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1.0 INTRODUCTION 

 

This Work Plan has been developed in accordance with the Alameda County Environmental 

Health (ACEH) directives.  On behalf of Masood Filibadi and Sharbano Amini, Geological 

Technics, Inc, (GTI) has prepared this work plan for further site characterization and interim 

hydrogen peroxide injection for the property located at 909 Bluebell Drive, Livermore, 

Alameda County, California, hereinafter referred to as the Site (Alameda County Health Care 

Services Fuel Leak Case No. RO0002894).  The information acquired over the course of this 

investigation will be utilized for preparation of Corrective Action Plan for remediation of 

groundwater and soil at the site. 

 

1.1 Purpose and Goal 

The purpose of this work plan is to describe the tasks to be performed to characterize the 

horizontal and vertical extent of the contaminants plume in groundwater and soil as well as 

providing a network of groundwater monitoring wells in order to monitor the horizontal and 

vertical development of the contaminants plume.  By expanding the groundwater monitoring 

network we will be able to track the effect of remedial action on groundwater contamination 

conditions also.  Based on previous studies that have been collected and interpreted in the 

Site Conceptual Model Report prepared by GTI on December 5, 2008 there is still some 

information on the horizontal and vertical extent of the plume as well as the geology and 

hydrogeology of the site that must be obtained by further investigation at the site.  In order to 

save some time on the length of the remedial action GTI will start weekly injection of 

hydrogen peroxide in the existing monitoring wells concurrent with the additional site 

characterization activities.   
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The goal of this work plan is to further investigate the conditions of groundwater and soil 

contamination at the site as well as further investigation on geology and hydrogeology of the 

site.  The information acquired over this investigation will help us obtain the ultimate goal 

which is to implement a remedial action (Oxidation Application) for groundwater and soil at 

the site and bring the levels of contaminants in groundwater and soil to the levels accepted by 

regulatory agencies.  Environmental Screening Levels (ESLs) developed by San Francisco 

Bay Regional Water Quality Control Board serve the target levels for contaminants of 

concern (MTBE and TBA) in groundwater and soil at the site.  

 

1.2 Site History 

Gasoline range petroleum hydrocarbons associated with underground storage tanks (UST), 

underground waste oil tank systems, and piping/dispenser network have been documented in 

soil and groundwater at the above Site (sees Figures 1 and 2 for vicinity and site maps).  The 

Site, former Springtown Arco Service Station was found to be a potential contribution to soil 

and groundwater contamination in an August 1988 inspection by Alameda County 

Department of Environmental Health, Hazardous Materials Division.  During the course of 

inspection, the Division noted the presence of three 10,000 gallon underground storage tanks 

and one 1000 gallon underground waste oil tank.  Springtown Arco Service Station was a 

part of Springtown Towing Business that was converted to a gasoline/retail minimart in 1988.  

 

ACHCSA in their correspondence dated March 27, 1990 directed the removal of the 

underground waste oil tank and the cleanup of any soil or groundwater contamination that 

may have resulted from the tank system.   

 

The work performed to date at the Site is summarized below (For more detail See “Site 

Conceptual Model” prepared by GTI dated December 5, 2008): 

 Removal of one underground waste oil tank at the Site on February 7, 1992 by Alpha 

Geo Services Inc.  Soil sampling from underneath the tank (6 feet deep) and soil 

analysis report by Soil Tech Engineering on the same day.  Soil sample collected 

beneath the tank area at six feet deep showed elevated levels of total oil and grease 

(5,000 ppm), TPH-D (89 ppm) and lead (140 ppm).  Because of the degree of 

contamination found at the Site which exceeded regulatory threshold levels, further 

environmental assessment was directed by ACHCSA in their correspondence dated 

December 2, 1993. 

 Removal of three 10,000 gallon underground storage tanks on December, 13, 1993 

and installation of three new gasoline USTs in a separate pit on the east side of the 

Site (present underground storage tanks).  After the removal of the fuel UST’s a sheen 

was noted on the groundwater in the excavation.  Soil samples were collected from 

sidewalls at the end of each UST (S1-S6).  These samples contained up to 43 ppm 

TPH-G, 0.29, 0.33, 0.35, and 1.1 ppm BTEX respectively. Since product sheen was 

noted on groundwater, 1000 gallons of grossly contaminated water was removed from 

the pit and recycled at waste oil recovery.  Another 20,000 gallons was later pumped 

from the fuel pit and stored in a holding tank.  On December 16, 1993, the fuel tank 
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pit was over excavated laterally and removed a couple of feet more of soil in the side 

walls.  The depth of the excavation was extended from 11 feet to 14 feet below 

ground surface.  Soil samples were collected from the north, south and west walls.  

The analytical results identified elevated hydrocarbons in the north and east walls.  

These two walls were over excavated and re-sampled on December 30, 1993.  

Analytical results indicated that the north wall still contained up to 7,200 ppm TPH-G 

and 5.8, 88, 46 and 550 ppm BTEX respectively.  A groundwater sample was also 

collected from the pit.  Up to 33,000 µg/l TPH-G, and 160, 200, 220, and 1,200 µg/l 

BTEX, respectively were detected in the groundwater sample.  A total of 1,500 cubic 

yard of hydrocarbon impacted soil was removed from the waste oil and fuel UST pits.  

The soil was heat-treated onsite by National Vapor Industries.  The treated soil was 

sampled in March 1995.  Approximately 20 cy still contained elevated hydrocarbons 

and was disposed at Vasco Road landfill, in Livermore.  The remaining treated soil 

was deemed clean and was reused to backfill the former UST’s pit.  

 Installation of three monitoring wells at the Site (MW-1, MW-2 and MW-3) on July 

5, 1996.  Soil samples were collected at 10 feet bgs from each boring.  Soil from 

boring MW-1, located immediately north of the fuel UST pit, didn’t contain 

petroleum hydrocarbons.  Apparently the residual soil contamination along the north 

wall of the former tank excavation is limited in extent.  Groundwater samples were 

collected from the three monitoring wells in July 1996 and April 1999.  A maximum 

of 180 µg/l TPH-G, 130 µg/l MTBE, and 17, ND, 0.31, and 3.6 µg/l BTEX 

respectively were identified.  Apparently the gasoline release from the former UST’s 

didn’t significantly affect groundwater quality beneath the Site.  

