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WORK PLAN FOR SOIL & WATER INVESTIGATION 
Atlantic Richfield Company Station No. 608 

17601 Hesperian Boulevard, San Lorenzo, California 
ACEH Fuel Leak Case No. RO255 

 
 

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 & Water Investigation for additional 
source area characterization at the Atlantic Richfield Company Station No. 608, located at 17601 
Hesperian Boulevard, San Lorenzo, California (Site).  This work plan was prepared in response 
to a letter request from the Alameda County Environmental Health Services (ACEH) dated 27 
June 2008.  A copy of this letter is provided in Appendix A.  Specifically, ACEH technical 
comments within the 27 June 2008 letter requested a proposal to characterize residual 
hydrocarbon contamination within soils at the source area, and to determine the status and 
ground-water quality of the previously identified impacted private wells.  This work plan 
includes discussions on the site background, previous investigations and remediation efforts, 
regional and Site geology and hydrogeology, the status of area private wells, the proposed scope 
of work, and proposed completion schedule. 

2.0   SITE BACKGROUND 

The Site is an active ARCO brand gasoline retail outlet located on the southwestern corner of 
Hesperian Boulevard and Hacienda Avenue in San Lorenzo, 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 three 12,000-gallon gasoline 
underground storage tanks (USTs) with associated piping and dispensers and one, used oil tank.  
The Site is covered with asphalt or concrete surfacing except for planters along the property 
boundaries containing shrubs and trees. 

Subsurface Investigations 

In January 1985, EMCON Associates (EMCON) drilled four on-site exploratory soil borings 
(A-A through A-D), installed one ground-water monitoring well (A-1), and collected soil 
samples for laboratory analysis as part of a pre-tank replacement investigation.  Soil samples 
collected from borings drilled by EMCON, located adjacent to the UST complex, at depths 
ranging from 5.5 to 14 feet below ground surface (bgs), contained total volatile hydrocarbons 
calculated as gasoline (TVH-g) at concentrations ranging from 880 milligrams per kilogram 
(mg/kg) to 2,800 mg/kg.  Two soil samples collected at depths of 8.5 and 12 feet bgs from a 
boring located adjacent to the used oil tank contained concentrations of oil and grease at 10,000 
mg/kg and 9,500 mg/kg, respectively.  TVH-g and Benzene concentrations of 32,000 
micrograms per liter (µg/L) and 1,000 µg/L, respectively, were detected in the ground-water 
sample collected from well A-1.   

In January 1988, Applied GeoSystems (AGS) drilled four on-site exploratory soil borings (B-1 
through B-4), converted two of the borings (B-1 and B-2) to ground-water monitoring wells 
(MW-1 and MW-5, respectively), and collected soil samples for laboratory analysis.  During 
field activities, AGS also discovered two additional, undocumented on-site wells and designated 
them as wells MW-3 and MW-4.  Soil samples collected at depths of 5 to 11 feet bgs from 
borings drilled by AGS near the former UST complex contained TVH-g at concentrations 
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ranging from non-detectable levels to 10 mg/kg.  TVH-g and total oil and grease were not 
detected above laboratory reporting limits in the soil sample collected from the boring for well 
MW-1 at a depth of 11 feet bgs.   

In February 1989, Pacific Environmental Group (Pacific) conducted a soil gas survey at the Site.  
Nineteen soil gas probes were installed on and off-site at depth intervals ranging from seven to 
eight feet bgs and 10 to 11 feet bgs.  Total hydrocarbons ranging from non-detectable levels to 
130 parts per million (ppm) were reported from soil vapors collected from the probes.  
Concentrations of Benzene ranged from non-detectable levels to 390 ppm.  The highest 
concentrations were observed in the northwest portion of the Site, extending off-site towards the 
west.   

In November 1989, Pacific performed aquifer testing at the Site.  A step discharge test was 
conducted in a previously installed eight inch diameter, corrugated steel cased well (MW-6/E-1).  
Based on the results of the step discharge test, it was estimated that the aquifer underlying the 
Site has a specific capacity of approximately 2.45 gallons per minute per foot (gpm/ft) and could 
sustain a yield of 17 gallons per minute (gpm) with 7 feet of drawdown.  These values were 
approximate since well construction details were not known.   

In July 1990, Pacific abandoned the undocumented on-site wells MW-3, MW-4, and MW-6/E-1.  
Between March 1990 and November 1991, Pacific installed the following wells: on-site ground-
water extraction well E-1A (MW-12), on-site ground-water monitoring wells MW-7 and 
MW-13, and offsite ground-water monitoring wells MW-8 through MW-11, and MW-14 
through MW-23.  Soil samples were collected from the borings for wells MW-8 and MW-9 and 
submitted for laboratory analysis.  Concentrations of Total Petroleum Hydrocarbons in the 
Gasoline Range (TPH-g) were below laboratory detection limits in the soil samples collected 
from the borings for wells MW-8 and MW-9 at depths of 11.5 and 10.5 feet bgs, respectively.  
Historic soil and ground-water data are provided in Appendix B.   

