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1.0 INTRODUCTION 

This report presents a Corrective Action Plan (CAP) for the leaking underground storage tank (UST) 
case located at 900 Central Avenue, Alameda, CA (Figure 1). As such, this document is intended to 
comply with requirements set forth in California Code of Regulations Article 11, Chapter 16, Title 23. 

In a letter dated December 8, 2008, the Alameda County Environmental Health Services (ACEHS) 
requested preparation of this CAP to select an appropriate and cost-effective technology for remediation 
of impacted soil and groundwater at the site.  Discussions of the site background, corrective action 
goals, corrective action alternatives, and the recommended alternative are presented in subsequent 
sections of this report. This document addresses County recommendations in the December 8, 2008 
letter to conduct soil gas sampling and conduct additional investigations for vertical delineation of the 
contaminated interval in advance of CAP preparation. 

2.0 SITE BACKGROUND 

2.1 Physical Site Conditions 

Location.  The site is located on the southeast corner of Central Avenue and Ninth Street in Alameda, 
CA.  In September 1975 the site operated as a Holland Oil Company retail gasoline station that 
consisted of a garage at the southwest corner, a pump island canopy in the northeast quadrant, three 
550-gallon underground storage tanks (USTs) located beneath the sidewalk along Ninth Street, and 
reportedly, a waste oil tank. According to Alameda Fire Department records, the original permit for the 
tanks was issued in 1931 to Mohawk Oil Company.  A 1973 business directory lists the operator as EZ 
Pickings Gas and a 1975 directory as Holland Service Station No. 1. The tanks were removed by 
Holland Oil Company Inc., in September 1975. 

In 1976 the property was sold to the Peterson family.  In 1978, the Petersons sold the property to Gary 
Thompson dba Oak Construction. In October 1978 Oak Construction razed the gas station structures 
and constructed a residential duplex. The current owners, Karen and Gary Pearce, purchased the 
property in May 1985. The identification of subsurface contamination in 1994 instigated a lawsuit 
between the past and present owners.  Due to the complexity of the lawsuit, William Nagle was 
appointed as Special Master in 1996 to help resolve the case.  In 2003, Brian Kelleher of Kelleher & 
Associates in San Jose, CA was appointed on behalf of the litigating parties to coordinate remedial 
response actions and associated cost recovery work. 

The property is located in a mixed residential/commercial area. To the west, at the southwest corner of 
Central Avenue and Ninth Street, was a former church that has since been converted to a movie theater. 
The property to the northwest (841 Central Avenue) is reportedly the location of a former gas station that 
operated from approximately 1947 to 1969.  Both former gas station properties and the remainder of the 
surrounding properties are currently residential (Figure 2).   

Local Surface Water.  The nearest surface water is a man-made lagoon system approximately 1,000 feet 
south of the site; the San Francisco Bay is approximately 2,000 feet southwest, and the Brooklyn Basin 
is located approximately 1 mile northeast (Figure 1). 
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Local Geology.  The site is on gently sloping terrain approximately 25 feet above mean sea level. Based 
on interpretation of historical boring logs, the site is underlain by sandy fill to a depth of approximately 3.5 
feet.  Fine sandy silt and poorly graded sand was encountered beneath the fill to approximately 26 feet 
below ground surface (bgs), the maximum depth explored. (Lowney, Soil and Groundwater Quality 
Reconnaissance, July 20, 1994; and Allwest, Subsurface Investigation Report, August 5, 1997, and 
quarterly monitoring reports for 1999 and 2002).  Boring logs are presented in Appendix A, and a cross 
section is shown on Figures 2 and 3. 

Local Groundwater.  First encountered groundwater has been measured between approximately 10 and 
14 feet bgs in soil borings advanced at the site; however, from the over four years of quarterly 
groundwater monitoring, depth to water has ranged from approximately 6 to 13 feet bgs, and appears to 
be seasonally influenced.  Groundwater has generally been determined to flow to the southwest toward 
the San Francisco Bay.  A groundwater elevation contour map prepared from data collected February 9, 
2009 is shown on Figure 4 and groundwater monitoring well construction and groundwater elevation 
data are summarized in Tables 1 and 2, respectively.      

Utility Survey.  In February 2009, RRM conducted a utility survey for the site and vicinity.  East Bay 
Municipal Utility District supplies water to the site, Pacific Gas & Electric (PG&E) supplies natural gas 
and electricity (electric lines are overhead), and the City of Alameda provides sanitary and storm sewer 
utilities.  Given that the depth to groundwater at the site has been measured at depths as shallow as 
approximately 6 feet bgs, and the dissolved petroleum hydrocarbon plume appears to extend into 
Central Avenue; the utilities could serve as preferential pathways for migration.  The approximate 
locations of identified utilities are shown on Figure 2.    

Well Survey.  In December 2002, Allwest Environmental, Inc. (Allwest) of San Francisco, CA reviewed 
data from the California Department of Water Resources, Alameda County Public Works, and the State 
Water Resources Control Board Geotracker database to locate drinking water wells located within 1,000 
feet of the site.  Five wells were identified within 1,000 feet of the site, but none were identified as 
drinking water wells.  The three closest wells (ID#’s 18, 19, and 20) are located approximately 581 feet 
southwest, 264 feet west, and 264 feet north of the site, respectively; the use of Well #18 is unknown 
and the well could not be located in the field, Well #19 is listed as an irrigation well, and Well #20 is listed 
as a monitoring well.  The remaining two wells (ID#’s 11 and17) are located upgradient of the site 
approximately 950 feet southeast and 792 feet east, respectively; both are listed as irrigation wells. 
Since the dissolved plume does not extend beyond approximately 60 feet downgradient of the site, it is 
unlikely that any of the identified wells would be affected.  The well survey information is included in 
Appendix B.  (Allwest: 2002 Annual Groundwater Monitoring & Risk Assessment Report, January 31, 
2003).    

