
 
 
 
 
 
 
 
 

 

PREPARED FOR SUBMITTAL TO: 
Ms. Holly Hadlock (H-7-2) 
U. S. Environmental Protection Agency 
75 Hawthorne Street 
San Francisco, California  94105-3901 
 
PREPARED FOR: 
Chevron Environmental Management Company 
9525 Camino Media, Room B 1047 
Bakersfield, California  93311 
 
PREPARED BY: 
England Geosystem, Inc.  
15375 Barranca Parkway, Suite F-106 
Irvine, California  92618-2207 
 
 

________________________ 
Frank J. Hagar, P.G., C.Hg. 
Senior Hydrogeologist 

Project No. 225.005.130 

 
 

EVALUATION OF THE 
ENHANCED BIOATTENUATION PILOT 

STUDY 
 

Pacific Coast Pipeline (PCPL) Superfund Site 
Fillmore, California 

 
 

May 26, 2005 



 

 

  

 

 

 

Chevron Environmental 
Management Company 
P.O. Box 1392 
Bakersfield, CA  93302 
Tel 661-654-7269 
Fax 661-654-7431 
leslieklinchuch@chevron.com 

Leslie A. Klinchuch 
PG, CHg, CGWP 

May 26, 2005 
 
Ms. Holly Hadlock 
U.S. Environmental Protection Agency 
75 Hawthorne Street 
San Francisco, California  94105-3901 
 
 
Evaluation of the Enhanced Bioattenuation Pilot Study 
Pacific Coast Pipeline (PCPL) Superfund Site – Fillmore, California 
 
Dear Ms. Hadlock, 
 
Enclosed are two copies of the Evaluation of the Enhanced Bioattenuation Pilot Study for the 
subject Site. 
 
Analytical results and field measurements indicate that ORC® injection was ineffective in 
reducing benzene concentrations within the dissolved plumes.  During the two-year pilot study, 
benzene concentrations remained relatively stable, fluctuating within historically observed 
values.  It is likely that subsurface oxygen demand is significant at this groundwater depth, 
consuming the oxygen released by the ORC® slurry without effectively increasing dissolved 
oxygen and biological activity. 
 
The bioattenuation pilot study will continue with the Soil Vapor Characteristics work plan 
submitted concurrently with this report. 
 
Respectfully submitted, 
 
 
 
Leslie A. Klinchuch 
 
cc: David Brod, URS Corporation 
 Tim Buscheck, Chevron Energy Technology Company 
 Jessy Fierro, Department of Toxic Substances Control 
 Joni Fisher, England Geosystem, Inc. 
 Frank Hagar, England Geosystem, Inc. 
 Herbert Levine, U.S. Environmental Protection Agency 
 Eve Wilkerson-Barron, Chevron Legal 
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1.0 INTRODUCTION 

England Geosystem, Inc. (England Geosystem) has prepared this document on behalf of Chevron 
Environmental Management Company (Chevron) (formerly ChevronTexaco). 

1.1 PROJECT AUTHORIZATION 
The purpose of this document is to describe the results of a Pilot Study conducted at the Pacific 
Coast Pipeline Site (Environmental Protection Agency [EPA] identification number 
CAD980636781) located at 67 E. Telegraph Road in Fillmore, California (Site). See Figure 1 for 
Site location and Figure 2 for Site plan, groundwater monitoring wells, and ORC® injection 
areas.  The Pilot Study was described in three documents: 

• Technical Memorandum – Proposal for Groundwater Treatment System 
Operational Modifications and Pilot Study for Enhanced Bioattenuation, Pacific 
Coast Pipeline (PCPL) Superfund Site, Fillmore, California (Technical 
Memorandum) dated October 16, 2002 (England Geosystem, 2002a).  

• Work Plan for Implementation of Enhanced Bioattenuation Pilot Study, Pacific 
Coast Pipeline (PCPL) Superfund Site, Fillmore, California dated 
November 5, 2002 (England Geosystem, 2002b).  

• Addendum To Work Plan for Implementation of Enhanced Bioattenuation Pilot 
Study dated December 4, 2002 (England Geosystem, 2002c).  

The EPA Remedial Project Manager (RPM) provided final written approval of the pilot study 
work plan and addendum on January 31, 2003.  

1.2 PURPOSE 
Long-term groundwater monitoring information collected since 1994 has shown that natural 
attenuation of hydrocarbons in ground water is occurring within the dissolved phase hydrocarbon 
plumes beneath the Site.  

Figure 3 shows the current dissolved-phase benzene distribution from the Fall 2004 monitoring 
event.  The most recent groundwater data (March 2005) is posted for reference purposes and 
ground water flow direction is shown by the arrows.  There are two separate dissolved-phase 
benzene plumes at the Site. For ease of reference they will be referred to as the southern and the 
northern plume based on their relative locations beneath the Site. The southern plume is centered 
in the vicinity of EW-4 and MW-39S.  The northern plume is centered near EW-P2 and extends 
westward toward Pole Creek and MW-42S and MW-6S.   

 



EVALUATION OF THE  
ENHANCED BIOATTENUATION PILOT STUDY 

 
PCPL Superfund Site Page 2 
Fillmore, California May 26, 2005 
 
 
This pilot study was developed to assess the effectiveness of injecting Oxygen Release 
Compound® (ORC®) into the Aquifer I saturated zone beneath and adjacent to the PCPL Site to 
determine if it would enhance the documented natural biodegradation of benzene in the ground 
water that is occurring beneath the Site.  Aquifer I is the uppermost, continuous saturated zone 
beneath the Site.  

The pilot study was implemented to evaluate if ORC® placed into the saturated zone of Aquifer I 
at selected locations would increase the concentration of dissolved oxygen in the ground water 
thereby enhancing the biodegradation of hydrocarbons, including benzene which would be 
manifested by observable decreasing concentrations of hydrocarbons in the ground water in the 
vicinity of the ORC® injection locations.  

The pilot study included evaluation of three scenarios: 

• ORC® slurry injected in a series of boreholes in the southern plume in a grid 
pattern in the vicinity of MW-39S to evaluate the remedial impact in an elevated 
concentration area with an apparent saturated smeared zone acting as a source for 
the contaminants.  This is referred to as the source control scenario. 

• ORC® slurry injected in a series of boreholes in the northern plume upgradient of 
MW-6S and MW-42S to evaluate the effectiveness of a cut-off wall in controlling 
off-site plume migration.  This is referred to as the cut-off wall scenario. 

• Permeable fiber socks containing ORC® were installed in two existing wells 
MW-22S and MW-32S to evaluate the potential for biofouling (iron bacteria 
production has been encountered in several groundwater wells at the Site) and to 
evaluate localized dissolved-oxygen concentrations within the well and at nearby 
wells after sock emplacement.  This is referred to as the biofouling/localized 
oxygen delivery scenario. 

The Pilot Study began in November of 2002 with the installation of MW-50S. The ORC® 

injection points, slurry and socks were installed in February of 2003. Figure 4 shows the location 
of the injection points in the southern plume (source control scenario) and new well MW-50S. 
Figure 5 show the general location and orientation of injection points in the northern plume (cut-
off wall scenario). The wells with the permeable fiber socks containing ORC® 
(biofouling/localized oxygen delivery scenario), MW-22S and MW-32S, are located in the 
northern plume (Figure 2). These two wells were chosen because they are not used for routine 
monitoring (since their well screens are submerged below the water table). Therefore, if 
biofouling was found to occur due to the emplacement of the ORC® socks, it would not be 
detrimental to the routine monitoring program. A secondary factor in choosing these wells was 
their close proximity to other downgradient monitoring wells. MW-22S is located 15 feet 
northwest of MW-49S and MW-32S is located 19 feet north-northwest of MW-42S. 
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1.3 PILOT STUDY EVALUATION CRITERIA 
The clearest direct evidence of the success of ORC® injection in enhancing the natural 
attenuation of dissolved phase benzene in the ground water would be any significant, sustainable 
(within the life-cycle of the ORC®) decline in the benzene concentration at nearby wells 
(MW-39S and MW-50S in the southern plume and MW-42S and MW-6S in the northern plume) 
would be interpreted as demonstrative success. In addition, any increase in dissolved oxygen 
concentrations in ground water whether sustainable or just observable would confirm that ORC® 
has delivered oxygen. 

The wells containing the permeable fiber socks containing ORC® were visually inspected for 
potential biofouling and/or iron bacterial production and the dissolved oxygen was measured 
(downhole) in the wells to determine if oxygen was being delivered. Hydrocarbon concentrations 
and dissolved oxygen in nearby wells (MW-49S and MW-42S) were also measured. 

1.4 REPORT ORGANIZATION 
The report that follows is designed to provide documentation of the implementation of the pilot 
study and subsequent evaluation of the results of the pilot study.  It consists of the following 
sections. 

• Section 1.0 – Introduction 

• Section 2.0 – Background Information 

• Section 3.0 – Pilot Study Implementation 

• Section 4.0 – Monitoring and Reporting 

• Section 5.0 – Evaluation of Results 

• Section 6.0 – Summary 
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2.0 BACKGROUND INFORMATION 

2.1 SITE DESCRIPTION AND HISTORY 
The PCPL Site is located north of State Highway 126 at 67 East Telegraph Road on the eastern 
edge of the City of Fillmore, California (Figure 1). The Site, which covers approximately 55 
acres, was formerly an oil refinery. In 1928, Texaco purchased the existing refinery and operated 
it until the early 1950s, when it was shutdown and dismantled except for several tanks and 
buildings.  Following dismantling in 1951, Texaco Trading and Transportation, Inc. (TTTI) 
operated a crude oil pump station at the Site.  In 1998, TTTI became Equilon Pipeline LLC 
(Equilon). Equilon was formed as a joint venture between Texaco and Shell. After Chevron and 
Texaco merged in 2001 to form ChevronTexaco, Equilon became a Shell entity. Shell 
discontinued pumping station operations in late 2002 when the last crude oil tank was cleaned 
and degassed.  The last remaining crude oil tank was dismantled and removed in August 2004. In 
May 2005 ChevronTexaco was formally renamed to Chevron. 

The majority of the above ground facilities were removed in early 2005. The above ground 
facilities remaining at the Site include: 

• A deep water well on the Site and an associated water storage tank (Tank 5028) 
that historically have been used by the owners of the avocado groves on the hill 
east of the Site. 

• Groundwater pump and treat remediation compound including granulated 
activated carbon (GAC) vessels and associated piping, manifolds and pre and post 
treatment machinery. 

• A remedial contractor field office trailer and storage shed. 

Groundwater monitoring has been ongoing at the PCPL Site for the past twenty years.  The result 
is that there is a significant foundation of data for evaluation on the impact of injection of ORC® 
into the system. For the Pilot Study evaluation, only the results of groundwater monitoring since 
the Site Consent Decree in 1993 (USEPA, 1993) (validated data) have been considered. This 
data has been documented in Quarterly Monitoring and Status Reports submitted to the EPA 
under the terms of the Consent Decree. 

2.2 DISTRIBUTION OF HYDROCARBONS PRIOR TO PILOT STUDY 
The following sections provide a general basis for evaluation of the results of the Pilot Study by 
describing the concentrations of dissolved phase hydrocarbons in the ground water based on 
groundwater monitoring that has been performed at the Site.  
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2.2.1 Dissolved-Phase TPHG Distribution 
Dissolved-phase total petroleum hydrocarbons as gasoline (TPHG) concentrations are regularly 
detected in groundwater samples collected across the Site. The TPHG occurrences are generally 
approximately coincident with benzene occurrences.  The highest concentration of TPHG from 
samples collected from wells without non-aqueous phase liquids (NAPL) are frequently 
encountered in the southern plume area.  

2.2.2 Dissolved-Phase Benzene  
Figure 6 is a contour map of benzene concentrations constructed from the dissolved-phase plume 
analytical data monitored in December 2002.  This data was used as the baseline information for 
the Pilot Study evaluation. 

The southern dissolved-phase benzene plume when projected to the surface is larger in area than 
the northern plume.  Historically, the highest benzene concentration detected in the southern 
plume generally occurs at MW-39S.  The southern plume formed by the commingling of 
contamination from several sources.  The location of these sources appears to be below the 
southern portion of the Site and an adjacent gasoline service station site.  The service station had 
an underground fuel tank leak that was discovered in the 1980s with hydrocarbons detected in 
soil and ground water below the site.  The California Regional Water Quality Board – 
Los Angeles Region (LARWQCB) closed the service station site in July of 1996 with low levels 
of benzene and hydrocarbon still in place in the ground water.  The service station wells were 
subsequently abandoned.   

The northern benzene plume is located near the former main waste pit, with benzene 
concentrations generally at a maximum at the location of EW-P2 on the Chevron property.  The 
plume extends westward toward Pole Creek with measurable concentrations of benzene 
occurring west of Pole Creek.  Groundwater samples collected from EW-P2 generally have the 
highest benzene concentration in the northern plume.  Dissolved phase benzene concentrations in 
groundwater samples collected from EW-P2 declined significantly after groundwater and vapor 
extraction began in early 1997 (from an initial concentration of 2,400 to 430 micrograms per liter 
(µg/L) in December 2002 just prior to the Pilot Study).   