On 26 March 1992, Gettler-Ryan, Inc. (GR) and EA Engineering, Science, and Technology, Inc. 
(EA) performed services during closure of an oil-water separator/clarifier (clarifier) located at 
the Site.  The clarifier was formerly located within the service bay of the station building.  Four 
soil samples were collected during the closure of the clarifier, and consisted of a concrete 
sample, concrete/soil interface sample, and soil samples from two and five feet bgs.  Total 
recoverable petroleum hydrocarbons were detected in the concrete, concrete/soil interface and 
two foot samples at concentrations of 3,000 mg/kg, 1,000 mg/kg, and 3,300 mg/kg, respectively.  
Volatile Organic Compounds (VOCs), Semi-Volatile Organic Compounds (SVOCs), Toxicity 
Characteristic Leaching Procedures (TCLP – volatiles, metals, and semi-volatiles), and 
California Assessment Metals (CAM 17 metals) were not detected above laboratory reporting 
limits in the analyzed soil samples.   

UST and Product Line Replacement Activities 

In June 1988, four USTs and one used oil tank were removed and replaced at the Site.  Pacific 
collected soil samples beneath the USTs and used oil tank and from each side wall of the 
excavations.  In addition, three ground-water samples were collected from beneath the gasoline 
USTs.  During tank removal activities, wells MW-1 and MW-2 were destroyed and another 
undocumented on-site ground-water monitoring well was found and designated well MW-6 and 
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later as well E-1.  Three vadose monitoring wells (V-1 through V-3) were installed during tank 
replacement activities at the Site.   

During tank removal activities, soil samples collected from beneath the USTs at depths ranging 
from 12 to 15 feet bgs contained TPH-g at concentrations ranging from 7.0 mg/kg to 2,800 
mg/kg.  Side wall soil samples collected each side of the UST excavation, at a depth of 8 feet 
bgs, contained TPH-g concentrations ranging from non-detectable to 350 mg/kg.  Concentrations 
of TPH-g and Benzene in ground-water samples collected from beneath the USTs ranged from 
8,200 µg/L to 22,000 µg/L, and 440 µg/L to 1,900 µg/L, respectively.  Two soil samples 
collected from beneath the used oil tank at a depth of 9 feet bgs contained total oil and grease 
concentrations of 6,100 mg/kg and 13,000 mg/kg.  In addition, five soil samples collected from 
the excavation sidewalls and bottom were analyzed for VOCs.  Acetone was detected in the 
northeast and southwest sidewall samples at concentrations of 220 mg/kg and 54 mg/kg, 
respectively.  No other VOCs were detected in the remaining soil samples analyzed.  A soil 
sample collected from the bottom of the excavation, at a depth of 13 feet, contained total oil and 
grease at a concentration of 20 mg/kg.  Sidewall soil samples collected at depths ranging from 8 
to 9 feet bgs contained oil and grease concentrations ranging from 10 mg/kg to 200 mg/kg.  High 
boiling hydrocarbons ranged from non-detectable levels to 30 mg/kg.        

On 8 June 2001, Filner Construction, Inc. (Filner) removed the product dispenser islands and 
associated underground piping at the Site.  Product piping was reported in good condition, with 
the exception of a loose secondary containment joint near sample location ST-7.  IT Corporation 
conducted soil sampling activities following excavation operations.  Three soil samples, 
designated ST-5, ST-6, and ST-7, were collected from below the product piping excavations on 
19 June 2001.  Soil samples ST-1 through ST-4, ST-8, and ST-9 were collected from the 
excavation under the product island dispensers.  The highest concentrations of hydrocarbons 
were observed in sample ST-7 at 210 mg/kg total purgeable petroleum hydrocarbons (TPPH), 
0.39 mg/kg Benzene, and 21 mg/kg Methyl Tert-Butyl Ether (MTBE).  A summary of the 
analytical data obtained during this investigation along with a site map depicting the sampling 
locations are provided in Appendix B.    

Domestic Irrigation Well Assessment 

Pacific documented the location and use of 14 domestic irrigation wells downgradient of the Site 
(Drawing 1).  Preliminary sampling of the domestic irrigation wells was performed by Pacific 
between September and November 1991.  Additional sampling events were performed by Pacific 
in October and December 1992.  During the 1991 and 1992 sampling events, several wells 
contained inoperable pumps or were inaccessible; therefore, no ground-water samples were 
collected from these wells.  Based on the analytical results of the initial sampling event, Pacific 
performed a preliminary risk assessment to determine if a human health risk existed as a result of 
benzene observed in the ground-water.   

Concentrations of TPH-g in ground-water samples collected from the domestic irrigation wells 
during the 1991 sampling event ranging from non-detectable levels to 780 µg/L.  Benzene was 
detected in ground-water at concentrations ranging from non-detectable levels to 13 µg/L.  
During the 22 November, 1992 sampling event, TPH-g was detected at concentrations ranging 
from non-detectable levels to 2,200 µg/L.  Benzene concentrations were observed between non-
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detectable levels and less than 5.0 µg/L.  During the December 1992 sampling event, TPH-g was 
detected at concentrations ranging from non-detectable levels to 1,500 µg/L.  Benzene 
concentrations ranged from non-detectable levels to 14 µg/L.  Results of the risk assessment 
indicate estimated human health risks due to ingestion and dermal absorption of ground-water 
were from 4.46 x 10-6 to 1.08 x 10-5 and 2.01 x 10-6 to 3.47 x 10-6, respectively.  Beginning in 
1993, the private well owners were contacted to request authorization to collect quarterly 
ground-water samples from their domestic wells and agreement to discontinue operation of their 
domestic irrigation wells until the investigation had been completed.  The majority of the well 
owners agreed to both requests.    