2.2 Investigations  

The locations of wells, and borings are shown on Figure 2, groundwater analytical data are summarized 
in Table 2 and shown on Figures 5 and 6, and soil analytical data is summarized in Table 3 and Figures 
3 and 7. 
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April 1994 Subsurface Investigations. Lowney Associates (Lowney) of Mountain View, CA conducted a site 
history review that included historic Sanborn maps and aerial photos and completed a subsurface 
investigation.  During the investigation, three bore holes (EB-1 through EB-3) were completed to 
approximately 20 feet bgs in the area of the incorrectly presumed location of the former USTs and pump 
island.  Soil samples were collected at 5-foot intervals and grab groundwater samples were collected 
from each boring; all groundwater and select soil samples (15 to 16-foot interval) were analyzed for 
motor oil range total petroleum hydrocarbons (TPHmo), diesel range TPH (TPHd), gasoline range 
TPH (TPHg), benzene, toluene, ethyl benzene, and xylenes (collectively BTEX); and a leachability test 
was conducted on the soil sample collected from Boring EB-1. Petroleum hydrocarbons were only 
detected in soil at Boring EB-1; TPHg and benzene were detected at 95 parts per million (ppm) and 0.4 
ppm respectively.  Petroleum hydrocarbons were detected in all the grab groundwater samples; the 
highest TPHg and benzene concentrations were detected in Boring EB-1 at 76,000 parts per billion (ppb) 
and 2,200 ppb respectively. The leachability testing resulted in TPHg and benzene concentrations of 
4,300 ppb and 9 ppb, respectively. (Lowney Associates: Soil and Groundwater Quality Reconnaissance, 
July 20, 1994) 

June 1997 Subsurface Investigations and RBCA Analyses.  Allwest conducted a file review to assess potential 
on- and off-site sources of subsurface contamination. Eight direct push soil borings (P-1 through P-8) 
were also advanced to approximately 16 feet bgs in the area of the presumed location of the former 
USTs and pump island.  Soil samples were collected at 5-foot intervals and field-tested for total volatile 
hydrocarbons with an organic vapor analyzer (OVA).  Grab groundwater samples from each boring and 
11 soil samples were analyzed for TPHg and BTEX. Discolored/odorous soils were reported at 10 to 12 
feet bgs in borings P-2 through P-4. Petroleum hydrocarbons were detected in soil from borings P-3 and 
P-4; and the highest concentrations of 4,600 ppm TPHg and 15 ppm benzene were detected in the soil 
sample collected at 14.5 feet bgs from Boring P-3.  Petroleum hydrocarbons were detected in 
groundwater at borings P-2 through P-4, P-7, and P-8; the highest concentration of 92,000 ppb was 
detected at Boring P-3 and the highest concentration of 610 ppb benzene was detected in Boring P-4. 
Tier 1 and Tier 2 risk-based corrective-action evaluations were conducted using ASTM methodology, 
and based on the results; Allwest concluded there were no significant human health risks and no need 
for active remediation. (Allwest: Subsurface Investigation Report, August 5, 1997) 

November 1998 Well Installations and Sampling. Allwest advanced three borings to 18 feet bgs at the 
northeast quadrant of the site; soil samples were collected at 5-foot intervals and field tested for TVH 
using an OVA.  The borings were converted to 2-inch diameter monitoring wells (MW-1 through MW-3).  
Groundwater samples collected from each of the wells were analyzed for TPHg, BTEX, and methyl 
tertiary butanol (MtBE). TPHg and benzene were only detected in the sample from MW-1 at 360 ppb and 
5.8 ppb, respectively. Allwest’s recommendation to monitor the wells quarterly for one year was 
approved by ACEHS (Allwest: Groundwater Monitoring Well Installation and Sampling, 
February 2, 1999) 

2002- Conceptual Model and Risk Assessment. In December 2002, Allwest prepared a site conceptual model 
consisting of a 3-dimensional drawing showing known areas of subsurface contamination and potential 
sensitive receptors. Also a cursory risk assessment using risk-based screening levels (RBSLs) in 
recently published Regional Water Quality Control Board (RWQCB) lookup tables was conducted. 
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Based on the risk assessment, Allwest concluded that the RBSLs for groundwater were exceeded at 
MW-1 for the vapor migration to indoor-air-inhalation pathway, and pose a possible risk to off site 
receptors. (Allwest: 2002 Annual Groundwater Monitoring & Risk Assessment Report, January 31, 2003) 

June and August 2007 Well Installations. On June 20, 2007, RRM installed three 2-inch diameter 
groundwater monitoring wells (MW-4 through MW-6) to a depth of approximately 18 feet bgs, and on 
August 13, 2007 installed one 4-inch diameter recovery well (RW-1) to approximately 20 feet bgs.  Soil 
samples were collected at approximate 5-foot intervals and field tested for TVH using an OVA; select 
soil samples were submitted for laboratory analyses of TPHg and BTEX.  No compounds were detected 
in any of the soil samples analyzed.  The wells were added to the quarterly groundwater monitoring 
program. (RRM: Subsurface Investigation Results, Second and Third Quarter 2007 Groundwater 
Monitoring Result, October 23, 2007) 

August 2007 Direct Push Soil Borings. On August 9, 2007, RRM advanced six exploratory soil borings (SB-1 
through SB-6) using direct-push drilling technology to depths ranging from 8 to 26 feet bgs.  The soil 
borings were continuously sampled for logging purposes and to collect representative samples for 
laboratory analyses. Groundwater samples were not collected. Groundwater was encountered in borings 
SB-1 through SB-3 and SB-6 at depths ranging from 12.5 feet to 14.5 feet bgs.  Petroleum hydrocarbons 
were detected in soil samples collected from Boring SB-1 at depths ranging from 7.5 feet to 16 feet bgs 
and from Boring SB-4 at 8 feet bgs.  TPHg was detected in Boring SB-1 at concentrations ranging from 
0.79 ppm at 7.5 feet bgs to 2,600 ppm at 12 feet bgs and in Boring SB-4 at a concentration of 5.1 ppm at 
8 feet bgs. Fuel oxygenates including MtBE, other volatile organic compounds (VOCs), and other 
petroleum hydrocarbons were not detected in any of the soil samples submitted for laboratory analyses 
(RRM: Subsurface Investigation Results, Second and Third Quarter 2007 Groundwater Monitoring 
Result, October 23, 2007).   

Quarterly Groundwater Monitoring. Quarterly groundwater monitoring was conducted at the site during 1998, 
1999, 2002, and has been conducted consistently since 2007.  The current monitoring well network 
consists of wells MW-1 through MW-6 and RW-1.  Groundwater samples are analyzed for TPHg and 
BTEX.  Historical analyses have included TPHmo, TPHd, MtBE, 1,2-dibromoethane (EDB) and 
1,2-dichloroethane (EDC); however, these compounds have been removed from the monitoring program 
since they were either not detected, or were not significant constituents of concern.  A groundwater 
elevation contour map is shown on Figure 4 and TPHg and benzene is-concentration maps from the 
February 9, 2009 monitoring event are presented as Figures 5 and 6, respectively.   

2.3 Remediation  

UST Removal.  As previously mentioned, the three 550-gallon USTs and reported waste oil tank were 
removed by Holland Oil Company Inc. in September 1975, and the gas station structures were removed 
in October 1978.  No other information associated with the UST removal was available to RRM as of the 
date of this report. 
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2.4 Composition, Distribution and Magnitude of Soil and Groundwater Contamination 

Constituents Detected in Soil and Groundwater.  Soil and groundwater samples collected from the site since 
1994 have been analyzed for TPHd, TPHmo, TPhss, TPHg, BTEX, MtBE, EDB, EDC, and other VOCs.  
However, primarily TPHg and BTEX have been detected in soil and groundwater samples collected at 
the site. 

