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MONITORING WELL INSTALLATION AND 
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4280 Foothill Boulevard, Oakland, California 

ACEH Fuel Leak Case No. RO000426 
 
 
1.0 INTRODUCTION 

Broadbent & Associates, Inc. (BAI) has prepared this Monitoring Well Installation and Dual-
Phase Extraction Pilot Testing Work Plan for the Former BP Station No. 11109, located at 4280 
Foothill Boulevard, Oakland, California (Site).  This work plan was prepared in partial response 
to the 5 December 2008 directive letter request from Mr. Paresh Khatri of Alameda County 
Environmental Health Services (ACEH).  In addition to requesting a work plan for soil and 
ground-water characterization and vapor phase or dual-phase extraction (DPE) pilot testing, the 
directive letter also requested the preparation of a preferential pathway study for incorporation 
within the work plan.  As ACEH is aware by our release signature request, BAI has sought from 
the California Department of Water Resources (DWR) copies of nearby confidential well 
records.  The requested well records have not been received from the DWR yet.  BAI has 
received offsite subsurface water and sanitary sewer plans from the East Bay Municipal Utility 
District.  However, BAI has not received subsurface gas and electric plans from Pacific Gas & 
Electric Company, nor storm drain plans from the City of Oakland.  BAI shall endeavor to 
acquire this data in time to incorporate them into the Soil & Water Investigation with DPE 
Feasibility Study Report which will result from implementation of this work plan.  A copy of this 
directive letter is provided within Appendix A.  This work plan has also been prepared for the 
benefit of Stratus Environmental, Inc. (Stratus), who will be performing the scope of work 
provided herein, under the direction of BAI and BP.   

This work plan includes the proposed scope of work for monitoring well installation and dual-
phase extraction pilot testing and a completion schedule.  Monitoring well installation is to be 
performed in the area of well MW-5 in the southern corner of the property.  MW-5 is located in 
an area containing elevated hydrocarbon concentrations, but the top of the screen interval is often 
submerged.  The monitoring/recovery wells proposed to be installed will be appropriately 
screened across the water table.  Finally, pilot testing activities are to be performed to assist with 
evaluation of DPE as a potentially viable remediation technology to address soil and ground-
water contamination at the Site. 

2.0 SITE BACKGROUND 

The Site is currently an operating service station located on the north corner of Foothill 
Boulevard and High Street in a mixed commercial and residential area of Oakland, California.  
The Site features include a station building containing three service bays (converted into a 
convenience store) and four pump islands with a canopy and concrete drive slab.  Existing 
underground storage tanks (USTs) include three double-wall fiberglass gasoline tanks (10,000 
gallons each) and one double-wall fiberglass waste oil tank (1,000 gallon).  The three 10,000-
gallon USTs store regular, plus, and super unleaded gasoline and were reportedly installed in 
1991.  The waste oil tank was reportedly installed in 1989 or 1990 (EMCON, 12/27/1994).  The 
Site was operated by Mobil Oil Corporation (Mobil) as Mobil Service Station No.10-H69 since 
at least the early 1970’s.  BP acquired the station from Mobil on 1 May 1989 (BP 1990) and 
operated the station under the BP brand.  BP sold the station in 1994 to Tosco, which was 
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acquired by ConocoPhillips who operated a 76-branded station for some time.  Currently, the 
station operates under an independent brand.  The ACEH-assigned Fuel Leak Case number for 
the Site is RO0000426 / GeoTracker Global ID No. T0600100217. 
 
