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1.0 INTRODUCTION 

 

This Site Conceptual Model (SCM) Report 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 Report 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). 

 

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 as 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.   
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The work performed to date at the Site is summarized below: 

 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 

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 
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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 

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).  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. 
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 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). 

 

The data compiled during the course of this investigation indicate that the soil and 

groundwater were impacted with petroleum hydrocarbons from the underground storage 

tanks at the Site.  A number of site investigation activities were performed since the time the 

Site came under regulatory oversight in the early 1990’s. Geological Technics Inc. (GTI) has 

prepared this document based on previous investigation activities conducted at the Site by 

other consulting firms.  

 

 

2.0 ASSESSMENT OF IMPACT 

 

2.1 Release Documentation 

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 (see Figures 1 and 2 for vicinity and site maps).  The 

Site, former Springtown Arco Service Station was found as 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 underground waste oil tank was removed by Alpha Geo Services Inc. on February 7, 

1992.  Soil samples 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). 
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The three 10,000 gallon underground storage tanks were removed on December 13, 1993.  

After excavation sheen was observed on groundwater, an indication of hydrocarbon 

contamination resulted from tank leakage.  Groundwater analysis of the sample taken from 

the pit indicated a 33,000 µg/l of TPH-G, 160, 200, 220, and 1,200 µg/l BTEX respectively.  

Soil samples were collected from the side walls of excavation.  The samples contained up to 

43 ppm TPH-G, 0.29, 0.33, 0.35 and 1.1 ppm BTEX respectively.  

 

Upon demolition of the former minimart building and construction of the new one and 

upgrading the new UST, top soil and groundwater samples were collected from the product 

dispenser and delivery piping removal areas by H2OGEOL in June 2005.  The sampling was 

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 over-excavation.  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 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. 

 

2.2 Site Investigation 

As outlined above in Section 1.0, the site investigation has consisted of multiple soil borings, 

the installation of monitoring wells and receptor well surveys.  These efforts generated the 

data that will be summarized in the following sections: 

 

2.2.1 1992-2000 

One 1000-gallon capacity waste oil UST tank was removed from the south-central portion of 

the Site in February 1992 (Figure 2).  Soil confirmation samples collected at 6 feet bgs 

contained minor concentrations of total petroleum hydrocarbons as diesel (TPHd), trace 

concentrations of toluene, ethylbenzene, total xylenes and tetrachloroethane (PCE), and 

elevated concentrations of total lead (Pb).  In February 1995, the waste oil UST removal 

excavation was reopened and overexcavated.  Confirmation samples collected from the over-

excavated areas did not contain analytically detectable concentrations of TPHd, TPH as 

gasoline (TPHg), TOG, or benzene toluene, ethylbenzene, total xylenes (BTEX). 

In December 1993, three 10,000-gallon capacity gasoline USTs used to store gasoline were 

removed from the southwest portion of the Site (Figure 3).   

o Following removal a noticeable sheen was observed on groundwater entering the 

excavation (ACHCS 2000).  Initially, 1,000 gallons of groundwater was removed 

from the gasoline UST removal pit, with another 6,000 gallons removed later 

(ACHCS 2000).   

o The groundwater in the removal excavation was found to contain elevated TPHg and 

BTEX concentrations.  The water was subsequently transported and treated offsite in 

December 1993.   

o Soil confirmation samples collected along the sidewalls and at each end of the 

removal excavation contained minor concentrations of TPHg and BTEX.   
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o The gasoline UST removal pit was over excavated twice to remove TPH impacted 

soils.  Product delivery piping was also removed concurrent with the removal of the 

gasoline USTs.   

o Soil confirmation samples collected from the delivery line removal trenches (Figure 

3) contained trace to non-detect concentrations of TPH. 

A total of 1,500 cubic yards of impacted soil were removed from the waste oil and gasoline 

UST removal excavations.  The impacted soil was heat-treated on the Site for approximately 

3 months.  Approximately 20 cubic yards were found to contain elevated TPH concentrations 

at the end of the treatment period, and were transported and disposed offsite.  The remaining 

1,480 cubic yards were used to backfill the gasoline UST removal excavation. 

In January 1996, three groundwater monitoring wells were installed at the Site (Figure 3).  

Groundwater samples collected from the monitoring wells in July 1996 and April 1999 

contained a maximum of 180 micrograms per liter (μg/l) TPHg, 130 μg/l methyl-tertiary 

butyl ether (MtBE), 17 μg/l benzene and trace TEX.  Halogenated volatile organic 

compounds (HVOCs) were not detected. 

