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WORK PLAN FOR ON-SITE SOIL INVESTIGATION 
Atlantic Richfield Company Station No. 374 
6407 Telegraph Avenue, Oakland, California 

 
 

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 On-Site Soil Investigation for additional 
soil characterization at the Atlantic Richfield Company Station No. 374, located at 6407 
Telegraph Avenue, Oakland, California (Site).  This work plan was prepared in response to a 
letter request from the Alameda County Environmental Health Services (ACEH) dated 30 April 
2008.  A copy of this letter is provided in Attachment A.  Specifically, ACEH technical 
comments within the 30 April 2008 letter requested a proposal to characterize residual 
hydrocarbon contamination within soils at the source area (former underground storage tank 
(UST) excavation) in the southwestern portion of the property to verify effectiveness of past 
remediation activities at the Site.  In accordance with the request of 30 April 2008, this work 
plan includes 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 outlet located on the northwestern corner of 
Telegraph and Alcatraz Avenues in Oakland, California (Drawing 1 and Drawing 2).  The land 
use in the immediate vicinity of the Site is mixed commercial and residential.  The Site consists 
of a service station building and two 12,000-gallon gasoline underground storage tanks (USTs) 
with associated piping and dispensers.  The Site is covered with asphalt or concrete surfacing 
except for planters along the western property boundary containing mature conifer trees. 

Subsurface Investigations 

In February 1988, a leak was detected in the vapor/vent line of the unleaded system during 
annual tank testing.  In April 1988, a UST Unauthorized Release (Leak) Report addressing the 
vapor/vent line was filed with the Alameda County Public Health Service by Brown and 
Caldwell.  In April 1988, Applied Geosystems (AGS) began a limited environmental site 
assessment at the Site which included drilling four soil borings (B-1 through B-4) near the USTs 
(AGS, 15 June 1988).  The results of this investigation indicated total petroleum hydrocarbons as 
gasoline (TPHg) concentrations ranging from 48 to 930 milligrams per kilogram (mg/kg).  
Historical soil analytical data is provided in Attachment B.  Ground-water was encountered at 
approximately 10 feet below ground surface (bgs).  One inch of floating product was observed in 
a “grab” ground-water sample collected from boring B-1.  Product sheen was observed in “grab” 
ground-water samples from borings B-2 and B-4 also.   

Between June 7 and 10, 1988, the four gasoline USTs were removed from the Site (AGS, 
1 August 1988).  No holes were observed in the removed tanks; however, some of the protective 
asphaltic coating had dissolved around the fill ports of the tanks.  Laboratory analyses of the soil 
samples collected beneath former tank T4 indicated TPHg concentrations ranging from 3 mg/kg 
to 1,097 mg/kg.  The excavation was extended north of tank T4; a soil sample (S-12-T4A2) 
collected after this excavation indicated a TPHg concentration of 795 mg/kg.  A soil sample 
collected beneath the north end of tank T1 (S-11-T1A) indicated a TPHg concentration of 399 
mg/kg.  Ground water was observed seeping into the northwestern portion of the UST pit as a 



Broadbent & Associates, Inc. Work Plan for On-Site Soil Investigation 
Chico, California Station No.374, Oakland, California 
 27 June 2008 
 Page No.2 
 

depth of approximately 12 feet.  Analysis of a composite soil sample collected from the new 
UST pit excavation in the northeastern portion of the site indicated non-detectable concentrations 
of TPHg (<2 mg/kg).  Observation wells W-1 and W-2 were installed in the former UST pit; 
observation wells W-3 and W-4 were installed in the new UST pit.  Subjective analyses of the 
water from these wells indicated the presence of sheen in wells W-1 and W-2 in the former UST 
pit.   

In December 1988, AGS collected a ground-water sample from well W-4 and analyzed for TPHg 
and the volatile gasoline constituents benzene, toluene, Ethylbenzene, and total xylenes (BTEX).  
No detectable concentrations of TPHg or BTEX were reported (AGS, 5 January 1989). 

In July 1989, AGS drilled four soil borings (also called B-1 through B-4) and installed four 
ground-water monitoring wells (MW-1 through MW-4) in the borings to further delineate the 
extent of gasoline-impacted soil and ground water (AGS, 27 March 1991).  Monitoring wells 
MW-1, MW-2, and MW-4 were installed onsite, while well MW-3 was installed offsite on the 
west side of Irwin Court.  The locations of the wells are depicted in Drawing 2.  Concentrations 
of TPHg in the soil from the four borings ranged from non-detect to 60 mg/kg.  Soils 
encountered in the borings consisted primarily of silty clay with some sand and gravel.  A sandy 
gravel lens was found in boring B-4/MW-4 at depths of 13 to 22 feet bgs, underlain by silty clay.   