 On August 30, 2000 the Alameda County Health Care Services Agency issued a 

“Remedial Action Completion Certification” for the Site and site closure was 

recommended because: the leak and ongoing sources were removed, the Site was 

characterized adequately, the dissolved hydrocarbon plume appeared to not be 

migrating, no preferential pathways was recognized at the Site, no water wells or 

surface water was likely to be impacted by the contamination at the Site and the Site 

was thought not to present any significant risk to human health or environment.  They 

mentioned in their correspondence that there is still 7000 ppm of TPH-G and 5.8 ppm 

of benzene in soil underneath the Site. 

 Demolition of the former minimart building and construction of the existing minimart 

structure, undertaking a UST top upgrade to the three existing USTs on the Site, and 

removal and replacement of product delivery piping and product dispensers during the 

first and second quarters of 2005. 

 On June 29, 2005, soil and groundwater samples were collected from the product 

dispenser and delivery piping removal areas (H2OGEOL 2005) directed by the 

Livermore-Pleasanton Fire Department.  Elevated concentrations of TPHd and TPHg 

were detected only in soil and groundwater samples collected at product dispenser 1-

2.  The impacted soil was removed by overexcavation.  Elevated concentrations of 

MtBE and TBA were detected in soil samples collected at approximately 0.5 feet bgs 

from product dispenser 1-2, product dispenser 5-6, product dispenser 7-8, and the 
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product delivery piping removal areas, with the highest concentrations detected in 

proximity to the UST cluster.  The groundwater sample also contained elevated 

concentrations of MtBE and TBA. 

 An Underground Storage Tank Unauthorized Release Report for the Site was issued 

by the Livermore Pleasanton Fire Department on June 29, 2005.  The Site was 

transferred to the ACHCS on August 10, 2005. 

 Advancement of 9 soil borings (SB-1 to SB-9) around the UST cluster and the 

product dispenser area (ESTC, March 2007) were performed.  Soil and groundwater 

samples were collected from the soil borings.  TPH-G, TPH-D and BTEX were not 

detected in soil samples, but elevated levels of MTBE and TBA were detected 

between 5 and 15 feet of depth.  Elevated level of TPH-G and MTBE were detected in 

groundwater samples.  

 In March 2007, a 2000-foot receptor well survey was conducted (ESTC, March 

2007). One domestic well and one supply well were located within 2,000 feet of the 

Site.  

 In June 2007, two Cone Penetrometer Test (CPT) borings were advanced 

hydraulically (CPT-1 and CPT-2) at the north side of the UST cluster and the 

southwest corner of the product dispenser area, to characterize the soil lithology 

underlying the Site, and collect grab groundwater samples from water-bearing zones 

to evaluate vertical extent of groundwater impact (ESTC July 2007). 

 In August 2007, seven soil borings were advanced by direct-push methods (GP-1 thru 

GP-7), three of which were converted to 2-inch diameter groundwater monitoring 

wells (GP-5/STMW-1, GP-6/STMW-2, and GP-7/STMW-3). 

 The groundwater monitoring wells were monitored for groundwater level/field 

parameters and samples were collected for hydrocarbon analyses in September 2007, 

December 2007 and September 2008. 

 In May 2008, four borings were advanced by direct-push methods on a commercial 

parcel on the north side of Bluebell Drive directly north of the Site (GP-7 thru GP-

10), and one boring (GP-6) advanced on a commercial parcel  adjoining the Site to the 

east (ESTC, July 2008).   

 On June 6, 2008, a soil vapor pilot test (SVPT) was conducted on the Site using two 

vapor extraction wells (VE-1 and VE-2) and the existing monitoring wells on the Site 

as vacuum monitoring wells (STMW-1, STMW-2 and STMW-3).  1998- Soil gas 

survey. 

 An injection well (P1) was installed at the Site for the hydrogen peroxide injection 

pilot test on September 19, 2008 by GTI.  

 A hydrogen peroxide injection pilot test was conducted at the Site between September 

29 and November 6, 2008.  The pilot test included hydrogen peroxide injection at 

STMW-1, STMW-3 and P1, and DO, ORP, EC and pH parameters measurement 

(GTI). 

 GTI prepared and submitted the Site Conceptual Model and Hydrogen Peroxide 

Injection Pilot Test Reports on December 5, 2008. Alameda County Health Care 

Services Agency (ACHCSA) in response to these two reports in their correspondence 
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dated December 24, 2008 requested GTI to prepare a Corrective Action Plan (CAP) 

and explain the necessity of geoprobe investigation and expansion of groundwater 

monitoring well network along with hydrogen peroxide injection at the site   

 In response to ACHCSA’s request and questions in their correspondence dated 

December 24, 2008, GTI proposed via e-mail on January 26, 2009 to prepare a work 

plan under “Additional Site Characterization and Interim Remedial Action“. The 

proposal to prepare such a work plan prior to preparation of a Draft Corrective Action 

Plan was approved by ACHCSA in their correspondence via e-mail on January 27, 

2009.  

 

The present report explains the additional borings for further site characterization, additional 

groundwater monitoring, and interim hydrogen peroxide injection at the site.  

 

 

2.0 GEOLOGICAL/HYDROGEOLOGICAL SITE CHARACTERIZATION 

The Site is situated in a mixed commercial-residential land-use area of Livermore, California, 

and is located at the southeast corner of the intersection of Springtown Boulevard and Blue 

Bell Drive, approximately 300 feet north of westbound Interstate 580 (Figure 1).  The Site 

occupies approximately 0.74 acres, and is currently an operating service station with mini-

mart retailing Chevron-branded gasoline and diesel fuel products.  The Site contains one UST 

cluster in the east portion of the Site consisting of one 12,000 gallon capacity unleaded 

gasoline UST, and a 12,000 gallon capacity segmented UST storing 6,000 gallons of diesel 

and 6,000 gallons of premium unleaded.  The Site has a single story mini-mart in the south 

portion and six canopied fuel dispensers in the north portion.  No automotive repair facilities 

exist on the Site.  Figure 2 illustrates the features on the Site.  The Site is adjoined by 

Springtown Boulevard on the west, motel properties on the south and east, and Bluebell 

Drive on the north.  Retail land-use is located on the north side of Bluebell Drive, with 

residential land-use beyond to the north and northeast. 

In 2000 the Site was purchased by Masood Filibadi and Sharbano Amini from James E. and 

Angie P. McAtee, who purchased the Site from Gulf Oil Corporation in 1970. 

