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1.0 INTRODUCTION

Gettler-Ryan Inc. prepared this Risk Management Plan (RMP) at the request of Unocal Corporation. The
subject site was formerly operated as Unocal Service Station #2512, located at 1300 Davis Street, San
Leandro, California. An environmental investigation identified petroleurn hydrocarbons in the soil and
groundwater beneath the site, which were successfully remediated to acceptable levels. With the submittal
of this RMP, the environmental investigation at this site will be closed by Alameda County Heaith Care
Services Agency.

As part of the environmental investigation, Unocal requested a corrective action evaluation be performed
for the site. The evatuation was completed by Geraghty & Miller (G&M), and concluded that maximum
detected soil concentrations at the site are health-protective, and that future remediaton or control measures
were not necessary. The exposure scenarios considered in this risk assessment included both adult and child
residents and excavation workers. These conclusions are presented in a document titled Site-Specific Health
Risk Assessment for Former Unocal Service Station Facility #2512, San Leandro, California(dated October
18, 1994). A copy of this document is included in Appendix A.

There is always some level of uncertainty in subsurface environmental investigations. Although highly
untikely, it is possible that the environmental investigation failed to identify some areas of impacted soil,
and that future development of the site might encounter this impact. This document provides a Risk
Management Plan (RMP) for the site in the event soil or groundwater are encountered during
construction activities that exhibit obvious evidence of petroleum hydrocarbons, such as strong
gasoline or oil odors, or obvious staining of the soil. In Section 2, the compounds of concern (COCs), risk,
and sources of risk are summarized. In Section 3, risk management measures are developed. The RBCA
evaiuation that serves as a basis for this work is given in Appendix A, and figures showing the site location
and relevant site features are provided in Appendix B.

2.0 RISK SUMMARY

2.1 Data

All aboveground and underground facilities have been removed. Delineation of soil and groundwater impact
is complete. Impacted soil was excavated and removed. Dissolved fuel hydrocarbon concentrations have
decreased to non-detectable levels. Fuel hydrocarbon impact at the site appears to pose very little risk to
human health or the environment. Based on this lack of risk, the fuel hydrocarbon case at this site has been
closed by ACHCSA.

A summary of the previous environmental investigations at this site was summarized by G&M in their Site-
Specific Health Risk Assessment. Tables containing chemical analytical data from soil and grab groundwater
samples collected during these investigations, copies of the most recent groundwater sampling events and
the Site Closure Summary, and figures showing the hydrocarbon-affected areas are provided in Appendix B.
Observations regarding the data are listed below.

. The highest hydrocarbon concentrations detected in soil sarples were 270 parts per millicn

(ppm) of Total Petroleum Hydrocarbons as gasotine (TPHg), 210 ppm of TPH as diesel
(TPHd), 7,200 ppm of Qit and Grease (TOG), and 0.72 ppm of benzene. These samples

240004.02-1
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were collected in the vicinity of the former underground storage tanks (USTs) and dispenser
islands, which have been removed.

. The vertical and lateral extent of hydrocarbons in unsaturated soil has been well defined by
soil samples collected at the furthest extent of the excavations, and by the soil borings
drilled around the former UST pit and across the site. Therefore, hydrocarbon impact to soil
has been adequately delineated.

. Groundwater fluctuates from approximately 10 to 19 feet below ground surface (bgs).
Impacted soil remains in the soil outside the zone of groundwater fluctuation (0 to 10 feet
bgs), but only at very low concentrations. TPHg concentrations up to 6.8 ppm, benzene
concentrations up to 0.013 ppm, and TPHd concentrations up to 5.0 ppm have been detected
in soil samples collected at approximately 5 or 10 feet bgs. While natural processes have
undoubtedly reduced these concentrations, some level of hydrocarbons likely remain in
these areas.

. Groundwater was gauged and analyzed quarterly from November 1993 to January 2000.
Groundwater has been observed to flow toward the west-southwest and toward the
northeast. TPHg, TPHd, benzene, methyl tert butyl ether (MtBE), and tetrachioroethene
(PCE) have been detected in site wells in steadily decreasing concentrations over this time,
indicating a stable and decreasing plume. During the most recent monitoring and sampling
event conducted January 18, 2000, TPHg, TPHd, benzene, or PCE were not detected in the
groundwater beneath the site. MtBE was detected at a concentration of 135 parts per billion
by EPA Method 8020 (not confirmed by EPA Method 8260).

. In June 1996, Pacific Environmental Group conducted a survey of water wells immediately
southwest of the site. A total of five wells were identified within Y4 mile of the site. The
nearest well northeast of the site is an industrial supply well at 1052 Davis Street,
approximately 600 feet from the site. The nearest water supply well to the west-southwest
is an irrigation well located at 1309 Kelly Avenue, approximately 500 feet west-southwest
of the site.

. During the most recent sampling event, monitoring wells MW-8 and MW-9, situated on the
eastern boundary of the Unocal site, do not contain detectable concentrations of petroleum
hydrocarbons. Monitoring wells MW-3 (southwest corner of the site) and MW-7 (65 feet
southwest of the site) did not contain TPHg, TPHd or benzene during the most recent
sampiing event. These wells contained 135 ppb and 6.10 ppb of MtBE. respectively, by
EPA Method 8020. The presence of MtBE in these weils was not confirmed by EPA
Method 8260.

. Groundwater beneath the site and in the site vicinity have been impacted by solvents leaking
from dry cleaners and manufacturing facilities in the area. Groundwater samples collected

240004 02-1 2
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from monitoring wells at the former Unocal site have contained the chlorinated solvents
PCE, trichlorethene, 1,1-dicholorethane, 1,1,1-trichloroethane, 1,1-dichioroethene, and
1,2-dichlorobenzene. Chlorinated solvents were not detected in groundwater samples
during the most recent monitoring and sampling event.

. During a special sampling event conducted May 31, 2001, a well at a former dry cleaning
facility situated approximately 110 feet west-southwest of the former Unocal site (well
MW-DC) did not contain any detectable concentrations of petroleum hydrocarbons.

2.2 Risk Summary

Risks at the site were evaluated by G&M in their Site-Specific Health Risk Assessment {Appendix A). Per
agreement with ACHCSA, this risk assessment considered only impacted soil. Groundwater beneath the site
was also impacted. While the concentrations of dissolved fuel hydrocarbons in the groundwater has
decreased to non-detectable concentrations, groundwater in the vicinity of the site remains impacted by
chiorinated hydrocarbon solvents emanating from off-site sources unrelated to the former Unocal station.
Risks identified by G&H’s evaluation include: '

. The Risk Assessment performed by G&M indicates that TPHg, TPHd and BTEX compounds
in soil beneath the site do not pose a significant risk to occupants of an on-site building.
This Risk Assessment is based on a conservative residential use scenario. Per agreement
between Unocal and Alameda County Health Care Services Agency (ACHCSA), risks
associated with impacted groundwater beneath the site were not included in G&M s Risk
Assessment.

. Complete exposure pathways identified by the Risk Assessment include: vapor intrusion into
indoor air; incidental ingestion, dermal contact, and inhalation of contaminant-laden dust;
and exposure of excavation workers to incidental ingestion, dermal contact, and inhalation
of contaminant-faden dust.

. G&M’s Risk Assessment concluded that "...detected soil concentrations at the site are
health-protective assuming exposure under hypothetical exposure scenarios. Therefore,
future remediation or control measures are not necessary to protect human healith.”

. G&M’s Risk Assessment concluded that "Exposure of environmental receptors to site-
related constituents is not likely to occur for several reasens.”

As discussed above, the maximum soil concentrations identified at the site are protective of human health.
both for future residents of the property and workers engaged in construction activities at the property. And
as mentioned above. it is possible (although unlikely) that construction activities might encounter pockets
of soit impacted at concentrations above the health-based goals calculated in G&H’s Risk Assessment.

240004 G2-1 k!
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Possible scenarios where previously unidentified hydrocarbon might be encountered at concentrations above
the health-based goals are discussed below.

. Construction workers engaged in subsurface piping or foundation excavation at the site
couid be exposed to hydrocarbon-impacted soil if excavating in unexplored portions of the
site.

. Construction workers engaged in subsurface piping or foundation excavation could be

exposed to impacted groundwater. Chlorinated hydrocarbon solvents are known to be
present in groundwater in the site vicinity.

. Construction dewatering could take place at or near the site. Untreated groundwater could
be inadvertently discharged to the street or storm drain.

. A groundwater extraction well could be installed for the purpose of providing an irrigation
supply. Residents at the site could be exposed to untreated groundwater, or the irrigation
well couid act as a conduit to a deeper groundwater supplies;

’ Impacted soil excavated from the site as a result of construction activities could be used as
fill for {andscaping;
. If previously unidentified pockets of highly impacted soil are intersected by excavations,

atmospheric conditions, such as pressure and temperature, could create a situation where
vapor phase hydrocarbons accumulate at the bottom of a trench or excavation. Workers
might then be exposed to vapor phase hydrocarbons, or the mixture of air and vapor phase
hydrocarbons could reach the lower explosive limit, and an ignition source could cause a
fire or explosion.

3.0 RISK MANAGEMENT

It appears highly unlikely exposure risks identified in Section 2 above will be realized at this site. It is
unlikely that petroleum hydrocarbons will be encountered during construction activities at concentrations
exceeding the identified health-based goals. All areas of known petroleum usage (USTs, lifts, piping) were
investigated and remediated. Soil borings drilled outside these areas did not encounter any hydrocarbon
impact. The risk of either resident or construction worker being exposed to hydrocarbon concentrations that
exceed the health-based goals identified in G&H’s Risk Assessment appears very low.

In the uniikely event that construction activities encounter soil is encountered that exhibits a strong odor of
gasoline or other petroleum product. has free-flowing oil or other peroleum-like substance, or is obviously
stained or discolored relative to surrounding scil. work on that portion of the project should be haited
immediately. Unocal should be contacted immediately (916.714.3204). Unocal will dispatch appropriately
tramned personnel to evaluate the situation and collect samples as appropriate. Unocal will aiso notify the
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appropriate regulatory agency. If petroleum hydrocarbons are present at concentrations that exceed the
established heaith-based goals, Unocal will arrange for appropriate remedial measures to be implemented.

Historical monitoring data indicate that groundwater is not likely to be encountered during routine residenttal
construction activities (foundation trenching, utility trenching). Construction dewatering will probably not
be required. Water service is available from a public utility, so a well for either domestic suppty or irrigation
is not necessary. Because of these facts the risk of resident or construction worker to impacted groundwater
appears very low. However, if it becomes necessary to pump groundwater at this site (construction
dewatering, for exampie), Unocal should be contacted prior to initiating any pumping activities. Unocal will
contact the appropriate regulatory agency, will assist in obtaining the necessary permits, and will provide
assistance with any required remedial equipment or personnel required.

40 LIMITATIONS

Evaluations of the subsurface conditions at the site that serve as a basis for this RMP are inherently iimited
due to the jimited number of observation points. There may be variations in subsurface conditions in areas
away from the sample points. There are no representations, warranties, or guarantees that the points selected
for sampling are representative of the entire site. The recommendations provided herein reflect the sample
conditions at specific locations at a specific point in time. No other interpretations, representations,
warranties, guarantees, express or implied, are included or intended in this RMP. Additional work, including
further subsurface investigation, might reduce the inherent uncertainties associated with this RMP.

240004.02-1 5
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Geraghty & Miller, Inc. is submitting this report to Unocal Corporation for work
performed at the former Unocal Service Station Facility No. 2512 in San Leandro, California.
The report was prepared in conformance with Geraghty & Miller’s strict quality
assurance/quality control procedures to ensure that the report meets industry standards in terms
of the methods used and the information presented. If you have any questions or comments

concerning this report, please contact on¢ of the individuals listed below.

Respectfully submitted,

GERAGHTY & MILLER, INC.

Kathleen Neuber
Project Scientist/Risk Assessment Task Manager
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Carol B. Day
Senior Scientist
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Ground Water Engineering Hvdrocarbon

Alameda County Health Agency
Department of Environmental Health
1131 Harbor Bay Parkway

Alameda, California 94502

Attention:

Subject:

Dear Ms. Logan:

On behalf of Unocal Corporation (Unocal), Geraghty & Miller, Inc. (Geraghty & Miller)
is submitting the resuits of a site-specific health risk asscssment for the subject site. The risk
assessment has been provided at the request of Alameda County Health Agency o support
closure of the subject site. Unocal and Geraghty & Miller are confident that the risk assessment
will satisfy any concerns raised by the County of Alameda regarding closure of the site. If you

Ms. Madhulla Logan

Risk Asscssment
Former Unocal Service Station Facility #2512
1300 Davis Street, San Leandro, California

have any questions, please call Kathleen Neuber at (714) 753-0444.

Sincerely,

GERAGHTY & MILLER, INC.

Kathleen Neuber
Project Scientist
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Principal Enginecr

Project Otlicer
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SITE-SPECIFIC HEALTH RISK ASSESSMENT FOR
FORMER UNOCAL SERVICE STATION FACILITY #2512
SAN LEANDRO, CALIFORNIA

EXECUTIVE SUMMARY

The purpose of this risk assessment is to identify potential exposure pathways (both those
complete and incomplete) associated with potential future exposure to soil and to develop health-
protective soil goals for those potentially complete exposure pathways at the site. The site 1S
the former Unocal service station facility #2512 at 1300 Davis Street in San Leandro, California.
The soil health-based goals (HBGs) developed in this risk assessment can be used to determine

if further remediation, or contro} measures should be employed at the site to protect human

heaith.

Previous site investigation at the _former Unocal service station indicated the presence of
constituents in soil typically associated with a hydrocarbon release: —benzene, toluene,
ethylbenzene, xylenes (BTEX), and total petroleum hydrocarbons (TPH) as both gasoline (TPH-
g) and diesel (TPH-d). The constituents of potential concern (COC) for the risk assessment were

BTEX, TPH-g, and TPH-d.

Health-based goals (HBGs) were developed for COC in soil at the site based upon a
hypothetical residential Jand use scemario. The evaluation of a residential scenario 1S
conservative because current land use is commercial. A residential exposure scenario is
expected to provide the most conservative (health-protective) HBGs, based upon longer potential
exposure duration, the presence of sensitive receptors (i.e., children), and greatest number of

potential routes of exposure to COC in soil.

Indoor exposure of hypothetical aduit and child residents via inhalation to volatile COC
originating from subsurface soil and accumulating in overiying buildings was assumed to occur.
The migration pathway from soil heneath the site to indoor air was evaluated using a vapor

intrusion model. Outdoor exposure of hypothetical adult and child residents via inhalation of



-

volatile COC as vapors and nonvolatile COC as fugitive dust, incidental ingestion of surface soil,
and dermal contact with surface soil was assumed to occur. The migration pathway from
surface soil to outdoor air was evaluated using the volatilization factor (VF) and particulate
emission factor (PEF) defined in USEPA guidance (1991b). Exposure of hypothetical excavation

workers to subsurface soil via inhalation, incidental ingestion, and dermal contact was also

assumed to occur.

HBGs were developed for each complete exposure pathway for all COC. Because TPH-g
and TPH-d are complex mixtures of constituents and there are no constituent-specific toxicity

values, chemical surrogates of n-hexane and naphthalene, respectively, were used.

To calculate HBGs for carcinogens, acceptable cancer risk levels were targeted.
Following USEPA (1991b) guidance, the "target" cancer risk for each potential carcinogen was
conservatively set at 1 X 10%. To calculate HBGs for non-carcinogenic health effects, the
"target” hazard quotient (HQ) for non-cancer risk for constituents with different critical effects
was set at 1. However, ethylbenzene and toluene both exert effects on the liver and kidney, soO

the target HQ were set at 0.5, for a cumulative hazard index (HI) of 1.

The constituent-specific and media-specific HBGs that were developed for these exposure
pathways were compared to maximum detected soil concentrations to evaluate the need for risk
management or remedial action for protection of human health and the environment (Table ES-
1). The comparison indicated that maximum detected soil concentrations of COC at the site are
health-protective under the assumed exposure conditions. Therefore, future remediation or
control measures are not necessary to protect human heaith. The data, as presented herein,

indicate that current site conditions would support future residential Jand use and that closure of

this site should be granted.



Table ES-1.  Comparison of Constituent Concentrations Detected in Soil to Health Based Goals, Former Unocal
Service Station Facility #2512. San Leandro, California.

MAXIMUM HEALTH-BASED GOALS
DETECTED
CONCENTRATION Vapor Intrusion Direet Contact Direct Contact
Adult Child Adult Child Excavation
Resident Resident Resident Resident Worker
Cs HBG HBG HBG HBG HBG
Constiruent (mg/kg) (mg/fke) {mg/kg) {mp/ka) (mgfke) {mg/kg)
VOCs
Benzene 0.12 32 34 0.56 0.43 1
Ethylbenzene 0.25 42,000 3,900 1.900 560 640
Toluene 0.21 13,000 2,800 2,000 280 680
Xylenes (total) 1.7 3,500,000 [e] 760,000 74,000 19,000 310,000
1rH
TPH-g fa] 20 830 180 700 68 58
TPHd 1] 13 7,000 3500 320 30 . 1,900
{al n-Hexane used as a surrogate for TPH-g.
) Naphthalene used as a surrogate for TPH-d.
{cl Value is greater than a millien (10% parts per million (ppm), and therefore is not itseif a valid concentration goal, but
indicates that concentrations below saturation are health-protective.

