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Study Completion Date April 2005 
 
 
 
Mr. Eric Yunker 04700.0.41.0006 
Remedial Project Manager  06.a1 
U.S. Environmental Protection Agency, Region IX 
75 Hawthorne Street (SFD-7-3) 
San Francisco, CA 94105 
 
Re: RAC IX Contract No. 68-W-98-225 
 Cooper Drum RD WA No. 247-RDRD-091N 
 Final Results of HRC Field Pilot Study 
 
Dear Mr. Yunker: 
 
This letter report summarizes the results of the hydrogen release compound (HRC) field pilot study 
conducted at the Cooper Drum Company Superfund Site (Cooper Drum) located at 9316 South Atlantic 
Avenue in South Gate, Los Angeles County, California (see Figure 1). The pilot study was conducted in 
the former Hard Wash Area (HWA), which is believed to be the contaminant source area (see Figure 2). 
This letter report is organized as follows: 

• Section 1.0 provides a background information, including a general description of the site hydro-
geology (with an emphasis on the area where the HRC was injected into the shallow aquifer) and the 
objectives for the pilot-scale field test; 

• Section 2.0 describes the field pilot study design parameters and the associated tasks that were 
performed;  

• Section 3.0 presents the results of the field pilot study including conclusions and recommendations; 
and 

• Section 4.0 lists the references cited in this work plan. 

1.0  BACKGROUND INFORMATION 

The purpose of the field pilot study was to evaluate use of enhanced reductive dechlorination (using 
HRC) to facilitate the remediation of volatile organic compounds (VOCs) in groundwater. Use of 
enhanced reductive dechlorination or chemical oxidation to remediate VOC-contaminated groundwater 
is consistent with the cleanup strategy selected for groundwater in the Cooper Drum Record of Decision 
(ROD) (United States Environmental Protection Agency [EPA], 2002). 

The field pilot study is the second step in conducting treatability studies to evaluate both methods 
(chemical oxidation and enhanced reductive dechlorination) and determine which works best under site 
conditions. Results from bench-scale tests using the two in situ methods were summarized in a technical  
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memorandum dated July 7, 2003 (URS, 2003a). The results indicated that enhanced reductive dechlori-
nation was potentially the preferred method for in situ remediation of the contaminants of concern 
(COCs) identified in the ROD. This conclusion is based on the inability of the chemical oxidation (using 
potassium permanganate) to treat the chlorinated ethanes, as well as the historical groundwater sampling 
results that show evidence of anaerobic biodegradation in the on-site plume, and the reduction of 
trichloroethene (TCE) to cis-1,2-dichloroethene (cis-1,2-DCE) during the reductive dechlorination 
bench-scale test.  

The field pilot study was performed in accordance with the Cooper Drum Company Superfund Site 
Pilot-Scale Field Test Treatability Work Plan (URS, 2003b) and with concurrence from the California 
Environmental Protection Agency Department of Toxic Substance Control (DTSC). The study was 
designed using data obtained from the bench-scale test, the Cooper Drum remedial investigation/ 
feasibility study (RI/FS) (URS, 2002), and groundwater monitoring performed up until May 2003. The 
design involved injecting HRC into the shallow aquifer and monitoring the contaminated shallow aquifer 
at Cooper Drum. Additionally, two diagnostic tests were performed in order to better interpret the results 
of the pilot-scale field test. The diagnostic tests consisted of (1) a bioavailable ferric iron assay for more 
accurate measurement of the ferrous and ferric iron concentrations, providing a better understanding of 
the potential for both biotic (biological) and abiotic degradation of VOCs, and (2) use of in-well micro-
bial indicators (also referred to as “bio-traps”) which allow for in situ microbial colonization and 
characterization of microorganisms in the test area. Other requirements associated with the pilot-scale 
field test include fulfilling the substantive components of the waste discharge requirements (WDR) for 
the field test, as specified by the California Water Quality Control Board, Los Angeles Region. 

1.1 Site Hydrogeology and Contaminant Plume 

A detailed description of the site hydrogeology can be found in the Cooper Drum Company RI/FS report 
(URS, 2002). The estimated lateral extent of VOCs (based on TCE concentrations) in May 2003 in the 
shallow aquifer at Cooper Drum prior to the field pilot study is presented on Figure 3. A generalized 
geologic cross-section showing the water-bearing units and vertical extent of groundwater contamination 
is shown on Figure 4. Shallow groundwater occurs at a depth of approximately 45 to 50 feet below 
ground surface (bgs). The groundwater flow direction beneath the HWA in the northeast portion of 
Cooper Drum is south to southeast. On the east side of Cooper Drum along Rayo Avenue, the ground-
water flow direction is southerly. 

Shallow groundwater beneath Cooper Drum occurs within or is controlled by an area of lower perme-
ability, the near-surface Bellflower Aquiclude, which incorporates a perched aquifer. The perched 
aquifer is present in the HWA at approximately 35 feet bgs and is at least 5 feet thick. The perched 
aquifer has been observed to be intermittent (for example, from 1991 to 1996 the perched zone was dry), 
and the lateral extent has not been confirmed. The Bellflower Aquiclude extends to a depth of approxi-
mately 70 feet bgs, where it overlies the Gaspur Aquifer, which extends to a depth of approximately 
110 feet bgs. Groundwater with COC concentrations greater than drinking water standards has been 
found only down to the Gaspur Aquifer just below 100 feet bgs. Finer-grained materials (clays and silts) 
are present within the upper portion of the Bellflower Aquiclude and the lower portion of the Gaspur 
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Aquifer, which has minimized the vertical migration of COCs (including 1,4-dioxane) down into the 
Exposition and deeper aquifers, which are used for drinking water. Municipal groundwater production 
wells in the vicinity of Cooper Drum draw water from the Gage Aquifer, the deepest of the Lakewood 
Formation aquifers at approximately 300 feet bgs, as well as from deeper aquifers within the San Pedro 
Formation. The Exposition Aquifer is the uppermost unit of the deeper aquifer system, and underlies the 
Gaspur Aquifer. The Exposition Aquifer is one of four water-bearing units within the Upper Pleistocene 
Lakewood Formation. 

The location used for the field pilot study was in the HWA (source area), upgradient of wells EW-2, 
MW-21, and MW-5, and downgradient of well MW-2 (Figure 5). This area is laterally the center of the 
groundwater plume and, as shown on Figure 3, is bound by the highest concentrations of VOCs (e.g., in 
wells EW-1, MW-2, and MW-20). Baseline TCE and cis-1,2-DCE concentrations from December 2003, 
approximately two weeks prior to the pilot study, are shown on Figure 5. As discussed in the following 
section, VOC concentration trends in MW-2 and EW-2 had shown indications of reductive dechlori-
nation prior to the pilot study. This was mostly based on the higher concentrations of cis-1,2-DCE and 
lower concentrations of TCE in these wells, indicating formation of daughter products. At wells further 
downgradient, the evidence of reductive dechlorination was less obvious. Aquifer material (soil and 
groundwater) used in both bench-scale tests was collected from MW-20 at 57 to 59 feet bgs. 

The field pilot study implemented a barrier-based approach with 15 HRC injection points completed in 
the area upgradient of EW-2 (see Figure 5). The depth interval targeted for injection was from approxi-
mately 45 to 80 feet bgs, where higher TCE concentrations where present. All monitor wells in the 
shallow aquifer are screened within this interval. 

1.2 Field Pilot Study Objectives 

The primary objectives of the HRC bench-scale test carried out prior to the field study were to (1) 
determine if sulfate, as a competing electron acceptor, would interfere with reductive dechlorination of 
TCE, (2) determine if under optimal conditions (lab conditions) there was a microbial population present 
in the aquifer material for complete dechlorination of TCE, and (3) compare the performance of HRC 
and modified HRC (HRC amended with slow-release iron gluconate). Given the high sulfate ground-
water conditions it was feared that an undesirable effect of HRC addition would be to reduce sulfate to 
sulfide, resulting in “sulfide toxicity.” The results of the bench-scale test indicated that sulfate reduction 
did not occur, implying that reductive dechlorination of TCE may be favored over sulfate reduction 
under site conditions. This argument was supported by the field investigation results presented in the 
Cooper Drum Company Superfund Site, Remedial Design Field Sampling and Treatability Bench-Scale 
Test Results Technical Memorandum (URS, 2003a). These results, including evaluation of the natural 
attenuation parameters, indicated that TCE concentrations were decreasing and cis-1,2-DCE concentra-
tions were increasing in the vicinity and downgradient of the source area (i.e., the HWA), probably as a 
result of reductive dechlorination. Vinyl chloride also was detected in the area, indicating dechlorination 
of cis-1,2-DCE also may have occurred. 
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Based on these observations, the objectives of the bench-scale test were met. It was shown that addition 
of HRC to the sample site soil promoted reductive dechlorination of TCE to cis-1,2-DCE, and further to 
vinyl chloride (VC), despite presence of high sulfate levels in the test samples. Furthermore, reductions 
in sulfate concentrations were not observed after HRC addition. 

