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Ms. Susan Hugo

Alameda County Health Department
Department of Environmental Health
Hazardous Materials Division

1131 Harbor Bay Parkway

Alameda, California 94502

Dr. Ravi Arulanantham

California Regional Water Qualtity Control Board,
San Francisco Bay Region

2101 Webster Street, Suite 500

Oakland, California 94612

Subject:  Rewvised Risk Assecssment and Long-Term Site Management Program for
Petroleum Product and a Response to Aetna’s Concerns Regarding the Proposed
Long-Term Management Sirategy
Powell Street Plaza and Sheflmound III, Emeryville, California

Dear Ms. Hugo and Dr. Arulanantham:

Geomatrix Consultants, Inc. (Geomatrix} is pleased to submit on behalf of the Former
Eastshore Partners, the above-referenced documents for Powell Street Plaza and Shellmound
111 {the sttes) located in Emeryville, California. The Risk Assessment and Long-Term
Management Strategy was revised from the draft submitted on 25 April 1997 to incorporate
comments submitted by Dames & Moore on behalf of Allegis Reaity Investors, LLC (Allegis).
The letter, dated 28 July 1997, was written in response to concerns submitted by Morrison &
Foerster on behalf of Aetna Real Estate Associates, LLP (Aetna). Relevant considerations
from the comments on behalf of Actna were also incorporated into the Risk Assessment and
Long-Term Management Strategy.

The conclusions of the screening assessment of potential human health and ecological risks
remained the same afier the comments were incorporated. Potental adverse human health
cffects are not associated with activities by current and future occupants of the sites,
specifically future construction workers, current and future maintenance workers, current and
future Commermal bmldmg occupants, and current and future off-site receptors. The
assessment of potential migration of dissols ed-phase petroleum hydrocarbons to Temescal
Creek indicated that human recreational users and ecological receptors are net hikely to be
adversely affected by migration of the chemicals of interest from the sitecs. Assuming non-
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Ms. Susan Hugo
Alameda County Health Department

Dr. Ravi Arulanantham

California Regional Water Quality Control Board
28 July 1997

Page 2

invasive activities, potential adverse health effects were not associated with residual petroleum
product at the sites because only a small amoum of residual petroleum product remains at the
site following product removal activities. Baditionally, theresidual pefrolenm product = *

remammg E"cssentxaﬁylﬁifﬁabﬂe 3A long-tenn site management strategy was developed to
address the po'tén‘f~ al effects of residual petroleum product during invasive activities.

The response to comments on behalf of Aetna primarily addresses two concems: the need for
removal of residual petroleum product from the site and the effects of residual petroleum
product on the eventual redevelopment of the property. With regard to the first concerr,
duct-from. th;%s&e—as—mﬁbmq&ned:ba ~grrthce &,
given: IQ@%m@es@me&b@up@ Sterthe-extentpraeticable®. Other possﬂ)le
remedial alternatives are evaluated in the response letter, but they are less practicable than the
ongoing passive bioremediation and do not improve protection of human health, safety, or the
environment compared with passive bioremediation. With regard to the second concern,
=passive-hiaremediation will-impact future developnfentiessthan-active-remediation:because
remediation activities will not be interfering with other uses of the sites. Passive and active
bioremediation will both require many years to remove the residual petroleum product and,
therefore, both will also require implementation of a long-term site management plan.

Based on the information presented, the sites should be considered low risk groundwater cases
under the California Regional Water Quality Control Board, San Francisco Bay Region
(RWQCB), Guidance on Low Risk Fuel Sites. As outlined in the response letter to Aetna, the
following criteria have been met:

e The leak has been stopped and ongoing sources have been removed or remediated.
e  The site has been adequately characterized.
o  The dissolved hydrocarbon plume is not migrating.

e  No water wells, deeper drinking water aquifers, surface water, or other sensitive
receptors are hikely to be impacted.

«  The site presents no sigmficant risk to human health

o  The site presents no sigmficant risk to the environment.
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Ms. Susan Hugo
Alameda County Health Department

Dr. Ravi Arutanantham
California Regional Water Quality Control Board

28 July 1997
Page 3

Based on our evaluation of site parameters, continuation of the on-going passive
bioremediation is recommended as the appropriate remedial strategy for residual petroleum at
the subject sites.

If you have any questions, please contact either of the undersigned.

Sincerely,

GEOMATRIX CONSULTANTS, INC.

R %

Ann Holbrow Tom|Gyaf, P.E.
Senior Scientist Vigd President
AH/TG:1du

IARISKNPOWELLVCVLTR723.DOC

cc:  Kevin Graves, RWQCB
Tom Gram, The Martin Group
Richard Hutton, PES Environmental, Inc.
Randy Brandt, Dames & Moore
Ron Gerber, Emeryville Redevelopment Agency
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RISK ASSESSMENT AND LONG-TERM MANAGEMENT STRATEGY FOR
PETROLEUM PRODUCT
Powell Street Plaza and Shellmound III
Emeryville, California

1.0 INTRODUCTION

This report has been prepared by Geomatrix Consultants, Inc. (Geomatrix) on behalf of the
former Eastshore Partners to evaluate potential health and environmental effects associated
with petroleum hydrocarbons detected in soil and groundwater at the Powell Street Plaza
(PSP) site and Shellmound III site located in Emeryville, California (sites). The purpose of
the report is to provide a basis for developing 2 long-term site management plan for
petroleum hydrocarbon impacted soil and groundwater. The report was prepared in
accordance with Geomatrix’s “Proposed Work Plan to Develop a Long-Term Site
Management Program” dated 11 August 1995 (Proposed Work Plan) and the revisions to the
work plan dated 28 October 1996.

The specific issues of concern at the site related to petroleum hydrocarbons identified by the
Alameda County Health Care Services Agency (ACHCSA) and the San Francisco Bay
Regional Water Quality Control Board (RWQCB) are:

o Human health risks for current and future commercial building occupants,
construction workers and recreational users of Temescal Creek;

e Potential risks to aquatic organisms associated with migration of dissolved
petroleum hydrocarbon constituents to Temescal Creek; and

s Migration potential for free product (i.c.. separate-phase material that is
potenually mooile) present on the shallow groundwater

A site conceptual model was developed to identufy the main tasks to be performed as part of

this scope of work Tollowing a discussion of the site’s background. this report summarizes

VORISR POy T Pt o N T DG 1
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the site conceptual model, the resulits of additional sampling activities, an assessment of

environmental fate and transport, and a screening assessment of potential health and/or

environmental effects to:

Construction and maintenance workers from exposure to chemicals vaporized
from the subsurface and direct contact with groundwater;

Current building occupants from exposure to chemicals vaporized from the
subsurface;

Off-site building occupants from exposure to chemical vaporized from the
subsurface; and

Recreational users and aquatic organisms in Temescal Creek from migration of
dissolved-phase material to Temescal Creek.

Based on the results of the human health and ecological risk assessment and to address other

environmentally-related concerns, a long-term management plan for the site was developed

to:

Present guidelines for appropriate health and safety measures for future site
activities;

Present guidelines for short-term and long-term management of residual
petroleum hydrocarbons present at the sites; and

Present considerations associated with the potential for methane generation at the
sites.

-~
P2
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2.0 BACKGROUND

This section presents a description of the site setting and current use, historical site uses, and

previous environmental investigations conducted at the sites.

2.1  SITE SETTING AND CURRENT USE

The two sites are located along the eastern margin of San Francisco Bay in Emeryville,
California (Figure 1). The two sites consist of approximately 17 acres and are bounded by
Temescal Creek to the south, Highway 80 to the west, Shellmound Street to the east, and

Poweil Street to the north (Figure 2). San Francisco Bay is located approximately 0.1 mile

- west of the two sites. The PSP site consists of an approximate 13-acre parcel in the northern

portion that is currently developed as a commercial retail center; the Shellmound I site
consists of a 4-acre parcel south of the PSP site that is currently undeveloped. The PSP site
is covered by asphalt pavement or buildings; the Shellmound IIT site is unpaved and contains

mounds of ungraded fill on the eastem part of the property.

2.2  HISTORICAL SITE USAGE

According to PES Environmental, Inc. (PES; 9 January 1995), the two sites were formerly a
tideland and marsh area of the San Francisco Bay. The 1856 shoreline of the bay was located
cast of the sites, generally along the current Shelimound Street. The sites were gradually
filled by 1969. Pacific Intermountain Express (P.I.E.) operated a truck maintenance and
fueling facility on the PSP site from 1944 to 1986. P.LE. installed and operated eight
underground fuel storage tanks (USTs) at the site; the USTs were reportedly removed by
Blymyer and Sons Engineers, Inc. (Blymyer) in July 1986. The PSP site was purchased by
Eastshore Partners in 1986 and the Powell Street Plaza was constructed in 1987 Eastshore
Partners reportedly conveved this property to Aetna i February 1990 and Actna 1s the

current ovsner.
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The Shellmound III site is currently owned by the City of Emeryville Redevelopment
Agency. According to Applied Geotechnology Inc. (18 May 1994), the Shellmound III site
has been used for tractor trailer storage and disposal or storage of debris and slag from the
Judson Steel site, located approximately 0.1 mile southeast of the site, since 1930. PES
reported that metal slag has been observed in the fill at the Shellmound III site (PES, 9
January 1995). It should be noted that, with exception of petroleum hydrocarbons in the
subsurface that have migrated from the PSP site, the City of Emeryville Redevelopment

Agency 1s responsible for environmental conditions at the Shellmound III site.

2.3  PREVIOUS SITE INVESTIGATIONS

- Numerous investigations have been conducted at the sites since the USTs were removed in

1986. These investigations have included:

e  Geotechnical Investigation by Geomatrix in April and October 1986;

o Soil and Groundwater Investigation by Groundwater Technology, Inc. in
August 1986;

e  Soil and Groundwater Investigation by Peter Kaldveer and Associates, Inc. in
August 1986;

. Soil Investigation by Geomatrix in September and December, 1987;

. Environmental Assessment of the Shellmound Il site by Earth Metrics in
August 1987,

. Seil Investigation by Alton Geosciences in October 1987;
e  Soil and Groundwater Investigation by Alton Geosciences in March 1988;

e Soil and Groundwater Investigation by Tenera Environmental Services in July
1987,

° Soil and Groundwater Investigation of the Shelimound III propertv by Earth
Metncs in April 1990;

° Hvdrogeologic Investigation by PES 1in May 1990:

] Soil and Groundw ater [nvesugation by PES m July 1990:

RIS e AT LTS TNT DO J
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e  Soil and Groundwater Investigation by PES in March 1991;
*»  Groundwater Assessment by PES in May 1992;

. Soil and Groundwater Investigation of the Shellmound III property by Wahler
Associates in May 1992;

¢  Quarterly groundwater monitoring conducted by PES since 1992;

e  Soil and groundwater remedial investigation of the Shellmound I, II and IIT
properties by Klienfelder and Associates in 1995; and

e  Human heaith risk assessment for soil and groundwater at the Shellmound 1, I
and III properties by Soma Environmental Engineering in 1996.

" Currently, there are 17 shallow (completed at or above 20 feet below grade) groundwater

monitoring wells at the sites and one shallow groundwater monitoring well located west of
the sites (Figure 2). Previously, 22 monitoring wells existed on the sites and two wells were
located off-site. Monitoring wells MW-5, MW-15, MW-7, MW-4 and MW-18 are believed
to have been destroyed during the installation of the East Bay Municipal Utility District’s

sewer collection line in 1995.

According to PES (9 January 1995), separate-phase petroleum product, which appears to be
primarily diesel, has been detected in wells in the southern portion of the PSP site and the
northern portion of the Shellmound I1I site. Subsurface soil on both sites reportedly contain
total petroleum hydrocarbons characterized as diesel (TPHA) primarily at the groundwater
table; surface soil at the sites does not appear to have been affected by the former presence of

the USTs.

Two groundwater/product extraction trenches were reportedly installed in the southwestern
corner ot the PSP site m late 1988 (PES. 9 January 1995) The extraction system was
operated for 15 months. duning which time approximatelv 1.3 miliion galions of groundw ater
and 800 gallons of separate-phase petrolcum product were extracted. Operation of the

cxtraction svstem ceased in June 1990, Based on our review of availabie data. 1t appears that
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most of the extractable separate-phase material was removed. The most recent data collected
by PES (PES, August 1996) indicates that separate-phase material measured in the

monitoring wells at the sites has continued to decrease over the last few years.

Groundwater at the sites is currently monitored quarterly for the presence of total petroleum
hydrocarbons characterized as gasoline (TPHg), TPHd, total petroleum hydrocarbons
characterized as motor oil (THPmo); and benzene, toluene, ethylbenzene, and xylenes
{collectively referred to as BTEX). The chemical analysis results for groundwater at the sites
are difficult to interpret and may not be representative of actual dissoived petroleum

hydrocarbon concentrations. The sites are located in a former marsh setting and site

- sediments in the shallow water bearing zone reportedly consist of fill and bay mud clay.

Both of these soil types could contain a significant amount of naturally occurring organic
compounds that can interfere with the chemical analyses for petroleum hydrocarbons.

Sample preparation consisting of sediment removal and silica gel cleanup to remove naturally
occurring organics prior to sample analysis is important for groundwater samples collected at
sites with settings similar to the subject sites. Sediment removal and silica gel cleanup does
not appear to have been conducted on samples collected at the sites. The approximate extent
of dissolved TPHg, TPHd, and BTEX appears to have been adequately defined to the east
and to the north; however, the southern and western extent of dissolved petroleum

hydrocarbons in groundwater is not clear.

In the most recent study of the Shellmound III site, SOMA (1996) conducted screening-level
evaluations for human health and ecological risk associated with chemicals of concern mn so1l
and groundwater. One of the assessment points evaluated is directly related to a point of
interest in this assessment SOMA cvaluated the potential migration of chemicals in
groundw ater, including BTEX. to Temescal Creek  This conservative assessment indicated
that BTEX compounds in the shallow groundw ater are unlikelv to reach concentrations in

Temescal Creek that pose a risk to aguatic organisms

PORIsm PO T (VDN (it &
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3.0 SITE CONCEPTUAL MODEL

As described in the U.S. EPA’s “Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA” (1988a), the purpose of a site conceptual model is to
describe what is currently known about chemical sources, likely migration pathways,
exposure routes, and possible exposure scenarios at the time of study design. The potential
scenarios for exposure to petroleum hydrocarbon related chemical constituents identified in

the site conceptual model were presented in Geomatrix’s Proposed Work Plan as follows:

. Current building occupants who could be exposed to chemicals volatilized to air
from the subsurface, but would not be exposed to subsurface conditions based
on the current and proposed future (i.e., hotel) site uses;

¢  Construction/maintenance workers who could be exposed to subsurface soils,
chemicals volatilized to air from the subsurface, and direct contact with shallow
groundwater;

e Off-site receptors who could be exposed to chemicals volatilized to air from the
subsurface and particulates in ambient air associated with construction
activities; and

. Recreational users and non-human receptors who counld be exposed to chemicals
migrating to Temescal Creek or the San Francisco Bay.

As proposed in the work plan, groundwater was not assumed to be a potential source of
drinking water. Shallow groundwater at the site is not a current source of drinking water.
Based on conversation with Dr. Ravi Arulanantham at the RWQCB (July 1997), shallow

groundwater at the sites would not be considered a future potential source of drinking water

because:
° Shaliow groundwater 1s contact with utilities (1 e.. sewers) that present a
potential for contamination,
. The sites are in a nighly industrial area with known impacts to shallow
groundw ater.
CRSK POWEIT PWILLINT DO 7
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o The sites are near a major freeway with potential for run-off to impact shallow
groundwater.

e  The site is within 1000 feet of the Bay with potential for salt water intrusion.

Since the original site conceptual model was developed, the approach for addressing
exposure has been further clarified following a more detailed evaluation of the site data. As
discussed in our amendments to the Proposed Work Plan, Geomatrix proposed to address
potential exposures to construction/maintenance workers in the long-term management plan
for the sites rather than in the screening human health risk assessment. This recommendation
was based on our review of the information available at that time and several conversations
with RWQCB staff on this and other projects. However, Geomatrix has since concluded that
potential exposures to construction/maintenance workers are best addressed as part of the risk
assessment to provide a general foundation for the long-term management plan. Therefore,
the potential receptors and general exposure pathways remain the same with the following

clarifications:

e  Dermal exposure to groundwater and separate-phase material have been
separated to reflect the differing risk assessment techniques used to evaluate
each pathway.

*  Construction and maintenance workers operate outside of buildings, and thus,
are not exposed to indoor air.

e  The USTs formerly located at PSP were in contact with the shallow
groundwater, and thus, leaked directly to groundwater bypassing impact to
subsurface soil in the vadose zone. Subsurface soil impacted by petroleum
hydrocarbons is limited to soil necar or below the groundwater table and as such
has characteristics associated with saturated soils. For this reason, resuspension
of particulates in ambient air and inhalation of dust are not considered viable
exposure nathw ays,

The revised site conceptual model is presented in Frgure 3.

Riws Predoe DD DTN T DOy
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4.0  FIELD INVESTIGATION

This section describes the field sampling activities and the results of the chemical analyses
conducted as described in the Proposed Work Plan (Geomatrix, 1995) and amendments
discussed in the letter to Alameda County and the RWQCB dated 28 October 1996. These
activities included the sampling and analysis of separate-phase material and groundwater to
assess the potential for volatile and water-soluble petroleum hydrocarbon constituents to

migrate to points of potential exposure for human or ecological receptors.

41  SEPARATE-PHASE RESIDUAL PRODUCT SAMPLING AND ANALYSIS

- The purpose of the separate-phase material sampling and analysis was to gather information

that could be used to evaluate the potential for: (1) volatile constituents to vaporize to
ambient air or the indoor air of current or future buildings on the sites; (2) residual petroleum

product to migrate to Temescal Creek; and (3) biodegradation.

Geomatrix collected a separate-phase material sample from monitoring well MG-1 (Figure 2)
on 21 November 1996. Approximately 0.04 to 0.06 feet (0.5 to 0.7 inches) of separate-phase
material was present in MG-1. Three 40-milliliter (ml) VOAs were filled with a mixture of
separate-phase material and water from a disposable bailer. The material appeared very
viscous and the limited amount available in well MG-1 made it difficult to pour into sample
containers. Monitoring wells MW-13 and MW-3 were also inspected to determine if a
greater quantity of separate-phase material could be collected. The field crew was unable to
access well MW-13; no separate-phase material was found in well MW-3. An attempt was
also made to sample separate-phase material from an irrigation valve box located near well

MW-13. The box contained a sheen of oil. but it was not sufficient to collect a sample

Although a sampic was not collected from the PSP propertv. the residual product beneath
both properues 1s beliey ed 1o origmate from the same source. USTs on the PSP property

(PES. 1995). Product migration from the source on the PSP property to the Shellmound 111
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property is consistent with the groundwater flow direction (Figure 2). Thus, the residual
separate-phase product sample. Collected from MG-1 is believed to be representative of

material beneath both properties.

The samples from MG-1 were packaged on ice and shipped to Friedman and Bruya, Inc., in

Seattle, Washington for analysis. The separate-phase material analyses request included:

e Polynuclear aromatic hydrocarbons (PAHs) by EPA method 8270,
e BTEX by aliphatic/aromatic fractionation;

e  Viscosity by ASTM Method D445; and

s  Density by ASTM Method D1217.

Friedman and Bruya was able to collect only enough sample from the three VOAs to conduct
the PAH and BTEX analyses. Each VOA was reported to contain no more than 1 mi of
separate-phase material on top of the water. An additional sample of approximately 10 ml,
consisting of mostly separate-phase material with some water, was collected from monitoring
well MG-1 on 3 December 1996. This sample was combined with the material remaining
from the original samples collected on 21 November 1996 to get sufficient separate-phase
material for the viscosity and density measurements. The results of the these analyses and

supporting field documentation are presented in Appendix A.

The separate-phase material analytical results are summarized in Table 1. The
aliphatic/aromatic fractionation analysis results indicate that the separate-phase material is
dominated by >C;, to C,; (compounds with more than 10 and less than or equal to 21 carbon
atoms) aliphatic compounds (71% by weight) and >C,, to C.; aromatic compounds (27% by
welghty  These percemaues were normabized to 100%0 by the laboratory to ehiminate the
miluence of the water that was entramed in the sample. Aromatic compounds n the >C, 0

(e range were not detected (70 4296 by wetght).
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Chemical-specific analyses for BTEX compounds indicate that benzene, toluene,
ethylbenzene and total xylenes were present in the separate-phase material at concentrations
of 41 mg/kg, 10 mg/kg, 12 mg/kg, and <8 mg/kg, respectively. Twelve PAHs were detected
in the MG-1 sample. The reported concentrations were greatest for four lightweight PAHs:
acenaphthene at 220 mg/kg, fluorene at 610 mg/kg, anthracene at 990 mg/kg, and pyrene at
90 mg/kg. The remaining compounds that were detected were reported at concentrations

ranging from 20 to 30 mg/kg.

The viscosity measurement reported a kinematic viscosity of 0.12 centimeters/second

(cm/sec) for the MG-1 separate-phase material sample. The measured density was 0.945

* grams/ milliliter (g/ml) at 20°F.

The quality assurance/quality control analytical results, presented in Appendix A, indicate
that all analyses were performed within acceptable limits. It should be noted that compounds
were present in the separate-phase material sample that interfered with the guantitation of
three PAH compounds (2-methylnaphthalene, acenaphthene, and flucrene). As mentioned
above the separate-phase material sample collected from monitoring well MG-1 was very
small in quantity and contained a significant amount of water that was entrained in the
sample because the layer in the well was very thin (less than 1 inch). As aresult, the
analytical results for the aliphatic/aromatic fractionation, and the density and viscosity
measurements are considered to be good estimates, but may not accurately depict the true

values for these parameters in the residual petroleum product at the sites.

42  OXIDATION/REDUCTION POTENTIAL MEASUREMENTS
Oxidation/reduction potential (ORP) measurements were made at four of the monitoring
wells atter they were purged (MW -6, located upgradient of the separate-phasce material,
MG-2. where dissolved-phase analyses were conducted: MG-1, where scparate-phase
analvses were conducted: and MW7 Jocated downgradient of the separate-phase matenal)

Following purging. ORP measurements were -103 muiilivolts (mV) at MW-6,-130 mV at
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MG-2, -118 mV at MG-1, and -100 mV at MW-7. These negative values indicate that
anaerobic conditions exist at the sites primarily resulting from its close proximity to San

Francisco Bay.

Assuming a southerly gradient, upgradient well MW-6 exhibited a low ORP, characteristic of
groundwater outside of a hydrocarbon piume. Monitoring wells MG-1 and MG-2, located
within the separate-phase material plume, had higher ORP. Downgradient well MG-7
exhibited a lower ORP stmilar to upgradient conditions. The fluctuation in ORP across the
site, increasing through the area impacted with petroleum hydrocarbons and decreasing

outside this area, indicates that natural degradation of the petroleum hydrocarbons is

* occurring at the site.

43 GROUNDWATER SAMPLING AND ANALYSIS
The objectives of the groundwater sampling from monitoring wells MG-2 and MG-7 were to

evaluate:

e  Whether or not the TPHd sample results previously reported were representative
of dissolved petroleum hydrocarbons; and

e  Whether or not dissolved PAHs were present in the groundwater at
concentrations that may pose a risk to receptors in Temescal Creek.

To evaluate these conditions, samples were collected from monitoring wells MG-2 and MG-7
on 17 November 1996. Well MG-7 was sampled to determine if PAHs or dissolved phase
TPHA are present in groundwater at this downgradient well that is located immediately
upgradient of Temescal Creek. Well MG-2 was sampled fo determine if PAHs or dissolved
phase TPHd 1s present in the groundwater in the immediate vicinity of the residual petroleum
product plume Groundwater samples were collected for analvsis of TPHd with and without
filtratton and stlica gel cleanup by Method 8015 modified. and for PAHs with and without
tiltratton by EPA method 8310, The samples were sent to AEN Laboratory via courter under

chain-of-custody procedures.
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The analytical results for groundwater are provided in Table 2. The groundwater samples
from wells MG-2 and MG-7 analyzed for TPHd by Method 8015 modified without filtration
or silica gel cleanup were reported to contain 1.5 mg/! and 0.74 mg/l TPHd, respectively.
Conversely, the groundwater samples that were subject to filtration and silica gel cleanup
contained no detectable TPHA at a reporting Himit of 0.05 mg/l. These results indicate that no
detectable dissolved-phase TPHA is present in either of these wells; one (MG-2) that
previously contained measurable separate-phase material and is in the immediate vicinity of
residual petroleum product (detected in MW-3 and MG-1); and one (MQ3-7) that is 200 feet
downgradient of monitoring well MG-1. The material detected as TPHd in the sampies that

were not filtered or subject to silica gel cleanup could be biogenic material resulting from the

" degradation of the residual petroleum hydrocarbons or naturally occurring materials

associated with the former wetlands at the sites. These results indicate that recent data for the
sites reported as TPHA inaccurately depict the shallow groundwater as being affected by
dissolved-phase TPHd.