The Site received Remedial Action Completion Certification from the ACHCS on August 30, 

2000 (ACHCS 2000).  The ACHCS Case Closure Letter stated that up to 7,000 milligrams 

per kilogram (mg/kg) TPHg and 5.8 mg/kg benzene exists in soil beneath the gasoline UST 

removal excavation, and that up to 5,000 g/kg TOG exists in soil beneath the waste oil UST 

removal excavation.  The three groundwater monitoring wells that were installed in January 

1996 were subsequently abandoned later in 2000. 

 

2.2.2 2005 to Present 

During the First and Second Quarters of 2005, the Site underwent extensive renovation.  This 

included 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. 

On June 29, 2005, soil samples were collected from the product dispenser and delivery piping 

removal areas (H2OGEOL 2005).  The samples were collected at the direction of the 

Livermore-Pleasanton Fire Department.  A total of 14 soil samples, one groundwater sample, 

and three soil stockpile samples, were collected for laboratory analyses of TPHd, TPHg, 

BTEX, MtBE, tert-butyl alcohol (TBA), di-isopropyl ether (DIPE), ethyl-tert-butyl ether 

(EtBE) and tert-amyl-methyl ether (TAME).  The soil stockpile samples were also analyzed 

for total lead (Pb).  The soil and groundwater sample locations are illustrated on Figure 2 

(Dispenser 1-2, Dispenser 3-4, Dispenser 5-6, Dispenser 7-8, PL1 through PL5, SCor1-2 and 

Ncor1-2, and PL1-1-2-GW).  Table 4 in “Tables from previous work done by other 

consultants” lists the soil analytical results, and Table 2 lists the groundwater analytical 

result.  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 

over-excavation.  The soil stockpile samples contained trace amounts of TPHd and TPHg.  

BTEX compounds were not analytically detected in the soil samples, soil stockpile samples 

and the groundwater sample.  Elevated concentrations of MtBE and TBA were detected in 
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soil samples collected at approximately 0.5 feet bgs from product dispenser 1-2, product 

dispenser 5-6, product dispenser 7-8, and the 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.  The soil stockpile samples 

contained low to moderate levels of MtBE and TBA and low levels of total lead (Pb). 

Based on the analytical results, 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. 

In February 2007, nine borings were advanced by direct-push methods (SB-1 thru SB-9) 

around the UST cluster and the product dispenser area (ESTC, March 2007).  The locations 

of the borings are illustrated on Figure 2.  The soil lithology encountered ranged from black 

stiff clay to gray silty clay to 20 feet bgs (maximum depth explored).   

o Soil and groundwater samples were collected from each boring for laboratory 

analyses.  Table 1 lists the soil analytical results, and Table 2 lists the groundwater 

analytical results (Tables from previous works done by other consultants).   

o Concentrations of TPHd, TPHg and BTEX were not analytically detected in the soil 

samples.  Elevated concentrations of MtBE and TBA were detected in soil samples 

collected between 5 feet and 15 feet bgs from boring SB-5 in the southwest portion of 

the product dispenser area, and borings SB-6, SB-7 and SB-8 in proximity to the 

north and west sides of the UST cluster, and the southwest portion of the dispenser 

area (SB-5).   

o For the groundwater samples, elevated concentrations of TPHg were detected at 

borings SB-5 and SB-6 with the remaining borings all non-detect.  Elevated 

concentrations of MtBE were detected in the groundwater samples collected from all 

of the borings except SB-1 and SB-8, with the highest concentrations at boring SB-5 

and SB-6.  Concentrations of TBA were elevated in groundwater samples collected 

from all of the borings except SB-3, SB-4 and SB-9, with the highest concentrations 

at borings SB-6, SB-7 and SB-8, all at the UST cluster.   

 

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

total of 51 wells were located within 2,000 feet of the Site, of which 49 are monitoring wells 

for other contaminated sites.  One domestic well and one supply well were located within 

2,000 feet of the Site.  The domestic well is located approximately 1950 feet southeast of the 

Site and the supply well is located approximately 1,400 feet southeast of the Site.  