 

Geology  

The Site is located at an elevation of approximately 520 feet above mean sea level in the 

northeast portion of the Livermore Valley (USGS 1981).  The Livermore Valley is a 

structural basin bounded by faults on the east and west that create the Altamont Hills uplift 

on the east and the Pleasanton Ridge uplift on the west (CDM&G, 1991).  The shallow 

Pleistocene to Recent sediment underlying the basin consists of alluvial deposits that have 

been informally divided into upper and lower units.  The sediment, ranging from coarse-

grained gravel to fine-grained mud, was transported northward from the Northern Diablo 

Range on the southern margin of the basin and deposited in alluvial fan, braided stream, and 

lacustrine environments.  Because the sediment prograded northward, the coarse-grained 

sediment makes up nearly 80% of the sediment in the southern part of the basin, but 
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northward and westward interfingers with clay deposits that may be as much as 30 feet thick 

(DWR, 2004).  

 

The following section briefly discusses the subjective field observations and geology 

documented during this investigation based on the interpretations of various field geologists:  

 

Wells MW-1 through MW-3 (1995): 

 These borings were advanced to approximately 21.5 feet bgs and BSK & Associates 

described the shallow subsurface as predominantly silty clay up to 10 feet in MW-1, 

from 10 to 15 ft silty sand and from 15 to total depth sandy clay with silty clay at the 

bottom.  The soil in MW-2 and MW-3 were described as silty clay from the top to 

bottom with slightly mixture of sandy clay between 10 and 15 feet in MW-3.   

 

Boreholes SB-1 through SB-9 (2007): 

 These borings were advanced to approximately 20 feet bgs and ETSC described the 

soils as follows:  The stiff black clay grades downward to silty or sandy clay that 

varies from light gray to olive-gray to light brown in color.  This silty clay is thickest 

on the southern and eastern perimeter of the dispenser facility, extending to a depth of 

17 feet in SB-8 and to at least 20 feet in SB-1, SB-2, SB-6, and SB-7.  Toward the 

northwest, this clay extends to 14-16 feet below grade in SB-3, SB-4, SB-5, and SB-9.  

The silty-sandy clay is underlain by several feet of coarser-grained sediment that is 

light brown in color.  This layer consists of clayey to sandy silt in SB-5 and SB-9, but 

the grain size in SB-3, SB-4, and SB-8 ranges between silt and coarse-grained sand. 

 

Boreholes STMW-1 through STMW-3 (2007): 

 Borings were advanced to 20 feet bgs and ESTC described the soils as follows: 

 STMW-1: stiff silty clay up to 11 feet that changes color from black to gray and green 

from the top to bottom.  Soil changes from sandy clay to clayey sand between 11 and 

16 feet of depth.  The stiff silty clay with gray to brown color appears again from 16 

to 20 feet of depth.  

 STMW-2: Stiff sandy clay up to 10 feet of depth changing in color from black to gray.  

Between 10 and 15 soil is predominantly grayish-brown stiff silty clay.  From 15 to 20 

feet of depth sandy silty clay appears again.  

 STMW-3: Stiff sandy clay to sandy silt changing color from black to brown and gray 

from the top to bottom extends from the top to 14 feet of depth.  From 14 to 17 ft the 

soil mainly consists of brown clayey sand with some gravel and from 17 to the total 

depth is mainly light gray gravelly sand with some clay. 

 

Boreholes GP-1 to GP-4 (2007): 

 These borings were advanced to approximately 20 feet bgs and ETSC described the 

soils as follows: The stiff black silty clay observed in almost all the borings such as 

SB-1 to SB-9, CPT-1 and CP-2 is observed in GP-1 to GP-4 as well extending from 

the top to 10 and 14 feet depth.  A sand layer, ranging from fine grained to gravely, is 

present in GP-3 and GP-4 from 14 to at least 20 feet and in GP-2 from 13 to 16 feet.  
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This bed correlates with the sand bed that was previously logged in SB-3, SB-4, and 

CPT-2.  All five borings penetrated this bed at about the same depth, and the log from 

CPT-2 indicates that the bed coarsens downward to its base at about 19.5 feet.  The 

bed is present only along the northern edge of the property, and it was not 

encountered in any of the other borings.  This implies that it trends in a northeast-

southwest direction and probably acts as a preferential pathway for groundwater flow. 

 

Boreholes CPT-1 and CPT-2 (2007): 

 These borings were advanced to approximately 70 and 60 feet bgs respectively. ETSC 

described the soils in these two borings as follows: 

 Fine-grained sediment, ranging from stiff black clay to friable, gray, silty clay, was 

logged from the surface to a depth of 15 or locally 20 feet in the nine Geoprobe 

borings that were drilled in February 2007.  The log of CPT-1, which is located 

between borings SB-6 and B-8, indicates that this sediment extends to as much as 30 

feet below surface grade in this area (Appendix "C").  In CPT-2, clayey silt and sandy 

silt are interbedded above 15 feet, but a coarser-grained layer, ranging from gravelly 

sand in the lower part to silty sand in the upper part, is present between 15 and 20 

feet.  This unit is not present in CPT-1, but was cored in nearby borings SB-3 and SB-

4 in February 2007. 

 A coarse-grained (gravelly) sand bed was penetrated between 30 and 40 feet in CPT-

1.  This same bed was also present in CPT-2, from 27 to 35 feet.  Silt is interbedded 

with thin lenses of sand or sandy silt from 40 to 63 feet in CPT-1 and to at least 60 

feet in CPT-2.  No samples were collected from this interval in CPT-1, but one 

sample was collected between 55 and 59 feet in CPT-2.  Another coarse-grained sand 

bed, similar to the bed from 30-40 feet, was penetrated at 64 feet in CPT-1.  The base 

of this bed was not reached, implying that it is more than 6 feet thick.  

 Drilling to a depth of 70 feet reveals that there are two thick, coarse-grained, 

permeable sand beds between the surface and this depth at the Site.  The top of one of 

these is approximately 28 feet below grade, and the top of the other is approximately 

65 feet below grade.  Both beds appear to be relatively extensive, upward-fining 

fluvial channel deposits and are likely to be good aquifers.  A thinner, finer-grained, 

less extensive sand bed is present near the southwest corner of the former dispenser 

island and has been identified in four borings: CPT-2, SB-3, SB-4, and SB-5.  This 

bed is present in the depth range of 15-20 feet and is at least 6 feet thick in SB-4, but 

is less than 5 feet thick in the others.  

