined from the expression:

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company., Weiss
Associates makes no other warranty, sither expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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9333 wat 1 9333

DY = D”" + D" — o (ASTM 1995)

where D*" and D™ are the chemical specific diffusion coefficients in air and water respectively and
0, 1s the total porosity. Rearranging the vapor flux expression we arrive at an expression to calculate
the vapor concentration at various depths:

C _ Fmax x d.shalfaw — C",eq s d-"m""“’
v eff -

D d
where C, ., is calculated from the previous expression for vapor concentration within the soil plume,
d is the depth to impacted soil or ground water and dg,,,, is the depth to various points above the
impacted soil or ground water.

Vapor Concentration From Ground Water Source Example

The concentration of benzene in ground water from well C-9 collected on January 16, 1996
and sample location SV-1 collected on August 19, 1996 was 8.2 mg/l and 0.028mg/l respectively.
The above expression for C, ., in equilibrium with 1rnpacted ground water and Henry’s constant for
benzene predicts vapor concentrations of 1800 mg/m” and 6.2 mg/m" at the water table near well C-9
and sample location SV-1.

The measured benzene concentration in pore vapor from sample location SV-4 at 25 ft bgs
was 39 000 parts per billion by volume. Converting the measured vapor concentration to units of
mg/m’ we arrive at 130 mg/m’. A plot of measured vapor concentration profiles for sample location
SV-4 and prcdlcted vapor concentration profiles in the vicinity of well C-9 and sample location
SV-1 are presented below. These data were plotted with concentration on a logarithmic scale to
enable visual comparisons on the same plot. The vapor concentration profiles of predicted data are
linear when plotted on a linear vertical scale.

Plot of Vapor Concentration With Depth

Comparison of Measured Vapor Concantration Profile at Samphe Localion S5V-4 to Concentration Profiles
Predictad Lising Tier 1 RBCA Defaut Parametars and Tier 2 Site Specific Parameters

g

Wall C-0 Lising Cefaut

Pammistei
Wall C-9 Using Site Speciic
Parmsters

g

£ »
=
°
g £V-1 Lhing Defeutt
w0l Perameters
g ™
|1}
=
5 .l /—/_'
- V-1 Using Site Spacitc SV Masurnd Vapor
; 01 Parametsn LConcentrlions
oM + + + + +
] 5 10 15 20 25 30

Depth (feet)
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The vapor concentration at 25 ft bgs (near the water table) at sample location SV-4 was in

" the range of the equilibrium vapor concentrations predicted by well C-9 and sample location SV-1

data. The concentration of benzene in soil vapor from sample location SV-4 was below laboratory
detection limits at 11, 8 and 3 foot depths indicating a rapid attenuation of vapor concentration above
the ground water source. The measured vapor concentrations at sample location SV-3 ‘were similar
in profile to location SV-4. However, the predicted profiles of vapor concentration with depth are
linear and do not attenuate rapidly above the ground water source. The predictions were plotted
using the Tier 1 default depth to ground water (9.8 feet) and the Tier 2 site specific depths to ground
water measured at the subject site. The vapor concentration profiles change only slightly with
application of the site specific depth. None of the predicted profiles reflect the real attenuation of
vapor concentration measured at sample locations SV-3 and SV-4.

The above comparison indicates that the application of the diffusive vapor flux equation as
presented in the ASTM RBCA guidance document is not representative of conditions at this site.
Benzene vapor concentrations at depths shallower than the water table are much lower than
predicted by the ASTM model. . The lower than predicted benzene concentrations are likely due to
bioattenuation of benzene during vaper transport towards the surface, which is not considered in the
ASTM models. Concentrations of oxygen, carbon dioxide and methane indicated biological activity
at most of the soil vapor survey sample locations. The effect of biodegradation on the vapor
concentration profile is discussed below. :

Mass Balance Prediction of Vapor Concentrations

The attenuation of vapor concentrations can be explained by performing a mass balance on
the shallow soil above the ground water or soil source. The mass balance equation follows the form:

4 % = A(Flux, Y — A(Flux )~ (bioattenuation)

The mass balance is constructed by dividing the shallow zone into subintervals and looking
at an intermediate subinterval to arrive at the mass balance expression:

dC,

0, A Az — =A-D;ﬁ——c"-"c
dt

[l _A_De:ﬂ' Cn_cn+!