 

In June 2007, two Cone Penetrometer Test (CPT) boreholes 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).  The locations of the two CPT boreholes are illustrated on Figure 

2.   

o At CPT-1, clay and silty clay was interpreted to approximately 30 feet bgs, followed 

by sand to approximately 40 feet, followed by sandy silt and clayey silt to 
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approximately 63 feet bgs, followed by sand to approximately 68 feet bgs (maximum 

depth explored).   

o At CPT-2, clay and silty clay followed by sandy silt and clayey silt were interpreted to 

approximately 16 feet bgs, followed by sand to approximately 22 feet bgs, followed 

by sandy silt and clayey silt to 28 feet bgs, followed by sand to 35 feet bgs, followed 

by sandy silt and clayey silt to 60 feet bgs, with a thin layer of sand at approximately 

41 feet bgs (maximum depth explored).   

o Grab Groundwater samples were collected from the CPT-interpreted sand zones.  The 

analytical results are listed on Table 2.  Concentrations of TPHg and BTEX were not 

detected in the samples collected.  Concentrations of MtBE were detected in the 

samples collected from CPT-1 between 34 feet to 38 feet bgs (1.4 µg/l), and from 

CPT-2 between 18 feet and 22 feet bgs (89 μg/l).   

o Trace concentrations of chloroform and PCE were detected in the sample collected 

from CPT-1 between 34 feet to 38 feet bgs, and at CPT-2 between 31 feet to 35 feet 

bgs.   

o The analytical results established that only uppermost groundwater (<20 feet bgs) is 

impacted with dissolved-phase hydrocarbons. 

 

In August 2007, four 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 locations of the borings and 

monitoring wells are illustrated on Figure 2, site map (ESTC October 2007).   

o The soil lithology encountered ranged from black stiff clay to gray silty clay to 20 feet 

bgs (maximum depth explored) in borings GP-1 and GP-6/STMW-2.   

o At GP-5/STMW-1 light brown clayey sand was encountered between approximately 

13 feet and 16 feet bgs.  At borings GP-2, GP-3, GP-4 and GP-7/STMW-3, a light 

brown to gray sand ranging from fine-grained to gravelly was encountered between 

approximately 13 feet to 20 feet bgs, and was inferred to correlate with the CPT-

interpreted sand between 16 feet and 22 feet bgs in CPT-2 (June 2007).  The sand bed 

was interpreted to occur only along the north end of the Site.   

o Soil samples were collected from each boring for laboratory analyses.  Table 1 lists 

the soil analytical results.  Concentrations of TPHg and BTEX were not detected in 

the samples collected.  Concentrations of MtBE and TBA were detected in samples 

collected from GP-1 at 5 feet bgs and 20 feet bgs, from GP-2 at 10 feet bgs, from GP-

3 at 10 feet and 20 feet bgs, from GP-5/STMW-1 at 10 feet, 15 feet and 20 feet bgs, 

and from GP-6/STMW-2 at 5 feet and 10 feet bgs.  The highest concentrations were 

detected at GP-5/STMW-1 and GP-6/STMW-2 north and south of the UST cluster 

(Figure 2), and GP-2 at the northwest comer of the product dispenser area.  

Correlating the soil analytical results from this investigation with the February and 

June 2007 investigations identified the highest soil impact in proximity to the UST 

cluster and the northwest portion of the product dispenser area.   

o Grab groundwater samples were collected from borings GP-1 thru GP-4.  Table 2 lists 

the grab groundwater analytical results.  Concentrations of TPHg and BTEX were not 

detected in the grab groundwater samples, with the exception of the sample from 

boring GP-3, the analyses of which did not indicate a gasoline pattern.  Elevated 
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concentrations of MtBE and TBA were detected in the grab groundwater samples 

collected from borings GP-1 thru GP-3, with the highest MtBE concentration detected 

in boring GP-3, and the highest TBA concentration detected in boring GP-2.  A trace 

concentration of methanol was detected in boring GP-2.  Correlating the grab 

groundwater analytical results from this investigation with the February and June 

2007 investigations identified the highest MtBE impact in proximity to the UST 

cluster and the northwest portion of the product dispenser area, coinciding with the 

combined soil analytical results in these two areas of the Site.   

o Offsite migration of MtBE with groundwater to the north and northwest was also 

apparent.   

o The UST cluster was inferred to be the MtBE Source Area (ESTC, October 2007).   

 

The three groundwater monitoring wells were developed and surveyed in late August 2007, 

and groundwater samples collected on September 4, 2007.  A rainbow sheen was observed on 

the groundwater sample collected from monitoring well STMW-1 (ESTC January 2008).   

o Table 2 lists the analytical results.  Concentrations of TPHg were detected only in the 

groundwater samples collected from monitoring wells STMW-1 (220 µg/l) and 

STMW-3 (59 μg/l).  Concentrations of BTEX were not detected.  Concentrations of 

MtBE were detected only in the groundwater samples collected from monitoring 

wells STMW-1 (850 μg/l) and STMW-3 (160 μg/l).  Concentrations of TBA were 

detected in each monitoring well, with the highest concentration detected in the 

sample collected from STMW-1 (6,500 μg/l).   

o Depth to water measurements ranged from 6.58 feet bgs (510.97 feet above mean sea 

level [amsl]) at STMW-1, 8.30 feet bgs (511.29 feet amsl) at STMW-2, to 9.52 feet 

bgs (510.85 feet amsl) at STMW-3.   

o Based on the depth to water measurements, groundwater was determined to be 

flowing northwest at a gradient of 0.006 ft/ft.   

o Table 3 lists the monitoring data.  The well screens in the wells were drowned 

(groundwater surface above the top of well screen) at the time depth to water 

measurements and groundwater samples were collected from the wells. 