 

Borings VE-1 and VE-2 (2008): 

 These borings were advanced to 10 feet bgs and ESTC described the soils as follows: 

o VE-1: Black stiff and damp clay from surface to 5 feet of depth.  From 5 to 10 feet 

depth soil is predominantly silty clay with few small size pea gravels toward the 

bottom.   

o VE-2: Black stiff silty clay from the top to the bottom by changing color from 

black to gray and green toward to bottom.  
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Borings GP-5 and GP-7 to GP-10 (2008): 

 The black stiff silty clay is present in all these 5 borings with different thicknesses.  

The sandy gravel present in the northern borings and wells was observed in all 

borings in this group except for GP-5. Cross sections H-H’ and G-G’ shows the 

geology formation variation across these borings.  

 

GTI logged the last well installed at Site in September 2008 (P1):  

 The black stiff silty clay layer is present in P1 from the top to 13 and the gravelly sand 

is present between 13 and 17 feet.  This sand layer is observed in GP-2 from 13-16 

and in GP-3 and GP-4 from 14-20 feet of depth.  This is the same layer that is just 

observed on the northern part of the Site and is believed to act as a preferential 

pathway for groundwater flow.  No odor was observed in the drilling process of P1 

from the top to bottom and all OVM readings were zero.  

 

Note:  The cross sections were developed using data gathered by different individuals 

utilizing different methodologies.  Therefore, they need to be looked at as one of several 

possible interpretations of actual site conditions. 

 

GTI has completed cross sections depicting our interpretation of the subsurface- see Figure 

3a for section locations.  The subsurface lithology falls into two predominant categories- stiff 

silty clay and sand with some gravel.  Since the interpretations of different individuals have 

been different from the subsurface soil we categorize the soil observed beneath the Site up to 

20 feet of depth as silty clay and sandy gravel.  The silty clay is predominant especially in the 

southern portion of the Site while the sandy gravel is limited in thickness and horizontal 

extent, it is present just on the north and northwest and it appears that the thickness increases 

toward northwest.  This grouping serves to identify potential preferential pathways for 

contaminant migration through units of greater hydraulic conductivity. 

 

Figures 4, 11 and 7 through 9 illustrate the geology trending from north to south side of the 

Site.  Figures 5, 6, 10 and 12 illustrate the geology trending from west to east side of the Site.  

The diagrams indicate that sandy gravel units are present on the north and west portions of 

the Site from 11 to 20 ft bgs that is replaced by silty clay for a portion of this interval in some 

points.  The north and northeast borings, GP-7, 8, 9, and 10, shows that the sandy gravel 

continues to the other side of Bluebell Drive.  This observation indicates that the sandy gravel 

layer is channelized toward north and northeast of the Site starting from the north boundary 

of the Site.  This layer might continue toward northeast also on the other side of Bluebell 

Drive but no information is available.  The information on hand shows that the northwest 

most points have a thicker layer of sandy gravel and there is a possibility that it continues 

increasing the thickness in that direction.  

 

Hydrogeology  

Drainages from the south, north, and east converge in the western part of the Livermore 

Valley basin and flow out of the basin toward the Sunol Valley and Alameda Creek west of 
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Pleasanton Ridge.  The nearest surface drainages are Las Positas Creek located approximately 

1 mile west of the Site, and Cavetano Creek 2 miles west of the Site (USGS 1981). 

The alluvial fan, braided stream and lacustrine deposits are the principal aquifers for most 

domestic and irrigation purposes in the Livermore valley, although the underlying Livermore 

Formation, which may be as much as 4,000 feet thick, yields significant quantities of 

groundwater on the eastern side of the basin (DWR 2004). 

 

The depth to groundwater observed in the Site’s wells has ranged from approximately 6.26 to 

9.72 feet below grade surface between September 2007 and September 2008.  The 

groundwater elevation in the same period ranges from 510.75 to 511.38 feet AMSL on 

average.  Horizontal groundwater gradient for the first two groundwater monitoring events 

(September 4, and December 10, 2007) were measured as 0.006 and 0.004 ft/ft respectively 

and during September 25, 2008 groundwater monitoring event was measured as 0.003 ft/ft.  

Bearing for the three groundwater monitoring events has been N66°W, N2°W and N54°W 

respectively.  Therefore, horizontal groundwater gradient at the Site is between 0.003 and 

0.006 ft/ft and the average is 0.004 ft/ft.  Groundwater bearing on average is N61°W.  Figures 

13 to 15 show the groundwater elevation map for the three groundwater monitoring events 

and Figure 16 shows the rose diagram of horizontal groundwater gradient changes over time.  

 

There is limited evidence that the thickness of sand layer towards the northwest is increasing; 

therefore, if any contamination reaches this layer there would be a high risk of receiving 

contamination down gradient in a much faster pace than it moves in the silty clay layer.  GTI 

recommends having a Geoprobe investigation on the other side of Bluebell Drive on the west 

and northwest of the side to check on the vertical and horizontal extent of the sand layer and 

explore the contamination conditions in this layer.  The sandy gravel layer in Geoprobe GP-7 

through GP-10 indicates that this layer is channelized toward north and northwest of the Site 

and continues to the other side of Bluebell Drive.  However, the channelizing direction is not 

coordinated with the ambient groundwater flow direction. 

 

Vertical groundwater gradient was not studied at the Site since there is no deep well to be 

able to calculate the gradient between the top and lower sand layers observed at 30-40 at 

CPT-2 and 64-70 feet at CPT-1.   

 

 

3.0 CONTAMINANT DISTRIBUTION 

Groundwater and soil contaminants at the Site are primarily MtBE or TBA.  Minimal amount 

of TPH-G and Methanol is also observed in groundwater and soil but is insignificant.  To 

estimate the contaminant mass, MtBE and TBA plumes were investigated.  Most of the 

contamination is in soil and minimal amount is in groundwater.  The contamination in the 

vapor phase is negligible since the soil vapor extraction pilot test in 2007 at the Site was not 

successful.  
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3.1 Groundwater 

There are only three groundwater monitoring wells at the Site (STMW-1, STMW-2 and 

STMW-3) that are all screened between 10 and 20 feet of depth.  The total depth in all three 

wells is 20 feet.  The sandy gravel layer mentioned in the geology and hydrogeology sections 

is present in STMW-1 and STMW-3 only.  The thickness of this sandy layer at STMW-1 is 3 

feet while it is about 9 feet thick at STMW-3.  There have been just four groundwater 

monitoring events since the three monitoring wells were installed in 2007.  