5

—0,-4 -Az-R-C,

where 0, is the air content, A is the area of the subinterval, Az is the height of the subinterval, C_,,
C,, and C ., are the vapor concentrations in subintervals n-1, n and n+l, D;"ff is the effective
diffusivity and R is the chemical specific first order decay rate constant. Assuming that vapor
concentration fluctuations at the nth subinterval are small with respect to time, the mass balance
expression can be solved for vapor concentration. The expression for vapor concentration is:

_ D:ﬁ [Cn—l +Cn+l]
" 2DY 46, -Az* R

The data, findings, recommendations, and professional opinions contained in. this document were prepared solely for the use of Chavron Products Company. Weiss
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Knowing the vapor concentration at the depth of impacted soil and conservatively assuming
the vapor concentration is near zero at the upper boundary results in an equal number of eguations
and unknowns. The system of linear equations is then solved for the vapor concentration profile
above the impacted soil. An example of a 5 subinterval system of equations is presented below:

1 -x 0 o] [c¢ C,eX
X -1 x of |q 0 D¥
‘ X = Where X = 2 5
0 X -1 X| |G 0 2D% 46, -Az* R
0 0 -X 1| |C| |CppenX~0

Please note that j subintervals results in j-1 equations to satisfy the boundary conditions. This
approach can also be used to depict vapor concentration profiles in stratified lithology. This is done
by determining the site specific diffusivity in each lithologic unit and applying the determined
diffusivities to the mass balance equation in each subinterval.

A plot of measured vapor concentration with depth at sample location SV-4 and the
predicted vapor concentration profile in the vicinity of well C-9 using the mass balance approach is
depicted below.

Plot of Vapor Concentration With Depth
Comparison of Measired Vapor Carcantration Profile at Sampie Location SV-4 & Concantration Profiles
Predicted Using Tier 2 Sits Specific Pararedars ard Accourting for Bicdegradation
10000
Well CD Apcouting tor Safrpde Laculion SY-4 Memired
. 1000 3 Biodegradation Vapor <:n--wmr-tmm\A
E 100 1
=
L
E 10
-
2
8 1]
F
a €, c00M
> 0. 4 Mg
0.01 n ‘ ; .
0 5 10 15 20 25 30
Depth (feet)

The mass balance prediction is similar to the vapor concentration profile measured at sample
location SV-4, Actual attenuation may be more rapid at location SV-4 because the measured
concentration of benzene in soil vapor at 11 ft bgs is an unknown value below 0.014 mg/m’.
However, rapid vapor concentration attenuation above the source is demonstrated by the mass
balance prediction when biodegradation is taken into account.

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
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Rapid vapor concentration attenuation was also reported in a recent study of hydrocarbon
vapor transport to indoor air from a retail service station release (Fischer, 1996"). The study showed
rapid attenuation of measured vapor concentrations above the ground water source occurring within
a thin, low diffusivity sediment layer and attributed the attenuation to biodegradation during vertical
transport. Measured isopentane, methane and oxygen concentrations were used to verify the
stoichiometry of the biodegradation reactions®. They calculated the biodegradation rate using a mass
balance approach that is very similar to the approach presented above. Fisher et al assumed the
concentration below the low diffusivity layer was very large compared to the concentration above
and solved for biodegradation using mass balance and assuming all of the biodegradation occurred
within the thin, low diffusivity layer. By comparison, the majority of sediments below the Forest
Creek Townhomes are likely to have diffusivities in the range of the low diffusivity layer studied at
the Alameda site by Fischer et al. Therefore, rapid attenuation of vapor concentrations due to
biodegradation can be predicted to occur a short distance above the ground water source in the
vicinity of the Forest Creek Townhomes residential area. The soil vapor concentrations measured in
the vicinity of the ForestCreek Townhomes verify this prediction.

Proposed Alternative to the ASTM Vapor T ransport Models

WA adapted the ASTM RBCA vapor model to incorporate the concentration profile
predicted by the above mass balance equation and matrix solution. An example SSTL calculation
using the system of linear equations is presented in spreadsheet form on page 7 of this attachment
(this example SSTL calculation is not to be confused with results of the RBCA analysis for the
subject site). The effective diffusivity and equilibrium vapor concentration within the soil plume
were calculated using the ASTM vapor model formulas. WA calculated the matrix coefficient X
assuming a conservative vadose zone half life for benzene and dividing the soil above the plume into
n subintervals (n=8 for this example). The system of linear equations was solved using the matrix
solver program in a Hewlett Packard 48G calculator. The resulting vapor concentrations in each
subinterval are displayed in tabular and graphical form on the spreadsheet. The vapor concentration
in the shallowest subinterval was then applied to the ASTM formula for diffusive vapor flux. The
shallowest subinterval is used to determine the flux because only the benzene mass passing through
the shallowest subinterval will reach the surface. Standard ASTM vapor model formulas were used
to calculate the indoor air concentration, dose and indoor air risk. The benzene SSTL concentration
in soil was then calculated by multiplying the measured benzene concentration in soil to the ratio of
acceptable risk and determined risk. The SSTL can be calculated this way because soil

