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WORK PLAN FOR SOIL & GROUND-WATER INVESTIGATION 
Atlantic Richfield Company Station No. 2035 
1001 San Pablo Avenue, Albany, California 

ACEH Fuel Leak Case No. RO100 
 
 
1.0 INTRODUCTION 

On behalf of the Atlantic Richfield Company, RM – a BP affiliated company, Broadbent & 
Associates, Inc. (BAI) has prepared this Work Plan for Soil & Ground-Water Investigation at the 
Atlantic Richfield Company Station No. 2035, located at 1001 San Pablo Avenue, Albany, 
California (Site).  This work plan was prepared in response to a letter request from the Alameda 
County Environmental Health Services (ACEH) dated 7 November 2008.  A copy of this letter is 
provided in Appendix A.  Specifically, ACEH technical comments within the 7 November 2008 
letter requested confirmation soil sampling to evaluate the effectiveness of the remediation 
system that operated on-site between 1997 and 2004.  The letter also requested an evaluation of 
on-site monitoring well construction, including a proposal for the construction of new, more-
appropriately screened monitoring wells.  This work plan includes brief discussions on the Site 
background and previous investigations, regional and Site geology and hydrogeology, the 
proposed scope of work, and completion schedule. 

2.0 SITE BACKGROUND 

The Site is an active ARCO-brand gasoline retail station that consists of a station building, four 
underground storage tanks (USTs), and four pump dispensers on two dispenser islands.  The Site 
is located on the southeast corner of Marin and San Pablo Avenues in Albany, California 
(Drawing 1).  The land use in the immediate vicinity of the Site is mixed commercial and 
residential.  The Site is predominantly covered with concrete and asphalt.   

On 9 August 1989, Applied GeoSystems (AGS) performed a limited environmental site 
assessment at the Site.  A total of five soil borings (B-1 through B-5) were advanced to a 
maximum depth of 20.5 feet below ground surface (bgs) near the vicinity of the existing gasoline 
USTs to evaluate potential hydrocarbon contamination within the soil prior to the removal and 
replacement of the USTs.  During drilling, first ground water was typically logged at occurring 
between 17 to 18 feet below ground surface (ft bgs).  A total of fifteen soil samples were 
collected during this assessment and analyzed for total petroleum hydrocarbons as gasoline 
(TPHg), and benzene, toluene, ethylbenzene, and total xylenes (BTEX).  A summary of soil 
analytical results obtained during this investigation is provided in Appendix B.  Soil boring logs 
are provided in Appendix C. 

On 27 June 1991, RESNA observed the installation of two soil borings (B-6 and B-7) to depths 
of 18 and 19.5 ft bgs in the area of the new proposed UST complex to evaluate potential 
hydrocarbon contamination.  During drilling, first ground water was logged at occurring at 18 
and 19.5 ft bgs, respectively.  Nine soil samples were collected from the borings and submitted 
for laboratory analysis of TPHg and BTEX.  The locations of these borings and a summary of 
laboratory analytical data are provided in Appendix B.  Soil boring logs are provided in 
Appendix C. 

On 1 through 3 July 1991, RESNA observed the excavation and removal of four gasoline USTs.  
Following removal, several of the tanks were reported to have visible holes present.  The 
excavation reached a total depth of approximately 12 ft bgs.  Ground water was encountered in a 
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small area within the excavation of tank pit T4 at this depth.  Soil samples were collected from 
native soil at depths between 12 and 13 ft bgs beneath each tank.  Approximately 350 cubic 
yards were reportedly removed from the UST complex during excavation and removal activities.  
Laboratory analytical data and sample locations are provided in Appendix B.   

On 19 July 1991, RESNA observed the excavation and removal of the product lines and 
dispensers at the Site.  A total of 19 soil samples were collected from beneath the product lines 
and dispensers to depths up to 2.5 ft bgs.  Soil samples were analyzed for TPHg and BTEX.  A 
summary of laboratory analytical data and sample locations are presented in Appendix B.   