 

In December 2007, the monitoring wells were monitored and sampled, with the event 

reported as the Fourth Quarter 2007 Groundwater Monitoring and Sampling Event (ESTC, 

January 2008).  Groundwater samples were collected on December 10, 2007.  No sheen or 

product odor was observed on the samples collected from the three monitoring wells.   

o Table 2 lists the analytical results.  Concentrations of TPHg were detected only in the 

groundwater sample collected from monitoring wells STMW-1 (210 μg/l).  

Concentrations of BTEX were not detected.  Concentrations of MtBE were detected 

only in the groundwater samples collected from monitoring wells STMW-1 (540 µg/l) 

and STMW-3 (17 μg/l).  Concentrations of TBA were detected in each monitoring 

well, with the highest concentration detected in the sample collected from STMW-1 

(4,200 μg/l).  Methanol was detected at 10,000 μg/l in the groundwater sample 

collected from STMW-1.   
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o Depth to water measurements ranged from 6.26 feet bgs (511.29 feet amsl) at STMW-

1, 8.02 feet bgs (511.57 feet amsl) at STMW-2, to 9.12 feet bgs (511.25 feet amsl) at 

STMW-3.  

o Based on the depth to water measurements, groundwater was determined to be 

flowing northwest at a gradient of 0.004 ft/ft.   

o Table 3 lists the monitoring data.  The well screens in the wells were drowned at the 

time depth to water measurements and groundwater samples were collected from the 

wells. 

 

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-5) advanced on a commercial parcel adjoining the Site to the east (ESTC, July 2008).  

The locations of the borings are illustrated on Figure 2.   

o The soil lithology encountered at GP-5 ranged from black stiff clay to gray silty clay 

to 20 feet bgs (maximum depth explored).  At borings GP-7 thru GP-8, a light brown 

to gray to white sand ranging from coarse-grained to gravelly in texture was 

encountered between approximately 10 feet to 20 feet bgs, and was inferred to 

correlate with the CPT-interpreted sand between 16 feet and 22 feet bgs in CPT-2 

(June 2007).   

o Soil and groundwater samples were collected from each boring for laboratory 

analyses.  Table 1 lists the soil analytical results, and Table 2 lists the groundwater 

analytical results.  Concentrations of TPHg and BTEX were not analytically detected 

in the soil samples.  Concentrations of MtBE were detected in the soil samples 

collected from boring GP-7 at 10 feet bgs (6.5 µg/l), boring GP-8 at 10 feet and 15 

feet bgs (440 µg/l and 44 µg/l, respectively), and boring GP-9 at 15 feet bgs (14 µg/l).  

Concentrations of TBA were detected only in the soil samples collected from boring 

GP-8 at 10 feet bgs (2,300 µg/l) and 15 feet bgs (270 µg/l).   

o For the groundwater samples, concentrations of TPHg were detected at borings GP-6 

(560 µg/l) and GP-8 (530 µg/l) with the remaining borings non-detect.  Elevated 

concentrations of MtBE were detected in the groundwater samples collected from all 

of the borings except GP-6 and GP-10, with the highest concentration at boring GP-8 

(970 µg/l).  Concentrations of TBA were detected in the groundwater sample 

collected from boring GP-8 at 4,100 µg/l.   

 

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).  The purpose of the SVPT was to 

evaluate soil vapor extraction as an alternative for remediating soil impact in the vadose zone 

above uppermost groundwater at the Site.  The locations of the SVPT extraction wells and 

vacuum monitoring wells are illustrated on Figure 2, site map (ESTC, July 2008).  The 

extraction wells were installed in May 2008 to a depth of 10 feet bgs, and completed with 7 

feet of well screen casing between 3 feet and 10 feet bgs.  The test was conducted using an 

internal combustion engine (ICE) driving a positive displacement blower.  The SVPT was 

run in steps to optimize air flow/vacuum characteristics for potential design purposes.  