The analytical results for PAHs in groundwater indicate that very low part per billion (ppb)
level concentrations of light molecular weight PAHs are present in the groundwater in the
vicinity of monitoring well MG-2. Essentially, the same results were reported for the filtered
groundwater sample from monitoring well MG-2, which contained four PAHs ranging in
concentration from 0.2 to 3.2 pg/l (Table 2). The unfiltered groundwater sample from
monitoring well MG-2 contained four PAHs ranging in concentration from 0.2 to 2.3 pg/l.
Three compounds were detected in both samples: fluorene, phenanthrene, and fluoranthene.
Pyrene was detected in the unfiltered sample and acenaphthylene was detected in the filtered
sample. These results indicate that PAHs associated with the separate-phase material are not
present at significant concentrations 1 groundwater i the ymmediate vicimty of the residual
petroleum product  The groundwater samples from maonitoring well MG-7 contained a
detectable concentration of a single hght-weight PAH compound (pyrene) at a concentration

of 0 3 ug 1 the unfittered sample The tiltered sample contamed no detectable PAH
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compounds. These results indicate that dissolved phase P AHs have not migrated

significantly downgradient of the residual petroleum product plume areas.

The quality assurance/quality control analytical results indicate that no significant
interferences were encountered in the chemical analysis of the groundwater samples. The

QA/QC results for the groundwater samples analyzed by AEN are presented in Appendix A.
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5.0 RESIDUAL PETROLEUM PRODUCT MIGRATION EVALUATION

This section describes the distribution and physical properties of residual petroleum product
at the sites and evaluates the potential for the residual product to migrate and enter Temescal
Creek. As Temescal Creek serves as the only possible significant conduit between the sites
and San Francisco Bay, the results of this assessment will also indicate whether migration of
residual product to the Bay is possible. The East Bay Municipal Utility Distnict interceptor
line that was installed in 1995 is not expected to serve as a preferential conduit for transport
residual petroleum product from the PSP property. According to Mr. Rob Crops of PES the
backfill installed along the EBMUD interceptor line was designed to have the same

' permeability as the fill material on the PSP and Shellmound III sites (personal

communication). Modeling conducted by PES demonstrated that this backfill approach
mimmized the potential for the interceptor line to fimction as a conduit for residual petroleum
hydrocarbon at the site. As a result this migration pathway is not specifically addressed in

this evaluation.

There are several factors that will influence the potential for the residual petroleum
hydrocarbon product to act as free product and migrate to, and enter, Temescal Creek

including:

distribution and physical properties of the residual petroleum material;

o thickness of the residual petroleum;

e migration potential of the residual petroleum; and

e presence of physical barriers to migration (i.e.. the concrete hining on the northern

side af the ¢greely,

Each of these factors is addressed in the following sections
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5.1 DISTRIBUTION AND PHYSICAL PROPERTIES OF RESIDUAL
PETROLEUM PRODUCT

Product removal efforts conducted at the PSP site between 1988 and 1990 removed more
than 800 gallons of free product and product thickness observed in wells since that time has
been generally less than about 0.01 feet in most of the wells at the site. The distribution of
residual petroleum material at the sites is limited to an approximate area encompassing wells
MW-7, MW-14, and MW-13 on the PSP site and a limited area near wells MG-3 and MG-1
on the Shellmound I site (Figure 4). Approximately 0.06 feet of product was observed 1n
well MG-1 in November 1996. Well MG-3 has reportedly been inaccessible since 1995;
however, between 1990 and 1995, the median product thickness in this well has been

. approximately 0.09 feet. Product thickness has ranged from a trace amount to 0.18 feet in

well MW-14 and between approximately 0.02 and 0.61 feet in well MW-13 in the past year.
Well MW-7 was abandoned in 1995; only trace amounts (fess than 0.01 feet) of product were
measured in this well in the year prior to abandonment. With the exception of trace amounts
reported in wells MW-8 and MW-9 for June 1996 by PES, product has not been observed in

other wells at the sites for the past year or more.

The product observed in well MG-1 in November 1996 was very viscous and did not flow
readily. It was almost black in color, opaque and appeared heavily degraded. Physical
analysis of the product by Friedman & Bruya indicated an approximate density of 0.945

grams per liter (g/1) and a kinematic viscosity of 0.12 centimeters per second (cny/s).

5.2  EVALUATION OF THE MIGRATION POTENTIAL OF THE RESIDUAL
PRODUCT

The thickness of product observed in a well exaggerates the actual thickness of free (mobile)
product In the formation. To evaluate the migration potenual of the product. Geomatrix
reviewed avallable literature to better understand the true residual product thickness.
estimated the potential migratron rate of the residual product. and evaluated the
biodegradation petential for the product at the site setting  The true product thickness 15

necessary to estimate the volume of residual product 1n site sediment and to better understand
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the migration potential. The migration rate and biodegradation potential were then evaluated
to assess the potential for residual product to act as free phase product and to migrate to and

enter Temescal Creek.

5.2.1 Assessment of True Thickness

Our review of literature describing the occurrence and movement of free phase petroleum
product suggests that the product observed in wells at the site after product removal is not
mobile. Many studies have shown that the actual or “true” free phase product thickness in
the formation will be significantly less than the thickness measured in an adjacent monitoring

well screened across the water table and product layer (van Dam, 1967). De Pastrovich et al.

- (1979) suggested that the true thickness of product is approximately one quarter of that

observed in monitoring wells. This estimate proved to be too simplistic to explain the
difference between true product and well product thicknesses observed in subsequent
laboratory experiments and many different methods have since been proposed to estimate the
true product thickness (Hall et al., 1984; Abdul, et al., 1989, Lenhard and Parker, 1990; Farr
et al., 1990; Kemblowski and Chiang, 1990).

In addition, according to Hughes et al (1988) observed product thicknesses of several inches
may indicate there is no free or mobile product in the formation. The observed product in the
well results from the difference in the permeability of the filter pack and the surrounding
formation, which allows migration of otherwise non-mobile residual product into the well.
Experimental results reported by Hughes et al. (1988) suggest that several inches to a foot of
product can accumulate in a monitoring well in this manner. Because the layer of residual
product at the site is very thin, the amount of product would not create sufficient head in the
product to move on its own and should therefore onlv be influenced by the gradient of the
water table at the site This condition suggests that the restdual product at the sites 1s

unlikely to be mobile.
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5.2.2 Assessment of Migration Potential

Although the above literature review suggests that the residual product remaining at the sites
after free product removal was completed in 1990 1s not mobile, Geomatrix conducted a
conservative assessment of the potential rate of migration of residual product at the sites, if it
were in fact mobile. Once the potential rate of migration was estimated, an estimate of the
possible thickness of product at the creek was calculated and biodegradation was considered
in the over all assessment of the plausibility of residual product reaching Temescal Creek in

the future. The following describes the results of this assessment.

To assess the potential migration rate, Geomatrix estimated the conductivity of the product

- assuming the hydraulic conductivity and porosity parameters presented in Freeze & Cherry

(1979) the density and kinematic viscosity of the product reported by Friedman & Bruya. A
velocity of product was then estimated assuming that the product would flow at the gradient
of the water table. It should be noted that this assumption does not account for the capillary
forces within the formation and the influence of the free product thickness on the rate of
flow; thus, it provides a very conservative estimate of the potential product migration rate. In
addition, the density and viscosity measurements reported by Friedman & Bruya were
influenced by water entrained in the samples, which indicates that these measurements may
be more representative of a mix of water and product, not solely the product. This also leads

to a more conservative estimate of the potential product migration rate.

The results of this evaluation indicate a product velocity of approximately 2 feet per veat.
Calculations and parameter values used to obtain this rate are presented in Appendix B.
As noted above, this is a conservative estimate that may significantly overestimate the actual

migration rate and potential for residual petrolevm product at the sites.

e e e T

To estimate the thickness of product that could reach the concrete wzll on the north side of

e — .

the creek. 1t was assumed that the volume of product currently presented in a Hmited area

near well MG-1 at the Shellmound 111 site (Figure 4). would spread evenly across the area
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between well MG-1 and the creek, and the true product thickness is one-quarter of that
currently observed in the monitoring wells. Results of these calculations indicate a product
thickness less than 0.01 feet at the creek; this calculation is presented in Appendix B. It
should be noted that agajn this is a conservative estimate because it assumes that all of the

product will spread towards the creek and not in other directions.

5.2.3 Physical Barriers @DED
The migration pathway between MG-1 and Temescal Creek passes through unconsolidated

fill material that abuts a concrete lining for Temescal Creek. SOMA (1996) reported that
Temescal Creek is a U shaped channel that is 30 feet wide with vertical wells. Observations
by Geomatrix indicate the wells arc approximately 14 feet deep. The channel is constructed
of steel reinforced 1-foot thick concrete with 6-inch diameter subsurface drams. These
subsurface drains are perpendicular to the well, are spaced 80 feet apart, and are set at a depth
of 12 feet below the ground surface. Groundwater at the site has listorically occurred at a
depth of 6 to 8 feet bgs, and was most recently reported at monitoring well MG-7 at 9 feet
bgs. Under these conditions it is evident that should the residual product migrate to the wall
it could not enter Temescal Creek, because the drains exist approximately 3 feet below the
water table surface (Figure 5). In addition, field observations indicate that the drain holes are
below the sediment surface in the channel, further inhibiting the potential for residual

petroleum to reach a point of exposure in Temescal Creek.

Based on our conservative estimate of the potential migration rate of the residual product, it
would take at least 100 years for the product to reach the creek (i.c., the distance between
well MG-1 and the creek is over 200 feet and the potential migration rate is estimated to be 2
feet per year). ORP measurements (Section 4.0) recently collected at the sites indicate that
the sites have a high poiential biodegradation rate. suggesting that restdual product at the
sites w1l be readily brodegraded  Given a high rate of biodegradauon. the limited amount of
residual product. and the fengthy time of travel to the creek (100 vears or more). 1t does not

appear plausible that the residual product will reach the creek. In additton. should the
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product migrate to the concrete barrier on the northern side of Temescal Creek the
groundwater surface is well above the wall drains preventing the product from entering the
creck. Because Temescal Creek is the only significant conduit from the sites to the San
Francisco Bay, under the above conditions the Bay is extremely unlikely to be affected by

residual product migration.
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6.0 SCREENING-LEVEL RISK ASSESSMENT

The potential for human and non-human health effects resulting from exposure to chemicals
at the sites are evaluated in this section. Based on the site conceptual model, three basic
exposure pathways/scenarios are evaluated for the site: (1) migration of dissolved-phase
material to Temescal Creek potentially resulting in exposure of recreational users and aquatic
organisms in the Creek or in San Francisco Bay; (2) potential risks for exposure to current or
future building occupants on the sites associated with vaporized components of dissolved-
and residual product from groundwater; and 3) potential risks for exposure of construction

and maintenance workers associated with inhalation of vapors, and dermal contact and

" incidental ingestion of COPCs in the shallow groundwater and residual product. This section

tdentifies chemicals of potential concern (COPCs), evaluates environmental fate and
transport, provides a screening assessment of potential human health effects, and evaluates

the potential for ecological effects.

6.1 CHEMICALS OF POTENTIAL CONCERN

For the purposes of this assessment, COPCs associated with the sites are volatile and semi-
volatile hydrocarbon constituents of gasoline (measured as TPHg) and diesel (measured as
TPHd). Gasoline and diesel represent variable mixtures of chemicals that do not have
descriptive health criteria; therefore, thev are not considered directly in this evaluation
process. Potential health risks associated with these materials are generally evaluated by
considering the aggregate toxicity of key individual chemicals within the mixture.
Concentrations of several components of petroleum products exceeded their respective
detection limits in one or more groundwater samples coilected at the site since May 1995.
Benzene. toluenc. ethyvlbenzene. and xvlenes (BTEX) and four polyvnuclear aromatic
compounds {PAHs) (acenaphthy Jene. fluorene. fluoranthene and phenanthrene) are
considered COPCs n the dissolved-phase portions of this assessment. Sampics collected
from the residual petroleum product contained BTEX and twclve PAHs above therr

respective detection hmits  Thus. BTEX. acenaphthvlene. anthracene. fluorene. fluoranthene.
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phenanthrene, pyrene, 2-methylnaphthalene, acenaphthene, benzo(a)anthracene, chrysene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k) fluoronthene, indeno (1,2,3-cd) pyrene, and

benzo(g,h,1) perylene were identified as COPCs for this assessment.

6.2 ENVIRONMENTAL FATE AND TRANSPORT

The environmental fate and transport processes that could resuit in chemical migration to
Temescal Creek and/or vaporization to the surface (into indoor air or ambient air) are
evaluated in this section. Specifically addressed are migration of dissolved COPCs in

shallow groundwater and volatilization of COPCs from groundwater and residual product.

. Potential migration of dissolved chemicals in groundwater to Temescal Creek (the Creek)

was evaluated using a simple model presented by SOMA in their previous assessment of
BTEX migration (1996). The model accounts for migration of chemicals in groundwater to
the creek and chemical mixing once groundwater reaches the creek. As Temescal Creek is
the only significant conduit for groundwater migration from the sites to San Francisco Bay,
the results of this analysis will also indicate whether the Bay may be impacted by migration

of dissolved chemicals.

Estimation of chemical concentrations in indoor air is a two-part process: (1) estimating
chemical flux rate from groundwater or residual product; and (2) estimating chemical
concentrations in air within the building. Estimation of chemical concentrations in ambient
air is also a similar two-part process: (1) estimating chemical flux from groundwater or
residual product; and (2) estimating chemical concentrations in ambient air. Indoor and
ambient air concentrations were estimated separately for volatile compounds in groundwater
(sspnate- [hes , :
and residual product because the presence of residual product on the groimdwater surface will

preclude the volatlization ot dissolved volaule consutuents in the underlying groundw ater.
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6.2.1 Dissolved Phase Migration to Temescal Creek

Concentrations of PAHs in the Creek resulting from groundwater migration were estimated
using a model] presented by SOMA in their previous assessment of BTEX migration (1996).
The COPCs evaluated for potential migration to the creek included only PAHs dissolved in
groundwater (acenaphthylene, fluorene, phenanthrene, and fluoranthene) because BTEX had
been previously evaluated. The SOMA model uses a two-step process. In the first step, the
volume of discharged groundwater into the Creek is calculated using Darcy’s law, and is
based on the assumption that the flux of groundwater into the creek wiil be highest during
low tide periods. The second step estimates the maximum concentration of chemical in the

Creek during the low tide based on the maximum detected groundwater concentration.

" Geomatrix has used the SOMA model in this assessment because it provides a conservative

estimate of the chemical concentration that would be found in the Creek, and allows for
consistent interpretation of the BTEX and PAH assessments for aquatic receptors and human
recreators. Equations and input parameters used in the SOMA model are presented in

Appendix C.

Conservative, site-specific assumptions were made to estimate the volume of discharged
groundwater and determine the maximum concentration of COPCs in the groundwater. Data
for PAH compounds detected in the groundwater are limited to results from two groundwater
monitoring wells (MG-2 and MG-7) for a single sampling event (November 1996), presented
in Section 4.2. The sum of the maximum detected concentrations of dissolved PAHs o
(5.5 ng/l) was used as the maximum concentration of total dissolved PAHs in the D; S;QL{J
groundwater beneath the sites. Using the SOMA model, an estimated concentration of 0.0002

ug/l for total dissolved PAHs was predicted for Temescal Creek. (Concentrations of total

digsolved PAHs were estimated because water quality criteria were not avatlable for

comparison to the indn idual PAHs)
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6.2.2 Volatilization of Chemicals Dissolved in Groundwater

The Farmer model was used to estimate emissions of dissolved chemicals in groundwater
(EPA, 1992). The Farmer model is based on Fick’s Law of Diffusion. This screening model
assumes that all phases of the chemical are in equilibrium (vapor, liquid, and solid) and that
the source remains constant over time (i.e., does not account for source depletion). The vapor
phase concentration above the saturated zone can be estimated using a chemical-specific
Henry’s Law Constant, which describes a chemical’s tendency to volatilize out of solution.
Once in the vapor phase, a chemical can diffuse upward through the soil column, the rate of
which is dependent on characteristics of the soil (e.g., soil porosity, air-filled pore space), the

path length for diffusion (i.e., the distance from the source to the surface), and chemical-

" specific properties (e.g., air diffusion coefficient). The equations and input parameters used

to estimate emissions from groundwater are presented in Appendix D.

Conservative, site-specific assumptions were made in estimating vaporization of dissolved
chemicals. BTEX, acenaphthylene, fluorene, and phenanthrene were identified and evaluated
as volatile compounds because their molecular weights are less than 200 g/mole and Henry’s
Law constants are greater than 1.0 x 107 (U.S. EPA, 1996). Fluoranthene did not meet this
criteria and was not considered volatile. The maximum concentration of each volatile COPC
detected in samples since May 1995, regardless of well location, was used as the input
concentration for the model (Table 3). BTEX compounds were monitored quantitatively
from a suite of wells on the sites between May 1985 and the present, but because
concentrations have decreased over time the more recent data provide a more accurate
estimate for current and future exposure. Data for PAH compounds are limited to results
from two groundwater monitoring wells (MG-2 and MG-7) for a single sampling event
(November 1996}, Although depth to groundwater at the Site varies by over 2 feet.

groundwater wag assumed to be at the shallowest depth (6 feet bgsh.
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6.2.3 Volatilization of Chemicals from Residual Petroleum Product

EPA methods (1992) for estimating soil vapor concentrations of chemicals from soil or
groundwater measurements are based on the critical assumption that the soil or groundwater
is not saturated with those chemicals. These methods are not applicable to a limited area of
this site where residual petroleum hydrocarbons are present on the shallow groundwater. In
this case, soil vapor concentrations were estimated based on an application of Dalton’s law,
which states that the partial pressure of one component in a mixture of gases is related to its
fraction in the mixture. The soil vapor concentration of that component can then be

calculated from the estimated partial pressure.

- A fingerprint analysis of a residual petroleum product sample was used to characterize the

components of the mixture by estimating the concentrations of groups of hydrocarbons
{(aliphatic and aromatic) for several ranges of carbon chain lengths (e.g., Cs-Cg aliphatic
hydrocarbons)(Section 4.1). Additional analyses were conducted to identify concentrations
of individual COPCs (identified in Section 6.1) in the same sample. The volatile COPCs
identified in the residual product included benzene, ethylbenzene, toluene, anthracene, and
pyrene. As discussed further in Appendix D, the results of these analyses were then used to
estimate soil vapor phase concentrations of those COPCs considered volatile based on their
molecular weight and Henry’s Law constant. Once soil vapor concentrations were estimated,
the vapor flux rate and indoor air concentration were estimated using the Farmer Model

outlined in the previous section.

60.2.4 Indoor Air Concentrations

Indoor air concentrations were estimated using the vapor flux rate (either dissolved- or
residual product results) and a box model (Cal-EPA, 19943a) to account for dilution in indoor
air. The box model 15 a mass balance equatron that 1s based on the concept of a theoretically
enclosed space. or box. over the area of interest. The model assumes that vapors emanaiing

from the subsurface enter the box and arc diluted by the movement of ambrent air through the
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box as a result of ventilation. The equation and input parameters used to calculate

concentrations of chemicals in indoor air also are presented in Appendix D.

6.2.5 Ambient Air Concentrations

Ambient air concentrations were also estimated using the box model (Cal-EPA, 1994}, but
accounted for ditution outdoors resulting from air movement (wind) across the area of
interest. The equation and input parameters used to calculate concentrations of chemicals in

ambient air are presented in Appendix D.

6.3 SCREENING HUMAN HEALTH RISK ASSESSMENT

. A screening human health risk assessment was conducted to evaluate potential human health

effects associated with chemicals in groundwater and residual product beneath the sites. The
risk assessment has three components: exposure assessment, toxicity assessment, and risk
characterization. The exposure assessment identifies exposure scenarios and pathways to be
evaluated for the sites (per the site conceptual model) and develops estimates of exposure.
The toxicity assessment presents quantitative criteria for assessing the potential adverse
health effects (both carcinogenic and non-carcinogenic) associated with the estimated levels
of exposure to the COPCs. The risk characterization uses the exposure estimates and toxicity
criteria to evaluate the potential for adverse health effects associated with conditions at the

site.

6.3.1 Exposure Assessment
Exposure assessment is the process of measuring or estimating the intensity, frequency, and

duration of exposure. The principal elements of exposure assessment consist of:

¢ Evaluation of the influence of fate and transport processes for the COPCs,
¢ Identification of potennal exposure scenarios and pathways.
e Calculation of representative chenucal concentrations. and

e Estimauon of potential chemical uptake.
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Exposure assessment is conducted within the framework of a site conceptual model. As
described in Section 3.0, a site conceptual model was developed for the PSP and Shellmound
I1I sites based on the soil and groundwater conditions, future land use, and physical and
chemical characteristics of the COPCs (see Figure 3). The fate and transport of the COPCs
was described in detail in Section 6.2. Each of the remaining components of the exposure

assessment is discussed below,

6.3.1.1 Identification of Potential Exposure Scenarios and Pathways
Potential human receptors at the PSP and Shellmound 11T sites include construction or

maintenance workers, building occupants, off-site receptors during construction, and

- recreational users of Temescal Creek or the San Francisco Bay. The pathways through which

these receptors may be exposed to chemicals at the sites are described below.

Constructiony/Maintenance Workers

During construction of new buildings or utilities (Shellmound IIi site) or maintenance of
existing or future buildings or utilities (both sites), workers may come into contact with
COPCs present in residual product (on the shallow groundwater or entrained in subsurface
soil in the saturated zone or capillary fringe) or dissolved in groundwater. This contact may
occur via dermal contact and incidental ingestion. It should be noted, however, that the
potential for exposure to residual product or groundwater via the ingestion pathway is
considered limited and inconsequential relative to other pathways; therefore, this pathway is
not considered further in this screening assessment. Construction and maintenance workers
also may be exposed to chemicals present in ambient air as vapors (i.e., from volatilization of
chemicals in separate-phase material or groundwater). Separate evaluations are conducted for
the construction and maintenance workers because the level and duration of exposure is
cxpected to be different between these two worker populations (¢c.g . construction workers
would be cxpected te be exposed for a shorter period of time than long-term maintenance

workers)
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Potential exposures via dermal contact with groundwater and inhalation of vapors by
construction and maintenance workers are evaluated quantitatively in this screening
assessment. Potential exposures to residual product via dermal contact cannot be evaluated
quantitatively using standard risk assessment techniques because the assumptions for
evaluating these exposures were developed based on exposure to chemicals present in a soil
or water matrix. These assumptions would not be appropriate for evaluating exposure to
chemicals present in a matrix such as oil (e.g., dermal absorption of chemicals in soil or
water is expected to be very different from dermal absorption of chemicals in oil). Therefore,
the potential health risks associated with exposure to the residual product is evaluated

qualitatively in the risk characterization.

Building QOccupants

The PSP site is completely covered by commercial buildings, parking lots, and landscaping;
therefore, with the possible exception of the maintenance workers described above, building
occupants would not be exposed to residual product or groundwater. Current building
occupants {i.e., workers or shoppers) may be exposed to chemicals present in indoor air as
vapors. Future use of the Shellmound III site is expected to be similar to the PSP site (i.e.,
commercial use, including the possibility of a hotel). Therefore, potential exposure to future
building occupants is also assumed to be limited to inhalation of indoor air. It should be
noted that the potential exposure pathways for future buiiding occupants would be similar
even if either site was developed for high density residential use because the entire site would
be covered by buildings, parking lots, and landscaping. Potential exposures via inhalation of
vapors by current or future building occupants are evaluated quantitatively in this screening

assessment.
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Off-Site Receptors

Off-site receptors, primarily workers or shoppers as there are no residents within 0.25 miles
of the sites, may be exposed to chemicals present in ambient air as vapors during
construction. Off-site receptors are not expected to be exposed to chemicals in indoor air; by
definition, this receptor population exists outside the site boundaries. Access to the
Shellmound III site would be restricted during construction, and off-site receptors are not
expected to come into contact with chemicals in residual product or groundwater in the
construction zone. Potential exposures via inhalation of vapors by off-site receptors are less
than those experienced by construction workers located on site; therefore, the potential health
risks to this receptor population are evaluated qualitatively in the risk characterization based

on the results of the construction and maintenance worker scenario.

ecreational Users

Recreational users of Temescal Creek or the San Francisco Bay may be exposed to chemicals
in surface water via incidental ingestion and dermal contact. Recreational users are not
expected to be exposed to chemicals via consumption of fish and shellfish because the
COPCs do not bicaccumulate. Potential exposures to recreational users are not evaluated
quantitatively in this screening assessment. Instead, estimated concentrations of COPCs in
Temescal Creek are compared with water quality criteria set by the RWQCB for marine
environments in the risk characterization. This comparison is considered conservative

because the criteria consider exposure via fish and shellfish consumption.

6.3.1.2  Caleulation of Representative Chemical Concenfrations

Representative chemical concentrations were estimated for each exposure medium identified
in the site conceptual model based on fate and transport modeling of the detected maximum

COPC concentration as outhned in Secuon 6 2. where applicable:

o Groundwater concentrations are based on the maxumum detected dissolved COPC
concentrations 1n groundw ater beneath the sites.
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o Indoor and ambient air concentrations are based on the maximum detected
concentrations of dissolved volatile COPCs in groundwater or concentrations of
volatile COPCs present in residual product beneath the sites.

e Surface water concentrations in Temescal Creek are based on the maximum
detected dissolved concentrations of COPCs in groundwater beneath the sites.

These representative concentrations are presented in Table 3.

6.3.1.3 Estimation of Potential Chemical Uptake

Potential chemical uptake (or dose) was estimated for the following exposure pathways based

on an average daily dose (ADD) and lifetime average daily dose (LADD):

¢ Dermal contact with COPCs dissolved in groundwater and inhalation of volatile
COPCs in ambient air by construction workers,

e Dermal contact with COPCs dissolved in groundwater and inhalation of volatile
COPCs in ambient air by maintenance workers, and

o Inhalation of volatile COPCs in indoor air by building occupants.