The following table shows the semi-annual benzene concentrations for the two years prior to 
implementing the Pilot Study.  
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Table 2-1 
Semi-Annual Benzene Concentrations in Ground Water 

Spring 2001 – Fall 2002 (Concentrations in µg/L) 

Well Spring 2001 Fall 2001 Spring 2002 Fall 2002  
MW-1S - <0.30 - <0.30 J 
MW-2S 2.8 130 <0.30 0.32 J 
MW-3S 6.0 J 0.51 <0.30 0.32 
MW-6S 0.34 65 150 J 18 J 
MW-8S 40 J 15 16 34 
MW-9S 24 J <0.30 40 5.0 J 

MW-11S - - - 0.50 J 
MW-14S 1.4 J 1.2 3.9 <0.30 J 
MW-17S 34 5.8 16 35 J 
MW-18S 0.49 3.8 <0.30 <0.30 J 
MW-19S <0.30 29 <0.30 26 
MW-20S 22 110 J 92 110 
MW-25S - <0.30 - 9.1 J 
MW-28S <0.30 <0.30 <0.30 0.46 J 
MW-29S - <0.30 - <0.30 J 
MW-30S <0.30 <0.30 <0.30 10 
MW-35S - <0.30 - <0.30 
MW-37S 0.58 <0.30 <0.30 5.8 J 
MW-38S - <0.30 - <0.30 
MW-39S 480 610 690 390 J 
MW-40S 12* 16 96 20 
MW-41S 10 32 J 35 19 J 
MW-42S 140 J 220 15 140 
MW-43S <0.30 <0.30 <0.30 <0.30 J 
MW-44S <0.30 <0.30 <0.30 0.72 J 
MW-45S <0.30 0.51 <0.30 <0.30 J 
MW-48S <0.30 0.57 <0.30 0.41 J 
MW-49S 1.6 0.37 2 <0.30 J 
MW-50S - - - 510* 
EW-P2 570 J 700 520 430 
EW-1 150 140 82 39 J 
EW-2 <0.30 <0.30 <0.30 6.4 
EW-4 52 96 86 61 
EW-5 67 50 85 4.3 

J = Estimated 
Analyses by EPA Method 8020 and 8021B 
* Analyzed by EPA Method 8260B 
 
2.2.3 Dissolved-Phase Toluene, Ethyl Benzene and Xylenes  
Dissolved-phase toluene is significantly less abundant in ground water beneath the PCPL Site 
than benzene.  In the few wells where the toluene concentration exceeds the record of decision 
(ROD) (USEPA, 1992) cleanup goal of 100 µg/L, benzene concentrations are also above the 
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ROD cleanup goal.  Toluene concentrations at EW-P2 in the northern plume are generally the 
highest measured during Site monitoring events.  Dissolved-phase toluene concentrations in the 
southern plume are generally highest in groundwater samples collected at MW-39S and 
MW-50S.  

Dissolved-phase ethyl benzene concentrations measured in ground water since 1990 have never 
exceeded the ROD stated cleanup goal of 680 µg/L.  Similarly, dissolved-phase xylenes 
concentrations measured in ground water since 1990 are well below the maximum contaminant 
level (MCL) of 1,750 µg/L. 

2.3 BIOATTENUATION MONITORING  
Bioattenuation monitoring at the PCPL Site was first conducted in the fourth quarter 1995.  The 
initial program included field monitoring for oxidation-reduction potential (ORP), dissolved 
oxygen (DO), temperature, pH, conductivity, and ferrous iron in selected wells.  In the first 
quarter 1996, field bioattenuation monitoring continued with the addition of laboratory analyses 
for nitrate, soluble manganese, sulfate, sulfide, and carbon dioxide.  In the fourth quarter 1996, 
the soluble metals, nitrate, and carbon dioxide were dropped from the program and 
bioattenuation monitoring was continued on an annual basis. Sulfide was dropped from the 
program in 1997. 

The following conclusions were drawn from past bioattenuation monitoring results. 

•  DO concentration in ground water have been depleted across the Site.  DO falls in 
the hypoxic to anaerobic range. 

• Nitrate concentrations in ground water have also been depleted across the Site.  
Nitrate concentrations are relatively high in ground water throughout the Fillmore 
area, but nitrate is absent in Site wells.  Nitrate was detected in only one Site well 
and this well (MW-11S) is upgradient of the contaminant plume.  

• Soluble metals (manganese and ferric iron) concentrations in ground water are not 
useful as indicators of biodegradation at this Site.  Because of the highly variable 
configuration of subsurface materials across the Site due to the active depositional 
environment (fault zone, landsliding, channel deposits), deposits of manganese and 
iron are not continuous across the Site; therefore, areas with elevated 
concentrations may reflect local manganese or iron content of the subsurface soil 
more than bio-activity.  Also, products from other reduction processes (such as 
sulfide) can react with iron and manganese altering the concentration. 

• Sulfate and sulfide are good indicators of biodegradation at the Site.  Sulfate levels 
in groundwater wells in the Fillmore area are typically over 500 milligrams per 
liter (mg/L).  Within the benzene plume area, sulfate has been significantly 
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reduced by biodegradation.  In several wells within the plume, it is non-detectable.  
Upgradient and downgradient of the plume, sulfate concentrations range from 750 
to 1,000 mg/L.  Historically, sulfide, a product of sulfate reduction, had been found 
within the plume area and had been non-detected elsewhere. Sulfide sampling was 
discontinued in November 1997 when all sampled sulfide concentrations were 
below detection limits. The absence of sulfide does not indicate that sulfide was no 
longer being produced. Sulfide is reactive with metals and other constituents so it 
can be produced and then change to another form. Hydrogen sulfide odor has been 
frequently noted at the wellhead of MW-45S and MW-18S. 

• Carbon dioxide concentrations in ground water were elevated in the southern 
portion of the southern plume; however, overall the results of carbon dioxide 
sampling were inconclusive relative to assessing biodegradation at this Site. 

• Temperature of ground water across the Site has varied by up to 7 degrees during a 
sampling event.  Temperatures are generally lowest in the southern portion of the 
Site.  The highest temperatures coincide with the northern plume that had the 
highest methane concentrations in the soil gas.  The area with elevated temperature 
cannot be attributed to biodegradation because, given the low DO concentrations 
in the ground water, the reactions would be anaerobic, and anaerobic reactions are 
endothermic, meaning they tend to absorb heat and would cool the water slightly.  
The higher temperatures could be the result of emissions of deep earth methane 
and other hydrocarbons from the hot oil and gas reservoirs below the Site.  Such 
emissions would heat the ground water. 

• pH of the ground water has not varied greatly. 

• Conductivity values for groundwater samples are generally higher in those wells 
containing higher sulfate, soluble manganese, and ferrous iron. 

• ORP of a groundwater sample (when reviewed with other indicators) is a good 
indicator of biodegradation.  ORP is highly negative in the benzene plume area, 
while less negative and/or positive ORP values are measured upstream, 
downstream, and across gradient. 
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3.0 PILOT STUDY ACTIVITIES 

The Pilot Study included: 

• Installation of monitoring well MW-50S (Figure 2). 

• A baseline groundwater sampling event prior to ORC® injection. 

• Installation of ORC® injection points and ORC® slurry injection. 

• Installation of ORC® socks. 

• Implementation of monitoring program to evaluate injection effectiveness and to 
meet requirements of the LARWQCB Waste Discharge Requirements (WDR) 
Permit. 

3.1 MONITORING WELL INSTALLATION 
One new monitoring well, MW-50S, was installed in the vicinity of the southern benzene plume 
in November 2002.  The location of MW-50S was selected to allow the evaluation of benzene 
concentrations downgradient from the southern plume benzene “hot spot” located in the vicinity 
of MW-39S.  Well MW-50S was bored to a total depth of 80 feet below ground surface (bgs) 
and screened from 55 to 75 feet bgs.  The well construction of MW-50S is similar to MW-39S, 
which is screened from 53 to 73 feet. 

Drilling and soil sampling activities were performed November 21 and 22, 2002.  Drilling was 
performed by West Hazmat Drilling Corporation, of San Diego, California (C-57 license 
No. 554979).  One groundwater monitoring well was drilled using a CME-85 drill rig equipped 
with 10-inch diameter hollow-stem augers.  Prior to drilling, the boring location was cleared for 
subsurface utilities to a depth of 5 feet bgs by hand-augering and then enlarged to the diameter of 
the augers using a posthole digger. During drilling, ground water was encountered at a depth of 
approximately 60 feet bgs.   

Complete details of the installation were documented in Appendix B of the Fourth Quarter 2002 
Quarterly Status Report and Semi-Annual (Fall 2002) Ground Water Monitoring Report 
Appendix E (England Geosystem, 2003). 

3.2 BASELINE GROUNDWATER SAMPLING EVENT 
The Fall 2002 groundwater sampling event (conducted December 2002) was established as the 
baseline event for the Pilot Testing.  The baseline data was documented in the Fourth Quarter 
2002 Quarterly Status Report and Semi-Annual (Fall 2002) Ground Water Monitoring Report 
(England Geosystem, 2003).  
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Only information for selected key wells are discussed below. These wells have been categorized 
according to their function in the Pilot Study as follows.   

• Upgradient extraction wells - provide information regarding migration of 
contaminant into the Pilot Study area.   

• Evaluation wells - monitoring wells located near the actual ORC® injection sites.  
Because of their proximity to the injection wells, these would be the wells most 
likely impacted by the ORC®.   

• Downgradient Trigger Wells - with the discontinuation of the groundwater pump 
and treat system, EPA requested that downgradient wells be named as trigger wells 
along with concentrations which may indicate the plume was advancing. The 
following table summarizes the downgradient trigger wells and the trigger 
concentrations. These were defined in the Technical Memorandum (England 
Geosystem, 2002a).  

Table 3-1 
Downgradient Trigger Concentrations  

Southern Plume 
 

Trigger Benzene 
Concentration (ug/L) 

Northern Plume 
 

Trigger Benzene 
Concentration (ug/L) 

MW-35S 1 MW-48S 20 
MW-44S 1 MW-49S 20 
MW-45S 150 -- -- 

 
If a trigger concentration is encountered in the downgradient trigger well, EPA is to be notified 
and the well is to be immediately resampled. If the results from the resample still exceed the 
trigger concentration, a contingency plan for groundwater control would be implemented.   

There was one instance when an trigger concentration was slightly exceeded. A sample collected 
from well MW-44S during the third quarter 2004 sampling event had a result of 1.3 parts per 
billion (ppb) benzene which slightly exceeded the 1.0 ppb benzene trigger. When the results 
were received, the EPA was notified and the well was resampled. The sample was analyzed 
using EPA Method 8260B which uses a mass spectrometer to assure there are no false positives. 
The results of the resample showed that benzene was not detected at or above the method 
detection limit (MDL) of 0.28 ppb. Subsequent sampling from this well using the standard EPA 
Method 8021B analyses have also yielded non detectable results for benzene (<0.30 ppb), 
therefore, the plume was not found to be advancing and no further action was necessary. 

Table 3-2 summarizes the key monitoring wells of interest for the Pilot Study by category.  
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Table 3-2 
Monitoring Wells of Interest by Category – ORC® Pilot Study 

Interest in Well Southern Plume 
 (Source Control) 

Northern Plume 
 (Cutoff Wall) 

ORC® Sock 
 (Potential Biofouling and 

Evidence of Oxygen Delivery) 
Evaluation Well MW-39S MW-6S MW-22S 

 MW-50S MW-42S MW-32S 
Upgradient Extraction Well EW-4 EW-P2 -- 

Downgradient Trigger MW-44S MW-48S -- 
Well MW-35S MW-49S -- 

 MW-45S   
 
The actual number of wells monitored for the study and to satisfy the requirements of the 
LARWQCB WDR permit was significantly greater than shown on Table 3-2.  Monitoring 
information for the entire Pilot Study monitoring network is included in Appendix A.   

3.2.1 Baseline TPHG/BTEX Results 
Table 3-3 summarizes the baseline dissolved-phase TPHG/benzene, toluene, ethyl benzene, and total 
xylenes (BTEX) analyses for the selected wells of interest measured prior to ORC® injection. 

Table 3-3 
Summary of Baseline TPHG/BTEX Results in Ground Water 

TPHG 
(µg/L) 

Benzene 
(µg/L) 

Toluene 
(µg/L) 

Ethyl benzene 
(µg/L) 

Total xylenes 
(µg/L) Area Well Number Date Collected 

EPA 8015M EPA 8021B (* EPA 8260B) 

Southern EW-4 12/10/02 85,000 61 45 80 58 
Plume MW-35S 12/5/02 <100 <0.30 0.64 <0.30 0.78 

 MW-39S 12/10/02 4,800 J 390 J 65 J 13 J 64 J 
   12/10/02 - 51* 9.9* 1.2* 5.1* 
 MW-44S 12/8/02 <100 0.72 J 2.7 J <0.30 J 2.7 J 
 MW-45S 12/5/02 <100 <0.30 J 0.78 J <0.30 J <0.30 J 
   12/5/02 - <0.50* <1.0* <1.0* <2.0* 
 MW-50S 12/4/02 200,000 R 3,100 R 13,000 R 3,000 R 17,000 R 

  12/4/02 - 510* 130* 24* 62* 
  12/4/02 - 480* 120* 21* 52* 

Northern EW-P2 12/10/02 9,300 430 180 120 230 
Plume MW-6S 12/6/02 300 18 J 3.9 J 0.53 J <0.30 J 

   12/6/02 - 20* 4.5* <1.0* 2.2* 
 MW-42S 12/5/02 2,200 140 32 5.5 53 
   12/5/02 - 200* 48* 7.8* 49* 
 MW-48S 12/8/02 520 0.41 J 2.5 J 0.42 J 8.1 J 
 MW-49S 12/7/02 120 <0.30 J 0.42 J <0.30 J <0.30 J 

J = Estimated 
R = Rejected/Unusable data 
* Results by EPA 8260B 
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3.2.1.1 Dissolved-Phase TPHG 

Dissolved-phase TPHG was detected in all of the upgradient and evaluation well groundwater 
samples collected in both plume areas.  The maximum concentration was 85,000 µg/L at EW-4, 
however, NAPL is frequently encountered in the ground water at EW-4.  The TPHG 
concentration may have been influenced by NAPL in the local formation or aquifer.  These 
TPHG concentrations exert an oxygen demand. 