 

In order to have a better representation of groundwater we used the analytical results from the 

grab samples collected during other soil borings installations.  During 2007 four geoprobes 

(GP-1 through GP-4) and 9 soil borings (SB-1 through SB-9) were installed at the Site for 

soil and groundwater contamination investigation.  The total depth in all was 20 feet. 

Groundwater samples were collected from these geoprobes and soil borings between 10 and 

20 feet.  Groundwater analytical results from September 4, 2007 groundwater monitoring 

event along with February 2, 2007 groundwater sampling from soil borings, and August 22, 

2007 groundwater sampling from four geoprobes were used to develop the groundwater 

plumes (MtBE and TBA plumes).  If we use just the analytical data obtained from 

groundwater monitoring events the plumes wouldn’t be representative of the contamination 

distribution at the Site since the number of points of data collection is very small (three wells 

only).  

 

Two CPT boreholes were advanced at the Site on June 13, 2007 up to 60 and 70 feet deep 

(CPT-1 and CPT-2).  MTBE was detected in CPT-1 at 34-38 feet deep (1.4 µg/l).  MTBE 

was also detected in CPT-2 at 18-22 feet interval (89 µg/l).  The samples collected from these 

two intervals were non-detect for all other constituents.  Additional samples were collected at 

CPT-1 and CPT-2.  Additional sampling interval at CPT-1 was 64-68 feet bgs and that of 

CPT-2 were 31-35 and 55-59 feet bgs.  All samples collected from additional sampling 

intervals at two CPT boreholes were non-detect for all petroleum based hydrocarbon 

constituents.  These results suggest that most probably the vertical extent of plume (MtBE 

and TBA) doesn’t extend beyond 20 feet.  However, it is recommended to advance more 

deep soil boreholes at the Site and explore the contamination level in lower sections.  

 

Note:  The Isoconcentration contours are generated utilizing the SURFER® and AutoCAD® 

computer modeling programs.  We recognize that computer generated contour maps do not 

provide the most accurate representation of what is taking place in the field.  However, even 

hand-contoured maps at best provide a shadow of reality.  Both need to be looked at as 

interpretation, not reality. 

 

The MtBE plume in groundwater is illustrated in Figure 5 and TBA plume in groundwater is 

illustrated in Figure 6.  From the shape of the plumes it is clear that the plume is elongated in 

the groundwater flow direction.  TPH-G plume was not prepared since few points of 

detection are observed (STMW-1).  
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3.2 Soil  

Soil contamination at the Site was investigated through geoprobes, soil borings and 

monitoring wells installed at the Site in 2007.  All geoprobes, soil borings and groundwater 

monitoring wells were advanced up to 20 feet.  The soil contamination in geoprobes, soil 

borings and groundwater monitoring wells extended over 10 feet, either from 5 to 15 or from 

10 to 20, based on samples collected.  Fifty-six (56) soil samples were collected from 9 

hollow stem auger soil borings, 4 Geoprobe boreholes and 3 groundwater monitoring well 

boreholes in total.  The contamination level was averaged over a 10 foot interval in all points 

and one number as the contamination level was given to each point for estimating the soil 

plume.  MtBE and TBA plumes in soil were prepared based on the above mentioned 

assumption.  MtBE and TBA plumes in soil are shown in Figures 7 and 8 respectively.  

 

3.3 Contaminant Mass Estimate Calculations 

The total mass of gasoline petroleum hydrocarbons released at the Site is unknown however, 

in order to determine the fate and transport of the contamination and hence the future risk 

these compounds may pose to human health, an estimate of contaminant mass is necessary. 

 

Calculation of contaminant mass is difficult for many reasons:   

 Spatial variability of contaminant concentrations, both laterally and vertical.  This 

variability is controlled by geology, soil moisture, contaminant type, etc.  Due to these 

variabilities, when contaminant concentrations are averaged between sample locations, 

the estimate may be either higher or lower than what is actually present. 

 Insufficient data points.  Because site characterization activities usually focus on defining 

the extent of the plume, few borings, and hence samples, are collected from the central 

portions of the plume.  This generally creates a data set with few very “hot” samples and 

many low concentration samples around the edges of the plume.  This is compounded by 

the spatial variability noted above. 

 Extended period of time over which samples are collected.  The samples were collected 

over several months; they were not collected at the same time.  

 

The contaminant plumes at the Site consist of three phases: adsorbed to the soil particles, 

dissolved in the groundwater and as vapor in the pore spaces of the soil.  Of these, the bulk of 

petroleum hydrocarbons will generally be adsorbed to soil particles. Contamination dissolved 

in groundwater is much smaller than that adsorbed to soil. The contamination in the vapor 

phase or soil gas at the Site is negligible since the Soil vapor extraction pilot test at the Site in 

2007 was not successful, it was not able to extract enough vapor.  

 

3.3.1 Soil Plume 

MtBE and TBA mass in soil were calculated using the plumes of these two contaminants in 

soil.  A depth of 10 feet was assumed for the soil plume and was multiplied by the area 

between each two consecutive plume contours to obtain the soil volume captured by two 

consecutive contours.  Contaminant load for this specific area was calculated by taking an 

average between the values of the two contours.  To calculate the soil mass a grain density of 

2.6 g/cm3 and porosity of 0.4 were considered.  Multiplication of soil mass and contaminant 
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load resulted in contaminant mass.  The mass of MtBE in soil at the Site was estimated 3.5 

pounds and that of TBA was estimated 72.5 pounds.  Contaminant mass calculation in soil is 

shown in Table 4.   

 

3.3.2 Groundwater Plume 

MtBE and TBA mass in groundwater were calculated using the plumes of these two 

contaminants in groundwater. A depth of 10 feet was assumed for the groundwater plume. 

GTI calculated the mass of contaminant in the groundwater at the Site utilizing the following 

procedure.  This data was then used in the contaminant mass calculations. 