A church borders the Site to the northeast.  Single-family residences border the Site to the 
northwest.  The paved recreation courts and playing field of Fremont High School are located 
across High Street to the southeast.  A Chevron-branded gasoline service station is located across 
Foothill Boulevard (4265 Foothill Boulevard) to the southwest of the Site.  Chevron Gasoline 
Station No. 9-0076 is an active leaking UST case (ACEH Fuel Leak Case No. RO0000427 / 
GeoTracker Global ID No. T0600100339).  A former Shell-branded gasoline service station was 
previously located at 4411 Foothill Boulevard across Foothill Boulevard and High Street to the 
south of the Site.  This former Shell station is an active leaking UST case also (ACEH Fuel Leak 
Case No. RO0000415 / GeoTracker Global ID No. T0600101065).  This southern corner of the 
intersection of Foothill Boulevard and High Street is presently developed into a small strip mall 
with shops and restaurants.  The reader is referred to the recently submitted Initial Site 
Conceptual Model (BAI, 11/7/2008) for a summary of past environmental investigations and 
remediation activities conducted at the Site. 

3.0 GEOLOGY 

3.2 Regional Geology 

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 mud.  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 Merritt 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 Peralta Creek, located 
approximately 1,500 feet west of the Site.  Peralta Creek flows generally north to south at its 
closest distance from the Site. 
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3.2 Topography 

The Site is situated at an approximate elevation of 42 feet above mean sea level.  The Site is 
relatively flat, but slopes slightly to the southwest, consistent with the local topography. 
 
3.3 Stratigraphy 

Soils underlying the Site have been consistently characterized as interbedded layers of sandy 
clay or silty clay, clayey silt, clayey sand, and clayey gravel with occasional sand or gravelly 
sand.  The presence of these soils, usually of low to very low permeability, complicate plans and 
limit available technologies for remediation at this Site.  Copies of available lithologic soil 
boring logs and well construction details are provided within Appendix B.  Previously 
constructed geologic cross-sections are provided within Appendix B also. 

4.0 MONITORING WELL INSTALLATION 

4.1 Proposed Well Installation Locations 

To adequately characterize the extent of separate-phase hydrocarbons (i.e. free product, FP) in 
the vicinity of existing ground-water monitoring well MW-5, BAI proposes to have Stratus 
install three ground-water monitoring wells, with the potential for future use as recovery wells, in 
the immediate vicinity of existing ground-water monitoring well MW-5.  The proposed ground-
water monitoring wells are to be identified as MW-10, MW-11 and MW-12.  Well MW-10 is 
proposed to be located approximately 15 feet south of existing well MW-5, closer to the property 
boundary in the down-gradient direction.  Well MW-11 is proposed to be located approximately 
50 feet roughly northwest of existing well MW-5.  Well MW-12 is proposed to be located 
approximately 40 feet roughly east of existing well MW-5.  The locations of proposed wells 
MW-10, MW-11 and MW-12 should create an effective capture zone in the vicinity of the 
downgradient corner of the Site which is known in well MW-5 to contain FP.  The proposed 
locations for these new wells are shown on Drawing 2. 

4.2 Soil Borings 

The borings for wells MW-10, MW-11, and MW-12 will be completed under the supervision of 
a Stratus field geologist with the use of a drill rig equipped with 10-inch diameter hollow-stem 
augers.  The borings will be advanced to a total depth of approximately 30 feet below ground 
surface (bgs) using a hollow-stem auger drilling rig.  Continuous core soil samples will be 
collected from the soil borings using an 18-inch California-modified split-spoon sampler for 
lithologic description (per Unified Soil Classification System).  Soil samples for chemical 
analyses will be retained and submitted to the analytical laboratory at five foot intervals, the 
capillary fringe, and at zones of detected subsurface contamination (precluding the saturated 
zone).  Field screening for hydrocarbons will include visual and olfactory observations and 
portable photo-ionization detector (PID) measurements. 

Each soil sample collected for chemical analysis will be covered at each end with Teflon 
sheeting, capped with plastic end caps, labeled, and placed in a chilled cooler for preservation.  
Sample labels will include the boring number, sample name, sample depth interval, sampling 
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date and time, analytical methods, and sampler’s initials.  Samples will be transported under 
chain-of-custody protocol to Calscience Environmental Laboratory (Garden Grove), a California 
state-certified analytical laboratory. 