On 1 April 1992, RESNA provided oversight for the drilling of borings B-5 and B-6 and the 
installation of wells MW-5 and MW-6 within these borings.  Wells MW-5 and MW-6 were 
installed offsite, southwest and west of the Site, respectively.  Concentrations of TPHg and 
BTEX in the soil samples collected from borings B-5 and B-6 were not detected above 
laboratory reporting limits.        

In May 1992, RESNA performed a well survey, which identified environmental problem sites 
and activities within a one-mile radius of ARCO Station No. 374 to identify potential offsite 
secondary sources of petroleum hydrocarbons.  A former Mobile Oil Service Station located at 
6398 Telegraph Avenue was identified as a site with a listed leaking UST according to the 
Report on Releases of Hazardous Substances from Underground Storage Tanks (State Water 
Resources Control Board, January 1992).  The leak was reported in March 1986 and was last 
reviewed, according to the Report, in June 1990.  Based on research of the Geotracker database 
and ACEH website, no action has been taken by the responsible party since the initial report of 
the leak, although recommendations in the Report included removal of free product and 
excavation and treatment of contaminated soil.  The former Mobil Oil Service Station was 
located to the southeast of the Site.         

On 21 September 1996, two islands, each with two dispensers, and the associated underground 
product lines were excavated and removed from the Site.  Pacific Environmental Group, Inc. 
(Pacific) collected soil samples beneath both the dispenser islands and product lines.  Beneath 
the product lines, Total Purgeable Petroleum Hydrocarbons as gasoline (TPPHg) was detected at 
concentrations ranging between 1.9 mg/kg and 65 mg/kg; benzene was detected in soil Sample 
TR-A-13 at 0.30 mg/kg.  Total lead was detected in soil Sample TR-A-1 at a concentration of 15 
mg/kg.  Beneath the product dispensers, TPPH-g was detected at concentrations ranging between 
19 mg/kg and 140 mg/kg; benzene was detected in two soil samples at 2.1 mg/kg (TR-A-14) and 
0.0089 mg/kg (TR-A-15).  Historical soil analytical results are provided in Attachment B.   
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Pump Test 

On 11 April 1991, RESNA performed a step-drawdown test on well W-2 to determine the 
optimum pumping rate at which to perform the constant discharge test.  It was decided to pump 
at the maximum capacity of the pump/discharge system as a way of de-watering the gravel 
backfill.  On 25 and 26 April 1991, a 10.5 hour pump test and 20 hour recovery test was 
conducted (RESNA, 31 July 1991).  Well W-2 was pumped at a rate of 9.0 gallons per minute 
(gpm).  The hydraulic conductivity of the gravel backfill was calculated to be 2,780 feet per day 
(ft/d).  The rate of inflow from the aquifer to the tank backfill was approximately 0.29 gpm, and 
thus the aquifer was estimated to be several orders of magnitude less permeable than the gravel 
backfill.  An estimate of the hydraulic conductivity of the aquifer using Darcy’s Law was 
approximately 0.37 ft/day.   

Ground-Water Extraction 

RESNA provided oversight for the onsite installation of a ground-water extraction (GWE) 
remediation system between October 1993 and December 1993.  Initial operation of the GWE 
system began on 21 December 1993.  The system utilized a submersible pneumatic pump 
installed in well W-2 to recover and treat dissolved-phase gasoline hydrocarbon bearing ground 
water from the Site.  The extracted ground water was transferred through a bag filter and into a 
surge tank prior to passing through a final bag filter and three 400-pound liquid-phase activated 
carbon vessels before being discharged into the sanitary sewer.  The GWE system was 
operational from 21 December 1993 to 13 October 1995.  The system was shutdown following 
verbal approval from the ACEH.  A total of 93,989 gallons of water were extracted during 
system operation with approximately 2.61 pounds of TPHg removed from the groundwater.  
GWE system performance data and analytical results are provided in Attachment C.       

