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1.0

2.0

INTRODUCTION

Conestoga-Rovers & Associates (CRA) prepared this report on behalf of Equilon
Enterprises LLC dba Shell Oil Products US (Shell) to present details of the second round
of in situ chemical oxidation (ISCO) pilot testing using injections into monitoring wells
within and down gradient of the source area. The pilot test was performed according to
CRA’s August 10, 2009 Work Plan for Groundwater Treatment by In Situ Chemical Oxidation
which was approved in Alameda County Environmental Health’s (ACEH's)
August 14, 2009 letter. '

The site is a paved parking lot located at the southwest corner of the intersection of
8th Street and Broadway in a primary commercial area of Oakland, California (Figure 1).
The former station llayout included an underground storage tank (UST) complex and
dispenser islands (Figure 2). The site is currently a paid public parking lot.

The property was leased by American Oil Company from at least 1965 until 1972 when
the lease was assigned to Shell. A Shell service station operated on the property from
1972 to 1980. The USTs associated with the former Shell service station were removed
after Shell terminated operations at the site in May 1980. A hlstory of previous site
environmental activities is presented in Appendix A.

EXECUTIVE SUMMARY

ISCO pilot test results show ISCO is safe and effective in remediating residual
hydrocarbons in groundwater at this site. Remediation has consisted of;

e Excavation of source material,

e ISCO pilot testing in the area of the excavated source area, and

e [SCO pilot testing in monitoring wells down gradient of the excavated source area.

Groundwater monitoring results following each of the ISCO pilot test injection events
show that TPHg and benzene levels are being reduced, and ORP and DO readings
indicate that further degradation of TPHg and benzene can be expected. Based on
current results, no further ISCO pilot testing is recommended. Additional groundwater
monitoring will be conducted to further quantify the ISCO pilot test’s effectiveness in
degrading hydrocarbons.

241501 (13)
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3.0

ISCO PILOT TEST

In June 2008, approximately 1,340 tons of soil was excavated to remove source area
impacts. The excavation limits are depicted in Figure 2. The excavation extended to
approximétely 20 feet below grade (fbg). To supplement the source removal by
excavation, CRA installed an infiltration gallery in the excavation backfill to conduct an
ISCO pilot test using sodium persulfate catalyzed with hydrogen peroxide to treat the
remaining impacted areas. The primary objective of the ISCO pilot test was to decrease
soil concentrations to levels which would allow future redevelopment of the site.

Soil vapor and groundwater parameters were monitored prior to, during, and after the
initial ISCO events to assess health risks and the effectiveness of this remedial strategy.

Following the two excavation area ISCO events in December 2008 and January 2009,
CRA performed additional ISCO events in March 2009 and August 2009 using existing
monitoring wells around the excavated area. Details of the second monitoring well
injection ISCO event are presented herein.

3.1 - MONITORING WELL INJECTION ACTIVITIES

Based on CRA's review of data following the initial monitoring well ISCO event, dose
estimates were prepared for sodium persulfate, catalyzed with hydrogen peroxide.

CRA estimated that the reagent would disperse from the point of injection up to a radius
of 10 feet based on the soil types described in boring logs. CRA installed a chemically
compatible well packer in each injection well to apply the reagent to a target zone of
15 to 25 fbg. The reagent was injected at approximately 25 fbg over a 10-foot screened
interval for wells S-13, 5-18, S-20, and S-23 and over a 5-foot screened interval for wells
S-21A and S-22A. CRA calculated the dosing based on the amount of reagent that was
needed to treat hydrocarbons in the groundwater and hydrocarbons sorbed in the soil,
and to overcome the natural oxidant demand of that soil volume within the radius of
influence.