 

The total mass of contaminant in groundwater at the Site was determined by first calculating 

the volume of water in each aquifer levels’ contours.  GTI used CAD software to determine 

the area (in square feet) within each contaminant contour line in Figures 5 and 6.  The area 

was then multiplied by the height of the aquifer level (10 feet) to produce the volume of each 

contour in cubic feet.  The volume (in cubic feet) of each contour was then multiplied by a 

porosity value of 40% to obtain the total volume of water in each zone.  This value was then 

converted to liters and then multiplied by the average contaminant value in mg/l within the 

contour zone.  This produces the mass of contaminant within each contour. 

 

As shown in Table 3 there is approximately 18.1 pounds of TBA and 0.9 pounds of MtBE of 

TPH-G in groundwater at the Site. 

 

The total MtBE at the Site in soil and groundwater combined is estimated to be 4.4 pounds 

and that of TBA is estimated to be 90.6 pounds. 

 

 

4.0 ADDITIONAL SITE CHARACTERIZATION 

Additional site characterization includes Geoprobe investigation, Cone Penetration Test, and 

additional groundwater monitoring wells installation.  The following sections explain each in 

detail. 

 

4.1  Geoprobe Investigation 

The reasons for Geoprobe investigation necessity are explained below: 

 

1- Borings around the UST tank, the source of contamination, were advanced up to 20 

feet below ground surface.  STMW-2 among these borings didn’t show any 

contamination beyond 10 feet below ground surface. SB-6, SB-7 and SB-8 showed 

soil contamination up to 15 feet below ground surface.  Based on the information 

given on these four borings soil contamination around the source of contamination is 

shallow and doesn’t exceed 15 feet below ground surface.  However, the report on 

SB-6, SB-7 and SB-8 doesn’t indicate any soil samples collected at 20 feet below 

ground surface, therefore there is a probability to have some soil contamination at 20 

feet below ground surface and deeper.  Due to high solubility and mobility of both 

MTBE and TBA a high negative vertical gradient between upper and lower sand 
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layers will most likely cause a downward movement of the plume.  Vertical 

movement of the plume in groundwater and soil will result in spreading contaminants 

in larger depths and get into groundwater zones that are used for drinking water 

purposes. 

2- We don’t know that much about the plume conditions on the east side of the 

underground storage tank.  The only soil boring in this area is SB-7 that is at the 

immediate vicinity of underground storage tank.  

3- CPT-1 and CPT-2 are the deepest borings investigated at the site with 60 and 70 feet 

below ground surface depth respectively.  However no soil samples were collected 

from these two borings. They were advanced for groundwater sampling only. At CPT-

1 very low level of MTBE was detected in groundwater sample collected from 34-38 

feet below ground surface. At CPT-2 MTBE was detected in groundwater sample 

collected from 18-22 feet below ground surface. CPT-2 at 64 feet below ground 

surface hit a sand layer but the drilling was terminated without reaching the bottom of 

the sand layer, so advancing a Geoprobe up to 80 feet below ground surface can 

clarify the depth of the lower sand layer.  

4- GP-8 was the only Geoprobe off site that showed some level of MTBE and TBA in 

soil. In the Site Conceptual Model prepared by GTI dated December 5, 2008 a 

preferential flow path for contaminants to migrate is proposed. The flow path consists 

of the sand layer that is seen in STMW-1, GP-2 and GP-3. This layer is not seen on 

the south side of the site, it starts around STMW-1 and extends to the north. In 

STMW-1 this sand layer is about 2-3 feet thick while it is 9-10 feet thick in GP-8. 

Although the groundwater gradient direction is not strictly to the north but the ease of 

higher hydraulic conductivity has caused the contaminant migration toward north. To 

learn about the sand layer in the middle of the road, on the northwest corner off site 

and northeast corner of the site is critical in decision making process for remedial 

action.  

 

GTI proposes to advance up to six (6) Geoprobe to 45 feet bgs.  The proposed Geoprobe are 

shown in Figure 3.  The boreholes will be drilled using direct push technology operated by a 

licensed well driller.  The anticipated depth to groundwater varies between 6 and 9 feet below 

ground surface, based on existing monitoring wells.  We propose to collect both soil and 

groundwater samples for analysis.  Groundwater samples will be collected between 10 and 20 

feet below ground surface and also in deeper zones if the contamination of soil is evident 

from physical appearance or OVM readings.  The same strategy is applied to collect soil 

samples in different zones.  Continuous cores from the boreholes will be recovered and 

borehole logs will be prepared.  

 

4.1.1 Soil and Groundwater Sampling Procedure 

Up to six (6) direct push boreholes will be advanced in the proposed locations indicated in 

Figure 3.  Soil samples will be collected continuously to 45 ft bgs depth.  The boreholes will 

be drilled with a direct push rig owned and operated by a driller with a C57 license.  The rig 

advances a direct push coring tool with a pneumatic hammer to a selected depth.   
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Upon reaching that depth, a coring tool is opened and advanced further to fill the core barrel.  

The soil sample enters an acetate cylinder contained in the coring tool.  Upon filling, the 

coring tool is pulled from the hole and the cylinder is removed.  The cylinder is then cut and 

the selected interval is capped with plastic end caps and placed on ice for shipment to the 

laboratory.  The remainder is used for geologic logging.   

 

A boring log providing sediment description using the USCS and other field observations 

will be maintained by a geologist working under the supervision of a professional geologist. 

 

Up to five soil samples from each borehole will be submitted to the laboratory for analysis.  

GTI anticipates the analysis of the capillary fringe sample will be adequate however, field 

observations may warrant additional soil depths to be analyzed.   

 

Upon reaching the capillary fringe in each borehole, a hydropunch-type groundwater-

sampling tool will be advanced into the groundwater and a groundwater sample will be 

collected from each borehole.  The samples are collected using small diameter poly tubing 

with a Waterra type check-ball and gently transferred into VOA vials.   

 

The VOA vial is capped, inverted, tapped, and checked for headspace bubbles.  The vial will 

be uniquely labeled and placed on ice for shipment to the laboratory.  Clean non-latex nitrile 

gloves will be worn at all times in handling of the sample and sampling equipment. 

 

Since only selected soil samples collected will be submitted for laboratory analysis, a 

screening process will be used to gather additional information on the subsurface geology.   

 

These observations include: 

 Capillary Fringe 

 Sediment type, especially grain size and clay content 

 Moisture content 

 Visible evidence of contamination, i.e., color change due to reduction of iron or 

discoloration from hydrocarbons and other pollutants 

 Readings above background on a PID 

 

The PID is a portable photo ionization detector that uses a 10.6 eV lamp to detect compounds 

with ionization potential below 10.6 eV (hydrocarbon range).  

