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WORK PLAN FOR GROUND-WATER INVESTIGATION 
Atlantic Richfield Company Station No. 2107 

3310 Park Boulevard, Oakland, California 
Fuel Leak Case No.RO02526 

 
 

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 Ground-Water Investigation for the 
Atlantic Richfield Company Station No. 2107, located at 3310 Park Boulevard, Oakland, 
California (Site).  This work plan was prepared in response to a letter request from the Alameda 
County Environmental Health Services (ACEH) dated 7 July 2008.  A copy of this letter is 
provided in Appendix A.  Specifically, ACEH technical comments within the 7 July 2008 letter 
requested a proposal to further evaluate hydrogeologic conditions, including an evaluation to 
determine whether vertical gradients exist at the Site, as well as delineating the vertical extent of 
ground-water contamination by Methyl-Tertiary Butyl Ether (MTBE).  This work plan includes 
discussions on the site background and previous investigations, regional and Site geology and 
hydrogeology, and the proposed scope of work. 

2.0 SITE BACKGROUND 

The Site is an active ARCO brand gasoline retail outlet located on the southwest corner of Park 
Boulevard and East 34th Street in Oakland, California (Drawing 1 and Drawing 2).  The land use 
in the immediate vicinity of the Site is mixed commercial, residential, and educational.  The Site 
presently consists of a service station building, free-standing canopy over two dispenser islands 
with four, double-sided pumps and three double-walled fiberglass 12,000-gallon gasoline 
underground storage tanks (USTs) with associated piping.  The majority of the Site is surfaced 
with asphalt or concrete.  The Site was historically leveled by cutting into the hillside on the 
southern portion of the Site.   

On 12 January 1987, contamination by petroleum hydrocarbons was discovered during 
excavation and removal of a waste-oil UST and three gasoline USTs from the Site.  With this 
discovery, ACEH opened release/leak case number RO651.  In a letter dated 11 July 1997, 
ACEH confirmed that no further action was required at the Site.  However, it should be noted 
that MTBE was not requested or required to be analyzed for prior to the time of closure.  
Remediation and monitoring infrastructure (nine monitoring wells and one remediation well) 
were removed from the Site, with the exception of remediation piping which was left under the 
main driveway.  No additional environmental work was completed at the Site until product line 
removal and upgrade construction activities in October and November of 2002.  Historical data 
prior to closure of ACEH Case No.RO651, including geologic cross-sections, boring location 
maps, summarized soil and ground-water laboratory analytical results, and remediation system 
data, are mostly available within the ACEH files.  However, due to the dates of completion and 
incomplete records, soil boring logs could not be located for the various subsurface 
investigations conducted prior to 1997.        

In November 2002, URS oversaw a product line upgrade at the Site.  Numerous soil samples 
were collected during the product line upgrading activities from depths ranging between 3.5 and 
7.5 feet bgs.  TPH-g was detected above laboratory reporting limits in six of the 20 collected soil 
samples, including over-excavation samples, at concentrations up to 4,000 mg/kg in sample 
S-D7.  Benzene was detected above laboratory reporting limits in one of the 20 soil samples 
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collected at a concentration of 0.89 mg/kg in sample S-L2.  Toluene, Ethylbenzene, and Total 
Xylenes were detected above laboratory reporting limits in four of the 20 soil samples collected 
at concentrations up to 220 mg/kg, 150 mg/kg, and 1,100 mg/kg, respectively, in sample S-D7.  
MTBE was detected above laboratory reporting limits in 14 of the 20 collected soil samples at 
concentrations up to 83 mg/kg in sample S-L3.   

Two ground-water samples (T-1 and BT-1) were collected during product line replacement 
activities.  Sample T-1 was collected at eight feet bgs from the area underneath Dispenser 8 
(S-D8-5) and BT-1, collected from ground water extracted during excavation activities.  A water 
sample (Sump-1) was also collected from the sump for UST1, which appeared to contain free 
product.  Laboratory analysis of sample Sump-1 indicated very high concentrations of   TPH-g, 
BTEX, and MTBE, most likely due to the presence of free product within the sump.  TPH-g was 
detected above the laboratory reporting limit in sample T-1 at a concentration of 4,200 µg/L.  
BTEX was detected above the laboratory reporting limit in sample T-1 at concentrations of 
300 µg/L, 3,200 µg/L, 1,300 µg/L, and 11,000 µg/L, respectively.  MTBE was reported above 
the laboratory reporting limit in both samples T-1 and BT-1 at concentrations of 4,900 µg/L and 
1,800 µg/L, respectively.   Concentrations discovered during product line replacement activities 
indicated a potential release.  Therefore, an Unauthorized Release Report was issued for the Site 
on 21 January 2003.  Field activities are summarized in the URS Product Line Removal and 
Upgrade Soil Sampling Report dated 31 January 2003.  A site map depicting sampling locations 
and a summary of laboratory analytical data are provided in Appendix B.   