Tables 2 and 3 summarize groundwater and soil analytical results, respectively.  Figure 2 shows well 
and boring locations. Figures 3 and 7 show the distribution of TPHg in soils based on the collective 
investigation results. Figures 5 and 6 show the current distribution of TPHg and benzene in groundwater 
from the February 9, 2009 monitoring event.   

Source of Petroleum Hydrocarbons.  Given the detection of petroleum hydrocarbons in soil in the area of the 
former USTs, it is probable that the USTs were the primary source (removed in 1975).  The residual 
petroleum hydrocarbons trapped in saturated soils beneath and down-gradient of the former USTs serve 
as an active secondary source area.   

Free Product.  Free product has not been noted at the site. 

Distribution and Magnitude of Petroleum Hydrocarbons in Soil and Saturated Soil. The analytical data suggests 
that petroleum hydrocarbons are not present in the vadose zone (unsaturated zone) within or outside the 
site boundaries; concentrations were generally not reported above laboratory analytical detection limits. 

As depicted in Figures 3 and 7, TPHg soil contamination is restricted to the saturated and capillary fringe 
zones in the northwest corner of the site. Laterally, the impacted area is oriented southwest and covers a 
footprint roughly 30 feet wide by 60 feet long that extends from the former UST area. Based on 
groundwater gradient and investigation results, the impacted area is presumed to extend just beyond the 
north site boundary into Central Avenue and approximately mid-way into Ninth Street. Vertically, the 
contaminated interval is approximately 10 feet thick and extends from approximately 7 feet to 17 feet 
from bgs. 

Within the contaminated interval, the highest concentrations of petroleum hydrocarbons were generally 
detected in samples at depths ranging from 12 feet to 14.5 feet bgs from borings drilled within the former 
UST area and immediately down-gradient of the UST area (borings EB-1, P-3, and SB-1).  Residual 
TPHg concentrations over 100 ppm range from 2,600 ppm at approximately 12 feet bgs in Boring SB-1 
to 4,600 ppm at approximately 14.5 feet bgs in Boring P-3.  Benzene and MtBE were not detected above 
the laboratory reporting limits in any of the soil samples analyzed.   

The lateral extent of impacted soil is generally delineated to non-detect, or relatively low concentrations 
to the north by borings SB-4 and SB-5; to the south by borings P-4, SB-6, EB-2, and P-5; to the east by 
borings SB-2, P-1, and P-2; and to the west by the borings for wells MW-4 through MW-6.  

The vertical extent of contamination in the impacted area is defined by boring SB-1 where TPHg was 
detected at 0.79 ppm at 7.5 feet bgs, 2,600 ppm at 12 feet bgs, 11 ppm at 16 feet bgs and was not 
detected at 20 feet bgs. This data is adequate for vertical delineation given the central location of boring 
SB-1 within the contaminated interval, the date of the release (pre MtBE use), the common knowledge 
that gasoline contamination of the saturated zone is ordinarily restricted to the upper portion of the first 
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water bearing zone because it is lighter than water, the soil types, and the absence of any indications of 
contamination (petroleum odors) below 17 feet in the logs of the several borings installed within the 
contaminated interval. 

Assuming an area 30 feet wide by 60 feet long by 10 feet thick, the contaminated interval comprises 
approximately 670 bank cubic yards of saturated soils. 

Distribution and Magnitude of Petroleum Hydrocarbons in Groundwater.  As can be expected, the distribution of 
TPHg in groundwater mimics the distribution in saturated soils described above.  Historic groundwater 
monitoring analytical data indicates elevated concentrations of petroleum hydrocarbons are present in 
wells MW-1 and RW-1, which are centrally located within the contaminated soil zone. TPHg 
concentrations in these two wells have been reported as high as 40,000 ppb at Well RW-1 and 
100,000 ppb at Well MW-1. Benzene concentrations have been reported as high as 4,000 ppb at Well 
MW-1.  The dissolved petroleum hydrocarbon plume is defined laterally to the south, east and west by 
wells MW-2 through MW-6. The up-gradient plume boundary is inferred to be just north into Central 
Avenue. 

2.5 Data Gaps 

As mentioned above, it is presumed that the impacted saturated zone extends just beyond the north site 
boundary at the south-most lane of Central Avenue, near the intersection with Ninth Street. The 
inference of the up-gradient plume boundary is based on groundwater gradients and is considered 
sufficient for characterization purposes given the difficulty and expense involved with confirmation. 

3.0 CORRECTIVE ACTION GOALS 

Site-specific numeric corrective action goals are necessary to determine the need for and degree of site 
remediation, and to evaluate corrective action alternatives. The San Francisco Bay Regional Water 
Quality Control Board (RWQCB) recently published Screening for Environmental Concerns at Sites with 
Contaminated Soil and Water (Interim Final-November 2007, Revised May 2008) to assist responsible 
parties and oversight agency personnel in establishing appropriate soil and groundwater cleanup goals 
for contaminated properties including leaking UST (LUST) sites. This document includes a series of 
lookup tables that provide environmental screening levels (ESLs) for the petroleum hydrocarbon 
constituents of concern based on the environmental media involved and land-use considerations. This 
RWQCB document was used to develop/propose appropriate site cleanup goals for the site. 

3.1 Groundwater Cleanup Goals 

Development of corrective action goals for groundwater begins with identification of the beneficial uses 
of groundwater near the site.  To restore or protect the beneficial use with the most stringent numerical 
standard will protect or restore all other uses.  The San Francisco Bay Basin Water Quality Control Plan 
specifies that the beneficial uses of groundwater beneath the site include municipal, domestic, industrial 
and agricultural.  The ESLs that the RWQCB has established to meet the highest beneficial use criteria 
are presented in the table below and represent Federal and State drinking water standards. 
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Beneficial Use Corrective Action Goals or Maximum Contaminant Levels (µg/L) 
Compound Concentration Basis 
Benzene 1.0 Beneficial use (Table A) 
Toluene 40 Beneficial use (Table A) 

Ethylbenzene 30 Beneficial use (Table A) 
Xylenes 20 Beneficial use (Table A) 
TPHg 100 Beneficial use (Table A) 

 

According to the well survey conducted by Allwest in April 2002, there are no active drinking water wells 
within 1,000 feet of the site.  Given the site is located along the margin of the San Francisco Bay, it is 
unlikely that the groundwater in the area would be considered suitable for future potable use.  
Agricultural and/or industrial use is also not likely, as the surrounding area is primarily residential and 
commercial.  