Cs Maximum detected constituent concentration in soil.
HBG Health-based goals for soil.
me/ke Milligrams per kilogram.
TPH Total petroleum hydrocarbons.
VOCs Volatile organic compounds.

RCO28A DOL/UNOTABE] XLS /1011294



SITE-SPECIFIC HEALTH RISK ASSESSMENT FOR
FORMER UNOCAL SERVICE STATION FACILITY #2512
SAN LEANDRO, CALIFORNIA

1.0 INTRODUCTION

Geraghty & Miller, Inc., (Geraghty & Miller) has been contracted to identify potential
exposure pathways (both those complete and incomplete) associated with exposure to soil and
to develop health-protective soil remediation goals for those potentiaily complete exposure
pathways at the subject site. The site is the former Unocal Service Station Facility #2512 at
1300 Davis Street in San Leandro, California. The soil goals will be based on protection of
human health assuming reasonable maximum exposure (RME) conditions for a hypothetical
future residential land use scenario. This risk assessment was prepared for Unocal Corporation
(Unocal) to develop, considering both the magnitude and likelihood of exposure to site-related

constituents, appropriate health-based goals (HBGs) for soil that are protective in the event that

exposure to impacted soil should occur. This information can be used to determine if additional
remediation, remediation in conjunction with institutional or engineering controls, or control

measures should be employed at the site to protect human health.

Groundwater is not addressed in this risk assessment due to the presence of the regional
Caterpiliar solvent flow. It was agreed upon, in a July 1994 meeting with the Alameda County

Health Agency, that this risk assessment would only address potential exposure to soil.

Previous site investigation has indicated the presence of constituents in soil typically
associated with a hydrocarbon release: benzene, toluene, ethylbenzene, xylenes (BTEX), and

total petroleum hydrocarbons (TPH) as both gasoline (TPH-g) and diesel (TPH-d). Analytical

results of soil samples collected during previous investigations have been provided in previous

reports (Kaprealian Engineering [ncorporated [KEI]; 1993a.b,c; 1992; 198%a,b,c.d,e}.

The methodologies used in this heaith risk assessment were designed to be generally

consistent with guidelines established by the U.S. Environmental Protection Agency (USEPA)
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(1989a; 1991a,b,c) for risk assessments in general and the development of health-protective
remedial goals specifically. This health risk assessment was also designed to be consistent with

California Eavironmental Protection Agency (Cal/EPA) guidance for screening of hazardous

substance release sites (Cal/EPA, 1994).

The risk assessment report is organized as follows:

. Section 2: Site and Constituent Characterization, briefly describes pertinent
physical and hydrogeological characteristics of the site and current land use,

summarizes previous site investigations, and identifies the constituents of potential

concern (COC) at the site.

. Section 3: Toxicity Assessment, provides toxicological information and toxicity
values for the COC used to evaluate the potential carcinogenic and systemic

toxicant effects on exposed receptors.

. Section 4: Exposure Assessment, presents the physical and chemical properties
relevant to environmental fate and transport for COC: identifies potential
migration of COC in environmental media; and discusses potential exposure
pathways, routes of exposure, exposure points, and receptors used in the

derivation of the soil HBGs.

* Section 5: Risk Characterization, presents the mathematical equations and
exposure parameter values used to calculate the soil HBGs for COC based on

attainment of an acceptable risk, assuming that individuals contact impacted media

under site-specific conditions.

. Section 6: Uncertainties, discusses the inherent uncertainties in the health risk

assessment process and in the assumptions used in the HBG derivations.
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Section 7: Findings and Conclusions, presents goals based on protection of
human health and the environment and summarizes the results and conclusions of

the risk assessment.

Section 8: References, presents a list of references used to support the risk

assessment.



2.0 SITE AND CONSTITUENT CHARACTERIZATION

The following sections provide a concise description of the site, the facility background,
previously conducted site investigations, and the hydrogeology of the site and area; and identify

COC for the risk assessment.
2.1 BACKGROUND

The site is a rectangular 11,393 square foot lot on the northwest corner of the Intersection
of Davis Street and Douglas Drive in San Leandro, California (PHR, 1991). The site, 1300
Davis Street, was formerly a Unocal service station facility. Facility operations included routine
automobile repair and service, and dispensing of gasoline (PHR, 1991). The property was
occupied by a Union Oil or Unocal service station facility from 1946 to 1992. In 1966, the
service station was renovated and two new 10,000 gallon gasoline underground storage tanks
(USTs) and one 280 gallon waste oil UST were installed. The original USTs were probably
removed at the time of the rebuild (PHR, 1991). In 1989, routine soil borings that were
required one year before lease expiration indicated impacted soil in the vicinity of the original
waste oil tank. Groundwater monitoring wells were installed and indicated potentiai impacts to

groundwater beneath the site. The station building, pump islands, and other station equipment

were recently demolished and removed from the site (KEI, 1993a).

The site is in an area of commercial and retail land use. Residential areas are located
across Virginia Street to the north of the site and across Davis Street to the south (PHR, 1991).
The adjacent property to the west (1335 to 1370 Davis Street) is occupied by a strip shopping
center containing a bar, a beer and wine supplier, a barber shop and a dry cleaner (PHR,

1991).

Tn February and March 1990, five test borings were drilled at the adjacent property 10
the west of the site prior to finalization of the purchase agreement on that property. Unocal’s

plans to purchase the adjoining property were abandoned after it was determined in 1990 that
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the property at 1335 to 1370 Davis Street had been impacted by cleaning solvents beyond the
maximum levels stipulated in the purchase option. In May 1991, Unocal notified the lessor,

Douglas T. Federighi, of Federighi & Company, of their decision to cease operation of the

service station.

The City of San Leandro approved dealer occupancy of the Unocal service station
property through March 1992 and Unocal use of the property through June 1993 for the purpose
of contamination remediation (PHR, 1991). Federighi & Company, the lessor of the Unocal
service station property and owner of the property at 1335 to 1370 Davis Street, has requested
that a risk assessment be conducted to evaluate the suitability of the property for future
residential development. Therefore, this risk assessment identifies health-based goals for COC

detected at the former Unocal service station under a hypothetical residential land use scenario.
2.2 PREVIOUS INVESTIGATIVE ACTIV ITIES

On January:-3;- 1989, six exploratory soil borings were drilled at the site as part of
Unocal’s procedure for site divestment. The six borings (EB1 through EB6) were driiled to
depths ranging from 26.5 to 30 feet below ground surface (bgs), and groundwater was
encountered at depths ranging from 25 to 26.5 feet bgs (KEI, 1993b). Soil and water samples
collected from borings EB2 through EB6 were analyzed for TPH-g, and BTEX. Soil and water
samples from EB1 were analyzed for TPH-d, total oil and grease (TOG), and halogenated and
aromatic volatile organic compounds. Soil samples collected from boring EBR6 were also
anaiyzed for TPH-d and TOG. Analytical resuits of soil samples collected from borings:EBI1
through-EB6 indicated levels of TPH:g ranging from appn-detéctable-to 73sparts per million
(ppm). Benzene was detected only in samples EBS (20 feet bgs) and EB6 (15 foot bgs) at
concentrations of 0.12 ppm and 0.065 ppm, respectively. Anaiytical results of soil sampies
collected from boring EB6 indicated levels of TPH-d ranging from 3 ppm to 160 ppm, and
levels of TOG ranging from 130 ppm 0 7,300 ppm (KE{, 1993b). Toluene was the only

volatile organic constituent detected in samples from EB1L.
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‘ On May 11, 1989, the soil surrounding exploratory boring EB6 was excavated, sampled,
and sent off-site for proper disposal (KEI, 1992). Samples collected from the sidewalls of the
excavation indicated that detectable levels of TPH-d and TOG were still present and the
excavation was extended laterally and to a depth of approximately 17 feet below grade in

October 1993 (KEI, 1993a).

On July 28, 1992, the two fuel USTs and one waste 0il tank were removed from the site.
Four soil samples (Al, A2, Bl, B2) were collected from beneath the fuel tanks at depths of
about 14 feet bgs. Two soil sampl‘g; (WO1 and WOIuyﬁ:’j'/'were collected from beneath the
waste oil tank at depths of 10 and 15 feet bgs, respectivéiy. Six soil samples (P1 through P6)
were collected from beneath the product_pipe trenches and dispensers at depths of about 3.5 feet
below grade (KEI, 1993a). Four additional exploratory borings (EB7 through EB10) were
drilled at the site on March 22 and 23, 1993. Analytical results indicated that TPH-g, TPH-d,
BTEX and TOG were present in EB8 at 5 foot bgs. The area sprrounding'EBS was

subsequently excavated to a depth of approximately 7 feet bgs (KEI, 1993a).

In October 1993, additional excavation in the vicinity of the former fuel and waste oil
tank pits was performed. Soil samples were collected at the bottom and sidewalls of the
excavations. Additional soil excavation was performed in November 1993 in the vicinity of the
former pump island. Soil was excavated to a depth of approximately 17 feet bgs. Analytical

results of sidewall samples indicated the need for additional lateral excavation. Sidewall soil
samples (SWBB:-SWEC amt-§WDD) were-collected: after-the final-exeavation- in the pump
island area at depths of about 15.5 feet bgs (KEI, 1993a).

Analytical results of water samples collected from borings EBS and EB6 prompted the
‘nstallation of three monitoring weils in April 1989. The three wells were drilled and completed
to total depths of 33 feet below grade. Groundwater was encountered at depths ranging from
i7.5 to 18.5 feet bgs. A total of seven monitoring wells have been installed at the site since

Apnl of 1989 (KEI, 1993a). Although the constituents identified in soil at the site appear to be
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present in groundwater as well, this issue is complicated by a regional groundwater problem of

intermingled plumes (the San Leandro Plume Site) and groundwater will not be addressed herein.

2.3 HYDROGEOLOGY

During the drilling of exploratory borings at the service station property in March 1993,
groundwater was encountered at depths ranging from 18 to 24 feet bgs. Based on the water

elevation data gathered in December 1991, January 1992, and October 1992, the groundwater
flow direction appeared to be predominantly to the west (KEI, 1993b).

The results of subsurface studies at the service station property indicated that the site is
underlain by fill materials to a depth of about 1 to 8 feet bgs. The fill is in turn underlain by
alluvium to the maximum depth explored (33 feet bgs). The alluvium underlaying the site was
observed to consist mainly of clay or silty clay interbedded with thin discontinuous beds or
lenses of clayey or sandy silt, and'silty sand (KEI, 1993b). The soil boring log for the boring
advanced at 1370 Davis Street indicated that alluvium underlaying the adjacent property consists
of clay and clayey silt (Hageman-Schank, 1990). Physical properties of site soils were not

further characterized during previous site investigations.
2.4 CONSTITUENTS OF POTENTIAL CONCERN (COC)

Constituents detected in soil at the service station property during previous investigations
included BTEX, TPH-d, TPH-g, and TOG. TPH-g and TPH-d are complex mixtures of
petroleum-derived hydrocarbons with 4 to 11 carbon atoms and 9 to 22 carbon atoms,

respectively, in their molecular structures (Miliner et al., 1992).

When TPH-g or TPH-d enters the soil, changes in its composition, referred to as
"weathering”, begin immediately. Volatilizaicn of the lighter compounds occurs at a higher rate
than heavier compounds, resuiting in a shift in the composition of the weathered gasoline toward

heavier compounds. The soiubilities of the heavier hydrocarbons generally are lower and the
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adsorption characteristics are stronger than those of the lighter fuel compounds. Therefore,
these heavier compounds tend to remain adsorbed to soil organic matter for longer periods of
time, while the more soluble components partition into soil moisture more quickly and/or more
completely. Rates of biotransformation also are different; short-chain alkanes generally are
biodegraded more readily than aromatics, cycloalkanes, and heavier alkanes (USEPA, 1989b).
The net result of these weathering processes with respect to the TPH analytical data is that the
TPH concentrations reported will reflect a greater proportion of the heavier TPH components
than fresh TPH. These heavier components are comprised largely of cycloalkanes and straight-

and branched-chain alkanes (Andrews and Snyder, 1991).

For the purposes of this report, the fate and transport characteristics of TPH-g will at
times be compared to those of n-hexane, although n-hexane, a comparatively toxic, short-chained
hydrocarbon, only reportedly comprises 0.24 percent to 3.5 percent by weight of fresh gasoline
(California LUP'f Task Force, 1989). Using n-hexane as a surrogate compound to describe the
fate and transport behavior of weathered gasoline in soil represents a conservative approach,
because n-hexane is as soluble and voiatile, if not more soluble and volatile, than most of the
heavier hydrocarbons. It has been shown that the toxicity and mobility of hydrocarbons
generally decreases as the chain length increases (Rumack and Lovejoy, 1991). Therefore, n-
hexane, a 6-carbon chain hydrocarbon, is expected to be the most toxic and most mobile

component of the represented TPH-g mixture.

The fate and transport characteristics of TPH-d will be compared to those of naphthalene
which comprises 0.13 percent by weight of fresh diesel (California LUFT Task Force, 1989).
Naphthalene is one of the more mobile constituents found in diesel fuel. Therefore, using
naphthalene as a surrogate for TPH-¢ will predict as great or greater mebility of TPH-d than is
iikely to occur at the site. Thus, naphthalene represents a conservaiive surrogate for the TPH-d

mixture.

TOG may be comprised of a very wide range of hydrocarbon components. The major

constituents of TOG that may be present are unknown, therefore, there are no readily available
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surrogates for the evaluation of fate, transport or toxicity of TOG. Sampies that were analyzed
for TOG were also analyzed for BTEX and TPH. TOG is generally used as a potential indicator
of impacted soil, and because soil impacts were characterized as BTEX, TPH-g, or TPH-d, TOG
was not considered to be a COC for the risk assessment. COC for the site are BTEX, TPH-g
evaluated as n-hexane, and TPH-d evaluated as naphthalene.
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3.0 TOXICITY ASSESSMENT

The risks associated with exposure to constituents detected at the site are a function of
the inherent toxicity of the constituents and the exposure dose. There are two general categories
of toxic effects evaluated in risk assessments: non-carcinogenic or systemic toxicant health
effects and carcinogenic risk. The chemical-specific toxicity values used to evaluate potential
non-carcinogenic and carcinogenic effects are determined from available federal databases and
from State guidance. Toxicity values for noncarcinogenic effects were first obtained from the
USEPA'’s Integrated Risk Information System (IRIS) ( 1994), and if not available on IRIS, from
USEPA’s Health Effects Assessment Summary Tables (HEAST) (USEPA, 1994), in accordance
with USEPA guidance (1989a). Toxicity values for carcinogenic effects were obtained from the
list of cancer potency factors (CPFs) E:ompiled by the Standards and Criteria Work Group of
Cal/EPA (1992). Additional toxicity information regarding potential tumor sites and USEPA
cancer classification was obtained from IRIS (1994) and HEAST (USEPA, 1994). A further
discussion of the basis for, and nature of, toxicity values used to assess potential risk posed by

site-related COC is presented in Appendix A.
3.1 NON-CARCINOGENIC EFFECTS

Toxicity values for non-carcinogenic effects are presented as chronic reference doses
(RfDs) and subchronic RfDs for oral, dermal and inhalation exposure routes. Chronic RfDs are
used to assess exposures greater than seven years duration, subchronic RfDs are used for
exposures ranging from two weeks to seven years. The toxicity values for non-carcinogenic
effects for COC addressed in this risk assessment are presented in Table 1. Chronic RfDs were
used to evaiuate potential residential exposure because residents are assumed to be present at the
site over a period of time greater than 7 vears. Subchronic RfDs were used to evaluate potential
excavation worker exposure because excavation workers are assumed to be present at the site
for a short period of time. Where toxicity values for the inhalation route were not available for
a particular constituent, the toxicity value for the oral route was used to evaluate toxicity via

inhalation in compiiance with California guidance (Cal/EPA, 1994).
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3.2 CARCINOGENIC EFFECTS

Toxicity values used for evaluation of carcinogenic risk are cancer poténcy factors (CPFs)
developed for oral and inhalation exposure routes. The toxicity values for carcinogenic risk via
ingestion and inhalation used for this risk assessment are presented in Table 2. Neither USEPA
nor Cal/EPA de‘.zelop toxicity values specific to dermal exposure, thus, per USEPA guidance,
toxicity values for dermal contact (RfDs and CPFs adjusted) were derived from those toxicity

values based on oral exposure routes using the constituent-specific oral absorption efficiencies

presented in Table 3.
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4.0 EXPOSURE ASSESSMENT

This section provides information on the potential for constituent migration and describes
the potential human exposure pathways at the site under a hypothetical future residential
scenario. Exposure is defined as the actual contact of an organism with a chemical or physical
agent (USEPA, 1989a). Exposure is characterized by estimating the type and magnitude of
exposures to COC that are present at or migrating from a site. The potential for exposure is
evaluated by estimating the way an individual or population may come into contact with
constituents originating at a site. Typically this involves projecting concentrations along
hypothetical or probable pathways between sources and receptors. The projection usually is
accomplished using site-specific data and, when necessary, mathematical modeling. The
assessment of exposure includes characterization of the physical environment, identification of
exposure pathways (including migration pathways, exposure points, and exposure routes),
identification of potentially exposed individuals and populations, and quantification of exposure
as an average daily dose, where possible. For this site, because the results of the risk
assessment will determine the necessity for further remedial action, once exposure pathways
were identified as potentially complete, HBGs protective of those specific receptors were
developed. Comparison of reported soil concentrations to the HBGs will identify if further
remediation may be required. The following sections describe potential migration pathways and

exposure pathways at the site, and identify those exposure pathways that may be complete.