Magnahellic gauges were used to measure vacuum in the vacuum monitoring wells.  
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Unfortunately, the groundwater monitoring well screens were drowned during the SVPT, 

effectively precluding their use as vacuum monitoring wells.  No vacuum was observed in the 

extraction wells when used as vacuum monitoring wells.  Therefore, the results of the SVPT 

were inconclusive. 

 

On September 19, 2008 an injection well (P1) was installed at the Site to be used in hydrogen 

peroxide injection pilot test between September 29 and November 6, 2008.  The hydrogen 

peroxide injection included weekly hydrogen peroxide injection at STMW-1, STMW-3 and 

P1, and DO, ORP, EC and pH parameters measurement.  The three monitoring wells, vapor 

extraction wells and STMW-2 were sampled for 21 metals, TPH-G, BTEX and Fuel 

Oxygenates analysis on September 24 and November 20, 2008 to test the effect of hydrogen 

peroxide injection on groundwater contamination.  

 

The 2008 third quarter groundwater monitoring event took place on September 25, 2008.  

Groundwater gradient in this event was found to be 0.003 ft/ft in N54ºW direction.  Total 

Petroleum Hydrocarbons as Gasoline (TPHg) was detected  in STMW-1 only (230 μg/l).  

MtBE was detected in STMW-1 and 3 in the amount of 204 and 67 μg/l, respectively.  TBA 

was detected in STMW-1,2 and 3 in the amount of 704, 71 and 31.7 μg/l, respectively.   

 

2.3 Chemicals of Concern 

Gasoline 

The investigation of the release documented in Sections 2.1 and 2.2 above has identified 

gasoline range petroleum hydrocarbons as the chemicals of concern (COC) at the Site.  The 

analysis of gasoline components is usually limited to benzene, toluene, xylene and ethyl 

benzene (BTXE), total petroleum hydrocarbons as gasoline (TPH-G) because: (1) they are 

readily adaptable to gas chromatographic detection, (2) they pose a serious threat to human 

health (benzene is carcinogen), (3) they have the potential to move through soil and 

contaminate groundwater, (4) their vapors are highly flammable and explosive (Leaking 

Underground Fuel Tank Field Manual, State of California Leaking Underground Fuel Tank 

Task Force, October 1989), and (5) a high percent of gasoline is composed of these 

compounds.  These COC have been identified at the Site and are included in the monitoring 

and analytical protocols.  Among the compounds mentioned above BTEX has not been 

detected either in soil or groundwater recently since 2005 that the investigation started at the 

Site.  However, TPH-G has been detected both in soil and groundwater in several occasions 

and most recently in groundwater samples collected at groundwater monitoring wells during 

quarterly monitoring events.  

 

Fuel Oxygenates 

Fuel oxygenates are classified in 5 compounds: Tert Butyl Alcohol (TBA), Methyl tert-Butyl 

Ether (MtBE), Di-Isopropyl Ether (DIE), Ethyl tert-Butyl Ether (EtBE), and Tert-Amyl 

Methyl Ether (TAME).  Among these 5 fuel oxygenates TBA and MtBE are considered as 

the COC since they have been detected both in groundwater and soil samples in different 

sampling events since 2005.  The most recent samples are groundwater samples from the 

monitoring wells that shows elevated level of both MtBE and TBA.  It is believed that TBA 
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is a byproduct of MtBE breakdown.  Fuel oxygenates are added to gasoline to enhance the 

oxidation of fuel and increases the efficiency of fuel application. 

 

GTI has compiled fact sheets available on government and commercial internet sites for the 

COC and has included the sheets in Appendix D.  The fact sheets include physical and 

chemical properties of the COC in a pure form, not necessarily that which occurs upon 

release to the environment.  Although the solubility of the COC in water varies from 

chemical to chemical, each of the COC has the potential to migrate off site with groundwater 

movement. 

 

2.4 Geological/Hydrogeologic Site Characteristics 

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 

northward and westward interfingers with clay deposits that may be as much as 30 feet thick 

(DWR, 2004) 
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The following section briefly discusses the subjective field observations and geology 

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

(see Appendix C for boring logs):  

 

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.  

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 
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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.  

 

Borings GP-5 and GP-7 to GP-10 (2008): 
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 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 

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). 
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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.  GTI recommends installing one intermediate and one deep 

well next to STMW-3 to be screened at 35-40 and 65-70 ft bgs of coarse layer respectively.  

The base of the coarse layer at CPT-1 was not reached and therefore the coarse layer is 

thicker than 6 feet. 

 

2.5 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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2.5.1 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 has been just three 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 17 and TBA plume in groundwater is 

illustrated in Figure 18.  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 is observed (STMW-1).  
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2.5.2 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. 56 soil samples were collected from 9 soil borings, 4 

geoprobes and 3 groundwater monitoring wells 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 19 and 20 respectively.  