The field pilot study objectives were generally the same as those for the bench-scale test, with the overall 
goal of determining if enhanced reductive dechlorination using HRC injection was a viable full-scale 
cleanup strategy for the site groundwater. Whereas the bench-scale test was focused on TCE reduction, 
the reductive dechlorination of all groundwater COCs was evaluated during the pilot-scale field test. 
Unlike the bench-scale test, the field pilot study was performed in situ, under actual site conditions, and 
test results were evaluated using data collected from the site soil and monitor wells. 

The field pilot study was expected to be successful provided the following results were obtained 
(1) concentrations of target VOCs were reduced, (2) field monitoring results indicated reductive 
dechlorination was occurring, (3) microbial populations were shown to be capable of complete reductive 
dechlorination of COCs, and (4) sulfide toxicity did not occur. 

2.0  DESCRIPTION OF FIELD PILOT STUDY 

This section describes the components of the field pilot study including a description of HRC and the 
contaminant reduction process, site layout, design parameters, HRC delivery, and groundwater moni-
toring. 

2.1 Description of HRC 

HRC, provided by Regenesis, is a proprietary polylacetate ester that, upon being deposited into the 
subsurface, slowly releases lactate. Lactate is metabolized by naturally occurring microorganisms, 
resulting in the creation of anaerobic aquifer conditions and the production of hydrogen. Naturally 
occurring microorganisms capable of reductive dechlorination then use the hydrogen to progressively 
remove chlorine atoms from chlorinated hydrocarbon contaminants (e.g., convert tetrachloroethene 
[PCE] to TCE to cis-1,2-DCE to VC to ethene). HRC is manufactured as a viscous gel that can be 
injected into the saturated zone in a grid or barrier configuration. The use of HRC for groundwater 
remediation offers a comparatively simple and cost-effective remediation alternative for sites that would 
otherwise require unacceptably long periods of time for natural attenuation or high capital investment 
and operating expense associated with traditional remediation technologies (e.g., pump and treat). 

2.2 Pilot Test Layout  

The field pilot study consisted of application of HRC in a barrier configuration. Contaminant concen-
trations and other natural attenuation parameters were monitored in a specific section of the contaminant 
plume. The layout of the field pilot study is illustrated on Figure 5, showing HRC injection points and 
monitor well locations. The HRC barrier was installed immediately upgradient of well EW-2, which was 
used as the primary well for monitoring the test. A new monitor well (MW-21) was installed directly 



April 2005 
Mr. Eric Yunker 
Page 5 
 
 

K:\Wprocess\00147\Cooper Drum\HRC Field Pilot Study\letter rpt.doc 

south and further downgradient of the pilot-scale test barrier. MW-21 was situated to ensure adequate 
monitoring of groundwater flow with a more southerly flow direction. Monitor well MW-5 was used to 
provide an additional downgradient monitoring point, although the long screened interval in this well 
(which continues into the perched aquifer) made interpretation of its results less applicable. Upgradient 
monitor well MW-2 was used to monitor VOC concentrations in groundwater flowing into the pilot test 
HRC barrier. Downgradient wells EW-1 and MW-20 were also monitored as part of the field pilot study 
monitoring activities.  

2.3 Test Design Parameters 

The test design parameters developed for the test were prepared by Regenesis based on URS’ under-
standing of the site hydrogeology, data collected during the RI (URS, 2002), and the May 2003 supple-
mental remedial design (RD) sampling effort (URS, 2003a). 

As previously noted, the field pilot test is the second step in the treatability study process and is 
generally initiated to confirm the feasibility of the method and the design parameters prior to proceeding 
with a full-scale implementation. The most general field test consists of injecting HRC in a representa-
tive portion of the contaminant plume and monitoring groundwater quality in and downgradient of the 
pilot-scale treatment zone. The field pilot study was anticipated to be performed over an 8- to 12-month 
period to allow sufficient time for evaluation of competing sulfate versus contaminant reduction (as 
discussed below). 

Although the bench-scale test indicated high sulfate concentrations in the groundwater may not be a 
concern at the site, competition for hydrogen and associated electrons generated from the HRC was 
expected to exist between sulfate-reducing bacteria populations and cis-1,2-DCE and VC dechlorinating 
populations. Because the sulfate-reducing process operates at a higher oxidation-reduction potential 
(ORP), it will take the electrons preferentially (compared to chlorinated ethenes) from an electron donor 
source (HRC). Sulfate acts as a competing electron acceptor with the target contaminants, and sulfate 
demand typically needs to be satisfied before a significant dechlorination process begins (Wiedemeier et. 
al., 1999). 

The accumulation of sulfide from sulfate reduction can result in sulfide toxicity, which has been shown 
to inhibit dechlorination of chlorinated ethenes, specifically that of the more reduced daughter products, 
such as cis-1,2-DCE and VC. Sulfide accumulation is influenced by high initial sulfate concentrations, 
low iron availability, and a rapid increase in available electron donors. Addition of iron salts (for 
example, iron gluconate) was expected to result in binding of iron with any sulfide generated, and 
precipitation of the resulting iron-sulfide compounds, thus preventing the accumulation of sulfide where 
sulfide toxicity may have otherwise posed a problem (Hoeppel, 2001). 

During the field pilot study, HRC with slow-release ferrous iron was injected into the groundwater as a 
preventive measure for the remote possibility that sulfate reduction to sulfide became an issue during the 
field application. The iron released from this version of HRC, combined with the iron present naturally 
in the site subsurface, was expected to bind with the sulfide and prevent sulfide toxicity in the aquifer. 
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There was also a chance that the iron-sulfide compounds would promote abiotic degradation of site 
COCs 

In order to provide adequate reducing capacity to deal with high sulfate concentrations at the site, and to 
reduce potential sulfide toxicity, the HRC used for the field pilot study consisted of HRC primer and 
HRC amended with an iron gluconate solution. The amended HRC was used in 10 perimeter injection 
points, and HRC primer was used in five center injection points (Figure 5). HRC primer, a less viscous 
version of HRC, was expected to spread over a larger aquifer volume compared to standard HRC, thus 
helping the aquifer achieve reducing conditions faster. The use of the amended HRC and HRC primer 
was believed to be beneficial for addressing the high sulfate concentrations at the site. 

Based on the existing site conditions and with input from Regenesis, the following parameters were used 
to estimate system design variables and HRC dose amounts. Design variables and dose amounts are 
summarized in Table 1. 

 
TABLE 1 

Design of Field Pilot Study using HRC Barrier Treatment 

Design Feature Specification 
Saturated thickness requiring treatment 35 feet (45 to 80 feet bgs covering the saturated screen 

interval of well EW-2)  

Treatment area 25-foot-long barrier consisting of 3 injection rows 

Delivery point spacing and configuration 5 feet-on-center within rows; 5 feet between rows; 
3 rows of 5 points; 15 total points 

Amended HRC dose rate in lbs/vertical foot of injection 6.0 lbs/foot (210 lbs/point) 

HRC primer dose rate in lbs/vertical foot of injection 
 

13.5 lbs/foot (472.5 lbs/point – round to 474 lbs/point) 

Amended HRC material requirement 10 points x 35 feet x 6.0 lbs/feet = 2,100 lbs 

HRC primer material requirement 5 points x 35 feet x 13.5 lbs/feet = 2,362.5 lbs 
Round to 2,370 lbs (HRC primer is shipped in 30-lbs. 
increments) 

  
  
• Thickness of contaminated saturated zone to be treated: 35 feet (45 to 80 feet bgs). 

• Plume area to be treated: 25 feet wide section of the plume upgradient of well EW-2. 

• Representative contaminant concentrations: 0.05 milligrams per liter (mg/L) PCE; 0.09 mg/L TCE; 
1.3 mg/L cis-1, 2-DCE; and 0.26 mg/L 1,1-DCA (all values based on May 2003 groundwater sample 
from EW-2). 
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• Estimated groundwater velocity: up to 148 feet per year. Note that groundwater velocity controls the 
extent to which new contaminant is brought into the treatment zone. This contaminant loading must 
be considered when specifying HRC dosing requirements. This velocity is based on hydraulic 
conductivity values estimated from constant rate pump tests performed on EW-1 and EW-2 
(URS, 2002). 

• Assumed groundwater geochemistry (for conservative approach): generally aerobic with oxygen less 
than 5 mg/L and nitrate less than 2 mg/L.  

