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1. INTRODUCTION 

 

1.1 Purpose and Goal 

 

The purpose of this pilot test is to examine an advanced oxidation technique, hydrogen 

peroxide injection, as an approach for residual contaminants removal from groundwater and 

soil at the subject site.  By conducting the pilot test we tested the oxidation potential for 

chemicals of concern (Methyl tert Butyl Eater [MtBE] and Tert Butyl Alcohol [TBA]) that 

hydrogen peroxide could offer.  In addition to investigating the contaminants effective 

removal, mobilization of metals in fluid phase (groundwater) was also explored to make sure 

that the remedial action would not have any adverse effect on groundwater quality.  

 

The goal is to apply chemical oxidation in such a way to minimize the adverse effect on 

groundwater quality.  Two important factors in optimizing the remedial action are quantity 

and frequency of injection at the site.  In other words, intensity and frequency of oxidizers 

application in porous media would define the chemical to be oxidized based on their 

oxidation potentials and concentrations.  
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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 as a potential contribution to soil 

and groundwater contamination in an August 1988 inspection by Alameda County 

Department of Environmental Health, Hazardous Materials Division (ACHCSA). 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). 

 

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

After excavation sheen was observed in 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 the 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. 

 

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 
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excavation was reopened and over-excavated.  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 2).   

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.   

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. 

 

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. 
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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 works done by other 

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

results.  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 

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.   
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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 

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.   
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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 

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. 
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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.   

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 
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(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.  

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 only detected in STMW-1 (230μg/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.   

 

2.0 HYDROGEN PEROXIDE INJECTION 

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) was prepared prior to the 

commencement of field activities (Appendix D).  The PSP was reviewed by the field staff on 

a daily basis before beginning field activities at the Site.   

In order to design the number and spacing/location of the Injection Wells at the site the radius 

of influence of hydrogen peroxide injection process is required.  One way to measure the 
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radius of influence of hydrogen peroxide injection process is to inject hydrogen peroxide in 

an injection well and measure the DO in the neighboring wells.  The dramatic change in DO 

or ORP of groundwater in the monitoring well will indicate that the hydrogen peroxide 

injection at the injection well has influence on groundwater and soil by such a distance.  

To implement the testing of hydrogen peroxide injection radius of influence an injection well 

(P1) was installed half way between VE-1 and STMW-1 on September 19, 2008 (Figure 2).  

As we proceeded with preliminary weekly injection in STMW-1, STMW-3 and P1, weekly 

monitoring of DO and ORP in groundwater was done in all three injection wells plus 

STMW-2, VE-1 and VE-2.  Dramatic increase of DO and ORP at STMW-1, STMW-3 and 

P1 indicates that the hydrogen peroxide injection is effective in increasing the DO level in 

injection wells or in the immediate vicinity of injection wells.  The 3 monitoring wells 

STMW-2 and VE-1 were located either far away from injection wells or up gradient of the 

injection points; therefore hydrogen peroxide injection influence was not expected on these 

two wells.  However, VE-2 is about 10 feet down gradient of P1 and therefore it could be 

counted as a monitoring point for the hydrogen peroxide injection influence.  Dramatic 

increase in DO level in VE-2 indicates that the radius of influence for hydrogen peroxide is at 

least 10 feet.  Referring to Table 4 the increase level of DO in VE-2 is somewhat less than 

that of increase in injection wells DO levels.  The radius of influence of hydrogen peroxide 

injection at the site exceeds 10 feet and therefore injection wells spacing to be installed at the 

site should be based on a radius of influence greater than 10 feet.  The pilot test was run for 6 

weeks, from September 29 to November 6, 2008.  The well construction for P1 is given 

below: 

 

Well No. Dia./TD Screen Slot Sand Pack Trans.  