4.1 PHYSICAL AND CHEMICAL PROPERTIES INFLUENCING
CONSTITUENT MIGRATION

The environmental fate and transport of constituents are dependent on the physical and
chemical properties of those constituents, the environmental transformation processes affecting
them, and the media through which the constituents are migrating. The primary physical and
chemical properties of the constituents that may influence the potential for migration of the COC
in groundwater, saturated soil, and the vadose zone are presented in Table 4. A discussion of

the key properties of water solubility, specific gravity, volatility, organic-carbon partition
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coefficient (Koo), soil distribution coefficient (Ky, octanol-water partition coefficient (Kow),
bioconcentration factors (BCFs), and half lives, and the effect of these properties on the

migration potential of the COC, is provided in Appendix B.

4.2 MECHANISMS OF MIGRATION

COC were detected in subsurface soils at the site. Soil containing residual levels of COC
can act as a source of constituents to other environmental media. This section discusses the

mechanisms by which migration to other media may occur at the site.

Migration of COC into the air from soil can occur via volatilization, the mass transfer
of an organic compound from a specific medium (i.e., water) to the air. Vapors can diffuse
from constituents in soil and migrate upwards through soil to the land surface. The ability for
this transfer or migration to occur will depend on other competing processes which could hinder
this migration. For example, if a constituent is highly soluble and dissolved in water, or
strongly sorbed to soil; it will be less likely to volatilize into the air even though it may also
have a high vapor pressure. Environmental factors that affect constituent volatilization and
transport through soil include the soil temperature, porosity, water content, and the depth to

impacted soil (Jury et al., 1983).

Generally, organic constituents with high vapor pressures (greater than 10 mm Hg) or
high Henry’s Law Constants (greater than 10° atm-m*/mol) and molecular weights less than 200
g/mol are expected to volatilize readily from soil and water. BTEX and n-hexane have Henry’s
Law Constants greater than 107, with the highest value being 0.77 atm-m?/mol for n-hexane (the
surrogate compound used to represent TPH-g). Using this high Henry’s Law Constant to assess
the volatilization potential of TPH-g 15 conservative since the TPH-g petroleumn mixture at this

site is believed to be weathered and composed of mostly heavier, much less volatile compounds.

Vapors that may migrate upward through the soil diffuse into ambient air when they

reach the surface. These vapors that may be released into the ambient air are subject to
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dispersion by prevailing winds and diffusion into the atmosphere. Vapors originating from
subsurface soil can, however, enter on-site buildings through cracks in building foundations.
These vapors are subject to limited dispersion and diffusion forces and may accumulate in indoor
air. Because hypothetical residential buildings may be built over impacted soil, the potential

exists for vapors to migrate up through the subsurface and intrude into the overlying buildings.

The migration of volatile constituents from subsurface soil to indoor air may be predicted
mathematicaily. A description of the vapor intrusion model used to predict COC migration t0
indoor air is provided in Appendix C. Site-specific environmental factors accounted for in the
model include moisture content of soil, butk density of soil, total soil porosity, and depth to
impacted soil beneath the building. Site-specific values for these parameters were obtained from

previous investigations at the site and from judgment based on known site conditions, such as

soil type.

There are two processes by which COC in surface soil may migrate into outdoor air.
Organic constituents may volatilize and migrate into the air. Constituents adsorbed to surface
soil may migrate into the air through the generation of dust either through wind erosion in
unpaved areas or mechanical means. Constituents released into the atmosphere are subject to

transport and dispersion by prevailing winds.

The potential for fugitive dust generation at the site is considered low because the
impacted soil is found at depth. However, during potential future construction at the site, dust
may be generated by construction and earth-moving equipment. In addition, impacted subsurface
soils may be moved to the land surface. Following construction, the majority of the site will
likely again be covered by buildings, pavement, or landscaping, thereby reducing the probability

of fugitive dust generation.

As discussed above, fugitive dust emissions may occur from wind or vehicle operations
during invasive activities conducted at the site. Constituents with relatively low organic carbon

partition coefficients (Koc values less than 1,000) and moderate to high water solubility (greater
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than 1 mg/L) are more likely to be associated with the water or vapor phases than to remain in
soil and therefore are unlikely to be present in emitted dust. BTEX and n-hexane fall into this
category; therefore, these constituents are not expected to be emitted in fugitive dust.

Naphthalene, used as a surrogate t0 represent TPH-d, is expected to adsorb to soil and migrate

with dust, rather than in vapor form.

4.3 EXPOSURE PATHWAYS

Whether a constituent is actually of concern to human health depends on the likelihood
of exposure, i.e., whether a complete exposure pathway exists. This section addresses the
potential for reasonable maximum exposure (RME) to COC detected in soil under hypothetical

future land use. The RME is defined as the highest exposure that is reasonably expected to
occur at a site (USEPA, 198%a).

4.3.1 Conceptual Site Model

An exposure pathway is defined by four elements: (1) a source and mechanism of
constituent release to the environment; (2) an environmentai transport medium for the released
constituent; (3) a point of potential contact by the receptor with the impacted medium (the
exposure point); and (4) an exposure route to the receptor at the exposure point. The objective
of the exposure assessment is to estimate the types and magnitudes of exposure to the COC,
known through sampling to occur in soil, that are present at or migrating from the facility.
Without exposure there is no risk. Thus, the exposure assessment is a key element of the risk

assessment.

The conceptual site model is based on a conservative residential land use scenario. The
evaluation of a residential scenario is conservative because current jand use for the site is
commercial. In addition, a residential exposure scenario is expected to provide the most

conservative (health-protective) HBGs for the site, based upon potential exposure duration (i.e.,
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30 years for adult resident), the presence of sensitive receptors (i.e., children), and greater

number of potential pathways of exposure to COC in soil (i.e., direct contact with soil).

The current source of COC in the environment is impacted subsurface soil at 5 foot depth
and below. Surface soil at the site was not sampled, but is not expected to have been impacted
due to the nature of the primary release mechanisms which were leaks originating from
underground storage tanks and associated piping. Small surface spills that may have occurred
at the site during normal operations are not expected to have adversely impacted underlaying
soils due to the presence of asphait and concrete paving. For the hypothetical future residential
scenario, it was assumed that subsurface soils would be moved to the land surface as part of
residential development.  This assumption is conservative, given that most residential
development involves removal or grading of only the top two feet of soil. The conceptual site
model, however, is based upon the assumption that COC are present in surface soil. Potential
exposure points therefore include surface soil, indoor air impacted by volatilization of COC from

surface and subsurface soil, and outdoor air impacted by volatilization of COC and emission of

fugitive dust from surface soil.

Possible exposure pathways for residential land use at the site include direct contact of
human receptors with impacted soil outdoors and inhalation of indoor vapors originating from
impacted subsurface soil. For each of the possible exposure pathways, a point of potential

contact between the receptor and the impacted medium must be determined for the pathway to

be considered complete.

It was assumed that impacted subsurface soils would be brought to the land surface
during development, and that the resulting impacted surface soil would remain uncovered by
vegetation or pavement. This scenario, although unlikely to occur, would result in potential
exposure of residents to impacted soil by direct contact. Exposure of residents to COC by direct
contact with impacted surface soil may occur via ingestion and dermal contact. Residents may
also be exposed via inhalation to velatile COC as vapors and non-voiatile COC absorbed to

fugitive dust in ambient outdoor air. Indoor exposure of residents via innalation to volatile COC
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originating from subsurface soil may occur if vapors intrude into buildings overlying the

impacted area.

If development of the site for residential land use occurs in the near future, then
construction workers may also be exposed to COC in subsurface soils. Excavation workers may
be exposed to COC by direct contact with impacted subsurface soils via incidental ingestion and
dermal contact. Excavation workers may also be exposed via inhalation to volatile COC as

vapors and to non-volatile COC adsorbed to fugitive dust.

In summary, potentially complete exposure pathways to soil for the residential land use

scenario are as follows:

. Exposure of aduit and child residents via inhalation to volatile COC originating

from subsurface soil and intruding into overlying buildings.

. Exposure of adult and child residents via incidentat ingestion, dermal contact, and

inhalation to COC in surface soil.

. Exposure of excavation workers via incidental ingestion, dermal contact, and

inhalation to COC in surface and subsurface soil.

4.3.2 Human Receptors

Human receptors were identified for a residential land use scenario.  Hypothetical
residential receptors to the indoor air pathway inciude both adults and children that may occupy
the future residential buildings at the site. Residents were assumed to be present in the residence
for 350 days per year and 24 hours per day. Adult residents were assumed to be present at the
residence for 30 years and chiid residents for 6 vears. The esumates of RME residential

exposure duration were derived from USEPA (1989a) and Cal/EPA (1994) guidance. Other

"
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default exposure parameters for residential exposure were obtained from USEPA (15892, 1991b)

and Cal/EPA guidance (1994).

Hypothetical residents, both adults and children, were also assumed to be potentiaily
exposed to impacted soil via direct contact. Residents were assumed to be present on-site and
outdoors for 350 days per year and 16 hours per day. Other default exposure parameters for
residential exposure were obtained from USEPA (19892, 1991b) and Cal/EPA guidance (1994).

Development is expected to occur in the near future at the site, and excavation workers
were assumed to be potentially exposed to COC in soils. Workers were assumed to be in direct
contact with impacted surface and subsurface soils and outdoor air. Excavation workers were
assumed to be at the site for 8 hours/day, 5 days/week, for 12 weeks. Default exposure

parameters for evaluation the excavation worker exposure were obtained from USEPA (1990,

1991b) guidance.

4.3.3 Environmental Receptors

Exposure of environmental receptors to site-related constituents is not likely to occur for
several reasons. The site was 99 percent paved until recently, preciuding exposure to soil (PHR,
1991). The commercial nature of the site operations is not conducive to developing or
supporting a complex ecosystem. In addition, impacted soil is located at depths that even
burrowing animals will not come in contact with under reasonable conditions. As a resuit, the
potential for terrestrial wildlife to be exposed to the COC present in subsurface soils is severely

limited or eliminated.
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5.0 RISK CHARACTERIZATION

Information from the toxicity assessment and characterization of exposure are combined
to generate quantitative HBGS. This section discusses the mathematical equations and exposure

parameters used to calculate the soil HBGs.

5.1 DERIVATION OF HEALTH-BASED GOALS (HBGs)

HBGs were calculated for soil based on hypothetical exposure of receptors under site-
specific exposure conditions. Eguations presented in USEPA (1991b) guidance for development
of preliminary remediation goals were adapted for use here to calculate heaith-protective
medium-specific goais for soil. These goals, protective of the identified receptors, will be used
to determine if further remedial action is necessary and to focus any additional remedial action
at the site. A residential RME scenario was evaluated for future land use. Potential future
receptors evaluated for exposure to COC originating in soil were adult and child residents and

excavation workers.

To calculate HBGs, acceptable risk levels must be targeted. Following USEPA (1991)
guidance, the "target” cancer risk for each potential carcinogen was conservatively set at 1 x
10, USEPA has indicated that cumulative risk in the range of 10% to 10" may indicate the need
for risk management. Cumulative risk of greater than 10* indicates a nee;d for further
investigation or remedial action (Federal Register, March 8, 1990). The "target" hazard quotient
(HQ) for non-cancer risk for constituents with different critical effects was set at 1. However,
ethylbenzene and toluene both exert effects on the liver and kidney (Table 1), so the target HQ

were set at 0.5, for a cumulative hazard index (HI) of 1.

The following sections present the HBG caleulations and the resulting consttuent-specific

HRGs.
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5.1.1 HBG for Soeil Based on Vapor Intrusion

It was assumed that receptors could hypothetically be exposed to vapors diffusing from
the soil, migrating upwards, and entering on-site air spaces where the potential exists for the
accumulation and inhalation of vapors. A vapor intrusion model was used to calculate soil
HBGs for COC. The vapor intrusion model, developed by Daugherty (1991), was modified
through the use of site-specific assumptions to more accurately represent site-specific exposure
conditions. A discussion of the development of the vapor infiltration model is presented in

Appendix C.

The result of the Daugherty (1991) volatilization and vapor diffusion model is a
constituent-specific indoor air concentration potentially resulting from soil.  This air
concentration then can be used in exposure calculations to estimate the potential exposure for
hypothetical occupants of the modeled building and subsequently to develop HBGs. Equations
and model parameters used to calculate indoor air concentrations from target risk levels are
presented in Table 5. Equations and model exposure parameters used to calculate soil HBGs
from indoor air concentrations are presented in Table 6. A sample calculation is presented in
each table to illustrate the application of the equations. Site-specific information was used

whenever possible in place of default assumptions.

Site-specific values used in the model included an assumed residence of 2,000 square
feet, with a volume of 454 cubic meters, and environmental factors (i.e., depth to impacted
soil). For site-specific parameters for which values were uncertain, such as soil buik density,
conservative estimates were developed using information collected in previous investigations.
Building air exchange rates and infiltration rates were estimated based on default values for
standard residential buildings. Constituent- and receptor-specific HBGs calculated for COC at

the site are presented in Tables 7 and 8 for aduit and child residents, respectively.

The HBG for xylenes that is protective of an adult resident is 3,500,000 mg/kg. This

value is greater than a miilion (10% ppm and, therefore, 1s not itself a valid concentration goal.
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The calculation of a HBG greater than concentrations that are physically possible or probable
in soil arises from low toxicity of the constituent and factors governing potential constituent
migration. The calculated HBG for xylenes that exceeds a million ppm indicates that

concentrations of xylenes below saturation in soil at the site are health-protective.

The HBG for benzene that is protective of human health at a target excess lifetime cancer
risk (ELCR) level of 1 x 10%, assuming inhalation of vapors from subsurface soil that intrude
into overlying residential buildings in 2 RME scenario, is 3.2 miiligrams per kilogram (mglkg)
in soil based on adult resident exposure. HBGs for systemic toxicants that are protective of
child residents are more restrictive than those protective of adult residents. The minimum HBGs
for ethylbenzene, toluene, and xylenes in soil are 8,900; 2,800; and 760,000 mg/kg,
respectively, based on hypothetical child resident exposure {0 indoor air. HBGs for TPH-g and
TPH-d (using n-hexane and naphthalene as surrogates) are 180 and 3,600 mg/kg (T: able B8).

5,1.2 HBG for Soil Based on Residential Direct Contact

Equations and exposure paramefers used to calculate HBGs protective of outdoor
residential exposure are presented in Table 9. A sample calculation is presented in the same
table to illustrate the application of the equations. Site-specific information was used whenever
possible in place of default assumptions. Receptor-specific default exposure factors, such as skin
surface area and body weight were obtained from USEPA (1989a, 1991b) and Cal/EPA (1994)
guidance. Soil HBGs, based upon target concentrations of COC at the point of exposure, were

calculated based upon physical and chemical parameters derived from USEPA (1990).

There are thres potential exposure routes for each residential receptor: inhalatior,
incidental ingestion, and dermal contact. A HBG for each potential exposure route was
calculated for cancer effects and for non-cancer effects. One HBG for cancer effects and one
HURG for non-cancer effects were then caiculated for each constituent by combining HBGs for
the exposure routes (Table 9). The cancer effects HBG and non-cancer effects HBG as indicated

in Tables 9, 10 and 11 for adult and child residents, respectively; therefore, take into account

-
+
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exposure across multiple routes. The lower of the HBGs for cancer and non-cancer effects is
considered to be the constituent-specific and receptor-specific soil HBG for the residential direct

contact scenario.

The minimum HBG for benzene, protective of child health at a target ELCR level of |
x 10, assuming direct contact with impacted surface soil in a RME scenario, is 0.43 mg/ke.
The minimum HBGs for ethylbenzene, toluene, and xylenes, in soil are 500; 280; and 19,000
mg/kg, respectively, based on hypothetical child resident exposure. Minimum HBGs for TPH-g
and TPH-d based upon the use of toxicity surrogates, are 68 and 30 mg/kg, respectively, for

protection of child residents exposed to impacted surface soil via direct contact.
5.1.3 HBG for Soil Based on_Excavation Direct Contact

Equations and exposure paraméters used to calculate HBGs protective of hypothetical
excavation worker exposure are presented in Tables 12 and 13 for non-carcinogenic and
carcinogenic effects, respectively. Sample caiculations are presented in the same tables to
illustrate the application of the equations. Site-specific information was used whenever possible
in place of default assumptions. Receptor-specific default exposure factors, such as skin surface
area and body weight were obtained from USEPA (1990) guidance. Soil HBGs, based upon
target concentrations of COC at the point of exposure, were calculated based upon physical and

chemical parameters derived from USEPA (1950).

The cancer effects HBG and non-cancer effects HBG indicated in Tables 14 and 15 take
into account exposure across multiple exposure routes. The lower of the HBGs for cancer and
ron-cancer effects is considered to be the constituent-specific and receptor-specific soil HBG

protective of health under the excavation woOrker scenario.