3.2.1.2 Dissolved-Phase Benzene 

Figure 6 is a contour map of benzene concentrations constructed from the baseline analytical 
data monitored just prior to the ORC® injection. 

The well with the highest dissolved-phase benzene concentration in the northern plume was 
EW-P2.  In the larger southern dissolved phase benzene plume the highest benzene concentration 
detected during December 2002, was 510 µg/L at MW-50S.  

The following table shows the semi-annual benzene concentrations for the two years prior to the 
Pilot Study at the wells of concern. 

Table 3-4 
Semi-Annual Benzene Concentrations in Ground Water 

for the Two Years Preceding Pilot Testing  
(Concentrations in µg/L) 

Area Well Spring 2001 Fall 2001 Spring 2002 Baseline Event 
Fall 2002 

Southern EW-4 52 96 86 61 
Plume MW-35S - <0.30 - <0.30 

 MW-39S 480 610 690 390 J 
 MW-44S <0.30 <0.30 <0.30 0.72 J 
 MW-45S <0.30 0.51 <0.30 <0.30 J 
 MW-50S - - - 510* 

Northern EW-P2 570 J 700 520 430 
Plume MW-6S 0.34 65 150 J 18 J 

 MW-42S 140 J 220 15 140 
 MW-48S <0.30 0.57 <0.30 0.41 J 
 MW-49S 1.6 0.37 2 <0.30 J 

J = Estimated 
Analyses by EPA Method 8020 and 8021B 
* Analyzed by EPA Method 8260B 

3.2.1.3 Dissolved-Phase Toluene 

During the baseline event, toluene was reported in groundwater samples at levels ranging from 
non-detected to 180 µg/L (in EW-P2).  The Site ROD cleanup level for toluene is 100 µg/L.  The 
cleanup level for toluene was exceeded in two wells during the baseline event; MW-50S 
(130 µg/L) in the southern plume and EW-P2 (180 µg/L) in the northern plume. 
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3.2.1.4 Dissolved-Phase Ethyl Benzene 

During the baseline event, ethyl benzene was reported in groundwater samples at levels ranging 
from non-detected to 120 µg/L (in EW-P2).  All measured dissolved ethyl benzene 
concentrations were below the ROD cleanup level of 680 µg/L 

3.2.1.5 Dissolved-Phase Xylenes 

During the baseline event, xylenes were reported in groundwater samples at levels ranging from 
non-detected to 230 µg/L (in EW-P2).  All measured dissolved xylene concentrations were well 
below the MCL of 1,750 µg/L. 

3.3 ORC® SLURRY INSTALLATION PROCEDURES 
3.3.1 Permitting 
Copies of permits associated with the Pilot Study are included in Appendix B. 

3.3.1.1 California Regional Water Quality Control Board – Los Angeles Region 

Injection of ORC® slurry into the waters of the State of California requires a General Waste 
Discharge Permit issued by the LARWQCB.  Appropriate application was made and General 
Waste Discharge Requirements for ORC Injection Pilot Test (Order No. R4-2002-0030) was 
issued on February 6, 2003.  However, a significant amount of negotiation was conducted with 
the LARWQCB after issuance of the permit to modify the onerous monitoring program that had 
been included in the original permit.  After correspondence between the EPA and the 
LARWQCB a final agreement was reached regarding monitoring requirements for the Pilot Test.  
On September 6, 2003 the LARWQCB issued an amended permit for the proposed action.   

The WDR was rescinded on June 25, 2004 when the LARWQCB responded to the request to 
rescind and issued a Termination of Coverage Under General Waste Discharge Requirements for 
Pacific Coast Pipeline Superfund Site, 67 E. Telegraph Road, Fillmore, California (File 
No. 02-189, CI No. 8510). The original permit, amended permit and termination letter are 
included in Appendix B-1.  

3.3.1.2 County of Ventura Water Resources Division  

In order to install and subsequently abandon temporary borings for ORC® injection, a single 
permit covering 23 borings and the monitoring well (MW-50S) was obtained from County of 
Ventura Water Resources Division on November 12, 2002.  After discussions with EPA, 10 
additional borings were requested and an amended permit for 33 borings and MW-50S was 
reissued with the same date as the issuance date.  The amended permit is included in 
Appendix B-2. 
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3.3.1.3 Ventura County Flood Control District (VCFCD) 

Most of the ORC® borings in the northern injection area are on Ventura County Flood Control 
District (name recently changed to Ventura County Watershed Protection District [VCWPD]) 
property. VCWPD has an easement on the Chevron property in the southern injection area.  
Therefore, a permit to install MW-50S to install and destroy 23 temporary borings for ORC® 

injection on Flood Control District Property, was obtained from County on November 19, 2002.  
After discussions with EPA, 10 additional borings were requested and an amended permit for 33 
borings and MW-50S was applied for on December 2, 2002 and a revised permit was reissued 
with the same date.  Copies of the original and amended permits are included in Appendix B-3. 

3.3.1.4 City of Fillmore Encroachment Permit 

MW-50S was constructed in the right-of-way of Main Street in the City of Fillmore.  An 
encroachment permit was obtained for the installation of the well.  A copy of the permit is 
included in Appendix B-4. 

3.3.2 ORC® Boring Installation 
In February 2003, 33 hollow-stem auger borings were advanced for the express purpose of 
injecting the ORC® slurry by Gregg Drilling Co.  Ten borings were advanced to a total depth of 
85 feet bgs in the vicinity of the southern plume at the locations presented in Figure 4.  
Twenty-three borings were advanced to a total depth of 110 feet bgs in the vicinity of the 
northern plume at the locations presented in Figure 5.   

Boring advancement, ORC® slurry injection, and boring abandonment was documented in 
Appendix D of the Quarterly Status Reporting for 2003 and Ground Water Monitoring 
Reporting for 2003 report prepared by England Geosystem in June 2004 
(England Geosystem, 2004).  For reference, a summary of the construction/abandonment details 
for the ORC® slurry injection borings are included as Appendix C. 

3.3.3 Slurry Installation 
The ORC® slurry mix was selected after consultation with the ORC® manufacturer, Regenesis of 
San Clemente, California.  According to the oxygen demand calculations completed by 
Regenesis and verified using a spreadsheet computation developed by them, the geometry and 
material balance required was determined and described in the Work Plan. The final 
configuration was adjusted slightly in the field upon consultation with Regenesis personnel. The 
final configuration was as follows: 

• Southern Plume – Ten injection wells in a grid surrounding MW-39S (ORC-24 
through ORC-33) spaced approximately 18 feet apart with approximately 320 lbs 
of ORC® material injected into each boring with 40 gallons of water to create the 
slurry.  
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• Northern Plume - Two rows of injection wells (ORC-01 through ORC-23) 
oriented in a north-south direction along the eastern bank of Pole Creek (12 in one 
row 11 in the other offset across ground water flow) and spaced approximately 
20 feet apart. The four northernmost wells (ORC-01 through ORC-04) had 
approximately 70 lbs of ORC® material injected into each boring with 14 gallons 
of water to create the slurry. The remaining wells in the northern plume (ORC-05 
through ORC-23) had approximately 80 lbs of ORC® material injected into each 
boring with 16 gallons of water to create the slurry. 

Refer to Figures 4 and 5 for boring numbers and Appendix C for the individual specifications for 
each boring. 

The slurry was mixed at the surface and placed into the boring using a tremmie tube that was 
placed at the bottom of the boring and then slowly raised to approximately 10 feet above the 
saturated zone.  Once all of the slurry was emplaced, the boring was left during construction of at 
least the next boring.  A silica sand was then placed into the boring from the bottom of the boring 
to approximately 3 feet above the measured saturated zone.  Bentonite slurry cement was placed 
on top of the sand to within 5 feet of the ground surface and a concrete plug was placed at the top 
of the boring.  

3.3.4 ORC® Sock Installation 
Two-inch diameter ORC® socks were laced together to form 10-foot sections, which were hung 
in monitoring wells MW-22S and MW-32S. The socks were pulled and visually inspected on a 
monthly basis for potential biofouling and iron bacteria.  
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4.0 MONITORING AND REPORTING 

4.1 MONITORING PROGRAM 
During the Pilot Study, the routine groundwater monitoring program at the Site was 
supplemented with additional and more frequent monitoring designed for both evaluation of 
downgradient benzene and bioattenuation parameters and to comply with the LARWQCB WDR 
permit monitoring program.  Any modifications from the proposed groundwater sampling 
program were additions only.  No monitoring was deleted from the routine program. 

Sampling protocols have been previously outlined in the Monitoring and Confirmation Sampling 
Plan (England & Associates, 1995) and the Revised Technical Memorandum - Recommended 
Modifications to the Ground Water Sampling Program (England & Associates, 1997).  

4.2 REPORTING 
Emails summarizing the Pilot Study groundwater monitoring event were periodically submitted to 
EPA.  Full reports were included in the Quarterly Status Reports (QSR).  For reference, a summary 
of the analytical data and field measurements related to the ORC® pilot study are included in 
Appendix A.  WDR permit reports were submitted quarterly to the LARWQCB until the WDR 
permit was rescinded in June 2004. 

 



EVALUATION OF THE  
ENHANCED BIOATTENUATION PILOT STUDY 

 
PCPL Superfund Site Page 17 
Fillmore, California May 26, 2005 
 
 

5.0 EVALUATION OF RESULTS 

The effectiveness of aquifer remediation using ORC® was evaluated using analytical chemical 
results and field measurements.  The two primary measurable constituents required for 
quantification of the process are DO concentration and the dissolved-phase benzene 
concentration in the general vicinity of the injection sources.  The primary purpose of the ORC® 
is to add dissolved oxygen to Aquifer I, thus increases in DO would be interpreted to be a direct 
result of ORC® injection.  The desired result of the increased oxygen in the aquifer would be 
increased biological activity, thus reductions in benzene concentrations would also be interpreted 
to be a direct result of ORC® injection. 

The results of the Pilot Study did not indicate a positive response to the ORC® injection.  During 
the Pilot Study, DO concentrations throughout the Pilot Study area as measured with a low 
volume flow through cell sampler remained at 0.0 mg/L during all sampling events included in 
the Pilot Study.  Benzene concentrations over time in the southern plume are presented in 
Figure 7 and in Figure 8 for the northern plume.  Vertical dashed lines mark the approximate 
time that the groundwater treatment system operation was discontinued and when the ORC® 
injection was completed.  Benzene concentrations remained relatively stable, fluctuating within 
historically observed values.  

In addition to monitoring the impact of ORC® on the measured concentrations of DO and 
benzene in the ground water, two ORC® filter socks were installed in the northern plume at 
MW-32S and MW-22S.  These filter socks were removed and visually inspected for potential 
ferric iron conversion and deposition on the socks, as well as any increase in biofouling.  On 
September 28, 2003 field measurements were conducted at both of these locations at different 
depths below the groundwater surface.  Table 5-1 lists those results. 

Table 5-1 
Downhole Field Measurements Including Dissolved Oxygen Measured September 28, 2003 

Well Depth to 
Water  

(ft) 

Depth Below 
Groundwater 

Table 

pH Conductivity 
(mS/cm) 

Turbidity 
(Ntu) 

Dissolved 
Oxygen 
(mg/L) 

Temperature 
(Deg. C) 

ORP 
(mV) 

2' 10.7 1.1 58 > 19.9 20.2 -4 

7' 10.7 1.1 26 > 19.9 20.2 -17 

15' 8.0 1.7 6 13.4 20.2 -157 
MW-22S 102.55 

15' after 20 min 7.3 1.7 3 0.1 20.2 -161 

2' 10.5 1.9 10 > 19.9 21.0 26 

7' 10.4 1.9 8 > 19.9 20.7 18 

15' 7.4 1.7 61 4.3 20.4 -168 
MW-32S 92.32 

15' after 20 min 7.3 1.7 45 0.1 20.4 -171 

mS/cm = milli siemans per centimeter; Ntu = nepholometric turbidity unit; mV=millivolts 
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5.1 MONITORING OBSERVATIONS 
With the shutdown of the groundwater treatment system (GWTS), there was an expectation 
based on previous fate and transport modeling performed for the GWTS system design that when 
the capture zones were removed, additional benzene concentrations would be noted in 
monitoring wells located downstream of the pumping wells.  However, no increase in dissolved 
benzene concentrations downgradient of the pumping wells was observed following the 
cessation of groundwater extraction activities.  Moreover, there was no measurable increase in 
DO in the monitoring wells downgradient from the ORC® injection points in the southern plume.  
Benzene concentrations in the southern plume remained stable, fluctuating within historically 
observed values.  DO concentrations remained at 0.0 mg/L in all of the wells monitored during 
the Pilot Study. 