According to the RWQCB published policies for low risk groundwater cases, at LUST sites where the 
groundwater is not considered a viable short- or long-term water supply resource, development of short-
term groundwater cleanup goals for active remediation that are based on mitigation of human health 
risks and/or potential environmental impacts to surface water are appropriate.   For LUST sites involving 
gasoline contamination of shallow water tables, the major concern is typically vapor -phase migration 
into overlying buildings (vapor intrusion) particularly with respect to benzene, a known carcinogen. The 
beneficial use goals still apply as long-term cleanup goals, but they are generally reached via natural 
attenuation without the need for long-term monitoring, a formal residual risk management plan, or deed 
covenant. 

In the May 2008 document, the RWQCB has established lookup tables for ESLs for various risks and 
exposure pathways including mitigation of the vapor intrusion to indoor air pathway, which is addressed 
in Table E-1. Table E-1 includes ESLs for the gasoline constituents of concern (except for TPHg) at 
residential areas where groundwater is not a current or potential drinking water resource and the water 
table is 3 meters bgs.  In the absence of an ESL for TPHg in Table E-1, an ESL from Table I-2 based on 
the odor threshold is used as the proposed corrective action goal for TPHg.     

 

Risk Based Groundwater Corrective Action Goals (µg/L) 
Compound Concentration Basis 
Benzene 540 Vapor intrusion (Table E-1) 
Toluene 38,000 Vapor intrusion (Table E-1) 

Ethylbenzene 170,000 Vapor intrusion (Table E-1) 
Xylenes 160,000 Vapor intrusion (Table E-1) 
TPHg 5,000    Odors (Table I-2) 

   
Comparison of the data in Table 2 to the proposed groundwater corrective action goals above indicates 
active remediation is warranted.  The TPHg and/or benzene concentrations in groundwater at Well 
MW-1 and RW-1 are an order of magnitude above the risk-based goal and two orders of magnitude 
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above the beneficial use goal. The benzene concentration in groundwater at Boring P-4 is just above the 
risk-based goal and one order of magnitude above the beneficial use goal. 

In general, the RWQCB recommends using soil gas data to assess the vapor intrusion pathway for 
gasoline constituents in groundwater and unsaturated soils and includes ESLs for soil gas samples 
collected at 5 feet bgs in Table E-2. The respective ESLs for benzene and TPHg of 0.084 ug/L and 
10 ug/L are both very stringent. For the site, it is neither appropriate nor necessary to test soil gas in the 
target cleanup area given site-specific conditions including depth to water and contaminant levels. Based 
on the close proximity of heavily impacted saturated soils to the specified soil gas sampling depth and 
the sandy conditions, it can be safely assumed that TPHg and benzene in shallow soil gas samples 
would exceed the RWQCB ESLs by several orders of magnitude. 

This is essentially a secondary source area cleanup that is intended to protect and restore groundwater 
quality as well as a risk-based cleanup. 

3.2 Soil Cleanup Goals 

Since the current investigation data indicates that there is little or no petroleum hydrocarbon 
contamination in the vadose zone, risk-based cleanup goals for unsaturated soils are not proposed. In 
the event that petroleum hydrocarbon contamination is encountered in the top 7 feet of soils, the 
associated gross contamination (odor threshold) ESL for TPHg of 100 ppm, presented in Table B of the 
RWQCB document, will be used on an interim basis as the soil cleanup goal. As a practical matter, 
under the proposed remedial excavation alternative, RRM plans to send any suspect unsaturated soils 
that are encountered within the work zone to a Class II landfill. 

As already explained above, in the May 2008 document, the RWQCB includes ESLs for soil-gas 
samples collected at 5 feet bgs and recommends the use of soil gas data to determine the need for 
remediation of shallow soils as well as groundwater.  For the reasons already stated, RRM does not 
consider the collection of shallow soil gas samples in the former UST/secondary source area to be 
necessary at the site given the relatively shallow depth to water and contaminant levels. 

The RWQCB has not established ESLs for saturated soils. In general; however, it can be assumed that 
where ESLs for groundwater are exceeded, the saturated soil in the area requires corrective action. 

 3.3 Primary Remediation Goal 

Since there is no shallow soil contamination at the site, the primary goal of remediation is to restore 
groundwater to the very stringent risk-based corrective action goal for benzene (540 ug/L) proposed in 
Section 3.1.  This goal is protective of the vapor intrusion exposure pathway under a residential land use 
scenario. Since the benzene cleanup goal for groundwater is so stringent, meeting this single goal using 
the chosen remedial approach is expected to mitigate all exposure pathways of concern for all petroleum 
hydrocarbons of concern. 
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4.0 CORRECTIVE ACTION ALTERNATIVES 

4.1 Elements Common to All Alternatives 

Groundwater monitoring is currently part of the existing remediation program, and will be a key aspect of 
the recommended alternative.  Monitoring would be used as a tool to evaluate progress toward 
corrective action goals and management of the dissolved hydrocarbon plume, and as a means to assess 
plume stability.  Natural processes including biodegradation, dispersion, volatilization, oxidation, and 
adsorption are expected to occur at the site regardless of the alternative implemented.  These natural 
processes act to reduce soil and groundwater concentrations over time.  Research suggests the primary 
natural attenuation mechanism for petroleum hydrocarbons is biodegradation.  Ultimately, no matter 
what remedial technology is implemented, natural attenuation will be relied upon to complete 
remediation 

4.2 Alternative 1 - Natural Attenuation 

The EPA suggests that natural attenuation is applicable as a stand-alone technology in situations where 
total petroleum hydrocarbon concentrations are below 25,000 ppm in soil; where there is no current or 
projected groundwater use within a 2-year groundwater travel time from the site; and where there are no 
potential nearby receptors that the impact could affect1.  Background information provided in this report 
suggests that only the first two of these criteria are met for this site and that vapor intrusion is a concern 
to residential receptors.  

The benefits of this alternative are that it there would be minimal disturbance to the site.  The greatest 
potential disadvantage is the length of time required to mitigate hydrocarbon impact as compared to 
active remedial technologies.  EPA computer models project that average remediation times could range 
between 50 to 200 years. The projections are consistent with the fact that contaminant levels in 
groundwater at the site are still highly elevated more than three decades after the leaking USTs were 
removed. 

Under this alternative, controls on site use would restrict exposure to the affected media while natural 
attenuation is progressing.  Engineering controls would include a venting system to mitigate the potential 
for volatilized petroleum hydrocarbons from groundwater to enter the residential building at the site.  
Institutional controls would include preparation of a residual risk management plan to address 
containment, management, and monitoring of the groundwater plume.  The plan would be consistent 
with current and projected land and water uses; and would detail contingency plans to address increases 
in constituent concentrations at down-gradient locations, should increases occur.  The residual risk 
management plan would be a component of a deed covenant and closure plan. 