Following the Unauthorized Release Report (Fuel Leak Case #RO0002526), the ACEH sent a 
letter to Atlantic Richfield Company dated 25 April 2003 requesting a soil and ground-water 
investigation at the Site.  URS submitted a Work Plan for Additional Investigation on 11 June 
2003 proposing the installation of four ground-water monitoring wells on the Site.  URS received 
a voicemail directive from ACEH to complete a soil and ground-water investigation prior to the 
installation of monitoring wells at the Site.  In response, URS submitted an Addendum to Work 
Plan for Additional Investigation on 29 October 2003 proposing 10 soil borings.  ACEH 
requested several modifications to the Addendum to Work Plan for Additional Investigation in a 
letter dated 9 January 2004.  URS submitted a Second Addendum to Work Plan for Additional 
Investigation on 11 March 2004. 

URS began fieldwork at the Site on 30 March 2004.  Due to adverse drilling conditions, just 
three on-site soil borings (SB-1, SB-2, and SB-5) were advanced and fieldwork was rescheduled.  
URS returned to the Site on 7 May 2004 and advanced three additional on-site borings (SB-3, 
SB-4, and SB-6).  A total of 20 soil samples and four ground-water samples were collected 
during the additional investigation.  Gasoline-Range Organics (GRO) were detected above 
laboratory reporting limits in one of the 20 soil samples at a concentration of 350 mg/kg in 
sample SB-4-1.0.  Toluene and Total Xylenes were detected above the laboratory reporting 
limits in one of the 20 soil samples collected at concentrations of 0.096 mg/kg and 0.016 mg/kg, 
respectively, in sample SB-1-5.  MTBE was detected above laboratory reporting limits in three 
of the 20 soil samples at concentrations up to 0.027 mg/kg in samples SB-3-13 and SB-3-23.0.  
No other analytes were detected above their respective reporting limits.  

GRO was detected above laboratory reporting limits in one of the four ground-water samples 
collected at a concentration of 88 µg/L in sample SB-3.  Toluene was detected above the 
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laboratory reporting limit in one of the four ground-water samples collected at a concentration of 
1.4 µg/L in sample SB-2.  MTBE was detected above the laboratory reporting limit in two of the 
four samples at a concentration of 34 µg/L in both samples SB-3 and SB-5.  No other analytes 
were detected above their respective reporting limits.  A Site Investigation Report and Well 
Installation Work Plan was submitted on behalf of Atlantic Richfield Company to ACEH on 12 
August 2004.  On 30 August 2004 URS received a letter from ACEH requesting additional 
fieldwork at the Site to complete the scope of work proposed in the original work plan and 
addendum.  ACEH additionally requested depth-discrete ground-water sampling.   

These requests by ACEH were addressed in fieldwork conducted in October 2004.  URS 
collected twelve depth-discrete ground-water samples from six locations (HP-3 through HP-8).  
URS also collected 26 soil samples from six onsite borings (SB-7 through SB-8 and HP-3).  Soil 
analytical results from this investigation are summarized as follows: 

• GRO was detected above the laboratory reporting limit in five of the 26 samples at 
concentrations ranging from 0.31 mg/kg (SB-11-6.5) to 220 mg/kg (SB-11-11.5); 

• Total Xylenes were detected above the laboratory reporting limit in two of the 26 samples 
at concentrations of 0.011 mg/kg (SB-8-29.5) and 0.012 mg/kg (SB-11-29.5); and 

• MTBE was detected above the laboratory reporting limit in 10 of the 26 soil samples at 
concentrations ranging from 0.0069 mg/kg (SB-9-19.5) and 0.56 mg/kg (SB-9-13.5). 