The expected increase in dissolved benzene concentrations was not observed.  This is probably 
due to the benzene plumes being already stable or diminishing.  It is likely that the ORC® 

released oxygen was consumed by a combination of solid, chemical, and biological oxygen 
demand.  Most importantly, the non-target compounds, such as TPHG, toluene, ethyl benzene, 
and total xylenes, exerted a significant oxygen demand and there was not a measurable reduction 
in benzene.  A known shortcoming of ORC® is the difficulty in overcoming excessive oxygen 
demand in the subsurface (Kelmser, 2002).  There is typically about 2 to 3 milligrams (mg) of 
oxygen per liter (L) demand per each mg/L of dissolved organic (O’Reilly and McGrath, 2003).  
Therefore, ORC® is typically limited to low oxygen demand scenarios (Kelmser, 2002). 

It may be technically infeasible and/or cost prohibitive to inject enough oxygen into the 
subsurface to meet the high oxygen demand of dissolved hydrocarbons such that bioremediation 
is enhanced.   

5.2 ORC® SOCKS 
The ORC® socks were installed in two wells (MW-22S and MW-32S) and inspected periodically 
to evaluate potential ferric iron conversion and deposition on the socks, as well as any increase in 
biofouling.  Based on qualitative visual inspections, a slimy material was developing on the 
socks indicating that some biofouling was occurring.  It appears that the amount of biofouling 
will not have a detrimental affect upon the dispersion of oxygen into the ground water.  The rate 
of biofouling does not appear to have been accelerated by the presence of the socks, however no 
quantitative evaluation of this conclusion can be made.   

To evaluate the impact of the ORC® socks on the dissolved oxygen concentration in the well, 
downhole DO monitoring was conducted on September 28, 2003 in wells MW-22S and 
MW-32S to determine if dissolved oxygen was elevated within these wells.  DO was measured at 
>19.9 mg/L in both wells at 2 and 7 feet below the groundwater table.  At 15 feet bgs DO 
declined to 13.4 mg/L in MW-22S and 4.3 mg/L in MW-32S.  The probe was left in each well at 
the 15-foot level for a period of 20-minutes following the initial reading at this level.  In both 
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wells the DO concentration declined to 0.1 mg/L after the 20-minute period.  The decline in DO 
after the 20-minute period is most likely due to the fact that DO probes consume oxygen.  DO 
concentrations were elevated within the wells as expected.  

There was no apparent affect on the nearby monitoring wells (MW-42S and MW-49S which 
were located 19 feet and 15 feet from the wells with the ORC® socks, respectively) due to the 
ORC® sock emplacement. No change in dissolved oxygen concentration and no significant 
change in benzene concentration. 

The stratification of the dissolved oxygen concentration in the wells would suggest that the 
ORC® socks were relatively ineffective in providing sufficient oxygen to the ground water to 
make a significant difference in the rate at hydrocarbon degradation. 
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6.0 CONCLUSIONS 

Analytical results and field measurements indicate that ORC® injection was ineffective to 
measurably reduce benzene concentrations in both the southern and northern plumes.  It is likely 
the oxygen demand exerted by non-target compounds and solid oxygen demand at this depth 
were significant, consuming a majority of the oxygen released by the ORC® slurry without 
effectively increasing biological activity.  A known shortcoming of ORC® is the difficulty to 
overcome excessive oxygen demand in the subsurface (Kelmser, 2002).  There is typically about 
2 to 3 milligrams (mg) of oxygen per liter (L) demand per each mg/L of dissolved organic 
(O’Reilly and McGrath, 2003).  Therefore, ORC® is typically limited to low oxygen demand 
scenarios (Kelmser, 2002).   

Enhancing the natural attenuation process may not be required or desirable at this Site since the 
historical groundwater monitoring data collected over the last 11 years clearly shows that both 
the southern and northern plumes are diminishing in size (Figure 9) beneath the Site.  This 
evidence is the most profound argument for the success of monitored natural attenuation as an 
effective remedial action. 

Conceptual plans to collect additional data in support of monitored natural attenuation as a 
remedial alternative have been discussed with EPA in recent workshops and phone 
conversations. The work plan describing these plans is being submitted concurrently with this 
report as the next step in the bioattenuation pilot study. The work plan is entitled Sampling and 
Analysis Plan for Natural Attenuation Characteristics and Soil Vapor Characteristics Above 
Dissolved-Phase Benzene Plumes by England Geosystem, dated May 26, 2005 (England 
Geosystem, 2005). 
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

MW-1S 12/8/02 <100 <0.30 J <0.30 J <0.30 J 1.2 J -156 0.0 6.6 0.8 22.5 - 120 - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -177 0.0 7.4 2.2 21.0 - 570 - - - -
11/21/03 <50 0.46 <0.30 <0.30 <0.60 -140 0.0 7.6 1.3 20.4 - 440 - - - -
5/18/04 <50 <0.30 <0.30 <0.30 <0.60 -162 0.0 7.4 1.4 23.4 - 640 - - - -
12/11/04 <50 0.39 <0.30 <0.30 <0.60 -144 0.0 7.5 1.7 21.1 - 570 - - - -

MW-2S 12/6/02 310 0.32 J 1.0 J <0.30 J 1.5 J - - 7.3 0.6 21.6 - 670 - - - -
5/23/03 150 1.3 <0.30 <0.30 1.1 - - 7.0 2.0 22.2 - 360 - - - -
11/26/03 75 1.2 0.39 <0.30 1.5 - - 7.2 1.8 20.6 - 160 - - - -
5/19/04 220 J 0.90 J 0.56 J 0.41 J 1.7 J - - 7.1 2.0 20.1 - 48 - - - -
11/19/04 Well Dry

MW-3S 12/6/02 130 0.32 0.48 <0.30 <0.30 - - 7.4 0.4 20.9 - 11 - - - -
5/23/03 230 1.6 0.87 <0.30 2.3 - - 7.1 1.9 21.7 - 60 - - - -
11/26/03 170 J 1.1 1.2 0.77 3.2 - - 7.1 1.6 20.7 - 18 - - - -
5/17/04 130 J <0.30 0.88  J <0.30 <0.60 - - 7.1 1.8 22.0 - 6.9 - - - -
11/19/04 Well Dry

MW-6S 12/6/02 300 18 J 3.9 J 0.53 J <0.30 J -216 0.0 6.9 1.6 21.5 5.0 290 56 980 0.542 -
12/6/02 - 20* 4.5* <1.0* 2.2* - - - - - - - - - - -
3/4/03 140 6.1 0.79 <0.30 <0.30 -158 0.0 7.4 1.5 21.0 - - - - - -

3/18/03 550 J 45 67 1.2 26 -161 0.0 7.3 1.6 21.3 - - - - - -
4/1/03 250 6.5 1.4 0.46 13 -184 0.0 7.3 1.6 21.8 - - - - - -

4/22/03 190 8.4 1.5 <0.30 <0.30 -170 0.0 7.4 1.6 21.9 - - - - - -
5/22/03 210 6.9 1.1 0.40 7.6 -168 0.0 7.4 1.7 21.1 5.0 250 66 1,100 0.557 97.0

Duplicate 5/22/03 220 6.8 1.1 0.43 7.1 - - - - - - 270 63 1,100 0.563 98.2
6/17/03 250 8.9 1.4 0.70 13 -203 0.0 7.3 1.7 21.5 - 310 57 1,100 0.559 96.7
7/12/03 130 6.7 1.1 0.42 1.8 -159 0.0 7.3 1.6 21.4 - 290 53 1,000 0.545 93.7
8/26/03 460 10  J 2.0 J 0.57 J 13 J -216 0.0 7.5 1.6 21.6 - 290 69 980 0.556 96.5

Split 8/26/03 230 10 J 15 J 2.2 J 1.5 J - - - - - - 280 65 1,100 0.57 93
9/26/03 250 9.5 J 13 J 1.5 J 2.5 J -167 0 7.3 1.6 21.3 - - - - - -
10/25/03 310 J 16 19 3.8 7.6 -148 0.0 7.2 1.6 21.6 - - - - - -
11/25/03 170 J 6.7 6.3 J 4.1 J 3.2 J -170 0.0 7.3 1.7 21.2 5.0 310 66 1,000 0.51 -

Duplicate 11/25/03 180 7.5 7.5 2.8 4.6 - - - - - - 320 - - - -
11/25/03 - 4.7* <2.0* <2.0* <4.0* - - - - - - - - - - -
12/21/03 180 J 9.6 9.5 2.6 6.4 -167 0.0 7.3 1.8 21.1 - - - - - -
1/18/04 210 J 9.1 10 6.3 9.7 -166 0.0 7.3 1.8 21.1 - - - - - -
2/29/04 190 J 13 1.8 3.4 5.6 -166 0.0 7.3 1.7 21.2 - - - - - -
3/21/04 210 J 6.1 J 2.9 J 0.88 J 6.1 J -169 0.0 7.3 1.8 21.2 - - - - - -
4/25/04 290 9.1 J 12 J 1.9 J 3.5 J -178 0.0 7.2 1.8 21.2 - - - - - -
5/22/04 300 15 J 28 R 4.1 J 7.1 J -189 0.0 7.3 1.7 22.0 5.0 290 72 1,000 0.57 -

Duplicate 5/22/04 150 8.5 9.0 5.0 7.0 - - - - - - 280 - - - -
6/13/04 290 J 10 J 1.9 J <0.30 7.3 J -187 0.0 7.2 1.7 22.1 - - - - - -
8/20/04 250 J 9.2 15 5.6 9.3 -181 0.0 7.2 1.7 21.8 - - - - - -
11/20/04 320 J 2.8 J 6.7 J 6.3 J 3.1 J -174 0.0 7.2 1.9 21.3 5.0 330 - - - -

Duplicate 11/20/04 300 9.0 18 8.9 6.0 - - - - - - 330 - - - -
11/20/04 - 3.2* <2.0* <2.0* <4.0* - - - - - - - - - - -
3/10/05 100 0.35 <0.30 <0.30 1.9 -170 0.0 7.1 2.0 22.0 - - - - - -

Sample ID Date 
Collected

EPA 8021B EPA 300Field
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

MW-8S 12/9/02 2,700 J 34 28 4.9 28 -186 0.0 7.0 1.5 21.2 - 4.1 - - - -
5/23/03 3,500 J 32 23 6.9 26 -94 0.0 6.9 1.8 20.4 - <1.0 - - - -
11/24/03 1,800 22  J 15 J 4.2 J 9.9 J -160 0.0 7.2 1.6 20.6 - <0.50 - - - -
5/19/04 3,700 200 130 68 190 -175 0.0 6.9 1.6 21.4 - <0.50 - - - -
11/21/04 2,600 J 31 24 4.9 14 -191 0.0 7.0 2.1 21.2 - 20 - - - -

MW-9S 12/9/02 1,300 5.0 J 33 J 6.0 J 33 J -177 0.0 7.2 1.2 20.6 - 67 - - - -
5/21/03 340 J 0.49 <0.30 <0.30 0.93 -231 0.0 7.5 1.4 19.9 - 100 - - - -
11/23/03 430 J 1.0 2.2 <0.60 4.3 -171 0.0 7.6 1.4 20.0 - 92 - - - -
5/20/04 660 J 2.9 J 0.39 J 1.2 J 2.1 J -189 0.0 7.2 1.6 20.3 - 78 - - - -
11/21/04 1,900 J 6.7 J 4.8 J 2.8 J 3.8 J -167 0.0 6.9 2.2 21.2 - 17 - - - -

MW-11S 12/7/02 <100 0.50 J 2.5 J <0.30 J 1.5 J -36 0.0 7.0 2.6 19.5 - 900 - - - -
5/24/03 <100 <0.30 <0.30 <0.30 <0.30 1 0.0 7.0 3.3 20.3 - 890 - - - -
11/21/03 <50 <0.30 <0.30 <0.30 <0.60 23 0.0 7.0 2.7 20.6 - 1,100 - - -
5/17/04 <50 <0.30 <0.30 <0.30 <0.60 9 0.0 6.9 2.9 21.3 - 1,100 - - - -
12/11/04 <50 <0.30 <0.30 <0.30 <0.60 -44 0.0 6.9 3.0 21.3 - 1,200 - - - -

MW-14S 12/10/02 200 <0.30 J <0.30 J <0.30 J <0.30 J -201 0.0 7.0 1.9 21.9 - 240 - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -97 0.0 7.1 2.0 21.5 - 330 - - - -
11/25/03 120 J <0.30 0.50 <0.30 1.2 -140 0.0 7.2 2.0 21.2 - 440 - - -
5/20/04 99 <0.30 0.70 0.67 <0.60 -146 0.0 7.2 1.9 22.0 - 360 - - - -
11/20/04 <50 <0.30 <0.30 <0.30 <0.60 -124 0.0 7.2 2.2 21.3 - 480 - - - -

MW-17S 12/10/02 1,000 35 J 14 J 1.8 J 17 J -210 0.0 6.9 1.7 22.8 - 160 - - - -
5/24/03 1,100 40 9.1 2.2 11 -149 0.0 7.2 2.4 22.8 - 130 - - - -
11/25/03 570 11 J 5.4 J 1.5 J 3.0 J -220 0.0 7.3 1.7 22.9 - 100 - - - -
5/20/04 880 71 17 2.6 7.6 -139 0.0 6.8 1.6 23.4 - 4.6 - - - -
11/21/04 1,200 J 40 J 40 J 5.6 J 27 J -145 0.0 7.0 1.9 20.7 - 180 - - - -