The ADD and LADD both provide quantitative estimates of an individual’s daily exposure to
a chemical. The difference between the two estimates is the time over which the exposure is
averaged. Noncarcinogenic health effects are assumed to occur only after a threshoid dose is
reached; therefore, the ADD represents the average daily dose for the period of exposure (i.e.,
if an individual is exposed for six years, the dose is averaged over six years). Conversely,
carcinogenic health risk is not considered to be threshold phenomena (i.e., there is zero risk
only at zero dose); rather, exposure to carcinogens is considered to have a cumulative effect
over a lifetime. Therefore, the T. ADD represents the average daily dose over a lifetime (1.e..
the daily dose averaged over 70 vearsy The components of cach cxposure equation are
presented in Appendix E:values that were used for each input parameter. including source
and rationale, are summarized m Tables 4 through 6 for the construction worker, maintenance

worker, and building occupant. respectively
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6.3.2 Toxicity Assessment

Health risks for exposure to carcinogens are defined in terms of probabilities that quantify the
likelihood of a carcinogenic response in an individual receiving a given dose of a particular
compound. The carcinogenic potency slope factor (SF), which is expressed in units of
(mg/kg-day)'l, is defined as the 95 percent upper confidence limit (95% UCL) of the
probability of a carcinogenic response per unit daily intake of a chemical over a lifetime
(assumed to be 70 years). By using the 95% UCL, the estimate of carcinogenic response will

be conservative and will purposefully over-estimate the actual risk posed by the chemical.

Health risks for exposure to noncarcinogens are defined in terms of an acceptable dose at or

- below which no adverse health effects are expected to occur, the Reference Dose (R{Ds).

Results from animal studies, which identify the most sensitive health effect for the most
sensitive species are typically used as the basis for determining the RfD. Uncertainty factors
and modifying factors are used to extrapolate from animals to humans, account for the
existence of sensitive populations, and account for the quality and quantity of supporting

data.

Toxicity assessments have been completed by the Cal-EPA and/or U.S. EPA for all COPCs
considered in this assessment. Tables 7 and 8 summuarize the toxicity criteria applied in this

assessment for carcinogenic and non-carcinogenic effects, respectively.

6.3.3 Risk Characterization

As described previously, both quantitative and qualitative assessments of health effects were
conducted as part of this risk characterization. For the quantitative evaluation, this section
describes how the assessment of exposure (Section 6.3.1) and the toxicity criteria (Section

6 3.2) werc combined o estimate carcinogenic risk and the hazard index for noncarcinogenic
health risk  The remainder of this scction outlines the quantitative approaches for assessing

potential carcinogenic and noncarcimogenic health effects. Following this discussion.
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potential health effects are presented separately for each exposure scenario and presented in

Tables 9 and 10 for carcinogenic and noncarcinogenic health effects, respectively.

nantitative Assessment of Potential Carcinogenic Health Risks
Carcinogenic health risks are defined in terms of the probability of an individual developing
cancer as the result of exposure to a given chemical at a given concentration. Lifetime excess

cancer risks were estimated as follows:
Risk =1 ADD * SF
Where:

LADD = Lifetime average daily does (mg/kg-day)
SF Slope Factor

To evaluate cumulative carcinogenic risk, the individual risks associated with a particular
chemical can be summed to provide an estimate of total risk. The levels are then compared
with the range of risks generally considered acceptable by U.S. EPA (1 x 10°t0 1 x 104)
(U.S. EPA, 1990a and 1990b). In addition, these levels are well below the no significant nsk
level of 1 x 107 set by the State of California in the Safe Drinking Water and Toxic
Enforcement Act of 1986 (Proposition 65).

uantitative Assessment of Potential Non-Carcinogenic Health Risks
For noncarcinogenic effects, potential adverse health effects are evaluated by comparing the
ADD to the appropriate RfD for each chemical. This comparison is expressed in terms of a

hazard quotient, and is calculated as follows:

Hazard Quotient = ADD/RID

Where:
ADD = Average Daily Dose (mg kg-dav)
RfD = Reference Dose (mg kg-dav)

A hazard quotient less than or equal to one mdicates that the predicted exposure should not

pose a significant noncarcinoegenic health nisk (EPA. 1989). In cases where individual
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chemicals potentially act on the same organs or result in the same health endpoint (e.g.,
respiratory irritants), additive effects can be addressed by summing the hazard quotients for
these individual chemicals, the result of which is the hazard index. A hazard index less than
or equal to one is also indicative of acceptable levels of exposure for chemicals having an
additive effect. A screening approach for assessing noncarcinogenic health risk, is to
estimate a hazard index based on the sum of the hazard quotients for all chemicals, regardless
of endpoint. This approach will overestimate the potential for noncarcinogenic health effects
due to simuitaneous exposure to multiple chemicals if those chemicals have different

toxicological endpoints.

© 6.3.3.1 Construction Worker

The potential carcinogenic risk for construction workers exposed to benzene dissolved in
groundwater (dermal contact and inhalation) was estimated to be 3 x 107, The potential
carcinogenic risk for construction workers exposed to benzene in residual product (inhalation
only) was estimated to be 6 x 10", Thus, the concentrations of carcinogenic COPCs present
at the site should not result in excess carcinogenic risk to construction workers beyond levels

generally considered acceptable by regulatory agencies.

The potential noncarcinogenic risk for construction workers exposed to chemicals dissolved
in groundwater (dermal contact and inhalation) was 0.06. The potential noncarcinogenic risk
for construction workers exposed to chemicals present in residual product (inhalation only)
was estimated to be 0.0001. Thus, concentrations of COPCs present at the site should not
result in noncarcinogenic risks to construction workers beyond levels generally considered

acceptable by regulatory agencies.

As discussed m Section 6.3.1.1, the potenual health erfects associated with short-term
exposure to the separatc-phase material by construction and mamtenance workers cannot be
evaluated using standard risk assessment techmques  However, a gualitative evaluation of

potential health effects can be conducted based on information published in the scienufic
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literature. The residual product at the sites contains primarily >C,, to C,; aliphatic and
aromatic hydrocarbons (see Section 4.1 and Appendix A). This composition is characteristic
of a middle distillate petroleum mixture such as diesel fuel. The primary health effect
associated with short-term dermal contact with middle distillate petroleum mixtures is skin
irritation; longer term exposures can lead to chronic dermatitis due to defatting of the skin.
More severe effects, such as alterations in kidney function, have only been observed
following massive and/or prolonged skin contact (e.g., use of pure diesel fuel as a shampoo
or to clean hands and arms over several weeks) (Gosselin et al., 1984). Given the limited
extent of residual product at the sites and the relatively short period of time that construction

or maintenance activities would require intrusion down to the shallow groundwater table, it is

* expected that skin irritation would be the most severe adverse health effect, if any,

experienced by construction and maintenance workers. Appropriate hazard communication

information can be provided to minimize this potential hazard (see Section 7.2).

6.3.3.2 Maintenance Worker

The potential carcinogenic risk for maintenance workers exposed to benzene dissolved in
groundwater (dermal contact and inhalation) was estimated to be 1 x 10°. The potential
carcinogenic risk for maintenance workers exposure to benzene in residual product
(inhalation only) was estimated to be 5 x 10”. Thus, the concentrations of carcinogenic
COPC:s present at the site should not result in excess carcinogenic risk to maintenance

workers beyond levels generally considered acceptable by regulatory agencies.

The potential noncarcinogenic risk for maintenance workers exposed to chemicals dissolved
mn groundwater (dermal contact and inhalation) was 0.02. The potential noncarcinogenic risk
for maintenance workers exposed to chemicals present in residual product (inhalation only)
was estimated 10 be O 00008 Thus. concentrations of COPCs present at the site should not
resultin noncarcinogeme nisks to mantenance workers bevond levels generally considered

accepiable by regulaton agencies
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The discussion of direct contact with residual product in the previous section is also

applicable to maintenance workers.

6.3.3.3 On-Site Building Occupant

The potential carcinogenic risk for building occupants exposed to benzene dissolved in
groundwater (via inhalation) was estimated to be 5 x 107, The potential carcinogenic risk for
building occupants exposed to benzene in residual product (via inhalation) was estimated to
be 2 x 10”. Both of these risks are well below the acceptable risk level of 1 x 107, Thus, the
concentrations of carcinogenic COPCs present at the sites should not result in excess
carcinogenic risk to current or future building occupants beyond levels considered generaily

acceptable by regulatory agencies.

The potential noncarcinogenic risk for building occupants exposed to chemicals dissolved in
groundwater (dermal contact and inhalation) was 0.008. The potential noncarcinogenic risk
for building occupants exposed to chemicals present in residual product (inhalation only) was
estimated to be 0.0003. Thus, concentrations of noncarcinogenic COPCs present at the site
should not result in noncarcinogenic risks to building occupants beyond levels generally

considered acceptable by regulatory agencies.

6.3.3.4 Off-Site Receptors

Off-site commercial/industrial exposures to site COPCs during construction activities are
expected to be less than those for the on-site construction worker due to the distance from the
source and the absence of direct-contact exposure. Potential health effects for off-site
receptors are not considered significant because the estimate of potential risks to the on-site

construction worker were less than risks considered acceptable by regulatory agencies.

6.3.3.5  Recreational Exposures
Recreational users were evaluated for exposure to dissoived PAHs in the shajlow

groundw ater potenniaily nigratng to Temescal Creek and San Francisco Bay from the sites.
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Exposure pathways considered for recreational use of the Creek include direct contact with
water and ingestion of fish caught in the Creek. However, the latter exposure pathway is not
expected to be complete because the COPCs are unlikely to bioaccumulate. The 1995 San
Francisco Bay Regional Water Quality Control Board Water Quality Objective for PAHs
assuming 24-hour average exposure (15.0 pg/l) was used for comparison to concentrations at
the Site. Water quality criteria were not available for comparison to the idividual PAHs
identified in groundwater samples from the sites. The U.S. EPA National Ambient Water
Quality (1986) criterion for total PAHs was not used in this assessment because assumptions
used to develop the criterion are not consistent with site conditions (e.g., a freshwater

environment).

Potential PAH concentrations in the Creek were estimated using the maximum concentration
of total PAHs in the groundwater beneath the Site, i.e,, 5.5 ug/l. Using the SOMA model
presented in Section 6.2.1, the total PAH concentration predicted for the Creek was 0.0094
ug/l. The maximum concentrations of total PAHs detected in groundwater beneath the sites
and the total PAH concentration in the Creek estimated using the SOMA model were well
below the total PAH water quality criterion of 15.0 pug/l. Thus, it is highly unlikely that the
PAH concentrations pose a health risk to the recreational users of Temescal Creek. As
concentrations in San Francisco Bay could not exceed those in Temescal Creek, and likely
would be much lower, it is also highly unlikely that the PAH concentrations pose a health

risk to the recreational users of San Francisco Bay.

6.3.6 Uncertainty Assessment

Uncertainty is inherent in many aspects of the risk assessment process, and generally arises
from a lack of knowledge of (1) site conditions: (2) toxicity and dose-response of the
COPCs. and (3) the extent to which an individual will be exposed to these chemicals. This
lack of know ledge means that assumptions must be made based on information presented 1n
the scientific hiterature or prefessional judgment  While some assumptions have significant

scientific basis. others have much less. The assumptions that introduce the greatest amount
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of uncertainty and their effect on the carcinogenic and noncarcinogenic nisk estimates are
discussed below. This discussion is qualitative in nature, reflecting the difficulty in
quantifying the uncertainty in specific assumptions. In general assumptions were selected in

a manner that purposefully biases the process toward health conservatism.

Environmental Fate and Transport of Residual Petroleum Hydrocarbon Product

As discussed in Section 5.0, the measurable separate-phase material in the monitoring wells
on site is not representative of the true thickness of the product in the surrounding formation,
which is likely to be negligible. Thus, the assessment of potential migration is based on an
overestimate of the volume of product in the formation. In addition, the presence of water in
* the samples analyzed for viscosity and density produced results representative of a material

more mobile than the separate-phase material at the site.

Environmental Fate and Transport of Dissolved-Phase Hydrocarbons

The assessment of migration of dissolved-phase material was based on simplistic
assumptions about the migration of groundwater in the subsurface that overestimated the

potential for the dissolved material to reach Temescal Creek.

Exposure Point Concentrations

Maximum concentrations detected in environmental media were used as the basis for
estimating exposure point concentrations. The use of maximum concentrations were selected
to provide the most conservative estimates of exposure point concentrations. In the case of
separate-phase material at the sites, the limited number of sampies and the presence of water

in the samples dictated the use of maximum concentrations.

Faposure Assumpiuons and Parameters

This screcning assessment evaluated a reasonable maximum exposed mdividual {(RME) for
all scenaros quantitativelv evaluated. The RME scenario 1s defined by the U S EPA as the

mghest exposurc that could rcascnably be expected to occur for a given exposure pathway at
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a site (EPA, 1989). In order to achieve this goal, the RME scenario uses highly conservative

exposure assumptions that likely overestimate potential exposure to most individuals.

Toxicity Criteria

The largest source of uncertainty in any risk assessment is associated with the scientific
community’s limited understanding of the toxicity of most chemicals in humans following
exposure to the low concentrations generally encountered in the environment. The majority
of available toxicity data are from animal studies, which are then extrapolated using
mathematical models or multiple uncertainty factors to generate toxicity criteria used to
predict what might occur in humans. Sources of conservatism in the toxicity criteria used in

this screening assessment include:

e The use of conservative methods and assumptions to extrapolate from high dose
animal studies to predict the possible response in humans at exposure levels far
below those admnistered to animals;

o The assumption that chemicals considered to be carcinogens do not have
thresholds (i.e., for all doses greater than zero, some risk is assumed to be
present); and

o The fact that epidemiological studies (i.e., human exposure studics) are limited
and are not generally considered in a quantitative manner in deriving toxicity

values.
6.4 SCREENING ECOLGOGICAL RISK ASSESSMENT

The purpose of the screening ecological risk assessment is to evaluate the potential risk to
aquatic organisms associated with migration of dissolved petroleum hydrocarbon constituents
in groundwater to Temescal Creek through a simple criteria comparison approach. As
discussed in Section 6.1, the COPCs associated with dissolved phase groundwater migration
in s anabyvsis are BTEXN and PAHs  Based on SOMAs conservative evaluauon of the
ratgration of BTEX (1996). which predicted that these constituents do not pose a nisk to

aquatic organisms in the ¢reck. BTEX are not addressed further in this screening assessment.
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6.4.1 Exposure Assessment

Groundwater sampling results indicate that dissolved PAHs were detected at very low
concentrations in groundwater in monitoring wetl MG-2, which is located immediately
adjacent to the plume where separate-phase material was previously detected (Tabile 1). In
calculating the estimated PAH concentration in Temescal Creek, the maximum concentration
of total dissolved PAHs in the groundwater beneath the Site of 5.5 pg/l was used. Using the
SOMA model presented in Section 6.2.1, an estimated concentration of 0.0002 pg/1 for total
dissolved PAHs was predicted for Temescal Creek.

6.4.2 Toxicity Assessment

Chemical-specific toxicity criteria for PAHSs in marine waters are not available. For the
purposes of this screening-level ecological risk assessment two water criteria are used to
represent the potential toxicity of PAHs to aquatic organisms: 1) the U.S. EPA National
Ambient Water Quality Criterion {AWQC) for total PAHs for the protection of marine
aquatic hife (assumed to include benthic and water column species) of 300 pg/l total PAHs;
and 2) the RWQCB Basin Plan, Water Quality Objective (WQQ) for total PAHs (15.0 pg/i)
in waters with salinity greater that 5 parts per thousand (Table III-3}(RWQCB, 1995). The
RWQCB WQO does not appear to be based on an ecological risk endpoint, but has been
conservatively adopted for protection of marine organisms in the RWQCB Basin Plan, and

therefore, will be used for comparison purposes in this assessment.

6.4.3 Risk Characterization

This section presents the comparison between the representative COPC concentrations and
selected toxicity criteria to evaluate potential risks to aquatic organisms in Temescal Creek.
The maximum total dissolved PAH concentration conservativelv estimated for Temescal
Creek (0.0002 ug 1y using the SOMA model (1990) 1s more three orders of magmtude less
than the RWQCB WQO of 15.0 ug | for total PAHs and four orders of magnitude less than

the EPA AWQC of 390 g I Thas result and the results predicted by SOMA (1996} for
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BTEX compounds indicate that it is highly unlikely that dissolved COPC concentrations

detected in groundwater at the sites pose a risk to aguatic organisms in Temescal Creek.

This evaluation is considered to provide a conservative estimate of potential risk with a

substantial margin of safety. This margin of safety is primarily based on two factors:

¢ The maximum dissolved concentration of total PAHs (5.5 pg/l) detected at
monitoring well MG-2, which at one time contained measurable separate-phase
material, is well below the water quality criteria; and

e Dissolved PAHs were not detected in monitoring well MG-7, which is located
between the separate-phase material detected in monitoring well MG-1 and
Temescal Creek.

It should be noted that this analysis is based on the results of a single groundwater sampling

round for which all field and laboratory QA/QC results are in good order.

6.5 CONCLUSION

A quantitative and qualitative assessment of potential adverse ecological and human health
effects associated with dissolved- and separate-phase material present beneath the sites was
conducted. A quantitative assessment of potential human health effects indicated that

adverse effects are not associated with activities at the sites by:

o Future construction workers at the Shellmound IIT site;
e (Current and future maintenance workers;
¢ Current and future building occupants; and

» Current or future off-site receptors.

A quantitatiy e assessment of potential migration of separate- and dissolved-phase maternials
from the sites to Temescal Creek or the San Francisco Bay indicated that recreaticnal users
and ecological receprors are not hkelv 1o be adversely impacied by migranon of the

chemicals from the sites.
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Potential health effects associated with dermal contact with separate-phase material by
construction or maintenance workers was not evaluated quantitatively in the screening human
health nisk assessment; however, the results of the qualitative evaluation indicate that short-
term contact with this material may cause skin irritation, which is addressed in the long-term

management plan for the sites.
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7.0 RECOMMENDATIONS FOR LONG-TERM SITE MANAGEMENT

This section describes recommendations for long-term management of the potential issues
related to residual petroleum hydrocarbons at the sites. Other COPCs potentially present at

the sites are beyond the scope of this management plan.

7.1 OBJECTIVES

Residual petroleum hydrocarbons are present at the sites as separate-phase material (on the
shallow groundwater or entrained in subsurface soil in the saturated zone or capiilary fringe)

or dissolved in groundwater. The current distribution of the residual petroleum appears to be

" limited to the south-central and southwestern areas of the PSP site, and the northwestern and

ceniral areas of the Shellmound IT site (Figure 4). Detectable concentrations of dissolved
hydrocarbons in groundwater are more widely distributed in the southern portion of the PSP

site and northern and central portions of the Shelimound III site.

As described in Section 6.4, the results of the screening ecological risk assessment indicate
that residual petroleum hydrocarbons do not present an unacceptable risk to aquatic
organisms in Temescal Creek or the San Francisco Bay. With regard to potential human
health risks, residual petroleum hydrocarbons do not present an unacceptable risk to: (1)
current or future building occupants or off-site receptors during construction that could be
exposed to chemicals in indoor or ambient air (as a result of vaporization from groundwater
or separate-phase material); (2) recreational users of Temescal Creek or the San Francisco
Bay that could be exposed to chemicals dissolved in surface water; and (3) construction and
maintenance workers that could be exposed to chemicals in ambient air or dissolved in
groundwater (sce Scction 6 30, Potennal health effects associated with dermal contact with
residual petroleum by construcuion or mamtenance workers were not evaluated guantitatively
in the screening human health sk assessment: how ever, the results of the guahbtative
cvaluation mdicate that short-term contact with this material mayv cause sKin wrtation

Therefore. the objectives of the long-term site management plan are
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s To present guidelines for appropriate health and safety precautions for future on-
site construction or maintenance workers that may access subsurface soil to a
depth that would encounter the residual petroleum (i.e., excavation to a depth of
about 6 feet below grade); and

e  To present recommendations for short-term (i.e., during initial construction
activities) and long-term management of the residual petroleum hydrocarbons
present at the sites,

o To present procedures to manage potential nuisance or explosion hazard issues
associated with residual petroleum hydrocarbons entering existing or future
subsurface utility vaults,

e  To address concerns raised by interested parties regarding the potential for
methane production associated with residual petroleum at the site.

Each of these objectives is addressed in the following sections.

7.2  GUIDELINES FOR CONSTRUCTION WORKER HEALTH AND SAFETY
The Shellmound III site is expected to be for future commercial use, which may inciude
construction of a hotel. During development, construction workers may need to excavate or
access soils below a depth of 6 feet in areas where residual petroleum may be present. In
addition, although less likely, future on-site maintenance workers may need to access the
subsurface soil below a depth 6 feet in these areas (e.g., to access utilities). As stated
previously, short-term dermal contact with the residual petroleum may cause skin irrifation.
Therefore, future on-site construction or maintenance workers accessing soil below a depth of
6 feet in areas where residual petroleum may be present should be made aware of the
potential for skin irritation and should wear personal protective equipment (e.g., Tyvek
coveralls, nitrile or similar gloves) to reduce the potential for direct contact with this material.
In addition. it may be prudent to montter erganic vapors in the event that the residual

petrofeum 1s encountered 1n a relanvely confined space (e g.. a narrow utihity trench).
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7.3  SOIL MANAGEMENT PROCEDURES
The following two sections provide recommendations for so1l management procedures that

may be appropriate during and following proposed site development.

7.3.1 Seil Management Guidelines for Site Construction

Soil management activities during site construction should include the following:

1] Handlin

Figure 4 illustrates the estimated extent of residual petroleum (referred to herein as the

“potential residual petroleum area”). The residual petroleum historically has been observed

. at or below a depth of 6 feet. Therefore, soil excavated at or below 6 feet in this area should

be segregated from other excavated soil.

Temporary stockpiling of excavated soil may be needed during site construction. Soil
excavated at or below 6 feet in the potential residual petroleum area and segregated from
other excavated soil should be placed on and covered by plastic sheeting until removed from

the site,

Soil Disposal

If soil excavated and segregated as above is to be disposed of offsite, the soii shouid be
profiled and the appropriate landfill facility (e.g., Class I, Class I, Class II1, or recycling)
should be selected for disposal based on the soil profiling resuits. Chemical analysis results
for hydrocarbons in soil samples colIected during previous investigations indicate that the
soil may likely require disposal to a Class II facility; it may also be suitable for recycling.
Soil contaming petroleum hvdrocarbons mayv also be returned to the excavation. 1f consained

at least one foot above the water table and two feet below grade.
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Excavation Dewatering

Preparations should be made to remove, store, characterize, and dispose of standing water
from excavations during construction and maintenance trenching activities. Appropriate
precautions may include having a temporary storage tank (e.g., Baker tank) on site and

prearranged disposal arrangements (e.g., disposal to sanitary sewer).

Site Access
Site access should be limited via a fence surrounding the site during construction activities or
a fence surrounding construction and associated soil stockpile areas during maintenance

work.

7.3.2 Long-Term Soil Management

Long-term soil management includes guidelines for handling, stockpiling, and disposing of
soil from the potential residual petroleum area during future site maintenance activities, and
maintaining a cover over the site. The residual petroleun addressed in this report is at or
below a depth of approximately 6 feet. Based on the soil management guidelines for site
construction presented in Section 7.3.1, soil containing petroleum hydrocarbons that is
excavated during construction and returned to the site, must be contained at least two feet
below grade. This creates a minimum of 2 feet of soil cover over the residual petroleum.
The site development plans include construction of a commercial building or buildings,
possibly a hotel, and paved parking areas, which will provide a further cover to minimize
access to petroleum hydrocarbon containing soil. It is not plausible that the 2-foot soil cover
and the pavement/building foundation cover will be breached to allow access to the residual
petroleum unless it is for planned site construction or mamtenance work. Therefore, a
program for inspecting and maintaining an additicnal cover over this 2-foot soil cover is not
needed. Guidelines and recommendations presented 1 Sections 7 1 and 7.2 of this report
should be followed for future site maintenance work requining soil excavation below 6 fect.

ifthe proposed and current uses for the sites change. further evaluation of potenuial risk 1o
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exposure to chemicals in the separate-phase material or dissolved in groundwater may be

warranted.

74  MANAGEMENT OF POTENTIAL NUISANCE OR EXPLOSION HAZARDS
ASSOCIATED WITH SUBSURFACE VAULTS

Subsurface utility vaults located in the potential residual petroleum area shouid be inspected
semi-annually for the presence of petroleum hydrocarbons. Although vapors associated with
residual petroleum at the site are unlikely, an explosion meter should be used at the time of
inspection to evaluate the potential for an explosion in the vault due to the presence of

residual petroleum hydrocarbons in soil near the vauit. If petroleum hydrocarbons are

~ observed in a vault, the petroleum should be removed and the seams of the vault sealed to

prevent future entry of petroleum hydrocarbons. Petroleum hydrocarbons removed from a
vault should be disposed of or recycled in accordance with local and state laws. New
subsurface vaults installed at the site should be sealed in a manner that prevents the entry of

petroleum hydrocarbons from adjacent soil into the vaults.