On 14-16 October 1991, RESNA observed the advancement of four soil borings (B-8 through 
B-11), which were converted into ground-water monitoring wells RW-1, MW-1, MW-2, and 
MW-3, respectively.  These first monitoring wells were installed to further evaluate the presence 
and extent of gasoline hydrocarbons in soil and ground water at the Site and to collect hydrologic 
data necessary for evaluation of aquifer characteristics.  A total of 27 soil samples were collected 
during boring advancement.  Prior to well construction, first ground water was initially 
encountered during drilling between approximately 19 to 23.5 ft bgs.  Well RW-1 was 
constructed with a screened interval from approximately 11 to 26 ft bgs.  Well MW-1 was 
constructed with a screened interval from approximately 15 to 30 ft bgs.  Well MW-2 was 
constructed with a screened interval from approximately 20 to 29 ft bgs.  Lastly, well MW-3 was 
constructed with a screened interval from approximately 12.5 to 32.5 ft bgs.  Following well 
construction and development, ground water reportedly stabilized between approximately 11 to 
11.5 ft bgs in the constructed wells.  A summary of soil and ground-water laboratory analytical 
data and boring locations are provided in Appendix B.  Soil boring and well construction logs are 
provided in Appendix C.   

On 7 November 1991, RESNA conducted a step-drawdown test at well RW-1 to determine the 
optimum pumping rate for an aquifer pump test.  An 18-hour pump test and six hour recovery 
test were then conducted on 14-15 November 1991.  RW-1 was utilized as the pumping well and 
wells MW-1, MW-2, and MW-3 were used as observation wells.   

On 19-21 August 1992, RESNA observed the advancement of eight soil borings (B-12 through 
B-19), six of which (B-14 through B-19) were converted into four-inch soil vapor extraction 
wells VW-1 through VW-6, respectively.  First however, borings B-12 and B-13 were advanced 
to an approximate total depth of 21.5 ft bgs next to the former waste oil tank to evaluate the 
extent of waste oil hydrocarbons in the soil in the immediate vicinity of the former waste oil tank 
pit.  Borings B-14 through B-19 were drilled to total approximate depths between 15.5 and 18.5 
ft bgs.  During drilling of borings B-16 (VW-3) and B-19 (VW-6) ground water was encountered 
at approximately 10 and 13 ft bgs, respectively.  Well VW-1, VW-2, and VW-4 were constructed 
with screened intervals from approximately 5 to 17 ft bgs.  Well VW-5 was constructed with a 
screened interval from approximately 4.5 to 14.5 ft bgs.  Due to the encountered ground water, 
wells VW-3 and VW-6 were constructed with screened intervals between 4.5 to 9.5 and 5 to 12.5 
ft bgs, respectively.  A total of 37 soil samples were collected at five foot intervals or less to the 
total depth drilled within each boring during the investigation.  Boring locations and soil 
analytical data are provided in Appendix B.  Soil boring and well construction logs are provided 
in Appendix C.   
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On 25 August 1992, RESNA performed a one day soil vapor extraction test to collect specific 
site data and evaluate the feasibility of soil vapor extraction (SVE) as a soil remediation 
alternative.  According to RESNA, the results obtained during this test indicated that SVE was a 
viable remediation technology based on observed flow rates, concentrations, and the radius of 
influence.   

On 24-25 November 1992, RESNA observed the advancement of two on-site (B-20 and B-21) 
and one off-site (B-22) soil borings.  Borings B-20 and B-21 were converted into on-site ground-
water monitoring wells MW-4 and MW-5 in the southern portion of the Site.  Boring B-22 was 
converted into off-site ground-water monitoring well MW-6 on the western side of San Pablo 
Avenue.  The soil borings and monitoring wells were installed to further investigate the presence 
and extent of gasoline hydrocarbons in soil and ground water in the southern portion of the Site 
and in the down-gradient vicinity of the Site.  A total of 19 soil samples were collected during 
this investigation.  During drilling, first ground water was initially encountered between 13 to 14 
ft bgs but later stabilized between 11.5 to 13.5 ft bgs.  Monitoring wells were constructed with 
screened intervals between approximately 8 to 25.5 ft bgs.  Soil and ground-water analytical data 
along with boring and well locations are provided in Appendix B.  Soil boring and well 
construction logs are provided in Appendix C.   