Ground-Water Extraction and Treatment 

In 1991, a ground-water extraction and treatment (GWET) system was installed at the Site.  The 
ground-water remediation system began operation on 15 October 1991.  The treatment system 
utilized three granular activated carbon (GAC) vessels to treat the influent ground-water stream 
before it was discharged into the sanitary sewer.  The GAC vessels were arranged in series with 
valving to permit bed order rotation.  This setup allowed for the primary vessel to become the 
secondary vessel after the carbon was renewed.  Sample ports were located at the treatment 
system influent, effluent, the mid-point between the carbon vessels, and at each individual well 
head.         

The GWET system operated from 15 October 1991 to 21 August 1995, when the system was 
approved for shutdown to allow natural transport of oxygen in the ground water.  On 5 June 
2000, the GWET system was restarted due to MTBE concentrations observed during previous 
sampling events.  The system then operated until 5 December 2007, when the system was again 
approved for shutdown due to asymptotic conditions.  While operational, the GWET system 
extracted a total of approximately 8,968,839 gallons and removed 7.56 pounds of GRO, 0.31 
pounds of benzene, and 2.98 pounds of MTBE.  A summary of the GWET system performance 
is provided in Appendix B.     

Remedial Investigations 

On 22 July 1992, Pacific performed additional data collection to supplement the previous risk 
assessment, as requested by ACEH in their letter dated 5 June 1992.  Additional data collected 
included ground-water analysis for drinking water quality standards from domestic irrigation 
wells 17349 VM and 17203 VM, and air monitoring for volatile benzene concentrations from 
four selected locations and at the domestic irrigation well 17349 VM.  Drinking water quality 
analyses were performed to determine if local shallow ground-water met California drinking 
water standards and air monitoring was performed to gain site-specific data on benzene 
occurrence in the atmosphere.  Analysis of ground-water samples collected from domestic 
irrigation wells indicated odor at 50 units, color ranging between 5 and 20 units and turbidity 
ranging between 8.6 and 9.0 Nephelometric Turbidity Units.  These values indicate that the 
ground water generally does not meet secondary drinking water standards.  During air 
monitoring at selected locations across the Site and vicinity, volatile Benzene concentrations 
were found to range between 2.1 and 9.6 micrograms per cubic meter (µg/m3).  The highest 
concentrations were noted at the corner of Hacienda Avenue and Hesperian Boulevard (6.8 
µg/m3) and the corner of Hacienda Avenue and Via Magdalena (9.6 µg/m3).  These levels were 
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reported likely attributable to exhaust fumes from regional automobile traffic.  For reference, the 
National Institute for Occupational  Safety and Health (NIOSH) Threshold Limit Value-Time 
Weighted Average (TLV-TWA) for Benzene is 0.1 ppm, or 319  µg/m3.  This value represents 
the concentration for a normal 8-hour work day and 40-hour work week, to which most workers 
may be repeatedly exposed, day after day, without adverse effects.   

As requested by ACEH, additional analyses for ground-water samples collected from well 
MW-8, including VOCs, SVOCs, and metals, were performed during the fourth quarter 1992   
ground-water monitoring event.  Well MW-8 is located approximately downgradient from the 
former used oil tank.  Additional analyses conducted on ground-water samples collected from 
well MW-8 indicated non-detectable levels of VOCs.  However, SVOCs including 
acenaphthene, dibenzofuran, fluorine, 2-methylnaphthalene, naphthalene, and phenanthrene were 
detected above laboratory reporting limits.  Arsenic, barium, and zinc were also detected above 
laboratory reporting limits.   

In March and April 1993, Pacific performed an exploratory soil boring program, which included 
the installation of nineteen on-site and twenty off-site soil borings.  The borings were drilled to:  
(1) further define the lateral and vertical extent of the subsurface channel deposits, (2) define the 
lateral extent of petroleum hydrocarbon contamination in historical capillary fringe zones across 
the Site, (3) define the lateral and vertical extent of hydrocarbons in soils adjacent to the former 
oil-water clarifier and adjacent to the former used oil tank, and (4) collect soil samples for 
physical and biological testing pertinent to the risk assessment and remedial alternative portions 
of the remedial investigation.  The following is a summary of the findings from the Pacific 
investigation: 

• Soils encountered underlying the Site consisted primarily of surficial clays and silts to 
a depth of approximately 11 feet bgs.  Clayey sand, silty sand, and sand deposits 
ranging in thickness from 0.5 feet to four feet were noted in most borings between the 
approximate depths of four to 15 feet bgs, underlain by clays to the total depth 
explored (22.5 feet bgs).  The relatively coarser-grained deposits may represent 
channel deposits and apparently trend in an east-west direction, increasing in 
thickness from north to south.  Cross-sections A-A’ and B-B’ (Appendix C) illustrate 
subsurface conditions.   

• Organic vapor concentrations ranged from non-detectable levels to 190 ppm.  The 
highest concentrations were noted within the historical capillary fringe zone (nine to 
14 feet bgs) and in the vicinity of the former clarifier and former used oil tank.   