Seal 

Grout Seal 

P1 4"/20’ 10-20’ 0.020” #3 sand 8-20’ 6-8’ 6’-surface 

 

Hydrogen peroxide was injected into each injection well (STMW-1, STMW-3 and P1) during 

each weekly visit to the site.  First the groundwater level was measured in all 6 injection and 

monitoring wells and subsequently at least 3 volumes of water column was purged in each 

well to measure the groundwater field parameters including DO, ORP, pH, groundwater 

temperature, and Electrical Conductivity (EC).  After collecting groundwater field 

parameters, approximately 100 gallons of 2 to 5% hydrogen peroxide solution was injected in 

each injection well.   

Because of low hydraulic conductivity in the formation during most events just half of the 

expected hydrogen peroxide was injected in injection wells.  The injection was conducted by 

gravity.  To eliminate the problem associated with low recharge, the hydrogen peroxide 

injection must be continuous and low flow.  By automating the injection process we will be 

able to inject a much higher volume over a week than that was injected in a batch mode with 

the frequency of once a week.  In this approach each injection well will have a dedicated hose 
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that goes to the top of injection well and the other end is connected to a tank full of hydrogen 

peroxide 2% solution.  A control panel will regulate the flow and pressure of hydrogen 

peroxide injection at each well. 

3.0  GROUNDWATER FIELD DATA 

Table 4 shows the groundwater field data collected during the hydrogen peroxide injection 

pilot test.  The field data were not collected on October 9, 2008 because of instrument 

malfunction. On October 23, 30 and November 6, 2008 the field data were collected in VE-2 

only to leave more time for hydrogen peroxide injection at injection wells.  VE-2 was 

selected for this purpose because it represents the monitoring well role more than others, it is 

located at around 10 feet down gradient of P1 that is an injection well and therefore it is a 

good point to monitor the effect of hydrogen peroxide injection at P1.  

PH in injection wells increased by 0.3, 1 and 0.8 on average, in STMW-1, STMW-3 and P1 

respectively.  pH didn’t change significantly in monitoring wells except for VE-2 that showed 

a change in pH around 0.1 to 0.7 in different monitoring events.  No significant change in 

groundwater temperature was observed either in injection wells or monitoring wells.  The 

Alameda Country Health Care Services directed GTI to monitor vapor on top of injection 

wells using an OVM (Organic Vapor Meter) and water temperature during hydrogen 

peroxide injection in their letter dated August 8, 2008.  Groundwater temperature monitoring 

was not possible because the water column at the injection well would be influenced by the 

injected solution.  Vapor monitorin is not applicable in this case because the reaction between 

contaminants and hydrogen peroxide doesn’t result in much of volatile compounds but water 

and carbon dioxide.  DO and ORP are two parameters that show the oxidation state of the 

system, they increased in all injection wells and monitoring well VE-2.    

4.0 GROUNDWATER ANALYTICAL DATA 

Prior to any hydrogen peroxide injection at the site, groundwater samples were collected and 

sent to Excelchem Environmental Labs of Roseville, California (Certification No. 2119) for 

the following analysis (samples were initially collected from 3 groundwater monitoring wells, 

STMW-1, STMW-2 and STMW-3, at the site and vapor extraction wells, VE-1 and VE-2, 

newly installed injection well P1):  

Metals [Sb, As, Ba, Be, Cd, Cr (III), Co, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Tl, V, Zn], 

TPH-G, BTEX, MtBE, TBA, TAME, EtBE, DIPE, 1,2-EDB, 1,2-DCA, methanol and 

Ethanol.  All hydrocarbons were analyzed using EPA 8260B and all metals were analyzed 

using EPA 6010B except for Mercury that was analyzed using EPA 7470A. 

The first groundwater sampling occurred on September 25, 2008.  Two weeks after hydrogen 

peroxide injection pilot test ended, on November 20, 2008 groundwater samples were again 

collected and sent to Argon Laboratories  (ELAP# 2359), of Ceres, California for the 

following analyses:  
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Metals: Sb, As, Ba, Be, Cd, Cr (III and VI), Co, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Ti, V 

and Zn using EPA 200.8 method and Cr VI using E218.6 method.  TPH-G, BTEX, TBA, 

MtBE, DIPE, EtBE, and TAME using EPA 8260B method.  