On 14-16 June 1993, RESNA observed the advancement of five soil borings (B-23 through 
B-27).  Borings B-23, B-24, and B-25 were converted into soil vapor extraction wells (VW-7, 
VW-8, and VW-9) and borings B-26 and B-27 were converted into combination air sparge/soil 
vapor extraction wells (AS-1 and AS-2).  Soil vapor extraction wells VW-7, VW-8, and VW-9 
were constructed with screened intervals between approximately 6 to 15 ft bgs.  Air sparge wells 
AS-1 and AS-2 were each constructed with sparge well screened intervals between 
approximately 29 to 31 ft bgs, with soil vapor extraction screen intervals between 5 to 15 ft bgs.  
A total of seventeen soil samples were submitted to the laboratory for analysis.  Soil boring/well 
locations and analytical data are provided in Appendix B.  Soil boring and well construction logs 
are provided in Appendix C.   

On 25-26 August 1993, RESNA performed an air sparge/soil vapor extraction (AS/SVE) pilot 
test at the Site to evaluate the feasibility of utilizing air sparging to mobilize and remove gasoline 
hydrocarbons from ground water beneath the Site.  Well AS-1 was used as the injection point 
while well AS-2 was utilized as a vapor extraction well.  Bubble propagation was reportedly 
observed up to 20 feet from the sparge well.   

In November 1993, construction of a remediation system on-site was completed.  The system 
included both a ground-water extraction system (GWE) and AS/SVE system.  A total of nine 
vapor extraction wells (VW-1 through VW-9), one ground-water extraction (RW-1), and two air 
sparge wells (AS-1 and AS-2) were utilized for operation of the remediation system.  Initial 
startup of the AS/SVE system took place in December 1993.  According to historic reports, the 
GWE system was not operated on-site.  The AS/SVE system operated intermittently through 
February 2004, at which time it was shutdown due to minimal influent concentrations.  
Reportedly, approximately 3,967 pounds of TPHg and 258 pounds of benzene were removed 
from on-site soils during the operation of the AS/SVE system.    
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Ground-water monitoring has occurred on-site since October 1991.  Historic ground-water data 
including elevations and concentrations are presented in Appendix B.   

3.0 SITE GEOLOGY AND HYDROGEOLOGY 

According to the East Bay Plain Groundwater Basin Beneficial Use Evaluation Report 
(California Regional Water Quality Control Board – San Francisco Bay Region/SFRWQCB, 
June 1999), the Site is located within the northwestern portion of the Berkeley Sub-Area in the 
East Bay Plain of the San Francisco Basin.  The Berkeley Sub-Area contains a series of alluvial 
fans deposited on a west sloping bedrock surface.  The alluvial deposits range from 10 to 300 
feet deep, averaging 100 to 200 feet deep.  According to this document, there is no historical 
evidence that ground-water supplies are sufficient for municipal use (primarily due to low 
recharge rates) and that there are no reported clay units that function as major aquitards.  
However, in the Berkeley Sub-Area the first encountered ground water is frequently reported as 
being semi-confined, particularly in West Berkeley.  

Throughout most of the Alameda County portion of the East Bay Plain, from Hayward north to 
Albany, water level contours show that the general direction of ground water flow is from east to 
west or from the Hayward Fault to the San Francisco Bay.  Ground-water flow direction 
generally correlates to topography.  Flow direction and velocity are also influenced by buried 
stream channels that typically are oriented in an east-west direction.  The nearest surface water 
drainage is Cordornices Creek, located approximately 1,100 feet south of the Site.  The overall 
general flow direction of Cordornices Creek is from east to west. 

The Site elevation is approximately 42 feet above mean sea level.  The water table fluctuates 
seasonally and over time with recorded static depths to water in monitor wells at the Site ranging 
between a historic minimum depth below ground surface (bgs) of 5.69 ft (MW-3 on 2/01/2000) 
and maximum of 20.61 feet bgs (RW-1 on 11/08/1991).  Historically, depth-to-water 
measurements have typically ranged between approximately 7.0 and 12.0 feet bgs (See Appendix 
B).  Ground-water flow direction during the fourth quarter 2008 monitoring event on 24 
November 2008 was to the west at a gradient of 0.02 ft/ft, typical according to the monitoring 
record.  Historic ground-water flow directions and gradients for the Site are summarized in 
Appendix B.   