• TPH-g was detected in the historical capillary fringe zone at concentrations ranging 
from 1.6 mg/kg in Boring B-17 to 650 mg/kg in Boring B-24.  Benzene was detected 
in the capillary fringe zone at concentrations ranging from 0.010 mg/kg in Boring B-9 
to 0.59 mg/kg in Boring SP-1/V-4.  The highest concentrations of TPH-g (greater 
than 100 mg/kg) were observed in on-site soil borings located in the vicinity of the 
former clarifier, western product island adjacent to the station building, and west of 
the former UST complex.  Boring locations and a summary of analytical data are 
provided in Appendix B.   
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• In the vicinity of the former clarifier, oil and grease, CAM metals, SVOCs, and 
halogenated volatile organic compounds (HVOCs) were detected above laboratory 
reporting limits.  Oil and grease were detected at concentrations of 950 mg/kg 
between four and six feet bgs and 1,900 mg/kg between nine and 11 feet bgs but were 
not detected between 14 and 16 feet bgs.  CAM metals including antimony, arsenic, 
barium, chromium, cobalt, copper, nickel, vanadium, and zinc were detected above 
laboratory reporting limits in soil samples submitted for analysis.  SVOCs and 
HVOCs detected above laboratory reporting limits included:  1,2-dichlorobenzene, 
1,3-dichlorobenzene, 1,4-dichlorobenzene, 2-methylnaphthalene, naphthalene, and 
bis(2-ethylhexyl)phthalate.  Detected concentrations were significantly below CCR 
Title 22 TTLC levels.   

In March 1993, Pacific drilled and installed three ground-water monitoring wells (MW-24 
through MW-26) to provide delineation of petroleum hydrocarbon impacted ground water in the 
upgradient (east) and crossgradient (north) directions and further define the lateral and vertical 
extent of the subsurface channel deposit.  These wells were monitored on a quarterly basis.  At 
the same time, two dual completion air sparging and soil vapor extraction wells (SP-1/V-4 and 
SP-2/V-5) were installed on and off-site to:  (1) further define the lateral and vertical extent of 
the subsurface channel deposit, (2) collect sample for physical testing pertinent to the risk 
assessment portion of the remedial investigation, (3) provide vertical and lateral characterization 
of hydrocarbons in soils, and (4) provide installations to perform air sparging and soil vapor 
extraction (SVE) feasibility tests at the Site.  The following is a summary of the conclusions 
ascertained from the Pacific investigation:   

• The coarse-grained deposits consisting of clayey sands, silty sands, and sands are 
relatively thin and extensive and underlie a broad area across the Site.  These coarse-
grained deposits are interpreted as channel deposits and include the historical and present 
capillary fringe zone; they are defined to the north, but not as well defined to the south.  
Additionally, the channel deposits increase in thickness from north to south.  Pacific 
concluded that these channel deposits were more extensive than hydrocarbon 
concentrations noted in soil and ground water, and therefore did not appear to define a 
preferential pathway for the downgradient transport of hydrocarbon contamination in 
ground water.   

• The hydrocarbon plume in ground water extends off-site toward the west and was very 
localized in extent.  The plume extended toward the domestic irrigation wells which have 
a history of pumping.  Additionally, concentrations of hydrocarbons in ground water off-
site in the area of the domestic irrigation wells were generally relatively low or non-
detect.     

• In the vicinity of the Site, the highest hydrocarbon concentrations in ground water were 
noted in wells MW-8 and MW-10, directly downgradient (west) of the Site.   

• Based on the data, Pacific concluded that the sand channel was a factor in hydrocarbon 
migration, but that other factors also may have influenced hydrocarbon migration to the 
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current plume configuration.  These factors may include local variations in channel 
thickness, depth, and permeability, and pumping of domestic irrigation wells. 

Feasibility Studies 

Aquifer Testing 

During the week of 29 March 1993, Pacific performed aquifer testing at the Site to determine the 
hydraulic characteristics of the shallow water-bearing zone on and off-site.  This testing was 
intended to update the previous aquifer testing by using wells with known construction and 
nearby observation wells.  The testing consisted of step-discharge tests in wells E-1A and     
MW-10.  In addition to the pumping tests, slug tests were performed in wells MW-14 and    
MW-23.  The shallow, unconfined aquifer appeared to be capable of producing two to four gpm, 
or more, in the vicinity of the Site.  A computer model was employed to determine the radius of 
ground-water capture for this Site.  The model was called AqModel (O’Neill, 1990) and was 
distributed by WellWare of Davis, California.  The time-dependent head distribution from which 
the capture zone was determined was based on the Theis analytical solution for flow to a 
pumping well.  The capture zones thus determined had a radius of approximately 30 to 40 feet 
for well E-1A and approximately 70 to 80 feet for well MW-10.      

Air Sparge Testing 

Pacific conducted an off-site air sparge test on 4 May 1993 and an on-site air sparge test on 
5 May 1993.  The objective of conducting air sparge testing was to determine the feasibility of 
using this technology at the Site.  Given the observed radius of sparge influence (less than 
16 feet) and changes in VOCs, dissolved oxygen, and helium concentrations, Pacific concluded 
that the feasibility of using air sparge technology on or off-site was limited.   