Bioremediation 

On 14 November 1995, Pacific initiated a bioremediation enhancement program, utilizing 
oxygen releasing compound (ORC) manufactured by Regenesis Bioremediation Products.  
Twelve 2-inch diameter ORC socks were installed below the ground-water surface in well   
MW-3.  ORC is a formulation of very fine, insoluble magnesium peroxide that releases oxygen 
at a slow, controlled rate when hydrated.  On 29 September 1998, Pinnacle Environmental 
Solutions installed ORC socks in well MW-4.  The bioremediation enhancement program ceased 
during the Second Quarter of 2000.  Bioremediation evaluation and enhancement analytical data 
is provided in Attachment D.      

Ground-Water Monitoring 

Ground-water monitoring of wells MW-1 through MW-4 has been conducted since July 1989.  
Ground-water monitoring of wells MW-5 and MW-6 has been conducted since April 1992.  
Currently, ground-water monitoring is conducted in wells MW-1 through MW-6 each quarter.  
Ground-water sampling is conducted in well MW-1 on a quarterly basis, wells MW-2 and MW-4 
on a semi-annual basis (first and third quarter), and wells MW-3, MW-5, and MW-6 on an 
annual basis (third quarter).  Historic water-level elevations have yielded potentiometric ground-
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water flow directions predominantly to the southwest at hydraulic gradients ranging from 
0.02 ft/ft to 0.09 ft/ft.  The maximum TPH-G concentration was detected in well MW-4 at a 
concentration of 69,000 micrograms per liter (µg/L) in August 1990.  The maximum 
concentrations of Benzene, Toluene, Ethylbenzene, and Total Xylenes (BTEX) were detected in 
well MW-4 at 8,700 µg/L (August 1990), 4,200 µg/L (August 1990), 1,000 µg/L (June 2000), 
and 4,600 µg/L (August 1990), respectively.  The maximum concentration of Methyl tert-butyl 
ether (MTBE) was detected in well MW-1 at 4,000 µg/L (February 2000).  The wells have 
shown a decreasing trend with respect to TPH-G, BTEX, and MTBE concentrations since initial 
monitoring began in 1989.  Historic ground-water elevation and analytical data through First 
Quarter 2008 are provided in Attachment E. 

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 Oakland Sub-Area of the East Bay Plain of the San 
Francisco Basin.  The Oakland Sub-Area contains a sequence of alluvial fans.  The alluvial fill 
thickness ranges from 300 to 700 feet deep.  There are no well-defined aquitards such as 
estuarine muds.  The largest and deepest wells in this sub-area historically pumped one to two 
million gallons per day at depths greater than 200 feet.  Overall, sustainable yields are low due in 
part to low recharge potential.  The Merrit sand in West Oakland was an important part of the 
early water supply for the City of Oakland.  It is shallow (up to 60 feet), but before the turn of 
the last century, septic systems contaminated the water supply wells. 

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 to west direction.  In the southern end of the 
study area however, near the San Lorenzo Sub-Area, the direction of flow may not be this 
simple.  According to information presented in East Bay Plain Groundwater Basin Beneficial 
Use Evaluation Report, the small set of water level measurements available seemed to show that 
the ground water in the upper aquifers may be flowing south, with the deeper aquifers, the 
Alameda Formation, moving north.  The nearest natural drainage is Claremont Creek, located 
approximately 1.2 miles west-northwest of the Site.  Claremont Creek flows generally east to 
west near the Site vicinity. 

The Site elevation is approximately 163 feet above mean sea level.  The water table fluctuates 
seasonally.  Historically, depth-to-water measurements have ranged from 5 to 11 feet bgs.  
Ground-water flow direction during the first quarter monitoring event on 22 February 2008 was 
to the southwest at a gradient of 0.03 ft/ft. 

According to the East Bay Plain Groundwater Basin Beneficial Use Evaluation Report, the City 
of Oakland does 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.”  However, the RWQCB’s Basin Plan denotes existing beneficial uses of municipal and 
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domestic supply (MUN), industrial process supply (PROC), industrial service supply (IND), and 
agricultural supply (AGR) for the East Bay Plain ground-water basin. 