! Fischer M. L., Bentley A. J.,, Dunkin K. A., Hodgson A. T., Nazaroff W. W., Sextro R. G., Daisey J. M.,
Environmental Science & Technology 1996. Factors Affecting Indoor Air Concentrations of Volatile Organic
Compounds at a Site of Subsurface Gasoline Contamination. Vol. 30, No 10, pp 2948 - 2957.

? The sediments at the study site were mostly sandy fill material dredged from the Alameda channel that did not
likely contain significant quantities of naturally degrading biological material (leaves, roots, etc.) to interfere with
the stoichiometry. A stoichiometric approach to verifying biodegradation would be inconclusive at the Forest
Creek Townhomes site due to interference from the likely presence of naturally degrading material in shallow soil
(< 8 ft bgs). However, elevated CO2 and methane concentrations indicate biological activity in the vicinity of the
measured hydrocarbon vapors.

The data, findings, recommendations, and professional opinions contained in this document were prepared solely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, cither expressed or implied, and is not responsible for the interpretation by others of the contents herein.
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concentration and risk are linearly proportional. Site specific air content, water content, porosity and
fraction of organic carbon parameters were used in this calculation. The e xample SSTL for benzene
in soil is 91 mg/kg.

An example SSTL for benzene in ground water was calculated in the same manner as the
SSTL for soil. The differences between the soil-to-indoor-air model and the ground-water-to-
indoor-zir model are the depth to the contaminant source and the equation to calculate Cyeqr We
used the depth to ground water for the source depth and calculated C,eq by multiplying the
concentration of benzene in ground water by Henry’s constant. This ground-water-to-indoor-air
model does not calculate diffusivity in the same manner as ASTM. The ASTM ground-water-to-
indoor-air model uses a capillary fringe diffusivity and a vadose zone diffusivity to calculate a
weighted average diffusivity based on capillary zone and vadose zone thickness. The ASTM
ground-water-to-indoor-air model is not conservative because it treats the capillary zone as a
subsurface barrier to vapor transport. We used only the vadose zone diffusivity. The example
SSTL for benzene in ground water is 2,597 mg/L.

If the ASTM default values for air content, water content and porosity are applied to the
modified vapor transport models, the vapor concentration profile becomes linear. The ASTM
default values are representative of a sandy soil with low water content. The vapor concentration
profile in a sandy soil does not attenuate because diffusive vapor flux is much faster than
conservative biodegradation rates. Thus, the vapor pathway is of concern at sites with dry soils and
high air filled porosity.

This modified vapor transport model can be used to determine SSTLs for sites with known
soil air content, water content and porosity and where the presence of biological activity is verified.
Soil air content, water content and porosity are easily determined by obtaining a soil sample and
sending it to a geotechnical laboratory for analysis. The analytical cost is approximately $50.00 per
sample. Biological activity can be verified either by measuring vadose zone O, and CO,
concentrations or mferrmg that it is occurring based on increases in dissolved ferrous iron (Fe™) and

manganese (Mn*?) or CO; in ground water within the dissolved plume as compared to background
ground water concentrations.

The data, findings, recommendations, and professional opinions contained in this document were prepared salely for the use of Chevron Products Company. Weiss
Associates makes no other warranty, either expressed or implied, and is not responsible for the interpretation by others of the contents herein.

© 1996 Weiss Associates
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Modification of ASTM 95 Vapor Pathway Model - Vadose Zone Bioattenuation by Finite Difference