Soil samples will be analyzed for the following: Gasoline Range Organics (C6-C12) by EPA 
Method 8015B; and Benzene, Toluene, Ethylbenzene, and Total Xylenes (BTEX), tert-Amyl 
methyl ether (TAME), tert-Butyl alcohol (TBA), Di-isopropyl ether (DIPE), 1,2-Dibromo-
methane (EDB), 1,2-Dichloroethane (1,2-DCA), Ethanol, Ethyl-tert-butyl ether (ETBE), and 
Methyl tert-butyl ether (MTBE) by EPA Method 8260B. 

4.3 Monitoring Well Construction 

Proposed monitoring wells MW-10, MW-11 and MW-12 will be constructed of four-inch 
diameter, threaded Schedule 40 PVC factory slotted casing and blank casing, installed down the 
center of the boring within the augers.  Slotted casing (0.020 inch slots) shall be installed from 
total depth of the boring to approximately seven feet below ground surface, with blank casing 
installed from approximately seven ft bgs to approximately 0.5 ft bgs.  Sorted silica sand (#3) 
shall be placed in the annular space from total depth to approximately six ft bgs.  A bentonite 
plug approximately two feet thick shall be placed above the sand pack.  A neat cement grout 
shall be placed above the bentonite to approximately 0.5 ft bgs.  The well head shall be 
completed with a locking security plug and covered with a traffic-rated well vault.  The surface 
completion shall be finished with neat cement and graded to drain away from the well head. 

 
4.4 Well Development 

The proposed wells should be developed no sooner than 48 hours after well installation but no 
more than one week after well installation.  The well development process will consist of 
carefully 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 relatively silt-free water is obtained and water quality parameters have 
stabilized.  Periodic measurements of the water quality parameters including pH, temperature, 
conductivity, and observed turbidity will be recorded during the development to establish 
baseline values for ground water.  Water generated during development activities will be handled 
according to BP protocols and procedures. 

4.5 Well Surveying 

After well development, all monitoring wells associated with the Site will be surveyed.  A 
California-licensed Professional Land Surveyor will be subcontracted to survey the well heads 
for top of casing elevation with respect to mean sea level, and for lateral position using 
Northing’s and Easting’s per NAD’88.  Surveying should be scheduled for completion within 
two weeks of well completion.  A stamped written report and electronic deliverable (i.e. 
AutoCAD file meeting GeoTracker specifications) shall be submitted following surveying 
activities. 
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4.6 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 containers, labeled, logged onto chain-of-custody records, and transported on ice to 
the laboratory.  Sample labels will include sample name, sampling time and date, analytical 
methods, and sampler’s initials.  If the well contains free product, it will not be sampled and free 
product will be removed according to California Code of Regulations, Title 23, Division 3, 
Chapter 16, Section 2655, UST Regulations.  Ground-water samples will be analyzed for the 
following: GRO by EPA Method 8015B and BTEX, TAME, TBA, DIPE, EDB, 1,2-DCA, 
Ethanol, ETBE, and MTBE using EPA Method 8260B. 

5.0 DUAL-PHASE EXTRACTION PILOT TESTING 

5.1 Description of DPE Pilot Testing Activities 

A DPE unit with a liquid-ring pump and a thermal oxidizer will be mobilized to the Site to 
facilitate pilot testing activities.  Air and water will be extracted from selected recovery wells 
using an approximate one-inch diameter stinger lowered into each well.  Extracted ground water 
and soil vapors will be directed to a water knockout tank.  Processor air will be treated by the 
thermal oxidizer prior to discharge while ground water will be transferred to an on-site holding 
tank, temporarily accumulated, until transportation for disposal/treatment at an appropriate 
facility.  Based on historical ground-water contaminant concentrations and location relative to 
the former UST complex, pilot testing activities will be performed on wells MW-5, MW-10, 
MW-11, and MW-12.  Pilot testing activities will include individual well step tests, individual 
well constant rate tests, followed by a combined multiple well evaluation test. 