 

2.6 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.  

 

2.6.1 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.   

 

2.6.2 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 17 and 18.  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. 

 

2.7 Groundwater Beneficial Uses 

The San Francisco Bay Regional Water Quality Control Board (SFBRWQCB) Basin Plan 

designates the beneficial uses of groundwater in the Livermore Valley as domestic, 

municipal, and industrial/agricultural supply.  

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

total of 51 wells were located within 2,000 feet of the Site, of which 49 are monitoring wells 

for other contaminated sites.  One domestic well and one supply well were located within 

2,000 feet of the Site.  The domestic well (3S/2E 3H2) is located approximately 1950 (feet 

southeast of the Site and the supply well (3S/2E 3H4) is located approximately 1,400 feet 

southeast of the Site. Based on new update on 2000 feet receptor well survey in November 

2008 the “Zone 7 Water Agency” map (Appendix D) shows that both domestic and supply 

wells mentioned above are abandoned. A new water supply well, 3S/2E 3H5 was discovered 

right at 200 feet radius of the Site on the map but our correspondence with the Department of 

Water Resources Central District indicates that the well is unknown and abandoned.  

 

Given the above information obtained from the Zone 7 Water Agency and Department of 

Water Resources Central District, there is no well receptor within 200 feet radius from the 

Site.  Therefore, the contamination at the Site doesn’t impact any known water supply well.  
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3.0 POTENTIAL OFF-SITE SOURCES OF GASOLINE CONTAMINATION 
 

GTI has identified two sites with petroleum based contaminants leakage into groundwater 

and soil in the vicinity of the subject Site.  The first site is around 250 feet on the west side of 

the Site and has no monitoring data available but from the soil boring investigation the 

chemicals of concern are known as TPH-Gasoline and BTEX.  The second site is around 750 

feet southeast of the Site and no records of monitoring is available; the chemical of concern 

at this site is Diesel.  None of the sites can be an offsite source for the contamination at the 

Site because first the chemicals of concern are different and secondly the distance and 

groundwater flow and gradient do not suggest that flow of contaminants would be in the 

direction of the Site.  

 

 

4.0 POTENTIAL EFFECTS OF RESIDUAL CONTAMINATION 

 

When petroleum hydrocarbons are released to the soil, the material percolates and moves 

deeper under the primary influences of gravity, groundwater flow patterns, and capillary 

action.  As the product reaches the water table it concentrates in a pool on the top of the 

groundwater surface due to its lesser density.  Petroleum constituents then dissolve from the 

pool into the groundwater to form a contaminant plume that migrates under the control of the 

groundwater gradient.  At the same time the dissolved plume is forming and migrating, non-

dissolved petroleum product remains in the pore spaces in the soil due to capillary forces.  

These forces make it difficult to remove the non-aqueous phase liquids (NAPL) trapped in 

the pore spaces.  Fresh water moving through the soil can eventually flush a portion of the 

NAPL out, but this process can take a very long time and can contribute to an extensive 

groundwater plume.   

 

As stated above the majority of the residual contamination is within the water table smear 

zone extending at depths from approximately 5 feet to 20 feet bgs.  It will continue to source 

a groundwater plume that will migrate with the groundwater flow that is primarily to the 

northwest.  All the data on groundwater and soil contamination we have was collected in 

2007 and 2008, therefore, at this time we cannot specify the effectiveness of biodegradation 

and natural attenuation processes on groundwater and soil contamination at the Site.  

However, from the well receptor survey we know that there is no groundwater receptors 

within the current plume boundaries. 

 

The SFBRWCQB developed numerical Water Quality Objectives (WQO) for municipal 

supply (May 2008).  The WQO for the Site’s COC and their September 2008 maximum 

levels in groundwater are included in the table below (SFBRWQCB WQO data included in 

Appendix E): 

 

COC 

 

2007-2008 

[max. conc. (ug/l)] 

WQO 

 

Gasoline 230 100 µg/l* 
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MtBE 850 5 µg/l 

TBA 6500 12 µg/l 
*Gasoline Taste and Odor Threshold cross referenced by SFBRWQCB to CV-RWQCB document. 

 

All of the COC’s concentrations exceed the SFBWQCB water quality objectives. 