 

The results and detection limits for the above analyses are listed in Tables 2 and 3 included in 

Appendix A.  Certified analytical reports are included in Appendix B. 

Samples were collected for metals analyses to inspect the effect of hydrogen peroxide 

injection on metals oxidation in the aquifer system. It is believed that metals have very low 

concentrations in groundwater and soil and therefore their chance of oxidation by hydrogen 

peroxide decreases dramatically although they have very high potential in comparison with 

hydrocarbons to be oxidized by an agent like hydrogen peroxide.  The first set of analysis 

shown in Table 3 was based on EPA 6010B method with much higher detection limit than 

that of EPA 200.8 that was used in the second set of analyses.  Metals concentrations given in 

the first set of results are much higher than that of the second set.  Such a big difference in 

metals concentrations in groundwater in a short period of time is not expected.  

Moreover, the first set of results is rather high and not representative of typical groundwater.  

Probably the first set of analytical data are total metals, the water was not filtered prior to 

analysis, even though our chain of custody requested filtering.  EPA 200.8 method with lower 

detection limit applied after hydrogen peroxide injection pilot test indicates that none of the 

metals will be a source of risk of oxidation and mobilization since after six weeks of 

hydrogen peroxide injection relatively low concentrations of metals is still observed.  Most of 

the metals concentration in the second round of analysis are much lower than primary and 

secondary MCLs except for one which is very close to primary MCL (Arsenic concentration 

is slightly higher than MCL).  For Arsenic to have such a level of concentration in 

groundwater it is usually in the area based on our previous experience.  Most of the sites have 

much higher concentration of Arsenic but oxidation state in the aquifer system doesn’t cause 

any mobilization of this metal from solid to liquid phase. 

TPH-G and MTBE decreased in two injection wells STMW-1 and STMW-3.  However, TBA 

decreased in STMW-3 and increased in STMW-1.  The increase in TBA can be an indication 

of MtBE breakdown to intermediate products such as TBA.  Unfortunately P1 was not 

sampled for the analysis of contaminants of concern for the pre-pilot test conditions and 

therefore it is not possible to find the effect of hydrogen peroxide injection on hydrocarbons 

concentration in this well. 

5.0  DISCUSSION 

In Sections 2, 3 and 4 the effect of hydrogen peroxide injection on aquifer system was 

explained from different perspectives.  In summary the effect of hydrogen peroxide injection 

was explored by hydrocarbons and metals concentration in groundwater as well as 

groundwater field parameters including DO and ORP before and after hydrogen peroxide 

injection pilot test.  All these groups of data verify the useful effect of hydrogen peroxide in 

contaminants removal.  
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Based on groundwater field and analytical data given in Sections 3 and 4 the hydrogen 

peroxide injection has at least a radius of influence of 10 feet since injection in P1 resulted in 

an increase in DO level in VE-2, which is located at around 10 feet down gradient of this 

injection well.  The increase in DO level is also observed in all 3 injection wells.  Increase in 

DO level is a byproduct of hydrogen peroxide injection in groundwater that will result in 

higher rate of biodegradation.  ORP indicates the level of oxidation state in the aquifer 

system and the data in injection wells and VE-2 show a dramatic increase in ORP level in 

these four wells.  

Low level of almost all metals in groundwater samples collected from all 6 injection and 

monitoring wells at the site show that there is no risk associated with hydrogen peroxide 

injection at the site in terms of metals mobilization from one phase to another.  We should 

continue collecting samples for metals analysis during continuous low flow injection of 

hydrogen peroxide also to make sure that no metal mobilization occurs in the aquifer system 

throughout the injection process.  If any dramatic change in metals concentrations is observed 

we should adjust the hydrogen peroxide injection flow rate and frequency to bring down the 

oxidation of metals in the aquifer.  