7.5  POTENTIAL FOR METHANE PRODUCTION

A final issue raised by interested parties at the sites is the potential for methane production
from the residual petroleum and subsequent accumulation in buildings on site. Methane is
one of many bi-products associated with biodegradation of petroleum products and other
organic maiter. Methane production results from anaerobic degradation processes, which
occur once the reservoir of oxygen in the subsurface is depleted. Methane concentrations in
soil gas have been shown to correlate with the subsurface location of separate-phase
hydrocarbon plumes, reflecting on-going anaerobic degradation processes (Marrin, 1987).
However, a quantitative relationship between methane production and the volume of

separate-phase maierial has not been developed based on a review of the Jiterature

The negative ORP potential measurements at the sites indicate that anaerobic processes

dominate the degradation of the residual petroleum at the sites. Thus. some methane 1s hikely
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being produced. If a site-specific measure of methane production is determined to be
necessary, then direct-soil gas measurements should be conducted. However, based on the
lack of problems associated with methane production at the PSP site and the limited and
attenuating presence of residual petroleum in the subsurface, the likelihood is low that
sufficient quantities of methane are being generated to adversely affect buildings constructed

at either site.
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ANALYTICAL RESULTS FOR SEPARATE-PHASE

TABLE 1
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GEOMATRIX

PRODUCT SAMPLE
Powell Street Plaza and Shellmound ITI
Emeryville, California
Aliphatic/Aromatic Fractionation’ PAHs by EPA Method 8270
Concentration Concentration
Fraction Percent’ (mg/kg)’ Chemical (mg/kg)
C,-Cs Aliphatics 0.10 350 Naphthalene <10
>C¢-Cy Aliphatics 0.53 2800 2-Methylnaphthalene 20*
C, Aliphatics 0.25 1300 Acenaphthylene <10
C,, Aliphatics 0.23 1200 Acenaphthene 220
>C,y-C,; Aliphatics 8.3 44,000 Dibenzefuran <10
>C,-C ¢ Aliphatics 38 200,000 Fluorene 610*
>C,4-C,; Aliphatics 25 130,000 Phenanthrene <10
>C,-Cys Aliphatics 1.4 7500 Anthracene 990
Benzene 0.06077 41 Carbazole <10
Toluene 0.0018 10 Fluoranthene <10
Ethylbenzene 0.0023 12 Pyrene 20
Total xylenes 0.0000 <8 Benzo(a)anthracene 20
C, Aromatics 0.083 440 Chrysene 30
C,q Aromatics 0.11 560 Benzo(a)pyrene 30
>C,¢-C,; Aromatics 9.2 49,000 Benzo(b)fluoranthene 20
>(,2-C,s Aromatics 18 93,000 Benzo(k)fluoranthene 20
>C,6-C,, Aromatics BDL’ <2500 Indeno(1,2,3-cd)pyrene 20
>C,1-Cys Aromatics BDL’ <2500 Dibenz(a,h)anthracene <10
-~ - -- Benzo(g,h,t)perylene 20

Notes:

Aliphatic and aromatic chemical groups analyzed by gas chromatography with flame ionization

, detection (FID).

Milhigrams per kilogram of residual petrolsum product
Tompounds were present that interfered with quanutation of the analyte
BDL = Below the Detection Limnt

Hiss PP E 0 TR D

Percent mass added up to only 539 because of water entrained m sample. Percentages were
~ormalized to 1007,



TABLE 2

ANALYTICAL RESULTS FOR GROUNDWATER SAMPLES
Powell Street Plaza and Shellmound III
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GEOMATRIX

Emeryville, California
MG-2 MG-2 MG-7 MG-7
(filtered)z (unfiltered) (t‘iltered)z (unfiltered)
Chemical {ng/) (ne/M (ugh) (ugM)
PAHS'

Naphthalene <0.5 <0.5 <0.5 <0.5
Acenaphthylene 32 <1.0 <1.0 <1.0
Acenaphthene <1.0 <1.0 <1.0 <1.0
Fluorene 1.8 2.3 <0.1 <0.1
Phenanthrene 0.27 0.32 <0.05 <0.05
Anthracene <0.05 <0.05 <(0.05 <0.05
Fluoranthene 6.2 0.2 <0.1 <0.1
Pyrene <0.1 0.2 <Q.1 0.3
Benzo(a)anthracene <0.1 <0.1 <0.1 <0.1
Chrysene <0.1 <0.1 <0.1 <0.1
Benzo(b)fluoranthene <0.1 <0.1 <(.1 <0.1
Benzo(k)fluoranthene <0.1 <0.1 <(0.1 <0.1
Benzo(a)pyrene <(.1 <0.1 <0.1 <0.1
Dibenzo(a,h)anthracene <0.1 <0.1 <0.1 <0.1
Benzo(g,h,i)perylene <0.1 <0.1 <0.1 <0.1
Indenof1,2,3-cd)pyrene <0.1 <0.1 <0.1 <().1

MG-2 MG-2 MG-7 MG-7

(filtered with (unfiltered) (filtered with (unfiltered)
silica gel cleanup) silica gel cleanup)

{(mg/l) (mgA) {mg/l) (mg/l)
TPHd’ <0.05 1.5 <0.05 0.74
Notes:

Polvnuclear aromatic hyvrodcarbons (PAHS) were analvzed by EPA AMethad 8310
samples were filiered W remose suspended sediment using a TCLP glass-tiber ntiter

Total peroleum hydrocarbons as diese] analyzed by Method 8012 modified {unfilteredy and following
filteration using a TCLP glass-fiber filter and silca gel cleanup
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TABLE 3
REPRESENTATIVE CONCENTRATIONS
Powell Street Plaza and Shellmound II1
Emeryville, California

Indoor Air Qutdoor Air (Construction Worker) Outdoor Air (Maintenance Worker)
€ hewneat Surtace Water! Groundwater’ Dissolved-phase | Residual Petroleum Dissolved-phase Residual Petroleum|  Dissolved-phase Residual Petroleum
T L 2 (rig/l) | (mg/m ) (mgim’) (mg/m’ ) (mg/m’) (mg/m’ ) (mgim’)
(Acciephthviene | NA 0.0032 3.1E-10 NA | 2E-09 NA 8.0E-10 NA
Anthiaene N NA NA 2.4E-12 NA 9.6E-12 NA 6.4E-12
Bensene NA 0.098 7.0E-05 2.5E-07 2.8E-04 9.9E-07 1.8E-04 6.6E-07
I thylbensene NA 0.001 8.6E-07 1.5E-08 3.4E-06 5.9E-08 2.3E-06 3 9E-08
i lsorene NA 0.0018 6.1E-09 NA 2.4E-08 NA 1.6E-08 NA
Plhenanthiene NA 0.00027 59E-10 NA 2.3E-09 NA 1.5E-09 NA
Priene NA NA NA 6.5E-16 NA 2.6E-15 NA 1.7E-15
Taluene NA 0003 2.5E-06 7.4E-09 1.0E-05 2.9E-08 6.6E-06 2.0E-08
Ny lene (total) NA 0.003 2.3E-06 NA 9.1E-06 NA 6.0E-06 NA
Fotid PAHS 00002 NA NA NA NA NA NA NA

MNutes

A lodeled valae Based on nwanem detected dissolved (filtered) concentrations in groundwater.
* Gioundwater concentratton based on maximum detected values. Samples were filtered prior to PAH analysis.
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EXPOSURE PARAMETERS FOR FUTURE CONSTRUCTION WORKER SCENARIO
Powell Street Plaza and Shellmound II1
Emeryville, California

Reasonable Maximum Exposed Individual
Exposure Parameter Units {RME)
GENERAL EXPOSURE PARAMETERS
Exposure Frequency (EF) days/year Value: 250 (inhalation)
150 (dermal)

Reference: (Cal-EPA, 1992; U.S. EPA, 1991; Site-
specific - The hypothetical
construction scenario is expected to
occur over 250 days/year. Sub-
terranean activities are assumed to last
for 60 percent of the time.

Exposure Duration (ED) years Value: 2 (inhalation)
1 (dermal)

Reference:  Site-specific - The hypothetical
construction scenario is estimated to
last for 2 years, reflected in inhalation
exposure. The subterrancan activities
are assumed to last for 1 year.

Body Weight (BW) ke Value: 70
Reference: Cal-EPA, 1992; U.S. EPA, 1991
Averaging Time (AT) days Value: 25,550 (carcinogens)
730 (noncarcinogens - inhalation)
365 (noncarcinogens - dermal contact)

Reference: Cal-EPA, 1992; U.S. EPA, 1991; Site-
specific based on exposure
assumption.

INHALATION OF VAPORS
Inhalation Rate (IR ) m’/work day | Vaiue: 20
Reference: Cal-EPA, 1992; U.S. EPA, 1991
DERMAIL CONTACT WITH GROUNDWATER
Exposed Skin Surface Area (SA) em’ Value: 2000
Reference: U.S. EPA. 1992 {mean value for hands
i ? and forearms for 2 male aduln)
H Exposure lime (ET) ; hours day | Value 2
i \ ! Site-specific based on esumate of

i‘ Reference

|
:

potential daily contact with
groundwater dunng consucuon
actsiues

N vEe '\_Ih)\,’\“‘. IRIaTs




EXPOSURE PARAMETERS FOR FUTURE MAINTENANCE WORKER SCENARIO

TABLE 5
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GEOMATRIX

Powell Street Plaza and Shellmound I11
Emeryville, California

Reasonabie Maximum Exposed Individual
Exposure Parameter Units (RME)
GENERAL EXPOSURE PARAMETERS
Exposure Frequency (EF) days/year Value: 250 (inhalation}
5 (dermal)
Reference: (Cal-EPA, 1992; U.S. EPA, 1991;
Site-specific - The hypothetical
maintenance worker scenario is
expected to occur over 250
days/year as reflected in inhalation
exposure. Subterranean activities
to the depth of groundwater are
assumed to occur infrequently, i.e.,
five days/year.
Exposure Duration (ED) years Value: 25
Reference: Cal-EPA, 1992; U.S. EPA, 1991
Body Weight (BW) kg Value: 70
Reference: (Cal-EPA, 1992; U.S. EPA, 1991
Averaging Time (AT) days Value: 25,550 (carcinogens)
9125 (noncarcinogens)
Reference: Cal-EPA, 1992; 11.5, EPA, 1991
INHALATION OF VAPORS
Inhalation Rate (IR,) m’/work day Value: 20
Reference: Cal-EPA, 1992; 1J.8. EPA, 1991
DERMAL CONTACT WITH GROUNDWATER
Exposed Skin Surface Area (SA) om’ Value: 2000
Reference: U.S. EPA, 1992 (mean value for
hands and forearmns for a male
adult)
Exposure Time (ET) hours/day Value: 2
Reference:  Site-specific based on estimate of
potential dailv contact with
groundwater during construction
H acuyities
CORISK POVVTT T VANPOSATA DO
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TABLE 6
EXPOSURE PARAMETERS FOR FUTURE ON-SITE BUILDING
OCCUPANT SCENARIO
Powell Street Plaza and Shellmound II1
Emeryville, California
Reasonable Maximum Expesed Individual
Exposure Parameter Units (RME)
GENERAL EXPOSURE PARAMETERS

Exposure Frequency (EF) days/year Value: 250

Referencee: Cal-EPA, 1992; U.S. EPA, 1991
Exposure Duration (ED) years Value: 25

Referencee: Cal-EPA, 1992; U.S. EPA, 1991
Body Weight (BW) ke Value: 70

Referencee: Cal-EPA, 1992, U.S. EPA, 1991
Averaging Time (AT) days Value: 25,550 (carcinogens)

9125 (noncarcinogens)
Referencee: Cal-EPA, 1992; U.S. EPA, 1991
INHALATION OF VAPORS

Inhalation Rate (IR4) m’/work day | Value: 20

Referencee: Cal-EPA, 1992; U.S. EPA, 1991

FORISK POVT UL ENPOS OO



S R A SN AN EE D Y aE ol A BN Ny SE Te e e B ae
=

GEOMATRIX
TABLE 7
CARCINOGENIC TOXICITY CRITERIA FOR CHEMICALS OF POTENTIAL CONCERN
Powell Street Plaza and Shelimound 11
Emeryvilie, California
SForal ! SFinhal2

Chemical (mg/kg-day)" (mg/kg-day)"' EPA Group Reference Target Organ | Critical Effect Reference
Bensene 1.0E-01 1.0E-01 A IRIS, 1996 Blood Leukemia Cal-EPA, 1994b
Lthylbensene NA NA NA NA NA NA NA
Folucne NA NA NA NA NA NA NA
Nylenes NA NA NA NA NA NA NA
Acenaphthylene NA NA NA NA NA NA NA
Anthracene NA NA NA NA NA NA NA
Fluorene NA NA NA NA NA NA NA

I lucranthene NA NA NA NA NA NA NA
Phenanthrene NA NA NA NA NA NA NA
Pyienc NA NA NA NA NA NA NA

Nefes
NA  notappheable

{ Ol cancer slope tactor (Cal-EPA, 1994b)
2 Inhalanion cancer stope factor (Cal-EPA, 1994b).

sk POAWT L € 3ROTN NS
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TABLE 8
NONCARCINOGENIC TOXICITY CRITERIA FOR CHEMICALS OF POTENTIAL CONCERN
Powell Street Plaza and Shellmound III
Emeryville, California
RFD,,,’ RFDipy
Chemical (mg/kg-day) (mg/kg-day) Target Organ Critical effect Reference
Bensene 1.7E-03 1.7BE-03 Blood Dysrasia ACGIH, 1991
Fthylbenzene 1.0E-01 2.9E-01 Liver, Kidney Hepatoxicity, Nephrotoxicity EPA, 1950
Lotucne | 2.0E-01 1.1B-01 Liver, Kidney Altered Weight EPA, 1995
Novlenes 2.0E+00 2.0E-01 Central Nervous System Hyperactivity, nose and throat irritation EPA, 1990
veenaphthylence! 6.0E-02 6.0E-02 NA NA NA
Anthracenc 3.0E-01 3.0E-01 None observed NA EPA, 1995
Fluotene 4,0E-02 4.0E-02 Erythrocytes Decreased Count EPA, 1995
- .
Flusranthene 4.0B-02 40E-02 Kidney, Liver, Blood Nephropathy, Weight Change EPA, 1995
Hematological Changes
Phenanthrene ' 3.0E-01 3.0E-01 NA NA NA
Pyrene 3.0E-02 3.0B-02 Kidney Effects EPA, 1995
Notes

NA - not avarlable

Orabrelerence dose (U S 1-PA, 1996a).
inhalation 1eference dose (1.8, EPA, 19963),
[oxicity critera were not available for acenaphthylene; the toxicity cniteria for acenaphthene was used as a surrogate based on similarity in chemical structure and

‘et by —

physical propaties
4 loxicity entena were not available for phenanthrene; the toxicity critena for anthracene was used as a surrogate based on sirmlarity in chemical structure

and physical properties

PoRsh PO LD NOMNG AN S



TABLE 9

RESULTS OF SCREENING HEALTH RISK ASSESSMENT
CARCINOGENIC CHEMICALS
Powell Street Plaza and Shellmound 11T
Emeryville, California

=

GEOMATRIX

Pathway
Scenario Inhalation- Inhalation- Dermal
Residual Petroleum Dissolved Phase Contact
Construction Worker 6x 107 2x 107 7x10°
Maintenance Worker 5% 107 1x10% 6x10°
Building Occupant 2x 107 5x107 NA

FRISK PORAVELL CARSTN DO



TABLE 10

RESULTS OF SCREENING HEALTH RISK ASSESSMENT
NONCARCINOGENIC CHEMICALS
Powell Street Plaza and Shellmound ITT
Emeryville, Califormia

=

GEOMATRIX

Pathway
Scenario Inhalation- Inhalation- Dermal
Residual Petroleum Dissolved Phase Contact
Construction Worker 0.0001 0.03 0.03
Maintenance Worker 0.00008 0.02 0.001
Building Occupant 0.00003 0.008 NA

ORISR POM ETT NOQSLAT DOC
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Potential
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Potential
Exposure Medium

Temescal Creek/

SF Bay

Potential
Exposutre
Pathways

Potential Receptors?

—=} Ingestion

» Dermal Contact

Residual Petroteum

(Removed)*

Volatilization

¥

Air
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Dermat Contact

Indoor Air

_ | Inhalation of

Subsurface Soil®

Y

Notes
{ it has been assumed that shatlow groundwater 15 not currently used and 1s not likely to be used as
a dnnking water source,

2 Other "receptors” include water qualty and adjacent properties potentially affected by off-site
migration. These receptors will be evaluated throughout the assessment process

3. Current bullding occupants include workers and shoppers: future occupants will likely be the same.
but could Include residents If the site 1s developed for nigh density residential use

4 UUSTs formerly located at Powell Street Plaza property.

Petroleum impacted sl 1s imited to soil near or below the groundwater table and as such has
characterstics associated with saturated sous,
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Ambient Air
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Inhalation of

" | Vapors/Dust

—

ingestion

EXPLANATION

Dermal Contact
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B-foot chain link fence

MG-7 Retaining wall
i e lop of casing
3.4 Ground surface Concrete channel lining
Y )/_—
2! ‘L
12°-5" _}F ¥
g4 TEMESCAL CREEK
bas CHANNEL
| August 1996 GrOU_ndw_ater surface 9'-5¢ bgs —— 10’ Approximate sediment
' & _VA A‘PI-S Quarterly Report /-graduant = 0.006 ft./ft. N 12.\ | ..(_ surface
*Qver 50-foot distance elevation drop = 4 inches Drain
——\——
_‘L,___W
]
L Approximately 50 feet
| 1
I |
0 8 Feet

(Scale: 1 inch = 8 feet)

Figure
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APPENDIX A
ANALYTICAL RESULTS



American Environmental Network

- Certificate of Analysis ..
4\ = '
PAGE 1
GEQMATRIX CONSULTANTS REPORT DATE: 12/03/96
100 PINE ST.. SUITE 100C
SAN FRANCISCO., CA 94111 DATE(S) SAMPLED: 11/17/96
DATE RECEIVED: 11/18/96
ATTN:  TOM GAVIGAN
CLIENT PROJ. 1D: 3182.01 AEN WORK ORDER: 9611253

C.0.C. NUMBER: 8656

PROJECT SUMMARY :
On November 18, 1996. this laboratory received 2 water sample(s).

Client requested sample(s) be analyzed for chemical parameters. Portions for
EPA 8310 were subcontracted to a DOHS certified laboratory; subcontract report
will follow at a later date. Results of analysis are summarized on the
following page(s). Please see quality control report for a summary of QC data
pertainming to this project.

Sampies will be stored for 30 days after completion of analysis. then disposed
of in accordance with State and Federal regulations. Samples may be archived
by prior arrangement.

IT vou have any questions. please contact Client Services at (510) 930-9090.




NS W WE e N M N O D Wl mE e e e B R W T AN

SAHEFTUI COVENNC AL N e

PAGE °
GEOMATRIX CONSULTANTS
SAMPLE ID: MG-2 DATE SAMPLED: 11/17/96
AEN LAB NO: 2611253.01A DATE RECEIVED: 11/18/96
AEN WORK ORDER: 2611223 REPORT DATE: 12/03/96
CLIENT PROJ. ID: 3182.01
METHOD/ REPORTING DATE

ANALYTE CASH# RESULT LIMIT UNITS ANALYZED
#Sample Filtration GFF 0.7 um - Filtr Date 11/19/96
#Silica gel Cleanup EPA 3630M - Cieanup 11/22/96
#txtraction for TPH EPA 3510 - Extrn Date 11/21/96
TPH as Diesel &C-FID ND 0.05  mo/L 11/22/9

ND

*

Not detected at or above the reporting limit
Value at or above reporting 1imt

o
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PAGE 3

GEOMATRIX CONSULTANTS

SAMPLE 10-: MG-2 DATE SAMPLED: 11/17/96
AEN LAB NO: 9611723.01B DATE RECEIVED: 11/18/96
AEN WORK ORDER: ©611253 REPORT DATE: 12/03/9%
CLIENT PROJ. ID: 3182.01
METHOD/ REPORTING DATE

ANALYTE CAS# RESULT LIMIT UNITS ANALYZED
#Extraction for TPH EPA 3510 - Extrn Date 11/21/96
TPH as Diesel GC-FID 1.5 * 0.05 mg/L 11/22/96

ND

o

Value at or above reporting limt

Not detected at or above the reporting limit
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GEOMATRIX CONSULTANTS
SAMPLE 1ID: MG-7 DATE SAMPLED: 11/17/96
AEN LAB NO: 9611253-024 DATE RECEIVED: 11/18.96
AEN WORK ORDER: ©511253 REPORT DATE: 12/03.96
CLIENT PROJ. ID: Z1R2.0%
METHOD/ REPORTING DATE

ANALYTE CAS# RESULT LIMIT UNITS ANALYZED
#Sample Filtration GFF 0.7 um - Filtr Date 11/15/96
#Silica gel Cleanup EPA 2630M - Cleanup 11/22/96
#Extraction for TPH EPA 3510 - Extrn Date 11/21/96
TPH as Diesel GC-FID ND 0.05 mg/L 11/22/%6

ND

*

Not detected at or above the reporting limit
Vatue at or above reporting limit
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GEGMATRIX CONSULTANTS

SAMPLE ID: MG-7

AEN LAB NO: ©611223.028

AEN WORK ORDER: 9611253

CLIENT PROJ. ID: 2182.01

DATE SAMPLED: 11/17/96
DATE RECEIVED: 11/18/96
REPORT DATE: 12/03/96

METHOD/ REPORTING DATE
ANALYTE CAS# RESULT LIMIT UNITS ANALYZED
#Extraction for TPH EPA 3510 - Extrn Date 11/21/9%
TPH as Diesel GC-FID 0.74 * 0.05 ma/L 11/22/96

ND

*x

ir.n

Yalue at or above reporting limt

Not detected at or above the reporting Timit
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AEN (CALIFORNIA)
QUALITY CONTROL REPQRT

AEN JOB NUMBER: 9611253
CLIENT PROJECT ID: 3182.01

Quality Control and Proiect Summary

é\ﬂ Taboratory quality control parameters were found to be within established
imits.

Definitions

Laboratory Controi Sample (LCS)/Method Spike(s): Control samples of known composition. LCS and Method Spike
data are used to vaiidate batch analytical results.

Matrix Spike(s): Atigquot of a sample (aqueous or sclid) with added guantities of specifie compounds and
subjected to the entire amalytical procedure. Matrix spike and matrix spike dupiicate GC data are advisory,

Method Blank: An analytical control consisting of all reagents, internal standards, and surrogate standards
carried through the entire analytical preocess. Used to monitor laboratory background and reagent contamination.

Not Detected (ND): Not detected at or above the reporting limit.
Retative Percent Difference (RPD}: An indication of method precision based on duplicate analysis.

Reporting Limit (RL): The towest concentration routinely determined during laboratory operations. The RL is

generally 1 to 10 times the Method Detection Limit (MDL). Reporting Limits are matrix, method, and analyte

dependent and take into account anv ditutions performed zs part of the aralysis.

Surrogates: CUganic coMDOUNGS WNICH are S1MIlact to analytes ¢f 1nterest n cnemical kehavior, tut are not found
noenvironmerta. samples.  Surrogates are ageed to aol blanks, fauv'oraticn ard check stangards, samples, ana
SRTKed safples. Surrcgate recovery L monitored as oan rndatcztion -f acceptaple zomele creparation znd
TUsTrumental cerformance.

Surrcgates < luled cut.

L)

1

~arcates result Tutsice ©F estaplishea laoderatory ZC limits.



AEN J0OB NO:
AEN LAB NO.
DATE EXTRACTED:
OATE ANALYZED:
INSTRUMENT :

1121 -BLANK

~nericdil Eavironmental Nervors

PAGE 7

QUALITY CONTROL DATA

METHOD: EPA 3510 GCFID

Method Blank

AEN LAB NO:
DATE EXTRACTED:
DATE ANALYZED:
INSTRUMENT :

1121-BLANK

Reporting
Result Limit
{mg/L) (mg/L}
ND 0.05

EPA 3510 GCFID, 3630M
Method Blank

Reporting
Result Limit
(ma/L) (mg/L)
ND 0.05
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QUALITY CONTROL DATA

AEN COB NO: 9611253

DATE EXTRACTED: 11/21/96
INSTRUMENT:

MATRIX: WATER

METHOD: EPA 3510 GCFID
Surrogate Standard Recovery Summary

Percent Recovery

Date
Analyzed Client Id. Lab Id. n-Pentacosane
11/22/96 MG-2 01 109
11/22/96 MG-7 02 93
aC Limits: 85-125

DATE EXTRACTED: 11/21/9¢
INSTRUMENT: C
MATRIX: WATER

METHOD: EPA 3510 GCFID, 3630M
surrogate Standard Recovery Summary

Percent Recovery

Date
Analyzed Chient Id. Lab Id. n-Pentacosane
11/22/96 MG-2 01 91
11/22/95 MG-7 02 a3
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QUALITY CONTROL DATA

AEN JOB NO: 9611253

DATE EXTRACTED: 11/21/96
DATE ANALYZED: 11/22/96
SAMPLE SPIKED: LCS
INSTRUMENT:

MATRIX: WATER

METHOD: EPA 3510 GCFID
Laboratory Control Sample

PAGE &

QC Limits
Spike LCS
Added Result Percent Percent
Analyte (mg/L)} (mg/L) Recovery Recovery
Diesel 4.00 3.46 86 60-110
DATE EXTRACTED: 11/21/96
DATE ANALYZED: 11/22/96
SAMPLE SPIKED: LCS
INSTRUMENT: C
MATRIX: WATER
METHCD:  EPA 3510 GCFID, 3630M
Laboratory Control Sample
QC Limits
Spike LCS
Added Result Percent Percent
Anaiyte (mg/L) {mg/L)} Recovery Recovery
D1esel 4.00 3.22 81 60-110
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FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

James E. Bruya, Ph.D. 3012 16th Avenue West
Beth M. Albertson. M.S. Seattle, WA 98119-2029
Bradiey T. Benson TEL: (206) 285-3282
Kelley D. Wilt FAX: (206) 283-5044

December 5, 1996

Jamie Tull, Project Manager
Geomatrix Consultants, Inc.
100 Pine Street, Suite 1000
San Francisco, CA 94111-5112

Dear Mr. Tull:

Included are the results from the testing of material submitted on November 22, 1996
from your 3182.01B project.