Ground-water analytical results from this investigation are summarized as follows: 

• GRO was detected above the laboratory reporting limit in six of the 12 samples collected 
at concentrations ranging from 72 µg/L (HP-6-30) and 1,300 µg/L (HP-7-20); 

• Benzene was detected above the laboratory reporting limit in three of the 12 samples at 
concentrations ranging from 0.64 µg/L (HP-3-35) to 1.6 µg/L (HP-4-18); 

• Toluene was detected above the laboratory reporting limit in eight of the 12 samples 
collected at concentrations ranging from 7.0 µg/L (HP-5-18) to 38 µg/L (HP-4-18); 

• Ethylbenzene was detected above the laboratory reporting limit in seven of the 12 
samples at concentrations ranging from 0.94 µg/L (HP-5-18) to 5.4 µg/L (HP-4-18); 

• Total Xylenes were detected above the laboratory reporting limit in eight of the 12 
samples at concentrations ranging from 6.2 µg/L (HP-5-18) to 27 µg/L A(HP-4-18); and 

• MTBE was detected above the laboratory reporting limit in seven of the 12 samples 
collected at concentrations ranging from 6.6 µg/L (HP-6-30) to 3,700 µg/L (HP-7-30). 

Results of this subsurface investigation were reported by URS in the Additional Site 
Investigation Report and Work Plan for Offsite Investigation dated 30 November 2004. 

In response to the above report and work plan, URS received a directive letter from ACEH dated 
10 January 2005.  URS responded by submitting the Conduit and Well Survey Report and Work 
Plan Addendum for Offsite Investigation, dated 5 April 2005.  ACEH approved the 5 April 2005 
work plan addendum with comments in their work plan approval letter dated 16 October 2006.  
After considering drilling at the base of the hillside north of Park Boulevard, Stratus 
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Environmental Inc. (Stratus) received the required permits from the City of Oakland and 
performed the proposed drilling and sampling activities in June 2007.  

On June 25-26, 2007, Stratus observed RSI Drilling (RSI) advance a total of eight soil borings in 
four distinct locations on the north side of Park Boulevard, north of the Site, to evaluate the off-
site horizontal extent of petroleum hydrocarbon impacted soil and ground water.  Soil borings 
SB-12 through SB-15 and Hydropunch® borings HP-9 through HP-12 were installed along the 
north side of Park Boulevard.  Each soil boring was advanced to a maximum depth of 30 feet 
bgs, with each Hydropunch® boring advanced to a maximum depth of 25 feet bgs.   

MTBE was detected above the laboratory reporting limit of 0.005 mg/kg in two of the 16 soil 
samples collected June 25-26, 2007 at concentrations of 0.0087 mg/kg in boring sample SB12-15 
and 0.0065 mg/kg in boring sample SB15-23.  The remaining analytes were not detected above 
their respective reporting limits.  GRO was detected above the laboratory reporting of 50 µg/L in 
three of the seven ground-water samples collected at concentrations of 51 µg/L in sample 
HP9-13, 59 µg/L in sample HP11-24, and 84 µg/L in sample HP12-25.  Benzene was detected 
above the laboratory reporting limit of 0.50 µg/L in two of the seven ground-water samples 
collected at concentrations of 0.63 µg/L in sample HP11-24 and 0.80 µg/L in sample HP10-24.  
MTBE was detected above the laboratory reporting limit of 0.50 µg/L in each of the seven 
ground-water samples collected at concentrations ranging from 0.78 µg/L in sample HP10-16 to 
110 µg/L in sample HP12-25.  The remaining analytes were not detected above their respective 
reporting limits in the collected Hydropunch® samples.  Results were reported by BAI in the 
Offsite Soil and Ground-Water Investigation Report dated 29 August 2007.  Historical data 
following initial Site closure in 1997 including boring logs, geologic cross sections, boring 
location maps, and summarized soil and ground-water laboratory analytical results 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. 

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 



Broadbent & Associates, Inc. Work Plan for Ground-Water Investigation 
Chico, California Station No.2107, Oakland, California 
 2 September 2008 
 Page 5 
 

 

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 Sausal Creek, located 
approximately 1.0 mile southeast of the Site.  Sausal Creek flows generally northeast to 
southwest near the Site vicinity. 

The Site elevation is approximately 127 feet above mean sea level.  The water table fluctuates 
seasonally.  Historically, depth-to-water measurements have ranged from approximately 1.2 to 
10 feet bgs.  Ground-water flow direction is generally to the northwest. 

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. 

The Site is typically underlain by gravel, gravelly clay, and silt fill from zero to five ft bgs.  The 
Site consists primarily of silty clay and clayey silt with lenses of silty sand, sand, and gravelly 
sand from approximately five to 30 feet bgs.  A large layer of fine sands and silty sands has been 
observed from approximately 15 to 25 feet bgs in the northwest portion of the Site.   