Soil Vapor Extraction Testing 

Pacific conducted an off-site soil vapor extraction (SVE) test on 29 April 1993 and an on-site 
SVE test on 30 April 1993.  The objective of conducting a SVE test was to determine the 
feasibility of using SVE technology as a means of remediation at the Site.  The data for both tests 
indicated that the vacuum application limit was restricted to a radial boundary which did not 
encompass the nearest monitoring point.  By fitting field data from the off-site test to the steady-
state radial flow equation, the effective radius of influence was determined to be 9.5 feet.  Given 
the estimated flow rate and extraction well spacing requirements, Pacific concluded that the 
feasibility of using SVE technology on or off site was limited.   

In-Situ Soil Bioremediation Testing 

Pacific initiated an off-site in-situ soil bioremediation feasibility test on 9 March 1993.  The 
objective of testing was to evaluate the feasibility of using in-situ bioremediation technology at 
the Site.  A description of results and conclusions is presented below. 

• Ammonia and phosphate were not detected above laboratory reporting limits in the 
samples collected.  Nitrate was detected above laboratory reporting limits in sample B-11 
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at a concentration of 2.4 mg/kg.  Elevated concentrations of potassium, calcium, 
magnesium, and iron were detected in each sample.   

• Moisture content and pH concentrations were within the normal range to support 
microbiological growth. 

• Normal levels of heterotrophic plate count organisms should be in the 105 to 106 colony 
forming units per gram (CFU/g) range.  The results of the heterotrophic plate counts 
showed levels that were below normal, which ranged from non-detect (less than 103) to 
6.2 x 104 CFU/g.   

• The fluorescent Pseudomonas and hydrocarbon degrader levels should be in the 103 and 
105 CFU/g range, respectively, if natural biodegradation was occurring in soils.  
Fluorescent Pseudomonas were not detected in the samples.  Hydrocarbon degraders 
were detected in sample B-11 at a concentration of 4.0 x 103 CFU/g.   

Based on these results, insignificant natural bioremediation of hydrocarbons was reported to be 
taking place in the soils.  However, the biodegradation rate may have been limited by the low 
concentrations of petroleum hydrocarbons.  Bioremediation could be enhanced by nutrient 
addition.  However, further column testing was not performed.   

Ground-Water Monitoring 

Ground-water monitoring of on-site wells began in January 1988.  Ground-water monitoring of 
off-site wells began in April 1990 and in domestic irrigation wells within close proximity of the 
Site as early as September 1991.  The recently modified ground-water monitoring schedule states 
that monitoring is be conducted in wells E-1A and MW-10 each quarter, in wells MW-5, MW-8, 
MW-15 and MW-25 on a semi-annual basis (first and third quarters), and in well MW-16 on an 
annual basis (third quarter).  Historic water-level elevations (since 2002) have yielded 
potentiometric ground-water flow directions predominantly to the west and west-southwest at 
hydraulic gradients ranging from 0.001 ft/ft to 0.006 ft/ft.   

The maximum on-site TPH-G concentration was detected in well MW-3 at 1,100,000 µg/L in 
March 1990.  The maximum concentrations of Benzene, Toluene, Ethylbenzene, and Total 
Xylenes (BTEX) were detected in well MW-3 (March 1990) at 13,000 µg/L, 60,000 µg/L, 
17,000 µg/L, and 91,000 µg/L, respectively.  The maximum concentration of MTBE was 
detected in well MW-5 at 1,230 µg/L (March 2000).  The on-site wells have shown a decreasing 
trend with respect to TPH-G, BTEX, and MTBE concentrations since initial monitoring began in 
1988.   

The maximum off-site TPH-g concentration was detected in well MW-9 at 12,000 µg/L in June 
1990.  The maximum concentrations of Benzene, Toluene, and Total Xylenes were detected in 
well MW-10 at 1,200 µg/L (December 1993), 21.90 µg/L (March 2001), and 210 µg/L (June 
1990), respectively.  The maximum concentrations of Ethylbenzene and MTBE were detected in 
well MW-8 at 450 µg/L (April 1990) and 4,160 µg/L (December 1999), respectively.  The off-
site wells have shown a decreasing trend with respect to TPH-G, BTEX, and MTBE 
concentrations since initial monitoring began in 1990.   
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The maximum domestic irrigation well TPH-g concentration was detected in well 17349 VM at 
2,200 µg/L in October 1992.  The maximum concentrations of Benzene and Ethylbenzene were 
detected in well 17349 VM at 20 µg/L (July 1998) and 7.9 µg/L (March 1995), respectively.  
The maximum concentrations of Toluene and Total Xylenes were detected in well 633 H at 
11 µg/L (March 1996) and 140 µg/L (March 1996), respectively.  The maximum concentration 
of MTBE was detected in well 17372 VM at 16,000 µg/L (June 1998).  The domestic irrigation 
wells have shown a decreasing trend with respect to TPH-G, BTEX, and MTBE concentrations 
since initial monitoring began in 1991.   Historic ground-water elevation and analytical data 
through Second Quarter 2008 are provided in Appendix B.  Iso-concentration contour maps of 
Gasoline Range Organics (GRO) and MTBE, utilizing data from Third Quarter 2007, are 
provided in Drawings 3 and 4.   