• Competing electron acceptor demand for HRC-supplied electron donor (assumed): potential 
manganese reduction demand less than 5 mg/L, potential ferric iron reduction demand less than 
25 mg/L, potential sulfate reduction demand for amended HRC less than 90 mg/L, and a potential 
sulfate demand for HRC primer of less than 780 mg/L for a total sulfate demand of 870 mg/L or 
30% of the total sulfate concentration of 2,900 mg/L found in well EW-2 in May 2003. 

2.4  HRC Delivery to Contaminated Zone 

The HRC was applied to the shallow aquifer using a direct push method. Prior to advancement of the 
injection borings, boring CPT-39 (see Figure 5) was advanced to 100 feet total depth at the northwest 
corner of the barrier and used to collect CPT sounding data to confirm the lithologic units encountered. 
The lithologic data was generally consistent with that observed from previously drilled borings (SB-4, 
SB-1, CPT-4, CPT 15, and CPT-22) in the area of the proposed HRC barrier. After confirming the 
lithology, which consisted of largely silty sand and sandy silt material, injection of material was 
performed in 5-foot intervals within the target aquifer zone between 45 to 80 feet bgs. The injection rods 
were pushed using a CPT rig having a down pressure capacity of approximately 25 tons. The drive rods 
were pushed to the bottom of the contaminated saturated zone, and HRC was injected as the rods were 
withdrawn. 

The HRC and HRC primer were injected using an HRC 9/1500 Rupe Pump capable of processing a 
material with a viscosity of 20,000 centipoise at flow rates of 3 to 10 gallons per minute at pressures 
ranging from 200 pounds per square inch gauge (psig) to 1,500 psig. The total mass of amended HRC 
injected was 2,100 pounds (30 pounds per injection interval) and the mass of HRC primer was 
2,363 pounds (67.5 pounds per injection interval). Although the two materials were injected into separate 
borings, the total injected mass was based on application to the entire treatment area. 

Additionally, the lithologic data from CPT-39 was used to identify depths for collection of soil samples 
for the bioavailable ferric iron assay. Based on the results from CPT-39, one additional boring was 
pushed for collection of saturated soil samples from the shallow aquifer at depths of 48, 53, 68, and 80 
feet bgs. The bioavailable ferric iron assay diagnostic test was performed by Regenesis as part of the 
HRC injection. Further assay details are presented in Section 2.5.2. 



April 2005 
Mr. Eric Yunker 
Page 8 
 
 

K:\Wprocess\00147\Cooper Drum\HRC Field Pilot Study\letter rpt.doc 

2.5  Groundwater Monitoring Program  

Performance of the field pilot study was evaluated using groundwater monitoring (Section 2.5.1) and 
two other diagnostic tests conducted by Regenesis (Section 2.5.2). Additionally, approximately four 
months after initiation of the field pilot study, groundwater samples were also collected for 1,4-dioxane 
analysis. This semivolatile compound, which was used as a solvent stabilizer in the past, is an emerging 
contaminant and had not previously been sampled and analyzed for in the groundwater beneath the site 
and was not included as a site COC in the ROD. 

Groundwater Monitoring Program  

Six wells (EW-1, EW-2, MW-2, MW-5, MW-20, and new well MW-21) were monitored to validate the 
HRC-based enhancement of reductive dechlorination processes. The locations of these wells are shown 
on Figure 5. As shown on this figure, MW-2 is located slightly upgradient of the HRC barrier. The other 
five wells are downgradient of the HRC barrier. The downgradient wells were expected to provide 
information about residence time effects. For optimal bacterial population growth, since the treatment 
target zone has to be in contact with the electron donor for a given length of time, the actual performance 
may be more evident at downgradient locations for sites with moderate to high groundwater velocity. 

An initial or "baseline" round of sampling was performed on December 3 and 4, 2003, to identify 
groundwater conditions prior to HRC barrier installation. After application of the HRC, groundwater 
samples were anticipated to be collected every other month (bimonthly) for an eight-month period. After 
the initial biodegradation and geochemical trends were identified, the monitoring frequency was 
expected to be decreased to quarterly. Based on the actual results, a total of five post-injection sampling 
events were performed on February 26 and 27, 2004; April 27 and 28, 2004; July 20 and 21, 2004; 
November 1 and 2, 2004; and April 19 and 20, 2005 (approximately 2, 4, 7, 10, and 16 months after start 
of the pilot test). 

The monitoring protocol employed standard low-flow groundwater sampling techniques (as specified in 
the sampling and analysis plan [SAP], URS, 2003c) and included measurement of the parameters 
outlined in Table 2. Field parameters measured during well purging and sampling were recorded on the 
field data sheets and are included in Attachment A. 

TABLE 2 

Groundwater Sampling Matrix 

Constituent(s) Units Type of Sample Frequency of Analysis 
Chlorinated Volatile Organic 
Compounds (EPA Method 8260B) 

:g/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 



April 2005 
Mr. Eric Yunker 
Page 9 
 
 

K:\Wprocess\00147\Cooper Drum\HRC Field Pilot Study\letter rpt.doc 

TABLE 2 

(Continued) 

Constituent(s) Units Type of Sample Frequency of Analysis 
Total Organic Carbon (EPA 
Method 9060 Modified) 

:g/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

Central Basin WDR Requirements: 
Total Dissolved Solids, Boron, 
Sulfate, Chloride 

mg/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

Biochemical Oxygen Demand mg/L grab B Baseline 
B Then biannual 

Field Parameters: pH, ORP, 
Dissolved Oxygen, Temperature, 
Ferrous Iron  

pH units, millivolts, 
mg/L, degrees 
Celsius, mg/L 

grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

Groundwater Elevation Feet below msl in situ B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

Other Anions including Alkalinity 
(Nitrate, Nitrite, and Sulfide) 

:g/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

Major Cations (Calcium, 
Magnesium, Potassium, Sodium, 
Manganese, and Total Iron) 

mg/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

End Product Dissolved Gases: 
Methane, Ethene, Ethane, and 
Carbon Dioxide 

:g/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

Dissolved Hydrogen nM grab B Baseline 
B Once thereafter during pilot-scale 

test 
HRC-Based Electron Donor: 
Metabolic Acids (Lactic, Pyruvic, 
Acetic, Propionic, and Butyric) 

mg/L grab B Baseline 
B Bimonthly through eight months 
B Quarterly thereafter 

 
EPA = United States Environmental Protection Agency 
mg/L = milligrams per liter 
msl = mean sea level 
nM = nano moles 
ORP = oxygen reduction potential 
WDR = waste discharge requirement 
µg/L = micrograms per liter 
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Other Diagnostics 

Two additional diagnostic field tests recommended by Regenesis as part of the field pilot study were 
conducted prior to and concurrent with the HRC field pilot study. The first test involved the use of in-
well microbial indicators (also referred to as “bio-traps”), which allow for in situ microbial colonization 
and characterization. The bio-traps (composed of beads that provide a solid matrix for colonization) were 
suspended in monitor wells for approximately four weeks. The microbial population changes were then 
tracked over time, in control wells and in wells located in areas where HRC was injected into 
groundwater. A baseline sampling event was performed in the six pilot test monitor wells prior to the 
HRC injection. The bio-traps were installed in the wells on October 23, 2003, and removed and shipped 
to Microbial Insights, Inc. (for real time polymerasc chain reaction [PRC] analysis) on November 19, 
2003. A second sampling was initiated on January 21, 2004 (approximately one month after injection), 
and the bio-traps were removed from the six wells on February 25, 2004, and shipped to Microbial 
Insights, Inc., for analysis. Specifically, the populations of the anaerobic bacterium Dehalococcoides 
ethenogenes (DHC) were determined and tracked over time. According to one study, this bacterium is 
the “only known organism” that can completely dechlorinate TCE to ethene (Magnuson et al., 2000). 
Other studies have documented dechlorination of vinyl chloride to ethene by DHC strain 195 (see, for 
example, He et al., 2002). Therefore, presence of this bacterium in large numbers is an indication that 
reductive dechlorination of TCE to ethene would likely occur. The analysis was performed by Microbial 
Insights, Inc., which has indicated that a large population, in the range of 103 and 104 cells/bead, 
indicates a high probability for reductive dechlorination of TCE to ethene. Further description of this 
diagnostic is provided in the work plan (URS, 2003b). 