 

 

5.0 DISCUSSION AND CONCLUSIONS 

 

5.1 Discussion 

Soil Plume Definition 

Soil plume at the Site is defined using the soil analytical data obtained from sampling over an 

interval of 10 feet (either from 5 to 15 or 10 to 20 feet).  Moreover the soil samples were 

collected for analysis in different dates (three groups several months apart).  Soil boring 

investigation including 9 soil borings (SB-1 through SB-9) were advanced in February 2007 

and three monitoring wells (STMW-1 through STMW-3) and four geoprobes (GP-1 through 

GP-4) were advanced in August 2007.  In general 6 months difference in soil analytical data 

wouldn’t make a big difference but application of all the data in plume definition will 

significantly improve the soil plume delineation.  The soil plumes (MtBE and TBA) defined 

for the Site both are elongated along the groundwater gradient and flow and therefore they 

represent the processes important in mass transport.   

 

Groundwater Plume Definition 

Two plumes in groundwater were developed (MtBE and TBA) using the data obtained from 

groundwater monitoring wells and the analytical data resulted from the grab samples 

collected from the soil borings and geoprobes at Site. All the data used are within a 6 month 

range in time intervals. The reason that we used all this data together although they have 

slightly different time frames is that there is not enough data points from groundwater 

monitoring wells and using just 3 points (three groundwater monitoring wells) to develop the 

plume will result in a plume that is not representative of the conditions at the Site.  The two 

plumes developed represents the real conditions very well since the plume in both cases 

(MtBE and TBA) are elongated along the groundwater flow direction.  However the plumes 

just represent the conditions in the first 20 feet below ground surface and we virtually don’t 

know that much about the depths greater than 20 feet below ground surface.  CPT-1 and 

CPT-2 were advanced at the Site up to 70 and 60 feet respectively in June 2007.  The 

groundwater grab samples collected from different depths didn’t show any contamination 

except for 34-35 feet deep at CPT-1 that showed minimal amount of MtBE (1.4 µg/l) and 18-

22 feet interval for CPT-2 that showed a small amount of MtBE (89 µg/l).  The MtBE level at 

CPT-2 is observed in the same zone that is observed in all other borings and wells, meaning 

that this contamination doesn’t represent the layers below 20 feet.  The MtBE level in CPT-1 

at 34-35 is very low and therefore it might be a cross contamination from the top layers 

introduced to the groundwater grab sample during sample collection.  Given all this 

information on groundwater contamination beyond 20 feet deep the vertical extent of the 

plume in groundwater remains unknown.   
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Geology at the Site includes thick layers of stiff silty clay and thinner layers of sand and 

sandy gravel.  The first layer of sand from the top occurs between 11 and 20 feet below 

ground surface but its thickness is different from point to point.  The sand layer is absent on 

the southern part of the Site and it is just present on the north and northwest side of the Site.  

From the information collected from soil borings and wells there is evidence of a 

northwestern vertical extension of the sand layer.  For instance the thickness of sand layer in 

the northwestern borings and wells such as GP-4 and STMW-3 is the highest among all.  To 

learn more about vertical extension of this layer on the northwestern part of the Site we 

recommend drilling deep soil borings on the other side of Bluebell Drive in a northwestern 

direction from the Site.  The second layer of sand of this kind is present between 30 and 40 

feet below ground surface that is evident in CPT-1.  The third layer of sand was observed in 

CPT-2 between 54 and 60 feet deep (a layer more than 6 feet thick); the base of this layer did 

not reach CPT-2.   

 

Groundwater horizontal gradient has been consistently north western over almost two years 

of monitoring (3 groundwater monitoring events between February 2007 and September 

2008).  However, we don’t know anything about the vertical groundwater gradient between 

the sand layers mentioned above. It is important to know the vertical groundwater gradient to 

better understand the plume extension in lower aquifer zones.  

 

To define the northern and north eastern boundaries of the groundwater and soil plumes it is 

necessary to advance several geoprobes on the east, north and northeast of the Site. The 

geoprobes on the north and northeast side of the Site will be located on the other side of 

Bluebell Drive and the ones on the east will be located on the property boundary.  

 

5.2 Conclusions 

Based on our interpretation of the data collected over the course of this subsurface 

investigation, GTI has reached several conclusions.  These conclusions are based on the 

premise that the data considered, although incomplete, are representative of actual Site 

conditions.  We acknowledge that there may be undiscovered conditions, which would upon 

their consideration, change our interpretation and thus our conclusions.   

 

Geological Technics Inc. makes the following conclusions. 

 

 The geology of the Site consists primarily of silty clay units from the surface to 

approximately 10 – 15 feet bgs.  Below these depths are 5 to 10 feet of sand units. 