The estimated cost of this alternative, $330,000, includes installation and operation of a venting system 
for the site building and groundwater monitoring for the assumed ten-year period, preparation and 
maintenance of a residual risk management plan, and environmental case closure. 

                                                 
1 EPA. 1993. An Overview of Underground Storage Tank Remediation Options, EPA 510-F-93-029. October 1993 
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4.3 Alternative 2 - Remedial Excavation of Saturated Soils 

Under this alternative, the contaminated groundwater would be physically removed from the site by 
digging out the associated saturated soil interval and purging the excavation of standing water. The 
proposed excavation area is shown on Figure 7.  The boundary was determined based on the 
comparison of existing saturated soil and groundwater data to the proposed corrective action goals in 
Section 3.0.  Under this scenario, the proposed corrective action goals would be achieved or nearly 
achieved upon completion of the excavation work. 

It is expected that approximately 500 cubic yards of overburden and impacted soil would be removed 
and off-hauled for disposal; the proposed excavation area measures approximately 25 feet by 30 feet 
and would extend approximately 18 feet bgs.  The soil would be pre-profiled for disposal at Allied 
Waste’s Keller Canyon Landfill in Pittsburg, California.  The excavation sidewalls would be shored and 
braced using sheet piles.  Confirmation soil samples would be collected from the excavation bottom and 
sidewalls.  Standing groundwater that seeps into the pit would be extracted, filtered, treated with granular 
activated carbon and discharged directly to the sanitary sewer under a permit from the City of Alameda. 
Alternatively, if the recharge rate is low, the water will be removed via vacuum tank truck and off-hauled 
for treatment at permitted facilities by licensed contractors/haulers. The bottom approximately 4 feet of 
the excavation would be backfilled with crushed rock, followed by clean imported fill to grade.  All placed 
materials would be compacted to 90% relative density under the supervision of an engineer.  
Additionally, monitoring wells MW-1 and RW-1, located within the excavation boundary, would be 
properly destroyed and replaced, as necessary.  

The advantages of this alternative, particularly when coupled with removal of impacted standing 
groundwater within the excavation, are that a majority of the residual contaminant mass would be 
removed from the site quickly and the alternative can be implemented very quickly.  The 
heavily-impacted groundwater within the targeted area would be physically removed with the saturated 
soil and the residual impacted groundwater would be extracted from the excavation.  

While there will be some lower level contamination left in place peripheral to the excavation boundaries, 
this residual contamination is expected to decline relatively quickly once the source area has been 
removed.  Another potential benefit of this type of remedial excavation is biodegradation associated with 
exposure to the atmosphere.    

Natural attenuation would be relied upon to completely achieve beneficial use corrective action goals.  
Follow-up quarterly groundwater monitoring would continue for at least one year after the excavation to 
establish declining groundwater concentration trends after source removal. 

Disadvantages include removal/replacement of the sidewalk and street, difficulties related to 
underground utilities; site disruption; construction related traffic, noise, odors, and safety concerns; and 
the relatively large capital cost.  It is estimated that the capital cost of this alternative would be $260,000.  
Groundwater monitoring and reporting for one year would cost approximately $20,000.  The total 
estimated cost for this alternative is $280,000.  The capital cost includes groundwater monitoring pre-
excavation, pre-profiling of soil, permitting, shoring, excavation, hauling and disposal of excavated soil at 
a Class II landfill, treatment and disposal of groundwater from the excavation, confirmation sampling, 
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backfill and compaction, resurfacing, destruction and replacement of groundwater monitoring wells 
MW-1 and RW-1, reporting, and project management and preparation and submittal of a closure 
summary report.  

4.4 Alternative 3 - Air Sparging-Enhanced Dual Phase Extraction  

Under this alternative, an air sparging and dual phase extraction well network would be designed and 
installed at the site.  Existing well RW-1 would be utilized as a dual phase extraction well, and one or 
more additional extraction wells would likely be necessary.  The remediation well network would be 
situated within the location of the former UST system in the area of elevated dissolved concentrations.  
Due to site constraints, and to minimize disturbance to the residential tenants of the property, a mobile 
remediation unit would be used to inject air and collect soil vapor and entrained groundwater.  The 
recovered air-groundwater mixture would be separated and treated before discharge.   

Recovered soil vapor would be treated using thermal/catalytic oxidation and groundwater would be 
treated using granular activated carbon.  Other system components would include an air compressor, a 
high-vacuum pump, a water separation unit, at least three vessels containing aqueous-phase carbon, an 
electrical distribution and control panel, and conveyance piping.  Discharge permits from the Bay Area 
Air Quality Management District, and City of Alameda would be necessary to discharge treated soil 
vapor and groundwater. 

The most significant potential advantages of this alternative compared to the remedial excavation 
approach (Alternative 2) include less construction related site disruption and the potential for reduced 
costs if the system operation period was less than expected. The major disadvantage is that there is 
considerable uncertainty related to the effectiveness of the process under site-specific conditions and 
the period of system operation required to meet cleanup goals. Other disadvantages include a potentially 
much longer period of disruption to site tenants, including noise from remedial equipment. 

It is assumed that air sparging-enhanced dual phase extraction would continue for at least two years.  As 
with other alternatives, natural attenuation would be relied upon to completely achieve corrective action 
goals.  Quarterly groundwater monitoring would continue for the operation period plus at least two 
additional years to monitor groundwater concentrations after termination of active remediation. 

It is estimated that the capital cost of this alternative would be $120,000 including initial pilot testing, and 
the cost of operation over the projected lifespan would be $120,000.  Reporting and carbon change out 
would cost approximately $30,000 over the two-year period.  Groundwater monitoring and reporting 
would cost approximately $40,000.  The total estimated cost for this alternative is $310,000.  The capital 
cost includes pilot testing, design, equipment acquisition, permitting, installation, startup, preparation and 
submittal of a startup report, and preparation and submittal of a closure summary report.  The operation 
cost includes maintenance, system performance monitoring, carbon change out, and reporting. The 
operation cost does not include utility costs, which could run up to $600 per month. 
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4.5 Alternative 4 - In-Situ Chemical Oxidation 

Under this alternative, sodium persulfate, would be injected into the subsurface to directly oxidize and 
enhance the natural attenuation of petroleum hydrocarbons at the site.  Sodium persulfate was chosen 
over other oxidants because it is stable and does not generate appreciable amounts of heat or gas, and 
it is a powerful oxidant that is persistent in the subsurface.   A dense network of temporary injection 
points would be installed using direct-push drilling equipment.  The chemical oxidant would be injected 
under high pressure and low flow in an effort to create a dense network of column-like treatment zones 
that effectively covers the targeted remediation area; injection would cease when the probe is 
approximately two feet above the groundwater table.  Injection would begin at locations along the 
periphery of the plume core, followed by injections at the plume core.  Upon completion, the temporary 
injection point would be removed and the boring would be backfilled with cement grout.  Performance 
results would include typical groundwater monitoring parameters, and sampling and analyses for aquifer 
parameters, metals, and minerals.  