According to the East Bay Plain Groundwater Basin Beneficial Use Evaluation Report, the 
majority of East Bay Plain Cities (except the City of Hayward) do not have “any plans to 
develop local ground-water resources for drinking water purposes, because of existing or 
potential saltwater intrusion, contamination, or poor or limited quantity.”  The SFRWQCB’s 
basin plan denotes existing beneficial uses of municipal and domestic supply (MUN), industrial 
process supply (PROC), industrial service supply (IND), and agricultural supply (AGR) for the 
East Bay Plain ground-water basin. 

Geologic data derived from on-site borings generally indicates a fine-grained silty and gravelly 
clay to silty and gravelly sand layer between approximately one and ten feet bgs.  A coarser-
grained clayey to silty sand and sandy gravel water-bearing zone underlies the sand and clay 
layer between approximately eight and 15 feet bgs.  A clayey to gravelly sand layer is present 
between approximately 15 and 30 feet bgs.  Silty clays were observed in several borings beyond 
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30 feet bgs.  Soil boring and well construction logs are provided in Appendix C.  Copies of 
geologic cross-sections for the Site are also provided in Appendix D. 

4.0 PROPOSED SCOPE OF WORK 

4.1 Proposed Well Installation Locations 

As referenced in the ACEH letter, the well screen intervals of several groundwater monitoring 
wells associated with the Site appear to be submerged.  Specifically, submerged screen intervals 
are predominantly consistent in wells RW-1 and MW-1 through MW-3.  Submerged well screen 
intervals were also mentioned to occasionally be observed in wells MW-4 through MW-6.  
However, historic depth to ground-water measurements collected at the Site show that the screen 
intervals have not been submerged since 20 February 1998 in well MW-4 (6.78 feet) and 16 
February 1999 in well MW-5 (8.35 feet).  The screened interval within well MW-6 has not been 
submerged since it was initially installed according to historic depth to ground-water 
measurements.  The screened interval of well RW-1 has been submerged by a minimum of 0.04 
feet and a maximum of 1.80 feet since November 2003.  Due to these minor values and the fact 
that purging of the well during sampling activities should reduce the depth to water below the 
screened interval, it is not proposed to install a replacement well for RW-1.  However, the 
significant submergence of the screened intervals in wells MW-1 through MW-3 warrants their 
replacement in the monitoring /sampling schedule with new wells in order to confidently obtain 
more representative ground-water concentrations from these areas.  The proposed monitoring 
well locations are shown on Drawing 2.     

4.2 Preliminary Activities, Local Permitting and Notification 

Prior to initiating field activities, Stratus will obtain the necessary well permits from Alameda 
County; prepare a site health and safety plan (HASP) for the proposed work; clear the Site for 
subsurface utilities; and provide 72-hour advance written notification to ACEH (email preferred 
to paresh.khatri@acgov.org) and BAI (email tvenus@broadbentinc.com or mobile phone 530-
588-5887) prior to the start of field activities.  The utility clearance will include notifying 
Underground Service Alert (USA) of the pending work a minimum of 48 hours prior to initiating 
the field investigation, and securing the services of a private utility locating company to confirm 
the absence of underground utilities at each boring location.  Boreholes will be physically 
cleared to five feet bgs using hand auger or air knife methods.   

The Site-specific HASP will be prepared for use by personnel implementing the work plan.  The 
HASP will address the proposed boring and monitoring well installations.  A copy of the HASP 
will be available on-site during work.  The subcontractor(s) performing field activities will be 
provided with a copy of the HASP prior to initiating work.  A safety tailgate meeting will also be 
conducted daily to review the Site hazards and drilling work scope.   