The sum of the aliphatic and aromatic fractions of sample MG-1 added to 53%. We believe
the low recovery is due to our inability to separate the water and product phases of the
sample. The three VOA’s containing MG-1 held mostly water, with small amounts (<1 ml)
of floating product on top. We needed approximately 1/2 of a milliliter to do the
semivolatile work. When trying to remove this aliquot, we believe that we obtained some
water with the product.

The actual percent material in each fraction is best calculated by normalizing the
fractionation results to 100%. Using this technique, the following numbers are obtained.

Fraction -1 - Percent.
Cs-Cg Aliphatics 0.10
>C¢s-Cgq Aliphatics 0.53
Co Aliphatics 0.25
>C15-Cyz Aliphatics 8.3
>Cy-Cie Ahphatlcs 38
>C1a-021 Aliphatics 25
>C,41-Cas Aliphatics 1.4
Benzene 0.0077
Toluene 0.0018
Ethylbenzene 0.0023
Total Xylenes 0.0000
Cs Aromatics 0083
C.q Aromatics 0.11
>Cag-Cqy Aromatics 92
>C45-Chg Aromatics 18
>C15-Coq Arcmatics : BDL
>C,.-Cas Aromatics i BDL

“ O
/

BDL - Analvte was not =een above the detection limit of 0 3%
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FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Jamie Tull
December 5, 1996
Page 2

We were unable to perform the viscosity or density analysis due to the limited sample size.
We hope this does not caus you a major problem.

We appreaiate this opportunity to be of service to you and hope you will call if you should
have any questions.

Sincerely,

FRIEDMAN & BRUYA, INC.

GotlyT Foc

lcr Beth Albertson
Chemist

keh

Enclosures
GMC1205R.DOC



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996

Date Received: November 22, 1996

Project: 3182.01B

Date Samples Extracted: November 26, 1996
Date Extracts Analyzed: November 27, 1996

RESULTS FROM THE ANALYSIS OF THE PRODUCT SAMPLE
FOR VOLATILE ALIPHATICS BY GAS CHROMATOGRAPHY
WITH FLAME IONIZATION DETECTION (FID)

Samples Processed Using Method 5030
Results Reported as pg/g (ppm)

Cs-Ce >Cs-Ce Cs Cio
Sample ID Aliphatics Aliphatics Aliphatics Aliphatics ( Slf{rrogate )
% Recovery
MG-1 550 2,800 1,300 1,200 93
Method Blank <8 <8 <8 <8 108



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996

Date Received: November 22, 1996

Project: 3182.01B

Date Samples Extracted: November 26, 1996
Date Extracts Analyzed: November 28, 1996

RESULTS FROM THE ANALYSIS OF THE PRODUCT SAMPLE
FOR SEMIVOLATILE AROMATICS BY GAS CHROMATOGRAPHY

WITH FLAME IONIZATION DETECTION (FID)
Results Reported as ug/g (ppm)

>Ci10-Ciz >Ci12-Cis >C15-C21 >Ca2;-Css
Sample ID Aromatics Aromatics Aromatics Aromatics Surrogate
(% Recovery)
MG-1 49,000 93,000 <2.500 <2,500 125
Method Blank <2,500 <2.500 <2,500 <2.500 112



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996

Date Received: November 22, 1996

Project: 3182.01B

Date Samples Extracted: November 26, 1996
Date Extracts Analyzed: November 28, 1996

RESULTS FROM THE ANALYSIS OF THE PRODUCT SAMPLE
FOR SEMIVOLATILE ALIPHATICS BY GAS CHROMATOGRAPHY

WITH FLAME IONIZATION DETECTION (FID)
Results Reported as pg/g (ppm)

>C10-Ciz >Ci2-Cis >C6-Ca1 >C21-Cas
Sample ID Aliphatics Aliphatics Aliphatics Aliphatics Surrogate
(% Recovery)
MG-1 44,000 200,000 130,000 7.500 116
Method Blank <2,500 <2,500 <2,500 <2,500 114



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Analysis For Polynuclear Aromatic Compounds By EPA Method 8270

Client Sample [D: MG-1

Date Received: 11/22/96
Date Extracted: 11/22/96
Date Analyzed: 11/23/96

Matrix: Product
Units: ug/g (ppm)
Surrogates:

Nitrobenzene-d5
2-Fluorobiphenyl
Terphenyl-d14

Compounds:

Naphthalene
2-Methylnaphthalene
Acenaphthylene
Aceniaphthene
Dibenzofuran
Fluorene
Phenanthrene
Anthracene

Carbazole
Fluoranthene

Pyrene
Benzola]anthracene
Chrysene
Benzo(a)pyrene
Benzo(b)flouranthene
Benzo(k)flouranthene
Indeno(l,2,3-cd)pyrene
Dibenz(a.h)anthracene
Benzo(g,h.i)perylene

% Recovery
155 1o
124 wp

99

Concentration
ug/g (ppm)

<10
20 ip
<10
220 ip
<10
610 ip
<10
990
<10
<10
90
20
30
30
20
20
20
<10
20

Client:
Project:

Lab [D:
Data File:
Instrument:
Operator:

Lower
Limit
25
24
23

Geomatrix Consultants, Inc.

3182.01B
74141
112222.D
GCMS#2
kwilt

Upper
Limit
121
113
120

ip - Compounds were present that interfered with the quantitation of the analyte.



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996

Date Received: November 22, 1996

Project: 3182.01B

Date Samples Extracted: November 26, 1996
Date Extracts Analyzed: November 27, 1996

RESULTS FROM THE ANALYSIS OF THE PRODUCT SAMPLE
FOR VOLATILE AROMATICS BY GAS CHROMATOGRAPHY
WITH PHOTOIONIZATION DETECTION (PID)

Samples Processed Using Method 5030
Results Reported as pg/g (ppm)

Ethyl- Total Cs Cuo
Sample ID Benzene Toluene benzene Xvlenes Aromatics Aromatics Surrogate
(% Recovery)
MG-1 41 10 12 <8 440 560 93
Method Blank <8 <8 <8 <8 <8 <8 108



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Analysis For Polynuclear Aromatic Compounds By EPA Method 8270

Client Sample ID: Method Blank Client: Geomatrix Consultants, Inc.
Date Received: 11/22/96 Project: 3182.01B
Date Extracted: 11/22/96 Lab ID: Method Blank 06-728
Date Analyzed: 11/23/96 Data File: 112215.D
Matrix: Product Instrument: GCMS#2
Units: ug/g (ppm) Operator: kwilt
Lower Upper
Surrogates: % Recovery Limit Limit,
Nitrobenzene-d5 104 25 121
2-Fluorobiphenyl 102 24 113
Terphenyl-d14 97 23 120
Concentration
Compounds: ug/g (ppm)
Naphthalene <10
2-Methylnaphthalene <10
Acenaphthylene <1
Acenaphthene <10
Dibenzofuran <10
Fluorene <10
Phenanthrene <10
Anthracene <10
Carbazole <10
Fluoranthene <10
Pyrene <10
Benzolalanthracene <10
Chrysene <10
Benzo(a)pyrene <10
Benzo(b)flouranthene <1Q
Benzo(k)flouranthene <10
Indeno(1,2,3-ed)pyrene <10
Dibenz(a,hyanthracene <10
Benzo(g,h,))perylene <10



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996
Date Received: November 22, 1996
Project: 3182.01B

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF PRODUCT SAMPLES
FOR SEMIVOLATILE AROMATICS BY GAS CHROMATOGRAPHY WITH FLAME

IONIZATION DETECTION
Laboratory Code: 74141 (Duplicate)
Relative
Reporting Sample Duplicate Percent Accepiance
Units Result Result Difference Criteria

Analyte

>C10-Ciz ug/g (ppm) 49,000 52,000 6 0-30
>Ci12-Cis ug/g (ppm) 93,000 95,000 2 0-30
>Ci1e-Ca1 ug/g (ppm) <2,500 <2,500 nm 0-30
>Ca1-Css ug/g (ppm) <2,500 <2,500 nm 0-30

Laboratory Code: 74141 (Matrix Spike)

Relative
Reporting Spike Sample % Recovery % Recovery Acceptance Percent
Analvte Units Level Result MS MSD Criteria Difference
>C10-Ci2 ug/g (ppm) 50,000 48,000 53b 65b 50-150 20b
>Ci1z-Cie ug/g (ppm) 100,000 93,000 57b 79b 50-150 32b
>C16-Ca1 ug/g (ppm) 100,000 <2,500 97 115 50-150 17
>Cz1-Cas ugfg (ppm) 50,000  <2,500 75 94 50-150 22
Laboratory Code: Spike Blank
Relative
Reporting Spike % Recovery % Recoverv  Acceptance Percent
Analvte Units Level MS MSD Criteria Difference
>Cio-Ci2 ug/g (ppm) 50,000 79 83 50-150 5
>Ci2-Cis ugig (ppm) 100,000 76 79 50-150 4
>C1s-Cai ug/g (ppm) 100,000 86 90 50-150 5
>(C21-Cas ug/g (ppm) 50,000 73 76 50-150 4

nm - The analvte was not detected in one or more of the dunlicate analvees Therefore caleulation of the RPD
¢ nat appheabie

b - The analyvte was spiked at a level that was less than five tmes that present in the sample  Matrix spike
recoveries and RPD's mav not be meaningful



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996
Date Received: November 22, 1996
Project: 3182.01B

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF PRODUCT SAMPLES
FOR SEMIVOLATILE ALIPHATICS BY GAS CHROMATOGRAPHY WITH FLAME

IONIZATION DETECTION
Laboratory Code: 74141 (Duplicate)
Relative
Reporting Sample Duplicate Percent Acceptance

Analvte Units Result Result Difference Criterta
>Cio-Ciz ug/g (ppm) 44,000 47,000 7 0-30
>C12-Cis ug/g (ppm) 200,000 210,000 5 0-30
>C18-Ca1 ug/g (ppm) 130,000 140,000 7 0-30
>(C21-Cas ug/g (ppm) 7,500 10,000 29 0-30

Laboratory Code: 74141 (Matrix Spike)

Relative
Reporting Spike Sample % Recovery % Recovery Acceptance Percent
Analyvte Units Level Result MS MSD Criteria Difference
>C1o-Ci2 ug/g (ppm) 50,000 44,000 111b 137b 50-150 21
>Ci2-Crs ug/g (ppm) 53,000 200,000 ai ai 50-150 al
>Ci1s-C21 ug/g ppm) 50,000 130,000 ai ai 50-150 ai
>Ca1-Cas ugfg (ppm) 100,000 7,500 68 80 50-150 16

Laboratory Code: Spike Blank

Relative
Reporting Spike % Recovery % Recovery Acceptance Percent
Analvte Units Level MS MSD Criteria Difference
>Cio0-Ci2 ug/g (ppm) 50,000 125 126 50-150 1
>Ci2-Cie ug/g (ppm) 50,000 8 82 50-150 4
>Cie-Cal ug/g (ppm) 50,000 60 79 50-150 22
>Cz21-Cas ug/g (ppm) 100,000 55 62 50-150 12

nm - The analyte was not detected in one or more of the duplicate analyses. Therefore, calculation of the RPD
is not applicable.

b - The analyte was spiked at a level that was less than five times that present in the sample. Matrix spike
recoveries mav not he meanineful

a1 - The amount spiked was insufficient to give meanmingful recovery data



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996
Date Received: Navember 22, 1996
Project: 3182.01B

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF PRODUCT SAMPLES
FOR VOLATILE AROMATICS AND ALIPHATICS BY GAS CHROMATOGRAPHY

Laboratory Code: 74141 (Duplicate)

Relative

Reporting Sample Duplicate Percent Acceptance
Analyte Units Result Result Difference Criteria
Benzene ug/g (ppm) 41 35 16 0-20
Toluene ug/g {ppm) 10 9 11 0-20
Ethylbenzene ug/g (ppm) 12 12 0 0-20
Xylenes ug/g (ppm) <8 <8 nm 0-20
Cs Aromatics ug/g (ppm) 440 440 0 0-20
Cio Aromatics ug/g (ppm) 560 260 0 0-20
Cs-Ce Aliphatics ug/g (ppm) 550 480 i4 0-20
>Ce-Cs Aliphatics ug/g (ppm) 2800 2600 7 0-20
Cs Aliphatics ug/g (ppm) 1300 1200 8 0-20
Cio Aliphatics ug/g (ppm) 1200 1300 8 0-20
Laboratory Code: 74141 (Matrix Spike)

Relative

Reporting Spike Sample % Recovery % Recovery  Acceptance Percent
Analyte Units Level Result MS MSD Criteria Difference
Benzene ugl/g (ppm) 800 41 82 84 65-135 2
Toluene uglg (ppm) 800 10 25 87 65-135 2
Ethylbenzene uglg (ppm) 800 i2 823 85 65-135 2
Xylenes ug/g (ppm) 1600 <8 90 92 65-135 2
Cs Aromatics ug/g (ppm) 800 440 ai ai 65-135 ai
Cio Aromatics ugig {(ppm) 800 LY ai ai 85-135 al
Cs-Ce Aliphatics ug/g (ppm) 800 550 al ai 65-135 ai
>Ces-Cs Aliphatics ug/g (ppm) 800 2800 ai ai 65.135 al
Cs Aliphatics ug/g (ppm) 800 1300 al ai 65-135 ai
Cio Aliphatics ug/g (ppm) 800 1200 ai ai 63-135 al
nm - The analyte was not detected in one or more of the duplicare analvses  Therefore. calculanon of the RPD

is not apphicable

a1- The amount spiked was insufficient to give meamingful recovery data .



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996
Date Received: November 22, 1996
Project: 3182.01B

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF PRODUCT SAMPLES
FOR VOLATILE AROMATICS AND ALIPHATICS BY GAS CHROMATOGRAPHY

Laboratory Code: Spike Blank

Relative
Reporting Spike % Recovery % Recovery  Acceptance Percent
Analyte Units Level MS MSD Criteria Difference
Benzene ug/g (ppm) 800 96 93 65-135 3
Toluene ug/g (ppm) 800 99 97 65-135 2
Ethylbenzene ug/g (ppm) 800 99 98 65-135 1
Xylenes ug/g (ppm) 1600 99 99 65-135 0
Cs Aromatics ug/g (ppm) 800 99 100 65-135 1
Ctio Aromatics ug/g (ppm) 300 95 97 65-135 1
Cs-Cs. Aliphatics ug/g (ppm) 300 111 116 65-135 4
>(s-Cs Aliphatics ug/g (ppm) 300 112 121 65-135 8
Cs Aliphatics uglg (ppm) 800 106 118 65-135 11
Cio Aliphatics ug/g (ppm) 800 98 110 65-135 12



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 5, 1996
Date Received: 11/22/96
Project: 3182.01B

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF PRODUCT SAMPLES
FOR POLYNUCLEAR AROMATICS BY EPA METHOD 8270

Laboratory Code: 74141 (Duplicate)

Relative
Reporting Sample Duphcate Percent Acceptance
Analyte Units Result Result Difference Criteria
Acenaphthene ug/g (ppm) 220 220 0 0-20
Pyrene rg/g {(ppm) 90 80 12 0-20
Laboratory Code: 74141 (Matrix Spike)
. % % Relative
Reporting Spike Sample Recovery Recovery  Acceptance Percent
Analvte Units Level  Result MS MSD Criteria Difference
Acenaphthene pglg (ppm) 500 220 94 92 46-118 2
Pyrene ug/g (ppm) 500 90 38 85 23-127 3
Laboratory Code: Spike Blank
% Relative
Reporting Spike % Recovery  Aceeptance Percent
Analyte Units Level Recovery MSD Criteria Difference
MS
Acenaphthene . pg/g (ppm) 500 93 99 46-118 6
Pyrene pg/g (ppm) 500 94 97 23-127 3
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17400 SW Upper Boones Ferru Roaa « Siure 270 & Portland, OR 97224 © 1503) 684-0447

AEN I.D. 611817

December 10, 1996

Bill Svoboda

AEN - California

3440 Vincent Rd.
Pleasant Hill, CA 94523

Project Name/Number: 9611253/ 3182.01

Attention: Bill Svoboda

On November 20, 1886, American Environmental Network (OR}, Inc. received four
water samples for analysis for the above listed project. The samples were
analyzed with EPA methodology or equivalent methods. The results of these
analyses and the quality control data, which follow each set of analyses, are
enclosed. The resuits from these samples relate only to the items tested. This
report shall not be reproduced, except in full, without the written approval of the
laboratory.

If you have any questions or comments, please do not hesitate to contact us at
(503)684-0447.

Y

<

Andi Hoevet ‘ Steven E. Stanley
Project Manager Laboratory Manager
AR SES:atm
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SAMPLE CROSS REFERENCE SHEET

CLIENT: AEN-CA AEN L.D.: 611617

PROJECT #: 3182.01
PROJECT NAME:

AEN # CLIENT DESCRIPTION DATE SAMPLED MATRIX
611617-1 MG-2 {fiitered) 11/17/96 WATER
611817-2 MG-2 (unfiltered) 11/17/96 WATER
611617-3 MG-7 (filtered) 11/17/96 WATER
611617-4 MG-7 {unfiltered) 11/17/96 WATER

AEN STANDARD DISPOSAL PRACTICE
“he samiples from s groect ~ill te aispesea of oty 12001 davs
report. f an extenasd storage perod s required, piease contact our samoie control

from the oate of the

departument oefore the scheauled disposal date.
L S FEP TR VR o TR AN



ANALYTICAL SCHEDULE

CLIENT: AEN-CA AEN 1.D.: 611617
PROJECT #: 3182.01
PROJECT NAME:

.

ANALYSIS TECHNIQUE REFERENCE LAB
PAHs HPLC/UV/FLUGCR EFPA 8310 PLD
PLD = AEN - Forilanc

PHX = AEN - PRoenix

PNRE = AEN - Pensacoia

TA = AEN - Pleasant il

"D = AEN - Zolumpia

= o
Sutm o= succontact



LIQUID CHROMATOGRAPHY RESULTS

METHOQD: 8310 AEN LD.: 611617-1
CLIENT £.D.: MG-2 (filtered) DATE SAMPLED: 11/17/96
CLIENT: AEN-CA DATE RECEIVED: 11/20/96
PROJECT #: 3182 DATE EXTRACTED: 11/22/86
PROJECT NAME: DATE ANALYZED: 11/22/96
SAMPLE MATRIX: WATER DILUTION FACTOR: 1
UNITS: ugil
PARAMETER RESULTS
NAPHTHALENE < 0.5
ACENAPHTHYLENE 3.2
ACENAPHTHENE < 1.0
FLUORENE 1.8
PHENANTHRENE 0.27
ANTHRACENE < 0.05
FLUORANTHENE Q.2
PYRENE < 0.1
BENZQ(a)ANTHRACENE < c.1
CHRYSENE < g.1
BENZO(WFLUCRANTHENE < 0.1
BENZO(kIFLUORANTHENE < 0.1
BENZO(aIPYRENE < 0.1
DIBENZO({a,h)ANTHRACENE < 0.1
BENZO(g,h )PERYLENE < 0.1
INDENQ{1,2,3-cdIPYRENE < 0.1
SURROGATE: .
BIPHENYL {28%-125%) 82%

Analyst, 2.0, v e

Reviewer: @~ ~

~



! LIQUID CHROMATQGRAPHY RESULTS
METHOD: 8310 AEN |.D.: 811617-2
' CLIENT L.D.: MG-2 {unfilterad) DATE SAMPLED: 11/17/36
CLIENT: AEN-CA DATE RECEIVED: 11/20/96
PROQJECT #: 3182 DATE EXTRACTED: 11/22/886
‘ PROJECT NAME: DATE ANALYZED: 11/22/96
SAMPLE MATRIX: WATER DILUTION FACTOR: 1
l UNITS: ug/L
PARAMETER RESULTS
' NAPHTHALENE < 0.5
ACENAPHTHYLENE < 1.0
l ACENAPHTHENE < 1.0
FLUORENE 2.3
PHENANTHRENE 0.32
l ANTHRACENE <  0.05
FLUORANTHENE 0.2
~ PYRENE 0.2
\l BENZCG(a}ANTHRACENE < 0.1
CHRYSENE < 0.1
l BENZO(b)FLUORANTHENE < 0.1
& BENZO(KIFLUCRANTHENE < 0.1
BENZO(alPYRENE < 0.1
l DIBENZO{a,hlANTHRACENE < 0.1
™ BENZO(g,h,IIPERYLENE < 0.1
INDENO(1,2,3-cd)PYRENE < 0.1
|
SURROGATE:
BIPHENYL {28%-125%) 92%

ANEIVST i R Ay

WE MR W Bm am

Reviewer P 1~ le/a



LIQUID CHROMATOGRAPHY RESULTS

METHOD: 8310 AEN 1.D.: 611617-3
CLIENT L.D.: MG-7 {filtered) DATE SAMPLED: 11/17/96
CLIENT: AEN-CA DATE RECEIVED: 11/20/96
PROJECT #: 3182 DATE EXTRACTED: 11/22/96
PROJECT NAME: DATE ANALYZED: 11/22/96
SAMPLE MATRIX: WATER DILUTION FACTOR;: 1
UNITS: ugsLl
PARAMETER RESULTS
NAPHTHALENE < 0.5
ACENAPHTHYLENE < 1.0
ACENAPHTHENE < 1.0
FLUORENE < 0.1
PHENANTHRENE < 0.05
ANTHRACENE < 0.05
FLUORANTHENE < 0.1
PYRENE < 0.1
BENZO(a)ANTHRACENE < 6.1
CHRYSENE < 0.1
BENZO(b}FLUORANTHENE < 0.1
BENZO{KIFLUORANTHENE < 0.1
BENZQ(alPYRENE < 0.1
DIBENZO(a,h)ANTHRACENE < 0.1
BENZOIg,h.iiPERYLENE < 0.1
INDENO(1,2,3-cd)PYRENE < 0.1
SURRQGATE:
BIPHENYL (28%-125%]) 70%

- .
ANEVST L 2 B e

R

Feviewer: , -



. LIQUID CHROMATOGRAPHY RESULTS
~ METHOD: 8310 AEN 1.D.: 611617-4
' CLIENT 1.D.: MG-7 (unfiltered) DATE SAMPLED: 11/17/86
CLIENT: AEN-CA DATE RECEIVED: 11/20/86
. PROJECT #: 3182 DATE EXTRACTED: 11/22/96
' PROJECT NAME: DATE ANALYZED: 11/22/96
SAMPLE MATRIX: WATER DILUTION FACTOR: 1
. UNITS: ug/L
PARAMETER RESULTS
l NAPHTHALENE < 0.5
ACENAPHTHYLENE < 1.0
l ACENAPHTHENE < 1.0
FLUORENE < 0.1
_ PHENANTHRENE < 005
. ANTHRAGENE < 0.5
FLUORANTHENE < 0.1
PYRENE 0.3
I BENZC(a)ANTHRACENE < 0.1
" CHRYSENE < 0.1
WM BENZO(IFLUORANTHENE < 0.1
l BENZO(KIFLUORANTHENE < 0.1
BENZO(a)PYRENE < 0.1
P DIBENZO(a ANTHRACENE < 0.1
l BENZO(g,h,))PERYLENE < 0.1
INDENOQ(1,2,3-cd)PYRENE < 0.1
1
SURROGATE:
BIPHENYL (28%-125%) 80%

—

Analyst.

e
Reviewer; »/ ~ ¢~/ o
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LIQuip CHROMATOGRAPHY BLANK SPIKE RESULTS

METHOD: 3310 AEN 1.D.: 611617
CLIENT: AEN-CA QC SAMPLE: Method Blank
PROJECT #: 3182 DATE EXTRACTED: 11/22/86
PROJECT NAME: DATE ANALYZED: 11722196
SAMPLE MATRIX: WATER DILUTION FACTOR: 1

UNITS: ug/t

OUP. DUP,
SAMPLE SPIKE SPIKED % SPIKED %
PARAMETER RESULT CONC. RESULT REC. RESULT REC. RPD
ACENAPHTHYLENE < 1.0 10.0 7.2 72 7.7 77 7
PHENANTHRENE < 0.05% 1.0 0.70 70 0.75 75 7
PYRENE < 0. 1.0 1.0 100 1.0 100 o
BENZO(KIFLUORANTHENE < 0.1 1.0 0.9 S0 0.8 80 12
DIBENZO(a,hiANTHRACENE < 0.1 1.0 0.6 60 0.7 70 15
SURROGATE:
BIPHENYL (28% - 125%) 78% 79%
CONTROL LIMITS

% REC RPD
ACENAPHTHYLENE 40 - 155 37
PHENANTHRENE 58 -128 38
PYRENE 60 - 140 36
BENZO(KIFLUQRANTHENE 50 - 100 32
DIBENZO(a,h)ANTHRACENE 50 - 140 30
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FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS
James E. Bruya, Ph.D. 3012 16th Avenue West
Beth M. Albertson M. S. Seattle, WA 98119-2029
Bradley T. Benson TEL: (206) 2858282
Kelley D. Wilt FAX: (206) 283-5044

December 11, 1996

Jamie Tull, Project Manager
Geomairix Consultants, Inc.
100 Pine Street, Suite 1000
San Francisco, CA 94111-5112

Dear Mr. Tull:

Included are the results from the testing of material submitted on December 4,
1996 from your 3182.01 B project. The product sample was an emulsion. The
density and viscosity results may not represent the true density and viscosity of the
product, but should act as a good estimate.