The volume targeted by the injection was conceptualized as a cylinder with a radius of
10 feet and a height of 10 feet (or 5 feet for wells 5-21A and S-22A). Using this model,
CRA calculated that 3,140 cubic feet of soil would be contained within the cylinder.
Using 30 percent porosity for the soil, CRA calculated that 942 cubsic feet of groundwater
(7,046 gallons) would be contained within this cylinder (474 cubic feet or 3,523 gallons
for wells S-21A and S-22A).
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CRA conducted the injection by gravity feeding the reagent into the wells. Between
August 24, 2009 and August 27, 2009, CRA injected a total of 9,900 pounds of sodium
persulfate in 3,100 gallons of water (40 percent solution) and 1,600 gallons of 10 percent
hydrogen peroxide into the six wells over a 4 day period. Table 1 presents the reagent
injection volumes. '

3.2 MONITORING ACTIVITIES

3.2.1 FIELD OBSERVATIONS DURING THE ISCO EVENT

During the injection event, CRA scanned for evidence of surfacing of materials due to
the injection process and subsequent reaction. In addition, CRA measured temperature,
soil vapor, and pressure changes in wells 5-9 and S-19. CRA fitted the wellheads with a
threaded Schedule40 PVC cap equipped with a sampling port and a groundwater
temperature gauge (thermocouple). The thermocouples were placed near the middle of
the groundwater column to provide a groundwater temperature reading. Temperature
readings were collected from groundwater prior to and during injection activities.

322 GROUNDWATER SAMPLING
TO DETERMINE ISCO EFFECTIVENESS

Groundwater nionitoring data indicates that ISCO is effective in reducing residual
hydrocarbons in groundwater within and down gradient from the source area.

- Extensive groundwater sampling following the previous ISCO injection events showed

that dissolved-phase total petroleum hydrocarbons as gasoline (TPHg) and benzene,
toluene, ethylbenzene, and xylenes (BTEX) concentrations generally increase shortly
(1 week) after the injection event, but subsequently decrease (1 month after the injection
event). TPHg and BTEX have been substantially reduced by ISCO and data indicate
mobilization of TPHg and BTEX is not a concern.

Groundwater sampling following the second monitoring well ISCO injection event was
conducted on October 1, 2009 following the modified sampling protocol presented in
CRA’s August 10, 2009 work plan.

241501 (13)
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On October 1, 2009, Blaine Tech Services, Inc. (Blaine) collected groundwater samples
from monitoring wells S-8, S-9, S-13, S-14R, 519, S-21A, S-21B, S-22A, and S-22B.
Groundwater samples collected were analyzed for the following parameters:

TPHg (EPA Method 8260B),

BTEX (EPA Method 8260B),

e Sulfate (EPA Method 300 series),

¢ Dissolved Oxygen (DO) (field instrument),

¢ Oxygen Reduction Potential (ORP) (field instrument),
e Conductivity (field instrument),
e Temperature (field instrument), and

e Static water level (field instrument).

3.23 . SOIL VAPOR MONITORING

“Volatile organic compounds (VOCs) were measured from ambient air and monitoring

4.0

wells prior to and during the injection events. Monitoring well VOCs were measured.
using the modified well cap’s sample port. VOCs were measured using a photo
ionization detector (PID). '

MONITORING RESULTS

4.1 FIELD OBSERVATIONS AND MEASUREMENTS

No surfacing of materials due to the injection process and subsequent reaction was
observed during the injection events. Table2 summarizes the groundwater field
observations. CRA’s field measurements found:

e No significant changes to groundwater temperature during the course of the
injections. Very small (<2 degrees C) fluctuations to temperature were recorded
throughout the project.

e The pre-injection baseline measurements of pH ranged from 6.28 to 7.47. The pH
ranged from 0.77 to 7.35 during post injection monitoring.

e The pre-injection baseline specific conductivity readings ranged from
41 to 1,137 micro Siemens/centimeter (uS/cm). The specific conductivity ranged
from 342 to 16,550 pS/cm post injection monitoring. '
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e Baseline DO readings ranged from 0.22 to 1.94 milligrams per liter (mg/I). The DO
ranged from 0.52 to 8.64 mg/1 post injection monitoring.

» Baseline ORP readings ranged from -104 to 39 millivolts (mv). The ORP ranged from
135 to 575 mv in post injection monitoring,.

e No significant changes to well head pressure were observed during the course of the
injections.
e Baseline VOC readings measured at the soil vapor monitoring locations (including

wellheads with modified caps) by PID ranged from 0 to 55 ppmv. During the
injection events, VOCs by PID ranged from 0 to 360 ppmv.