The minimum HBG for benzene that is protective of excavation worker health at a target
ELCR level of 1 x 10, assuming direct contact with impacted surface soil in a RME scenario,

is 1 mg/kg (Table 15). The minimum HBGs for ethylbenzene, toluene, and xylenes in soil are
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640; 680; and 310,000 mg/kg, respectively, based on hypothetical excavation worker exposure.
Minimum HBGs for TPH-g and TPH-d, using toxicity surrogates, are 58 and 1,900 mg/ke,

respectively, for protection of excavation workers directly exposed to impacted soil.
52 COMPARISON TO CURRENT MEDIA CONCENTRATIONS

The constituent-specific and receptor-specific HBGs may be compared to maximurﬁ
detected soil concentrations to support 2 determination that no further remedial action 1s
required. The maximum detected concentrations were obtained from soil samples collected in
a judgmental manner (€.g., skewed toward impacted areas), thus, they cannot be considered
representative of exposure point concentrations, and instead constitute conservative estimates of
exposure point concentrations. Because they are conservative estimates in this case (areas of
maximum expected impact were selectively sampied), maximum detected concentrations are
appropriate to support the determination that further remediation is unnecessary based upon’

health concems.

Site-related concentrations of COC in soil that exceed HBGs based upon RME scenarios
and a target ELCR of 1 x 10 may indicate the need for further investigation, remedial action,
or risk management activity if exposure under the identified scenario actually occurs. Site-
related concentrations of COC in soil that are fess than HBGs based upon RME and a target
ELCR of 1 x 10 or HI of 1 indicate that the site-related concentrations are health-protective

under the hypothetical future land use scenario.

Soil HBGs for protection of adult and child resident exposure via inhalation of vapors
accumulated in indoor air are presented in Tables 7 and 8. respectiveiy. Soil HBGs protective
of adult and child resident RME, via incidental ingestion, dermal contact, and inhalation, to
COC in surface soil are presented in Tables 10 and 11. respectively. Soil HBGs protective of
excavation worker exposure, via incidental ingestion, dermal contact, and inhalation, to COC

in soil are presented in Tables 14 and 15,
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A summary of the minimum HBGs for each exposure scenario is presented in Table 16.

In general, the child resident exposed to surface soil via direct contact is the critical and most

sensitive receptor.

The maximum detected concentration of each constituent across the site is also presented
in Table 16. These concentrations were detected in soil samples from depths of 15 to 20 feet
bgs. For the purposes of this risk assessment, it was assumed that soils impacted at these
concentrations would be brought to the land surface and made available for direct contact by
hypothetical future residents. This scenario is unlikely to occur and represents a conservative
outlook for the site. Additionally, the volatile organic compounds would not remain in soil at
these concentrations for the prolonged exposure durations assumed, especially following
exposure to air at land surface. Even given these conservative assumptions, the maximum

detected soil concentrations remaining at the site do not exceed the most stringent HBGs for

residents or excavation workers.

1t should be noted that HBGs in general do not take into account additive/synergistic or
antagonistic effects of chemical mixtures. Potential additive effects of toluene and ethylbenzene
on the same target organs were addressed in this risk assessment by setting the target HQ for
each constituent at 0.5. Recent sampling data indicate that benzene is the only carcinogen
currently present in impacted soil; therefore, target ELCR values were not adjusted to address
additivity of multiple carcinogens. Comparison of HBGs to individual constituent concentrations
at this site is a valid approach to support a recommendation of no further action because of the
limited number of COC at the site and the different target organs potentially affected by the
CocC.
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6.0 UNCERTAINTIES

Uncertainty is inherent in the risk assessment process, and the potential sources of
uncertainty are identified in this section. Each of the three basic building blocks for risk
assessment (data evaluation, €Xposure assessment, and toxicity assessment) contribute
uncertainties. Environmental sémpling itself introduces uncertainty, largely because of the

potential for uneven distribution of constituents in the environment.

Uncertainties in the risk assessment include selection of the exposed receptor population
(hypothetical residents), and the assumptions used to caiculate HBGs. Exposure scenarios were
developed based on site-specific information supplemented by USEPA risk assessment guidance
documents, and professional judgment. Although uncertainty is inherent in the exposure
assessment, the exposure assumptions were chosen to err on the side of conservatism. The use
of conservative exposure assumptions is believed to result in calculations of HBGs below which

exposure will not result in adverse health effects.

The toxicity values and other toxicologic (health effects) information used in this report
are associated with significant uncertainty. Toxicity values used by the USEPA and Cal/EPA
are typically 10 to 10,000 times lower than the lowest concentration documented to produce
adverse health effects. Many toxicity values are developed using results of studies in which
laboratory animals are exposed to high doses, and the extrapolation to the low exposures for
humans is difficult, producing uncertainty. Although species differences in absorption,
distribution, metabolism, excretion, and target organ sensitivity are well documented, available
data are usually insufficient to allow compensation for these differences. Most laboratory studies
strictly control as many factors as possible, yet the human population is genetically diverse and
affected by a variety of diets, occupations, sharmaceuticals, and other factors. When human
epidemiologic data are available, a different set of uncertainties is present. For instance,

exposure dose is seldom well characterized in epidemiologic studies.
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Recent research on the mechanisms of carcinogenesis suggests that use of the linearized
multistage model to develop CPFs may overestimate the cancer risks associated with exposure
to low doses of chemicals. At high doses, many chemicals cause large-scale cell death which
stimulates replacement by division. Dividing cells are more subject to mutations than quiescent
(non-dividing) cells; thus, there is an increased potential for tumor formation. It is possible; that
administration of these same chemicals at lower doses would not increase cell division and thus
would not increase mutations. This would suggest that the current methodology may

overestimate cancer risk.

There is also uncertainty associated with the toxicity of mixtures. For the most part, data
about the toxicity of chemical mixtures are unavailable. Rather, toxicity studies generally are
performed using a single chemical. Ci;_emicals present in a mixture can interact chemically to
yield a new chemical or one can interfere with the absorption, distribution, metabolism, or
excretion of another. Chemicals also may act by the same mechanism at the same target organ

or can act completely independently. It was assumed that the mixture of constituents present at

the site results in neither synergistic nor antagonistic interactions.

As described previously, the constituent composition of TPH varies (especially with
weathering) and information in the literature is not always well defined. The TPH at the site
is weathered, and is thus expected to be less volatile and less mobile than n-hexane and
naphthalene (surrogates used to evaluate fate, transport, and toxicity of TPH-g and TPH-d,
respectively). The assumption that n-hexane and naphthalene represent weathered TPH

introduces additional uncertainty into the risk assessment.

The vapor intrusion modeling used to calculate the soil HBGs includes parameters for
which values must be assumed when site-specific data are not available. While the parameter
vaiues for which site-specific data were not available were intentionally chosen (o err on the side

of conservatism, these assumptions contribute some uncertainty to the results of the vapor

Ed
intrusion modeling.



27-

The use of upperbound assumptions, focus on a2 RME scenario, no attenuation in
constituent concentrations over the assumed exposure period, and the conservatism built into the
RfDs and CPFs are believed to result in an overestimate of human heaith risk. Therefore,
concentrations of COC that are greater than the HBGs estimated in this report may still be

health-protective under site-specific conditions.

- -
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7.0 FINDINGS AND CONCLUSIONS

The health risk assessment was prepared to develop HBGs for soil for exposures and
conditions unique to this site. For purposes of assessing potential exposures, it was assumed that

the site would be redeveloped as 2 residential property.

The presence of impacted subsurface soils at the site indicate that it is possible that COC
could volatilize and migrate into hypothetical future residential buildings. Exposure of adult and
child residents via inhalation to vapors originating from subsurface soil and accumulating in
overlying buildings is considered to be a complete eXposure pathway for future land use. Direct
exposure to COC in soil by adult and child residents via incidental ingestion, inhalation of
vapors and dust, and dermal contact was aiso assumed to be a potentially complete future

exposure pathway. E‘xca_vation workers could also come into direct contact with impacted soil

during redevelopment activities.

HBGs were developed for BTEX, TPH-g, and TPH-d that would be protective of adult
and child residents and excavation workers under hypothetical future conditions and the three
assumed exposure scenarios. These concentration goals were based on a target ELCR of 1 x
10 (for potential carcinogens) or a target HQ of 1 (for noncancer effects potentially associated

with benzene and xylenes) or 0.5 (for noncancer effects potentially associated with ethyibenzene

and toluene).

The constituent-specific and media-specific HBGs presented in this report were compared
to maximum detected soil concentrations that reflect current conditions (Table 16). Comparison
of HBGs to individual constituent concentrations at this site indicate that maximum detected soil
concentrations at the site are health-protective assuming exposureé under the hypothetical
exposure scenarios. Therefore. future remediation or control measures are not necessary to
protect human health. The data, as presented herein, indicate that current site conditions would

support residential land use and that closure of this site should be granted.

AER ACHTY & MILLER. INC

‘.'
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Lable 1 Retecence Doses, Target Sites, and Confidence Levels for Constituents of Concern, Former Unocal Service Station

Facithty #2512, San [.eandro, California.

RiDo (mg/kalday) RIDi (mg/kg/day) Target Sites Confidence Level/

Constituent Subchronic Chronic Subchronic Chronic Oral Inhalation Uncertainty Factor
YOCs
Benzene NA NA NA 1.4E-04 NA hematological medium/100
Ethylbenzene 1 01:-01 1.0E-01 2.9E-01 29E-01 liver, kidoey developmental low/1000
Toluene 2 01 +00) 2.0E-01 2.9E-01 1.1E-01 liver, kidney CNS medivm/ 1000
Xylenes 4 OBE+00 2.0E+00 4.0E+00 * 2.0E+00 * hyperactivily NA medium/100
Senm-YOCs
n-Hexane [a] 6 01:-01 6.0E-02 5.7E-02 5.76-02 CNS, testicles CNS wmediuny300
Napiithalene  [b] 4 OE-02 4.0E-02 4.0E-02 * 37E-04 Gl system, anemia nasal elfects low/1000
* Cross-toute extrapolaton from oral to inhalation route (Cal/EPA, 1994).
[a] n-Fexane used as a surrogate for TPH as gasoline.
ib] Naphthalene used as asurrogate for TPH as diesel.
References.  TRIS, 1994, USI-PA, 1994; USEPA, provisional values for: naphthalenc RfDi; subchronic RfDo for ethylbenzene; REDi for benzenc).
CNS Central nervous system
Gl Grastromtestinal
mp/kg/day Milligrans per kilogiam per day.
NA Not available
Riln tnhalaton teterence dose.
RibDo Oroad reterence dose

Senu-VOCs
VOUCs

Sem-volatille organte compounds.

Volaule organe compounds.

RU0ZE6 DOUNDIANLL XES5/10/12/94



Table 2 Cancer Potency Factors, Tumor Sites, and USEPA Cancer Classifications for Constitucnts of Cohcern, Former Unocal Service Station

Facility #2512, San Leandro, California.

Oral CPF Inhalation CPF Tumor site USEPA
Constitucnt (kg-day/mg) (kg-day/ing) Oral Inhalation Classification
Yol
Bengene 1.0E-01 1.0E-0O1 leukemia leukemia A

References  Cal/LPA, 1992, IRIS, 1994; USEPA,1994.

crE Cancer potency factor,
kg-day/mg Kilograms-day per milligram,
vO© Volatile ofganie compound.

RCOZBO DO H/UNUOTABZ XL S/112/94



Table 3

Adjusted Tuxicity Values Used to Assess Dermal Exposure for Constituents of Concern, Former Unocal Service Station Facility #2512,

San beandio, Culifornia,

Oral Dermal
RiDo (mpfikp/day}) CPFo Absorption Absorption PC RiDa (mg/kgiday} Cl'Fa
Consuituent Subchronie Chronic (kg-day/mg) Efficiency {a]  Efficiency [b]  (cnvhour)  Subchronic Chronic (kg-day/mg)
YOCs
Benzene NA NA 1.0E-01 1.00 0.25 1.00E-01 NA NA {.0E-01
Ethylbenzene 1 QE-01 1.0E-01 NC 1.00 0.25 1.20E+00 1.0E-01 1.0E-0t NC
Toluene 2 GE+H0 2.0E-01 NC 1.00 0.25 1.00E+00 2.0E+00 2.0E-01 NC
Xylenes 4 0L +00 2.0E+00 NC 1.00 0.25 8.00E-02 4 0E+00 2.0E+00 NC
Senu-YOCs
n-lexane 6 0L-01 6.0E-02 NC 1.00 0.10 5.30E-02 6.0E-01 6.013-02 NC
Naphthulene 4 QE-02 4,0E-02 NC (.85 0.03 {c] 6.90E-02 34E-02 3.4E-02 NC
Crr Cancer potency factor, pc Permeability constant.
mg/fkpilay Milhgrams per kilogram per day. RfD Reference dose.
NA Nut available Semi-VOCs  Semi-volatile organic compounds,
NC Nut evalualed as a carcinogen, VOCs Volatile organic compounds,
Lal Rilorat and CPForal are divided by the constituent-specific oral absorption efficency to dedive an adjusted RID
and CPE to assess dermal exposure.
(b] Ryan, vt al, 1987
{c] ATSDR (1990) prolile for Benzo(a)pyrene.

HCO236 DOT/UNOTAB I XL SV I 24



fable <

Pliysical and Chenneal Pioperties of Organic Coustituents of Concern, Former Unocal Service Station Facility #2512, San Leandro, California.

Henry's Groundwater Soil

Mulecular Water Vapor Law Constant Th TWh

Constituent Weight  Solubility  Specific Pressure (atm-m3¥mol) Diffusivity Koc Log Low [High Low High
(g/mol)  (mgfl.25°C) Gravity (mm Hg 25 °C) (25 °C) (cmifsec) {mL/g) Kow {days) (days)
NOCs
Benzenc 78 1,780 0.88 9.5E+01 5.48E-03 0.09320 49 - 100 1.56 - 2.15 10 - 720 5- 16
Eylbensene 106 152-208 0.87 9.5E+00 8.68E-03 0.06667 95 - 260 305-3.15 6 - 228 3- 10
Toluene 42 490 - 627 0.87 2.8E+01 6.74E-03 0.07828 115 - 150 2.11-2.80 7- 28 4.
Xylenes (nuxed) 106 162 - 200 0.87 6.6E+00 - 8 8E4-00 6.30E-03 0.07164 128 - 1,580 2.77-3.20 14 - 360 7- 28
TeH
n-Hexane |4 80 18 {20 °C) 0.66 1.20E+02 (20 °C) 7.70L-01 0.07461 890 2.77 ND ND
Naphthalene [b] 128 30 - 34 1.16 2.3E-01 - 8.7E-01 4.60E-04 0.08205 550 - 3,160 32-47 1 - 258 166 - 43
References Howatd et ol . 1991, Howard, 1990 and 1989; Lugg, 1968; Mackay and Shiu, 1981; Montgomery and Welkom, 1990; Rescarch Triangle Institute {R1), 1987;
Shea, 1982, USEPA, 1Y92; and Verschueren, 1983,

{at n Hexae used as o surrogate for TI'H as gasoline.
[b] Naplithalene vsed as a surrogate for TPH as diesel.
atn-m¥inel Aunosphieres cubie meters per mole, Likg Liters per kilogram.
BCF Biocondentation {actor. mg/L Milligrams per liter.
(C Degrees Celsius mL/g Mitliliters per gram.
vmifsec Square centuueters per second. mm Hg Millimeters of meicury.
g/muol Cirams per mole ND No data.
Ko Orgame carbon pattition coeffictent. TV Half-life.
Kow Octanel water parution coctficient. TiH Total petroleum hydrocarbons.

VOCs Volatile organic compounds.

RC0286 0O L/UNOTADY XLSNO/12594
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Lable 5 Fquations tor Caleulation of Indoor Air Coneentration for the Daugherty Vapor Intrusion Model, Former Unocal Service Staton
Facility #2512, San Leandro, California.

For Carcnogenie Lo,

Cr (img/m?) = TCR x BW x Al
CPFi x BR x EFxED x ET

LFor Non-Carcinogemy Llecls,

Cr(mg/m?) = THI x BW x AP
{1/RfDi) x BR x EF x ED x ET

where: . '

AP Averacine period (25,550 days [70 yrs x 365 days/yr] for cancer effects; ED [yrs] x 365 days/yr for non-cancer effects).
BR Breathing rate (0.6 m¥hour for reasonable maximum exposure [RME]).

BwW Body wetght (70 kg for the adult and 15 kg for a child).

s Indoor it concenteation (mg/m?3).

CPia Cancer potency factor for inhalation (kg-day/mg).

L0 Exposure ducation (30 years for adult RME and 6 years for a child).

B Exposure trequency (350 days/year for RME).

ol Exposure e (24 hoursfday at home tor RML).

ke-dayfmg  Kdogtam-days per milligram.
mpke/day  Mihigouns per kilogram per day.

ity tnhatation reterence dose (img/kg/day).
TCR Tlareet carcinogenic risk (1.0E-06) for each constituent.
11t Lacget hazard 1ndex (1) for those constituents without similar critical effects.

Sampie calculation appears on page 2.
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Lable & Lquanons tor Caleulaion of ndoor Air Concentration for the Daugherty Vapor Intrusion Model, Former Unocal Service Station
Uactluy #2512, San Leandro, California.