The sand units are absent on the southern side of the Site and it occurs on the north 

and northwest side of the Site.  The thickness of sand layer on the northwestern part 

of the Site is around 10 feet extending from 11 to 20 feet below ground surface and 

most probably it extends to lower depths as we go farther from the Site in that 

direction.  The clay layer on the south side of the Site seems to retard the vertical 

migration of contaminants.  Borehole logs from GP-7 through GP-10 suggest that the 

sand unit continues to the other side of the road (Bluebell Drive) and channelized, the 

middle portion has larger thickness than the side portions.  
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 The historical depth to groundwater in three groundwater monitoring wells is from 

6.26 to 9.45 feet below ground surface in STMW-1 and STMW-3 respectively.  

Historical average groundwater elevation obtained from 3 groundwater monitoring 

events between February 2007 and September 2008 is 511.09 feet above Mean Sea 

Level. Historical groundwater gradient is 0.004 ft/ft in N61ºW direction.  

Groundwater bearing has been consistently toward northwest with few degrees 

difference from one event to another.  

 The contamination at the Site is limited to two phases only: soil and water. A Soil 

Vapor Extraction Pilot test by ESTC in 2008 proved that contamination in vapor 

phase is negligible since the Vapor Extraction System couldn’t extract any 

contaminant in vapor phase.  Most important contaminants at Site are MtBE and 

TBA.  The contaminant load both in soil and groundwater is more TBA than MtBE.  

It is believed that TBA is a byproduct of MtBE breakdown.  This idea suggests that 

probably the MtBE breakdown process started at the Site a long time ago.   

 Minimal amount of TPHg is found in groundwater samples collected from STMW-1 

(3 times) and STMW-3 (one time). The level of TPHg contamination in STMW-1 is 

almost twice as much as Environmental Screening Level (ESL) for drinking water and 

that of STMW-3 is almost half of ESL for drinking water.  ESL for drinking water for 

TPHg is 100 µg/l. Therefore, the TPH-Gasoline level in groundwater is not 

considered a threat since natural attenuation will destroy this minimal level of 

contamination over a relatively short time. 

 The biggest concern in terms of contaminants at the Site is TBA because the 

concentrations are much higher than ESL. The highest concentration of TBA at the 

Site between 2007 and 2008 has been 6500 µg/l and the ESL for drinking water is 12 

µg/l. The highest concentration of MtBE at the Site is 850 µg/l and its ESL is 5 µg/l 

for drinking water.  

 Contamination in soil phase is much higher than that of liquid phase. Contaminant 

mass calculation shows 18.1 pounds of TBA in the groundwater and only 0.7 pounds 

of MtBE is in groundwater.  Contaminant mass estimation in soil shows that there is 

72.5 pounds of TBA and 2.7 pounds of MtBE in the soil phase at the Site. 

 Vertical groundwater gradient was not calculated at the Site since there is no deep 

groundwater monitoring to obtain groundwater level information in lower water 

bearing zones.  

 The Site poses negligible threat to human health since there are no wells within the 

boundaries of the groundwater plume to act as a conduit to human receptors.   

 

 



 Page 24 

Site Conceptual Model Report 
Project No. 1409.2 
December 5, 2008 
 
 

6.0 RECOMMENDATIONS 

 

Our recommendations are based on our knowledge of site conditions, and on the state and 

limitations of subsurface investigative technology.  Based on the conclusions outlined above, 

Geological Technics Inc. recommends the following: 

 

 Maintain the quarterly groundwater monitoring/sampling as directed by ACEH.  This 

should consist of all the present groundwater monitoring wells and the proposed new 

wells including a deep and intermediate depth well next to STMW-1 and at least two 

monitoring wells off Site on the other side of Bluebell Drive.  

 Advance 5-6 geoprobes on the north, east and northwest of the Site to determine the 

horizontal extent of the plume and learn more about the sand layer on the north side of 

the Site.  

 Advance 3-4 deep geoprobes up to 70 feet deep close to the core of plume to determine 

the vertical extension of the plume.   

 Once the vertical and horizontal extension of the plume has been defined, install a group 

of shallow (10 feet) and deep (20 feet) injection wells on top of the plume and apply 

hydrogen peroxide injection for oxidation of contaminants in a fast mode.  

 Report the results obtained from the hydrogen peroxide injection pilot test conducted at 

the Site between September 29 and November 6, 2008. This report is in progress and will 

be done on or before December 8, 2008. 

 Develop a Site Corrective Action Plan to reduce the residual contamination in the vicinity 

of the core of the groundwater plume using hydrogen peroxide injection.  Performing this 

action will hasten the collapse of the groundwater and soil plumes and reduce the 

contaminants concentrations to levels acceptable for site closure. 

 

 

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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