4.2 GROUNDWATER SAMPLE RESULTS

=

Groundwater data collected following the second ISCO injection into monitoring wells
down gradient of the source area indicates that TPHg and benzene levels are generally
continuing to decline. Historic groundwater monitoring data through October 2009 is
included as Appendix B. The fourth quarter 2009 groundwater monitoring report will
be submitted to ACEH under separate cover. Figures3 and 4 present TPHg and
benzene isoconcentration contour maps for October 2009 groundwater monitoring
event. Graphs of TPHg, benzene, and groundwater elevation versus time for each of the
onsite wells are included in Appendix C.

Benzene is the primary driver for remediation groundwater impacts and its
concentration trend is therefore the best indicator of ISCO effectiveness. ‘The following
table compares benzene concentrations in on-site wells from before (November 11, 2008)
through after (October 29, 2009) the ISCO injections.

Table A
_ Benzene (ug/l)

Well | Location Relative to Source Area | 11/11/08 | 2/12/09 | 4/9/09 7/23/09 10/1/09
59 down gradient 74 120 450 430 180
S-17 down gradient 2,500 750 200 480 32
5-13 | injection 2,400 800 510 1,800 330
5-18 | injection 3,900 1,200 NA 500 49
5-20 | injection 1,300 1,300 80 4,900 140
S-21A | injection 6,300 3,100 700 4,800 - 2,300
5-22A | injection 8,500 6,700 120 5,100 1,400
S-23 | injection 640 160 180 180 40
S-8 cross gradient 29 7.2 <0.50 0.55 0.68
S5-12 | cross gradient 8.1 5.0 6.0 29 25
S-14R | cross gradient 680 40 230 81 12
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6.0

Table A

Benzene (ug/l)

Well | Location Relative to Source Area | 11/11/08 | 2/12/09 | 4/9/09 7/23/09 10/1/09
S-19 | cross gradient 500 130 140 77 160
S-21B | deeper 67 12 14 5.0 2.6
S-22B | deeper 3.3 11 53 8.9 2.4

NA = Not Analyzed

Benzene concentrations detected in untreated well S-17, located directly down gradient
of the source area, show a reduction in benzene concentrations of nearly two orders of
magnitude over the last year. All benzene concentrations detected in the October 2009
monitoring event are lower than those detected in the July 2009 monitoring event with
the exception of wells S-8 and S-19 which are still less than half of their pre-ISCO
concentrations. Since November 2008, benzene concentrations in several wells have
shown short-term increases, likely due to the ISCO process mobilizing VOCs. Previous
data indicates that the mobilizing effects of the ISCO injections diminish over time and
the general decline in benzene concentrations indicates that ISCO is effectively
degrading the residual benzene in groundwater.

CONCLUSIONS

ISCO feasibility is verified by increased dissolved oxygen readings, changes in
oxidation-reduction potential (ORP), increased sulfate, soil vapor, oxygen, and lower
explosive limit (LEL) levels.

mobilization of potentially harmful soil vapors from the ISCO injection is not a concern.
ISCO effectiveness is verified by hydrocarbon concentration reductions in groundwater.

Benzene concentrations have significantly decreased, indicating that ISCO is effectively
treating hydrocarbons in the subsurface.

RECOMMENDATIONS

CRA recommends additional groundwater monitoring to assess the effectiveness of the
recent ISCO activities. We recommend monthly groundwater monitoring during the
fourth quarter of 2009 and quarterly monitoring through the first half of 2010 to further
assess the effectiveness of ISCO.
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All of Which is Respectfully Submitted,
CONESTOGA-ROVERS & ASSOCIATES

Daniel A. Glaze

2IAN,

Daniel N. Lescure, PE
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TABLE 1 Page 1 of 1

IN SITU CHEMICAL OXIDATION

INJECTION VOLUMES
FORMER SHELL SERVICE STATION
461 8TH STREET
OAKLAND, CALIFORNIA _
Total Proposed . Proposed  Actual
Amount of Injection Injected
: Reagent per Well Injection Volume  Volume
Date Well ID Reagent (gal) Concentrations (gal) (gaD)
August 2009  S-21A Nay5,04 390 40% 590 900
H,0, 200 10%
S-22A Na,5,0 390 ’ 40%
s 590 600
H,O, 200 10% ‘
S-23 Na,5,0 580 40%
22 * 880 900
H,0, 300 10%
5-13 Nay5,0 580 409
i . X 880 595
11,0, 300 10%
.5-18 Na25208 580 40%
880 880
H,O, 300 10%
5-20 Na,5,0 580 - 40%
2 " 880 825
H,0O, , 300 10%