The stinger depth in each well will be set at approximately two feet below static ground-water 
levels for testing activities.  It is anticipated that the depth of the stinger will need to be adjusted 
during each extraction test in order to maximize recovery of soil vapors.  Once ground water has 
been dewatered to the end of the stinger, the applied vacuum will be incrementally increased as a 
means to evaluate the optimal extraction rate (maximum air flow rate) during the step test.  A 
PID will be used to record concentrations of recovered vapors during the step test.  A step test is 
not anticipated to exceed six hours in duration consisting of various applied vacuum for one to 
two hour periods.  After the optimum extraction flow rate from the step test has been determined, 
an up to 12 hour constant-rate DPE pilot test will be performed on the extraction well to observe 
influence, if any, in adjacent observation wells, and to observe the sustainability of recovered 
hydrocarbon vapors. 
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Individual well DPE testing (step and constant) is not expected to exceed 12 hours for each well.  
This is also dependent upon ability to run the test equipment prior to 7 a.m. or after 7 p.m.  
However, individual extractions may be terminated early based on observed conditions and 
decreased vapor extraction recovery rates.  If hourly PID readings decrease to values below 250 
parts per million volume (ppmv) and adjustment of the stinger depth does not influence PID 
readings for two to three continuous hours, the individual DPE constant rate extraction may be 
terminated after notification and discussion with BAI. 

After individual well DPE testing activities have been completed, a multiple well DPE step and 
constant-rate test using a combination of the three on-site test wells will be performed (MW-10, 
MW-11, and MW-12).  Accordingly, it is requested that additional supplies be available at the 
Site to accommodate a multiple extraction event (e.g., stingers and hoses).  The multiple well 
extraction pilot test will be performed following the same protocol as the individual DPE pilot 
tests conducted on wells MW-5, MW-10, MW-11, and MW-12, and shall not exceed 12 hours in 
duration. 

Pilot testing activities are not expected to exceed seven working days in duration.  Early 
termination (i.e., prior to five days) of this DPE pilot test may be warranted based on field 
observations and decreased recovery rates. However, it is requested that BAI personnel be 
contacted prior to early termination of the DPE testing. 

5.2 Vapor and Ground-Water Sample Collection 

Vapor and ground-water samples will be collected after the first hour and every three to four 
hours after the initial hour of operation during each constant rate extraction.  For example, if an 
extraction is performed for 12 hours, samples will be collected at one hour, three hours, six 
hours, nine hours, and twelve hours.  Not all collected samples will be submitted for analysis.  It 
is anticipated that a minimum of three vapor and three ground-water samples will be submitted 
for laboratory analysis for each test.  Submitted samples will likely include the one hour sample, 
an approximate mid-point sample, and the approximate end-point sample of each extraction. 

Collected samples will be submitted promptly under chain-of-custody protocol to Calscience 
Environmental Laboratories, Inc. in Garden Grove, California (CA-ELAP #1230, NELAP 
#03220CA).  Submitted samples will be analyzed for GRO by EPA Method 8015M and BTEX 
and MTBE by EPA Method 8260B.  Ground-water samples will also be analyzed for TBA, 
DIPE, ETBE, TAME and Ethanol by EPA Method 8260B. 

5.3 Calculations of Contaminant Mass Removal 

The contaminant mass recovered from both the gas-phase and liquid-phase process streams shall 
be calculated on a total and well-by-well basis.  For the gas-phase, the calculation for 
contaminant mass removal (in pounds, lbs) will be the calculated removal rate (in lbs/hr) 
multiplied by time, using the following model equation: 

lbs/hr = (“x” ppmv/1,000,000)(“Q” ft3/min)(“M.W.” lb/lb-mol)(60 min/hr)(lb-mol/379.5 ft3) 

where:  “x” is influent concentration in ppmv of GRO or Benzene; 
  “Q” is the average flow rate in ft3/min; and 
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  “M.W.” is the molecular weight in lb/lb-mol (100.2 for GRO, 78.1 for Benzene). 