On-Site Soil Concentrations 

Numerous soil samples have been collected on-site during exploratory investigations, well 
installations, and product line and UST removals, as previously discussed.  The maximum 
concentration of TRPH was observed in sample SB1-2 approximately two feet bgs beneath the 
oil-water separator/clarifier, which was formerly operated within the station’s automobile repair 
bay.  The highest concentrations of gasoline recorded in on-site soils were observed at a 
concentration of 2,800 mg/kg in sample A-C, collected during an initial exploratory boring 
investigation in October 1985 near the existing waste oil tank, and sample E3-S, collected during 
UST removal activities in June 1988 in the southeastern portion of the UST complex.  However, 
depth to ground water was approximately 12 feet bgs during the time each of these samples were 
collected.  The observed concentration of gasoline within samples A-C and E3-S may not be 
representative of actual soil conditions due to the potential presence of hydrocarbon 
contaminated ground water within the saturated zone.  The maximum concentrations of BTEX 
were also observed in sample E3-S at 6.0 mg/kg, 23 mg/kg, and 120 mg/kg (ethylbenzene and 
total xylenes combined), respectively.  These BTEX concentrations may not reflect actual soil 
conditions at the time of sample collection due to the location within the saturation zone.  The 
maximum concentration of total oil and grease was observed in sample WOS-SW, collected 
approximately nine feet bgs during the removal of the waste oil tank previously located on the 
southern portion of the Site adjacent to the station building, at a concentration of 13,000 mg/kg.  
Soil analytical data and site maps depicting sampling locations are provided 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 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. 
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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 37 feet above mean sea level.  The water table fluctuates 
seasonally.  Historically, depth-to-water measurements have ranged from 7 to 12 feet bgs.  
Ground-water flow direction during the first quarter monitoring event on 10 March 2008 was to 
the west at a gradient of 0.004 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 
domestic supply (MUN), industrial process supply (PROC), industrial service supply (IND), and 
agricultural supply (AGR) for the East Bay Plain ground-water basin. 

Soils encountered underlying the Site consisted primarily of surficial clays and silts to a depth of 
approximately 11 feet bgs.  Clayey sand, silty sand, and sand deposits ranging in thickness from 
0.5 feet to four feet were noted in most borings between the approximate depths of four to 15 
feet bgs, underlain by clays to the total depth explored (22.5 feet bgs).  The relatively coarser-
grained deposits may represent channel deposits and apparently trend in an east-west direction, 
increasing in thickness from north to south.  Cross-sections A-A’ and B-B’ (Appendix C) 
illustrate subsurface conditions.  Copies of the historic boring logs are provided in Appendix C.      

4.0 STATUS OF AREA PRIVATE WELLS 

According to the Remedial Investigation / Feasibility Study prepared by Pacific on 22 November 
1994, a total of 14 downgradient, private wells were identified as potentially impacted as a result 
of ground-water contamination released at the Site.  To determine the status of these private 
wells, BAI conducted a well search within a one-quarter mile radius of the property through the 
County of Alameda Public Works Agency Water Resources Section and the Department of 
Water Resources Central District.  Unfortunately, neither agency search generated information 
relating to the construction or destruction of the wells listed in Table 1.  A summary of each 
private well, including well identifications, addresses, historic maximum concentrations, and 
current status, is provided within Table 1 and below.   
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Well 590H, 590 Hacienda Avenue 

• Toluene has been detected at a maximum concentration of 13 µg/L.  No other 
hydrocarbon constituents have been detected above laboratory reporting limits in well 
590H. 

• Last sampled on 14 June 1999.   

• According to the Quarterly Groundwater Monitoring Report, Third Quarter 2000, ARCO 
Service Station 0608, 17601 Hesperian Boulevard at Hacienda Avenue, San Lorenzo, 
California prepared by IT Corporation (9 November 2000), well 590H has been 
destroyed.   

Well 633H, 633 Hacienda Avenue 

• TPH-g has been detected in well 633H at a maximum concentration of 480 µg/L.  BTEX 
has been detected at maximum concentrations of 10 µg/L, 11 µg/L, 2.9 µg/L, and 140 
µg/L, respectively.  MTBE has been detected at a maximum concentration of 77 µg/L.   

• Last sampled on 13 June 2000.  

• According to the Quarterly Groundwater Monitoring Report, Third Quarter 2000, ARCO 
Service Station 0608, 17601 Hesperian Boulevard at Hacienda Avenue, San Lorenzo, 
California prepared by IT Corporation (9 November 2000), well 633H has been 
destroyed.   

Well 634H, 634 Hacienda Avenue 

• Well 634H has reportedly not been sampled due to a blockage within the well. 

• The current status of well 634H is unknown. 

Well 642H, 642 Hacienda Avenue 

• Hydrocarbon constituents have not been detected above laboratory reporting limits in 
well 642H. 

• Last sampled on 4 December 2003.  As late as 20 March 2006, the pump was reported 
not working. 

• The current status of well 642H is unknown. 

Well 675H, 675 Hacienda Avenue 

• Hydrocarbon constituents have not been detected above laboratory reporting limits well 
675H. 
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• Last sampled on 25 June 1997. 

• According to the Fourth Quarter 2004 Groundwater Monitoring and Remediation 
System Performance Report, ARCO Service Station #0608, 17601 Hesperian Boulevard, 
San Lorenzo, California prepared by URS (28 January 2005), well 675H has been 
destroyed.   