Sample calculaton tor benzene vapors from soil; cancer effects; adult RME:

Ci= 1.0E-06 x 70 kg x 25,550 days = 1.2E-04 mg/m?
1.0E-01 kg-day/mg x 0.60 m¥hour x 350 daysfyr x 30 years x24 hours/day

Sample calcudanen tor ethylbenzeéne vapors in soil; non-cancer cffects; adult RME:
(THI = 5 because ethylbenzene and and tolucne may affect the same target organ)

(= 0.5 x 70 kg x 10,950 days =7 4E-01 mg/m?
(1/0.29 mg/kg/day) x 0.60 m¥hour x 350 days/yr x 30 years x 24 hours/day
. 1 i

Reference Daughenty, 1991,

RCO286 GOIUNOTABS XLSH/1W]2/94
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lable 6 i quatons for Calcutation of Vapor-Phase lux and FHealth-Based Goal tor Soil Using the Daugheily Vapor Intrusion Modcl,
Former Unocal Service Station Facility #2512, San Leandro, California.

HBG (mgfkg) = Cpw x Kocx foc
where
Cpw (mg/l) = Csg
UC1 x Ho
Csg {mglom?) = FxX
De
[Ye {cin¥sec) = Di x (Pt - Pw)*3.3}
P

E gmg/omifsed) = Cix AERx V

AxUC2x UC3
where
A Area of infiltration (0.093 m?) (area of apariment foundation [186 m? | x infiltration ratio [0.0003]).
AR Butlding air exchange rate (0.5 volumes per hour).
1 Indoor air concentration (mg/m3) (see Table 5).
cdm? Square centimelers per square meler.
cidfsec Square centimeters per second.
Cpw Cencentration in soil pore water (ng/L).
sy (Concentration in soil gas (mg/cm?).
De Vilecnve diffusion coefficient (cm¥/sec).
I Il tusvity (constituent-specific) {cm?/sec).
3 Flux {mgfem¥/sec).
tog I taction of organic carbon (unitless) (assumed 0.02).
LBG flealih-based soil goal (mg/kg).
tHo Unitiess Henry's Law Constant (Lenry's Law Constant [constituent-specific] 10.02404).

(0 02:404 is product of ideal gas constant {8.205E-06 aun-m¥mol/K] and absolute temperature [293 K a1 20° CJ = atm-m*/mol).

Ko Orsanic carbon partition coefficient (L/kg); midpoint of range in Table 4 was uscd.
Licm? 1uers per cubic centimeter.
mg/cm¥scc  Milligrams per square centimeter per second.
mg/cm? Milligrams per cubic centimeter.

Lxample calculation appears on page 2.
ROCG2E6 OO UNOTABS XLS/IW12/94



[able O

img/ky
me/l.
mg/m?
It

I'w
5CC
Ul
U2
13
V

vph

X

b-quattons Tor Calculation of Vapor-Phase Flux and Health-Based Goal for Soil Using the Daugherty Vapor ltrusion Model,
Former Unocal Service Station Facility #2512, San Leandro, California.

Miliig s per kilogram.

Milligrams per liter.

Mulligiams per cubic meter.

Total soul porosity (0.35) (unitless) .

Water fiiled porosity, unitiess (assumed 0.10).

Second

Ut conversion (0.001 L/icm3).

Unit conversion (10,000 cin¥m?).

Unst conversion (3,600 sec/hour).

Volume of the residence (454 m3) (area of foundation [186 m?] x Hr [height of ceiling, 2.44 m]).
Yolumes per hour.

Depth 1o upacted soil (457 cm) {average depth of soil samples, 15 feet).

Smnple caleulation of vapor-phase flux and health-based goal for benzene in soil based on carcinogenic effects; adult RME:

I (impfemsed) = 1.2E-04 mg/m3 x 0.5 vph x 454 m? = 8.0E-09 mg/cmfsec

0.093 m2 x 10,000 cm?mn? x 3,600 sec/hour

De (cm¥fsee) = 0.09320 c¥sec x (0.35 - 0.1)73.33 = (.00752 cin¥fsec
(0.35)2
sy Gugfom?) = 8.0E-09 mg/cm?/scc x 457 cm =4 9LE-04 mgfcm?
0.00752 cm¥/sec

Cpw {mg/l ) =

4 9E-04 mg/em? =21 mg/L
0.001 L/cm3 x 0.228

HBG (mgfkg) = 2.1 mg/L x 74.5 L/kg x 0.02 =3.2mg/kg

Reference

Daugherty, 1991.

RCO286 VOLAUNOTABG XES/0/12/94
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Table 7 Soul He.iih-Based Goal Caleulations Based on Vapor Intrusion for a Hypothetical Adult Resident, Reasonable
Maxtmum Lixposure, Former Unocal Service Station Facility #2512, San Leandro, California.

Cancer Effects ' Non-Cancer Effects Minimum

Ci CPFi HBG Ci REDi HBG HBG*
Consiituent (mg/m3) (kg-day/mg) TCR  {(mg/kg) (mg/m?¥  (mg/kg/day) TIIQ {(mg/kg) {mg/ke)
YOUs
Benzene 1.2E-4 1.0E-01L IE-06  3.2E+00 T.1E-04 1.4E-04 | 1.9E+01 3.2
Lihylbenzene NC NC NC NC 7.4E-01 2.9E-01 0.5 42E+M4 42,000
Tolucne NC NC NC NC 2.8E-01 1.1E-01 0.5 13E+04 13,000
Xylenes NC NC NC NC 1.OE+01 2.0E+00 1 3.5E+06 3,500,000 {c]
1kil ‘ o
n-Hexane [a) NC . NC NC NC T 2.9E01 5.7E-02 1 8.3E402 230
Naphthalene |b] NC NC NC NC 1.9E-03 3.7E-04 1 1.7E+04 17,000

Cioals developed Lmngwi)uughcrly (1991).

*

ELe sunnuuin of the HBGs calculated for cancer and non-cancer cffects, rounded to 2 significant figures.

[a] n-Hexane used as a surrogate for TPH as gasoline.
[b] Naphthalcne used as a surrogate for TP’H as diesel.
[c] Value ts gredter than a million (10° } parts per million (ppm), and thercfore is not iself a valid concentration goal, but

uidicales that concentrations below saturation are health-protective.

' fncdour an concentration (img/m3).

CIEd Cancer potency factor for inhalation (kg-day/mg).
HBG Ticalih-based soil goal (mg/kg).

NC Not evaluated as a carcinogen,

12tin Reference dose for inhalation exposure (mg/kg/day).
[CR Target cancer risk.

3840 larget hazard quotient.

1PH Lotal petroleum hydrocarbons.

VQOCs Vulatile organic compounds.

RCOZE6 COL/UUNOTABT X1L8/10/12/94



Table 8 Suoil Health-Based Goal Calculations Based on Vapor [ntrusion for a Hypothetical Child Resident,

Reasonable Maximum Exposure, Former Unocal Service Stalion Facility #2512, San Leandro, California.

Cancer Effects Non-Cancer Effects Minimum

Ci CPFi HBG Ci RIDi HBG HBG*
Constituent (mg/m?) (kg-day/mg) TCR (mgkg) (mg/m?}  (mg/kg/day) THQ (mg/kg) (mg/kg)
VLS
Bensene 1.3E-04 1.0E-01 1E-06  3.4E+Q0 1.5E-04 1.4E-04 1 4 1E+00 34
Eilhylbenzene NC NC NC NC 1.6E-01 2.9E-01 0.5 8.9E+03 8,900
Toluene NC NC NC NC 6.0E-02 1.1E-O1 0.5 2.8E+03 2,800
Xylenes NC NC NC NC 2.2E+00 2.0E+00 1 7.6E405 760,000
1Bkl .
n-Hexane [a] NC NC NC NC 6.2E-02 5.7E-02 1 1.8E+02 180
Naphthalene [b] NC NC NC NC 4.0E-04 3.7E-04 1 3.6E+03 3,600

Gouls developed wsing Daugherty (1991).

¥

[at) n-Hexane used as a surrogate for TPH as gasoline.
(] Naphthalene vsed as a surrogate for TPH as dicsel.
" lndoor au concentration (ng/m3),

¢t Cancer potency factor for inhalation (kg-day/mg).
LB Heahti-based soil goal {ing/kg).

NC Not evaluated as a carcinogen.

Rfln Reference dose for inhalation exposure (mg/fkg/day).
TCR Target cancer risk,

[0 Target hazard quotient.

LIPE ‘Total petrolewm hydrocarbons.

VOIS Voiaule organic compounds,

RCO2B6 U I/UNOTADBE X1 5/10712/94
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Table 9. Equations for Health-Based Soil Goals for Qutdoor Residential Exposure. Former Unocal Service Station

Facility #2512, San Leandro, California.

Route-Specific HBGs:
Oral:

(TCRor THD) x BW x (AP or AP.) x (10°mg/kg)
IR, x EP x EF x {CPF_ or (1/RED )}

(HBGO) CorNC
Dermal:

(HBG) _ (TCRorTHD x BW x (AP, or AP..) x (10°mg/ke)
deordc = TR % SAE x ABS, x EE x EP x (CPF, or (I/RID,)]

Inhalation:
(HBG) _ (TCRor THD) x BW x (AP, or AP, 24 hrs/day
viCerie [(I/PED +(I/VD)] X BR x EI x EF x EP x [CPF or (i/RfD)]
where:
ppg = LS X VX DH  _ (3,600sec/hn) x (1,000 g/kg)
A RE x (1 -G) x (Un/Ut)’ x Fy
VE = LS x VxDH < {(3.14 x o x T
A % (10.000 cm ¥m*) 2 x Dei x Pt x Kas x (10~ kg/g)
- - Dei x Pt
Pt + [ps x (1 -Pt)/Kas]
Dei = Dix Pt**
Kas = HART x Kd)
Cancer Effects HBG:
HBG, = :
c . 1,
(HBG,). HBG,. (HBG):

Non-Cancer Elfects HBG.

1
1 T,

-

THBG . Ju.  (HBG, e  (HBG i

HBG.. =

RCO286 001\unotabd wptOetober 12, 1954
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Table 9. Equations for Health-Based Soil Goals for Outdoor Residential Exposure. Former Unocal Service Station
Facility #2512, San Leandro, Califomnia.

HBG = Minimum result of HBG, and HBGuc-

where:

o Alpha; calculation intermediate (cmfsec).

A Contiguous area of contamination (2,025 o).

ABS, Dermal absorption efficiency, constituent-specific.

AP.  Averaging period for cancer effects (25,550 days).

AP,  Averaging period for non-cancer effects (days); EP x 365 days/year.

BR Breathing rate (20 m*/day for adult, 10 m*/day for child).

BW Body weight (70 kg for adult, 15 kg for child).

CPF  Cancer potency factor for oral (CPE), dermal {adjusted to an absorbed dose, CPF,), or inhalation exposure (CPF)
(ke-day/mg; inverse of mg/kg/day) .

Dei  Effective diffusivity (cm¥sec).

DH Diffusion height (2 m).

Di Diffusivity in air (cm¥sec); constituent-specific .

EF Exposure frequency (350 days/year) .

ET Exposure time (16 hours/day) -

EP Exposure period (30 years for adult, 6 years for child) .

Foc Fraction organic carbon in soil (0.02}, default value used to calculate Kd.

Fy Function of Ut/Um (0.00254) (unitless); F = 0.18 x [ 8x® + 12x ] x exp(-x?), where x = 0.886 x (U/Umj.

G Fraction of vegetative cover (unitless); conservatively assumed as zero.

H Henry's Law Constant (atm-m/mol); constituent-specific .

HBG  Health-based goal for soil (mg/kg); minimum of the HBG,. (based on cancer effects) and the HBGyc (based on non-
cancer effects), which are based on the route-specific HBGs (HBG, for the oral route, HBG, for the dermal route,
and HBG, for the inhalation route).

IR, Ingestion rate of soil (100 mg/day for adult, 200 mg/day for child) .

Kas Soil-air parition coefficient (g soil/cm?® air), constituent-specific.

Kd Soil-water partition coefficient (cm’/g or mL/g); constituent-specific. Kd is calculated as Foc x Koc.

Koc  Organic carbon partition coefficient {cm’/g or mL/g); constituent-specific .

LS Length of side (cross-wind) of contaminated area {45 m).

PEF  Particulate emission factor (4.63 x 10° m’/kg).

Pt Total soil porosity (0.35) (unitless), conservative default value.

ps True soil or particle density (2.65 g/cm’), default value.

RF Respirable fraction (0.036 g/m’/hir).

RD  Reference dose for oral (RfD,), dermal (adjusted to an absorbed dose, RfD,), or inhalation (RfD,) intake
(mg/kg/day).

RT Product of the ideal gas constant (8.206 x 10° atm-m*/moV/K) and the Kelvin temperature (298 K at 25 °C) =
0.02445 atm-m’/mol.

SAF  Soil adherence factor (1 mg/em’/day)

SSA  Exposed skin surface area (5800 cm” for adult. 2000 cm- for cluld)

T Exposure mterval (9 5 x 10° scconds)

TCR  Target excess lifeume cancer risk {1 X 10°¢ [umitless])

THI Target hazard 1ndex (sum of 10 runitless) for consutuents wid same criucal effect

Jm Wind speed (3 6 mvsec [NOAA, 1974])

L1 Equivalent threshold value of windspeed at 10 meters (12 8 nvsech.

Vv Wind speed n tie mixing zone (1 § m/sec), Um/2

VE Volatlizauon factor (sie- and consaluent-spectfic) (m¥kg)

K Ca284 00 1lunotabe wpiOetober 12 1994
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Table 9. Equations for Heaith-Based Soil Goals for Outdoor Residential Exposure, Former Unocal Service Station
Facility #2512, San Leandro, California.

Example Calculation: (benzene, adult RME)

(45Sm) x (1L8mysec) x 2m) (3,600 secfhr) x (1,000 gfkg)
(2,025 m?) (0.036 g/m/ir) x (1 -0) x [(3.6 mysec){(12.8 m/sec)]’ x (0.00254)

PEF =

= 14x10" m¥kg

Dei = (0.0932cm¥sec) x (0.35)%P = 6.59x% 1072 cm?sec

-1 a3
{5.48 x 107 atm-m “/mol) = 15x107 g/em’
(0.02445 atm~m fmol) x {74.5 cm %/g) x (0.02)

- (6.59 x 107 cm *fsec) x 0.35 . = 195 x 10 cm Vsec
035 + [(2.65g/lem?) x {1 -0.35)(1.5x 10" gfem*) ]

VF @45m) x (L8mysec) x (Zm) " [3.14 x (195 x 10 m%kg) x (9.5 x 10 sec) '
(2,025 m? x (10,000 cm?*/m?) 2 x (6.59 x 10 em?fsec) x (0.35) x (1.5 x 107 gfem?) x {1073 kg/g)
= 8,802 m¥kg

Cancer Effects HBG:

(10 x (70kg) x (25,550 days) x (10°mg/kg)

{HBG))
o'c (100 mg/day) x (350 dayfyr) x (30yr) x (0.1 kg-day/mg)
= 17mg/kg
HBG). = {107 % (70kg) x (25.550 days) x (10°mg/kg)
ae (5.800cm ) x (1 mg/cm */day) x (0.25) x (350 days/iyr) x (30yr) x (0.1 kg-day/mg)
= 12 mg/kg
(HBG), = _ (107%) % E?O ka) x (-25.550 davs) x (24 hr/day)
‘ . _ +‘ : _ %20 il x16_ilr_x350931><30}r><(0.1kg—da_wmg)
Ciaxion B0 ggeeml s b
i\ kg ) ke
= 11 mokg

ATOI8S OO wnoiaby wosOcioter 12 (504



Page 4 of 4

Table 9. Equations for Health-Based Soil Goals for Outdoor Residential Exposure, Former Unocal Service Station
Facility #2512, San Leandro, California.

1
I 1 1
+ +
17mg/kg 1.2 mg/kg 1.imgfke

0.56 mgkg

HBG, =

Non-Cancer Effects HBG:

There is no available toxicity value for non-carcinogenic effects of benzene via oral exposure, therefore (HBGyc was not
calculated.

There is no available toxicity value for non-carcinogenic effects of benzene via dermal exposure, therefore (HBG, )y was
not calculated.

(1) % (70kg) x (10,950 yr) x (24 hr/day)

3
. * 1 xZO-E-xlﬁExgsoialxmﬁx( 1 )
1.4x10! m’ 8802 2 day day yr 0.00014 mg/kg -day
kg kg

HBG

W

6.7 mg/kg

HBG,. = 6.7mgkg

HBG = Minimum ( 0.56 mg/kg ; 6.7 mg/kg ) = 0.56 mg/kg

RCO2B6 O0Nunotard wpOtlober 12, 1994



[able 10

Consutuent

YOUs
Renzene
Ethylbenzene
Toluene
Xylenes
et
n-Hexane
Naphthalene

*

fal
(b]

mp/ke
mikg
NA
NC
HBG
VE
Vs

Flealth Based Goal Caleulations for Qutdoor Adult Resident Exposure to Soil, Former Unocal Service Station Facility #2512, San Leandro, California,

| CANCER EFFECTS ! [ NON-CANCER EFFECTS Minimum
Vi Route-Specific HBGs (mg/kg) Cancer Route-Specific HBGs (mg/kg) Non-Cancer HBG *
(m¥kg) Oral Dermal Inhalation Effects HBG Oral Dermal Inhalation Effects HBG (mg/kg)
(HIBGoje  (HBG)e (1IBGije HBGc (1iBGoine  (1IBGne _ (HBGi)ne HBGnc

8,802 1.7E+01 1.2E+00 1113400 5.6L-01 Na NaA 6.7E+400 0 TL+00 0.56
12,828 NC NC NC NC 3.7E+04 2.5B+03 1.0E+04 1.9E+03 i,.900
11,603 NC NC NC NC T.3E+04 5.0E+03 3.5E+03 2.0E+03 2,000

12,135 NC NC NC NC 1 5E+06 1.0E+05 3.5E405 7.45+04 74,000
[4] 2500403 NC NC NC NC 4 4E+04 7.6+03 7.8E+02 T.0E+62 700
[b] 1 64405 NC NC NC NC 2.9E+04 {.4E+04 3.3E+02 3.2E+02 320

e nnuunum of the [THGs calculated for cancer and non-cancer effects, rounded to 2 signilicant figures.
n-Hexane used as a surrogate for TPH as gasoline.
Napiithalene used as 2 surrogate for TPH as diesel.