Abbreviations & Notes:
gal=Gallon
Na,5,04-Sodium Persulfate
H,0,=Hydrogen Peroxide

CRA 241501 (13)
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SITE HISTORY

1978-1980 Separate Phase Hydrocarbons (SPH) Discovered in Bay Area Rapid Transit’s
(BART’s) KE Line Tunnel: Tn January 1979, BART notified Shell that they had found
SPH in a tunnel under the intersection of 7thStreet and Broadway. Shell tested the
product lines at the subject site and found a pressure leak. Shell replaced the product
lines in January 1979. Shell also tested the underground storage tanks (USTs) tightness
and they passed. According to BART’s January 10, 1979 to December 3, 1981 Bart
Recovery Project Log and Groundwater Technology, Inc.s 1981 Considerations on
Infiltration of Gasoline into BART KE Line report, one observation well was installed to a
depth of 25feet concurrent with piping replacement and no contamination was
reported. SPH analyses conducted in January 1979 and in May 1981 identified the SPH
in the BART tunnel as Shell Regﬁlar gasoline, Between October 1979 and April 1980,
approximately 4,400 gallons of water and gasoline were removed from the BART
tunnel. The Shell station discontinued station operations in May 1980, and all existing
improvements, tanks, and associated piping were removed. No UST removal or piping
removal reports are available.

1981-1988 Monitoring Well Installation and Groundwater Extraction (GWE): In
August and September 1981, Groundwater Technology, Inc. (GTI) installed seven
monitoring wells (L-1 through L-7) to delineate the extent of hydrocarbons in
groundwater. Based groundwater sampling results, in December 1981 Gettler-Ryan,
Inc. (G-R) installed a recovery well adjacent to well L-6. GWE from the recovery well
began in February 1982 and continued until August 1982. Wells L-1 through L-3 were
destroyed during construction of the BART tunnels in the mid-1980’s. Records of the
well destructions are not available. Wells L-4, L-5, and L-6 were renamed S-4, S-5, and
S-6. G-R began gauging wells S-4 through S-6 in 1986 and collecting groundwater
samples for analysis in 1988. G-R conducted periodic GWE from wells 5-5 and 5-6 by
bailing or by vacuum truck beginning in October 1988. GeoStrategies Inc.’s (GSI's)
September 14, 1993 Work Plan summarizes GWE activities associated with the recovery
well and Enviros, Inc.’s (Enviros”) November 2, 1993 Work Plan for Soil and Groundwater
Sampling summarizes the periodic GWE activities.

1993 Phase I Assessment: GSI's June 30, 1993 Phase I Preliminary Site Assessment
identified seven sites with known UST leaks within a ¥s-mile radius of the site including
- an Oakland Police Department (OPD) site located down gradient (southwest). The Bart
Recovery Project Log noted that leaking USTs were replaced at the OPD site in
October 1979 and that OPD had received product deliveries from a local Shell gasoline
distributor. In addition, a permit to repair the product lines and dispensers at the OPD
site was taken out in 1984 by Egan and Paradiso Company, but no additional
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information was available. The OPD site is not listed in Geotracker or on Alameda
County Environmental Health’s (ACEH's) website.

1994 Subsurface Investigation: During July 1994, Enviros drilled nine soil borings (B-1
through B-9) in the vicinity of the former pump islands and the former USTs. Up to
15 milligrams per kilogram (mg/kg) total petroleum hydrocarbons as gasoline (TPHg)
and 0.24 mg/kg benzene were detected in soil samples collected near the former pump
islands. No TPHg or benzene was detected in soil samples in the area of the former
piping or the former USTs. Investigation activities are described in Enviros’
August 16, 1994 Site Investigation Report.