The second diagnostic test involved evaluating site soil for presence of ferric iron, also referred to as 
“bioavailable iron.” The concentration of bioavailable ferric iron in soil is one parameter that can be used 
to determine the potential for abiotic degradation of organic chemicals. It also may be used to determine 
the potential for inhibition of reductive dechlorination: bioavailable ferric iron can be reduced to ferrous 
iron by iron-reducing bacteria, which may compete with reductive dechlorinators for the available 
electron. The initial round of sampling (in May 2003 for natural attenuation parameters at the site) 
showed the presence of ferrous iron in the source area wells, indicating iron reduction was occurring. 
However, these results did not account for any ferrous iron adsorbed to soil. Using the bioavailable ferric 
iron assay was expected to provide a better estimate of the ferrous iron and ferric iron concentrations. 
The reduction of ferric iron to ferrous iron is energetically favored over the reduction of cis-1,2-DCE to 
vinyl chloride, especially when ferric iron is present in more amorphous (less crystalline) forms, such as 
iron oxides and iron hydroxides (Evans and Koenigsberg, 2001). When bioavailable ferric iron is found 
to be prevalent at the site, an appropriate response action may have to be selected to prevent the so called 
“DCE stall,” whereby dechlorination is stalled at the DCE production stage. The range of response 
actions may include addition of sufficient HRC to consume bioavailable ferric iron—allowing for 
sufficient passage of time so that ferric iron is consumed and reduction of cis-1,2-DCE is initiated—
and/or implementation of other remedial action, such as in situ chemical oxidation or use of oxygen 
release compound (ORC) to address cis-1,2-DCE and vinyl chloride remediation. Although there was 
not a pre-determined concentration range of bioavailable ferric iron that would indicate favorable 
biotic/abiotic reductive dechlorination conditions, this parameter was evaluated in conjunction with the 
other natural attenuation parameters to evaluate inhibition of reductive dechlorination. In this respect, the 
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bioavailable ferric iron assay was viewed as a complementing/refining component of natural attenuation 
monitoring. 

Two saturated soil samples (at depths of 53 and 68 feet bgs) were collected from CPT-39 on December 
15, 2003, and analyzed for bioavailable ferric iron. The soil samples were collected prior to injection of 
the HRC. The soil samples were collected according to procedures described in Section 6.1 of the SAP 
(URS, 2003c). The soil samples were analyzed and evaluated by Dr. Pat Evans of Camp Dresser & 
McKee, Inc, (CDM) using CDM’s bioavailable ferric iron assay. The sampling and analysis protocol for 
this assay is included in the work plan (URS, 2003b). Further background and application of this assay is 
provided in the protocol.  

Analytical Data Quality Summary 

The groundwater analytical data collected during the nine groundwater sampling events (six scheduled 
and three additional events discussed in the following section) between December 2005, and August 5, 
2006, has been validated. The data validation reports can be found in the Records Center at EPA Region 
9 in San Francisco, California. Data from the completed reports were determined to be acceptable for 
decision-making purposes, with some estimated data due to sampling and/or laboratory data quality 
issues. The overall field sampling procedures and analytical laboratory performance met the acceptable 
data quality guidelines, with the data completeness result exceeding 99 percent.  

3.0 EVALUATION OF HRC FIELD PILOT STUDY RESULTS 

3.1 Monitoring Results 

Sampling results for the six HRC monitor wells are presented in Tables 3 and 4. Table 3 presents results 
of VOC and 1,4-dioxane analyses from these wells. Note that historic data available for wells sampled 
prior to the field pilot test, as well as more recent data from 2005 and 2006, are also included in Table 3. 
Table 4 presents results from all other parameters monitored during and after the pilot scale field test. 
The results of DHC testing and bioavailable iron assay also are discussed in this section. 

Five sampling events were scheduled to be performed after HRC injection. The last sampling event was 
in April 2005, approximately 16 months after HRC injection. According to Regenesis, the effect of the 
initial injection could last up to 18 months. Because it appears biostimulation in the area of the test is 
continuing, results of ongoing monitoring from the HRC test wells also are included in Tables 3 and 4. 
This includes additional sample dates from November 2005 and March and August 2006. The 
concentrations over time of select COCs (TCE, cis-1,2-DCE, VC, and 1,1-DCA) reported in ground-
water samples from MW-2, EW-2, and MW-21 are shown on Figures 6, 7, and 8, respectively. Concen-
trations of other parameters commonly used as indicators of anaerobic biodegradation, such as ethene, 
methane, acetic acid, and dissolved oxygen from these monitor wells, are depicted on Figures 9, 10, and 
11, respectively. These wells are within the immediate vicinity (30 feet or less) of the HRC barrier. (Note 
that MW-5 is screened across the perched aquifer and the shallow aquifer; therefore, data from this well 
cannot be directly correlated with the pilot study and were not used in the evaluation.) 
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The significant results of the monitoring are summarized below. Please note that these results were 
collaborated with a February 3, 2005, memorandum prepared by Regenesis and included here as 
Attachment B. 

• Prior to initiating the field pilot test, significant reductive dechlorination was occurring at the site 
in the vicinity of wells MW-2 and EW-2. Further downgradient (approximately 100 to 150 feet) 
in the vicinity of wells EW-1 and MW-20, the reductive dechlorination process appeared to 
dissipate. This observation was supported by the high cis-1,2-DCE concentrations (as compared to 
TCE concentrations) in MW-2 and EW-2, indicating contaminant breakdown (i.e., TCE to cis-1,2-
DCE). Further downgradient at EW-1 and MW-20, TCE concentrations were higher than cis-1,2-
DCE concentrations. Other trends, such as the presence of low concentrations of VC, negative ORP 
levels, low dissolved oxygen concentrations, and the presence of ferrous iron and acetic acid, further 
supported the argument for reductive conditions. 

• HRC injection further enhanced the reductive dechlorination and biodegradation processes in the 
vicinity of the HRC barrier. This observation is supported by the decreasing cis-1,2-DCE concen-
trations and increasing, followed by decreasing, VC concentrations (Figure 7); as well as the initial 
increase in acetic acid levels, followed by increases in methane and ethene concentrations in EW-2 
(Figure 10). Similar observations are made further downgradient, in MW-21, where TCE, cis-1,2-
DCE, VC, and even 1,1-DCA concentrations initially increased and then decreased following HRC 
injection (Figure 8). Methane and ethene concentrations have continued to rise in this well (Figure 
11). Surprisingly, similar conclusions, but to a lesser extent, can be made for the upgradient well 
MW-2 (Figures 6 and 9), which appears to have benefited from being located within the radius of 
influence of the injection wells.  

• The data listed in Table 4 show that total organic carbon (TOC) concentrations have remained high 
(greater than 20 mg/L) in EW-2, indicating that bioavailable carbon is likely still present in this well. 
However, TOC levels have now decreased to less than 20 mg/L in MW-2 and MW-21, indicating 
dechlorination may be slowing down in these wells. 

• The bioavailable iron assay indicated considerable ferric iron is available for reduction. However, 
the rate of iron reduction is apparently slow and therefore it does not serve as an inhibitor for further 
reductive processes. Rather, iron is likely to have aided in the VOC destruction in two ways: (1) by 
promoting abiotic reductive processes and (2) by binding any sulfide generated from the reduction of 
sulfate. 

• The baseline and subsequent (two months after HRC injection) microbial (bio-traps) analyses for 
DHC did not show the presence of this bacterium. This would be consistent with the historically 
high concentrations or accumulation of cis-1,2-DCE (and relatively low concentrations of VC) prior 
to the pilot test and during the initial few months of the test. However, based on the previously 
identified VOC concentration trends in EW-2, MW-21, and MW-2 (see second bullet item above) in 
the later stages of the field pilot test and the increased concentrations of VC, methane, and ethene in 
these wells, it is likely the population of the bacteria capable of complete reductive dechlorination of 
TCE did eventually increase to adequate levels for successful reductive dechlorination. The growth 
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rate of the DHC bacteria can be slow initially; for example, it could take weeks for the population to 
double in size. 

• The results listed in Table 4 indicate that sulfate concentrations have decreased significantly in 
EW-2, from 3,000 mg/L to 1,200 mg/L. In the meanwhile, sulfide concentrations in this well 
increased from less than 1 mg/L to only 8.2 mg/L. Similarly, in MW-21 sulfate concentrations 
decreased from 4,900 mg/L to 3,700 mg/L, but with no apparent increase in sulfide. (There has also 
been a slight decrease in sulfate concentrations in MW-2, with no increase in sulfide levels.) It 
would appear that the iron added with HRC, along with high natural bioavailable ferric iron, has 
likely been responsible for controlling the production of free sulfide, despite the reduction in sulfate 
concentrations. In the presence of iron, non-toxic iron sulfide precipitates are produced. Overall, it 
appears the high sulfate concentrations have not inhibited the reductive dechlorination process from 
occurring beneath the site. 

• 1,1-DCA and 1,2-DCA concentrations remained relatively stable throughout the field pilot test, 
although some reductions were observed in the pilot study wells (for example, see the 1,1,-DCA 
results on Figures 6 through 8). Under anaerobic conditions, breakdown of chlorinated ethenes 
typically occurs before chlorinated ethanes. Specifically, 1,2-DCA, is known to be more effectively 
destroyed by aerobic bacteria. However, provided the correct microbial consortium for breakdown of 
chlorinate ethanes is present beneath the site, these compounds may be expected to degrade after the 
chlorinated ethene mass has been further reduced. 