indoor Air Risk Predicted by Soil Data

Former Chevron Service Station 8-5607, 5268 Crow Canyoen Road, Castro Valley, California A %
© 1996 Weiss Associales
Standard ASTM Galculations Standard ASTM Calculations Continued
Soif Specific Parameters Vepor Flux From Shallowest Subinterval to Surface
Lab Data Ps 2.21 Bulk Density{g/cm*3) or (kg/L) Calculated F  8.04E-10 Diffusive Vapor Flux (ug/cm®sec)
Calculated Bas 0.01 Alr Content {v/v)
Calcutated Oes 0.27 Water Content (v/v) indoor Air Concentration
Lab Data 0 0.28 Porosity {viv} ASTM 95 Lb 200 Enclosed Space Volume/Infiltration Area Ratio (cm)
Site Spec d 305 Depth to Subsurface Soil Source {cm) ASTM 95 ER-indoor 0.00014 Enclosed Space Air Exchange Rate (sec™
Calcutated Cigcor  2-B73E-08 Enclosed Space Air Concentration [uglcm’)
Diffusivity Parameters
ASTM 95 H 0.22 Henry's Constant for Benzene Dose
ASTM 95 D 9.30E-02 Air Diffusion Coefficient (cm?2/s) ASTM 95  IR,-indoor 15 Daily Indoor Inhalation Rate (m*day)
ASTM 95 o 1.10E-05 Water Diffusion Coefficient (cm*2/s) ASTM 95 EF 350 Exposure Frequency (days/year)
Calculated D*", B.4083E-05 Effective Diffusion Coefficient soil (cm*2/s) ASTM 95 ED 30 Exposure Duration {years)
Czlculated Dose 4.53 Dose (mg)
Calcuiation of Vapor Concentration Within Impacted Soi
Lab Data C; measurea 2.3 Benzene Concentration in Soil {mg/kg) SSTL :
Lab Data foc 0.0014 Fraclion of Crganic Carbon (gearmor/Tson) CAL EPA SF 0.1 California Cancer Slope Factor for Benzene (kg-day/mg)
ASTM 95 Koo 38 Carboen - Water Sarption Coefficient {L/kg) ASTM 95 BW 70 Adult Body Weight (kg}
Caleulated Cyea 2.87 Equilibrium Vapor Concentration in Seil Plume {mg/L) ASTM 95 AT, 70 Averaging Time for Carcinogens (years}
Calculated Risk;  2.53E-07 Risk - Soil to indoor air
+ Risk,.. 1.00E-05 Acceplable Risk - Soil lo indoor air
WA - Calculation of Vapor Concentration Profile ! 3T
Howard Thalf 16 Contaminant Half Life (days)
Calculated R 5.0141E-07 First order Rate Constant (sec™) . ASTM Formulas
Accuracy n 8 Number of Subintervals o wd?? v 1833 : F
Catoulated . bz 38 Subinterval Height (cm) Do =D 5+ D75 Cotn = 1
Calculated X 0.34896372 Matrix Coefficient (unitiess) e
Calculated CuaX  1.0011806 (mgh) Con= 5 f}; ii:‘:’;’;’j R, Dose = Cow* IR vvnun* EF xED
Matrix of linear equations solved using HP 4BG calculator matrix solver program. Co it Risk = Dose x $F,
Results displayed below. F = Df’r ﬁ s BW x AT
) Depth  Vapar Cone Vapor Concentration Profile WA Formulas
Subinterval {cm) (mg/L} Do
d - Lr(D 35} - :
Surface 0 0 £ Az = R"*‘— X [2D;ﬂ+e,,xAz=xR]
8 38 0.0036453 ] id
7 76 0.01444987 E RISE
6 114 0.02628303 3 SSTL = Comencnt s
5 152 0.06486455 3 ’
4 191 0.1595753 z Notox:
3 229 0.392371 > :ASTM 96 = American Socisty for Testing and Materials, March 5, 1996. Slandard Guids for Risk Based Corrective Action Applied al
2 267 0.9646975 |Peirolaum Releass Sites, E 1733-95.
1 305 287 460 Sie Spec: Depth 10 subsurface soil sounce. Conservatively assuming soil contamination is located just baiow 10 fool depth. ARl sail
samples collected gt 10 fest bgs were ND for benzena.
I Lab Data: Benzene concentration in soil boring SV-7 at 25 fest bgs (Max banzene concantration detectad in site soil).
-Agcuracy: Number of subintervals depands on the accuracy desired.
* I_> Calciations: Effectve diffusivity, diffusive vapor flux, equilibrium vapor concentration within impacted soil, difusive vapor flux, enclased
B space air concentration, dose and risk calculations from ASTM 96 guids Vaport ion profile calculated by subinterval matrx
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calculation. SSTL caleulated by inlerpolation. Formulas presantad abova.