Mullrgiam pee Milogram

Cubie meters per kitogram.
Notavailable, insutiicicat toxicity data.
Not a suspected carcogen.,

Leatth based goal tor soll (mgfkg).
Sond toais volatihy ation Factor {(m3fkg).
Yolatike urganie compounds.,

HCO236 VOIAITNOTAD IO XL S/l 9L



Fable 11 Fealth Based Goal Calcutations for Outdoor Child Resident Exposute 1o Soil, Lormer Unocal Service Station Facility #2512, San Leandro, California.

Caonstituent

AR
Bensene
Lthylbensene
l'oluene

Kylenes

1P

n-Hexane | 2]
Naphthalene  [b]

CANCLER EFFECTS | NON-CANCER EYFECTS Minimum
Vi Route-Specific HBGs (mpfka) Cancer Route-Specific HBGs (mg/kg) Non-Cancer HBG *
{(mn'kg) Oral Demnnal Inhalation Effects HBG Oral Dermal Inbalation Effects HBG (mg/kg)
(HBGo)  (IIBGd) (HBGi)e LIBGc (HBGoe  (HBGdme  {(11BGine HBGnc
2,784 9.1E+00 3. 7E+00 5.1E-01 4.3E-01 NA NA 6.1E-01 6 1E-01 0.43
4,057 NC NC NC NC 396403 1.6E403 9.2E+02 5.0E+02 500
3,664 NC NC NC NC 7.8E+03 316403 3.2E402 2.BE+02 280
162 NC NC NC NC 166403 630404 3.26+404 LOE+04 19,000
7 U002 NC NC NC NC 4.7E+03 4. 7E+03 7.0E+01 6.8E+01 68
519804 NC NC NC NC JIE+O3 8.9E+03 3 0E+01 3.0E+01 30

*

4] n-Hexane used av g surogate for TPH as gasoline.
(b Naphthalene used as o susrogate for TPH as diesel.
mpfky Bl ram per kot

m¥kg Cubic metess per hilogram.

NA Not available, osufhicient toxicity data.

NC Not asuspected carcinoge.

113, Flealth-based goal ton soil {mgfkg).

Uk Satl-to aw volatihizauon Factor (m3kg).

AGTEEN Volatile organe compuounds.

ROOIEE WHAUNOTABI T X 5/10/1 294

The oummuem ol the HBGs caleutated For cancer and non-cancer effects, rounded to 2 sigaificant figuies,



Lable 12 Bquaoon foc Soil Human Licalth-Bused Gouals for a Hypothetical Lxcavation Worker, Non-Carcinogenic Ltfeets, Former Unocal Service Station
Facility #2512, San Leandro, Califomia,

Nen-Carciaogens

HBG (mglke) = THIx BW xAT
E1x ED x ((L/RiDo x UCE x IRsoil}+[1/RfDa x SSA x SA x ABS x UCF+[1/RfDi x IRair x {{I/VFI+[I/PEFD)])
where
ABS Dermal atlsoiplon etticiency (Table 3),
AT Averaging tune for non-carcinogenic effects, (84 days {12 weeks x 7 days/week] for excavation worker).
BW Adult body weight (70 kgl
ED Exposure duranon (1 year for excavation worker).
EE Exposure frequency (60 daysfyear for excavation worker).
HBG Health-based suil pouk (mg/kg).
IR Workday mhalation rate (6.6 m¥day {0.83 m¥hour x 8 hours/day] for excavation worker).
1Rsoil Soil ingestson rate (480 mg/day for excavation worker).
PLY¥ Particulate cnussion factor (1.4E5+11 m¥kg) (USEPA, 1991b).
RiDa Reterence dose adjusted for subchronic dermal exposure (Table 1}. ‘ ' '
Rttn Reference dose for subchronic inhalation exposure (Table 1).
RiDo Reference dose for subchronic oral exposure (Table 1).
SA Sail adherence tate {1 mgfem?3/day).
SSA Shan surlace ared (3160 em? 5 adult head, bands, and Iower arms) (USEPA,1990).
it Turpet hazacd mndex
UCE U converston taclor (1E-06 kg/mg).
VI Sorl-to-an vuoldattlizauen factor (mjlkg) (area-specific; constituent-specific; from Table 9).

Sample cateulenon vt HBG o an excavation worker for toluene in soil (units omitted):

G = 0.5 x70 x 84
60 x b x([1/2 x LE-6 x 480 ]+ {172 x3,l§0 2 1x025%x 1E-6)+[1/0.29 x 6.6 x ([ 11321 ]+ [ UIAE+LL hj)

= 680 mp/kg

Reterence  HSEPA {19910} me/day milligram per day

kp Kilogram m*/kg cubic meters per day

mg/kg mulligram per kKillogram mg/cm-day milligram per square centimeter times duy
m/day cubic mcters per day cm? square centimeter

kpfing Kilogram per aultigram

RC0286 D0L/UNOTADBI2 XLS/0/12M4



bable 13

bquation tor Saal Huotan Health-Based Goals for a Hypothetical Excavation Worker, Carcinogenic Liffects, Former Unocal Service Station

Facility #2512, San Leandeo, Calilornia,

alrclungens
HEBG (me/ke) =

vhere.
ABS
AT
W
("Pha
Py
CITo
b0
EF
[Rau
IRsol
PEF
SA
HBG
SSA
[CR
LICE
Vi

TCR x BW x AT

LE x LD x ([CPlo x UCF x IRsoil]+[CPFa x SSA x SA x ABS x UCF[+[CPFi x IRair x ([L/VF}+[I/PEF])])

Dermal absorpuon etbiciency (Table 3).
Averaging ume for carcinogenic effects, 84 days [12 weeks x 7 days/weck] for excavation worker).

Adult body werght (70 ke).

Adjusted dermal cancer potency tactor (Table 3).
[nhalaton cancer potency factor (Table 2).

Cnal cancer potency factor (Table 2).

Exposure duration (1 year for excavation worker).
Exposure trequeney (60 days/year for excavation worker).
Workday inhalation rage (6.6 m¥day [0.83 m¥hour x 8 hours/day] for excavation worker).

Soil mngeston rate 180 ingf/day for excavation worker).

Particubate coussion fuctor (LAE+ 11 m¥kg) (USEPA, 1991a).

Soil adherence e (1 mefem/day).
Heaidth-based sol goal (mgfkg).

Sk surface arca (3160 cm? ; adult head, hands and lower arms) (USEPA, 1990).

Target excess indvaidual lifelime cancer risk (1E-06).

Unit conversion factor (1E-06 kg/mg).

Sotd-to-air volaulization factor (m’/kg) {arca-specific; constituent-specific; from Table 9).

Sample calgulaton of LEBG Lot an excavation worker for benzene in sotl (untts omitled):

HBG =

1E-6 x 70 x 25550

=11 mg/ke

60 x| x([0.1 x IE-6 x 480 ]+ {001 x 3,160 x I x0.25x 1E-6) +{0.1 x6.6 x(| 1/244 | + [ {/14E+1E D]}

Reterence
ke

myg/he
m’fday
kg/mg

USE-PA (1991b)
Kilogramn

mdligram per klogram
cubic meiers per day
Koz per milhgram

my/day
m*/kg
mg/cm-day
cm?

milligram per day.

cubic melters per day

milligram per square centimeter times day
squitre centimeier

RCO286.001/UNOTABI3 XLS/10/12/94



Table 14.  Health-Based Soil Goals for a Hypothetical Future Excavation Worker, Non-Carcinogenic Effects,
Former Unocal Service Station Facility #2512, San Leandro, California.
Non-Cancer
Effects
VF Subchronic Toxicity Values (mg/kg-dav) HBG
Constituent {m/kg) RiDo RfDa RIDi THI (mg/kg)
YOCs
Benzene 243 NA NA 1.4E-04 1 1
Ethyibenzene 354 1.0E-01 1.0E-01 2.9E-01 0.5 640
Toluene 321 2.0E+00 2.0E+00 2.9E-01 0.5 680
Xylenes 838 4.0E+00 4 QE+00 4.0E+Q0 1 310.000
TPH
n-Hexane {a} 69 6.0E-01 6.0E-01 5.7E-02 l 58
Naphthalene [b] 4,533 4.0B-02 3.4E-02 4.0E-02 1 1,900
{a] n-Hexane used as a surrogate for TPH as gasoline.
{bl Naphthalere used as a surrogate for TPH as diesel.
m*/kg Cubic meters per kilogram.
mg/kg Milligrams per kilogram.
mg/kg-day Milligrams per kilogram per day.
NA Not available.
RfDa Adjusted reference dose, subchronic.
RIDi Inhalation reference dose, subchronic.
RiDo Oral reference dose, subchronic.
HBG Health-based soil goal.
THI Target hazard index.
TPH Total petroleum hydrocarbons.
VF Soil-to-air volatilization factor.
VGCs Volatile organic compounds.

RCO286 001/ UNOTABL4. XLS/1/12/94



Table 15.  Soil Health-Based Goal for a Hypothetical Future Excavation Worker, Carcinogenic Effects,
Former Unocal Service Station Facility #2512, San Leandro, Califomnia.

Toxicity Values (kg-dav/img) - Cancer
VF Effects
Constityent (m3/kg) CPFo CPFa CPFi TCR HBG
{mg/kg)
Benzene 244 1.0E-01 1.0E-01 1.0E-01 1.0E-06 11
CPFa Adjusted dermal cancer polency factor, kg-day/mg.
CPFi Inhalation cancer potency factor, kg-day/mg.
CPFo Oral cancer potency factor, kg-day/mg.
m¥kg Cubic meters per kilogram.
malkg Milligrams per kilogram.
HBG Heatth-based soil goal, mg/kg.
kg-day/mg Kilogram times day per milligram.
TCR Target excess lifetime cancer risk.
" VF Soil-to-air volatilization factor, m/kg.
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Table i6. Companson of Constituent Concentrations Detected in Soi

Service Station Facility #2512, San Leandro. California.

| to Health Based Goals. Former Unocal

MAXIMUM HEALTH-BASED GOALS
DETECTED
CONCENTRATION Vapor [ntrusion Direct Contact Direct Contact
Adult Child Adult Child Excavation
Resident Resident Resident Resident Worker
Cs HBG HBG HBG HBG HBG
Constituent {mg/ke) (mg/kg) (mg/kg) (mg/kg) {me/kg) (mp/kp)
VOCs
Benzene 012 32 34 0.56 0.43 1
Ethylbenzenre 025 42,000 8,900 1,500 500 640
Toluene 0.21 13,000 2,800 2,000 280 630
Kylenes (total) 1.7 3,500.000 (<} 760,000 74,000 19.000 310,000
iPH B
TPH-g fa] 20 830 180 700 68 . 58
TPH-d [ 13 7,000 3600 320 30 1,900
(2] n-Hexane used as a surrogate for TPH-g.
[b] Naphthalene used as a surrogate for TPH-d.
[c} Value is greater than a million (10" parts per million (ppm), and therefore is not itself a valid concentration goal, but

indicates that concentrations below saturation are health-protecuve.

Cs Maximum detected consttuent concentration in soil.

HBG Health-based goals for soul.
mghkg  Milligrams per kilogram.

TPH Total petroleum hydrocarbons.
VOCs Volatile organic compounds.
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TOXICITY ASSESSMENT
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This section discusses the two general categories of toxic effects (non-carcinogenic or
systemic toxicant and carcinogenic) evaluated in risk assessments and the toxicity values used
to calculate risk. Toxicity values for non-carcinogenic effects were determined from available
databases. For this risk assessment, this included the USEPA'’s Integrated Risk Information
System (IRIS), (1994); and when not available on IRIS, USEPA’s Health Effects Assessment
Summary Tables (HEAST) (USEPA, 1994). Toxicity values for carcinogenic effects were
obtained from the list of cancer potency factors (CPFs) compiled by the Standards and Criteria
Work Group of Cal/EPA (1992).

NON-CARCINOGENIC EFFECTS

For many systemic toxicant or non-carcinogenic effects, protective mechanisms must be
overcome before the effect is manifested. Therefore, a finite dose (threshold), below which
adverse effects will not occur, can be identified for non-carcinogens. A single compound might
elicit several adverse effects depending on the dose, the exposure route, and the duration of
exposure. For a given chemical, the dose that elicits no effect, the no observed effect level
(NOEL), when evaluating the most sensitive Tesponse in the most sensitive species tested is used

to establish a reference dose (RfD) for systemic toxicant effects.

The RfD is an estimate (with uncertainty spanning perhaps an order of magnitude or
greater) of a daily exposure level that is unlikely to cause non-carcinogenic health effects. Thus,
exposure levels below the RfD are unlikely to produce toxic effects in even sensitive
subpopuiations. These values are calculated by the USEPA. Chronic RfDs are used to assess
long-term exposures ranging from 7 years to 2 lifetime; subchronic RfDs evaluate the potential
of adverse health effects associated with exposure to chemicals during 2 period of a few days
10 7 vears. RfDs are derived by the USEPA by dividing the NOELs by uncertainty factors
typically ranging from 10 to 10.000 depending on the sustability and quality of the available
database. RfDs that are sanctioned by the USEPA are called verified reference doses for oral
exposure (RfD,s) or reference concentrations (RfCs) for inhalation exposure. In this Tisk

assessment. RfCs have been converted to reference doses for inhalation exposure (RfD:s) by
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assuming an adult breathing rate of 20 cubic meters per day (m’/day) and a body weight of 70
kilograms (kg) (USEPA, 1993). RfCsor RfDs for inhalation have not been established for many
volatile organic compounds (VOCs). When they were not available, as with toluene, the oral
RfD was substituted as an inhalation RfD. Table 1 in the text of this report presents the RfDs
used in this risk assessment. Target sites affected by each constituent are shown in the table for
both inhalation and oral exposures. The confidence value and uncertainty factors associated with
the RfDs also are listed. The uncertainty factor represents a specific area of uncertainty inherent
in the extrapolation from the available data. The confidence levels (low, medium, high) assess

the degree of confidence the USEPA has in the extrapolation of available data.

Toxicity values (i.e., RfDs and CPFs) for dermal exposure are rarely available because
appropriate toxicity data are scarce. Therefore, the oral RfD and CPF are adjusted to an
absorbed dose, using the constituent-specific oral absorption efficiency, as recommended by the
USEPA (1989a). In calculating a dermal RfD from an oral RfD, the oral RfD is muitiplied by
the oral absorption efficiency (1.0 for VOCs); therefore, the dermal RfDs are equal to the oral
RfDs for VOCs.

CARCINOGENIC EFFECTS

Constituents are classified as known, probable, or possible human carcinogens based on
a USEPA weight-of-evidence classification scheme in which chemicals are systematically
evaluated for their ability to cause cancer in mammalian species and conclusions are reached
about the potential to cause cancer in humans. The USEPA classification scheme (USEPA,
1989a) contains six classes, based on the weight of available evidence, as follows:

A Known human carcinogen;
Bl probable human carcinogen -- limited evidence In humans:

B2 orobable human carcinogen -- sufficient evidence 1n animals and inadequate data
in humans:

C possible human carcinogen -- limited evidence in animals,



D inadequate evidence to classify; and

E evidence of non-carcinogenicity.

Constituents in Classes A, B1, B2 and C generally are included in risk assessments as
potential human carcinogens; however, Class C carcinogens may be evaluated on a case-by-case
basis (USEPA, 1989a). The only carcinogen at this site was benzene, a Class A, known human

carcinogen.

The toxicity value used to evaluate cancer risk is called the cancer slope factor (CSF) by
USEPA and the cancer potency factor (CPF) by Cal/EPA. The CSF is generated by the USEPA
using a linearized (multistage) model for extrapolating cancer risk from high doses associated
with occupational exposure or laboratory animal studies to the low doses typicaily associated
with environmental exposures. The muitistage model is based on a non-threshold theory in
which any exposure to a carcinogen may result in tumor formation. The model provides a 95
percent upperbound estimate of cancer incidence at a given dose. The siope of the extrapolated
curve, called the CSF, is used to calculate the probability of cancer associated with the exposure

dose.

CPFs used in this risk assessment are taken from Cal/EPA (1994), The CPFs developed
by Cal/EPA are generated using various models for extrapolating cancer risk from high doses
associated with occupational exposure or laboratory animal studies to the low doses typically
associated with environmental exposures. -CPPs are derived from the assumption that any dose
level has a probability of causing cancer. The cumulative dose regardless of the exposure period
determines the risk; therefore, separate CPFs are not derived for subchronic and chronic
exposure periods. CPFs are derived for oral and inhalation exposures. Dermal effects also are
evaluated by calculating a dermal CPF from the oral CPF. This 1s done by dividing the oral
CPF by the oral absorption efficiency (1.0 for VOCs). Therefore, dermal CPFs are equal to
oral CPEs for VOCs. Table 2 in the text of this report presents the CPFs used in the risk
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assessment. Target sites affected by each constituent are shown in the table for both the oral

and inhalation routes. USEPA cancer classifications also are listed.