We appreciate this opportunity to be of service to you and hope you will call if you
should have any questions.

Sincerely,

FRIEDMAN & BRUYA, INC.

Gl T P

Bradley T. Benson
Chemist

keh

Enclosures
GMCI1211R.DOC
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FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 11, 1996

Date Received: December 4, 1996

Project: 3182.01 B

Date Samples Extracted: December 5, 1996
Date Extracts Analyzed: December 5, 1996

RESULTS FROM THE ANALYSIS
OF WATER/PRODUCT SAMPLES FOR DENSITY
Results Reported 20°F

Sample ID Density
FP-1 0.945 g/ml



FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 11, 1996
Date Received: December 4, 1996
Project: 318201 B

QUALITY ASSURANCE RESULTS

FOR DENSITY
Laboratory Code: 74376 (Duplicate)
Relative
Reporting Sample Duplicate Pereent
Analyte: Inits Result Result Difference
Density @ 20.0°C 0.945 0.945 0
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FRIEDMAN & BRUYA, INC.
ENVIRONMENTAL CHEMISTS

Date of Report: December 11, 1996

Date Received: December 4, 1996

Project: 3182.01 B

Date Samples Extracted: December 9, 1996
Date Extracts Analyzed: December 9, 1998

RESULTS FROM THE ANALYSIS OF THE WATER/PRODUCT SAMPLE
FOR KINEMATIC VISCOSITY

le ID Kinematic Viscosity
FP-1 12



APPENDIX B

RESIDUAL PETROLEUM HYDROCARBON PRODUCT
MIGRATION RATE ESTIMATION



APPENDIX B

RESIDUAL PETROLEUM HYDROCARBON PRODUCT
MIGRATION RATE ESTIMATION

B-1  Product Migration Rate
The potential velocity of residual product at the sites was estimated assuming that the
product would move at the gradient of the water table and, therefore, the velocity could

be estimated by:

v = Kp*i/n

where:
v = velocity of product (ft/day)
K, = product conductivity (f/day)
I = groundwater gradient (ft/ft)
n = porosity (percent)

The groundwater gradient at the site is approximately 0.006 (fi/ft) between the residual
product area and the creek, based on data contained in the March and June 1995 reports
prepared by PES. The sediment in the upper 12 feet at the site are reportedly primarily
clays, sandy clay and sand; bay mud clay is encountered below a depth of about 12 feet.
Therefore, a porosity of 35 percent was assumed (Freeze & Cherry, 1979; page 37).

Conductivity can be calculated by the following equation (Freeze & Cherry, 1979;
page 30):

Ke = (k*p*g)/p
where:

conductivity of the fluid (ft/sec)

permeability (cmz)

density of the fluid (grams per cubic centimeter; g/cmg')
= gravitational acceleration ( Ft/secz)

= dynamic viscosity of the tluid (poise)

il

"o ROR
R4
Il

he permeability is a property of the sediment and does not change based on the tvpe of
thwd moving through the sediment. Theretore.

TORISK PO T L BWT ARE DG 13-1



DRAFT

and so,
Ko = (uw*pp*Ku)/(p*pw)

The dynamic viscosity of water at 20 degrees centigrade (j1,,) is equal to 0.04 poise and
the density (p,,) is equal to 1 g/cm’® (Lide, 1996). Measurements performed by Friedman
& Bruya, Inc. of Seattle, Washington indicated a density of 0.945 g/em’ and a kinematic
viscosity of 0.12 centimeters squared per second. The dynamic viscosity can be
calculated by multiplying the kinematic viscosity by the density. Therefore, the dynamic
viscosity of the product is 0.113 grams per second per centimeter (poise).

Using the hydraulic conductivity (K, ) for the sites assumed by SOMA (1996) of 40 feet
per day indicates a product velocity of approximately 20 feet per year. Thig hydraulic
conductivity appears to overestimate the permeability of the sediments at the site because,.
if accurate, product should have reached well MG-7. Based on our understanding of the
site, the wells are screened primarily across bay mud clay; when the water table is high,
the groundwater may flow through fill material consisting of clay, sandy clay, and fine-
grained sand intermixed with construction debris. To provide a conservative evaluation
of the product migration rate, the product velocity was estimated assuming flow through
the fill material. According to Freeze & Cherry (1979), a conservative estimate of the
hydraulic conductivity for the fill material would be approximately 4 feet per day.’
Therefore, the product velocity was reevaluated assuming a hydraulic conductivity of

4 feet per day, indicating a product velocity of approximately 2 feet per year,

B-2  Product Thickness at Temescal Creek

The volume of free product can be estimated by:

’

Vp‘: t*A*n

vlre,

V, = volume of the free product ()
t = true thickness of the free procguct (ft)
A = areal extent of the product {ft")

n = porosity (percent)

The mean product thickness observed in well MW-3 between 1990 and 1994 is 0.05 feet
Recent product thickness measured in well MG-1 was 0.06 feet. The area between
MW-3 and MG-1 that may contain free product is illustrated on Figure 4 and can be
esumated by a rectangle with dimensions of 330 fegt by 130 feet As described in
Section B-1, a porosity 0f 0.35 can be assumed for the sediments at the sites. Assuming a
true product thickness of one~quarter of the observed product thickness and assurning the
product extends berween wells MW-3 and MG-1 as shown on Figure 4 at an average

DRISKVWPOWELL\PWLAFPB DOC
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CALCULATIONS OF THE MAXIMUM CONCENTRATIONS OF COPCs IN
TEMESCAL CREEK

APPENDIX C

Maximum concentrations of the PAHs detected in groundwater were used as the groundwater
concentrations (C,,) for the purpose of conservatively estimating potential impact to the
Creek. In determining default values for the equations, SOMA (1996) reported that Temescal
Creek is a U shaped channel that is 30 feet wide with vertical walls 12 feet deep. The channel
is constructed of steel reinforced 1-foot thick concrete with 6-inch diameter subsurface drains
installed perpendicular to each wall and spaced 80 feet apart. Based on the results of tidal
elevation measurements, SOMA (1996) determined that the groundwater on the Shellmound
1II site discharges into the Creek during the low tide periods when the level of the creek is
lower than that of the water in the adjacent monitoring wells. During high tide periods, the
level of water in the Creek is higher than that in the monitoring wells and groundwater
discharge is unlikely to occur. Therefore, the volume of groundwater discharged to the Creek

during the low tide periods was calculated using Darcy’s law as:

Qa= K*[M#) * A * Ndrain * 1
Where:
Qq = Volume of the groundwater discharged into the Creek during time period t
(feet®) '
K = Hydraulic conductivity of the slag/fill material (assumed to be 40 feet/day)
hy' = G;oundwater level elevation during the low tide adjacent to the creck
(0.14 feet)
h...' = Water level elevation in the creek during low tide (-3.51 feet)
A = Area of cross-section of the drain holes (0.2 feetz)
Ngan = Number of drain holes (7)
1 = Average duration of fow tide during 1 24-hour day {525 munutes or

0.365 days)

' The water level measurements were made mn December 994 (PLS. 1995)

P RISK POWILL OLTL-APC DOC C -1



DRAFT

_ A" = Unitlength (feet) |
,é = )IQW (ZM )

Based on this equation, SOMA estimated the volume of groundwater flowing into the

Temescal Creek as approximately 75 feet® per day. The conservative average flow rate of the
Creek was assumed to be 0.5 cubic feet per second (43,200 cubic feet per day). The

concentration of chemical in the creek (C,;) after mixing with groundwater was estimated as

follows:
* *
Coi = Qa Cee+Qs Ce
Qd -+ Qs
Where:
Cy = Concentration of chemical in the Creek (ug/l) -
Q4 = Volume of groundwater discharged to the Creek during time period t (feet’)

Q, = Flow volume upstream of discharge (43,200 cubic feet per day)

C,e = Concentration of chemical in groundwater (pg/1)
C. = Concentration of the chemical in the upstream water in the Creek (assumed
to be 0 pg/l)

The resulting calculated equations for the total dissolved PAH concentrations were:

0.14ft—(-3.51ft)
1ft

Qa=40ft/d*( j*o.zft2 *7%().365d

Q=75 ft’ per day
Given that C,, = 5.5 pg/l;

TSR7/d*5.5 ng/ 144320087 /d*0 pg/l

Ca= : -
75ft7,d+43200ft° /d

C.=0.0094 ug'l

I RISk PGWLLL OL TL-APC DOC C-2
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Based on this calculation, an estimated total dissolved PAH concentration of 0 4 pg/l was
predicted for Temescal Creek.

! RISK POWLLL OUTL-APC 10K C-
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100 Pine Street, 10th Floor . &
San Francisco CA 94111 RT AL

(@19432.9200 - eax cEM ISR e’ GEOMATRIX
20 January 1997 ) r
Project 3182.01 g7 JAN21 AM B: LT i () (

Ms. Susan Hugo

Alameda County Health Care Services Agency
Department of Environmental Health
Hazardous Materials Division

1131 Harbor Bay Patkway

Alameda, CA 94502

Mr. Sum Arigala

California Regional Water

Quality Control Board

San Francisco Bay Region

2101 Webster Street, Suite 500 -
Oakland, CA 94612

Subject:  Draft Risk Assessment and Long-Term Site Management Program for Petroleum
Hydrocarbons at Powell Street Plaza and Shellmound 11, Emeryville, California

Dear Ms. Hugo and Mr. Arigala:

This report has been prepared in accordance with the requirements of the approved work plan'
and amendments”. The purpose of this report is to provide a human health-and ecological risk
basis for developing a long-term site management plan for petroleum hydrocarbon-impacted.
soil and groundwater at the Powell Street Plaza (PSP) and the Shelimound III (sites) located

in Emeryville, California. The petroleum hydrocarbons characterized ag gasoline and diesel .-
fuels are believe to have been released directly to the shallow groundwater from underground
storage tanks located on the PSP site when it was operated as a Pacific Intermountain Express
(PIE) trucking facility. Following a summary of data gathered to fill information gaps, this
report addresses potential human health risks to current and future commercial building

petroleum product that is present on the shallow groundwater. Based on the results of the
human health and ceological risk assessment and to address other environmentally-related
toncems. recommendations for a long-term management pian for the site were developed
-—_—

" Geomatin 1993 Proposed Work Plan o Develop a Leng-Term site Management Program Prepared for the
Former Eastshore Partners. Emersviile. Califormia

T Geomatrin 28 October. 1996 Letter to Alameda County Department of Environmental Health and the
Regronal Water Qualis Control Board

Seomatrix Consultants, Inc.
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Chemical analysis of two groundwater samples for PAHs indicated that dissolved PAHs are  ©
not present at significant concentrations in the shallow groundwater. Sampling and analysis at
momnitoring wells associated with separate-phase product demonstrated that: 1) separate-phase
product was present in very small quantities in the wells (<0.06 ft depth of product at MG-1

and only trace amounts in MW-3 and the irrigation junction box near MW-13); and 2) the
product has the characteristics of weathered diese] fuel that is dominated by middle boiling
range aliphatic and aromatic compounds. Measurements of oxidation-reduction potential at
four wells along the groundwater gradient at the site were all negative, indicafing that
subsurface conditions are favorable for anaerobic degradation of petroleum throughout the

sites.

An evaluation of the physical characteristics and migration potential of the free product
indicated that: 1) consistent decreases in the depth of free product in site monitoring wells
supports a concluston that a very small amount of product is present at the site following
product removal activities between 1990 and 1992; 2) the residual free product is essentially
immobile because there is not sufficient product to generate the head necessary for significant
product migration to occur; and 3) the density and viscosity of the product are such that
product migration is unlikely to occur.

A quantitative assessment of potential human health effects indicated that adverse effects are
not associated with activities at the sites by:

* Future construction workers at the Shellmound I11 site (dermal contact with
groundwater, and inhalation of vapors from groundwater and separate-phase
product);

* Current and future maintenance workers (dermal contact with groundwater, and
inhalation of vapors from groundwater and separate-phase product);

e Current and future commercial building ceeupants (inhalation ol vapors from
groundwater and separate-phase product) . and

*  Currentand future off-site receprors (inhalation oty apors from groundwater and

separate-phase product),

A quantitatve assessment of potential migration of dissolved-phase petroleum hyvdrocarbons
from the sites 1o Temescal Creek indicated that human recreational users and ecological
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receptors (e.g., benthic invertebrates, water column organisms) are not likely to be adversely
impacted by migration of the chemicals of interest from the sites. The results of the
screening human health and ecological risk assessments indicate that no unacceptable risks
exist under the conditions evaluated. As a result Geomatrix recommends that the site be
closed without further remediation or monitoring of the petroleum hydrocarbon conditions
associated with the releases from the former PIE USTs.

Based on the results of the risk assessment, recommendations for a long-ternt soil and
groundwater management plan were developed to address other environmental issues
associated with excavation of soil in areas where residual separate-phase product may be
present. These recommendations address such issues as: 1) personal protective equipment to
minimize direct dermal contact with separate-phase product; 2) air monitoring while working

In restricted air spaces (e.g., narrow utility trenches); and 3) soil stockpiling and runoff control
measures.

If you have any questions, please contact either of the undersigned.
Sincerely,
. GEOMATRIX CONSULTANTS, INC.

JO tl

ames D. Tull \
Senior Scientist Prigtcipal Engineer

JIDT/TG:1du
[ARISKAPOWELLA3182_1.DOC

ce: Ravy Arulapantham. Ph D RWQCB
Amanda Spencer. Geomatrix
Greg Brorby . Geomatrix
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APPENDIX B

FREE PRODUCT MIGRATION RATE ESTIMATION

B-1 Product Migration Rate

The potential velocity of free phase product at the sites was estimated assuming that the
product would move at the gradient of the water table and, therefore, the velocity could
be estimated by:

v =Kp*i/n

where:
v = velocity of product (ft/day)
K, = product conductivity (ft/day) -
I = groundwater gradient (ft/ft)
n porosity (percent)

The groundwater gradient at the site is approximately 0.006 (ft/ft) between the product
area and the creek, based on data contained in the March and June 1995 reports prepared
by PES. The sediments in the upper 12 feet at the site are reportedly primarily clays,
sandy clay and sand; bay mud clay is encountered below a depth of about 12 feet.
Therefore, a porosity of 35 percent was assumed (Freeze & Cherry, 1979; page 37).

Conductivity can be calculated by the following equation (Freeze & Cherry, 1979;
page 30):

where:
K, conductivity of the fluid (ft/sec)
k = permeability (cm?)
¥ = density of the fluid (grams per cubic centimeter; g/em’®)
g = gravitational acceleration (ft/sec )
T = dynamic viscosity of the fluid (poise)

The permeability is a property of the sediments and does not change based on the type of
fluid moving through the sediments. Therefore,

k = /Ja*Kp*:’pp*g = /UH*K\\ pru*&l

o
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and so,

Ko = (w*pe*Ku)/(no*pw)

‘The dynamic viscosity of water at 20 degrees centigrade (i) is equal to 0.01 poise and

the density (p,,) is equal to 1 g/cm (Lide, 1996). Measurements performed by Friedman
& Bruya, Inc. of Seattle, Washington indicated a density of 0.945 g/cm and a kinematic
viscosity of 0.12 centimeters squared per second. The dynamic viscosity can be
calculated by multiplying the kinematic viscosity by the density. Therefore, the dynamic
viscosity of the product is 0.113 grams per second per centimeter (poise).

Using the hydraulic conductivity (K, ) for the sites assumed by SOMA (1996) of 40 feet
per day indicates a product velocity of approximately 20 feet per year. This hydraulic
conductivity appears to overestimate the permeability of the sediments at the site because,
if accurate, product should have reached well MG-7. Based on our understanding of the
site, the wells are screened primarily across bay mud clay; when the water table 1s high,
the groundwater may flow through fill material consisting of clay, sandy clay, and fine-
grained sand intermixed with construction debris. To provide a conservative evaluation
of the product migration rate, the product velocity was estimated assuming flow through
the fill material. According to Freeze & Cherry (1979), a conservative estimate of the
hydraulic conductivity for the fill material would be approximately 4 feet per day.
Therefore, the product velocity was reevaluated assuming a hydraulic conductivity of

4 feet per day, indicating a product velocity of approximately 2 feet per year.

B-2  Product Thickness at Temescal Creek
The volume of free product can be estimated by:

Ve=t*A*n
where:

V, = volume of the free product (ft3)

t = true thickness of the free product (ft)
A = areal extent of the product (ft )
n = porosity (percent)

The mean product thickness observed in well MW-3 between 1990 and 1994 is 0.03 feet.
Recent product thickness measured in well MG-1 was 0 06 feet. The area between
MW-3 and MG-1 that may contain free product is illustrated on Figure 4 and can be
estimated by a rectangle with dimensions of 350 feet by 150 feet. As described in
Section B-1. a porosity of 0.35 can be assumed for the sediments at the sites. Assuming a
true product thickness of one-quarter of the observed product thickness and assuming the
product extends between wells MW<3 and MG-1 as shown on Figure 4 at an average

1 RISk POWELL PWLAPB DOC B-2
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observed thickness of 0.055 feet, the volume of free phase product is estimated to be
approximately 250 cubic feet.

The thickness at the creek can be estimated by:
tc= V, /(Ac*n)
where:

tc = true thickness at the creek (ft)
Ac = area between MW-3, MG-1 and the creek (f))

The area between MW-3, MG-1 and the creek is approximately 360 feet by 300 feet

(Figure 4). This leads to an estimated thickness of free product at the creek of
approximately 0.007 feet.
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and so,

Ko = (uw*pp*Ku)/ (us* pw)

The dynamic viscosity of water at 20 degrees centigrade (,,) is equal to 0.01 poise and
the density (p,,) is equal to 1 g/cm (Lide, 1996). Measurements performed by Friedman
& Bruya, Inc. of Seattle, Washington indicated a density of 0.945 g/cm and a kinematic
viscosity of 0.12 centimeters squared per second. The dynamic viscosity (T) can be
calculated by multiplying the kinematic viscosity by the density. Therefore, the dynamic
viscosity of the residual product is 0.113 grams per second per centimeter (poise).

Using the hydraulic conductivity (K,, ) for the sites assumed by SOMA (1 996) of 40 feet
per day indicates a product velocity of approximately 20 feet per year. This hydraulic
conductivity is considered to be extremely conservative and appears to overestimate the
permeability of the sediment at the site because, if accurate, product should have reached
well MG-7 already. This conservative modeling approach was appropriate for the
screening-level evaluation for dissolved phase constituents. No further refinements in the
model parameters were required because all potential human health and ecological risks
were within acceptable limits (Section 6.5 this report; and SOMA 1996). However, the
initial results of the residual product migration model indicate that the K, value of the 40
feet per day does not accurately represent conditions at the site. Therefore, the model was
refined based on a more realistic estimate of K.

Based on our understanding of the site, the wells are screened primarily across bay mud
clay; when the water table is high, the groundwater may flow through fill material
consisting of clay, sandy clay, and fine-grained sand intermixed with construction debris.
To provide a conservative evaluation of the product migration rate, the product velocity
was estimated assuming flow through the fill material. According to Freeze & Cherry
(1979), 2 conservative estimate of the hydraulic conductivity for the fill material would
be approximately 4 feet per day. Therefore, the product velocity was reevaluated
assuming a hydraulic conductivity of 4 feet per day, indicating a product velocity of
approximately 2 feet per year.

B-2  Product Thickness at Temescal Creek
The volume of residual product can be estimated by:

Vo= t¥A*n
w here

V. = volume of the residual product (ft7)
true thickness of the residual product (fi)

—t
|
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A = areal extent of the residual product (ftz)
n porosity (percent)

il

The mean product thickness observed in well MG-3 between 1990 and 1994 is 0.05 feet.
Recent product thickness measured in well MG-1 was 0.06 feet. The area between MG-3
and MG-1 that may contain residual product is illustrated on Figure 4 and can be
estimated by a rectangle with dimensions of 350 feet by 150 feet. As described in
Section B-1, a porosity of 0.35 can be assumed for the sediment at the sites. Assuming a
true product thickness of one-quarter of the observed product thickness and assuming the
product extends between wells MG-3 and MG-1 as shown on Figure 4 at an average
observed thickness of 0.055 feet, the volume of residual product is estimated o be
approximately 250 cubic feet.

The potential thickness that could occur on the upgradient side of north channel wall of
the creek can be estimated by:

tc= Vp /(Ac*n)
where:

tic = true thickness at the wall (ft)
Ac = area between MW-3, MG-1 and the creek (ﬁz)

The area between MW-3, MG-1 and the creek is approximately 360 feet by 300 feet

(Figure 4). This leads to an estimated potential thickness of residual product at the wall
of approximately 0.007 feet.
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APPENDIX C

CALCULATIONS OF THE MAXIMUM CONCENTRATIONS OF COPCs IN
TEMESCAL CREEK

Maximum concentrations of the PAHs detected in groundwater were used as the groundwater
concentrations (C,,) for the purpose of conservatively estimating potential impact to the
Creek. In determining default values for the equations, SOMA (1996) reported that Temescal
Creek is a U shaped channel that is 30 feet wide with vertical walls 12 feet deep and an
additional 2-foot high retaining wall (based on Geomatrix site observations). The channel is

constructed of steel reinforced !-foot thick concrete with 6-inch diameter subsurface drains

installed perpendicular to each wall and spaced 80 feet apart. Based on the results of tidal

elevation measurements, SOMA (1996) determined that the groundwater on the Shellmound
{II site discharges into the Creek during the low tide periods when the level of the creek is
lower than that of the water in the adjacent monitoring wells. During high tide periods, the
level of water in the Creek is higher than that in the monitoring wells and groundwater
discharge is uniikely to occur. Therefore, the volume of groundwater discharged to the Creek

during the low tide periods was calculated using Darcy’s law as:

Qa=K*(M;i°i)*A*nm*t

Where:
Qs = Volume of the groundwater discharged into the Creek durmg time period t
(feet’)
K = Hydraulic conductivity of the slag/fill material (assumed to be 40 feet/day)
hwe“l = Groundwater level elevation during the low tide adjacent to the creek
(0.14 feet)
hmc_\1 = Water icvel efevation i the ereek durmg low ude (-3 51 feer)
A = Areaof cross-section of the drain holes (0.2 feet’)

= Number of drain holes (7)

The water level measurements were made 11 December 1993 (PES. 1995

TORISK PO O [1-Ap 0 -1



t = Average duration of low tide during 1 24-hour day (525 minutes or
0.365 days)

{ = Distance between monitoring point (MG-7) and the wall of Temescal
Creek (50 feet)

Based on this equation, SOMA estimated the volume of groundwater flowing into the
Temescal Creek as approximately 1.5 feet® per day. The conservative average flow rate of the
Creek was assumed to be 0.5 cubic feet per second (43,200 cubic feet per day). The

concentration of chemical in the creek (C,;) after mixing with groundwater was estimated as

follows:
* *
Ca = Qd Cag+Qs Ce
Qd + Qs
Where:
Ci = Concentration of chemical in the Creek (ug/1)

Qs = Volume of groundwater discharged to the Creek during time period t (feet’)

Qs = Flow volume upstream of discharge (43,200 cubic feet per day)

C,e = Concentration of chemical in groundwater (ng/1)
C. = Concentration of the chemical in the upstream water in the Creek (assumed
to be O pg/l)

he resulting calculated equations for the total dissoived PAH concentrations were:

0.14ft — (~3.518)
50 ft

Q;=1.5 o per day

Qd=40ﬂ/d*( )*o.zﬁ2 *7%0.365d

ivep that O, =3

o

L |

te 1

CISfC d*S S pe 1443200007 %0 g |
15ft7 d-432000° d

CU
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C.i=0.00019 ug/i

Based on this calculation, an estimated total dissolved PAH concentration of 0.0002 ug/l was

predicted for Temescal Creek.

[
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APPENDIX D

ESTIMATION OF CHEMICAL VOLATILIZATION FROM
GROUNDWATER AND SEPARATE-PHASE MATERIAL

This section presents the methodology for estimating ambient and indoor air concentrations of
volatile chemicals resulting from dissolved and residual petroleum hydrocarbons at the PSP
and Shellmond III sites. Because the dissolved and residual petroleum do not have the same
distribution at the site, potential ambient and indoor air concentrations were estimated
separately. Spreadsheets summarizing the calculation results are presented at the end of this

section. Table D-1 presents physical constants for the COPCs evaluated herein.