 

The soil samples identified as containing the relatively highest concentration of petroleum 

hydrocarbon constituents from each geologic unit will be tested as outlined below. 

 

4.1.2 Soil Laboratory Analysis 

Based on field screening observations, up to three soil samples from each Geoprobe will be 

submitted to a state certified laboratory for the following analysis:  

 Benzene, toluene, ethyl benzene and xylenes (BTEX) by EPA method 8260B 

 Gasoline range petroleum hydrocarbons (TPH-G) by EPA method 8260B 

 Fuel Oxygenates (MtBE, DIPE, ETBE, TAME and TBA) by EPA method 8260B 
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The detection limits for these compounds are listed below.   

 

Detection Limits: BTEX Fuel Oxygenates TPH-Gasoline 

Soil (µg/kg) 3.0 50 1,000 

 

A Chain of Custody will be completed for all samples collected and tracked to ensure sample 

integrity.   

 

4.1.3 Groundwater Laboratory Analysis 

The groundwater samples from the soil boring hydropunch will be submitted to a state 

certified laboratory for the following analysis:  

 Benzene, toluene, ethyl benzene and xylenes (BTEX) by EPA method 8260B 

 Gasoline range petroleum hydrocarbons (TPH-G) by EPA method 8260B 

 Fuel Oxygenates (MtBE, DIPE, ETBE, TAME and TBA) by EPA method 8260B 

 

The detection limits for these compounds are listed below.   

 

Detection Limits: Benzene Toluene Ethyl 

benzene 

Total 

Xylenes 

TPH-G 

Water (µg/l) 0.5 0.5 0.5 1.0 50 

 

Detection Limits: MTBE TAME DIPE ETBE TBA 

Water (µg/l) 0.5 0.5 0.5 0.5 20 

 

A Chain of Custody will be completed for all samples collected and tracked to ensure sample 

integrity.  

 

4.2 CONE PENETRATION TESTING (CPT) 

For the reasons given in Section 4.1 further soil and groundwater investigation at the site is 

required in horizontal and vertical extensions. A part of the investigation is covered by 

Geoprobe to be advanced at the site that was explained in Section 4.1.  The portion of this 

investigation that is not covered by Geoprobe will be pursued by Cone Penetration Testing in 

which groundwater and soil samples will be collected for analysis.  GTI recommends 

performing Cone Penetration Testing in 5 locations at the site (see Figure 3).  

 

CPT technology will limit mobilizations to the site and will allow investigation above and 

below the groundwater table.  More information on the CPT process is included below.  

 

CPT uses specialized technology to determine subsurface lithology.  It consists of using a 

large truck to apply massive force to drive a cone at the head of rods through the subsurface.  

Friction, pore water pressure and tip resistance are measured as the cone moves downward 

and these values can be correlated to determine the type of soil present.  Once this lithologic 

information is collected, a second hole is advanced next to the first.  The second borehole is 
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advanced for the purpose of collecting discrete soil and groundwater samples.  The depths of 

these samples will be selected by GTI staff in the field for optimal site characterization. 

 

Information on the use of CPT and associated sampling is included in Appendix B. (Note: the 

contractor data included in Appendix B is for informational purposes only and three bids will 

be obtained for the work as the USTCFP requires.) 

 

Prior to commencing work, soil boring/monitoring well permits will be secured and the 

ACHCSA will be notified at least 48 hours in advance.  The subsurface will be cleared of 

underground utilities by notifying Underground Service Alert. 

 

The borings will be advanced by a CPT rig with an appropriate drilling license.  The 

boreholes will be advanced to a maximum depth of 90 feet below the ground surface (bgs).  

The expected depth to groundwater in this area is 6-9 feet below grade, based on information 

from the most recent groundwater monitoring events. 

 

4.2.1 Soil Sampling Procedure 

Soil sampling with direct push rods requires the use of retractable sleeve tools.  When the 

sampler reaches the target depth, the rods are retracted to expose the cavity in the tip of the 

sampler.  The sampler is then locked in this open position and the rods are driven downward 

to allow soil to enter the device.  The rods are then removed for sample retrieval.  More 

information on the process is included in Appendix B. Soil sample analyses will be the same 

as Section 4.1.2. 

 

4.2.2 Water Sampling 
Water sample depths will be targeted to complete a site conceptual model illustrating the 

lateral and vertical extent of the groundwater plume at the site.  A hydropunch type 

sampler will be used on the end of the drill rods to obtain samples at depths to be 

determined in the field.  The sampler is attached to the end of the drill rods and then 

advanced to the targeted depth.  When the targeted depth is achieved, the rods are 

retracted 12 – 18 inches to allow a screened portion of the rods to be exposed and water 

to enter.  A water sample will then be obtained from inside the rod column by lowering a 

small diameter bailer into the rods.  Water samples will then be transferred from the 

bailer to the VOA container for transport to the laboratory.  Care will be taken to 

minimize sample agitation from the initial filling of the bailer to the transfer of the 

sample to the VOA vial.  A description and schematic of the process is included in 

Appendix B. Water sample analyses will be the same as Section 4.1.3 

 

4.3 ADDITIONAL GROUNDWATER MONITORING WELLS 

 

There is no groundwater monitoring wells up gradient of the contamination source, UST; 

therefore, GTI recommends to install a shallow groundwater monitoring well (MW-4) on the 

south side of UST around 25 feet away from STMW-2 (Figure 3).  In order to investigate the 

vertical groundwater gradient at the site GTI recommends to install three intermediate 

groundwater monitoring wells adjacent to existing groundwater monitoring wells STMW-1, 
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STMW-2 and STMW-3.  These three intermediate wells (MW-101, 102 & 103) are designed 

to have screen intervals in the second sand unit that was discovered by CPT-1 and CPT-2 at 

around 35-40 feet below ground surface (Figure 3).  

 

The well borings will be drilled using an 8-inch outside diameter continuous flight hollow 

stem auger owned and operated by a licensed well driller.  

 

4.3.1 Soil Sampling Procedure 

Soil samples will be collected at 5 foot intervals down to 20 ft bgs and then continuously 

from 20 to 40 ft bgs for geological and analytical evaluation.  A boring log providing 

sediment description using the USCS and field observations will be maintained by a trained 

geologist working under the supervision of a registered professional geologist.   