4.0 PROPOSED SCOPE OF WORK 

At the request of ACEH, the purpose of the proposed ground-water investigation is to further 
evaluate hydrogeologic conditions, including an evaluation to determine whether vertical 
gradients exist at the Site, as well as delineating the vertical extent of ground-water 
contamination by Methyl-Tertiary Butyl Ether (MTBE) through ground-water contaminant 
plume monitoring.  After a thorough review of boring logs and geologic cross-sections 
previously generated for the Site, BAI found little evidence of a uniform confining layer across 
the Property or off-site, which would imply two distinct water bearing formations.  However, the 
presence of finer grained lithology that could act as a confining layer was observed in some 
boreholes but was not consistent.  To fulfill this request, BAI recommends the installation of 
clustered ground-water monitoring wells at three distinct locations, two wells at each location.  
Details regarding the specific scope of work are provided in the following sections.    
  
4.1 Preliminary Activities 

Prior to initiating field activities, 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.   
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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.   

4.2 Soil Borings 

Soil borings will be completed under the supervision of a Stratus field geologist with the use of a 
drill rig equipped with 8-inch diameter hollow-stem augers.  A limited access drill rig may be 
required for this project due to numerous underground utilities, the specific drilling locations and 
traffic issues.  The borings will be advanced to a maximum total depth of 30 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.  No soil samples are anticipated to be collected during advancement of the 
borings due to the extensive soil sampling that has already occurred in the vicinity of the 
proposed well locations.  The proposed boring locations are provided in Drawing 2.   

Investigation-derived residuals will be temporarily accumulated 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.   

4.3 Monitoring Well Construction 

If appropriate, each boring will be converted into a 2-inch diameter ground-water monitoring 
well.  The wells will be constructed of threaded Schedule 40 poly-vinyl chloride (PVC) and 
screened with 0.010-inch machine-cut slots.  A filter pack consisting of No. 2/12 sand will be 
installed from total depth to two 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.   

Two wells, one with a shallow screen interval and the other a deeper screen interval, will be 
installed approximately two feet apart at each general boring location (Drawing 2).  Well MW-
11A will be installed at a total depth of 20 feet bgs and screened from 16 to 20 feet bgs.  Well 
MW-11B will be installed at a total depth of 30 feet bgs and screened from 26 to 30 feet bgs.  
This location and the screened intervals correlate with Hydropunch® samples (HP-7) collected by 
URS in 2004.  Well MW-12A will be installed at a total depth of 13.5 feet bgs and screened from 
10.5 to 13.5 feet bgs.  Well MW-12B will be installed at a total depth of 27 feet bgs and screened 
from 24 to 27 feet bgs.  This location correlates with Hydropunch® samples (HP-12) collected by 
Stratus in 2007.  The deeper screen interval does coincide directly with the sampling interval 
utilized during the previous Stratus investigation while the shallow interval does not.  However, 
if two water bearing formations are present at this location, the screen for well MW-12A should 
be located just above the confining layer.  Well MW-13A will be installed at a total depth of 14 
feet bgs and screened from 11 to 14 feet bgs.  Well MW-13B will be installed at a total depth of 
22 feet bgs and screened from 19 to 22 feet bgs.  This location and the screened intervals 
correlate with Hydropunch® samples (HP-9) collected by Stratus in 2007.   

The total depths for the proposed, shallow off-site monitoring wells MW-12A and MW-13A may 
result in dry conditions due to the current depth to ground-water off-site.  It is recommended that 
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the shallow, off-site borings be drilled to total depth first.  The borehole will then be evaluated to 
determine whether sufficient water is present to construct the well.  If sufficient water is not 
present, drilling will continue to the total depth of the deeper wells (MW-12B or MW-13B) and 
only the B well will be installed at the given location.           

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, and uploaded to GeoTracker. 

4.4 Monitoring Well Sampling 

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: Gasoline-Range Organics (GRO, C4-
C12) using EPA Method 8015B; BTEX, MTBE, di-isopropal ether (DIPE), tertiary amyl methyl 
ether (TAME), ethyl tertiary butyl ether (ETBE), and tertiary butyl alcohol (TBA) by EPA 
Method 8260B. 
 
4.5 Ground-Water Investigation Report 
 
Upon completion of field activities and receipt of a certified field data package (including copies 
of permits, field data sheets, and boring logs), BAI will prepare a 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 logs, discussion of findings, and 
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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: 
 

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

• Initial Ground-Water Monitoring and Sampling – Following completion of well installation 
and development; 

• Ground-Water Investigation Report – Within 60 days after receipt of certified field data 
package following completion of fieldwork; and 

• Future Quarterly Ground-Water Monitoring Reports – Frequency (i.e. annual, semi-annual, 
or quarterly) to be determined. 

 
 
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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