Well 17197 VM, 17197 Via Magdalena 

• Hydrocarbon constituents have not been detected above laboratory reporting limits in 
well 17197 VM. 

• Last sampled 19 September 2000. 

• According to the Second Quarter 2002 Groundwater Monitoring and Remediation 
Report, ARCO Service Station #608, 17601 Hesperian Boulevard, San Lorenzo, 
California prepared by URS (28 January 2003), well 17197 VM has been destroyed.   

Well 17200 VM, 17200 Via Magdalena 

• TPH-g has been detected in well 17200 VM at a maximum concentration of 730 µg/L.  
Benzene, ethylbenzene, and total xylenes have been detected at maximum concentrations 
of 2.7 µg/L, 1.5  µg/L, and 1.8 µg/L, respectively.  MTBE has been detected at a 
maximum concentration of 4.8 µg/L. 

• Last sampled 27 May 1996. 

• According to the Quarterly Groundwater Monitoring Report, Fourth Quarter 2001, 
ARCO Service Station 0608, 17601 Hesperian Boulevard at Hacienda Avenue, San 
Lorenzo, California prepared by IT Corporation (1 March 2002), well 17200 VM has 
been destroyed.   

Well 17203 VM, 17203 Via Magdalena 

• Total xylenes have been detected in well 17203 VM at a maximum concentration of 1.3 
µg/L.  No other hydrocarbon constituents have been detected above laboratory reporting 
limits in well 17203 VM.     

• Last sampled 25 June 1997. 

• According to the Fourth Quarter 2004 Groundwater Monitoring and Remediation System 
Performance Report, ARCO Service Station #0608, 17601 Hesperian Boulevard, San 
Lorenzo, California prepared by URS (28 January 2005), well 17203 VM has been 
destroyed.   
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Well 17302 VM, 17302 Via Magdalena 

• TPH-g has been detected in well 17302 VM at a maximum concentration of 72 µg/L.  
Benzene and Ethylbenzene have been detected at maximum concentrations of 0.64 µg/L 
and 0.44 µg/L, respectively.  No other hydrocarbon constituents have been detected 
above the laboratory reporting limits.  

• Last sampled 31 March 1997. 

• The current status of well 17302 VM is unknown. 

17348 VE, 17348 Via Encinas 

• Hydrocarbon constituents have not been detected above laboratory reporting limits in 
well 17348 VE. 

• Last sampled 13 March 1996. 

• The current status of well 17348 VE is unknown.  

17349 VM, 17349 Via Magdalena 

• TPH-g has been detected in well 17349 VM at a maximum concentration of 2,200 µg/L.  
BTEX has been detected at maximum concentrations of 30 µg/L, 21 µg/L, 7.9 µg/L, and 
110 µg/L, respectively.  MTBE has been detected at a maximum concentration of 
267 µg/L. 

• Last sampled 28 June 2002. 

• According to the Third Quarter 2002 Groundwater Monitoring and Remediation Report, 
ARCO Service Station #608, 17601 Hesperian Boulevard, San Lorenzo, California 
prepared by URS (13 February 2003), well 17349 VM has been destroyed.   

17371 VM, 17371 Via Magdalena 

• TPH-g has been detected in well 17371 VM at a maximum concentration of 870 µg/L.  
BTEX has been detected at maximum concentrations of 9.0 µg/L, 1.0 µg/L, 3.9 µg/L, 
and 4.5 µg/L, respectively.  MTBE concentrations have not been analyzed in well 
17371 VM.   

• Last sampled 16 March 1993.     

• According to the Fourth Quarter 2004 Groundwater Monitoring and Remediation 
System Performance Report, ARCO Service Station #0608, 17601 Hesperian Boulevard, 
San Lorenzo, California prepared by URS (28 January 2005), well 17371 VM has been 
destroyed.   
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17372 VM, 17372 Via Magdalena 

• TPH-g has been detected in well 17372 VM at a maximum concentration of 300 µg/L.  
BTEX has been detected at maximum concentrations of 5.5 µg/L, 1.3 µg/L, 1.3 µg/L, and 
1.2 µg/L, respectively.  MTBE has been detected at a maximum concentration of 
16,000 µg/L.  

• Last sampled 10 March 2005.  As late as 22 September 2006, the pump was reported not 
working. 

• The current status of well 17372 VM is unknown. 
 
Well 17393 VM, 17393 Via Magdalena 

• TPH-g has been detected at a maximum concentration of 31 µg/L.  No other hydrocarbon 
constituents have been detected above laboratory reporting limits.   

• Last sampled 26 November 1996. 

• According to the Quarterly Groundwater Monitoring Report and Remedial System 
Performance Evaluation, Second Quarter1997 prepared by Pacific (7 November 1997), 
the homeowner at 17373 Via Magdalena abandoned the irrigation well on his property 
during the second quarter 1997.  The well was reportedly backfilled with gravel and 
capped with soil, and the area has been covered with base rock for garage construction 
and landscaping. 

Proposed activities related to further analysis of area private wells are provided in Section 5.2. 