MW-18S 12/9/02 1,200 <0.30 J <0.30 J 1.1 J 3.5 J -241 0.0 7.6 2.0 19.2 - 320 - - - -
5/20/03 440 J <0.30 <0.30 <0.30 <0.30 -241 0.0 7.2 2.1 20.0 - 400 - - - -
11/21/03 570 J <0.30 J 0.75 J 2.3 J 5.3 J -240 0.0 7.4 2.2 20.0 - 540 - - - -
5/19/04 370 J 2.1 J 0.74 J 0.64 J 3.0 J -163 0.0 7.2 2.3 20.8 - 440 - - - -
11/21/04 460 J 2.4 J 3.0 J 1.4 J 3.6 J -157 0.0 7.4 2.8 21.3 - 630 - - - -

MW-19S 12/9/02 1,700 26 16 2.1 14 -198 0.0 7.1 1.8 21.5 - 3.7 - - - -
5/21/03 3800 J 31 J 14 J <1.5 J <1.5 J -160 0.0 7.2 1.4 21.4 - 1.2 - - - -
11/21/03 2,300 J 41 37 <6.0 14 -167 0.0 7.2 1.6 20.8 - <0.50 - - - -
5/18/04 2,000 J 36 J 16 J <3.0 11 J -176 0.0 7.1 1.6 21.6 - 1.4 - - - -
11/21/04 2,600 J 28 J 22 J 2.3 J 9.7 J -186 0.0 7.1 2.1 21.5 - <0.50 - - - -

MW-20S 12/8/02 4,600 J 110 100 19 97 -200 0.0 7.1 1.5 20.4 - 4.8 - - - -
5/20/03 7,700 J 110 J 40 J 7.8 J 26 J -167 0.0 7.2 1.6 21.3 - <1.0 - - - -
11/23/03 5,500 190 J 100 J 25 J 92 J -142 0.0 7.2 1.8 20.8 - <0.50 - - - -
5/19/04 4,500 J 180 J 110 J 10 J 36 J -168 0.0 7.1 1.8 21.4 - <0.50 - - - -
11/20/04 5,100 J 110 J 78 J 11 J 34 J -179 0.0 7.1 1.8 21.6 - <0.50 - - - -
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

MW-25S 12/6/02 540 9.1 J 57 J 11 J 65 J -201 0.0 7.2 2.0 20.7 - 500 - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -160 0.0 7.4 2.4 20.8 - 730 - - - -
11/22/03 58 <0.30 <0.30 <0.30 <0.60 -151 0.0 7.3 2.3 20.8 - 850 - - - -
5/18/04 65 <0.30 <0.30 <0.30 0.60 -169 0.0 7.2 2.6 21.6 - 880 - - - -
12/11/04 <50 <0.30 <0.30 <0.30 <0.60 -167 0.0 7.1 2.6 21.9 - 800 - - - -

MW-28S 12/7/02 <100 0.46 J <0.30 J <0.30 J <0.30 J -188 0.0 7.3 1.7 20.8 - 140 - - - -
2/26/03 <100 <0.30 J <0.30 J <0.30 J <0.30 J -159 0.0 7.4 2.0 21.5 - - - - - -
5/24/03 <100 0.65 <0.30 0.42 1.9 -155 0.0 7.3 2.3 21.1 - 470 - - - -
11/22/03 85 J 0.56 J <0.30 0.59 J 1.4 J -162 0.0 7.4 2.1 21.3 - 610 - - - -
5/18/04 220 J 18 J 9.1 J 1.4 J 11 J -188 0.0 7.3 2.1 22.1 - 430 - - - -
12/11/04 100 J 3.0 J 1.9 J 0.67 J 2.9 J -179 0.0 7.2 2.3 22.8 - 540 - - - -

MW-29S 12/9/02 <100 <0.30 J <0.30 J <0.30 J <0.30 J -152 0.0 6.9 2.7 20.1 - 950 - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -86 0.0 7.1 2.8 20.2 - 970 - - - -
11/21/03 <50 <0.30 <0.30 <0.30 <0.60 -65 0.0 7.0 2.9 19.9 - 1,300 - - - -
5/18/04 <50 <0.30 <0.30 <0.30 <0.60 -96 0.0 6.9 3.1 20.6 - 1,300 - - - -
12/11/04 <50 <0.30 <0.30 <0.30 <0.60 -114 0.0 7.0 3.3 20.9 - 1,400 - - - -

MW-30S 12/9/02 2,300 10 6.3 3.4 9.0 -174 0.0 7.1 2.3 19.4 - 530 - - - -
5/21/03 1,700 J 4.9 J <0.60 J 1.7 J 2.8 J -105 0.0 7.1 2.7 19.6 - 930 - - - -
11/21/03 410 0.47 1.0 1.2 2.2 -129 0.0 7.1 2.9 19.1 - 1,300 - - - -
5/17/04 1,000 J 6.2 J 8.9 J 2.0 J 2.8 J -124 0.0 7.0 2.7 19.9 - 1,000 - - - -
11/21/04 390 J 1.9 J 1.8 J 0.82 J 1.2 J -136 0.0 7.0 3.6 20.2 - 1,400 - - - -

MW-35S 12/5/02 <100 <0.30 0.64 <0.30 0.78 -31 0.0 7.0 2.2 21.0 - 510 - - - -
3/3/03 <100 <0.30 <0.30 <0.30 <0.30 70 0.0 7.0 2.1 20.7 - - - - - -
4/1/03 <100 <0.30 <0.30 <0.30 <0.30 71 0.0 7.0 2.0 21.2 - - - - - -

5/20/03 <100 <0.30 J <0.30 J <0.30 J <0.30 J -228 0.05 7.0 2.1 21.1 - 590 57 1,500 0.971 103
6/17/03 <100 <0.30 <0.30 <0.30 <0.30 -33 0.0 7.0 2.2 20.9 - 600 54 1,500 0.988 102
7/11/03 <100 <0.30 <0.30 <0.30 <0.30 111 0.0 7.0 2.1 21.3 - 620 57 1,500 0.977 101
8/26/03 <100 <0.30 J 0.59 J <0.30 J <0.30 J -235 0.0 7.1 2.2 21.5 - 670 61 1,500 1.070 116

Split 8/26/03 <50 <0.30 <0.30 <0.30 <0.60 - - - - - - 670 59 1,700 1.0 100
9/26/03 <50 <0.30 <0.30 <0.30 <0.60 -119 0.0 6.9 2.2 21.1 - - - - - -
10/26/03 <50 <0.30 <0.30 <0.30 <0.60 40 0.0 6.7 2.1 21.2 - - - - - -
11/21/03 <50 <0.30 <0.30 <0.30 <0.60 76 0.0 7.0 2.2 21.0 - 650 - - - -
12/20/03 <50 0.96 3.0 0.60 2.5 52 0.0 6.8 2.3 20.9 - - - - - -
1/18/04 <50 <0.30 <0.30 <0.30 <0.60 80 0.0 6.9 2.3 20.8 - - - - - -
2/28/04 <50 <0.30 <0.30 <0.30 <0.60 109 0.0 6.9 2.2 20.8 - - - - - -
3/20/04 <50 <0.30 <0.30 <0.30 <0.60 62 0.0 7.0 2.3 21.1 - - - - - -
4/25/04 65 <0.30 <0.30 <0.30 <0.60 5.0 0.0 6.8 2.3 21.1 - - - - - -
5/19/04 <50 <0.30 <0.30 <0.30 <0.60 -8 0.00 6.8 2.3 21.6 - 650 - - - -
6/12/04 <50 <0.30 <0.30 <0.30 <0.60 -19 0.0 6.8 2.2 21.4 - - - - - -
8/20/04 <50 <0.30 <0.30 <0.30 <0.60 -22 0.0 6.9 2.3 21.7 - - - - - -
11/20/04 <50 <0.30 <0.30 <0.30 <0.60 -52 0.0 6.9 2.4 21.1 - 650 - - - -

3/9/05 <50 <0.30 <0.30 <0.30 <0.60 -66 0.0 6.8 2.3 21.9 - - - - - -
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

MW-37S 12/6/02 360 5.8 J 17 J 2.4 J 13 J -196 0.0 7.3 2.1 21.8 - 420 - - - -
5/22/03 350 <0.30 <0.30 <0.30 1.6 -156 0.0 7.5 2.4 21.6 - 590 - - - -
11/22/03 280 J <0.30 1.5 1.7 6.9 -135 0.0 7.4 2.2 21.5 - 670 - - - -
5/18/04 210 J <0.30 <0.30 0.60 3.1 -159 0.0 7.3 2.5 22.0 - 740 - - - -
12/11/04 300 J <0.30 <0.30 1.2 J 5.1 J -160 0.0 7.2 2.4 22.2 - 620 - - - -

MW-38S 12/6/02 <100 <0.30 <0.30 <0.30 <0.30 -199 0.0 7.2 2.5 21.2 - 750 - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -167 0.0 7.3 2.6 20.8 - 750 - - - -
11/22/03 <50 <0.30 <0.30 <0.30 <0.60 -145 0.0 7.2 2.5 20.9 - 1,100 - - - -
5/17/04 <50 <0.30 <0.30 <0.30 <0.60 -167 0.0 7.1 2.8 21.6 - 1,000 - - - -
12/11/04 <50 <0.30 <0.30 <0.30 <0.60 -173 0.0 7.1 2.8 21.3 - 1,000 - - - -

MW-39S 12/10/02 4,800 J 390 J 65 J 13 J 64 J -201 0.0 6.6 1.4 21.5 4.0 16 70 820 0.813 -
12/10/02 - 51* 9.9* 1.2* 5.1* - - - - - - - - - - -

3/4/03 4,700 550 87 14 75 -158 0.0 7.1 1.4 20.8 - - - - - -
3/18/03 4,400 410 23 13 63 -148 0.0 7.0 1.4 21.1 - - - - - -
3/31/03 7,200 470 87 18 71 -154 0.0 7.0 1.3 21.7 - - - - - -
4/22/03 7,900 580 100 22 84 -196 0.0 7.1 1.3 21.5 - - - - - -
4/22/03 - 560* 100* 12* 52* - - - - - - - - - - -
5/20/03 8,800 J 380 J 58 J 11 J 45 J -162 0.0 7.1 1.4 21.7 5.5 6.3 67 780 0.841 52.5

Duplicate 5/20/03 6,000 380 63 10 56 - - - - - - 6.4 68 770 0.801 50.0
6/17/03 8,900 J 610 97 20 64 -172 0.0 7.0 1.4 21.9 - 6.2 65 880 0.820 50.0
7/11/03 8,800 470 76 18 65 -158 0.0 7.0 1.2 22.2 - 8.6 67 780 0.794 49.9
8/25/03 13,000 470 J 73 J 19 J 65 J -163 0.0 7.3 1.4 21.9 - 7.9 65 840 0.796 53.5

Split 8/25/03 6,200 J 530 J 110 J 15 J 53 J - - - - - - 9.0 67 880 0.82 52
9/27/03 8,300 J 460 J 110 J 16 J 46 J -208 0.0 7.0 1.4 21.5 - - - - - -
10/26/03 6,300 J 520 110 16 93 -151 0.0 7.1 1.4 22.4 - - - - - -
11/25/03 5,700 J 460 J 89 J 18 54 -162 0.0 7.1 1.5 21.6 5.0 1.3 72 820 0.74 -

Duplicate 11/25/03 7,200 570 140 21 69 - - - - - - 1.2 - - - -
11/25/03 - 450* 94* <20* 45* - - - - - - - - - - -
12/20/03 6,600 J 570 J 140 J 19 J 59 J -180 0.0 7.0 1.5 21.6 - - - - - -
1/17/04 8,000 J 680 120 21 65 -182 0.0 7.1 1.5 21.7 - - - - - -
2/28/04 7,200 J 580 140 <15 46 -174 0.0 7.1 1.5 21.4 - - - - - -
3/20/04 7700 520 110 39 150 -155 0.0 7.1 1.5 22.5 - - - - - -
4/23/04 5,900 280 J 54 J 12 J 34 J -162 0.0 7.0 1.6 22.3 - - - - - -
5/21/04 6,700 J 450 J 79 J <15 J 40 J -171 0.0 7.0 1.5 22.3 5.0 1.5 72 850 0.82 -

Duplicate 5/21/04 6,500 460 31 18 49 - - - - - - 1.3 - - - -
6/12/04 6,400 300 J 52 J 13 J 34 J -171 0.0 7.0 1.5 22.4 - - - - - -
8/21/04 1,100 24 J 10 J <6.0 <12 -166 0.0 7.0 1.5 23.9 - - - - - -
10/5/04 - 530* 110* <20* 51* -161 0.0 6.9 1.6 23.0 - - - - - -
11/19/04 7,000 J 420 110 J <15 46 -169 0.0 7.0 1.5 21.9 5.0 1.8 - - - -

Duplicate 11/19/04 5,000 430 140 15 83 - - - - - - 0.55 - - - -
11/19/04 - 450* 98* <20* 43* - - - - - - - - - - -

3/9/05 9,200 620 88 <15 35 -171 0.0 7.0 1.8 22.1 - - - - - -
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