APPENDIX B

PHYSICAL AND CHEMICAL PROPERTIES



-1-

The water solubility of a substancevis an important property affecting environmental fate.
Solubility is expressed in terms of the number of milligrams of a constituent that can dissolve
in one liter of water (mg/L) under standard conditions of 25 degrees Centigrade CC) and one
atmosphere of pressure (atm). In general, solubilities range from less than 1 mg/L to totaily
miscible, with most common organic chemicals falling between ! mg/L and 1,000,000 mg/L
(Lyman et al., 1990). The higher the value of the solubility, the greater the tendency of a
constituent to dissolve in water. Thus, highly soluble constituents generally are more mobile
in groundwater and surface water and are more likely to leach in soil than a constituent with a
lower solubility. Benzene is the most soluble of the COC, with a reported solubility of 1,780
mg/L at 25 °C (Table 4) (constituents with solubilities greater than 1,000 mg/L are considered
highly soluble [Ney, 1990]). n-Hexane is the least soluble, having a low reported solubility of
18 mg/L at 20 °C.

The specific gravity is the ratio of the density of a chemical in its pure state to the density
of water. Non-aqueous phase liquids with a specific gravity greater than one are denser than
water and will sink through the water table, whereas constituents with a specific gravity less than
one will float on the water table. The volatile BTEX compounds have specific gravities of
approximately 0.9 (Table 4), n-hexane has a specific gravity of 0.66 and the semi-volatile
naphthalene has a specific gravity of 1.2. Constituents that are completely dissolved in water

will not form a separate phase regardiess of the specific gravity.

Volatilization of a constituent from an environmental medium will depend on its vapor
pressure, water solubility, and diffusion coefficient. Highly water-soluble compounds generally
have lower volatilization rates from water than do compounds with lower solubilities unless the
constituents also have high vapor pressures, Vapor pressure, a relative measure of the volatility
of constituents in their pure state, ranges from about 0.001 to 760 miilimeters of mercury (mm
He) for hquids, with solids ranging down to less than 10'°mm Hg. The vapor pressures of the
COC at this site range from a high of 120 mm Hg ai 20 °C for n-hexane t0 0.23 to 0.87 mm

Hg at 25 °C for naphthalene.
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The Henry's Law Constant, combining vapor pressure with solubility and molecular
weight, can be used to estimate releases from water to air. The Henry’s Law Constant is a
partition coefficient used to predict the tendency of an organic constituent to volatilize or
"partition” from the aqueous or water phase to the vapor phase and may be experimentally
determined or calculated from vapor pressure and solubility. Organic compounds with Henry’s
Law Constants in the range of 10° atmospheres-cubic meters per mole (atm-m’/mol) and larger
and molecular weights equal to or less than 200 grams per mole (g/mol) can be expected to
volatilize readily from water; those with values ranging from 10% to 10° atm-m’/mol are
associated with possibly significant, but not facile, volatilization; while compounds with values
less than 10 atm-m®/mol will only volatilize from water slowly and to a limited extent (Howard,
1989; Lyman et al., 1990). All of the COC, with the exception of naphthalene, have Henry’s
Law Constants greater than 10? atm-m*/mol (Table 4), indicating the tendency to volatilize.
Although n-hexane and naphthalene are used as surrogates, TPH-g and TPH-d are mixtures of
compounds and as such do not have unique Henry’s Law Constants. Much of the hydrocarbons
comprising the TPH at the site are likely to be longer-chain hydrocarbons, which are not

considered as volatile as BTEX compounds, and are more likely to remain sorbed to soil.

The diffusion coefficient can be used as a means to predict the rate at which a compound
moves through the environment. Molecular diffusion is determined by both molecular properties
(e.g., size and weight) and by the presence of a concentration gradient, which means that

molecules of a chemical will migrate from areas of higher concentration to areas deficient in

molecules of that compound.

A partition coefficient is the ratio of the concentration of adsorbed constituent to the
concentration of agueous phase constituent and is expressed in umts of miililiters per gram
(ML/g). The octanol-water partition coefficient (K,,) often is used to esumate the extent 10
which a chemical will partition from water into lipophilic or water-containing parts of organisms,
for example, animal fat. The organic carbon partition coefficient (K.}, used to determine the
adsorption potential of a constituent, may he determined empirically or may be estimated using

constituent-specific and soil-specific parameters. K_ reflects the propensity of a compound to
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adsorb to the organic matter found in the soil or sediments. The normal range of K. values 1s
from 1 to 107, with higher values indicating greater adsorption potential. The potential for a
constituent to absorb to soil particles will affect migration through soil and aquifer materials.
When a constituent enters the soil/sediment environment, some of it will bind with particles
through the process of sorption and some will dissolve in the water contained in the spaces
between soil particles (pore water). The term "sorption” includes adsorption (constituent bound
to the outside of soil particles) and absorption (constituent distributed throughout the particle
matrix). Sorption to soil reduces volatilization, leaching, and biodegradation. A chemical that
is absorbed is less mobile because it is not easily released from the particle. Conversely, 2
chemical that is adsorbed is released more easily and, therefore, may be mobile. The K,s for
the COC at this site range from 49 mL/g (minimum value provided for benzene) to 3,160 mL/g
(maximum provided for naphthalene) (Table 4). The K, indicates that naphthalene has the
greatest tendency to adsorb to soil, and benzene is least likely to become and remain sorbed to
soil. In general, K, increases with molecular weight. As a resuit, the longer chain, heavier
components of TPH are more likely to adsorb to soil than to volatilize or leach. The COC for

this site generally have low K,,s and K indicating a tendency not to partition into media other

than water.

The COC at this site do not tend to adsorb readily to soil or aquifer materials, and thus
are characterized by relatively high mobility in the environment. The components of the

weathered TPH are not expected to be as volatile or mobile as BTEX.

Constituent partitioning between soil and water generally is represented by the soil-water
distribution coefficient, K,. The K, like the K, may be determined empirically or may be
estimated using constituent-specific and soil-specific parameters. In the absence of site-specific
data, the parameters most often used to calcuiate K, for organic constituents are the K, and the
fraction of organic carbon in soil (f,), since K, commonly is expressed as the product of the K,
and f,. (USEPA, 1989b). As with the K, higher K, values indicate that a larger percentage of
the constituent is associated with the soil solids, and the consutuent therefore 1s less mobile 1n

ine subsurface environment. Low values of K, (i.e., less than 1,000) and f., coupled with high
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~ solubility, characterize constituents with a higher potential to migrate through soils or aquifer

materials (Ney, 1990).

Biodegradation is the biological process by which microorganisms break down organic
chemicals. Environmental factors such as moisture, pH, temperature, and available nutrients
will affect the rate of biodegradation. Constituents with high water solubility, low K, and low
K., values likely will biodegrade (Ney, 1990). The COC at the site have these properties.
Persistence is the "lasting power” of constituents and is commonly expressed in terms of haif-
tives (T1/2) for specific environmental media. The half-life of a constituent is the period of time
required for one-half of the original mass of a compound to be transformed into other
constituents from the time of its introduction to the environment. Soil and groundwater half-
lives obtained from literature of the COC are presented in Table 4. Ranges are shown because
the rate of degradation varies according to environmental conditions and concentration. Half-
lives may be used to characterize ‘the relative persistence of a constituent in various

environmental media.
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A vapor intrusion model was used to calculate indoor exposure to BTEX, TPH-g and
TPH-d, assuming the COC volatilize from soil and enter into an occupied building. The
conceptual model consists of estimating the concentration of the constituent in soil air and the
subsequent movement of the vapor phase constituent upward to the atmosphere, and then

estimating concentrations of the constituent in outdoor and indoor air. The calculation follows

the mathematical model developed by Daugherty (1991).

The vapor intrusion model is based on several assumptions (Daugherty, 1991). The
model considers only diffusive flux, not pressure or convection driven flow. The constituent
is assumed to be present as a nondiminishing steady state source. Biodegradation and other
attenuation forces are expected to occur in subsurface soils over time, therefore, this is a
conservative assumption. The system is assumed to be at equilibrium and exposure to COC
above equilibrium levels due to shutdown of the building ventilation system is assumed to be
iGvial in terms of lifetime exposure. It is assumed that flux occurs only through infiltration
areas such as cracks in the building slab and that flux through the building slab itself is

insignificant.

The vapor intrusion model was proposed as a method to calculate concentrations of
constituents in indoor air based upon specified constituent concentrations in soil gas (Daugherty,
1991). For the analysis at this site, an acceptable constituent concentration in indoor air was
determined based upon target risk levels. The model was then applied in a backward direction
and the acceptable indoor air concentration was used to derive the target concentration in soil

gas and then the soil HBG.

The equations and parameter values used to calculate the soil HBGs are presented in
Section 5 of this report. Physical parameters such as moisture content, dry soil density,
norosity, and effective air permeability affect the rate at which the vapors from a volatile
compound may migrate through the soils. Site-specific values for these soil parameters were
used where available. Conservative default values were identified based upon known site

characteristics for parameters that were not measured directly. Assumed parameters of the
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hypothetical building were also used to apply the model (i.e., building dimensions). In cases
where site-specific values for model parameters were not readily available, conservative default

values were identified based upon known site conditions (i.e., moisture content of soil).

A maximum acceptable vapor phase flux (mg/cm¥/sec), given the indoor air concentration
derived from target risk levels, was calculated by dividing the product of the indoor air

concentration, building air exchange rate and building volume, by the area of infiltration:

F=CixAER x V
A x UC2 x UC3

where:

A Area of infiltration (m?)

AER Building air exchange rate (volumes/hour)
Ci  Indoor air concentration (mg/m’)

UC2 Unit conversion (10,000 cm?/m?)

UC3  Unit conversion (3,600 sec/hour)

\'% Volume of building (m’)

The volatilized constituent diffuses upward through the soil. The rate of diffusion
through soil is determined by the soil characteristics and the constituent characteristics. If it is
assumed that diffusion through the soil is primarily vapor-phase diffusion (neglecting diffusion

through the soil moisture), then effective diffusivity (De) can be approximated as:



De = Di_x (Pt-IM x B**
Pt?

where:

B Bulk density of soil (g/cm’)

De  Effective diffusion coefficient (cm?¥/sec)
Di  Diffusivity (cm%/sec)

M Moisture content of soil (cm’/g)

Pt Total soil porosity (unitless).

The target concentration of constituent in soit gas was calculated by dividing the product

of the maximum acceptable flux and depth to groundwater by the effective diffusion coefficient:

Csg = F x X
De

where:

Csg Concentration in soil gas (mg/cm’)

De  Effective diffusion coefficient (cm?/sec)
F Flux (mg/cm?/sec)

X Depth to groundwater {cm).

Detected concentrations of COC at the site were relatively low; therefore. it was assumed
that volatile COC were dissolved in soil pore water. Thus, the target concentration of
constituent in soil gas was used to determine the target concentration in soil pore water based

upon the Henry's Law Constant for the constituent dissolved in water:



Csg
UCI x Ho

Cpw =

where:

Cpw Concentration in soil pore water (mg/L)
Csg  Concentration in soil gas (mg/cm?)

Ho  Unitless Henry’s Law Constant

UC1 Unit conversion (0.001 L/cm?®)

The target concentration of constituent in soil pore water was then used to determine the

soil HBG: B

HBG = Cpw x K, x foc

where:

Cpw Concentration in soil pore water (mg/L)
foe  Fraction of organic carbon (unitless)

HBG Heaith-based goal (mg/L)

Koc Organic carbon partition coefficient (L/'kg)

The result of this application of the vapor intrusion model is a concentration of

constituent in soil that is expected to result in exposure of receptors at or below the target risk

fevels. This concentration in soil is a medium-, constituent-, and receptor-specific HBG.
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SITE CLOSURE SUMMARY

1. AGENCY INFORMATION Date: !1/7/00
Agency Name: Alameda County Health Care Services Address: 1131 Harbor Bav Parkway, Suite 250
Citv/State/Zip: Alameda, CA 94502-6577 Phone: (510) 622-2300
Responsible Staff Person: Amir K. Gholami Title: Hazardous Materials Specialist

IL. SITE INFORMATION

Site Facility Name: Former Unocal #2512

Site Facility Address: 1300 Davis Street, San Leandro

RB/SMS Case No.: Locat or LOP Case No.: 24380 Prionty:
URF Filing Date: SWEEPS No.:

Responsible Parties (inciude addresses and phone numbers): Mr. Nick Nickerson

Unocal Corporation, 8788 Elk Grove Bivd, Blde 3, Suite 15, Elk Grove, CA 95624  916.714.3205

Tank No. g::ol:s Contents Closed In—Place/Removed? Date
A 10,000 jar unleaded gasoline | removed 7/28/92
B 10,000 super unieaded gasoline removed 7/28/92
C 280 waste oil removed 7/28/92

{Il. RELEASE AND SITE CHARACTERIZATION INFORMATION

Cause and Type of Release: unknown

Site characterization compiete? Yes Date Approved By Oversight Agency:

Monitoring wells installed? Yes Number: 9 Proper screened interval? Yes
Highest GW Depth below top of well casing: 1041 Lowest:18.75° Flow Direction: W-SW and NE
1/97 Well MW-7 MW.-2 10/91

Maost Sensitive Current Use: Domestic supply

Most Sensitive Potential Use: Domestic or municipal supply
and Probability of Use: Possibly none. Apparentiv site is within the San Leandro Plume Superfund Site.

Are dnnking water wells affected? No Aquifer Name:

Is surface water affected? No Nearest SW Wame: San Leandro Creek

Off-Site Beneficizl Use Impacts (Addresses/i.ocations): None

Report(s) on file? Yes Where is reports) filed? ACHCSA and RWQCB




TREATMENT AND DISPOSAL OF AFFECTED MATERIAL
Amount (Include
Material " Units) Action (Treatment or Disposal w/Destination) Date

Tank 20,280 gallons Not identified: assumed destroved. 7728/92
Piping unknown Not identified: assumed destroved 7728/92
Free Product amount unknown Not identified
Soil 250 cubic yards Not identified 6/89

1,044 cubic yards Approved landfill (BF1, Forward) 2,3/94

12 drums Approved landfill (Forward) 1727, 30/95

2 tons Approved landfill (BFI) 10/28/95
Groundwater | 4,200 gallons Removed by H&H Services, dest. not identified 11/10/93
Barrels 12 Approved landfiil or destroyed 1/27, 30/95

MAXIMUM DOCUMENTED POLLUTANT CONCENTRATIONS—BEFORE AND AFTER CLEANUP

Soil (ppm) Water (ppb) Soil (ppm) Water {ppb)
POLLUTANT | Before | After Before After | rorLuTant | Before |  After Before After
TPH (Gas) 270 73 1,300,000 | 100,000 Xyienes 12 0.045 160,000 16,000
pe@il’ | EBs@I0" | MW-3,5/92 | MW-3. 1/96 MW-3.5/52 | MW-3, 1/96
TPH (Diese) | 210 160 2,400,000 | 5300 Oil & 7,800 | 850 880,000 | NA
WOI1@5" | EB6@I0" | \qw.3. 196 | MW-3. 196 | Grease EB6@5"
Benzene 0.72 0.12 5,100 950 PCE NA NA 48 120
Pe@s’ | EBS@20" | MW-3, 502 { MW-3. 196 MW-1. 11/90 § MW-9, 4/98
Toluene 33 0.040 66,000 3,300 MTBE NA NA NA 6.4
MW-3, 592 | MW-3, 1196 | (8260) MW-9, 4/99
Ethylbenzene | 1.8 0.062 20,000 2.500 Heavy NA NA NA NA
MW.-3, 5/92 MW-3, 1/96 Metal

Comments (Depth of Remediation, etc.):

1. Impacted soil was limited to vicinity of former USTs, product lines, and boring EB-6. Impacted soil was excavated
in 10/95, Dissolved fuel hydrocarbons appear restricted to the vicinity of well MW-3. Downgradient of the site
dissolved fuel hydrocarbons {TPHg, BTEX compounds) are delineated by wells MW-8§ and MW-9, and upgradient
by well MW-7. MTBE is detected in well MW-3 (middle of the plume) and MW-9 (downgradient edge of plume).

2. The PCE detected in groundwarer comes from a former dry cleaners tocated upgradient of the former Unocal
station. PCE impact has been documented at the former dry cleaners, and from the regionai Caterpiilar solvent
plume. A September 20, 1996 letter from the State Division of Clean Water Programs indicates that the solvent tank
at the former cleaners was transferred to the City of San Leandro for further oversight, while the petroleum tank
problem at the former Unocal station remained under Alameda County oversight. This information was discussed
with Mr. Chuck Headiee of the Regional Water Quality Control Board cn January 9, 2001. Mr. Headlee indicated
that because of the confirmed upgradient PCE source, sampling soil at the former Unocal site for PCE was not
necessary.