The Site is typically underlain by silty and sandy clays with intervals also consisting of sands and 
gravels to a total explored depth of approximately 28 feet bgs.  The boring log for MW-1 
indicates that intermittent layers of silty clay and sandy clay are present throughout the entire 
boring with gravels appearing at approximately eight feet bgs and sand appearing at 
approximately 18 feet bgs.  The boring log for MW-2 indicates that intermittent layers of silty 
clay and sandy clay are present throughout the entire boring with gravels appearing at 
approximately eight feet bgs.  The boring log for MW-3 indicates that silty clay is present 
throughout the entire boring with minor gravel appearing at approximately 18.5 feet bgs and 
sand appearing at approximately 27 feet bgs.  The boring log for MW-4 indicates that silty clay 
is present from approximately ground surface to 13 feet bgs.  Sandy gravel with some silt 
appears at 13 feet bgs and transitions into silty clay with some sand and gravel at approximately 
22 feet bgs.  Copies of the boring logs for wells MW-1 through MW-4 prepared by AGS are 
provided in Attachment F.      

4.0 PROPOSED SCOPE OF WORK 

At the request of ACEH, the purpose of the proposed on-site soil investigation is to investigate 
the concentration of petroleum hydrocarbons in soil beneath the former location of the USTs, 
specifically Tank 4, in the southwestern portion of the Site at a depth of approximately 12 feet 
bgs.  A copy of the site plan with former UST confirmation sample locations is provided in 
Attachment G.  BAI proposes advancing one direct-push technology (DPT) boring to evaluate 
potential, residual petroleum hydrocarbon impacts to soil.  One boring (B-1) is proposed 
approximately ten feet directly south of well MW-4 located along the southwestern property 
boundary of the Site.  The proposed boring location is shown in Drawing 2.  This location is 
situated to the southwest of the soil sample S-12-T4A2 collected on 9 June 1988, referenced in 
the ACEH letter (see Attachment A).  The proposed boring location is to be positioned outside of 
the limits of the UST excavation to avoid sampling of backfill material.  The actual location may 
vary due to the potential presence of underground utility conflicts and the location of a planter 
containing conifers not shown on Drawing 2.   

Prior to initiating field activities, Stratus Environmental Inc. (Stratus) will obtain the necessary 
drilling permit 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 notification to 
ACEH prior to 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 the boring location.  The borehole 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.  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 potential hazards and scope of work.   
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A Stratus field geologist will observe a California-licensed drilling company advance the soil 
boring using a Geoprobe or similar DPT drilling rig to a total approximate depth of 12.5 feet bgs.  
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.  Three soil samples will be collected at approximately 5 feet bgs, the 
capillary fringe, and 12.5 feet bgs.  It may be necessary to continuously core the boring after five 
feet bgs to accurately determine the location of the capillary fringe.  The core containing the 
capillary fringe sample should be removed prior to encountering the saturation zone to avoid 
sample contamination.  Based on the boring log of nearby well MW-4, ground-water was 
encountered at approximately 12 feet bgs during drilling and later stabilized within the boring at 
approximately eight feet bgs.  Recent depth-to-water level measurements within MW-4 have 
ranged from approximately six feet bgs to eight feet bgs.  The soil sample to be collected at 
approximately 12.5 feet bgs could potentially be located within the saturation zone.  The soil 
samples will be submitted to the laboratory for chemical analysis.  Following sample collection, 
the boring will be grouted to the surface using neat cement, and the surface refinished to match 
the surrounding area.   

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-C12), 
BTEX, MTBE, Ethyl tert-butyl ether (ETBE), tert-Amyl methyl ether (TAME), Di-isopropyl 
ether (DIPE), 1,2-Dichloroethane (1,2-DCA), 1,2-Dibromoethane (EDB), tert-Butyl alcohol 
(TBA), and ethanol using EPA Method 8260B. 

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

Upon completion of field activities and receipt of a certified field data package (including copies 
of permits, field data sheets, boring log, and the laboratory analytical report with chain-of-
custody documentation), BAI will prepare a Soil Investigation Report.  The report will document 
the results of the investigation, field activities, copies of required permit(s), copies of field notes, 
soil boring logs, laboratory analytical report with chain-of-custody documentation, discussion of 
findings, and conclusions.  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: 

• On-Site Soil Investigation – Upon approval of this work plan and obtaining the necessary 
permits; 

• On-Site Soil Investigation Report with Feasibility Study/Corrective Action Plan – Within 
30 days after receipt of certified field data package following completion of fieldwork.  
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In addition, Second Quarter ground-water monitoring was completed on 24 May 2008.  A 
ground-water monitoring report will be submitted within 30 days following the end of the 
Second Quarter 2008.   

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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