1994-1995 Well Installation: During December 1994, Enviros installed three monitoring
wells (S-8, S-9, and S-10). No TPHg or benzene was reported in soil samples collected
from the wells, with the exceptions of 0.014 mg/kg benzene in a sample from S-8 at
21.5 feet below grade (fbg) and 760 mg/kg TPHg and 0.0032 mg/kg benzene reported
in the sample from S-10 at 11.5 fbg. Investigation activities are described in Enviros’
February 14, 1995 Site Investigation Report and Quarterly Monitoring Report - First Quarter
1995. '

2003 Offsite Investigation: During October 2003, Cambria Environmental Technology,
Inc. (Cambria) drilled one soil boring (HA-1) within 7t Street, south of the site. No
TPHg, benzene, or methyl tertiary-butyl ether (MTBE) was detected in soil samples. A
grab groundwater sample contained 6.3 micrograms per liter (pg/L) MTBE.
Investigation activities are described in Cambria’s December 16, 2003 Subsutface
Investigation Report.

2004 Subsurface Investigation for Development: During May 2004, Treadwell & Rollo,
Inc. (T&R) of Oakland, California drilled four soil borings (TR-1 through TR-4) onsite to
collect soil and soil vapor samples. TPHg and volatile organic compounds (VOCs) were
not detected in soil samples, and benzene, toluene, ethylbenzene, and xylenes (BTEX)
were not detected in soil vapor samples collected. Investigation results are summarized
in T&R’s March 27, 2006 Subsurface Investigation report. '

December 2006 Subsutface Investigation: During December 2006, Cambria drilled
14 soil borings (B-10 through B-23) to determine the extent of hydrocarbon impacts in
soil. Fuel oxygenates were not detected in any of the soil samples with the exception of
up to 0.083 mg/kg of tertiary-butyl alcohol in three soil samples from borings B-13 and
B-14. Lead scavengers (1,2-Dichloroethane [1,2-DCA] and ethylene dibromide [EDB])
were not detected in soil sainples. Grab groundwater samples contained up to
960,000 micrografns per liter (ng/1) TPHg (B-22) 24,000 pg/1 benzene (B-10). No fuel
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oxygenates were detected in the grab groundwater samples. Up to 410 ng/11,2-DCA
was detected in grab groundwater samples, and 52 pg/1 EDB was reported in one grab
groundwater sample (B-12). Investigation results are summarized in Conestoga-Rovers
& Associates (CRA’s) March 2, 2007 Subsurface Investigation.

November 2007 - January 2008 Subsurface Investigation and Pilot Testing: Between
November 3 and December 13, 2007, CRA drilled four soil borings (B-24 through B-27),
completed them into vapor probes (VP-1 through VP-4), installed five monitoring wells
(5-12 through S-16) and an air sparge well (AS-1). A dual-phase extraction (DPE) pilot
test was performed on January 7 and 8, 2008 and an air sparging (AS) pilot test was
performed on January 10 and 11, 2008. These activities are documented in CRA’s
February 25, 2008 Site Investigation and Pilot Test Report, and Corrective Action Plan.

May 2008 Well Destructions and Installations: In May 2008, CRA properly destroyed
four wells (S-14, S-15, 5-16, and AS-1) and installed three wells (5-17, 5-18, and OW-1) to
accommodate source area excavation activities. These activities are documented in
CRA’s August 20, 2008 Well Destruction and Installation Report.

June 2008 Soil Excavation and In Situ Chemical Oxidation (ISCO) Piping Installation:
Gettler-Ryan Inc. (GRI) of Dublin, California excavated soil to approximately
20 feet below grade (fbg) in the southeastern portion of the site. Three sets of ISCO
injection points were placed within the excavation. Approximately 1,340 tons of soil
generated during excavation activities was removed and properly disposed. CRA’s
September 17, 2008 Soil Sampling and ISCO Piping Installation Report provides details of
the excavation and ISCO gallery installation activities.

September 2009 Subsurface Investigation: CRA installed four deep wells (5-19, 5-20,
S-21B, and S-22B) and four shallow wells (S-14R; S-19, 5-20, and S-23) to facilitate
planned ISCO pilot testing, and drilled two soil borings (B-28 and B-29) to delineate
vertical soil impact in the southern portion of the site. Soil hydrocarbon impacts were
found to be concentrated within a zone 20 to 26.5fbg deep and to diminish in
concentration with depth and horizontal distance from the June 2008 excavation pit.
This investigation is detailed in CRA’s December 8, 2008 Subsurface Investigation Report.