The most significant potential advantages of this alternative compared to the remedial excavation 
approach include less construction related site disruption and potentially lower costs if the process is 
successful.  The major disadvantages are that there is great uncertainty related to the effectiveness of 
the alternative under site-specific conditions, the number of injection events required to meet cleanup 
goals, and determination of the fate and transport of contaminant mass following injection. This is an 
emerging remediation technology that would require a laboratory bench-scale test and a pilot study prior 
to implementation at the site. In general, the major limitation of this type of approach is the inability to 
achieve a significant degree of mixing in the subsurface. The injected fluids tend to push/displace 
contaminated groundwater rather than mixing with it and also tend to follow preferential pathways rather 
than disbursing as intended. Damage to subsurface utilities is a major concern when considering the use 
of in-situ chemical oxidation especially where the contaminated interval is relatively shallow and under 
public streets and sidewalks (utility corridors). Based on the results of the recent utility survey, this 
concern is significant at this site (see Figure 2). 

It is assumed, that several injection events would be conducted during the first year, and follow-up 
events would be conducted in the second year, if necessary.  As with other alternatives, natural 
attenuation would be relied upon to completely achieve corrective action goals.  Groundwater monitoring 
would continue for the operation period plus one additional year to monitor groundwater concentrations 
after the injection is complete. 

It is estimated that the initial treatability studies and pilot testing to establish feasibility would cost 
$70,000. The capital cost of actually implementing this alternative if deemed feasible is also estimated at 
$70,000. The cost of intermittent operations over the two years is estimated at $20,000.  The cost of 
extensive confirmation sampling to make sure contamination is not being displaced is estimated at 
$50,000. Groundwater monitoring and reporting would cost approximately $60,000.  The total estimated 
cost for this alternative is $270,000 assuming reasonable effectiveness.  The capital cost includes three 
five-day injection events, reporting and preparation and submittal of a closure summary report.  The 
operation cost includes additional monitoring parameters to evaluate oxidation performance over the 
two-year period. 
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5.0 ALTERNATIVE EVALUATION 

Alternatives were ranked according to regulatory and community acceptance; reduction of toxicity, 
mobility, and volume of contaminates (likelihood of achieving remedial objectives); technical feasibility; 
and cost. 

5.1 Regulatory and Community Acceptance 

Alternative 1 has the lowest ranking because the regulatory and community acceptance of taking no 
action and leaving hydrocarbons in place for an extended period without any active remediation is 
generally low if there are other viable alternatives. Regulatory acceptance would likely be higher for 
Alternatives 2 and 3 when compared to Alternatives 4, primarily because these alternatives use 
conventional remedial approaches and do not involve the use of hazardous substances. Alternative 2 is 
ranked slightly over Alternative 3 despite the fact that is arguably the most disruptive to the community at 
least on the short term. It is favored over the other alternatives because it would quickly advance site 
conditions toward meeting corrective action goals and is the most reliable approach. 

5.2 Reduction of Toxicity, Mobility, and Volume of Contaminates 

All the alternatives will eventually allow for a complete reduction in toxicity, mobility, and volume of 
hydrocarbons.  However, Alternatives 2 through 4 would provide much higher rates.  Since all the 
alternatives eventually provide complete reduction, the rate of reliable short-term reduction is used to 
rank alternatives. 

As already stated, Alternative 1 is associated with very slow-paced mass reduction and is ranked lowest. 
The mass removal rates for the two in-situ alternatives (Alternatives 3 and 4) are ranked equally above 
Alternative 1, but below Alternative 2, because these technologies are limited by varied subsurface 
conditions and the effectiveness is generally less than expected.  As such, Alternative 2 is ranked 
highest because it would reliably reduce mass very quickly.  The permanent placement of petroleum 
contaminated soils in a secure Class II facility is considered an environmentally viable and acceptable 
method of reducing toxicity, mobility, and volume. 

5.3 Technical Feasibility 

The technical feasibility of the alternatives was evaluated by considering effectiveness and 
implementation.  With regard to implementation, Alternative 1 receives the highest rating because it 
involves very little construction.  Alternative 4 is the most difficult to implement, because of the 
preliminary work that would be needed to demonstrate viability. Between Alternatives 2 and 3 it is likely 
Alternative 3 would be slightly easier to implement, as it requires fewer resources than Alternative 2. 

In regard to short-term effectiveness, Alternative 2 is ranked highest.  In the mid- to long-term, all the 
alternatives approach parity because natural attenuation would be relied upon to reduce residual 
contaminant levels. 
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5.4 Cost 

Under this criterion, alternatives were ranked according to the projected cost presented for each 
alternative. On this basis, Alternative 4, ranks the highest, followed by Alternatives 2 and 3, with 
Alternative 1 ranked lowest. 

6.0 RECOMMENDED ALTERNATIVE 

Given the evaluation above, Alternative 2 (Remedial Excavation) appears to be the best option for 
remediation of site groundwater to proposed risk-based corrective action goals.  While this alternative is 
not the projected lowest cost option, the estimated costs for Alternatives 2, 3, and 4 are not far enough 
apart for the differences to be considered an over-riding factor.  The overall costs of Alternative 2 will 
likely be the lowest, as Alternatives 3 and 4 are not expected to reduce concentrations to meet cleanup 
goals in a timely manner. Also, it is the optimal approach, with respect to short-term effectiveness, as it 
will completely remove the contamination in the targeted area in a very short period of time and ensure 
that corrective action goals are met quickly. Though the recommended alternative will cause some 
disruption to the site tenants and local community, the disruption will only be for a relatively short period. 
Implementation will occur over approximately two to three months with the actual excavation work at the 
site spanning approximately two weeks. The alternative will include well replacement and one year of 
quarterly follow-up groundwater monitoring. 