• Recent groundwater sampling results indicate that total VOC concentrations have been significantly 
reduced in the area of the pilot study (up to 70 % reduction in EW-2). This reduction appears to be 
continuing even after 32 months, based on the results of the last sampling event (August 2006). 

• As previously discussed, analysis of 1,4-dioxane was initiated at the site during the April 2004 
sampling event. As shown in Table 3, concentrations ranged from 67 to 710 micrograms per liter 
(µg/L) in the pilot study wells. Subsequent site-wide sampling has determined this compound to be a 
COC at the site. Unfortunately, 1,4-dioxane does not degrade under anaerobic conditions and would 
not be expected to be broken down by HRC addition. This appears to be supported by the results 
from the pilot test area wells, MW-2, EW-2, and MW-21 (see Table 3). (Note that an in situ 
chemical oxidation [ISCO] pilot test was implemented in July 2005 in the vicinity of wells EW-1 
and MW-20, and the recent COC reductions in these wells [Table 3] are likely the result of ISCO 
technology.)  

3.2 Conclusions and Recommendation 

Based on the results of the field pilot study it appears that injection of the HRC primer and HRC 
amended with an iron gluconate solution may have been a viable full-scale remedy for the source area 
groundwater remedy at Cooper Drum. However, as a result of the detection of 1,4-dioxane, it appears 
that a different in situ method, using an advanced chemical oxidation process, will be required to 
remediate the mix of groundwater contaminants beneath the site, specifically in the source area (HWA), 
where 1,4-dioxane concentrations are the highest. 



April 2005 
Mr. Eric Yunker 
Page 14 
 
 

K:\Wprocess\00147\Cooper Drum\HRC Field Pilot Study\letter rpt.doc 

Use of an HRC (or other reducing agent) barrier for containment near the leading edge of the ground-
water plume, where 1,4-dioxane concentrations are low, may still be a consideration for the full-scale 
groundwater remedy. An evaluation can be made based on the outcome of the downgradient plume 
investigation, which was conducted in March 2007.  

As noted above, an ISCO pilot study using injection of ozone and hydrogen peroxide was implemented 
at the site in July 2005. This pilot study was successfully completed in June 2006, and ISCO has been 
selected for the source area groundwater remediation (URS, 2006). Unlike the ISCO bench-scale test 
conducted at the site using permanganate (see Section 1.0), use of ozone and hydrogen peroxide 
produces the hydroxyl radical, a non-selective oxidizing agent which is capable of breaking down 
chlorinated ethenes, chlorinated ethanes, and 1,4-dioxane. 
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TABLE 3 

VOC and 1,4-Dioxane Sampling Results 
Cooper Drum Company Superfund Site 

Location Date PCE TCE cis-1,2-DCE 1,1-DCE trans-1,2-DCE VC 1,1-DCA 1,2-DCA Benzene 1,2-DCPA 1,4-Dioxane Other VOCs detected 
MW-2 Sep-91 – 207 ND ND – – – – – – –   

 Jun-92 – 510 346 7 – – – – – – –   
 Oct-96 <1.0 480 660 19 23 8 100 45 – – –   
 Oct-98 <10 640 1100 46 46 14 220 97 27 44 – 1,2,3-Trichloropropane (45), 

chlorobenzene (5.5) 
 Nov-98 <1.0 780 1200 32 34 12 190 82 27 42 – 1,2,3-Trichloropropane (31), 

chlorobenzene (6), toluene (2) 
 Mar-99 <1.0 800 800 10 19 5 52 20 7 12 – 1,2,3-Trichloropropane (13), 

chlorobenzene (2) 
 Oct-00 0.5 290 730 15 47 9 72 30 7 14 – Acetone (9), chlorobenzene (6), 

ethylbenzene (6), toluene (2) 
 May-03 <25 230 790 29 46 <25 65 <25 <25 <25 – Bromoform (56) 
 Dec-03 <1.0 240 810 13 52 17 75 14 5.1 5.6 – Toluene (1.6), chlorobenzene (5.6) 
 Feb-04 <0.5 220 770 12 48 15 73 19 5.8 6.3 – Methylcyclohexane (0.63), toluene 

(1.6), chlorobenzene (6.2) 
 Apr-05 <0.5 290 990 10 50 10 86 19 6 6.6 69 Toluene (0.9), chlorobenzene (4.0) 
 Jul-04 <2.5 220D 730D 15 46 11 64 <2.5 6.1 5.8 NA Toluene (1.8J), chlorobenzene (5.4) 
 Nov-04 <0.5 270D 790D 19 46JD 23 75D 23 8.2 7.7J NA Toluene (0.93), chlorobenzene 

(4.1), methylcyclohexane (0.66J) 
 Apr-05 <0.5 140D(220E) 640D(840E) 11 33JD(38E) 5.8J 61D(61E) 16J 6.2J 5.0J 67 Toluene (0.83J), chlorobenzene 

(2.6J), methylene chloride (2.6J) 
 Nov-05 <0.5 370 900 23 46 21 130 32 16 12 100 Toluene (1.9), chlorobenzene (3.7J) 
 Mar-06 <0.5 250D 640D 14 31 15 85 20 10   75   
 Aug-06 <0.5 69D 510D 7.9 26 30 64D 22 6.1 5 79 Toluene (0.83), chlorobenzene 

(2.5) 
MW-5 Jun-92 – 684 90 11 – – – – – – –   

 Oct-96 23 570 440 43 10 7 280 29 – – –   
 Oct-98 57 590 580 54 16 14 340 38 13 14 – 1,1,2-Trichlorethane (3.1), 1,2,3-

trichloropropane (18), chloro-
benzene (37), ethylbenzene (1.3), 
total xylenes (7.1) 

 Nov-98 44 570 670 45 14 11 330 39 13 17 – 1,1,2-Trichloroethane (3), 1,2,3-
trichloropropane (20), chloro-
benzene (34), ethylbenzene (1), 
toluene (2), total xylenes (6) 

 Mar-99 42 300 300 20 10 9 200 28 11 18 – 1,1,2-Trichloroethane (2), 1,2,3-
trichloropropane (20), acetone (5), 
chlorobenzene (51), ethylbenzene 
(1), toluene (0.8), total xylenes (3) 



 

 

 
TABLE 3 

(Continued) 

Location Date PCE TCE cis-1,2-DCE 1,1-DCE trans-1,2-DCE VC 1,1-DCA 1,2-DCA Benzene 1,2-DCPA 1,4-Dioxane Other VOCs detected 
 Oct-00 21 60 100 9 3 3 47 12 3 9 – 1,1,2-Trichloroethane (1), 2-

hexanone (59), 4-methyl-2-
pentanone (1), chlorobenzene (17), 
toluene (0.5) 

 May-03 10 88 200J 6J 3J 3J 78 9J <10* <10* – Methylene chloride (4), 
chlorobenzene (9), bromoform (20) 

 Dec-03 13 110 270 7 4.4 3.5 110 8.1 1.5 8.3 – Acetone (2.2), 1,1,2-trichloroethane 
(0.7), chlorobenzene (7.2), 1,2,3-
trichloropropane (8) 

 Feb-04 13 91 210 5.9 4.1 1.9 90 8.2 1.3 7.6 – 1,1,2-Trichloroethane (0.93), 
chlorobenzene (4.6) 

 Apr-04 9.8 88 220 <0.5J 3.3 <0.5 86 7.1 <0.5 7 230 1,1,2-Trichloroethane (0.87), 
chlorobenzene (4.3) 

 Jul-04 12 83D 170D 6 4.1 1.6 86 5.8 1.2 6.7 NA 1,1,2-Trichloroethane (0.72), 
chlorobenzene (3.6) 

 Nov-04 16 100D 220D 8 6 4.1 92D 8.2 1.8 9.3J NA 1,1,2-Trichloroethane (0.77), 
chlorobenzene (5.2) 

 Apr-05 18 170D(170E) (360E) 7.6 5 2 170D(130E) 7.1 <0.5 10 170 Toluene (0.31J), chlorobenzene 
(4.6), 1,1,2-trichloroethane (0.81), 
methylene chloride (0.90J) 

 Nov-05 23 160 270 11 6.1 8.6 150 6.7 2.9 10 190 Chloroethene (0.2J), toluene (0.5J), 
1,1,2-trichloroethane (0.7), 1,3-
dichloropropane (0.2), chloro-
benzene (6.3), 1,2,3-trichloro-
propane (11.0), MTBE (1.0) 

 Aug-06 7.7 84D 110D 7.8 3.5 1.5 73D 3.5 0.87 4.8 260 1,1,2-Trichloroethane (0.75), 
chlorobenzene (1.8) 