December 2008- March 2009 ISCO Pilot Testing: In December 2008 and January 2009,
CRA performed two rounds of ISCO pilot test using the injection galléry to treat
hydrocarbon impacts to soil within the source area. In March 2009, CRA continued the
ISCO pilot testing using injection into monitoring wells. CRA’s July 17, 2009
In Situ Chemical Oxidation Pilot Test Report details these ISCO injection events. '
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TECH SERVICES e

GROUNDWATER SAMRLING SRPECIALISTS
SINGE 1088

Oetober 16, 2000

Benis Brewn -

8hell Ol Products US

20945 South Wilmington Avenue
Carson, CA 90810

Fourth Quarter 2009 Groundwater Monitoring at
Former Shell-branded Service Station

461 8th Street

Oakland, CA

Monitoring performed en October 1, 2009

Groundwater Monitoring Report 091001-WW-1

This report covers the routine monitoring of groundwater wells at this former Shell-branded
facility. In accerdance with standard procedures that sonform to Regienal Water Quality Control
Board requirements, routine field data colleetlon includes depth to water, total well depth,
thickness of any separate immiscible layer, water column volume, caleulated purge velume (if
applicable), elapsed evacuation time (if applicable), total volume of water removed (if
applicable), and standard water parameter instrument readings. Sample material is collected,
contained, stored, and transported to the laboratory in conformance with EPA standards.
Purgewater (if applicable) is, likewise, collected and transported to the Martinez Refining
Company.,

Basic field information is presented alongside analytical values excerpted from the laboratory
report in the cumulative table of WELL CONCENTRATIONS, The full analytical report for
the most recent samples and the field data sheets are attached to this report,

At a minimum, Blaine Tech Services, Inc, field personnel are certified on completion of a forty-
hour Hazardous Materials and Emergency Response training course per 29 CFR 1910,120, Field
personnel are also enrolled in annual etghtqhaur refresher courses.

SAN JOSE SACRAMENTO LOS ANGELES SAN DIEGO SEATTLE
1680 ROGERS AVENUE SAN JOSE, CA  (408) 573-0555% FAX (408) §73-7771 LIC, 746684 www. blainetech,com



Blaine Tech Services, Inc. conducts sampling and decumentation assignments of this type as an
independent third party. Our activities at this site eensisted of objestive data and sample
collection only. No interpretation of analytical results, defining of hydrological conditions or
formulation of recommendations was performed.

Please eall if you have any questions.

¥Yours truly,

Mike Ninokata
Projest Manager

MN/np

aitachments: Cumulative Table of WELL CONCENTRATIONS
Certified Analytical Repart
Field Data Sheets

ge:  Annl Kreml -
Conesioga-Rovers & Associates
5900 Hollis Street, Suite A
Emeryville, CA 94608

8AN JOSE SACRAMENTQ LOS ANGELES $AN RIEGO SEATTLE
1680 ROGERS AVENUE SAN JOSE, €A (408) S73-0555  FAX (408) 573-777) LIC. 746684 www.blainstech.com



WELL CONCENTRATIONS - TABLE 4
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VWELL CONCENTRATIONS - TABLE 4

461 Bth Street
Dakiand, CA
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Abbreviations:

TOPH = Totel peincieun: yirenaribons 25 pastiine Gy SPA Wethal SRS, prier to July B5, 2607, mswﬁmmmm
BYEX = Benzene, idiuene, Sinlesrrene, yienss iy EPASShed S2608; priorio July 35, 200Y, enaiyzed by BFA Mhed 8028,
MTRE = Methy! teiiany byl efver

ETRE = Byl terany byl eftesr, Ensiyzed by EPA Mefhod 82888

TAME = Testarny amy) ety siher, acalyeed by FRAMstod SE00R,

TRA = Teriiary bubyl aloohsl, andyssd iy TP Wil EH508

EDC= m-@mrﬂma:me andlyestiny EFA ethod B2508.
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= SFH defscked 2t <881 foet.

B="545was perged prior to samping.

= Arsiyzed by BPA Wethed BR1SE ).

i="The sample chremategraphic paiterm for TPH does net miich the cheomaioprapinie
pesed upon the spacified stendent.

= Amalyte was deieried at a concertraiion batow fhe repanting i and sbove the debormiony meed detection el Reporied aefue iseatmaiel.
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