MW-40S 12/8/02 82,000 20 42 36 42 -218 0.0 7.0 1.9 21.4 - 5.0 - - - -
5/21/03 3,500 J 9.2 J 3.3 J <1.5 J 9.8 J -174 0.0 7.0 1.9 21.4 - <1.0 - - - -
11/24/03 2,900 16 16 <15 <30 -166 0.0 7.0 2.0 20.8 - <0.50 - - - -
5/20/04 3,500 15 J 12 J 8.2 J 14 J -169 0.0 6.9 1.9 21.5 - <0.50 - - - -
11/21/04 2,200 J 31 J 21 J 4.1 J 87 J -171 0.0 6.9 2.2 21.4 - 1.3 - - - -

MW-41S 12/5/02 2,300 19 J 34 J 8.4 J 59 J -249 0.0 7.3 1.8 22.2 - 5.5 - - - -
3/4/03 1,700 12 <1.5 <1.5 9.8 -173 0.0 7.2 1.6 21.0 - - - - - -
4/1/03 1,700 8.9 2.4 4.7 24 -212 0.0 7.1 1.8 21.5 - - - - - -

5/21/03 2,300 J 11 2.7 4.7 9.1 -183 0.0 7.0 1.8 21.0 - 23 59 940 0.733 70.7
6/18/03 2,100 J 16 J 3.3 J 5.0 J 11 J -219 0.0 7.2 1.7 21.2 - 8.5 52 920 0.746 68.5
7/12/03 2,100 J 15 3.0 4.6 9.3 -170 0.0 7.2 1.6 21.5 - 7.4 57 770 0.738 67.3
8/25/03 3,300 J 16 4.1 5.2 24 -164 0.0 7.4 1.6 21.5 - 6.5 58 890 0.773 70.8

Split 8/25/03 1,700 J 14 J 4.1 J 3.5 J 7.2 J - - - - - - 5.6 55 960 0.79 69
9/27/03 2,000 J 16 J 5.1 J 3.3 J 6.7 J -195 0.0 7.2 1.6 21.2 - - - - - -
10/26/03 3,300 <3.0 16 J 14 J 34 J -166 0.0 7.2 1.5 21.3 - - - - - -
11/23/03 2,500 10 J 7.1 J 5.7 J 12 J -171 0.0 7.3 1.6 20.9 - 5.1 - - - -
12/20/03 2,200 19 J 5.7 J 5.6 J 11 J -196 0.0 7.1 1.7 20.9 - - - - - -
1/17/04 2,500 J 41 5.3 3.6 27 -197 0.0 7.2 1.7 21.1 - - - - - -
2/28/04 1,900 J 20 J 19 J 4.0 J 9.3 J -181 0.0 7.2 1.7 21.1 - - - - - -
3/20/04 1,700 J 19 J 11 J 3.4 J 9.3 J -175 0.0 7.2 1.7 21.2 - - - - - -
4/23/04 3,100 28 J 6.3 J 4.4 J 8.0 J -172 0.0 7.1 1.7 21.6 - - - - - -
5/19/04 2,300 15 J 7.6 J 5.1 J 9.7 J -179 0.0 7.1 1.7 22.2 - <0.50 - - - -
6/12/04 2,000 17 J 8.3 J 5.1 J 10 J -188 0.0 7.0 1.6 22.2 - - - - - -
8/21/04 2,100 J 19 8.4 5.1 13 -172 0.0 7.1 1.6 21.9 - - - - - -
11/20/04 1,400 J 17 J 3.2 J 2.3 J 7.9 J -152 0.0 7.1 1.7 21.0 - 16 - - - -
3/10/05 700 2.6 0.74 0.92 2.5 -151 0.0 6.9 2.2 21.8 - - - - - -

MW-42S 12/5/02 2,200 140 32 5.5 53 -187 0.0 7.1 1.4 24.6 5.0 3.1 53 750 0.628 -
12/5/02 - 200* 48* 7.8* 49* - - - - - - - - - - -
3/4/03 3,000 J 220 44 9.1 63 -153 0.0 7.1 1.3 21.8 - - - - - -

3/18/03 2,900 J 200 130 8.7 74 -150 0.0 7.1 1.3 22.0 - - - - - -
3/31/03 3,000 180 46 7.8 69 -154 0.0 7.1 1.3 23.0 - - - - - -
4/22/03 2,900 210 44 7.5 70 -157 0.0 7.2 1.3 22.5 - - - - - -
5/23/03 3,100 J 160 J 36 J 6.1 61 J -131 0.0 6.9 1.7 21.7 5.0 2.3 67 780 0.558 45.1

Duplicate 5/23/03 3,900 200 44 7.8 72 - - - - - - 2.6 - - - -
6/18/03 3,400 J 210 J 43 J 8.1 J 73 J -149 0.0 7.1 1.4 21.8 - 7.8 59 800 0.600 45.4
7/11/03 3,400 J 180 36 7.0 61 -148 0.0 7.1 1.3 22.0 - 2.0 63 740 0.575 43.0
8/25/03 4,000 J 130 J 27 J 5.2 J 46 J -141 0.0 7.3 1.4 22.3 - 2.3 70 790 0.638 48.7

Split 8/25/03 1,900 140 J 90 J 24 J 33 J - - - - - - 1.8 66 840 0.63 47
9/26/03 2,000 J 47 J 29 J 8.0 J 10 J -160 0.0 7.0 1.5 22.0 - - - - - -
10/25/03 2,800 J 210 140 39 42 -169 0.0 7.0 1.5 21.9 - - - - - -
11/25/03 2,500 J 220 J 45 J 6.8 90 J -150 0.0 7.1 1.5 21.5 5.0 0.65 77 810 0.54 -

Duplicate 11/25/03 2,900 240 50 8.6 100 - - - - - - 0.84 - - - -
11/25/03 - 140* 39* 7.8* 43.8* - - - - - - - - - - -
12/19/03 2,400 J 240 J 50 J 8.4 J 100 J -177 0.0 7.0 1.5 21.8 - - - - - -
1/17/04 2,400 J 170 110 31 34 -176 0.0 7.1 1.5 21.8 - - - - - -
2/28/04 2,100 190 J 130 J 36 J 38 J -165 0.0 7.1 1.5 21.9 - - - - - -
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

3/20/04 1,000 66 14 <6.0 28 -163 0.0 7.1 1.6 22.0 - - - - - -
4/24/04 2,400 J 38 J 26 J 7.9 J 12 J -159 0.0 7.0 1.5 22.3 - - - - - -
5/21/04 2,400 J 130 J <6.0 R 25 J 35 J -158 0.0 7.1 1.7 22.6 5.0 3.7 76 890 0.64 -

Duplicate 5/21/04 2,200 130 89 24 35 - - - - - - 3.7 - - - -
6/12/04 1,500 45 J 32 J 9.8 J 15 J -163 0.0 7.0 1.6 22.7 - - - - - -
8/21/04 2,400 J 120 91 30 45 -142 0.0 6.9 1.6 22.6 - - - - - -
11/20/04 1,100 J 18 J 5.9 J 1.3 J 10 J -165 0.0 6.9 1.6 21.9 5.0 25 - - - -

Duplicate 11/20/04 890 16 4.4 <1.5 8.2 - - - - - - 28 - - - -
11/20/04 - 23* 8.0* <2.0* 5.3* - - - - - - - - - - -

3/9/05 3,300 140 160 59 81 -181 0.0 6.9 1.7 21.5 - - - - - -

MW-43S 12/8/02 <100 <0.30 J <0.30 J <0.30 J <0.30 J -114 0.0 6.9 2.2 20.7 - 610 - - - -
5/21/03 <100 <0.30 <0.30 <0.30 <0.30 -85 0.0 6.9 2.3 20.6 - 740 - - - -
11/23/03 <50 <0.30 <0.30 <0.30 <0.60 -76 0.0 7.0 2.5 20.4 - 910 - - - -
5/19/04 <50 <0.30 <0.30 <0.30 <0.60 -77 0.0 6.8 2.5 21.1 - 950 - - - -
11/19/04 <50 <0.30 <0.30 <0.30 <0.60 -88 0.0 6.9 2.6 21.0 - 960 - - - -

MW-44S 12/8/02 <100 0.72 J 2.7 J <0.30 J 2.7 J -20 0.0 7.1 2.9 20.6 - 950 - - - -
3/5/03 <100 <0.30 <0.30 <0.30 <0.30 48 0.0 7.1 2.7 20.0 - - - - - -
4/1/03 <100 <0.30 <0.30 <0.30 <0.30 31 0.0 7.0 2.7 20.8 - - - - - -

5/21/03 <100 <0.30 <0.30 <0.30 <0.30 -26 0.0 6.9 2.5 20.7 - 1,000 52 2,000 0.865 180
6/18/03 <100 0.59 <0.30 <0.30 <0.30 -64 0.0 7.0 2.8 20.5 - 1,200 46 2,000 0.865 175
7/11/03 <100 <0.30 <0.30 <0.30 1.5 -26 0.0 7.1 2.4 20.9 - 1,200 48 2,000 0.832 170
8/26/03 <100 <0.30 J 0.67 J <0.30 J 1.3 J -240 0.0 7.2 2.5 20.9 - 1,100 52 2,000 0.894 185

Split 8/26/03 <50 <0.30 <0.30 <0.30 <0.60 - - - - - - 1,100 52 2,200 0.89 170
9/26/03 <50 <0.30 <0.30 <0.30 <0.60 -122 0.0 7.0 2.7 20.9 - - - - - -
10/25/03 <50 <0.30 <0.30 <0.30 <0.60 -127 0.0 7.0 2.8 20.3 - - - - - -
11/23/03 <50 <0.30 <0.30 <0.30 <0.60 40 0.0 7.1 2.9 20.4 - 1,200 - - - -
12/19/03 <50 <0.30 <0.30 <0.30 <0.60 -69 0.0 6.9 2.9 20.3 - - - - - -
1/16/04 <50 <0.30 <0.30 <0.30 <0.60 -42 0.0 7.0 3.0 20.4 - - - - - -
2/27/04 <50 <0.30 <0.30 <0.30 <0.60 -70 0.0 7.1 2.8 20.2 - - - - - -
3/19/04 <50 J <0.30 <0.30 <0.30 <0.60 -12 0.0 7.0 3.0 20.6 - - - - - -
4/24/04 50 <0.30 <0.30 <0.30 <0.60 31 0.0 7.0 2.9 21.1 - - - - - -
5/19/04 <50 <0.30 <0.30 <0.30 <0.60 -50 0.0 6.9 2.8 21.1 - 1,100 -
6/13/04 <50 <0.30 <0.30 <0.30 <0.60 -50 0.0 6.9 2.8 21.5 - - - - - -
8/21/04 <50 1.3 <0.30 <0.30 1.2 -77 0.0 7.0 2.6 21.3 - - - - - -
9/11/04 - <0.28* <0.36* <0.25* <0.76* - - - - - - - - - - -
11/19/04 <50 <0.30 <0.30 <0.30 <0.60 -61 0.0 7.0 2.9 21.4 - 1,300 - - - -

3/8/05 <50 <0.30 <0.30 <0.30 <0.60 -44 0.0 6.9 2.9 21.1 - - - - - -

MW-45S 12/5/02 <100 <0.30 J 0.78 J <0.30 J <0.30 J -226 0.0 7.1 2.7 20.8 - 830 48 2,000 0.887 -
12/5/02 - <0.50* <1.0* <1.0* <2.0* - - - - - - - - - - -
3/4/03 300 11 4.3 <0.30 3.5 -151 0.0 7.2 2.2 20.6 - - - - - -

3/31/03 280 7.6 3.7 0.87 3.9 -283 0.0 7.3 2.1 21.3 - - - - - -
5/20/03 480 J 11 J 1.2 J <0.30 J <0.30 J -364 0.0 7.3 2.0 21.0 - 490 48 1,400 1.02 113
6/18/03 880 J 37 5.5 2.4 4.0 -340 0.0 7.2 1.8 20.8 - 220 38 1,100 0.979 79.0
7/12/03 1,700 63 13 2.8 7.3 -320 0.0 7.3 1.6 21.0 - 170 51 920 0.859 62.9
8/26/03 3,800 J 83 J 18 J 3.5 J 17 J -250 0.0 7.5 1.5 21.1 - 120 50 950 0.888 65.1
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

Split 8/26/03 1,100 69 J 14 J 2.7 J 6.3 J - - - - - - 84 48 910 0.88 56
9/27/03 1,900 J 91 32 4.3 9.9 -280 0.0 7.2 1.6 20.9 - - - - - -
10/25/03 320 20 5.0 0.61 2.3 -248 0.0 7.1 2.4 21.0 - - - - - -
11/24/03 <50 <0.30 <0.30 <0.30 <0.60 -83 0.0 7.0 2.7 20.5 - 1,000 59 2,200 0.77 -
11/24/03 - <2.0* <2.0* <2.0* <4.0* - - - - - - - - - - -
12/20/03 120 4.7 0.92 0.42 0.96 -286 0.0 7.0 2.6 20.6 - - - - - -
1/17/04 1,100 J 55 J 9.7 J 1.5 J 6.3 J -289 0.0 7.2 1.8 20.9 - - - - - -
2/28/04 570 J 14 9.6 <1.5 <3.0 -156 0.0 7.2 1.9 20.8 - - - - - -
3/20/04 130 1.2 0.31 0.43 <0.60 -186 0.0 7.0 2.0 21.3 - - - - - -
4/24/04 150 2.2 0.58 0.37 1.5 -285 0.0 7.0 2.0 21.2 - - - - - -
5/21/04 <50 0.59 <0.30 <0.30 <0.60 -127 0.0 7.1 1.7 21.5 - 190 56 960 0.89 -
6/12/04 1,500 100 29 5.2 11 -215 0.0 7.1 1.6 22.1 - - - - - -
8/21/04 2,200 J 100 33 7.0 16 -212 0.0 7.0 1.6 21.6 - - - - - -
10/5/04 - 72* 25* <4.0* 11* -169 0.0 7.1 1.6 21.3 - - - - - -
11/19/04 110 J 3.8 2.0 <0.30 <0.60 -118 0.0 6.8 2.5 21.2 - 960 - - - -
11/19/04 - 4.6* 2.3* <2.0* <4.0* - - - - - - - - - - -