4.3 Proposed Soil Borings 

At the request of ACEH, the purpose of the proposed soil investigation is to characterize residual 
hydrocarbon contamination within soils following operation of the soil vapor extraction 
remediation system on-site.  Site soil conditions have been previously characterized in numerous 
site investigations, as described in the Site Background section.  Specifically, the ACEH letter 



Broadbent & Associates, Inc. Work Plan for Soil & Ground-Water Investigation 
Chico, California Station No.2035, Albany, California 
 5 January 2009 
 Page No.6 
 

references elevated total petroleum hydrocarbon concentrations observed in sample S-10-B16, 
which was collected during a soil investigation conducted by RESNA in August 1992, and 
elevated benzene concentrations observed in sample S-1-PL4, which was collected by RESNA 
during product line removal activities in July 1991.  Analytical results and a site map depicting 
the boring locations from these investigations are provided in Appendix B. 
 
BAI proposes advancing three borings to evaluate potential, residual petroleum hydrocarbon 
impacts to soil.  Boring B-28 is proposed in the general vicinity of sample S-10-B16 and well 
MW-1, approximately 15 feet west-southwest of well MW-1 and five feet east of well VW-3 
(S-10-B16 sample location).  Boring B-29 is proposed in the general vicinity of sample S-1-PL4, 
approximately five feet east-southeast of well MW-2 and five feet northwest of the eastern 
dispenser islands.  Boring B-30 is proposed in the general vicinity of existing well MW-3 in 
order to install supplemental well MW-9.  Soil samples are not planned to be collected during the 
advancement of boring B-30.  The proposed boring locations are shown in Drawing 2.  The 
actual locations may be required to vary due to the potential presence of underground utility 
conflicts. 

A Stratus field geologist will observe a California-licensed drilling company advance the soil 
borings using a hollow-stem auger drilling rig to a total approximate depth of 20 feet bgs.  Depth 
to ground water will be measured in wells MW-1 (near B-28), MW-2 (near B-29), and MW-3 
(near B-30) prior to drilling activities to establish baseline depths to water.  The most recent 
ground-water monitoring event (Fourth Quarter 2008) indicated depth to water measurements of 
10.55 feet in well MW-1, 10.70 feet in well MW-2, and 10.80 feet in well MW-3.  Soils will be 
classified according to the Unified Soil Classification System (USCS), and will be examined 
using visual and manual methods for parameters including odor, staining, color, grain size, and 
moisture content.  Soil samples will be collected at 1.5-foot intervals, beginning at a depth of 
five feet bgs following borehole clearance, until ground water is encountered (anticipated to be 
5.0, 6.5, 8, and possibly 9.5 and 11 ft bgs, depending upon the encountered depth of ground 
water).  The soil samples will be submitted to the laboratory for chemical analysis.   

The samples will be submitted under chain-of-custody protocol to Calscience Environmental 
Laboratories, Inc. (Garden Grove), a California State-certified environmental laboratory.  The 
soil samples will be analyzed for the following:  Gasoline Range Organics (GRO, C6-12) by 
EPA Method 8015B; Benzene, Toluene, Ethylbenzene, Total Xylenes (BTEX), tert-Amyl methyl 
ether (TAME), tert-Butyl alcohol (TBA), Di-isopropyl ether (DIPE), 1,2-Dibromomethane 
(EDB), 1,2-Dichloroethane (1,2-DCA), Ethanol, Ethyl tert-butyl ether (ETBE), and MTBE by 
EPA Method 8260. 

Investigation-derived residuals will be temporarily stored on-site in 55-gallon drums, pending 
characterization for proper disposal.  Stratus will coordinate the transportation and disposal of 
surplus soils and liquids to the appropriate California-regulated facilities.   

4.4 Monitoring Well Construction 

The wells will be constructed of threaded 4-inch diameter, Schedule 40 poly-vinyl chloride 
(PVC) and screened with 0.010-inch machine-cut slots.  Proposed monitoring wells MW-7, 
MW-8 and MW-9 will contain screened intervals from six feet bgs to 20 feet bgs, the total depth 
of each well.  A filter pack consisting of No.2/12 sand will be installed from total depth to two 
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feet above the top of the well screen, which will be overlain by three feet of bentonite, and 
bentonite-cement grout to the surface.  A traffic-rated locking vault will be installed to protect 
the well head.   