Table 1
Well Specifications

900 Central Avenue
Alameda, California

Total Casing Screened Screen
Depth Diameter Interval Length

Well (feet, bgs) (inch) (feet, bgs) (feet)
MW-1 18 2 6 - 18 12
MW-2 19.5 2 6 - 19.5 13.5
MW-3 18 2 6 - 18 12
MW-4 18 2 6 - 18 12
MW-5 18 2 6 - 18 12
MW-6 18 2 6 - 18 12
RW-1 20 4 5 - 20 15

Notes:
bgs = below ground surface

900 Central Avenue 4Q08 tbls.xls



Table 2
Groundwater Elevation and Analytical Data

900 Central Avenue
Alameda, California

Date Well Depth Groundwater Ethyl- Total
Sample Gauged Elevation to Water Elevation TPHg Benzene Toluene benzene Xylenes MtBE TPHd TPHmo

ID & Sampled (feet, MSL) (feet, TOC) (feet, MSL) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) Notes

Monitoring Wells
MW-1 11/27/98 25.17 11.77 13.40 360 5.8 5.5 9.2 40 <5.0 <50 <500

03/12/99 6.59 18.58 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
06/01/99 8.71 16.46 930 <0.50 19 52 230 <5.0 540 <500
09/03/99 11.79 13.38 14,000 300 1,900 890 5,600 <5.0 2,100 <500
03/29/02 8.32 16.85 <50 <0.50 <0.50 <0.50 <0.50 <0.50 61 <610
07/15/02 11.39 13.78 39,000 1,700 2,900 1,800 7,800 <10 4,200 <5000
10/03/02 12.88 12.29 42,000 2,600 3,300 1,800 10,000 <500 8,400 <2500
02/05/07 10.40 14.77 26,000 2,550 2,010 1,140 4,870 <0.5 NA NA 1
05/04/07 9.77 15.40 28,000 2,080 1,820 739 5,500 NA NA NA 1
08/23/07 28.27 12.23 16.04 56,700 2,570 2,370 1,120 9,560 <11 NA NA 1,3
11/28/07 12.94 15.33 51,700 3,160 3,270 1,050 9,250 <11.0 NA NA 1,3
02/28/08 8.10 20.17 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 4
06/03/08 11.40 16.87 11,000 1,060 2,080 784 4,370 NA NA NA 1,5
09/04/08 13.23 15.04 66,000 4,000 5,410 62.0 11,700 NA NA NA 1
11/06/08 13.76 14.51 100,000 2,870 5,160 1,720 13,800 NA NA NA

MW-2 11/27/98 25.12 11.76 13.41 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
03/12/99 6.53 18.64 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
06/01/99 8.56 16.61 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
09/03/99 11.60 13.57 <50 <0.50 <0.50 <0.50 1.8 <5.0 <50 <500
03/29/02 8.10 17.07 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
07/15/02 10.92 14.25 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
10/03/02 DRY -- NS NS NS NS NS NS NS NS
02/05/07 10.15 15.02 89 <0.5 <0.5 <0.5 <1.50 <0.5 NA NA 1,2
05/04/07 9.43 15.74 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
08/23/07 28.31 11.94 16.37 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
11/28/07 12.67 15.64 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
02/28/08 7.89 20.42 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 4
06/03/08 11.07 17.24 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
09/04/08 12.95 15.36 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
11/06/08 13.52 14.79 52 <0.500 <0.500 <0.500 <1.50 NA NA NA 3
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Table 2
Groundwater Elevation and Analytical Data

900 Central Avenue
Alameda, California

Date Well Depth Groundwater Ethyl- Total
Sample Gauged Elevation to Water Elevation TPHg Benzene Toluene benzene Xylenes MtBE TPHd TPHmo

ID & Sampled (feet, MSL) (feet, TOC) (feet, MSL) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) Notes

MW-3 11/27/98 24.58 11.41 13.76 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
03/12/99 6.01 19.16 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
06/01/99 8.16 17.01 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
09/03/99 11.27 13.90 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
03/29/02 7.78 17.39 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <50 <500
07/15/02 10.82 14.35 <50 <0.50 <0.50 <0.50 <0.50 <0.50 110 <500
10/03/02 12.28 12.89 <50 <0.50 <0.50 <0.50 <0.50 <5.0 <50 <500
02/05/07 9.85 15.32 <50 <0.5 <0.5 <0.5 <1.50 <0.5 NA NA 1
05/04/07 9.19 15.98 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
08/23/07 27.69 11.63 16.06 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
11/28/07 12.31 15.38 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
02/28/08 7.46 20.23 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 4
06/03/08 10.82 16.87 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
09/04/08 12.62 15.07 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
11/06/08 13.20 14.49 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA

MW-4 08/23/07 27.37 11.73 15.64 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
11/28/07 12.43 14.94 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
02/28/08 7.81 19.56 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 4
06/03/08 10.99 16.38 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
09/04/08 12.68 14.69 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
11/06/08 13.25 14.12 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA

MW-5 08/23/07 27.25 11.56 15.69 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
11/28/07 12.29 14.96 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
02/28/08 7.55 19.70 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 4
06/03/08 10.84 16.41 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
09/04/08 12.53 14.72 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
11/06/08 13.12 14.13 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA

MW-6 08/23/07 27.24 11.52 15.72 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
11/28/07 12.24 15.00 <50 <0.500 <0.500 <0.500 <1.50 <0.500 NA NA 1
02/28/08 7.43 19.81 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 4
06/03/08 10.81 16.43 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
09/04/08 12.51 14.73 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA 1
11/06/08 13.10 14.14 <50 <0.500 <0.500 <0.500 <1.50 NA NA NA
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Table 2
Groundwater Elevation and Analytical Data

900 Central Avenue
Alameda, California

Date Well Depth Groundwater Ethyl- Total
Sample Gauged Elevation to Water Elevation TPHg Benzene Toluene benzene Xylenes MtBE TPHd TPHmo

ID & Sampled (feet, MSL) (feet, TOC) (feet, MSL) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) Notes

RW-1 08/23/07 27.43 11.23 16.20 16,000 <4.40 38.9 571 2,660 <4.40 NA NA 1,3
11/28/07 11.97 15.46 24,400 4.75 110 915 3,980 <4.40 NA NA 1,3
02/28/08 7.22 20.21 10,100 <4.40 40.3 256 1,430 NA NA NA 1,3
06/03/08 10.41 17.02 40,000 <4.40 120 1,100 8,810 NA NA NA 1, 5
09/04/08 12.25 15.18 17,000 <4.40 41.1 640 3,290 NA NA NA 1, 5
11/06/08 12.75 14.68 19,000 <4.40 28.1 369 2,340 NA NA NA 6

Grab Groundwater Samples
EB-1 04/20/94 NA NA NA 76,000 2,200 8,800 2,500 1,600 NA 16,000 <1,000 7
EB-2 04/20/94 NA NA NA <50 <0.5 <0.5 <0.5 <0.5 NA <50 720
EB-3 04/20/94 NA NA NA <50 <0.5 <0.5 <0.5 <0.5 NA <50 820