3/8/05 53 <0.30 0.36 <0.30 0.7 -110 0.0 6.7 2.0 21.6 - - - - - -

MW-48S 12/8/02 520 0.41 J 2.5 J 0.42 J 8.1 J -203 0.0 6.9 1.5 22.1 - 160 73 940 0.682 -
3/5/03 <100 <0.30 <0.30 <0.30 <0.30 -178 0.0 7.3 1.6 21.7 - - - - - -

3/31/03 <100 <0.30 <0.30 <0.30 6.5 -178 0.0 7.4 1.6 23.4 - - - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -184 0.0 7.4 1.6 21.8 - 160 70 950 0.684 53.2
6/18/03 140 <0.30 0.45 <0.30 8.9 -180 0.0 7.4 1.6 21.9 - 130 68 940 0.672 49.0
7/12/03 110 0.67 0.42 <0.30 5.4 -242 0.0 7.4 1.5 22.0 - 130 65 830 0.651 47.0
8/25/03 160 0.90 J 0.98 J <0.30 J 8.2 J -172 0.0 7.6 1.4 21.9 - 95 71 800 0.637 42.7

Split 8/25/03 78 0.73 J <0.30 J <0.30 J 3.4 J - - - - - - 93 64 870 0.63 41
9/27/03 100 1.5 <0.30 <0.30 4.8 -197 0.0 7.3 1.4 22.2 - - - - - -
10/26/03 89 1.2 <0.30 <0.30 2.9 -178 0.0 7.4 1.4 22.0 - - - - - -
11/23/03 79 0.67 <0.30 <0.30 1.6 -179 0.0 7.4 1.5 21.4 - 82 70 830 J 0.55 -
12/19/03 100 1.1 <0.30 <0.30 2.2 -186 0.0 7.3 1.4 21.4 - - - - - -
1/17/04 94 0.79 J 1.8 J 3.9 J 2.2 J -196 0.0 7.3 1.4 21.6 - - - - - -
2/27/04 99 0.82 2.2 1.1 5.1 -200 0.0 7.4 1.3 21.3 - - - - - -
3/19/04 98 <0.30 <0.30 <0.30 5.6 -177 0.0 7.3 1.5 21.7 - - - - - -
4/24/04 95 0.75 2.1 2.4 1.6 -178 0.0 7.3 1.6 22.1 - - - - - -
5/21/04 110 J 0.63 2.0 3.8 2.0 -196 0.0 7.3 1.5 22.2 - 99 72 840 0.62 -
6/13/04 140 J 1.3 <0.30 <0.30 6.6 -198 0.0 7.2 1.4 22.3 - - - - - -
8/21/04 65 0.61 <0.30 3.2 1.8 -196 0.0 7.1 1.5 22.0 - - - - - -
11/19/04 59 <0.30 <0.30 <0.30 4.0 -189 0.0 7.2 1.7 21.1 - 230 - - - -

3/9/05 94 0.69 0.51 4.2 2.4 -186 0.0 7.0 1.7 21.9 - - - - - -

MW-49S 12/7/02 120 <0.30 J 0.42 J <0.30 J <0.30 J -155 0.0 7.1 1.5 20.0 - 150 54 1,000 0.397 -
3/4/03 <100 <0.30 <0.30 <0.30 <0.30 -163 0.0 7.3 1.5 21.4 - - - - - -

3/31/03 <100 <0.30 0.54 <0.30 3.3 -168 0.0 7.3 1.5 22.6 - - - - - -
5/22/03 <100 <0.30 <0.30 <0.30 <0.30 -165 0.0 7.3 1.6 21.3 - 280 59 1,000 0.389 81.2
6/18/03 110 5.5 <0.30 <0.30 5.0 -158 0.0 7.3 1.6 21.5 - 340 46 1,000 0.393 81.1
7/11/03 <100 4.3 <0.30 <0.30 3.8 -152 0.0 7.3 1.5 21.4 - 330 56 1,000 0.397 80.8
8/25/03 <100 0.57 J <0.30 J <0.30 J 3.0 J -153 0.0 7.5 1.5 21.7 - 370 58 980 0.405 86.5

Split 8/25/03 80 J <0.30 <0.30 <0.30 2.3 - - - - - - 340 55 1,100 0.41 81
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

9/26/03 67 0.94 <0.30 <0.30 3.2 -153 0.0 7.2 1.6 21.6 - - - - - -
10/25/03 63 J 0.43 0.81 1.6 1.1 -155 0.0 7.2 1.6 21.3 - - - - - -
11/24/03 59 0.42 <0.30 <0.30 1.8 -161 0.0 7.3 1.6 21.2 - 390 58 1,100 0.36 -
12/19/03 69 J 0.60 1.1 <0.30 2.0 -186 0.0 7.2 1.7 21.3 - - - - - -
1/17/04 65 0.49 1.1 1.5 1.5 -173 0.0 7.2 1.7 21.4 - - - - - -
2/29/04 51 0.64 <0.30 <0.30 1.2 -167 0.0 7.3 1.6 21.0 - - - - - -
3/21/04 58 J <0.30 <0.30 <0.30 2.0 -166 0.0 7.3 1.7 21.4 - - - - - -
4/24/04 63 0.67 1.3 <0.30 1.7 -169 0.0 7.2 1.7 21.4 - - - - - -
5/21/04 <50 0.55 0.96 <0.30 1.5 -167 0.0 7.2 1.7 21.5 - 400 60 1,100 0.41 -
6/12/04 66 J <0.30 <0.30 <0.30 2.3 J -185 0.0 7.2 1.7 21.7 - - - - - -
8/21/04 <50 0.46 <0.30 1.1 2.1 -169 0.0 7.1 1.7 21.2 - - - - - -
11/19/04 <50 <0.30 <0.30 <0.30 1.5 J -171 0.0 7.2 1.8 21.2 - 460 - - - -

3/8/05 82 0.53 <0.30 2.5 1.2 -177 0.0 7.1 1.8 21.2 - - - - - -

MW-50S 12/4/02 - 510* 130* 24* 62* -147 0.0 7.0 1.5 21.3 2.0 11 42 800 0.970 -
Duplicate 12/4/02 - 480* 120* 21* 52* - - - - - - 11 45 800 0.978 -

3/4/03 4,500 450 89 15 57 -135 0.0 7.1 1.4 21.1 - - - - - -
3/18/03 6,400 450 36 21 67 -129 0.0 7.0 1.3 21.0 - - - - - -
3/31/03 7,000 440 57 21 63 -136 0.0 7.0 1.4 21.5 - - - - - -
4/22/03 8,500 570 120 26 75 -158 0.0 7.1 1.4 21.4 - - - - - -
4/22/03 - 450* 120* 15* 48* - - - - - - - - - - -
5/20/03 11,000 J 420 J 84 J 16 J 41 J -148 0.0 7.0 1.4 21.3 5.0 2.7 53 830 0.897 59.6

Duplicate 5/20/03 10,000 400 80 15 51 - - - - - - 2.3 - - - -
6/17/03 11,000 J 650 130 29 <6.0 -199 0.0 7.0 1.5 21.1 - <1.0 51 840 0.874 55.5

Duplicate 6/17/03 12,000 650 130 30 64 - - - - - - - - - - -
7/12/03 9,800 510 100 23 64 -147 0.0 7.1 1.5 21.3 - 1.0 52 790 0.868 55.6

Duplicate 7/12/03 9,400 480 98 23 63 - - - - - - - - - - -
8/26/03 7,100 370 J 79 J 16 J 55 J -246 0.0 7.3 1.4 21.2 - 1.1 54 790 0.874 59.3

Split 8/26/03 2,600 230 J 56 J 11 J 31 J - - - - - - <0.50 53 820 0.89 56
9/26/03 7,200 J 430 J 130 J 29 J 56 J -222 0.0 7.0 1.5 21.4 - - - - - -

Duplicate 9/26/03 7,200 440 130 28 64 - - - - - - - - - - -
10/25/03 9,200 J 490 J 130 J 24 J 59 J -200 0.0 7.0 1.5 21.3 - - - - - -

Duplicate 10/25/03 9,500 500 130 24 62 - - - - - - - - - - -
11/25/03 7,000 J 560 J 140 J 19 J 57 J -154 0.0 7.0 1.5 20.8 5.0 <0.50 55 830 0.76 -

Duplicate 11/25/03 6,700 590 140 21 64 - - - - - - 0.51 - - - -
11/25/03 - 550* 140* <20* 51* - - - - - - - - - - -
12/20/03 7,600 J 490 J 150 J 23 71 J -168 0.0 7.0 1.5 20.8 - - - - - -

Duplicate 12/20/03 7,700 450 100 19 53 - - - - - - - - - - -
1/17/04 8,000 J 460 140 11 33 -162 0.0 7.0 1.5 20.7 - - - - - -

Duplicate 1/17/04 8,000 520 120 15 45 - - - - - - - - - - -
2/28/04 8,300 640 190 <30 <60 -175 0.0 7.1 1.4 20.8 - - - - - -

Duplicate 2/28/04 8,200 600 180 <30 <60 - - - - - - - - - - -
3/20/04 8,300 520 230 J 54 230 R -151 0.0 7.0 1.5 21.1 - - - - - -

Duplicate 3/20/04 7,600 500 130 <15 43 - - - - - - - - - - -
4/24/04 8,000 350 100 20 55 -163 0.0 7.0 1.6 21.4 - - - - - -

Duplicate 4/24/04 8,400 390 110 22 62 - - - - - - - - - - -
5/21/04 8,400 J 320 J 84 J 21 J 49 J -149 0.0 7.0 1.4 21.5 5.0 <0.50 57 840 0.86 -
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

Duplicate 5/21/04 7,300 310 74 17 37 - - - - - - <0.50 - - - -
6/12/04 7,900 J 550 J 140 J 21 J 58 J -160 0.0 6.9 1.4 22.0 - - - - - -

Duplicate 6/12/04 7,400 560 140 22 59 - - - - - - - - - - -
8/21/04 7,900 670 J 190 J 37 J 190 J -163 0.0 6.9 1.5 22.0 - - - - - -

Duplicate 8/21/04 7,900 680 230 32 190 - - - - - - - - - - -
10/5/04 - 440* 150* 20* 58* -158 0.0 6.9 1.6 21.9 - - - - - -
11/19/04 8,000 J 380 130 12 40 -165 0.0 6.9 1.5 21.4 5.0 1.6 - - - -

Duplicate 11/19/04 8,200 380 140 12 38 - - - - - - 1.7 - - - -
11/19/04 - 440* 150* 20* 77* - - - - - - - - - - -

3/8/05 8,800 410 110 <15 56 -177 0.0 6.8 1.8 21.5 - - - - - -
Duplicate 3/8/05 8,300 530 140 26 49 - - - - - - - - - - -

EW-P2 12/10/02 9,300 430 180 120 230 - - - - - - 3.9 - - - -
2/26/03 7,000 J 270 J 100 J 52 J 120 J -122 0.0 7.4 1.6 19.7 - - - - - -
5/24/03 5,000 J 180 91 56 110 -134 0.0 7.2 1.8 21.1 - 68 59 910 0.639 98.4
8/25/03 11,000 250 110 73 140 -155 0.0 7.4 1.5 21.5 - 4.2 59 800 0.685 99.9

Split 8/25/03 4,400 260 J 210 J 130 J 140 J - - - - - - 3.7 55 870 0.68 94
11/22/03 5,500 J 270 J 130 J 78 J 210 J -156 0.0 7.3 1.5 21.1 - 51 - - - -
2/29/04 3,400 J 290 J 110 J 69 J 150 J -189 0.0 7.6 1.6 19.8 - - - - - -
5/20/04 4,400 J 180 190 130 110 -161 0.0 7.2 1.5 21.8 - 30 - - - -
8/22/04 6,900 280 260 170 320 -169 0.0 7.1 1.7 21.9 - - - - - -
12/12/04 4,700 J 180 120 65 180 -168 0.0 7.1 1.8 22.1 - 75 - - - -
3/11/05 5,600 130 170 140 150 -176 0.0 7.2 2.1 21.0 - - - - - -

EW-1 12/10/02 1,300 39 J 14 J 1.9 J 12 J - - - - - - 230 - - - -
2/26/03 10,000 77 J 36 J <6.0 J 33 J -173 0.0 7.2 2.3 19.6 - - - - - -
5/24/03 1,900 53 19 5.7 23 -164 0.0 7.2 2.7 20.2 - 450 58 1,600 0.716 134
8/26/03 5,100 94 J 37 J 7.9 J 30 J -197 0.0 7.4 1.8 21.0 - 870 50 1,700 0.718 174