4.5 Monitoring Well Development and Sampling 

At least 48 hours after well installation the new wells will be developed.  The well development 
process will consist of surging and bailing the well to remove fine-grained sediments from the 
well and sand filter pack.  A minimum of three and a maximum of ten wetted casing volumes of 
ground water will be removed until water quality parameters have stabilized.  Periodic 
measurements of the water quality parameters pH, temperature, conductivity, and turbidity will 
be recorded during the development to establish baseline values for ground water.  Purge water 
generated during development activities will be handled according to BP protocols and 
procedures. 

After well development, the monitoring wells will be surveyed.  A California-licensed 
Professional Land Surveyor will be scheduled to survey the well heads for top of casing 
elevation with respect to mean sea level, and for lateral position using northings and eastings per 
NAD’88.  Survey information will be uploaded to GeoTracker. 

The wells will be sampled no sooner than 48 hours after well development.  The sampling 
procedure for the wells consists of first measuring the water level and depth to bottom, and 
checking for the presence of separate phase hydrocarbons (free product) using an electronic oil-
water interface probe.  If the well does not contain free product, it will be purged of 
approximately three wetted casing volumes of water (or until dewatered) using a centrifugal 
pump, gas displacement pump, or bailer.  During purging, temperature, pH, and electrical 
conductivity will be monitored to document that these parameters have stabilized prior to 
collecting samples.  After purging, water levels will be allowed to partially (at least 80%) 
recover.  Ground-water samples will be collected using a dedicated disposable bailer, placed into 
appropriate Environmental Protection Agency (EPA) approved containers, labeled, logged onto 
chain-of-custody records, and transported on ice to the laboratory.  Sample labels will include 
sample name, sampling time and date, analytical methods, and sampler’s initials.  If the well 
contains free product, it will not be sampled and free product will be removed according to 
California Code of Regulations, Title 23, Division 3, Chapter 16, Section 2655, UST 
Regulations. 

Ground-water samples will be analyzed for the following: GRO by EPA Method 8015B; for 
BTEX, MTBE, ETBE, TAME, DIPE, 1,2-DCA, EDB, TBA, and Ethanol using EPA Method 
8260B. 

4.6 Well Installation Report 

Upon completion of field activities and receipt of the certified field data package (including 
copies of permits, field data sheets, boring logs, and the laboratory analytical report with chain-
of-custody documentation), BAI will prepare a Soil and Ground-Water Investigation Report.  
The report will document the results of the investigation, field activities, copies of required 
permit(s), copies of field notes, soil boring and well construction logs, laboratory analytical 
reports with copies of chain-of-custody records, discussion of findings, conclusions and 
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recommendations.  Deviations from the work plan or data inconsistencies will be discussed in 
the report.   

5.0 PROPOSED SCHEDULE 

The schedule for the above-noted work shall proceed as follows: 

• Implement Soil and Ground-Water Investigation – Upon approval of this work plan and 
obtaining the necessary permits.   

• Submittal of Soil and Ground-Water Investigation Report – Within 60 days after 
completion of fieldwork.  

Semi-annual ground-water monitoring will continue as scheduled.  Proposed monitoring wells 
MW-7, MW-8, and MW-9 will be assimilated into the sampling schedule following the 
completion of installation activities.  It is presently proposed to discontinue monitoring/sampling 
existing wells MW-1, MW-2 and MW-3. 

6.0 CLOSURE 

The findings presented in this document are based upon: observation of field personnel from 
previous consultants, the points investigated, and results of laboratory tests performed by various 
laboratories.  Our services were performed in accordance with the generally accepted standard of 
practice at the time this document was written.  No other warranty, expressed on implied was 
made.  This report has been prepared for the exclusive use of Atlantic Richfield Company.  It is 
possible that variations in soil or ground-water conditions could exist beyond points explored in 
this investigation.  Also changes in site conditions could occur in the future due to variations in 
rainfall, temperature, regional water usage, or other factors. 
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HISTORIC SOIL AND GROUND-WATER DATA
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