Modification of ASTM 95 Vapor Pathway Model - Vadose Zone Bioattenuation by Finite Difference

Indoor Air Risk Predicted by Ground Water Data

Formér Chevron Service Station 9-5607, 5269 Crow Canyon Road, Castro Valley, California A %
© 1996 Weiss Associates
Standard ASTM Calculations Standard ASTM Calculations Continued
Soil Specific Paramelters Vapor Flux From Shallowsst Subinterval fo Sufface

Lab Data Ps 2.21 Bulk Density(g/cm*3) or (kg/L) Calculated F  1.00E-10 Diffusive Vapor Flux (ugicm™sec)

Calculated [+ . 0.01 Air Content (viv)

Calculated Bus 0.27 Water Conlent (v/v) Indoor Air Concenfration

Lab Data 0, 0.28 Porosity (v/v) ASTM 95 Lb 200 Enclosed Space Volume/Infiltration Area Ratio {cm)

Site Spec d 391 Depth to Ground Water Source (cm) (C-9, 12.84 fi, 4/2/89) ASTM 95 ERg-indoor 0.00014 Enclosed Space Air Exchange Rate {sec’™)
|Calculated Cinoor  3.585E-09 Enclosed Space Air Concentration {ugicm?)

Diffusivity Parameters

ASTM 85 H 0.22 Henry's Constant for Benzene Dose

ASTM 95 D‘_ 9.30E-02 Air Diffusion Coefficient (cm*2/s) ASTM 95 IR,-indoor 15 Daily Indoor Inhalation Rate (malday)

ASTM 95 pHat 1.10E-05 Waler Diffusion Coefficient (cm*2/s) ASTM 95 EF 350 Exposure Frequency (days/year)

Calculated D™, 8.4083E-06 Effective Diffusion Coefficient soil (cm*2/s) ASTM 85 ED 30 Exposure Duration (years)
Calculated Dose (.56 Dose (mg)

Calculation of Vapor Concentiration Within impacted Soif '

Lab Data C moasursd 8.2 Benzene Concentration in Ground Water (mg/L}) SSTL

Calculated Cueg 1.80 Equilibrium Vapor Concentration at GW Table {mg/L) CAL EPA SF 0.1 California Cancer Slope Factor for Benzene (kg-day/mg)
ASTM 95 BW 70 Adult Body Weight (kg)

* ASTM 85 AT, 70 Averaging Time for Carcinogens (years)
WA . Calculation of Vapor Concentration Profile Calculated Risk, 3.16E-08 Risk - Ground Water to Indoor Air
Risky:  1.00E-05 Acceptable Risk - Ground Water to Indoor Air

Howard Thalf 16 Contaminant Vadose Zone Half Life (days) 83TL 2,697 SSTL Benzene in Ground Waler (mg/L)

Calculated R 5.0141E-07 First order Rate Constant (sec")

Accuracy n 8 Number of Subintervals T T e i

Calcutated Az 49 Subinterval Height (cm) ‘ ASTM Formulas

Calcitated X 0.29179003 Matrix Coefficient (unitless) D - D-«rﬂ:,” . Dmy)lf’ _ F

Calculated CuegX  0.52638922 (mg/) ’ 87 ECH Corsee = TR i o I

Matrix of linear equations solved using HP 48G calculator matrix solver program.

Results displayed helow,

Subinterval

Depth Vapor Conc

{cm) (ma/L) Vapor Concentration Profile

Surface

= N WM~

0 ) As Predicted By Mass Balance

49 0.00058408
98  0.00200029
147  0.00626621
186 0.01945934
245 0.06037537
204 0.18730562
343 0.58108224

391 1.8 , o0
[ Depth {cm}

(mgiL)
- @

Vapor Concentration
[=}
w

[=1]
L ]
-
»

p

300 400

(=3
g

3

Cv"q =Hx Cw,masumi Dose =Cure * IR vicrveen * EF xED

Cy bt
F =D:J_.i"_._ , =DauxSF_,
Az Risk = pyar
WA Formulas
d _ —Lnr{05) _ o
Az = k= Taay X "[1D;ﬂ+e_,xAz=xR]
RISK
=C
SSTL wmeanres TRTer iSK, -
Nates:

ASTM 86 = Amarican Sociaty for Testing and Materials, March 5, 1996, Standard Guide for Risk Based Comractiva Action Applied al
Patroleum Releass Siles, E 1739-35.

Site Spec: Depth 1o ground waler. Shaltowsst depth 1o ground watsr in well C-9.

iLab Data: Benzene concentration in ground water from well C-9 on January 18, 1996,

Accuracy: Number of subiniervals depends on the y desired,

Calculations: Effective diffusivity, diffusive vapor Aux, squilibrium vapor concantrafion just above water table, diffusiva vapor flux,

snclosed space sir concantration, dase and risk calculations from ASTM 96 guid; Vapor profile calculated by
subinterval matrx catculation. SSTL caleuiatad by interpolation. Formulas presented above,