Split 8/26/03 7,100 J 170 140 23 180 - - - - - - 890 49 1,900 0.73 160
11/24/03 530 3.6 J 2.3 J 1.8 J 4.2 J -172 0.0 7.3 1.9 20.9 - 750 - - - -
2/29/04 280 J 1.3 0.97 1.1 3.3 -177 0.0 7.3 2.4 20.3 - - - - - -
5/20/04 1,600 36 J 54 J 13 J 67 J -167 0.0 7.1 2.3 20.5 - 660 - - - -
8/22/04 590 J 11 J 9.1 J <1.5 J 15 J -191 0.0 7.2 2.5 21.1 - - - - - -
12/12/04 610 J 1.2 J 0.39 J 1.3 J 2.6 J -191 0.0 7.2 2.7 20.8 - 930 - - - -
3/11/05 5,200 220 120 17 65 -178 0.0 7 3.0 21.4 - - - - - -

EW-2 12/7/02 840 6.4 44 7.7 46 -189 0.0 7.1 1.8 20.9 - 190 - - - -
5/23/03 160 <0.30 <0.30 <0.30 <0.30 -99 0.0 7.2 3.1 21.6 - 610 - - - -
11/24/03 130 J <0.30 <0.30 <0.30 0.61 -158 0.0 7.4 2.0 21.2 - 360 - - - -
5/22/04 310 J 1.1 J 0.39 J 0.52 J 2.5 J -168 0.0 7.2 1.9 22.2 - 260 - - - -
12/12/04 150 J <0.30 <0.30 <0.30 <0.60 167 0.0 7.0 1.9 22.2 - 130 - - - -

EW-4 12/10/02 85,000 61 45 80 58 - - - - - - 15 - - - -
2/26/03 4,100 J 75 J 30 J 8.5 J 26 J -129 0.0 7.1 2.1 19.6 - - - - - -
5/24/03 5,200 J 100 48 13 46 -124 0.0 6.7 2.3 20.2 - 230 77 1,300 0.818 78.1
8/25/03 40,000 J 470 220 59 200 -146 0.0 7.1 1.8 20.7 - 11 82 1,100 0.881 61.1

Split 8/25/03 7,800 J 160 160 <15 81 - - - - - - 9.1 74 1,100 0.86 57
11/24/03 2,100 J 27 8.7 3.9 8.2 -160 0.0 7.1 2.5 20.1 - 640 - - - -
2/29/04 2,400 J 40 J 27 J 5.0 J 15 J -147 0.0 7.0 2.4 19.9 - - - - - -
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APPENDIX A
Summary of Ground Water Sampling Results -ORC Pilot Study

PCPL Site, Fillmore, California

TPH as 
Gasoline Benzene Toluene Ethyl- 

benzene
Total 

Xylenes ORP DO pH Cond. Temp Ferrous 
Iron Sulfate Chloride TDS Boron Magnesium

ug/L ug/L ug/L ug/L ug/L mV mg/L ms/cm deg C mg/L mg/L mg/L mg/L mg/L mg/L

EPA 8015M EPA 160.1 EPA 6010B EPA 6010B

Sample ID Date 
Collected

EPA 8021B EPA 300Field

5/20/04 3,800 44 J 40 J 8.0 J 22 J -149 0.0 6.9 2.1 20.4 - 250 - - - -
8/22/04 5,100 J 120 J 110 J 19 J 150 J -169 0.0 6.9 2.1 20.8 - - - - - -

10/5/2004 - 67* 65* 7.8* 36.7* -165 0.0 6.8 2.0 20.8 - - - - - -
12/12/04 6,000 J 92 J 88 J 11 J 23 J -171 0.0 6.9 2.4 20.9 - 350 - - - -
3/11/05 10,000 240 52 <6.0 52 -165 0.0 6.9 2.4 20.5 - - - - - -

EW-5 12/10/02 1,000 J 4.3 4.0 1.1 9.1 - - - - - - 22 - - - -
2/26/03 3,000 34 J 22 J <6.0 J 16 J -124 0.0 7.1 1.9 19.7 - - - - - -
5/24/03 4,600 J 45 22 5.4 25 -134 0.0 6.9 2.1 20.0 - 3.3 79 1,100 0.855 70.0
8/26/03 5,700 J 23 12 5.7 19 -139 0.0 7.3 1.7 21.8 - 1.5 79 1,100 1.020 73.7

Split 8/26/03 3,200 J 27 15 <6.0 20 - - - - - - 0.93 74 1,100 1.0 69
11/24/03 3,100 J 53 J 28 J <6.0 17 J -162 0.0 7.0 1.8 20.2 - 0.79 - - - -
2/29/04 3,000 J 61 J 30 J 6.7 J 16 J -162 0.0 7.0 1.7 20.1 - - - - - -
5/20/04 2,900 44 J 26 J 7.5 J 18 J -165 0.0 7.0 1.7 20.3 - 7.3 - - - -
8/22/04 2,700 64 22 <15 <30 -167 0.0 6.8 2.0 20.4 - - - - - -
12/12/04 2,400 J 42 J 35 J 1.6 J 7.5 J -173 0.0 6.9 2.1 20.6 - 3.0 - - - -
3/11/05 3,500 7.8 7.9 5.9 21 -174 0.0 6.9 2.4 21.9 - - - - - -

J = Estimated, R = Unusable
* Results are by EPA 8260B
Duplicate = Duplicate sample
Split = Split sample sent to Del Mar Analytical
All samples analyzed up to August 2003 were analyzed at Calscience Environmental Laboratores. Splits and subsequent samples after August were analyzed at Del Mar Analytical.
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Appendix B-1 
 

California Regional Water Quality Control 
Board – Los Angeles Region 

 
1.  Original Waste Discharge Requirement Permit 

(February 6, 2003) 
 

2.  Amended Monitoring and Reporting Program 
(September 26, 2003) 

 
 3.  Termination of Coverage Under General Waste 

Discharge Requirements (June 25, 2004) 















































Appendix B-2 
 

Ventura County Water Resources Division  
(Amended Permit Only) 









Appendix B-3 
 

Ventura County Flood Control District 
 

 
1.  Original Permit 

2.  Amended Permit 
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City of Fillmore Encroachment Permit 
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APPENDIX C

Slurry Injection Boring Completion and Abandoment Information
Pacific Coast Pipeline (PCPL) Superfund Site

Fillmore, California

Started Completed
Top 

Depth (1)
Base 

Depth
Top 

Depth
Base 

Depth Quantity (2)
Top 

Depth
Base 

Depth Quantity (3)
Top 

Depth
Base 

Depth Quantity (4)
# of Grout Pipe 

Sections (5)

ORC-01 2/4/2003 2/4/2003 8 0 1 1 105 1598/137.5/275 -- --  -- 105 110 70/20 100-105 110 11 517.784 330104.333451 727043.304440
ORC-02 2/12/2003 2/13/2003 8 0 1 0 75 1692/250 75 105 800 105 110 70/14 95 110 11 515.786 330090.900701 727029.027173
ORC-03 2/4/2003 2/5/2003 8 0 1 1 78 1128/125/200 78 105 1000 105 110 70/14 60-65 110 11 517.662 330085.770200 727050.940393
ORC-04 2/13/2003 2/13/2003 8 0 1 0 75 1504/250 75 105 800 105 110 70/14 90-95 110 11 515.415 330072.228796 727037.163011
ORC-05 2/5/2003 2/5/2003 8 0 1 1 77 1410/112.5/250 77 105 1000 105 110 80/16 100-105 110 11 517.023 330067.455504 727057.496045
ORC-06 2/13/2003 2/13/2003 8 0 1 0 70 1200/200 70 105 300 105 110 80/16 90-95 110 11 514.920 330052.536652 727043.451485
ORC-07 2/6/2003 2/6/2003 8 0 1 1 77 1128/100/200 77 105 1600 105 110 80/16 100-105 110 11 516.561 330048.901829 727062.026249
ORC-08 2/19/2003 2/19/2003 8 0 1 0 75 1316/225 75 105 700 105 110 80/16 50-60 110 11 514.944 330033.817242 727052.470610
ORC-09 2/6/2003 2/6/2003 8 0 1 0 75 940/100/175 75 105 1500 105 110 80/16 100 110 11 516.840 330031.280170 727070.991870
ORC-10 2/19/2003 2/20/2003 8 0 1 0 75 846/150 75 105 800 105 110 80/16 95 110 11 514.395 330016.437029 727058.896844
ORC-11 2/6/2003 2/7/2003 8 0 1 0 70 1128/125/225 70 105 1100 105 110 80/16 95-100 110 11 516.592 330013.028408 727080.193309
ORC-12 2/20/2003 2/20/2003 8 0 1 0 75 1316/225 75 105 700 105 110 80/16 100 110 11 514.066 329997.644112 727066.802085
ORC-13 2/7/2003 2/7/2003 8 0 1 1 76 940/100/200 76 105 1300 105 110 80/16 50-55/95-100 110 11 516.193 329994.740084 727087.542207
ORC-14 2/20/2003 2/21/2003 8 0 1 0 75 1222/200 75 105 700 105 110 80/16 95 110 11 513.622 329979.317254 727073.395071
ORC-15 2/10/2003 2/10/2003 8 0 1 1 76 2068/250 76 105 600 105 110 80/16 95-110 110 11 516.066 329976.377529 727094.572176
ORC-16 2/21/2003 2/21/2003 8 0 1 0 75 1316/225 75 105 900 105 110 80/16 96 110 11 513.163 329959.570512 727081.041684
ORC-17 2/10/2003 2/10/2003 8 0 1 1 73 1786/250 -- -- -- 105 110 80/16 95 110 11 515.617 329956.087407 727102.468506
ORC-18 2/21/2003 2/21/2003 8 0 1 0 75 658/100 75 105 1110 105 110 80/16 100 110 11 512.954 329940.885989 727089.002000
ORC-19 2/10/2003 2/11/2003 8 0 1 1 76.5 1692/250 76.5 105 1000 105 110 80/16 65-67.5 110 11 515.191 329937.410103 727110.701057
ORC-20 2/24/2003 2/24/2003 8 0 1 1 75 1316/230 75 105 700 105 110 80/16 95 110 11 512.720 329920.495781 727097.859981
ORC-21 2/11/2003 2/11/2003 8 0 1 0 75 1692/250 75 105 1100 105 110 80/16 100 110 11 514.798 329918.018578 727118.352249
ORC-22 2/24/2003 2/24/2003 8 0 1 1 75 1598/250 75 105 600 105 110 80/16 100 110 11 512.047 329902.002518 727104.315927
ORC-23 2/11/2003 2/12/2003 8 0 1 0 75 1692/250 75 105 900 105 110 80/16 70-85 110 11 514.145 329896.539413 727125.967137
ORC-24 2/14/2003 2/14/2003 8 0 1 1 60 1034/175 60 65 900 65 85 320/40 65-70 85 9 485.470 328921.149840 727434.263822
ORC-25 2/19/2003 2/19/2003 8 0 1 0 60 1034/200 60 65 1000 65 85 320/40 65 85 9 485.432 328900.628266 727429.606403
ORC-26 2/14/2003 2/14/2003 8 0 1 1 60 1128/200 60 65 900 65 85 320/40 60-65 85 9 484.780 328907.958184 727448.918494
ORC-27 2/18/2003 2/18/2003 8 0 1 0 60 752/200 60 65 900 65 85 320/40 65 85 9 484.918 328882.662762 727416.998606
ORC-28 2/18/2003 2/18/2003 8 0 1 0 60 1128/200 60 65 800 65 85 320/40 70 85 9 484.658 328889.036121 727446.094695
ORC-29 2/14/2003 2/14/2003 8 0 1 1 60 846/150 60 65 500 65 85 320/40 65 85 9 484.076 328879.700467 727461.382325
ORC-30 2/18/2003 2/18/2003 8 0 1 0 60 1128/200 60 65 900 65 85 320/40 65-70 85 9 484.267 328865.329018 727432.422591
ORC-31 2/17/2003 2/17/2003 8 0 1 1 60 1222/200 60 65 500 65 85 320/40 60 85 9 484.100 3328860.331753 727448.344590
ORC-32 2/17/2003 2/17/2003 8 0 1 1 60 846/150 60 65 400 65 85 320/40 60-70 85 9 483.415 328847.737495 727429.238669
ORC-33 2/17/2003 2/17/2003 8 0 1 1 60 1222/200 60 65 400 65 85 320/40 60-65 85 9 483.484 328841.517526 727442.958507

(1)  All depths in feet bgs, unless otherwise noted
(2)  1598/137/275 = pounds of cement/pounds of hydrogel/gallons of water
     1692/250 = pounds of cement/gallons of water
(3)  800 = pounds of sand
(4)  70/20 = pounds of ORC/gallons of water
(5)  Used 1-inch tremie pipe in 10-foot sections to inject slurry from bottom to top
(6)  amsl = above mean sea level

Easting

Concrete Neat Cement Slurry
Ground Surface 

Elevation(6) (amsl) 

#30 Silver Sand ORC Slurry Depth to 
Saturated Zone 

(feet bgs)
Total Boring 

Depth (feet bgs)Well Number

Date Boring 
Diameter 
(inches) Northing
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