5.0 PROPOSED SCOPE OF WORK 

5.1 Soil Boring Activities 

At the request of ACEH, the purpose of the proposed soil investigation is to characterize residual 
hydrocarbon contamination within soils at the source area.  After extensive research of the Site’s 
history, it has been determined that the source area consists of the former UST complex and 
waste oil tank pit.  Soil on the south side of the UST complex had been characterized in a 
previous subsurface investigation conducted by Pacific on 10 March 1993.  The results from this 
investigation indicated that very minor concentrations of hydrocarbons were present within the 
soil at boring B-17 (essentially as close as one could drill due to safety constraints to previous 
sample location E3-S and ESW-S).  Analytical results and a site map depicting the boring 
locations for this investigation are provided in Appendix B.   

Soils in the vicinity of the waste oil tank pit and north of the UST complex are still in need of 
characterization.  BAI proposes advancing two direct-push technology (DPT) borings to evaluate 
potential, residual petroleum hydrocarbon impacts to soil.  Boring B-1 is proposed in the general 
vicinity of sample WOS-SW, approximately fifteen feet north and ten feet west of the southwest 
corner of the station building, near the location of the former waste oil UST.  Boring B-2 is 
proposed in the general vicinity of sample ST-7, approximately ten feet north of the UST 
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complex.  The proposed boring locations are shown in Drawing 2.  The actual locations may 
vary due to the potential presence of underground utility conflicts.   

Prior to initiating field activities, Stratus Environmental Inc. (Stratus) will obtain the necessary 
drilling 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 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.   

A Stratus field geologist will observe a California-licensed drilling company advance the soil 
borings using a Geoprobe or similar DPT drilling rig to a total approximate depth of 12 feet bgs 
or the current depth of ground water.  Depth to ground water will be measured in wells MW-13 
(near B-1) and MW-25 (near B-2) prior to drilling activities to establish a baseline depth to water 
which will assist in determining the approximate total depth of the boring.  Second Quarter 2008 
monitoring activities indicated a recent depth to water measurement of 11.50 feet bgs in well 
MW-25, while well MW-13 has been removed from the monitoring program but may still be 
utilized to determine a current water level during drilling activities.  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 until ground water is encountered.  
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) using 
EPA Method 8015B, 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 an 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 logs, laboratory analytical report with chain-of-custody 
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documentation, discussion of findings, and conclusions.  Deviations from the work plan or data 
inconsistencies will be discussed in the report.   

5.2 Area Private Well Sampling 

In order to further assess the ground-water quality of the previously impacted private wells 
within the vicinity of Station No. 608, BAI proposes to survey property owners regarding the 
functionality of their wells attempt a one-time ground-water sampling event which will include 
wells 634H, 642H, 17302 VM, 17348 VE, and 17372 VM.  If the wells are currently plumbed, 
powered and otherwise operational, BAI proposes securing authorization to access the wells for a 
one-time round of private well sampling for the analysis of GRO using EPA Method 8015B, 
BTEX, MTBE, ETBE, TAME, DIPE, 1,2-DCA, EDB, TBA, and ethanol using EPA Method 
8260B..     

6.0 PROPOSED SCHEDULE 

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

• Soil and Water Investigation – Upon approval of this work plan and obtaining the 
necessary permits and property access; 

• Soil and Water Investigation Report – Within 60 days after receipt of certified field data 
package following completion of fieldwork.  

7.0 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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Well ID Well Address TPH-g Benzene Toluene Ethylbenzene Xylenes MTBE Current Status
590H 590 Hacienda Ave. ND ND 13 ND ND ND Destroyed*
633H 633 Hacienda Ave. 480 10 11 2.9 140 77 Destroyed*
634H 634 Hacienda Ave. NS NS NS NS NS NS Unknown
642H 642 Hacienda Ave. ND ND ND ND ND ND Unknown
675H 675 Hacienda Ave. ND ND ND ND ND ND Destroyed*

17197 VM 17197 Via Magdalena ND ND ND ND ND ND Destroyed*
17200 VM 17200 Via Magdalena 730 2.7 ND 1.5 1.8 4.8 Destroyed*
17203 VM 17203 Via Magdalena ND ND ND ND 1.3 ND Destroyed*
17302 VM 17302 Via Magdalena 72 0.64 ND 0.44 ND ND Unknown
17348 VE 17348 Via Encinas ND ND ND ND ND ND Unknown
17349 VM 17349 Via Magdalena 2,200 30 21 7.9 110 267 Destroyed*
17371 VM 17371 Via Magdalena 870 9.0 1.0 3.9 4.5 NA Destroyed*
17372 VM 17372 Via Magdalena 300 5.5 1.3 1.3 1.2 16,000 Unknown
17393 VM 17393 Via Magdalena 31 ND ND ND ND ND Destroyed*

TPH-g = Total petroleum hydrocarbons as gasoline
MTBE = Methyl tert-butyl ether
ND = Non-detect
NS = Reportedly not sampled due to blockage
NA = Not analyzed
* = Well has been reportedly destroyed according to previous environmental consultants.

Maximum Detected Concentrations (µg/L)

Table 1.  Private Well Survey Summary
Atlantic Richfield Company Station No. 608

17601 Hesperian Boulevard
San Lorenzo, California
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RECENT REGULATORY CORRESPONDENCE 
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HISTORIC SOIL AND GROUND-WATER DATA 
 

























































































































































































 

 

APPENDIX C. 
 

HISTORIC SOIL BORING / MONITORING WELL LOGS  
AND GEOLOGIC CROSS-SECTIONS 






























































































































