Estimation of Flux from Dissolved-Phase Petrolenm Hydrocarbons

The Farmer model was used to estimate emissions from groundwater (U.S. EPA, 1992). The
Farmer model is based on Fick’s Law of Diffusion, and is a simple screening model that
assumes that all phases are in equilibrium (vapor, liquid, and solid) and that the source
remains constant over time. For chemicals in shallow groundwater, the vapor phase
concentration above the saturated zone can be estimated using chemical-specific Henry’s Law
Constants, which describe a chemical’s tendency to volatilize out of solution. Once in the
vapor phase, a chemical can diffuse upward through the soil column, the rate of which is
dependent on the characteristics of the soil (e.g., soil porosity, volumetric air content), the
path length for diffusion, and chemicai-specific properties. The equation used to estimate

emissions from groundwater is provided below:

Ei=[Cy *D;*P, P F]/ (L *P))

Where:
E = Vaporization rate through the soil surface (mg cm-sce)
(.. = Soil-gas concentraton (mg em )
where C, = C, #0001 * H{R*T)
C, = Concentration in groundw ater (mg 1)
I = Chemical-specific Henrv's Law constant (atm-m mole)
RIsm 5007 G0 7 oaph D-1



R = Universal Gas Constant (8.2 x 107 atm-m3/mole-°K)
T = Absolute temperature (298 °K)

D; = Chemical-specific diffusivity in air (cm%sec)

P, = Volumetric air content

L = Depth to groundwater (cm)

P, = Total soil porosity

The concentration in groundwater used in this evaluation was the maximum concentration
detected for each chemical, regardless of well location. Chemical-specific values were used
for the Henry’s Law Constant and the diffusivity in air (DTSC, 1994), and conservative

default values were used for volumetric air content and total soil porosity (DTSC, 1994). The

~ depth to shallow groundwater was estimated to be 6 feet bgs based on a conservative

interpretation of site-specific conditions. The results of this analysis are shown in Table D-2.

Estimation of Vapor Flux from Residual Petroleum Hydrocarbons

Chemical vapor flux from residual petroleum hydrocarbons was estimated based on an
application of Dalton’s law, which states that the partial pressurc of one component in a
mixture of gases is related to its fraction in the mixture and the total vapor pressure of the
mixture. Once the soil gas concentration of COPCs was estimated based on their partial

pressures, the Farmer Model was used to estimate vapor flux at the surface.

A fingerprint analysis was conducted to provide information on the overall characteristics of
the residual petroleum (Section 4.1). The analysis results provided concentrations for groups
of aliphatic and aromatic hydrocarbons based on carbon chain length (e.g., aliphatic
hydrocarbons with five to six carbon atoms). Secondary analyses were conducted to provide
information on concentrations of potential COPCs (i.e.. BTEX and PAHs). The volatile
COPCs identified in the sccondary analvses were benzene. toluene. cthvibenzene. anthracene

and pyrene

CASRITA LG0T A B D-2



To estimate mole fractions of each COPC as required for Darcy’s Law, an average molecular
weight (MW) for the mixture was developed, based on the total moles of all carbon groups
and their respective MWs. A representative hydrocarbon compound was identified for each
group of carbon chain lengths (carbon group), typicaily a compound that fell in the middie of
the overall range. The selection of the representative compound does not reflect the presence
or absence of that particular compound, but is used only to represent the contribution of the
carbon group to the estimate of MW for the mixture. The fraction of the MW contributed by
each carbon group to the overall mixture (moles of carbon group per grams of mixture) was

calculated as:

M, = %CG / MW,

Where:
M., = Moles of carbon group contributing to mixture (moles of carbon group per
grams of mixture (moles/g of mix}))

%CG = Fraction of carbon group in mixture (g of carbon group/g of mix)

MW, = Molecular weight for carbon group (g of carbon group/moles of carbon
group; based on representative compound)

For example, to estimate the contribution of aliphatic hydrocarbons with nine carbon atoms
(C9), nonane was selected as the representative compound. To estimate the moles of C9ina

gram of the mixture, the following equation was used:

Moles of nonane (represent C-9) 0.0025 g of nonane/1 g of mix
(moles of nonane/g of mix) 114.23 g of nonane/moles of nonane

To develop a molecular weight for the mixture of chemicals, the moles of each carbon group

per gram of mixture (Mcg) was summed for all carbon groups, as follows:

1 MW of mix = Moples CGy - Moles €G- ~ Moles CG, -~ Moles (G,
{moles of mix g of mix) g of mix gofmix gofmix g of mix
Lse PO T O TL- kD D D-3



The reciprocal of this value is the estimated molecular weight of the mixture (MWmix; g of

mix/mole of mix). The estimation of molecular weight for the mixture is shown in Table D-3.

‘The mole fraction of each COPC was estimated based on the concentration of the COPC in

the mixture:
X =W/ MW)/(W_,,/ MW_.)
Where:
X1 = Mole fraction of component 1
W, = Weight of component 1 in 1 kg of mix (g of component 1)
MW, = MW of component 1 (g of component 1 / mol of component 1)
Wix = 1 kg of mix
MW_.. = MW ofmix (g of mix / mol of mix)

The mole fraction was then used to estimate the partial pressure of the COPCs:

Pl = P01 * X!
Where:
Py = Partial pressure of component 1 (atm)
P°, = Pure phase vapor pressure of component 1 at 25°C (atm)
X; = Mole fraction of component 1 in the mix

The soil gas concentration was then estimated based on the partial pressure of the gas:

Ceg1 = (P, « MW,) / (R*T*CF)

Where:
C = Soil gas concentration of component | (g cm?)
I = Parual pressure of component 1 {atm)
MW, = Molecular weight of component 1 (g mol)
R = Universal gas constant (aum-m mol-*K)
T = Temperature (°K))

e O L B R e U4
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CF = Conversion Factor (cm3/m3)

The resulting soil gas concentration was input into the Farmer Model discussed in the
previous section to estimate chemical volatilization to air. The estimation of soil gas

concentrations is shown in Table D-4.

Estimation of Indoor Air Concentrations
The methodology for estimating ambient air concentrations was similar for the two areas of
the site. The vapor flux rates were used in a box model to estimate ambient air concentrations

(U.S. EPA, 1991, DTSC, 1994). The box model places a hypothetical box over the site and

estimates the rate of flux into the box, accounting for chemical dilution from air mixing within

the box. The formula is as follows:

Conc,;, = (B;* A *F) / ((ACH / CF)* V)

Where:
Conc,;, = Indoor air concentration (pg/m3)

E; = Vaporization rate through the soil surface (mg/mz-sec)
A = Emitting area (mz)

F = Fraction of floor that is cracked (unitless)

ACH = Air exchange rate (/hr)

CF = Conversion Factor (sec/hr)

A% = Volume of Air in Building (m)

For this screening evaluation, the emitting area was estimated to be the area of a small subunit
on the Powell Street Plaza property, approximately 2,200 m°. The mixing height is assumed
to be the ceiling height of a typical commercial building, approximately 3 meters. The air
exchange rate for a typical commercial building 1s cstimated as | 3 per hour. A factor
representing the limnaton of chemical movement through cracks i a cement slizb floor

{"crack factor™) was esumaied to be | percent

RISk OGOl 10wty D—
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The estimates of air concentrations indoors are shown in Table D-5 for separate-phase

material and in Table D-2 for dissolved phase material.

Estimation of Outdoor Air Concentrations

The methodology for estimating ambient air concentrations was similar for the two areas of
the site. The vapor flux rates were used in a box model to estimate ambient air concentrations
(U.S. EPA, 1991, DTSC, 1994). The box model places a hypothetical box over the site and
estimates the rate of flux into the box, accounting for chemical dilution from air mixing within

the box. The formula is as follows:

Conc,;, = (E, * A)/ (LS * WS * MH)

Where:
Conc,,; = Ambient air concentration (p.g/ms)
Ei = Vaporization rate through the soil surface (mg/ cmz-sec)
A = Emitting area (sz)
LS = Length of side of box (m)
WS = Wind speed (m/sec)
MH = Mixing height (m)

For this screening evaluation, the emitting area for a maintenance worker on the Powell Street
property was estimated to be the main area of the parking lot, approximately 90,000 i
(8.5”‘107 cmz). The emitting area for a construction worker on the Shellmound III property
was estimated to be the entire site, approximately 200,000 ft* (1.85*10% cm®). The length of
the side of a box was estimated to be the average of the two sides of the property (130 m).
Windspeed was assumed to be minimal to represent a minimal amount of dispersion (2.25

m/sec). The mixing height is assumed to be approximately 2 meters (6.5 #.)

The cstimates of ambient air concentrations for the construction and maintenance worker
scenarios are shown in Tables D-6 and D-7 for residual petroleum and dissolved-phase

material. respectivelv,
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TABLE D-1

PHYSICAL CONSTANTS FOR CHEMICALS OF POTENTIAL CONCERN'
Powell Street Plaza and Shellmound 111
Emeryville, Califorma

Diffusivity
Organic Carbon Partition | Henry's Law Constant Solubility in Air
Molecular Weight? Vapor Pressure’ Coefficient 1:)) S (Di)
~ _ Chemneal (g/mole) {atm.) Koc) (Vkg) (atm-m3/mole) (mg/l) (em?fsec)
Denrenc - 78.1 0.125 5.89E+01 5.6E-03 1.75E+03 0.088
Ethy Ihensene 106.17 0.0126 3.63E+02 7.9E-03 1.69E+02 0.075
Tolicne - 92.14 0.0374 1.82E+02 6.6E-03 5.26E+02 0.087
e - 106.2 NA 3,86E402 6.76-03 1.74E+02 0.078
Accnaphibivlene” ] 152.2 NA 7.08E-03 1.6E-04 4.42E+00 0.0421
Anthracene 178 2.57x 107 2.95E-04 6.5E-05 4.34E-02 0.0324
Fluotene - 166.2 NA 1.38E+04 6.4E-05 1.98E+00 0.0363
Vo anthene” o 202.26 NA NA 1.6E-05 NA NA
Phenatene 178.24 NA 1.67E+04 2 2.6E-05 0.93° 0.058
Pvewe T 202.26 9.01x 107 1.05E+05 1.1E-05 1.4E-0] 0.0272

Notes
NA ot apphicable

i Reterenced from T PA L 1996D unless otherwise noted.

Monteomeny & Welkom, 1989, average of all provided values when apphcable.

CRO 199G, vapun pressine al 25°C.

Averape of tho values for the three forms of xylene present.

Physical constents were notas ailable for this chemical  Acenaphthene was used as a surrogate based on the similarity between chemical structures.
6 Not consdered sofaute

s
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Table D-2

Estimation of Vaporization of Dissolved-phase Material to Indoor Air

Human Health Risk Evaluation
Powell Street Plaza and Shellmound Il
Emeryville, CA

Siep Y Estunate Flux from Groundwater

Emission Rate = (0G*Pa’ Py(L*Pi?) Where C, = 1E-03"Cw*{H/R*T)
Diffusivty Soil Vapor Henry's Law Aur-filled Sal Universal Gas Absolute Tolal Depth RME Emissicn RME Emission

Comnnitihiadater Goa L) A (D) Conc. (G} Constant (H) Perasiy (Pa) Caonstant (R) Temp. (T) Porosity {Pl) {L) Rate (E,) Rale (E)
¢ hemn (gl {ermPisec) {maicm®) {atm-m¥mofe) (atm-m*mole-K} {K) (cm) {(mg/sec-cm?) (mg/sec-m’)
Bonsene 110 0088 2 2306 5 56E-03 0284 8.20E-05 298 0434 180 8 76E-10 8 8E-08
Eibylnen. « ru 3001 0075 3 22E-07 7.87E-03 0.284 8 20E-05 208 0434 18D 1.08E-11 1 1E-07
Toluene noes 0.087 8 14E-07 6 63E-03 0284 B 20E-05 238 0.434 180 31BE-11 3.2E-07
Xylene (o 003 0.078 8 26E.07 6.73E-03 0284 8.20E-05 298 0434 180 287611 2 8E-07
Acenaphthylens U0z 0042 2.03E-08 1 65E-04 0.284 8 20E-05 298 0.434 180 381E-13 3.0E-09
Fiourene [EGIT 00363 4.69E-09 6.37E-05 0.284 B 20E-05 2498 0434 180 7.59E-14 7 6E-10
fhenanttirens 0027 0.058 2 43E-10Q 2 86E-05 0284 B 20E-05 298 0434 168¢ 7.32E-15 T3E11

Step 2 Calculate Indoor An Concentration

C = {EA'FY{ACH/CF'V)

s Emission Fretn of Fir Air Exchange Volume of Air Conversion RME Indoor Air

e i) Mrea {A) thatis Crkd (F) Rate (ACH} n Bidg. (V) Factor Conc. (C.)
el {ngeec-m ) (m?) thry! {m* {sechr) (mg/m®)
Hettomenie BAGE Qo 2200 om 15 6600 3600 7 00E-05
Finythenzen: 108E e 2200 ¢.01 15 6600 3600 862607
T Jet of 2200 0.01 1.5 8600 3800 2.53E-08
nylene {tof ) ZEIL S 2200 oM 1.5 6600 3600 2.30E-C6
Acenaphlhylene 381t 0 2200 oo 15 6600 3600 A05E-08
Flotrene 7oA 2200 oot 15 6600 3600 6.07E-09
Pheaanthn ne 3 2200 091 t5 6602 4500 585E-10
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Table D-3
Estimation of Molecular Weight for the Residual Petroleum Hydrocarbon Mixture

Human Health Risk Evaluation
Powell Street Plaza and Shellmound il

Emeryville, CA
Hydrocarbon Garbon Group Representative
Type (CG)* %CG MW Mg Compound

{g of CG/g of mix) (g/mol) {mol of CG/g of mix)
Aliphatic C5-C6 0.001 86.12 1.16E-05 Hexane
Aliphatic >C6-C8 0.0053 114.23 4.64E-05 Octane
Aliphatic C9 0.0025 128.26 1.95E-05 Nonane
Aliphatic Ci0 0.0023 142.29 1.62E-05 Decane
Aliphatic >C10-C12 0.083 170.34 4.87E-04 Dodecane
Aliphatic >C12-C16 038 21242 1.79E-03 Pentadecane
Aliphatic >C16-C21 0.25 268.53 9.31E-04 Nonadecane
Aliphatic >C21-C35 0.014 394.78 3.55E-05 Octadecane
Aromatic Benzene 0.000077 78.12 9.86E-07 Not applicable
Aromatic Toluene 0.000018 92.15 1.95E-067 Not applicable
Aromatic Ethylbenzene 0.000023 106.17 2.17E-07 Not applicable
Aromatic co 0.00083 116.16 7.15E-06 Indene
Aromatic c10 0.0011 128.19 8.58E-06 Azulene
Aromatic >C10-C12 0.092 154.21 597E-04 Acenaphthene
Aromatic >C12-C16 0.18 178.24 1.01E-03 Anthracene
Aromatic >C18-C21 BDL Not applicable
Aromatic >C21-C35 BDL Not applicable
Aromatic C17-C22° 0.0005 252.32 1.98E-06 Benzo(a)pyrene
TOTAL 101% 4.96E-03

Mol. Wt. 201.54

Representative compounds were selected based on an average carbon chain length for the group.

Mea Moles of carbon group contributing to mixture
%CG Fraction of carbon group in mixture
MWes Molecular weight of carbon group

' Notation for carbon groups represents the number of carbon atoms in compounds in the range. For
example, ">C10-C21" represents compounds with more than 10 and less than or equal to 21 carbon atoms.

% This carbon group represents compounds detected in the PAH analysis, but at leveis below
the detection {imit for the fingerprint analysis.

. RISKPOWELL SATDIES. XLS Page 1
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Table D-4
Estimation of Soil Gas Concentration from Residual Petroleum

Human Heaith Risk Evaluation
Powell Street Plaza and Shellmound li
Emeryville, CA

Mole Fraction of VOCi
X1 = (CIMWIHH{Cmix/MWmix)

Chemical Ci MWi Cmix MWmix Xi

{g/kg) _ (g/mol) {9/kg) {g/mol}
Benzene 0.077 78.12 1000 201.54 1.99E-04  Ci- Concentration of VOCi in soil
Toluene 0.018 92.15 1000 201.54 3.94E-05  MWi - Molecular weight of VOCi
Ethylbenzene 0.023 108.17 1000 201.54 4.37E-05  Cmix - Concentration of total mixture in soil
Anthracene 0.99 178.24 1000 201.54 112E-03  MWmix - Estimated molecular weight of total mixture
Pyrene 0.09 202.26 1000 201.54 B8.97E-05

Partial Pressurg of VOCi

Pr = Poi * Xi

Cheimical Poi Xi Pi

(atm) (atm)
Benzene 1.25E-01 1.99E-04 2.49E-05 Poi - pure-phase vapor pressure of VOCi at 25°C (CRC, 19986)
Tolueno 3.74E-02  3.94E-05 1.47E-06 Xi - Mole fraction of VOCi in mixture
Ethylbenzene  1.26E-02  4.37E-05 5.52E-07 Pi - Partial pressure of VOCi
Anthracene 2.57E-07  1.12E-03 2.87E-10
Pyrene 9.01E-10  8.97E-05 8.08E-14

Soil Gas Concentration of VOCI
Csg-i=(PiI*MWI)Y(R*T*CF)

Cheinigal Pi MWi R T CF Csg-i

(atm) {g/mol) {(atm-m3/moi-°K) (°K) (cm3/m3) (g/cm3)
Benvene 2.49E-05 78.12 8.20E-05 298 1.00E+06 7.96E-08 Csg-i - Soil gas concentration of VOCi
Toluene 1.47E-06 92.15 8.20E-05 298 1.00E+06 5.55E-09 Pi - Partial pressure of VOCi
Ethylbenzene  5.52E-07 108.17 B.20E-05 298 1.00E+06 2.40E-09 R - Universal gas constant
Anthracene 2.87E-10 178.24 8.20E-05 298 1.00E+06 2.10E-12 T - Temperature of soil
Pyrene 8.08E-14 202.26 8.20E-05 298 1.00E+06 6.65E-16 CF - Conversion Factor

MUSKIPOWELINSATDIES! XS Page 1



Human Health Risk Evaluation
Powell Street Plaza and Shellmound il
Emeryville, CA
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Table D-5

Estimation of Vaporization of Residual Petroleum to Indoor Air

Step 1 Estimate Flux from Residual Petroleum

Dittusivity

n Air (DI
Chencdl {s m‘)hec)
Bensene RROET:]
Ethylbenzene novs
Talugne O ORT
Amthracene 10324
Pyrene ne2r2

Step 2 Galculate Indoor Air Concentration

tamission

Rate {E)
Chemeal (1G/506-m0)
Bensrno $ 128 08
1 BHE-Q9
4 30F-10
S03E-13
4 12E-17

Ethylbensene
Toluene
Ardhracene

Pyicne

DRISKYWPOWELINSATRICSE XLS

Emission Rate = {Di"Co*Pa’ Py(L*P1?)

Soil Vapor
Conc. (Cyg)
(mgicm’)

7.96E-08
5.55E-09
2.40E-09
210E-12
6.69E-16

Where C, is based on partial pressure of component in mixture.

Gy, = (EAFY((ACHICFY'V)

Emission
Area (A)
(m?)

2200
2200
2200
2200
2200

Henry's Law Air-filled Soil Urnuversal Gas Absolute Total Depth RME Emission RME Emissicn
~onstant {H) Porosity {Pa) Constant (R} Temp. (T) Porosity (Pt) (L} Rate {E)) Rate (Ej}
{atm-m*mole) (atm-m®/mole-K) Ky {cm} {mg/sec-cm?) (mag/sec-m‘)
5.56E-03 0.284 8.20E-05 298 0.434 180 312E-12 3.12E-08
7.87E-03 0.284 8.20E-05 298 0.434 180 1.86E-13 1.86E-09
8.63E-03 0284 8 20E-05 298 0.434 180 9.30E-14 9.30E-10
6 50E-05 0.284 8.20E-05 298 0.434 180 3.03E-17 303E-13
1.10E-05 0.284 8.20E-05 298 0.434 180 8.12E-21 B.12E-17

Frctn of Fir Ar Exchange Volume of Air Conversion RME Indoor Air
that is Crid (F) Rate (ACH) in Bidg (V) Factor Conc. (Cio}

{hry" (m%) {sec/hr) (mafm®)
0.01 1.5 6600 3600 2.50E-07
601 1.5 6600 3600 1.49E-08
001 1.5 6600 3600 7.44E-09
0.01 1.5 6600 3600 2.42E-12
0.01 15 6600 3600 6.49E-16
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Table D-6
Estimation of Vaporization of Dissolved-phase Material to Gutdoor Alr

Humar Health Risk Assessment
Powell Street Plaza and Shelimound 11
Emeryville, California

Step 1 Estimate Flux from Groundwater

Emission Rate = (*C,,*Pa’ Py(L"Pt) Where C,, = 1E-03*Cw{H/R"T)

Diffusivity  Soll Vapor  Henry's Law Air-filled Soil Universal Gas Absolute Total Depth RME Emission
Cuotndwater Gone, {Cw) inAir (D)  Conc. (Cyy) Constant{H)  Porosity (Pa) Constant (R) Temp (T) Porosity (Pt) {L} Rate (E))

L hermic imgihy (em¥isec)  (moem’)  {atm-m*mole) {atm-mmole-K) (K (cm)  {mgisec-em?)
Benzene 0098 0088 2 23E-05 5 56E-03 0284 8.20E-05 298 0.434 180 B 75E-10
fthythencent oot 0075 3 22B-07 7 87E-03 0.284 8.20E-05 298 0434 180 1.08E-11
Toluene 0003 0.087 8 t4E-07 6 B3E-03 0284 8.20E-05 208 0.434 180 3.16E-11
Xylene (latal) [SRSISN] 0078 8 28E-07 6 73E-03 0 284 8.20E-05 288 0.434 180 2 87E-11
Aenaphittylens [VRSIAYS 0.0042 2 03E-08 1 55E-04 0.284 8.20E-05 298 0434 180 3 84E-14
Fluorene 00018 0.036 4.69E-09 5 37E-05 0.2684 8 20E-05 298 0.434 180 7.59E-14
Phenanthrene 000027 0058 2 83E-10 2 56E-05 0284 8 20E-05 298 0.434 180 7.33E-15

Step 2a Calculate Ambient Aer Concentratlon for Construction Worker

- A ] GTWETMEH)
s sion Gonstruction  Lengthof  Wind Speed  Mixing Height Ambient Air
Chemig at Rate {i1) Area (A) Side (LS) (WS) (MH) Cone (Ca)
{myfee cm {em?) (m) {m/sec) (m) (mg/m®)
Benzenes 87510 1 85E+08 130 225 2 2,77E-04
Ethylben. coe 1088 1 1 85E+408 130 2,25 2 3 41E-06
Taluene 3160 11 1 85E+08 130 2.25 2 9.99E-G6
Xylene (tolad) 280 11 1.85E+08 130 225 2 9 O9E-06
Acenaphihylens IBIE-14 1 BEE+08 130 225 2 §.21E-08
F uGren: 7 54f -14 1 85E+408 130 225 2 2.40E-08
Phenanthrens 7330 19 1 85E+08 130 2.25 2 2.32E-09
Step 2b  Calculate Ambieat far Concentration for Maintenance Worker
Lo = 10 AT S WEMH)
1 mis=mon Construction Lengthof  Wind Speed  Mixing Height Ambient Air
Chemigal Hater (1) Area (A) Side (LS) (W3} {MH} Cone, {Ca)
(mgfsec aan ) {em?) {m) (misec) {m) (mg/m®)
Benzene g a0 8.60E+07 90 225 2 1.84E-04
Ethylbenzene 108t -11 B8.50E+07 90 225 2 2 26E-06
Toluene JaGE 11 8.50E+07 90 225 2 6 63E-06
Xylene (lolal) 2H 1 8.50E+07 90 225 2 6.03E-06
Acenapithylene 381t 14 8 50E+07 90 225 2 8 00E-09
Fluorem: 7 581 -14 8 S0E+(7 90 2.25 2 1 b8E-08
Phenanthiene 7315 8 50E+07 a0 225 2 1.54E-08

FRISKAPOWE LDCON-MATT XLS Page 1
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Table D-7
Estimation of Vaporization of Separate-phase Material to Outdoor Air

Human Health Risk Assessment
Powell Street Plaza and Shellmound HI
Emeryville, California

Step 1 Estimate Flux from Groundwater

Emission Rate = {Di*C,;*Pa’ )(L*Pt) Where G is based an partial pressure of component in mixture

Diffuniity Soil Vapor Henry's Law Air-filled Soill  Universal Gas Absolute Total Depth RME Emission
in A (D) Conc. {Cg) Constant (H) Porosity (Pa)  Constant (R) Temp. {T) orosity (Pt L) Rate (E;}

Chemic (et e ) (mgiom®)  (atm-m*mole) (atm-m¥mole-K K} (cm) (mg/sec-cm?)
Bonzene 1088 7 96E-08 5.56E-03 0.284 8 20E-05 298 0434 180 3.12E-12
Cthylbansone 0075 5 55E-00 7.87E-03 0.284 8.20E-05 298 0.434 180 1.86E-13
Toluen: 0087 2.40E-09 6.63E-03 0.284 8.20E-05 298 0.434 180 9.31E-14
Anthracene 11324 2.10E-12 6.50E-05 0.284 8 20E-05 298 0.434 180 3.03E-17
Pyrene 00272 6.69E-16 1.10E-05 0284 8.20E-05 298 0.434 180 8.12E-21

Step 2a  Calculate Ambient Air Concentration for Construction Worker

Gan Fro A (LSWS'MH)
Ermitssion Construction Length of Wind Speed  Mixing Height Ambient Air
Chemical Rate (E1) Area (A) Side (1.S) (WS} (MH) Conc. (Ca)
(Mprsts-c M) {em?) (m) (misec) {m} {mg/m®)
Bensene Jor-n2 1 85E+08 130 225 2 9.88E-07
Ethylben -ene 1 8BF-13 1 85E+08 130 2.25 2 5.87E-08
Toluene 9 31k 14 1.85E+408 130 2.25 2 2.94E-08
Anlhracene 303E-17 1.85E+08 130 2.25 2 9.60E-12
Pyrena 8 12F-21 1 B5E+08 130 225 2 2.57E-15
Step 2b  Calculate Amiient Air Concentration for Maintenance Worker
Ca EITA (LS'WS'™MH)
Erission Construction Length of Wind Speed  Muang Height Ambient Air
Chemicat Rate: {En) Area (A) Side (LS} (WS) (MH) Conc. (Ca}
(mgssoe-om?) {om?) {m) (mfsec) {m) {mg/m®)
Bensene T -12 8.50E+07 90 2.25 2 6.56E-07
Ethylbenzene 1 86E-13 8.50E+Q7 90 2.25 2 3.90E-08
Toluene 931L-14 8.50E+07 90 2.25 2 1.95E-08
Anthracene 303F-17 8.50E+07 a0 225 2 6.37E-12
Pyrene 812E-21 8.50E+07 90 2.25 2 1.70E-15

IRISKAPOWE T DICON MAIT X Page 1
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APPENDIX E

ESTIMATION OF EXPOSURE

Potential exposure to COPCs was quantitatively assessed for the following exposure pathways:

¢ Inhalation of volatile COPCs (both indoor and ambient air)

¢ Demmal contact with COPCs dissolved in groundwater

The equations used to quantitatively estimate exposure are presented in this section. The
parameters relevant to each exposure scenario are presented in Tables 4 through 6 of the main
text for construction workers, maintenance workers, and building occupants, respectively.
Table E-1 presents the chemical-specific dermal permeability coefficients used to assess dermal
contact with groundwater (DTSC, 1994). The results of the exposure assessment are included

in Tables E-2 through E-9.