MW-20 Feb-03 5.6 300 110 7.6 5.4 <5.0 32 6.4 – – –   
 May-03 <13 520 140 <13 <13 <13 41 <13 <13* <13* – Bromoform (20) 
 Dec-03 5.2 570 150 16 7.8 3.6 44 7.6 1.1 4.2 – Chlorobenzene (5.4), 1,2,3-

trichloropropane (3.8) 
 Feb-04 4.1 490 140 14 7.3 2.8 39 7.8 0.97 4.1 – 1,1,2-Trichloroethane (0.94), 

chlorobenzene (4.5) 
 Apr-04 5.1 670 180 15 8.9 <0.5 48 8 <0.5 4.9 120 1,1,2-Trichloroethane (0.67), 

chlorobenzene (5.5) 
 Jul-04 4 470D 140D 16 7.6 3 45 7.3 1.1 4.3 NA Chlorobenzene (3.7) 
 Nov-04 5.1 770D 200E 24 11 8.3 58D 12 1.2 5.9J NA Chlorobenzene (4.8), 

methylcyclohexane (0.46J) 



 

 

TABLE 3 

(Continued) 

Location Date PCE TCE cis-1,2-DCE 1,1-DCE trans-1,2-DCE VC 1,1-DCA 1,2-DCA Benzene 1,2-DCPA 1,4-Dioxane Other VOCs detected 
 Apr-05 2.4 120D(570E) 45D(150E) 7.2 4.6 1.9 13D(34E) 7.9 0.68 3.7 180 Toluene (0.20J), chlorobenzene 

(2.8), acetone (2.2J), methylene 
chloride (1.70B) 

 Nov-05 1.1 130 39 5.4 1.8 0.7 22 3.7 0.3 1.8 98 Dibromomethane (2.0), chloro-
benzene (0.9), 1,2,3-trichloropro-
pane (1.8), bromoform (23) 

 Aug-06 0.99 140D 26 5 2 <0.5 14 3.9 0.40J 2 71 Chlorobenzene (1.0), bromoform 
(5.7) 

MW-21 Dec-03 2.3 870 370 25 14 5.2 61 17 2.7 9.7 – Chlorobenzene (3.8), 1,2,3-
trichloropropane (7.9) 

 Feb-04 2.2 680 330 27 16J 4.9 51 17 2.6 9.3 – Acetone (12), methyl acetate (4.7), 
toluene (0.32), chlorobenzene (3.8) 

 Apr-04 3 980 490 50J 20 5 80 20 <0.5 11 280 Chlorobenzene (4.9) 
 Jul-04 2.8 640D 340D 29 15 5.8 69 17 2.6 8.3 NA Chlorobenzene (4.2) 
 Nov-04 2.1 720D 430D 24 11 64D 59D 21 3 8.2J NA Toluene (0.25J), chlorobenzene 

(3.9), carbon disulfide (1.1), 
cyclohexane (0.21J), 
methylcyclohexane (0.52) 

 Apr-05 0.43J 180D(450E) 120D(300E) 13J 11 20 18D(32E) 5.8D(10) 1.5 3.3 170 Toluene (0.17J), chlorobenzene 
(1.6), carbon disulfide (0.29J), 
methylene chloride (0.94B) 

 Nov-05 <0.5 220 120 28 12 18 35 6 1.6 2.6 240 Chlorobenzene (1.0) 
 Mar-06 <0.5 390D 280D 19 17 23 50 12 2.7 <0.5 360   
 Aug-06 <0.5 260D 260D 20 19 30D 55D 16 3.5 5.5 280 Chlorobenzene (2.9) 

EW-1 Mar-99 <1.0 190 14 1 0.8J <0.5 1 0.5 <1.0 <1.0 – 1,2,3-Trichloropropane (4), toluene 
(0.6), total xylenes (1.1) 

 Aug-99 8 310 100 21 4 2.7 50 6.3 2 4 – 1,2,3-Trichloropropane (5), acetone 
(8), chlorobenzene (5) 

 Oct-00 5 310 100 20 5 3 45 5 1 3 – 2-Hexanone (12), chlorobenzene 
(7), toluene (0.5) 

 May-03 <13 380 170J 19 7J 3J 46 3J <13* <13* – Bromoform (24) 
 Dec-03 1 480 230 41 9.8 4.1 70 3.7 1.1 1.9 – Chlorobenzene (2.6), 1,2,3-

trichloropropane (0.8) 
 Feb-04 1 450 210 39 9J 3.4 65 5.2 1.3 2.5 – Chlorobenzene (2.5) 
 Apr-04 1.7 790 290 <40UJ 10 <0.5R 83 5.5 1.9 <0.5 550 Chlorobenzene (4.1) 
 Jul-04 1.9J 600d 230D 39 9.3 3.7 68 5.8 1.7J 3.2 NA Chlorobenzene (3.7) 
 Nov-04 2.9 830D 250E 53E 13 9.7 75E 7.8 2.1 4.2J NA Chlorobenzene (5.9) 
 Apr-05 1.4 760D(750E) 240D(230E) 34E 7.8 2.5 60D(43E) 4.3 1.2 2.4 410 Toluene (0.19J), chlorobenzene 

(3.9), methylene chloride (0.94B) 
 Nov-05 0.5 140 38 5.7 3.2 0.7 21 1.6 0.2 1.1 250 Chlorobenzene (0.6), 1,2,3-

trichloropropane (0.4J) 



 

 

TABLE 3 

(Continued) 

Location Date PCE TCE cis-1,2-DCE 1,1-DCE trans-1,2-DCE VC 1,1-DCA 1,2-DCA Benzene 1,2-DCPA 1,4-Dioxane Other VOCs detected 
 Aug-06 <0.5 120D 61D 6.8 2.3 0.31J 38D 3.4 0.46J 2.2 250 Chlorobenzene (0.53) 

EW-2 Dec-00 <1.0 150 170 9 10 1.7 20 5.4 2 3 – 1,2,3-Trichloropropane (6), 
chlorobenzene (2) 

 Mar-01 0.6J 130 110 10J 12 2.4 20 <0.5 2 4 – 1,2,3-Trichloropropane (8), 
chlorobenzene (1) 

 May-03 <50 86 1300J 46J 39J 12J 260 46J 20 <50* – Bromoform (87) 
 Dec-03 <1.0 16 1200 72 55 13 320 36 15 11 – Toluene (2.4), chlorobenzene (9), 

1,2,3-trichloropropane (5.4) 
 Feb-04 <5.0 140 1000 56 44 12 230 39 14 13 – Acetone (11), methyl acetate (4.4), 

cyclohexane (0.56), 4-methyl-2-
pentanone (3.2), toluene (2.7), 
chlorobenzene (10) 

 Apr-04 <0.5 270 1200 54E 63J 84J 280 48E 20 15 710 (700) Cyclohexane (0.67), toluene (3.6), 
chlorobenzene (10), xylenes (0.62) 

 Jul-04 <2.0 130D 390D 27 51 460D 250D 39 14 11 NA Toluene (2.8), chlorobenzene (6.5), 
xylenes (1.0J) 

 Nov-04 <0.5 130D 210D 34E 72JD 1100D 240D 41E 20 15J 700 (610) Toluene (3.5, 3.6), chlorobenzene 
(7.5, 7.3), xylenes (1.2, 1.2), ethyl 
benzene (<0.5, 0.26J), methylene 
chloride (0.90J, 0.88B) 

 Apr-05 <0.5 59D(81E) 94D(140E) 12 48D(66E) 310D(36
0E) 

220D(260E) 24 20 12 530 (560) Toluene (3.3, 3.1), chlorobenzene 
(9.3, 7.3), xylenes (0.85, 0.72), 
ethyl benzene (0.26J, 0.20J), 
methylene chloride (0.90J, 0.88B) 

 Nov-05 <0.5 190 120 25 59 430 250 22 16 11 510 Toluene (2.0), chlorobenzene (4.5), 
xylenes (0.2), 1,2,3-trichloro-
propane (0.3) 

 Mar-06 <0.5 42D 20 4.1 42D 190D 200D 16 12 11 550 toluene (1.6), chlorobenzene (3.7) 
 Aug-06 <0.5 30D 46D 5.4 40D 110D 200D 21 13 9.1 430 Methyl tert-butly ether (1.1), 

6oluene (2.4), chlorobenzene (6.8) 

 
All results in µg/L 
 
D  =  Detection associated with sample dilution 
E  =  Concentration exceeds upper level of instrument calibration range 
J  =  Estimated value 
B  =  Analyte found in associated method blank as well as in sample 
NA  =  Compound not analyzed 
 
Duplicate value shown in parenthesis. 
Estimated and dilution values shown for April 2005 sampling round. 
 