P-1-W 06/30/97 NA NA NA <50 <0.5 <0.5 <0.5 <0.5 NA NA NA
P-2-W 06/30/97 NA NA NA 290 2.4 2.1 1.4 3.1 NA <100 <1,000
P-3-W 06/30/97 NA NA NA 92,000 190 5,000 4,600 24,000 NA <100 <1,000
P-4-W 06/30/97 NA NA NA 17,000 610 720 940 3,800 NA <100 <1,000
P-5-W 06/30/97 NA NA NA <50 <0.5 <0.5 <0.5 <0.5 NA NA NA
P-6-W 06/30/97 NA NA NA <50 <0.5 <0.5 <0.5 <0.5 NA NA NA
P-7-W 06/30/97 NA NA NA 66 2.3 6.5 0.8 4.7 NA NA NA
P-8-W 06/30/97 NA NA NA 51 1.7 5.1 0.55 2.4 NA NA NA

Notes:
MSL = relative to mean sea level MtBE = Methyl tert-Butyl Ether
TOC = top of casing ppb = parts per billion (micrograms per liter)
TPHg = gasoline range total petroleum hydrocarbons < = none detected at or above reported detection limit 
TPHd = diesel range total petroleum hydrocarbons NS = not sampled
TPHmo = motor oil range total petroleum hydrocarbons NA = not analyzed
TBA = tert-Butanol
1 = also sampled for the fuel oxygenates ethyl tert-butyl ether (ETBE), isopropyl ether (DIPE), t-butyl alcohol (t-butanol) (TBA), and tert-amyl methyl ether (TAME); none of these compounds 
detected above the laboratory limit.
2 = the laboratory reported value due to discrete peaks present within the TPH as gasoline quantitation range (heavy end); not typical gasoline.
3 = the laboratory reported results are elevated due to non-target compounds within the gasoline range
4 = also sampled for the fuel oxygenates ethyl tert-butyl ether (ETBE), t-butyl alcohol (t-butanol) (TBA), and tert-amyl methyl ether (TAME); none of these compounds detected above the laboratory
limit.
5 = laboratory noted that although TPH as gasoline constituents are present, TPH value includes a significant portion of non-target hydrocarbons present within gasoline range.

7 = TPHd result characterized by laboratory as non-diesel mix (C5-C20)
6 = Although TPH as Gasoline compounds are present, result includes heavy end hydrocarbons within the C5 - C12 quantitation range (possibly aged gasoline).
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Table 3
Soil Analytical Data

900 Central Avenue
Alameda, California

Ethyl- Total
Sample Depth TPHg Benzene Toluene benzene Xylenes MtBE TPHd TPHmo TPHss TPHk VOCs

ID Date (feet, bgs) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
SB-1-7.5 08/09/07 7.5 0.79 <0.010 <0.010 <0.010 0.034 NA NA NA NA NA NA
SB-1-12 08/09/07 12 2,600 <3.3 <3.3 31 200 NA NA NA NA NA NA
SB-1-16 08/09/07 16 11 <0.010 <0.010 0.31 1.7 NA NA NA NA NA NA
SB-1-20 08/09/07 20 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-1-24 08/09/07 24 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA

SB-2-8 08/09/07 8 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-2-11.5 08/09/07 11.5 <0.50 <0.010 <0.010 <0.010 <0.010 NA <5.0 <10 <5.0 <5.0 NA
SB-2-16 08/09/07 16 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-2-20 08/09/07 20 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-2-24 08/09/07 24 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA

SB-3-8 08/09/07 8 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-3-12 08/09/07 12 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-3-16 08/09/07 16 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA

SB-4-8 08/09/07 8 5.1 <0.050 <0.050 <0.050 <0.100 <0.050 <5.0 <10 <5.0 <5.0 ND

SB-5-8 08/09/07 8 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA
SB-5-10.5 08/09/07 10.5 <0.10 <0.005 <0.005 <0.005 <0.010 <0.0050 <5.0 <10 <5.0 <5.0 ND

SB-6-8 08/09/07 8 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-6-12 08/09/07 12 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
SB-6-16 08/09/07 16 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA

MW-4-6 06/22/07 6 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
MW-4-10.5 06/22/07 10.5 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
MW-4-16.5 06/22/07 16.5 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA

MW-5-7.5 06/22/07 8 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
MW-5-10.5 06/22/07 10.5 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
MW-5-15 06/22/07 15.0 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
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Table 3
Soil Analytical Data

900 Central Avenue
Alameda, California

Ethyl- Total
Sample Depth TPHg Benzene Toluene benzene Xylenes MtBE TPHd TPHmo TPHss TPHk VOCs

ID Date (feet, bgs) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

MW-6-5 06/22/07 5 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
MW-6-10.5 06/22/07 10.5 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA
MW-6-17 06/22/07 17 <0.50 <0.010 <0.010 <0.010 <0.010 NA NA NA NA NA NA

 
EB-1a 04/20/94 14.5 95 0.4 0.5 0.9 5.2 NA 39 <10 NA NA NA
EB-2a 04/20/94 16.5 <1.0 <0.005 <0.005 <0.005 <0.005 NA <5 <10 NA NA NA
EB-3a 04/20/94 14.5 <1.0 <0.005 <0.005 <0.005 <0.005 NA <5 <10 NA NA ND

P-1-11b 06/97 11 ND ND ND ND ND NA NA NA NA NA NA
P-2-10.5b 06/97 10.5 ND ND ND ND ND NA NA NA NA NA NA
P-2-12.5b 06/97 12.5 ND ND ND ND ND NA NA NA NA NA NA
P-3-11b 06/97 11 ND ND ND ND ND NA NA NA NA NA NA

P-3-14.5b 06/97 14.5 4,600 ND 15 110 590 NA NA NA NA NA NA
P-4-13b 06/97 13 ND ND ND ND ND NA NA NA NA NA NA

P-4-15.5b 06/97 15.5 1.1 0.011 0.0092 0.03 0.066 NA NA NA NA NA NA
P-5-11.5b 06/97 11.5 ND ND ND ND ND NA NA NA NA NA NA
P-6-10.5b 06/97 10.5 ND ND ND ND ND NA NA NA NA NA NA
P-7-9.5b 06/97 9.5 ND ND ND ND ND NA NA NA NA NA NA
P-8-9.5b 06/97 9.5 ND ND ND ND ND NA NA NA NA NA NA

Notes:
TPHg = gasoline range total petroleum hydrocarbons mg/kg = milligrams per kilogram
TPHd = diesel range total petroleum hydrocarbons bgs = below ground surface
TPHmo = motor oil range total petroleum hydrocarbons < = none detected at or above reported detection limit 
TPHss = Stoddard range total petroleum hydrocarbons ND = not detected
TPHk = kerosene total petroleum hydrocarbons NA = not analyzed
MtBE = Methyl tert-Butyl Ether
a = Work performed by Lowney Associates on April 4, 1994.
b = Work performed by Allwest in 1997.
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