 

Soil samples laboratory analysis will be collected in 6.0-inch brass liners using a 2.0-inch 

modified California split spoon sampler.  These soil samples will be sealed with Teflon, 

capped with end caps, labeled and placed in a chilled cooler for transport to the laboratory 

following Chain-of-Custody protocol.  

 

Since only selected soil samples collected will be submitted for laboratory analysis, a 

screening process will be used to gather additional information through field observation.  

These observations include:  

 sediment type, especially grain size and clay content 

 moisture content 

 visible evidence of contamination, i.e., color change due to reduction of iron or 

discoloration from hydrocarbons and other pollutants 

 readings above background on aPID 

 

The PID is a portable photo ionization detector that uses a 10.0 eV lamp to detect compounds 

with ionization potential below 10.0 eV (hydrocarbon range).  The soil sample analyses will 

be the same as Section 4.1.2. 

 

4.3.2 Monitoring Well Construction 

The monitoring wells will be constructed using 2.0-inch diameter PVC casing with flush 

threads.  A screen between 5 and 10 feet long will be used depending on the thickness of the 

second layer of sand at the well location.  A #3 sand filter pack will surround and extend two 

feet above the 0.020 inch screened interval.  A weighted bentonite pellet seal will be 

installed.  A surface seal of neat cement grout (augmented with < 4% bentonite) will be 

installed via a tremie pipe.  The wells will be secured with locking watertight caps encased in 

flush mounted traffic rated well boxes.   

 

Construction details are as follows: 
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Well No. Dia./TD Screen Slot Sand Pack Trans. Seal Grout Seal 

       MW-4 2"/20’ 10-20’ 0.020” #3 sand 8-20’ 5-8’ 5-surface 

MW-101 2"/40’ 35-40’ 0.020” #3 sand 33-40’ 25-33’ 25-surface 

MW-102 2"/40’ 35-40’ 0.020” #3 sand 33-40’ 25-33’ 25-surface 

MW-103 2"/40’ 35-40’ 0.020” #3 sand 33-40’ 25-33’ 25-surface 

 

However, it is noted that if this sand unit is found at a different depth, we will adjust the well 

construction accordingly in MW-101, 102 and 103.  

 

After the well sealing materials have set (>24 hours) the well will be developed (using 

mechanical surging and pumping methods) until a clear stream of water is obtained.  The 

well will be purged and groundwater samples collected no sooner than 48 hours after well 

development.  All development and purge water will be containerized in 55-gallon DOT 

approved containers and stored on site until their disposition can be arranged.  These four 

groundwater monitoring wells will be incorporated into the existing quarterly groundwater 

monitoring schedule. 

 

The top of casing measuring point for the new wells will be surveyed as required under AB-

2886. 

 

 

5.0 INTERIM REMEDIAL ACTION 

 

In order to save some time on the remedial action at the site GTI recommends starting 

injecting hydrogen peroxide at STMW-1, STMW-3 and P1 concurrent with the additional 

site characterization activities. According to the Hydrogen Peroxide Injection Pilot Test 

conducted at the site by GTI between September 29 and November 6, 2008, hydrocarbons 

oxidation process was effective in reducing contamination level in groundwater as a result of 

hydrogen peroxide injection.  No adverse effect of oxidation in the aquifer system was 

observed in terms of metals mobilization.  Therefore the interim remedial action is conducted 

based on the guidelines suggested by the hydrogen peroxide injection pilot test.  

 

Hydrogen peroxide is selected as an oxidizer to be applied for groundwater and soil 

remediation at the site. Hydrogen peroxide 7% solution is injected in selected wells at the site 

on a weekly basis. 10 gallons of 35% food grade hydrogen peroxide is diluted by 40 gallon 

tap water to produce 50 gallons of 7% hydrogen peroxide solution.  The hydrogen peroxide 

7% solution is injected in each well by gravity. 50 gallons of tap water will be added to the 

injection wells after hydrogen peroxide injection is finished to give it more hydraulic head for 

spreading in the formation. 

Since the hydrogen peroxide injection pilot test has suggested a radius of influence of 10 feet 

for spreading the oxidizer into the formation no more parameters will be monitored over the 

span of the interim remedial action.  Once the additional site characterization activities are 
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finished, a number of injection wells will be designed and included in the Draft Corrective 

Action Plan for hydrogen peroxide injection. 

5.1 Health and Safety Plan 

As required by the Occupational Health and Safety Administration (OSHA) Standard 

“Hazardous Waste Operations and Emergency Response” guidelines (29 CFR 1910.120), 

and by the Cal-OSHA “Hazardous Waste Operations and Emergency Response” 

guidelines (CCR Title 8, Section 5192), a site-specific Project Safety Plan (PSP) will be 

prepared prior to the commencement of field activities.  The PSP will be reviewed by the 

field staff and contractors on a daily basis before beginning field activities at the Site.  In 

addition, subcontractors will also be required to prepare a Site Safety Plan (SSP) for their 

field personnel.  

 

 

6.0 SCHEDULE & REPORTING 

 

GTI anticipates initiating the activities outlined in this work plan based on the following time 

table. Dr. Ray Kablanow, a registered professional geologist, will supervise the project.  

 

1. Additional Site Characterization portion of this work plan including Geoprobe 

investigation, groundwater monitoring wells installation and Cone Penetration 

Testing within one month following approval from the ACHCSA.  

2. Interim Remedial Action including hydrogen peroxide injection in three groundwater 

monitoring wells STMW-1, STMW-3 and P1 immediately following approval from 

the ACHCSA 

3. The final report will be submitted 4 weeks after field work completion.   

 

 

7.0 LIMITATIONS 

 

This report was prepared in accordance with the generally accepted standard of care and 

practice in effect at the time Services were rendered.  It should be recognized that definition 

and evaluation of environmental conditions is an inexact science and that the state or practice 

of environmental geology/hydrology is changing and evolving and that standards existing at 

the present time may change as knowledge increases and the state of the practice continues to 

improve.  Further, that differing subsurface soil characteristics can be experienced within a 

small distance and therefore cannot be known in an absolute sense.  All conclusions and 

recommendations are based on the available data and information. 

 

The tasks proposed and completed during this project were reviewed and approved by the 

local regulatory agency for compliance with the law.  No warranty, expressed or implied, is 

made. 
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