The primary contaminants of concern include MtBE and TBA decreased in STMW-3.  In 

STMW-1 MtBE and TPH-G decreased but TBA increased.  The increase in TBA level can be 

an indication of MtBE breakdown into intermediate products or can be sourced from up 

gradient.  The level of MtBE, TBA and TPH-G all increased in STMW-2.  The injection at 

injection wells was not effective on STMW-2 because first of all this well is up gradient of 

the injection wells and secondly it is far away from the injection points (more than 50 feet) 

while the radius of influence of hydrogen peroxide injection is estimated to be a little over 10 

feet.  Unfortunately, no groundwater sample was collected from P1 prior to hydrogen 

peroxide injection started and therefore it is not possible to evaluate the effect hydrogen 

peroxide injection on hydrocarbons concentrations in this well.  P1 in the second round of 

groundwater sampling event showed a high level of TBA.  The level of TBA in this well is 

close to 13 times of MtBE concentration.  Higher concentration of TBA than MtBE is 

observed in all wells and soil borings during 2007 and 2008.  This can be an indication of 

MtBE natural attenuation and biodegradation that result in intermediate products including 

TBA. The intermediate products tend to be more resistant to natural attenuation and 

biodegradation than MtBE.  Other intermediate products that we should consider for analysis 

are:  Tert-Butyl Formate (TBF), 2-Methoxy-2-Methyl Propionaldehyde (MMP), Acetone 

(AC), Methyl acetate (MA), Hydroxyisobutyraldehyde (HiBA), and Formaldehyde (FA).  

If the first 3 to 5 months of continuous low flow hydrogen peroxide injection doesn’t cause a 

considerable decrease in TBA in groundwater we should add a catalyst to hydrogen peroxide 

solution as the intermediate products might be resistant to oxidation by hydrogen peroxide.  

The catalyst that is usually used in this case is Iron (FeSO4) to make Fenton agent.  In this 

case another alternative would be RegenOx, a product from Regenesis Advanced 

Technologies for groundwater Remediation.  The cost for RegeOx is almost 25% more than 

that of hydrogen peroxide.   
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6.0 CONCLUSIONS 

Conclusions from hydrogen peroxide injection pilot test are listed below: 

Dissolved  Oxygen (DO) level observed  in VE-2 indicates that hyd rogen peroxide 

injection has a rad ius of influence at least 10 feet. 

1. Metals concentration in injection and monitoring wells suggest that the effect of 

hydrogen peroxide in metals mobilization between solid and liquid phases is minimal. 

2. MtBE, TBA and TPHg concentration in injection wells and VE-2 as a monitoring 

well shows that the effect of hydrogen peroxide injection on contaminants removal is 

considerable. 

3. The intermediate products of MtBE oxidation including TBA might be resistant to 

oxidation state imposed by hydrogen peroxide.  The data we have now are not enough 

to make this hypothesis conclusive. 

4. Application of a catalyst might be needed along with hydrogen peroxide to have an 

efficient MTBE oxidation intermediate products removal.  The first 3 to 5 months of 

continuous low flow hydrogen peroxide injection at the site during remedial action 

will reveal this issue. 

7.0 RECOMMENDATIONS 

The following actions are recommended toward groundwater and soil remediation at the site: 

1. Prepare a Remedial Action Plan and include any extra investigations needed for 

completing the site characterization upon the Alameda County Health care Services 

Agency review of this report and their direction. A brief citation of these 

investigations is given in Site Conceptual Model prepared by Geological Technics 

Inc. in December 2008. 

2. Continuous low flow injection of 3% solution of hydrogen peroxide in injection wells 

to be installed at the site. The injection must be divided into two horizons: 5 to 10 feet 

of depth and 10 to 20 feet of depth to make the remediation more efficient both in the 

silty clay and sandy units. 

3. Evaluation of the first 3 months of continuous injection and in case of low 

effectiveness of contaminant mass removal adding a kind of catalyst for better 

efficiency in contaminant removal.  

4. Evaluate metals concentrations in monitoring wells every 2 months and take 

necessary action if needed. 
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8.0 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. 

 

9.0 SIGNATURE & CERTIFICATION 

Geological Technics Inc. will perform this project in accordance with accepted geologic and 

hydrologic standards of the State of California accepted and in effect at the time of this 

investigation.  Geological Technics Inc. is not responsible for undisclosed conditions.   
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