For the liquid-phase, the calculation for contaminant mass removal (in pounds) will be calculated 
using the following model equation: 

lbs = (“x” µg/L)(gram/1,000,000 µg)(lbs/454 grams)(3.78 L/gal)(gallons pumped) 

where: “x” is influent concentration in micrograms per liter of GRO or Benzene. 

Gallons of GRO and Benzene removed shall be calculated also by dividing pounds removed of 
each by the density of GRO (6.2 lbs/gal) and Benzene (7.3 lbs/gal). 

5.4 Background Conditions and Observation Well Monitoring 

Prior to initiating each DPE extraction, background depth to water level measurements will be 
recorded for each well associated with the Site, and the hour meter on the DPE equipment will be 
recorded.  Field personnel will record the DPE equipment hour meter reading, applied vacuum, 
air flow, totalizer reading, and collect an PID reading of recovered vapors on an hourly basis 
during each DPE step and constant-rate test. 

Remaining wells associated with the Site will be used as observation wells during step and 
constant-rate extraction tests.  Periodic monitoring activities in surrounding observation wells 
will include determining if vacuum influence is observed using Magnehelic gauges (with 
appropriate sensitivity) installed on each observation well head in addition to recording the depth 
to ground water.  Periodic monitoring activities on observation wells should be conducted on an 
hourly basis during testing activities. 

6.0 PRE-MOBILIZATION ACTIVITIES 

Prior to initiating field activities, Stratus will obtain the necessary permits from Alameda 
County; prepare a site health and safety plan (HASP) for the proposed work; clear the Site for 
subsurface utilities; and provide 72-hour advance written notification(s) to ACEH (email 
preferred to paresh.khatri@acgov.org) and BAI (email tvenus@broadbentinc.com or mobile 
phone 530-588-5887) prior to the start of field activities.  The utility clearance will include 
notifying Underground Service Alert (USA) of the pending work a minimum of 48 hours prior to 
initiating the subsurface field investigation.  In addition, the services of a private underground 
utility locator will be utilized. 

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

Upon completion of the work activities described above and after receipt of laboratory analytical 
data, it is expected that Stratus will submit a data package including the following information at 
a minimum: 

• Brief descriptions of the work performed; 
• Copies of the required permits; 
• Copies of all field notes; 
• Soil boring logs; 
• Well construction diagrams; 
• Well drillers reports; 
• Surveyor’s report; 
• Tabulated results and measurements; and 
• Laboratory analytical reports with copies of chain-of-custody records. 

BAI shall use the data and information provided above to prepare a Soil & Water Investigation 
with DPE Feasibility Study Report.  BAI plans to incorporate into this resulting report the 
requested preferential pathway evaluation unless significant delays are encountered obtaining the 
requested plans. 

8.0 PROPOSED SCHEDULE 

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

• Implementation of Monitoring Well Installation – Upon approval of this work plan, 
obtaining the necessary permits, and scheduling the required subcontractors; 

• DPE Pilot Testing – Upon installation, development, sampling, and surveying of the 
monitoring/recovery wells, obtaining the necessary permits, and scheduling the required 
subcontractors; 

• Submittal of Soil & Water Investigation with DPE Feasibility Study Report – Within 60 
days after receipt of certified field data package following completion of field work, 
receipt of confidential well records from DWR, and receipt of remaining plans requested 
from subsurface utility owners/operators. 

9.0 CLOSURE 

Discovery of hazardous or regulated materials constitutes a changed condition mandating a 
renegotiation of the scope of work described herein or termination of services.  BAI will 
endeavor to alert the client of matters which, in the opinion of BAI, require immediate attention 
to protect the public health, safety, and environment.  BAI will endeavor to advise the client of 
matters which should be reported to proper governmental entities.  However, the client is solely 
responsible for reporting such matters and BAI shall not be held liable in the event the proper 
agency is not notified.  Our services will be performed in accordance with the generally accepted 
practice at the time work commences.  Results and recommendations will be based on laboratory 
results, observations of Stratus field personnel, and the points investigated.  No other warranty, 
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expressed on implied was made.  This report has been prepared for the exclusive use of Atlantic 
Richfield Company.   
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