Inhalation of Volatile COPCs
Exposure to the concentrations of chemicals in indoor or ambient air was estimated using the

following exposure equations:

Dosery ={Conc,,, * IR * EF * ED)/(AT * BW)

Where:
Dosery = Dose received through inhalation of vapors from groundwater or residual
petroleum hydrocarbon product (mg/kg-day)

Cone,;, = Concentration in air (mg/m’)
IR = Inhalation rate (m’/day)
EF = Ixpesure frequency (dayvs vear)
ED = Exposure duration (vears)
AT = Averaging time {davs)
BW = Bodv weight (kg)

DML P T o TLADT D E-1



Dermal Contact with COPCs Dissolved in Groundwater

Dermal exposure to chemicals in groundwater was estimated using the following exposure

equations:
Dose,,, = (Conc,,, * SA * Kp * CF * ET * EF * ED)/(BW * AT)

Where:

Dose,,, = Dose received through dermal contact with groundwater (mg/kg-day)

Conc,,, = Concentration in water {mg/1)

SA = Exposed skin surface area (cm®)

Kp = Dermal permeability coefficient (cm/hour)

CF = Conversion factor (llcm3 )

ET = Exposure time (hours/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

AT = Averaging time (days)

BW = Body weight (kg)

RIS POWELT G0
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TABLE E-1
DERMAIL PERMEABILITY FOR CHEMICALS OF POTENTIAL CONCERN
Powell Street Plaza and Shellmound II1

Emeryville, California
Dermal Permeability
Coefficient (Kp) '
Chemical {cm/hour)

J|Benzene 0.021
{[Ethylbenzene 0.074
Toluene 0.045
Xylenes 3 0.08

Acenaphthylened 0.36°
[Anthracene NA
[[Fluorene 0.36*

Fluoranthene 0.36

Phenanthrene 0.27
|[Pyrene NA

Notes:
NA = not applicable.
1. Referenced from Cal-EPA, 1994a.

2. Physical constants were not available for this chemical. Fluoranthene was used as a surrogate
based on the similarity between chemical structures.

I RISK'POWELL PHYSCNST XLS



Table E-2
Estimation of Carcinogenic Risk
Human Health Risk Evaluation Construction Worker
Powell Street Plaza and Shelimound i
San Frantisco, California
Inhalation of Groundwater Vapors [Residual Petroleum) LADD = (Ca'IR,*"EF*EDM(BW"AT) Excess Cancer Rask = LADD*SFL
Lifebme Inhatation
Amtont Air Inhalation Exposure Exposure Body Averaging Average Daly  Cancer Siope Excess
Loncentration (Ca) Rate (IR} Frequency {EF) Duration (ED) Weight (BW) Time (AT) Dose (LADD) Factor (SFi} Cancer
el unam) {mday} {daysiyear) (years) (k) {days) tmghg-day)  (mgikg-day)” Risk
Lt e e .07 20 250 2 70 25550 5.52E-08 10E-M BE-10
| thylbenzene L B1E-08 20 250 2 70 25550 NA NA NA
Toluene 2 9412-08 20 250 2 70 25550 NA NA NA
Anthing ene 96012 20 250 2 70 25550 NA NA NA
Pryrene 2hei-15 20 250 2 70 25580 NA NA NA
nhalation of Groundwaler Vapors - Dissoived-phase LADD = (Ca"iR,*EF*ED){BW*AT) Excess Cancer Risk = LADD*SFi
Lifetime Inhatation
Funbieat Air Inhalation Exposure Exposure Body Averaging Average Dally  Cancer Slope Excess
Cancentration (Ca) Rate (IR,) Frequency (EF} Duration (ED) Weight (BW) Time {AT) Dose (LADD) Factor (SF1} Cancer
Uhienne at tam?) (m1day) (days/year) (years) (g} (days} {mg/kg-day)  (mgfkg-day)’ Risk
Herzene 270004 20 250 2 70 25550 1 55E-06 1 0E-01 2E-07
tthylbenrene 3411 -08 20 250 2 0 25650 1.90E-08 NA NA
Toluene 494t .08 20 250 2 70 25550 § 59€-08 NA NA
Aytene {tolal, G0ul 06 20 250 2 70 25550 5,08E-08 NA NA
Acenaptdhyleae 121108 20 250 2 70 25550 674E-11 NA NA
b luorende 2 Mt .08 20 250 2 70 25550 1 34E-10 NA NA
Phenantt cene 4WE 08 20 250 2 70 25550 130E-11 NA MNA
Desmal Contact with Exposed Groundwaler LADD = (Cw*SA*Kp*CFET*EF*EDM(BW*AT) Excess Gancer Risk = LADD*SFo
Maxnnum iletected Exposed Dermal vifehme Oral Cancer
Groundwaater Cong, Skin Surface Permeatbiiity Conversion Exposure Exposure Exposure Beody Averaging Average Daily Slope Excess
(Cw) Area (5A) Confficient (Kp} Facior (CF) Time (ET) Frequency (EF)  Duration (ED) Weight (BW) Time (AT} Dose (LADD) Faclor (SFa) Cancer
tohemieal Gigel) (cmz) {cmiour) (em®) (hours/day) (daystyear) {years} (kg) {days} {mgikg-day) (makg-day)’ Risk
Benzene 1104k 2000 0azt 1 00E-03 2 150 1 Fi) 25550 6 90E-07 1 0E-O1 JE-O8
£ thylbense ne O 2000 0074 1 00E-03 2 150 1 70 25550 2 48E-08 MNA NA
Toluene Gung 2000 0.045 1C0E-03 2 160 1 70 25550 4 53E-08 NA NA
Aylene (otal) [IREIE 2000 008 1 0CE-03 2 150 1 70 25550 8 05E-08 NA NA
Acenaphthylens 0002 2000 036 1 0DE-03 2 150 1 70 25580 3 BGE-O7 NA NA
Fluoiene 00018 2000 038 1 00E-03 2 150 1 70 25550 21707 NA NA,
Phenanttuene 00027 2000 027 100E-03 2 150 1 70 25550 2.45E.08 NA NA
fiuaiantheng 40002 2000 036 1 00E-03 2 150 1 70 25550 2 42E-08 NA, NA
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Table E-3
Estimation of Noncarcinogenic Risk
Human Health Risk Assessment Construction Worker
Powell Street Plaza and Shellmound i
Emeryville, California
Inhalation of Groundwater Vapors (Residual Petroleum) ADD = (Ca’IR,*EF*EDXBW*AT) Hazard Quotient = ADD/RIDI
Inhatation
Ambient A {GW) Inkatation Exposure Exposure Body Averaging Average Daily Reference Hazard
Cancentraton (Ca) Rate (IR,} Frequency (EF) Duration (ED) Weight (BW) Time (AT} Dose (ADD) Dose (RfD1) Quolient
Chene al (mg/m’) (miday) (daysiyear) {years) (k) {days) {my/kg-day) {mg/kg-day)
Bensene gust o7 20 250 2 70 730 1.93E-07 17E-03 1E-04
I thylbereoe G814 08 20 250 2 70 730 1 15E-08 2 9E-01 4E-08
Tuluene 294t 0B 20 250 2 T4 730 5.76E-08 11E.01 5E.08
Antheag cone QL0 12 20 250 2 70 730 1 88E-12 3.0E-0t 6E-12
Pyrene Th7E 5 20 250 2 0 730 5 02E-16 3 0E-02 2E-14
Hazard Index 1E-04
mhalation of Groundwater Vapors {(issoived-phase) ADD = (Ca*lR;*"EF"ED){BW AT) Hazard Quotient = ADD/RID:
Inhalation
Anbaeny A 1GVWY inhalation Exposure Exposure Bady Averaging Average Daily Reference Hazard
Concentration (Ca) Rate (IR,) Frequency (EF) Duration (ED) Weight (BW) Time {AT) Dose (ADD) Dose (RfDI) Quotient
S| (nagin 'y {mday) {days/year) {years) (kg} {days) (mg/kg-day) {mg/kg-day)
Heuzene EN SR 20 250 2 70 730 5 42E-05 17E-03 3E-02
{ thylbensene 34iF 06 20 250 2 70 730 6 67E-07 2 BOE-01 2E-06
Toluge: G4 (6 20 250 2 70 730 1.96E-06 1.10E-01 2€-05
Xylene (tobaly 909 0b 20 250 2 70 730 1 78E-06 2 00E-01 ' BE-06
Acenaphibyleng 121 i 20 250 2 70 730 2 36E-09 6 O0E-02 4E-08
fluorene 240t 08 20 2560 4 0 730 4 TO0E-09 4 00E-02 1E-07
Friveneantiin e PRV ] 20 250 2 70 730 4.54E-10 3.00E-01 2E-08
Hazard Index IE-02
Dermat Contact with Groundwater ADD = (Cw"SA*KP*CFET*EFEDMBW*AT) Hazard Quotienl = ADD/RIDo
Maxtnum [ tocted Exposed Dermal Oral
Croumndwater Cone. Skin Surface Permeability Conversion Exposure Exposure Exposure Body Averaging Average Daily Reference Hazard
Cw Area (SA) Coefficient (Kp) Factor (CF) Time (ET) Frequency (EF) Duration (ED) Weight (BW) Time (AT) Dese (ADD} Dase (RIDo) Cuotient
Chenie mg 1) (em? {cm/houn) (em®y (hours/day) (daystyear) {years) (ka) {days) {mg/kg-day) (mg/kg-day)
Bensene 0098 2000 ao021 1 00E-03 2 150 1 70 365 4 B3E-05 17E-03 3E-02
£ thylbenzene 00N 2000 0.074 1 00E-03 2 150 1 70 365 1.74E-06 1 0E-M 2E-05
Toluene 0004 2000 0045 1 00E-03 2 150 1 70 365 3 17E-06 2 0E-H 2E-05
Xyl gtolaly [SRVIX 2000 gvi] 1 O0E-03 2 150 1 70 85 £ 64E-06 2 0DE+D0 JE-06
Acenaphthyline ERVVAN 2000 036 1 00E-03 2 150 1 70 365 271E-05 6 0F.02 5E-04
Fluotene 008 2000 .36 1.00E-03 2 150 1 70 365 1 §2E-05 4 0E-02 4E-04
Phenantte i DU 2000 027 1 COE-03 2 150 1 70 365 171E-06 30E-01 6E-06
Flaoranthen e 0 2000 036 1.00E-03 2 150 1 70 365 1 69E-06 4 0E-02 4E-05

Hazard Index 3E-02

Ko fon fluare e based on fluoranthene
Kp tor acenaphthylene based on fluoranibens
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Tahle E-4
Estimation of Carcinoganic Risk
Hunan Health Risk Assessnient Maintenance Worker
Powell Street Plaga and Sheilround 1)
Emerywilte, Calilorma
Tntialation of Groundwadater Vapors {Separate phase)
LADD = (Ca*IR,"EF "ED)/(BW"AT) Excess Cancer Risk = LADD*SF1
Lifekme Inhalation
Amatient A (GW) Inhalation Exposura Exposure Body Averaging Average Daly Cancer Slops Excess
Concentraton (Ca) Rate (IR,) Frequency (EF) Duration {ED) Weight (BW) Tims {(AT) Dose (LADD) Factor {SF1) Cancer
Chwenmal (mim”y {m°iday} {daysiyear) {years} {kg) {days) {mp/kg-day) (mafkg-day)’ Risk
Hensene benl U7 20 250 25 70 25550 4 58E-08 1 CE-01 SE-09
£ thyltin., et 34f ug 20 250 25 70 25850 WA NA NA
1ol e P08 20 250 25 70 25550 NA NA NA
Anthrceme il o2 20 250 25 70 25550 NA NA NA
Pyrese Tt 15 20 250 25 70 255850 MNA NA NA
Inhalation of Groundwater Vapors (Dissolved phase)
Lifstime Inhalation
Aunbaent (GWY Inhatation Exposure Exposure Body Averaging Average Daly Cancer Slope Excass
Coneent o 1 {Ga) Rate {IR,) Froquancy (EF) Curaton (ED}) Waight (B\W) Time (AT} Dose {(LADD) Factor (SF1) Cancer
Chietmial ey (m3day} (daysiyear) {years) (kg) (cays) {mg/kg-day) {mg/kg-day)” Rusk
Len e ne THaG 20 250 25 70 25550 1 28E-05 1 QE-01 1E-06
[ thyihen, eise Z0nb g 20 280 25 70 25550 NA NA NA
Tulupric [EXCRIIY 20 250 26 70 25550 NA NA NA
Kyleme grotad) O g 20 250 25 70 25550 NA NA NA
Acengphithy lene Al 19 20 250 25 70 25550 NA NA NA
Fhorese ThuE 20 250 25 70 25650 MA NA NA
Phonant] rene [IIETE] 20 250 25 70 25550 NA NA NA
Decal Contact wath Exposed Groundwater LADD = {Cw*SA*Kp‘CFET*EF "ED)/{BW"AT) Excess Cancer Risk s LADD*SFo
i | eotacked Exposed Demnal Lifetime Oral Cancer
Utoundwal 1 Cong Skmn Surface Pearmeabiity Conversion Exposure Exposure Exposure Bady Averaging Average Dally Slope Excess
o Area (§A) Coefficient (Kp) Factor (CF} Time (ET} Frequency (EF) Duration (ED} Waight {BW) Time (AT) Dosa (LADD) Faclor (SF0) Cancer
Chetaal IR (c®y {emitoury {tiem?) {noursiday) |daysfyear) (years) (ka} (days) (mgikg-day) (mgkg-day)’ Risk
Hoerzom N 2000 0021 1 00E-03 2 5 25 70 26550 5 75E-07 10E-1 6E-08
£ tylben, i G 2000 0074 1 00E-03 2 5 25 70 25550 NA NA NA
Toluene Jin 2000 0045 1 00E-03 2 5 25 70 25550 NA NA NA
Xylene {fotat i 2000 008 1 00E-03 2 ] 25 70 25650 NA NA NA
Acenaphtbylene [EEUA 2000 036 1 0CE-03 2 5 25 70 25550 NA HA NA
Fluncane Uah 2000 Q36 1 00E-03 2 § 25 70 25550 NA NA NA
Phetanthn e 0 2000 027 1 00E-03 2 5 25 70 25550 NA NA NA
luoranthesse i 2000 036 1 00E-03 2 5 25 70 25550 NA NA NA
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Table E-§
Estimation of Noncarcinogenic Risk
Human Health Risk Assessment Maintenance Worker
Powell Street Plaza and Shellmound 1N
Emeryville, Calfornta
Mamtenance Workerr - Reasonabile Maximuan Exposure (RME) Scenario
Noncarcinagenic Health Risks
Inhalabion of Growwdwalet Vapors {Separat. phase) ADD = (Ca'IR,"EF*ED)/{BWAT} Hazard Quatient = ADD/RID:
Inhalation
Amtet A 3ol Inhalation Exposure Fxposure Body Averaging Average Daily Reference Hazard
Concentrate (Cad Rate {IR,) Fraquency (EF) Duralton {ED)  Waight (BW) Tima (AT) Dose {ADD) Dose (RfD1) Quotent
Cherreal g {m°day) {days/yaar) {years) (kg} {days) {mgkg-day) {mg/kg-day}
Ben ene AR 20 250 25 70 9125 1 28E-07 17E-03 BE.05
Fihylben ene 3OF 20 250 25 70 9125 7 82E-09 29E-0 3E-08
Toluene FORE 20 250 25 70 9125 3 82E-09 11E-01 3E-08
AH ey [P 20 250 25 70 9125 125k-12 3 0E-01 4E-12
Pyrenn baE 20 250 25 70 9125 3 33E-18 3 0E-02 1E-14
Hazard index BE-05
Innalation of Groundwater Vapors (Dissolved phase} ADD = [Ca*tR,"EF ‘EDWBW*AT) Hazard Quobent = ADDIRMD
inhalation
Atntac at Ae W) Inhalation Exposure Exposure Body Averaging Average Daly Reference Hazard
Sonternate(Ca) Hawe (IR,) Frequancy (EF) Duration (ED)  Weight (BW) Time (AT) Dose (ADD) Dose (RfDy) Quotient
€l al g (m’day) (days/year} {years) {ka) (days) (mg/kg-day) {mg/kg-day)
Besrn v 18y 20 280 25 70 9125 3 59E-05 1 7E-03 2E-02
Lthylbensene 226E 20 250 25 70 9125 4 42E.07 2 9E-01 2E-08
Toluene £y B33 L 20 250 25 70 9125 1 30E-C6 1t 1E-01 1E-05
Xylhe (lolan skt e 20 250 25 70 125 1 18E-06 2 DE-O% BE-06
Averaptthy e Boub oL - 20 250 25 70 9125 1 57E-G9 & DE-02 3JE-08
Flatorerme ERLELY ST 20 250 25 70 9125 2 12E-09 4 0E-02 8E-CB
Phomat] nene [T 20 250 25 70 925 301E-10 30E-1 1E-09
Hazard Index 2E-02
Dermal Contact with Groundwalter ADD = (Cw'SA'Kp*CFET*EF*ED)ABW*AT) Hazard Quotent = ADD/Rf0o
Fxnnue, 1>+ ied Exposed Dearmal Cral
Ltoundwlen T ung Skin Surface Permeabilty Conversion Exposure Exposure Exposure Bady Avesaging Average Daly Reference Hazard
Cw Ared [SA) Coefficient {Kp} Factor (CF} Time (ET) Frequency (EF) Duration (ED}  Weight (BwW} Time (AT} Dose (ADD) Dose (RMDo}  Quotient
il sy {cm?) {em/hour) {Mem?) {hoursiday) (daysiyear) {yoars) {kg) {days} (mgfkg-day)  (mg/kg-day)
Bensene s 2000 0021 1 OE-03 2 5 25 70 9125 181E-06 17E.03 9E-04
Eihylben, oo ool 2000 0074 1 00E-03 2 5 25 70 9125 5 79E-08 1 CE-01 GE-07
Tuluene (AR AR 2000 0045 t OCE-03 2 5 25 70 9125 1 06E-07 2 0E-01 SE-O7
Kylene (tolaly BRI 2000 008 1 C0E-03 2 & 25 70 9125 188E-07 2 CE+C0 SE-08
ALstaphit o V0 2000 036 1 DOE-03 2 5 25 70 9125 9 02E-07 6 0E-02 2E-05
Florene RPN 2000 036 1 00E-03 2 5 25 70 9125 5 07E.07 4 0E-02 1E-05
Phenantt e ne RaF N 2000 027 1 00E-03 2 5 25 70 9125 571E-08 30E OV 2807
Fraorantiene e 2000 038 1 Q0E-03 2 5 25 70 9125 5 84E.08 4 0E-02 1E-06

Hazard Index 1E-02
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Human Health Risk Evaluation
Powell Street Plaza and Shellmound i
Emeryville, CA

inhalation of Vapors from Groundwater - Dissolved Phase

Indoor Aur (W) Inhalation

Concentration {¢ o) Rate {IR,)

Chermical {mg/m’) (malday)
Benzene 7 OE-05 20
Ethylbenzene 86607 20
Tolueng 2 5E-06 20
Kylene (lotal) 2 3E-06 20
Acenaphthylenc 31E-08 20
f lourene & 1E-09 20
Phenanthirene 59E-10 20

PARISICPOWE ] NRIGK XS

Table E-6
Estimation of Carcinogenic Risk
Building Occupant

LADD = (Ca"IR,"ET"EF*ED)}/(BW*AT) Excess Cancer Risk = LADD*SFI

Lifetime Inhalation

Exposure Exposure Body Averaging Average Daily  Cancer Slape Excass

Frequency (EF) Duration (ED}) Weight (BW) Time (AT) Dose (LADD) Factor (SFi) Cancer
{days/year) {years) {ka) {days) {mghg-day)  (mgikg-day)’ Risk

250 25 70 25550 4.89E-06 1.0E-01 4.9E-07
250 25 70 25550 6.02E-08 NA NA
250 25 70 25550 1.77E-07 NA NA
250 25 70 25550 1.81E-07 NA NA
250 25 70 25550 2.13E-09 NA NA
250 25 70 25550 4.24E-10 NA NA
250 25 70 25580 4.09E-11 NA NA
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Table E-7
Estimation of Noncarcinogenic Risk
Building Occupant

Human Health Risk Evaluation
Powell Street Plaza and Shelimound Il

Emeryville, CA

Inhalation of Vapors from Groundwater - Dissolved Phase

ADD = (Ca*'IR;*EF*ED)Y(BW*AT) Hazard Quotient = ADD/RDI
Inhalation
et sor Alr (GW) Inhalation Exposure Exposure Body Averaging Average Daily Reference Hazard
Cont entration {Ca) Rate (IR,) Frequency (EF) Duration (ED) Weight (BW} Time {AT) Dose (ADD) Dose {RfDi) Quotient
Chemical imgim’) {m*iday) (daysfyear) {years) (kg) (days) {mo/kg-day) {mg/kg-day)
Benzone 7 00E-08 20 250 25 70 9125 1.37E-05 1.7E-03 8E-03
Ethylbenzene 8 62E-07 20 250 25 70 9125 1.69E-07 2.9E-01 6E-07
Toluene 2 53E-08 20 250 25 70 9125 4.95E-07 1.16-01 4E-06
Xylene (total) 7 30E-06 20 250 25 70 9125 4 50E-07 2.0E-01 2E-06
Acenaphthylene } 05E-08 20 250 25 70 9125 5.97E-09 6.0E-02 1E-07
Flourene 5 07E-09 20 250 25 70 9125 1.19E-09 4.0E-02 3E-08
Phenanthrenc '+ 85E-10 20 250 25 70 9125 1.15E-10 3.06-01 4E-10

Hazard Index 8E-03
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Table E-8
Estimation of Carcinogenic Risk
Building Occupant

Human Health Risk Evaluation
Powell Street Plaza and Shellmound Il
Emeryville, CA

Inhalation of Vapors from Groundwater - Residual Petroleum LADD = (Ca*IR,*"ET*EF"ED)/(BW*AT) Excess Cancer Risk = LADD*SFi
Lifetime Inhalation
Indc or Aur (GW) Inhalation Exposure Exposure Body Averaging  Average Daily Cancer Slope Excess
Concentration (Ca) Rate (IR,})  Frequency (EF) Duration (ED)  Weight (BW)  Time (AT)  Dose (LADD) Factor (SFi) Cancer
Chemical mg/m®) (m*/day) (days/year) (years) {ka) (days) (mg/kg-day) {mg/kg-day) Risk
Benzene . 50E-07 20 250 25 70 25550 1 75E-08 1.0E-01 1.7E-09
Ethylbenzene 1 19E-08 20 250 25 70 25550 1.04E-08 NA NA
Toluene . 44E-08 20 250 25 70 25550 5.20E-10 NA NA
Anthracenc S A2EA42 20 250 25 70 25550 1.69E-13 NA NA
Pyrene t 49E-16 20 250 25 70 25550 4. 54E-17 NA NA
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Tabhle E-9
Estimation onf Noncarcinogenic Risk
Building Occupant

Human Health Risk Evaluairon
Powell Street Plaza and Shelimound 111

Emeryvilie, CA

Inhalation of Vapors from Groundwater - Residual Petroleum

ADD = (Ca*IR,*EF*EDY(BW'AT) Hazard Quotient = ADD/RIDI
Inhalation
Induor Air (GW) Inhalation Exposure Exposure Body Averaging  Average Daily Reference  Hazard
Con. entration {(Ca) Rate (IR,) Frequency (EF)  Duration (ED) Welght (BW) Time (AT) Dose (ADD) Dose (RfDi}  Quotient
Chemical (mg/m®) (m*/day) (days/year) (years) (ka) (days) (mglkg-day) (ma/kg-day)
Benzene 2 50E-Q7 20 250 25 70 9125 4.89E-08 1.7E-03 3E-05
Ethylbenzene 1 49E-08 20 250 25 70 9125 2.91E-09 2.9E-01 1E-08
Toluenc 7 44E.09 20 250 25 70 9125 1. 46E-09 1.1E-01 1E-08
Anthracene 2 42E-12 20 250 25 70 9125 4.74E-13 3.0E-01 2E-12
Pyrene 5 49E-16 20 250 25 70 9125 1.27E-16 3.0E-02 4E-15

Hazard Index  3E-05
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