 

 

 

TABLE 4 

Other Parameters Sampling Results 
Cooper Drum Company Superfund Site 

Date Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Aug-06 

Location MW-2 MW-5 
D.O. (mg/L) 0 0.05 0 1.63 2.48 0.36 0.31 3.94 0.42 1.07 1.96 1.58 2.63 2.78 2.09 1 2.25 
ORP (mV) -132 -185 -208 -107 -335 -141 -357.2 -120 -145 93 200 163 -23 8 80 -333.2 -3 
Temperature (C) 22.1 22 22.7 22.9 23.3 22.3 21.9 19.8 23 21.2 21.5 22 22.3 22.1 21 21.12 22.5 
pH 6.82 6.81 6.82 6.91 6.76 7.1 7.3 7.11 7.1 7.38 7.38 7.4 7.09 7.26 7.5 7.6 7.34 
Ferrous Iron (mg/L) 1.9 1.7 2.1 NS 2.0 1.8 2.4 2 2 0.0 0.0 0.0 0.0 0.0 0.0 0 0 
Chloride (mg/L) 340 360 360 360 350 320 320 310 250 92 95 86 91 100 100 100 98 
Nitrate (mg/L) <0.1 <0.1 <0.1 <0.1 <0.10 <0.10 <0.10 <0.10 <0.10 3.1 4.1 3.8 3.4 3.1 3.7 0.51A3 0.88 
Sulfate (mg/L) 5800 6400 5900 6100 5900 5100 5600 5400 5000 360 360 330 330 360 350 300 340 
Sulfide (mg/L) 0.61 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0   
Ethene (ng/L) 860 1400 <10,000 880 680J 600 <1000 1100 3400 140 86 <10000 <600 <600 <1000 900J   
Ethane (ng/L) 64 130 <10,000 <600 <600 <1100 <1100 <1100 <1100 31 24 <10000 <600 <600 <1100 <1100   
Methane (µg/L) 68 75 41 34 470DL 5000 8900 12000 5900 27 6 8 4.8 3 5.9 250   
TDS (mg/L) 10000     1000 10000 9000 8700     2100     2100 2100 2000 2100   
BOD (mg/L) 11                 6               
Boron (mg/L) 0.49 0.52 0.49 0.51 0.56 0.53 0.52   0.645 1.5 1.7 1.5 1.6 1.6 1.5 1.4 2.04 
Calcium (mg/L) 360 370 360 370 379 410 320   337 34 34 32 32 33 36 36 43.2 
Magnesium (mg/L) 460 460 470 470 470 400 440   369 25 27 26 25 26 26 23 29.4 
Potassium (mg/L) 16 16 16 16 16 14 15   20.7 4.4 5.5 5.00 5.00 4.90 4.70 5.2 5.77 
Sodium (mg/L) 1900 1800 2000 1800 1900 1900 2000   1550 6600 6000 680 650 660 740 810 713 
Manganese (mg/L) 5.7 5.5 5.6 5.6 5.4 5.4 4.8   5.04 0.66 0.44 0.44 0.45 0.7 2.2 0.4 1.69 
Total iron (mg/L) 1.9 1.9 2.00 2.00 2.5 2 1.5   2.37 <0.1 <0.1 <0.1 <0.1 <0.1 0.084J <0.1 0.054J 
Hydrogen (nM) 2.3 NM <31.5         1.7   0.38 NM <40           
CO2 (mg/L) 99 120 17 210 88 180 180 170   58 61 7.73 79 150 110 140   
Alkalinity (mg/L) 1000 1100 1100 1100 1100 1000 1100 1100 1000 1200 1200 1100 1300 1300 1300 1400 1500 
TOC (mg/L) 17 23 42 56 34 38 22   18 16 23 32 51 50 40 32 20 
Lactic acid (mg/L) <25 <0.35 <0.1 <0.5 <0.5 <0.5 1.19 1.17   <25 <0.07 2.3 <0.1 <0.5 <0.5 <0.5   
Acetic acid (mg/L) <1.0 <0.35 <0.1 3.81 5.19 1.07 0.915 1.19   <1.0 <0.07 <0.1 0.6 47.4 0.844 0.575   
Propionic acid (mg/L) <1.0 <0.35 <0.1 <0.5 <0.5 <0.5 <0.5 <0.5   <1.0 <0.07 <0.1 <0.1 <0.5 <0.5 <0.5   
Butyric acid (mg/L) <1.0 <0.07 <0.1 <0.5 <0.5 <0.5 <0.5 0.47J   <1.0 <0.07 <0.1 <0.5 <0.5 <0.5 <0.5   
Pyruvic acid (mg/L) <10 <0.07 <0.1 <0.5 <0.5 <0.5 <0.5 <0.5   <10 <0.07 <0.1 <0.1 <0.5 <0.5 <0.5   
i-Pentanoic acid (mg/L)   <0.07 <0.1               <0.07 <0.1           
n-Pentanoic acid (mg/L)   <0.07 <0.1               <0.07 <0.1           
i-Hexanoic acid (mg/L)   <0.1 <0.1               <0.1 <0.1           
n-Hexanoic acid (mg/L)   <0.1 <0.1               <0.1 <0.1           
n-Heptanoic acid (mg/L)     <0.1                 <0.1           

 



 

 

 
TABLE 4 

(Continued) 

Date Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 

Location MW-20 MW-21 
D.O. (mg/L) 0 0.21 0.79 1.47 1.84 0.24 1.6 3.66 1 0 0.26 0.02 1.26 2.04 0.05 0.58 0.26 0.14 
ORP (mV) -72 -82 -89 -135 -133 -49 18.8 167 -291 -72 -127 -308 -74 -129 -133 -357.9 -121 -137 
Temperature (C) 21.8 21.8 28.4 23.9 23.2 22.4 22.48 22.03 24.68 22.2 22.1 23.6 24.0 23.1 21.2 21.79 20.48 22.85 
pH 6.83 6.74 6.99 7.05 6.85 7.1 7.43 7.44 7.8 6.95 6.8 6.99 6.66 6.83 7.1 7.44 7.05 6.9 
Ferrous Iron (mg/L) 0.9 1.0 1.1 1.0 1.0 1.0 0 0 0 1.0 2.0 1.1 1.1 1.2 1.5 2 1.8 2.2 
Chloride (mg/L) 410 420 430 410 440 470 310 310 400 220 230 230 250 260 220 200 220 200 
Nitrate (mg/L) <0.1 <0.1 <0.1 <0.1 <0.10 <0.10 3.5A3 12 8.2 <0.1 <0.1 <0.1 <0.1 <0.10 <0.10 <0.10 <0.10 <0.10 
Sulfate (mg/L) 2300 2400 2300 2300 2500 2700 1900 1900 2400 4900 4400 4500 4400 4400 3600 2000 3900 3700 
Sulfide (mg/L) 0.57 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 0.85J 
Ethene (ng/L) 340 540 <10000 <600 <600 <1000 <1000   <1000 360 490 <8000 <600 890J 1200 500J 6100 12000 
Ethane (ng/L) 33 76 <10000 <600 <600 <1100 <1100   <1100 43 48 <8000 <600 <600 <1100 <1100 <1100 <1100 
Methane (µg/L) 33 49 39 28 29 31 40   11 24 38 34 25 27 1900 1400 1800 1600 
TDS (mg/L) 4900     5200 5100 5100 4000     770     7800 7400 6600 4000    
BOD (mg/L) <2                 2.7                
Boron (mg/L) 0.69 0.73 0.65 0.64 0.74 0.72       0.59 0.65 0.57 0.65 0.69 0.72 0.93   0.98 
Calcium (mg/L) 530 570 600 490 590 610 327 342 459 410 400 380 380 370 350 200   282 
Magnesium (mg/L) 220 240 240 210 240 230 152 148 242 310 320 320 310 310 280 170   277 
Potassium (mg/L) 11 12 12 10 12 12 17 16.9 15.9 15 16 16 16 16 14 10   18.8 
Sodium (mg/L) 5500 5200 580 530 610 710 790 631 481 1400 1300 1500 1400 1400 1400 1000   1260 
Manganese (mg/L) 3.7 3.9 3.9 3.5 3.9 4.2 0.307 4.57 0.915 5.1 5.6 5.3 5.1 5 4.9 2.9   4.81 
Total iron (mg/L) 0.71 0.83 0.72 0.64 0.92 0.77 <0.1 <0.1 2.74 1.3 2.2 0.79 1.3 2.5 1.4 1.4   2.27 
Hydrogen (nM) 1.4 NM <40             1.6 NM <40         1.6  
CO2 (mg/L) 0.55 110 16.2 150 140 150 72     120 180 16.8 180 240 210 210 190  
Alkalinity (mg/L) 820 900 850 930 910 940 770 600 590 1100 1100 1100 1100 1100 1100 920 1200 1200 
TOC (mg/L) 7.1 14 26 32 18 25 7.1   7 13 56 37 45 30 31 8.8   15 
Lactic acid (mg/L) <25 <0.07 <0.1 <0.1 <0.5 <0.5 <0.5 NA   <25 <7.0 <0.1 0.36J <0.5 <0.5 <0.5 <0.5  
Acetic acid (mg/L) <1.0 0.043 <0.1 0.733 38.7 0.857 <0.5 NA   <1.0 103 <0.1 1.11 14.4 <0.5 0.383J 0.575  
Propionic acid (mg/L) <1.0 <0.07 <0.1 <0.1 <0.5 <0.5 <0.5 NA   <1.0 <7.0 <0.1 <0.1 <0.5 <0.5 <0.5 <0.5  
Butyric acid (mg/L) <1.0 <0.07 <0.1 <0.5 <0.5 <0.5 <0.5 NA   <1.0 <7.0 <0.1 <0.5 <0.5 <0.5 <0.5 0.32J  
Pyruvic acid (mg/L) <10 <0.07 <0.1 <0.1 <0.5 <0.5 <0.5 NA   <10 <7.0 <0.1 <0.1 <0.5 <0.5 <0.5 <0.5  
i-Pentanoic acid (mg/L)   <0.07 <0.1               <7.0 <0.1            
n-Pentanoic acid (mg/L)   <0.07 <0.1               <7.0 <0.1            
i-Hexanoic acid (mg/L)   <0.1 <0.1               <0.1 <0.1            
n-Hexanoic acid (mg/L)   <0.1 <0.1               <0.1 <0.1            
n-Heptanoic acid (mg/L)     0.8                 <0.1            