3. Concentrations of hydrocarbons listed in the “After” column above reflect the highest coticentrations reported for
groundwater samples after completion of remedial activities (10/95). Groundwater at this site was monitored and
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benzene, toluene, ethyibenzene, or xylenes were not detected at concentrations above the iaboratory reporting limits
in any of the wells sampled (MW-3, MW-7, MW-8 or MW-9). MTBE was not reported in wells MW-8 or MW-9.
MTBE by EPA Method 8020 was reported in wells MW-3 (135 ppb) and MW-7 (6.10 ppb), but EPA Method 8260
confirmation of these resuits was not performed. The wells were last analyzed for MTBE by EPA Method 8260 in
Aprit 1999. At that time, MTBE was confirmed only in wells MW-3 (4.7 ppb) and MW-9 (6.4 ppb). Wells MW-1,
MW-2. MW-4. MW-5 and MW-7 were destroved in January 1995 to accommodate remedial activities.

Iv. CLOSURE

Does compieted corrective action protect existing beneficial uses per the Regional Board Basin Plan?_ Yes

Does completed corrective action protect potential beneficial uses per the Regional Board Basin Plan? Yes

Does corrective action protect public health for current land use? Yes

Site Management Requirements: None

Monitoring Wells Decommissioned: Yes Number Decommissioned: 5 Number Retained: 4

List Enforcement Actions Taken: None

List Enforcement Actions Rescinded: NA

V. TECHNICAL REPORTS, CORRESPONDENCE ETC., THAT THIS CLOSURE RECOMMENDATION

WAS BASED UPON

Title: Date:
Preliminary Subsurface Investigation (KE] #P383-1204.R1) ) 2/3/89
Preliminary Ground Water Investieation (KEI #P88-1204.R2) 5/16/89
Stockpiled Soii Sampling (KEI #P88-1204.R3) 6/19/89
Soil Sampiing Report (KEI #J88-1204.R4) 6/15/89
Ground Water Investigation (KEI #P88-1204.0R1) 9/27/89
Report of Subsurface Environmental Conditions, 1335 to 1370 Davis Street, San Leandro 10/9/50 E

(Hageman-Schank, Inc.)
Continuing Ground Water Investigation (KET #P28-1204.R5) . 4/9/92 H
Continuing Subsurface investigation (KEI #P88-1204.R8) 4/26/93
Soii Sampling Report (KEI #P88-1204.R9) 12721/93
Stockpiled Soil Sampiing (KEI #P88-1204. R10) 3/24/94
Drilt Cutting Sampling and Disposal Report (KEI #P88-1204.R12) 2/13/95
Drill Cutting Sampling and Disposal Report (KEI #P88-1204.R13) 11720/95
Continuing Subsurface fnvestigation (KEI #P88-1204.R14) 1/10/%6
First Quarter 2000 Groundwater Monitonng and Sampling Report (GR #280039) ‘ 217/00




Vi, ADDITIONAL COMMENTS, DATA,ETC.

' PLEASE INCLUDE/ATTACH THE FOLLOWING AS APPROPRIATE:
1) STTE MAP INDICATING TANK PIT LOGATION, MONTTORING WELL LOCATION, GROUNDWATER GRADIENT. ETC.: AND,
2) SITE COMMENTS WORTHY OF NOTICE (E.G . AREA OF RESIDUAL POLLUTION LEFT IN PLACE. DEED NOTICES ETC)

This document and the reiated CASE CLOSURE LETTER, shall be retained by the lead agency as part of the official
site file.



KEI-P88~-1204.R14

January 10,

Sample
Number

MW1 (5)
MW1(10)
MW1(15)
MW1{17)

MW2 (5) *
MW2 (10) *
MW2 (15) *

MW3 (5)
MW3 (10)
MW3 (15)
MW3 (17)

MW4 (5)
MW4 (10)
MW4 (15)
MW4 (19)

MW5(5)
MWS5 (10)
MWS (15)
MW5 (20)
MW5 (22)

MW6 (5)
MW6 (10)
MW6 (15)
MW6 (20)

TPH as
Diesel Gasoline Benzene

ND
ND
ND
HD

ND
ND
ND

ND
ND
ND
ND

1996
TARLE 4
SUMMARY OF LABORATORY ANALYSES
SOTIL
TPH as
Toluene

3.3
ND
ND
ND

ND
ND
ND
20
ND

HD
ND
ND
ND

ND
ND

"ND

ND

ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

. MD

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND

ND

ND

ND
0.21

{Colliected on August 16,

ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

Ethyvlbenzene

(Collected on 2April 17, 1989)

ND
ND
ND
ND

ND
ND
ND

ND
ND
ND
ND

1989)

ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

Xvlenes TOG
ND ND
ND ND
ND ND
ND 31
ND 31
NP &0
ND 71
ND ND
ND ND
ND 32

0.42 180
0.11 ND
ND ND
ND ND
) ND ND
ND ND
WD ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND



KEI-P88-1204.R14
January 10, 19%6

TARLE 4 (Continued)

SUMMARY OF LABORATORY ANALYSES
SOIL

Sample TPH as TPH as

Number Diesel Gasoline Benzene Toluene Ethylbenzene

(Collected on February 11, 1992)

MW7 (5) ND ND ND ND ND
MW7 (9.5) ND KD ND ND ND
MW7 (15) ND ND ND ND ND
MW7(16.5) ND ND ND ND ND

~- Indicates analysis not performed.
ND = Non-detectable.
* EPA method 8010 constituents were non-detectable.

Results are in milligrams per kilogram (mg/kg}, unless
indicated.

ND
ND
ND
ND

otherwise

Xylenes



KEI-P88-1204.R14
January 10, 1996

TABLE 5
SUMMARY OF LABORATORY ANALYSES
S0IL
Sample TPH as TPH as Ethyl-
Number Diesel Gasoline Benzene Toluene benzene Xylenes TOG

(Collected on January 3, 1989)

EB1(5) * 5.0 - ND 0.05 ND ND ND
EB1(10) * 1.0 - ND ND ND ND ND
EB1(15)* 1.0 - ND ND ND ND ND
EB1(25)* 2.0 -- - - - - ND
EB2(10) - © ND ND ND ND ND -
EB2 (15) -— ND ND ND ND ND -
EB2 (20) - ND ND ND ND ND -
EB2(25) - 1.9 ND ND ND ND -
EB3 (5) - ND ND ND ND ND -
EB3(10) - ND ND ND ND ND -
EB3(15) - 2.7 ND ND ND ND -
EB3(20) - 2.2 ND ND ND ND -
EB3 (25) - ND ND ND ND ND -
EB4 (5) - ND ND ND ND ND -
EB4 (10) - ND ND ND ND ND -
EB4 (15) - ND ND ND ND ND -
EB4 (20) - ND ND ND ND ND -
EB4 {25) - ND ND ND ND ND -
EBS(5) - ND ND ND ND ND -
EB5(10) - ND ND ND ND ND -
EB5(15) - 2.0 ND ND ND ND -
EBS(20) - 17 0.12 0.15 0.25 ‘1.4 -
EB5 (25) - 3.9 ND ND ND 0.17 -~
EB6(5) 10 1.8 ND ND ND ND 7,800
EB6(10) 160 73 ND ND ND ND 1,200
EB6(15) 40 17 0.065 ND ND G.21 900

EB6(25) 3.0 ND ND ND ND ND 130



KEI-P88-1204.R14

January 10, 1996
TABLE 5 (Continued)
SUMMARY OF LABORATORY ANALYSES
SOIL
Sample TPH as TPH as Ethyl=~
Number Diesel Casoline Benzene Toluene henzene Xylenes TOG
(Collected on March 22 and 23, 1993)

EB7(5) * ND ND 0.018 ND ND ND ND
EB7(10)* 1.3¢4 3.244 ND ND ND ND 140
EB7({15)* 6.4+ 1744 ND 0.011 0.0090 0.025 340
EB7(19.5)* 3.5¢ 4,444 ND ND ND ND 80
EB7(23.5)%* ND ND ND ND ND ND 60
EBS (5) *+ 12+ 504+ 0.020 0.040 0.062 0.045 1,700
EB8(10)*+ 1.2 ND ND ND ND ND ND
EB8({15) *+ 7.6 5.044¢ ND ND ¢.015 ¢.0070 ND
EB8(20) *+ ND ND ~ ND ND ND ND ND
EBB8 (23) *+ ND ND _ ND ND ND ND ND
EBS (5) *+ ND. ND ~ ND ND ND ND ND
EB9 (10} *+ ND 2.0 _ ND ND ND ND ND
EB9{(14.5)*+ ND ND ND ND ND ND ND
EB10(5)* ND ND ND ND ND ND ND
EB10(9.5)* ND 1.6 ND ND ND ND ND
EB10(15)* ND ND ND ND ND ND ND
EB10(20)* ND ND ND ND ND _ ND ND
EB10(23)* ND ND ND ND ND ND ND

NOTE: The soil samples were collected at the depths

indicated in the (

(below grade)
) of the respective sample number.

* All EPA method 8010 constituents were non-detectable.

+ TPH as Hydraulic Fluid was non-detectable, except in sample EB8(5),
where it was detected at a concentration of 470 mg/kg.

+ Sequoia Analytical Laboratory reported that the hydrocarbons detected
appeared to be a diesel and non-diesel mixture.

++ Sequoia Analytical Laboratory reported that the hydrocarbons detected
appeared to be a gasoline and non-gasoline mixture.

ND = Non-detectable.

-— Indicates analysis was not performed.

Results are in mnilligrams per kilogran

indicated.

unless otherwise

(mg/kg),



KEI-P88-1204.R14
January 10, 1996

TABLE 6
SUMMARY OF LABORATORY ANALYSES
WATER
Sample TPH as TPH as Ethyil- TOG
Number Diesel Gasoline Benzene Toluene benzene Xylenes (mg/L)
(Collected on January 3, 1989)
EB1 ND - ND 3.5 ND ND -
EB2 — ND 8.2 7.4 0.67 3.3 -
EB3 — ND ND ND ND ND -
EB4 - ND ND ND 0.73 . ND -
EBS — 340 ND ND 0.63 ND -
EB6& - 1,500 1.5 1.4 8.1 12 -
collected on March 22 and 23, 1993}
EB7* 320++ 1,000+ 19 ND 6.8 ND ND
EB3*+ 120++ S10+¢+ ND ND ND ND ND
EBO*+ 480++ 2,600 ND 5.1 8.3 8.8 ND
EB10O *ND 180++ ND ND ND ND ND

+e

ND

Rresg

A1l EPA method 8010 constituents were non-detectable, except for
tetrachloroethene, which was detected in samples EBS and EB10 at
concentrations of 12 upg/L and 250 ug/L, respectively. Trichloroethene
was alsoc detected in sample EB9 at a concentration of 0.63 ug/L.

TPH as hydraulic fluid was non-detectable.

Sequoia Analytical Laboratory reported that the hydrocarbons detected
appeared to be a diesel and non-diesel mixture.

Sequoia Analytical Laboratory reported that the hydrocarbons detected
appeared to be a gasoline and non-gascline mixture.

Sequoia Analytical Laboratory reported that the hydrocarbons detected
did not appear to be gasoline.

= Non-detectable.
Indicates analysis was not performed.

ults are in micrograms per liter (ug/L), unless ctherwise indicated.
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TABRLE 7
SUMMARY OF LABORATORY ANALYSES
SOIL
Depth TPH as EPA Method 8010 EPA Method 8270
Date Sample (feet) TOG Diesel Constituentg* Congtituents*
10/27/93 A1(15.5) 15.5 200 134 ND ND
WO1(16.75) 16.75 ND  6.7¢ ND ND
WOSW1 15.0 ND ND ND ND
WOSW2 15.0 ND ND ND ND
WOSW3 15.0 ND - ND ND ND
SWA (4) 15.5 ND - - -
SWB(3) 15.0 450  —- - -
SWC(3) 15.5 240  -- - -
11/15/93 SWBB ] 15.5 ND —— - -
SWCC 15.5 ND _— - . -

SWDD 15.5 ND - - -

¢ Sequoia Analytical Laboratory reported that the hydrocarbons detected
appeared to be a diesel and non-diesel mixture.

# TResults are in micrograms per kilogram (mg/kg), unless otherwise
indicated. :

ND = Non-detectable.
-- Indicates analysis was not performed.

Results are in milligrams per kilogram (mg/kg), unless otherwise indicated.
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TABLE 8
SUMMARY OF LABORATORY ANALYSES
SOIL
Depth TPH as ' Ethyl-
Date Sample (feet) Gasoline Benzene Toluene benzene Xylenes
10/27/93 A1(15.5) 15.5 17% ND 6.017 0.040 0.088
P6(11) 11.0 270 0.71 12 6.3 38
W01(16.75) 16.75 2.6 0.00%59% 0.0063 0.013 0.0098
WOSW1 15.0 ND ND ND ND ND
WOSW2 15.0 " ND ND ND ND ND
WOSW3 15.0 ND ND ND ND ND
11/15/93 P65SW1 15.5 ND ND ND ND ND
P&SW2 15.5 ND ND ND ND ND
P6SW3 i5.5 ND ND ND ND 0.078
P65SW4 15.5 ND ND ND ND ND

* Sequoia Analytical Laboratory reported that the hydrocarbons detected
did not appear to be gasoline.

ND = Non-detectable.

Results are in mnilligrams per kilogram (mg/kg), unless otherwise
indicated.
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January 10, 1996

TABLE 9
S5UMMARY OF LABORATORY ANALYSES
WATER
Depth
to Water TPH as TPH as Ethyl- TOG
ate Sample (feet) Diesel Gasoline Benzene Toluene benzene Xylepes (mg/L)
11/10/93 Water 1 16.5 410+ 1,500 67 10 33 45 7.4
11/19/93 Water 2 16.0 3,200¢ 2,500 68 370 87 560 6.3

Water 3 16.0 - 1i,000 120 19 870 2,700 -

: EPA Method 8010
Sample cadmium* Chromiumx Leadx Nickelx

Constituents
Water 1 ND 0.14 0.064 0.18 ND* % *
Water 2 ND ND ND ND ND

Indicates analysis was not performed.

= Non-detectable.

Sequoia Analytical Laboratory reported that the hydrocarbons detected appeared to be a diesel and
non-diesel mixture.

EPA method 8270 constituents were all non-detectable, except for 2-methylnaphthalene and
naphthalene, which were detected at concentrations of 16 pg/L and 22 ug/L, respectively.

EPA Method 8270 constituents were all non-detectable, except for 2,4-dimethylphenol and
naphthalene, which were detected at concentrations of 110 pg/L and 2.2 ug/L, respectively.



KEI-P88-1204.R14
January 10, 1986

TABLE 9 {(Continued)

SUMMARY OF LABORATORY ANALYSES
WATER

x%+% A1l EPA method 8010 constituents were non-detectable, except for 1,3-dichlorcobenzene, 1,4~
dichlorobenzene,1,2—dichloroben2ene,1,1—dichloroethane,1,1—dichloroethene,tetrachloroethene,
and 1,1,1-trichloroethane, which were detected at concentrations of 1.8 ug/L, 1.2 pg/L, 1.9 ppb,
24 pg/L 9.3 pg/L, 4.1 ug/L, and 24 ug/L, respectively. .

* Results in milligrams per liter (mg/L), unless otherwise indicated.

Results are in micrograms per liter (pg/L), unless otherwise indicated.
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TABLE 10

SUMMARY OF LABORATCRY ANALYSES
SOIL

Depth TPH as
Date Sample (feet) Gasoline Benzene Toluene Ethylbenzene Xylenes TOG

7/28/92 a1l 14.0 23 0.078 0.093 0.061 0.16 -
A2 14.0 ND ND ND ND ND -
Bl 14.0 3.2 0.0056 ND ND 0.023 -
B2 14.0 8.4 0.0086 0.019 0.069 0.054 -
Pl 3.5 ND 0.013 ND ND 0.0060 —
P2 3.5 5.8 0.042 0.022 0.024 0.11 -
P3 3.5 ND ND 0.012 ND 0.025 -
P4 3.5 ND ND ND ND 0.0067 -
P5 3.5 6.8 ND ND 0.21 1.7 —
P6 3.5 91 0.72 0.32 0.34 1.4 -
WO1l+* 10.0 150 - 0.61 3.3 1.8 12 3,00
WO1({15)15.0 - - - - - - 210

~-=- Indicates analysis was not performed.
ND = Non-detectable.

* EPA method 8010 constituents were all non-detectable, except for 1-1-
Dichloroethane at 120 ug/kg, tetrachloroethene at 86 pg/kg, and 1,1,1~
trichloroethane at 260 ug/kg. Cadmium, chromium, lead, nickel, and
zinc were detected at concentrations of 0.95 mg/kg, 45 mg/kg, 5.8
mg/kg, 42 mg/kg, and 40 mnmg/kg, respectively. TPH as diesel was
detected at a concentration of 210 mg/Xg.

Results are in milligrams per kilogram (mg/kg), unless otherwise indicated.



KEI-P88-1204.R14
January 10, 1996
TABLE 11
SUMMARY COF LABORATORY ANALYSES
SOTIL
Sample Depth TPH as TPH as Ethyi-
Number {feet) Diesel Gasoline Benzene Toluene benzene Xylenes

(Collected on May 11, 1989)

SWA 16.5 21 -- - - -- -
SWB 16.5 18 - -- - -~ --
SWC 16.5 26 -- -- -- -- -~
SWD 16.5 16 -- -- - -- -

-- Indicates analysis was not performed.

Results are in milligrams per kilogram (mg/kg), unless otherwise
indicated.

-
O
7]

580
680
170
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