 

 

TABLE 4 

(Continued) 

Date Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 

Location EW-1 EW-2 
D.O. (mg/L) 0.03 0 0 1.51 1.86 0 0.57 5.21 1.16 0 0.01 0 1.9 1.06 0.37 0.25 0.4 0.1 
ORP (mV) -159 -139 -149 -112 -175 -130 -277.8 20.7 -295 -181 -356 -382 -254 -405 -328 -404.1 -280.3 -275 
Temperature (C) 21.2 21.8 21.9 22.9 22.7 21.6 22.77 22.41 23.11 21.4 22.2 21.9 24.1 22.04 22.2 21.6 20.33 26.6 
pH 7.04 6.88 6.89 7.06 6.94 7.2 7.46 7.29 8.4 7.13 6.93 6.88 7.13 6.75 7.1 7.47 7.23 7.15 
Ferrous Iron (mg/L) 2.0 2.0 2.1 1.9 2 2.2 0 0 0 2.1 0.0 0.0 0.0 0.0 0.0 0 0 0 

Chloride (mg/L) 87 88 86 87 94 100 100 87 76 220 220 250 
(250) 

250 
(260) 

250 
(260) 

240 
(260) 270 230 210 

Nitrate (mg/L) <0.10 <0.1 <0.1 <0.1 <0.1 <0.10 0.89A3 2.5 1.2 <0.1 <0.1 <0.1 
(<0.1) <0.1 <0.1 

(<0.1) 
<0.10 

(<0.10) <0.10 <0.10 <0.10 

Sulfate (mg/L) 1800 1700 1600 1700 1900 2400 3200 1900 1900 3000 2400 2700 
(2700) 

2600 
(2700) 

2400 
(2400) 

2100 
(2300) 1800 1400 1200 

Sulfide (mg/L) 0.66 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 7.4 14 (2.9) 14 (16) 18 (12) 4.9(7.5) 12 7.9 8.2 

Ethene (ng/L) 170 320 <10,000 <600 <600 <1100 <1000   <1000 560 840 <8000 10,000 7800 
(7600) 

18000 
(20000) 21000 88000 34000 

Ethane (ng/L) 64 150 <10,000 <600 <600 <1000 <1100   <1100 71 96 <8000 <600 <600 
(<600) 

<1100 
(<1100) <1100 <1100 <1100 

Methane (µg/L) 14 29 20 18 21 22 5.1   5 21 14 33 71 150DL 
(160DL) 

9300 
(10000) 3300 9700 13000 

TDS (mg/L) 3800     3700 3700 4500 5100     5500     6100 
(6100) 

5800 
(5200) 

5200 
(5100) 4500    

BOD (mg/L) <2                 11                
Boron (mg/L) 0.66 0.71 0.6 0.61 0.7 0.65     0.74 1.1 1.2 1.1 (1.1) 1.1 (1.2) 1.3(1.3) 1.3(1.3) 1.4   1.5 

Calcium (mg/L) 270 270 290 310 330 360 364 299 283 210 220 250 
(240) 

240 
(250) 

240 
(230) 

230 
(230) 160   128 

Magnesium (mg/L) 130 120 120 130 140 180 255 151 148 190 190 (250 
(240) 

240 
(250) 

230 
(230) 

200 
(200) 170   121 

Potassium (mg/L) 11 12 12 11 12 12 21.3 15.8 16.2 11 13 15 (14) 1.4 (1.5) 1.5 (1.5) 13(13) 12   13 

Sodium (mg/L) 7300 6100 630 610 620 870 1100 599 665 1200 1100 1400 
(1400) 

1300 
(1300) 

1300 
(1300) 

1300 
(1300) 1300   936 

Manganese (mg/L) 2.4 2.1 2.2 2.3 2.4 3.3 1.94 0.361 0.067 2.9 2.8 3.1 (3.1) 3.0(3.0) 2.8 (2.8) 2.9(2.8) 2.2   1.92 

Total iron (mg/L) 3 2.3 2.3 2.2 2.1 2.6 0.133 <0.1 <0.1 2.7 0.36 0.097 
(0.093) 

0.079 
(0.082) 

0.15 
(0.17) 

0.19 
(0.19) 0.076   0.23 

Hydrogen (nM) 1.9 NM <40             2 NM <25         1.9  
CO2 (mg/L) 97 110 14.5 33 130 160 94     110 170 24.8 240 230(310) 350(320) 210 240  

Alkalinity (mg/L) 970 1000 1000 1000 1000 960 790 760 910 1300 1500 1700 
(1800) 

1900 
(1800) 

1900 
(1900) 

1900 
(1900) 1900 1800 1900 

TOC (mg/L) 4.5 14 27 31 26 26 8.1   9.7 24 60 86 (96) 79(87) 61 (69) 76(82) 51   62 

Lactic acid (mg/L) <25 <0.35 <0.1 <2.0 <0.5 <0.5 <0.5 NA   <25 <7.0 <0.1 0.674 <0.5 
(<0.5) 

<0.5 
(<0.5) 1.54 <0.5  



 

 

TABLE 4 

(Continued) 

Date Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 Dec-03 Feb-04 Apr-04 Jul-04 Nov-04 Apr-05 Nov-05 Mar-06 Aug-06 

Acetic acid (mg/L) <1.0 <0.35 <0.1 12.9 42.7 0.73 0.295J NA   <1.0 68.8 <0.1 1.02 41.4 
(2.4J) 

1.11 
(1.08) 1.24 1.09  

Propionic acid (mg/L) <1.0 0.05 <0.1 <2.0 <0.5 <0.5 <0.5 NA   <1.0 <7.0 <0.1 <0.1 <0.5 
(<0.5) 

<0.5 
(<0.5) <0.5 <0.5  

Butyric acid (mg/L) <1.0 <0.07 <0.1 <2.0 <0.5 <0.5 <0.5 NA   <1.0 <7.0 0.2 0.195J <0.5 
(<0.5) 

<0.5 
(<0.5) <0.5 0.51  

Pyruvic acid (mg/L) <10 <0.07 <0.1 <2.0 <0.5 <0.5 <0.5 NA   <10 <7.0 <0.1 <0.1 <0.5 
(<0.5) 

<0.5 
(<0.5) <0.5 <0.5  

i-Pentanoic acid (mg/L)   <0.07 <0.1               <7.0 <0.1            
n-Pentanoic acid (mg/L)   <0.07 0.1               <7.0 0.1            
i-Hexanoic acid (mg/L)   <0.1 <0.1               <0.1 <0.1            
n-Hexanoic acid (mg/L)   <0.1 <0.1               <0.1 <0.1            
n-Heptanoic acid (mg/L)     1.6                 0.1            
 
BOD = biological oxygen demand 
C = Celsius 
CO2 = carbon dioxide 
D.O. = dissolved oxygen 
mg/L = milligrams per liter 
mV = millivolts 
ng/L = nanograms per liter 
nM = nano moles 
ORP = oxidation-reduction potential 
TDS = total dissolved solids 
TOC = total organic carbon 
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Figure 9. MW-2 (25 ft upgradient)
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Figure 11. MW-21 (30 ft downgradient)
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